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FTIEX-1-118. 

absorbent  power  of  different  bodies  for 

caloric,  13. 
analyses  of,  103-10G. 

it       of  different  coals,  76-85. 
American  coals,  composition  of,  79. 
anthracite,  75. 

"        heating  effect  of,  113. 
articles  used  as  fuel,  25. 
artificial  fuel,  97. 
ash,  amount  of,  in  charcoals,  48. 
a  if       in  different  woods,  32. 

a   from  bituminous  coals,  77,  78. 
it   from  lignites,  76. 
Baillet's  carbonizer,  41-43. 
Barlow's  estimate  of  expansive  force,  4. 
Berard's  coal-washing  machine,  95. 
Berthier's  analyses  of  fuels,  108. 
Bessemer' s  patent  fuel,  100-103. 
bituminous  coals,  analyses  of,  77,  78. 
Boghead  coal,  83-85. 
Brune's  meiler  process,  40. 
Buffon's  experiment  with  reflectors,  2. 
caking  coal.  74. 
caloric,  1, 2. 

latent,  18-20. 
Calvert's   patent  for  desulphurizing 

coke,  96. 
cannel  coal,  75,  S5. 

a     coalfields,  section  of,  84. 
carbon,  33. 

«     and  hydrogen,  as  combustibles,  25. 
carbonization,  33-46. 

a  of  peat,  63-68. 

n  of  coal,  85-103. 

centigrade  thermometer,  3. 
charcoal,  absorbent  power  of,  48. 

u       amount  produced  at  different 

temperatures,  35. 
a        analyses  of,  47. 
w       ash  in,  48. 
a       combustion  of,  49,  50. 
a        densities  of,  48,  49. 
a       heat-conducting  power,  49. 
a       from  peat,  111,  112. 
a        from  wood,  33-50,  111,  112. 
w        quality  of,  47. 
chemical  action,  a  source  of  heat,  2. 
cherry,  or  soft  coal,  75. 
coal,  68-85. 
"   American,  composition  of,  79. 
"   analyses  of,  97. 
»   bituminous,  77,  78. 
"   carbonization  of,  85-103. 
"   chemical  characteristics.  09. 
»    composition  of,  70,  75-85. 
"   Derbyshire,  81. 
"    distribution  of,  70-73. 
>i   heating  effect,  HI,  112. 
•i    Lancashire,  81. 
»   microscopic  characters,  69. 
"   mineralogies!  characters,  68. 
n    Newcastle,  80. 
!•    origin  of,  68. 
w  products  of  distillation,  86. 
a   Scotch,  SI,  85. 
w   soft,  75. 

a    Torbanehill,  83-85. 
a   varieties  of,  74,  75. 
«  washing,  94-96. 
»    Welsh, SO. 
coalfields  in  British  isles,  72. 

a       in  United  States.  71. 
Cobbold's  method  of  preparing  peat,  56. 
coke,  33,  85-103. 

a    heating  effect  of,  111,  112. 
cold,  produced  artificially,  19. 
combustibles,  heating  power  of,  107. 

a         relative  value  of,  24. 
combustion,  2,  23. 

it         products  of,  33. 


FUEL,  continued. 

conduction  of  heat,  7-10. 

convection  of  heat,  10,  11. 

Crane's  carbonizing  furnace,  67. 

crystalline  bodies,  conducting  power  of,  9. 

Daniell's  pyrometer,  6. 

density  of  different  woods,  27,  28. 

Desi'retz  on  conductivity  of  metals,  8. 

diathcrmous  bodies,  14-16. 

differential  thermometer,  13. 

distillation  of  wood,  45. 

Dulong  and  Arago's  experiments  on 

elasticity  of  high-pressure  steam,  23. 
ebullition  and  evaporation.  20-22. 
electricity,  heat  produced  by,  2. 
estimation  of  heating  power  of  different 

kinds  of  fuel,  106-118.  - 
expansion  of  solids,  4-6. 
u  liquids,  6, 7. 

»  gases,  7. 

expansive  action  of  caloric,  2. 
Fahrenheit's  thermometer,  3. 
fluidity,  heat  of,  18. 
Foucand's  carbonizer,  41. 
fracture  by  sudden  heating,  5. 
French  patent  fuel,  97. 
friction,  a  source  of  caloric,  2. 
frigorific  mixtures,  19. 
furnace,  coking,  90-94. 
furnace,  precautions  in  constructing,  S. 
gases,  convection  of  heat  by,  11. 

n     expansion  of,  3-7. 

"     heating  effect  of,  111. 
glass,  its  rate  of  expansion,  4. 
heat,  its  action  on  wood,  32. 

it    conduction  and  convection  of,  7-11. 

a     latent,  18-20. 

a    loss  of  in  furnaces,  114-116. 

"    radiation  of,  11. 

>t    sources,  2. 

"    specific,  16-1S. 
heating  apparatus,  Perkins',  10. 

a      power  of  different  fuels,  106-11S. 
Hodges'  experiments  on  the  distillation 

of  peat,  59. 
Hutchinson  on  the  conducting  power  of 

building  materials,  8. 
hydrogen,  its  low  pyrometrical  effect,  110. 
"        exeessof  in  different  woods,113. 
a        and  carbon  as  combustibles,  25. 
Irish  Peat  Company's  Works,  60-62. 
Kane's  experiments  on  the  distillation 

of  peat,  58,  59. 
La  Chabeaussieue's  carbonizer,  41-43. 
lamp-black,  its  high  radiating  power,  12, 
latent  caloric,  18-20. 
Lavoisier's  method  of  determining  the 

heat  developed  by  combustion,  106. 
lead  and  zinc,  peculiarity  in  expansion,  4. 
Leslie's  experiments  on  radiant  heat,  12. 
liguin,  30,  31. 
lignite,  74,  110. 
lignites,  composition  of,  76,  77. 
liquids,  conducting  power  of,  10. 

"      expansion  of,  6,7. 
mechanical  action  a  source  of  heat,  2. 
meilers,  or  charcoal  mounds,  36-39. 
Melloni's   experiments  on  absorbent 

power  of  bodies  for  caloric,  13. 
Melloni's  experiments  on  diathermous 

bodies,  14-16. 
mercury,  its  rates  of  expansion,  4. 

a        its  adaptation  for  thermome- 
ters, 7. 

metals,  conducting  power  of,  8. 

Milnkr's  safes.  9. 

mineral  constituents  of  woods,  32. 

Molard's  application  of  the  contraction 
of  iron  in  cooling,  4. 

Musical  sounds  by  heated  metals  in  con- 
tact, 2. 


FUEL,  continued. 
nitrolin,  57. 
Papin's  digester,  23. 
parrot  coal,  75. 
patent  fuel,  97-102. 
peat,  50-68. 

a   ash,  yield  of,  5-1. 

"    carbonization,  63-68. 

"   composition  of,  52-54. 

a   compression,  56. 

a    density  of,  51. 

a    heating  effect,  110. 

a   origin  of,  50,  51. 

"   preparation  for  house-fuel,  55. 

w   products  of  distillation,  57-60. 
Perkins'  heating  apparatus,  10. 
phlogiston,  24. 

Playfair  and  De  la  Beche  on  the  best 

coal  for  steam  navigation,  117. 
Poijillet's  estimate  of  sun-heat,  2. 
Powell's  colored  rings,  3. 
pyrometer,  Daniell's,  5. 
radiation  of  heat,  11-13. 
Reaumur's  thermometer,  3. 
Reece's  patent  for  distillation  of  peat,  5S. 
Reid's  ventilating  apparatus,  11. 
Rogers'  furnace  for  carbonizing  heat,  06. 
Rose's  fusible  alloy,  7. 
Schwartz's  carbonizer,  43. 
solids,  expansion  of,  4-6. 
specific  heat,  16-18. 
splint  or  hard  coal,  75. 
steam,  22,  23. 

Stone's  method  of  compressing  peat,  56. 

Sullivan's  account  of  peat- distillation 
in  Ireland,  58-03. 

sun,  heat  of,  2. 

thermometers,  3,  13. 

thermopile,  14. 

Torbanehill  coal,  83-S5. 

Tr<elich's  coal-washing  apparatus,  96. 

Ullgren's  method  of  analysing  fuels,  105. 

ulmin,  composition  of,  57. 

ventilation  of  buildings,  11. 

Vignoles'  patent  for  carbonizing  peat,  67. 

Warlich's  patent  fuel,  99. 

water,  amount  of,  absorbed  by  charcoat.'iS. 
n    amount  of,  in  different  woods,  26. 
it    its  conducting  power,  10. 
a     peculiarity  in  its  expansion,  7,  11. 

Welter's  theory  of  combustion.  24,  108. 

Will  &  Varrentrai*'s  method  of  analys- 
ing fuels,  105. 

William's  method  of  compressing  peat, 
56. 

wood,  action  of  heat  upon,  32. 

a     amount  of  moisture  in,  26. 

it     amount  of  combustible  matter,  46. 

n     its  conducting  power,  9. 

"     constitution  of,  25. 

a     density,  27,  28. 

»     distillation  of,  45. 

a     heating  effect,  110,  111. 

a     solid  constituents  of,  29-32. 

ii     value  bf  different  kinds  as  fuel,  29. 

"     yield  of,  in  charcoal,  46. 
Wylam's  patent  fuel,  98. 
zinc  and  lead,  peculiarity  in  their  expan- 
sion, 4. 

GAS-11S-174. 

acid,  carbolic,  129. 

a    carbonic,  126. 

a    sulphurous,  127. 
air,  atmospheric,  in  coal-gas,  102, 163. 
ammonia,  126. 

amount  produced  from  coal,  120. 
analysis  of  coal-gs.B,  165. 
anilin.  129. 

animal  matter,  gaB  from,  151. 
authracin,  130. 
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GAS,  continued. 

aqueous  vapor,  128. 

Basford's  method  of  purifying:,  170. 

benzol,  124, 

bihydride  of  carbon,  122. 
bisulphide  of  carbon,  127. 
Boghead  cannel,  gas  from,  152-156. 
burners,  163,  164. 

"      experiments  on,  150-161. 
»       ventilation  of,  165. 
candles,  their  illuminating  power  com- 
pared with  gas,  160-162. 
cannel  coal,  produce  of  gas  from,  132. 

«     English,  the  best  gas  coal,  120. 
carbides  of  hydrogen,  122, 181. 
carbolic  acid,  129. 
carbon,  bihydride  of,  122. 

»      bisulphide  of,  127, 162,  163. 
carbonaceous   deposit,  Grafton's  dis- 
covery, 139. 
carbonic  acid,  126,  166, 

i>      oxide,  124. 
chrysen,  130. 

coal  for  gas,  selection  of,  130. 

»    distillation  of,  131, 132, 

»   effects  of  water  on,  130. 

»   produce  of  gas  from,  147-149. 
coal-gas,  analvsis  of,  121,  165. 

i'      estimation  of,  16G-170. 
condenser,  139. 

cost  of  different  meansofillumination,162. 
Croll's  patent,  174. 
cumol,  129. 
cyanogen,  124,  125. 
distillation  of  coal,  131,  232. 
Dunuonald  first  uses  gas  for  illumina- 
tion, 119. 
exhauster,  139. 

Frankland  &  Ward's  apparatus,  169. 

gas-coal,  choice  of,  130. 

gas-holder,  144. 

governor,  144. 

heat  from  gas,  161. 

historical  notice,  119. 

house-meter,  145.  146. 

hydrate  of  phenyl)  129. 

hydraulic,  main,  138. 

hydrocarbons,  volatile,  121. 

hydrocarbon  gas,  151-156. 

hydrogen.  121,122. 

»         carbides  of,  122,  131. 
a        sulphide  of,  125,  162, 163. 
illuminating  gas,  nature  of,  120. 

»         power  of  gases,  149,  151, 
156-162. 

illumination,  relative  cost  of  different 
means  of,  162. 

leucoliu,  129. 

lime  purifiers,  141, 142. 

luminiferous  constituents  of  coal-gas,  166. 

main,  hydraulic,  138. 

manufacture  of  coal-gas,  133. 

meter  for  domestic  use,  145,  146. 
»    for  stations,  143. 

Michael's  improvements  in  manufac- 
turing, 172-174. 

Murdoch,  the  discoverer  of  the  practical 
application  of  gas,  119. 

naphthalin,  129. 

nitrogen,  128. 

non-luminiferous  constituents  of  coal- 
gas,  166. 
oil-gas,  151,  152. 
oily  matters,  128. 
olefiant  gas,  12a 
paranaphthalin,  130. 
patents  for  purifying,  et.  cetera,  170-174. 
phenyl,  hydrate  of,  129. 
picolin,  129. 

pipes  from  retorts  to  main,  137. 
Poole's  patent  for  regulating  the  flow 

and  pressure  of  gas,  171. 
produce  from  different  coals,  117-149. 
purifiers,  140-142. 
purifying,  Bl-skord's  method,  170. 

»       Chtsholm's  method,  171. 
pyren,  130. 
quinolin,  129. 
resin  gas,  149, 150. 
retorts,  136, 137. 
retort-house,  133-13G. 
scrubber,  139. 
soap-water,  gas  from,  152. 
station-meter,  143. 
sulphide  of  hydrogen,  125. 
sulphurous  acid,  127. 
tell-tale,  143. 
toluol,  128. 
turf,  gas  from,  151. 
vapor,  aqueous,  128. 
volatile  hydrocarbons,  124. 


GAS,  continued. 

water,  its  effects  on  coal,  130. 
■water-gas,  151. 

WjnsOb'b  patent  for  lighting  with  gas, 
119. 

wood,  gas  from,  151. 
GELATIN — 174-183. 

acids,  their  action  on,  176. 
adulteration  of  isinglass,  ISO. 
alkalies,  action  of,  on  gelatin,  176. 
Arney's  patent,  178. 
Brazilian  isinglass,  179. 
cod  sounds,  180. 
composition  of,  177. 

n         of  isinglass,  ISO. 
Cox's  patent,  178. 
East  India  isinglass,  180. 
glue,  181-183. 
isinglass,  178-181. 
leucin,  177. 
Nelson's  patent,  177. 
New  York  isinglass,  179. 
patents  for  preparing,  177,  178. 
preparation  of,  174. 
properties,  175. 

«        of  glue,  182. 

it        of  isinglass,  180. 
Roper's  patent,  178. 
Russian  isinglass,  178. 
statistics,  183. 
sugar  of  gelatin,  177. 
Swinbor.ve's  patent,  178. 
tannic  acid,  its  combinations  with  gela- 
tin, 176. 
tests  for,  176. 
uses,  177. 
"   of  isinglass,  180. 

GLASS— 1  S3 -250. 

acids,  their  action  on,  198, 199. 
air,  action  of,  197. 
alkalies,  action  of,  198. 
alumina,  203. 

America,  glass-making  Introduced,  187. 

annealing,  194,  200,  219. 

arsenic,  203. 

artificial  gems,  240. 

aventurine,  243. 

baryta,  203. 

blowing-pipe,  207. 

Bohemian,  191,  211. 

Bologna  phial,  194. 

Bonte sips'  optical  glass,  237. 

bottle-glass,  composition  of,  191. 
it         green,  208-210. 
n  white,  211. 

bottle-moulds,  233,  234. 

brittleness  of,  193. 

casting  plate-glass,  224. 

champagne  bottles,  211. 

Chance's  improvements  in  makingsheet- 
glass,  219,  221,  222. 

Chaptal's  experiments  on  volcanic  pro- 
ducts, 204. 

chemical  constitution,  102. 
«  properties  of,  197. 
u      -glass,  211. 

colored  glass,  238-243. 

coloring  materials,  233, 

composition  of,  189,  191,  192. 
it  of  flint  glass,  229. 

constituents,  special  etfect  of,  189, 190. 

crown-glass,  English,  214-216. 
v  foreign,  212-214. 

crystal,  228,  235. 

i>      composition  of,  192. 

crystallization  of,  194-197. 

culiet,  203. 

cutting  and  polishing  flint-glass,  234. 
cuvettes,  213. 
cylinder-glass,  216-222. 
decoloring  materials,  203. 
definition  of,  184. 

deoxidising  bodies,  their  action  on  glass, 
197. 

devitrified  glass,  194-197. 

Drayton's  process  for  silvering  mirrors, 

227. 
duties  on,  247. 
enamel,  composition  of,  192. 
England,  glass-making  introduced,  187. 
English  crown-glass,  214-216. 
engraving  on,  235. 
etching  on,  235,  236. 
Farthing's  improved  flatting-kiln,  220. 
faults  in,  206. 
felepar,  glass  from,  204. 
filigree  work,  Venetian,  241. 
fining,  206. 

flashing  and  casing,  241. 


GLASS,  continued. 

flint-glass,  228-235. 

»       colored,  240, 

if       composition  of,  192 

if       furnace,  199. 

France,  glass-making  introduced,  1S7. 

frosted,  Venetian,  242. 

Fucns'  stereocbrome,  2-15. 

fuel  for  glass-furnaces,  205. 

furnaces,  199,  200. 

fusibility  of,  193. 

gems,  artificial,  240. 

glass-gall,  composition  of,  206. 

glass-house  and  furnaces,  199. 

glory-hole,  201. 

gravity,  specific,  197. 

gveen  bottle-glass,  208-210. 

grinding  and  polishing  sheet  glass,  221. 
"  a  plate-glass,  225-227. 

Guinand's  optical  glass,  237. 

Hartley's  improved  flatting-kiln,  220. 

Hebrews,  acquainted  with  glass,  184. 

Herculaneum,  glass  utensils  in,  185. 

historical  notice,  184-189. 

hydrofluoric  acid,  its  special  action  on 
glass,  199.  - 

iron,  203. 

lead,  203. 

leer,  200. 

lime,  203. 

manganese  a  decoloring  agent,  203. 
manufacture  of,  199. 
marver,  207. 

materials  for  glass-making,  202-205. 
medicinal  glass,  composition  of,  191. 
melting  the  materials,  205. 

"        and  fining  of  flint-glass,  231- 
mille-fiore  or  star- work,  242. 
mirrors,  silvering,  227. 
mosaic  in  glass,  242. 
moulded  Roman  pillars,  234. 
moulding  by  pressure,  234. 
nature  and  composition  of,  189, 191, 192. 
optical  glass,  236-238. 
painting  on,  188,  243. 
pipe  for  blowing,  207. 
plate-glass,  192,  222-228. 
Pliny's  account  of  its  discovery,  184. 
pontil  or  ponty,  207. 
Portland  vase,  185. 
potassa,  202. 
pots,  201. 

properties,  chemical,  197. 
pueellas,  207. 

Roman  glass  manufactory,  185. 
Rupert's  drops,  193. 
sandiver,  composition  of,  208. 
seed  or  blister,  206. 
BUiCRj  202. 
sheet-glass,  216-222. 
silvering  of  mirrors,  227. 
soda,  202. 

soluble  glass,  244-246. 
spring-tool,  207. 
spun  glass,  244. 
staining,  history  of,  188.  ■ 
statistics,  246-250. 
stereoclnomc,  Fucns',  245. 
strass,  composition  of,  192. 

a     and  colored  glass,  238-243. 
stria?  or  waves,  206. 
tears  in  glass,  207. 
tools  for  working,  207. 
tube-drawing,  212. 
varieties  of,  commercial,  190. 
Venetian  filigree- work,  241. 

it        frosted  glass,  242. 
Venetians,  their  skill  in  glass  making, 
187. 

Virgil's  mirror,  229. 

vitro-di  trino,  242. 

volcanic  products,  glass  from,  204. 

water,  its  action  on  glass,  197. 

white  glass,  composition  of,  191. 

"    bottle-glass,  211. 
■window-glass,  186,  192,  213. 
working-tools,  207. 
zinc  optical  glass,  238. 

GLYCERIN — 250-252. 
analysis  of,  252. 
composition,  250. 
glycil,  2o0. 
lypyl,  250. 

preparation  and  properties,  250,  251. 
GOLD— 252-310. 

abundance  at  great  depths  conjectured, 
262. 

Africa,  its  gold  regions,  25S. 
alchemy,  254, 255. 
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GOLD  itinuHd. 
>lfoys,2b7. 

guantltatm  |  atlmatiOH  of,  295. 
amalgamating  machines,  275-279. 
amalgamation,  known  to  the  ancients. 
253. 

America,  its  gold  districts,  258. 
analysis,  298. 
aqua  Tegia,  266. 
arsenical  pyrites,  2S0. 
artificial,  293. 

Asia,  gold  mines  in,  257,  2G4. 
assaying.  299-306. 
aurates,  294. 

Australia,  gold  exported  from,  308. 

"         gold  diggings  in,  259,  260. 
book-gilding,  291. 
Burgos  lustre.  295. 
burnish-gilding,  290. 
California,  258,  259. 

w       '  va  iue  of  gol  d  from,  308. 
carat,  definition  of,  287. 
cassius,  purple  of,  294. 
cementation,  286. 
chemical  examination  of  ores,  267. 
chlorides  of,  293. 

coinage  of  different  countries,  309. 
compounds  of,  chemical,  293. 
consumption  of  gold  and  silver,  309. 
copper,  testing  for,  269. 

»      pyrites,  263. 
cradle  for  gold-washing,  272. 
crushing  the  ore,  271. 
crystallized,  265. 
cupellation  or  refining,  283-285. 

"         of  the  assay,  302. 
digging  tools,  270. 

distillation  of  the  mercury  used  for 

amalgamation,  279. 
electro-gilding,  293. 
electrum,  253. 

estimation,  quantitative,  of  gold  ores 

and  alloys,  295. 
Europe,  its  gold  mines,  256. 
examining  auriferous  districts,  262. 
fine  washing,  275. 
flux  for  quartz  or  silica,  281. 
French  standard  gold,  288. 
fulminating,  294. 
furnaces  for  assaying,  300,  301. 
fusion  of  gold  dust,  281. 
gilding,  290-293. 
gold-beating,  288-290. 
golden  calf,  theories  on,  254. 
gold-sifter,  273. 

gravity,  specific,  estimation  by,  295. 

grinding  the  ore,  272. 

hand-washing,  272. 

historical  notice,  252-255. 

Hungarian  mines,  257- 

ignorance  of  Biblical  commentators,  254. 

ingot-mould,  300. 

iron  pyrites,  263. 

"        smelting  with,  282. 
jewellers*  gold,  288. 
leaf-gold,  288-290. 

n      consumption  of,  310. 
mercury,  distillation  of,  279. 
metallurgical  operations,  281-284. 
mica,  263. 

Napier  on  the  metallurgy  of  the  an- 
cients, 253. 

native  gold,  characters  and  composition 
of,  263-266. 

Newton,  an  alchemist,  255. 

nuggets,  large,  257. 

Ophir,  land  of,  255,  257,  258. 

ores,  chemical  examination  of,  267. 
it   mechanical  preparation  of,  271,  272. 
»   quantitative  estimation  of,  295. 

origin  and  position  of  gold  deposits,  261. 

oxides  of,  293. 

parting,  285.  286. 

"      unknown  to  the  ancients.  253. 
»      of  the  assay,  304-306. 

physiological  effects,  306. 

platinum,  tests  for,  269,  270. 

pure  gold,  preparation  of,  266. 
n       properties  of,  267. 

purple  of  cassius,  294. 

pyrites,  arsenical,  280. 

n      iron  and  copper,  263. 

quantitative  estimation  of  gold  ores  and 
alloys,  295. 

Roman  empire,  quantity  of  gold  and 
silver  in,  307. 

scorification,  301. 

silver,  tests  for,  269. 

smelting  of  gold  ores,  281-283. 

sources,  255-261. 

stamping  the  ore,  271. 


GOLD,  continued. 

standard  gold,  287. 
statistics,  307. 

substances  mistaken  for  gold,  2G3. 
supply  of,  annual,  309. 
tests  for,  267,  26a 

"   for  associated  metals,  269,  270. 
tools  for  digging,  270. 
touchstone,  estimation  by,  297. 
Ural  mountains,  product  of,  257, 
valuation  of  gold  alloys,  287. 
washing-machines,  272-275. 
water  or  wash-gilding,  291. 

GUMS— 310-320. 
acacia,  310. 
arabic,  310-313. 

//     adulteration  of,  312. 

n     properties,  311. 

it     purification  of,  312. 

"     statistics  of,  313. 

»     uses,  312. 
artificial,  313. 
Australian,  313. 
Harbary,  310. 
Bassora,  313. 
British,  313-315. 
lSutea,  315. 

carrageen  mucilage,  317. 
cherry-tree  gum,  315. 
dextrin,  313,  314. 
kino,  316. 
kuteera,  317. 
linseed  mucilage,  31S. 
mezgnite,  317. 
Morocco,  310. 
mucilage,  317. 
Senegal,  311. 
starch,  torrefied,  313,  314. 
statistics,  320. 
traencanth,  318-320. 
Turkey,  310. 

GUM-RESINS— 320-329. 
acid,  gambogic,  326. 
ammoniac,  320-322, 
assafcetida,  322-324. 
bdellium,  324. 
Ceylon  gamboge,  325. 
chloroxide  of  sodium,  321. 
euphorbium,  324. 
galbanum,  324. 
gamboge,  325. 
gambogic  acid,  326. 
,   myrrh,  326. 
olibanum,  327. 
opoponax, 328. 
sagapenum,  328. 
Slam  gamboge,  325. 
statistics,  328. 

GUN-COTTON— 329-335. 
adulteration,  335. 
analyses,  333. 
collodion,  334,  335. 
composition  of,  331. 
preparation,  329,  331. 
properties,  330. 
reagents,  effects  of,  332. 
Schonbein's  process,  329. 
Taylor's  process,  329. 
uses,  335. 
xyloidin,  329. 

GUNPOWDER— 335-34S. 
analysis,  347. 
charcoal,  337-341. 
inflammability  of,  344. 
ingredients,  337. 

f         proportion  of,  311-343. 
invention  of,  336. 
manufacture,  346. 
properties,  347. 
propulsive  effect,  344,  345. 
saltpetre,  337. 
statistics,  348. 
sulphur,  337. 
white,  348. 

GUTTA-PERCHA— 349-366. 
adulterations,  365. 
albane,  353. 
applications,  365. 
Atlantic  cable,  358. 
boiling  and  teasing,  355. 
composition  of,  elementary,  352. 
compounds  of,  360-362,  364. 
cutting  machine,  354. 

»      shaping,  and  moulding,  356. 
decoloring,  363. 
deodorizing,  363. 
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GUTTA-PERCHA,  continued. 

Dodge's  method  of  renovating,  360. 
drawing  ribands  and  cord,  356. 
Duvivier  &  Ciiaudet's  sulphurising 

processes,  361,362. 
dyeing,  364. 
etymology  of,  349. 
extraction  and  inspissation,  350. 
fiuavile,  or  yellow  resin,  354. 
Forster's  patent  combinations,  360. 
Fry's  deodorizing  process.  363. 
Godefroy's  patent  composition.  362. 
Goodykar's  patent  for  combining  with 

pitch,  362. 
Goodyear's  patent  for  moulding,  358. 
gutta-percha  tree,  350. 
Hancock's  metallizing  process,  364. 
*  "       patent  compounds,  360. 

"        sulphurising  process,  359. 
a        waterproofing  process,  363. 
heat,  its  effect  on,  351,  352. 
historical  notice,  349,  350. 
insulating  property  of,  357,  358. 
isonandra  gntta,  360. 
kneading,  355. 

Lorimer's  patent  compounds,  361. 
manufacturing  processes,  354. 
metallizing  364. 
moulding,  356. 

it       patent  process,  358. 
Moui.ton's  vulcanizing  process,  359. 
Normandy's  decoloring  process,  363. 
Parkes'  method  of  dyeing.  364. 

»      mode  of  renovating,  359. 

»      patent  for  vulcanizing,  358. 
patent  moulding,  358. 
N  Payen's  analysis  of,  352,  353. 
porosity  of,  351. 
properties,  351. 
proximate  principles,  352. 
pure  gutta,  353. 
purification,  354. 

renovation  of  vulcanized  gutta,  359. 
ribands  and  cord,  356. 
Kidf.u's  improvements  in  vulcanizing, 
359. 

sheets,  rolling,  355. 

source  of,  350. 

statistics,  366. 

substitutes  for,  364. 

telegraph  wires,  coating,  357,  358. 

tree,  350. 

tubing,  357. 

uses,  365. 

vulcanizing,  358,  359. 
waterproofing,  363. 
wire-coating,  357. 

HYDROCYANIC  ACID— 367-372. 
adulteration  of,  370. 
antidotes  for  prussic  acid,  370. 
Clarke's  mode  of  preparing,  368. 
composition  of,  368- 
detection  and  determination  of,  371. 
Everett's  mode  of  preparing,  368. 
Gay-Lussac's  method,  367. 
physiological  effects,  369. 
preparation,  367. 
properties,  368. 

prussic  acid,  discovered  by  Scheele,366. 
sources,  367. 

Trautwein's  mode  of  preparing,  368. 
Vauqoelin'b  method,  368. 

INK— 372-385. 

Berzelius'  indelible  ink.  377. 
Bird's  patent  printing  ink,  385. 
blue.  375,  379,  3S0. 
Booth's  red  ink,  378, 
Bostock  on  the  deterioration  of  writing- 
fluids,  374,  375. 
Brande's  recipe  for  writing-ink,  373. 
carbon  ink,  Stephens',  376. 
Chinese,  380. 

Goathupb's  indelible,  377. 

coloring  matters  of  printing-ink,  384. 

common  writing-ink,  recipes  for,  373. 

copying-inks,  378. 

deterioration  of,  causes,  374. 

galls,  substitutes  for,  376. 

gold  ink,  380. 

Gray's  marking-ink,  381. 

green,  380. 

Guiller'p  marking-ink,  381. 
IIeusler's  red  ink,  378. 
indelible  inks,  376,  377. 
Indian, 380. 

ingredients  of  priuting-ink,  3S4. 
Japan,  374. 

Klaproth's  green  ink,  380. 
Lewis'  writing-ink,  373. 
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IKK,  continued. 
linseed  oil,  384. 
lithographic  printing-ink,  385. 

"        writing-ink,  3S3. 
marking-ink,  380-382. 
Normandy's  blue  ink,  380. 
u  indelible,  376. 

"         purple,  380. 
printing-inks,  383-385. 
Keade's  patent  inks,  377,  3S5. 
»      blue,  380. 
«      marking,  382. 
n       red,  378. 
red  inks,  378. 

Redwood's  marking-ink,  3S1. 
Reid's  recipe,  374. 
resin  in  printing-ink,  3S4. 
Rirancourt's  recipe,  373. 
Runge's  black  ink,  375. 
Salvage's  printing-ink,  3S5. 
Boost's  patent  writing-ink,  377. 
silver  ink,  380. 

Stephens'  improvements   in  writing- 
inks,  375,  376. 

Stephens'  blue,  379. 
"       red, 378. 

sympathetic.  382, 383.' 

Trail's  recipe  for  writing-ink,  376. 

Ure's  recipe  for  printing-ink,  385. 
"        "      for  writing-ink,  373. 

Whitfield's  indelible  safety  ink,  377. 

Wincki.er's  recipe  for  green  ink,  380. 

writing-inks,  372-383. 

yellow,  380. 

IODINE—  386-403. 

ammonium,  iodide  of,  395. 

Bariuiel's  improved  process,  391. 

Bechi's  process,  392. 

Buxsen's  mode  of  estimating,  401. 

combinations  of,  393. 

crystals,  387. 

distilling  apparatus,  390. 

estimation  of,  399. 

Grange's  mode  of  testing,  403. 

hydriodic  acid,  393. 

improved  processes  of  manufacture,  391. 
iodide  of  ammonium,  395. 

»      hydrogen,  393. 

"      mercury,  398. 

j»      nitrogen,  394. 

"      potassium,  395-398. 

"       silver,  398. 

*      sodium,  398. 
Kemp's  method  of  extracting,  392. 
Kersting's  mode  of  estimating,  400. 
manufacture  of,  388-391. 
mercury,  iodide  of,  398. 
nitrogen,  iodide  of,  394. 
palladium  test  liquor,  400. 
Penny's  method  of  estimating,  401. 
potassium,  iodide  of,  395-398. 
Price's  test,  403. 
properties  of,  387. 
purification,  391. 
silver,  iodide  of,  398. 
sodium,  iodide  of,  398. 
sources,  386. 
starch-paste  test,  387. 
therapeutic  properties,  387. 

LBON— 403-457. 
alloys,  447. 

"     of  steel,  445. 
ammonia,  426. 
analyses  of  limestones,  423. 
application  of  waste-heat,  426. 
arsenical  pyrites,  409. 
assay,  410-412. 

»     furnace,  413. 
Berlin  blues,  455. 

Bessemeu's  refining  process,  438-440. 
Binks  on  true  composition  of  steel,  446. 
black-band,  409. 
blast,  mode  of  producing,  420. 

it    state  of,  427. 

n    furnaces,  414-419. 
blistered  steel,  441. 
bloomcries,  404. 
blowing  machine,  420. 
bog  ore,  407. 
calcination  of  ores,  415. 
carbonate  of,  409. 
case-hardening  of  steel,  4 14. 
cast-iron,  qualities  of,  431. 
cast-steel,  442-444. 
cementation,  steel  of,  441. 
clay-band,  409,  410. 
coal  applied  to  smelting,  404. 
composition  of  steel,  445,  446. 
copperas,  449. 
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IRON,  continued. 

Cort  invents  the  puddling  furnace,  405. 

cupola  furnaces,  431. 

cyanogen,  425,  426,  450. 

cylinder- blast,  420. 

dry  assay,  412. 

fan  for  cupola- blast,  432. 

ferrocyanide  of  iron,  450. 

tt        of  potassium,  451. 
fluxes,  413,  414,  422. 
founding,  430. 

Fuchs'  mode  of  estimating  ores,  411. 

fuel  employed  in  smelting,  421. 

furnace,  assaying,  413. 

furnaces,  smelting,  414-419. 

gases  evolved  in  smelting,  425. 

green  vitriol,  449. 

hammering,  435. 

heat,  waste,  application  of,  426. 

hematite,  red,  407. 

historical  notice,  404. 

hot-blast  discovered,  405 

"       advantages  of,  428 
limestones,  analyses  of,  423. 
loss  in  refining,  440. 
magnetic  oxide  of,  406. 

"        pyrites,  408. 
malleable,  manufacture  of,  432-440. 
marks  on  Swedish  iron,  440. 
material  of  the  blast-furnace,  419. 
melting-point,  403. 
metal,  smelted,  qualities  of,  429, 430. 
meteoric,  406. 

Muspratt'b  prussiate  manufactory,  453, 

457. 
native,  406.  ■ 

new  processes  for  making  steel,  444. 
ores,  composition  of,  410. 

>'   valuation  of,  410—414. 
Paris  blues,  455. 
passive  state  of,  447. 
pig,  analyses  of,  447. 

i>    qualities  of,  431. 
potassa,  prussiates  of,  451-455. 
physiological  effects,  456. 
proportions  of  charge  in  smelting,  424. 
protocbtoride  of,  449. 
urotonitrate,  449. 
pfotosulphate,  449. 
protoxide,  406. 
Prussian  blue,  450,  455,  456. 
prussiates  of  potassa,  451-455. 
puddling,  434. 
pyrites,  408. 

reactions  in  blast-furnace,  424. 
refining,  433,  440. 
rolling,  437. 
salts  of,  449-456. 
sesquicbloride,  449. 

sesqulsulphate,  450. 

shear  steel,  442. 

shears  for  cutting,  437. 

slags,  analyses  of,  428,  429.  ■ 

smelting,  415. 

»       furnaces,  414-419. 
sources,  405-410. 
specular  ore,  407. 
squeezing,  436. 
statistics,  448. 

>t      of  the  prussiates  of  potassa,  457. 
steel,  441-146. 
sulphate,  449,  456. 
Swedish,  440. 
tempering  of  steel,  445. 
tilt-hammer,  442. 
Turnbull'b  blue,  455. 
valuation  of  ores,  410-414. 
waste-products  from  blast-furnace,  425. 
wet  assay,  410. 

wrought-iron,  manufacture  of,  432-440. 

LEAD— 457-491. 

adulteration  of  white  lead,  488- 
alloys,  474. 

analysis  of  white  lead,  4S7. 
antidotes  to  lead-poisoning,  489. 
blast  smelting  furnaces,  467. 
holes,  463. 

carbonate,  artificial.  477-488. 

tt       native,  458. 
chemical  properties,  460. 
chloride,  native,  458. 
chromate,  native,  459. 
clichy  white,  483. 
composition  of  white  lead,  486. 
cupellation,  471,  472. 
Dutch  method  of  making  white  lead,  47S. 
furnaces  for  smelting,  463-469. 
galena,  459. 

galenas,  siliceous/smelting  of,  469. 
grinding  the  ore,  461. 


LEAD,  continued. 

historical  notice.  457. 
litharge,  475,  476. 
massicot,  475. 

Medlook  on  the  action  of  waters  on 

lead,  491. 
mines,  principal,  460. 
minium,  476. 
ores  of,  458. 
oxide,  native,  458. 
oxides,  artificial,  475. 
oxychloride  of,  488. 

patent  processes  for  making  white  lead, 

484-486. 
Pattison's  process,  473. 
phosphate,  native,  458. 
physiological  effects,  488,  489. 
poisoning  by,  489. 
preliminary  operations,  461. 
properties,  chemical,  460. 
pure,  preparation  of,  459. 
purification  of,  470-474. 
red,  476. 

reverberatory  smelting  furnaces,  4C6. 

Scotch  furnace,  463,  465. 

shot-metal,  474. 

slag  hearth,  468. 

smelting  furnaces,  463-469. 

sorting  and  cleansing  the  ore,  461. 

sources,  458. 

sulphate,  native,  458. 

sulphide,  native,  459. 

theory  of  formation  of  white  lead,  4S6. 

"       lead  smelting,  462. 
uses,  474. 

washing  the  ore,  462. 
water,  action  of,  on  lead,  490 
white  lead,  477-4SS. 

LEATHER— 491-532. 
acid,  gallic,  498. 

"    tannic,  494-498. 
acids,  depilation  by,  514. 
acupuncture,  tanning  by,  520. 
analysis  of  galls,  502. 
artificial  tannin,  498. 
barks,  504-507. 
bark-grinding  mills,  508. 
bating.  513. 
beating  the  hides,  522. 
Berenger's  mode  of  tanning,  518. 
Cagswell's  tanning  process,  618. 
calves'  skins,  510. 
catechu,  500,  501. 
chamois  leather,  52S. 
cleansing  hides,  511. 
corium  or  cutis,  492. 
currying,  521. 
deer-skins,  511. 
depilation,  512,  514,  515. 
divi-divi,  503. 

endosmosis,  tanning  by,  520. 

epidermis  or  cuticle,  492,  493. 

estimation  of  tannin  in  barks,  506-508. 

exhaustion  of  air,  tanning  by,  519. 

fancy  leathers,  524. 

finishing  processes,  521. 

flowers  and  fruits  used  in  tanning,  503. 

gallic  acid,  498. 

galls,  501,  502. 

geum  urbanum,  504. 

goat-skins,  510. 

grained  leather,  522. 

hides,  509-511. 

hippopotamus  hides,  511. 

historical  notice,  491. 

hog  skins,  511. 

horse  hides,  510. 

Hungarian  leather,  526. 

hydrostatic  pressure,  tanning  by,  519. 

kino,  500. 

kips,  510. 

leaves  used  in  tanning,  502. 
liming,  512. 

mills  for  grinding  hark,  50S. 
mineral  tanning,  520. 
morocco  leather,  529,  530. 
myrobalans,  503. 
Nossiter's  tanning  process,  518. 
oak  bark,  505. 

Ogereau's  mode  of  tanning,  517. 
oil  of  birch,  525. 
oil  leather,  523,  528. 
ooze,  preparation  of,  516. 
ox  hides,  509. 
parchment,  531. 
pommeling,  522. 
porpoise  skins,  511. 
preparation  of  hides,  511. 
properties  of  gallic  acid,  499. 
«       of  tannin,  496. 


INDEX  TO  ARTICLES. 


5 


LEATHER,  continued. 

proximate  principles  of,  492. 
raising  the  hides,  515. 
red  morocco,  529. 
rhatany  root,  504. 
rhusma,  515. 
roan,  531. 

roots  used  in  tanning,  504. 
Russian  leather,  524-5-6. 
seal  skins,  511. 
shagreen,  531. 
sheep-skins,  510. 
skin,  492,  493. 
skins  or  hides,  509-511. 
skiver,  531. 

soaking  the  hides,  522. 
split  leather,  521. 
statistics,  532. 
stretching,  522. 

substances  used  in  tanning,  500-506. 
sumac,  502. 

sweating,  depilation  by,  514. 
swelling  the  hides,  515. 
tanneries,  number  of  persons  employed 
in,  492. 

tannic  acid,  or  tannin,  494-498,  506. 
tanning,  516-521. 

»       materials,  493,500. 
tawed  leather,  527. 
trees,  barking  of,  506. 
uses  of  tannin,  498. 
valonia,  503. 
varieties  of  tannin,  407. 
varnished  leather,  523. 

MAGNESIA— 532-539. 

alkalies,  separation  from,  537. 
analysis,  437-539. 
asbestos,  537. 
carbonate  of,  535,  536. 

tt        native,  535. 
citrate  of,  536. 
epsom  salts,  533-535. 
lime,  separation  from,  537. 
limestone,  magnesian,  534. 
magnesium,  532. 
meerschaum,  537. 
physiological  effects,  533. 

"  "      of  sulphate,  535. 

preparation  of  magnesium,  532. 
properties,  533. 
soapstone  or  steatite,  536. 
sulphate  of,  533-535. 
sulphite  of,  536. 
tartrate  of,  536. 

MANGANESE— 539-514, 
acetate  of,  542. 
braunite,  542. 
chameleon  mineral,  540. 
chloride  of,  542. 
Chum's  test  for,  540. 
estimation  of,  544. 
manganic  acid,  514;. 
inaugiinite,  542. 
ores,  541. 
oxides,  540. 

physiological  effects,  544. 
preparation  of,  539. 
properties,  539. 
protochloiide  of,  539. 
protoxide,  tests  for,  541. 
psilomuliine,  542. 
pyrolusite,  541. 
recovery  of.  processes  for,  543. 
statistics,  544. 
sulphate  of,  542. 
tests  for,  540. 
uses,  542, 
wad,  512. 

MANURE-544-565. 

absorbent  power  of  soils  for,  653. 
adulteration  of  guano,  561. 
ammonia,  source  of  nitrogen,  517,  554. 

"        testing  for  in  guano,  661. 
analysis  of  farmyard  manure,  555. 

•i      of  guano,  560. 

"      of  superphosphate,  5G4. 
application  of,  550,  558,  564. 
artificial,  565. 

"       rules  for  the  application  of,  553. 
ash  left  by  plants,  549. 
bones,  theory  of  their  action,  562. 
Chinese  system  of  agriculture,  545. 
classification  of  manures,  554. 
clay,  application  of  to  sandy  soils,  554. 
Columella  on  manures,  545. 
composition  of  different  guanos,  560,  561. 

o         of  farmyard  mauuro,555-557. 
dissolved  hones,  563. 


MANURE,  continued. 
drain  aye-water,  554. 
estimating  value  of  guano,  562. 
farmyard  manure,  554-558. 
fermented  hones,  563. 
fertilizing  power  of  guano,  560. 
general  manures,  554. 
guano,  559-562. 
historical  notice,  645. 
humus  theory,  546. 
i        inorganic  food  of  plants,  548. 
Lawes'  &  Gilbert's  views,  552. 
Liebig's  theory,  551. 
lime,  superphosphate  of,  563,  564. 
management  of  farmyard  manure,  557. 
mineral  constituents  removed  per  acre 

by  different  crops,  540,  550. 
mineral  theory,  Luebig's,  551. 
night-soil,  558. 

nitrogen  of  plants,  source  of,  547. 
plants,  inorganic  food  of,  548. 

a     organic  portion  of,  516. 
Romans,  l  heir  knowledge  of  manures,  545. 
rules  for  the  application  of,  553. 
sewage  manures,  559. 
soils,  their  absorbent  power,  553. 
special  manures,  562. 
steamed  bones,  563. 
superphosphate  of  lime,  563,  564. 
theory  of,  546. 

a     of  the  action  of  bones,  562. 

"     of  farmyard  manure,  555. 
tile-draining,  654. 
urine,  558. 

MERCURY— 565-583. 
a^thiops  mineral,  579. 
cet?iiops  per  se,  577. 
Almadcn  mines,  Spain,  571. 
amido- chloride  of,  586. 
analyses  of  mereurial  compounds,  6S8. 
assay  of  mercurial  ores,  570. 
atomic  weight,  567. 
Californian  quicksilver  mines,  509. 
calomel,  581-584. 
chlorides  of,  581-5S7. 
cinnabar,  579-581. 
compounds  of,  577. 
corrosive  sublimate,  5S4-5S6. 
expansion  by  heat,  567. 
freezing-point,  566. 
fulminate  of,  587. 
horn  quicksilver,  568. 
iodide  of,  687. 

mines  of  Almaden,  Spain,  571. 

it     of  Idria,  569,  573. 

»    Lansberg,  675. 

a    Now  Almaden,  569. 
ores,  568-570. 

a   reduction  of,  571-576,. 
oxides  of,  577,  o7S. 
physiological  effects,  577. 
preparation  of,  566. 
properties,  566. 
protochloride  of,  5S4-5SG. 
protosulphate,  579. 
protoxide,  678. 
purification  of,  576. 
red  oxide  of,  578. 
reduction  of  ores,  571-576. 
subchloride  of,  531-584. 
suboxide,  577. 
sulphides,  579. 
vermilion,  579-561. 
white  precipitate,  586,  587. 

NICKEL— 588-592. 
alloys  of,  691. 
analysis,  692. 

combinations,  chemical,  592. 
German  silver,  591, 592. 
haarkiesT'589. 
kupfernickel,  689. 
manufacture  of,  590. 
meteoric  stones,  589,  590. 
nickel speisglanzerz,  5S9. 
salts  of,  592. 
sources,  589. 
Biilphide  of,  native,  689. 
uses,  692. 

NITRIC  ACID— 593-597. 
adulterations,  597. 
anhydrous,  595. 
estimation  of,  596. 
historical  notice,  593. 
nitrates,  597. 
physiological  effects,  597. 
preparation  of,  593. 
properties,  595. 
tests  for,  596. 


OIL— 507-602. 

acid,  elaidic,  602. 

ii    sebacic,  603. 
acids,  their  action  on  oils,  001. 
acrolein,  604. 

action  of  chlorine  and  bromine,  603. 
adipocere,  626. 
adulteration  of,  629,  630. 
alkalies,  their  action  on  oils,  G01. 
almond,  615. 
animal,  624-627. 
beech,  617. 
beef  tallow,  625. 
ben,  oil  of,  617. 

Bessemer's  expressing  machine,  609-611. 
butter  of  cacao,  618. 

"     of  nutmegs,  619. 
castor,  622,  623. 
chlorine,  action  of,  603. 
cocoa-nut,  617. 
cod-liver,  628,  629. 
constituents,  601. 
colza,  616. 

composition,  elementary,  604. 
cotton-seed,  624. 
cow's  butter,  626. 
croton,  624. 

drying  oils,  605,  606,  620. 
elaidin,  602. 

elementary  composition  of,  604. 

estimation  of,  630-632. 

expression  from  seeds,  607-611. 

fat  of  plants  and  animals,  598. 

fats,  animal,  625-627. 

fish-oils,  627. 

Gallipoli,  614. 

glycerin,  600. 

gnat's  fat,  626. 

grape  seed  oil,  C24. 

hemp-seed  oil,  622. 

historical  notice,  598. 

hog's  lard,  626. 

human  fat,  626. 

lard  and  lard  oil,  626. 

laurel,  619. 

linseed,  620. 

margaramid,  601. 

margarin,  600. 

mustard,  617. 

mutton  suet,  626. 

neat's  foot,  626. 

nitrous  acid,  its  action  on  oils,  602. 

nutmegs,  butter  of,  619. 

olein,  600. 

olive,  613-615. 

palm,  618. 

palmitin,  618. 

phocenin,  627, 

physiological  effects  of  olive  oil,  615. 
piney  tallow,  619. 
poppy, 621. 
porpoise  oil,  628. 
properties,  699. 
proximate  principles,  600. 
purification,  612. 
rape,  616. 
seal  oil,  627. 
sebacic  acid,  603. 
seeds,  expression  from,  607-611. 
sesamum,  oil  of,  617. 
.  shark  oil,  628. 
soaps,  601. 

solid  matter  in  fats  and  oils,  600. 

sources,  598. 

sperm,  629. 

statistics,  632. 

stearin,  600. 

suet,  626. 

sulphuric  acid,  its  action  on  oils,  60L 
tallow,  and  tallow  oil,  625. 
teel  617. 

Tiienakd's  purifying  process,  612. 
train,  627. 

vegetal  greasy  oils,  005, 
walnut,  621. 
whale,  627. 

Wood's  mode  of  extracting,  612. 
OPIUM-633-637. 

codein,  634. 

estimation,  037. 

meconin  and  meconic  acid,  636. 

morphin,  033,  634. 

narcein,  635. 

narcogenin,  636. 

narcotin,  635. 

opianin,  635. 

papaverin,  636. 

para  morphin,  635. 

physiological  effects,  637. 

poppy,  633. 
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PHOTOGRAPHY,  continued. 

uranium-printing,  707. 
view-lenses,  695. 
waxed-paper  process,  706. 

PLATINUM— 716-723. 

alloys,  723. 

analysis  of  ores,  718. 

articles  in  platinum,  722. 

applications,  722. 

chemical  combinations  of,  723. 

conducting  power  for  heat.  719. 

crucibles  and  other  vessels,  722. 

historical  notice,  717. 

metallurgy  of,  720. 

ores,  analyses  of,  718. 

platinum-black,  718. 

properties,  719. 

preparation  of,  718. 

sources,  717. 

spongy  platinum,  719. 

value  of,  716. 

"Wollaston's  mode  of  preparing,  720. 

POTASSrUM-723-742. 

alkalimetry,  729-731. 
analyses,  741. 

bicarbonate  of  potassa,  731. 
bichromate  of  potassa,  738. 
bitartrate  of  potassa,  741. 
bromate  of  potassium,  739. 
carbonate  of  potassa.  727. 
chlorate  of  potassa,  737. 
chloride  of  potassium,  740. 
chromate  of  potassa,  738. 
cyanide  of  potassium,  740. 
discovery  of  potassium,  723. 
estimation  of  potassa  salts,  741. 

a  saltpetre,  736. 

extraction  of  potashes,  729. 
formation  of  saltpetre,  732. 
hydrate  of  potassa,  726. 
iodide  of  potassium,  739. 
nitrate  of  potassa,  732-737. 
nitrification,  732. 
oxides  of  potassium,  726. 
pearhish,  727-729. 
potashes,  727. 

potassa,  caustic,  726.  „ 
preparation  of  potassium,  724. 
properties  of  potassium,  725. 
purification  of  potassium,  725. 

tr  saltpetre,  734. 

refraction  of  saltpetre,  735. 
salpolycrest,  731. 
salt  of  tartar,  727. 
saltpetre,  732-737. 
sources,  724. 
sulphate  of  potassa,  731. 
snlphocyanide  of  potassium,  740. 
tartar,  salt  of,  727. 

»  vitriolated,731. 
valuation  of  potashes,  729. 

POTTERY — 742-832. 

ageing,  799. 
American,  South,  785. 
amphora,  764. 
Anglo-Saxon,  777. 
annealing,  808. 
antimony,  oxide  of,  832/. 
antiquity  of,  742-744. 
aryaballos,769. 
ascos,  769. 

Assyrian  bricks,  745. 

»  pottery,  756. 
Babylonian  bricks,  745. 

»         pottery,  757. 
basalt,  818. 
blue  clay,  790. 
bricks,  744-746. 

tt       manufacture  of,  S32(. 
Cados,  769. 
calcareous  clays,  791. 
calpis,  769. 

Campanian  pottery,  772. 
cantharide  lustre,  S32o. 
Carrara  ware,  814. 
Celtic  pottery,  777. 
ceramic  enamels,  787. 
China,  795. 

Chinese  ceramic  manufactures,  74S-750. 
chloride  of  silver,  832?. 
chromate  of  baryta,  S32y. 

i>  of  lead,  832j, 
chrome  iron  ore,  832^. 
chromium,  sesquioxide  of,  832c. 


POTTERY,  continued. 

classification  of  wares,  791,  792. 
clay-pipes,  manufacture  of,  832 1. 
clays,  composition  of,  787,  794,  8325. 
cobalt,  oxide  of,  832/. 
colored  clays,  823. 

glazes,  793. 
colors,  encaustic,  818. 

n      for  porcelain,  813. 

»      for  printing  on  earthenware,  832c. 
cooling  bottles,  832i. 
copper,  oxides  of,  832/. 
Cornish  stone,  789. 
cream-colored  ware,  822. 
crucibles,  smelting,  composition  of,  832y. 
cyathos,  769. 

decoration  of  porcelain,  812. 

a        of  earthenware,  832e. 
definition  of  pottery,  744. 
delft-ware,  7*2,  8621 
drain  tiles,  S32g. 
Dutch  pottery,  782. 
earthenware,  822. 

»         varieties  of,  792. 
n         common,  832J. 
a  analyses  of,  832?. 

Egyptian  bricks,  745. 

»        pottery,  751-756. 
electro-magnets,  Holmes  &  Cordon's 

patent,  825. 
elutriating  apparatus,  706. 
enamel  colors,  preparation  of,  832c. 

French,  832A. 
enamels  for  delft-ware,  689m, 
encaustic  colors,  818. 

»       tiles,  832o. 
English  porcelain,  786. 

"       tender  porcelain,  792. 
"       pottery,  782. 
Etruscan  pottery,  759-762. 
Fayence,  780. 
ferruginous  clays,  791. 
fire-bricks,  832a;. 
tire-clays,  788-791. 
firing,  804,  807. 
»      of  delft-ware,  832J. 
a      of  earthenware,  830. 
</      of  glazes,  832&. 
a      of  tiles,  832r. 
Flemish  pottery,  782. 
flint,  791. 

a    grinding,  824. 
flows,  832c. 

fluxes  for  earthenware  colors,  832//. 
foreign  porcelain,  795. 
French  porcelain,  786,  794. 

a       colors,  832A. 
frit  furnace,  8326. 
fritted  glazes,  832a 
Fuller's  earth,  791. 
furnaces,  804. 
gas  retorts,  832y. 
German  porcelain,  78G. 

"      pottery,  781. 
gilding  on  porcelain,  813. 
glass  pots,  832#. 
glaze,  salt,  821. 
glazes  for  fine  stoneware,  818. 

n      for  porcelain,  793,  937. 

*      for  delft-ware,  832^. 

»      for  earthenware,  832a,  832ft. 

"     for  ordinary  potter's  ware,  832/i. 
gold  lustre,  832c. 
Graeco-Italian  pottery.  763. 
Greek  pottery,  763,769-771. 
grinding  flint,  824. 
handling,  829. 
hardening  on,  832c. 
Holmes  &  Cordon's  patent,  825. 
hydria,  769. 
hyrche,  769. 
iron  lustre,  833o. 

»   sesquioxide  of,  832c 
ironstone  china.  792,  822. 
Italian  pottery,  779. 
jasper  wares,  817. 
kaolin,  788. 
kiln  for  baking,  830, 

<i    for  tile-tiiing,  832r. 
lagnatia  qitartzite,  824. 
lagynos,  769. 
lamps,  Roman,  774. 
larva  ware,  819. 
lead,  dechromate  of,  832^. 

i>    glaze,  832n. 
lecythus,  769. 
loam,  791. 
lustre  ware,  S32o. 

Mackenzie's  patent  printing  process 
832</. 


POTTERY,  continued. 

majolica  ware,  779,  S32m. 
manganese,  oxides  of,  832/. 
marls,  791. 

mediaeval  pottery,  778. 

Mexican,  785. 

Moorish,  778. 

mosaic  tiles,  832c. 

moulding,  799,  801-S04,  829. 

oil  for  colors,  832«\ 

ordinary  potter's  ware,  832m. 

painted  ware  ghizes,  832i. 

Parian  ware,  814. 

paste,  preparation  of,  797. 

pattern-printing,  832a*. 

paving-tiles,  inlaid,  832o. 

pipe-clay,  789. 

pipes,  manufacture  of,  832  i. 

pithoi,  764. 

platinum  steel  lustre,  832o. 
porcelain,  composition  of,  811. 

»        earth,  788. 

n        European,  785. 

a       furnace,  805. 

a        manufacture  of,  792-815. 

a       varieties  of,  792. 
potter's  clay,  790. 

«      lathe,  800. 
preparation  of  enamel  colors,  832c. 
pressing,  S30. 

printing  on  earthenware.  832Z>. 
pug-mill,  827. 
purple  of  Cassius,  833i. 
pyrometer,  mnftie,  814. 

"        Weduwood's,  808. 
quartz,  791. 
Kaffaelle  ware,  780. 
raw  glazes,  S32a. 
red  clay,  790. 
retorts,  gas,  832y. 
Roman  pottery,  773-777. 

a      tiles,  747. 
roofing  tiles,  832j. 
salt-glaze,  821. 
Samian  ware,  775-777. 
scyphi,  769. 
seggars,  807-810. 

a      for  fine  earthenware,  832. 
sepulchral  vases,  767,  768. 
shrinking  of  porcelain,  810,  811. 
silica,  791. 
silver  lustre,  832o. 

a     chloride  of,  832#. 
sapping,  799,  827. 
slip,  consolidation  of.  826. 

a    purification  of,  824. 
Spanish  pottery,  778. 
squeezing-box,  829. 
^tattbidshire  potteries,  783. 
statuary  porcelain  and  Parian.  787. 
stoneware,  782,  792,  815-822,  832i. 
tender  porcelain,  792. 
terra  cotta,  773,  823. 
Teutonic  pottery,  778. 
throwing,  800,  827. 
thwacking-frame,  832r. 
tiles,  746-748. 

a     manufacture  of,  S32o. 
tin,  oxide  of,  832#. 
turning,  804,  828. 
uranium,  oxide  of,  832/ 
varnished  ware,  819. 
vases,  Etruscan,  760. 

m     Greek,  764. 

u     Roman  terra  cotta,  774. 
water-pipes,  manufacture  of,  832s. 
wedging,  827. 
Wkduwood  ware,  783. 

»        jasper  wares,  817. 
v         pyrometer,  808. 
zinc,  oxide  of,  832/. 

IWININ— 833-836. 

adulterations,  835. 
constitution  of,  833. 
Herring's  process,  834. 
preparation  of,  833-835. 
properties  of,  833. 
sulphate  of,  833. 

RESINS-836-842. 

amber,  S37. 
anime,  838. 
classification  of,  637. 
colophony,  838- 
copal,  839. 

Dammara  resin,  840. 
dragon's  blood,  840. 
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OPIUM,  continued. 
porphyroxin,  636. 
properties,  633. 
proximate  principles,  633. 
pseudomorphin,  636. 
varieties  of,  633. 

OXALIC  ACID— 637-640. 
estimation  of,  639. 
oxalates,  638,  639. 
manufacture  of,  638. 
patent  processes,  639. 
properties,  638. 
uses,  640. 

PAPER— 610-659. 

animal  and  other  substances,  543. 

autichlor,  648. 

beating-engine,  648. 

bleaching  the  half-stuff,  647-618. 

boiling  the  rags,  645. 

blue  writing-paper,  657. 

calendering,  654. 

chamois  leather,  643. 

cotton-waste,  613. 

couch-rolls,  652, 

Cowan's  washing-cylinder,  617. 

cream-colored,  657. 

cutting  the  rags,  644. 

cutting-machines,  654-655. 

dandy-roll,  651, 

deckel,  649. 

drying  by  steam,  652. 

drying-machine,  655-666. 

duty  on,  657-658. 

edict  of  Nantes,  effects  of,  613. 

England,  first  paper-mill  in,  642. 

finishing,  656. 

flax-waste,  643. 

foolscap,  origin  of  the  term,  657. 

Foukduiniek's  calculations,  651- 

glazed  paper,  656. 

half-stuff,  646. 

hand-making,  649. 

historical  notice,  642. 

history  of  the  paper  machine,  650. 

hollander  engine>  6-19, 

hot-pressing,  656. 

importance  of  the  manufacture,  658. 
india  proofs,  642. 
Kingsland's  pulp-engine,  649. 
laid  paper,  654. 

leaves  as  writing  material,  641. 

lifier-wheel,  651. 

machine  for  making,  650-654. 

making  by  hand,  649. 

materials  of  the  manufacture,  6-43. 

»      supply  of,  #14, 
nettles,  644. 
paper,  modern,  641. 
papyrus,  640. 
parchment,  641. 

post  and  pott,  origin  of  the  terms,  657. 

preparation  of  rags,  644. 

pulp,  qualities  of,  648. 

pulp-engines,  649. 

pulp-meter,  651. 

rags,  quantity  imported,  644. 

revolving  boilers,  645,616. 

ropes  as  material,  643. 

sand-trap,  651. 

satin-paper,  656. 

Scotland,  first  paper-mill  in,  642. 

sizes  of  different  kinds,  657. 

sizeing,  655. 

statistics,  658-659. 

steam  drying,  652. 

strainer,  651. 

straw  as  material,  643. 

suction-boxes,  652. 

tax  on,  its  impolicy,  658. 

varieties  of,  657. 

vomiting  boiler,  645, 

washing-engine,  646. 

water-mark,  654. 

ii         uses  of,  657* 
Whatman's,  650. 
willowing  of  rags,  645. 
wire-web,  651. 
wood  as  material,  613. 
wrapping-paper,  613. 
writing-paper,  657. 

PERFUMERY-659-679. 

alcohol,  668. 
alcoholic  solution,  672. 
alkanet  root,  662. 
almond,  667. 
aloe,  663, 
ambergris,  661. 
angelica,  663. 


PERFUMERY,  continued, 
animal  substances,  661. 
attar  of  rose,  666. 
balm,  664. 
balsams,  668. 
bears'  grease,  662. 
ben,  667. 
bei  gamot,  667. 
bouquet  pomades,  673. 
bia;  il-wood.  6C4. 

calamus,  663. 

caramel,  668. 

caraway,  667. 

carmine,  662. 

cascarilla,  664. 

cassia,  664. 

cedar,  664. 

ccdrat,  667. 

cinnamon,  664. 

citnm  and  citroaella,  665. 

civet,  661. 

cloves,  644,  667. 

cochineal,  662. 

cocoa,  667. 

cologne  waters,  674. 

coloring  matters,  662. 

compound  extracts,  674. 

u       oils,  673. 
cosmetics,  674. 
Cyprus  wood.  664. 
dentifrices,  675. 
dill,  667. 

distillation,  extraction  by,  671. 
elder,  665. 
eufleurage,  671. 
essences,  672. 

»       extraction  of,  668-672. 
essential  oils,  668. 
expression,  671. 

extraction  of  simple  odors,  668-672. 

extracts,  simple  aud  compound,  673-674. 

fennel,  665. 

flowers,  661. 

fruits,  667. 

geranium,  665. 

ginger,  663. 

guiacum,  664. 

hair,  preparations  for,  675. 

heliotrope,  665.  • 

historical  notice,  660. 

honeysuckle,  665. 

infusion,  671. 

jasmine,  665. 

jonquil,  665. 

kus-kus,  663. 

lard,  662. 

lavender,  665. 

leaves,  664. 

lemon,  6G7. 

a     grass,  665. 
lilac,  665. 
lily,  665. 

mace-nutmeg,  667. 
maceration,  671. 
magnolia,  665. 
marjoram,  665. 
marrow,  662. 
meadow-sweet,  665. 
mignonette,  665. 
mineral  substances,  668. 
mint,  666. 
musk,  661. 
myrtle,  666. 
neroli,  663,  666. 
odors  of  plants,  663. 
oils,  compound,  678. 

*    essential,  668, 
orange,  667. 

"      odors  of,  663. 
orris-root,  663. 
palm,  66a 
patchouly,  666. 
pea,  666. 
pink, 666. 
pomades,  672. 

powders  for  the  hair  and  skin,  676. 
resins,  668. 
rhodium,  664. 
roots,  663, 

rose  and  rosewood,  601, 
rosemary,  666. 
rouges,  676. 
sage,  666, 
santal-wood.  G64. 
sassafras,  664. 
scented  waters,  671. 
seeds,  667. 
single  extracts,  673. 
soaps,  toilet,  676-678. 
soiichet,  663. 
spermaceti,  661. 


PERFUMERY,  continued. 
spike,  666. 

still  for  extracting  oils,  669-670. 

suet,  662. 

syringa,  666. 

talc,  mineral,  668. 

teeth,  preparations  for,  675- 

thyme,  666. 

tinctures,  672. 

toilet-soaps,  676-678, 

tonquin,  668. 

tuberose,  666. 

vanilla,  668. 

vegetal  substances,  663. 

verbena,  666. 

violet,  666. 

vitivert,  663. 

volkameria,  666. 

wall  flower,  667. 

waters,  scented,  671,  674. 

wattle.  665. 

wax,  662. 

windsur  soap,  667. 

woods,  fragrant,  663, 664. 

PHOSPHORUS— 679-689. 

amorphous  modifications  of,  6S4-688. 

black  phosphorus,  685. 

bone  ash,  preparation  of,  6S0. 

distilling  process,  681. 

estimation,  6S8. 

historical  notice,  679. 

impurities,  688. 

liquid  phosphorus,  685. 

moulding,  683. 

physiological  effects,  688. 

precautions,  684. 

preparation  of,  680. 

properties,  683,  684. 

it       of  red  phosphorus,  667. 
purification,  682. 
red  phosphorus,  685-6S8. 
Statistics,  689. 
white  phosphorus,  681. 

PHOTOGRAPHY — 689-716. 
achromatic  lenses,  694. 
actinism,  690. 

albumen  negative  process  on  glass,  703. 
analysis  of  solar  light,  689-690. 
artificial  light,  photographing  by,  709. 
binocular  vision,  712. 
BitEwsTKR's  stereoscope,  715. 
calotype,  or  paper  processes,  704-707. 
camera,  simple  and  lenticular.  693-691. 
carbon-printing,  707. 
chemistry  of  photography,  696. 
chloride  of  silver  paper,  704. 
chromophotography,  692. 
collodio-albumen  process,  702. 
collodion,  preparation  of,  699. 
collodion  processes,  698-703. 
color-printing,  692. 
daguerreotype,  discovery  of,  691. 

a  process,  697,  698. 

defects  in  common  stereoscopes,  716. 
development,  printing  by,  708. 
double  iodide,  705. 
dry  collodion  process,  702. 
engraving,  photoglypbic,  709. 
gelatin,  710. 
historical  notice,  690. 
ink-printing,  707. 
iodide  of  silver  paper,  704. 
lenses,  694-695. 
lenticular  stereoscope,  714. 
lithography,  photographic,  709. 
negatives  and  positives,  696. 
negative  collodion  process,  699-701. 
optics  of  photography,  693. 
ortboscopic  lens,  695. 
paper,  best  kinds  of,  707. 
photogalvanograpby,  692-711. 
photoglyphic  engraving,  709. 
photolithography,  709. 
pictures,  stereoscopic,  715. 
portrait  lens,  695. 
positive  collodion  process,  701. 
practice  of,  696. 
preservative  processes,  702. 
printing  processes,  707-708. 
prismatic  spectrum,  689. 
pyroxilin,  photographic,  698,  699. 
reflecting  stereoscope,  713. 
silver-printing,  708. 
solar  spectrum,  689. 
stereoscope,  711-716. 
sun-printing,  708. 

Talbot's  photographic  process,  709. 
talbotype,  691. 

theory  of  the  collodion  processes,  702. 
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RESINS,  continued. 

elemi,  840. 
guaiacum,  810. 
jalap,  841. 
lac,  841. 
mastic,  841. 
properties  of,  836. 
rosin,  common,  838. 
sandarac,  841. 
scammony,  841. 
shell-lac,  842, 

SHVEIU-843-SG5. 

alloys  of,  860. 
amalgamation,  849-854. 
American  process,  S49. 
antimonial  silver,  S47. 
arbor  Dianas,  860. 
assay  of,  862. 
blanched,  861. 
brittle  sulphide  of,  846. 
bromide  of,  847,  859. 
carbonate  of,  860. 
caustic,  lunar,  860. 
chemical  properties,  848. 
chloride  of,  847,  S59. 
combination  of,  859. 
copper,  argentiferous,  847. 
cupelling  furnace,  856. 
dead  silver,  861. 
dry  assay,  862. 
estimation  of,  862.  . 
fulminate  of,  860. 
galena,  argentiferous,  847. 
Halsbrucke  amalgamation  works,  855. 
historical  notice,  843-846. 
horn-silver,  847,  859. 
humid  assay,  864. 
humid  method  of  extraction,  858. 
hyposulphite  of,  860. 
-    iodide  of,  847. 
lunar  caustic,  860. 
metallurgy  of,  849-859. 
Mexican  amalgamation  works,  S50. 
myargyrite,  846. 
native  amalgam,  847. 

"     silver,  846. 
nitrate  of,  859. 

ores,  worked  for  the  silver  alone,  849. 
"  containing  lead  and  silver,  855. 
"         "  copper  and  silver,  856. 

"         »  lead,  copper,   and  sil- 

ver. 858. 

Pattison's  process,  855,  856. 

peroxide  of,  859. 

polybasite,  849. 

praistite,  846. 

protoxide  of,  859. 

pure  silver,  847. 

red  silver,  846. 

refinery  furnace,  855. 

roasting  the  ore,  852. 

rochage,  848. 

Saxon  process,  852. 

silvering,  S61-862. 

solder,  861. 

sources,  846. 

standard  silver,  861. 

suboxide  of,  859. 

sulphate  of,  860. 

sulphide  of,  846,  860. 

SOAP— 868-893. 

adulteration,  890. 
alkalies,  872. 
almond  oil,  869. 
American,  soft,  884. 
analysis,  890,  893. 

Anderson's  method  of  purifying,  882. 

beech-nut  oil,  S69. 

Mack  ash,  873. 

bleaching  of  palm  oil,  870. 

butter-soap.  869. 

caldrons  or  boilers,  877. 

castor-oil,  869. 

cocoa-nut  oil,  809,  881. 

cod-liver  oil,  869. 

commercial  snap,  875. 

curd  soap,  879. 

cutting  soap,  878. 

detergent  mixture,  886. 

dextrin  soap,  8S7. 

Dunn's  method  of  bleaching  palm-oil, 

871. 
grain  soap,  876. 
CJwyn  &  Wilson's,  889. 
hard  and  soft,  875. 
hard  soaps,  878. 


SOAP,  continued. 

Hawe's  patent  process,  887. 
hemp-seed  oil,  869. 
historical  notice,  868. 
Jenning's  process,  888. 
lead  soap,  868. 
ley,  testing  of,  873. 
lime  soap,  868. 
linseed  oil,  869. 
manufacture  of,  S78. 
marbled  soap,  880. 
Marseilles  soap,  882. 
materials,  869-873. 
mottled,  8S0. 

Muspratt  uses  artificial  soda,  872. 

Naples  soap,  889. 

Normandy's  patent,  886. 

nut  oil,  St>9. 

palm  oil,  870. 

patent  processes,  8S7-8S9. 

poppy  oil,  869. 

potash  or  pearlash,  872. 

properties  of  soaps,  875. 

purification  of,  8S2. 

rape-seed  oil,  869. 

resin,  872. 

saponification,  874 

scented  soaps,  889. 

Scotch  process  for  soft  soap,  8S4. 

silicated  soaps,  HS4. 

Snell's  dextrin  soap.  8S7. 

soda,  carbonates  of,  872. 

soft,  883. 

soluble  glass,  8S5. 
sperm  oil,  869. 
spermaceti,  869. 
statistics,  893. 
suet- soap,  869. 
sulphated,  886. 
tallow-soap,  869. 
testing  the  ley,  873. 
toilet  soaps, 
uses  of,  893. 
varieties,  870. 

Walterson's  patent  process,  888. 
Watt's  method  of  bleaching  palm-oil, 

870. 
white,  879. 
yellow,  880. 
zinc  soap,  868. 

SODIUM— 894-938. 

American  salt,  analyses  of,  905. 
amylin,  945. 
analysis,  937. 

n      of  black  ash,  925. 

n       of  samples  of  salt,  905. 
anhydrous  carbonate  of  soda,  919. 
artificial  soda,  919. 
ball  soda,  920. 
barilla,  918,  919. 
bicarbonate  of  soda,  935,  4 
black-ash,  920-929. 
borates  of  soda,  916. 
brines,  analysis  of.  901. 
carbonate  of  soda,  916-936. 
carbonator,  932. 
caustic  soda,  896,  931. 
Cheshire  salt  mines,  893- 

a       brine  springs,  904. 
chloride  of  soda,  936. 

a      of  sodium,  897. 
chloroxide  of  sodium,  936. 
condensing  towers  for  hydrochloric  acid, 
911. 

crystallized  carbonate  of  soda,  930. 
cubic  nitre,  913. 

Elliott  &  Russell's  black-ash  furnace, 
922. 

evaporation  of  black-ash  leys,  927. 

a         of  brines,  902,  904. 
Gamble's  method  of  evaporating  black- 
ash  liquors.  929. 
Glauber's  salt,  907. 

Gossage's  method  of  concentrating  black- 
ash  liquors,  928. 
Hemming  &  Dyer's  patent,  932. 
herring-salt,  907. 

Hunt's  process  for  caustic  soda,  896. 
hydrochloric  acid,  condensation  of,  910. 
hypochlorite  of  soda,  936. 
hyposulphite  of  soda,  937. 
kelp,  918,  919. 

Lababraque's  disinfecting  compound, 
936. 

Leblanc's  process,  919. 
lixiviation  of  black-ash,  925. 
microcosmio  salt,  916, 
muriate  of  soda,  897. 


SODIUM,  continued. 

native  sodas,  917. 
nitrate  of  soda,  913-915. 
oxide  of  sodium,  895. 
patent  yellow,  896. 
patents  for  soda-ash,  932. 
phosphate  of  soda,  915. 

n       of  soda  and  ammonia,  916. 
physiological  effects  of,  906. 
preparation  of  soda,  895. 

it         of  soda  and  ammonia,  894. 
processes  for  producing  carbonate  of  soda 

from  common  salt,  932-934. 
properties  of  soda,  896. 

//       of  sodium,  894, 
purification  of  nitrate  of  soda,  914. 
pyrophosphate  of  soda,  916. 
refraction,  914. 
rock  salt,  898. 
salsola  soda,  918. 
salt-cake,  907. 
salt  springs  and  wells,  901. 
schlottage,  903. 

Schedler's  process  for  preparing,  894. 

sea-salt,  899,  900. 

sea-water,  analyses  of,  899. 

sesquicarbonate  of  soda,  934. 

soccage,  903. 

soda,  895. 

soda-ash,  919,  920. 

sod  a- crystals,  930. 

soda-saltpetre,  913. 

soda-waste,  composition  of,  927. 

statistics,  938. 

Stevenson  &  Williamson's  black-ash 

furnace.  922. 
sulphate  of  soda,  907-913. 
Syracuse,  saline  springs  of,  906. 
varec,  918. 
white  ash,  919. 

STARCH— 939-964. 

alkalies,  their  action  on,  947. 
ami  don,  939. 

amount  of,  in  different  substances,  949. 

arrow-root,  960. 

cassava  starch,  960. 

characteristics  of,  940-944. 

chemical  properties  of,  945. 

dextrin,  962. 

fecula,  939,  946,  952-953. 

glucose,  962. 

hilum,  942. 

history  and  sources,  939. 

horse-chestnut,  960. 

hydrochloric  acid,  its  action  on,  948. 

Indian  corn  starch,  945,  959. 

inulin,  939. 

iodide  of,  948,  949. 

lichen  starch,  939. 

maize,  945,  959. 

manufacture  of,  950. 

Martin's  process,  951. 

millet,  959. 

oat  starch,  944. 

physical  properties  of,  939. 

potato  starch,  939,  946,  952-958. 

properties  of,  939-947. 

rice  starch,  945,  958. 

rye  starch,  944. 

sago,  961. 

sugar  from.  963. 

tapioca,  960. 

tous-les-mois,  961. 

wheat  starch,  944. 


STRONTIUM— 964-965. 

carbonate  of  strontia,  965, 
chloride  of  strontium,  965. 
nitrate  of  strontia,  965. 
oxide  of  strontium,  964. 
sulphate  of  strontia,  965. 

SUGAR— 965-1006. 

analyses  of  French  beets,  996. 
baryta,  sugarate  of,  967. 
beet-root,  996-999. 
boiling  points  of  sirup  in  vacuo,  983. 
bone-black,  revivification  of,  930. 
cane,  cultivation  of,  970. 
cane-jutce,  constitution  of,  973. 

a        extraction  of,  974-976. 
cane-sugar,  966. 
carmelin,  970. 
centrifugal  machines,  095. 
Chantrell's  reviving  kiln,  980. 
charcoal  filtration,  978. 
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SUGAR,  continued. 
clarifiers,  988. 

composition  of  different  kinds  of,  966. 
concentration  of  the  juice,  982,  991. 
consumption  of,  1004. 
crystallizing  the  sirup,  984. 
cultivation  of  the  cane,  970. 
decoloration  of  cane  juice,  978. 
decomposition  of  cane  juice,  1000. 
Dumont's  filter,  978. 
estimation  of,  968. 
evaporation  of  the  juice,  982. 
glucose,  968. 
grape-sugar,  968. 
historical  notice,  965.  966. 
imports,  1004. 
impurities,  1001. 
juice,  decomposition  of,  1000. 
i'    evaporation  of,  9S2. 
»     extraction  of,  974-976. 
,    lead,  sugarate  of,  967,  968. 
lime,  as  purifying  agent,  976. 

a    sugarates  of,  967. 
loss  in  manufacture,  cause  of,  1000. 
mannite,  968. 
maple,  999. 
milk,  sugar  of,  968. 
mill,  interior  of,  990-994. 

it    used  in  colonies,  987. 
mosite,  968. 

patent  processes,  1002-1004. 
Peyron's  filter,  979. 
physiological  effects,  1001. 
polarized  light,  action  on,  9G9. 
potassa,  sugarate  of,  967. 
precipitation  of,  1001. 
produce  of  the  cane,  972. 
properties  of  cane  sugar,  967. 
purification  of  the  sirup,  976. 
refinery,  993. 
refining  process,  986. 
revivification  of  bone-black,  980. 
sirup,  piu'ification  of,  976. 

«     specific  gravity  of,  968,  969. 
soda,  sugarate  of,  967. 
sorbine,  96S. 

starch  and  wood,  sugar  of,  1000. 

statistics,  1004-1006. 

sugarates,  967. 

tests  of  concentration,  983. 

uses,  1001. 

vacuum  pans,  984. 

varieties  of,  966. 

SULPHUR— 1006-1018. 

antichlor,  1016, 1017. 

balsam  of,  1007. 

bisulphide  of  carbon,  1014. 

chloride  of,  1014. 

combinations,  1013. 

Buexos'  process,  1010. 

Byar  and  Chisholme's  patent  for  re- 
covering sulphur  from  sulphurous  acid, 
1012. 

extraction  from  its  ores  and  salts,  1010. 
flowers  of,  1003. 

Gossage's  method  of  extracting  sulphur 
from  alkali  waste,  1010, 1011. 

hyposulphite  of  soda,  1015. 

hyposulphurous  acid,  1015. 

iron  pyrites,  extraction  from,  1010. 

jACQUEMitj's  method  of  producing  sul- 
phur from  sulphate  of  lime,  1012. 

Lke's  process  of  extracting,  1010. 

M'Bougall  and  Rawson's  process  for 
reproducing  sulphur  from  sulphide  of 
hydrogen,  1011. 

milk  of,  1009. 

native,  1006. 

occurrence  of,  1006. 

oleum  siilphuratum,  1007. 

pentathionic  acid,  1010, 

precipitate,  1009. 

properties,  1006,  1007. 

purification,  1007-1009. 

pyrites,  extraction  of  sulphur  from,  1010. 

soda,  hyposulphite  of,  1015. 
it     sulphite  of,  1017. 

specific  gravity  of,  1007. 

Spence's  method  of  extracting  from  iron 
pyrites,  1010. 

sublimation  of,  1008. 

sulphide  of  hydrogen,  1013. 

sulphites,  1017. 

sulphurous  acid,  1015. 

Thaulow's  process,  1012, 

SULPHURIC  ACID— 1018-1053. 

anhydrous,  1020. 
attraction  for  water,  1018. 


SULPHURIC  ACID,  continued. 

Blondeatj's  process,  1049. 
boiling  points,  1053. 
brown  oil  of  vitriol,  1043. 
burners,  1022,  1024. 

a       charging  of,  1028. 
chambers,  construction  of,  1025-1030. 
cisterns,  1036.  - 
concentration  of,  1041-1048. 
condensation,  1030. 
coolers,  1043. 
density  of,  1052. 

a       in  the  chambers,  1031-1032. 
detection  and  estimation  of,  1051. 
dry  acid,  1020. 

u       amount  of  in  sulphuric  acid 
1051,  1052. 
English  vitriol,  1043. 
fuming,  1019,  1020. 
glass  concentrating  retorts,  1044. 
Hart's  process  for  estimating  nitrous 

vitriol,  1040. 
heat  produced  by  mixing  with  water, 

1019. 

hot  air,  concentration  hy,  1047. 
hydrates  of,  1019. 

improvements  in  manufacturing,  1048. 
impurities  in,  1050. 

M'Dougall  and  Rawson's  patent,  1048- 
manufacture  of,  1020-1048. 
Margueritte'b  process  for  separating 

from  sulphate  of  lime,  1050. 
monohydrated,  1018, 1043. 
new  processes,  1049. 
nitre,  burning  of,  1029. 
nitrous  gas,  recovery  of,  1032-1040,  1048. 
nitrous  vitriol,  utilizing,  1038. 
Nordhausen  acid,  1019,  1020. 
oil  of  vitriol,  why  called  so,  1018. 
pans  for  concentrating,  1041,  1042. 
platinum  stills,  1045. 
pump  for  acids,  1037. 
purification  of,  1051. 
pyrites,  combustion  of,  1023. 
rectified,  1043. 

Roebuck's  process,  1021,  1022. 

steam,  introduction  and  use  of,  1031, 1032. 

sulphurous  acid,  production  of,  1022. 

theory  of  the  production  of,  1026-1028. 

Trueman's  patent,  1050. 

tumbling  box,  1035. 

vitriol,  oil  of,  1018. 

»      chambers,  1025,  1030. 
Wohler's  experiments,  1050. 

TARTARIC  ACID— 1053,  1054. 

TIN— 1055-1071. 

assaying  of  the  ores,  1061. 
binoxide  of,  1056. 
black  plates,  1070. 
Brunton's  calciner,  1059. 
cassiterite,  1056. 
charcoal  iron,  1068. 
cake  plates,  1068,  1069. 
dressing  the  ores,  1057-1060. 
German  method  of  smelting,  1064. 
historical  notice,  1055. 
hollow  fire,  1069. 

improvements    in    dressing    the  ore, 
1060. 

iron,  preparation  of  for  tin-plates,  1065- 
1070. 

iron,  refined,  composition  of,  1066. 

Tew-houses,  1062. 

kieve,  or  tossing-tub,  105S. 

liquation,  1063. 

metallurgy  of,  1057. 

minerals  of,  1056. 

mines  in  England,  1055. 

ores,  assaying  of,  1061. 

a    smelting,  1062. 

it   sorting  and  dressing,  1057. 
Oxland's  purifying  process,  1060. 
Parry's  refining  process,  1067. 
pickling  room,  1070. 

plates  or  sheet-tin,  manufacture  of,  1065- 
1071. 

plates  or  sheet-tin,  quality  of,  1071. 
preparation  of,  1056. 
properties,  1056,  1057. 
pyrites,  1056. 
racking  table,  1058,  1059. 
roasting  the  ore,  1059. 
sheet-tin,  manufacture  of,  1065. 
shodes,  1056. 

smelting  the  ore,  1062,  1065. 
sorting  the  ore,  1057. 
stamping-mill,  1057. 
stanneries,  1055. 


TIN,  continued* 
stannin,  1056. 
stow,  1070. 

stream  tin,  1056-1059. 

table  of  marks,  weights,  and  dimensions 

of  tin-plates,  1056. 
tin  pyrites,  1056. 
tin  witts,  1058. 
tinning,  1070. 
■wolfram,  1060. 
wood  tin,  1056. 
zinnkies,  1056, 

ULTRAMARINE— 1072-1074. 

analyses  of,  1072. 

artificial  production  of,  1072-1073. 

green,  1073. 

lazulite,  properties  of,  1072. 
preparation  of,  from  lazulite,  1072. 
tests  of  quality,  1073, 1074. 
uses,  1074. 

VARNISH— 1074-1077. 

alcohol,  1075. 
amber,  1074. 
anime,  1074. 

artists'  copal  varnish,  1076. 
benzoin,  1074. 
cabinet  varnish,  1076. 
colophony,  1074. 
colors,  1074,  1075. 

comparative  qualities  of  spirituous,  tur- 
pentine, and  oil  varnishes,  1074. 
copal,  1074,  1076. 
damara,  1074, 
elemi,  1074. 

essence  varnishes,  1076. 
French  polish,  1077. 
Indian  varnishes,  1077. 
lac,  1075. 
lackers,  1077. 

linseed  oil,  treatment  of,  1075. 
mastic,  1075. 

methylated  spirits  of  wine,  1075. 
naphtha,  1075. 

paper  and  maps,  varnish  for,  1075. 
sandarac,  1075. 
solids,  1074. 
solvents  for,  1074. 
spirit  varnishes,  1075. 
table  varnishes,  1076. 
turpentine,  1075. 
violins,  varnish  for,  1075. 
wainscot  varnish,  1076. 

WATER-  - 1077-1 105. 

acidulous  waters,  1097. 

aerated,  1100-1102. 

alkalies,  purification  by,  1090. 

alkaline  waters,  1098. 

alkalinity,  determination  of,  1103, 1104. 

alum,  purification  by,  1090. 

ammonia  in  rain,  snow,  and  ice,  1083. 

Amsterdam,  water-supply  of,  1085. 

analysis  of,  1102-1104. 

analyses  of  Harrowgate  waters,  1096. 

it        mineral  waters,  1099. 
artificial  waters,  1100-1102. 
boiling  point,  1079. 
brine  spi"ings,  1097. 
Buxton  water,  1082. 

a  analysis  of,  1098. 

calcareous,  1097. 
capacity  of  for  heat,  1080. 
carbonated,  1097. 

carbonic  acid,  determination  of,  1102. 

a  in  the  atmosphere,  1083. 

chalybeate  waters,  1096. 
chemical  agents,  addition  of,  1090. 
chlorine,  determination  of,  1103, 
color  of,  1090. 
composition  of,  1082. 
compressibility,  1079. 
decomposition  of,  1078. 
density,  standard  of,  1082. 
disease  from  impurities  in,  1088. 
distilled,  1093. 
domestic  filters,  1093. 
electrical  properties,  1105. 
expansion,  law  of,  1079. 
feiTuginous,  1096. 
filtration  of,  1092-1093. 
freezing  and  boiling  points,  1079. 
fresh  waters,  1082. 
gases,  action  of  water  on,  J082. 
Glauber  salt  waters,  1097. 
hardness,  method  of  testing,  1102. 

*/       permanent    and  temporary, 
1084. 
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WATER,  continued. 

Hanwgate  waters,  analyses  of,  109G. 
hepatic,  1096. 

history  of  the  discovery  of  its  composi- 
tion, 1078. 
Holywell,  analysis  of,  1095. 
ice,  why  it  floats,  10S0. 
importance  of,  1077. 

impurities  in  water  supplies  of  different 

towns,  10S8. 
incrustations  in  hoilers,  method  of  pre- 
venting, 1091. 
iron,  effects  of  on  organic  matter  in 

water,  1085-1088. 
iron  substituted  for  wooden  casks  on 

board  ships,  1087. 
latent  heat  of,  1080-1081. 
lead,  deleterious  effects  of,  10SS. 
lime,  purification  by,  1090. 
Malvern  waters,  analyses  of,  1098. 
Medlock's  researches,  1085-1088. 
microscopic  examination  of,  1089, 1090. 
mineral  constituents,  uses  of,  1084. 
mineral  waters,  1095. 

»  "  analyses  of,  1099. 
nitrogen  in  natural  waters,  10S2. 
nitrous  acid,  produced  by  iron  in  certain 

waters,  1087. 
organic  impurities,  1084-10S8. 
oxalate   of  potassa,   purification  by, 

1091.  1 
physiological  effects  of,  1094. 
preparation  of,  1078. 
properties,  1078. 
purification  of,  1091. 
rain,  annual  fall  of,  1083. 
river,  analyses  of,  1084, 1094. 
saline  solutions,  density  and  freezing 

points  of,  1080. 
saline  waters,  1097. 
sea-water,  1099,  1100. 
silicious,  1099, 
soda-water,  1100. 
solvent  power  of,  1081. 
sulphuric  acid,  determination  of,  1103. 
sulphurous,  1096. 
surface  water,  10S4. 
Thames,  microscopically  examined, 

1089,  1090. 
Thames,  preferred  by  ships'  companies. 

1087. 
uses  of,  1077. 
vapor  of,  1083. 
vessels  for  containing,  1093. 
well-waters,  composition  of,  1094. 

WIKE— 1106-1149. 

adulteration  of,  1131. 
alcohol,  1114. 

a     in- wines,  1126-1129. 
alembic,  1114. 
alum,  detection  of,  1132. 
amelioration  of,  1131. 
araontillado,  1125. 
amphora?,  1108. 
antiquity  of,  1106. 
Australian,  1129. 
Austrian,  1141. 
bottling.  1120. 

brandy  added  to  wines,  1126. 
British,  1143-114a 
casks,  preparation  of,  1110,  1117. 
cellaring,  1117,  1118. 


WINE,  continued. 

champagne,  1121. 
clarets,  1130. 
color,  influence  of,  1130. 
commandery,  1133. 
composition,  variety  of,  1130. 
consumption  of,  1134. 
crushing  the  grapes,  1112. 
crust,  port-wine,  1131. 
curing,  1120. 
currant-wine,  1144. 
deposits,  variety  of,  1133. 
domestic  wines,  1142-1148. 
drawing  off  the  vat,  1117. 
dry  wines,  1120. 
duties  on,  1134.  1135. 
eifervescing  wines,  1121. 
elderberry  coloring,  detection  of,  1132. 
etymology  of  the  term,  1106. 
fermentation,  insensible,  1118. 

"  vinous,  1114-1116. 

fining,  1119. 

flavoring  domestic  wines,  1145. 
flower,  prevention  of,  1 120. 
French,  1119,  1120,  1136,  1137. 
frozen  wines,  1130. 
German,  1111, 1136, 1138, 1139. 
geropiga,  1132. 
ginger,  1147. 

gooseberry,  composition  of,  1143. 

a         wine,  1144-1146. 
graise,  1120. 
grapes,  gathering,  1120. 
grape-sugar,  1124. 
Greek,  1106,  1108. 

"      islands,  1123. 
griffe,  1122. 

historical  notice,  1106-1109. 
Hungarian,  1111,  1141. 
imitations,  1148. 
importations  of,  1133-1135. 
intoxicating  effect,  1130. 
Italian,  1122,  1123,  1140. 
lead,  detection  of,  1132. 
liqueur  wines,  1116.  1120. 
litharge,  not  nsed  for  adulteration,  1132. 
Madeira,  1124. 

Madeira  and  the  Azores,  1142. 
mead,  1147. 
measures,  1148,  1149. 
Methuen  treaty,  1134. 
mousseaux,  1121. 
must,  1106. 

»  strength  of  at  different  periods,  1116. 
oil  of  wine,  1115. 
Oporto,  wines  of,  1123, 1124. 
paratartaric  acid,  1115. 
port,  1123,  1124. 
a    adulteration  of,  1140. 
a    wine  crust,  1131. 
Portuguese,  1139. 
presses,  1112, 1113. 
racemic  acid,  1 115, 
racking,  1119. 
raisin  wine,  1148. 
red  wines,  1122. 
Roman,  1107,  1108. 
sack,  1125. 
Sclavonian,  1141. 
Sicilian,  1140. 
sherry,  1124,  1125. 

Sosmmkring's    process    for  ameliorat- 
ing, 1131. 
sources  of,  1109. 


WINE,  continued. 

Spanish,  1124,  1130. 
straw  wines,  1120. 
sulphuring,  1119. 
sweet  wines,  1120. 
tomure,  1131. 
treading  the  gropes,  1111. 
tuns,  celebrated,  1016. 
ullage,  1118. 

varieties  of,  1109, 1110,  1136-1142. 

vine-countries,  1109,  1110. 

vine-leaf  wine,  1146, 1147. 

vinification,  tests  of,  1117. 

vintages,  modem,  1111. 

white  wines  more  perfect  than  red,  1130. 

wine-press,  1112,  1113. 

yeast,  use  of  objectionable,  1143. 

ZINC--1150-117B. 

acetate  of,  1171. 
alloys  of,  1164. 
alumimite  of,  115.1 
analyses,  1176. 
applications,  1164, 1166. 
assaying  the  ores.  11G6. 
aurichalcuni,  1150. 
Belgian  process,  1106-9. 
blende,  1153. 
butter  of,  1168. 
cadmia,  1150. 
calamine,  1152. 

w        electric,  1153. 
carbonate  of,  1152,  1170. 
Carinthian  process,  1115. 
chloride  of,  1168,  1169. 
compounds  of,  1167. 
counterfey,  1150. 
distilling  furnace,  1156. 
electric  calamine,  1153. 
English  metallurgical  process,  1155. 
etymology  of,  1150. 
flowers  of,  1155, 1167. 
galvanized  iron,  1165. 
Graham's  patents,  1163. 
historical  notice,  1150,  1151. 
hydrated  silicate  of,  1153. 
Leclaire's  process  for  zinc-white,  1173. 
metallurgy  of,  1155. 
muriate  of,  1108. 
occurrence  of,  1151. 
ores  of,  1151. 
oxide  of,  1151, 1167. 
paint,  zinc-white,  1175. 
patent  processes,  1163. 

"         »      for  zinc-white,  1173-1175. 
philosophical  wool,  1155, 1165. 
pompholyx,  1155,  1165. 
preparation  of,  1154. 
properties  of,  1154. 
RocilAz'e  zinc-white  process,  1174, 
Sileslan  process,  1158-1159,  1160-1162. 
silicate  of,  hydrated,  1153. 

"      of  the  oxide,  1152. 
Smithsonite,  1152. 
spartalite,  1151. 
spelter,  1150. 
statistics,  1177,  1178. 
sulphate  of,  1154,  1169,  1170. 
sulphide  of,  1153. 

Troughto-n's  patent  process,  1163. 
tutenague,  1151. 
while  vitriol,  1154, 1169. 
zinc-white,  1171-1170. 
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e  yet  undiscovered,  and  combinations  in  the  powers  of  Art  yet  untried.  It  is  the  duty  of  every 
"Be  added,  by  liis  industry,  to  the  hereditary  aggregate  ot"  knowledge  and  happiness.— Dr  JOHMMMI. 


FUEL- 


-Natuke  and  Properties  of  Caloric. 


FUEL. — Combustible,  French;  Brennstoff,  German ; 
Forties,  Latin. — The  importance  which  must  have  been 
attached  in  every  age,  from  the  earliest  period  of  human 
existence,  to  fire,  and  the  necessity  which  has  ever  im- 
pelled mankind  to  provide  it,  not  so  much  for  purposes 
of  luxury,  as  an  absolute  essential,  to  enable  them  to 
counteract  the  effects  of  climate  and  other  external  in- 
fluences which  affect  the  frame,  are  sufficient,  apart  from 
any  other  consideration,  to  impress  every  one  with  a 
sense  of  its  usefulness.  It  is  not  in  reference  to  these 
primary  applications,  however,  that  the  full  value  of 
fire,  or  the  extent  of  its  influence,  will  he  understood, 
but  only  when  it  is  studied  in  connection  with  the 
various  natural  and  artificial  transformations  of  matter 
which  it  produces. 

Nations,  however  rude  or  barbarous  they  might  have 
been,  always  made  use  of  fire  :  firstly,  as  a  means  of 
preservation ;  secondly,  as  a  source  of  comfort  or 
luxury ;  and  lastly,  as  a  destructive  agent.  The  history 
of  its  application  in  relation  to  these  three  objects 
would  offer  a  comprehensive  view  of  the  advance  of 
civilization.  Not  only  do  the  attributes  of  fire  exert 
a  gigantic  influence  in  the  various  social  requirements, 
but  in  the  most  minute  as  well  as  the  most  elaborate 
changes  which  take  place  in  nature.  Heat  and  light, 
indeed,  seem  to  be  the  life-giving  principles  of  the 
material  world,  and  are  not  less  essential  to  man  in 
subduing  matter  to  his  service. 

Among  the  material  sources  of  heat,  all  the  sub- 
stances chemically  termed  combustible,  such  as  carbon, 
sulphur,  phosphorus,  potassium,  iron,  et  cetera,  may  be 
regarded  as  particular  kinds  of  fuel,  although  the  name 
is  usually  restricted  to  organic  products  of  ligneous 
origin,  such  as  woody  matters,  coal,  peat,  and  the  like. 

As  the  consideration  of  fuel  is  intimately  associated 
with  heat,  and  as  this  is  a  subject  of  great  practical 
importance,  it  will  be  necessary  to  enter  into  somewhat 
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lengthened  details  in  regard  to  the  nature  of  caloric — 
the  term  applied  to  the  substance  or  cause  of  heat,  in 
contradistinction  to  the  sensation  which  it  produces. 
This  theoretical  inquiry  is  essential  to  a  full  under- 
standing of  various  processes  and  instruments  men- 
tioned in  the  present  work,  and  more  especially  is  it 
indispensable  to  a  complete  elucidation  of  the  nature 
and  action  of  fuel;  or,  in  other  words,  of  those  sub- 
stances employed  to  generate  that  principle  which  con- 
stitutes the  great  agent,  not  only  in  impelling  machinery, 
but  in  most  manufacturing  operations.  The  Editor  will, 
therefore,  make  no  apology  for  entering  here  at  con- 
siderable length  into  a  preliminary  exposition  of  the 
nature  of  heat  or  caloric. 

Nature  and  iFroperties  or  Caloric. — Of  the 
three  imponderables— caloric,  light,  and  electricity — 
caloric  is  that  which  produces  the  sensation  of  heat  or 
warmth  in  animal  bodies.  It  exists,  however,  in  con- 
siderable quantities,  even  when  it  cannot  be  distin- 
guished by  this  test. 

Substances  communicate  a  warm  sensation  when 
their  contained  heat  exceeds  that  of  the  part  of  the 
body  which  touches  them  ;  and  they  are  said  to  be  cold 
when  the  heat  of  the  latter  is  greater.  Hence  it  is 
evident  that  heat  and  cold  are  merely  relative  terms, 
and  do  not  indicate  the  actual  amount  of  caloric  which 
is  contained  in  any  body.  This  can  be  readily  proved 
by  exposing  the  two  hands  to  unequal  degrees  of  tem- 
perature, and  then  bringing  them  in  contact  with  a  body 
containing  an  intermediate  quantity ;  the  heated  hand 
will  experience  the  sensation  of  cold,  and  the  other  of 
heat ;  that  is  to  say,  the  same  substance  will  commu- 
nicate the  sensation  of  heat  or  cold,  according  to  the 
temperature  of  the  part  of  the  body  touching  it. 

Caloric  is  self-repulsive,  and  eminently  destroys  co- 
hesion, because  it  induces  the  particles  of  matter  to 
separate  to  a  greater  or  less  distance,  according  to  the 
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amount  of  it  which  combines  with  them — thus  produc- 
ing what  is  termed  expansion  or  dilatation.  It  pervades 
and  penetrates  all  bodies,  however  compact  they  may 
bo,  and  seems  to  be  in  constant  intercommunication  be- 
tween them,  more  especially  if  they  are  possessed  of  it 
in  unequal  quantities.  In  its  passage  from  any  one  body 
to  surrounding  objects,  it  emanates  in  direct  lines  with 
a  velocity  hitherto  undetermined,  but  supposed  to  be 
equal  to  that  of  light.  Its  intensity,  also,  diminishes  in 
the  ratio  of  the  square  of  the  distance  from  the  heated 
body.  Thus,  if  at  the  distance  of  one  foot  from  the 
source  of  heat  the  effect  be  accounted  unity,  at  two  feet 
it  will  be  only  one-fourth  as  much,  at  three  only  one- 
ninth,  and  so  on.  Heat  may  be  conveyed  from  one 
body  to  another  in  three  ways:  firstly,  it  may  pass  from 
one  particle  to  another  when  the  substances  are  in  con- 
tact ;  secondly,  it  may  be  emitted  in  direct  lines  to  a 
distance  ;  and,  thirdly,  it  may  be  received  after  passing 
through  another  body  which  offers  little  resistance  to  it. 
In  the  first  of  these  oases,  it  is  said  to  be  conducted ; 
in  the  second,  radiated ;  and  in  the  third,  transmitted. 
In  many  of  its  properties  it  resembles  light — more 
especially  in  the  facility  with  which  it  is  reflected  and 
refracted.  The  phenomena  of  dew,  wind,  frost,  snow, 
and  other  atmospheric  changes,  are  consequences  of 
the  unequal  amount  of  caloric  combined  with  water. 

Sources  of  Caloric. — Among  the  acknowledged 
sources  of  heat — namely,  the  sun,  electricity,  chemical 
and  mechanical  action — some  enumerate  vital  action; 
but  this  may  be  regarded  as  included  in  the  preceding 
list,  for  its  operations  may  be  referred  to  the  united 
effects  of  chemical  and  mechanical  action. 

The  heat  of  the  sun  has  been  approximately  esti- 
mated by  Pouillet,  as  between  2662°  and  3202°  Fahr. 
When  the  rays  of  this  luminary  are  concentrated  either 
by  lenses  or  reflectors,  a  great  amount  of  caloric  may 
be  brought  to  operate  on  bodies  at  a  considerable  dis- 
tance. Buffon  ignited  a  board  of  tarred  beech  with 
forty  reflectors,  at  a  distance  of  sixty-six  feet ;  with  the 
power  of  one  hundred  and  twenty-eight  mirrors  he  set 
on  fire  a  tarred  pine  plank,  which  was  one  hundred 
and  fifty  feet  distant.  Pieces  of  coin  and  other  metallic 
matters  were  readil}'  melted  by  this  means. 

Electricity  supplies  a  heat  so  intense  as  to  be  capable 
of  fusing  and  even  volatilizing  matters  which,  under 
ordinary  circumstances,  resist  the  action  of  the  hottest 
furnace.  Indeed,  by  galvanism,  the  highest  tempera- 
ture hitherto  obtained  has  been  produced. 

Chemical  action  is,  next  to  the  sun's  rays,  the  com- 
monest and  most  useful  source  of  heat,  and  the  methods 
of  generating  it  in  this  manner  are  various ;  but  that 
which  is  best  known  and  most  frequently  resorted  to  is 
combustion.  By  combustion  is  usually  understood  that 
change  which  a  body  undergoes  on  being  ignited  in  the 
air,  and  by  which  light  and  heat  are  evolved,  whilst  the 
substance  itself  disappears.  Chemically  considered, 
however,  combustion  is  the  effect  of  the  union  of  two 
or  more  elements,  whereby  heat  is  always  disengaged, 
though  light  is  not  a  necessary  consequent  in  every 
instance.  Thus,  in  numerous  chemical  combinations, 
considerable  quantities  of  caloric  are  set  free,  unat- 
tended with  luminousness.  Animal  or  vital  heat  is 
generated  principally  by  the  chemical  changes  which 


the  food  as  well  as  the  components  of  the  body  are 
constantly  undergoing  ;  and  the  movements  of  the 
members  contribute  to  its  more  rapid  production. 

Finally,  mechanical  action,  either  by  percussion  or 
friction,  is  capable  of  disengaging  heat  from  bodies 
in  large  quantities.  For  instance,  if  a  bar  of  iron  be 
struck  with  a  hammer,  a  certain  amount  of  caloric 
will  be  evolved  at  every  stroke ;  and  by  vigorously 
continuing  the  action  the  bar  may  be  made  red-hot. 
But  after  a  rod  of  metal  which  has  been  rendered  in- 
candescent by  this  means  has  once  cooled,  no  amount 
of  mechanical  force  is  afterwards  sufficient  to-  bring  it 
again  to  a  glow,  unless  it  be  heated  in  the  fire  and 
allowed  to  cool.  This  is  owing  to  the  circumstance, 
that  the  metal  cannot  secrete  in  its  condensed  state  as 
much  latent  heat  as  would  be  necessary  to  raise  its 
temperature  when  further  compressed ;  for  the  evolu- 
tion of  heat  by  percussion  appears  to  depend  upon  the 
compression  of  the  particles  of  the  body  struck.  Ber- 
thollet  measured  the  amount  of  caloric  emitted  from 
the  strokes  of  a  coining-press;  he  found  that,  at  the  first 
stroke,  it  gave  off  17-3°,  at  the  second  7'5°,  and  at  the 
third  only  1-9°. 

Friction  is  another  mechanical  means  of  producing 
or  developing  caloric.  Instances  of  this  are  familiar 
to  engineers,  and  workers  in  metal  who  are  engaged 
in  boring,  filing,  et  cetera.  Even  the  rubbing  of  one 
piece  of  ice  against  another  may  be  made  to  produce 
an  evolution  of  heat  sufficient  to  melt  both,  and  this 
will  take  place  more  or  less  quickly  according  to  the 
amount  of  force  applied  in  the  friction.  Count  Rum- 
ford  ascertained  that  the  beat  liberated  in  boring  a 
piece  of  cannon  seven  and  a  half  inches  in  diameter, 
the  instrument  making  thirty  revolutions  per  minute 
under  a  pressure  of  ton  thousand  pounds,  was  sufficient 
to  boil  eighteen  pounds  of  water  in  two  hours  and  a 
half.  If  a  bar  of  steel  be  forcibly  struck  against  a 
piece  of  flint  or  other  hard  body,  the  caloric  which  is 
set  free  will  be  sufficient  to  cause  the  combustion  of 
the  particles  of  the  metal  which  are  disengaged,  and 
which  are  seen  to  fly  off  in  sparks. 

Expansive  Action  of  Caloric. — The  effects  of  caloric 
upon  matter  are  various  ;  but  that  which  is  most  im- 
portant, and  which  will  require  to  be  considered  first, 
as  affording  a  convenient  measure  of  its  intensity,  is  its 
expansive  action.  The  distribution  of  matter  into  aeri- 
form, liquid,  and  solid  bodies  depends  on  this  principle. 
Many  bodies  possess  the  quality  of  uniting  with  heat 
and  retaining  it  to  such  an  extent,  that  they  remain 
permanently  liquid  or  gaseous,  whilst  other  compounds, 
having  less  of  the  same  principle,  are  solid  at  ordinary 
temperatures.  In  rendering  solid  bodies  aeriform  and 
liquid,  the  self-repulsive  action  of  the  heat  overcomes 
the  cohesive  force  with  which  the  particles  were  held 
together,  and  separates  them  to  a  certain  distance,  de- 
pendent upon  the  amount  of  caloric  absorbed.  When  a 
bar  of  brass  strongly  heated  is  placed  upon  another  one 
of  a  different  kind,  but  which  is  an  imperfect  conductor, 
for  instance  lead,  the  repulsive  action  of  heat  will  be 
shown  by  the  evolution  of  sound.  This  happens  in 
consequence  of  caloric  being  communicated  by  the 
heated  metal  to  the  lead  in  contact  with  it,  but  not 
being  immediately  conducted  to  other  particles  of  the 
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latter  metal,  repulsion  follows,  and  the  hot  body  is 
thrown  out  of  close  union ;  descending,  however,  by 
the  force  of  gravity,  it  again  comes  in  contact  with  the 
lead,  or  nearly  so.  This  contact  is  immediately  broken 
off,  and  again  renewed,  the  movement  thus  continuing 
in  rapid  succession  till  the  brass  cools.  The  vibration 
gives  rise  to  musical  sounds.  Baden  Powell  in- 
geniously measured  the  force  of  the  self-repulsion  of 
heat  by  means  of  colored  rings.  A  flat  and  convex 
glass  plate  were  strongly  pressed  together,  and  the 
colored  rings  formed  by  the  refraction  of  light  from 
the  thin  stratum  of  air  between,  afforded  him  the 
means  of  estimating  the  repulsive  force ;  for  when 
heat  was  applied  to  the  lower  plate,  the  rings  altered 
and  closed  in  towards  the  centre,  showing  that  the  glass 
plates  receded  from  one  another.  Now,  as  each  of  the 
annular  colors  has  a  certain  determinate  thickness,  it 
is  evident  that  the  degree  of  repulsion  may  be  ascer- 
tained from  the  narrowing  which  occurs  in  the  breadth 
of  the  rings  as  the  temperature  rises. 

The  expansion  or  dilatation  produced  in  bodies  by 
heat  is  a  familiar  phenomenon.  Very  great  difference 
exists,  however,  as  to  the  extent  to  which  different 
substances  are  affected  by  the  same  amount  of  heat. 
In  such  compounds  as  are  permanently  gaseous,  no 
opposition  is  offered  to  the  distending  power  of  the 
combined  caloric,  and  the  result  is,  that  these  dilate 
in  a  regular  and  uniform  ratio,  no  matter  how  hot  or 
cold  they  may  be  when  the  caloric  is  communicated. 
It  is  different  with  solids  and  liquids,  in  which  the 
resistance  offered  by  the  varying  force  of  cohesion  must 
first  be  overcome  before  any  discernible  repulsion  of 
the  particles  succeeds.  Where  this  opposing  force  is 
great,  it  is  evident  that  a  much  larger  amount  of  heat 
will  be  required  to  distend  them.  Hence  the  difference 
in  the  rate  of  expansion  of  bodies  produced  by  this 
agency. 

The  Thermometer. — The  thermometer,  or  heat-mea- 
surer, is  constructed  upon  the  principle  of  the  expansion 
of  bodies  by  caloric.  It  consists,  in  its  common  form, 
of  a  glass  tube  terminating  in  a  bulb  containing  mer- 
cury or  some  other  fluid,  which  fills  the  bulb  and  part 
of  the  tube ;  and  the  rise  or  fall  of  the  fluid  in  the  tube, 
according  as  the  mass  of  it  in  the  bulb  expands  or 
contracts,  indicates  the  changes  of  temperature  in  the 
surrounding  medium.  This  most  indispensable  instru- 
ment was  not  known  previous  to  the  sixteenth  century, 
and,  at  its  first  introduction  by  the  Florentine  acade- 
micians, its  indications  were  not  very  trustworthy.  At 
first,  the  change  of  the  amount  of  caloric  was  estimated 
by  the  expansion  of  air ;  but  this,  although  in  common 
with  other  aeriform  fluids  more  regular  than  liquids  or 
solids  in  its  alteration  of  volume  by  increased  or  dimin- 
ished temperatures,  offered  so  much  inconvenience  in  the 
wide  extent  of  its  range,  besides  being  largely  affected 
by  the  varying  pressure  of  the  atmosphere,  that  it  was 
found  necessary  to  substitute  another  fluid.  Various 
liquids,  such  as  linseed  oil  and  spirit  of  wine,  were 
tried  with  good  effect ;  but,  for  general  purposes,  mer- 
cury was  found  to  be  the  most  suitable.  The  range 
between  its  points  of  solidification  and  ebullition  is 
greater  than  that  of  any  other  known  fluid ;  it  is  also  a 
good  conductor  of  heat,  and  is,  consequently,  rapid  in 


its  indications,  and  sensitive  to  sudden  changes  of  tem- 
perature. It  is  true  that  it  experiences,  like  other  fluids, 
as  will  be  explained  afterwards,  a  constantly  increasing 
rate  of  expansion  as  the  temperature  rises,  but  between 
the  freezing  and  boiling  points  of  water  this  irregularity 
is  so  minute,  as  to  be  really  of  little  or  no  moment  even 
in  very  accurate  investigations ;  indeed,  the  slight  de- 
viation which  takes  place  is  nearly  compensated  by 
the  glass,  which  expands  in  much  the  same  proportion 
as  mercury. 

There  are  three  varieties  of  this  instrument,  differing 
merely  in  the  notation.  Fahrenheit,  whose  ther- 
mometer is  generally  used  in  this  country,  fixed  the 
zero  of  his  scale  at  the  temperature  of  a  mixture  of 
snow  and  salt,  and  divided  the  interval  between  this 
and  the  boiling  point  of  water  into  two  hundred  and 
twelve  equal  parts  or  degrees,  so  that  on  this  scale 
water  freezes  at  32°,  and  there  are  180°  between  its 
freezing  and  boiling  points.  Celsius,  in  constructing 
his  modification  of  the  thermometer,  assumed  as  the 
zero  of  his  scale  the  freezing  point  of  water,  and,  pro- 
ceeding on  the  decimal  principle,  divided  the  interval 
between  this  and  the  boiling  point  into  one  hundred 
equal  parts,  so  that  on  this  scale  the  point  of  ebullition 
is  indicated  by  100°.  Hence,  his  instrument,  which  is 
used  extensively  on  the  Continent,  has  been  called  the 
Centigrade.  In  Reaumur's  scale,  as  in  the  Centigrade, 
the  freezing  point  is  the  zero ;  but  the  distance  between 
the  freezing  and  boiling  points  is  in  Reaumur's  divided 
into  80  equal  parts,  instead  of  100,  so  that  on  this 
scale  the  boiling  point  of  water  is  at  80°.  In  each  of 
these  thermometers  the  degrees  of  temperature  under 
the  zero  are  indicated  by  the  sign  minus.  Thus,  — 15° 
Fahr.  indicates  fifteen  degrees  of  that  scale  below  the 
temperature  of  a  mixture  of  snow  and  salt ;  while  the 
same  notation  on  the  Centigrade  or  Reaumur  scale 
signifies  a  temperature  fifteen  degrees  of  the  one  or 
the  other  of  these  scales  below  the  freezing  point  of 
water. 

By  very  simple  formulae,  the  degrees  of  any  of  these 
thermometers  may  be  converted  into  the  equivalent  of 
the  others.  The  same  distance  is  divided  in  the  three 
thermometers  into  180°  in  Fahrenheit's,  80°  in  Reau- 
mur's, and  100°  in  the  Centigrade.  Now,  dividing  by 
twenty,  it  will  be  seen  that  these  numbers  are  in  the 
ratio  of  9  :  4  :  5 ;  or,  in  other  words,  nine  degrees  of 
Fahrenheit's  scale  are  equivalent  to  four  degrees  of 
Reaumur's,  and  five  of  the  Centigrade.  Hence,  indicat- 
ing the  respective  thermometers  by  the  initials  F.,  R., 
C,  the  length  of  a  degree  in  each  will  be  as  follows: — 

1*  F.  :  1'  E.  :  1*  C.  :  :  ^  :  .1  ;  j 

But  the  temperature  is  measured  by  the  number  of 
divisions  contained  in  equal  portions  of  the  stem  of  the 
respective  thermometers.  Now,  the  zero  point  of  Fah- 
renheit's is  32°  below  freezing  point.  If,  therefore, 
F.°  —  32,  R.°,  C.°,  indicate  the  same  temperature  on 
each  of  the  three  thermometers,  one  has  the  pro- 
portion : — ■ 

F.°  — 32  :  C  :  E.°  :  :  9  :  5  :  4 

whence  result  the  following  equations  for  converting 
one  scale  into  another : — 


4 


FUEL  Expansion  of  Solids. 


4  (¥.'- 

5  (F.°- 

5  R.° 


-32)  =  9  B.° 
-32)  =  9  C.° 
—  4  C.° 


i  (F.°-32)  =  C.= 
The  divisions  principally  used  are  those  of  Fahren- 
heit and  the  Centigrade,  and  the  equations  for  passing 
from  the  indications  of  the  Centigrade  to  those  of 
Fahrenheit,  and  vice  versa,  are — ■ 


F.»  =  32  + 
C.°  =  £  (F.°- 


C.° 
-32) 


that  is,  add  thirty-two  to  nine-fifths  of  the  numher  in- 
dicated on  the  Centigrade,  and  the  result  is  the  num- 
ber which  would  be  indicated  by  Fahrenheit ;  subtract 
thirty-two  from  the  number  indicated  by  Fahrenheit, 
and  five-ninths  of  the  remainder  is  the  number  which 
would  be  indicated  by  the  Centigrade. 

When  very  low  temperatures,  under  — 40°  Fahr., 
have  to  be  estimated,  a  mercurial  thermometer  cannot 
be  employed,  since  this  metal  solidifies  at  that  point ;  in 
such  oases,  alcohol  colored  by  some  matter  is  used  in 
the  bulb  of  the  instrument.  On  the  other  hand,  mer- 
cury boils  at  about  600°  Fahr.,  and,  therefore,  when 
very  high  temperatures  are  to  be  estimated,  a  different 
instrument,  termed  the  pyrometer,  is  employed,  which 
will  be  described  in  the  sequel. 

Whatever  be  the  form  of  thermometer,  it  is  evident 
that  the  indications  are  merely  relative,  and  do  not 
express  the  actual  amount  of  caloric  which  a  substance 
contains.  The  use  of  the  thermometer,  therefore,  is 
merely  to  indicate  the  sensible  heat,  or  that  which  is 
capable  of  being  radiated  or  communicated  from  one 
material  to  another ;  and  for  this  purpose  it  is  of  most 
important  application  in  various  branches  of  the  arts 
and  manufactures,  serving  for  the  guidance  of  the 
operatives  in  numerous  processes,  to  the  success  of 
which  it  is  absolutely  indispensable. 

Expansion  of  Solids. — The  rate  of  expansion  in  solid 
bodies  is  greatly  dependent  on  their  state  of  aggrega- 
tion ;  hence  it  will  be  evident  that  the  same  amount  of 
calorie  will  operate  differently  on  different  solids,  but 
the  effect  is  more  visible  in  the  metals  than  upon  other 
solid  non-metallic  substances. 

The  following  table  exhibits  the  rate  of  expansion 
of  a  few  solids  when  heated  from  32°  to  212° : — 

TABLE  Of  EXPANSION  FItOM  32°  TO  212°  FAHR. 


Name. 


Expansion  io  length.     Do.  i 


Zinc,  cast,   1  in  323 

„     sheet   1  „    340  . .  1  in  113 

Lead,   1  „    351  ..  1  „  117" 

Tin,    1  „    516  ..  1  „  172 

Silver,   1  „    524  . .  1  „  175 

Brass,   1  „    536  ..  1  „  179 

Copper,   1  „    582  ..  1  ,,  194 

Gold,   1  „    682  . .  1  „  227 

Bismuth,   1  „    712  ..  1  „  239' 

Iron,   1  „    846  . .  1  „  282 

Antimony   1  „    923  ...  1  „  307 

Tempered  steel,..  1  „    926  . .  1  „  309 

Palladium,   1  „  1000  ..  1  „  333 

Platinum,   1  „  1131  ..  1  „  377  \ 

Glasswithoutlead,l  „  1148  ..  1  „  382  j" 

Flint  glass   1  „  1248  . .  1  „  416 


Smeaton. 

Lavoisier 

and 
Laplace. 

Smeaton. 
(  Dulong  and 
\  Petit. 

Smeaton. 

Lav.  and  Lap. 

Wollaston. 

Dulong  and 
Petit. 

Lav.  and  Lap. 


From  the  foregoing  results  it  is  evident  that  the  ex- 
pansion in  bulk  is  about  three  times  as  great  as  the 


linear  expansion  ;  or,  in  other  words,  by  multiplying 
the  latter  by  throe,  the  product  will  approach  closely  to 
the  increase  in  bulk.  It  must  be  observed,  however, 
that  the  expansion  is  not  uniform  for  equal  increments 
of  temperature,  for  all  bodies  tend  to  expand  more  as 
the  heat  reaches  a  high  degree.  This  is  especially 
the  case  with  metals ;  hence  it  is  that  mercurial  ther- 
mometers are  not  well  adapted  for  measuring  degrees 
of  temperature  much  higher  than  that  of  boiling  water, 
owing  to  the  increase  of  the  metal  at  high  heats  being 
greater  than  at  low.  The  rates  of  expansion  in  mercury 
from  32°  to  572°  are — one  in  55-08  between  the  freez- 
ing and  boiling  points  of  water  ;  one  in  54'Gl  between 
the  latter  and  392°;  and  one  in  54"01  between  this 
and  572°. 

The  extent  to  which  glass  expands  when  heated 
within  the  same  range  is  given  in  the  table  annexed: — 


Temperature  by  air 
thermometer. 


Mean  Hbsolute  dilatation 
of  glass  for  caeh 
degree. 


Temperature  by 
thermometer 
made  of  glass. 


From  32°  to  212    ^n    212° 

„    32°  to  392    ttjVtix   415'8° 

„    32°  to  572    tuW    667-2° 

Most  solids  return  to  their  original  volume  when  they 
have  parted  with  the  caloric  which  caused  the  disten- 
tion of  their  particles ;  some,  however,  are  incapable  of 
doing  so,  and  are  permanently  elongated  or  enlarged 
every  time  they  are  subjected  to  the  influence  of  a 
high  temperature.  Such  is  the  case,  more  especially, 
with  zinc  and  lead — the  particles  of  which,  in  sliding 
over  eatih  other,  are  supposed  to  possess  an  amount  of 
adhesive  friction  which  prevents  their  retraction  to  the 
full  extent  they  had  expanded. 

The  expansion  or  contraction  of  bodies,  occasioned 
by  an  increase  or  diminution  of  temperature,  takes 
place  with  enormous  force.  The  amount  of  this  has 
been  estimated  by  Barlow,  who  found  that  a  bar  of 
metal,  of  one  square  inch  section,  is  elongated  one  ten- 
thousandth  of  its  length  by  receiving  an  addition  to 
its  temperature  of  16° ;  to  produce  the  same  effect 
mechanically  would  require  a  ton  weight  to  be  sus- 
pended from  it,  or  the  application  of  an  equivalent 
force.  A  careful  attention  to  this  subject  is  indispen- 
sable in  the  sciences  of  engineering,  horology,  et  cetera. 
It  has  been  found  that  within  the  usual  range  of  the 
variation  of  the  temperature  of  England  throughout  the 
year,  a  bar  of  wrought-iron,  ten  inches  long,  will  expand 
about  two  hundredths  of  an  inch.  Were  both  its  ex- 
tremities secured  firmly  to  other  objects,  this  change 
would  exert  a  force,  tending  towards  their  removal,  of 
fifty  tons  to  the  square  inch ;  hence  it  is  to  be  observed 
that  where  beams  of  wood  are  to  be  replaced  by  iron 
ones,  care  should  be  taken  that  room  for  occasional 
expansion  should  b»  allowed  them,  otherwise  very 
ruinous  consequences  might  result.  From  the  numer- 
ous and  varied  uses  to  which  iron  is  now  applied,  this 
is  a  subject  of  very  great  importance.  An  accurate 
calculation  must  be  made,  and  the  structure  so  formed, 
as  that  the  expansion  or  contraction  of  the  metal  shall 
not  endanger  its  stability. 

A  very  ingenious  application  of  the  power  obtained 
by  the  enormous  force  of  the  contraction  of  metals  was 
made  by  Molard,  to  secure  the  Museum  of  Arts  and 
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Manufactures  in  Paris,  by  restoring  the  walls,  which 
were  giving  way  outward  owing  to  the  weight  of  the 
roof.  His  method  was  to  insert  bars  of  iron  horizontally 
through  the  building,  so  as  to  protrude  a  little  from  the 
walls  at  each  side.  Heat  was  then  applied  by  lamps  sus- 
pended over  the  whole  length  of  the  bars,  and  the  metal 
expanded  to  some  extent,  after  which  iron  nuts  were 
firmly  screwed  on  the  bars  at  both  ends,  and  tightened 
to  the  wall  as  much  as  possible  ;  the  heat  being  now 
removed,  the  metal  began  to  contract,  and  in  doing  so, 
it  drew  the  nuts  closer  together,  which  had  the  effect 
of  bringing  the  walls  nearer  to  the  perpendicular.  By  a 
repetition  of  the  heating  of  the  bars,  and  again  tighten- 
ing the  nuts  or  plates,  the  bulges  were  entirely  removed, 
and  the  walls  were  restored  to  their  vertical  position. 
In  many  of  the  ordinary  arts  of  life,  a  similar  advan- 
tage has  been  taken  of  the  effect  of  heat  upon  bodies 
to  render  peculiar  service  ;  the  wheel-wright,  by  heat- 
ing the  tire  and  fitting  it  on  in  an  expanded  state,  and 
then  allowing  it  to  contract,  insures  the  firmness  and 
durability  of  the  wheel;  the  cooper,  in  like  manner, 


heats  the  hoops  of  his  casks,  et  cetera,  when  fitting  them 
in  their  proper  place,  so  that  when  they  cool  they  may 
bind  the  staves  more  firmly ;  and  the  boiler-maker  uses 
red-hot  rivets  as  well  for  facilitating  their  plating,  as  for 
binding  the  sheets  of  metal  more  tightly  by  their  sub- 
sequent contraction  on  cooling. 

The  sudden  application  of  heat  to  many  bodies  is 
productive  of  fracture,  owing  to  a  partial  expansion  of 
the  part  heated,  while  the  part  not  so  affected  refuses 
to  yield.  This  is  frequently  seen  hi  glass  and  cast-iron 
plates.  Indeed,  the  most  delicate  part  of  the  glass- 
maker's  business,  as  will  be  seen  in  a  future  article,  is 
the  annealing ;  or,  in  other  words,  the  exposure  of  the 
goods  to  a  gradual  cooling,  which  renders  them  less 
liable  to  crack  when  exposed  to  sudden  changes  of 
temperature. 

A  tabular  statement  of  the  rate  of  expansion  of  a 
few  of  the  metals  is  subjoined,  with  a  comparative 
view  of  the  results  when  the  temperature  is  measured 
with  the  air  thermometer,  and  with  one  constructed  of 
the  metals  under  experiment :  — 


Temperature  by  air 
thermometer. 


Mean  dilatation  of  iron 
for  each  degree. 


Temperature  by  iron  rod 
tliennometer. 


212° 
572° 


212° 
702°5 


Mean  dilatation  of  copper 
for  each  degree. 

■  •  •  •  ^ITlTr   

    623°8 


In  estimating  the  temperature  at  high  degrees  by  a 
mercurial  thermometer,  the  observations  made  as  to 
the  rise  of  the  metal  indicate  only  the  difference  be- 
tween the  expansion  of  the  glass  and  that  of  the  metal, 
which,  in  ordinary  cases,  is  supposed  to  be  uniform  ; 
but  owing  to  the  increased  expansion  which  the  mer- 
cury experiences  at  a  high  temperature,  572°  on  the  air 
tliennometer  corresponds  with  586°  on  the  mercurial 
one.  The  same  temperature  estimated  by  glass  alone 
would  be  indicated  by  6G7°,  thus  showing  that  the 
dilatation  of  the  glass  counteracts  the  expansion  of 
the  fluid  metal.  Considerable  difference  will  be  ob- 
serve"d  in  the  table  between  the  indication  of  the 
air  thermometer  and  that  which  is  found  by  mea- 
suring the  expansion  of  bars  of  metal ;  so  that  at 
high  temperatures,  which  liquids  and  gaseous  bodies 
cannot  be  employed  to  measure,  the  true  indication  of 
h*at,  as  compared  with  the  air  thermometer,  is  some- 
what difficult  to  ascertain.  A  further  obstacle  stands 
in  the  way,  inasmuch  as  the  rate  of  expansion  in  metals 
and  most  solid  bodies  is  unequal.  M.  Breguet  con- 
trived to  overcome  this  by  constructing  a  solid  thermo- 
meter, composed  of  a  compound  ribbon  of  three  metals 
— gold,  platinum,  and  silver — rolled  out  very  thin  and 
coiled  spirally.  The  upper  end  of  these  was  fixed, 
and  the  lower  one  attached  to  an  index  which  de- 
scribed an  arc,  as  the  helix  twisted  or  untwisted,  by 
the  greater  expansion  or  contraction  of  the  silver  band 
over  the  platinum  one.  By  graduating  the  range  of 
the  index,  and  finding  the  value  of  the  indications  by 
comparing  them  with  those  of  a  standard  thermometer, 
the  instrument  was  completed. 

The  Pyrometer. — When  the  temperature  is  very  high, 
such  as  that  at  which  the  more  infusible  metals  melt,  or 
of  a  reverberatory  or  wind  furnace,  the  common  thermo- 
meter is  unavailable,  and  other  instruments  for  estimat- 
ing the  heat  have  been  invented,  which  are  called  pyro- 


Temperature  by 
copper  tlienno- 
meter. 

.    212°  .. 


Menu  dilatation  of      Temperature  by 
platinum  for  platinum 
each  degree.  themiomi'ter. 

.  212° 
.  592"9 
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meters.  Of  these,  Daniell's  register  pyrometer,  repre- 
sented in  Fig.  1,  is  the  most  accurate.  It  consists  of  two 
parts,  namely,  the  register  and  the  scale.    The  register 

Fig.  l. 


Hi 


is  a  solid  bar  of  black-load,  A, 
highly  baked,  in  the  axis  of 
which  is  drilled  a  hole  reach- 
ing to  within  half  an  inch  of 
the  end ;  into  this  hole  a  bar 
of  iron,  or  of  platinum,  a  a, 
is  introduced.  A  cylindrical 
piece  of  porcelain,  c,  suffi- 
ciently long  to  project  a  short 
distance  from  the  extremity,  is  placed  end- 
wise upon  the  iron,  and  the  former  is  bound 
to  the  bar  by  a  band  of  platinum,  d,  passing 
round  both,  and  tightened,  if  necessary,  by 
a  wedge  of  porcelain,  e.  When  this  instru- 
ment is  exposed  to  a  very  high  heat,  the 
whole  increases  in  bulk,  in  proportion  to  its  intensity; 
but  the  rate  of  expansion  of  the  metal  and  of  its  casing 
being  unequal,  the  porcelain  cylinder,  cc,  will  be  pro- 
truded to  the  extent  of  the  difference. 

To  measure  the  length  of  the  protruded  portion, 
the  scale  is  applied.  This  consists  of  two  brass 
rules,  /,  g,  joined  together  by  screws,  to  form  a  right 
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angle,  and  fitting  exactly  upon  the  sides  of  the  re- 
gister. The  plate,  h,  rests  on  the  shoulder  of  the 
bar,  A,  formed  for  the  platinum  band.  At  the  extre- 
mity of  the  rule  nearest  this,  an  arm,  D,  movable  upon 
its  centre,  i,  is  fixed ;  and  at  the  other  an  arc  of  a 
circle,  E,  graduated  into  degrees  and  thirds  of  degrees. 
Upon  the  latter,  at  />',  is  another  lighter  arm,  C, 
carrying  upon  the  end  of  its  longer  limb  a  nonius, 
H,  which  moves  upon  the  face  of  the  arc,  e,  and  sub- 
divides the  graduations  into  minutes.  The  other  end 
of  this  arm  protrudes  beyond  the  centre  of  motion, 
and  carries  a  steel  knife-edged  bar,  which  fits  into  the 
notch  cut  for  it  in  the  termination  of  the  index. 

The  index  bar  is  pressed  firmly  down  upon  the 
metal  encased  in  the  black-lead,  and  securely  fixed 
there  by  the  wedge  and  band  of  platinum  ;  the  bar  is 


then  nicely  adjusted  in  the  angle  formed  by  the  two 
rules  of  the  scale;  the  plate,  h,  firmly  held  against 
the  shoulder,  and  the  knife  edge,  m,  resting  in  the 
notch  in  the  index  bar ;  the  position  of  the  latter  is 
now  noted  on  the  scale,  and  after  the  register  has  been 
heated  and  allowed  to  cool,  the  scale  is  again  applied 
and  the  result  observed — the  difference  is  the  value  of 
the  expansion  of  the  metal  bar.  By  comparing  this 
with  the  indications  given  by  a  mercurial  thermometer 
between  any  two  points,  say  that  of  the  freezing  and 
boiling  of  water,  an  'expression  in  degrees  of  Fahren- 
heit's scale  may  be  given  to  any  degree  of  artificial 
heat  measurable  by  the  instrument. 

Daniell,  with  this  apparatus,  obtained  the  follow- 
ing results,  in  which  the  expansion  is  shown  at  three 
stages : — 


l,0OO,00Jpartsat62°.  Atftft  At  062°.  At  fusing  point 

Black-lead  ware,   1,000,244    1,000,703 

Wedgwood  wave   1,000,735    1,002,995 

Platinum,   1,000,735    1,002,995    1,009,926  maximum,  but  not  fused. 

Iron— wrought,   1,000,984    1,004,483    1,018,378  to  the  fusing  point  of  cast-iron. 

Iron— cast,   1,000,893    1,003,943    1,016,389 

Gold,   1,001,025    1,004,238     

Copper,   1,001,430    1,006,347    1,024,376 

Silver   1,001,626    1,006,886    1,020,640 

Zinc   1,002,480    1,008,527    1,012,621 

Lead   1,002,323        1,000,972 

Tin,   1,001,472        1,003,798 


Expansion  of  Liquids. — In  liquids,  the  expansion 
produced  by  heat  is  much  more  marked  than  in  solids; 
they  also  differ  among  themselves  in  the  amount  of 
expansion  produced  by  equal  increments  of  heat.  The 
most  volatile  liquids,  or  those  of  which  the  boiling 
point  is  low,  are  found  to  be  the  most  expansible 
under  the  influence  of  an  increase  of  caloric,  as  may 
be  observed  from  the  appended  table,  showing  the 
comparative  increase  in  volume  of  several  liquids  when 
heated  from  32°  to  212°:— 

Water,   0-0466  Dalton. 

Saturated  solution  of  chloride  of  sodium,  0-0500  " 

Concentrated  sulphuric  acid,   0*0600  " 

Hydrochloric  acid,  specific  gravity  1-137  0-0600  " 

Nitric  acid,  specific  gravity  140   0-1100  " 

Alcohol,  specific  gravity  0-817   0-1100  " 

Ether   0-0700  " 

Oil  of  turpentine,   0-0700  " 

Fat  oil,   0-0800  " 

Mercury,    0-02000  " 

,   0-01887  Cavendish. 


Mercury,    0-01848  Lavoisier  andLaplaccs. 

"    0-01818  Hallstrom. 

"   0-01801  Shuckburgh. 

"    0-01800  Petit  and  Dulong. 

"    0-01786  Deluc. 

"    0-01665  Roy. 

A  difference  in  the  boiling  point  of  liquids,  how- 
ever, does  not  always  show  a  corresponding  varia- 
tion in  their  expansion,  as  was  long  ago  proved  by 
Lavoisier  with  regard  to  alcohol  and  bisulphide  of 
carbon,  two  liquids  differing  in  their  boiling  points  by 
57°,  yet  the  rate  of  expansion  is  the  same  in  both 
for  each  increase  of  an  equal  number  of  degrees  of 
heat,  reckoned  from  their  respective  boiling  points. 
PlliKRE  found  similar  results  in  his  researches  upon 
liquids  of  analogous  composition,  such  as  the  bro- 
mides and  iodides  of  ethyl  and  methyl.  This  rela- 
tion, however,  does  not  appear  between  some  of  the 
isomeric  bodies  examined,  as  may  be  seen  from  the 
annexed  table,  showing  the 


CONTRACTION  FROM  THE  BOILING  POINTS: — 


Name  of  Liquid. 


„  .      jTempcrnturcequidis-  Interval  foetwi 

'V.?,'10       taut  (roil)  the  boiling     preceding  t 


point  of  each  group. 


Volume  at  boiling 
point. 


Volume  at  equidistant 
temperatures. 


FIRST  GROUP. 

Sulphide  of  carbon,  

Alcohol,  

Wood  spirit,  

SECOND  GROUP. 

Bromide  of  ethyl,  

Bromide  of  methyl,  

THIRD  GROUP. 

Iodide  of  ethyl,  

Iodide  of  methyl,  

FOURTH  GROUP, 

Formiate  of  oxide  of  ethyl, . . 
Formiate  of  oxide  of  methyl, 


118-22° 
172-94 
151-34 


105-20 
55-4 


158 
110-84 


127-22 
139-10 


22-72° 

32 

10-4 


32 

17-86 


32 

15-16 


20-12 
32 


140-94° 
140-94 
140-94 


73-26 
73-26 


126 
126 


107-1 
107-1 


0-913099 
0-914452 
0-905819 


0-941375 
0-944575 


0-918704 
0-916643 


0-910223 
0-918750 
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With  reference  to  the  second  law  which  governs  the 
expansion  of  liquids — namely,  that  they  are  progres- 
sively more  expansible  at  higher  than  at  lower  tem- 
peratures— it  is  to  be  remarked,  that  in  this  respect  con- 
siderable difference  exists  between  different  liquids; 
and  in  mercury  the  higher  expansion  at  higher  tem- 
peratures is  less  than  in  any  other  fluid  body.  Hence, 
it  is  better  adapted  than  any  of  them  for  the  construc- 
tion of  thermometers.  The  expansion  which  takes 
place  in  each  of  the  substances  enumerated  in  the  fol- 
lowing table,  between  the  freezing  and  boiling  points 
of  water  at  the  ordinary  pressure,  is  represented  by 
one  hundred  parts,  and  the  increase  which  equal  incre- 
ments of  heat  produce  above  212°  is  proportionally 
estimated : — 

Dulong  and  Petit. 

>  *  \ 

Air.        Mercury.      Platinum.      Copper.         Iron.  Glass 

0  ..      0  0     ..      0     ..      0     ..  0 

100  ..100      ..100     ..  100     ..100     ..  100 
150  ..  151-3 
200  ..  201-6 

In  cooling,  22-5°  from 

((  u 
((  u 

11  It 


The  dilatation  of  water,  when  reduced  in  tempera- 
ture below  39-4°,  serves  a  purpose  of  the  greatest  con- 
sequence in  the  economy  of  nature — namely,  in  pre- 
venting the  transmission  of  cold  beyond  the  surface  of 
the  water  in  very  rigorous  seasons,  and  preserving  the 
chief  bulk  of  the  fluid  at  such  a  temperature  as  is  con- 
genial to  the  life  of  the  animals  that  inhabit  it.  The 
fusible  alloy  of  Eose  possesses  properties  in  some  re- 
spects analogous  to  water.  This  substance  increases 
in  bulk  till  it  reaches  about  111°,  after  which  it  con- 
tracts when  its  temperature  is  being  raised  from  this  to 
1 56°,  the  point  of  its  greatest  density,  and  at  which  its 
bulk  is  less  than  when  at  the  freezing  point  of  water ; 
after  this,  however,  it  continues  to  expand  till  it  reaches 
its  fusing  point  at  201°. 

Expansion  of  Gases. — The  third  class  of  bodies  to 
be  considered  in  relation  to  the  expansive  force  of  heat, 
are  gases.  All  these  being  at  ordinary  temperatures  in 
a  state  in  which  the  atomical  aggregation  manifests  a 
highly  repulsive  tendency,  it  is  evident  that  they  will 
be  influenced  to  a  greater  extent  by  caloric  than  either 
of  the  foregoing  classes.  A  remarkable  coincidence  or 
uniformity,  however,  is  found  to  exist  among  the  dif- 
ferent members  of  this  class ;  and,  knowing  the  rate  of 
expansion  of  one  when  combined  with  a  certain  amount 
of  caloric,  the  same  may  be  taken  as  the  expansive 
power  of  the  other  permanent  gases  and  elastic  vapors 
when  subjected  to  an  equal  increase  of  temperature. 
By  former  investigations,  this  was  found  to  amount 
to  about  three  hundred  and  seventy-five  parts  in  a 
thousand  of  air,  when  heated  from  the  freezing  to  the 
boiling  point  of  water ;  later  researches,  however,  have 
shown  that  the  true  expansion  of  air  within  these  limits 
is  three  hundred  and  sixty-six  parts,  or  ^\--^  of 
the  whole  for  each  degree  of  Fahrenheit's  scale. 


Dulonjr  mid  Petit. 

i  ''  \ 

Air.        Mercury.       Platinum.       Copper.         Iron.  Glass. 

250  ..  255-1 

300  ..  314-15  ..  311-6  ..  328-8  ..  372-6  ..  352-9 
350  ..  360 

Water,  within  the  range  of  its  solidifying  point  and 
that  at  which  it  becomes  an  elastic  vapor,  is  subject  to 
very  great  irregularities.  The  general  law,  as  before 
expressed,  is,  that  heat  exerts  an  expansive  force  upon 
all  bodies ;  but,  within  a  certain  range,  water  becomes 
an  exception.  If  this  liquid  be  taken  in  the  solid  state, 
or  at  the  temperature  of  32°,  before  it  has  solidified, 
and  caloric  be  communicated  to  it,  instead  of  expand- 
ing, it  actually  contracts  till  it  marks  about  39-4°,  at 
which  it  has  attained  its  greatest  density.  Above 
this,  it  expands  in  the  same  ratio  that  the  contraction 
took  place  for  an  equal  number  of  degrees,  but  beyond 
that  point  it  obeys  the  general  law. 

Count  Eumfokd  found  the  contraction  of  water  for 
every  22-5°  from  the  boiling  to  the  freezing  tempera- 
tures to  be  as  follows,  namely : — 


Below  the  freezing  and  above  the  boiling  point  of 
water,  the  expansion  is  in  the  same  ratio.  A  volume 
of  gas  measuring  four  hundred  and  ninety-one  parts 
at  32°  Fahr.  expands,  for  every  degree  of  heat  addi- 
tional, one  part;  so  that  at  60° — that  is,  with  an 
increase  of  28°  of  the  thermometric  scale — the  volume 
becomes  five  hundred  and  nineteen  parts.  This  ratio 
continues  as  long  as  the  temperature  rises,  so  that 
when  the  whole  is  heated  to  523°  =  32°  -f  491°,  or 
in  other  words,  is  raised  through  as  many  degrees  as 
there  are  original  divisions  in  the  bulk  of  the  liquid,  the 
volume  will  be  doubled;  and  in  proportion  as  multiples 
of  this  increase  of  temperature  are  applied,  so  will  the 
air  dilate  to  three,  four,  or  more  times  its  bulk.  It  was 
found,  however,  by  Magnus  and  Begnault  that  the 
operation  of  this  law  is  not  perfectly  uniform,  espe- 
cially with  reference  to  the  easily  liquefied  gases,  which 
are  more  expansible  than  air  when  exposed  to  equal 
increments  of  heat,  as  the  following  table  will  show : — 

Expansion  upon  one  volume  from 
32°  to  m°. 

Names  of  Gases.  Magnus.  Regnault. 

Atmospheric  air,   0-366508  ....  0-36650 

Hydrogen,   0-365659    0-36678 

Carbonic  acid,   0-369087  ....  0-36896 

Sulphurous  acid   0-385618  ....  0-36696 

Nitrogen,.     ....  0-36682 

Nitrous  oxide,     ....0-36763 

Carbonic  oxide,       0-36667 

Cyanogen,     ....  0-36821 

Hydrochloric  acid,   ■   ....  0-33812 

A  sensible  increase  in  the  rate  of  expansion  is  also 
found  when  the  gas  is  submitted  to  pressure,  com- 
pared with  that  which  takes  place  when  it  is  in  a 
rarefied  state. 

Conduction  and  Convection  of  Heat. — An- 
other point  of  great  importance  is  the  comparative 


219°    to  189-5°,  2000  measures  of  water  contracted  18  measures. 

189-5°  to  167°,  " 

167°    to  144-5°,  " 

144-5°  to  122°,  " 

122°    to  99-5°,  " 

99-5°  to  77°,  " 

77°    to   54-5°,  " 

54-5°  to   32°,  " 


16-2 
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facility  with  which  heat  is  conveyed  or  conducted 
through  different  bodies.  When  caloric  comes  in  con- 
tact with  solids  or  liquids,  it  enters  into  them  and  tra- 
verses from  molecule  to  molecule,  till  it  has  permeated 
the  whole.  This  property  of  heat,  although  by  many 
supposed  to  be  due  to  radiation,  owing  to  the  particles 
of  matter  not  being  in  absolute  contact,  is,  however, 
generally  acknowledged  to  be  due  to  a  distinct  action 
— that  of  conduction. 

Different  substances  vary  considerably  in  regard  to 
the  freedom  with  which  caloric  passes  through  them — 
that  is  to  say,  in  their  conducting  power;  and  many 
very  useful  applications  have  been  made  of  this  property 
in  the  arts  and  sciences.  It  is  upon  this  principle  that 
nature  protects  every  species  of  animal  and  vegetal 
life  against  the  injurious  influence  of  meteorological 
changes.  The  differences  observed  in  the  physical 
appearance  of  man  and  of  other  races  of  animals,  ac- 
cording to  their  position  on  the  globe,  are  ordered  in 
conformity  with  the  laws  which  regulate  the  conduction 
of  heat ;  and  the  means  adopted  by  various  nations 
for  shielding  their  persons  from  the  opposite  extremes 
of  heat  and  cold,  as  also  the  covering  of  every  indi- 
genous species  of  living  being,  no  matter  of  what  class 
or  kind,  are  all  most  admirably  suited  to  the  state  and 
condition  in  which  they  live.  The  colored  cuticle  of 
the  African,  whose  existence  is  ordained  under  a  burn- 
ing sun,  is  not  less  requisite  for  radiating  or  allowing 
a  free  passage  for  the  heat  he  has  to  endure,  than  is 
the  white  skin  of  the  European  to  prevent  the  sudden 
ingress  and  egress  of  calorie  to  or  from  the  body.  Not 
only  does  the  natural  state  give  proof  of  this  wise  dis- 
position in  the  human  species  :  it  is  still  more  manifest 
in  the  lower  orders  of  creation,  which  have  not  like 
man  the  reasoning  power  that  enables  him  to  provide 
for  the  exigencies  of  his  condition ;  hence  they  are 
usually  defended  by  a  non-conducting  coat  of  fur  or 
feathers,  protecting  them  from  sudden  transitions  of 
temperature. 

Dense  and  heavy  substances  are  generally  good  con- 
ductors; light  and  porous  bodies  have  this  property 
only  imperfectly.  This  may  be  proved  by  taking 
metallic  rods,  to  which  small  balls  of  wax  are  attached 
at  different  distances,  and  introducing  one  end  of  them 
into  the  flame  of  a  candle.  As  the  heat  proceeds  from 
one  particle  of  the  metal  to  another,  its  progress  may 
be  measured  by  the  falling  off  of  the  balls  successively, 
owing  to  the  wax  being  melted  by  the  heat.  But  if 
cylinders  of  wood,  glass,  or  wax  be  heated  in  a  similar 
manner,  a  different  result  will  be  observed,  owing  to 
the  latter  being  bad  conductors  of  calorie.  A  practical 
application  of  this  fact  is  seen  in  metallic  instruments 
intended  to  be  used  while  hot;  these  are  invariably 
furnished  with  handles  of  some  badly-conducting 
material — such  as  wood  or  glass — to  protect  the  hand 
from  being  scorched. 

Despretz  instituted  a  series  of  experiments  for 
determining  the  conducting  power  of  metals.  His 
method  was  to  drill  holes,  at  the  distance  of  3-93 
inches  apart,  in  bars  of  the  metal  of  an  equal  and 
determinate  thickness ;  into  these  holes  thermometers 
were  inserted,  and  the  ends  of  the  metals  then  applied 
to  a  heating  medium.  Caloric  was  allowed  to  traverse 


tho  bars  as  long  as  the  thermometers  continued  to 
indicate  an  increase  in  the  temperature.  The  obser- 
vations made  in  this  way  furnished  the  annexed 
numbers : — 

Gold,   1000-0 

Silver,   973-0 

Copper,   898-2 

Iron,   374-3 

Zinc,   363-0 

Tin,  , . . .  303-9 

Lead,   179-6 

Marble,  M   23-6 

Porcelain,  9   12-2 

Fire-clay,   11-4 

Platinum  is  a  singular  exception  to  the  general  rule 
above  stated ;  for,  unlike  silver,  copper,  or  such  other 
dense  bodies,  a  wire  of  this  metal  may  be  held  in  the 
hand  and  heated  to  redness  at  one  end,  even  when  only 
a  few  inches  in  length.  Glass,  although  a  substance 
of  moderate  density,  is  likewise  a  bad  conductor.  The 
conducting  power  of  a  body  is  much  diminished  by  its 
being  pulverized;  thus,  metallic  filings  are  worse  con- 
ductors than  bars  of  the  same  material ;  pounded  glass 
and  sawdust  are  also  inferior  in  this  respect  to  solid 
rods  of  glass  or  wood.  Charcoal  conducts  heat  very 
feebly ;  as  also  sand,  and  a  number  of  other  bodies,  all 
of  which  on  this  account  are  of  importance  in  cottage 
architecture,  and  for  other  purposes,  in  which  it  is 
desirable  to  provide  against  sudden  changes  of  tem- 
perature. 

The  following  arc  the  results  which  Mr.  HuTcniN- 
SON  obtained  in  his  researches  on  the  conducting 
powers  of  building  materials.  The  substances  are  ar- 
ranged in  the  order  in  which  they  resist  the  passage  of 
heat,  the  best  non-conductors  being  placed  first : — 

Conducting  power 
referred 

Name  of  lubslnAce.  to  Quit  of  sluto, 

equal  100. 

Plaster  and  sand,   18-70 

Keene's  cement,   19-01 

Plaster  of  Paris,   20-26 

Roman  cement,   20-88 

Beech  wood,   22-44 

Lath  and  plaster,   25.5.5 

Fir  wood   27-61 

Oak  wood   33.66 

Asphalte,   45-19 

Chalk — soft,   56-38 

Napoleon  marble,   58-27 

Stock  brick   60-14 

Bath  stone,   61-08 

Firebrick,   61-70 

Painswick  stone,  H.P.,   71-36 

Malm  brick,   72-92 

Portland  stone,   75-10 

Lunelle  marble,   75-41 

Bolsover  stone,  H.P.,   76-35 

Norfal  stone,  H.P.,   95-36 

Slate,   100-00 

Yorkshire  flag,   110  94 

Lead   521-34 

Besides  the  use  which  is  made  of  the  property  of 
non-conduction  in  architecture,  there  are  other  depart- 
ments of  the  arts  and  manufactures  in  which  it  sub- 
serves important  purposes.  Thus  it  is  applied  with 
good  effect  in  constructing  fireproof  edifices  or  apart- 
ments, and  in  the  manufacture  of  chests  and  boxes 
intended  to  preserve  valuable  property,  legal  docu- 
ments, et  cetera,  from  the  destructive  effects  of  confla- 
gration. 
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In  the  latter  case,  this  is  effected  by  interposing 
some  solid  body  which  is  a  bad  conductor  of  heat 
between  the  interior  lining  and  the  exterior  frame  of 
the  chest.  The  well-known  safes  of  Milner  and  Son, 
of  Liverpool,  are  constructed  in  this  way.  The  inner 
chamber  is  made  of  stout  sheet-iron,  firmly  secured  by 
riveted  bolts  to  the  exterior  one,  which,  by  its  strength, 
is  calculated  to  resist  fire,  and  any  external  violence, 
either  intentional  or  accidental,  to  which  it  is  liable. 
The  intermediate  chamber  is  filled  with  a  composition 
which  can  scarcely  be  excelled  as  a  non-conducting 
material,  whilst,  at  the  same  time,  its  heat-absorbing 

Fig.  2. 


power,  or,  in  other  words,  its  quality  of  rendering  heat 
latent  or  insensible,  is  very  great.  From  repeated  test- 
ings, at  some  of 
ris-3-  which  the  Editor 

attended,  these  ar- 
ticles have  been 
proved  capable  of 
'i  •••-jj    -'j.    J.    i  withstanding  a 

twenty-four  hours' 
fire  of  intense  heat 
without  allowing 
the  contents  to  he 
injured  in  the 
least.  Fig.  2  is  a 
front  view,  and 
Fig.  3  a  section  of 
one  of  these  safes. 
In  Fig.  3,  the 
chamber  contain- 
ing the  non-con- 
ducting material  is 
shown.  At  one 
time  this  consisted 
almost  entirely  of 
clay,  sand,  and  some  carbonaceous  matters,  in  the 
middle  of  which  were  metallic  tubes  filled  with 
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water,  and  hermetically  sealed  with  a  fusible  alloy. 
When  the  heat  reached  them,  the  plug  of  metal  by 
melting  allowed  the  water  to  flow  out,  thus  moisten- 
ing the  ingredients,  and  arresting  the  passage  of  the 
caloric.  If  the  fire  were  prolonged,  the  moisture  would 
be  disseminated  in  vapor  in  the  inner  chamber  where 
the  valuables  were  deposited,  and  thus  would  secure 
them  still  more  perfectly  against  combustion.  The 
tubes,  however,  were  found  troublesome  and  expen- 
sive, and  improvements  of  a  simpler  nature  adopted. 
According  to  the  specification  of  Mr.  Milner,  the 
ingredients  now  used  are  quartz,  crystallized  carbonate 
of  soda  or  alum,  and  the  dust  of  hard  woods,  all  of 
which  are  blended  in  such  proportions  as  that  twenty- 
five  per  cent,  of  the  whole  shall  consist  of  moisture, 
which  is  capable  of  being  expelled  on  the  application 
of  heat.  The  water  in  this  case  is  exclusively  derived 
from  the  salts — the  carbonate  of  soda  containing  sixty- 
two  and  the  alum  fifty-five  per  cent,  of  water,  which  is 
separated  slowly  even  with  the  application  of  a  very 
high  temperature. 

The  same  principle  is  brought  into  requisition  when 
the  design  is  to  preserve  the  heat  in  rooms  and  prevent 
it  from  escaping.  In  this  case,  the  object  is  accom- 
plished by  'constructing  double  doors  and  windows : 
thus  enclosing  a  partition  of  air,  .which  is  a  very 
imperfect  conductor  of  caloric,  and,  therefore,  the  heat 
of  the  chamber  is  retained.  In  a  similar  manner, 
fireproof  chambers  may  be  made,  having,  in  con- 
nection with  the  space  between  the  double  walls,  a 
means  for  supplying  cold  air  to  occupy  the  place  of 
that  which  must  pass  off  as  the  increased  temperature 
expands  it.  Unless  such  provision  be  made,  the 
pressure  which  the  increased  tension  of  the  vapor 
acquires  as  the  heat  increases  would  he  apt  to  burst 
the  walls. 

On  similar  principles  great  attention  is  required  in 
selecting  the  materials  employed  in  the  construction  of 
furnaces.  To  prevent  the  escape  of  the  caloric,  and 
thus  to  economise  fuel,  the  hearth  and  walls  of  the  fur- 
nace are  invariably  compounded  of  some  non-conduct- 
ing substance,  as  Stourbridge  clay  or  powdered  brick, 
mixed  with  a  large  quantity  of  powdered  charcoal  or 
coke.  For  the  same  reason,  boilers  are  imbedded  in 
bricks  or  clay,  and  in  many  boilers  the  fire  is  literally 
enclosed  within  them,  that  none  of  the  heat  may  be 
lost,  but  that  all  may  be  rendered  available  for  raising 
the  temperature  of  the  water. 

Seramont  examined  the  conducting  power  of  crys- 
talline bodies,  and  proved  that,  in  such  as  do  not 
belong  to  the  regular  system,  power  varies  in  dif- 
ferent directions  according  to  the  inclination  of  the 
optic  axis  of  the  crystal.  De  la  Rive  and  Decan- 
dolle  have,  in  like  manner,  shown  that  the  conduct- 
ing power  of  wood  is  different  according  to  the  direc- 
tion in  which  the  heat  is  transmitted,  being  greatest  in 
the  course  of  the  grain  or  fibre,  and  least  across  it. 
Tyndall  has  established  the  same  fact  by  showing 
that  caloric  much  more  readily  traverses  from  the  sur- 
face of  a  log  of  wood  to  the  centre,  than  it  does  in  a 
direction  parallel  to  the  annular  layers  of  ligneous 
matter.  In  woods,  also,  as  in  metals,  their  conducting 
power  appears  to  vary  with  their  specific  gravity,  being 
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least  in  the  lightest  kinds  ;  this,  however,  requires 
corrohoration.  Textile  fibres  which  are  manufactured 
into  articles  of  clothing  are  very  bad  conductors ;  but 
their  actual  conducting  power  cannot  be  exactly  as- 
certained, in  consequence  of  the  air  which  is  con- 
tained in  their  pores. 

Liquids  in  general  are  bad  conductors  of  heat;  it 
was  formerly  asserted,  indeed,  by  some  chemists,  that 
water  is  an  absolute  non-conductor ;  it  has  been 
proved,  however,  that  liquids  conduct  caloric  in  some 
measure,  subject  to  the  same  laws  as  solids,  although, 
as  regards  water  and  other  such  mobile  liquids,  very 
feebly. 

The  following  experiment,  among  many  which  might 
be  adduced,  will  illustrate  the  weak  conducting  power 
of  water : —  * 
Let  the  mouth  of  a  bottomless  glass  jar,  A,  be 
closed  by  a  perforated  cork,  through 
which  the  stem  of  an  air  thermo- 
meter, E,  passes.  Invert  the  jar, 
and  pour  into  it  cold  water  till 
nearly  half-filled ;  on  the  surface  of 
this  cold  liquid,  place  a  cork  disc, 
and  then  introduce  a  quantity  of 
warm  water  colored  either  red  or 
blue,  to  distinguish  the  two  portions 
of  liquid.  The  disc  may  now  be 
cautiously  removed,  and  the  hot 
water  will  remain  in  a  distinct  layer 
upon  the  other.  If  the  heat  were 
conducted  through  the  cold  medium, 
it  would  act  upon  the  air  thermome- 
ter by  causing  the  expansion  of  the 
enclosed  air,  and  the  expulsion  of  a 
proportionate  quantity  of  the  liquid 
from  the  stem ;  but  no  such  effect  is 
observed.  If  the  cold  water  be  now 
drawn  off  from  the  bottom  by  means 
of  a  siphon,  D,  it  will  still  be  found 
that  no  rise  of  temperature  is  in- 
dicated by  the  instrument,  till  the 
colored  liquid  comes  in  contact  with  the  bulb,  when 
the  confined  air  will  be  expanded,  and  the  tinged  liquor 
in  the  stem  ejected  into  the  vessel  into  which  the  ther- 
mometer dips.  From  this  it  is  evident  that  the  con- 
ducting power  of  water  is  very  feeble,  and  so  with  other 
similar  mobile  liquids.  If,  however,  mercury  be  sub- 
stituted for  the  cold  water,  and  the  warm  water  poured 
upon  it,  the  effect  upon  the  thermometer  is  instantane- 
ous. This  proves  that  fluidity  is  not  the  cause  of  the 
non-conduction  of  heat  by  water,  and  other  similar 
bodies,  but  that  it  depends  to  a  certain  extent  on  the 
nature  of  the  substance  itself. 

Moreover,  the  effect  observed  is  very  different  when, 
instead  of  applying  caloric  at  the  upper  surface,  it 
is  communicated  to  the  under  part,  or  to  the  bottom 
of  the  vessel  in  which  the  liquid  is  contained.  In  this 
case,  the  particles  in  immediate  contact  with  the  heat- 
giving  body  acquire  a  portion  of  caloric,  and  are 
expanded.  This,  by  rendering  them  lighter  than 
the  surrounding  ones,  causes  them  to  ascend ;  fresh 
particles  succeed,  and  these  rise  in  a  similar  man- 
ner.   Currents  are  thus  determined  in  the  liquid,  and 


caloric  is  readily  communicated  to  the  whole  mass. 
This,  however,  is  not  a  case  of  conduction  from  particle 
to  particle  ;  neither  is  it  due  to  radiation,  which  will  be 
afterwards  explained ;  but  is  the  effect  of  convection — 
that  is  to  say,  the  actual  conveyance  or  distribution  of 
the  heated  portion  throughout  the  mass. 

Very  great  benefits  are  derivable  from  this  property 
of  fluids.  It  has  been 
advantageously    ap-  Fis- 5- 

plied  in  the  ventila- 


hot  air  rising  to  the 
top  and  escaping, 
while  cool  air  is  in- 
jected. It  is  upon 
this  principle  also 
that  Perkins's  ap- 
paratus for  the  heat- 
ing of  dwellings  is 
constructed.  This  is 
represented  in  its 
simplest  form  in  Fig. 
5;  it  essentially  con- 
sists of  an  iron  pipe 
one  inch  in  exterior 
diameter,  and  half  an 
inch  in  the  bore.  This 
being  filled  with  wa- 
ter and  distributed 
throughout  the  build- 
ing, a  portion  of  it  is 
heated  in  a  furnace, 
and  a  current  is  thus 
established  through  its  entire  length.  The  caloric  ac- 
quired by  the  water  in  its  passage  through  the  heated 
portion  of  the  pipe,  is  given  off  by  radiation  in  perform- 
ing the  rest  of  the  circuit,  till  it  returns  to  be  reheated. 
The  several  coils,  AAA,  may  represent  as  many  apart- 
ments, each  embracing  a  considerable  length  of  pipe ; 
the  coil,  B  c,  which  is  generally  about  one-sixth  of  the 
whole  length,  and  which  is  represented  on  a  larger  scale 
in  Fig.  6,  receives  the  heat  of  the  furnace.   The  course 

Fig.  6, 


of  the  water  from  this  portion  is  through  the  pipe,  a  a, 
which  rises  till  it  reaches  to  the  top  of  the  building ; 
here  it  branches  off  into  several  conduits  to  traverse 
the  different  parts  of  the  edifice,  all  reuniting  in  the 
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pipe,  B,  before  returning  to  the  furnace.  Water  is 
introduced  at  the  open  end,  D,  which  is  kept  tightly 
plugged  while  the  apparatus  is  in  action ;  a  space,  E, 
is  provided  in  connection  with  the  pipe  at  the  top  of 
the  building,  to  admit  of  room  for  the  expansion  of 
the  heated  liquid,  and  thus  prevent  the  bursting  of 
pipes  :  its  capacity  is  about  one-fifth  or  one-sixth  of 
the  whole. 

Apart  from  the  consideration  of  the  useful  purposes 
to  which  the  convection  of  heat  is  applied  in  the  arts, 
a  far  more  important  end  is  served  by  it  in  the  eco- 
nomy of  nature.  During  the  frosts  of  winter,  the  pro- 
cess of  cooling  goes  on  downward  from  the  surface 
of  the  earth  and  water.  The  colder  water  at  the  top 
becoming  condensed,  and  consequently  heavier  than 
that  beneath,  sinks  and  gives  place  to  the  latter; 
this  goes  on  as  long  as  the  atmosphere  remains 
at  a  low  temperature,  till  the  water  is  reduced 
to  its  maximum  density,  a  point  which  it  attains  at 
39-4°.  It  is  a  remarkable  circumstance,  and  forms 
a  singular  exception  to  a  general  law,  that  water 
when  cooled  to  this  point  begins  to  expand,  and  con- 
sequently remains  at  the  surface.  When  cooled  to  32° 
it  freezes,  and  during  its  conversion  into  ice  it  ex- 
periences a  still  further  expansion,  so  that  the  ice, 
instead  of  sinking  to  the  bottom,  and  there  accumulat- 
ing in  dense  masses,  floats  on  the  surface  till  melted — 
one  of  the  most  wonderful  provisions  for  the  preserva- 
tion of  life  in  the  whole  economy  of  nature. 

In  their  mode  of  conducting  heat,  gases  resemble 
liquids  ;  that  is  to  say,  their  power  of  actual  conduc- 
tion is  inappreciable  ;  but  by  their  property  of  convec- 
tion, currents  are  instituted  by  which  the  heat  is  dis- 
seminated throughout  the  mass.  To  observe  this,  it  is 
only  requisite  to  hold  the  hand  first  at  the  side  of 
a  lighted  candle,  and  then  above  it,  the  distance 
in  both  cases  being  equal ;  it  will  be  perceived 
that,  in  the  first  position,  little  heat  is  received, 
whilst  in  the  second  the  increase  of  temperature  is 
immediately  obvious,  the  greater  portion  of  the  heat 
being  carried  off  in  the  ascending  current ;  which,  in 
gases,  is  more  active  than  in  liquids,  owing  to  their 
power  of  expansion  being  so  much  greater.  The 
application  of  these  currents  of  heated  air  is  of  great 
practical  importance  in  the  ventilation  of  dwellings  and 
public  buildings.  Indeed,  in  every  species  of  human 
habitation,  provided  with  a  fire-place  and  chimney, 
the  latter  operates  as  a  ventilating  apparatus.  The 
heat  derived  from  the  combustion  of  fuel  in  the 
grate  or  on  the  hearth,  dilates  the  super-imposed  at- 
mosphere, and  causes  its  ascent  in  the  shaft,  while 
an  influx  of  air  to  the  fire  supplies  its  place.  The 
transmission  of  smoke  and  warm  air  through  the 
chimney  soon  raises  its  temperature,  and,  on  this 
account,  the  heat  which  is  received  from  the  fire  is 
retained  by  the  vapor  till  it  passes  out  at  the  top. 
The  force  of  the  current  or  draught  thus  formed  will 
be  in  proportion  to  the  greater  expansion  of  a  column 
of  air  of  the  height  of  the  chimney,  than  that  of  an 
equal  column  externally.  Common  air,  like  other 
gases,  increases  one  five-hundredth  of  its  bulk  for 
each  degree  of  temperature  which  it  acquires  ;  hence, 
by  ascertaining  the  internal  temperature  and  height  of 


the  chimney,  the  force  of  the  ascending  atmospheric 
column  may  be  calculated.  When  it  happens  that  the 
apartment  is  very  close,  and  does  not  admit  sufficient 
air  to  supply  a  stream  from  beneath,  it  enters  at  the 
top  of  the  shaft,  and  causes  a  bach  draught.  In  such 
cases  the  chimney  is  said  to  smoke,  and  the  remedy 
usually  applied  is  to  open  the  door  or  window,  so  as 
to  admit  sufficient  air  to  maintain  the  current.  To 
avoid  smoke,  care  should  be  taken  in  hanging  the 
doors,  et  cetera,  that  space  be  allowed  for  the  influx  oi 
air,  so  as  to  prevent  its  entrance  from  above.  It  is 
a  well-known  fact,  that  in  a  heated  apartment  the 
warmer  portion  of  air  rises  to  the  ceiling,  and  the 
colder  stratum  remains  underneath;  hence  it  is  ob- 
vious, that  to  maintain  a  proper  state  of  ventilation, 
apertures  must  be  provided  in  or  near  the  ceiling, 
whereby  the  warm  gases  may  escape.  This,  however, 
will  prove  ineffectual,  unless  provision  be  made  for  the 
entrance  of  a  corresponding  volume  of  air  at  or  near 
the  floor,  to  supply  the  place  of  that  expelled.  In 
large  buildings,  where  the  heat  eliminated  from  fires 
would  be  ineffectual  towards  warming  them,  heated  air 
is  used  in  nearly  the  same  way  as  the  water  in  Per- 
kins's method,  only  that  the  hot  air  is  distributed  in  the 
various  apartments  through  gratings  in  the  floorings 
or  side  walls.  Dr.  Reid's  apparatus  for  ventilating 
St.  George's  Hall,  Liverpool,  operates  in  this  way ;  and 
several  other  large  enclosures  and  churches  throughout 
the  kingdom  are  heated  on  the  same  principle.  The 
phenomena  of  winds  and  oceanic  currents  are  all  refer- 
rible  to  the  same  cause ;  and,  as  in  the  case  of  ventilat- 
ing apparatus,  so  on  the  large  scale  of  the  globe,  the 
streams  or  currents  which  are  induced  by  differences 
of  temperature  tend  to  equalize  the  amount  of  heat 
which  is  received  from  the  sun,  to  distribute  it  more 
uniformly  over  sea  and  land,  and  thus  to  modify  the 
intensity  of  cold  and  heat  in  climates  exposed  to  oppo- 
site extremes  of  temperature. 

Radiation  of  Heat. — On  the  whole,  it  may  be 
laid  down  as  a  general  law,  that  air,  the  gases,  water, 
and  fluids  generally,  with  the  exception  of  mercury, 
are  bad  conductors  of  caloric,  notwithstanding  that  it 
is  distributed  readily  by  them  in  the  manner  already 
explained.  Although,  however,  it  is  the  natural  tend- 
ency of  convection  to  operate  upwards,  yet,  if  the  hand 
or  the  bulb  of  a  sensitive  thermometer  be  placed  at 
some  distance  beneath  a  warm  body,  or  on  either  side 
of  it,  an  increase  of  heat  will  be  indicated.  From  this 
it  is  evident,  that  though  the  permanent  gases  and  the 
atmosphere  do  not  sensibly  conduct  caloric,  yet,  in 
common  with  liquids  and  other  transparent  bodies, 
they  permit  its  passage  without  being  themselves  ap- 
preciably affected  by  it.  All  the  caloric  received  by 
the  earth  from  the  sun — the  amount  of  which,  to  each 
acre  in  the  latitude  of  London,  is  calculated  by  Fara- 
day to  be  equivalent  to  that  which  is  generated  by  the 
combustion  of  sixty  sacks  of  coal — thus  travels  through 
the  intermediate  space  of  ninety-five  millions  of  miles, 
without  sensibly  affecting  the  temperature  of  the  atmo- 
sphere, or  that  of  the  subtle  medium  beyond  it.  When 
heat  emanates  from  any  body  in  this  way,  it  is  said  to 
be  radiated  from  it,  and  the  imponderable  itself  is  de- 
nominated radiant  heat.    Thus,  if  a  bar  of  heated 
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metal  be  suspended  in  a  room  for  some  time,  the 
excess  of  calorie  contained  in  it  will  pass  off  in  all 
directions,  and  the  metal  ultimately  indicates  only  the 
same  temperature  as  the  surrounding  objects.  During 
the  cooling,  the  heat  passes  off  at  all  points  of  the  body 
in  direct  lines  as  from  a  centre — hence  the  term  radi- 
ated. To  prove  that  convection  and  radiation  are  dis- 
tinct processes,  and  that  the  latter  is  not  a  consequence 
of  the  former,  all  that  is  necessary  is  to  expose  a  heated 
body  in  the  vacuum  of  an  air-pump,  in  which  case  it 
will  be  observed  that  the  emission  of  caloric  is  much 
quicker  even  than  if  it  were  allowed  to  cool  in  contact 
with  the  air. 

In  simple  language,  the  rate  of  cooling  expresses  the 
radiating  power ;  and  Leslie  ascertained  that  the 
radiating  power  of  bodies  was  more  influenced  by  the 
state  of  their  surface  than  hy  the  nature  of  the  material. 
A  bright  tin  globe  filled  with  water  at  a  certain  tem- 
perature was  allowed  to  cool,  and  the  time  being  care- 
fully noted,  it  was  found  that  the  contents  of  the  vessel 
cooled  half  way  to  the  temperature  of  the  room,  in  one 
hundred  and  fifty-six  minutes.  When  the  same  experi- 
ment was  repeated  with  the  surface  of  the  globe  coated 
with  lamp-black,  it  was  observed  that  the  mercury  in 
the  thermometer  fell  through  the  same  space  as  it  did 
in  the  first  experiment  in  eighty-one  minutes :  thus 
showing,  that  by  the  alteration  of  the  surface  the  radi- 
ating power  was  doubled.  Count  Edmfokd  corro- 
borated this  observation  by  another  experiment.  Tak- 
ing two  brass  cylinders  of  equal  size  and  capacity,  and 
investing  one  of  them  tightly  with  linen,  while  the 
other  was  left  bare,  he  filled  the  two  with  boiling  water, 
and  allowed  them  to  cool.  During  this  process,  be 
observed  that  the  coated  cylinder  lost  10°  of  its 
original  temperature  in  thirty-six  minutes  and  a  half, 
while  the  other  required  fifty-five  minutes  to  pass 
through  an  equal  range.  Hence  may  be  deduced  the 
important  practical  inference,  that  liquids  are  best  kept 
warm  in  highly  polished  vessels,  and  that  it  is  an  error 
to  wrap  them  round  with  cloths  or  other  coverings,  which 
radiate  the  heat  more  rapidly  than  polished  metals. 

By  following  the  method  of  Leslie  and  Count  Rum- 
ford  in  the  foregoing  experiments,  namely,  coating 
the  heated  surface  with  various  materials,  and  observ- 
ing the  time  required  in  cooling,  or,  as  will  be  pre- 
sently noticed,  by  concentrating  the  rays  radiated  from 
a  certain  extent  of  surface,  and  ascertaining  their  in- 
tensity by  their  action  upon  a  delicate  thermometer, 
the  comparative  radiating  power  of  different  bodies 
may  be  ascertained.  By  this  method  it  has  been  found 
that  lamp-black  is  superior  in  radiating  power  to  any 
other  substance  hitherto  submitted  to  experiment,  and 

that  if  this  be  represented  by   100 

Writing  paper  will  lie   98 

Eesin,   96 

Sealing  wax,   95 

Crown  glass,   90 

Indian  ink,   88 

Ice,   85 

Isinglass  and  red  lead,   80 

Plumbago,   75 

Tarnished  lead,   45 

Polished  lead,   19 

"      tin  plate,  gold,  silver,  copper,   12 

From  this  table  it  will  be  seen  that  lamp-black  irra- 


diates five  times  as  much  of  the  caloric  of  boiling  water 
as  clean  lead,  and  eight  times  more  than  bright  tin. 
The  general  low  radiating  power  of  the  metals  is  in- 
creased if  these  be  allowed  to  tarnish,  as  exhibited  in 
the  case  of  lead  in  the  preceding  table.  Smoothness 
of  surface,  however,  does  not  always  act  in  relation  to 
other  bodies  as  it  does  in  metals,  for  glass  and  porce- 
lain, although  their  surface  is  smooth,  always  radiate 
very  powerfully.  When  the  actual  radiating  surface 
is  metallic,  it  is  not  affected  in  a  sensible  manner  by 
the  substance  under  it ;  thus  glass,  coated  with  gold 
leaf  or  tinfoil,  possesses  the  radiating  power  of  the 
superimposed  metals. 

In  general,  the  rapidity  of  cooling  of  any  body  de- 
pends upon  the  excess  of  its  temperature  over  that  of 
the  external  air  ;  the  hotter  it  is,  the  more  freely  does 
it  give  out  caloric  in  a  given  time,  and,  as  its  tempera- 
ture sinks,  the  longer  is  it  in  parting  with  the  excess. 
Dulong  and  Petit  found  that  the  rate  of  cooling 
differs  according  to  the  nature  of  the  atmosphere 
surrounding  the  heated  bodies ;  they  also  observed, 
whilst  making  experiments  upon  bodies  in  vacuo,  that 
if  they  acquired  heat  in  an  arithmetical  ratio,  the  same 
would  be  radiated  in  a  geometrical  one. 

Radiant  heat  is  absorbed,  reflected,  or  transmitted, 
according  to  the  nature  of  the  body  on  winch  it  im- 
pinges ;  and  the  absorption,  reflection,  or  transmission 
is  in  every  case  governed  by  peculiar  laws.  Polished 
metallic  surfaces  reflect  the  greater  portion  of  the  heat 
which  falls  upon  them  ;  and  the  incidental  and  reflected 
rays  are  in  the  same  plane,  and  make  equal  angles 
with  the  reflecting  surface.  If  two  concave  metallic 
mirrors  be  placed  directly  opposite  to  each  other  at 
some  distance,  and  a  lighted  candle  be  fixed  in  the 
focus  of  one  of  them,  the  rays  of  heat  received  by 
the  latter  will  be  found  reflected  to  the  opposite  mirror, 
where,  instead  of  being  absorbed,  they  will  be  further 
reflected  and  concentrated  in  the  focus  of  this  one ; 
and,  if  a  delicate  differential  thermometer  be  placed 
at  this  point,  the  quantity  of  heat  thus  concen- 
trated may  be  registered.  Such  was  the  method 
adopted  by  Leslie,  Melloni,  and  others,  in  their  re- 
searches upon  heat,  as  shown  in  the  annexed  engrav- 
ing, Fig.  7.    In  this  case  the  reflectors,  if  thoroughly 


Fig.  7 


polished,  do  not  acquire  a  perceptible  increase  of  tem- 
perature, nor  indeed  do  any  of  those  bodies  which 
throw  off  by  reflection  the  rays  of  heat  incident  upon 
them.  It  is  only  when  the  reflection  is  incomplete, 
either  from  the  nature  of  the  body  or  the  want  of  a 
sufficient  polish,  that  heating  of  the  mirrors  takes  place. 
If  in  the  above  experiment  a  reflector  of  glass  were 
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Fig.  8. 


used  instead  of  one  of  metal,  only  a  very  small  portion 
of  the  calorific  rays  would  be  reflected,  the  greater 
part  being  absorbed  by  the  disk,  which  in  consequence 
would  readily  indicate  a  higher  temperature ;  but  by 
coating  the  surface  of  the  glass  with  gold  leaf  or  bright 
throil,  it  will  then  became  a  polished  metallic  mirror, 
capable  of  powerfully  reflecting  the  calorific  rays.  By 
experiments  such  as  these,  Leslie  demonstrated  that 
the  reflecting  power  of  a  body  is  chiefly  dependent  on 
the  nature  and  condition  of  its  surface,  and  that  those 
qualities  which  are  adverse  to  radiation  are  such  as 
promote  reflection.  Bright  smooth  metallic  surfaces, 
such  as  polished  silver,  brass,  or  steel,  which  are 
strongly  retentive  of  their  own  heat,  are  little  prone  to 
receive  it  from  other  sources,  but  cause  its  reflection 
in  the  same  plane,  and  at  an  angle  equal  to  that  at 
which  it  strikes  the  surface.  It  is  to  this  circumstance 
that  the  Dutch  oven  and  meat  screen  owe  their  great 
efficacy  in  culinary  processes. 

The  differential  thermometer  or  tJiermoscope,  to  which 
allusion  has  been  made  in  the  preceding  passage,  and 
which  is  represented  in  the  last  figure  in  the  focus  of 
the  left-hand  reflector,  is  shown  on  a  larger  scale  in 
Fig.  8,  and  consists  of  two  bulbs,  a  and  b,  containing 
air,  united  by  a  tube  twice  bent 
at  right  angles,  in  which  there  is 
a  little  colored  sulphuric  acid. 
This  is  essentially  an  air  thermo- 
meter, from  which  the  atmo- 
spheric pressure  is  excluded. 
When  heat  is  applied  to  one  of 
the  bulbs,  the  air  within  it  ex- 
pands, and  draws  the  fluid  to- 
wards the  other,  when  either  its 
depression  or  elevation,  showing 
the  amount  of  the  expansion, 
may  be  read  off  on  the  scale.  It 
is  evident  that  this  instrument 
cannot  be  employed  to  indicate 
general  changes  of  temperature 
in  the  surrounding  medium.  It 
is  not  affected  by  such  changes, 
which  act  equally  on  both  bulbs;  but  when  one  of 
these  is  exposed  to  any  source  of  heat  which  does  not 
affect  the  other,  as  when  it  is  placed  in  the  focus  of  a 
reflector,  the  difference  of  temperature  between  the  two 
bulbs  is  immediately  and  very  sensibly  indicated  by  the 
recession  of  the  fluid  from  the  heated  towards  the  cold 
bulb.  The  thermopile,  an  instrument  still  more  sen- 
sitive to  slight  changes  of  temperature,  will  be  described 
immediately. 

Melloni  performed  a  number  of  experiments  with 
the  view  of  ascertaining  the  comparative  absorbent 


power  of  certain  bodies  for  caloric.  He  employed  a 
variety  of  heat  sources  of  different  degrees  of  intensity, 
and  fixed  the  ball  of  a  thermoscope  coated  with  lamp- 
black at  such  a  distance  from  each,  that  the  liquid  con- 
tained in  it  recorded  the  same  degree  of  temperature 
in  every  instance.  The  distance  being  marked,  the  ball 
was  removed  and  coated  with  other  substances  instead 
of  lamp-black,  and  then  successively  exposed  as  before 
to  the  action  of  the  heat  radiated  from  different 
sources.  The  results  showed  a  remarkable  variation, 
according  to  the  source  of  the  caloric.  Thus,  when  the 
ball  was  coated  with  white-lead  and  exposed  to  the  rays 
from  the  flame  of  an  oil  lamp,  it  indicated  only  53 ;  but 
when  red-hot  platinum  wire  was  substituted  for  the 
flame  of  the  lamp,  it  was  found  to  be  56 ;  with  a  copper 
plate,  it  indicated  89  ;  and,  when  exposed  to  a  canister 
of  boiling  water,  it  registered  100.  In  each  of  the  pre- 
ceding cases,  however,  the  thermoscope  when  black- 
ened exhibited  100.  The  subjoined  tabulated  results, 
showing  the  relative  absorbability  of  different  kinds  of 
heat,  were  obtained  in  this  manner  : — ■ 


Naked 

Thermoscope  (hum: 
coated  tvilh  from 
oil  lamp. 


Lamp-black,  . . . 
White-lead, 

Isinglass,  

Indian  ink, 

Shell-lac,  

Polished  metal, 


Incandescent  Conner  at  Canister 
platinum.  °f  wJ£at 

.  100   100 

.    89   100 

.   84   91 

.    87   85 

.    70   72 

.    13   13 


100  100 

53   56 

52   54 

96   95 

43   47 

14   13-5 


With  regard  to  the  heating  of  bodies  b-y  radiation, 
Knoblauch  has  shown  that  the  effect  produced  when 
the  radiated  heat  is  intensified  is  totally  independent  of 
the  temperature  of  the  source,  and  is  determined  only  by 
the  nature  of  the  absorbing  bodies,  which  receive  certain 
rays  more  readily  than  others.  This  was  proved  by 
coating  one  side  of  a  sheet  of  metal  with  lamp-black, 
one  half  of  the  reverse  being  covered  with  carmine, 
and  the  other  with  black  paper,  and  exposing  the  latter 
alternately  to  the  action  of  an  argand  lamp,  and  a 
metal  cylinder  raised  to  212°,  while  the  side  covered 
with  lamp-black  was  turned  towards  the  thermopile. 
With  this  arrangement  the  following  results  were 
obtained : — 


Sources  of  heat 

radiation. 

Argand  lamp,  35 

"       "   50  . . 

Cylinder  heated  to  212°, ...  35 

"       "   50  ... 


Carmine. 

.  9-50 
.  13-75 
.  10-87 
.  15.62 


Interposed 


Black  paper. 

.  .  .  10-75 
. . .  15-25 
. ..  10-12 
. . .  14-00 


To  determine  how  far  the  thickness  of  bodies  affected 
their  heating  by  radiation,  he  used  a  metal  plate  coated 
with  layers  of  varnish  : — 


Sources  of  Heat. 

Direct  1 
Eadiution. 

METALLIC  PLATE 

Naked. 

Covered  with 

l  ayers  of  Varnish. 

Layers  of  Black  Lac. 

Layers  White  Lead. 

1. 

,      |  4. 

8.' 

Thin. 

Thick. 

Thicker. 

Thickest. 

Thin. 

Thick. 

Metal  cylinder  heated  to  212°, 

35° 
60° 
35° 
60° 

6-50° 
10-50° 

6-50° 
10-50° 

8-  25° 
14-50° 

9-  00° 
17-50° 

8-  25° 
15-12° 

9-  25° 
17-50° 

8-  25° 
15-62° 

9-  50° 
20-12° 

8-  25° 
15-75° 

9-  50° 
20-75° 

7-12° 
14-50° 

9-12° 
18-62° 

8-  25° 
16-25° 

9-  87° 
20-25° 

8-62° 
17-37° 
11-62° 
21-37° 

9-  5° 
18-12° 
12-00° 
20-17° 

7-  25° 

16-  12° 

8-  75° 

17-  00° 

8-  00° 

18-  50° 

9-  62° 

19-  50° 
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From  these  results  it  appears  that  the  substances 
employed  are  more  strongly  heated  in  proportion  as 
their  thickness  is  greater,  within  certain  limits.  Mel- 
loni  and  Leslie  arrived  at  a  different  conclusion,  in 
consequence  of  having  used  plates  of  such  thickness 
that  only  a  small  proportion  of  the  heat  absorbed  could 
penetrate  to  the  side  which  was  turned  towards  the 
thermoscope ;  Knoblauch,  on  the  contrary,  employed 
media,  the  thickness  of  which  was  not  too  great  to 
allow  each  successive  layer  to  be  heated,  and  thus  to 
act  upon  the  metallic  surface. 

The  Thermopile. — Melloni  foimd  that  caloric  was 
transmitted  by  many  bodies  which  were  impervious  to 
light,  and  these  he  termed  diathermous  or  heat-trans- 
mitting, in  contradistinction  to  diaphanous  or  trans- 
parent bodies.  In  conducting  his  experiments  on  this 
subject,  he  employed,  in  connection  with  a  very  delicate 
galvanometer,  an  instrument  which  he  termed  a  thermo- 
pile. This  consisted  of  a  number  of  pairs  of  bars  of  bis- 
muth and  antimony  joined  together,  and  so  enclosed  in 
a  cylinder — see  Fig.  9 — that 
by  turning  one  end  of  the 
latter  towards  the  region 
whence  the  heat  is  radiated, 
it  would  fall  upon  the  alter- 
nate points  of  junction  of 
the  bars  of  metal,  and  ex- 
cite, as  is  well  known,  a  cur- 
rent of  electricity,  the  intensity  of  which  is  in  propor- 
tion to  the  amount  of  heat  received.    Bv  wires  con- 


necting both  ends,  x  and  y,  of  this  battery  with  the 
galvanometer,  the  electricity  was  measured  ;  and  thus 
was  obtained  a  ready  and  delicate  method  of  estimat- 
ing the  amount  of  heat  transmitted.  Fig.  10  shows 
this  arrangement,  in  which  the  pile  is  introduced. 
Both  ends  of  the  bars  are  blackened  with  soot,  in  order 
that  the  absorption  of  the  rays  of  heat  falling  on  them 
may  be  the  more  complete.  By  means  of  screens,  a 
and  b,  the  pile  is  preserved  from  the  effects  of  cur- 
rents of  air;  b  has  a  conical  shape,  and  is  intended 
to  concentrate  the  rays  of  heat  when  very  feeble 
on  the  end  of  the  pile.  The  pile  is  firmly  bound, 
as  represented  at  p,  and  fixed  to  a  sliding  stand  in 
a  perfectly  horizontal  position,  x  and  y  are  bars 
in  connection  with  the  opposite  ends  of  those  of  the 
pile,  to  which  the  wires  g  and  h  are  screwed  at  one 
end,  the  other  being  in  connection  with  the  helice  of 
coated  wire  that  serves  to  act  upon  the  galvanometer 
at  m  and  n.  The  galvanometer  is  composed  of  a 
carefully  selected  and  well 
magnetized  pair  of  needles,  Fis- n- 

bound  together  with  fine  0 
copper  wire,  as  seen  in  Fig. 
11,  and  freely  suspended  in 
the  middle  of  a  glass  cylin- 
der, c,by  a  single  fibre  of  silk 
which  is  attached  to  a  ball,/, 
by  turning  which  the  needle  may  be  raised  or  lowered  at 
will.  The  helice,  or  multiplicator,  in  the  midst  of  which 
the  needles  are  suspended,  is  constructed  by  winding 

10. 


coated  copper  wire  round  a  metal  frame  in  forty  layers, 
and  properly  isolated.  Both  the  cylinder  and  multiplier 
are  fixed  to  a  table,  so  that  when  the  needle  hangs 
freely  from  f,  it  will  rest  in  the  centre  of  the  closely 
divided  circle,  pointing  to  zero  in  the  plane  of  the  mag- 


netic meridian,  When  the  pile  and  multiplier  are 
connected,  the  least  change  of  temperature  that  may 


r. 
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affect  the  ends  of  the  compound  metals  deflects  the 
needle,  and  the  amount  of  this  deflection  may  he 
noted  on  the  divided  circle.  When  working  with  this 
instrument,  the  first  deviation  of  the  needle  must  he 
carefully  distinguished  from  the  proper  angle  of  deflec- 
tion— id  est,  from  the  angle  which  it  makes  with  the 
magnetic  meridian,  when  unaffected  by  any  electrical 
currents.  If  the  equilibrium  of  the  galvanometer  is 
disturbed  by  a  stream  of  electricity,  it  returns  from  the 
point  to  which  it  has  been  deflected,  with  a  certain  de- 
gree of  velocity,  which  causes  it  to  go  beyond  zero :  it 
will  oscillate  thus  for  some  time  before  the  stationary  line 
is  attained.  To  avoid  the  delay  which  these  oscillations 
would  occasion,  Melloni  ascertained  by  experiments 
the  ratio  between  the  first  and  final  deflection — id  est, 
he  determined  how  large  the  final  deflection  is  that  cor- 
responds to  the  original  one.  The  knowledge  of  this 
relation  offers  great  advantages,  inasmuch  as  each  ex- 
periment lasts  only  ten  or  twelve  seconds,  whereas,  if 
the  operator  had  to  wait  till  the  needle  became  station- 
ary, several  minutes  would  be  required. 

If  the  principle  of  the  apparatus  comes  to  be  con- 
sidered, it  will  be  evident  that  the  relation  which  exists 
between  the  difference  of  temperature  of  the  solder- 
ing points  of  the  pile  and  the  deflection  of  the  needle 
cannot  be  ascertained  in  an  absolute  manner.   To  give 
the  deflection  a  definite  value  as  to  the  amount  of 
caloric,  Melloni  had  to  determine — after  establishing 
the  fact,  that  the  strength  of  the  electric  stream  from  a 
pile  of  bismuth  and  antimony  is  proportional  to  the 
difference  of  temperature  of  the  soldering  points — the 
relation  of  the  deviation  of  the  needle  to  the  strength 
of  the  stream.    For  this  purpose,  he  placed  at  either 
end  of  the  pile  a  constant  source  of  heat — such  as  a 
Locatelli's  lamp — at  such  a  distance,  that  when 
working  alone  at  one  end  it  caused  a  deflection  of 
about  40°  to  the  right,  and,  when  placed  at  the  other, 
the  deflection  marked  35°  to  the  left  side ;  but,  when 
the  sources  of  heat  were  permitted  to  operate  on  both 
ends  at  once,  the  deflection  to  the  right  marked  15°. 
From  this  behavior  it  was  inferred  that  the  difference 
between  40°  and  35°  corresponded  with  15°  counted 
from  0°.    By  operating  in  this  way,  it  may  easily  be 
understood  how,  by  changing  these  experiments,  a 
table  may  be  constructed,  the  first  column  of  which 
expresses  the  observed  deflection,  and  the  second  the 
corresponding  number  of  degrees  which  would  be  ar- 
rived at  if  the  deviation  were  proportional  to  the 
strength  of  the  stream,  and  the  action  of  the  latter  on 
the  needle  were  not  the  weaker  the  more  the  latter  is 
deflected.  With  the  apparatus  employed  by  Melloni, 
the  numbers  on  both  columns  up  to  20°  were  equal — 
that  is  to  say,  till  20°  the  deflection  of  the  needle  is 
proportioned  to  the  strength  of  the  stream ;  but  with 
the  observed  deflection.  25,  30,  35,  40,  and  45°,  cor- 
respond the  value  27,  35,  47,  62,  and  83°  of  the  second 
column.    A  stream,  therefore,  that  produces  a  deflec- 
tion of  40°  is  62  times  stronger  than  another  that  causes 
only  a  variation  of  one  degree.  Melloni  so  arranged 
his  experiments  that  the  deflections  were  always  less 
than  30°. 

To  return  to  the  manner  of  working  the  apparatus  : 
if  the  body  emitting  rays  of  heat  be  fixed  in  the 


focus  of  a  reflector  that  impels  the  rays  of  heat  in 
a  horizontal  line  with  the  pile,  and  one  of  the  ends  of 
the  latter  be  exposed  to  them,  the  effect  upon  the  needle 
will,  upon  the  principles  already  laid  down,  be  indica- 
tive of  the  quantity  of  radiated  heat.  When  different 
sources  of  caloric  are  thus  presented  in  succession,  the 
register  of  the  deflection  of  the  galvanometer  will  show 
the  difference  of  radiation. 

Transmission  of  Heat  through  Thin  Plates. — The 
bodies  employed  by  Melloni  were  a  Locatelli's 
lamp,  fixed  as  at  A  in  Fig.  10 ;  a  coil  of  pla- 
tinum kept  at  incandescence  by  the  flame  of  alcohol, 
as  seen  in  Fig.  12 ;  a  blackened  copper  foil  fixed  to  a 
stand,  and  heated  with  a  spirit  lamp  to  752°,  as  repre- 
sented in  Fig.  13 ;  and  a  brass  canister  filled  with 
water  kept  at  212°,  as  shown  in  Fig.  14.    One  or  other 


Fig.  12.  Fig.  13.  Fig.  14. 


of  these  was  placed  on  a  movable  support,  as  at  a, 
behind  the  perforated  screen,  b,  the  rays  being  con- 
centrated when  necessary  by  the  reflector  at  A,  and 
received  at  a  certain  distance  from  this  upon  the 
thermoscope.  The  sensitiveness  of  the  latter  was 
proved  by  placing  a  double  screen  of  polished  copper, 
d,  between  it  and  the  source  of  heat,  so  as  to  intercept 
all  the  calorific  rays,  and  observing  the  deflection  of  the 
needle  of  the  galvanometer  in  c,  when  the  screen  was 
removed.  The  elevation  of  temperature  produced  by 
the  direct  action  of  the  radiating  body  being  thus 
known,  the  substance  to  be  examined  was  then  intro- 
duced in  the  place  of  the  screen,  as  at  e.  By  observ- 
ing the  difference  of  temperature  as  indicated  by  the 
needle  now,  and  comparing  it  with  the  effect  pro- 
duced without  the  screen,  the  proportion  of  heat  trans- 
mitted by  any  interposed  body  was  at  once  ascer- 
tained. By  this  method,  Melloni  found  that  plates 
of  rock-salt  of  great  transparency,  and  varying  in 
thickness  from  one-twelfth  of  an  inch  to  two  or  three 
inches,  transmitted  ninety-two  out  of  every  hundred 
rays  of  heat  which 'fell  upon  them,  no  matter  from 
what  source  derived.  As  the  remainder  of  the  rays 
were  found  to  be  reflected  from  both  surfaces  of  the 
plate,  it  may  hence  be  concluded  that  what  the  color- 
less plate  of  glass  is  to  rays  of  light,  the  plate  of  rock- 
salt  is  to  those  of  heat.  Sometimes  the  calorific  rays 
which  pass  through  one  body  are  intercepted  by  a 
plate  of  another  body,  or  by  another  plate  of  the  same. 
In  experimenting  upon  this,  Melloni  found  that  the 
caloric  which  has  passed  through  one  plate  of  glass, 
becomes  less  subject  to  absorption  in  passing  through 
I  a  second  and  a  third  plate  of  the  same  material. 
|  Thus,  of  one  thousand  rays  of  heat  from  an  oil  lamp, 


16 


FUEL  Specific  Heat. 


four  hundred  and  fifty-one  were  intercepted  in  passing 
through  four  plates  of  equal  thickness,  and — 


Of  these  the  first  plate  intercepted    381 

"    the  second         "    43 

"    the  third           "    18 

"    the  fourth          "    9 


451 

It  was  found  hy  Delaeoche  that  the  higher  the 
temperature  of  the  source  of  heat,  the  greater  in 
proportion  to  the  whole  is  the  quantity  which  passes 
through  a  plate  or  screen  of  glass.  He  observed 
that  from  a  body  heated  to  182°  only  one-fortieth 
of  the  whole  permeated,  whereas  when  the  tem- 
perature was  346°  the  one-sixteenth  passed  through, 
and  when  the  heat  was  raised  to  900°  Fahr.  as 
much  as  one-fourth  of  the  whole  amount  of  heat  was 
transmitted.  To  show  the  independence  of  diather- 
macy  and  translucency,  Melloni  took  a  blackened 
ball  of  copper  heated  to  400"  Fahr.,  and  placing  it 
midway  between  the  blackened  bulbs  of  two  thermo- 
scopes  so  that  they  might  receive  an  equal  amount 
of  heat,  noted  the  effect;  then  fixing  between  the 
hall  and  the  instruments  for  measuring  the  heat 
plates  of  rock-salt  and  glass  of  equal  thickness,  it 
was  quickly  observed  that  the  temperature  of  the 
bulb  behind  the  former  was  much  more  elevated 
than  the  other — thus  showing  that  more  heat  passed 
through  it  than  through  the  glass  one,  although  in 
transparency  they  were  equal.  In  liquids  this  inde- 
pendence is  still  more  manifest.  Thus,  out  of  one 
hundred  rays  that  fell  from  an  argand  lamp  on  each  of 
four  fluids  equally  transparent — namely,  water,  oil  of 
turpentine,  ether,  and  sulphuric  acid — the  number  of 
rays  of  heat  transmitted  were : — ■ 


Water   11 

Sulphuric  acid   17 

Ether   21 

Oil  of  turpentine   31 


The  following  is  a  tabulated  statement  of  some  of 
the  results  ascertained  by  Melloni  on  the  subject  of 
the  transmission  of  heat  through  various  bodies  of 
equal  thickness :— 


Transmission  of  ]f)J  ra 
heat  from 

'a  of 

Nnmo  of  the  inttirpnsed  snljstance. 

o  - 

■hot 

!« 

Common  thickness  O'JUa  inch. 

'A 

C3 
«t 

II 

u 

u' 

Rock  salt,  transparent  and  colorless 

92  . 

.  92 

..  92  . 

.  92 

74  . 

.  77 

..  60  . 

.  54 

Fluor  spar,  limpid,   

72  . 

.  69 

..  42  . 

.  33 

Rock  crystal,  cloudy,  

65  . 

.  65 

. .  65  . 

.  65 

. .  13  . 

.  0 

67  . 

39  . 

.  24 

'..    6  '. 

]  0 

39  . 

.  28 

..    6  . 

.  0 

38  . 

.  28 

..    6  . 

.  0 

37  . 

.  28 

..    6  . 

.  0 

Tourmaline,  dark  green,  

18  . 

.  6 

..    3  . 

.  0 

11  . 

.  2 

..    0  . 

.  0 

9  . 

.  2 

..    0  . 

.  0 

8  . 

.  1 

..    0  . 

.  0 

8  . 

.  6 

..    4  . 

.  3 

6  . 

.  0 

..    0  . 

.  0 

Similar  experiments  being  performed  with  liquids 
contained  in  glass,  the  stratum  being  0'362  inch  in 
thickness,  and  the  source  of  heat  being  in  each  case 


flame  from  an  argand  oil-lamp,  the  annexed  results 
were  obtained : — 


Bisulphide  of  carhon,   63 

Bichloride  of  sulphur,  red-hrown,   63 

Terehloride  of  phosphorus,   62 

Essence  of  turpentine,   31 

Colza  oil,  yellowish,   30 

Olive  oil,  greenish,   30 

Ether,   21 

Sulphuric  acid,  colorless,    17 

"         hrown,   17 

Nitric  acid,   15 

Alcohol,   15 

Distilled  water,   11 


The  fact  that  bodies  which  are  pervious  to  light 
do  not  maintain  the  same  relation  to  heat,  is  best 
exemplified  by  sulphate  of  copper,  which  permits  the 
passage  of  blue  light  abundantly,  but  absolutely  inter- 
cepts caloric.  On  the  contrary,  the  opaque  glass  which 
is  used  for  polarizing  mirrors,  allows  the  thermal  rays 
to  pass,  but  quite  intercepts  the  light ;  and  smoked 
rock-salt  and  black  mica  act  in  a  similar  way.  Radiated 
heat  is  not  only  transmitted,  but  refracted  in  the  same 
manner  as  light.  This  is  proved  by  the  well-known 
property  of  convex  lenses  or  burning  glasses,  which 
concentrate  not  only  the  light,  but  the  rays  of  heat,  in 
the  focus.  Caloric  further  resembles  light  in  appa- 
rently consisting  of  rays  which  possess  different  degrees 
of  refrangibility,  as  may  be  proved  by  subjecting  a 
beam  of  light  to  the  action  of  a  transparent  prism  of 
rock-salt,  and  examining  the  spectrum  so  obtained  by 
means  of  a  delicate  thermometer.  In  this  case  it  will 
be  found  that  the  heat  varies  at  different  parts  of  the 
spectrum  ;  and  experiment  has  shown  that  when  the 
rays  of  the  sun  are  operated  upon,  the  most  part  of 
the  rays  of  heat  are  less  refrangible  than  even  the  red 
light ;  the  maximum  temperature  being  found  at  some 
distance  below  the  extreme  red.  The  refrangibility  of 
the  rays  varies  with  the  source  of  heat ;  the  higher  the 
temperature  the  greater  is  the  refraction.  For  ex- 
ample, the  rays  of  heat  emitted  from  an  argand  lamp 
are  refracted  all  over  the  spectrum,  but  the  maximum 
intensity  is  about  the  middle ;  from  ignited  platinum 
the  maximum  falls  nearer  to  the  red;  from  copper 
heated  to  750°,  nearer  still ;  and  so  on  till  the  temper- 
ature of  the  source  cools  to  212°,  when  it  is  found  to 
emit  scarcely  any  of  the  more  refrangible  rays. 

Specific  Heat. — Bodies  have  different  capacities  for 
heat ;  or,  in  other  words,  the  application  of  the  same 
amount  of  caloric  will  elevate  the  temperature  of  dif- 
ferent bodies  unequally.  This  capacity  for  caloric, 
differing  in  different  bodies,  is  termed  their  specific 
heat.  If  a  certain  weight  of  water,  at  the  ordinary  tem- 
perature of  the  atmosphere,  be  mixed  with  an  equal 
quantity  of  this  liquid  raised  to  a  higher  degree,  the 
mixture  will  indicate  a  mean  between  these  extremes ; 
but  if  another  liquid,  such  as  oil  or  mercury,  be  added, 
instead  of  the  second  portion  of  water,  a  great  differ- 
ence will  be  observed.  When  a  measure  of  water  at 
60°  Fahr.  is  agitated  with  as  much  mercury  at  140°, 
the  compound,  instead  of  marking  100°  as  in  the  pre- 
ceding case,  will  indicate  only  86-6°.  Again,  if  mer- 
cury at  40°  be  added  to  an  equal  bulk  of  water  at  156°, 
the  heat  of  the  latter  is  reduced  by  3'7°,  which,  being 
absorbed  by  the  fluid  metal,  raises  it  to  152-3°,  so  that 
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each  degree  which  the  water  indicates  by  the  instru- 
ment has  the  effect  of  3035°  upon  the  fluid  metal. 
Taking,  then,  the  capacity  of  water  for  heat  to  be 
unity,  that  of  mercury  will  be  found  from  the  above 
results  to  be  0-033.  The  capacity  of  any  other  body 
for  heat  may  be  determined  with  tolerable  accuracy 
in  the  same  way ;  the  sides  of  the  vessel,  however,  are 
liable  to  radiate  more  or  less  caloric,  and  will,  of  course, 
cause  a  slight  deviation  from  absolute  accuracy  in  the 
results. 

Many  plans  have  been  proposed  for  estimating  the 
capacity  of  bodies  for  heat.  The  method  just  described 
was  folio  wedby  Wilke,  Crawford,  Kirwan,  Dalton, 
and  others ;  whilst  Delaroche,  Berard,  Neumann, 
and  Eegnault  proceeded  on  the  principle  of  allowing 
equal  weights  of  bodies  to  be  exposed  to  the  same 
cooling  medium,  and  observing  the  difference  in  the 
time  which  they  required  to  fall  to  the  same  degree  ; 
or,  inversely,  the  time  was  noted  which  the  bodies, 
when  subjected  to  the  same  temperature,  required  to 
arrive  at  the  marked  degree.  The  difference,  of  course, 
depended  upon  the  capacity  for  caloric,  and  from  this 
datum  the  latter  was  relatively  estimated.  Lavoisier 
and  Laplace  endeavored  to  arrive  at  more  correct 
results,  by  ascertaining  how  much  ice  the  body  dis- 
solved in  cooling  down  to  the  freezing  point ;  but  this 
method  was  likewise  liable  to  error,  for  the  ice  re- 
tains a  portion  of  water  which  has  been  liquefied,  and, 
therefore,  the  measurement  of  the  quantity  dissolved 
cannot  afford  a  perfectly  correct  estimate ;  besides, 
portions  of  what  has  been  rendered  fluid  are  liable  to 
be  frozen  again,  and  in  either  case  the  results  must 
be  incorrect.  Dulong  and  Petit  conducted  their 
researches  by  allowing  spheres  of  equal  size,  equally 
heated,  to  cool,  and  noting  the  time  which  they  re- 
quired to  fall  to  a  given  point ;  this,  of  course,  will 
depend  on  the  relative  amount  of  heat  which  they 
contain,  provided  the  radiation  is  rendered  equal.  The 
capacity  of  bodies  for  caloric  is  expressed  by  relative 
and  specific  heat :  the  former  is  generally  applied  when 
the  determination  is  made  as  regards  the  volume,  and 
the  latter  when  it  has  reference  to  the  weight  of  the 
substances. 

The  following  table  shows  the  specific  heat  of  the 
substances  mentioned,  between  32°  and  212°  Fahr. : — 


Naino.  Spocifiol.iinti 
water  =  \. 

Arsenic,   0-0814 

Antimony,   0-0508 

Animal  charcoal   0*2608 

Charcoal  strongly  ignited, . .  0-2415 
„       moderately  heated,    0-2964  ' 

Bismuth,   0-0308 

Bromine,   5-1350 

Cadmium,   0-0567 

Copper,   0-0951 

Cobalt,   0-1069 

Coke — from  gas  retorts, . ...  0"2023 
/Anthracite,  contain-")  n  on1_ 
»     I  ing  3  percent,  ofash,  f 
( from   Caunel    coal,  ~\ 
„    -J  containing  4  to  5  per  S-  0-2031 

(cent,  ofash,  j 

Diamond,   0-1469 

Glass,   0-1976 

Gold   0-3244 

VOL.  n. 


Authority. 

Eegnault. 


J  De  la  Kive 
'  \andMarcet. 
.  Eegnault. 

fDe  la  Kive 
'  \  and  Marcet. 
.  Eegnault. 


•**■»  Tat^l'V  authority. 

Graphite,  natural,   0-2019    Eegnault. 

Graphite,  artificial,   0-1970    „ 

Iodine,   0.0541   , 

Iron,   0-1137    „ 

Ice,   0-5130  , 

Iridium,   0-0368    „ 

Lead,   0-0314  ....  „ 

Manganesium,  containing!  n.... 

carbon,  j"  u'14--*    » 

Mercury,   0-0333    „ 

Molybdenum,   0-0722    „ 

Nickel,   0-1086    „ 

Palladium,   0-0593    „ 

Platinum,   0.0324    „ 

Phosphorus,..-   0-1887    „ 

Selenium,   0-0837    „ 

Sulphur,    0-2026    „ 

Silver,   0-0570    „ 

Tellurium,   0-0515    „ 

Tin,   0-0562  ....  „ 

Tungsten,   0-0364    „ 

Uranium,   0.0619    „ 

Zinc,   0  0955  ....  „ 

The  specific  heat  of  bodies  varies  with  their  state  of 
expansion,  or,  in  other  words,  with  any  alteration  in  the 
distance  of  their  particles  from  each  other.  Mechanical 
compression,  sufficient  to  produce  a  permanent  altera- 
tion in  density,  is  attended  by  a  corresponding  decrease 
in  specific  heat.  Eegnault  found  the  capacity  for 
heat  of  a  piece  of  soft  copper  to  be,  in  two  experi- 
ments, from  0-09501  to  0-09455 ;  but  after  subject- 
ing it  to  an  atomical  disarrangement  by  hammering, 
the  specific  heat  diminished,  and  became  0-0936  to 
0-0933.  When,  however,  the  original  state  of  the 
bar  was  restored  by  annealing,  an  increase  was  ex- 
perienced, and  two  trials  gave  respectively  0-09493 
and  0-9479.  As  with  solids,  so  also  is  it  with  liquid 
and  aeriform  bodies.  When  these  are  compressed 
much  heat  is  liberated ;  indeed,  with  aeriform  bodies, 
the  heat  disengaged  is  so  abundant  as  to  be  capable  of 
igniting  tinder  and  other  inflammable  materials. 

The  reverse  takes  place  when  gaseous  bodies  are 
allowed  to  expand,  by  withdrawing  the  pressure ;  and 
in  proportion  as  the  rarefaction  is  greater,  so  also  is 
the  capacity  for  heat  of  the  expansive  fluid  aug- 
mented. 

A  beautiful  example  of  this  law  exists  in  the  atmo- 
sphere. It  is  well  known  from  the  observations  of 
aeronauts,  and  those  who  have  ascended  high  moun- 
tains, that  the  temperature  of  the  air  decreases  in 
proportion  as  the  region  is  elevated,  and  that  this 
diminution  borders  closely  upon  1°  Fahr.  for  every 
three  hundred  feet.  Even  in  tropical  climes  some  of 
the  mountains  are  perpetually  capped  with  snow,  at 
a  definite  altitude,  subject  only  to  some  little  varia- 
tion arising  from  the  nature  and  distribution  of  the 
land  beneath.  The  cause  of  this  cold  is  the  atten- 
uation of  the  air  as  it  extends  from  the  earth  into 
space,  by  which  its  capacity  for  heat  is  so  greatly 
increased  that  a  far  more  elevated  temperature  would 
be  required  to  maintain  it  at  the  same  warmth  as  the 
atmosphere  near  the  surface  of  the  ground.  The 
appended  table,  from  Daniell,  gives  the  approximate 
distribution  of  heat  by  the  dilatation  of  the  atmosphere 
at  the  equator  and  poles,  supposing  the  normal  tem- 
perature at  both  these  places  to  be  respectively  80°  at 
the  iormer  and  0°  Fahr.  at  the  latter : — 

o 
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Altitude  in  feet. 

0 

5000 

i-oooo 

1-  5000 

2-  0000 

2-  5000 

3-  0000 


TomperatOM  at 
the  Equator. 

80 

64.4 

48-4 

31-4 

12-8 

—  7-6 

—  30-7 


0° 

—  18-5 

—  37-8 

—  58-8 

—  82-1 
— 109-1 

—  140-3 


Taking  the  limit  of  the  atmosphere  to  be  forty-five 
miles'high,  it  is  probable  that  the  most  subtle  and  per- 
manent gases  would  not  only  be  condensed  but  even 
solidified  by  the  degree  of  cold  which  would  there  act 
upon  them,  could  the  ordinary  pressure  on  the  surface 
of  the  globe  be  sustained. 

Elevation  of  temperature  also  increases  the  capacity 
of  bodies  for  caloric,  and  hence  it  requires  the  applica- 
tion of  a  greater  heat  to  raise  their  temperature  when 
they  have  combined  with  a  large  amount  of  caloric 
than  in  the  contrary  case.  The  appended  table  shows 
the  increasing  capacity  of  the  bodies  enumerated  within 
the  limits  assigned : — ■ 


Mercury, . . 
Platinum, . 
Antimony, 
Silver, 
Zinc....... 

Copper,  . . , 
Iron, ...... 

Glass,  


0-0330 
•0335 
•0507 
•0557 
•0927 
•0949 
•1098 
•1770 


Ditto  between 
82°  mid  572°. 

0-0350 
•0355 
•0549 
•0611 
•1015 
•1013 
•1218 
•1900 


Water  ranks  first  of  all  bodies  yet  known  in  its 
increasing  capacity  for  heat,  at  an  increased  tempera- 
ture. Between  22°  and  32°  Fahr.  the  specific  heat  of 
solidified  water  is  0-505,  assuming  it  to  be  unity  in  the 
liquid  state,  and  if  converted  into  steam  the  specific 
heat  of  the  vapor  increases  with  its  state  of  dilatation. 
This  property  contributes  in  no  small  degree  towards 
moderating  the  rapidity  of  the  transitions  from  heat  to 
cold,  and  vice  versa,  in  the  atmosphere,  owing  to  the 
large  quantity  of  heat  which  is  absorbed  by  or  emitted 
from  the  water  of  the  ocean,  when  the  temperature  ex- 
ceeds or  falls  short  of  the  normal  range. 

In  the  determination  of  the  specific  heat  of  vapors, 
much  remains  to  be  done,  to  arrive  at  satisfactory  results. 

Dulong  and  Petit  endeavored  to  establish  the  re- 
lation of  the  specific  heat  of  bodies  and  their  atomic 
equivalent.  This  relation  they  expressed  by  a  general 
law,  that  the  specific  heats  of  elementary  bodies  vary 
inversely  with  their  atomic  weights;  and  that  an  atom 
of  any  one  simple  substance,  whether  small  or  large,  has 
the  same  capacity  for  caloric,  and  requires  the  same 
quantity  of  this  imponderable  to  raise  its  temperature 
through  a  given  number  of  degrees,  as  an  atom  of  any 
other  element.  Eegnault,  by  observing  that  the 
product  of  the  specific  heat  into  the  atomic  weight  is 
nearly  a  constant  quantity,  represented  by  3-2°,  ad- 
vanced a  considerable  step  towards  establishing  the 
existence  of  this  general  law  ;  still,  there  are  many 
exceptions  which  have  not  yet  been  reconciled  with  it. 

Latent  Caloric,  or  Heat  of  Fluidity. — Black 
asserted,  many  years  ago,  that  fluidity  was  owing  to  the 
chemical  combination  of  matter  with  a  certain  amount 
of  heat,  which  could  not  he  detected  by  the  thermometer. 
To  this  he  applied  the  term  heat  of  fluidity,  or  latent 
heat,  assuming  that  'heat,  by  its  chemical  combination 


with  matter,  counteracted  the  cohesive  attraction  of 
the  atoms  of  solids,  and  thus  explaining  the  pheno- 
menon of  liquefaction,  as  that  condition  in  which  the 
cohesive  and  repellent  forces  are  in  exact  equilibrium. 
This  view  of  the  subject  appears  to  be  well  founded  ; 
and  it  is  believed  that  the  condition  in  which  matter  is 
found,  as  solid,  liquid,  or  aeriform,  entirely  depends  on 
the  amount  of  caloric  in  combination  with  it.  This 
has  been  proved  with  reference  to  most  substances, 
and  there  is  strong  ground  to  believe  that  even  the 
most  refractory  may  be  converted  into  an  elastic  vapor, 
and  the  most  permanent  of  the  latter  class  rendered 
solid,  by  the  communication  of  heat  on  the  one  hand, 
and  its  abstraction  on  the  other. 

Solids  very  much  vary  in  the  phenomena  which  at- 
tend their  conversion  to  fluidity;  while  many  of  them 
are  transmuted  at  once  to  this  state,  others  pass  through 
various  stages  of  softness  previous  to  their  assuming 
it.  The  following  table  expresses  the  melting  or  solidi- 
fying point  of  a  few  bodies : — 

Dee;.  Fo.hr. 

Lead  melts  at   612 

Bismuth,   476 

Tin,   442' 

Sulphur,   232 

Wax,   142 

.Spermaceti,   112 

Phosphorus   108 

Tallow,   92 

Oil  of  Anise,   50 

Olive  oil,   36 

Ice,   82 

Milk,   SO 

Wines,   20 

Oil  of  turpentine,   14 

Mercury,  — 39 

Liquid  ammonia,  — 46 

Ether,  —46 

It  must  be  remarked,  however,  with  regard  to  the 
above  table,  that  when  the  preceding  substances  in  a 
melted  state  are  cooled  down,  they  do  not  solidify  as 
soon  as  the  foregoing  temperatures  have  been  attained. 
A  further  quantity  of  caloric  must  be  abstracted  before 
they  assume  the  solid  form ;  and,  under  some  circum- 
stances, this  abstraction  of  caloric  may  actually  be  in- 
dicated by  a  depression  of  the  sensible  temperature 
extending  to  several  degrees  before  any  change  occurs. 
Thus,  water,  which,  in  the  form  of  ice,  always  melts 
exactly  at  32°,  may  be  cooled  down  to  8°,  or  even  to 
5",  without  altering  its  state  of  aggregation.  To 
produce  this  curious  effect,  it  is  necessary  that  no 
solid  substance  be  introduced  into  the  water,  and  that 
it  be  kept  perfectly  still ;  for,  should  the  least  move- 
ment of  the  liquid  be  occasioned,  it  would  immediately 
begin  to  solidify,  and  the  mass  would  rise  to  32°. 
The  sudden  rise  of  temperature  is  occasioned  by 
the  evolution  of  the  caloric  which  was  required  to 
liquefy  the  mass,  and,  consequently,  had  remained  in- 
sensible to  the  instruments  usually  employed  for  its 
detection.  This  caloric  is  generally  called  latent  heat; 
but  the  same  term  is  applied  to  that  which  is  contained 
in  solid  bodies,  as  well  as  to  the  heat  of  fluidity. 

Much  caloric  is  always  absorbed  and  becomes  latent 
by  the  solution  of  solid  bodies  in  various  menstrua,  and 
the  degree  of  cold  which  this  occasions  is  often  very 
great.  For  philosophical,  and  often  for  industrial  pur- 
poses, the  method  followed  to  effect  a  reduction  of  the 
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temperature  is,  to  dissolve  various  mixtures  of  salts  in 
water  or  spirit,  and  the  amount  of  heat  which  is  re- 
quired for  their  solution  or  their  reduction  to  the  fluid 
state,  being  abstracted  from  these  liquids,  and  rendered 


Mixtures. 

Sea  salt,  

Snow,  

Sea  salt,  

Chloride  of  .ammonium, . . , 
Snow,  

Sea  salt,  

Chloride  of  ammonium, . . , 

Nitrate  of  potassa,  

Snow,  

Sea  salt,  

Nitrate  of  ammonia,  

Snow,  

Strong  sulphuric  acid,  

Water  

Snow,  

Concentrated  hydrochloric 
Snow,  

Concentrated  nitric  acid, . . 
Snow,  

Chloride  of  calcium,  

Snow,  

Crystallized  chloride  of  cal 
Snow,  

Fused  potassa,  

Snow,  ,  

In  making  the  foregoing  mixtures,  if  snow  be  not  at 
hand,  pounded  ice  may  be  employed  with  equal  effect. 
"When  mixtures  of  salts  and  water  are  taken,  the 

Mixtures. 

Chloride  of  ammonium, 

Nitrate  of  potassa,  

Water,  

Chloride  of  ammonium, 

Nitrate  of  potassa,  

Sulphate  of  soda,  

Water,.  

Nitrate  of  ammonia, ... 
Water,  

Nitrate  of  ammonia,  . . . 

Oarhonate  of  soda,  

Water,  

Sulphate  of  soda,  

Dilute  nitric  acid,  

Sulphate  of  soda  

Chloride  of  ammonium, 

Nitrate  of  potassa,  

Dilute  nitrous  acid,  

Sulphate  of  soda,  

Nitrate  of  ammonia,  . . . 

Dilute  nitric  acid,  

Phosphate  of  soda,  

Dilute  nitrous  acid,  

Phosphate  of  soda  

Nitrate  of  ammonia,  . . . 

Dilute  nitric  acid,  

Sulphate  of  soda,  

Hydrochloric  acid,  

Sulphate  of  soda  

Dilute  sulphuric  acid,  . . 

The  acids  should  be  prepared  by  adding  two  parts 
by  weight  of  the  fuming  nitric  acid  to  one  of  water, 
and  allowing  the  mixture  to  cool.  When  working 
with  sulphuric  acid,  equal  weights  of  strong,  acid  and 
water  are  taken,  and  used  after  cooling. 


latent,  is  sufficient  to  reduce  the  temperature  of  the 
whole  mass  to  a  greater  or  less  extent.  The  following 
table  expresses  the  proportions  of  various  substances 
best  adapted  for  producing  cold  :— 

Degrees  of  cold.' 


55 

59 
62 
72 
82 
83 

reduction  is  not  so  great;  yet,  when  the  compounds 
are  finely  powdered,  and  the  solution  rapidly  effected., ., 
the  cold  produced  is  very  intense : — 

Degrees  of  cold.  , 

...  40 

...  46-  , 
...  46  ; 

...  57  : 

......  6%^ 

...  u0> 

...64*, 

....  62. 

...  71. 

...  50 
...  47 

A  still  more  intense  degree  of  cold  may  be  attained 
by  the  rapid  evaporation  of  liquids,  such  as  bisulphide 
of  carbon,  ether,  protoxide  of  nitrogen,  and  solid  car- 
bonic acid  gas.  By  employing  a  bath  of  carbonic  acid 
and  ether  in  vacuo,  Faraday  reduced  the  temperature 
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Parts  by  weight.       Therm,  sinks— Jog. 

to—   5  .. 


acid, . 


cium,  . 


to  —  12 


to  — 18 


to  —  25 


1} 
1} 
1} 

24  J 

l\ 
12) 

1  f-from  -f  32  to  —  23 
3) 

g|  from  +  32  to  —  27 
7|from-f32  to  — 30 
|j-from  +  32to  —  40 
gj-from  +  32  to  —  50 
3  J- from  -f  32  to  —  51 


Parts  by  weight.       Temp,  falls-dog, 

....  5) 
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....  16) 

....  5-1 
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....  6) 
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....  4j 
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....  9) 
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lu'G0  Fahr.  below  zero;  and  Natterer,  by  means 
of  bisulphide  of  carbon  and  protoxide  of  nitrogen, 
brought  the  thermometer  to  —  220°.  The  cause 
which  operates  in  the  case  of  the  solution  of  solids  in 
snow  and  water,  or  acids,  is  the  same  that  induces  the 
frigorific  effect  by  rapid  evaporation ;  but  as  the  caloric 
which  is  rendered  insensible  or  latent  in  the  conversion 
of  a  liquid  body  to  a  gaseous  state,  is  much  greater 
than  is  necessary  to  convert  a  solid  to  the  liquid  form, 
hence  it  results  that  the  depression  of  temperature  pro- 
duced by  a  rapid  evaporation  can  be  carried  further. 

Latent  heat,  the  amount  of  which  differs  in  different 
bodies,  serves  very  important  offices  in  the  economy 
of  nature,  as  well  as  in  the  chemical  manufactures. 
When  the  temperature  of  the  atmosphere  in  winter 
rises  to  32°,  masses  of  ice  and  vast  accumulations 
of  snow  would  suddenly  liquefy,  producing  destruc- 
tive inundations,  were  it  not  that  in  melting  they 
must  further  absorb  the  heat  of  fluidity,  which  becomes 
latent,  and  thus  the  change  is  retarded  and  rendered 
gradual.  In  the  manufactures,  the  importance  of  latent 
heat  is  illustrated  by  the  employment  of  steam  as  the 
heating  agent  in  numerous  processes  of  distillation, 
evaporation,  and  carbonization  ;  but  the  manner  in 
which  it  acts  in  these  cases  will  be  better  understood 
after  some  further  explanation  of  the  effect  of  heat  upon 
liquids. 

It  has  been  shown  that  the  change  from  the  solid 
to  the  liquid  form  is  the  result  of  the  combination  of  a 
certain  amount  of  caloric  with  the  substance,  and  that 
the  heat  so  united  becomes  insensible  to  the  thermome- 
ter, however  delicate  its  construction.  Instances  of  the 
absorption  and  disappearance  of  heat  have  been  given 
in  the  melting  of  ice,  metals,  and  other  substances, 
capable  of  passing  into  the  liquid  state.  In  the  fusion 
of  metals,  the  temperature  of  the  bath  does  not  increase 
a  fraction  of  a  degree  above  the  melting  point,  till  the 
whole  has  undergone  liquefaction,  notwithstanding  that 
heat  has  been  pouring  into  the  mass  without  intermis- 
sion. The  reason  of  this  is,  that  as  long  as  any  of  the 
metal  remains  solid,  it  abstracts  all  the  excess  with  which 
the  liquid  may  be  charged,  and  combines  with  it  to  form 
more  fluid.  After  the  latter  stage  has  been  attained,  if 
the  temperature  be  still  increased,  the  bath  will  con- 
tinue to  indicate  a  rising  temperature  till  it  acquires  that 
degree  at  which  the  repulsive  force  of  the  caloric  will 
have  so  far  overcome  the  cohesion  of  the  particles,  as 
to  expand  them  to  such  an  extent  that  their  gravity 
will  be  less  than  that  of  the  air,  bulk  for  bulk.  The 
liquid  will  then  be  gradually  transformed  into  vapor, 
and  will  manifest  the  phenomenon  of  ebullition,  which 
is  simply  the  commotion  produced  by  the  evolution  of 
bubbles  of  the  substance  itself  converted  to  the  gaseous 
state,  and  which  are  generated  by  its  union  with  the 
caloric  supplied  to  the  liquid.  Whatever  additional 
heat  be  now  applied,  the  boiling  fluid  will  continue  to 
indicate  the  same  temperature  as  long  as  any  of  it 
remains ;  and  during  the  process,  the  vapor  which 
escapes  possesses  apparently  only  the  same  amount 
of  caloric  as  the  liquid  from  which  it  is  produced,  but 
actually  a  greater  amount  in  the  shape  of  the  additional 
latent  heat  by  which  it  is  converted  into  vapor. 

These  changes  are  more  familiarly  known  as  hap- 


and  Evaporation. 


pening  with  water  than  with  metals,  for  although  the 
latter  are  frequently  fused,  they  are  seldom  converted 
into  vapor.  During  the  melting  of  ice  by  the  ap- 
plication of  heat,  the  ice,  or  mixture  of  ice,  and 
water,  remains  at  32°  till  the  whole  is  melted ;  it 
is  evident,  however,  that  the  water  at  32°  must  now 
contain  more  heat  than  when,  in  the  state  of  ice  it 
indicated  the  same  temperature.  If  heat  continue  to 
be  applied,  the  water  gradually  acquires  a  temperature 
of  212°,  at  which  point,  provided  the  atmosphere  is  at 
the  usual  standard  barometric  pressure,  and  the  liquid 
be  contained  in  an  open  iron  or  copper  vessel,  it  re- 
mains stationary.  It  is  now  rapidly  converted  into 
vapor,  but  both  the  liquid  and  vapor  are  still  at  the 
temperature  of  212°  Fahr.  A  little  consideration  will 
show  that  the  heat  which  continues  to  flow  into  the 
liquid,  is  expended  in  converting  it  into  steam ;  for  as 
no  indication  of  an  increase  is  manifest,  it  must  be 
evident  that  the  surplus  is  rendered  insensible  in  the 
process  of  converting  the  water  into  vapor.  The  quan- 
tity of  heat  necessary  to  effect  this  is  much  larger  than 
is  required  to  reduce  the  body  from  the  solid  to  the 
liquid  state.  To  estimate  the  amount  of  caloric  ex- 
pended and  rendered  insensible  or  latent  in  both  cases, 
let  a  pound  of  water  at  212°  be  mixed  with  the  same 
weight  of  water  at  32°,  and  it  will  be  found  that  the 
mixture  will  indicate  a  medium  between  these  points — 
that  is  to  say,  the  pound  of  water  at  212°  will  lose  90", 
and  the  pound  of  water  at  32°  will  gain  90° ;  so  that 
the  mixture  will  indicate  122°.  But  now  let  a  pound 
of  water  at  212°  be  mixed  with  a  pound  of  snow  or 
ice  at  32°,  and  the  mixture  will  indicate  only  51°  Fahr., 
showing  that  the  water  has  lost  161°,  while  the  snow 
or  ice  has  gained  apparently  only  19°.  It  is  evident 
that  the  difference  between  these  figures,  or  142°,  must 
have  been  absorbed  or  become  latent  in  converting  the 
snow  or  ice  into  water. 

Applying  the  same  test  to  steam  or  vapor  of  water 
at  212°,  it  will  be  found  that  one  pound  of  water,  which 
has  been  converted  into  steam,  is  sufficient  to  reduce 
six  pounds  and  a  quarter  of  snow  or  ice  to  the  liquid 
state,  and  to  raise  it  to  51°,  from  which  it  may  be  de- 
duced that  steam  contains  967°  of  latent  or  insensible 
heat.  Lavoisier  estimates  the  amount,  in  round 
numbers,  at  1000°. 

Ebullition  and  Evaporation. — During  the  ebul- 
lition of  water  in  common  metallic  vessels  at  the  ordi- 
nary pressure  of  the  atmosphere,  no  amount  of  heat 
applied  can  elevate  its  temperature  beyond  212°, 
provided  the  steam  passes  off  freely ;  a  fact  which  is 
well  deserving  of  consideration  in  domestic  economy. 
Many  causes,  however,  tend  to  vary  the  boiling  point 
of  water  and  of  liquids  in  general.  If  it  be  contained 
in  smooth  glass  vessels,  ebullition  takes  place  at 
two  or  three  degrees  above  the  usual  standard;  hence, 
if  a  coil  of  wire  be  introduced  into  water  contained 
in  a  smooth  glass  vessel,  and  near  the  point  of  ebul- 
lition, this  process  will  commence  immediately.  All 
angular  bodies,  and  more  especially  metals,  intro- 
duced among  the  liquid,  cause  the  boiling  to  take 
place  even  in  glass  vessels  at  212°.  The  adhesion  of 
the  liquid  to  the  sides  of  such  vessels  seems  to  be  the 
cause  of  impeding  the  boiling,  and  sometimes  of  making 
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it,  to  pass  into  vapor  suddenly ;  hence  in  distilling  in  the 
laboratory  the  custom  of  introducing  hits  of  platinum 
wire  into  the  retort  to  facilitate  the  conversion  of  the 
liquid  into  vapor;  without  this  precaution  there  is 
often  danger  of  the  retort  being  broken,  or  of  the  liquid 
operated  upon  being  thrown  over  into  the  receiver. 
At  each  evolution  of  vapor  that  is  formed  during  ebul- 
lition under  these  circumstances,  the  temperature  falls 
to  212°;  but  when  it  has  escaped,  the  contents  of  the 
vessel  remain  quiet  till  the  temperature  rises  as  before. 
Many  substances,  such  as  shell-lac,  when  applied  to  the 
interior  of  the  vessel,  prevent  ebullition  taking  place 
at  the  usual  degree ;  but  the  experiments  of  Doemy 
have  proved  that  atmospheric  air  mixed  with  liquids 
influences  their  boiling  point  more  than  anything  else, 
except  pressure.  He  showed  that  the  air  which  is 
dissolved  in  water  acquires  an  increased  elasticity,  and 
forms  minute  bubbles  in  the  interior  of  the  fluid  into 
which  the  steam  dilates  and  rises  to  the  surface.  By 
long-continued  boiling  the  air  is  nearly  expelled ;  and 
in  the  course  of  some  experiments  it  was  found  that  the 
temperature  could  be  raised  to  360°  in  an  open  vessel 
without  the  phenomenon  of  ebullition  taking  place ; 
finally,  however,  the  disengagement  of  vapor  was  so 
sudiien  that  it  caused  a  loud  explosive  report,  and 
shattered  the  vessel  in  fragments. 

Erom  what  has  been  said,  it  is  evident  that  the  boil- 
ing point  of  liquids  is  not  fixed,  but  is  dependent  upon 
various  causes.  The  greatest  effect  is  produced  by 
the  varying  pressure  of  the  atmosphere,  which  on  an 
average  is  about  fifteen  pounds  for  every  square  inch 
of  surface  at  the  level  of  the  sea ;  but  the  weight  of 
the  air  varies  at  different  heights,  and  according  as  it 
happens  to  be  surcharged  with  watery  vapor  or  not ; 
consequently,  at  different  elevations  the  boiling  point 
will  be  different,  and  even  at  the  same  level  the  pres- 
sure or  density  varies  so  much  as  to  cause  a  difference 
of  four  degrees  or  more  of  Fahrenheit's  scale.  It 
is  absolutely  necessary,  therefore,  to  observe  the  pres- 
sure of  the  atmosphere  when  fixing  the  boiling  point  of 
liquids  on  the  thermometer,  and  to  make  the  necessary 
corrections.  This  is  done  by  noting  the  height  at 
which  the  mercury  in  the  barometer  stands  at  the  time, 
and  making  the  requisite  allowance  for  any  difference 
between  that  and  the  normal  height  of  29'92  inches, 
as  shown  by  the  following  table,  which  embraces  the 
extreme  indications  of  the  barometer  at  common  levels, 
with  the  boiling  points  of  water  corresponding  to  these 
and  the  intermediate  indications  :— 


Barometer  indication.  Water  boils. 

Inches.  Dug  Fahr. 

27-  74    208 

28-  29    209 

28-  84    210 

29-  41    211 

29-  92    212 

30-  6    213 


It  thus  appears,  that  under  a  diminished  pressure 
water  boils  at  a  lower  temperature,  and  the  same  hap- 
pens with  other  liquids.  Saussdrb  found  that,  on  the 
top  of  Mont  Blanc,  water  boiled  at  184°  Fahr.  In 
deep  mines,  on  the  contrary,  it  requires  a  much  higher 
temperature  than  212°  to  bring  it  to  a  state  of  ebulli- 
tion.   On  this  circumstance  has  been  based  the  con- 


struction of  an  instrument  for  determining  the  heights 
of  mountains  by  the  boiling  point  of  water  or  other 
liquids. 

When  the  pressure  is  removed  by  artificial  means, 
as  by  creating  a  vacuum,  the  boiling  point  of  water 
may  be  lowered  about  145°  under  the  usual  tempera- 
ture at  which  ebullition  takes  place.  This  has  been 
turned  to  advantage  in  several  manufacturing  processes, 
where  an  exposure  to  the  temperature  of  boiling 
water,  under  ordinary  circumstances,  for  a  length  of 
time,  would  be  prejudicial  and  sometimes  destructive 
to  the  substances  under  treatment.  The  pharma- 
ceutist and  sugar-refiner  are  especially  benefited  by 
the  application  of  this  important  fact  in  their  respec- 
tive processes.  By  operating  under  a  low  pressure, 
produced  by  creating  a  partial  vacuum,  the  former  can 
readily  inspissate  his  vegetal  juices  to  any  desired  extent 
without  injury ;  whereas,  if  the  same  were  attempted  in 
an  open  vessel  under  the  common  atmospheric  pressure, 
most  of  the  active  principle  would  be  destroyed.  In 
like  manner,  if  the  saccharine  liquid  of  the  sugar  boiler 
were  to  be  concentrated  to  the  same  degree  to  which 
it  is  usually  carried  in  an  open  pan  or  boiler,  nearly  the 
whole  of  the  crystallizable  sugar  would,  by  an  allotro- 
pic  molecular  arrangement,  pass  to  an  uncrystallizable 
sirup.  By  an  increased  pressure  the  converse  of  this 
happens,  and  water  may  be  made  to  attain  a  tempera- 
ture of  300°,  400°,  or  upwards,  before  ebullition.  An 
instrument  known  as  Papin's  digester,  which  is  simply 
a  strong  metallic  vessel  with  a  safety  valve,  is  con- 
structed on  this  principle,  and  is  used  to  macerate 
hones  and  other  substances  in  liquids  raised  to  a  higher 
temperature  than  that  of  boiling  water. 

Solid  bodies  dissolved  in  water  or  other  liquids  pro- 
duce, to  a  certain  extent,  the  same  effect  as  high 
pressure ;  generally,  the  elevation  of  the  boiling  point 
varies  according  to  the  nature  of  the  substance  in 
solution,  but  it  uniformly  increases  with  the  same  body 
till  the  liquid  is  saturated.  Tables  founded  upon  this 
law  have  been  drawn  up,  for  the  purpose  of  estimating 
the  amount  of  saline  matter  in  a  liquid  from  its  boiling 
point. 

Ebullition  consists  mainly  in  the  conversion  of  the 
liquid  into  vapor,  and  so  far  is  synonymous  with  evapo- 
ration ;  which  differs  from  it,  however,  inasmuch  as 
the  latter  takes  place  at  all  temperatures — whereas  a 
certain  range  of  temperature  is  required,  under  any 
circumstances,  before  the  former  phenomenon  is  ob- 
served. This  may  be  proved  by  allowing  a  shallow 
vessel  containing  water  to  remain  exposed  for  some 
time ;  upon  examination  it  will  be  found  that  a  portion 
will  have  disappeared — or,  in  other  words,  it  will  have 
evaporated  to  the  extent  of  the  loss.  Most  fluids  are 
susceptible  of  this  change,  but  those  which  boil  at  a 
low  temperature  are  more  volatile  than  others  :  thus 
alcohol  is  evaporated  much  quicker  than  water,  and  for 
the  same  reason  ether  is  converted  into  vapor  much 
more  readily  than  even  alcohol. 

Evaporation  is  affected  by  the  temperature  and  hy- 
grometric  state  of  the  air,  and  the  extent  of  surface 
exposed.  It  is  evident  that  the  latter  must  influence  the 
rate  of  conversion  into  vapor,  because  this  alteration 
can  only  take  place  at  the  surface  :  hence  the  amount 
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of  evaporation  will  be,  cateris  paribus,  in  proportion  to 
the  superficies  which  the  fluid  presents.  But  wherj  the 
air  is  surcharged  with  moisture,  the  change  into  vapor 
will  he  slow,  even  although  the  temperature  he  ele- 
vated, whereas,  if  it  be  dry,  the  fluid  will  disappear 
much  quicker.  In  still  air  the  evaporation  is  much 
slower  than  when  a  breeze  or  current  of  air  is  passing 
over  the  liquid ;  because,  in  the  former  case,  tho  stra- 
tum of  air  immediately  over  the  surface  of  the  fluid 
becomes  saturated  and  unable  to  take  up  any  more 
moisture,  whereas,  when  a  current  is  established,  a 
fresh  and  dry  stratum  is  constant!}'  presented  to  the 
liquid,  and  passes  away  loaded  with  vapour. 

Evaporation,  like  ebullition,  is  greatly  promoted 
by  the  removal  of  pressure  ;  thus,  by  placing  a  cup 
containing  ether  or  any  other  volatile  fluid  under  the 
receiver  of  the  air-pump  and  exhausting  it,  the  fluid 
rapidly  disappears,  and  an  atmosphere  of  vapor  is 
formed. 

In  all  cases,  however,  where  it  is  expedient  that 
liquids  should  be  quickly  vaporized,  heat  is  resorted  to 
as  the  best  and  most  ready  agent.  Heat,  indeed,  is 
the  cause  of  evaporation  at  whate  ver  degree  or  under 
whatever  circumstances  it  takes  place,  just  as  it  has 
been  shown  to  be  the  cause  of  liquidity.  Hence  arises 
the  important  question,  What  is  the  least  quantity  of 
caloric  required  to  effect  the  evaporation  of  a  given 
quantity  of  liquid  ? — a  question  which  bears  on  the 
economy  of  fuel  in  the  generation  of  steam,  and  in  many 
other  manufacturing  processes.  Mr.  Sharpe,  of  Man- 
chester, arrived  at  the  conclusion,  that  as  the  latent 
heat  of  vapor  is  increased  with  its  degree  of  rare- 
faction, and  as  subtler  vapor  is  obtained  at  low  than 
at  more  elevated  temperatures,  there  is  no  economy 
of  caloric,  and  therefore  no  saving  of  fuel  by  evapo- 
rating or  distilling  liquids  in  vacuo.  Watt  further 
showed  that  the  same  weight  of  steam,  whatever 
density  it  may  possess,  contains  tho  same  quantity  of 
heat,  its  insensible  or  latent  caloric  being  increased 
in  proportion  as  its  sensible  is  absorbed.  Thus  he 
found  that  a  given  weight  of  steam  at  212°,  and  con- 
sequently possessing  180°  of  sensible  heat  above  the 
freezing  point,  gave  off  950°  more  when  condensed  by 
injecting  upon  it  water  at  32°,  making,  with  the  sen- 
sible heat,  a  total  of  1130°  above  the  point  of  freezing. 
Again,  the  same  weight  of  steam  at  250°,  and  there- 
fore possessing  2 1 8°  of  sensible  heat,  gave  out,  on  being 
liquefied  at  the  same  temperature,  only  912°  Fahr., 
which,  with  the  sensible  heat,  amounted  exactly  to 
1130°  also.  This  he  assumed,  therefore,  as  the  amount 
of  caloric  necessary  to  convert  water  at  32°  into  steam, 
either  of  a  high  or  low  tension ;  and  hence,  on  this 
assumption,  to  ascertain  the  amount  of  latent  or  in- 
sensible heat  in  steam,  at  any  temperature,  all  that  is 
necessary  is  to  deduct  the  sensible  heat  from  1130°, 
and  the  difference  is  the  latent  caloric. 

These  experiments  appear  to  lead  to  the  inference 
that,  in  the  evaporation  of  liquids,  generation  of  steam, 
distillation,  et  cetera,  no  material  economy  is  gained 
by  conducting  these  processes  at  low  rather  than 
at  high  temperatures;  but  the  later  and  more  care- 
fully conducted  researches  of  Regnatjlt  have  shown 
that  this  assumption  is  not  strictly  correct,  and  al- 


though the  difference  docs  not  lead  to  serious  errors 
in  practice,  yet  in  reality  the  sum  of  the  latent  and 
sensible  heat  increases  for  each  degree  of  Fahrenheit, 
by  a  constant  quantity  equal  to  0-305°.  This  is  illus- 
trated in  the  annexed  table,  in  which  it  is  assumed 
that  steam  possesses  no  sensible  heat  below  Fahren- 
heit's zero  : — 

LATENT  AND  SENSIULF.  ITEAT  OF  STEAM  AT  DIFFERENT 
TEMPERATURES  : — 


Pressure  in  aU 
mo  spheres. 

Temperatures 

Latent  Dent. 

Sum  of  Intent  ivnd 
sensible  heat. 

0-044 

0° 

1114° 

1114° 

0-180 

32 

1091-7 

1123-7 

1-000 

212 

906-6 

1178-6 

8-000 

339 

877-3 

1216-8 

The  increase  here  shown  offers,  however,  but  a 
small  inducement  to  perform  the  processes  already 
alluded  to  at  low  temperatures — so  far  as  saving  of 
fuel  is  concerned ;  while  the  increased  amount  of  sen- 
sible heat  which  may  be  utilized  advantageously  when 
the  steam  is  generated  under  pressure,  renders  it  expe- 
dient that  the  latter  mode  of  generating  it  should  he 
resorted  to.  This  is  the  case  especially  when  steam 
is  employed  as  a  source  of  heat  in  the  carbonization  of 
ligneous  matters,  in  the  distillation  of  liquids,  and, 
occasionally,  hi  the  concentration  of  saline  and  ex- 
tractive solutions.  The  large  amount  of  caloric  which 
steam  possesses  renders  it  peculiarly  adapted  to  such 
purposes ;  and  hence,  in  all  those  manufactures  where 
the  products  are  of  a  salifiable  or  an  extractive  nature, 
steam  is  now  generally  employed  to  concentrate  the 
liquors.  In  the  culinary  art,  also,  it  is  found  to  be 
much  more  eligible  as  a  source  of  heat  than  the  com- 
mon method  of  exposing  the  apparatus  directly  to  the 
action  of  fire.  It  is  especially  adapted  for  drying 
manufactured  goods  and  for  purposes  of  ventilation; 
in  the  one  case,  it  is  conveyed  through  cylinders  over 
which  the  goods  are  conducted,  and  in  the  other 
through  iron  pipes,  so  disposed  that  the  heat  shall  be 
given  off  in  the  most  effectual  way.  In  the  latter 
case,  experience  has  shown  that  the  boiler  should  have 
one  cubic  foot  capacity  for  every  two  thousand  cubic 
feet  of  air  to  be  heated  to  a  temperature  of  70°  or  80° 
Fahr.,  and  that  the  conducting  pipe  must  present  a 
superficies  of  one  square  foot  for  every  two  hundred 
cubic  feet  of  space  to  be  heated. 

Elastic  Force  of  Steam. — When  different  liquids  are 
heated  to  their  boiling  points,  they  produce  very  un- 
equal quantities  of  vapor.  Water  yields  it  in  larger 
volume  than  any  other  known  liquid.  Tho  following 
table  shows  the  volume  of  vapor  produced  by  a  cubic 
inch  of  each  of  the  liquids  enumerated  at  their  respec- 
tive boiling  points  : — 

Cubic  inch.  Cubic  inches. 

1  of  water   expands  to  1696  at  the  boiling  point. 

1  of  alcohol       "  528      "       "  » 

1  of  ether         "  298      "       "  " 

1  of  turpentine  "  193       "        "  " 

The  great  value  of  machinery  at  the  present  day  in 
developing  the  resources  of  nations,  and  in  fostering 
and  extending  commerce  and  internal  intercourse, 
turns  upon  the  expansive  property  of  water  under  the 
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Fig.  15. 
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influence  of  heat.  This,  as  already  stated,  is  such  as 
to  make  it  the  most  efficient  motive  power;  and 
although  it  requires  a  higher  temperature,  and  con- 
sequently a  greater  consumption  of  fuel,  to  generate 
vapor  from  it  than  many  other  liquids,  yet  its  superior 
elasticity  in  the  shape  of  steam  is  such  as  to  render  it 
preferable  to  any  of  them,  even  supposing  they  could 
be  had  as  cheaply.  When  the  vapor  of  water  is  heated 
alone,  the  rate  of  expansion  is  the  same  as  that  of  air 
or  any  other  elastic  gaseous  mixture  when  subjected  to 
an  equal  temperature,  and  it  may  be  confined  in  red- 
hot  vessels  without  a  great  amount  of  elastic  force 
being  acquired.  It  is  otherwise,  however,  if  some 
water  be  contained  in  the  vessel  or  cylinder,  for  then 
the  generation  of  fresh  vapor  causes  an  addition  of 
elastic  force  to  that  already  exerted,  so  that  in  time 
the  pressure  on  the  walls  of  the  vessel  becomes  irre- 
sistible. 

Papin's  digester,  already  mentioned,  or  an  appara- 
tus constructed  on  similar  principles, 
is  resorted  to  for  determining  the  elastic 
force  of  steam  when  subjected  to  a  con- 
tinued increase  of  temperature.  This 
apparatus,  which  is  represented  in  Fig. 
15,  is  a  globular  vessel,  A,  furnished 
with  a  thermometer,  6,  a  stopcock,  c, 
and  a  long  glass  tube,  d,  affixed  to  a 
graduated  scale,  e;  the  tube  is  open  at 
both  ends — the  lower  one  dipping  into 
some  mercury  in  the  bottom  of  the 
vessel,  and  on  which  the  water  floats. 
A  lamp,  placed  under  the  globe,  causes 
the  water  to  boil,  and  so  long  as  the 
tap  is  left  open,  this  happens  at  212° ; 
but  if  the  steam  which  is  produced  be 
retained  by  closing  the  tap,  the  tem- 
perature no  longer  remains  stationary 
at  212°,  but  rises  progressively  as  the 
steam  is  accumulated;  and 
the  mercury,  which  before 
marked  only  a  height  equi- 
valent to  thirty  inches  in 
the  tube,  now  ascends  till  it 
reaches  twice  or  thrice  that 
elevation,  according  as  the 
elastic  force  of  the  steam  is 
increased. 

Dulong  and  Arago  have  made  some  researches 
upon  this  subject,  which  are  valuable,  inasmuch  as 
they  throw  considerable  light  upon  the  mechanical 
effect  of  steam.  The  results  are,  therefore,  appended 
in  the  following  table,  from  which  it  may  be  seen,  that 
as  the  temperature  rises,  a  given  increment  of  heat  pro- 
duces a  greater  effect  in  augmenting  the  elastic  force 
than  at  a  lower  temperature.  If  the  atmospheric  pres- 
sure, or  the  elasticity  of  steam  at  212°  Fahr.,  be  taken  as 
unity,  the  elastic  force  of  steam  at  240°  Fahr.  will  be 
about  one  and  a  half,  and  at  250°  Fahr.  will  be  equal  to 
two  atmospheres.  Thus  an  increase  in  the  quantity  of 
heat  indicated  by  38°  Fahr.  doubles  the  elastic  force, 
and  it  also  appears  from  the  table  that  a  further 
increase  of  25°  trebles  the  elastic  force,  and  a  further 
increase  of  only  18°  quadruples  it.     Thus  the  elastic 


Elasticity  of 
stenru,  tak- 

iap  atmo- 
spheric air 
as  1. 


Temperature  Fahr. 


force  evidently  increases  much  more  rapidly  than  the 
temperature.  This  circumstance  has  led  to  the  intro- 
duction of  high-pressure  boilers  as  affording  an  in- 
creased motive  power,  with  a  less  consumption  of  fuel, 
than  when  low-pressure  boilers  are  nsed.  The  former 
have  been  found  so  advantageous,  that,  in  mining  and 
manufacturing  districts,  as  well  as  for  locomotives  and 
steam  vessels,  high-pressure  steam  is  now  in  general 
use : — 

ELASTICITY  OF  STEAM  AT  HIGH  TEMPERATURES. 

Elasticity  of 
•team,  tak- 
ing atmo-  Temperature  Fahr. 
splieric  pres- 
sure as  1. 

1    212°-0 

1A    239-96 

2    250-52 

^    263-84 

3    275-18 

3J    285-08 

4    293-72 

4A    300-28 

5    307-5 

5i  314-24 

6    320-36 

6£    326-26 

7    331-70 

7J    336-86 

8    341-78 

9    350-78 

10    358-88 

11    366-85 

12    374-00 


13    380°-66 

14    386-94 

15    392-86 

16    398-48 

17    403-82 

18    408-92 

19    413-78 

20    418-46 

21  ..   422-96 

22    427-28 

23    431-42 

24    435-56 

25    439-34 

30    457-16 

35    472-73 

40    486-59 

45    491-14 

50    510-60 


Combustion. — Allusion  has  already  been  made  in 
the  preceding  pages  to  various  sources  of  heat ;  but 
those  which  will  fall  to  be  considered  in  connection 
with  the  subject  of  this  article,  are  certain  material 
substances  -which,  in  the  act  of  undergoing  chemical 
changes,  yield  both  heat  and  light.  This  process  is 
termed  combustion.  At  one  period,  and  among  the  dis- 
ciples of  Lavoisier  in  particular,  oxidation  and  com- 
bustion were  considered  synonymous.  It  is  true,  that 
in  most  cases  of  combustion,  as  in  that  of  a  common 
fire,  the  effect  is  produced  by  the  oxidation  of  the 
materials;  but  cases  of  combustion  occur  when  no 
oxygen  is  present.  Antimony,  for  example,  burns 
when  heated  in  an  atmosphere  of  chlorine ;  copper,  or 
iron,  when  heated  with  sulphur  ;  potassium,  with  cya- 
nogen, et  cetera.  These  instances  demonstrate  the  fact 
that  oxygen  is  not  essential  to  combustion,  although 
it  is  eminently  capable  of  supporting  it ;  and  being  so 
extensively  disseminated  in  the  atmosphere,  it  acts  as 
the  almost  universal  agent  in  this  phenomenon. 

Though  the  term  combustion  is  generally  limited  to 
cases  of  chemical  combination  accompanied  with  heat 
and  light,  yet  it  is  sometimes  extended  to  express  the 
union  of  bodies  with  oxygen  effected  at  a  low  tempera- 
ture. Iron,  for  example,  when  exposed  to  moist  air, 
undergoes  a  change  in  oxidizing,  whereby  its  metallic 
characteristics  disappear ;  the  constituents  of  the  blood 
are  modified  by  a  similar  chemical  process,  but  in 
neither  case  is  light  produced;  and  if  heat  is  generated 
in  the  former,  it  is  quite  inappreciable  even  by  deli- 
cate instruments.  In  both  cases,  however,  the  effect 
produced  is  sometimes  characterized  as  a  process  of 
slow  combustion. 

In  cases  of  vivid,  as  distinguished  from  slow  com- 
bustion, the  heat  and  light  seem  to  be  evolved  from  the 
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solid,  liquid,  or  gaseous  bodies  which  burn,  and  hence 
they  are  termed  combustibles,  while  the  gaseous  atmo- 
sphere in  which  they  are  involved,  such  as  oxygon  or 
chlorine,  is  termed  the  sujiporter  of  combustion.  It 
is  evident,  however,  that  this  distinction  is  radically 
faulty,  inasmuch  as  the  phenomena  of  light  and  heat 
may  he  regarded  as  proceeding  either  from  the  one  or 
the  other.  The  combustible,  usually  so  called,  may  be 
represented  as  supporting  the  combustion  of  the  atmo- 
sphere in  which  it  is  enveloped,  and  the  latter,  regarded 
in  this  view,  becomes  the  real  combustible.  In  strictly 
philosophical  language,  the  combustion  proceeds  from 
the  combination,  which  can  only  take  place  at  the 
point  of  contact ;  and  therefore  it  is  quite  impossible  to 
say  to  which  of  the  bodies  so  combining  is  due  the 
evolution  of  heat  and  light,  or,  in  other  words,  which 
is  the  combustible  and  wluch  the  supporter  of  com- 
bustion. 

Much  difference  of  opinion  exists  as  to  the  manner  in 
which  heat  is  produced,  and  the  question  is  far  from 
being  solved  at  the  present  time.  At  one  period  it  was 
thought  that  heat  was  a  material  constituent  of  the  sub- 
stance, which  might  be  separated  from  it  or  combined 
with  it  like  other  substances.  On  this  hypothesis  all 
the  gaseous  bodies  were  regarded  as  compounds  of  the 
actual  matter  with  the  substance  of  heat  and  light,  or 
phlogiston,  as  it  was  called;  and  when  any  one  of 
these,  such  as  oxygen,  was  made  to  unite  with  another 
body,  and  heat  and  light  accompanied  the  combinatiou, 
these  phenomena  were  attributed  to  the  evolution  of 
phlogiston.  Moreover,  to  account  for  the  fact  that 
some  bodies,  as  metals,  gained  in  weight  by  combus- 
tion, the  phlogiston  was  supposed  to  be  possessed 
of  a  principle  of  levity.  Lavoisier  explained  the 
evolution  of  caloric  when  certain  bodies  entered  into 
combination,  on  the  supposition  that  the  specific  heat 
of  the  substances  before  combustion  was  greater  than 
that  of  the  bodies  produced,  and  that  the  difference 
was  what  was  radiated  or  otherwise  evolved  from 
the  burning  body.  Experiment,  however,  has  shown 
that  this  theory  is  untenable,  for  in  the  case  of  the 
combustion  of  carbon,  which  is  the  commonest  in- 
stance, the  carbonic  acid  gas  produced  has  a  greater 
instead  of  a  less  specific  heat  than  oxygen ;  and  hence, 
in  a  case  where  caloric  is  actually  given  off,  the  result 
is  found  to  be  the  very  reverse  of  that  which  is  im- 
plied in  this  explanation.  More  recently,  Thomson 
accounted  for  the  effect  on  the  assumption  that  every 
atom  or  molecule  of  simple  bodies  contains  an  equal 
amount  of  heat,  and  that,  when  a  number  of  them  com- 
bine, the  caloric  from  one  or  more  is  expelled.  But 
all  these  theories  may  be  ranked  as  mere  ingenious 
speculations.  In  the  present  state  of  knowledge,  all 
that  can  be  affirmed  with  certainty  is  the  general  prin- 
ciple, that  heat  is  developed  by  chemical  action. 

Relative  Value  of  different  Combustibles. — The 
amount  of  caloric  produced  in  the  combustion  of  dif- 
ferent bodies  is  variable,  and  the  determination  of 
the  quantity  so  produced  becomes  a  matter  of  the 
highest  importance,  as  upon  this  depends  the  selection 
of  particular  substances  for  the  production  of  heat 
economically.  The  course  pursued  in  researches  with 
this  object  in  view  is  to  bum  a  certain  weight  of 


the  combustible,  admitting  for  this  purpose  only  the 
smallest  possible  quantity  of  oxygen  or  air,  and  so  to 
conduct  the  heat  through  water  that  it  shall  bo  entirely 
absorbed  by  it.  From  the  quantity  of  liquid  raised 
through  a  certain  range  of  temperature,  the  value  of 
the  combustible  under  experiment  is  estimated. 

Proceeding  upon  this  plan,  and  comparing  a  number 
of  results,  Welter  concluded  that  the  heat  eliminated 
depended  upon  the  quantity  of  oxygen  taken  up,  and 
that  the  amount  developed  by  equal  weights  of  oxygen, 
when  made  to  unite  chemically  with  other  bodies,  how 
different  soever  they  might  be,  was  always  the  same. 
In  this  opinion  he  was  supported  by  the  researches  of 
other  chemists.  Despretz,  by  unitiug  one  pound  of 
oxygen  with  any  of  the  following  substances,  found  that 
the  water  raised  from  32°  to  212°  Fahr.  was,  with 

Hydrogen,   29*5  pounds. 

Charcoal,   29  " 

Alcohol   28  " 

Ether   28-5  " 

Although  the  law  laid  down  by  Welter  appears 
to  be  confirmed  by  these  results,  yet  there  are  several 
facts  with  which  it  does  not  accord.  When  iron  is 
oxidized  and  the  generated  caloric  is  collected  in  water, 
the  quantity  heated  by  it  from  32°  to  212°  is  fifty-three 
pounds,  or  nearly  double  the  weight  which  the  same 
volume  of  the  gas  consumed  with  the  substances  above 
enumerated  raises  to  the  boiling  point.  Zinc,  tin,  and 
many  other  metals,  similarly  treated,  produce  effects 
which  differ  in  like  manner  from  the  results  tabulated 
by  Despretz.  Even  the  same  quantity  of  oxygen  pro- 
duces unequal  effects  with  the  same  body,  when  it  is 
capable  of  combining  with  it  in  various  proportions. 
Thus,  when  phosphorus  is  burned  slowly,  the  amouut 
of  heat  which  it  evolves  in  combining  with  one  pound 
of  oxygen  is  capable  of  heating  only  twenty-eight  pounds 
of  water  to  the  boiling  point ;  but  when  the  combustion 
is  conducted  rapidly,  so  as  to  produce  phosphoric  instead 
of  phosphorous  acid,  twice  as  much  caloric  is  disengaged. 
Again,  if  charcoal  be  consumed  with  a  limited  supply 
of  oxygen,  so  as  to  form  carbonic  oxide  gas,  and  a 
quantity  of  this  gas  equivalent  to  one  pound  of  carbon 
be  ignited,  it  will  be  found  that  as  much  heat  will  be 
given  off'  as  will  raise  sixty-two  pounds  of  water  to  the 
boiling  point ;  whereas,  if  the  carbon  be  ignited  with 
its  full  complement  of  oxygen  in  the  first  instance, 
the  heat  obtained  will  be  to  the  foregoing  as  76'62, 
whilst  the  proportion  of  oxygen  combined  is  as  2  to  1. 
From  all  these  cases  it  appears  that  the  quantity  of 
heat  developed  by  the  combustion  of  a  substance 
depends  greatly  upon  the  nature  of  the  body  itself.  It 
cannot  be  denied,  however,  that  the  volume  of  oxygen 
which  combines  with  the  substance  affords  in  most 
cases  a  pretty  near  approximation  to  the  amount  of 
heat  developed  in  combustion  ;  and  hence  the  method 
in  ordinary  use  for  determining  the  heating  power  of 
combustibles  by  the  reduction  of  litharge,  which  will 
be  noticed  further  on. 

But  there  are  other  considerations  which  must  likewise 
be  taken  into  account  in  estimating  the  relative  value  of 
different  kinds  of  fuel.  Very  many  substances  which 
are  capable  of  giving  out  considerable  quantities  of  heat 
cannot  be  used  for  that  purpose :  first,  because  their 
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cost  would  exceed  the  limits  of  economy;  and,  secondly, 
because  a  too  elevated  temperature  would  be  required 
to  induce  combustion.  Such  is  the  case  with  a  great 
number  of  metals,  which,  under  certain  circumstances, 
are  capable  of  evolving  intense  heat  and  light  during 
their  union  with  oxygen.  On  the  other  hand,  there 
are  many  substances  which  may  be  made  to  undergo  the 
process  with  comparative  facility,  but  cannot  be  use- 
fully turned  to  account,  because  they  evolve  obnoxious 
products,  such  as  arsenical  or  sulphurous  gases ;  others 
again  require,  for  their  combustion,  a  too  complex 
apparatus,  and  too  constant  surveillance,  to  admit  of 
their  useful  application. 

The  substances  which  combine  the  greatest  facility 
of  combustion  with  the  production  of  a  large  amount 
of  caloric,  are  carbon  and  hydrogen ;  and  there  is  never 
wanting  in  the  atmosphere  a  third,  with  which  to  com- 
bine— namely,  oxygen.  The  product  of  the  union  of 
tire  first  of  these  substances  with  oxygen,  that  is  to 
say,  of  its  combustion,  is  carbonic  acid  gas,  a  compound 
poisonous  indeed  when  breathed  alone,  but  destitute  of 
odor,  and  colorless.  Where  common  means  of  venti- 
lation exist,  there  is  no  danger  to  be  apprehended  from 
this  gas,  and  it  cannot  accumulate  in  the  air  to  such  an 
extent  as  to  act  injuriously ;  for  on  descending  again 
to  the  earth  it  becomes  the  food  of  vegetals,  by  which 
it  is  analysed  into  its  elements,  and  these  are  again 
rendered  available  for  performing  the  same  service. 
The  combustion  of  hydrogen,  or,  in  other  words,  its 
union  with  oxygen,  yields  only  water,  which,  like  the 
carbonic  acid,  is  subjected  to  other  transformations  in 
nature's  laboratory,  whereby  its  elements  are  again 
separated,  and  therefore  perform  the  same  office  over 
and  over  again  without  any  diminution  or  loss  of 
effect.  It  is  impossible  not  to  admire  the  wisdom  and 
benevolence  of  that  arrangement  whereby  these  three 
elements  are  produced  in  quantities  so  enormous,  they 
being  far  the  most  necessary  materials  towards  the  sup- 
port of  animal  life.  Regarded  as  sources  of  fuel,  they 
are  all  conveniently  stored  in  wood  and  other  vegetals, 
of  which  a  continual  reproduction  insures  an  abundant 
supply. 

Articles  op  Fuel. — The  substances  usually  em- 
ployed as  fuel  are  wood,  peat,  and  coal,  either  in  their 
natural  state,  or  modified  by  peculiar  treatment.  The 
abundance  of  these  in  a  country  must  always  consti- 
tute a  principal  source  of  its  wealth,  more  especially 
now  that  steam  has  become  the  moving  power  of 
manufacturing  industry,  as  well  as  the  great  agent  in 
locomotion.  It  is  evident,  therefore,  that  none  of  the 
productions  of  nature  should  be  more  carefully  hus- 
banded than  those  which  constitute  fuel.  Every  at- 
tempt also  to  improve  the  quality  of  inferior  materials, 
so  as  to  increase  their  efficiency  as  heat-producers, 
ought  to  be  liberally  encouraged ;  and  some  efforts 
in  this  direction  have  lately  been  made  with  much 
success. 

Wood,  peat,  and  coal,  though  so  different  in  physi- 
cal appearance,  are  nevertheless  very  closely  allied  in 
composition,  all  the  three  being  chiefly  composed  of 
ligneous  fibre,  a  compound  of  three  simple  elements — 
carbon,  hydrogen,  and  oxygen.  Physical  effects  have 
induced  certain  changes  in  some  kinds  of  peat  and 
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coal,  which  cause  them  to  differ  considerably  in  their 
properties  from  woody  fibre ;  but,  b}'  observing  the 
action  which  analogous  artificial  agencies  exert  upon 
the  latter,  a  remarkable  coincidence  is  observed,  and 
sufficient  data  are  found  for  inferring  that  woody  fibre  is 
the  basis  of  these  substances,  although  they  have  passed 
in  the  course  of  time  through  various  chemical  trans- 
formations. The  extent  of  the  changes  thus  induced 
may  be,  to  some  degree,  inferred  from  the  pheno- 
menon of  combustion.  Woody  fibre,  when  deprived 
of  extraneous  moisture,  readily  bursts  into  a  flame 
upon  being  ignited,  whilst  many  kinds  of  coal  do 
not.  The  difference  is  caused,  firstly,  by  the  states  of 
density  of  these  substances  ;  and,  secondly,  by  the  ab- 
sence of  hydrogen  and  oxygen  in  the  coal.  Porosity 
and  the  presence  of  hydrogen  in  combustible  bodies 
facilitates  rapid  combustion.  When  hydrogen  is  a 
constituent,  it  is  liberated  at  a  temperature  below  red- 
ness, in  union  with  a  portion  of  the  carbon,  from  all 
the  pores  of  the  substance,  and  forms  around  the  latter 
an  inflammable  atmosphere,  which  bursts  into  flame  at 
slightly  increased  heats ;  the  evolution  of  this  matter 
leaves  the  remainder  open  to  the  passage  of  oxygen, 
which  effects  its  rapid  combustion. 

The  production  of  flame  is  always  connected  in  a 
remarkable  manner  with  the  presence  of  hydrogen, 
but  in  some  cases  the  phenomenon  may  be  observed 
where  this  element  is  absent ;  thus,  when  pure  char- 
coal or  anthracite  coal  is  burned  in  a  limited  supply  of 
oxygen  or  air,  instead  of  carbonic  acid  being  generated, 
an  inflammable  gaseous  body  results,  which  re-ignites 
when  a  further  quantity  of  air  or  oxygen  is  admitted, 
and  produces  flame.  A  characteristic  difference  is,  how- 
ever, observed  between  the  sheet  of  light  which  is  given 
out  by  a  combustible  containing  hydrogen,  and  that 
from  carbonic  oxide  ;  the  former  is  luminously  brilliant, 
as  is  seen  in  gas,  whilst  the  latter  is  dull,  bluish,  and 
attenuated.  The  property  of  producing  flame  deter- 
mines particular  uses  for  many  species  of  fuel,  such, 
for  instance,  as  choosing  cannel  for  the  manufacture  of 
gas,  and  of  inflammable  varieties  for  the  heating  of 
reverberatory  furnaces  where  the  materials  are  at  a  dis- 
tance from  the  fire.  A  selection  of  this  class,  for  pur- 
poses where  local  heat  is  wanted,  such  as  in  the  reduc- 
tion of  ores  and  in  the  manufacture  of  iron,  would  be 
injudicious,  and,  consequently,  the  less  inflammable,  or 
such  as  have  been  divested  of  hydrogen,  are  in  these 
cases  resorted  to. 

Wood — Boii,  French  ;  Holz,  German. — This  is  the 
name  given  to  the  hard  porous  tissue  of  plants,  through 
which  sometimes  the  liquid  sap  is  raised  by  capillary  at- 
traction, though  more  generally  the  latter  traverses  be- 
tween the  bark  and  these  tissues.  The  wood  of  large 
trees  is  called  timber,  and  is  generally  applied  to 
architectural  and  domestic  uses.  It  is  only,  however, 
in  connection  with  its  use  as  a  combustible  or  source  of 
heat  that  it  will  be  discussed  in  the  following  pages. 

Chemically  considered,  wood  is  composed  of  several 
substances,  both  of  an  organic  and  an  inorganic  nature, 
but  of  these  the  former  alone  are  productive  of  heat. 
Woody  fibre,  or  the  tissue  already  noticed,  constitutes 
the  basis  of  the  mass,  whilst  the  sap,  water,  and 
other  matters  peculiar  to  the  species  of  wood,  make 
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up  the  remainder.  All  kinds  contain  water  and  woody 
fibre,  so  that  the  sap  and  extractive  matters  are  the  sub- 
stances which  determine  the  particular  species  of  this 
organic  production.  Thus,  many  woods,  especially 
the  coniferous,  are  resinous ;  others,  such  as  beech  and 
birch,  contain  extractive  matters;  and  many  others, 
definite  chemical  compounds,  such  as  tannin,  and  the 
like.  All  these  may  be  removed  by  the  successive 
action  of  water,  alkalies,  and  alcohol ;  and  although 
the  principles  in  the  several  varieties  are  different,  yet 
they  all  afford  a  close  approximation  in  the  quantity 
of  carbon,  hydrogen,  and  oxygen  which  the  wood  con- 
tains. 

Various  concurring  circumstances  tend  to  enhance 
the  value  of  wood  as  a  fuel,  such  as  freedom  from 
water,  density,  et  cetera,  and  it  is  upon  these  qualifi- 
cations that  its  marketable  value  turns. 


Amount  of  Moisture  in  Woods. — A  remarkable 
variation  is  observed  at  stated  seasons,  in  the  quantity 
of  soluble  matter — sap — which  is  present  in  all  kinds 
of  woods :  thus,  in  spring,  when  the  tree  is  in  active 
growth,  the  amount  of  water,  et  cetera,  is  much  greater 
than  at  the  close  of  autumn,  or  the  middle  of  winter, 
when  it  is  in  a  kind  of  normal  state.  The  practical 
benefit  of  this  knowledge  is,  that  trees,  whether  in- 
tended for  fuel  or  timber,  are,  or  should  be,  felled 
in  the  latter  seasons ;  although,  when  they  are  culti- 
vated for  the  principle  of  the  sap,  such  as  tannin, 
quinin,  et  cetera,  it  is  more  advantageous  to  cut  them 
when  the  flow  is  at  its  full. 

Schubler  found  in  woods  felled  at  the  end  of 
January  and  the  beginning  of  April,  an  extensive 
difference  in  the  amount  of  contained  moisture,  as  may 
be  seen  from  the  appended  results : — 


Species. 

Ash  

Sycamore  

Horse  Chestnut, . 
White  Fir,  


Felling  time.  Water.  Felling  time.  Water. 

End  of  January,   28-8   Beginning  of  April,   38-6 

"    33-6   "    40-3 


40-2. 
52-7. 


47-1 
61-0 


Sap  is  unequally  disseminated  in  various  parts  of 
trees  :  in  the  trunk,  it  is  accumulated  more  in  the  ex- 
terior than  in  the  core,  and  still  more  in  the  branches 
than  even  in  the  outer  portions  of  the  trunk.  Wood, 
cut  at  the  proper  time,  retains  from  one-fifth  to  one-half 
its  weight  of  moisture,  part  of  which  is  lost  by  exposure 
to  the  air. 

Schubler  and  Neuefer's  experiments  give  the 
following  as  the  per  centage  of  water  in  the  several 
species  enumerated : — 

Water 
Centesininlly. 

Hornbeam — Carpinus  hetvlus,   18'6 

"Willow — Salix  caprea  -   26*0 

Sycamore — Acer  pscutla-platanus,   27*0 

Mountain  Ash — Surbus  aucuparia,   28-3 

Ash — Frasitius  excelsior,   28*7 

Birch — Bctuta  alba,  30-8 

Wild  Service  Tree — Cratcujus  tormin,   32-3 

Oak — Qitercus  robur,  34-7 

Pedicle  Oak — Qitercus  pcdumulata,  35-4 

White  Fir — Pinus  tihies  dur.,   37*1 

Horse  Chestnut — JEscidus  hippocast,  38*2 

Pine — Pinus  Sijlvcstris  X.j   39-7 

Ked  Beech — Fagus  sijlvatica,  39-7 

Alder — Bettda  alnus,   41-6 

Aspen — Fepulus  trenula,   43-7 

Elm — Ulmus  campestris,   44*5 

Red  Fir — Finns  picea  dur.,   45*2 

Lime  Tree — Tilia  europaza,   47-1 

Italian  Poplar — Poptdus  italicu,   48*2 

Larch — Pinus  larix,   48-6 

White  Poplar — Pcpulus  alba,   .50*6 

Black  Poplar — Populus  nigra,   51*8 

From  the  numerous  experiments  performed  by  Che- 
VANdier,  with  the  view  of  determining  the  loss  sustained 
by  woods  of  different  ages,  and  by  the  several  parts  of 
the  same  tree  when  exposed  to  the  air  during  stated 
periods,  it  may  be  inferred,  that  so  far  as  the  abandon- 
ing of  moisture  to  air  was  observed,  the  soil  and 
locality  where  the  trees  grew  did  not  affect  the  results. 
The  samples  submitted  to  examination  were  exposed 
in  a  shed,  which  protected  them  from  rain  as  well  as 
from  the  sun's  rays,  and  the  moisture  was  determined 
at  the  several  stages,  by  drying  a  portion  of  the  sample 
in  the  form  of  sawdust,  at  a  temperature  of  284° 


Fahr.  in  vacuo,  till  it  ceased  to  lose  weight,  By  this 
procedure,  it  was  found  that  the  maximum  loss  by  ex- 
posure was  sustained,  in  the  greater  number  of  cases, 
after  a  period  of  a  year  and  a  half,  although  many 
specimens  required  two  years  to  reduce  their  hygro- 
rnetric  contents  in  the  same  degree.  It  appeared,  like- 
wise, that  the  resinous  varieties  part  with  their  water 
more  freely  than  the  non-resinous  ;  they,  on  the  other 
hand,  absorb  water  with  greater  avidity  when  exposed 
to  moist  air  than  the  latter.  The  softer  non-resinous 
woods  always  contain  more  water  when  cut  down 
than  the  harder  kinds,  but  they  -  part  with  it  more 
freely,  and  can  be  desiccated  to  a  greater  extent  than 
the  latter. 

The  following  is  a  synopsis  of  the  results  of  re- 
searches on  this  subject,  transcribed  from  the  valuable 
treatise  of  Richardson  and  Ronalds  : — 

1.  MEAN  TEMPERATURE  OF  H YG ROMETItIC  WATER  CONTAINED 
IN  RESINOUS  WOODS  : — 

rnrte  of  the  Tree.  r"  rentage 

_      ,  of  Water. 

Trunk-wood  halt  a-year  after  felling,   29 

Brush-wood  "    32 

Young  Branch-wood     11    38 

Trunk-wood  in  the  driest  state   lfi 

Brush-wood  "    15 

Young  Branch-wood  "    15 

2.  MEAN  QUANTITY  OF  HYGROMETRIC  WATER  CONTAINED  IN 
THE  NON-RESINOUS  WOODS. 

Parts  of  the  Tree.  pGr  Centage 

of  Water. 

Trunk-wood  half  a-year  after  felling,   26 

Brush-wood  "    34 

Young  Branch-wood     "    36 

Trunk-wood  in  the  driest  state,   17 

Brush-wood  .  "    20 

Young  Branch-wood  "    19 

These  results  may  be  viewed  as  the  minima,  be- 
cause the  single  specimens  would  be  more  thoroughly 
exposed  than  if  made  up  into  stacks;  and  it  may,  there- 
fore, be  inferred,  that  after  exposure  under  favorable 
circumstances  during  a  year,  the  wood  still  retains 
about  one-third  of  its  weight  of  moisture,  for  the  ex- 
pulsion of  which  a  prolonged  heat  is  required.  In 
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ordinary  air-dried  firewood,  this  amount  of  water,  to- 
gether with  that  which  results  from  the  oxygen  and 
hydrogen  contained  in  it,  is  vaporized  at  the  expense 
of  the  carbon,  and  the  consequence  is,  that  much  of  its 
value  as  fuel  is  lost  when  used  in  this  state.  In  such 
applications  where  a  brisk  temperature  is  indispens- 
able, the  material  is  never  used  after  merely  air-drying, 
but  is  exposed  to  such  a  degree  of  heat  as  will  drive  off 
this  moisture,  so  that,  when  ignited,  the  entire  weight 
may  be  serviceable  for  the  generation  of  heat.  To  do 
this  thoroughly  requires  great  care,  because,  unless  the 
heat  is  sufficiently  elevated,  the  moisture  will  not  be 
removed,  and  when  it  is  capable  of  exerting  a  thorough 
hydrotic  effect,  the  constituents  of  the  wood  will  be 
apt  to  arrange  themselves  so  as  to  form  gaseous 
matters,  which  are  dispelled  into  the  air,  and  thus  a 
loss  to  some  extent  is  sustained.  Even  when  so 
treated  that  it  does  not  retain  any  moisture,  it  becomes 
so  hygrometric,  that,  upon  exposure,  it  readily  assimi- 
lates from  eight  to  ten  or  more  per  cent,  of  water  even 
in  dry  weather. 

Density  of  different  Woods. — When  felled,  nearly 
all  kinds  of  wood  are  lighter  than  water,  although 
the  solid  portions  are  possessed  of  a  much  higher 
density  than  this  liquid ;  a  few  are,  however,  heavier 
than  water,  but  these  are  the  harder  kinds,  in  which 
the  cellulose  is  so  closely  packed  together,  that  very 
little  room  is  left  for  the  retention  of  air.  In  their 
ordinary  state,  the  woody  matter,  water,  and  air,  con- 
cur to  confer  the  gravity,  but  as  the  latter  bodies 
considerably  vary  in  amount,  much  difficulty  is  at- 
tendant upon  the  proper  determination  of  the  density. 
It  will  be  understood,  however,  that  so  far  as  the 
moisture  is  concerned,  it  acts  a  neutral  part,  and 
the  greater  gravity  of  the  solid  portions  is  reduced 
by  the  volume  of  air  in  the  pores.  Again,  as  the 
hydrogen  and  oxygen  of  the  woody  fibre,  as  will 
be  seen  further  on,  are  present  in  the  ratio  of  their 
existence  in  water,  or  nearly  so,  and  so  solidified 
that  they  make  up  about  the  same  volume  as  when 
actually  combined  in  the  form  of  water,  it  is  evi- 
dent that  the  greater  weight  of  any  specimen  must 
be  owing  to  the  larger  amount  of  carbon  in  the  same 
bulk,  excepting  the  slight  difference  which  is  due  to 
the  mineral  constituents.  The  following  table  exhibits 
the  density  of  several  kinds  of  wood,  according  to 
Brisson,  water  being  taken  as  unity  : — 


Variety  of  Wood.  Density 

Pomegranate,   1*35 

Ebony,   1-33 

Dutch  Boxwood,   1*32 

Heart  of  Oak  (sixty 

years  old),   1*17 

Medlar,   0'94 

Olive,   0-92 

French  Boxwood,   0-91 

Spanish  Mulberry,   0-89 

Beech,   0-85 

Ash— the  trunk,   0-84 

Spanish  Yew,   0-80 

Apple-tree   0-79 

Dutch  Yew,   0-78 

Plum-tree,   0-78 


Variety  of  Wood. 

Maple,  

Cherry-tree,  

Orange-tree,  

Elm  —the  trunk,  

French  Walnut  

Pear-tree,  

Spanish  Cypress,  

Lime-tree,  

Hazel,  

Willow,  

Male  Fir  

Spanish  White  Poplar, 

Female  Fir,  

Poplar,  

CorK,  


Density. 

0-75 
0-75 
0-70 
0-67 
0-67 
0-66 
0-64 
0-60 
0-60 
0-58 
0-55 
0-52 
0-49 
0-38 
0-24 


When  common  woods  that  are  thoroughly  dried  and 
rasped  so  as  to  destroy  their  porosity  are  weighed  with 
proper  precautions,  their  density  is  found  to  be  higher 


than  that  of  water ;  and  Romford  remarks  that  the 
solid  portion  of  all  the  species  of  wood,  wherever  and 
under  whatever  circumstances  grown,  exhibits  a  re- 
markable identity  in  point  of  gravity,  which  he  esti- 
mates at  1-46  to  1-53.  It  is  to  be  observed,  however, 
that  the  actual  specific  gravity  of  wood  varies,  in  the 
same  variety,  with  its  age,  the  nature  of  the  soil  upon 
which  it  has  been  grown,  and  its  site  in  relation  to  the 
prevailing  wind ;  also,  that  young  woods  are  specifically 
heavier  than  the  older  ones.  The  condition  of  the  woods 
when  the  preceding  densities  were  taken  is  not  stated ; 
the  following  table,  based  oil  different  authorities,  is 
therefore  more  satisfactory  : — ■ 


Variety  of  Wood. 


Common  Oak, 
Pedicle  Oak,. . 
White  Willow.... 

Beech,  

Elm,  

Hornbeam,  

Larch,  

Scotch  Fir,  .... 

Sycamore,  

Ash,  

Birch  

Mountain  Ash,.. 

Fir,  

Silver  Fir,  

Wild  Service, . . 
Horse  Chestnut, 

Alder,  

Lime,  

Black  Poplar . . . 

Aspen,  

Italian  Poplar, . . 
Ground  Willow, 


Uartifr. 

Wemek 

VVinklcr 

Masher* 

broek 

'  j 

ii. 

III. 

IV. 

V. 

Recently 

Dried 

Strongly 

Strongly 

Felled. 

In  Air. 

1-0754 

0-7075 

0-6441 

0-603 

0-929 

1-0494 

0-6777 

0-063 

0-'J859 

0-4873 

0-4164 

0-457 

0-585 

0-9822 

0-5907 

0-5422 

0-560 

0-852 

0-9476 

0-5474 

0-5788 

0-518 

0-600 

0-9452 

0-7695 

0-691 

0-9205 

0-4735 

0-441 

0-9121 

0-5502 

0-4205 

0-485 

0-9036 

0-G592 

0-5779 

0-018 

0-755 

0-9036 

0-6440 

0-6337 

0-019 

0-734 

0-9012 

0-5550 

0-5099 

0-5:,8 

0-8993 

0-4716 

0-552 

0-8941 

0-5910 

0-4303 

0-493 

0-550 

0-8699 

0-5749 

0-3838 

0-434 

0-8633 

0-5001 

0-549 

0-874 

0-8614 

0-4390 

0-8571 

0-3656 

0-443 

0-800 

0-8170 

0-4302 

0-3480 

0-431 

0-604 

0-7795 

0-3931 

0-346 

0-383 

0-7654 

0-4302 

0-418 

0-7634 

0-3931 

0-4402 

0-7155 

0-5289 

0-501 

The  numbers  given  by  each  of  the  authorities  in  the 
preceding  table  can  only  be  received  as  an  approxima- 
tion to  the  truth ;  but  Winkler's  are  probably  the 
most  trustworthy,  because,  in  making  his  observations, 
the  bulk  of  wood — one  cubic  inch — was  the  same  in 
every  instance,  and  the  specimens  were  exposed  in  a 
heated  chamber  during  six  months,  so  that  all  con 
tained  an  equal  amount  of  water  at  the  time  of  the 
experiment. 

The  principal  difficulty  experienced  in  attempting 
to  determine  the  gravity  of  different  kinds  of  wood, 
arises  from  the  absoiptiou  of  air  into  the  pores  and 
its  subsequent  expulsion.  Marcus  Bull  in  his  ex- 
periments removed  this  cause  of  error  to  a  great 
extent,  by  coating  the  samples  with  a  varnish  having 
the  same  gravity  as  water.  This  insured  the  reten- 
tion of  the  air  in  the  pores,  and  admitted  of  arriving 
at  a  true  approximation,  although  this  appeared  less 
than  when  quantities  of  the  enclosed  air  were  allowed 
to  escape,  as  generally  happens  on  immersing  dried 
wood  in  water.  Before  citing  his  results,  however, 
the  appended  table,  containing  Karmarsh's  recent 
determinations,  is  placed  before  the  reader,  as  afford- 
ing a  comparative  view  of  the  specific  gravity  of  differ- 
ent kinds  of  wood  in  the  green  and  in  the  dried  state, 
with  the  mean  weight  of  one  cubic  foot  of  the  dried 
material  : — 
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FUEL  Density  of  different  Woods. 


Specific  Gravity. 

Mean  weight  of 
one  cabic  foot  of 

in  pounds 

Variety  of  Wood. 

In  the  Oreen  State. 

In  tlie  Dried  State 

Limits. 

Mean 

Limits. 

Mean . 

0-843  . 

.  0-944 

0-893 

0-645 

. .  0-750 

0-697 

37  pounds. 

0-960  . 

.  1-137 

1-048 

0-734 

. .  0-793 

0-763 

41  " 

0-851  . 

.  0-987 

0-919 

0-688 

. .  0-738 

0-713 

38  " 

0-646 

. .  0-732 

0-689 

37  " 

Bed  Beech,  

0-852  . 

.  1-109 

0-980 

0-690 

. .  0-852 

0-771 

41  " 

Box,  

0-912 

.  1-031 

0-971 

52  " 

0-561 

0-575 

0-568 

30  " 

1-187 

.  1-331 

1-259 

67  " 

Oak,  

0-885  ! 

'.  1-062 

0-973 

0-650 

.  0-920 

0-785 

42  " 

Alder,  

0-809  . 

.  0-994 

0-901 

0-505 

.  0-680 

0-592 

31  " 

Ash,  

0-778  . 

.  0-927 

0-852 

0-540 

.  0-845 

0-692 

37  " 

Bine,  

0-848  . 

.  0-993 

0-920 

0-454 

.  0-481 

0-467 

25  " 

0-811  . 

.  1-005 

0-908 

0-694  . 

.  0-924 

0-809 

0 

565  ' ' 

0-565 

30  ' 

0-710  . 

.  0-878 

0-794 

0-559 

.  0-604 

0-581 

31  " 

0-758  . 

.  0-956 

0-857 

0-383 

.  0-591 

0487 

26  " 

1-263 

.  1-342 

1-302 

69  " 

Silver  Fir,  

0-894  ! 

0-894 

0-498 

.  0-746 

0-622 

33  " 

Elm,  

0-878  . 

'.  0-941 

0-909 

0-568 

.  0-671 

0-619 

33  " 

Willow  

0-838  . 

.  0-855 

0-846 

0-392 

.  0-530 

0-461 

25  " 

0-939  . 

.  1-137 

1-038 

0-728 

.  0-790 

0-759 

40.    11  " 

The  Hanoverian  pound,  which  is  that  given  in  the 
preceding  table,  is  equivalent  to  1-031114  English. 
It  may  be  seen  from  this  table,  that  most  of  the  results 
show  the  specific  gravity  of  the  samples  examined  to 
be  about  half  that  of  water.  A  fair  average  of  the 
value  of  wood,  subjected  to  desiccation  in  open  sheds, 
can  only  be  arrived  at  by  ascertaining  the  weight. 


Marcus  Bull  has  shown  that,  for  every  fifty-six  parts 
of  actual  wood  contained  in  an  ordinary  stack,  there  are 
forty-four  of  unoccupied  space.  In  prosecuting  his  in- 
quiries into  this  subject,  he  determined  the  real  amount 
of  matter  in  a  given  bulk  of  wood,  the  tabulated  specific 
gravity  having  been  previously  ascertained  by  coating 
the  wood  with  varnish  as  already  stated  : — 


Lbs.  avoirdu- 
pois in  a  cubic  Lbs  avoir- 
Species  of  Wood.                                           metre  —  35  3                        dupois  in  a  Specific  Gravity. 

cubic  feet  cubic  foot. 

English. 

Walnut— with  scaly  bark,   1227-6   34*7   3*000 

White  Oak— Chestnut,   1075-8   30-5   0-885 

American  Ash   919-4   26-0   0-772 

Beech,   880-0   24-9   0-724 

Hornbeam   875-6   24-8   0  720 

American  Elm   704-0   19-9   0-580 

Yellow  Pine   668-0   18*9   0-551 

Birch— Poplar-leaved,   6 17-6   18'3   0-530 

American  Horse  Chestnut,   633-6   17-9  

Italian  Poplar,   481-8   13'6  


The  following  results  obtained  by  M.  Berthier  may  also  be  useful : — 


Nature  of  the  Wood. 


Forest  Oak  from  the  environs  of  Moulons,.. . 
it  k  n 

Oak  of  the  forest  of  Monadier,  near  Moulons, 

Oak  of  the  environs  of  Cahors.  

Charring  Oak,  

Beech  of  the  neighborhood  of  Moulons,  

U  U  (I 

Aspen  for  ch.irring,  

Birch  from  the  neighborhood  of  Moulons,  

Fir  from  Mongers,  


Shite  of  the  Wcod 


A  year  cut  in  cleft  logs,  

Cut  in  four,  

Large  wood  cut  for  three  years'  cleft. 

Cut  in  four,.  

A  year  cut,  

Same — length  thirty  inches,  

Cut  in  large  billets,  

Partly  worm-eaten,  

In  very  large  billets,  

In  large  wood,  


Wcifihtof  a  cubic 

metre  =3  '<■$  1 7 
English  cubic  feet 
in  pounds  avoirdupois 


826-9 

26 

1135-6 

34 

875-0 

26-3 

10oJ-4 

33 

1157-6 

36 

485-1  to  577-7 

15  to  18 

882-0 

30 

826-8 

26 

419  to  485-1 

13  to  15 

970-2 

30 

661-5  to  749-7 

21  to  22 

Weight 
ol  a  cubic 
foot  in  poaods 


Eve'*  these  numbers  do  not  take  cognizance  of  the 
water  which  is  present  in  air-dried  wood  to  the  extent 
of  a  q  -arter  of  its  weight ;  hence,  to  find  the  real  value 
in  ligneous  matter,  these  results  should  be  multiplied 
by  three-fourths. 


At  best,  the  density  of  wood  leads  but  to  a  very 
vague  and  unsatisfactory  conclusion  regarding  its  heat- 
ing power,  although  the  fact  of  one  sample  being  better 
than  another  in  this  respect  may  generally  be  inferred 
from  its  greater  specific  weight,  which  is  a  proof  that  it 
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contains  more  carbonaceous  matter  in  the  same  bulk. 
The  condition  of  equal  dryness,  however,  should  not  be 
overlooked,  as  without  taking  this  into  consideration 
the  gravity  deduced  would  be  erroneous.  From  two- 
fifths  to  one-half  the  bulk  of  a  stack  of  wood  is  inter- 
stitial space,  even  when  the  logs  are  of  fair  proportions ; 
this  is,  however,  much  increased  when  small  or  crooked 
billets  enter  into  its  composition.  Hence,  in  a  stack, 
the  per  centage  of  solid  matter  compared  with  the  bulk 
of  the  whole  is  very  much  less  than  that  given  in  Bull's 
table.  At  the  same  time,  it  is  only  the  quantity  of 
woody  matter  that  renders  the  material  valuable  as 
fuel ;  and  a  much  nearer  approximation  to  this  can  be 
arrived  at  when  it  is  purchased  by  weight,  than  if  the 
content  is  estimated  by  measurement.  When,  how- 
ever, the  purchaser  is  compelled  to  adopt  the  latter 
course,  he  should  remember  that  the  largest  and 
straightest,  as  also  the  driest  and  densest  varieties, 
are  the  surest  to  afford  him  an  adequate  value;  the 
light,  soft,  and  green  woods  not  possessing  sufficient 
matter  to  endue  them  with  heating  power  in  propor- 
tion to  their  bulk. 

Value  of  different  kinds  of  Wood  as  Fuel. 
— Very  many  considerations  are  to  be  taken  into  ac- 
count in  selecting  wood  as  fuel — namely,  the  quantity 
of  heat  to  be  generated,  the  distance  to  which  its  effects 
are  required  to  extend,  and  the  length  of  time  that  the 
temperature  must  be  sustained. 

When  soft  light  woods  are  burned,  their  action  is  brisk 
but  transitory,  their  porosity  favoring  the  rapid  evolu- 
tion of  the  volatile  inflammable  gases  to  which  a  part 
of  their  substance  is  converted  by  the  heat ;  moreover, 
this  looseness  of  texture  allows  the  transmission  of  air 
freely  through  the  mass  of  charcoal  left,  and,  conse- 
quently, effects  its  rapid  combustion.  A  remarkable 
exception  indeed  is  cork-wood,  which,  although  very 
light,  affords  more  charcoal  proportionally  than  any 
other  species.  When  the  wood  is  hard  and  compact, 
the  heat  cannot  traverse  it  so  freely;  and  the  result 
is,  that  the  interior  portions  undergo  a  kind  of  con- 
secutive distillation,  the  volatile  matters  being  slowly 
disengaged  from  the  surface.  When  those  have  pro- 
duced their  effect,  a  charcoal  remains  of  a  dense  and 
close  character,  weighing  fifteen  or  twenty  times  more 
than  that  which  light  wood  produces.  Submitted  to 
combustion,  the  charcoal  from  dense  wood  burns  much 
more  slowly,  owing  to  the  smaller  surface  which  it 
presents  to  the  air,  than  that  from  the  softer  kinds. 
These  facts  lead  to  the  conclusion,  that  the  principal 
effect  of  soft  light  woods  is  produced  by  the  flame,  the 
charcoal  they  afford  being  comparatively  of  little  value. 
The  contrary  is  the  case  with  heavy  woods,  the  flame 
from  which  is  feeble  compared  with  the  others ;  but 
their  charcoal  is  far  superior,  and  more  than  counter- 
balances the  difference. 

It  has  been  shown,  in  a  preceding  part  of  this  arti- 
cle, that  incandescent  charcoal  is  very  much  superior 
to  flame  in  radiating  power  ;  or,  in  other  words,  the 
quantity  of  caloric  given  off  from  charcoal  is  consider- 
ably greater  than  that  emitted  from  flame  ;  and  as  the 
denser  woods  produce,  for  equal  weights,  a  much  larger 
amount  of  charcoal  than  the  lighter  kinds,  it  follows 
that  much  more  heat  will  result  from  the  former. 


Nevertheless,  although  light  woods  are  less  adapted  for 
all  heating  operations  in  which  radiation  plays  an  im- 
portant part,  yet  they  may  be  employed  with  advan- 
tage where  it  is  required  to  communicate  an  elevated 
temperature  to  objects  distant  from  the  fire-place,  or  a 
uniform  temperature  to  solid  bodies  in  large  masses. 
Such  are  the  reasons  of  their  being  preferred  for  glass- 
works, porcelain  manufactories,  et  cetera;  and  even  if 
a  naturally  dense  material  be  employed  for  these  pur- 
poses, it  is  brought  to  a  suitable  state  by  splitting  it  up 
into  thin  pieces,  so  as  to  render  the  combustion  quicker, 
or  to  avoid  the  introduction  of  a  useless  mass  of  air 
into  the  furnace.  On  the  contrary,  blocks  of  dense 
wood  are  preferable  for  the  heating  of  boilers,  and 
other  similar  purposes,  because,  in  this  case,  the  radiant 
matter  is  required  to  act  directly  on  the  surface  to  be 
heated,  which  communicates  by  contact  the  heat  to 
the  liquid  in  the  interior,  through  which  it  is  then  dif- 
fused by  convection.  The  superiority  of  the  denser 
over  the  softer  woods  for  consumption  in  ordinary 
household  fires,  where  radiation  performs  the  most  im- 
portant part,  is  a  fact  universally  recognised  in  practice. 
For  stoves,  also,  and  for  heating  apparatus  in  general, 
the  former  are  found  to  be  more  advantageous,  because 
they  afford  a  much  more  regular  and  prolonged  heat 
than  the  lighter  woods,  without  involving  the  necessity 
of  constantly  adding  fresh  material  to  maintain  the  fire. 
On  the  other  hand,  apart  from  these  considerations,  the 
actual  calorific  effect  of  the  same  weight  of  dense  and 
light  wood  is  nearly  equal.  This  has  been  proved  ex- 
perimentally by  Marcus  Bull.  Operating  with  a  stove 
so  constructed  as  to  lose  the  least  possible  amount  of 
heat,  he  found  that  the  widest  proportions  between 
numerous  specimens  were  as  fifteen  to  sixteen. 

In  England,  where  wood  is  scarce  and  coal  fields  are 
numerous  and  extensive,  the  former  is  little  employed 
as  a  fuel,  except  for  some  special  purposes :  but  this 
is  not  the  case  in  all  other  nations,  and  some  European 
states  in  particular  are  almost  entirely  dependent  upon 
wood  for  common  consumption.  On  the  Continent,  fire- 
wood is  divided  into  three  kinds,  namely,  new  wood, 
float  wood,  and  peeled  wood.  The  first  is  that  which 
has  been  conveyed  by  boat  or  waggon  from  the  forest 
to  the  place  of  its  consumption  ;  the  second,  that  which 
has  been  floated  upon  the  waters  in  the  form  of  raffs, 
a  mode  of  conveyance  which  causes  a  considerable 
quantity  to  be  submerged  during  the  passage ;  lastly, 
the  peeled  wood  is  limited  to  oak  and  certain  other 
species,  the  barks  of  which  have  been  removed  for  the 
sake  of  the  principle  they  contain :  it  is  generally 
composed  of  the  smaller  branches,  and  used  in  dwell- 
ings. Much  of  the  value  of  the  floated  wood  is  lost 
by  its  submergence  in  the  water,  and  this,  to  a  great 
extent,  counteracts  the  advantages  of  cheap  transport. 
The  loss  arises  from  the  solution  of  the  principle  of 
the  sap  in  the  water,  and  is  visible  in  the  density  as 
well  as  in  the  volume,  sometimes  amounting  to  one 
pound  per  cubic  foot. 

Solid  Constituents  of  Wood.— Fibrous  matter, 
water,  sap,  and  mineral  salts,  are  the  proximate  prin- 
ciples of  wood  of  every  description.  The  amount  of 
water  contained  in  different  woods  has  already  received 
a  share  of  attention,  and  as  the  sap  is  of  a  different 
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nature  in  every  species,  to  enlarge  upon  it  in  all  its 
varieties  would  unduly  prolong  tins  article.  The  fur- 
ther explanation  of  the  proximate  principles  of  wood 
will,  therefore,  be  confined  to  the  cellulose,  lignin,  or 
woody  fibre,  and  the  mineral  constituents. 

Lignin. — Woody  Fibre  or  Lignin  constitutes,  as  al- 
ready stated,  the  main  bulk  of  trees,  and  mostly  all  plants, 
varying  in  texture  from  the  delicate  and  friable  pith  to 
the  hard  shells  of  the  seeds,  and  the  more  dense  and 
indurated  vegetal  ivory  or  perisperm  of  the  seeds  of  the 
phytelephas.  Regarded  in  conjunction  with  the  mineral 
matters,  it  may  be  termed  the  skeleton  of  their  structure, 
wherein  is  contained  the  various  secretions  and  other 
principles.  When  the  fine  raspings  of  wood  are  treated 
successively  with  boiling  alcohol,  water,  weak  solutions 
of  potassa,  dilute  hydrochloric  acid,  and  ultimately  boiled 
repeatedly  with  distilled  water,  there  remains  a  white 
substance,  which,  when  dried  at  212°,  is  this  cellulose 
or  lignin.  Not  only  may  it  be  procured  from  the  hard 
wood ;  but  the  pith  of  trees  and  plants  yields  it  even 
more  freely.  If  this  pith  be  reduced  by  rapping,  and  then 
washed  successively  with  hot  and  cold  water,  digesting 
in  a  weak  solution  of  potassa,  and  afterwards  subjecting 
it  to  the  action  of  chlorine  gas,  the  fibrin  will  be  readily 
obtained.  To  complete  the  process,  however,  the 
digestion  with  the  alkali  is  repeated,  and  this  is  suc- 
ceeded by  another  with  acetic  acid,  when,  after  affusing 
well  with  distilled  water,  and  drying,  a  very  pure  lignin 
results.  Many  substances — such,  for  instance,  as  linen, 
cotton,  paper,  et  cetera—  afford  lignin  in  a  much  purer 
state  than  wood,  owing  to  the  treatment  which  the 
fibre  of  flax  and  cotton  undergoes  to  prepare  it  for 
those  manufactures. 

Pure  ligniu  is  tasteless,  colorless,  and  insoluble  in 
water,  alcohol,  ether,  and  essential  oils ;  it  has  a  spe- 
cific gravity  of  1"5,  and  is  resolvable  into  other  com- 
pounds by  acids,  such  as  nitric  and  sulphuric.  The  lat- 
ter, in  a  concentrated  state,  converts  it  first  into  gum  or 
dextrin,  which  may  be  afterwards  resolved  into  grape- 
sugar.  To  effect  this,  one  hundred  parts  of  lignin — 
or  clean  bleached  cotton  or  linen,  answers  the  purpose — 
are  treated  with  one  hundred  and  forty  of  concentrated 
sulphuric  acid  in  such  a  manner  as  to  avoid  the  evolu- 
tion of  heat,  or  any  charring ;  the  mixture  will  readily 
admit  of  being  triturated  into  a  magma,  which  is 
soluble  in  water.  By  treating  the  aqueous  solution 
of  this  mucilaginous  matter  with  chalk,  and  straining 
or  filtering,  a  liquid  is  obtained,  from  which  alcohol 
separates  a  gummy  precipitate;  and  this,  after  being 
elutriated  with  the  spirit,  and  then  dissolved  in  water 
acidulated  with  sulphuric  acid,  and  boiled  for  some 
time,  passes  into  grape-sugar. 

It  might  he  inferred  from  these  results,  that  strong 
sulphuric  acid  converts  lignin  into  amidin  and  dextrin  ; 
and,  finally,  into  glucose  or  grape-sugar ;  yet  the  evi- 
dence in  proof  of  the  first  change  is  not  very  distinct, 
although,  on  the  application  of  the  sulphuric  acid  to  the 
substance,  if  a  solution  of  iodine  be  added,  a  deep  blue 
tint  will  appear.  To  show  that  the  transformation  to 
starch  is  effected,  Sciileidbn  directs  that  clean  cotton 
wool  be  wetted  with  water,  then  squeezed  dry,  and 
afterwards  spread  upon  a  flat  dish,  and  moistened 
with  a  mixture  of  three  parts  of  sulphuric  acid  and 


one  of  water  ;  after  about  half  a  minute,  an  aqueous 
solution  of  iodine  is  added.  With  this  treatment  the 
blue  iodide  of  starch  does  not  fail  to  make  its  ap- 
pearance. 

Sulphuric  acid  reacts  with  great  vigor  upon  wood 
and  lignin,  especially  when  heat  is  applied,  giving  rise 
to  sulphurous,  acetic,  and  formic  acids,  besides  pro- 
ducing a  black  magma,  from  which  water  washes  out 
those  bodies,  and  leaves  the  carbonaceous  residue  to 
the  extent  of  forty-three  per  cent,  of  the  wood  em- 
ployed. 

Nitric  acid,  in  the  concentrated  state,  decomposes 
lignin,  changing  it  into  the  peculiar  body  xyloidin, 
which  has  nearly  the  same  characteristics  as  that  ob- 
tained from  starch  by  similar  treatment.  The  gun- 
cotton  of  Schonbein,  which  is  prepared  by  immersing 
cotton  wool  for  a  short  time  in  equal  parts  of  concen- 
trated sulphuric  and  nitric  acids,  and  washing  under  a 
stream  of  water  and  drying,  is  probably  either  a  per- 
oxide or  a  nitrate  of  lignin. 

Hydrochloric  acid,  on  being  boiled  with  lignin,  turns 
red,  and  ultimately  brown.  In  the  solid  state,  it  be- 
comes black,  but  does  not  dissolve  in  the  acid.  When 
this  substance  is  washed  and  dried,  it  burns  with  flame, 
showing  that  it  is  only  modified  lignin,  and  not  entirely 
carbonized.  Fused  potassa,  or  a  strong  solution  of 
this  alkali,  changes  a  portion  of  the  matter  into  oxalic 
and  acetic  acids,  which  combine  with  the  base ;  tire 
alkaline  liquor,  when  treated  with  acids,  parts  with  a 
modified  lignin  which  is  blued  by  iodine. 

From  what  has  been  said  of  the  behavior  of  lignin, 
more  especially  with  sulphuric  acid,  it  may  be  inferred 
that  its  composition  is  analogous  to  that  of  amylaceous 
compounds,  or,  in  other  words,  that  it  is  made  up  of 
the  elements,  carbon,  hydrogen,  and  oxygen  ;  the  latter 
two  being  in  that  proportion  in  which  they  form  water. 
Gay-Lussac  and  Tiienard  were  the  first  to  arrive 
at  the  conclusion  that  this  proportion  existed  between 
these  two  elements,  and  the  analyses  of  Prout  and 
others  corroborated  this  view  of  the  subject.  To  show 
the  identity  of  lignin  in  the  extensive  circle  of  plants 
in  which  it  is  found,  was  a  work  undertaken  and  suc- 
cessfully accomplished  by  Prout — not,  however,  by 
having  recourse  to  numerous  analyses  of  the  principle 
prepared  from  different  plants,  but  by  taking  two  pro- 
ducts of  very  opposite  physical  characteristics,  and 
submitting  them  to  ultimate  analysis.  These  were 
portions  of  lignin  from  the  box  and  willow ;  the  former 
being  one  of  the  densest,  and  the  latter  one  of  the 
lightest  species  of  woods.  After  preparing  the  lignin 
by  repeated  treatments  with  boiling  water  and  alcohol, 
et  cetera,  it  was  submitted,  after  desiccation  in  air,  to 
analysis,  which  gave  tl  e  following  numbers  : — 

,  Centesimfllly. 

f  *  v 

Box.  Willow. 

Carbon,   42-7    «-6 

Water,   57-3    57-4 

100-0  100-0 

By  exposing  the  lignin  thus  analysed  to  a  tempera- 
ture of  212°,  as  long  as  loss  was  sustained,  it  was 
found  that  14'6  per  cent,  of  the  weight  of  the  box  and 
14-4  per  cent,  of  the  willow  disappeared.    Upon  exa- 
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mination,  the  dried  substance  showed  the  annexed 
proportions : — 


Box. 

Carbon,   50  . 

Willow,    50  . 


Willow. 

.  '19-8 
.  50-2 


100  100-0 
By  comparing  these  numbers  with  the  figures  given 
by  G-ay-Lussao  and  Thenard,  as  representing  the 
composition  of  the  lignin  of  beech  and  oak,  namely : — ■ 


Oak. 

Carlion,    52-53 

Water,   47-47 


Beech. 

51-45 
48-55 


or  specifying  the  quantity  of  the  water-producing  ele- 
ments thus  : — 

Carbon,    52-53    51-45 

Hydrogen,    5-27    5-41 

Oxygen,    42-20    43-14 

the  coincidence  of  composition  will  become  appa- 
rent. Liebig  assumes,  from  the  analysis  of  Gay- 
Lussac  and  Thenard,  that  the  formula  is  C36  H„ 
022 ;  but  calculating  from  the  numbers  obtained  by 
Pkout,  it  is  024. 

By  the  action  of  heat,  the  hydrogen  and  oxygen 
in  this  body  are  made  to  unite,  and,  consequently,  so 
far  as  the  estimation  of  the  value  of  lignin  as  a  fuel 
is  measured  \>y  the  oxygen  assimilated,  they  play  no 
part,  although  it  must  be  admitted  that  a  certain  quan- 
tity of  caloric  is  disengaged  by  the  chemical  action 
which  is  produced  by  their  union,  notwithstanding 
that  this  may  be  rendered  latent  by  the  dispersion  of 
the  water  so  generated  in  the  form  of  steam.  It  is, 
therefore,  the  carbon  which  operates  in  developing 
caloric  by  combining  with  oxygen,  of  which  one  hun  - 
dred and  thirty-eight  parts  are  required  to  effect  the 
conversion  of  one  hundred  parts  of  wood,  represented 
by  52  of  carbon,  into  carbonic  acid.  The  caloric  pro- 
duced in  this  reaction  is  capable  of  melting  4,888  parts 
of  ice,  or  of  raising  3,G66  parts  of  water  from  32°  to 
212°.  With  these  theoretical  deductions,  the  practical 
results  of  Rumpord  and  Hassenpratz  are  in  perfect 
accordance,  giving  3,600  to  3,G80,  as  the  equivalent 
for  dry  woods.  It  must  be  observed,  however,  that 
all  the  heat  is  not  produced  by  the  carbon  of  lignin, 
as  assumed  in  the  above  calculation ;  because  the 
principle  of  the  sap  is  retained.  This,  however,  ap- 
proaches so  near  in  composition  to  woody  fibre,  and  its 
quantity  is  so  minute,  that  it  does  not  cause  any  re- 
markable difference  between  the  results  of  the  ultimate 
analysis  of  dry  wood  and  pure  lignin,  as  the  following 
table  drawn  up  from  the  determinations  of  Sciiodler 
and  Peterson  shows  : — 


Spociea  of  Wood. 

Pure  woody  fibre,  . 
Quercus  robur,  . .  . 
iFi-axinus  excelsior, 
Acer  campestris,  . 
Fagus  sylvatica,  . 
Betula  alba,  .... 
Ulnius  campestris, 
Populua  nigra, 
Tilia  europtea,  . . . 

Salix  fragilis,  

Pinus  abies  

Piuus  picea,   

Pinus  sylvestris,  . , 
Pinus  larix,   


Carbon. 

..  52-05 
..  49-43 
..  49-33 
..  49-80 
..  48-53 
..  48-60 
..  50-19 
..  49-70  . 
..  49-41 
..  48-44  , 
..  49-95  . 
..  49-59  . 
..  49-94  . 
..  50-11 


nydrogen. 

. .  5-25 

. .  6-07 

.  .  0-075 

. .  6-31 

. .  0-30 

..  6-375  . 

. .  6-425 

. .  6-31  . 

. .  6-86  . 

..  6-36  , 

..  6-41  . 

..  6-38  , 

..  6-25  . 

..  6-31  . 


Oxygen. 
. ..  42-10 

. ..  44-50 
. ..  44-57 
. ..  43-89 
. ..  45-17 
...  45-02 
. ..  43-39 
..  43-99 
. ..  43-73 
. ..  44-80 
. ..  43-65 
. ..  44-02 
..  43-31 
..  43-58 


It  should  be  remembered,  however,  that  the  ash 
which,  as  will  be  presently  seen,  averages  from  one  per 
cent,  to  a  much  higher  proportion,  has  not  here  been 
taken  into  account,  and,  consequently,  that  the  differ- 
ence is  greater  than  it  would  be,  if  the  mineral  ingre- 
dients were  left  out.  Ciievandier  has  investigated 
some  woods,  taking  cognizance  of  this  fact,  and  the 
several  specimens  being  dried  at  284°,  afforded  the 
following  results  : — 

ELEMENTARY  COMPOSITION  OF  SOLID  WOOD  AFTER 
DEDUCTING  THE  ASH. 

Mean  of 
Analyses 

.  7 
.  5 
.  4 


Beech, . . 
Oak,  . . 
Birch, . . 
Aspen,  . 
Willow, 


Carbon. 

.  49-89 
.  50-64 
50-61 

50-  31 

51-  75 


Hydrogen. 

.  6-07  . 

.  6-03  . 

.  6-23  . 

.  6-32  . 

.  6-19  . 


Oxygen. 

43-il 
42-05 
42-04 
42-39 
41-08 


Nitrogen. 

.  0-93 

.  1-28 

.  1-12 

.  0-98 

.  0-98 


ELEMENTARY  COMPOSITION  OF  BRUSHWOOD  AND  BRANCHES 
AFTER  DEDUCTING  THE  ASH. 


Carbon. 

Hydrogen. 

Oxygen. 

Nitrogen. 

Analyses 

Beech,  . 

.  50-08 

..  6-23  .. 

41-61  . 

.  1-08 

.  8 

Oak,  .. 

.  50-89 

. .  6-16  .. 

41-94  . 

.  1-01 

.  4 

Birch,  . . 

.  51-93 

..  6-31  .. 

40-69  . 

.  1-07 

.  3 

Aspen,  . 

.  51-02 

.  6-28  .. 

41-65  . 

.  1-05 

.  2 

Willow,  . 

.  54-03 

.  6-56  .. 

37-93  . 

.  1-48 

.  2 

On  the  whole,  it  appears  from  what  has  been  stated, 
that  carbon,  oxygen,  hydrogen,  and  nitrogen,  are  the 
essential  ultimate  elements  of  vegetal  products,  and 
that  the  proportion  in  which  they  combine  is  very 
nearly  the  same  in  different  plants.  It  is,  therefore,  not 
a  little  remarkable,  that  the  composition  of  even  the 
same  plants  is  found  to  vary  slightly  in  different  parts. 
This  might  be  expected  in  regard  to  the  distinct  organs 
— such  as  the  pith,  the  wood,  the  bark,  and  the  leaves 
— but  not  in  regard  to  different  complete  portions  of 
the  same  organic  structure.  Even  in  the  latter, 
however,  a  sensible  variation  exists  in  the  root, 
the  trunk,  and  larger  or  smaller  branches.  M.  Vio- 
lette  examined  various  portions  of  the  completely 
organized  structure 

of  the  same  tree,  Fig.  ic. 

with  the  view  of 
determining  this 
point.  The  subject 
of  his  experiments 
was  a  healthy 
cherry-tree,  thirty 
years  old,  which 
was  carefully  dug 
up  in  the  month 
of  October,  taking 
care  to  preserve  the 
roots  and  rootlets 
entire  and  without 
injury.  Samples 
were  taken  from 
the  trunk,  the 
branches,  and  the 
roots,  as  repre- 
sented in  Fig.  16,  at  a,  b,  c,  d%  e,  /,  g— all  cut  of  equal 
thickness  and  enclosed  in  paper  capsules,  which  were 
deposited  during  five  hours  in  the  bottom  of  a  receiver, 
in  which  a  current  of  steam  from  the  boiler  was  made 
to  circulate.  By  this  exposure  to  air  and  to  the  tem- 
perature of  about  172°,  they  all  acquired  an  equal  desic- 
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cation,  and,  after  this  treatment,  they  were  well  dried 
by  enclosing  them  in  flasks.  The  results  which  were 
arrived  at  by  submitting  these  woods  to  analyses  are 
subjoined,  and  the  operator  states  that  they  were  not 
accepted  till  the  repetition  of  the  process  corroborated 
them : — 

COMPOSITION  OF  WOOD  CUT  FROM  VARIOUS  PARTS  OF  THE 
SAME  TREE. 

Elementary  substances  found 
In  lul)  parts  of  wood. 


Nature  of  Wood, 

Leaves,  

Small  branch,...  /*£|V 

Middle-sized  do.  j^,;; 
LarSedo  {wood,'.' 

 {mod,: 

J  Bark,  . 


Large  root,  . . 


■  \Wood,. 


Middle-sized  do.  j  w*^; 
Rootlet,  with  branch, 


Oxygen 
Carbon.  Hydrogen.  and 

Nitrogen. 

6-  071 

7-  312 
6-605 
6-342 
6-607 

5-  570 

6-  472 

5-  930 

6-  460 
6-024 
6-236 
6-060 
6-259 
5-036 


45-  015 
52-406 
48-359 

48-  855 

49-  902 

46-  871 
48-003 

46-  267 

48-  925 

49-  085 

49-  324 

50-  367 

47-  300 
45-063 


40-  910 
36-737 
44-730 

41-  121 

43-  356 

44-  650 

45-  170 
44-755 
44-319 
48-761 
44-108 
41-920 

46-  126 
43-503 


Ash. 

7-118 
3-454 
0-304 
3-682 
0-134 
2-903 
0-354 
2-657 

0-  296 

1-  129 

0-  231 

1-  643 
0-223 
5-007 


Mineral  Constituents. — When  wood  is  burned,  it 
always  leaves  a  certain  amount  of  residue  or  ash,  which 
consists  of  various  alkaline  and  earthy  salts  that  have 
been  taken  up  from  the  soil  with  the  sap.  The  bases 
or  metallic  oxides  of  this  ash  are  potassa,  soda,  lime, 
oxide  of  iron,  and  sometimes  oxide  of  manganese;  one 
or  more  of  which  are  united  with  silicic,  carbonic,  sul- 
phuric, and  phosphoric  acids,  chlorine  and  sulphur.  All 
woods  have  not  the  same  per  centage  of  inorganic  mat- 
ter contained  in  them,  and,  as  may  be  seen  in  the  pre- 
ceding table,  it  varies  remarkably  in  different  parts  of 
the  same  tree,  and  also  with  its  age. 

According  to  Saussure,  the  quantity  of  ash  yielded 
by- 

1000  parts  of  barked  37oung  oak  branches  was.. . .  4  parts. 

1000  parts  of  their  bark,  60  " 

1000  parts  of  an  oak  trunk  56  feet  diameter,   2  11 

1000  parts  of  its  bark,  60  " 

Berthier,  Karsten,  Chevandier,  and  others, 
have  likewise  directed  their  attention  to  this  subject, 
employing  air-dried  wood  as  the  subject  of  their  ex- 
periments.    The  results  are  appended : — 

ASH  IN  A  HUNDRED  PARTS. 


^■1  (=1  5?  §  S  2  £ 
a-         "       -3'      >2  P5? 

Silver  fir— Knuspicm,..  0-83  0-15  0-15 

'   1-00  0-25  0-30  0-57  1-00  0-48 

Scotchfiv,  Pinussylvestris  1-24  0-12  0-15  —  —  — 

Oak,   2-.50  0-15  0-11  1-94  1-49  1-32 

Lime,   5-00  0-40  —  —  —  — 

Fir — Finus  abies,   —  0  23  0-25  —  —  — 

White  beech,   —  0-32  0-35  0-73  1-54  0-72 

Alder,   —  0-35  0-40  —  —  — 

Bed  beech,   —  0-38  0-40  —  —  — 

Aspen,   —      —     —     1-49    2-38  — 

Willow,   —      —     —     2-94   3-66  — 

Action  of  Heat  on  Wood. — Having  explained 
the  constituents  of  wood,  it  remains  now  to  examine 
the  effects  of  heat  upon  it.  As  the  tendency  of 
caloric  is  to  subvert  the  power  of  the  existing  affinity 


between  the  elements  of  complex  bodies,  as  well  as 
to  change  their  physical  appearance,  the  simpler  the 
substances  submitted  to  its  action — that  is,  the 
fewer  elements  composing  them — the  greater  is  the 
force  with  which  they  are  held  in  combination, 
and  the  better  do  they  resist  the  influence  of  caloric. 
When  several  bodies  enter  into  the  composition  of 
a  substance,  it  readily  yields  to  the  decomposing 
effects  of  fire,  especially  if  the  constituents  have  an 
affinity  for  one  another,  whereby  simpler  combinations 
are  produced.  Products  of  organic  growth  are  generally 
of  this  class,  as  they  include  several  elementary  bodies 
which  have  a  remarkable  tendency  to  arrange  them- 
selves into  simpler  and  more  permanent  compounds. 
Some  of  the  ingredients  of  these  bodies  are  of  a 
volatile  nature ;  hence,  as  soon  as  the  force  of  the 
heat  applied  overbalances  that  of  the  affinity  which 
binds  them  together  in  the  peculiar  state  in  which  the 
vitality  of  the  plant  arranges  them,  they  assimilate  and 
disperse,  whilst  others  are  left  in  the  solid  state.  When 
the  matters  submitted  to  the  action  of  heat  are  out  of 
contact  with  air  or  oxygen,  the  quantity  and  number 
of  the  compounds  formed  depend,  for  the  most  part, 
upon  the  intensity  of  the  temperature  applied ;  but 
when  oxygen  or  air  is  admitted,  and  the  action  of  the 
heat  is  still  exerted,  the  bodies,  already  modified,  will 
undergo  another  change,  from  which  will  result  com- 
pounds of  the  simplest  and  most  permanent  character. 
The  latter  transformation  is  always  accompanied  by 
the  phenomena  of  combustion,  whilst  the  former  is 
termed  dry  distillation. 

The  constituents  of  organic  matters,  acted  upon  by 
heat  in  the  presence  of  air  or  oxygen,  unite  with  the 
latter  element,  and  form  with  it  the  simplest  and  most 
stable  compounds  which  it  is  possible  for  them  to  enter 
into.  This  is  shown  in  the  conversion  of  the  carbon, 
hydrogen,  and  oxygen  of  such  bodies  into  carbonic 
acid,  G02,  and  water,  HO — two  of  the  simplest,  and 
at  the  same  time  most  permanent  combinations.  In  the 
other  method  of  acting  with  heat  upon  organic  sub- 
stances— that  is  to  say,  in  close  vessels  or  out  of  con- 
tact with  air — the  results  are  by  no  means  so  simple  as 
those  just  described ;  because  the  conditions  necessary 
for  caloric  to  exert  its  full  effect  upon  them  are  not  sup- 
plied ;  and  hence,  although  the  compounds  formed  are 
not  so  complex,  and  are  more  permanent  than  those 
from  which  they  have  been  generated,  yet  they  are  far 
from  being  the  simplest  and  the  most  persistent. 

From  the  moment  when  the  decomposing  agency  of 
heat  begins  to  overcome  the  existing  affinity  of  the 
elements  in  the  organic  body,  three  circumstances 
concur,  either  to  multiply  the  formation  of  distinct 
but  definite  compounds,  or  to  yield  particular  ones  in 
larger  quantities  :  these  are,  as  already  intimated,  the 
temperature ;  the  natural  affinity  of  the  existing  ele- 
ments, more  especially  at  the  moment  of  their  libera- 
tion in  the  nascent  state ;  and,  lastly,  their  volatility. 
The  effects  of  the  temperature  are  first  directed  to 
the  expulsion  of  oxygen  and  hydrogen,  two  elements 
which,  from  their  permanently  gaseous  nature,  are 
disengaged ;  they  have,  however,  a  very  powerful 
affinity  for  one  another,  and,  consequently,  at  the 
instant  of  their  liberation,  this  affinity  is  exerted,  and 
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they  pass  off,  in  conjunction,  as  water.  When  the 
two  gases  are  present  in  that  proportion  in  which  they 
constitute  water,  a  very  low  temperature,  compara- 
tively, will  be  sufficient  to  bring  about  their  separa- 
tion from  the  burning  body  in  the  manner  indicated ; 
but,  on  the  other  hand,  if  they  be  contained  in  a  dif- 
ferent proportion,  then  will  the  excess  of  the  one  or 
the  other,  at  the  instant  of  its  liberation,  attack  the 
more  fixed  element — carbon — and  give  rise  either  to 
permanent  gases,  such  as  light  carbide  of  hydrogen 
and  olefiant  gas,  or  to  oily  products  of  an  analogous 
constitution. 

Products  of  the  Combustion  of  Ligneous  Matter. — 
The  number  and  nature  of  the  bodies  which,  by  a  proper 
management  of  temperature,  might  thus  be  produced 
are  still  open  to  research.  Those  which  have  been  iden- 
tified are  water,  ammonia,  acetic  acid,  pyroxylic  spirit, 
or  wood  naphtha,  and  a  mixture  of  resins  and  ethereal 
oils,  denominated  tar.  By  submitting  the  tar,  especially 
if  derived  from  coal,  to  further  distillation  and  various 
other  chemical  agencies,  it  is  resolved  into  a  variety  of 
bodies ;  such  as  paraffin,  picamar,  creosote,  kapnomor, 
pitacall,  and  naphthaline — compounds  discovered  by 
Reichenbach — pyrogenous  resin  and  numerous  oils, 
besides  coal-tar  naphtha,  which  contains  various  basic 
and  acid  bodies.  In  addition  to  these,  a  number  of 
gaseous  compounds  is  produced,  such  as  carbonic 
acid  and  carbonic  oxide,  light  carbide  of  hydrogen,  et 
cetera.  The  nature  of  the  products  will  vary  accord- 
ing as  oxygen  or  hydrogen  preponderates  in  a  fuel ; 
thus,  when  it  is  rich  in  oxygen,  the  greater  will  be  the 
production  of  carbonic  oxide  and  carbonic  acid,  and 
the  formation  of  hydrogen  compounds  will  be  limited, 
whereas,  if  hydrogen  be  in  excess,  the  latter  will  be 
most  abundant.  How  large  soever  the  proportion  of 
both  elements  may  be,  it  will  be  insufficient  to  elimi- 
nate the  whole  of  the  carbon  in  the  substance  ;  hence, 
when  vegetal  matters  are  subjected  to  destructive  dis- 
tillation in  close  vessels,  a  residuary  charcoal  is  always 
left,  which,  if  wood,  compressed  peat,  and  such  like 
bodies  be  operated  upon,  possesses  the  same  form  as 
the  original  substance.  The  carbon  from  most  kinds 
of  the  denser  coals  docs  not  retain  this  form,  owing  to 
their  partial  fusion  under  the  influence  of  the  heat, 
which  produces  an  amorphous  mass.  Different  names 
have  been  given  to  these  residues ;  thus,  what  is  left 
after  the  distillation  of  wood  or  peat  is  called  char- 
coal, whilst  that  manufactured  from  coal  is  termed 
coke. 

Charcoal  and  Cfa/ce.^-The  preparation  of  both  these 
substances  has  become  an  important  manufacture,  as 
well  for  the  sake  of  the  by-products  which  are  obtained 
in  the  operation,  as  for  the  carbonaceous  matter  itself. 
Carbon  in  some  convenient  form  is  of  vast  importance 
in  the  industrial  arts,  where  great  local  heat  is  required. 
It  has  been  already  shown  that  this  high  temperature 
cannot  be  attained  with  the  use  of  such  substances  as 
contain  oxygen  and  hydrogen  in  definite  proportions, 
since  much  of  the  heat  which  is  produced  by  the  ignition 
of  such  materials  is  necessary  to  disengage  the  volatile 
bodies  to  which  they  give  rise,  and  when  these  are 
liberated,  the  combustion  is  only  partial ;  besides, 
the  caloric  which  results  in  this  case  cannot  well  be 
vol.  II. 


concentrated,  and  cannot  be  rendered  very  efficacious 
by  radiation.  It  is  only  charcoal,  and  such  bodies  as 
will  develop  the  greatest  amount  of  heat  from  the 
smallest  possible  extent  of  surface,  that  can  be  em- 
ployed with  advantage  in  such  operations  as  the  smelt- 
ing of.  metals,  especially  iron,  and  for  the  purposes  of 
railway  transport,  et  cetera. 

Not  only  is  carbon  valuable  as  a  fuel,  it  is  likewise 
highly  serviceable  in  many  other  respects  ;  its  uses,  as  a 
disinfectant,  have  been  given  in  Vol.  I.,  p.  5G3 ;  it  is  like- 
wise employed  as  an  absorbent  of  many  gaseous  bodies, 
for  depurating  sirups  and  extracts,  and  as  a  manure.  It 
is  chiefly,  however,  in  connection  with  its  application 
as  a  fuel,  and  its  superior  heating  effects,  that  the 
various  methods  of  preparing  it  will  be  here  detailed. 

Carbon,  of  which  charcoal,  coke,  et  cetera,  are  modi- 
fications, is  known  in  its  native  purity  in  the  diamond, 
although,  as  may  be  supposed,  the  quantity  of  it  found 
in  this  form  is  very  small.  The  Ghauts  in  India,  more 
especially  Golconda,  Borneo,  and  the  Brazils,  furnish 
this  precious  gem.  In  this  state  it  possesses  remark- 
able transparency,  brilliancy,  and  hardness,  to  such  a 
degree  that  in  no  one  of  these  attributes  has  it  a  com- 
peer. Its  specific  gravity  is  333G ;  it  may  be  burned 
in  an  atmosphere  of  oxygen  gas,  or  in  the  air,  under 
the  influence  of  a  very  high  temperature,  when  it  is 
converted  into  carbonic  acid ;  and  Rogers,  by  acting 
upon  it  in  a  finely  divided  state  with  bichromate  of 
potassa  and  sulphuric  acid,  found  that  it  is  completely 
converted  into  this  gas.  With  a  Bunsen's  battery  of 
one  hundred  plates,  it  may  be  fused  into  a  mass  re- 
sembling very  compact  coke. 

A  charcoal  approaching  the  diamond  in  purity, 
though  partaking  of  none  of  those  qualities  which 
render  the  latter  so  valuable,  is  prepared  by  heating 
non-nitrogenous  matters,  such  as  sugar,  dextrin,  and 
the  like,  to  redness  in  close  vessels  ;  or  by  passing  the 
vapor  of  alcohol,  ether,  or  some  carbonaceous  oils, 
through  tubes  heated  to  whiteness.  In  either  case,  a 
very  pure  form  of  carbon  is  left.  As  obtained  by  the 
latter  process,  charcoal  is  a  brittle,  black,  insoluble, 
inodorous,  and  tasteless  substance,  capable  of  conduct- 
ing electricity  with  freedom,  but  obstructing  the  passage 
of  heat  in  a  remarkable  manner.  It  is  unaffected  by 
air  or  moisture,  a  quality  taken  advantage  of  in  the 
construction  of  charring  piles,  so  that  they  may  resist 
the  bad  effects  of  moisture  ;  also,  in  scorching  the  in- 
terior surface  of  casks  and  barrels  destined  for  holding 
water  and  such  liquids,  both  that  the  contents  may  bo 
preserved  wholesome  and  pure,  and  that  the  soundness 
of  the  vessel  may  be  secured.  In  a  pure  state,  it  is 
infusible,  or  only  fused  in  a  slight  degree  by  the  greatest 
known  temperatures.  As  stated  in  Vol.  I.,  p.  563,  it 
absorbs  many  gases  in  large  quantities,  has  the  quality 
of  removing  many  alkaloids  and  bitter  principles  from 
their  solutions,  and  latterly  has  been  introduced  by  Dr. 
Stenhoiise  as  a  physico-medical  agent. 

Processes  of  Carbonization. — It  is  known  from 
ancient  records,  that  the  manufacture  of  charcoal  from 
wood  has  been  practised  for  more  than  two  thousand 
years  ;  and  very  little  progress  appears  to  have  been 
made,  till  lately,  in  improving  the  process.  Many 
obvious  circumstances  would  concur  to  induce  the 
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carbonization  of  wood  in  early  times,  such  as  the 
trouble  of  carriage,  and  the  facility  of  charring  it  -on 
the  spot  where  it  was  felled.  It  has  been  shown  that 
wood,  by  drying,  loses  sometimes  as  much  as  forty  to 
fifty  per  cent,  of  its  weight ;  it  also  contracts  in  propor- 
tion, and  if  the  heat  be  carried  on  to  the  point  of 
charring,  this  contraction  will  reach  to  twenty  or 
twenty-five  per  cent,  of  the  bulk  :  hence  the  advantage 
obtained  by  this  process  in  point  of  carriage.  The 
system  followed  was  such  as  to  require  partly  the  in- 
tervention of  the  air,  and  involved  the  destruction  of  a 
portion  of  the  woods ;  the  loss  being  greater  or  less  in 
amount,  according  to  the  care  bestowed  and  the  pre- 
cautions taken.  The  old  course  is  still  adhered  to, 
with  some  slight  modifications.  Taken  in  connection 
with  what  has  been  already  said  as  to  the  effect  of 
heat  upon  wood  and  matters  of  an  analogous  composi- 
tion, the  following  remarks  may  suffice  to  point  out 
how  far  the  admission  of  air  and  the  application  of  an 
increased  temperature  affect  the  production  of  char- 
coal. 

It  is  evident  that  when  a  piece  of  wood  is  ignited, 
the  heat  which  destroys  its  elementary  composition 
passes  gradually  inwards  from  the  surface,  till  the 
whole  is  permeated,  and  as  each  successive  layer 
of  fresh  fibrous  matter  is  attacked,  the  volatile  com- 
pounds resulting  from  the  oxygen  and  hydrogen  of 
the  substance  will  issue  at  every  pore,  thus  produc- 
ing a  mixed  atmosphere  of  aqueous  and  inflammable 
matters  around  the  wood.  The  combustion  of  these 
without  the  surface  of  the  solid  matter  prevents  contact 
of  the  latter  with  the  oxygen  of  the  air  ;  hence,  as  long 
as  they  are  formed,  the  charcoal  which  is  left  after  the 
decomposition  of  each  successive  layer  of  lignin  re- 
mains intact.  It  is  different  when  they  cease  to  be 
developed,  for  then  the  oxygen  of  the  air  is  admitted, 
and  the  temperature  being  sufficiently  elevated  to  in- 
duce combination,  the  charcoal  rapidly  decreases,  so 
that,  if  the  oxygen  continue  to  be  supplied,  nothing 
will  be  left  but  the  small  quantity  of  mineral  matters 
contained  in  the  wood. 

So  long  as  the  action  of  the  heat  supplied  is  restricted 
to  the  first  stage,  the  results  will  be  satisfactory ;  but 
when  it  enters  upon  the  second,  inconvenience  and  loss 
are  occasioned.  In  the  common  process  it  is  impossible 
to  exclude  the  air  altogether,  as  the  charring  of  the 
main  bulk  is  effected 
FIE- 17-  through  the  agency  of 

the  complete  combus- 
tion of  a  portion  of  the 
same  material  in  the 
mass;  nevertheless,  by 
regulating  the  quantity 
and  direction  of  the  cur- 
rent, much  of  the  loss 
IKmBf  Urn  incidental  to  this  me- 

m  Mm  thod  would  be  avoided. 

For  instance,  in  the  car- 
bonizing of  two  pieces 
of  wood,  of  the  same 
state  of  dryness  and 
having  equal  dimensions,  in  a  current  of  air,  to  which  the 
lighted  extremity  of  one  of  them  is  presented,  as  shown 


at  A,  while  the  ignited  end  of  the  other  is  averted 
from  the  blast,  as  at  B — Fig.  17 — it  will  be  found 
that  the  first  of  these  will  be  speedily  consumed, 
whereas  the  other,  the  charred  portion  of  which  is 
partly  protected  by  the  gases  disengaged,  disappears 
much  more  slowly,  and  sometimes  'eaves  a  residue 
of  charcoal.  Were  it  possible  to  introduce,  as  the 
distillation  progressed,  the  parts  of  the  second  sample 
which  was  charred,  into  a  tube  or  vessel  where 
it  would  be  excluded  from  the  air,  a  much  larger 
amount  of  charcoal  would  result.  Hence  it  may  be  in- 
ferred, that  in  charring  heaps  of  wood  with  a  movable 
coating  of  mould  covering  it  from  the  air,  the  current 
should  be  led  from  the  furthest  and  coldest  extremities, 
that  the  gases,  as  they  issue,  may  protect  the  matter 
already  decomposed  from  destruction ;  and  again,  that 
the  best  course  would  be  to  effect  what  is  termed  the 
destructive  distillation  of  the  wood,  keeping  the  matter 
subjected  to  this  process  entirely  out  of  contact  of  air. 
Such  a  process  of  decomposition  may  be  carried  out  in 
close  vessels,  and  this  is  the  one  best  calculated  to  afford 
the  largest  yield  of  charcoal ;  besides,  by  a  little  addi- 
tional care  and  management,  the  various  other  consti- 
tuents of  the  matter  operated  upon  and  modified,  so  as 
to  exist  in  states  which  are  more  or  less  valuable  in 
other  applications,  can  be  recovered  and  turned  to 
profit. 

Notwithstanding  that  by  the  process  of  destructive 
distillation  in  close  vessels,  the  greatest  possible  con- 
trol is  exercised  over  the  operation ;  still,  if  the  result- 
ing charcoal  be  compared  with  the  content  of  carbon 
in  wood,  it  will  be  apparent  that  a  considerable  loss  is 
sustained.  According  to  the  analysis  of  the  samples 
of  wood  already  laid  before  the  reader,  it  would  appear 
that  if  the  elements  of  oxygen  and  hydrogen,  which 
exist  in  all  of  them  in  nearly  the  same  proportion  as  in 
water,  were  removed,  the  charcoal  remaining  should 
constitute  from  thirty-eight  to  forty,  or  even  forty-five 
per  cent,  of  its  weight,  but  in  actual  workings  the  yield 
is  often  so  low  as  fifteen  to  twenty,  and  under  the  most 
favorable  circumstances  only  twenty-seven  to  twenty- 
eight  per  cent,  of  the  wood  are  obtained.  The  dif- 
ference between  the  practical  yield  and  that  which 
theory  would  indicate,  is,  in  these  eases,  considerable, 
and  is  accounted  for  by  the  circumstance  that  the  water, 
which  is  formed  at  a  certain  temperature,  reacts  upon 
the  remaining  charcoal,  and,  according  to  the  degree  of 
caloric  which  it  possesses,  occasions  the  formation  of 
several  other  compounds — such  as  those  mentioned  in 
the  two  previous  pages — all  of  which  are  rich  in  carbon, 
deriving  this  from  the  charcoal,  to  the  loss  of  the  manu- 
factured product.  These  different  forms  of  combination 
proceed  in  the  order  of  their  oxidation,  the  richest  in  oxy- 
gen being  given  off  first,  and  being  succeeded  by  others 
containing  less  of  this  element,  till,  at  the  conclusion 
of  the  distillation,  nothing  is  left,  and  the  final  products 
are  composed  of  carbon  and  hydrogen.  Thus,  in  ex- 
posing wood  to  heat  in  close  vessels,  the  first  bodies 
that  are  observed  to  pass  off  are  water  and  carbonic 
acid,  followed  by  acetic  acid  and  carbonic  oxide.  These 
are  succeeded  by  a  highly  carbonaceous  oil  of  a  deep 
brown  color  and  empyreumatic  odor,  which  contains 
but  little  oxygen,  and,  lastly,  carbides  of  hydrogen.  As 


FUEL  Processes  op  Carbonization. 


35 


long  as  oxygen  is  in  abundance,  the  latter  are  not  gene- 
rated, and  also  they  cease  in  part  to  exist  when  the 
temperature  is  very  high,  as  the  oil  and  acetic  acid  are 
incapable  of  resisting  a  high  temperature  without  being 
mutually  decomposed,  and  resolved  into  water,  carbonic 
acid,  and  carbide  of  hydrogen.  The  more  oxygen  and 
hydrogen  that  can  be  abstracted  from  the  wood  in  the 
shape  of  water,  the  greater  will  be  the  bulk  of  charcoal 
loft;  and  to  insure  this  the  best  course  is  to  apply  a 
heat  which  is  only  sufficient  to  cause  the  combination 
of  those  elements,  although  inadequate  to  produce  the 
other  products  of  a  higher  temperature. 

The  course  sometimes  adopted,  of  submitting  wood 
which  is  much  saturated  with  moisture  to  the  action  of 
heat,  for  the  purpose  of  charring,  is  disadvantageous, 
because  the  vapor  of  this  body,  passing  over  portions 
already  charred  and  partly  incandescent  ,  transforms  them 
into  carbide  of  hydrogen — GH — and  carbonic  oxide — 
CO — and  thus  diminishes  the  yield  of  solid  matter ; 
indeed,  if  this  decomposition  were  thoroughly  effected, 
there  would  not  be  as  much  material  as  would  supply 
carbon  for  this  end.  Woods,  therefore,  which  are 
treated  for  the  purpose  of  obtaining  the  largest  amount 
of  carbon  or  charcoal  from  them,  ought  to  be  well  ex- 
siccated, so  as  to  be  divested  of  extraneous  moisture, 
and  then  the  temperature  should  be  so  controlled  that 
the  material  will  not  attain  a  red  heat,  for,  under  the 


latter  circumstances,  the  water  produced  from  the  ele- 
ments of  the  wood  would  react  in  the  manner  above 
mentioned,  to  the  detriment  of  the  operation.  M. 
Karsten  made  some  experiments,  with  the  view  of 
ascertaining  the  relative  effect  of  a  low  and  high  tem- 
perature, and  found  that  if  chips  of  wood  are  exposed 
for  a  long  time  to  a  heat  of  300°,  they  will  ulti- 
mately cease  to  lose  weight.  The  loss  sustained  when 
air-dried  wood  is  so  treated  amounts  to  sixty-five  or 
seventy  per  cent.,  but  when  the  material  is  first  desic- 
cated at  the  temperature  of  the  water-bath,  the  utmost 
limits  are  from  fifty-six  to  fifty-nine  per  cent.  The 
residue  in  either  case  resembles  charcoal  in  appear- 
ance, and  was  regarded  as  such  by  Eumford,  who 
considered  it  as  the  skeleton  of  the  plants  ;  but  Kar- 
sten has  shown  that  it  is  but  a  modification  of  woody 
fibre,  still  holding  matters  which,  when  subjected  to  a 
high  temperature,  pass  off  as  gases.  However,  the 
product  from  the  application  of  a  high  heat  is  very 
different  from  that  obtained  when  a  low  progressive 
one  is  applied,  as  shown  by  the  results  of  Karsten's 
experiments  in  the  subjoined  table,  to  which  are  annexed 
the  numbers  given  by  Stolze  and  Winkler.  The 
wood  taken  as  the  subject  of  experiment  by  Karsten 
was  dried  in  air,  and  that  which  Winkler  operated 
upon  was  exsiccated  in  a  hot  room,  whilst  Stolze 
torrefied  his  at  212°. 


TABLE  SHOWING  THE  PRODUCE  OF  CHARCOAL  AT  HIGH  AND  LOW  TEMPERATURES :- 


By  the  quick 
process  of  charring. 


By  the  slow  process  of  charring. 


Species  of  Wood. 


Young  Oak,   16-54    25-601 

Old  do.,   15-91    25-71  / 

Young  Red  Beech,   14-87    25-871 

Old  do.,   14-15    26-15/ 

Young  White  Beech,   13-12    25-22  ) 

Old  do.,   13-65    26-45/ 

Young  Alder,   14-45    25-65 

Old  do.,   15-30    25-65 

Young  Birch,   13-05    25-05    24-4 

Poplar,   —     

Old  Birch,   12-20  .' .' ' .' .' .' .' .'  24-70 

Birch  100  years  old,  well  preserved,   12-15    25-10 

Young  Deal— Pinus  Picea  D-,   14-25    25-25 

Old  do....,   14-05    25-00 

Young  Fir— Pinus  Ahies  D-,   18-22    27-72 

O'ddo   15.35    24-75 

Young  Pine— Pinus  Sylvestris,   15-52    26-07  | 

Old  do   13.75    25-95  f 

  13-30    24-60 

Ash,      

Willow,  ....I.'..'.'.',..'.      —  — 

Kye  Straw,   13-40  ........  24-60 

Fern  Straw   17-00    27-95 

Cane  Stems,   H-65    26-45 


26-1 
24-6 


23-8 


23-  8 

24-  4 


23-4 

21-  5 

23-7 

22-  8 
22-1 
22-2 


22-8 
17-8 


17-6 
17-7 
17-6 

20-6 
20-1 


16-2 
19-4 
15-0 


It  will  be  observed  at  a  glance  that  the  advantage 
of  a  slow  process  of  carbonization  in  regard  to  the 
production  of  charcoal  is  in  some  cases  double,  and 
is,  therefore,  so  profitable  in  this  respect,  as  to  warrant 
its  being  resorted  to  upon  all  occasions.  A  slight 
dill'erence  exists  in  the  proportion  of  charcoal  which 
many  of  the  woods  in  the  foregoing  table  afford, 
although  the  same  course  was  followed  in  their  car- 
bonization. The  probable  causes  of  these  variations 
are,  the  changes  of  temperature  which  are  liable  to  be 
experienced  even  within  short  periods  in  the  course 
of  manufacturing  processes ;  and  agreeably  to  this  sup- 


position, the  widest  range  will  be  found  between  the 
results  obtained  at  the  high  heat,  where  the  variation 
was  more  likely  to  exist  than  in  those  samples  charred 
at  a  low  temperature.  Taking  the  numbers  in  the 
second  column  of  Karsten's  results  as  the  maximum 
quantity  which  it  is  possible  to  obtain  on  the  large 
scale,  and  comparing  them  with  those  which  are 
arrived  at  by  manufacturers  who  distil  wood  with  the 
greatest  precaution  in  close  vessels,  and  who  have  in 
view  the  utilization  of  all  the  products  resulting  from 
the  operation,  this  remarkable  coincidence  will  be  ap- 
parent.   The  general  results  obtained  by  these  manu- 
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faeturers  may  be  expressed  thus  !'or  one  hundred  parts 
of  wood : — 


Charcoal,   28  to  30 

Acid  and  water,   28  to  30 

Tar   7  to  10 

Carbonic  acid,  carbonic  oxide,  carbide  of  hy- 
drogen, and  uncondensed  water,   37  to  30 


If  to  these  numbers  the  weight  of  wood  necessary  to 
effect  the  distillation,  and  which  is  generally  about 
twelve  and  a  half  parts,  be  added,  the  results  will  agree 
well  with  what  is  arrived  at  in  practice  in  burning  for 
charcoal.  In  air-dried  wood  containing  about  forty- 
five  per  cent,  of  carbon,  this  element  is  distributed  in 
the  following  manner  : — 


Charcoal  left  as  residue   30  00 

,,       combined  in  the  form  of  acetic  acid,   0*50 

„            „      in  the  state  of  tar,   6-UO 

„             „       as  carbonaceous  gases,   3-50 

„       required  to  etl'ect  the  distillation,   o'OO 


45-00 

These  results  agree  as  closely  as  can  be  expected 
with  the  numbers  given  by  theoretical  calculation, 
assuming  that  there  is  no  further  disturbance  of  the 
elements  beyond  the  union  of  the  oxygen  and  hydrogen 
to  form  water,  and  t'ie  evaporation  of  this  body  toge- 
ther with  the  hea.i'.g  of  the  remaining  charcoal  to 
incipient  ineandese'.uce,  or  to  about  932°  Fahr.  Mak- 
ing these  conditions  the  basis  of  the  calculations  it  is 
found,  theoretically,  that  to  form  the  water  from  the 
elements  in  112-5  parts  of  wood,  and  to  dispel  it  toge- 
ther with  the  moisture  in  combination,  which  amounts 
to  about  sixty-seven  and  a  half  parts,  the  heat  developed 
by  the  combustion  of  six  parts  of  charcoal  is  necessary. 
Proceeding  in  the  same  way,  it  is  found  that  to  bring 
the  residuary  charcoal  to  the  above-mentioned  tem- 
perature, about  0-77  parts  are  required,  making  in  all 
6'77  parts.  Practically,  only  five  parts  of  charcoal  are 
burned  to  perform  this  work ;  but,  unfortunately,  much 
of  the  carbon  is  carried  away  in  the  gases,  so  that  the 
last  number  swells  to  eight  and  a  half  or  nine  parts  of 
charcoal  in  the  charring  of  the  quantity  already  named. 
Even  these  figures  are  close  enough  to  those  deduced 
from  theory  to  warrant  the  inference,  that  in  the  char- 
ring of  wood  no  very  considerable  improvement  to- 
wards producing  a  larger  yield  of  carbon  can  be  made 
upon  the  common  method,  by  which  from  twenty-five 
to  twenty-seven  per  cent,  of  the  weight  of  the  original 
substance  is  obtained. 

Having  thus  far  enlarged  upon  the  theory  of  the  sub- 
ject, the  practical  operations  will  now  be  considered. 
The  distillation  of  wood  has  already  been  explained  under 
Acetic  Acid,  though  chiefly  with  reference  to  the  pro- 
duction of  the  latter  body.  It  is  now  to  be  considered 
with  special  reference  to  the  yield  of  charcoal ;  and 
with  this  object  in  view,  there  are  several  methods  of 
procedure,  all  differing,  more  or  less,  in  their  practical 
details,  though  they  may  all  be  classified  under  two 
methods,  namely,  such  as  require  access  of  air,  and 
those  in  which  the  air  is  excluded.  The  former  includes 
all  the  different  methods  of  charring  in  mounds,  to 
which  preference  is  generally  given,  to  avoid  the  cost 
of  transport.  In  purchasing  wood  for  this  purpose,  its 
weight  is  estimated  in  a  rough  way  in  the  cutting,  and 


an  approximate  valuation  of  the  timber,  the  charring 
wood,  and  brushwood,  is  made  by  ocular  survey.  To 
assist  in  this,  tables  have  been  drawn  up  to  indicate 
the  probable  yield  of  charcoal  from  the  variety  of  wood, 
according  to  its  solidity,  and  the  nature  of  the  princi- 
ples contained  in  it.  The  value  of  wood,  as  thus  ascer- 
tained, is  liable,  however,  to  be  affected  by  various 
causes — the  difficulties  in  working  it,  the  badness  of 
the  ways  through  which  it  is  to  be  transported,  and  the 
conveniences  which  the  locality  oilers  for  constructing 
a  mound.  In  France,  the  price  of  a  cord  of  wood  con- 
sisting of  seventy  cubic  feet  is,  on  an  average,  from  six 
to  seven  francs,  or  five  shillings  to  five  shillings  and  ten- 
pence,  but  in  the  province  of  Champagne,  where  iron- 
works abound,  the  rate  is  higher.  The  purchaser  of 
the  wood  usually  cuts  it,  when  too  large,  into  suitable 
lengths,  either  by  the  hatchet  or  the  saw;  these  lengths 
are  about  two  feet  when  the  material  is  to  be  charked 
in  stalks,  but  when  this  process  is  to  be  carried  on  in 
heaps  the  logs  are  left  about  seven  feet  long.  The 
workmen  engaged  in  this  business  are  paid  from  seven 
to  ten  pence  per  cord  for  cutting,  and  two  or  three 
pence  for  piling.  Sometimes  the  wood  is  carbonized 
immediately,  but  generally  it  is  left  to  dry  for  a  certain 
period.  Although  the  latter  method  is  attended  with 
an  increase  of  interest  on  the  outlay,  still  the  quality 
and  yield  which  the  dried  wood  affords  is  more  than 
adequate  to  repay  this. 

The  site  of  the  mound,  or  meiler  as  it  is  termed  on 
the  Continent,  is  carefully  chosen  by  the  charcoal 
maker.  Some  spot  is  generally  selected  which  is  shel- 
tered either  by  a  declivity  or  a  wood  from  currents  of 
wind,  and  at  no  great  distance  from  the  felled  timber. 
The  soil  must  bo  neither  too  damp  nor  very  dry ;  in  the 
former  case,  the  moisture  evaporated  by  the  heat  and 
passing  over  the  charcoal,  would  at  the  high  tempera- 
ture convert  much  of  the  solid  into  gaseous  bodies,  and 
so  occasion  a  loss;  and  in  the  latter,  currents  of  air 
would  enter  through  the  interstitial  channels,  and  prove 
as  injurious  as  the  humidity,  or  even  more  so.  A  spot 
which  inclines  to  neither  of  these  extremes  is  carefully 
cleared  off  in  the  summer  time ;  and  previous  to  erect- 
ing the  meiler,  if  any  misgiving  is  felt  as  to  the  fitness 
of  the  site,  it  is  covered  over  with  shingle  or  planks, 
and  these  are  overlaid  with  charcoal  powder  to  the 
depth  of  several  inches.  Having  thus  prepared  the 
flooring,  a  stout  stake  is  erected  in  the  centre,  having 
its  upper  end  cleft  crosswise  at  right  angles;  and  into 
these  incisions  two  logs  are  adjusted,  forming  right 
angles  with  one  another  in  the  same  horizontal  plane. 
Four  logs  are  then  inclined  against  the  vertical  post,  the 
upper  ends  fitting  into  the  angles  produced  by  the  in- 
tersection of  the  cross  bars  at  the  top.  The  floor  or 
hearth  of  the  meiler  is  then  formed  by  placing  billets  of 
wood  all  round,  radiating  from  the  central  post;  the 
vacant  spaces  are  filled  with  pieces  of  wood  of  smaller 
dimensions;  and  to  secure  the  whole  in  the  order  in 
which  they  are  laid,  pins  are  fixed  all  round  the  peri- 
phery at  about  a  foot  distant  from  one  another.  Very 
dry  wood,  or  such  pieces  as  are  easily  ignited,  are  now 
arranged  around  the  central  post  in  a  nearly  vertical 
position,  so  as  to  form  a  truncated  cone;  these  are 
enclosed  by  layers  of  billets  of  about  equal  length  placed 
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horizontally  on  the  floor,  and  the  vacancies  tilled  up  as 
before.  Two  or  more  such  layers,  forming  concentric 
rings,  are  added  to  increase  the  diameter  of  the 
'mound,  as  shown  in  the  sectional  drawing,  Fig.  18; 


Fig.  18. 


and  these,  as  they  are  successively  raised,  incline  at  the 
same  angle  as  the  nucleus  around  the  central  stake, 
owing  to  the  logs  being  all  cut  of  the  same  length, 
according  to  a  regulation  enforced  by  the  Forest  Laws. 
This  is  advantageous,  inasmuch  as  it  offers  facilities  for 
covering  the  whole  more  firmly  with  the  soil  or  mould. 
When  raised  to  the  proper  height,  the  heap  is  rounded 
at  the  top  by  adjusting  logs  and  brushwood  together ; 
and  after  this  the  whole  is  coated  with  a  covering  of  soil 
from  four  to  six  inches  in  thickness,  interposing  grass, 
leaves,  and  such  bodies  between  it  and  the  wood.  This 
coating  does  not  extend  to  the  bottom,  but  rests  upon  a 
layer  of  twigs  and  branches  a  few  inches  in  thickness, 
held  in  their  position  by  forked  uprights — an  arrange- 
ment adopted  to  allow  of  the  escape  of  the  aqueous 
vapors  which  are  discharged  by  the  first  action  of  the 
heat  upon  the  wood.  Were  the  steam  permitted  to 
escape  at  the  superior  openings,  too  much  draught 
would  be  produced,  and  more  air  would  thus  be  ad- 
mitted than  is  advantageous  to  the  working.  The  base 
of  the  meiler  is  protected  from  unfavorable  draughts 
by  an  armor  of  wicker  work — as  seen  in  Fig.  19 — 
representing  the  heap  ready  for  ignition.     In  this 


Fig.  t9. 


drawing,  a  denotes  the  quandel,  b  the  aperture  by 
which  the  mass  is  ignited,  and  c  and  cl  the  armor 
surrounding  the  base.  A  few  holes  are  left  in  the 
top  and  sides  of  the  heap  corresponding  to  the  billets 


placed  at  the  base.  Care  is  taken  to  have  the  cover 
much  more  solid  at  the  top,  in  proportion  to  the  height 
to  which  the  meiler  is  raised,  so  as  to  resist  the  draught 
which  chiefly  exerts  its  influence  on  this  part  of  the 
heap.  The  mass  is  ignited  by  adding  glowing  charcoal 
to  a  quantity  of  brushwood  which  is  placed  in  a  chan- 
nel left  at  the  foot  of  the  meiler  for  the  purpose ;  the 
fire  rapidly  traverses  to  the  interior  and  attacks  the 
logs  which  are  arranged  round  the  vertical  stake ;  when 
these  are  red-hot  the  upper  orifices  are  closed,  and  the 
first  stage  of  the  operation,  namely,  the  sweating,  is  then 
allowed  to  proceed.  Much  care  is  required  to  prevent 
a  too  copious  disengagement  of  vapor  at  this  period, 
which  would  destroy  the  heap;  the  process  is  going  on 
well  as  long  as  the  smoke  presents  the  appearance  of  a 
yellowish-grey  cloud.  Much  watery  vapor  is  emitted  at 
this  stage,  portions  of  which  condense  upon  the  covering 
of  the  heap,  giving  it  the  appearance  of  exudation.  As 
the  moisture  is  expelled  the  gaseous  matter  assumes  a 
lighter  grey  appearance,  which  is  the  indication  of  the 
second  stage  of  the  process.  The  wood  of  the  stake 
and  portions  of  that  surrounding  it  are  now  consumed, 
as  well  as  the  brushwood  at  the  top ;  irregularities  are, 
consequently,  formed  in  the  covering  owing  to  portions 
of  its  support  yielding,  and  openings  for  the  escape  of 
the  products  of  the  combustion  are  produced.  About 
this  period  the  aperture  which  was  caused  by  the  an- 
nular support  at  the  base,  termed  the  armor,  is  closed; 
after  this,  and  on  observing  the  above  indications,  the 
top  part  of  the  covering  is  removed  as  speedily  as 
possible,  the  logs  near  the  stake  broken  up  and  forced 
together  with  a  long  pole,  and  the  empty  space  thus 
formed  charged  anew  with  more  logs,  the  whole  being 
secured  under  the  mould  as  before.  The  entire  com- 
bustion of  the  portion  of  wood  in  the  centre,  and  of  the 
smaller  branches  throughout  the  heap,  now  reacts  upon 
the  remainder  of  the  logs  causing  their  destructive 
distillation. 

For  several  days  the  charring  proceeds  progressively 
towards  the  exterior  of  the  meiler.  During  this  time 
continual  attention  is  necessary,  as  well  in  allowing  the 
tarry  vapors  to  issue  at  the  base  by  making  openings 
for  that  purpose,  as  in  supplying  air  for  maintaining 
the  heat  required  for  the  charring,  and  checking  the 
draught  where  the  temperature  and  the  combustion  are 
too  violent.  As  the  work  pi-ogresses  and  the  wood 
becomes  charked,  the  heap  contracts,  but  this  is  apt  to 
be  very  partial  unless  the  workmen  control  the  draught, 
by  making  outlets  in  the  covering  of  that  portion  where 
the  effect  of  the  fire  is  slow,  and  drawing  the  heat  to 
it,  at  the  same  time  putting  on  a  thicker  coating  where 
the  action  is  likely  to  he  too  vigorous.  Having  done 
this  in  the  upper  part  of  the  heap,  it  still  remains  to 
conduct  the  heat  to  the  outer  surface.  The  cooling 
tendency  of  the  coating,  and  the  condensation  of  water 
and  empyreumatic  matters  upon  it,  render  the  ignition 
of  the  logs  near  the  coating  impossible  under  the  cir- 
cumstances hitherto  stated ;  and  if  the  operation  were 
allowed  to  proceed,  the  logs  in  the  outer  ring  would  be 
only  half  or  three-quarters  burned,  even  when  the 
charcoal  in  the  interior  would  be  overdone.  To  guard 
against  this,  a  second  series  of  holes  must  be  made  in 
the  upper  part  of  the  breast  of  the  meiler,  in  a  line 


38  FUEL  Pkoousses  of  Carbonization. 


with  those  at  the  foot,  hut  more  distant ;  these  open- 
ings need  not,  however,  be  made  as  high  as  there  is 
wood  uncharred,  for  the  direction  of  the  draught  to 
this  quarter  will  generate  as  much  heat  as  will  be 
sufficient  to  carbonize  it,  even  above  the  temporary 
chimneys.  From  these  orifices  a  thick  black  smoke 
is  discharged,  which,  after  a  time,  is  succeeded  by  a 
thin  blue  cloud;  as  soon  as  this  is  observed  the  ori- 
fices made  are  closed,  and  others  formed  at  a  distance 
of  two  or  more  feet  nearer  the  base,  and  the  vapors 
allowed  to  issue  by  them  till  the  same  appearances  are 
observed  as  before.  According  to  the  size  of  the  heap 
and  the  state  of  completion  of  the  work  in  hand,  a  third 
and  fourth  scries  of  such  perforations  are  made  in  the 
covering,  and  the  combustion  of  the  matter  in  their 
vicinity  is  allowed  to  proceed  till  the  heat  is  intense 
enough  to  decompose  their  elementary  arrangement, 
after  which  they  are  closed.  When  the  process  is 
finished,  flames  issue  simultaneously  from  the  different 
apertures  around  the  heap ;  and  should  this  not  be 
general,  vents  are  opened  in  other  parts  in  order  to 
expedite  the  appearance  of  the  flame  all  round.  When 
this  occurs,  the  process  is  completed,  and  the  duty 
of  the  attendant  is  now  to  extinguish  the  incandes- 
cent mass.  Were  this  point  overlooked,  and  the 
heap  broken  up  before  the  charcoal  was  thoroughly 
cooled,  no  inconsiderable  loss  would  be  sustained;  on 
the  other  hand,  if  it  were  left  to  part  with  its  caloric 
spontaneously,  too  long  a  time  would  be  required  for 
this  purpose,  in  consequence  of  carbon  behig  a  bad 
conductor  of  heat.  The  course  adopted  is  to  coat  the 
whole  heap  with  a  thick  layer  of  moist  earth,  and  to 
leave  it  thus  choked  daring  a  period  which  varies  ac- 
cording to  circumstances — generally  twenty-four  hours; 
if  the  temperature  be  not  sufficiently  reduced  by  this 
time,  as  much  of  the  covering  as  is  possible,  without 
exposing  the  charcoal  to  air,  is  taken  away,  and  re- 
placed with  another  layer  of  the  humid  soil.  If  two 
coverings  be  given,  the  time  allowed  for  its  remaining 
on  the  heap  is  shortened. 

When  the  whole  is  sufficiently  cool  for  drawing,  the 
covering  is  stripped  off,  and  the  charcoal  taken  and 
spread  upon  the  soil  in  a  thin  bed;  should  any  sparks 
remain,  it  is  necessary  to  exclude  the  air  from  these 
parts  by  throwing  sand  upon  them.  Another  method 
is  practised,  which,  though  more  expeditious,  is  never- 
theless more  open  to  loss.  It  is  to  strip  the  meiler 
partly  at  the  base,  and  by  means  of  a  hook  to  draw  out 
the  logs  of  charcoal  separately  and  cover  them  instantly 
with  sand,  clay,  or  some  such  material  as  will  readily 
extinguish  them ;  water,  when  convenient,  is  employed 
for  this  purpose.  When  as  many  logs  are  abstracted 
from  this  opening  as  can  be  easily  managed,  it  is 
quickly  closed  so  as  to  prevent,  as  far  as  possible,  the 
combustion  of  the  incandescent  charcoal ;  a  fresh  hole 
is  then  made  at  some  distance,  and  the  charcoal  taken 
from  it  treated  as  before.  This  operation  is  repeated 
all  round  the  base  of  the  meiler  till  the  whole  is  extin- 
guished. Night  is  the  best  time  for  conducting  this 
part  of  the  work,  as  the  darkness  enables  one  to  ob- 
serve the  smallest  spark  in  the  charcoal. 

In  the  methods  adopted  in  the  New  Forest,  a  different 
arrangement  of  the  wood  in  the  construction  of  the 


meiler  is  resorted  to.  The  logs  are  placed  perpendicu- 
lar, or  nerrly  so,  around  the  central  stake,  or  quandel, 
to  the  breadth  of  the  pile,  and  one  or  two  other  rows, 
all  in  an  erect  position,  are  superimposed  upon 
this ;  the  top  of  the  stack  is  rounded  by  fixing  shorter 
logs  horizontally,  in  the  manner  indicated  in  the  sec- 
tional drawing — Fig.  20.    In  all  the  other  details  the 


Fig.  20. 


working  of  both  forms  of  meiler  is  the  same,  differing, 
however,  in  the  manner  of  igniting.  With  the  arrange- 
ment here  represented,  the  fire  is  communicated  from 
the  top.  The  quandel  being  formed  of  three  stakes  fixed 
at  the  distance  of  a  foot  from  one  another,  at  which 
distance  they  are  retained  by  introducing  blocks  of 
wood  between  them,  the  empty  space  is  filled  up  with 
dry  brushwood  and  half-burned  charcoal.  Combustion 
is  commenced  by  introducing  red  hot  coals  into  this 
part,  and  as  fast  as  the  light  wood  is  consumed  fresh 
material  is  supplied,  until  the  logs  of  the  meiler  have 
in  part  undergone  combustion.  The  regulation  of  the 
draught  is  attended  to  with  all  possible  care,  and  so 
conducted  as  to  induce  the  carbonization  of  the  wood 
after  the  sweating,  in  the  order  represented  by  Fig.  21. 

Pig.  21. 


To  effect  this  the  draught  must  necessarily  be  directed 
from  the  burnt  towards  the  unburnt  portion.  This  is 
managed  by  forming  the  temporary  chimneys  in  such 
positions  as  to  draw  the  volatile  matter  from  traversing 
the  burnt  portion,  while  the  openings  at  the  base  are 
at  some  distance  from  that  part  wdiere  combustion  is 
taking  place.  The  effect  of  the  fire  is  known  by  the 
depression  of  the  covering,  and  this  apprizes  the  at- 
tendant where  the  openings  for  the  draught  should  be 
made,  so  as  to  keep  it  from  that  portion  which  is 
already  carbonized.  In  the  latter  method  of  construct- 
ing the  pile,  care  must  be  taken  not  to  allow  much 
vacant  space  between  the  logs,  especially  between  the 
ends  of  the  first  range  and  those  of  the  next.  II 
this  were  neglected,  the  circulation  of  air  would  be  too 
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vapid,  causing  the  fire  to  spread  over  a  large  surface 
without  effecting  a  sufficient  carbonization. 

Both  these  forms  of  meiler  are  used  generally  in  the 
forests,  and  perhaps  it  is  difficult  to  say  which  is  pre- 
ferable. Among  the  Swedish  burners  it  has  been 
established  that  more  charcoal  is  obtained  when  the 
logs  are  piled  up  horizontally,  than  when  they  are  ar- 
ranged in  a  nearly  vertical  position ;  but  the  charring 
is  not  so  well  or  so  readily  effected.  With  the 
second  or  vertical  method,  the  loss  by  combustion  is 
much  greater,  but  the  quality  of  the  charcoal  produced 
is  superior  to  that  obtained  by  the  other  processes. 

Another  method  of  charring  is  in  use,  especially  at 
Wionerwald,  and  also  in  mountainous  districts  where 
there  is  no  great  depth  of  soil,  and  where  resinous 
wood  is  operated  upon.  The  form  of  the  heap  or  pile 
is  shown  in  Fig.  22 — a  kind  of  structure  termed 
Ilaufenvcrlcohlung,  and  offering  facilities  of  charring 
uncleft  wood  of  every  dimensions.    When  this  mode 

Species  of  Wood.  July. 

Whole  logs,   0-41.. 

Logs  deprived  of  bark,   34-53 . . 

From  these  numbers  it  may  be  inferred,  that  by 
using  barked  wood  a  vast  advantage  is  gained  in  point 
of  return  of  capital,  as  the  quantity  of  water  which  is 
evolved  from  the  wood  so  prepared  is  only  what  the 
same  quantity  of  timber  would  lose,  how  long  soever 
it  might  be  left  air-drying. 

Heaps  of  a  rectangular  form  always  afford  less  char- 
coal than  the  meiler  process,  but  the  loss  is  in  some 


Fig.  22. 


measure  redeemed  by  the  circumstance,  that  the 
operation  is  more  easily  conducted  in  consequence  of 
the  vents  and  draught-holes  being  more  under  control 
in  this  than  in  the  conical  form.  The  site  generally 
chosen  for  the  heap  is  a  gently  inclined  plane,  about 
seven  to  ten  feet  in  breadth,  by  thirty  to  forty  in 
length.  Posts  corresponding  to  the  intended  height 
of  the  heap  are  fixed  vertically  around  this  space  and 
about  two  feet  apart ;  to  these  boards  are  nailed  so  as 
to  retain  in  its  place  the  covering  of  mould  or  powdered 
charcoal,  as  the  case  may  be  ;  sometimes  wicker-work 
is  substituted  for  boards.  The  logs  of  wood  are  now 
placed  transversely  to  the  length  of  the  parallelo- 
grams, taking  care  to  have  the  larger  ones  at  the  base, 
and  to  fill  up  with  lesser  wood  all  the  intermediate 
spaces ;  sometimes,  however,  they  are  arranged  length- 
wise. As  the  heap  increases,  the  upper  surface  is 
made  to  present  a  cuneated  shape,  by  heightening 
the  anterior  part,  and  gradually  tapering  to  an  angle 
of  15°  to  20°  with  the  horizon.  When  finished, 
the  heap  is  no  more  than  two  feet  in  height  at  the 
front,  whilst  it  increases  gradually  to  the  opposite  end, 


is  adopted,  it  is  customary  to  bark  the  wood,  in  order 
that  the  fire  may  attack  it  more  readily  than  it  would 
do  if  not  so  prepared.  The  best  period  for  depriving 
charcoal  wood  of  the  bark  is  immediately  after  felling, 
for  then  the  operation  is  easy,  whereas,  if  attempted 
when  parti}"  dried  in  the  air,  considerable  difficulty 
would  be  experienced.  Besides  presenting  advantages 
as  to  facility  of  combustion,  barked  wood  has  other 
qualities  which  ought  to  be  taken  into  consideration 
by  those  engaged  in  the  business ;  especially  a  greater 
freedom  in  parting  with  moisture,  requiring,  according 
to  the  experiments  of  Af  Uhr,  only  a  fractional  part 
of  the  time  usually  allowed  for  spontaneous  desiccation. 
The  results  appended  indicate  the  advantage  in  this 
respect,  the  experiments  being  made  on  pine-wood,  in 
a  shed  open  at  the  sides,  but  protected  from  the  ad- 
mission of  the  rays  of  the  sun  and  from  rain.  The 
period  of  the  experiments  was — 
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where  it  measures  from  nine  to  fifteen  feet,  accord- 
ing to  its  length.  A  small  recess  is  allowed  in  the 
lower  extremity,  as  seen  in  the  figure,  for  the  purpose 
of  lighting,  when  the  arrangements  have  been  made  for 
that  purpose,  and  the  heap  is  well  covered  with  mois- 
tened charcoal  or  mould,  and  beaten  as  solid  as  pos- 
sible. Fire  is  placed  in  the  chamber  just  mentioned, 
and  the  small  wood  contained  in  it  quickly  undergoes 
combustion  ;  a  draught  is  instituted  by  making  several 
holes  in  the  front  of  the  heap,  at  a  distance  of  about 
fifteen  inches  from  the  level  of  the  ground.  As  soon 
as  the  fire  takes  hold  on  the  wood  of  the  heap, 
the  first  opening  is  securely  closed,  and  others  opened 
along  the  front,  so  as  to  draw  the  heat  along  the  base 
which  is  being  charred,  whilst  the  upper  part  is  under- 
going the  sweating  stage.  When  a  light  smoke  of  a 
bluish  tinge  issues  through  any  of  these  openings,  the 
attendant  knows  that  the  charring  conditions  are 
favorable  in  those  parts,  and  that  it  is  time  to 
conduct  the  draught  to  other  quarters,  and  for  this 
purpose  the  openings  already  made  are  closed,  whilst 
others  are  pierced  in  the  covering  at  a  proper  dis- 
tance. After  the  fire  has  traversed  the  entire  breadth, 
the  draught  is  still  maintained  by  making  perforations 
in  the  sides  of  the  heap  near  the  ground,  and  cor- 
responding ones  in  the  upper  surface  of  the  mound,' 
taking  care  that  the  current  thus  instituted  traverses 
onlj'  where  the  wood  is  undergoing  distillation.  The 
practice  is  to  draw  the  charcoal  from  that  part  of 
the  heap  which  has  been  charred,  as  soon  as  the  fire 
has  extended  as  far  forward  as  the  heap  is  wide. 
This  is  continued  partly  throughout  the  operation,  but 
so  sparingly,  that  about  half  the  heap  will  be  left 
when  the  more  bulky  end  comes  to  undergo  active 
carbonization.  The  necessity  of  covering  all  the  parts, 
and  of  sprinkling  the  surface  of  the  heap  with  water  to 
allay  the  heat  in  some  degree,  should  not  be  over- 
looked. When  this  method  is  successfully  conducted, 
the  fire  traverses  about  a  foot  and  a  half  daily,  causing 
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the  operation  to  last  for  a  time  proportionate  to  the 
length  of  the  heap.  According  to  Debette,  the  pro- 
duct from  35-3  cubic  feet — one  stere — is 

In  large  charcoal,  27-41  cubic  feci, 
lu  small  charcoal,    0-UO  " 

Making  a  total  of  28-39  cubic  Feet,  weighing  about  185  pounds. 

This  product  is  much  less,  however,  when  the 
smaller  kind  of  wood  is  employed. 

The  commoner  and  less  economical  methods  of 
charring  have  now  been  noticed,  but  the  demand  for 
the  charred  article,  as  well  as  for  the  substances  which 
the  dry  distillation  of  wood  affords,  has  tended  to  in- 
duce a  modification  of  the  processes,  with  the  view 
of  enabling  the  charcoal-burner  to  obtain  a  larger 
amount  of  charcoal  than  is  possible  by  the  methods 
just  described,  and  also  to  recover  considerable 
quantities  of  the  products  of  the  decomposition  of 
the  wood. 

In  the  first  of  these  deemed  worthy  of  notice,  the 
main  features  of  the  meiler  are  retained,  but  by  en- 
closing it  in  sheds,  which  may  be  of  wicker-work  or  of 
boards,  the  destruction  of  a  portion  of  the  wood  from 
exposure  to  the  wind  is  prevented.  In  the  construc- 
tion of  this  kind  of  covering,  the  advantages  of  its 
being  portable  and  easily  adjusted  are  obvious  ;  hence 
it  is  generally  made  in  divisions  which  are  readily  con- 
nected with  each  other,  so  as  to  form  a  complete  shed 
round  the  pile,  large  enough  to  leave  an  interval  of  a 
few  feet  between.  An  opening  is  made  at  the  top,  for 
the  escape  of  the  smoke  and  gases,  and  another  at  the 
side,  temporarily  closed  with  a  curtain,  for  the  ingress 
and  egress  of  the  workmen.  Sometimes  the  walls  of 
this  shed  are  made  of  solid  materials,  such  as  stone, 
bricks,  et  cetera,  and  roofed  by  planks  or  stout  boards, 
leaving  sufficient  room  between  them  for  the  smoke 
to  escape.  By  this  arrangement,  the  results  of  the 
carbonization  are  increased  to  twenty-two  per  cent,  of 
charcoal. 

Another  modification  of  the  meiler  process,  suggested 
by  Brune  so  far  back  as  1801,  and  which  was  ex- 
amined and  reported  upon  by  Blavier  and  Brochin, 
is  said  to  expedite  the  charring,  as  well  as  to  increase 
the  yield  of  charcoal.  The  heap  is  in  this  case  con- 
structed, where  the  meiler  is  stationary,  by  digging  a 
circular  hole  to  the  depth  of  a  foot,  and  depositing 
a  frame  composed  of  bars  of  iron,  upon  which  is 
laid  a  cover  constructed  of  sheet-iron  plates  well 
riveted,  and  of  the  same  area  as  the  base  of  the  heap. 
Instead  of  excavating  the  soil,  an  annular  wall  of 
brickwork  or  masonry  may  be  built,  with  internal 
supports  for  the  base.  Care  is  taken  to  have  the 
plates  air-tight  before  the  meiler  is  formed  upon  it; 
this  is  tested  by  introducing  a  few  lighted  faggots  at  an 
opening  which  is  left  at  one  side,  and  which  forms  a 
kind  of  hearth,  and  observing  if  any  smoke  issues 
through  it.  Air  is  admitted  for  supporting  the  combus- 
tion of  these  faggots  through  three  other  apertures, 
one  of  which  is  opposite  to  the  hearth,  and  the  others 
equidistant  from  it.  The  meiler  being  erected  and 
covered,  first  with  brushwood  and  foliage,  and  finally 
with  moist  powdered  charcoal,  five  or  six  burning 
faggots  are  introduced  beneath  the  plated  base  at  the 


hearth,  and  the  combustion  is  kept  up  with  fresh 
quantities  for  about  an  hour,  when  the  whole  base 
of  the  meiler  will  be  in  a  state  of  ignition.  At  this 
stage  the  vent-holes  and  the  hearth  are  closed,  and 
other  openings  made  in  the  usual  manner  in  the 
covering  of  the  mass,  closing  them  as  combustion  be- 
comes sufficiently  advanced. 

The  superiority  of  this  mode  is  attributed  to  the 
greater  conducting  power  of  the  metal  than  of  the 
soil,  by  which  the  heat  is  distributed  so  rapidly  as  to 
cause  the  ignition  of  the  whole  of  the  wood  in  contact 
with  it  in  a  very  short  time,  and  without  the  necessity 
of  admitting  any  increased  volume  of  air.  Nor  is  it 
necessary  for  effecting  this,  that  the  whole  of  the  base 
should  be  heated ;  an  area  of  five  feet  will  he  sufficient 
to  communicate  a  decomposing  temperature  to  a  meiler 
of  thirty  feet  diameter  at  the  bottom. 

Upon  the  same  principle,  although  less  effective  in 
charring  the  wood  quickly,  is  the  plan  of  erecting  the 
meiler  upon  a  stationary  foundation,  so  constructed  as 
to  yield  a  portion  of  the  products  of  the  distillation. 
Fig.  23  represents  this  bed  vertically,  and  Fig.  24  its 
elevated  section.  The  structure  is  built  of  bricks,  and 
has  an  inclination  either  from  the  circumference  to  the 
centre,  as  shown  in  the  drawings,  or  reversely.  In  the 
former  case,  the  centre  of 
the  bed  is  hollowed  perpen- 


dicularly,  and  from  the  well 
thus  formed,  an  outlet  leads 
to  a  brick  tank  at  the  side. 
The  central  well  is  repre- 
sented in  the  drawings  by  d, 
the  channel  by  b,  and  the 
tank  by  c.  The  well  is 
covered  during  the  carbo- 


nizing with  a  perforated  grid 


to  prevent  its  being  filled 
with  the  charcoal,  and  care 


ingress  of  air  through  the 

channel.  This  method  is  followed  for  the  most  part 
in  the  Landes,  in  Pologne,  and  in  Russia,  and  where 
resinous  woods  are  at  hand ;  it  is  designated  the 
distillation  per  descensum,  from  the  circumstance  that 
the  tar,  resin,  and  such  heavy  products  fall  through 
the  heap,  and  flow  into  the  tank  c,  where  they  are 
recovered. 

Of  the  various  methods  of  carbonization  which 
chiefly  aim  at  obtaining  the  greatest  amount  of  char- 
coal in  the  readiest  way  from  a  given  weight  of  wood, 
the  mode  followed  in  America  seems  the  most  advan- 
tageous. Not,  indeed,  that  this  materially  differs  from 
the  European  systems,  or  that  it  does  away  with  the 
necessity  which  is  involved  of  consuming  part  of  the 
material,  but  that  the  loss  which  is  unavoidable  is  con- 
fined to  matter  which  has  less  value  than  the  charcoal. 
With  this  view,  the  interstices  of  the  meiler  are  filled 
with  powdered  charcoal,  which,  by  burning,  gives  out 
so  much  heat  as  to  effect  the  rapid  distillation  of  the 
wood,  whilst,  at  the  same  time,  it  preserves  the  car- 
bonized material  from  contact  with  the  air.  By  this 
process  it  is  said  that  about  twenty-two  per  cent,  of 
charcoal  are  obtained,  which  is  clean  to  the  touch,  and 
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in  every  respect  similar  to  that  produced  by  the  dis- 
tillation of  wood  in  close  vessels. 

Such  are  the  improvements  which  have  been  effected 
in  operating  with  the  ordinary  rneiler,  having  no  regard 
to  the  perfection  of  the  process  by  turning  to  profit  all 
the  products  afforded  by  the  wood  ;  but,  from  the  num- 
ber of  these,  and  their  utility  in  the  arts,  their  waste 
could  not  be  long  permitted,  especially  when  their  value 
became  known.  To  submit  the  wood  to  distillation  in 
close  vessels,  however,  would  involve  a  considerable 
outlay  in  costly  apparatus,  which  at  the  same  time 
would,  fail  to  furnish  a  quantity  adequate  to  the  re- 
quirements of  the  trades  which  consume  it,  and  hence 
more  simple,  as  well  as  more  effectual  methods  were  a 
desideratum.  The  conditions  required  were,  to  a  groat 
degree,  fulfilled  by  the  processes  proposed  by  Foucand, 
Baillet,  and  Schwartz,  but  others  have  been  sug- 
gested and  acted  upon.  ■ 

Foucand's  method,  which  is  the  simplest  of  these, 
is  founded  on  the  principle  of  sheds ;  all  the  other  de- 
tails being  much  the  same  as  in  the  common  pile  pro- 
cess. A  covering  is  provided,  which,  while  it  affords 
all  the  advantages  derived  by  the  use  of  sheds,  adds 


A. 


the  means  of  collecting  the  volatile  products  in  suitable 
condensers ;  and  to  render  it  more  efficient,  it  is  so 
made  as  to  be  simple  and  economical — the  diameter  of 
the  base  being  thirty  feet,  at  the  top  ten  feet,  and  the 
height  eight  or  nine  feet.  To  form  this  shed,  frames 
twelve  feet  long,  three  broad  at  one  end,  and  one  foot  at 
the  other,  are  constructed  of  bars  of  wood  two  inches 
square.  Upon  these,  stout  twigs  in  the  form  of  wicker- 
work  are  woven  ;  wooden  holders  are  attached  to  each 
frame,  by  which,  and  the  use  of  an  iron  or  wooden  pin, 
they  may  be  joined  together.  Before  putting  them  up, 
it  is  customary  to  coat  them  with  a  well-tempered 

Fig.  25. 


Fig.  2G. 

loam,  with  which  some  chopped  grass  is  mixed.  Fig. 
25  shows  one  of  these  frames,  and  Fig.  26  one  side 
with  the  holders  appended. 

When  a  number  of  these  are  adjusted  together,  they 
form  a  frustrum  of  a  cone,  the  top  of  which  is  closed 
with  a  flat  lid,  ten  feet  in  diameter,  and  made  of  boards 
well  connected.  In  the  centre  are  three  openings  or 
trap-doors,  OOP,  as  seen  in  Fig.  27.  Through  two 
of  these,  o  o,  the  first  smoke  which  is  evolved  on  the 


meiler  being  ignited  passes  out;  and  after  this  the 
condensable  products  are  drawn  off  through  the  third 
opening  by  a  pipe  bent  at  right  angles,  and  conducted 
into  the  first  of  a  series  of  condensers,  R  R  R.  This  ar- 
rangement is  shown  in  elevation  in  Fig.  28,  where 

Fig.  28. 


may  be  seen  the  opening,  T,  by  which  the  workmen 
can  enter  or  go  out  at  pleasure.  "When  the  object  is  to 
collect  the  acetic  acid  only,  some  have  proposed  coat- 
ing the  mould  with  a  species  of  mortar  made  with 
quicklime ;  the  acid  unites  with  this  base,  and  forms 
acetate  of  lime,  which  may  be  treated  as  indicated 
under  Acetic  Acid. 

Batllet's  form  of  carbonizer,  reproduced  with  various 
improvements  in  the  apparatus  of  M.  LA  Chabeaus- 
siere,  consists  of  a  cylindrical  chamber,  covered  with 
a  plate  of  cast-iron,  and  furnished  with  orifices,  for  the 
admission  of  air  to  support  the  combustion  of  a  portion 
of  the  wood,  and  also  for  the  passage  of  the  products  of 


the  decomposition  of  the  contents.  It  is  constructed 
by  digging  a  circular  cavity  in  the  earth  of  any  conve- 
nient depth  ;  or,  where  this  cannot  be  done,  building  a 
mould  wall  round  the  space  corresponding  to  the  size 
of  the  furnace:'  s  When  sunk  in  the  ground,  holes  are 
made  perpendicular  to  the  base,  and  at  a  distance  of  a 
foot  from  the  facing  of  the  wall  of  the  cavity;  they  are 
made  to  open  inwards  at  the  base.  In  the  other  form, 
the  perforations  are  fixed  at  the  base  to  open  inwards 
in  the  same  way.  Fig.  29  represents  this  kind  of 
carbonizer,  half  in  plan  and  half  in  elevation,  and  Fig. 
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30  a  section  of  the  same.  In  the  first  of  these,  A 
denotes  half  the  plan  at  the  level  of  the  base,  and  B 
the  other  elevated  portion  under  a  vertical  view.  The 
same  are  seen  in  section,  where  C  indicates  the  half 
section  over  the  chimney,  and  D  the  half  over  the  air- 
channels. 

The  bottom  of  the  furnace,  E,  is  constructed  of  re- 
fractory clay,  well  beaten,  or  of  bricks  ;  so  also  are  the 
side  openings,  G,  of  the  air-channels  in  the  bottom.  F  F 
indicate  the  mouths  of  these  holes,  H  is  the  brick-chest 
or  pipe  for  conducting  the  smoke,  and  I  the  casing  of 
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the  same  material  upon  -which  the  verge  of  the  lid 
rests.  This  most  important  part  of  the  furnace  is  con- 
structed of  wrought-iron  plates,  bound  by  clamps  or 

Pig.  29. 


hoops  of  sheet-iron.  Its  form  is  a  segment  of  a  sphere, 
its  diameter  is  ten  feet  six  inches,  being  six  inches 
wider  than  the  pit,  so  that  it  will  rest  three  inches  over 

Pig.  30. 


the  edge  of  the  wall.  It  ought  to  be  sufficiently  solid 
to  bear  the  weight  of  a  man  without  being  injured.  A 
perforation,  a,  Fig.  31 ,  is  made  in  the  centre ;  this 
opening,  which  is  nine  inches  in  diameter,  and  closed 
by  a  movable  plug  of  iron,  serves  as  a  vent  for  inducing 
the  ignition  of  the  wood, 
rig- 31,  as  well  as  for  introducing 

a  red-hot  coals  for  that  pur- 

pose. There  are  four  other 
openings,  b  b,  equidistant 
from  each  other,  and  six 
inches  from  the  rim.  The  diameters  of  these  are  only 
four  inches,  and  they  are  intended  as  draught-holes  for 
the  escape  of  the  first  heavy  vapors  that  are  given  off 
when  combustion  sets  in.  In  diameter  the  furnace  is 
about  ten  feet  at  the  base,  being  a  little  more  at  the 
top,  and  it  is  nine  to  nine  and  a  half  feet  in  depth. 
About  six  inches  thick  of  solid  flooring,  composed  of 
refractory  clay,  is  laid  on  the  bottom,  bringing  this  up 
to  the  level  of  the  inlets.  It  should  be  well  beaten,  in 
order  that  it  may  the  better  resist  the  heat,  as  should 
likewise  be  that  of  the  walls  of  the  furnace.    The  air- 


holes are  generally  about  two  to  two  and  a  half  inches 
in  diameter,  though  openings  of  a  less  calibre  would  be 
sufficient;  but  by  placing  a  tile  upon  the  orifice,  the 
volume  of  air  may  be  reduced  at  pleasure. 

The  outlet  through  which  the  volatile  products  pass 
is  introduced  at  about  nine  inches  below  the  ledge  of 
the  furnace  ;  it  is  nine  inches  in  diameter,  and  in- 
clines towards  the  body  from  the  further  end,  which 
abuts  in  a  rectangular  box,  eighteen  inches  in  length, 
twelve  in  breadth,  and  fifteen  in  height.  During  the 
distillation,  tar  and  portions  of  the  acid  condense  in  the 
box,  the  walls  of  which  are  made  of  brick,  the  cover 
being  a  movable  plate  of  iron;  and  when  nearly 
filled,  or  in  such  a  state  as  that  it  would  obstruct 
the  passage  of  the  vapors,  the  excess  is  drawn  off 
by  a  stopcock  in  the  side  near  the  bottom.  A 
cast  or  wrought  iron  pipe  is  fixed  vertically  in  the 
lid  of  the  box,  and  at  the  height  of  about  four  feet 
it  is  bent  horizontally,  or  slightly  depressed ;  the  hori- 
zontal part  is  about  fifteen  feet  in  length,  so  that 
the  contents  may  be  cooled  during  their  passage,  and 
prevented  from  spontaneously  igniting.  The  far  end 
of  this  pipe  discharges  itself  into  a  wooden  sluice  or 
covered  trough,  which  conducts  the  products  into  suit- 
able condensers.  Before  putting  the  furnace  in  opera- 
tion, it  must  be  well  dried  by  lighting  some  brushwood, 
and  keeping  up  the  heat  till  the  bottom  and  sides  are 
thoroughly  baked.  The  charging  is  commenced  by 
fixing  a  round  stake  four  inches  in  diameter  in  the 
bottom,  and  of  the  same  height  as  the  furnace.  Around 
this,  some  charcoal  is  placed  to  keep  it  upright,  and 
then  logs  of  wood  are  arranged  horizontally,  radiating 
towards  the  circumference  and  between  the  air-holes, 
observing  that  the  ends  reach  neither  to  the  central 
stake  nor  to  the  wall  of  the  furnace.  The  spaces  un- 
occupied between  the  radii,  form  so  many  flues  from 
the  draught-holes  to  the  centre.  Another  layer  of  logs 
is  laid  transversely  upon  these  spaces,  and  close  to 
each  other,  thus  leaving  as  few  vacancies  as  possible. 
Other  layers  are  placed  upon  this  successively  till  the 
furnace  is  filled,  and  all  the  spaces  round  at  the  circum- 
ference are  charged,  either  by  alternating  the  logs,  or 
by  employing  smaller  wood  for  this  purpose. 

The  next  step  is  to  withdraw  the  central  shaft,  and 
to  fix  the  cap  in  its  place  ;  the  latter  operation  is  facili- 
tated by  the  use  of  two  iron  levers  and  wooden  rollers 
twelve  feet  in  length,  which  pass  over  the  furnace  and 
rest  on  the  ground  at  each  end.  All  the  openings  in 
this  cover  are  left  free,  and  the  remainder  is  coated 
with  a  layer  of  loose  dry  earth  or  sand,  two  inches  thick, 
in  order  to  cause  it  to  be  as  retentive  of  the  heat  as 
possible.  The  draught-holes  round  the  circular  wall  of 
the  furnace  are  likewise  opened.  At  this  stage,  some 
red-hot  embers  are  poured  down  the  central  vent-hole 
through  a  kind  of  funnel,  and  these  falling  through 
the  space  previously  occupied  by  the  stake,  which 
acts  as  a  kind  of  chimney,  come  in  contact  with  the 
combustible  material  at  the  bottom,  which  is  soon 
ignited.  For  the  purpose  of  diffusing  the  flame  over 
the  contents  of  the  furnace,  the  central  orifice  is 
closed  as  soon  as  the  fire  has  acquired  sufficient 
strength.  After  the  bluish  smoke  which  escapes  from 
the  charcoal  changes  to  a  whitish  shade,  the  draught- 
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holes  in  the  cover  are  partly  closed,  as  are  also  those 
leading  to  the  base  of  the  furnace  ;  and  when  the  com- 
bustion is  thought  sufficiently  brisk,  the  openings  in  the 
cover  are  entirely  stopped,  and  the  vapors  allowed  to 
pass  off  to  the  condenser.  Sometimes  the  draught  pro- 
duced by  the  chimney  at  the  end  of  the  condenser  is 
not  powerful  enough  to  cause  a  rapid  transmission  of 
the  gases  and  other  volatile  products  from  the  furnace, 
in  which  case  the  fire  is  apt  to  flag  or  become  ex- 
tinguished. This  state  of  things  is  detected  by  the 
vapors  being  driven  back  in  the  outlets  through  which 
they  ought  to  proceed.  To  remedy  the  evil,  the  air- 
holes at  the  top  of  the  cover  might  he  opened  and  a 
portion  of  the  products  allowed  to  escape,  rather  than 
suffer  the  fire  to  go  out ;  but  the  best  contrivance  is  to 
have  a  second  opening  at  the  top  of  the  furnace,  to 
which  pipes  may  be  appended  for  conducting  the  gases 
oft  to  the  condenser,  but  capable  of  being  closed  when 
not  required. 

The  charring  generally  requires  from  sixty  to  eighty 
hours  to  produce  a  good  quality  of  charcoal,  hut  the 
period  is,  of  course,  variable.  The  attendant  examines 
the  state  of  the  interior  by  thrusting  a  pole  into  the 
furnace  through  the  central  opening,  and  observing  if 
the  reduction  in  the  bulk  of  the  mass  be  equal  in  all 
parts.  If  this  be  not  the  case,  the  draught-hole  is 
opened  near  that  part  where  the  subsidence  is  least,  as 
also  the  air-hole  opposite  to  it  at  the  base,  and  in  a  very 
short  time  the  equilibrium  is  re-established.  As  soon 
as  the  charring  is  thought  to  be  completed,  either  by 
examination  with  the  pole  or  from  the  appearance  of 
the  smoke  which  may  be  evolved,  all  the  air-channels 
and  draught-holes  in  the  cover  are  opened,  with  the  ex- 
ception of  the  central  one ;  a  brisker  combustion  ensues, 
and  some  hydrogen  which  has  been  hitherto  retained 
is  given  off.  In  consequence  of  this,  the  charcoal 
changes  from  a  reddish-brown  to  a  black  color,  and  is  so 
far  rendered  more  marketable.  Immediately  on  the 
surface  of  the  charcoal  becoming  incandescent — a  state 
which  may  be  observed  by  looking  through  the  orifices 
in  the  cover — all  the  openings  by  which  air  entered  or 
vapors  escaped  are  carefully  closed;  the  temporary 
covering  on  the  cap  is  removed,  and  replaced  by  a 
coating  of  thin  loam.  Thus  secured,  the  whole  is  left 
from  seventy  to  eighty  hours  to  cool.  The  furnace  is 
then  uncovered  for  the  purpose  of  removing  the  charge 
of  charcoal. 

It  will  be  observed  that  the  contents  at  this  period 
possess  no  more  than  half  the  bulk  of  the  wood  origi- 
nally introduced ;  this  reduction  arises  not  from  the 
actual  contraction  of  the  matter  in  charring  to  that 
extent,  but  from  the  filling  up  of  the  interstices  by  the 
burned  material. 

A  workman  now  descends  into  the  furnace  and  emp- 
ties it  of  its  charcoal,  by  taking  the  pieces  up  one  by 
one,  using  as  much  precaution  as  possible  that  they  are 
not  broken.  The  smaller  fragments  and  charcoal  dust 
are  removed  with  a  shovel,  and  collected  in  a  heap  to- 
gether. Should  the  contents  not  be  thoroughly  cooled, 
the  workman  employs  an  iron  tool  which  protects  his 
hands  from  the  heat.  Any  live  or  half-burned  char- 
coal which  may  be  present  is  assorted  by  itself,  then 
spread  out  and  occasionally  raked  about,  by  which  it 


becomes  extinguished  ot  its  own  accord,  and  without 
the  use  of  water ;  it  would  be  well,  however,  to  have 
some  at  hand,  in  which  to  immerse  any  pieces  that 
may  be  detected  burning,  which  is  known  by  the  ap- 
pearance of  white  spots.  When  the  furnace  is  emp- 
tied, it  is  re-charged  in  the  manner  already  described, 
and  all  the  operations  are  repeated  in  the  same  manner, 
and  proceeded  with  as  previously  detailed. 

Five  active  workmen  have  been  found  sufficient  to 
superintend  successfully  eight  such  furnaces,  working 
without  interruption,  and  producing  on  an  average 
twenty  per  cent,  of  charcoal  throughout  the  year. 
The  following  statement  of  the  work  of  these  furnaces 
giyes  a  fair  average  of  their  annual  produce : — ■ 

Tons.  Cw-ts.  Qrs.  Lba. 

5000  stores  of  oak,  weighing  123     0     3    16  produced 

16,000  hectolitres  of  char- 
coal, weighing   24    12     0  21 

Impure  acetic  acid,   22     0     0  17 

Yielding  upon  distillation  a 
purified  article, marking  12° 
Twaddell,  weighing  from      12    15     3  21 

To   13    15     2  14 

The  outlay  in  the  construction  of  each  furnace  ia 
said  to  be  four  hundred  and  fifty  francs,  or  about 
eighteen  pounds  fifteen  shillings,  of  which  sum  six- 
teen pounds  thirteen  shillings  are  paid  for  the  cap,  the 
balance  being  ample  for  constructing  the  body  of  the 
furnace.  The  condensing  apparatus  is  not  included  in 
this  statement. 

On  reference  to  the  article  Acetic  Acid,  Vol.  I.  p. 
18,  the  apparatus  of  Schwartz  will  be  found  fully  de- 
scribed ;  and,  therefore,  any  further  description  of  it  will 
be  here  unnecessary ;  but  something  may  be  added  as  to 
its  efficiency  compared  with  the  others.  In  localities 
where  there  is  considerable  demand  for  charcoal,  such 
as  in  some  parts  of  France  and  Sweden,  where  it  is 
largely  consumed  in  smelting  operations,  the  apparatus 
of  Schwartz  is  better  adapted  to  yield  the  requisite 
supply  than  La  Chabeaussiere's  ;  it  likewise  answers 
better  for  coniferous  woods,  as  the  large  amount  of  tar 
which  these  yield  is  most  effectually  recovered  by  it. 
On  the  other  hand,  it  must  be  admitted  that  the  wood 
is  more  completely  charred  in  the  latter,  and  the  time 
occupied  in  proportion  to  the  bulk  is  much  shorter; 
that  the  cost  of  Schwartz's  apparatus  is  much  greater, 
and  that  it  does  not  admit  of  removal  like  La  Cha- 
beaussiere's, except  under  an  outlay  as  great  as  the 
original  cost  of  erection,  namely,  from  eighty  to  ninety 
pounds.  The  advantage  of  using  either  of  these  forms 
depends  greatly  upon  the  facility  with  which  the  wood 
may  be  conveyed  to  the  meiler,  as  it  is  evident  that,  if 
the  distance  were  great,  the  cost  and  difficulties  of  the 
carriage  of  wood  over  that  of  the  charcoal  would  more 
than  balance  the  value  of  the  products  of  the  distilla- 
tion, and,  in  fact,  of  the  greater  yield  of  charcoal.  In 
this  case,  the  first  method  of  carbonizing,  in  large 
meilers,  enclosed  in  easily  movable  sheds,  will  claim  a 
preference  to  the  other  two ;  but  sometimes,  when  the 
piles  are  required  to  be  very  large,  the  removal  of  these 
becomes  more  difficult  and  troublesome;  so  that  their 
advantages  are  considered  inadequate  to  the  labor,  and 
they  are  consequently  dispensed  with.  It  is  evident, 
therefore,  as  Dumas  remarks,  that  in  such  districts  all 
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the  improvements  to  be  made  in  the  manufacture  of 
charcoal  must  turn  upon  the  better  working  of  the 
meiler  or  pile,  as  being  the  most  applicable  ;  and  hence, 
the  first  thing  to  be  aimed  at  is  to  render  this  more  in- 
dependent of  the  cares  of  the  workmen.  Upon  this, 
the  difference  between  the  pile  system  and  that  of  dis- 
tilling in  close  vessels  turns;  for,  by  the  former,  the 
most  skilful  practitioner  may  be  baffled  by  circum- 
stances peculiar  to  the  operation ;  whilst,  in  the  latter, 
the  smallest  amount  of  hand  labor  will  always  serve 
to  prepare  the  charcoal,  and  in  the  largest  quantity. 

It  is  clear  that  the  first  consideration  on  the  part  of 
the  burner  of  the  pile  is  the  lighting  of  the  fire,  so  as 
to  spread  it  over  the  largest  extent  of  surface  in  the 
shortest  possible  time,  and  with  the  admission  of  as 
little  air  as  possible.  This  is  usually  done  by  igniting 
the  mass  at  the  base,  establishing  a  draught  at  the 
same  time  from  the  exterior  and  through  the  centre, 
as  seen  in  Fig.  32,  at  p  m  a,  till  the  upper  parts  of  the 
pile  are  on  the  point  of  entering  into  incandescence. 
By  closing  the  chimney,  n,  and  opening  vents  at  the 
points,  a  a,  around  the  mound,  a  draught  will  be  formed 
through  p  m  a.    These  perforations  will  in  turn  be 

closed,  and  new 
Fig.  32.  ones    opened  in 

succession  ;  and 
as  the  carboniza- 
tion advances  in  b 
c  and  d,  care  must 
be  taken  to  bring 
the  force  of  the 
combustion  in  the 
direction  of  p  m  b, 
p  m  c,  et  cetera, 
so  as  to  char  the 
whole  in  zones 
proceeding  from 
the  axis  to  the  cir- 
cumference, and 
then  downwards 
towards  the  base. 
*  Such  is  the  course 

which  is  deemed  the  most  favorable  for  the  char- 
ring ;  but  it  is  evident  that  this  does  not  include  all 
that  is  deserving  of  the  operator's  attention.  An 
object,  indeed,  of  primary  consideration,  is  to  render 
as  much  as  possible  of  the  caloric  disengaged  in  the 
proc  iss  available  for  decomposing  the  molecular  ar- 
rangement of  the  matter  of  the  wood.  Could  this 
end  be  fully  attained,  it  is  evident  that  the  whole  of 
the  carbonaceous  matter  might  be  obtained  in  the  form 
of  charcoal.  How  far  this  is  from  being  accomplished 
in  the  meiler  system,  those  engaged  in  the  business  are 
best  aware ;  as  likewise  how  great  a  loss  the  slightest 
variation  of  temperature  inflicts  upon  them.  This  re- 
gulation of  the  heat  is,  however,  a  problem,  the  solution 
of  which  would  involve  the  removal  of  serious  difficul- 
ties— a  fact  which  will  be  readily  admitted  when  the 
amount  of  water  to  be  discharged  as  steam,  the  volume 
of  gases  liberated,  and  of  air  passing  through  the  pile, 
are  considered. 

A  method  adopted  in  Sweden,  which  seems  to  be 
an  improvement  on  the  common  plan,  is  to  conduct 


the  draught  downwards  instead  of  in  the  ordinary  way ; 
and  if  the  pile  were  constructed  upon  a  base  sloped 
from  the  centre  to  the  exterior,  this  would  allow  of  the 
draining  of  the  tar,  acetic  acid,  water,  et  cetera,  into  a 
suitable  vessel.  Pipes  might  be  disposed  through  it, 
so  as  to  conduct  the  draught  from  the  vertex  to  the 
base  of  the  cone,  and  all  converging  into  a  tank,  where 
the  vapors  would  be  condensed  as  far  as  possible,  the 
remainder  passing  out  through  a  flue  into  a  chimney  of 
sufficient  height  to  generate  a  draught  powerful  enough 
to  carry  on  the  combustion.  By  this  course  all  the 
heat  would  be  utilized,  and  the  moisture  disengaged 
would  be  prevented  from  passing  through  the  ignited 
wood — a  circumstance  which  causes  considerable  re- 
duction of  the  charcoal  left. 

Another  species  of  charring  is  that  in  which  the  heat 
is  exterior  to  the  wood  which  is  to  be  carbonized,  and 
is  produced  in  an  adjoining  fire.  Of  this  description  of 
carbonizers  is  that  represented  in  Fig.  33,  a  construc- 
tion of  brickwork,  having  apertures  suited  to  the  con- 
venience of  the  workmen  for  charging  and  withdraw- 
ing the  products.  Of  these,  A  shows  the  orifice  through 
which  the  wood  is  introduced  till  it  rises  as  high  as  this 
opening,  after  which  it  is  closed,  and  the  remainder  ot 
the  interior  charged  through  the  superior  aperture,  B, 
and  the  orifice  for  the  passage  of  the  products  of  dis- 
tillation is  through  the  pipe,  c.    The  fire  which  serves 

Fig.  83. 


to  bring  the  contents  to  the  point  of  decomposition  is 
made  on  the  grate,  D,  and  the  air  which  is  to  maintain 
its  combustion  enters  by  the  ashpit,  and  is  regulated 
by  a  door,  e.  When  the  kiln  is  charged,  the  apertures, 
A  and  B,  are  blocked  up  with  bricks,  or  closely  fitting 
lids.  As  soon  as  the  walls  have  acquired  so  much  heat 
as  will  bo  necessary  to  complete  the  charring,  the  com- 
munication with  the  air  is  cut  off  by  closing  the  door,  E. 
In  carbonizing  in  this  manner,  the  charring  is  more  re- 
gularly effected,  although  the  supervision  of  the  attend- 
ant cannot  be  so  well  exerted  as  -when  the  ordinary 
meiler  is  resorted  to ;  in  the  latter,  however,  the  influ- 
ence of  the  weather  can  scarcely  be  controlled,  however 
watchful  the  workman  may  be — a  condition  effected  by 
the  walls  of  the  kiln,  and  hence  its  superiority. 

Differing  from  the  kilns  of  this  description,  but  still 


FUEL  Processes  op  Carbonization. 


45 


less  advantageous  in  point  of  execution,  are  those  kinds 
of  carbonizers  which  char  the  wood  without  allowing 
the  products  of  the  combustion  to  come  into  contact 
with  the  materials  to  be  decomposed.  They  possess 
an  advantage  over  others,  inasmuch  as  all  the  volatile 
products  are  recovered  in  the  condenser,  without  any- 
thing being  lost  from  a  combustion  taking  place  in 
contact  with  them.  This  advantage  is  partly  neutral- 
ized by  the  large  amount  of  fuel  which  is  required  to 
bring  their  contents  to  the  proper  working  tempera- 
ture, and  the  necessarily  small  volume  which  must 
be  operated  upon,  owing  to  the  non-conducting  qua- 
lities of  wood  and  charcoal.  No  less  than  a  quarter 
of  the  product  in  charcoal  is  consumed  for  this  pur- 
pose, even  when  the  combustible  gases  which  pass 
through  the  condenser  unarrested  are  economised  in 
the  grate. 

The  close  distillatory  apparatus  or  retorts  are  the 
most  eligible  for  the  decomposition  of  pine  wood,  and 
such  as  contain  a  large  amount  of  resins ;  and  though, 
at  a  distance  from  the  site  where  the  wood  is  felled,  they 
are  generally  composed  of  iron,  yet  near  the  locality 
they  are  sometimes  constructed  of  well-tempered  clay. 
Those  known  as  tar-retorts  are  composed  of  two  hol- 
low cylinders,  one  within  the  other,  and  differing  six 
or  eight  inches  in  diameter.  The  inner  of  these  re- 
ceives the  wood,  and  is  a  little  longer  than  the  outer 
one.  The  space  between  them  is  appropriated  to  the 
fire,  which  is  maintained  by  a  current  of  air  rushing  in 
through  apertures  in  the  outer  walls.  A  funnel  shape 
is  given  to  the  base  of  the  retort,  and  this  is  made  to 
terminate  in  a  pipe  which  traverses  the  outer  cylinder, 
and  abuts  in  a  tar  cistern  where  the  products  of  dis- 
tillation collect.  By  means  of  an  aperture  at  the 
top  of  the  inner  cylinder  the  wood  is  introduced,  and 
after  the  charging  is  performed,  and  all  the  outlets 
closed  with  the  exception  of  those  at  the  base,  the  fire 
is  lighted  in  the  intervening  space  between  the  outer 
cylinder  and  the  retort,  and  the  heat  continued  as  long 
as  volatile  matters  pass  over  to  the  receiver.  When 
these  cease,  or  sooner,  provided  the  walls  are  sufficiently 
hot  to  finish  the  distillation,  the  fire  is  extinguished, 
and  th  3  apparatus  allowed  to  cool. 

A  very  good  form  of  retort  for  the  distillation  of  wood 
and  the  production  of  tar  and  charcoal,  is  that  shown  in 
Fig.  34  annexed.  The  body,  A,  of  the  retort  is  of  cast- 
iron,  imbedded  in  masonry  or  brickwork,  so  that  the 
flue  from  the  grate  courses  spirally  to  the  top,  where  it 
turns  off  to  the  chimney.  In  the  upper  part  of  this  case 
is  a  movable  cover,  B,  through  which  the  wood  is  intro- 
duced, and  by  which  the  charcoal  is  removed  when  the 
charring  is  finished.  An  outlet  is  made  at  the  top  under 
the  rim,  to  which  a  pipe,  c,  is  fixed  that  communicates 
with  a  large  condensing  vessel,  D,  covered  at  the  top ; 
this  is  connected  with  another,  E,  wherein  all  the  con- 
densable matters  which  escape  from  the  first  are  arrested 


and  conducted  to  a  recipient  by  the  pipe  and  stopcock,  o, 
whilst  the  non-eondensable  gases  are  reconducted  by  a 
pipe,  F  F,  over  the  grate  of  the  furnace,  G,  to  be  burned, 

Fig.  34 


and  thus  economise  the  fuel.  The  fire  is  made  of 
faggots  and  brushwood,  and  is  maintained  till  gases 
and  vapors  are  abundantly  evolved,  at  which  stage 
a  stopcock  in  the  pipe,  F  f,  is  opened,  and  the  in- 
flammable products  of  the  distillation  are  allowed  to 
flow  in  over  the  fire,  where,  in  burning,  they  produce 
as  much  heat,  with  a  little  addition  of  fuel,  as  will  char 
the  remainder  of  the  contents.  After  the  condensable 
matters  cease  to  flow  over,  this  tap  is  shut,  and  the 
retort  is  left  to  cool  for  a  period  of  sixteen  to  twenty 
hours. 

Such  are  the  principal  methods  resorted  to  for  the 
manufacture  of  charcoal  from  wood  for  the  require- 
ments of  the  smelter,  the  powder-maker,  and  others. 
It  is  evident,  from  the  nature  of  the  several  processes, 
that  considerable  difference  must  necessarily  exist  be- 
tween the  charcoals  produced,  as  well  in  their  intrinsic 
value  as  in  their  physical  appearance.  This  partly 
depends  on  the  species  of  wood  employed ;  but  all  the 
difference  is  not  to  be  attributed  to  this  circumstance. 
The  study  of  charcoal,  with  a  view  to  its  application 
in  the  works  where  it  is  chiefly  consumed  on  the  Con- 
tinent, has  led  to  a  modification  of  the  usual  mode  of 
charring,  by  which  a  larger  volumetric  yield  has  been 
insured,  answering  all  the  purposes  required.  This 
product  is  designated  torrefied  wood,  or  red  charcoal, 
from  its  reddish-brown  appearance.  Bertiiier  was 
the  first  to  call  attention  to  this  variety;  but  lately 
Sauvage  conducted  some  experiments,  from  which  he 
deduces  that  the  amount  of  combustible  matter  ob- 
tained by  the  charring  of  wood  does  not  increase  after 
exposing  the  material  to  a  suitable  heat  during  a  stated 
period,  but  that,  on  the  contrary,  a  loss  is  sustained  in 
the  quantity.  He  limits  the  proper  period  to  five  hours 
and  a  half.  The  results  of  his  experiments  are  trans- 
cribed in  the  annexed  table,  which  shows  the  loss 
sustained  in  weight,  and  the  volume  at  the  intervals 
mentioned : — 


100  lbs.  Wood  clinvred  for 

3  hours. 

4  hours 

5  hour**. 

5*5  hours. 

6-5  hours. 

Hound 
Churcoul 

100  cubic  feet  by  a  similar  treatment ) 

6.5*4  pounds. 
86  C.F. 

53  pounds. 
76  C.F. 

47  pounds. 
58  C.F. 

41-5  pounds. 
55  C.F. 

39*1  pounds. 
52  C.F. 

17*2  pounds. 
33  C.F. 
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When  the  following  numbers  are  considered  in  connection  with  the  preceding  table,  the  loss  sustained  in 
combustible  matter  will  become  apparent : — 

AMOUNT  OP  COMBUSTIBLE  MATTER  CONTAINED  IS 

1  cubic  foot  of  wood,   908  parts  by  weight. 

1        "  "     charred  during  3  hours,   883     "  " 

1       "  "  "        4    "    904    "  *..»• 

1        "  "  "         5     "    1133     "  " 

1        "  "  "         5-5  "    1091     "  " 

1        »  '«  "        6-5  "    1136    *  " 

1        11         mciler  charcoal,   1096     "  " 


The  usual  method  followed  in  France  and  Belgium 
for  manufacturing  charcoal,  is  by  a  kind  of  meiler  or 
pile  lengthened  out,  and  having  a  channel  cut  in  the 
floor,  as  shown  in  transverse  section  in  Fig.  35,  and 
longitudinally  in  Fig.  36,  both  in  elevation.    The  fire 


Fig.  36. 
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is  made  at  B,  and  the  warm  gases  are  forced  along 
the  channel,  A,  by  the  fan,  c  ;  these  products  of  com- 
bustion spread  through  the  heap,  and  heat  the  wood  to 
the  point  of  carbonization.  Generally,  the  manage- 
ment of  the  pile  is  the  same  as  when  working  in  the 
ordinary  way.  Much  difficulty  is  experienced  in  pro- 
perly conducting  the  process  to  produce  satisfactory 
results ;  and  frequently  it  happens  that  nothing  but 
black  charcoal  remains.  In  the  department  of  the 
Ardennes,  where  smelting  is  carried  on,  the  waste 
heat  from  the  furnaces  is  economized  by  making  it 
carbonize  the  wood  and  convert  it  into  red  charcoal. 
The  course  adopted  is  to  place  the  material  in 
cylinders,  conducting  the  heated  gases  of  the  furnace 
through  them  for  a  certain  period.  By  the  heat  thus 
communicated,  the  wood  is  made  to  sustain  a  loss 
varying  from  thirty  to  fifty  per  cent.  When  only 
thirty  per  cent,  is  lost,  the  substance  is  merely  dried, 
and  the  heat  must  be  prolonged  till  the,  charring  has 
reached  to  the  proper  limits,  discerned  by  the  color  and 
weight  of  the  body.  It  would  appear  that  although 
there  is  generally  an  advantage  in  treating  the  wood 
thus,  yet  the  red  charcoal  is  very  seldom  homogeneous 
in  composition.  In  this  respect,  the  best  results  hitherto 
arrived  at  are  those  of  Violette,  who  employed  high 
pressure  steam,  having  a  temperature  of  about  572°. 

Charcoal,  in  whatever  way  it  is  prepared,  is  dependent 
for  its  quality,  as  well  as  for  the  quantity,  first  upon 
the  wood,  and  secondly  upon  the  course  of  operations 
to  which  the  latter  is  subjected.  As  to  the  former,  the 
details  already  given  of  the  composition  of  the  different 
kinds,  will  be  sufficient  to  show,  that  the  amount  of 
carbon  in  a  given  weight  or  volume  is  greater  in  some 


species  than  in  others,  and,  consequently,  these  will 
yield  a  product  containing  more  combustible  matter  for 
the  same  bulk  than  lighter  woods.  It  is  difficult,  how- 
ever, to  make  experiments  decisive  of  the  relative  value 
of  the  various  systems  of  charring  in  relation  to  the 
yield  in  carbon,  or  the  relative  loss  of  carbonaceous 
matter  which  woods  sustain  while  undergoing  decom- 
position by  heat.  Indeed,  it  may  be  said  that  most  of 
the  results  of  the  investigations  hitherto  undertaken 
afford  only  approximations  to  the  truth.  The  most 
accurate,  perhaps,  are  those  obtained  by  Juncker,  who 
endeavored  to  determine  the  yield  of  charcoal  from 
samples  of  different  kinds  of  wood,  all  about  thirty- 
two  years  old.  The  woods  were  weighed  and  charred 
in  heaps  of  equal  size,  using  all  possible  diligence  in 
the  operation ;  and  as  soon  as  the  charring  was  finished, 
and  the  product  cooled,  it  was  weighed  immediately, 
and  before  moisture  could  be  absorbed.  The  weights 
taken  afforded  the  annexed  results : — ■ 


Green  red  beech,  cut  in  May,  1832,   19-7 

„  ,,  „  „      without  bark,  23-0 

Dry  red  beech  and  oak,  two  years  old,   24-0 

Dry  oak,  two  years  old,  and  without  bark,   25-7 

Green  oak,  cut  in  May,  1832,   22-4 

„  „  „  without  bark, ... .  21-2 

„  „  „  with  bark,   18-8 

Equal  parts  of  barkless  red  beech  and  oak,  cut  123-4 

in  Jan.,  1831,  and  carbonized  in  Aug.,  1831.../ 
Green  red  beech  with  bark,  charred  immediately,  12-9 
Green  oak  immediately  charred,   13*5 


Hnlf- 
churrcd 
wood. 

.  0-6 

.  0-3 

.  0-3 

.  0-34 

.  0-3 

.'  1-0 

.  0-5 

.  0-3 
.  0-4 

The  first  five  experiments  were  made  in  August,  a 
season  most  favorable  to  the  charring,  and  the  others 
in  January,  a  time  less  propitious  ;  but  when  it  is  con- 
sidered that  the  amount  of  water  in  the  woods  at  the 
period  of  carbonization  was  left  undetermined,  and  that 
this  exercises  a  powerful  action  upon  the  charred  sub- 
stance, diminishing  considerably  the  product,  it  is 
evident,  from  what  has  been  previously  said,  that  some- 
thing is  wanting  to  render  the  results  conclusive. 

Researches  of  a  similar  nature  undertaken  at  Eisle- 
ben,  where  the  operation  of  charring  was  effected  in 
piles  thirty  feet  in  diameter,  afforded  the  subjoined 
numbers :  — 

Centesinially. 
L~  II. 

From  Oak-wood  in  split  logs,   21-3  . .  23-4 

Bed  beech,   22-7 

Birch,   20-9 

Beech,   20-6 

Pine,   25-0 

Other  experiments  with  the  same  object  have  given, 
by  the  meiler  process,  results  varying  from  twenty  to 
twenty-eight  per  cent.,  and  averaging  twenty-three  per 
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cent,  of  the  wood  taken,  whilst  the  produce  of  the  kilns 
in  the  same  quarters  has  been  shown  to  he  only  a  mean  of 
about  twenty-six  per  cent. ;  and  this,  when  the  quantity 
consumed  in  the  operation  is  deducted,  leaves  only  about 
twenty-two  per  cent.,  or  rather  less  than  that  afforded 
by  the  ordinary  process.  It  must  be  remarked,  however, 
that  the  meiler  yield  was  in  these  cases  an  exception  to 
their  general  produce,  which  is  found  much  lower  than 
the  numbers  so  given,  even  when  thick  wood  is  operated 
upon;  and  the  proportion  is  much  further  decreased 
when  small  wood  is  charred  in  them.  It  is  a  well- 
known  fact,  however,  that  none  of  the  methods  give, 
in  the  form  of  charcoal,  more  than  two-fifths  of  the 
real  amount  of  carbon  in  the  dry  wood.  Accord- 
ing to  Ebeemen,  this  loss  is  occasioned  not  entirely 
by  the  products  of  the  distillation  carrying  off  portions 
of  it  in  combination,  but  by  the  direct  combustion 
of  the  charcoal  in  an  incandescent  state,  caused  inci- 
dentally by  the  oxygen  of  the  air  passing  through  it, 
and  converting  it  into  carbonic  acid  and  carbonic  oxide. 
This  he  proved  by  the  comparative  analysis  of  the 
vapors  from  the  temporary  chimneys  in  the  meiler,  and 
of  those  developed  in  close  vessels,  where  contact  of 
the  fire  was  entirely  excluded.  Of  course,  if  the  por- 
tion of  carbonic  acid  which  must  necessarily  be  gene- 
rated is  permitted  to  traverse  the  incandescent  charcoal, 
it  will  suffer  decomposition  at  that  temperature,  and  as 
much  more  carbon  as  it  contained  will  be  assimilated 
and  lost  to  the  charcoal-maker,  the  whole  passing  off 
in  the  form  of  carbonic  oxide.  The  charcoal-burner's 
efforts  should  be  directed  to  prevent  this,  by  con- 
ducting the  air  which  enters  the  meiler  over  the  un- 
carbonized  wood ;  and  after  it  passes  that  part  of 
the  heap  where  combustion  is  active,  withdrawing  it 
by  means  of  the  temporary  openings  in  the  cover,  over 
the  portion  yet  undecomposed,  so  as  to  be  out  of  the 
reach  of  the  made  charcoal.  It  is  almost  impossible 
to  effect  this  thoroughly,  but  the  efforts  made  with  that 
view  by  those  engaged  in  the  business  show  that  its 
importance  is  appreciated,  and  doubtless  a  remedy  will 
soon  be  found  which  will  render  the  process  more  effec- 
tual than  it  is  at  present. 

Quality  of  the  Charcoal. — A  few  considerations 
may  now  be  submitted  with  reference  to  the  quality  of 
the  charcoal.  Independently  of  the  fact  of  the  densest 
being  the  best,  it  happens  that  during  the  making  it 
may  be  deteriorated,  either  by  imperfect  charring,  or 
by  pushing  the  process  beyond  the  proper  limits.  In 
the  former  case  the  product  is  not  good,  on  account  of 
the  gaseous  elements  which  it  retains,  and  which  being 
disengaged  in  its  subsequent  application  as  fuel,  render 
it  less  efficient  for  producing  a  high  temperature  ;  in 
the  latter  case  it  becomes  so  brittle  as  to  be  incapable 
of  being  handled  without  falling  to  powder :  and  the 
same  crumbling  occurs  in  the  smelting  furnace,  where 
it  is  more  injurious. 

Good  charcoal  is  very  dark,  possesses  a  bright 
lustre  and  somewhat  conchoidal  fracture ;  it  resists 
gradual  pressure  to  a  considerable  extent,  and  produces 
a  sharp  sonorous  sound  when  allowed  to  fall  upon  a 
hard  body.  It  should  bum  when  ignited  without 
either  flame  or  smoke,  and  when  handled  no  stain 
ought  to  remain.    Although  in  bulk  it  floats  in  water, 


owing  to  the  arrangement  of  the  particles,  its  specific 
gravity,  when  ground  so  as  to  destroy  its  porosity,  is 
much  higher  than  that  of  water.  In  addition  to  the 
carbon  of  which  it  chiefly  consists,  a  certain  amount 
of  oxygen,  hydrogen,  and  other  gases  is  found  in  it, 
together  with  the  mineral  matter  of  the  wood.  The 
greater  or  less  proportion  of  the  former  affects  its 
calorific  power,  and  renders  it  more  or  less  eligible  for 
certain  uses  in  the  arts. 

The  following  analyses  of  two  samples  of  charcoal 
prepared  by  the  meiler  system,  show  the  quantity  of  the 
different  ingredients  remaining,  even  after  the  charring 
has  been  carried  to  its  utmost  limits  : — 

Centesimal!}-  represented. 


Charcoal  from         Chnrcoal  from 
Young  Oak.  tbe  Aspen. 

Carbon,                               87-68    87-22 

Hydrogen                              2-83    3-20 

Oxygen,                                6-43    8-72 

Ash,                                     3-06    0-86 


100-00 

Loss  by  distillation,   13-02 


100-00 
17-07 


Bed  charcoal  retains  a  somewhat  larger  quantity  of 
the  above  gases,  than  the  product  of  the  meiler  or  the 
close  retort.  The  following  table  embodies  the  results 
of  M.  Violette's  analyses  of  the  charcoal  prepared 
by  the  action  of  superheated  steam,  according  to  his 
process : — ■ 


Species  of  Charcoal. 


Furze,  

Iron  wood,  

Cork,  

Juniper,  

Wild  pine-tree,  

Hawthorn,  

Palm-tree,  

Ash,  

Maple,  

Cherry-tree,  

Lime-tree,  

Yew,  

Sycamore — maple, . 

Medlar,  

Chestnut-tree,  

Willow,  

Yoke-elm,  

Poplar — trunk,  

Coco-tree,  

Hollyoak,  

Aspen,  

Ebony,  

Oak,  

Poplar — root,  

Elm,  

Plum-tree,  

Pear-tree,  

Hemp-stalks,  

Wheat-straw,  

Leaves — poplar-tree, 


Elementary  Constitution  Centcsimally 
Represented. 


Carbon. 

Hydrogen. 

Oxygen, 
Nitrogen, 
and  Loss. 

Ash. 

76-629 

4-108 

17-975 

1-288 

72-564 

4-527 

12-510 

0-399 

72-362 

8-528 

19-110 

71-433 

5-073 

23-324 

0-170 

71-358 

5-948 

22-194 

0-500 

70-793 

4-443 

23-419 

1-345 

70-724 

4-552 

23  494 

1-230 

70-395 

4-539 

24-374 

0-692 

70-069 

4-613 

24-892 

0-425 

70-028 

3-928 

25-289 

0-755 

69-829 

5-452 

23-024 

1-695 

69-620 

5-864 

24-212 

0-304 

69-229 

4-402 

25-133 

1-236 

69-209 

4-643 

25-261 

0-887 

69-127 

4-326 

27-126 

0-421 

68-900 

5-133 

24-634 

1-333 

68-835 

4-142 

26-382 

0-641 

68-741 

4-866 

25-540 

0-853 

68-268 

4-053 

23-984 

3-695 

68-521 

4-741 

25-891 

0-847 

68-169 

5-512 

25-730 

0-589 

68-047 

3-868 

28-380 

0-205 

67-421 

4-099 

28-480 

0-200 

67-020 

5-217 

26-675 

1-088 

66-862 

4  669 

28-181 

0-288 

60-118 

5-756 

27-530 

0-596 

65-924 

5-310 

28-244 

0-522 

62-127 

4-976 

31-501 

1-396 

61-090 

4-365 

34-786 

0-759 

52-514 

4-819 

41-289 

1-388 

In  this  table  considerable  difference  in  the  yield  of 
carbon  is  apparent ;  but  as  the  samples  were  prepared 
by  the  application  of  the  same  temperature,  it  is  evi- 
dent that  the  inequality  must  be  owing  to  a  difference 
in  the  principles  contained  in  them,  and  to  the  greater 
or  less  difficulty  with  which  they  are  decomposed.  It 
must  be  remembered,  however,  that  the  woods  them- 
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selves  do  not  contain  the  same  amount  of  carbon. 
Were  the  water  and  ligneous  matter  the  same  in  all, 
probably  the  approximation  of  the  results  of  analysis 
would  be  closer.  The  quantity  of  inorganic  salts  in  the 
various  samples  is  very  small,  much  less  so  than  one 
might  suppose,  considering  that  wood  containing  about 
twenty  per  cent,  of  moisture  gives  from  one-third  to 
one  per  cent.,  all  of  which  is  retained  in  the  charcoal 
produced  from  it,  generally  amounting  to  about  twenty 
per  cent.  The  following  results  obtained  by  Winkler 
are,  therefore,  more  in  accordance  with  what  might  be 
expected : — 

Ash  ContcsimaHy. 

Lime-wood  charcoal,   3*55 

Maple,   2-27 

Ash   2-27 

Elm,   2-17 

Willow,   1-50 

Fir,   1-44 

Pine,  .•   1-38 

Poplar,   1-30 

Beech,   1'25 

Scotch  fir-wood,   1*11 

Birch,   0-80 

Oak,   0-75 

Many  varieties  afford  as  much  as  five  and  even  ten 
per  cent,  more,  especially  if  the  wood  has  been  grown 
upon  silicious  soils. 

A  remarkable  property  of  charcoal  is,  that  it  absorbs 
with  avidity  gases  and  vapors,  condensing  them  within 
its  pores  to  a  most  surprising  extent,  as  shown  in  Vol. 
I.,  p.  764.  In  consequence  of  this  property,  it  cannot 
be  exposed  to  moist  air  for  any  length  of  time,  without 
exerting  a  hygroscopic  action,  and  assimilating  a  vari- 
able per  centage  of  water,  in  proportion  to  the  time  of 
exposure  and  the  humidity  of  the  atmosphere.  From 
experiments  made  with  freshly  prepared  charcoal,  Nau 
obtained  the  subjoined  numbers  after  exposing  the 
samples  twenty-four  hours  to  an  atmosphere  loaded 
with  moisture : — 

Amount  of  water  absorbed 

in  twenty-tour  hours. 
Centosimally  represented. 

White  beech  charcoal,   0-80 

Ash,   4-06 

Oak,   4-28 

Birch,   4-40 

Larch,   4-50 

Maple,   4-80 

Pine   5-14 

Red  beech  charcoal,   5-30 

Horse-chestnut,   6-06 

Elm,   6-60 

Alder,   7-93 

Scotch  fir,   8-20 

Willow   8-20 

Italian  poplar,   8-50 

Fir,   8-90 

Black  poplar,   16-30 

This  proportion  slowly  increases  when  the  exposure 
is  prolonged,  as  proved  by  Werlisch,  who  found  that 
one  hundred  parts  of  charcoal,  weighed  on  the  24th  of 
June,  became — ■ 

On  the  30th  of  June,   104-35 

„       7th  of  July,   105-63 

„      16th      „    106-57 

„      29th      „    107-62 

„      20th  of  August,   108-lfi 

„      17th  of  September   108-44 

These  numbers  do  not  indicate,  however,  the  actual 


amount  of  contained  moisture,  as  the  charcoal  had  not 
been  taken  immediately  from  the  meiler,  so  that  it 
might  have  already  absorbed  from  three  to  four  parts 
of  water,  as  the  former  table  shows. 

The  lower  the  temperature  at  which  the  carboniza- 
tion has  been  effected,  the  proportion  of  water  is  greater. 
The  results  of  Violette's  experiments  on  this  subject 
are  given  below.  The  samples,  consisting  of  charcoal 
from  black  alder,  prepared  at  increasing  temperatures, 
were  exposed  in  a  room,  the  air  of  which  was  saturated 
with  moisture,  and  the  amount  of  absorption  determined 
every  eight  days,  no  numbers  being  taken  till  the  results 
of  two  succef  sive  trials  agreed  — 


Temperature 


Quantity  of  water 

nbso  bed 
by  100  of  charcoal. 


carbonisation. 

Dog.  Fulir. 

302    20-862 

320    18-220 

338    18-180 

356    16-660 

374    11-626 

392    10-018 


410 
428 
446 
464 
482 
500 
518 
536 


9-742 
8-954 
8-800 

6-  066 

7-  406 
6-836 

6-  306 

7-  879 


Tempe  "ature 


Quantity  of  water 

absorbed 
by  10U  of  charcoal. 


carbonization. 
JJeg  l'uhr. 

554    6-920 

572    7-608 

590    7-200 

608    5-554 

626    4-504 

644    5-904 

662   ....  5-894 

810    4-704 

1873    4-676 

2012    4-444 

2232    4-760 

2372    2-224 

2732    2-204 


To  account  for  the  very  high  numbers  with  which 
the  table  commences,  it  is  to  be  observed  that  the  pro- 
duct resulting  from  the  low  degrees  of  temperature  was 
not  more  than  half-burned  charcoal,  hence  its  propor- 
tionally greater  hygroscopic  power. 

The  density  of  charcoal  depends  chiefly  on  that  of 
the  wood ;  hence  it  is  evident  that  the  relative  weight 
of  the  wood  will  afford  a  good  idea  of  the  nature  of  the 
charcoal  produced  from  it.  This  fact  is  of  much  im- 
portance, as  the  value  of  the  material  for  fuel  may,  to 
a  considerable  extent,  be  deduced  from  its  specific 
gravity.  The  value  of  this,  for  several  species  of  wood, 
as  determined  by  Hassenfratz,  is  as  follows  : — 

Specific  gravity. 

Birch  wood  charcoal,   0-203 

Ash,   0-200 

Wild  service  wood,   0-196 

Red  beech,   0-187 

White  beech,   0-183 

Elm,    0-180 

Red  fir,   0-176 

Maple,   0-164 

Oak,   0-155 

Pear,   0-152 

Alder,   0-134 

Lime,   0-106 

These  numbers,  however,  merely  indicate  the  weight  of 
various  samples  when  the  interstices  have  been  filled 
with  air,  and,  therefore,  do  not  represent  the  true  gravity. 
In  the  appended  table,  the  real  specific  gravity  as  deter- 
mined by  Violette  is  given.  The  course  which  the 
latter  adopted  was  to  immerse  the  sample,  already 
weighed  in  air,  in  a  flask  three-quarters  full  of  distilled 
water,  allowing  it  to  remain  exposed  to  light  for  eight 
or  ten  days;  by  filling  the  flask  at  the  end  of  this 
period  to  the  usual  mark,  and  then  determining  the 
total  weight,  and  from  this  deducting  that  of  the  flask 
and  liquid,  the  difference  by  the  usual  formula  gave  the 
specific  gravity : — 
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DENSITY  OP  THE  CHARCOAL  OP  BLACK  ALDER  PREPARED 
AT  INCREASING-  TEMPERATURES. 


Heat  of  Density  of 

carbonization.  charcoal. 
Dee;.  Fahr. 

626    1-428 

662    1-500 

810    1-709 

1873    1-841 

2282    1-862 

2732    1-869 

fusing  point  of  ~| 
the  retort, 


2-002 


Fig.  37. 


Heat  of  Density  of 

carbonization.  cliarcoal. 
Dug.  Fuhr. 

302    1-507 

338    1-490 

374    1-470 

410    1-457 

446    1-416 

482   1-413 

518    1-402 

554    1-406 

590    1-422 

The  density  in  tins  case  is  therefore  greater  than  that 
of  water,  but  still  it  varies  to  a  certain  extent  with  the 
temperature  at  which  the  substance  has  been  prepared ; 
thus  the  charcoal  obtained  between  the  temperatures 
302°  and  518°  Fahr.  decreases  in  density  from  1-507  to 
1-402;  while,  on  the  contrary,  that  which  is  afforded 
between  518°  and  662°  increases  from  1-402  to  1-500; 
and  from  this  point  the  density  continues  to  increase, 
till,  at  the  fusing  point  of  the  vessel,  it  becomes  double 
that  of  water. 

Before  proceeding  to  the  other  materials  which  con- 
stitute fuel,  a  few  observations  may  be  made  on  the 
power  of  charcoal  to  conduct  heat,  and  the  facility 
with  which  it  undergoes  combustion. 

It  is  a  well-known  fact  that  the  product  resulting 
from  a  high  temperature,  or  in  other  words,  black 
charcoal,  is  a  much  better  conductor  of  caloric  than 
that  formed  under  the  influence  of  a  lower  heat;  it 
requires  also  a  higher  temperature  to  ignite  it;  but 
when  this  is  effected,  and  an  adequate  supply  of  oxygen 
is  kept  up,  the  combustion 
proceeds  steadily,  and  the 
heat  given  off  is  regular  and 
sustained.  Considerable  diffi- 
culty is  found  in  making 
accurate  determinations  of 
the  conducting  power  of  char- 
coal. The  ingenious  method 
of  M.  Violette  deserves 
particular  notice,  as  it  affords 
in  a  simple  manner  the  con- 
ducting power  of  this  sub- 
stance, and  may,  by  a  slight 
adaptation,  be  rendered  avail- 
able for  determining  ques- 
tions of  importance  concern- 
ing the  philosophy  of  heat  in 
bodies. 

Fig.  37  shows  the  arrange- 
ment of  the  apparatus,  in 
which  A  represents  a  glass 
flask  half  filled  with  water 
and  heated  by  a  lamp;  this 
is   connected  with  another 
glass  cylinder,  B,  closed  by 
tightly  fitting  bungs,  by  means 
of  a  glass  tube,  h.     In  the 
superior  cork  or  cap  of  the 
tube,  B,  is  an  opening  which 
receives  a   third   tube,  D, 
nearly  filled  with  mercury,  in  which  is  immersed  the 
sample  of  charcoal,  the  conducting  power  of  which  is 
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to  be  determined.  This  is  seen  in  the  figure  at  E 
and  in  its  upper  end  there  is  made  a  perforation  foi 
the  reception  of  a  small  mercurial  thermometer,  F, 
for  the  purpose  of  registering  the  rays  of  caloric 
conducted  by  it.  The  entire  length  of  the  sample, 
in  the  experiments  made  by  the  inventor  of  the 
apparatus,  was  0'984  of  an  inch,  of  which  0-236  of 
an  inch  was  immersed  in  the  mercury;  0-195  of  an 
inch  of  the  sample  intervened  between  the  latter  and 
the  bulb  of  the  thermometer.  The  source  of  the  heat 
was  the  steam  circulating  in  the  vessel,  B,  and  escaping 
through  the  outlet,  c.  A  portion  of  the  caloric  of  the 
vapor  was  abstracted  by  the  mercury,  so  that  it  was 
retained  at  about  204'8°  Fahr.  The  numbers  given 
in  the  annexed  table  were  obtained  by  noting  the 
register  of  the  thermometer  at  intervals  of  five  minutes 
till  the  indication  remained  stationary :  this  happened 
after  fifteen  minutes'  immersion.  By  employing  a  bar 
of  iron  of  the  same  dimensions  as  that  of  the  charcoal, 
and  introducing  the  bulb  of  the  thermometer  in  a  like 
manner,  a  comparison  was  instituted  between  the  char- 
coal and  this  substance  of  known  power  of  conduction. 

CONDUCTING  POWER  OF  CHARCOAL  OF  THE  SAME  WOOD — 
BLACK  ALDEIt — PREPARED  AT  INCREASING  TEMPERATURES  : — 


Conducting 

power  of 

Temperature. 

Indication  of  the  Thermometer. 

Charcoal 

compared 
with  that  of 

Iron  repre- 

Of the  carbonization. 

After  5 
minutes. 

After  10 
minutes. 

After  16 
minutes. 

sented  by 
lUu. 

316°  Fahr. 

27-00 

56-00 

57-0 

57°5 

59-5 

392  " 

27-00 

57-00 

57-5 

58-0 

60-1 

482  " 

27-00 

57-50 

57-5 

58  0 

60-1 

572  " 

27-00 

58-00 

59-0 

59-5 

61-6 

1873  " 

26-50 

61-00 

62-0 

62-0 

64-2 

2282  " 

26-50 

62-00 

62-50 

63-0 

65-2 

2732  " 

26  00 

63-00 

63-5 

64-0 

66-3 

Charcoal  of  gas 

26-00 

81-00 

82-0 

82-0 

84-7 

retorts. 

22-00 

96-50 

96-5 

96-5 

100-0 

The  numbers  in  the  last  column  were  obtained  by 
multiplying  those  of  the  preceding  one  by  1-036.  Be- 
tween the  temperatures  572°  and  752°  the  conduct- 
ing power  is  low,  and  is  nearly  the  same  in  the  wood 
and  the  charcoal  produced  from  it ;  but  when  the  heat 
is  elevated,  the  density  of  the  charcoal  increases 
rapidly,  till  it  is  about  two-thirds  that  of  iron. 

Regarding  the  combustion  of  charcoal,  it  will  be 
observed,  upon  taking  pieces  of  it,  produced  by 
different  modes  of  working  or  by  unequal  degrees  of 
heat — plunging  one  end  of  each  in  the  flame  of  alcohol 
till  ignited,  and  then  allowing  it  to  rest  in  tranquil 
air — that  very  different  phenomena  will  be  exhibited 
in  the  combustion.  The  charcoal  made  at  low  tem- 
peratures, say  between  302°  and  482°  Fahr.,  burns 
with  a  long  yellow  flame,  disengaging  large  volumes  of 
smoke,  and  retaining  the  temperature  of  combustion 
for  about  fifteen  minutes,  at  the  end  of  which  time  the 
cylinder  will  have  burned  about  half  an  inch.  On  the 
other  hand,  if  the  wood  has  been  submitted  during 
carbonization  to  a  heat  between  482°  and  809°,  the 
combustion  of  the  charcoal  under  the  same  circum- 
stances is  characterized  by  a  clearer  flame,  which  is 
less  fuliginous  and  persistent,  and  by  being  continued 
for  a  longer  time,  more  especially  with  those  samples 
prepared  between  482°  and  662°.    The  charcoal  pre- 
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pared  at  809°  does  not  burn  so  well  as  any  of  the 
samples  obtained  at  a  lower  heat,  nor  does  the  ignition 
continue  so  long.  When  the  carbonization  is  effected 
at  the  higher  degrees  represented  in  the  foregoing 
table,  the  cylinder  of  charcoal,  on  being  introduced 
into  the  flame,  becomes  red-hot  like  a  bar  of  metal, 
affording  no  flame,  and  is  extinguished  immediately 
on  withdrawing  it,  without  giving  any  indication  of 
combustion  or  leaving  a  coating  of  ash.  In  this  last 
case,  the  fingers  are  unable  to  hold  the  cylinder  whilst 
its  end  is  in  the  flame  for  any  length  of  time,  in  conse- 
quence of  the  freedom  with  which  it  conducts  the  heat. 

All  the  preceding  samples,  when  reduced  to  powder, 
present  the  same  phenomena  with  respect  to  combus- 
tion as  when  in  solid  pieces,  only  with  greater  intensity, 
because,  on  account  of  the  air  interposed,  the  ignition 
is  easily  propagated  and  maintained.  When,  however, 
the  experiment  is  conducted  in  a  very  tranquil  atmo- 
sphere, the  burning  ceases  after  a  part  is  consumed. 
This  effect  must  doubtless  be  owing  to  the  carbonic 
acid,  which,  being  heavier  than  common  air,  does  not 
ascend  with  sufficient  freedom  to  permit  the  oxygen  of 
the  latter  to  come  in  contact  with  the  burning  matter. 

In  many  manufactories  where  this  article  is  required 
in  powder,  great  care  must  be  exercised,  as  it  often 
happens  that  spontaneous  combustion  takes  place. 
The  most  inflammable  charcoals  take  fire  at  572°, 
and  those  that  are  prepared  at  the  latter  heat  invari- 
ably ignite  at  a  temperature  varying  from  680°  to  716°, 
according  to  the  nature  of  the  wood.  Charcoal,  from 
light  and  porous  woods,  always  burns  more  freely  than 
that  obtained  from  the  hard  and  dense  kinds ;  but  even 
the  same  wood  furnishes  charcoal  that  ignites  with 
greater  or  less  facility  according  to  the  temperature  at 
which  it  has  been  prepared,  as  may  be  seen  from  the 
following  table : — 

TABLE  SHOWING  THE  TEMPERATURE  AT  WHICH  THE  CHARCOAL, 
FROM  THE  SAME  WOOD,  PREPARED  AT  INCREASING 
TEMPERATURES,  BURNS. 


Chnrring 
tempera- 
ture. 

500°. 

5181 

536  J 

554" 

572 

590 

608 

626 

644 

662 


Temperature  i 
which  the  charcoal 
takes  fire. 

  644 

. .  .644  to  680 


.  GEO  to  698 


752 


Temperature  at 
Which  the  charcoal 
takes  fire. 


Charring 
tempera- 
ture. 
18731 

237*2  [ 1122  to  1472 
2732  I 


Charcoal  prepared  atl 
the  point  of  tie  fu-  V2282 
sion  of  the  cylinder,} 


Other  particulars  concerning  charcoal,  so  far  as  re- 
lates to  the  manufacture  of  gunpowder,  will  be  intro- 
duced under  that  head. 

Peat. — Another  article  of  fuel,  much  employed  for 
domestic  purposes,  as  well  as  for  many  manufactures, 
in  which  it  has  lately  found  admittance,  is  Peat.  Such 
is  the  name  by  which  the  brownish-black  spongy  sub- 
stance, found  in  almost  every  country,  filling  up  cavities, 
and  constituting  what  is  termed  bog,  is  known.  It  is  a 
product  of  vegetal  origin,  but  differing  from  wood  as 
well  in  the  nature  of  the  growth,  as  from  the  change 
which  it  has  undergone  atomically  through  the  com- 
bined agency  of  time  and  pressure.  It  was  once  sup- 
posed that  this  formation  was,  in  point  of  time,  coeval 


with  the  disposition  of  the  face  of  the  country  into 
hills  and  valleys ;  by  some  it  was  considered  a  bitu- 
minous deposit  from  the  sea — the  wreck  of  floating 
islands  previous  to  the  great  convulsions  which  the 
earth  underwent  during  the  formation  of  the  present 
continents  and  islands.  By  others  it  was  even  regarded 
as  an  organic  substance  in  a  state  of  vitality,  and  actually 
growing ;  but  all  these  notions  are  now  abandoned,  and 
a  more  rational  and  philosophical  view  of  its  nature  and 
production  has  been  arrived  at.  From  examining  its 
structure,  it  has  been  found  that  it  is  constituted  of 
vegetal  matters,  generally  mosses  and  species  of  aquatic 
plants  in  different  stages  of  decomposition  ;  and  from 
this  circumstance,  as  well  as  from  the  general  appear- 
ance of  the  localities  where  peat  abounds,  its  formation 
is  now  accounted  for  in  the  following  manner  : — 

At  the  present  day  it  may  be  observed,  that  where 
pools  collect,  the  soil  under  which  is  retentive,  the 
water  not  being  absorbed,  stagnates,  and,  provided 
the  surface  evaporation  is  not  great,  forms  a  pond. 
Round  the  borders  of  this,  various  kinds  of  aquatic 
plants,  sedges,  rushes,  et  cetera,  soon  make  their  ap- 
pearance, and  by  reproduction,  gradually  creep  in  to- 
wards the  centre  till  the  whole  surface  becomes  covered. 
In  course  of  time,  when  several  races  of  these  have  suc- 
ceeded one  another,  and  mud  and  slime  have  accumu- 
lated at  the  roots  and  round  the  decaying  stems,  a 
spongy  mass  results,  which  is  well  calculated  for  the 
propagation  of  moss.  Under  a  constant  supply  of  mois- 
ture, these  various  species  continue  to  luxuriate,  and, 
by  progressive  growth  and  eremacausis,  ultimately  give 
rise  to  a  composition  in  every  respect  similar  to  that 
constituting  the  various  peat-bogs.  That  some  such 
natural  process  has  been  the  cause  of  the  production 
of  peat  appears  from  its  composition  and  the  localities 
in  which  it  is  found.  These  are  chiefly  in  the  tem- 
perate zones,  where  evaporation  is  slow,  and  the  atmo- 
sphere is  generally  more  or  less  saturated  with  humi- 
dity. It  may  be  conceived  that  in  the  origin  of  these 
formations,  the  retention  of  the  water,  whether  from 
rain  or  springs,  in  extensive  basins,  led  at  first  to  the 
development  of  vegetal  growth  in  the  manner  above 
indicated,  and  that  the  necessary  moisture  being  sup- 
plied in  abundance,  the  accumulation  became  so  rapid, 
that  ultimately  the  surface  assumed  the  appearance  of 
land ;  and,  as  decomposition  proceeded,  a  degree  of 
solidity  was  given  to  the  mass  to  support  denser  bodies, 
such  as  shrubby  plants.  It  would  appear  that  this 
organic  growth  was  rarely  restricted  to  the  original 
basin  ;  but  that,  as  it  accumulated,  it  spread  over  adja- 
cent land,  which,  in  time,  became  a  morass.  Evidence 
conclusive  enough  of  this  exists  in  the  fact,  that  whole 
forests,  of  almost  every  description,  such  as  oaks,  firs, 
ash,  birch,  yew,  willow,  et  cetera,  have  been  over- 
whelmed under  its  gradual  but  steady  advancement, 
and  are  found  in  all  positions  at  the  bottom  of  peat- 
bogs. Generally,  this  formation  is  met  with  in  climates 
of  a  moist  nature,  in  level  countries,  where  imperfect 
natural  drainage  exists,  although  it  is  found  in  con- 
siderable beds  in  upland  districts.  The  very  extensive 
peat  moors  on  the  coasts  of  the  German  Ocean,  espe- 
cially in  Holland  and  Northern  Germany,  and  in  many 
tracts  in  Ireland  and  Scotland,  are  examples  of  the 
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former ;  whilst  the  deposits  encountered  high  up  the 
Alps,  in  the  Vosges,  and  in  the  Jura,  illustrate  the 
latter.  In  mountainous  districts,  in  addition  to  the 
imperviousness  of  the  rock  to  the  moisture,  the  con- 
stant formation  of  clouds  upon  those  elevated  regions 
favors  the  growth  of  the  mosses  and  plants,  the  de- 
composition of  which  contributes  to  the  production  of 
quagmires. 

Darwin  states  that,  in  the  Southern  hemisphere, 
peat  does  not  occur  nearer  to  the  equator  than  the  lati- 
tude of  45° ;  that  the  composition  there  met  with  results 
from  the  decomposition  of  the  plants  and  grasses.  The 
circumstance  that  no  mosses,  so  far  as  can  be  ascer- 
tained by  strict  examination,  enter  into  the  species  of 
peat  found  in  South  America,  favors  this  view. 

The  extent  and  depth  of  the  peat-bogs  vary  consider- 
ably in  the  different  countries  where  they  are  found,  and 
depend  on  circumstances  quite  distinct  from  each  other. 
It  is  evident  that  the  area  which  they  may  occupy  is 
intimately  connected  with  the  distribution  of  the  water, 
from  whatever  causes.  In  Holland  and  North  Ger- 
many, the  water  of  the  ocean  seems  to  have  largely 
contributed  to  the  moisture  in  which  they  originated. 
The  peat-moors  of  the  Grand-duchy  of  Hesse  would 
appear  to  be  occasioned  by  the  overflow  of  the  Rhine, 
whereby  these  tracts  were  irrigated,  and  the  waters  re- 
maining, and  necessarily  becoming  stagnant,  the  place 
was  soon  changed,  and,  instead  of  remaining  a  swampy 
district,  it  ultimately  became  a  morass.  On  the  other 
hand,  the  thickness  of  the  beds  of  peat,  seems,  from 
repeated  observation,  to  be  dependent  upon  the  nature 
of  the  subsoil.  Where  the  bottom  is  quartzose,  the 
deposit  is  invariably  not  very  thick  ;  but  if  it  be  such 
as  yields  by  disintegration  a  clayey  coating,  the  depth 
and  extent  are  much  more  considerable.  The  morasses 
of  Holland  are  to  a  considerable  extent  about  six  feet 
in  depth,  as  are  likewise  those  in  upland  situations ; 
whilst  many  of  the  peat  bogs  in  Ireland  are  from  thirty 
to  forty  feet  in  depth.  On  intersecting  these,  it  appears 
from  the  fact  of  layers  of  gravel,  clay,  shells,  et  cetera, 
being  interposed  horizontally,  that  these  tracts  have 
been  swept  over  with  violent  currents  of  water ;  such 
layers,  however,  are  never  more  than  a  few  feet  in 
thickness,  and,  seem  to  have  retained  all  the  conditions 
favorable  for  the  growth  of  the  plants  conducive  to  the 
formation  of  peat. 

From  its  physical  constitution,  this  substance  may  be 
regarded  as  a  kind  of  fossil  fuel,  and,  undoubtedly,  it 
is  one  of  the  most  extensive  sources  known.  Viewing 
it  as  the  product  of  the  decomposition  of  plants  earned 
on  through  a  long  succession  of  ages  up  to  the  present, 
it  is  natural  to  expect  that  when  cut  vertically,  differ- 
ences should  appear  showing  the  advancing  state  of 
decomposition.  In  every  instance,  almost,  this  pro- 
gressive change  is  exhibited,  and,  consequently,  peat  is 
classed  into — 

Recent  Peat  and  Older  Peat,  from  the  appearance  it 
presents.  The  former  bears  distinctive  traces  of  its 
origin  in  the  roots,  leaves,  and  stems  of  plants,  the 
structure  of  which  is  still  retained.  It  is  very  porous, 
tough,  and  elastic  in  some  tracts ;  but  in  others,  espe- 
cially where  the  bog  is  well  drained,  very  brittle.  The 
color  varies,  with  the  age  and  the  progress  of  the  de- 
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composition,  from  a  light  to  a  blackish-brown.  In  the 
second,  to  which  the  preceding  gradually  inclines,  no 
traces  of  fibrous  matters — such  as  roots,  stems,  or 
leaves — are  observed,  but  it  presents  when  cut  a 
pitchy  shining  hue — is  dense  and  fine  in  the  grain. 
Preference  has  always  been  acceded  to  this  as  a  fuel 
from  its  superior  gravity,  and  the  greater  heat  which  it 
produces  when  undergoing  combustion.  From  the 
change  which  the  vegetals  pass  through,  it  is  evident 
that  the  usual  process  of  putrefaction  is  carried  on  in 
the  ordinary  way  at  the  commencement ;  but  as  the 
surface  grows,  and  contact  with  the  air  is  cut  off,  the 
mass  is  left  to  the  play  of  the  affinity  of  its  elements, 
rendered  more  active  by  the  pressure  which  it  has  to 
sustain.  The  alteration  is  attended  with  the  evolution 
of  marsh  gas — bihydride  of  carbon  C  H2 — and  carbonic 
acid,  in  the  same  way  as  in  every  case  of  partial  destruc- 
tive distillation ;  but  from  the  excess  of  moisture  pre- 
sent, it  is  evident  that  this  action  cannot,  in  the  case 
of  peat,  be  so  complete  as  in  coal,  which  is  analogous 
in  nature.  Many  bodies  are  detected  in  peat,  however, 
which  are  not  contained  in  coal,  although  the  ultimate 
elements  of  both  are  the  same.  Sprengel  detected 
in  peat  considerable  quantities  of  ulmic  acid — known 
also  by  the  names  ulmin,  humus,  gein,  and  geic  acid — 
the  composition  of  which,  as  obtained  from  turf,  is 
expressed  by  the  formula  C40  H]5  012  N;  and  when 
procured  from  mould,  by  Ci0  HJ5  014  N.  This  principle 
is  dissolved  out  by  alkalies,  and  precipitated  from  their 
solutions  by  acids  in  brownish  flakes ;  this,  however,  as 
also  the  other  varieties  of  resins  examined  by  Mulder, 
are  of  little  use  hitherto  in  the  arts. 

The  density  of  peat  varies  with  the  relative  position 
in  which  it  is  found,  with  the  thickness  of  the  stratum, 
and  the  amount  of  mineral  matters  which  it  contains. 
Freshly  cut,  it  is  saturated  with  water  to  the  extent  of 
eighty  to  ninety  per  cent,  in  some  cases,  and,  when 
subjected  to  the  ordinary  process  of  air-drying,  it  re- 
tains a  large  quantity  of  this,  amounting  sometimes  to 
thirty  per  cent. 

The  estimation  of  the  gravity  in  this  state  would 
lead  only  to  relative  approximations,  even  if  the  per 
centage  of  moisture  was  known,  and  the  species  ex- 
amined had  undergone  about  the  same  degree  of  de- 
composition. As  already  intimated,  however,  the 
latter  principally  determines  the  difference  of  specific 
weight  in  peat  from  the  same  cutting.  Karmaksh 
arrived  at  the  following  results  with  regard  to  Hano- 
verian peat : — 

Species.  Specific  gravity. 

1.  Light-colored  young  grass  peat,  nearly  un-)  o-113  to  0-263 

changed  moss,  f 

2.  Young  brownish-black  peat — an  earthy  ma"l().24o  to  0-600 

trix  intersected  with  roots,  / 

3.  Old  earthy  peat  without  any  fibrous  texture,    0-564  to  0-902 

4.  Old  or  pitch  peat,   0-639  to  1-039 

Of  twenty-seven  samples  of  peat  examined  by  Sir 
Robert  Kane  and  Dr.  W.  K.  Sullivan,  the  results, 
as  stated  in  their  report  in  1851,  show  that  the  maxi- 
mum density  was  1-058,  and  the  minimum  0-235,  a 
great  many  being  under  0'600,  as  may  be  seen  from 
the  following  tabulation  of  their  gravities,  coupled  with 
the  constituents  of  the  ash,  to  which  reference  will  be 
made  further  on : — 
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I. 

n. 

1IL 

IV. 

V. 

VI. 

VII. 

VIII. 

IX. 

0-297 

0-405 

0-669 

0-450 

0*351 

0-661 

0*335 

0*476 

0*655 

0-362 

1-323 

0-461 

0-401 

0*221 

0-198 

0*491 

0*211 

0*247 

1-427 

1-902 

1-399 

1-330 

0*712 

0-590 

1*670 

0*651 

0*496 

26-113 

36-496 

40-920 

37-873 

33*240 

25-860 

33*037 

29-715 

24*944 

3-392 

7-634 

1-611 

5-127 

1*904 

1-207 

7*523 

1*204 

1*285 

4-180 

5-411 

3-793 

0*271 

0*240 

0*371 

1*686 

0*298 

0*360 

11-591 

15-608 

15-969 

14-802 

12-760 

18*746 

13*281 

20*372 

19*405 

1-461 

2*571 

1-406 

1*257 

1*222 

0*874 

1*438 

1*066 

0*242 

12-403 

14-092 

14-507 

11-814 

21*470 

23*630 

20*076 

22*664 

10*742 

Silica  in  compounds  decomposable  > 
Sand  and  silicates  undecomposable 

1-568 

1-482 

0-983 

1*367 

0*840 

0*622 

1*747 

0*439 

0*335 

0-980 

3-595 

1-111 

1*002 

1-672 

0*896 

2*148 

0*645 

1*082 

22-519 

2-168 

2-107 

4-722 

13*147 

14*430 

7*683 

11*180 

26*789 

13-695 

7-761 

15-040 

19*722 

12*060 

12*240 

S-340 

10*782 

13*890 

99-691 

100-043 

99-307 

99*688 

99-488 

99*654 

99*120 

99*228 

98*817 

X. 

XL 

XII. 

XIII. 

XIV. 

XV. 

XVI. 

XVII. 

XVIII. 

Silica  in  compounds  decomposable") 
Sand  and  silicates  undecomposable "t 

Total,  

0*434 

0*984 

0-681 

0-523 

0-274 

0*394 

0-437 

0*323 

0*924 

0*641 
1*875 
22*702 
6-809 

1-  109 
29-854 

2-  019 
16-381 

1-591 

0-  737 

14-505 

1-  470 

0*347 

0-  679 
45-581 

1-  256 
0-129 

15-  974 
0-188 

44-371 

0-  337 

1-  043 

2-  653 

16-  120 

0-181 
0-550 

29-323 
3-425 
0-672 

19-095 
0-975 

16-238 
0-636 

3*255 

8*884 
15*984 

0-291 
0-586 

38-692 
2-372 
0-408 

15-537 
0-878 

14-822 
0-657 

5*808 

14*181 
5*842 

0-  966 

1-  038 
35-113 

4-  687 
1-627 

14-322 

0-  828 
25-409 

1-  090 

5-  607 

4*340 
5*003 

0*407 
2-074 
33-397 
11-293 

1-  627 
18-500 

0-744 
13-550 

2-  804 

5*998 

6*593 
3*006 

0*665 
2*605 

33*554 
9*229 
0*677 

18*366 
1*300 

23*505 
3*263 

4*449 
3*040 

0-668 
1*709 

31*553 
9*439 
1*707 
6*012 
1*286 

25*602 
0*698 

5*159 

6*282 
9*864 

0*280 
2*180 
30*744 
9*237 
2*027 

19-  797 
1-290 

20-  857 
3-128 

3-096 

3*163 
3*570 

99-693 

99-678 

99*218 

100-074 

100*030 

99*993 

99*653 

99*979 

99*369 

XIX. 

XX. 

XXL 

XXII. 

XXIII. 

XXIV. 

XXV. 

XXVI. 

XXVII. 

Silica  in  compounds  decomposable  ") 
Sand  and  silicates  undecomposable  t 

1.058 

0*481 

0*629 

0*280 

0*546 

0-855 

0*402 

0*441 

0*858 

0*744 
0*704 

40*623 
4*352 
1*671 

10*368 
1*114 

24*208 
1*052 

6-317 

3-  710 

4-  981 

1*667 

2*823 
20*907 
15*252 

2*034 
17*040 

1*447 
23*375 

1*424 

6*634 

10*682 
6*721 

0*271 

1*491 
13-667 
16-994 

0-259 
26-644 

1*339 
22*691 

1*180 

2-719 
11-673 

0*146 

0-  466 
8*492 
4*702 

10*705 
15*052 

1-  557 
13-974 

0-196 

12-476 
31-198 

0*247 
1-150 

22-332 
5-608 
0*932 

29*970 
0*699 

31*612 
0*993 

2*751 
3*775 

0*219 
0*855 

40*079 
4*035 
0-895 

14*160 
0*632 

22*295 
0*781 

1*295 

5*496 
9*101 

0-  370 
2-628 

27-732 

6-  875 

1-  521 

7-  451 
1*670 

20*389 
2*932 

7*709 

10*088 
10*460 

0*028 

2*832 
26*551 
12*580 

3*298 
12*116 

2*022 
22*401 

2*581 

5*474 

17*711 
1*220 

0*158 
0*527 

12*432 
3*095 
5*991 

30*725 
0*526 

14*518 
0*151 

9*101 
22-721 

99*844 

100*006 

98*964 

98*928 

100-069 

99*843 

99*825 

98*751 

99*945 

The  carbonic  acid  found  in  the  above  analyses  is,  in  nearly  every  instance,  much  less  than  what  is  required  to  saturate  the 
lime,  supposing  the  whole  of  the  sulphuric  acid  to  exist  as  sulphate  of  lime;  this  is  accounted  for  by  the  high  temperature 
necessary  to  incinerate  the  peat,  having  driven  off  the  greater  part  of  the  carbonic  acid. 


I. — Light,  spongy,  surface-peat,  of  a  reddish-brown  color,  and  composed  almost  entirely  of  Sphagnum,  species  of  which  are 

still  distinguishable  ;  from  near  Monastrevm. 
II*- -Light  surface-peat,  of  a  reddish-brown  color,  containing  Bmall  roots  of  Mica,  also  leaves  of  grasses  and  Carex :  from 
Mount  Lucus  Bog,  near  Phillipstown,  King's  County. 

III.  — Rather  dense  peat,  of  a  dark  reddish-brown  color,  in  which  the  structure  of  moss  is  still  observable  ;  from  the  same 

locality  as  No.  II. 

IV.  -—  Light  reddish-brown  fibrous  moss-peat,  in  which  the  Sphagnum  is  almost  unaltered,  as  well  as  leaves  of  Oarex  and 

other  plants,  and  the  roots  of  species  of  Erica;  from  Twicknevin,  Kildare. 
V.  —Upper  layer  of  fibrous  red  bog,  composed  entirely  of  Sphagnum,  Hijpnnm,  and  other  mosses  ;  from  Derrymullen  Station 

of  the  Irish  Amelioration  Society. 
VI.— Dense  peat,  of  a  black-brown  color,  in  which  vegetal  structure  is  nearly  obliterated,  but  in  which  the  leaves  of  grasses 
and  Carex,  with  twigs  of  hazel  and  birch,  are  sometimes  found ;  from  Wood  of  Allen,  Great  Timahoe  Bog. 
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VII. — Light  surface-peat,  of  a  pale  yellowish-brown  ;  from  Wood  of  Allen.    The  mass  is  very  open-grained  and  fibrous  in 

this  sample,  and  Sphagnum  and  Hypnum-  are  readily  distinguishable. 
VIII. — Middle  layer  of  the  same  bog,  of  a  deep-reddish  color.    The  mass  is  tolerably  compact,  but  fibrous,  having  the  struc- 
ture of  the  mass  very  indistinct.   A  very  few  roots  of  Erica,  and  small  twigs  of  birch  and  alder,  and  fir  scales  are 
found  in  it. 

IX. — Lower  layer  of  the  same  bog,  and  from  the  same  locality.  This  variety  is  compact  and  dense,  of  a  deep  blockish- 
brown  color,  with  an  earthy  almost  conchoidal  fracture,  and  exhibiting  a  resinous  lustre  when  rubbed.  Vegetal 
structure  nearly  obliterated. 

X. — Good  compact  peat,  of  a  blackish-brown  color,  and  consisting  principally  of  moss,  with  a  number  of  Erica  and  grass 

roots  and  Oarex.   This  sample  is  from  Eiversdale  Bog,  near  Kimegad,  and  is  used  as  fuel  in  Dublin. 
XI. — An  extremely  hard  and  compact  peat,  having  the  vegetal  structure  entirely  obliterated,  and  exhibiting  when  broken 
a  resinous  conchoidal  fracture.    Scales  of  fir-trees  and  twigs  of  birch  and  alder,  et  cetera,  occur  in  it ;  it  is  a  valu- 
able fuel.    Locality — Riversdale  Bog,  near  Kimegad. 
XII. — Very  dense,  dark,  reddish-brown  peat,  from  Anadruce  and  Cloncreim,  on  the  Royal  Canal.   In  this  peat  the  vegetal 
structure  is  only  occasionally  perceptible. 

XIII.  — Rather  dense  peat,  of  a  dark  reddish-brown  color  and  compact  structure,  from  bogs  of  Rathconnell,  Wood  Down,  and 

Great  Down,  near  Mullingar.  Sphagnum  indistinct,  but  leaves  of  the  flag  and  stems  and  roots  of  Erica  occur  hi  a 
very  perfect  state  in  it. 

XIV.  — Upper  layer  of  a  fibrous  bog  in  the  neighborhood  of  Banagher.    It  is  a  spongy  mass,  of  a  yellowish-red  color,  com- 

posed of  almost  unaltered  Sphagnum,  with  occasional  roots  of  Carex,  Erica,  et  cetera. 
XV. — Rather  compact  peat,  of  a  reddish-brown  color,  from  the  same  locality  as  the  preceding  sample.   In  this  kind,  vegetal 
structure  is  very  perceptible,  although  undistinguishable  j  the  roots  of  the  Erica  are  abundant,  but  the  greater  part 
is  evidently  derived  from  moss. 
XVI — A  more  compact  peat  than  No.  XV.,  from  the  same  bogs,  consisting  of  fibrous  or  red  bog,  of  a  light  reddish-brown 
color.   Like  the  foregoing,  the  species  is  indiscernible  in  this,  although  organic  structure  is  visible.    Roots  and 
leaves  of  Carex  are  exceedingly  abundant  in  it, 
XVII.  —Light  surface-peat,  of  a  pale  reddish-brown  color,  from  the  bogs  of  Clonfert  and  Kilmore,  at  the  mouth  of  the  Suck, 
near  Banagher.    The  mass  is  spongy,  and  is  composed  of  almost  unaltered  Sphagnum,  with  a  few  stems  and  roots 
of  Erica. 

XVIII. — Peat  from  the  same  locality.    It  is  rather  compact  but  fibrous,  and  of  a  light  reddish-brown  color  passing  into  black. 
XIX. — An  exceedingly  dense  peat,  of  a  conchoidal  earthy  fracture,  from  Athlone  bog.   In  this  the  vegetal  structure  is  almost 

completely  destroyed ;  but  when  apparent,  indicates  remains  of  Carex,  grasses,  and  Erica  in  abundance. 
XX. — A  rather  dense  peat,  of  a  blackish-brown  color,  in  which  the  structure  of  moss  is  no  longer  visible,  but  abounding  in 
remains  of  Carex,  grasses,  and  roots  and  stems  of  Erica;  from  the  Curragh  or  Clonbourne  bogs  near  Shannon 
Bridge. 

XXI. — A  dense,  peat,  of  a  dark  reddish  brown  color,  from  bogs  along  the  Shannon.    Remains  of  Carex  and  grasses  are 
abundant  in  this  variety,  but  Sphagnum  is  very  indistinct.   It  is  used  in  steamers  plying  on  the  river. 
XXII. — A  light  fibrous  peat,  of  a  reddish-brown  color,  formed  evidently  of  a  great  number  of  plants,  and  in  which  the  structure 
of  moss  is  very  distinct.    Species  of  Sphagnum  and  Uypnum  are  observed,  and  also  remains  of  Carex  and  grasses, 
the  roots  of  Erica,  the  bark  of  birch,  and  probably  alder-twigs  in  abundance.   It  is  from  the  same  locality  as  No. 

XXIII.  — A  very  dense  peat,  of  a  blackish-brown  color,  of  a  compact  though  very  indistinct  structure.    The  remains  of  Carex 

are  abundant,  as  also  roots  of  Erica.    It  forms  an  excellent  fuel.    Locality  the  same  as  No.  XXL 

XXIV.  — A  very  dense  blackish-brown  compact  peat,  from  the  same  locality  as  No.  XXI,    In  this  species,  vegetal  structure  is 

almost  obliterated.    It  has  an  earthy  fracture,  and  is  full  of  the  tubes  of  the  bark  of  hazel,  birch,  and  alder;  occa- 
sionally scales  of  pine  bark  and  leaves  of  Carex  and  grass  are  met  in  it. 
XXV. — A  rather  dense  reddish-brown  peat.    The  structure  of  this  is  indistinct,  but  altered  Carex  leaves  and  fragments  of 

twigs  and  roots  are  observed  in  it.    Locality  the  same  as  No.  XXII. 
XXVI. — Rather  compact  and  moderately  dense  peat,  of  a  dark  reddish-brown  color.    Structure  of  moss  almost  obliterated. 

Fracture  earthy.  Abundance  of  leaves,  stalks,  and  roots  of  grasses,  Carex,  et  cetera.   Same  locality  as  No.  XXII. 
XXVII. — A  dense  jet-black  peat.    Structure  of  moss  completely  destroyed.   Fracture  earthy,  tending  to  conchoidal ;  assuming 
resinous  lustre  when  rubbed.    Abundance  of  remains  of  Carex  leaves,  and  a  very  few  fragments  of  bark,  auoarentlv 
of  hazel.    Same  locality  as  No.  XXII.  jo  ,  ax  j 

In  these  samples,  the  numbers  are  calculated  after 
deducting  the  ash.  It  is  a  well-ascertained  fact  that 
a  greater  or  less  quantity  of  nitrogen  is  invariably 
contained  in  peat,  but  this  element  appears  to  have 
been  overlooked  in  the  preceding.  To  show  the 
average  extent  of  the  contents  of  nitrogen,  the  fol- 
lowing analyses,  selected  from  the  Dublin  Journal 
of  Industrial  Progress,  so  ably  edited  by  Professor 
Sullivan,  are  submitted.  The  materials  were  taken 
from  the  same  localities  as  mentioned  in  the  forego- 
ing table ;  but  before  subjecting  them  to  analysis,  they 
were  thoroughly  exsiccated  at  a  temperature  of  220° 
Fahrenheit : — 


From  the  results  of  the  ultimate  analysis  of  dried 
peat,  it  is  observed  that  the  numbers  which  are  found 
do  not  correspond  witli  the  analysis  of  dried  wood.  The 
following  analyses  by  Regnadlt  and  Mulder  show  the 
centesimal  contents  of  carbon,  hydrogen,  and  oxygen: — 

Locality.  Carbon.        Hydrogen.  Oxygon. 

Vnlcaire  -f  59'57  ■  •  •  ■  6'96  ■  ■  ■  ■  34'47  Renault. . 

vmoaire> \e0-40  ....  5-86  ....  33-64  Mulder. 

T  „_  J  60-06  ....  6-21  ....  33-73  Regnault. 

iJ™s' 1  60-89  ... .  6-21  ....  32-90  Mulder. 

Friesland,   59-42   5-87  34-71  " 

Friesland,   60-41  5-87         34-02  " 

Holland,   59-27  ....  5-41  ....  35-35  " 


Carbon.             Hydrogen.  Oxygen.  Nitrogen,  moan. 

Surface-peat,  Phillipstown,                   58-694    6-971    32-883    1-4514  ~| 

Dense  peat,        Do.,                           60-476    6-097    32-546    0-8806 

Light  surface-peat,  Wood  of  Allen,         59-920    6-614    32-207    1-2588 

Dense  peat,                 Do.,         ....  61-022    5-771    32-400    0-8070  I  Kane  and  Sullivan. 

Surface-peat,  Twicknevin,                    60-102    6-723    31-288    1-8866 

Light  surface-peat,  Shannon,                 60-018    5-875    33-152    0-9545 

Dense  peat,              Do.,                     61-247    5-616    31-446    1-6904 
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Annexed  are  further  analyses  referring  to  the  same  subject  by  Kane  and  Eomalds  :- 


Hydrogen. 


Oxygen. 


Kitrogcn. 


Kilbeggan,  Westmeath,   61-040    6-670 

Kilbaha,  Clare,   56-630    6-330 

Cappoge,  Kiklare,   51-05    6-850 

Ochta,  in  Eastern  Russia,   39-084    3-788 

Peat  4-5  feet  from  surface,  Tuam,  Ire- \ 

land,  f 

"    3-5  feet  "  "  58-306    5-821    29-669    2-509 

"   4-5  feet  "  "  59-552    5-502    28-414    1-715J 


30-47 
34-48 
39-55 
51-088 


^•Kane. 


57-207    5-655    28-949    3 


067] 


"Woskressenskv. 


>  Ronalds. 


Comparing  these  numbers  with  those  afforded  by  dry 
wood,  it  would  appear — viewing  the  peat  as  a  com- 
pound of  equal  weights  of  water  and  carbon,  and  sup- 
posing that  the  oxygen  in  the  wood  is  proportioned  to 
the  hydrogen  to  form  water — that  an  excess  of  ten  per 
cent,  of  carbon  and  two  per  cent,  of  hydrogen  is  con- 
tained in  the  peat  over  the  quantity  of  these  elements 
which  wood  affords,  but  the  amount  of  water  is  re- 
duced ten  per  cent.  This  difference  in  the  centesimal 
amount  of  the  elements  might  have  arisen  from  the 
decomposition  which  the  matter  of  the  peat  has  under- 
gone. 

Peat  always  contains  earthy  matters  in  greater  or 


less  proportion  according  to  the  thickness  of  the  stra- 
tum and  its  position.  Surface-peat  generally  contains 
less  mineral  matters  than  the  second  strata,  which  often 
possesses  so  much  of  these  as  to  render  it  useless  in 
point  of  economy  as  fuel.  In  this,  as  well  as  from  the 
nature  of  those  matters,  it  essentially  differs  from  wood. 
These  substances  are  left  when  the  peat  is  consumed 
in  contact  with  air  in  the  form  of  ash,  and,  from  the 
nature  of  the  ingredients,  it  presents  various  appear- 
ances from  white  to  grey  and  ochrey.  The  per  centage 
of  the  ash  left  when  peat  is  burned  is  given  in  the 
annexed  table,  which  embraces  almost  every  variety 
of  this  substance : — 


Variety  of  Peat.  Ash. 

Grass  peat — brownish-yellow,   1-0  — 

Fitch  peat,   1-2  ■ — 

Young  peat — dark-brown,   5-0  — 

Old  earthy 


1-5 

8-0 
7-0 
10-0 

Black  firm  peat,  from  Neumiinster,   2-2 

7-2 


j-  Karmarsh. 

Suersen. 
tschiibler. 

Regnault. 
^Achard. 


Buchholz 


Sindelfingen 

Brown  loose  peat,  from  Schwenningen,   2 

Very  old  peat,  from  Vulcaire,  near  Abbeville,   5-58 

"  "     Long,  "    4-61 

Peat  not  so  old,  from  Champ  de  Feu,  near  Abbeville,   5-35 

"   from  near  Berlin,  1st  stage,   9-30 

"  "  2d     "    10-20 

"  3d     «    11 

Black  old  peat,  from  Moglin,   14 

Young  brown  peat,   14 

Moor  in  Eichfeld,  1st  sort,   21 

"  2d    "   '.   23 

"  3d    "    30 

"  4th  "    33 

Ash  in  forty-one  sorts,  from  the  Erzgeberge,   1-00  —  24 

"     three  varieties,  from  Holland  and  Eriesland,   4-61  —  5 

i 1-120  —  7-898 
mean 
2-62 
3-695  —  4-819 
mean  i-Ronalds. 
4-545  j 
(5-300  —  37-10  ) 

"     nine  varieties,  from  Schuaditzer  bog,  near  Schwemsal,  in  Saxony,  •<         mcan  >-Wellner. 

(        18-47  j 


20  ) 

3Q  J-Einhof. 

50 
00 
50 
00 

0  "  Winkler. 
580  Mulder. 

898  )  Kane  and 
C  Sullivan. 


Thus  it  will  be  seen,  that  in  some  of  these  varieties 
no  less  than  one-third  of  the  entire  weight  consists  of 
incombustible  substances,  which,  it  is  needless  to  say, 
is  too  large  a  quantity,  and  prevents  their  being  much 
employed  as  a  source  of  heat.  Such  varieties  are, 
however,  valuable  as  manures,  owing  to  their  contain- 
ing a  large  amount  of  phosphates  and  other  salts,  that 
serve  to  enrich  the  soil. 

Very  copious  details  of  the  composition  of  the  ashes 
of  most  of  the  peats  of  Ireland  have  been  given  in  a 
former  table,  at  page  52,  to  which  the  reader  is  referred. 

Peat,  when  distilled  in  close  vessels,  gives  off  vari- 
ous products  similar  to  those  which  wood  affords,  be- 
sides ammonia,  and  some  bodies  of  a  fatty  nature, 
which  are  much  in  demand  in  many  departments 
of  the  industrial  arts.    In  its  natural  state  it  is  highly 


antiseptic,  to  which  may  be  attributed  the  long  period 
which  is  required  before  the  traces  of  the  substances 
originating  it  are  effaced.  This  quality  has  been 
further  proved  by  the  wood  which  is  found  without 
being  in  the  least  injured,  although  buried  thirty  feet 
deep  in  it  for  centuries.  Not  only  these,  but  human 
bodies  and  remains  of  animals — the  latter  now  extinct 
— and  other  substances  prone  to  putrefaction,  have 
been  found  at  a  great  depth  in  a  high  state  of  preser- 
vation. 

Where  peat  bogs  abound,  as  in  those  countries 
already  alluded  to,  the  inhabitants  make  use  of  the 
article,  after  undergoing  a  very  simple  preparation,  as 
fuel  for  domestic  uses.  With  the  exception  of  a  few 
localities  on  the  Continent,  but  little  has  been  done  to 
bring  peat  into  requisition  in  those  arts  which  are 
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intimately  associated  with  beat,  although  the  value 
of  the  eharcoal  which  the  substance  affords  as  a 
calorific  agent  has  been  attested  by  practical  skill  and 
theoretical  calculations.  Attempts  have  long  been 
made  in  Holland  and  some  states  of  Germany,  to  ren- 
der peat  more  profitable,  as  well  in  manufacturing 
operations  as  for  domestic  purposes ;  but  it  is  remark- 
able that  in  a  country  such  as  Ireland,  where,  com- 
pared with  other  nations,  the  cost  of  labor  is  low,  with 
one  exception  nothing  has  been  done  to  convert  her 
area  of  two  millions  eight  hundred  and  thirty  thousand 
acres  of  the  finest  bogs  in  the  world  to  her  advantage, 
although,  if  properly  treated,  they  might  prove  a  source 
of  immense  wealth.  This  neglect  of  the  national  inter- 
ests seems  still  more  inexplicable,  when  it  is  considered 
that  the  wealth  requisite  for  successful  manufacturing 
enterprise  is  already  in  the  hands  of  the  people,  but 
lies  a  mere  waste,  useless  to  the  possessor  and  to  the 
universal  interests  of  the  community.  It  would  ap- 
pear, however,  that  something  like-  an  incipient  spirit 
of  enterprise  is  growing  in  the  Irish  mind,  and,  if  this 
be  fostered  by  the  hand  of  science,  doubtless,  ere  long, 
many  of  the  hidden  treasures  which  lie  at  the  feet  of 
the  impoverished  population,  will  be  developed  to  the 
advantage  of  the  parties  immediately  concerned,  and 
the  prosperity  of  the  nation  at  large. 

For  domestic  purposes,  the  peat  is  prepared  by  a 
very  simple  course  of  operations,  differing  sometimes 
according  to  its  nature  and  thickness. 

In  every  case  the  surface  layer,  which  contains  the 
living  plants  and  their  roots  in  the  natural  state,  is 
stripped  off  to  the  depth  of  six  to  nine  or  twelve 
inches.  The  material  is  then  cut  with  a  kind  of  spade 
known  as  the  slane,  which  has  a  wing  bent  at  right 
angles  to  the  blade  of  the  instrument,  so  as  to  form 
with  the  latter  two  sides  of  a  square.  Sometimes  two 
such  wings  or  ears  are  added  to  the  tool,  and  at 
the  outer  end  these  are  united  by  a  plate  of  iron 
which  gives  to  it  the  appearance  of  a  hollow  rect- 
angular cube,  open  at  both  ends.  By  this  instrument 
the  peat  is  cut  in  long  square  masses,  and  then  spread 
upon  the  sward,  where  it  spontaneously  loses  its  water. 
After  the  bricks  have  acquired  sufficient  consistency, 
they  are  piled  up  on  end  so  as  to  afford  a  more 
thorough  exposure  to  the  air  ;  and  finally,  when  desic- 
cation has  advanced,  the  turf,  as  it  is  then  called,  is 
piled  together,  being  built  round  by  a  kind  of  clamp 
construction  of  the  sods  or  bricks,  and  left  till  the  ma- 
terial becomes  as  dry  as  it  can  be  made  by  exposure  to 
the  air.  Such  is  the  mode  adopted  when  the  peat  is  suffi- 
ciently elastic  to  bear  being  so  handled  without  break- 
ing ;  when,  however,  the  material  is  brittle  and  will 
not  admit  of  being  used  in  this  way,  it  is  dug  out 
with  ordinary  spades,  shovels,  et  cetera,  and  all  roots, 
stones,  and  such  like  solid  bodies  picked  out.  It  is 
then  spread  in  a  layer  of  from  twelve  to  eighteen 
inches  in  thickness,  watered,  and  brought  to  a  homo- 
geneous mixture,  either  by  the  tramping  of  men  or 
beasts,  where  the  latter  can  be  employed.  After- 
wards the  surface  is  smoothed  and  moulded  in  forms, 
either  with  the  hand  or  a  small  mould  which  indents 
the  surface.  'When  the  excess  of  water  has  drained 
off  and  the  peat  becomes  consistent,  the  bricks  are  cut 


55 


out  with  a  long  knife,  and  dried  in  the  manner  already 
indicated.  In  many  moors  or  fens  the  peat  is  so  sur- 
charged with  water  that  it  cannot  be  extracted  even 
with  the  spade  ;  in  this  case  the  workmen  employ 
a  kind  of  dredge,  by  which  the  material  is  collected. 
It  is  deposited  on  a  sloping  sward,  and  after  the  super- 
abundance of  water  has  drained  off  and  the  mass  be- 
comes more  consistent,  it  is  moulded  into  bricks.  The 
latter  processes  are  usually  resorted  to  in  France, 
Germany,  and  most  other  localities  where  peat  abounds. 
In  Holland  a  different  course  is  pursued,  which,  though 
more  circuitous,  is  notwithstanding  more  effectual  in 
producing  a  denser  fuel  than  can  be  obtained  by  the 
foregoing  methods.  The  upper  stratum,  which  is  light 
and  fibrous  in  its  nature,  is  nearly  always  moulded 
with  the  slane,  though  sometimes  it  is  subjected  to 
the  same  operations  as  the  under  layer.  Generally, 
this  is  scooped  out  with  a  kind  of  ladle  when  it  is 
not  too  wet,  and  carried  to  the  tempering  ground ; 
whew,  by  sprinkling  with  water,  tramping  with  the 
feet,  ;nd  tempering  with  a  rake,  it  is  brought  to  a 
homogeneous  consistence,  and  freed  from  stones,  bits 
of  wood,  leaves,  and  the  like.  In  case  the  matter  is 
slimy,  and  so  thin  that  it  will  not  admit  of  adhering 
together  in  masses,  another  kind  of  tool  is  employed, 
enabling  much  more  peat  to  be  abstracted,  with  less 
water,  than  if  the  ordinary  iron  ladle  dredge  were 
used.  It  consists  of  a  ring  of  iron,  the  edge  of 
which  is  sharp,  attached  to  a  long  handle ;  the  side 
of  this  band  is  perforated  for  the  purpose  of  affixing 
the  body,  which  is  a  thick  cloth,  and  the  whole 
forms  an  instrument  not  unlike  a  fisherman's  landing- 
net.  Much  more  peat  is  taken  up  by  this,  and  the 
excess  of  water  filtering  through  the  meshes  of  the 
tool,  the  peat  is  in  a  state  which  will  admit  of  being 
immediately  worked.  This  very  slimy  material  is 
kneaded  in  a  kind  of  trough  or  tub,  till  it  becomes 
thoroughly  blended  together.  In  this  state  it  appears 
like  a  kind  of  mortar.  The  next  operation  is  to  prepare 
the  sward  on  which  it  is  to  be  spread.  This  is  done 
by  laying  upon  it  a  covering  of  hay,  which  is  trodden 
down  to  a  level,  whereon  the  peat  is  spread  to  the 
depth  of  a  foot  or  more.  The  depth  is  regulated 
by  means  of  planks  or  boards  set  in  parallel  lines,  and 
placed,  as  circumstances  may  admit,  from  twelve  to 
thirty  feet  apart.  It  is  usual  to  beat  down  the  surface 
of  these  beds  to  give  the  peat  an  uniform  thickness. 
After  a  few  days,  when  the  excess  of  water  has,  partly  by 
draining  off,  partly  by  infiltrating  into  the  soil,  and  partly 
by  evaporating,  disappeared,  and  the  layer  of  matter 
has  acquired  a  certain  consistence,  it  is  rendered  more 
compact  by  treading.  This  part  of  the  work  is  per- 
formed by  women  and  children,  who  attach  flat  boards, 
about  six  inches  broad  and  twelve  to  fourteen  long,  to 
their  feet.  Before  this  treading  is  finished,  the  peat 
has  acquired  such  solidity  that  it  will  bear  a  person's 
weight  upon  it  without  sinking.  The  surface  is  again 
brought  to  a  level  by  beating  it  with  oars,  shovels,  and 
the  like  ;  and  after  this  is  accomplished,  the  surface  is 
divided  into  squares,  the  sides  of  which  are  about  four 
to  five  inches.  When  the  tracings  thus  made  are  cut, 
the  bricks  are  about  eight  inches  long  by  four  to  five 
inches  square  in  the  section.    The  drying  is  performed 
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by  placing  alternate  rows  crosswise  upon  one  another, 
reversing  this  order  in  a  few  days,  and  continuing  the 
exposure  till  the  most  of  the  moisture  has  disappeared. 
When  this  is  the  case,  the  turf  is  stored  for  use,  but  it  is 
necessary  that  the  moisture  be  sufficiently  expelled 
before  this  part  of  the  business  is  performed,  as  accord- 
ing to  Dumas,  when  this  is  not  effected,  the  stacks 
are  liable  to  a  fermentative  process  which  raises  the 
temperature  so  high  as  often  to  cause  spontaneous 
combustion.  It  has  been  already  stated,  that  one 
essential  quality  of  peat,  in  relation  to  its  value  as  a 
fuel,  is  its  density  and  freedom  from  large  quantities  of 
mineral  matters ;  but  another  is  also  required,  namely, 
that  it  contains  as  little  water  as  possible.  However 
well  exposed  or  prepared,  air-dried  peat  always  retains 
from  twenty  to  thirty  per  cent,  of  moisture,  and  this 
expends  a  considerable  quantity  of  the  heat  of  com- 
bustion in  its  evaporation.  When  intended  for  parti- 
cular purposes,  such  as  for  charring  in  heaps,  for  lime- 
burning,  and  such  like  purposes  where  it  is  to  be  piled 
up  in  large  masses,  or  has  to  resist  much  pressure,  the 
value  of  the  material  is  enhanced  by  the  quality  of 
strength  or  solidity,  because,  if  it  were  very  brittle,  it 
would  prove  almost  valueless  for  either  of  these  uses. 

Compression  of  Peat. — The  relative  heating  power 
of  dense  peat  well  dried  is  about  the  same  as  wood,  and 
half  that  of  coal ;  the  lighter  kinds  prove  to  be  not  more 
than  one-third  as  effectual  as  coal  for  heating.  Prepared 
according  to  the  improved  processes  which  have  lately 
been  introduced,  it  gains  considerably  in  calorific  power, 
as  much  more  combustible  material  is  contained  in 
compressed  peat,  bulk  for  bulk,  than  in  the  ordinary 
sods  or  moulded  turf.  Much  difficulty,  however, 
stands  in  the  way  of  effecting  this  condensation  of 
the  article,  owing  to  the  elastic  nature  of  the  fibre, 
which  causes  a  distention  after  the  force  is  removed. 
The  system  of  pressing  each  sod  or  mould,  as  in 
the  preparation  of  artificial  fuels,  would  never  answer 
with  peat,  as  the  labour  would  be  too  great  in  propor- 
tion to  the  value  of  the  material ;  and,  besides,  the  sup- 
ply which  could  be  so  furnished  would  be  inadequate 
to  the  demands  of  a  large  consumption.  This  led  Mr. 
Williams,  a  gentleman  who  has  contributed  much  to 
the  development  of  the  industrial  uses  of  peat  in 
Ireland,  to  the  adoption  of  powerful  hydraulic  presses, 
which,  while  they  are  able  to  overcome  the  elasticity 
of  the  material,  can  supply  it  in  considerable  abun- 
dance. It  is  questionable,  however,  if  his  endeavors 
have  been  remunerative,  as  it  is  difficult  to  eradicate 
the  preconceived  prejudice  of  manufacturers  and 
traders  against  this  species  of  fuel.  The  manner 
of  compressing,  as  conducted  in  the  Cappoge  works, 
was  to  break  up  the  fibre  of  the  peat  as  much  as 
possible  after  cutting,  and  then  to  place  it  interlaid 
with  coarse  cloths  or  coco-matting  under  the  machine. 
After  the  action  had  been  exerted  during  the  period 
allowed,  the  material  was  found  to  be  reduced  to  one- 
third  its  original  volume,  and  to  have  lost  about  two-fifths 
of  its  weight.  In  this  state,  the  peat,  when  thoroughly 
dried,  is  not  so  hygroscopic  as  when  the  drying  is 
conducted  in  the  open  air  and  no  pressure  exerted, 
and  the  lighter  kinds  yield  by  compression  a  substance 
denser  than  wood ;  the  lower  stratum  affords  a  product 


still  more  so.  The  elimination  of  the  water  by  pres- 
sure improves  the  quality  of  the  peat  in  other  re- 
spects, not  the  least  of  which  is  the  reduction  of  the 
relative  amount  of  mineral  matters  contained  in  it,  for 
considerable  quantities  are  carried  off  in  the  water  that 
would  remain  if  it  were  exposed  to  spontaneous  exsicca- 
tion. It  would  appear  that  the  increased  expense  of  this 
process  is  immaterial,  when  the  relative  volumes  of  pro- 
duct it  affords,  compared  with  ordinary  peat,  and  the 
large  per  centage  of  water  which  the  latter  contains, 
are  considered ;  for,  whereas  the  latter  costs  three 
shillings  and  sixpence  per  ton  at  the  bog,  the  pre- 
pared article  can  be  had  at  five  or  six  shillings.  Mr. 
Cobbold's  method  is  to  convert  the  peat  into  a 
magma,  with  the  addition  of  water  if  necessary,  and 
when  by  means  of  centrifugal  power  this  is  subse- 
quently got  rid  of,  a  very  dense  product  is  obtained. 
The  course  recommended  by  Mr.  Stone  as  described 
in  his  patent,  sealed  in  March  1850,  is  the  use  of  a 
box  divided  into  a  number  of  compartments  suited  to 
the  size  of  the  machine,  and  pressure  to  be  exerted 
upon  this,  by  rollers  adapted  to  one  another  by 
means  of  leverages.  Figs.  38  and  39  are  vertical  and 
side  views  of  this  arrangement,  where  the  same  letters 
indicate  similar  parts  in  each  figure.  A  and  B  are 
cast-iron  rollers,  the  latter  of  which  is  fixed  in  a 
stationary  bearing,  c.  D  is  an  adjusting  screw,  by 
means  of  which  the  roller  may  be  raised  or  lowered  at 


Fig.  38. 


pleasure  ;  this  screw  works  in  the  lever,  F,  the  fulcrum 
of  which  is  at  the  top  of  the  side  frame,  and  the 
handle  connected  with  the  long  one,  H,  by  the  rods,  1 1, 
which  are  adjusted  by  the  screw,  K.  Pressure  is 
exerted  upon  the  lever,  H,  by  sliding  the  weight,  J. 
The  friction  rollers  are  shown  at  L  L  L  L,  for  supporting 
the  pressure  box,  M,  before  or  after  it  has  passed  the 
pressure  rollers,  A  B.  Upon  the  shaft  of  the  latter,  two 
toothed  wheels,  P  P,  are  fixed,  which  are  worked  by 
two  pinions,  N  N,  upon  the  shaft,  o ;  the  wheels,  p  P, 
gear  into  two  toothed  racks  at  each  side  of  the  pres- 
sure box,  and  serve  to  carry  it  along  under  the  pres- 
sure rollers  already  indicated. 
The  box  is  such  that  it  contains  another  one,  R,  in 
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■which  the  peat  is  condensed ;  this  is  divided  into  six- 
teen compartments  by  means  of  bevel-edged  knives, 
a  a,  fixed  transversely  in  the  cover,  and  b  b  in  the 
bottom,  and  so  corresponding  with  one  another  that 
when  pressure  is  exerted  they  are  nearly  in  contact. 
The  longitudinal  knife  in  the  middle  separates  the 
interior  into  two  divisions. 

Motion  is  given  to  the  whole  by  means  of  a  winch- 
handle  and  fly-wheel  appended  to  the  ends  of  the 
shaft,  o ;  when  the  motive  is  steam,  the  handle  is  sub- 
stituted by  a  drum  on  which  a  strap  works.  The 
lever,  it,  may  be  lifted  by  means  of  another  lever  shown 
in  the  figure,  so  as  to  remove  all  pressure.  The  method 
of  operating  with  this  machine  is  to  fill  the  movable  box 
with  peat,  after  which  it  is  placed  inside  the  box,  M;  the 
lever,  H,  is  raised,  and  the  box  is  drawn  forward  by  put- 
ting the  shaft,  o,  in  motion.  When  it  has  come  under 
the  roller,  H  is  let  down  so  as  to  bring  A  in  contact  with 
the  lid  of  the  box.  From  the  time  that  the  verge  of 
the  box  has  entered  under  the  roller  till  it  has  passed 
the  centre,  the  lid  is  in  an  inclined  position,  varying 
from  an  angle  of  10°  or  15°.  At  the  time  the  roller  is 
at  the  centre,  the  cover  will  have  assumed  a  horizontal 
position,  and  a  uniform  pressure  will  be  enforced  upon 
the  entire  contents.  When  the  box  has  passed  through 
the  roller,  the  lid  is  taken  off,  and  the  compressed 
material  removed  and  exposed  to  thorough  desiccation. 
The  compartment  is  again  filled,  the  cover  fitted  on, 
and,  by  reversing  the  motion  of  the  handle,  the  box  is 
made  to  pass  the  same  way  backwards.  Thus  the 
compressed  material  is  discharged  at  each  end  of  the 
machine. 

These  and  a  few  others  are  the  means  hitherto 
proposed  for  improving  the  quality  of  peat  fuel,  so 
as  to  remove  its  characteristic  fault,  namely,  want 
of  density;  but  it  seems  that  as  yet  the  processes 
have  not  been  conducted  with  sufficient  spirit,  or  the 
outlay  in  machinery  is  too  great  in  proportion  to  the 
value  of  the  material  operated  upon.  It  appears  that  in 
Ireland  the  chief  improvement  in  this  process  must,  for 
some  time  to  come,  turn  upon  the  system  of  drying 
under  sheds,  so  as  to  protect  the  peat  from  the  in- 
fluence of  the  rain,  a  considerable  quantity  of  which  it 
is  capable  of  absorbing,  and  yet  will  appear  dry  to  the 
touch.  The  amount  of  water  thus  retained  considerably 
diminishes  the  heating  power  of  the  turf.  This  will  be 
seen  more  clearly  from  the  following  data : — When 
a  pound  of  pure  dry  peat  is  burned,  and  the  entire 
amount  of  caloric  which  it  yields  is  conducted  through 
water,  it  will  be  found  that  six  times  its  weight  of  this 
liquid  will  be  raised  to  212°.  In  ordinary  turf  the 
fourth  part  of  the  weight  is  water,  so  that  there  is  only 
three-fourths  available  as  a  heating  medium.  Were 
a  pound  of  this  consumed  in  the  same  manner  as  the 
foregoing,  it  is  evident  thg  caloric  developed  would 
raise  only  four  pounds  and  a  half  to  the  boiling 
point.  This  quantity  would,  of  course,  evaporate  the 
water  contained  in  the  peat,  so  that  the  visible  effect 
would  be  as  four  and  a  quarter  to  six,  or  about  thirty 
per  cent,  in  favor  of  the  dried  material.  Such  a  wide 
difference,  it  is  needless  to  say,  is  sufficient  cause  for 
condemning  (he  moist  material  even  for  domestic  use, 
but  especially  in  manufactories,  where  it  is  an  object  of 
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the  first  importance  that  the  fuel  should  exert  the  greatest 
possible  effect  in  proportion  to  its  bulk  and  value. 

Before  passing  to  the  discussion  of  the  action  of  heat 
upon  peat,  it  will  be  well  to  devote  a  little  attention 
to  the  consideration  of  the  nature  of  those  substances 
contained  in  it,  as  well  as  those  which  are  artificially 
produced  from  it.  It  has  been  stated  already — page  51 
— that  by  the  action  of  alkalies  upon  peat,  the  greater 
part  is  dissolved,  and  that,  when  the  liquor  is  further 
treated  with  acids,  the  ulmin  is  precipitated  in  flakes. 
This  substance,  which  is  the  principal  and  most  im- 
portant component  of  peat  in  its  ordinary  state,  is  so 
analogous  to  woody  fibre  in  its  composition,  that  the 
changes  which  the  material  producing  it  has  under- 
gone, may  be  considered  as  sufficient  to  account  for 
the  difference.  By  the  researches  of  Braconnot  and 
others,  it  has  been  proved  that  in  the  fresh  peat  ulmin 
is  combined  with  lime,  and  forms  therewith  a  true 
chemical  compound — ulminate  of  lime.  Ulmin  or  hu- 
mus, popularly  termed  vegetal  mould,  has  the  follow- 
ing composition  wdien  prepared  from  wood  and  sugar  : 


From  Wood. 

Carbon,   72-7  . 

Hydrogen,   6*1  . 

Oxygen,   21-2  . 


From  Sugar. 

. .  65-65 
. .  4-28 
. .  30-07 


100-0  100-00 
When  peat  is  subjected  to  destructive  distillation' 
ammonia  is  invariably  one  of  the  products,  a  circum- 
stance for  which  it  is  difficult  to  account,  seeing  that 
ulmin  is  entirely  devoid  of  nitrogen,  unless  it  be  ad- 
mitted that,  during  the  progressive  decomposition  of 
that  body,  nitrogen  is  assimilated  from  the  air,  just  in 
the  same  manner  as  decaying  wood  or  vegetal  matter 
takes  up  the  same  element.  In  the  course  of  the 
decomposition  of  vegetal  bodies,  oxygen  and  nitrogen 
are  absorbed  and  combined  with  the  other  elements, 
and  the  consequence  is  the  formation  of  a  new  sub- 
stance called  by  Hermann  nitrolin — a  body  that  ap- 
proximates closely  in  its  composition  to  animal  flesh. 
Such  a  metamorphosis  may  be  explained  by  supposing 
that  two  equivalents  of  woody  fibre  take  five  equiva- 
lents of  nitrogen  and  ten  of  oxygen  from  the  atmo- 
sphere, and  give  off  sixteen  equivalents  of  carbonic 
acid ;  thus — 


^72  H48  ®4f 


0,„  Ns 


2  Eqs,  of  Woody  fibre 
5  Eqs.  of  Nitrogen  and)     jj  , 
10  Eqs.  of  Oxygen  j^ded 


C72  H18  Gjs  N5 

16  Eqs.  of  Carbonic  acid  deducted  =  CI0  —  032  — 


Nitrolin, 


Cm  H,s  0.M  N. 


By  a  further  change  these  elements  are  disturbed, 
and  carbonic  acid  is  produced  together  with  ammonia. 
Besides  these,  several  other  new  substances  of  a  brown 
or  black  color  remain,  among  which  are  ulmic  acid,  et 
cetera.  Dumas  supposes  that  the  ammonia  results  from 
the  decomposition  of  animal  remains  embedded  in  the 
marshes ;  but  the  Editor  is  of  opinion  that  it  is  mostly 
derived  from  the  atmosphere. 

When  peat  is  exposed  to  the  action  of  heat  in  close 
vessels,  it  affords  a  variety  of  substances,  the  principal 
being  pyroligneous  acid ;  a  brown  empyreumatic  erys- 
tallizable  oil,  from  which  numerous  products  may  be 
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extracted,  and  among  them  paraffin ;  carbonic  oxide 
and  carbonic  acid,  hydrocarbon  gases,  together  with  a 
variable  quantity  of  ammonia.  Industrial  progress  has 
invested  several  of  these  with  a  new  value  during  the 
last  few  years,  so  much  so  that  they  have  become 
special  objects  of  manufacture.  This  has  been  shown 
under  the  heads  Acetic  Acid,  Ammonia,  Asphalt, 
Candles,  et  cetera;  and  with  regard  to  certain  in- 
flammable gases  and  other  bodies,  their  importance  will 
appear  further  on.  The  products  of  the  distillation  of 
peat  are  all  useful  in  the  arts,  and  consequently  are  in 
constant  request.  To  provide  them  in  sufficient  quan- 
tity, or  at  least  in  some  degree  to  supply  the  wants  of 
the  trades  using  them,  a  manufactory  was  erected  a 
few  years  ago  near  the  town  of  Athy,  in  Kildare,  Ire- 
land, for  the  purpose  of  distilling  peat,  and  obtaining 
the  useful  products  which  it  affords.  This  manufactory 
has  now  established  itself,  although  it  had  many  diffi- 
culties to  contend  against.  It  is  worked  on  the  prin- 
ciple of  Mr.  Bees  Reece's  patent,  sealed  in  1849. 
The  idea  was  derived  from  the  application  of  inflam- 
mable gases  to  heating  purposes  by  the  late  M.  Ebel- 
men,  for  the  utilization  of  inferior  coals  and  other 
combustibles,  by  converting  them  into  gases,  the  object 
being  the  production  of  those  organic  bodies  already 
alluded  to.  These  are  produced  in  greater  abundance 
from  peat  than  from  other  combustibles,  owing  to  the 
large  amount  of  water  in  it,  which  keeps  the  tem- 
perature low  during  the  distillation,  and  thus  favors  the 
formation  of  such  products.  The  principle  of  the  dis- 
tillation is  the  introduction  of  a  blast  of  air  at  the  bot- 
tom of  a  furnace  filled  with  the  combustible.  The  heat 
developed  in  this  part  passing  up  with  the  gases  through 
the  mass,  causes  the  destructive  distillation  of  the  latter, 
and  the  expulsion  of  the  empyreumatic  products  with 
the  combustible  and  other  gases  from  the  fire.  By  pro- 
per contrivances  these  are  operated  upon,  in  such  a  way 
that  all  the  condensable  substances  are  removed,  and 
the  inflammable  products  which  cannot  be  liquefied  are 
employed  to  heat  boilers,  stills,  or  evaporating  pans 
required  in  the  purification  of  the  crude  products.  It  is 
this  application  of  all  the  products  to  economical  pur- 
poses which  renders  the  manufactory  so  novel  in  its 
nature,  for  the  very  substance  operated  upon  is  made 
to  supply  all  the  requisites  for  carrying  out  the  manu- 
facture, besides  supplying  the  useful  products. 

For  the  following  important  details  with  reference  to 
this  manufactory,  the  Editor  is  indebted  to  the  Journal 
of  Industrial  Progress,  by  Professor  Sullivan  :— 

From  repeated  examinations  of  peat  with  reference 
to  the  amount  of  tar,  oils,  paraffin,  and  ammoniacal 


salts  which  it  yields,  as  well  as  from  the  researches 
of  the  patentee,  most  flattering  results  were  antici- 
pated from  the  development  of  this  branch  of  in- 
dustry. To  carry  it  out,  a  company  was  organized, 
called  the  Irish  Peat  Company,  which  stated  in  its 
prospectus  that,  by  a  manufactory  capable  of  operating 
on  one  hundred  tons  daily,  or  thirty-six  thousand  five 
hundred  tons  annually,  the  following  commercial  results 
would  be  attained ;  namely, — 

EXPENDITURE. 

36,500  tons  peat,  at  2s.  per  ton,   £3,650 

455  tons  of  sulphuric  acid,  at  £7  per  ton,   3,185 

W ear  and  tear  of  apparatus,  et  cetera   700 

Wages,  labor,  et  cetera   2,000 

Freight  and  incidental  charges,   2,182 

£11,717 

PRODUCE. 

365  tons  of  sulphate  of  ammonia,  at  £12  per  ton, . .  £4,380 

255  tons  of  acetate  of  lime,  at  £14,   3,570 

19,000  gallons  of  naphtha,  at  5s.,   4,750 

100, .500  pounds  of  paraffin,  at  Is.,   5,475 

73,000  gallons  of  volatile  oil,  at  Is.,   3,650 

36,000  gallons  of  fixed  oil,  at  Is.,   1,800 

23,625 

leaving  a  net  profit  of  £11,908,  or  a  fraction  more 
than  a  hundred  per  cent.  The  cost  of  the  manufactory 
for  working  such  a  quantity  was  stated  to  be  about  ten 
thousand  pounds.  That  peat,  and  other  substances  here- 
tofore useless,  should  be  productive  of  a  trade  so  profit- 
able, was  more  than  could  well  be  credited  by  the  parties 
wishing  to  embark  in  the  speculation ;  and  to  satisfy 
themselves  on  this  point,  a  series  of  experiments  was 
instituted  in  the  laboratories  of  the  Museum  of  Irish 
Industry,  under  the  superintendence  of  Sir  Robert 
Kane  and  Professor  Sullivan.  These  were  conducted 
upon  specimens  of  peat  from  various  peat  deposits  in 
Ireland  in  a  twofold  manner :  firstly,  by  distilling  the 
peat  in  close  vessels,  and  secondly,  by  effecting  the 
distillation  by  a  combustion  of  a  part  of  the  material 
with  a  blast  of  air,  as  proposed  in  the  manufactory. 

In  operating  by  the  former  method,  a  retort  was 
used  similar  to  that  employed  in  the  distillation  of 
coal  in  the  manufacture  of  gas.  To  the  exit  pipe  from 
this  retort  a  series  of  Woulfe's  bottles  were  adapted, 
wherein  the  greater  portion  of  the  tar  and  other  aque- 
ous products  were  deposited,  the  remainder  being  con- 
densed in  a  worm  fixed  in  a  barrel  of  water,  and  the 
permanent  gases  collected.  In  each  trial  one  hundred- 
weight of  peat  was  worked  off  in  eight  to  fourteen 
charges,  according  to  the  density  of  the  substance. 
The  annexed  table  represents  the  quantity  of  the  gross 
products  obtained : — 


No  of  Ex- 
periments 


Locality  whence  obtained. 


Water. 

Tar. 

Charcoal. 

Gas. 

| 

23-600 

2-000 

37-500 

36-900 

32-273 

3-577 

39-132 

25-018 

38-102 

2-767 

32-642 

26-489 

38-628 

2-916 

31-110 

32-346 

32-098 

2-344 

23-437 

42-121 

38-127 

4-*17 

21-873 

35-603 

21-189 

1-462 

18-973 

57-746 

31-378 

2-787 

29-222 

36-616 

Surface  peat, \ A  mixture  of  about  equal  parts  of  the  two  peats,  from") 

Dense  peat,  )     Mount  Lucas  Bog,  near  Phiflipstown,  J 

Light  surface  peat,  from  Wood  of  Allen,  

Black  compact  peat,  from  do.,   

Surface  peat,  from  Ticknevin,  

Do.        distilled  with  the  retort  heated  to  a  very  bright  redness,  

Surface  peat,  from  Shannon,  

Dense  peat,  from  do.,   

Average,  
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The  amount  of  ammonia,  acetic  acid,  and  naphtha, 
contained  in  the  aqueous  product,  was  next  determined, 


as  well  as  that  of  the  oil  and  paraffin  in  the  tar ;  the  fol- 
lowing tahle  contains  the  results  obtained : — 


TABLE  REPRESENTING  THE  PER  CENTAGE  OF  AMMONIA,  NAPHTHA,  ACETIC  ACID,  PARAFFIN,  AND  OILS,  OBTAINED 

BY  THE  DISTILLATION  OF  PEAT. 


Locality  whence  obtained. 

Ammonia. 

Acetic  Acid. 

•E  , 
"E  « 
|| 
~  a 

I 

d 

m 
i 

£ 

Volatile  oil. 

Fixed  oiL 

as  . 

IS 

!» 

bo 

a  o 

-3 

e .s 

&5f 

5  « 
u 

•a  O 

3 

to  d 

Is  g 

til 

u  « 

it  Surface  peat  JAfn,,ilm'e  °f  V*vta) 

2.  Dense  peat,  1  of  both  peats  from  Mount  ^. 

r     '    (  Lucas  Bog,  Philhpstown, ) 

3.  Light  surface  peat,  Wood  of  Allen,  

4.  Slack  compact  peat,  do.,   

5.  <        Do.       distilled  with  the  retort  1 

0-302 

0-187 
0-393 
0-210 

0-195 

0-404 
0-181 

1-171 

0-  725 

1-  524 
0-814 

0-  756 

1-  567 
0-702 

0-076 

0-206 
0-286 
0-196 

0-208 

0-205 
0-161 

0-111 

0-302 
0-419 
0-287 

0-305 

0-299 
0-236 

0-092 

0-171 
0-197 
0-147 

0-161 

0-132 
0-119 

0-024 

0-179 
0-075 
0-170 

0-196 

0-181 
0-112 

0-684 

0-721 

0-  571 

1-  262 

0-816 

0-829 
0-647 

0-469 

0-760 
0-565 
0-617 

0-493 

0-680 
0-266 

0-268 

1-037 

0-191 

0-280 

0-146 

0-134 

0-790 

0-550 

In  the  second  series  of  experiments,  in  which  the 
peat  was  consumed  by  igniting  it,  and  then  supporting 
the  combustion  by  a  blast,  the  same  peats  were  used  as 
in  the  foregoing  tables.    The  annexed  table  shows, 


however,  only  the  products  obtained  from  those  which 
in  the  former  experiments  exhibited  the  greatest  dis- 
similarity, this  being  sufficient  for  the  purpose  of  com- 
parison : — 


Character  of  Turf,  and  Locality  whence  obtained.  W.itor.  Tar.  Ash.  Gases. 

Light  surface  peat,  from  Wood  of  Allen,   31-678    2-510    2-493    63-319 

Dense  peat,                     do.    30-663    2-395    7-226    59-716 

Dense  peat,  from  the  Hiver  Shannon,   29-818    2-270    2-871    65-041 


The  amount  of  ammonia,  acetic  acid,  naphtha,  paraf- 
fin, and  oils,  obtained  in  the  same  way,  and  expressed 


in  the  following  numbers,  affords  a  comparative  view 
of  the  merits  of  both  methods  of  working : — 


TABLE  REPRESENTING  THE  PER  CENTAGE  OF  AMMONIA,  ACETIC  ACID,  NAPHTHA,  PARAFFIN,  AND  OILS,  OBTAINED  BY 
THE  DISTILLATION  OF  PEAT  IN  A  BLAST  OF  AIR. 

Ammonia.  Acetic  acid  Naphtha.  Paraffin.  Oils. 

Light  surface  peat,  Wood  of  Allen,   0-322    0-179    0-158    0-169    1-220 

Dense  peat,  do.,    0-344    0-268    0-156    0-086    0-946 

Dense  peat,  from  the  Eiver  Shannon,   0'194    0-174    0-106    0-119    1-012 


Average,   0-287    0-207    0-140    0-125    1-059 


The  average  results  of  both  methods  of  operation 
gave  for  the  distillation  in  close  vessels — ■ 


Average.  Maximum. 

Aqueous  pioducts,.  30-614   32-678  ... 

Tar,                       2-392    2-510  ... 

Gases,                   62-392    65-041  ... 

Ashes                     4-197   7-226  . . . 

The  watery  products  and  tar  afforded— 


Minimum. 
29-818 
2-270 

59-716 
2-493 


Average. 

Maximum. 

Minimun 

or  as 

Sulphate  of  ammonia,.. 

0-287  . 

..  0-344  .. 

..  0-194 

1-110  . 

..  1-330  .. 

. .  0-745 

or  as 

0-207  . 

..  0-268  .. 

..  0-174 

0-305  . 

..  0-393  .. 

..  0-256 

0-140  . 

..  0-158  .. 

. .  0-106 

Volatile  and  fixed  oils, 

1-059  . 

..  1-220  .. 

.  0-946 

0-125  . 

..  0-169  .. 

.  0-086 

Placing  these  numbers  in  apposition,  the  following 
will  express  the  relative  value  of  the  two  modes : — 


Average  produce  Average  produoe 

ii-om  close  from  distillaUon 

distillation,  iu  blast  of  air. 

Ammonia,   0-268    0-287 

or  as 

Sulphate  of  ammonia,   1-037    1-110 

Acetic  acid,   0-191    0-207 

or  as 

Acetate  of  lime   0-280    0-305 

Naphtha,   0-146    0-140 

Oils,   1-340    1-059 

Paraffin,   0-134    0-125 

The  similarity  of  these  numbers  shows  that  very  little 
difference  exists  between  the  results  obtained  from  the 
distillation  of  the  substance  in  close  vessels,  and  from 
its  decomposition  in  the  fire  by  a  blast  of  air.  In  the 
first  case,  however,  there  remains  an  average  of  twenty- 
nine  parts  of  charcoal,  which  might  determine  a  prefer- 
ence for  that  method,  were  it  not  that  the  greater  part  of 
this  is  consumed  in  carbonizing  the  matter  in  the  retort. 

A  similar  and  independent  series  of  experiments  was 
conducted  by  Dr.  Hodges,  whose  results  are  appended 
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below,  and  contrasted  with  those  arrived  at  by  Profes- 
sors Kane  aud  Sullivan,  as  well  as  with  those  form- 


Kuno  mid  Sullivan. 


ing  the  basis  upon  which  the  company's  prospectus 
was  founded ; — 

Hodge*.  Statement  in  Company's  Fronpuotus. 


Per  ton. 

Sulphate  of  ammonia,  24-^  lbs. 

Acetic  acid — real  hydrated,   4£  " 

or  as 

Acetate  of  lime,   6f  " 

Wood  naphtha,  50£  ozs. 

Tar,  63|  lbs. 

Products  of  (Paraffin,   2$  " 

the  tar,     \Oils,   nearly  2§  galls. 


Per  cent.         Per  ton. 

1-110  ....  22 J  lbs. 
0-207  ....    7}  " 


Per  cent. 

.  1-000 
.  0-328 


Per  ton. 

22|  lbs. 


Per  cent. 

1-000 


0-305  .. 

0-140  .. 

2-390  .. 

0-125  .. 

0-159  .. 


83£  ozs. 
99£  lbs. 


—  nearly  15TV    ••••  0-700 

0-232    66-3  ozs   0-185 

4-440  ....   —        ....  — 

—  ....    3  lbs   0-104 

—  ....    2  J  galls   0-071 


If  the  difference  of  the  peat  in  these  experiments  he 
taken  into  account,  the  results  of  the  three  columns  will 
be  nearly  equal ;  for  in  Hodges'  experiments  the  peat 
was  of  a  black  unctuous  nature,  weighing,  per  cubic 
yard,  from  five  and  a  half  to  six  and  a  half  hundred- 
weight. 

At  first,  the  apparatus  erected  for  the  distillation,  et 
cetera,  was  on  a  small  scale,  and  not  so  much  with  the 
object  of  realizing  an  immediate  profit,  as  with  a  view 
to  the  perfection  of  the  process  by  which  the  operation 
might  be  conducted  on  a  scale  of  greater  magnitude. 
During  this  preliminary  phase  of  the  undertaking,  very 
little  advantage  accrued  beyond  opening  the  eyes  of 
the  conductors  to  the  necessity  of  having  some  more 
perfect  medium  for  condensation,  and  turning  the  in- 
flammable gases  to  useful  purposes,  as  also  for  purify- 
ing the  products,  and  bringing  them  into  marketable 
condition.  It  was  necessary,  therefore,  under  these  cir- 
cumstances, to  erect  new  works ;  and,  as  many  things 
had  to  be  invented,  this  occupied  considerable  time. 
The  factory  has  now  been  in  active  operation  for  some 
few  years.  The  arrangement  for  the  combustion  of  the 
peat  consists  of  four  furnaces,  constructed  like  ordinary 
blast  furnaces,  and  without  gratings,  but  furnished  with 
three  tuyeres  through  which  the  blast  enters.  Each 
furnace  is  thirty-two  feet  seven  inches  high,  from  the 
ground  to  the  top  of  the  hopper ;  the  hearth  is  three 
feet  two  inches  deep,  three  feet  wide,  and  eighteen 


inches  to  the  top  of  the  dam-plate ;  the  tymp  is  thir- 
teen inches  high,  and  has  two  inches  of  water  space ; 
the  boshes  are  seven  feet  six  inches  high  from  the  bottom 
of  the  crucible  part,  and  twelve  feet  wide  at  the  belly  ; 
the  cone  or  body  is  sixteen  feet  high,  and  six  feet  wide 
at  the  tunnel  head.  The  base  of  each  furnace  is  square 
as  high  as  the  belly,  and  the  whole  of  the  cone  or  body 
is  covered  with  boiler-plate  firmly  riveted.  Such  a  pro- 
tection is  necessary,  in  order  to  prevent  a  leakage  of  the 
products  of  distillation,  besides  giving  greater  stability 
to  the  erection.  The  top  of  each  furnace  is  completely 
closed  by  a  conical  valve  three  feet  in  diameter,  and 
surmounted  with  a  changing  hopper  provided  with  two 
tight-fitting  lids.  This  hopper  is  five  feet  high  from 
the  valve-opening  to  the  lid,  and  eight  feet  in  diameter 
at  the  top.  Two  pipes,  each  twelve  inches  in  diameter, 
convey  the  products  of  distillation  into  an  hydraulic 
main,  three  feet  in  diameter,  whence  the  condensed  tar 
and  other  liquids  flow  into  a  tank,  while  the  gases  are 
made  to  pass  through  two  double  rows  of  upright  con- 
densing pipes,  twelve  inches  in  diameter,  and  twenty- 
five  feet  high,  including  two  series  of  rectangular  boxes 
upon  which  they  are  fixed.  During  the  passage  of  the 
elastic  vapors  and  gases  through  these  pipes,  an  addi- 
tional quantity  of  tar  and  aqueous  products  is  liquefied 
and  collected  in  rectangular  boxes  placed  in  connection 
with  the  pipes,  by  an  arrangement  which  will  bo 
further  explained  in  the  drawings  annexed.  After 
40. 


the  gases  traverse  the  condensers,  they  are  conducted 
through  a  series  of  eight  scrubbers,  twenty  feet  high,  aud 
arranged  in  four  rows.  Each  scrubber  has  three  layers 
of  small  stones  resting  upon  gratings,  and  is  besides  fur- 


nished with  a  mill  and  tumbler,  by  which  a  dense  shower 
is  made  to  fall  through  the  scrubber.  By  this  contrivance 
the  gases  are  washed  of  all  traces  of  tar  and  condens- 
able matters,  such  as  naphtha,  et  cetera.    From  tho 
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scrubbers  the  gas  flows  into  a  kind  of  main  called  the 
trunk,  twenty-five  feet  three  inches  in  length,  and  three 
feet  eight  inches  in  diameter,  and  from  which 
it  is  distributed  to  the  several  fire-places  to  be 
consumed  under  evaporating  pins  or  boilers,  as 
required. 

Fig.  40  is  a  side  elevation  of  this  arrange- 
ment, represented,  for  want  of  space,  as  broken 
off  in  the  middle.  A  is  one  of  the  four  fur- 
naces, a  section  of  which,  along  the  line  x,  is 
shown  in  Fig.  41 ;  and  Fig.  42  is  a  plan  of  the 
platform,  G,  on  the  top  of  the  furnaces,  with 
part  of  the  condensing  apparatus  attached.  The 
same  letters  in  each  of  the  figures  indicate  cor- 
responding parts. 

Referring,  in  the  first  place,  to  the  sectional 
view  of  the  furnace — Fig.  41 — a  represents  the 
arrangement  of  the  tuyeres,  with  their  nozzles,  showing 
the  water  spaces  and  the  plug  valves  for  allowing  the 

tuyere  opening  to 
Fis-  «•  be  kept  clear ;  B 

is  the  hopper, 
which  is  pro- 
vided with  two 
lids,  H  H,  Fig. 
42,  hinged  and 
flanged,  so  as  to 
fit  into  grooves ; 
and  b  the  conical 
valve  with  its 
ground  rim,  into 
which  fits  a  cir- 
cular flange  sur- 
rounding the 
valve  opening. 
The  valve,  b, 
may  be  raised 
or  lowered  by 
means  of  the  rod 
and  chain,  c,  at- 
tached to  the 
lever,  d,  which 
is  furnished  at 
one  end  with  a 
box,  e,  for  the  re- 
ception of  pieces 
of  cast-iron  or  other  material  to  form  the  counterpoise. 

The  platform  on  the  top  of  the  four  furnaces,  part 
of  which  is  represented  at  G,  in  Fig.  42,  is  constructed 
of  planks  of  wood  laid  on  the  same  plane  as  the  covers 
of  the  hoppers.  The  dried  peat  or  turf  is  elevated  to  this 
platform  in  iron  waggons,  each  thirty  cubic  feet  in  capa- 
city, by  means  of  a  water  lift,  consisting  of  a  floor  upon 
which  four  waggons  fit,  supported  by  a  frame  or  cage 
with  friction  pulleys  at  the  angles,  for  working  against 
the  four  upright  pillars  of  wood  which  support  a  frame- 
work at  top,  having  a  drum  and  brake.  The  flooring 
of  the  cage  is  attached  to  a  chain  which  passes  over  the 
forementioned  drum,  and  is  counterpoised  by  a  wrought- 
iron  cistern,  five  feet  square,  and  two  feet  six  inches 
deep,  provided  with  a  valve  in  the  bottom,  with  an 
externally  projecting  spindle.  The  peat  is  brought 
from  the  bog  in  flat-bottomed  boats  by  the  canal,  which 


terminates  in  a  kind  of  basin,  having  a  quay  a  few  yards 
wide  at  the  foot  of  the  lift.    Here  the  waggons  are 


Fig.  42. 


filled  with  the  turf,  and  they  are  then  rolled  in  upon 
the  floor  of  the  cage  previously  let  down  to  receive 
them.  In  this  position  of  the  cage,  the  counterpoise 
or  cistern  is  at  the  top,  and,  while  there,  water  is 
allowed  to  flow  into  it  from  the  tank,  r,  which  is  in 
turn  supplied  by  the  feed-pipe,  J,  connected  to  a  largo 
pump  worked  by  a  steam-engine  which  drives  the 
other  smaller  ones  throughout  the  works.  When  the 
cistern  is  full,  it  more  than  counterbalances  the  weight 
of  the  cage  and  loaded  waggons ;  and,  accordingly,  on 
letting  go  the  brake,  the  former  descends,  and  by  means 
of  the  chain  passing  over  the  drum,  draws  up  the  cage 
and  waggons  to  the  level  of  the  platform,  G.  When  the 
cistern  lull  of  water  reaches  the  ground,  the  projecting 
pin  strikes  against  it,  by  which  the  valve  is  lifted, 
and  the  water  allowed  to  flow  out.  The  waggons 
full  of  turf  are  next  rolled  along  tramways  at  each 
side  of  the  hoppers,  one  of  which  is  shown  at  N, 
to  the  furnace  into  which  it  is  discharged.  This 
part  of  the  work  is  performed  by  rolling  the  waggon 
on  to  a  turning  table,  M,  situate  at  each  side  of  the 
furnace,  and  there  made  to  perform  a  fourth  of  a  revo- 
lution, so  as  to  bring  the  end  of  the  waggon,  which  is 
provided  with  a  hinge  and  latch,  over  one  of  the  hop- 
per lids,  h  ;  the  latter  is  opened,  and  the  turf  discharged 
into  the  orifice.  Three  waggons  full,  or  ninety  cubic 
feet,  fill  the  hopper,  and  this  constitutes  a  charge. 
Whilst  the  hopper  is  being  filled,  the  conical  valve,  b, 
is  raised  to  the  position  in  which  it  closes  the  furnace, 
as  shown  in  Fig.  41,  and  none  of  the  products  of  distilla- 
tion can  escape ;  but  as  soon  as  the  hopper  is  filled,  the 
lids,  H  H,  are  firmly  closed,  and  the  grooves  into  which 
the  lid  flanges  are  -partly  rilled  with  turf  dust  and  some 
of  the  blue  clay  marl  underlying  the  peat  bog,  mixed 
up  into  a  magma  with  water.  This  paste  forms  an 
excellent  lute  round  the  lid,  which  is  kept  tight  by  a 
latch. 

The  valve,  b,  Fig.  41,  may  now  be  lowered  by 
the  lever,  d,  which,  while  the  valve  is  up,  has  its  ex- 
tremity bearing  the  counterpoise,  e,  hooked  to  the  plat- 
form by  means  of  the  small  aperture  seen  near  the 
counterpoise ;  but  when  this  is  unhooked,  the  valve 
descends,  and  the  turf  falls  into  the  furnace.  This  be- 
ing effected,  the  lever  is  again  hooked  in  the  usual 
position,  and  the  hopper  recharged.  In  this  method 
of  working,  the  only  loss  sustained  is  merely  the  full 
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of  the  hopper  of  gases  each  time  the  furnace  is  charged. 
When  light  peat  is  burned,  the  charge  weighs  about 
seven  hundredweight,  so  that  it  would  require  about  a 
hundred  and  forty-three  charges  to  burn  fifty  tons  of 
material,  and  two  hundred  and  eighty-six  to  burn  one 
hundred  tons,  the  work  assigned  to  each  furnace  in 
twenty-four  hours.  Allowing  one  hundred  cubic  feet 
of  gas  to  be  lost  at  each  charge,  the  total  for  each  fur- 
nace during  the  day's  working  would  amount  to 
twenty-eight  thousand  six  hundred  cubic  feet ;  but  this 
is  too  high,  for  the  average  weight  of  a  charge  of  the 
brown  turf  employed  is  about  half  a  ton,  and,  there- 
fore, only  two  hundred  charges  are  required  to  perform 
the  work,  so  that  the  loss  is  reduced  in  actual  practice 
to  twenty  thousand  cubic  feet ;  and  this  quantity,  com- 
pared to  the  total  quantity  produced,  is  very  insignifi- 
cant. 

When  the  fire  is  lighted  in  the  furnace,  and  the 
blast  directed  upon  it,  the  part  immediately  ignited  is 
resolved  into  the  simplest  and  most  permanent  products 
of  combustion ;  but  as  these  ascend,  the  carbonic  acid 
is  resolved  into  carbonic  oxide  by  the  incandescent 
fuel  overhead,  and  this  gas,  together  with  the  nitrogen 
of  the  air,  rises  in  a  heated  state  tln-ough  the  mass. 
These  superheated  gases  are  the  agents  which  effect 
the  distillation  of  the  great  mass  of  peat  in  the  body  of 
the  furnace,  and  carry  the  products  off  to  the  mains, 
as  already  intimated,  by  outlet  pipes,  c — Figs.  40  and 
41 — of  which  there  are  two  to  each  furnace.  These 
outlets  are  fixed  near  the  top  of  the  furnace ;  they  con- 
sist of  a  short  ascending  and  a  long  descending  pipe, 
the  angle  where  they  meet  being  provided  with  a  hand- 
hole  for  cleaning  out,  and  which  can  be  secured  by  a 
dog  and  screw.  The  long  arm  enters  the  hydraulic 
main,  D,  shown  in  section  in  Fig.  40,  and  represented 
as  broken  off  in  the  plan,  Fig.  42.  This  main  is  kept 
half  full  of  liquid,  below  the  surface  of  which  the 
outlet  pipes  dip.  Each  furnace  is  thus  isolated  in  the 
same  way  as  the  retorts  in  a  gas  factory.  The  hydraulic 
main  consists,  properly  speaking,  of  two ;  the  principal 
one  running  along  the  furnaces  in  front,  and  marked  d; 
and,  secondly,  a  cross  piece,  E,  which  connects  the  former 
to  a  shorter  one,  p.  Both  these  are  closed  at  the  ends 
with  plates  of  iron,  which  can  be  removed  whenever 
they  want  cleaning.  Overflow  pipes,  screwed  to  those 
plates,  draw  away  all  the  tar  and  liquid  which  accumu- 
late in  the  mains  above  the  proper  level ;  this  excess  is 
conveyed  into  a  tank  not  marked  on  the  drawings,  but 
its  place  is  indicated  by  Y,  in  Fig.  42.  Four  ascending 
pipes  convey  the  gas  from  the  main  into  the  condensers ; 
each  of  these  pipes  is  provided  with  a  valve,  \v.  As 
was  already  stated,  there  are  two  distinct  series  of 
condensers,  each  consisting  of  eighteen  rectangular 
boxes,  shown  in  section  at  U,  Fig.  43.  Upon  the  top  of 
each  of  these  are  placed  four  upright  pipes,  and  those 
of  each  series  constitute  two  rows.  The  adjoining  pipes 
in  each  row,  belonging  to  different  boxes,  are  connected 
by  a  breeches-piece,  which  has  two  openings  in  the  top, 
closed  by  caps,  dogs,  and  screws,  p.  The  gas  flowing 
through  the  valve,  w,  is  thus  enabled  to  ascend  one  pipe 
in  a  row  and  down  the  next,  into  the  first  rectangular 
box,  thence  up  the  next,  and,  by  means  of  the  breeches- 
pipe,  into  the  adjoining  condenser  pipe  and  box,  and  so 


Fig.  43. 


on.  A  diaphragm,  as  seen  in  Fig.  43,  separates  the 
box  into  two  compartments ;  this  division  is  not  per- 
fect, however,  for  at  the  bottom  a  space 
is  left,  so  that  both  form  only  one. 

The  four  pipes  open  into  one  com- 
partment, and  as  both  are  kept  nearly 
half  full  of  water,  the  gas  entering  into 
the  side  compartment  cannot  escape 
otherwise  than  by  the  pipes,  unless  the 
pressure  is  so  very  great  as  to  force  all 
the  liquor  out  by  V,  into  the  next  cham- 
ber. All  the  condensable  matter  that 
accumulates  in  the  inner  chamber  soon 
finds  its  level  in  the  outer  one  by  the 
communication  at  the  bottom  of  the  box, 
and  when  it  rises  to  a  certain  height  in  the 
latter,  it  flows  out  by  a  siphon  pipe  into  a 
conduit  in  connection  with  the  tank,  Y. 
All  the  boxes  are  in  communication  with 
one  another  by  a  short  connecting  pipe 
passing  from  one  to  the  other  near  the 
bottom ;  the  same  level  of  liquid  is  thus 
insured  in  all.  To  prevent  the  condens- 
ing pipes  ever  getting  too  hot,  a  conduit, 
K — Fig.  42 — in  connection  with  the  cis- 
tern, I,  is  carried  along  the  top  between 
the  two  rows,  to  each  set  of  which  it 
sends  out  an  arm,  L,  pierced  with  small 
holes,  which  allow  a  fine  stream  of  water 
to  fall  on  the  tops  of  the  pipes,  and  to 
trickle  down  the  sides,  and  thus  cool  them  effectually. 

Notwithstanding  all  the  refrigerating  surface  afforded 
by  the  double  line  of  condensers,  a  certain  quantity  of 
tar  and  ammonia,  and  the  greater  part  of  the  naphtha, 
still  remain  uncondensed,  and  are  car- 
ried forward  mechanically  by  the  force 
of  the  blast ;  and  to  guard  against  a  loss 
being  sustained,  the  scrubbers,  Q — Fig. 
40 — have  been  appended.  These  are 
arranged  in  four  rows,  corresponding  to 
the  four  rows  of  condensing  pipes. 
Each  scrubber  consists  of  a  cylinder  of 
wrought-iron,  four  feet  six  inches  in 
diameter,  and  twenty  feet  high,  closed 
at  both  ends,  and  having  three  gratings 
in  the  interior,  upon  each  of  which  is 
placed  a  layer  of  stones,  shown  at  j, 
Fig.  44.  The  gas  enters  at  M',  and 
passes  up  through  the  layers  of  stones, 
while,  at  the  same  time,  the  mill,  k', 
supplied  with  water  from  an  inch  pipe 
connected  with  K,  Fig.  42,  or  with  the 
tumbler,  I/,  produces  a  dense  rain  by  its 
revolution;  and  this  shower  meeting  the 
gaseous  bodies  ascending  through  the 
layers  of  stones,  completely  removes  all 
the  considerable  bodies  remaining  in  it. 
The  water  which  thus  traverses  the 
scrubber,  and  becomes  partly  saturated 
with  tar,  ammoniacal  matter,  and  naph- 
tha, flows  off  from  the  base  by  a  pipe  into  a  tank,  not 
exhibited  in  the  drawing,  but  which  may  be  designated 
by  z,  Fig.  40.  After  passing  through  the  first  scrubbers, 
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the  gas  enters  the  second  series  by  means  of  a  pipe,  and 
after  it  is  washed  in  these,  as  described,  it  flows  into 
a  kind  of  gasometer,  s,  Fig.  40,  consisting  of  a  pipe 
twenty-five  feet  three  inches  long,  and  three  feet  eight 
inches  wide,  and  kept  full  of  water  to  the  level  of  the 
line  shown.  By  means  of  the  valve,  w,  in  the  main, 
F,  and  the  dip  of  the  pipe,  E,  into  the  water  of  the 
gas-holder  or  trunk,  s,  each  row  of  condensers,  and 
each  pair  of  scrubbers,  may  be  isolated,  and  the  gas 
shut  off  from  them  whenever  they  require  cleaning. 

As  the  whole  of  the  water  which  passes  through  the 
scrubbers  must  be  distilled  in  order  to  obtain  the  am- 
monia and  naphtha  which  it  has  absorbed,  it  is  found 
desirable  to  make  the  same  liquid  serve  two  or  three 
times  for  washing  the  gas.  This  is  done  by  placing 
barrels,  T,  on  the  tops  of  the  scrubbers,  Q  Q,  and 
pumping  into  them  from  time  to  time  a  portion  of  the 
liquor  from  the  tank,  z.  Each  barrel  supplies  liquor 
to  four  scrubbers,  by  means  of  branching  pipes. 

Owing  to  the  retention  of  the  tar  by  the  layer  of 
stones,  the  scrubbers  would  get  clogged  from  it,  were 
there  no  provision  made  for  cleansing  them.  The 
means  adopted  is  to  inject  steam  into  them  once  in  the 
day,  by  which  the  tar  is  melted,  and  in  this  state  flows 
out  at  the  bottom  of  the  tank.  From  s  the  combustible 
gases  are  carried  off  by  a  duct,  from  which,  by  other 
channels,  it  is  taken  to  the  several  flame-beds,  where 
it  is  consumed. 

Such  are  the  principal  details  of  this  manufactory, 
having  in  view  the  recovery  of  the  volatile  products 
of  distillation  only,  the  charcoal  which  the  peat  would 
afford  being  entirely  burned. 

The  high  heating  power  of  peat-charcoal,  as  well  as 
its  disinfecting  and  other  qualities,  invest  it  with  pecu- 
liar interest  to  the  smelter,  the  sanitary  reformer,  and  the 
agriculturist :  for  the  former  it  has  long  been  produc- 
tive of  great  advantages,  more  especially  in  the  manu- 
facture of  iron,  and  therefore  its  production,  on  the 
most  economical  scale,  and  in  the  largest  quantity,  has 
been  a  subject  to  which  some  attention  has  been  paid. 
This  is  more  particularly  the  case  in  Bohemia,  Bavaria, 
France,  Russia,  and  other  countries,  where  it  is  used 
in  the  blast-furnaces  of  their  iron-smelting  establish- 
ments, and  produces  very  satisfactory  results.  In  the 
numerous  other  processes  to  which  the  metal  is  sub- 
jected, the  charcoal  is  found  quite  as  efficient,  if  not 
more  so,  than  wood-charcoal.  In  England,  however, 
where  eoal  is  so  abundant,  a  material  which  is  at  her 
command  in  as  great  abundance  as  her  coal,  has  been 
allowed  hitherto  to  remain  useless;  but  it  is  to  be 
hoped,  that  the  success  which  has  attended  its  appli- 
cation in  the  particular  instances  alluded  to,  and 
the  free  discussion  of  its  advantages  which  one  now 
meets  with,  will  remove  any  prejudices  existing  in  the 
minds  of  manufacturers  against  its  employment.  At 
present,  or  at  least  till  within  a  recent  period,  the  cost 
of  the  product  has  been  very  high,  in  fact  out  of  all  pro- 
portion when  compared  to  that  of  other  kinds  of  fuel ; 
and  this,  perhaps,  has  been  one  cause  why  it  has  not 
been  extensively  consumed  in  smelting  and  other  works : 
but  if,  by  the  attention  of  manufacturers,  the  charring 
of  peat  had  been  understood,  and  conducted  on  such  a 
scale  as  would  bring  its  marketable  value  on  a  footing 


with  that  of  coke,  there  is  little  doubt  of  its  very  soon 
being  introduced  into  several  establishments  from  which 
it  is  at  present  excluded.  When  peat  is  acted  upon  by 
heat  in  close  vessels,  it  yields  a  variable  amount  of 
charcoal,  from  twenty-five  to  forty  per  cent.,  according 
to  its  density  and  state  of  dryness ;  but,  as  it  is  rarely 
distilled  in  this  way,  the  quantity  obtained  is  from 
twenty-five  to  thirty  per  cent.,  and  at  best  does  not 
exceed  thirty-five  per  cent.  The  methods  followed 
for  the  charring  of  peat  are,  in  some  respects,  similar  to 
those  already  described  as  being  pursued  in  carbonizing 
wood  on  the  large  scale  ;  these  are  the  meiler  system, 
and  that  by  the  furnace.  For  operations  by  the  first 
of  these  methods,  the  nature  of  the  peat  and  the 
regular  form  of  the  sods  or  bricks  offer  advantages  for 
constructing  the  heap  more  regularly,  leaving  less  inter- 
stitial space  than  the  logs  of  wood,  and,  being  less  com- 
bustible than  the  latter,  the  process  does  not  exact 
that  minute  attention  which  the  carbonization  of  wood 
requires.  It  is  necessary  that  the  peat  should  be 
thoroughly  desiccated,  otherwise  the  charring  will  pro- 
ceed irregularly,  and  sometimes  not  at  all.  Large  quan- 
tities of  peat  are  carbonized  in  this  way  in  the  Vosges, 
in  Bavaria,  Saxony,  and  Bohemia.  In  these  places, 
one  or  other  of  two  forms  of  constructing  the  meiler  is 
adopted — either  the  circular  or  bee-hive,  so  frequently 
resorted  to  in  charring  wood,  or  the  rectangular  one. 
At  the  Royal  Iron  Works  of  AVeierhammer,  in  Bavaria, 
where  the  refining  and  puddling  of  iron  has  been  carried 
on  since  1838  by  means  of  peat-charcoal,  the  peat  is 
charred  in  the  circular  mound,  prepared  almost  as  in 
manufacturing  wood-charcoal. 

A  level  site  being  chosen,  a  stake  or  quandel  is  fixed 
in  the  middle  of  a  circular  space,  and  round  it  on  the 
ground  a  quantity  of  brushwood  is  spread,  and  which 
in  turn  is  covered  with  waste  charcoal  from  a  previous 
operation.  The  turf  is  then  piled  round  to  the  extent 
of  the  base,  and  to  the  proper  height,  preserving  the 
conical  shape.  Generally,  the  size  of  the  heap  is  about 
two  thousand  five  hundred  cubic  feet,  or  thirteen  and 
a  half  tons  of  the  peat  of  the  locality.  When  the 
central  stake  is  withdrawn,  brushwood  is  introduced 
into  the  opening  and  ignited.  This  communicates  fire 
to  the  surrounding  mass,  which,  in  turn,  conveys  the 
heat  towards  the  exterior.  Owing  to  the  closeness 
with  which  the  turf  admits  of  being  packed  together, 
the  carbonization  would  proceed  but  slowly,  were  it  not 
that  air-channels  of  the  breadth  of  a  single  brick  of  the 
peat  are  constructed  at  regular  distances,  and  radiating 
to  the  circumference  of  the  meiler.  A  covering  of  moss 
and  leaves  is  placed  upon  the  body  of  the  heap,  and 
outside  this  another  of  sand  and  turf  ashes,  or  charcoal 
dust,  is  thrown  on,  leaving  the  upper  part  open,  as  a 
kind  of  chimney  for  the  passage  of  the  gaseous  pro- 
ducts, till  the  mass  has  been  thoroughly  ignited.  As 
soon  as  flame  appears  at  the  top  of  the  heap,  a  cover- 
ing is  thrown  on,  and  the  contraction  of  the  mass 
observed,  so  as  to  keep  any  breaks  occasioned  by 
the  sinking  renovated.  The  charring  is  conducted 
regularly  in  the  whole  meiler  by  closing  the  draught- 
holes  at  the  base,  where  the  combustion  becomes  too 
vivid,  or  boring  a  few  about  a  foot  asunder  in  the  upper 
part,  where  the  progress  is  slack.    Twelve  to  fourteen 
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days  are  necessary  to  char  and  cool  a  meiler  of  the 
above  size,  so  as  to  be  fit  for  removal.  About  seven 
hundred  cubic  feet  of  charcoal  are  obtained,  'weighing 
about  three  tons  eight  hundredweight,  or  27'7  per 
cent. ;  hence,  somewhat  less  than  four  tons  of  the  peat 
of  the  district  yields  one  ton  of  charcoal. 

In  Saxony,  the  rick  or  rectangular  system  is  adopted, 
and  the  results  are  good.  The  ground  is  levelled  and 
covered  with  sand  in  the  usual  way,  and  afterwards 
the  rectangular  space  marked  out;  this  is  about  fifty 
feet  long  by  five  or  six  in  breadth.  The  middle  of  this 
plot  is  hollowed  out  into  a  kind  of  basin,  and  from  it 
two  channels  or  drains  are  cut  from  the  ends  of  the 
intended  heap,  but  inclining  towards  the  central 
cavity.  Both  channels  and  well  are  constructed  of, 
or  are  lined  with  bricks,  a  layer  of  clay  being  laid 
beneath,  so  as  to  prevent  any  fluid  products  col- 
lecting therein  from  percolating  through  the  soil.  A 
small  gutter  leads  from  the  cavity  in  the  middle 
to  a  tank  at  a  little  distance,  where  the  liquids 
are  recovered.  These  necessary  constructions  being 
made,  a  number  of  quandels  is  fixed  in  the  longi- 
tudinal channel,  ten  feet  apart,  and  the  peat  heap  con- 
structed to  the  height  of  four  feet,  leaving  transverse 
channels  corresponding  with  the  vertical  one  which  the 
stake  forms.  When  finished,  the  quandels  are  with- 
drawn, and  the  whole  coated  with  a  mixture  of  clay, 
sand,  and  chopped  straw  or  grass,  the  latter  being  used 
to  prevent  the  luting  from  cracking.  This  mixture  is 
prepared  in  two  boxes  or  pits,  one  at  each  side  of  the 
mound,  and  quantities  of  it  are  always  at  hand  so  as  to 
be  available  for  stopping  any  cracks  which  might  present 
themselves  during  the  charring.  Ignition  is  commenced 
at  each  end  of  the  rhomboid  by  a  fire  placed  in  the 
central  channel;  the  brushwood  with  which  this  has 
been  filled  burns,  and,  in  doing  so,  sets  fire  to  the  sur- 
rounding peat.  When  the  turf  is  fully  ignited  through- 
out the  whole  mass,  a  thick  black  smoke  issues  from  the 
chimneys ;  as  the  carbonization  proceeds,  this  becomes 
lighter,  assuming  gradually  a  greyish-white  color,  and 
finally  changes  to  a  bluish  shade  as  the  moisture  eva- 
porates. At  this  state,  sulphurous  acid  becomes  disen- 
gaged. As  soon  as  the  whole  of  the  moisture  is  dis- 
pelled— a  fact  ascertained  by  holding  the  hand  in  the 
vapor  as  it  issues  from  the  chimneys,  and  observing  if 
condensation  takes  place — the  fire  is  gradually  smoth- 
ered by  closing  the  air  channels  and  fire  flues.  Care 
is  also  required  in  the  management  of  the  draught,  so 
as  not  to  allow  of  a  consumption  of  charcoal  taking 
place ;  generally,  the  apertures  on  the  windward  side 
are  kept  closed,  the  opposite  ones  being  sufficient  to 
supply  air.  The  charcoal  prepared  in  this  way  is  of 
excellent  quality,  and  much  used  in  the  metallurgical 
establishments  of  Saxony  and  Bohemia. 

Both  these  systems  of  charring  peat  afford  nearly  the 
same  yield  of  charcoal,  when  the  operations  have  been 
properly  attended  to.  It  ranges  from  twenty-four  per 
cent,  by  weight  and  twenty-seven  by  bulk  when  the  peat 
is  not  thoroughly  air-dried;  but  if  this  condition  has  been 
attained,  the  product  is  about  twenty-seven  per  cent,  by 
weight,  or  thirty-two  ami  a  half  by  bulk :  a  larger  pro- 
duce is  occasionally  obtained,  but  in  those  cases  the 
exception  must  be  attributed  to  the  density  and  dry- 


ness of  the  material  before  carbonization.  The  cost 
of  a  ton  of  charcoal  at  Weierhammer,  manufactured 
by  the  process  described,  is  about  sixteen  shillings  and 
twopence,  the  peat  from  which  it  is  produced  having 
a  marketable  value  of  two  shillings  and  elevenpence 
halfpenny  per  ton  :  allowing  that  four  tons  of  peat  are 
required  for  the  production  of  one  ton  of  charcoal,  it 
appears  that  the  charring  expenses  for  one  ton  of  char- 
coal are  about  four  shdlings  and  fourpence.  In  the 
neighborhood  of  Carolinen  Iliitte,  near  Achthal,  in 
Styria,  where  some  successful  attempts  have  been 
made  to  smelt  iron  with  peat  in  its  raw  state,  mixed 
with  wood,  a  ton  of  peat-charcoal  costs  twenty-two 
shillings  and  sixpence;  but  of  this,  eighteen  shillings 
and  twopence  form  the  cost  of  the  material,  so  that, 
practically,  the  charring  expenses  are  the  same  as  at 
Weierhammer.  Such  is  also  the  cost  of  carbonizing 
by  the  meiler  or  rick  system  in  Saxony. 

Partly  from  the  fact  that  less  labor  is  required  in 
managing  the  operation,  whilst  a  regularity  in  the  pro- 
duce is,  in  some  measure,  insured,  and  partly  from  the 
circumstance  that  there  always  exists  a  supply  of 
material  at  hand  in  every  peat  district,  which  would 
render  the  expense  of  removal  of  furnaces  unnecessary 
when  once  erected,  the  system  of  charring  in  kilns  has 
been  resorted  to  with  advantage.  Furnaces  or  kilns 
are  employed  near  Meaux  in  France,  in  East  Friesland, 
and  Bohemia,  to  a  considerable  extent. 

The  furnace  or  kiln  employed  for  this  purpose  at 
Oberndorf,  in  Wurtembcrg,  is  represented  in  Fig.  45. 
It  is  an  upright  cylinder,  nine  feet  high  and  five  and  a 
half  feet  in  diameter,  having  a  capacity  of  about  two 


Fig,  45. 


hundred  cubic  feet,  and  capable  of  distilling  about  four 
tons  of  average  peat;  the  top  is  closed  by  an  arch,  with 
the  exception  of  an  opening,  i,  through  which  the  peat 
is  introduced;  it  also  answers  the  purposes  of  a  chimney 
till  the  charge  is  carbonized.  A  double  line  of  construc- 
tion is  adopted  in  the  erection  of  these  kilns;  an  inner 
one,  b  b,  of  firebrick,  and  an  outer  one,  a  a,  of  more 
common  material:  both  are  about  fifteen  inches  thick, 
and  between  them  is  an  interstice,  c  c,  of  the  same 
width,  excepting  wdiere  the  brickwork  extends  the 
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whole  breadth,  as  at  d  d,  for  giving  greater  firmness  to 
the  construction.  The  superior  aperture,  i,  is  closed 
by  a  tightly-fitting  lid,  h,  when  necessary;  at  the  base 
is  another  door,  closed  by  a  cast-iron  plate,  /;  and  be- 
hind this  is  a  space,  m,  formed  by  the  door  and  the 
plate  or  board,  «,  and  which  is  filled  with  sand  through 
the  aperture,  g;  thus  the  draught  is  effectually  cut  off 
at  this  orifice.  There  are  three  tiers  of  holes,  d  d  d, 
formed  at  a  short  distance  from  the  base  of  the  furnace, 
through  which  air  enters  for  supporting  the  combus- 
tion of  the  peat  during  the  carbonization,  as  long  as 
this  takes  place.  In  working  this  kiln,  the  peat  is 
thrown  in  at  the  top  and  packed  closely,  with  the  ex- 
ception of  a  few  channels  left  free,  corresponding  to  the 
lower  draught  holes,  and  also  a  vacant  space  in  the 
centre;  after  being  filled,  fire  is  thrown  in  from  the  top, 
and  the  orifice  in  this  part  left  open;  when  the  fire  has 
spread  through  the  mass,  so  as  to  present  a  glowing 
appearance  on  being  viewed  through  the  lower  aper- 
tures, those  are  closed  with  clay  stoppers,  and  the 
combustion  allowed  to  proceed  till  the  same  appearance 
is  observed  on  looking  through  the  second  holes,  when 
these  are  likewise  stopped ;  and  when  the  mass  appears 
white  hot  at  the  third  row  of  perforations,  and  no  more 
smoke  appears,  all  the  apertures  are  secured,  and  the 
mass  is  allowed  to  remain  till  cold.  Forty-eight  hours 
are  occupied  in  bringing  the  mass  to  incandescence, 
and  after  that  seven  or  eight  days  are  required  for  the 
cooling  of  the  furnace.  To  avoid  this  delay,  it  is  cus- 
tomary to  have  a  damper  plate  situated  in  the  bottom 
of  the  furnace,  under  which  is  a  pit,  so  that,  on  with- 
drawing the  damper,  the  red-hot  charcoal  falls  into  the 
pit,  and  the  furnace  is  ready  for  a  fresh  charge.  Some- 
times the  furnace  is  so  constructed  as  to  enable  the 
manufacturer  to  recover  some  of  the  products  of  dis- 
tillation, and  use  the  combustible  products  for  heating 
the  mass  of  peat.  In  these,  a  pipe  leads  from  the 
shoulder  of  the  arch  to  a  kind  of  condenser,  where  the 
ammoniacal  and  tarry  matters  are  retained,  and  the 
gaseous  bodies  are  reconducted  by  pipes  to  the  bottom 
of  the  furnace,  where  they  are  burned  under  a  grating, 
and  serve  to  ignite  the  charge.  No  delay,  or  at  most 
only  an  inconsiderable  one, 
F'S-  4<i-  takes  place  in  the  charring 

with  the  latter  kind  of  fur- 
nace, and  the  product  is  satis- 
factory in  relation  to  quality 
and  yield. 

Of  this  description  are  the 
kilns  used  at  Crouy-sur- 
rOurcq,  near  Meaux,  one  of 
which  is  represented  in  Fig. 
46.  In  this  kiln  the  carboni- 
zation is  effected  in  a  cylin- 
der, a,  heated  exteriorly  by 
the  flame  and  heat  from  the 
fires,  e  c,  which  circulate  in 
the  spiral  flue,  b  h;  d  d  is  a 
chamber,  encircling  the  walls 
of  the  flue,  wherein  air  is 
confined,  with  the  view  of  retaining  and  equalizing 
the  heat.  The  peat  is  introduced  into  the  kiln  by  the 
aperture,  c,  at  the  top;  this  aperture  is  closed  when 
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the  charring  is  going  on,  by  an  iron  plate,  /;  the 
products  of  the  combustion  going  on  in  the  fires,  c  c, 
issue  by  an  opening,  g,  in  the  top,  and  those  of  the 
distillation  of  the  charge  by  a  pipe,  I,  connected  with 
a  condensing  apparatus  of  the  usual  construction,  and 
in  which  the  liquid  products  are  retained,  the  uncon- 
densed  gas  being  conveyed  back  to  the  fires,  where  by 
their  combustion  they  serve,  in  part,  to  maintain  the 
proper  degree  of  heat.  When  the  carbonization  is 
completed,  the  charcoal  is  removed  by  the  channel,  h, 
by  drawing  the  plate,  i,  which  serves  as  the  bottom  of 
the  kilns ;  it  then  falls  into  the  chamber,  where  it  is 
allowed  to  cool;  from  thirty-five  to  forty  per  cent,  of 
charcoal  is  obtained,  according  to  the  density  and  state 
of  dryness  of  the  crude  fuel.  The  cost  of  charring  by 
this  furnace  is  estimated  at  an  average  of  four  shillings 
per  ton  of  charcoal. 

Somewhat  differing  from  the  latter  in  construction, 
though  worked  upon  the  same  principle,  is  the  peat- 
charcoal  furnace  of  East  Friesland.  It  has  a  solid  base 
sixteen  feet  long,  thirteen  wide,  and  two  feet  thick; 
upon  this  base  an  oblong  furnace  is  erected,  twelve  feet 
long,  five  wide,  and  eight  and  a  half  high.  The  end 
walls  of  this  construction  are  two  feet  thick,  but  the 
sides  are  only  six  inches;  parallel  with  the  side  walls, 
and  at  a  distance  of  eighteen  inches,  two  others  are 
built,  each  two  feet  thick,  and  the  end  ones  are  con- 
tinued at  both  sides  to  meet  them.  By  this  arrange- 
ment a  space  is  enclosed  between  the  interior  construc- 
tion, or  the  retort,  and  the  exterior  wall,  and  this 
space  serves  for  the  fire  channel,  in  which  the  products 
of  combustion,  from  a  fire  lighted  in  a  hearth,  one  foot 
high  and  eighteen  inches  wide,  with  grate  and  ashpit, 
made  at  one  end  of  each  of  these  chambers,  circulate 
for  the  purpose  of  heating  the  retort.  An  arch  or 
dome  completely  encloses  the  inner  chamber  destined 
to  carbonize  the  peat;  another  similar  arch  is  sprung 
from  the  outer  walls,  thus  encasing  the  top  of  the  re- 
tort as  well  as  the  sides.  At  the  end  where  the  fires  are 
situated,  a  charging  door,  five  feet  high  and  three  wide, 
is  situated,  and  this,  when  the  process  of  charring  is 
going  on,  is  kept  tightly  closed.  The  floor  of  the  inner 
retort  is  hollowed  in  the  middle  along  the  whole  length, 
and  the  channel  thus  formed  walled  by  a  glazed  clay 
gutter,  and  covered  over  with  perforated  tiles,  the 
whole  slightly  inclined  towards  one  end.  The  tar  and 
other  fluids  which  accumulate  here  during  the  carboni- 
zation, are  carried  off  by  a  pipe  to  a  tank  at  a  short  dis- 
tance from  the  retort,  and  the  uncondensable  gases 
conducted  back  by  other  pipes  to  the  furnace,  where 
they  are  burned.  For  the  sake  of  economy,  two  or 
more  of  such  furnaces  are  built  close  to  each  other,  by 
which  the  time  of  charring  is  shortened,  less  heat  being 
allowed  to  escape.  Such  a  furnace  is  capable  of  pro- 
ducing one  ton  of  charcoal  at  each  operation,  at  an 
average  expense  of  four  to  five  shillings. 

Another  furnace  employed  in  Bohemia  is  the  follow- 
ing : — A  circular  excavation  six  feet  deep  and  twenty  in 
diameter,  is  made,  and  the  base  lined  with  brickwork 
nine  inches  deep.  Upon  this  the  walls  of  the  furnace 
are  constructed,  so  that  when  completed  the  whole  forms 
a  frustrum  of  a  cone.  For  this  end,  the  walls  are  five 
feet  thick  at  the  base,  and  tapering,  till,  at  the  height 
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of  sixteen  feet,  that  of  the  furnace,  they  are  only  two, 
thus  leaving  a  cylindrical  space  of  ten  feet  in  diameter 
for  the  charring.  At  the  top  or  mouth  an  arch  is 
sprung,  and  covers  the  whole  in  the  form  of  a  dome ; 
in  the  centre  of  this  is  left  an  opening  three  feet  in  ex- 
terior, and  two  in  interior  diameter,  and  closed  by  a  door, 
when  necessary,  with  four  others  at  regular  distances 
in  the  shoulder  of  the  arch.  The  opening  at  the  base 
for  withdrawing  the  made  charcoal  is  four  and  a  half 
feet  high,  and  two  and  a  half  wide  ;  this  is  closed  with 
bricks,  and  the  opening  from  without  secured  with 
boards,  so  as  to  keep  in  the  heat  as  much  as  possible. 
A  canal  is  formed  round  by  the  base  of  the  wall  of  the 
furnace  in  the  interior,  nine  inches  wide  and  fifteen  deep, 
and  two  others  of  the  same  dimensions  intersecting  the 
preceding,  one  of  which  opens  under  the  discharging 
door.  Before  the  charging  commences,  these  channels 
are  filled  with  brushwood,  and  partially  covered  with  tiles 
placed  a  few  inches  apart.  Before  introducing  the  peat, 
a  pole  is  fixed  in  the  central  opening,  and  likewise  one  in 
each  of  the  others,  the  lower  ends  of  these  filling  in  the 
intersections  of  the  circular  and  cross  channels ;  the 
charging  is  then  proceeded  with,  the  peat  bricks  being 
as  nearly  as  possible  placed  endwise.  When  filled,  the 
poles  are  withdrawn,  leaving  five  vertical  flues  in  their 
stead.    The  brushwood  in  the  channel  under  the  dis- 


charging door  is  then  ignited,  and  the  fire  spreads 
quickly  round  the  base  and  across  it,  so  that  the  heat 
is  equally  exerted  upon  the  whole  of  the  peat  in  this 
part.  All  the  apertures  are  left  open  till  a  volume  of 
flame  freely  issues  from  the  orifices  in  the  dome;  the 
charging  door  is  then  closed,  and  further  secured  by 
luting  or  sand  being  spread  over  it;  the  firing  flue 
at  the  base  is  likewise  secured  tightly.  The  other 
openings  in  the  dome  are  only  slightly  covered,  so  as  to 
allow  the  escape  of  the  products  of  distillation.  When 
the  latter  cease  to  be  evolved,  the  openings  are  entirely 
covered,  and  the  furnace  left  to  cool  for  forty-eight 
hours.  In  many  operations,  preference  is  given  to  the 
charcoal  manufactured  in  this  furnace,  over  that  pre- 
pared in  the  kilns  used  at  Crouy-sur-l'Ourcq. 

A  few  years  ago  Mr.  J.  W.  Rogers  introduced  a 
furnace  for  the  carbonization  of  peat,  as  well  as  for 
drying  it  previous  to  its  being  carbonized.  Fig.  47 
represents  a  longitudinal  section,  and  Fig.  48  an  end 
view  of  this  ingenious  construction.  E  E  is  a  boarded 
shed  supported  on  pillars,  and  open  in  a  great  measure 
at  the  sides.  In  the  middle  of  the  flooring  of  this 
structure  a  channel  is  sunk,  which  constitutes  the  ash- 
pit ;  on  each  side  of  this  channel  a  line  of  rails  is  laid, 
forming  a  railway,  on  which  the  carbonizing  chambers 
or  kilns,  aaa,  furnished  with  small  wheels  for  the 


purpose,  move.  The  furnaces  are  of  sheet-iron,  upon 
a  framework  of  the  same  metal,  the  whole  forming  a 
truncated  pyramidal  case,  of  which  the  base  is  a  grating 
upon  which  the  peat  to  be  charred  rests.  These  cases 
are  filled  by  inverting  them  and  introducing  the  peat, 
the  grate  being  removed;  the  latter  is  then  replaced,  and 
after  restoring  them  to  their  original  position,  they  are 
rolled  along  the  tramway  over  the  ashpit.  The  space 
through  which  the  ovens  pass  is  encased  with  sheet- 
iron,  B  B,  through  which,  at  regular  intervals  corre- 
sponding to  the  position  of  the  furnaces,  pipes,  D,  D,  lead 
to  the  top  of  the  building.  Within  the  latter,  other 
movable  ones  are  placed,  which  fit  upon  the  orifice  of 
the  kilns  when  fixed  in  the  shed  ;  these  constitute  the 
chimneys,  and  they  can  be  raised  when  it  is  required  to 
draw  out  the  case  from  under  them.  The  space  between 
the  carbonizers  and  the  roofing  of  the  shed  is  fitted  with 
shelves  for  the  reception  of  the  air-dried  peat,  for  the 
purpose  of  desiccating  it  more  completely.  As  the 
exterior  covering  is  formed  of  a  number  of  movable 


louvres,  h,  h,  they  may  be  opened  or  closed  at  will. 
The  draught  in  the  chamber  of  the  furnaces  is  regulated 
by  the  flue  door,  d,  worked  by  tire  rod,  e.  When  the 
charring  is  commenced,  some  brushwood  is  introduced 
into  the  channel,  over  which  the  furnaces  are  rolled  and 
ignited ;  the  flame  lights  the  peat,  and  the  work  proceeds 
till  the  contents  are  carbonized.  'This  is  known  by  no 
more  smoke  being  given  off;  the  chimnies  are  then 
closed  by  the  flue  doors,  d  d,  and  the  furnaces  and  con- 
tents removed.  The  heat  radiated  from  the  sheet-iron 
plates  serves  to  dry  the  peat  stored  on  the  surrounding 
shelves.  Each  of  these  furnaces  carbonizes  a  charge  of 
about  six  hundred  pounds  in  five  hours,  and  which  yields 
a  result  of  about  twenty-three  to  twenty-  five  per  cent, 
of  charcoal.  Four  of  these  furnaces  produce  one  ton  of 
charcoal  in  twenty-four  hours,  and  the  cost  of  produc- 
tion, notwithstanding  that  the  raw  material  would  be 
purchased  for  two  shillings  per  ton — that  is,  eight  shillings 
for  raw  material — has  been  estimated  at  twenty-five  to 
thirty  shillings  ;  by  this  the  expenses  of  charring  would 
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equal  from  seventeen  to  twenty-two  shillings  per  ton. 
To  prepare  the  peat,  the  patentee  piles  it,  after  being 
cut,  upon  wicker  hurdles,  one  above  another,  and  allows 
it  to  remain  in  this  state  till  dry.  The  yield  of  char- 
coal is  stated  as  from  thirty-three  to  thirty-six  per  cent. 
— Journal  of  Industrial  Progress. 

Vignoles  has  taken  out  a  patent  for  drying,  com- 
pressing, and  carbonizing  peat,  the  latter  being  effected 
by  means  of  steam  heated  to  450°  or  4G0°  Fahr.,  and 
the  two  former  by  a  hydro-extractor,  in  which  the 
centifrugal  force  expels  the  water,  and  renders  the 
mass  denser  at  the  same  time.  With  reference  to  the 
charring — the  peat  dried  in  the  air,  or  by  a  current  of 
heated  gases  forced  through  a  chamber  containing  it, 
is  thrown  into  cylindrical  vessels,  into  which  steam  at 
a  high  temperature  is  forced,  till  the  charring  is  effected. 
Fig.  49  shows  a  vertical  section  and  partial  elevation 
of  the  apparatus.    In  this,  a  represents  a  section  of 

Fig.  49. 


the  boiler  employed  for  raising  the  steam ;  it  is  placed 
over  a  furnace,  the  flues  of  which,  after  passing  under 
the  boiler,  branch  off  and  circulate  round  the  carboniz- 
ing cylinders,  and  finally  enter  the  chimney.  Two  of 
the  charring  cylinders  are  shown  at  b  b,  of  which  there 
are  six  at  each  side  of  the  boiler;  they  are  ranged 
round  a  coil  of  piping,  H,  in  which  the  steam  from  the 
boiler  is  heated  to  the  required  degree  by  a  fire,  pre- 
vious to  its  passing  into  the  cylinders  where  the  peat 
is  charred,  by  means  of  pipes  connecting  them.  After 
the  steam  traverses  one  of  these  carbonizers,  it  escapes 
by  a  pipe,  which  conducts  it  over  the  furnace,  to 
raise  its  temperature  previous  to  its  passage  through 
the  next  carbonizer  in  the  series.  In  this  way,  the 
steam  being  first  heated,  is  made  to  traverse  a  car- 
bonizing vessel  and  the  heating  pipe  successively, 
till  it  passes  through  the  whole  of  the  charring 
vessels.  Ultimately,  the  waste  steam  is  made  to 
work  a  low-pressure  engine,  which  turns  a  fan  that 
forces  air,  heated  by  pipes  placed  in  a  furnace  to 
250°,  into  the  drying  chamber  where  the  peat  is  desic- 
cated. 

The  carbonizers,  as  may  be  inferred  from  the  draw- 
ing, are  conical  towards  the  bottom,  and  are  furnished 
with  a  valve  or  door  which  is  rendered  steam-tight, 
but  may  be  opened  when  the  charring  is  completed,  so 
as  to  allow  the  charcoal  to  fall  into  a  box,  p,  beneath  it, 
and  into  which  low  pressure  steam  is  passed  for  the 
purpose  of  cooling  the  charcoal.  These  boxes  are  con- 
structed of  iron,  and  are  well  covered,  lest  the  charcoal 
might  spontaneously  ignite,  to  which  it  is  liable,  if  ex- 
posed to  air  at  this  temperature;  they  move  on  tram- 
ways, and  can  be  drawn  out  when  required  through  the 
door-ways,  c  c.    The  top  of  the  cylinder  has  a  similar 


opening  secured  by  a  screw ;  through  this  aperture  the 
charge  of  peat  is  introduced. 

Several  other  patents  have,  within  the  last  few  years, 
been  secured  by  parties  for  economizing  fuel,  but  to 
dwell  further  upon  them  would  be  out  of  place,  as 
many  of  them  come  within  the  range  of  processes  for 
the  manufacture  of  artificial  fuel,  more  than  for  pre- 
paring the  peat  alone  in  an  improved  state.  That  of 
Mr.  P.  M.  Crane,  from  its  simplicity  and  its  connec- 
tion with  the  process  already  detailed,  as  pursued  by 
the  Irish  Peat  Company,  will  be  briefly  explained. 
The  improvement  to  be  noticed  in  this  patent  is  the 
annexing  of  another  furnace  to  that  in  which  the  com- 
bustion of  the  peat  was  effected  in  the  above-mentioned 
Company's  works.  In  this  appended  furnace,  the  peat 
is  consumed  by  a  blast  of  air  in  the  ordinary  way, 
and  the  torrefied  gases  are  conducted  by  a  flue  to  the 
second  one,  which  is  likewise  filled  with  peat,  and  the 
heat  thus  communicated  chars  the  matter. 
In  this  way  charcoal  may  be  prepared 
without  any  loss  of  the  products  of  dis- 
tillation, as  both  furnaces  may  be  closed 
down  in  the  manner  described  in  Fig.  41. 
The  appended  hearth  or  furnace  may  be 
modified,  so  as  to  enable  the  manufac- 
turer to  burn  coal  or  coke,  or  even  the 
waste  gases  formed  in  the  distillation  of 
the  peat,  turning  the  caloric  and  heated 
products  which  they  yield  to  the  use 
mentioned. 

Fig.  52  is  a  sectional  drawing  of  one  of  Crane's 
furnaces  for  preparing  charcoal  by  the  combustion  of 
peat  alone.  In  this  drawing,  A  b  is  the  furnace  con- 
nected with  another  furnace  or  charring  chamber,  C  D, 
by  a  flue,  G.  Both  these  are  filled  with  peat,  and 
closed  down  in  the  manner  described  at  Vol.  II.,  page 
60.  The  furnace,  A  B,  is  lighted,  and  the  blast  of  air 
thrown  upon  the  ignited  fuel  through  three  tuyeres, 
ccc,  at  the  bottom.  The  heated  gases  are  forced  over 
into  the  furnace,  C  D,  and  passing  up  through  the  peat, 
char  it.  All  the  products — as  well  those  from  the 
combustion  as  from  the  charring  furnace — are  carried 


Fig.  50. 


Fig.  51. 


Fig.  52. 


off  by  the  exit  pipes,  f  f,  to  the  mains  and  condeusers 
in  the  usual  manner.  When  the  peat  in  the  charring 
fm'nace  becomes  carbonized,  the  charcoal  is  drawn  out 
at  E,  into  covered  tanks,  or  cast-iron  boxes,  in  which 
it  is  allowed  to  cool  out  of  contact  with  air.  Accord- 
ing as  the  peat  becomes  consumed  in  the  first,  or  the 
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charcoal  is  withdrawn  from  the  second  furnace,  the  space 
rendered  vacant  is  filled  by  charging  the  hoppers,  a  a', 
and  letting  this  charge  into  the  furnaces  in  the  usual 
way.  Figs.  50  and  51  show  the  construction  of  the 
furnaces  intended  to  consume  coal,  or  anthracite,  and 
gas,  for  the  purpose  of  generating  heated  products  for 
distilling  peat.  Fig.  51,  for  coal,  needs  no  explanation, 
as  its  operations  are  similar  to  the  foregoing.  When 
gas  is  employed,  it  is  conducted  to  the  hearth,  A  B,  by 
the  flue,  I,  Fig.  50,  and,  being  ignited,  a  blast  of  air 
is  introduced  by  pipes  communicating  with  a  blast- 
pipe,  H.  The  pressure  of  this  blast  forces  the  heated 
products  through  the  carbonizer,  c  D,  producing  the 
intended  results. 

Such  are  the  methods  in  common  use  where  the  pre- 
paration of  peat-charcoal  has  been  industriously  pur- 
sued, and  some  of  them  offer  considerable  advantages. 
Of  the  analyses  of  peat-charcoal  little  need  be  said  here, 
as  the  analyses  of  peat  already  given  will  throw  some 
light  upon  this  part  of  the  subject.  As  a  generator  of 
heat,  good  peat-charcoal  is  as  efficient  as  bituminous 
coal ;  and  some  varieties  are  even  above  the  average 
heating  power  of  the  latter  kinds  of  fuel. 

Coal. — This  is  by  far  the  most  valuable  and  exten- 
sively disseminated  fuel,  or  source  of  heat,  and  is  de- 
fined by  Redfern — a  compressed  and  chemically 
altered  vegetal  matter,  associated  with  more  or  less 
earthy  substances,  and  capable  of  being  used  as  fuel. 
This  definition  expresses  all  that  is  necessary;  but  its 
truth  can  only  be  established  by  the  concurrence  and 
aid  of  several  branches  of  knowledge.  For  instance, 
animal  matters  may,  by  a  process  of  decomposition, 
yield  a  mass  of  carbonaceous  substances,  which  could 
not  be  distinguished  from  similar  vegetal  ones  by 
the  naked  eye.  In  such  cases,  the  microscope  and 
chemical  analysis  lead  to  a  certainty  as  to  the  nature 
of  the  originals ;  the  former  by  revealing  the  texture  of 
the  fibrous  matter  of  the  plant,  and  the  latter  by  the 
separation  and  estimation  of  those  bodies  into  which 
it  has  been  partly  resolved.  Before  giving  any  detailed 
account  of  the  process  by  which  coal  has  been  pro- 
duced, it  may  be  well  to  explain  briefly  the  proofs 
which  are  cited  in  argument  to  show  what  coal  is ;  and 
for  much  of  what  follows  on  this  point,  the  Editor  must 
acknowledge  himself  indebted  to  the  treatise  on  Fuel 
and  its  Applications,  by  Richardson  and  Ronalds. 

Evidences  of  the  origin  and  character  of  coal  may 
be  gathered  from  the  geological  position  of  the  deposit, 
the  mineral  characteristics,  the  chemical  nature,  and 
the  visual  appearance  of  the  substance  under  high 
magnifying  power.  It  is  the  opinion  of  geologists 
that  coal  may  be  viewed  as  a  stratified  rock,  in  which 
layers  of  other  geological  formations — such  as  clays, 
sandstones,  and  limestones — are  found.  These,  in 
themselves,  form  vast  deposits,  or  strata ;  but,  in  this 
respect,  there  is  no  difference  between  them  and  the 
coal-beds,  excepting  in  the  nature  of  the  substances. 
How  the  matter  has  become  so  stratified,  is  a  question 
to  be  afterwards  considered.  The  coal  seams  vary 
from  a  mere  film,  or  a  layer  of  less  than  a  quarter  of 
an  inch  in  thickness,  to  three  or  four  feet.  It  is  not 
often,  however,  that  the  deposits  are  of  the  latter 
dimension.    In  mines,  where  the  depth  of  the  carbo- 


naceous deposit  averages  from  ten  to  twenty  or  thirty 
feet,  seams  of  mineral  matters  interpose  themselves  at 
intervals,  varying  as  to  the  distance  between  them,  but 
rarely  exceeding  the  limits  above  assigned.  All  coal- 
beds  contain  these  foreign  strata,  or  partings,  to  a 
greater  or  less  extent;  they  seem  to  have  been  the 
result  of  the  precipitation  of  matters  held  mechanically 
suspended  in  water.  The  thickness  of  these  interven- 
ing deposits  is  found  to  vary  considerably  from  a  mere 
seam  to  a  bed  of  several  feet.  In  many  cases  the 
mineral  matter,  thus  interstratified,  has  become  so 
saturated  with  bodies  emanating  from  the  coal,  or 
during  its  formation  blending  with  the  carbon,  that  it 
ignites  and  burns  like  coal,  only  that  its  bulk  of  earthy 
substances  remains,  often  retaining  the  original  form. 
Such  matters  are  frequently  observed  in  the  burning  of 
many  varieties  of  coal,  and  in  common  language  arc 
called  slates,  batts,  or  basses.  Tins  blending  of  the  two 
substances  is  often  so  unmistakable,  that  at  a  glance 
it  may  be  ascertained  whether  the  shale,  as  it  is  called, 
is  argillaceous  or  calcareous ;  but  when  it  is  known  that 
the  coal-beds  belong  to  the  alluvial  deposits,  it  will  be 
evident  that  the  intermixture  of  mineral  and  organic 
matters  must  have  proceeded  collaterally,  even  al- 
though the  latter  appears  in  such  excess  as  completely 
to  obliterate  any  traces  of  the  former.  In  Great 
Britain,  coal  is  principally  in  the  carboniferous  forma- 
tions, occupying  a  posterior  place  in  the  series  of 
stratified  rocks ;  and  where  the  same  stratification  of 
limestone  rocks  is  met  with  in  other  countries,  beds  of 
coal  are  generally  to  be  encountered.  Still  coal  is  not 
confined  to  this  set  of  rocks ;  it  is  found  in  different 
parts  of  the  strata,  from  the  Devonian  down  to  the 
most  recent  tertiary  formations. 

Mineralogical  Characters. — Although  here  the  sub- 
ject under  consideration  is  spoken  of  as  a  mineral,  it 
ought  to  be  remembered  that,  strictly  speaking,  it  is 
not  a  pure  one,  but  a  mixture  of  various  matters,  of 
which  carbon  is  the  principal.  It  may,  however,  be 
regarded  as  organic  matter  mineralized;  and,  as  it 
manifests  some  of  the  general  properties  of  minerals, 
these  will  be  noticed.  The  several  known  varieties  of 
coal  possess  each  some  distinctive  feature,  differing  from 
one  another  in  hardness,  fracture,  et  cetera.  Several 
species  break  up  into  cubical  and  rhomboidal  fragments; 
whilst  others — such  as  the  anthracite — are  nearly  de- 
void of  crystalline  structure.  Generally,  the  fracture  is 
conchoidal,  uneven,  fibrous,  or  slaty ;  in  Boghead  coal 
the  fracture  is  conchoidal,  perpendicular  to  the  plane  of 
stratification,  but  slaty  when  parallel.  In  color,  it  pre- 
sents according  to  the  variety  every  difference  of  hue, 
from  jet-black  to  brownish -yellow  ;  many  kinds  have 
a  glossy  brilliancy ;  others — such  as  the  varieties  of 
anthracites — a  beautiful  semi-metallic  iridescent  lustre ; 
whilst  some — such  as  the  Wemyss,  Methil,  and  other 
varieties  of  cannels — have  a  dull  appearance.  Coal 
exhibits  great  differences  in  point  of  hardness,  although 
none  of  the  varieties  possesses  it  in  an  eminent  degree. 
Anthracite  has  a  specific  hardness  of  two  to  two  and  a 
half.  The  gravity  of  several  kinds  of  coal  .dj|jprs  ac- 
cording to  the  texture  and  age ;  the  lighfes¥]unds  have 
a  density  bordering  on  1*00,  whilst  the  heaviest  range 
from  1-75  to  2-00. 
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Chemical  Characteristics.  —  From  what  has  been 
stated,  it  is  evident  that  a  chemical  examination  of 
coal  would,  in  the  simplest  manner,  lead  to  its  division 
into  inorganic  and  organic  substances,  and  that  these 
are  contained  in  it  in  variable  proportions :  and,  fur- 
ther, that  each  of  these  classes  can  be  resolved  into 
other  substances,  the  most  characteristic  of  coal  being 
those  generated  by  the  vegetal  portion.  This  arises 
from  the  large  proportion  of  the  elements  always  found 
in  it — namely,  carbon,  hydrogen,  and  oxygen ;  and 
which,  by  the  action  of  heat  out  of  contact  with  air, 
are  converted  into  numerous  and  peculiar  substances. 

Distillation  in  close  vessels  resolves  coal  into  solids, 
liquids,  and  gaseous  bodies,  consisting  of  carbon  or 
coke,  tar,  ammoniacal  liquor,  benzol,  naphtha,  naph- 
thizin, paraffin,  paraffin  oil,  and  illuminating  and  other 
gases,  in  various  quantities.  By  the  detection  of  these, 
and  the  proportion  in  which  some  are  contained  in  the 
substance,  a  good  inference  may  be  drawn  as  to  whether 
the  body  be  coal  or  otherwise :  nevertheless,  the  evi- 
dence is  not  so  conclusive  as  when  the  investigation  is 
conducted  microscopically. 

Microscopic  Characters. — By  the  use  of  the  micro- 
scope, the  most  conclusive  proof  of  the  origin  of  the 
coal  is  attained.  Dr.  Aitken  of  Glasgow  has  care- 
fully investigated  the  structure  of  coal,  and  found  that, 
even  in  the  most  altered  specimens,  traces  remain 
sufficiently  characteristic  to  prove  that  the  material  is 
of  vegetal  origin. 

In  the  variety  of  bitumens,  whether  pure  mineral 
tar,  or  asphaltum,  no  such  structure  is  observable,  and 
consequently,  in  the  hands  of  a  chemieo-microscopist 
there  is  nothing  to  render  the  detection  of  real  coal  a 
matter  of  uncertainty. 

Origin  of  Coal. — Such  being  the  principal  or  more 
marked  characters  by  which  a  substance  submitted  to 
examination  may  be  affirmed  to  be  coal,  it  will  now  be 
desirable  to  enter  more  fully  upon  the  origin  and  nature 
of  this  product,  in  reference  to  its  value  as  a  fuel. 
Allusion  has  already  been  made  to  the  analogy  which 
exists  between  peat  and  coal,  and  the  reader  will  have 
inferred  that  coal,  like  peat,  has  been  produced  by  the 
decomposition  of  species  of  organic  growth.  All  who 
have  given  attention  to  the  composition  of  coal,  and  the 
geological  position  it  occupies,  concur  in  this  view  of 
the  subject;  and  the  Editor  will  now  explain  briefly 
the  different  opinions  advanced  as  to  the  manner  in 
which  the  change  and  disintegration  of  the  vegetal  pro- 
ducts have  been  produced. 

It  may  be  said  that  the  process  which  has  operated  to 
convert  countless  reproductions  of  plants  into  peatbogs, 
has  been  similar  in  the  case  of  coals  to  some  extent ; 
but,  geologically  considered,  it  is  evident  that  the 
oldest  peat  deposits  are  of  modern  formation,  when 
compared  to  the  most  recent  beds  of  coal.  Of  the 
vegetal  origin  of  the  latter,  no  doubt  can  be  enter- 
tained, even  if  the  microscope  had  not  revealed  the  fact 
in  the  more  compact  varieties,  since  among  other  indi- 
cations, even  the  trees  have  been  found  in  their  natural 
position  converted  into  coal.  The  character,  the  variety, 
and  the  immense  mass  of  vegetal  matter  thus  converted, 
have  led  to  the  conclusion  that  the  several  species  of 
plants  whence  coal  has  resulted  were  indigenous  to  a 


southern  or  equatorial  climate,  as  it  is  certain  they 
could  not  flourish  so  luxuriantly  in  the  existing  tem- 
perature of  northern  latitudes.  The  varieties  most 
commonly  distinguished  in  the  different  strata  are 
ferns,  calamites,  sigillaria?,  stigmarife,  and  others;  in 
fact,  no  less  than  three  hundred  distinct  kinds  have 
been  detected. 

As  to  the  manner,  however,  in  which  the  strata  of 
the  coal  deposits  have  been  formed,  there  is  much 
difference  of  opinion.  Some  geologists  suppose  that 
they  were  originally  peat,  the  several  successive  layers 
being  occasioned  by  successive  subsidences  of  the 
land ;  whilst  others  assert  that  the  various  constitu- 
ents were  originally  conveyed  by  currents  to  estuaries 
and  deltas,  where,  being  buried  under  the  sand,  mud, 
and  debris  brought  down  by  the  current,  they  were 
subsequently  submitted  to  agencies  which  effected 
their  carbonization.  It  is  certain  that  the  surface 
of  the  globe  was  at  one  time  nearly  submerged  in  an 
ocean,  in  which  state  it  remained  till,  by  the  effects 
of  volcanic  eruptions,  portions  were  uplifted,  causing  a 
corresponding  depression  in  other  places,  and  thus 
forming  valleys,  the  forests  and  vegetation  of  which 
were  buried  under  layers  of  loose  earth  and  mud.  At 
the  same  time,  it  would  require  many  such  forests  to 
constitute  a  layer  of  the  thickness  of  some  of  the  coal 
seams,  and  these  can  scarcely  be  imagined  to  have 
been  produced  otherwise  than  by  the  drifting  of  vast 
accumulations  of  trees  and  plants  into  the  basins  in 
which  coal  is  now  found. 

But  leaving  geologists  to  discuss  and  settle  these 
questions,  it  is  more  in  accordance  with  the  plan  of  this 
work  to  attend  to  the  chemical  changes  which  have 
contributed  to  the  conversion  of  the  organic  fibre  into 
the  carbonaceous  matter  in  question.  Whether  the 
organic  products  on  the  surface  of  the  earth  were  col- 
lected by  changes  in  the  relative  position  of  the  earth's 
solid  crust,  or  by  the  force  of  violent  currents,  such  as 
the  large  American  rivers  of  the  present  day,  it  may 
be  admitted  and  assumed  as  a  fact  that  they  were  em- 
bedded with  other  matters  saturated  with  moisture. 
The  first  natural  change  under  such  circumstances 
would  be  a  fermentation  of  the  albuminous  matter  and 
the  gum,  by  which  their  molecular  constitution  would 
be  broken  up,  and  bodies  of  a  simpler  composition 
formed.  The  exclusion  of  the  air  after  a  short  time 
would  suppress  the  eremacausis  or  decay  of  the  sub- 
stance of  the  wood  and  fibrous  matter,  but  the  equili- 
brium of  tire  affinities  of  the  elements  in  the  plants 
being  broken,  and  considerable  pressure  being  exerted, 
coupled  with  a  certain  rise  of  temperature,  the  change 
of  elements  arising  from  the  new  elective  affinities 
would  contribute  to  remove  the  hydrogen  and  oxygen 
to  that  extent  which  is  observed  in  the  composition  of 
coal.  The  oxygen  and  hydrogen  being  most  subject 
to  the  effect  of  this  metamoqjhosis,  these  elements, 
leaving  the  carbon,  would  more  readily  assume  their 
simplest  and  most  permanent  state  of  combination; 
but,  as  in  the  process  of  destructive  distillation  already 
alluded  to,  the  conditions  supplied  are  capable  of  in- 
ducing the  water  thus  constituted  to  react  upon  a  por- 
tion of  the  carbon,  so  in  the  coal  formations,  where  the 
enormous  pressure  must  have  operated  with  an  effect 
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in  some  degree  equivalent  to  an  increased  temperature, 
the  moisture  and  excess  of  hydrogen  would  convert 
the  remaining  substance  into  carbonic  acid  and  car- 
bides of  hydrogen  respectively.  The  actual  facts,  as 
determined  in  coal  mines,  seem  to  bear  out  this  view. 

From  such  considerations  it  will  be  readily  concluded 
that  the  elementary  composition  of  coals  must  be 
different  from  ligneous  fibre ;  but  following  up  the 
assumed  alteration  by  a  symbolical  representation,  the 
composition  of  coal  offers  very  conclusive  grounds  to 
warrant  the  opinion  that  the  former  has  resulted  from 
the  latter  in  the  manner  indicated.  For  instance,  the 
composition  of  woody  fibre  may,  as  already  stated,  be 
represented  by  the  equation  CL  ;  and  if,  by  the 

change  above  indicated,  three  equivalents  of  carbonic 
acid  be  extracted,  represented  by  C3  0  ,  there  results 
Oa3  H22  0,  ;  and  if  from  this  one  equivalent  of  hydro- 
gen be  taken  away,  represented  by  H,  there  is  left  a 
formula — C33  Hsl  0I6 — corresponding  with  the  com- 
position of  a  variety  of  coal  worked  in  Laubach. 

In  like  manner  the  formula  of  splint  coal  may  be 
deduced  from  the  elements  representing  woody  fibre, 
by  supposing  that  the  combined  agency  of  heat  and 
pressure  removed  nine  equivalents  of  carbonic  acid, 
three  equivalents  of  water,  and  three  of  carbide  of 
hydrogen,  thus  : — • 

1  Eq.  of  woody  fibre,  =  C36  H22  0^ 
9  Eqs.  of  carbonic  acid,      =        C9    . .  0I8 

C27  H22  O4 

3  Eqs.  of  water,  =         . .   H3  03 

C27  H19  0 

3  Eqs.  of  carbide  of  hydrogen,  ...    C3  H6 
Splint  coal,   C24  Hj3  0 

According  to  the  degree  of  force  exerted  upon  the 
decomposing  substance,  and  the  period  of  time  in 
which  this  change  was  taking  place,  it  is  evident  that 
the  substances  would  be  more  or  less  removed  from 
one  another  in  composition.  In  the  first  example  stated 
above,  the  formation  bears  every  indication  of  recent 
production,  when  compared  with  the  second ;  and  this 
accounts  for  the  close  analogy  between  the  two  for- 
mulae of  wood  and  that  species  of  coal.  In  other  kinds, 
such  as  many  of  the  anthracites,  the  alteration  is  much 
greater  than  even  in  the  splint  already  referred  to,  and 
it  is  much  more  difficult  to  recognize  the  analogy  be- 
tween them  and  wood,  for  often  all  the  oxygen  and 
hydrogen  are  removed,  so  that  nothing  is  left  but  car- 
bon and  the  mineral  matters  intermixed  with  it. 


'.F 


Coal  Measures. — The  region  of  the  coal  formations 
is  very  extensive,  and  includes  many  strata,  all  of  which 
are  known  as  the  coal-measures,  or  carboniferous  group. 
Properly  speaking  the  first  of  these  is  what  is  termed 
the  under-lay ;  this  is,  a  tough  argillaceous  substance, 
which,  upon  drying,  turns  grey  and  becomes  friable. 
It  retains  considerable  traces  of  carbonaceous  matters. 
Two  other  strata  beneath  this  are,  however,  included 
in  the  group ;  these  are  the  mountain  limestone,  which 
varies  very  much  in  thickness,  being  sometimes  nine 
hundred  feet,  and  the  old  red  sandstone  upon  which  it. 
rests ;  the  latter  stratum  ranges  from  two  hundred  to 
two  thousand  feet  in  thickness.  Next  to  the  underlay 
in  the  ascending  scale  comes  the  seam  of  coal,  or  mo- 
dified organic  matter,  varying  from  less  than  a  quarter 
of  an  inch  to  several  feet.  Above  these  the  upper 
layer  or  roof,  as  it  is  termed,  rests.  It  is  composed  of 
slaty  clay  abounding  in  vegetal  remains,  as  well  as 
with  Crustacea?,  and  several  other  matters.  Interstra- 
tified  with  the  latter  are  found  various  other  substances, 
which  seem  to  have  been  accumulations  drifted  by  cur- 
rents, such  as  laminated  clay,  grit,  limestone,  granite, 
sandstone,  and  other  rocks. 

All  these  deposits  at  one  time,  doubtless,  formed 
regular  horizontal  layers,  but  through  the  effects  of 
expansion  in  the  depths  of  the  earth,  they  have  been 
distorted  and  thrown  into  undulated  positions,  and 
where  the  internal  force  has  been  very  great,  they 
have,  by  the  upheaval  of  the  subordinate  strata,  been 
formed  into  large  valleys  or  basins.  From  the  position 
of  these  layers,  previous  to  such  convulsions  occurring, 
it  is  obvious  that  as  the  older  deposits  of  mountain 
limestone,  old  red  sandstone,  et  cetera,  emerged  in  suc- 
cession, so  the  more  modern  layers,  including  the  car- 
boniferous, would  appear  at  the  surface.  This  appear- 
ance is  termed  the  cropping  out  of  the  strata,  and 
serves  to  indicate  the  side  of  the  basin.  Considerable 
irregularity  is  occasioned  by  further  subterranean  dis- 
turbances which  tend  to  alter  the  position  of  the  strata 
subsequently  to  the  first  upheaval  of  the  older  forma- 
tions. These  generally  render  the  deposits  somewhat 
irregular  in  shape,  so  that  they  seldom  form  a  true 
basin.  In  some  localities,  as  in  the  Leicester  and 
Warwickshire  coal-field,  none  of  the  characters  of  a 
basin  are  observed ;  in  the  latter  instance,  the  seams 
are  surrounded  on  all  sides  by  overlying  deposits,  under 
which  they  dip  or  incline  to  a  considerable  depth,  and 
extend  to  an  area  unknown. 

Fig.  53  represents  this  field  in  section,  showing  the 
alluvial  deposits  at  A  A ;  the  new  red  sandstone,  or  marls, 


at  B  b;  the  carboniferous  shale  and  eoal  at  cc,  interlaid 
with  carboniferous  grit,  or  sandstones,  DD;  E,  beds  of 
magnesian;  and  F  the  stratum  of  mountain  limestone, 
resting  on  the  old  red  sandstone,  G.    Fig.  54  gives  a 


faint  idea  of  the  disturbances  which  are  occasioned  in 
the  various  beds  by  fissures  filled  with  other  materials. 
These  veins  are,  in  the  language  of  the  miner,  called 
dykes,  as  they  are  the  means  of  separating  the  strata 


FUEL  Distribution  op  Coal. 


iuto  compartments,  which  are  designated./jeWs.  Besides 
this  term,  another  is  applied  significant  of  the  displace- 


ment of  the  hands  of  coal  from  their  original  position 
— namely,  shifts.    Where  these  occur,  the  seam  is 


Fig.  54. 


thrown  out  of  its  level,  and,  according  as  it  is  removed 
to  a  higher  or  lower  one,  the  fault  is  called  an  tip-throw 
or  a  doion-throw.  The  displacement  occurring  at  many 
of  these  shifts  is  considerable,  and  gives  no  small  trouble 
to  the  miners.  The  largest  known  is  that  which  runs 
through  the  Northumberland  and  Durham  coal-field,  and 
is  termed  the  Ninety-fathom  dyke,  from  the  fact  that  the 
seams  of  coal  are  ninety  fathoms  lower  at  one  side  of  the 
slip  than  at  the  other.  Various  matters  fill  these  inter- 
secting veins ;  hard  and  soft  sandstone  is  contained  in 
the  one  in  question,  which  in  some  parts,  especially  at  the 
Montague  Colliery,  attains  a  width  of  twenty-two  yards. 
Two  other  dykes  spring  from  this  at  the  Southern  side; 
one  of  which  takes  a  South-eastern  direction,  and  is 
about  twenty  yards  in  breadth ;  the  other  a  South- 
western one,  and  attains  a  breadth  of  seventy  yards. 
Both  branches  are  filled  with  the  same  material  as  the 
primary  one,  but  do  not  appear  to  have  caused  so  great 
a  disturbance  at  their  point  of  intersection.  These  are 
represented  in  the  foregoing  drawing  at  F  F,  s  S ;  but 
the  others,  although  they  partake  of  the  nature  of  a 
dyke,  are  not  recognised  as  such.  For  instance,  those 
shown  at  r>  n'  are  of  a  different  character,  and  are  called 
Mitel-dykes,  containing  products  of  igneous  origin,  such 
as  basalt,  toadstone,  et  cetera;  these  do  not  always 
cause  a  removal  of  the  strata  from  the  ordinary  level. 
Evidence  of  their  eruption  in  a  slate  of  fusion  exists  in 
the  fact,  that  the  coal  in  their  vicinity  is  more  or  less 
charred  and  converted  into  a  true  coke;  besides,  many 
substances  of  a  fusible  nature  are  acted  upon,  and  indi- 
cate the  powerful  temperature  which  has  pervaded  the 
place,  and  which  is  often  productive  of  great  loss  by  con- 
suming or  changing  the  coal  into  anthracite,  as  shown 
at  v"  in  the  figure,  where  the  basalt  and  other  products 
accumulate.  The  hitch  is  another  of  those  dytas,  and 
is  so  called  when  its  thickness  is  less  than  that  of  the 


seams  of  coal  which  it  intersects :  this  is  represented 
at  H  H  in  the  drawing.  Smaller  veins  of  foreign  matters 
lying  in  any  direction  contrary  to  that  of  the  strata  are 
designated  faults  or  troubles,  from  the  annoyance  the 
miners  experience  by  the  interruption  of  their  work. 
Several  of  these  are  seen  at  T  t  ;  and  although  in  work- 
ing they  cause  much  trouble,  yet  sometimes  they  con- 
tribute to  render  a  field  more  valuable,  since,  by  the 
depression  which  they  occasion,  seams  of  coal  are 
brought  in  which  might  otherwise  be  lost.  An  ex- 
ample of  this  is  given  in  the  drawing  referred  to, 
where,  by  the  down-throw  of  the  strata  between  f  f 
and  T  T,  two  seams  of  coal  are  brought  in  which  would 
not  otherwise  be  contained  in  it.  Other  interruptions 
or  irregularities  in  the  coal  seams  are  designated  bands 
and  nips;  the  former,  shown  at  b,  are  thin  deposits 
or  beds  of  grit  or  shale  occurring  in  the  middle  of  a 
seam  of  coal,  and  which,  from  being  very  thin,  gra- 
dually acquire  greater  thickness,  till  ultimately  they 
reduce  the  seam  so  much  as  to  render  it  valueless ;  the 
second,  shown  at  n,  is  a  sudden  local  thinning  of  the 
seam,  from  an  excrescence  of  the  roof  or  floor. 

The  distribution  of  coal  is  very  extensive ;  it  is  found 
in  almost  every  country,  although  to  a  very  unequal 
extent.  The  United  States  may  be  considered  as  the 
most  highly  favored  in  this  respect,  if  the  area  of  their 
coal  deposits  be  taken  into  account,  irrespective  of  the 
extent  to  which  they  are  worked.  It  happens,  how- 
ever, that,  from  the  abundance  of  wood,  the  home  con- 
sumption of  the  article  is  limited,  while  the  conveyance 
is  costly,  so  that  the  benefits  which  result  from  valuable 
coal  seams  in  other  nations,  remain  to  be  developed  in 
America.  According  to  the  statistical  calculations  of 
Mitchell,  the  annexed  table  represents  the  amount 
and  varieties  of  the  mineral  coal  treasures  in  the  United 
States : — 


TABLE  SHOWING  THE  AREA  OF  COAL  IN  THE  UNITED  STATES  OF  AMERICA. 

Area  of  the  State.  Coal  Arena.  „       'jl      „„   ,  „ 

Square  Miles.  Square  Miles.  Proportion  of  Coat.  Species. 

Alabama,   50,875    3,400    l-14th    Bituminous  coal. 

Georgia   58,200    150    l-386th    " 

Tenuesse,   44,720    4,300    l-10th    " 

Kentucky,   39,015    13,500    l-3rd    " 

Virginia,   64,000    21,195    l-3rd    " 

Maryland   10,829    550    l-20th    " 

Ohio   38,850    11,900    l-3rd    " 

Indiana,   34,800    7,700    l-5th   

Illinois,   59,130    44,000    3-4ths    " 

Pennsylvania,   43,960    15,437   

Michigan,   60,520    5,000    l-12th 

Missouri,   60,384    6,000    1-1 0th 


j_,jr(i  f  Bituminous  and 
 \  Anthracite. 


565,283    133,132 


nearly  l-4th  the  area  of  the  twelve  States. 
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It  is  certain  that  this  vast  tract  of  carboniferous 
deposit  is  not  in  its  whole  extent  calculated  to  yield 
workable  coal ;  still,  making  every  allowance  for  those 
parts  which,  from  their  thinness  or  depth,  cannot  be 
profitably  worked,  it  is  evident  that  the  area  is  suffi- 
cient, to  insure,  for  an  almost  indefinite  period,  a  super- 
abundant supply.  Although  within  the  last  thirty 
years  the  coal  trade  of  the  United  States  has  increased 
from  an  annual  produce  of  three  hundred  and  sixty- 


five  tons  to  five  millions  of  tons,  yet  it  must  be  evident 
at  a  glance  that  this  enormous  source  of  wealth  is  per- 
mitted to  lie  comparatively  dormant  at  the  present  day. 
In  British  America  the  coal  measures  are  not  so  exten- 
sive as  in  the  States ;  it  is  doubtful,  indeed,  whether 
any  workable  seams  exist  in  Canada,  but  fields  of  con- 
siderable area  are  known  in  New  Brunswick  and  Nova 
Scotia,  making  about  two-ninths  of  the  whole  area ;  and 
Newfoundland  is  said  to  be  rich  in  this  mineral. 


TABLE  OF  THE  PRINCIPAL  COAL  FIELDS  IN  THE  BRITISH  ISLES. 


1.  Northumberland  and  Durham  District: — 

Newcastle  coal  field,  

2.  Cumberland  and  Westmoreland,  and  West  Riding  of 

Yorkshire  : — 

Whitehaven  and  Akerton,  

Appleby — three  basins,  

Sebergham — Cumberland,  

Kirkby-Lonsdale,  

3.  Lancashire,  Flintshire,  and  North  Staffordshire  : — 

Lancashire  coal  field,  

Flintshire,  

Pottery — North  Staffordshire,    

Cheadle,  do.,   

4.  Yorkshire,  Nottinghamshire,  and  Derbyshire: — 

Great  Yorkshire  coal  field,  

Darley  Moor,  Derbyshire,  \ 

Shirley  Moor,      do.,   j 

5.  Shropshire  and  Worcestershire: — 

Coalbrook  Dale,  Shropshire,  

Shrewsbury,  do.,   

Brown  Clee-hill,  do.,   

Tillerstone  Clee-hill,  do.,   

Leekey-hill,  Worcestershire,  

Bewdley,  do.,   

6.  South  Staffordshire: — 

Dudley  and  Wolverhampton,  

7.  Warwickshire  amd  Leicestershire: — 

Nuneaton,  

Ashby-de-la-Zouch,  

8.  Somersetshire  and  Gloucestershire: — 

Bristol,  

Forest  of  Dean,  

Newent,  Gloucestershire,  

9.  South  Welsh  Coal  Field,  

10.  Scottish  Coal  Fields: — 

Clyde  Valley,  

Lanarkshire,  

South  of  Scotland — several  areas,  

Mid-Lothian,  

East-Lothian,  

Kilmarnock,  \ 

Ayrshire,  j 

Fifeshire,  

Dumfries  coal  region,  

11.  Irish  Coal  Fields: — 

Ulster,  *.  

Connaught,  ,  

Leinster — Kilkenny,  

Munster — several,  


Estimated 
workable  area 
bi  acres. 

Number  of 
workable 
scams. 

Estimated 

thickness 
of  workable 

Thickest 

bed 
in  feet. 

Thickness  of 
coid-bearing 
nieusurcs. 

500,000 

18 

80 

7 

80,000 

7 

8 

2,000 

17,000 

i 

i 

3 

3 

2,500 

4 

17 

9 

oou,uuu 

75 

1  A 
10 

6,000 

1  on  nnn 

0 

39 

9 

200 

40,000 

24 

38 

10 

1  ft  ftftft 

650,000 

12 

32 

10 

1,500 

21,000 

17 

40 

16,000 

3 

1  300 

5*000 

650 

? 

5,000 

ft*,  ftftA 

1  1 

67 

ACi 

1,000 

40,000 

9 

30 

15 

40,000 

5 

33 

21 

130,000 

50 

90 

36,000 

17 

37 

1,500 

4  ' 

15 

7 

600,000 

30 

100 

9 

12,000 

1,000,000 

84 

200? 

13 

6,000 

? 

24 

94 

4,400 

? 

60 

180 

13 

6,000 

? 

3 

40 

30 

? 

? 

? 

21 

45,000 

10 

55 

6 

500,000 

9 

40? 

6 

200,000 

150,000 

8 

23 

1,01)0,000 

In  the  area  of  her  coal  deposits,  Britain  ranks  next  to 
the  United  States,  and  greatly  exceeds  the  latter  in  the 
extent  and  value  of  her  workable  mines.  The  total  ex- 
tent of  coal  in  England  is  estimated  at  about  six  thousand 
and  thirty-nine  square  miles,  or  one-eighth  of  the  whole 
area ;  in  Scotland,  one  thousand  seven  hundred  and 
twenty  square  miles,  or  one-eighteenth  of  the  whole ; 
and  in  Wales,  one  thousand  one  hundred  and  sixty 
square  miles,  or  about  one-sixth  of  its  entire  extent. 


The  principal  deposit  is  that  known  as  the  great  central 
coal-field,  lying  in  South  Yorkshire,  Nottingham,  and 
Derby ;  it  is  no  less  than  sixty-five  miles  in  length,  and 
averages  in  some  parts  a  breadth  of  twenty-five,  making 
on  the  whole  an  area  of  about  six  hundred  and  fifty  thou- 
sand acres.  Next  to  this  may  be  classed  the  Lancashire 
and  Cheshire  field,  including  the  Wigan  district ;  this 
deposit  is  about  fifty  miles  in  length,  with  an  average 
breadth  of  ton  miles,  and  is,  therefore,  no  less  than  four 
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hundred  thousand  acres  in  area.  Another  field,  which 
seems  an  extension  of  the  latter,  runs  from  its  south- 
eastern extremity  through  Cheshire  into  Staffordshire, 
in  which  are  the  Cheadle,  Macclesfield,  and  Pottery 
coal-fields.  The  third  great  deposit  is  that  of  Durham 
and  Northumberland,  which  stands  probably  first  in  the 
list  as  to  the  quantity  of  fuel  that  is  obtained  from  it. 
This  vast  deposit — called  also  the  Newcastle  coal-field 
— is  estimated  at  thirty-six  thousand  acres  situated  in 
Durham,  and  about  one  hundred  and  fifty  thousand 
acres  in  Northumberland.  Of  this  extent  about  sixty- 
seven  thousand  acres  are  already  worked.  Estimating 
the  content  of  this  field  at  a  thickness  of  twelve  feet,  each 
acre  of  four  thousand  eight  hundred  and  forty  square 
yards  is  supposed  to  yield  a  ton  of  coal  per  cubic  yard, 
thus  making  the  total  weight  of  coals  in  this  field  about 
ten  million  tons,  including  the  quantity  destroyed  and 
rendered  unserviceable. 

Besides  the  above,  there  are  several  other  mines  of 
secondary  importance,  from  which  a  considerable  quan- 
tity of  coal  is  annually  extracted.  These,  with  their 
area,  thickness,  the  number  of  workable  seams,  et  cetera, 
are  exhibited  in  the  table  in  previous  page,  which  is 
extended  to  embrace  Great  Britain  and  Ireland. 

On  the  Continent  the  chief  coal-producing  countries 
are  Spain,  France,  Belgium,  and  Prussia,  although 
several  others  possess  many  valuable  coal  basins  which 
hitherto  have  been  little  worked.  The  following  dia- 
gram—Eig.  55 — taken  from  Taylor's  work,  gives  a 
moderately  comprehensive  view  of  the  comparative 
area  of  coal  in  the  various  countries  that  have  been 
mentioned.  It  includes  not  only  the  workable  seams, 
but  the  entire  carboniferous  area : — 

DIAGRAM  OF  THE  SUPERFICIAL  COAL  AREAS  OF  VARIOUS 
COUNTRIES. 

Fig.  55. 


It  is  evident,  however,  that  this  diagram,  with  its 
numbers,  does  not  exhibit  the  relative  value  of  the 
coal-fields  in  the  different  countries.  This  must  de- 
pend on  many  circumstances,  apart  from  the  mere 
consideration  of  superficial  extent;  but  their  produc- 
tiveness at  the  present  day  is  shown  in  the  next  dia- 
gram— Fig.  56. 

DIAGRAM  OF  THE  RELATIVE  AMOUNTS  OF  PRODUCTION  OF 
MINERAL  COMBUSTIBLES  IN  THE  SIX  PRINCIPAL  COAL-PRO- 
DUCING COUNTRIES  OF  THE  WORLD,  IN  THE  YEAR  1845. 

Pig.  56. 


United  States  of  America  bituminous  coal  aren, 
133,132  square  miles;  i-l?tii  part  of  the  whole. 
121,735  square  miles  cast  of  the  Mississippi  river. 
8,397  square  miles  west  of  the  Missouri  river. 


31i  ib  square 
miles, 
l-02mi. 


coal,  8131 
square  miles. 


Great  Britain  and 
Ireland,  3720  square 
miles,  anthracite 
and  culm. 


l-10th  ot  whole  area. 


18,(JUU  square  miles. 
2-'Jths. 


171»  square   618  square 
miles,  miles, 
l-118th.  l-22nd. 


VOL.  IT. 


United  States  of  America, 
anthracite  2,(iaP,nt)0  tons, 
bituminous  coal  l,75u.'  OJ  tons. 


A  summary  of  the  whole,  exhibiting  at  one  view  the 
extent  of  coal  area,  the  quantity  raised  in  1845,  with 
its  relative  proportion  to  the  area,  and,  finally,  the  offi- 
cial estimated  value  of  the  places  of  production,  is  added 
in  the  annexed  table  : — ■ 

K 
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Countries. 

Square 
miles  of  coal 
formation. 

Tons  of  fuel 
raised  in  1845. 

Relative 
parts  of 
WUO. 

Official 
estimated  value 
of  the  places 
of  production. 

Great  Britain,  

United  States,  

Prussian  States,.. . 
Austrian  States,. . . 

11,859 
518 
133,132 
1,719 
not 
defined. 

31,500,000 
4,960,077 
4,400,000 
4,141,617 
3,500,000 
659,340 

G42 
101 
89 
84 
70 
14 

9,450,000 
1,660,000 
1,373,000 
1,603,106 
856,370 
165,290 

49,161,034 

1000 

15,108,729 

It  may  be  added,  as  the  result  of  recent  researches, 
that  Asia  and  even  Africa  have  been  found  to  be  very 
well  stocked  with  fossil  fuel ;  and,  indeed,  there  can  be 
little  doubt  that  the  East  Indies  and  China  will  yet 
become  coal-producing  countries.  The  same  may  be 
said  of  Australia,  and  other  British  colonies. 

Different  Kinds  of  Coal. — From  the  acknow- 
ledged transformation  which  the  substance  of  the  coal 
has  undergone,  and  from  its  progressive  nature,  it  is 
natural  to  expect  that  the  material  so  produced 
should  have  very  different  properties,  according  to 
its  more  or  less  advanced  state  of  decomposition. 
Such  is  really  the  case,  and  various  species  of  coal 
exist  differing  by  slight  and  regular  gradations  from 
the  most  recent  lignite  or  brown  coal,  in  which 
the  outline  of  the  wood  may  be  easily  traced,  up 
to  the  most  perfect  anthracite,  in  which  every  vestige 
of  the  original  is  lost,  and  nothing  remains  but  a  con- 
glomerated charcoal.  Many  of  them,  indeed,  have  so 
close  a  resemblance  to  one  another,  and  pass  so  imper- 
ceptibly from  one  stage  to  the  other,  that  it  is  almost 
impossible  to  mark  the  distinction  between  them. 
Several  species,  however,  may  be  classified  on  broader 
data,  grounded  partly  upon  age,  partly  on  their  phy- 
sical appearance,  and  partly  on  their  composition.  It  is 
by  these  criteria  that  the  classification  of  the  fossil  into 
brown  and  black  coal,  or  into  the  bituminous  and  non- 
bituminous  varieties,  is  effected.  Several  members  are 
contained  in  each  of  these  groups,  but  many  kinds  blend 
with  each  other  in  such  a  manner  that  it  is  difficult  to 
draw  a  line  of  demarcation  between  them.  Classifying 
the  chief  varieties  according  to  their  supposed  age,  the 
whole  of  the  coal  measures  may  be  included  under  three 
heads ;  namely,  the  younger  coal  of  the  tertiary  deposits, 
the  older  bituminous  kind  of  the  secondary  formations, 
and  the  anthracites  of  the  older  transition  series  of  rocks. 

Lignite. — The  coal  of  the  tertiary  formation,  which 
includes  several  varieties,  has  been  designated  brovm 
coal  or  lignite,  from  its  characteristic  appearance.  This 
species,  termed  also  bituminous  wood,  is  the  most  inter- 
esting, as  clearly  exhibiting  the  ligneous  structure  of  the 
matter  from  which  it  derives  its  name,  in  such  perfection 
as  to  furnish  sufficient  data  for  instituting  a  diagnosis  of 
the  plants  of  very  remote  eras.  It  has  a  brown  color;  but 
this  varies  with  the  depth  of  the  bed.  The  Bovey  coal  of 
Devonshire  is  a  member  of  this  class;  it  presents  a  dis- 
tinct woody  structure,  and  very  rarely  a  conchoidal  frac- 
ture ;  it  is  devoid  of  lustre,  is  brittle,  and  burns  readily, 
leaving  a  white  ash.  Some  others,  however,  such  as 
the  more  compact  kinds,  exhibit  a  more  or  less  con- 
choidal fracture  and  slightly  resinous  lustre.  In  the 
latter  case,  the  color  is  brownish-black;  it  has  been 


called  earthy-brown  coal,  to  distinguish  it  from  another 
kind  of  the  same  species,  designated  pitch-coal,  the 
structure  of  which  is  more  dense,  as  shown  by  its  dis- 
tinct conchoidal  appearance  when  broken.  Between 
these  extremes  may  be  found  the  brovm  earthy  coal, 
so  named  from  its  argillaceous  fracture,  crumbling  into 
loose  friable  particles;  and  moor  coal,  in  which  the 
structure  of  the  plants  is  obliterated,  and  which  exhibits 
in  its  fracture  more  or  less  lustre. 

The  species  of  coal  embracing  these  varieties  is  en- 
countered in  several  of  the  formations  on  the  Continent; 
at  Bovey  Tracey  in  Devonshire,  near  Lancaster,  and  at 
Lough  Neagh  in  Ireland,  where  it  constitutes  three 
beds,  averaging  in  some  parts  a  thickness  of  sixty  feet. 
It  is  very  inferior  as  a  fuel  to  the  other  varieties  of  coal 
which  will  be  presently  described.  As  dug  from  the 
mine  it  is  more  or  less  impregnated  with  moisture, 
which  it  persistently  retains,  and  which,  even  if  en- 
tirely expelled,  is  reabsorbed  with  great  avidity.  Thus 
Beinsch  determined  in  a  sample  of  wood  coal  from 
the  Upper  Pfalz,  in  Bavaria,  forty-three  per  cent,  of 
moisture,  and  in  an  earthy-brown  coal,  thirty.  Var- 
rentrapp  found  no  less  than  forty-eight  per  cent,  of 
moisture  in  fresh  lignite  from  Helmstadt,  and  further 
ascertained  that,  after  thorough  desiccation  and  re- 
exposure  to  air,  about  eight  per  cent,  of  water  was 
again  absorbed.  By  stacking  this  coal  for  some  time, 
much  of  the  water  evaporates,  so  that  the  moisture 
averages  about  thirty  per  cent. ;  but  if  the  exposure 
be  made  in  summer,  the  quantity  is  lessened  to  twenty 
per  cent.,  the  bulk  of  the  coal  undergoing  a  correspond- 
ing reduction. 

Distinct  from  the  foregoing  in  physical  appearance, 
though  to  some  degree  analogous  in  chemical  composi- 
tion, are  those  non-compact  bodies,  termed  bituminous 
coal,  in  which  the  structure  of  the  plants  is  entirely 
effaced,  and  the  color  and  appearance  are  indicative  oi 
a  pretty  advanced  stage  of  decomposition.  Of  this  kind 
there  are  several  varieties,  distinguished  by  character- 
istic properties.  When  treated  with  ether  they  all  yield 
more  or  less  bitumen,  and  hence  the  general  designa- 
tion, bituminous,  to  distinguish  them  from  the  anthra- 
cites proper,  which  afford  none  of  that  substance.  The 
following  most  marked  varieties  of  this  description  are 
caking  coal,  splint  coal,  cherry  coal,  and  cannel  or 
parrot  coal. 

Caking  coal  is  a  moderately  compact  fuel ;  its  frac- 
ture is  uneven,  and  its  lustre  varies  from  a  resinous 
to  a  velvety  or  greyish-black  appearance.  When 
heated,  it  breaks  into  small  pieces,  if  the  amount  of 
bitumen  be  not  more  than  the  average,  but  afterwards 
the  fragments  agglomerate,  and  form  a  hard  compact 
body;  when  the  per  centage  of  bitumen  is  high,  it 
fuses  at  once  into  a  pasty  mass,  and  during  the  applica- 
tion of  the  heat  bubbles  of  gaseous  matter  escape, 
leaving  ultimately  a  carbonaceous  substance,  in  which 
all  traces  of  the  original  are  effaced.  Ignited  in  air,  it 
burns  with  a  yellowish  flame,  which  is  intermittent, 
unless  the  fuel  be  kept  repeatedly  stirred,  so  as  to 
prevent  its  caking.  The  latter  tendency  renders  this 
coal  unsuitable  for  many  operations  where  great  heat 
is  required,  as  the  draught  is  impeded  by  its  caking 
properties.    It  is,  however,  a  valuable  fuel,  especially 
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as  it  is  very  often  possessed  of  qualities  which  render 
it  applicable  for  the  manufacture  of  gas  and  coke,  the 
latter  being  most  eligible  as  a  heating  agent  where  the 
coal  itself  cannot  be  employed. 

Caking  coal  is  very  general,  being  met  with  in 
almost  all  the  coal-fields  of  Great  Britain,  but  more 
especially  in  the  Newcastle  and  Wigan  districts. 

Splint  or  Hard  Coal. — This  variety  occurs  most 
abundantly  in  the  Glasgow  coal  deposits,  where,  for 
general  application,  it  is  highly  prized.  Its  color  is 
black  or  brownish-black,  and  its  lustre  resinous  and 
glistening.  When  broken,  the  principal  fracture  ap- 
pears imperfect  and  slaty,  but  the  transverse  one 
shows  it  to  be  fine-grained,  uneven,  and  splintery ; 
henee,  as  well  as  from  its  hardness,  the  term  splint. 
It  kindles  with  greater  difficulty  than  the  preceding 
variety,  but  when  once  ignition  has  taken  place,  it  pro- 
duces a  fine  clear  fire,  and  throws  out  much  heat. 

Cherry  or  Soft  Coal. — The  similarity  in  physical 
appearance  between  this  and  the  caking  coal  is  very 
great,  though  for  the  most  part  the  lustre  of  cherry 
coal  is  much  more  splendent,  and  hence  the  name 
given  it  by  the  miners.  It  differs  from  caking  coal  in 
not  undergoing  fusion  when  heated.  Owing  to  its 
great  brittleness,  it  is  not  economical  in  the  working. 
It  readily  ignites,  and  makes  a  lively  fire,  yielding  a 
clear  yellow  flame,  but  is  consumed  rapidly.  This 
species  is  likewise  met  with  in  the  upper  strata  of  the 
Glasgow  beds,  as  also  in  Staffordshire,  in  the  Lanca- 
shire district,  et  cetera. 

Cannel,  Candle,  or  Parrot  Coal. — This  variety  has 
a  very  compact  and  even  texture ;  a  shining  resinous 
lustre,  and  a  color  varying  between  a  jet  and  a  greyish 
or  brownish  black.  The  lustre  of  cannel  coal  is  some- 
times not  so  very  distinct  as  that  of  pitch  coal,  which 
is  a  species  of  the  caking  kind ;  its  compact  texture 
and  gravity  are  sufficiently  characteristic  to  distinguish 
it  from  the  other  sorts.  The  fracture  of  cannel  is  flat, 
conchoidal  in  every  direction,  and  sometimes  slaty.  It 
takes  a  good  polish,  and  on  this  account  is  manufac- 
tured into  numerous  articles,  such  as  inkstands,  snuff- 
boxes, beads,  et  cetera. 

Cannel  is  found  in  several  coal  basins,  but  most 
abundantly  in  the  Wigan  district,  at  Lesmahagow, 
near  Glasgow,  and  at  Coventry.  It  is  so  named  from 
its  property  of  burning  and  yielding  a  bright  flame  like 
a  candle.  The  other  name,  parrot  coal,  which  is  of 
Scottish  origin,  is  derived  from  its  decrepitation  when 
thrown  on  the  fire,  owing  to  pieces  of  the  coal  flying 
off  when  heated. 

Many  other  local  appellations  are  given  to  the  coal 
even  from  the  same  field,  if  it  includes  many  seams,  but 
these  are  of  little  interest  to  the  consumer. 

Anthracite. — In  speaking  of  the  origin  of  coal,  allu- 
sion has  been  made  to  this  variety  as  being  the  oldest, 
and,  consequently,  the  furthest  removed  from  its  vege- 
tal source  in  composition  and  physical  characters. 
This  fossil,  which  is  sometimes  known  as  glance  or 
stone  coal,  is  a  hard  compact  substance  possessing 
much  lustre,  often  iridescent;  the  more  perfect  variety 
is  entirely  free  from  bituminous  matter,  and  hence  it 
constitutes  a  class  of  the  coal  formation  in  itself.  These 
characters  are  not  observed  in  all  the  anthracites,  which 


generally  retain  more  or  less  bituminous  coal  interstra- 
tified  or  otherwise  mixed  with  portions  reduced  to  the 
state  of  true  anthracite.  The  mixed  varieties,  or  semi- 
anthracites,  admit  of  being  employed  as  a  substitute  for 
caking  coals  in  many  cases  where  a  true  anthracite 
would  not  answer  the  purpose. 

This  is  the  densest  of  all  the  coals  known,  excepting 
such  as  are  very  earthy  or  otherwise  mineralized.  It 
contains,  when  a  true  anthracite,  only  carbon,  water, 
and  inorganic  salts,  but  generally  more  or  less  hydrogen 
and  oxygen,  besides  the  proportion  of  the  latter  ele- 
ments in  the  form  of  water.  Anthracite  is  ignited  with 
great  difficulty,  and  being  dense,  and  having  a  tendency 
to  break  up  into  fragments  when  heated,  in  consequence 
of  the  expulsion  of  the  water  contained  in  it,  it  is  not  cal- 
culated to  produce  a  strong  fire  in  the  ordinary  grate  or 
furnace,  although,  when  once  thoroughly  ignited,  its 
calorific  power  is  very  great.  By  a  suitable  modifica- 
tion of  the  grate  or  furnace,  and  proper  management, 
it  may  in  numerous  instances — not  the  least  of  which 
is  its  application  to  smelting — be  employed  with  ad- 
vantage. 

Anthracite  is  found  most  extensively  in  America, 
where  it  constitutes  immense  deposits.  In  England, 
it  is  chiefly  worked  in  the  South  Wales  coal-field, 
although  it  may  be  met  with  in  large  quantities  in 
other  basins.  The  total  area  of  this  description  of 
fuel  in  Great  Britain  and  Ireland  is  about  three  thou- 
sand seven  hundred  and  twenty  acres. 

Chemical  Composition  of  Coal. — The  localities 
and  general  characteristics  of  the  principal  varieties 
of  coal  having  been  noticed,  the  Editor  will  proceed 
to  a  more  minute  examination  of  its  composition. 
It  has  been  already  laid  down  as  a  general  principle, 
that  the  value  of  a  fuel  is  proportional  to  the  amount 
of  carbon  which  it  contains.  Like  other  rules,  how- 
ever, this  admits  of  exceptions,  and,  for  some  pur- 
poses, the  coal  is  valued  according  to  its  per  centage 
of  hydrogen.  This  is  especially  the  case  with  coal 
intended  for  gas  manufacture,  and  also  when  employed 
as  a  fuel  in  such  arts  as  require  the  heat  to  exert  its 
power  at  some  distance  from  the  fire.  Moreover,  other 
ingredients  may  be  contained  in  the  coal  in  proportions 
very  insignificant  when  compared  with  the  carbon  and 
other  inflammable  portion,  but  still  so  injurious  in  their 
effects  as  to  render  the  fuel  unadapted  for  many  pur- 
poses to  which  it  might  otherwise  be  applied  with  good 
results.  Among  these  are  found  sulphur,  arsenical  and 
other  kinds  of  pyrites ;  and  similar  prejudicial  effects 
are  produced  by  the  presence  of  considerable  portions 
of  sulphates,  or,  in  fact,  of  any  mineral  matters  which 
undergo  no  change  during  the  combustion.  The  pyri- 
tous  ingredients  are,  however,  the  most  deleterious,  as 
during  combustion  they  evolve  sulphurous  acid,  and  if 
arsenic  be  contained  in  the  coal — which  is  fortunately 
a  rare  occurrence — arsenious  acid  will  be  eliminated. 
Now,  both  the  sulphurous  and  arsenious  acids  are 
highly  obnoxious  and  dangerous,  and  ought  to  be 
avoided  as  much  as  possible.  From  all  these  con- 
siderations, it  is  evident  that,  to  determine  the  quality 
of  any  species  of  coal,  with  a  view  to  ascertain  its 
fitness  for  a  given  purpose,  nothing  short  of  a  know- 
ledge of  its  ultimate  composition  can  be  relied  on  ;  and 
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this  can  only  be  arrived  at  by  careful  analyses.  Before 
proceeding  further,  therefore,  the  differences  in  che- 
mical composition  of  the  principal  varieties  will  be 
examined. 

Lignites. — It  has  been  stated  that  this  species  of  coal 
belongs  to  the  tertiary  or  latest  formations,  and  retains 
much  of  the  ligneous  structure  from  which  it  derives 
its  name.  The  general  results  of  its  distillation  are  a 
coke  or  charcoal  containing  mineral  matters — aqueous 
products,  more  or  less  charged  with  pyroligneous  acid 
and  ammonia,  tar,  carbides  of  hydrogen,  carbonic 
oxide,  and  carbonic  acid.  The  relative  proportions  of 
these  vary  in  different  specimens ;  but,  on  the  whole, 
they  exhibit  a  great  similarity  of  composition  in  this 
substance,  as  compared  with  peat  and  wood — more 
especially  the  former.  By  further  treatment  the  ana- 
logy is  more  fully  established :  thus,  when  lignite  is 


treated  with  caustic  potassa,  it  dissolves,  yielding  a 
dark-brown  liquor,  which  affords  a  substance  resem- 
bling in  its  reactions  ulmin,  the  principal  ingredient  of 
peat.  Again,  the  coke  which  remains  after  the  dis- 
tillation of  lignite  retains  the  outline  of  the  sample 
operated  upon,  just  as  in  the  case  of  peat  or  wood,  a 
circumstance  which  happens  with  no  other  kind  of  coal. 
It  is  to  be  observed,  however,  that  these  characteristics 
apply  only  to  strongly-marked  lignite  or  brown  coal. 
The  transition  from  this  to  true  coal  is  gradual,  both 
as  regards  the  physical  and  chemical  properties.  The 
composition  of  lignite  varies  according  to  the  age  and 
position  of  the  deposit,  but  this  difference  is  chiefly 
confined  to  the  mineral  and  aqueous  constituents. 

The  following  table,  from  Richardson  and  Ron- 
alds, exhibits  the  inorganic  constituents  of  various 
lignites  and  brown  coal : — 


Bohemian, 


Variety  of  Brown  Coal  or  Lignite.  Ash. 

'  Lignite  from  Aussig,   5.35" 

»    551 

Hegendorf,   6-93 

Neuendorf,   5*13 

Coulang,   1-50 

Earthy,  from  Griinlas,   6-6G 

»         Greece,   9-02 ) 

«         Usnach,   2-19 

"  Cologne,   5-49  |  • 

Earthy  hrown  coal  from  Dax,   4-99 

Bouches  du  Rhone   13*43 

  3-01 


Casscl,. 


15-47 
2-43 
0-81 
2-76 


From  Duren,  on 
the  left  bank  of 
the  Rhine,  


Nieder-Alpen, 

::  ^o^::}M™-{ 

"  "     Herschberg,  1 

^^::;:^::::::jBi^.i s*> 

Lowest  sort,  J  I   4-92 

Pitch  coal  from  Habichtswald,   1-33 

I     «  «   v.;SJP§ 

Stillberger  coal,  Sohrwald,   6-95 

Lignite  from  Hirschberg,   1'29 

"       Iceland,   , 

'*  "       another  specimen 

"  Utweiler  

"       Grube  Urwelt,  


Near  Boom,  on  the 
right  bank  of  the 
Rhine,  


  27-50 

  0-90 

  4-60 

  27-05 

Friesdorf,   1-69 

»    «  "    14-90  J-Karsten. 

Putzchen,   4-40 

"  »    17-40 

Stb'sschen   14-40 

"  "    28-20 

Orsberg,   43-20 

"  "    58-00 

'Coal  from  Hi'imSu™' }  b— *«ick,  I::::::::::::::::::::::::::::  $*v««*to 

Slate  coal  from  Azberg,   4-50 1  Eeinsch_ 

"  Aga  Reuss,   6-00  j 

Earthy  lignite  from  Wigan,   4-95   J.  A.  Phillips. 

"  Conception  Bay,   7-491  A-clmil'alty 

Lignite  from  Sandy  Bay,  Patagonia,   13-29  J-  Coal 

"       Talcahnano  Bay,   6-92  )  Investigation. 

"       Altem,  Germany,   1-16  Kremers. 

"        Lough  Neagh,  Ireland,   6-84 

"       Isle  of  Madeira,   20-05  Johnston. 


Balling. 


Regnault. 


Kuhnert. 


Thus  it  will  be  observed,  that  the  inorganic  matters 
contained  in  brown  coal  or  lignite  vary  from  less  than 
one  to  nearly  sixty  per  cent.  For  example,  the  amount 
of  ash  in  a  species  of  pitch  coal  from  Herschberg  is  only 
0'81  per  cent.,  while,  in  a  variety  from  the  bank  of  the 
Rhine,  it  is  58  per  cent.  But  those  which  contain  the 
larger  amount  can  scarcely  be  classed  with  fuels,  as 
they  cannot  be  economically  used  in  that  capacity, 


except,  perhaps,  for  the  combustion  of  shaly  matters, 
as  in  the  manufacture  of  alum,  et  cetera.  A  much 
closer  coincidence  is  found  between  the  elementary 
composition  of  the  organic  matter  in  different  speci- 
mens than  appears  in  the  mineral  portion,  as  is  shown 
by  the  annexed  tabulated  results  of  the  analysis  of 
several  varieties,  also  transcribed  from  the  able  work 
of  Richardson  and  Ronalds  :— 
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ELEMENTARY  ANALYSES  OF  BROWN  COAL. 

Centesinnuly. 


Brown  Coal  or  Lignite. 

Earthy,  from  Dax,  

"       Bouches  du  Rhone,  

"  Neider-Alpen,  

Earthy — consisting  of  stems — from  Meissner,  

"       pitch  coal,  

"  "        from  Ringkuhl,  Hirschberg,  

"  "  «  Habichtswald  

"        lustrous  coal,  Ringkuhl,  

"       allied  to  pitch  coal,  Habichtswald,  

"       lowest  vein  at  Ringkuhl,  

"  middle,  

"  Stillberger,  

"       Helmstadt,  Prince  of  Wales  mine,  

"  "        another  mine,  

11       Schonengen  Treue  mine,  

"  **        another  pit,  

Lignites  from  Ringkuhl,  

11  Greece,  

"  Cologne,  

u  Usnach,  

u  Laubach,  

Earthy  brown  coal  from  Wigan,  

"  "  Conception  Bay,  

Lignite  from  Sandy  Bay,  Patagonia,  

"       Talcahmano  Bay, . . . ,  

"       Lough  Neagh,  Ireland,  

»  11  "       another  sample, 


Oxygon 

Carbon.  Hydrogen.  and  Nitrogen.  Observer. 

69-52    5-59    19-90) 

63-01    4-58    18-98  ^-Regnault. 

69-  05    5-20    22-74) 

70-  12    3-19    7-59") 

56-  00    4-75    27-15 

60-83    4-36    24-64 

57-  26    4-52    26-10 

66-11    4-82    18-51  J-Kiihnert. 

54-18    4-20    26-( 


52-98  .... 

54-  96  .... 

50-  78  .... 
68-57  ... 
67-88  .... 

63-  71  .... 

64-  80  ... 

51-  70  .... 
60-36  .... 
63-42  .... 

55-  27    5-70 

57-28    6-03 

80-21    6-30 


Varrentrapp. 


70-33 
62-19 
70-71 
58-56 
51-36 


4-09    21-91 

4-01    22-31 

4-02    21-38  J 

4-  84    19-87 ! 

6-85    17-46 

5-  07    22-79 

4-  54    23-12 

5-  25    30-37  Kiihnert 

5-00    25-62) 

4-98    27-11  iRcgnault. 

36-84) 

36-10  Liebig. 
8-54   J.  A.  Phillips. 


5-84    16-34)  Admiralty 

5-  08    19-44^-  Coal 

6-  44    16-93)  Investigation. 


5-95    26-851 

7-35    25-08  1 


Kane. 


The  average  content  of  nitrogen  ranges  from  0-5  to 
1-5  per  cent.  Taking  the  mean  of  the  numbers  repre- 
senting the  components  of  the  true  lignites,  the  results 
would  indicate  the  annexed  composition  : — 

Centesimally. 

Carbon,   63 

Hydrogen,   5 

Oxygen  and  nitrogen,  32 

100 

But  if  the  whole  of  the  oxygen  he  assumed  to  be  united 
with  the  hydrogen  so  as  to  form  water,  the  actual  con- 
stitution of  the  substance  would  be  represented  by 
sixty-three  parts  of  carbon,  one  of  hydrogen,  and  thirty- 
six  of  water.  Some  varieties  of  this  species  of  coal 
are  used  in  the  manufacture  of  various  articles  of  or- 
nament, especially  in  France,  where  the  business  is 
carried  on  with  considerable  success. 

Bituminous  Coals. — Bituminous  coal  bears  a  general 
resemblance  to  the  last,  inasmuch  as  both  contain  the 
same  substances,  varying  in  relative  quantity.  Analysis, 
however,  cannot  always  determine  between  them,  and 
the  physical  marks  noted  in  the  preceding  pages  must 
be  observed  narrowly  before  deciding.  For  the  most 
part,  the  density  of  bituminous  coal  is  greater  than  that 

Description  of  coul 

Splint, .... 


of  the  lignite  or  brown  coal,  unless  the  latter  be  very 
earthy  and  compact.  Begnault  gives  the  density  of 
the  varieties  of  lignite  which  he  examined,  when  in  the 
dry  state,  as  between  the  extremes  of  1-100  and  1-85. 
Earthy  coal  he  found  to  have  a  specific  gravity  of 
1-254  to  1-276;  but  other  varieties  afforded  Kuhnert 
a  density  of  1-310  to  1-436.  Many  of  these  numbers 
are  much  higher  than  that  of  the  densest  bituminous 
coal ;  but  this  must  be  attributed  to  the  superabundant 
presence  of  mineral  matters.  At  the  same  time,  the 
gravity  of  a  true  homogeneous  coal  is  not  always  to 
be  inferred  from  the  amount  of  ash  which  it  yields, 
although  some  investigators  have  endeavored  to  estab- 
lish a  constant  relation  between  the  density  of  the  coal 
and  its  inorganic  constituents.  It  is  evident,  indeed,  that 
a  substance  may  be  very  dense  in  its  nature,  and  yet, 
from  its  star*  of  aggregation,  may  give  but  a  medium 
indication  when  its  gravity  is  determined  in  bulk.  This 
has  been  observed  in  the  case  of  wood  and  charcoal, 
and  equally  applies  to  the  substance  under  examination. 

The  subjoined  table,  derived  from  the  same  autho- 
rities as  the  preceding  ones,  expresses  the  per  centage 
of  ash  or  mineral  matters  yielded  by  the  several  samples 
of  coal  mentioned,  together  with  the  specific  gravity:— 

Specific  gravity.  Per  centage  of  ash.  Observers. 


Locality. 

Wylan  Banks,  Newcastle,   1-302    13-912 

Glasgow  coalfield,   1-307   1-128 

n       ,  fWiiian,  in  Lancashire, .. .    1-319    2-545 

Lalmel> 1  Parrot  coal,  Edinburgh,   1-318'   14-566 

Jarrow,  Newcastle,   1-266    1-676 

Chief  mass  of  coal  from  Glasgow,   1-286    1-421 

fGaresfield,  Newcastle,  ■   1-280    1-393 

1  South  Hellon,  Durham,   1-274    1-519 

"Alais,  Rochebelle,  f  fat  and  ")    1-322    1-410 

P've  de  Gier—  P.  Henry,  \ hard  coal  f   1-315    2-900 

Elena  from  Mons,  


Cherry,. 
Caking,. 


Coal 
Measures, 


Cimetiere  Rive  de  Gier, 


Couzon.. 


Lavaysse, . . . 

Epinac,  

Commentrv.. 


1-276    2-10 

1-292    3-68 

1-288   3-57 

1-294    2-99 

  1-298    2-72 

1-3U    5-32 

1-284    5-13 

1-353    2-53 

1-319    0-24 


Richardson. 


Begnault, 
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Description  of  coal. 

Coal 
Measures, 


Secondary 
Formation, 


Locality. 

Blanzy — dry  coal,  long  flame,  

Eive  de  Gier,  Grand  Croix,  (  fat  and  \  

"         "        (<        *'   \ hard  coal  j  

Anthracite,  Lamure,  Dep.  de  l'Isere,  

"  Macot,  

Common  coal,  Obernkirchen  Lippe-Sch  

Ceral,  Dep.  Aveyron,  

Noroy  Vogesen,  

St.  Girons  

.Belestet,  

Cznernitz,  Upper  Silesia,  

Gnade  Gattes,  Lower  Silesia  

Gluckhulf,  

Sulzbach,  Duttweilcr  Saarbriicken,  

"Wettin,  Saalkreis,  

Salzer  and  Neuack,  Westphalia,  

Pottschappel,  Saxony,  

Kb'nigen  Louise,  Upper  Silesia  

Konigsgrubbs,  

Merchweiler  Saarbriicken  

Freschauf,  Lower  Silesia,  

Brazils,  

Coarse  coal,  mixed  with  pitch  coal,  

Slate  coal,  

"     "    with  fibre  coal,  

Anthracite,  

Slate  coal,  with  a  little  fibre  coal,  

Hard  slate  coal,  with  layers  of  pitch  coal,  , 

Slate  coal,  with  predominating  layers  of  anthracite  and 

fibre  coal,  


c  gravity. 


Per  centage  of  ash.  Observers. 


1-362    2-28 

1-298    1-78 

1-302    1-44 

1-362    4-57 

1-919    26-47 

1-279    1-00 

1-294    11-86 

1-410    19-20 

1-316    4-08 

1-305    0-89 

1-362    5-80 

1-285    4-65 

1-276    0-80 

1-258    0-15 

1-466    24-40 

1-288    0-70 

1-454    27-7 

1-280    0-2 

1-285    0-6 

1-282    0-9 

1-518    23-4 

1-483    28-4 


1-48 
1-24 
1-20 
1-37 
1-25 
1-42 

1-35 


20-9 
22-7 
26-3 

22-  5 
20-2 
24-0 

23-  4 


Regnault. 


Karsten. 


•  Lampadius. 


From  this  table  it  may  be  seen  that  the  specific 
gravity  of  coal  ranges  from  1-2  to  l-5,  rarely  exceed- 
ing the  latter ;  and  further,  by  rejecting  those  samples 
which  yield  very  large  per  centages  of  ash,  the  mean 
gravity  will  be  about  1-30.  It  will  also  be  observed, 
that  the  relation  existing  between  the  mineral  consti- 
tuents of  the  coal  and  the  density  is  quite  irregular, 
and,  consequently,  offers  no  trustworthy  grounds  for 
inferring  the  per  centage  of  ash  which  a  coal  may  con- 
tain merely  by  determining  the  density,  or  inversely. 
It  is  true,  however,  that  in  numerous  instances,  samples 
with  a  larger  proportion  of  ash  will  be  found  to  have  a 
higher  density  than  those  which  contain  less  inorganic 
matter.  This  is  more  especially  the  case  with  different 
samples  of  coal  from  the  same  mine,  which  led  John- 
son to  infer  that  the  specific  gravity  and  mineral  con- 
stituents of  the  coal  from  the  same  bed  have  a  constant 
relation  to  one  another.  The  basis  on  which  he  erected 
this  theory,  is  found  in  the  following  results  of  the 
analyses  of  four  samples  of  coal  from  Beaver  Creek, 
Lucerne  County : — 

Specific  Per  centage 

gravity.  of  ash. 

No.  1,   1-560    1-28 

"  2,   1-594    4-00 

"  3,   1-613    5-01 

"  4,   1-630    5-063 

The  same  increase  was  observed  with  four  other 


samples  from  the  coal  field  of  Maryland,  bordering  on 
Pennsylvania,  thus : — 

Mean  specific  Mean  per  centage 

gravity  of  two  of  earthy  matters 

specimens.  In  two  specimens. 

1-320    7-52 

1-350    9-58 

1-365    10-35 

1-385    11-75 

1-485    14-41 

Admitting  that  a  high  density  is  to  some  extent  an 
indication  of  the  presence  of  mineral  matters  in  greater 
abundance,  yet  it  is  impossible,  even  approximately,  to 
estimate  the  per  centage  of  these  by  this  test,  since  no 
fixed  and  constant  relation  can  be  established  between 
the  two.  Besides,  it  is  well  known  that  a  great  differ- 
ence in  the  amount  of  mineral  matters  is  sometimes 
detected  in  coal  from  the  same  working. 

The  nature  of  the  inorganic  matters  in  coal  affects, 
in  a  great  degree,  not  only  the  gravity  of  the  substance, 
but  its  quality  as  a  fuel,  although  the  components  found 
are  generally  the  same  in  all.  From  the  tables  already 
given,  it  will  be  seen  that  the  total  quantity  of  ashes 
fluctuates  between  one  and  twenty-five  per  cent.,  the 
average  being  about  ten  per  cent,  or  under.  The  fol- 
lowing table  of  the  analyses  of  the  ashes  of  coal  by 
Phillips,  shows  the  nature  and  extent  of  the  com- 
ponents, which,  strange  to  say,  contain  no  alkalies  : — ■ 


NAME. 

Silica. 

Alumina 
and  oxide 
of  iron. 

Li  mo. 

Magnesia. 

Sulphuric 
acid 

Phosphoric 
acid. 

Total  per 
centage. 

Per  centage 
of  ash  in 
coals. 

Per  centage 
ot  cuke  in 
coals. 

40-00 

44-78 

12-00 

trace. 

2-22 

0-75 

99-75 

5-52 

64-8 

26-87 

56-95 

5-10 

1-19 

7-23 

0-74 

98-08 

6-94 

71-7 

34-21 

52-00 

6-109 

0-659 

4-12 

6-633 

97-821 

2-91 

63-1 

r 

Ebbw  Vale  

53-00 

35-01 

3-94 

2-20 

4-89 

0-88 

99-92 

14-72 

77-5 

[Coleshill,  

59-27 

29-09 

6-02 

1-35 

3-84 

0-40 

99-97 

10-70 

f  Fordell  

Splint,  

37-60 

52-00 

3-73 

1-10 

4-14 

0-88 

99-45 

1-50 

52-03 

h 

-Elgin,  

61-66 

24-42 

2-62 

1-73 

8-38 

1-18 

99-99 

4-0 

58-45 
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The  annexed  table  exhibits  the  composition  of  American  coals  according  to  Professor  Johnston  : — ■ 
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8*73 

2*242 

3*0/9 

5*01 

4'00 

3*71 

6*75 

6-80 

Color  of  £ish,6S)    •  . 

Light- 
buff. 

Reddish- 
white. 

Win"  to 

vv  rule. 

Reddish- 
buff. 

Reddish- 
grey. 

Fawn. 

Brick- 
red. 

Grey. 

53-603 

45-105 

43-68 

45*60 

54-50 

50*25 

50*05 

50*00 

76*00 

36-687 

37-000 

39-34 

42*75 

34*45 

38*90 

39*04 

38*90 

21-00 

5-590 

13-000 

8-22 

9-43 

7*50 

8*75 

8*75 

8*00 

2-60 

2-857 

1-380 

5-76 

1-41 

2-25 

0*85 

1-56 

2-10 

1-076 

2-430 

3-00 

0-33 

1-30 

1-25 

1-30 

0-90 

0-186 

0-001 

1-085 

0-48 

o'-io 

0-40 

100-000 

100-000 

100-00 

100*00 

100-00 

100-00 

100-00 

100*00 

100-00 

The  same  elements  are  contained  in  the  ashes  of 
brown  coal,  though  in  different  proportions,  as  will  be 
seen  from  the  subjoined  analysis  by  Vaekentrapp  : — 

Analyses  of  nshcs  of 
brown  colli  from 
Brunswick,  repre- 
sented centesimally. 


Lime,   23*67 

Magnesia,   2-58 

Alumina,..   11-57 

Oxide  of  iron,   5-78 

Carbonate  of  potassa,   2-64 

Silica  and  clay   19-27 

Sulphuric  acid   33*83 

Loss,   0-66 


100-00 

Lead,  copper,  iron  pyrites,  and  traces  of  iodine,  et 
cetera,  are  also  found  in  coal,  but  are  by  no  means 
general.  In  fact,  the  traces  of  lead  and  copper  are 
sometimes  so  minute  as  not  to  admit  of  estimation; 
but  this  is  not  the  case  with  the  iron  pyrites.  In 
some  varieties  this  compound  may  be  readily  distin- 
guished in  clusters  of  cubic  crystals,  or  in  seams  running 
through  the  mass ;  and,  from  its  characteristic  yellow 
appearance,  the  coals  in  which  it  is  thus  found  are 
named  Irassy  coals.  It  operates  more  injuriously 
than  any  of  the  other  mineral  compounds,  as,  during 
the  combustion,  the  sulphur  is  transformed  into  sul- 
phurous acid,  which  in  itself  is  poisonous ;  and  although 
it  passes  off  considerably  diluted  by  the  other  gases  pro- 
duced, yet  it  is  hurtful,  not  only  to  animal  life,  but  to 
many  manufacturing  processes,  as  well  as  to  the  boilers 
and  furnaces  of  locomotives.  When  sulphurous  coals 
are  distilled,  one-half  or  a  certain  portion  of  the  sul- 
phur is  eliminated  in  the  form  of  sulphide  of  hydrogen 
and  sulphide  of  carbon,  whilst  the  remainder  is  left 
united  with  the  metallic  base  in  the  coke.  In  both 
cases  it  is  the  cause  of  much  trouble  and  injury,  as 
every  gas  manufacturer  and  smelter  well  knows.  But 
these  are  not  the  only  evils  resulting  from  the  iron 
pyrites.  When  coals  containing  it  in  large  quantities 
are  stored,  and  are  affected  with  moisture,  it  Dot  un- 
frequently  happens  that  spontaneous  ignition  sets  in, 
in  consequence  of  the  bisulphide  being  converted  by 


its  oxidation  into  sulphate  of  iron,  and  generating  at 
the  same  time  as  much  caloric  as  determines  the  com- 
bustion of  the  carbonaceous  matter,  which  ultimately 
may  reach  to  a  red  heat.  To  guard  against  this  danger, 
it  is  well  to  expose  the  heap  as  much  as  possible  to  a 
current  of  air,  in  order  that  the  moisture  may  sponta- 
neously pass  off,  and  the  entire  mass  be  kept  cool; 
or,  if  incipient  combustion  has  already  set  in,  it  may 
be  arrested  by  loosening  and  turning  over  the  heap, 
so  that  the  air  may  pass  through  it  freely.  This 
spontaneous  combustion  is  more  apt  to  take  place  in 
mines  than  in  the  coals  even  when  stored,  unless, 
indeed,  they  are  accumulated  in  confined  places  where 
the  temperature  is  somewhat  elevated.  Under  such 
circumstances,  aided  by  the  presence  of  moisture,  the 
•  coals  are  very  liable  to  burn  voluntarily.  Although 
the  combustion  which  has  been  going  on  in  some  mines 
for  considerable  periods,  cannot  be  attributed  to  the 
oxidation  of  the  pyrites,  but  rather  to  the  large  volumes 
of  inflammable  gases  which  are  generated  in  crevices  in 
the  mass,  and  which  are  accidentally  ignited,  yet  it 
cannot  be  doubted  that,  through  the  combined  action 
of  water  and  a  limited  supply  of  air,  the  mineral  assists 
in  developing  the  heat  throughout.  When  a  mine 
takes  fire,  it  resists  every  effort  to  extinguish  it,  unless 
the  whole  working  be  so  regulated  as  to  admit  of  being 
flooded  with  water.  This,  however,  is  rarely  the  case, 
nor  is  it  ever  thought  of  as  a  provision  for  such  an 
emergency ;  and  yet  it  is  the  only  effective  precaution 
that  can  be  adopted,  for  the  numerous  fissures  in  the 
coal,  which  often  extend  to  the  surface,  serve  the  pur- 
pose of  powerful  chimneys,  whilst  other  chinks  co- 
operate with  the  shafts,  in  conveying  air  to  the  seat  of 
the  fire.  Every  exertion  has  been  made  to  check  the 
combustion  going  on  in  some  of  the  British  mines  by 
the  erection  of  dams ;  but,  although  it  is  believed  that 
in  some  of  them  the  rate  of  consumption  is  much  re- 
duced, it  still  continues. 

Although  the  specific  gravity  of  coals  and  the  per 
centage  of  ash  which  they  contain  are  very  insufficient 
tests  of  their  value  as  fuel,  yet  it  is  evidently  important 
to  know  the  amount  of  the  combustible  constituents 
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in  different  kinds.  Fortunately,  numerous  analyses  of 
coals  have  been  made ;  and  the  Editor  feels  assured 
that  a  summary  and  compendious  view  of  the  most 
important  of  these  cannot  fail  to  be  deeply  interesting 
to  all  who  are  concerned  in  those  arts  and  manufac- 
tures in  which  fuel  is  an  object  of  primary  considera- 


tion, as  well  as  to  the  scientific  analyst.  Accordingly, 
the  following  tables  exhibit  the  results  so  elaborately 
worked  out  for  the  Admiralty  by  Dr.  Lyon  Playfair, 
and  others,  in  their  examination  of  nearly  all  the  pro- 
ducts of  the  British  coal  mines : — - 


MEAN  COMPOSITION  OP  AVERAGE  SAMPLES  OP  WELSH  COALS. 


Locality,  or  Name  of  CoaL 

Specific 
Gravity 
of  Coals, 

Carbon. 

Hydrogen. 

Nitrogen. 

Sulpluu- 

Oxygen. 

Ash. 

Percentage 

of  Coke 
left  by  each 
Coal. 

A. 

b. 

c. 

D. 

E. 

F. 

G. 

H. 

1-305 

90-94 

4-28 

1-21 

1-18 

0-94 

1-45 

85-0 

Ehbw  Vale  .   

1-275 

89-78 

5-15 

2-16 

1-02 

0-39 

1-50 

77-5 

1-30 

90-12 

4-33 

1-00 

0-85 

2-02 

1-68 

86-53 

1-326 

88-26 

4-66 

1-45 

1-77 

0-60 

3-26 

84-3 

1-31 

90-27 

4-12 

0-63 

1-20 

2-53 

1-25 

79-11 

1-304 

88-66 

4-63 

1-43 

0-33 

1-03 

3-96 

88-10 

1-32 

80-61 

6-01 

1-44 

3-50 

1-50 

6-94 

71-7 

1-35 

88-49 

4-00 

0-46 

0-84 

3-82 

2-39 

82-25 

1-31 

88-28 

4-24 

1-66 

0-91 

1-65 

3-26 

85-83 

1-33 

86-18 

4-31 

1-09 

0-87 

2-21 

5-34 

86-54 

1-32 

79-33 

4-75 

1-38 

5-07 

included 
in  ash. 

9-41 

83-9 

1-31 

84-71 

5-76 

1-56 

1-21 

3-52 

3-24 

74-8 

1-334 

81-26 

6-31 

0-77 

1-86 

9-76 

2-04 

68-4 

1-375 

91-44 

3-46 

0-21 

0-79 

2-58 

1  52 

92-9 

1-344 

87-87 

3-93 

2-02 

0-83 

incliKlcd 
lu  ush. 

7-04 

1-31 

89-04 

5-05 

1-07 

1-00 



3-55 

61-42 

1-30 

84-87 

3-84 

0-41 

0-45 

7-19 

3-24 

85-5 

1-32 

88-56 

4-79 

0-88 

1-21 

4-88 

88-23 

1-297 

71-08 

4-88 

0-95 

1-37 

17-87 

3-85 

65-2 

1-3G0 

84-25 

4-15 

0-73 

0-86 

5-58 

4-43 

85-1 

1-28 

87-18 

5-06 

0-86 

1-33 

2-53 

3-04 

72-94 

1-378 

87-71 

4-34 

1-05 

1-75 

1-58 

3-57 

82-0 

1-289 

87-68 

4-89 

1-31 

0-09 

3-39 

2-64 

79-8 

1-299 

82-75 

5-31 

1-04 

0-95 

4-64 

5-31 

67-1 

1-312 

85-46 

4-20 

1-07 

0-29 

2-44 

6-54 

83-69 

1-34 

75-15 

4-93 

1-07 

2-85 

5-04 

10-96 

62-5 

1-31 

88-72 

4-50 

0-18 

3.24 

3-36 

82-5 

1-255 

82-25 

5-84 

1-11 

1-22 

3-58 

6-00 

68-8 

1-28 

78-36 

5-59 

1-86 

3-01 

5-58 

5-60 

65-6 

1-300 

77-87 

5-09 

0-57 

2-73 

9-52 

4-22 

55-4 

1-301 

79-09 

5-20 

0-G6 

2-41 

8-34 

4-30 

58-6 

1-29 

73-84 

5-14 

1-47 

2-34 

8-29 

8-92 

56-0 

1-283 

78-13 

5-53 

0-54 

1-88 

8-02 

5-90 

56-2 

1-29 

77-98 

4-39 

0-57 

0-96 

8-55 

7-55 

62-50 

1-39 

74-70 

4-79 

1.28 

0-91 

3-00 

14-72 

63-1 

1-32 

80-70 

5-66 

1-35 

2-39 

4-38 

5-52 

64-8 

1-358 

85-52 

3-72 

trace 

0-12 

4-55 

6-09 

85-0 

MEAN  COMPOSITION  OF  AVERAGE  SAMPLES  OF  NEWCASTLE  COALS. 


Locality,  or  Name  of  COAL 

Specific 
Gravity  of 
Coiils. 

Onrlou. 

ITy  lrogen. 

Nitrogen. 

Sulphur. 

Oxygen. 

Ash. 

Percentage 

of  Coke 
loft  by  eneh 
Coal. 

A. 

B. 

c. 

D. 

E. 

F. 

G. 

H. 

86-81 

4-96 

1-05 

0-88 

5-22 

1-08 

72-19 

1-26 

85-58 

5-31 

1-26 

1-32 

4-39 

2-14 

65-13 

84-92 

4-53 

0-96 

0-65 

6-66 

2-28 

69-69 

1-256 

■83-47 

6-68 

1-42 

0-06 

8-17 

0-20 

62-70 

1-29 

81-81 

5-50 

1-28 

1-69 

2-58 

7-14 

64-61 

1-31 

80-26 

5-28 

1-16 

1-78 

2-40 

9-12 

72-31 

Buddie's  West  Hartley,  

1-25 

nO-61 

5-26 

1-52 

1-85 

6-51 

4-25 

1-264 

81-85 

5-29 

1-69 

1-13 

7-53 

2-51 

59-20 

1-23 

80-75 

5-04 

1-46 

1-04 

7-86 

3-85 

1-25 

82-24 

5-42 

1-61 

1-35 

6-44 

2-94 

35-60 

1-25 

79-83 

5-11 

1-17 

0-82 

7-86 

5-21 

60-63 

1-25 

83-26 

5-31 

1-72 

1-38 

2-50 

5-84 

59-49 

1-25 

80  03 

5-08 

0-98 

0-78 

9-91 

3-22 

57-18 

1-27 

83-71 

5-30 

1-06 

1-21 

2-79 

5-93 

61-38 

1-26 

78-01 

4-74 

1-84 

1-37 

10-31 

3-73 

54-83 

1-25 

81-70 

6-17 

1-84 

2-85 

4-37 

3-07 

59-20 

1-25 

81-18 

5.56 

0-72 

1-44 

8-03 

3-07 

58-22 

1-26 

82-20 

5-10 

1-69 

0-71 

7-97 

2-33 

58-59 

FUEL  Composition  of  Coals. 
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MEAN  COMPOSITION  OP  AVERAGE  SAMPLES  OF  DERBYSHIRE  COALS. 


Loculity,  or  Nnmo  of  Coal. 

Specific, 
Gravity  of 
Coals 

Carbon. 

Hydrogen. 

Nitrogen. 

Sulphur. 

Oxygen. 

Ash. 

Pcrcentiige 

of  I  oku 
left  bv  ouch 
coal. 

A. 

B. 

C. 

D. 

E. 

F. 

g. 

11. 

1:296 

81-93 

4-85 

1-27 

0-91 

8-ES 

2-46 

61-6 

1-317 

80-05 

4-93 

1-24 

1-06 

8-99 

3-73 

G'2-5 

1-311 

80-07 

4-92 

2-15 

1-11 

9-95 

1-80 

61-7 

1*301 

80-41 

4-65 

1-59 

0-86 

11-26 

1-23 

G0-9 

1-264 

77-97 

5-58 

0-80 

1-14 

9-86 

4-05 

54-9 

Stavely,   

1-27 

79-85 

4-84 

1-23 

0-72 

10-98 

2-40 

57-86 

1-285 

77-49 

4-86 

1-64 

1-30 

12-41 

2-30 

52-8 

MEAN  COMPOSITION  OF  AVERAGE  SAMPLES  OF  LANCASHIRE  COALS. 


Locality,  or  Name  of  Coal. 

Specific 
Gravity  of 
Coals. 

Carbon. 

Hydrogen. 

Nitrogen. 

Sulphur. 

Oxygen. 

Ash. 

I  crccnt  nirc 

of  Coke 
left  by  each 
Coal. 

A. 

B. 

0. 

D. 

E. 

F. 

G. 

H. 

Incli  Hull  Co 's  Arley 

1-272 

82-61 

5-86 

1-76 

0-SO 

7-44 

1'53 

64-0 

Havdock  Little  Delt' 

1-257 

79-71 

5-16 

0-54 

0-52 

10-G5 

3-42 

58-1 

1-26 

83-54 

5-24 

0-98 

1-05 

5-87 

3-32 

62-89 

1-26 

82-01 

5-55 

1-68 

.  1-43 

5-28 

4-05 

57-84 

1-348 

80-78 

6-23 

1*80 

1-82 

7*53 

2*34 

GO-6 

1-323 

77-65 

5-53 

0-50 

1-73 

10-91 

3-G3 

59-4 

1-258 

75-53 

4-82 

2-05 

3-04 

7-98 

6-58 

55-7 

1-218 

77-33 

5-56 

1-01 

1-03 

12-02 

3-05 

51-1 

1-270 

77-01 

3-93 

1-40 

1-05 

5-52 

1-09 

57-1 

1-26 

82-70 

5-55 

1-48 

1-07 

4-89 

4-31 

58-48 

1-300 

73-66 

5-30 

1-68 

1-58 

9-06 

8-72 

62-4 

1-28 

77-76 

5-23 

1-32 

1-01 

8-99 

5-G9 

50-fifl 

1-27 

81-16 

5-99 

1-35 

1-62 

7-20 

2-G8 

58-10 

1-28 

79-50 

5-15 

1-21 

2-71 

9-24 

2-19 

67-52 

1-35 

80-47 

5-72 

1-27 

1-39 

8-33 

2-82 

56  26 

1-28 

82-26 

5-47 

1-25 

1-48 

5-64 

3-90 

6G-09 

1-267 

77-49 

5-50 

1-27 

0-88 

12-84 

2-02 

54-4 

1-20II 

78-86 

5-29 

0-S6 

1-19 

9-57 

4-23 

GO-0 

1-269 

68-72 

4-76 

2-20 

1-35 

18-G3 

14-34 

56-5 

1-23 

79-23 

G-08 

1-18 

1-43 

7-24 

4-84 

G0-33 

1-314 

74-74 

5-71 

1-53 

0-96 

13-52 

4-04 

58-4 

1-26 

83-90 

5-66 

1-40 

1-51 

5-53 

2-00 

57-81 

1-271 

76-17 

5-46 

1-09 

0-91 

14-87 

1-fO 

58-7 

1-26 

74-21 

5-03 

0-77 

2-09 

8-G9 

9-21 

55  90 

1-283 

70-16 

5-35 

1-29 

1-05 

10-13 

6-02 

56 -1 

1-278 

77-50 

5-84 

0-98 

1-36 

12-1G 

3-16 

57-7 

1-274 

75-40 

4-83 

1-41 

2-43 

19-98 

5-95 

54-2 

Johnson  and  Wirthington's  Sir  John,  

1-31 

72-86 

4-98 

1-07 

1-54 

8-15 

11-40 

50-15 

MEAN  COMPOSITION  OF  AVERAGE  SAMPLES  OF  SCOTCH  AND  VARIOUS  OTHER  COALS. 


Locality,  or  Name  ot  Coal. 

Specific 
Gravity  of 
Coals. 

Carbon. 

Hydrogen. 

Nitrogen. 

Sulphur. 

Oxygon. 

Ash. 

rcrecntng?. 

of  4'oke 
lott  by  each 
Coal. 

A. 

B. 

c. 

D. 

E. 

F. 

G. 

H. 

1-20 

76-09 

5-22 

1-41 

1-53 

5-05 

10-70 

58-45 

1-27 

81-36 

6-28 

1-53 

1-57 

G-37 

2-89 

59-15 

o 

1-316 

7G-94 

5-20 

trace. 

0-38 

14-37 

3-10 

53-5 

O 

1-241 

79-82 

5-82 

0-94 

0-80 

11-31 

1-25 

49-3 

1-23 

79-58 

5-50 

1-13 

1-46 

8-33 

4-00 

52-03 

o 
o 

1-29 

79-85 

5-28 

1-35 

1-42 

8-58 

3-52 

56-6 

CO 

1-25 

80-08 

6-50 

1-55 

1-38 

8-05 

2-44 

54-94 

1-277 

74-55 

5-14 

0-10 

0-33 

15-51 

4-37 

49-8 

3 

'Coleshill  Co.'s  Bagilt  Main,  

1-2G9 

88-48 

5-62 

2-02 

1-36 

0-86 

1-62 

55-8 

o 

'u  •< 

1-275 

80-97 

4-96 

1-10 

1-40 

8-20 

3-37 

54-5 

(S 

> 

1-291 

74-97 

4-83 

0-88 

1-45 

11-88 

5-99 

50-8 

AVERAGE  COMPOSITION  OF  COALS  FROM  DIFFERENT  LOCALITIES. 


Locality. 

Specific 
Gravity  of 
Coals. 

Carbon. 

Hydrogen. 

Nitrogen. 

Sulphur. 

Oxygen 

Ash. 

Percentage 

of  Coke 
let t  by  each 
Coal. 

A. 

B. 

c. 

D. 

E. 

F. 

G. 

H. 

1-315 

83-78 

4-79 

0-9S 

1-43 

4-15 

4-91 

72-60 

1-256 

82-12 

5-31 

1-35 

1-24 

5-G9 

3-77 

C0-G7 

1-273 

77-90 

5-32 

1-30 

1-44 

9-53 

4-88 

GO  22 

1-259 

78-53 

5-61 

1-00 

1-11 

9-69 

4-03 

54-22 

1-292 

79-G8 

4-94 

1-41 

1-01 

10-28 

2-65 

59-32 
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AVERAGE  COMPOSITION  OP  FOREIGN  COAT.S. 


locality. 


Van 
Diem  en's 
Land 
Coals. 


South  Cape,  

Mount  Nicholas  Break  o'Day,  . 

Tingal,  

Jerusalem,  

Douglas  River,  East  Coast,  . . . 

Tasman's  Peninsula,  

Schonten  Island,  

_  Whale's  Head,  South  Cape,. . . 

[Adventure  Bay,  

Sydney,  New  South  Wales, . . . 

(  Borneo — Lahman  Kind,  

A      "     Three-feet  Seam,  

Eleven-feet  Seam,  

Formosa  Island,  

Vancouver's,  

Lignite,  Trinidad,  

'Conception  Bay,  

Port  Famine,  

Chirique,  

Laredo  Bay,  

Talcahnano  Bay,  

^Colcurra  Bay,  

Patagonia  (  Sandy  Bay,  No.  1,  

Coals.    \        "        No.  2,  


Chili 
Coals. 


Specific 
Gravity  of 
Goal 


1-28 
1-37 
1-21 
1-24 


1-29 


B. 

63-  40 
57-37 

57-  21 
68-18 
70-44 
65-54 

64-  01 

65-  86 
80-22 
82-39 

64-  52 
54-31 
70-33 
78-26 

66-  93 

65-  20 
70-55 
64-18 
38-98 

58-  67 
70-71 
78-30 
62-25 

59-  63 


C. 

2-  89 

3-  91 
3-38 

3-  99 

4-  20 
3-36 
3-55 
3-18 

3-  05 

5-  32 

4-  74 

5-  03 
5-41 
5-70 
5-32 

4-  25 

5-  76 
5-33 

4-  01 

5-  52 

6-  44 
5-50 
5-05 
5-68 


D. 
1-27 
1-15 
1-20 
1-62 
1-11 
1-91 

0-  94 

1-  12 
1-36 
1-23 
0-80 
0-98 
0-67 

0-  64 

1-  02 
1-33 
0-95 
0-50 
0-58 

0-  71 

1-  08 
1-09 
0-63 
0-64 


E. 
0-98 

0-  90 

1-  32 
1-12 

0-  70 

1-  03 

0-  85 

1-  14 
1-90 

0-  70 

1-  45 
1-14 

1-  17 
0-49 

2- 20 

0-  69 

1-  98 
1-03 
6-14 
1-14 

0-  94 

1-  06 
1-13 
0-96 


Oxyyen 


F. 
1-01 
9-10 
7-80 
5-89 
9-27 
1-75 

3-  38 

7-  20 

4-  80 

8-  32 

20-  75 
24-22 
19-19 
10-95 

8-70 

21-  69 
13-24 

22-  75 
13-38 
17-33 
13-95 

8-37 
17-54 
17-45 


G. 

30-45 
27-55 
29-09 
19-20 
14-38 

26-  41 

27-  17 
21-50 

8-67 

2-  04 
7-74 

14-  32 

3-  23 
3-96 

15-  83 

6-  84 

7-  52 
6-21 

30  91 

16-  63 
6-92 
5-68 

13-40 
15-64 


Having  seen  in  the  foregoing  the  ultimate  consti- 
tuents of  the  several  varieties  examined,  and  also  the 
amount  of  coke  which  they  afford  when  heated  in  close 
vessels,  the  next  point  that  demands  inquiry  is  the 
state  or  condition  in  which  those  elements  are  con- 
tained in  the  coal.  It  is  the  belief  of  manj',  that 
common  coal  is  compounded  of  a  carbonaceous  sub- 
stance like  anthracite,  and  a  bituminous  one ;  and 
it  would  appear,  from  the  microscopical  researches 
which  have  been  made,  that  such  is  usually  the  case. 
When,  however,  the  fusibility  of  good  coal  is  con- 
sidered, and  the  homogeneous  mass  which  it  yields 
upon  exposure  to  heat  is  closely  examined,  one  is  led 
to  infer  that  the  carbon  is  not  isolated,  but  combined 
with  the  other  constituents  in  such  a  manner  as  to  form 
a  definite  body.  Doubtless,  in  some  species  of  lignite, 
the  bituminous  matter  is  partly  distinct  from  the  car- 
bonaceous ;  this  may  be  deduced  from  the  considerable 
quantity  of  tar  which  they  yield,  and  the  friable  porous 
nature  of  their  coke.  From  many  facts  connected  with 
the  manufacture  of  gas  and  other  products  from  coal, 
it  must  be  evident  that  this  substance  is  chiefly  com- 
posed of  various  carbides  of  hydrogen,  which  suffer 
decomposition  by  heat,  and  which,  from  the  circum- 
stance that  suitable  solvents  have  not  yet  been  dis- 
covered, remain  unisolated.  It  is  an  authenticated 
fact,  that  the  more  the  amount  of  hydrogen  in  a  coal 
exceeds  that  of  the  oxygen,  the  more  fusible  is  the  sub- 
stance, and  vice  versa ;  but  this  surplus  is  not  sufficient 
to  account  for  its  fusibility ;  the  entire  quantity  is  con- 
cerned in  producing  the  effect.  When  the  amount  of 
hydrogen  is  small,  the  coal  will  not  be  so  fusible  as 
when  the  proportion  is  larger,  although,  in  the  first 
case,  the  ratio  in  which  it  stands  to  the  oxygen  may  be 
much  greater  than  in  the  second.  If  the  absolute  per 
centage  of  hydrogen  is  only  about  two,  there  is  little 
reason  to  expect  that  such  a  coal  will  undergo  fusion 
when  submitted  to  heat.  Experiments  have  shown 
that  it  requires  at  least  three  per  cent,  of  hydrogen  in 


the  substance,  with  as  much  oxygen  as  will  combine 
with  half  of  this  to  form  water,  to  render  it  fusible 
under  the  influence  of  caloric.  Such  a  coal  affords  a 
very  intumescent  coke.  Goals  less  inclined  to  melt  than 
one  so  constituted,  may  contain  a  variable  amount  of 
hydrogen  ;  but  when  the  proportion  exceeds  one-and-a- 
half  per  cent.,  the  oxygen  will  be  required  in  quantities 
capable  of  transforming  at  least  two-thirds  of  this  into 
water.  On  the  other  hand,  if  the  hydrogen  and  oxygen 
be  exactly  so  proportioned  in  the  coal  as  to  form  water, 
the  coal  will  be  infusible,  and  the  coke  which  is  left 
will  be  pulverulent.  It  is  remarkable  that  many  sub- 
stances constituted  of  carbon,  hydrogen,  and  oxygen, 
differ  in  this  particular  from  coals ;  thus  sugar,  gums, 
starch,  when  submitted  to  heat,  fuse,  and  yield  a  com- 
pact coke.  Hence  it  may  be  inferred  that  whether  an 
organic  matter  containing  about  forty-eight  per  cent,  of 
carbon,  with  oxygen  and  hydrogen  to  constitute  water, 
shall  be  fusible  or  not  depends  on  circumstances  still 
requiring  explanation.  When  the  quantity  of  carbon 
exceeds  fifty  per  cent.,  the  substance  is  or  is  not  fusible, 
according  as  the  amount  of  hydrogen  is  or  is  not  in 
excess  above  that  which  is  necessary  to  convert  the 
oxygen  into  water.  All  woody  and  fibrous  matters 
are  infusible,  owing  to  their  content  of  carbon  being 
more  than  fifty  per  cent.,  whilst  the  oxygen  and  hydro- 
gen making  up  the  remainder  are  so  proportioned  as  to 
compose  water ;  there  are,  however,  other  bodies  in 
which  the  carbon  constitutes  from  half  to  nine-tenths 
of  their  weight,  and  yet  they  are  fusible  and  even 
volatile  under  the  influence  of  heat.  Such  is  the  case 
with  some  of  the  resins,  wax,  et  cetera,  which  contain  a 
large  quantity  of  hydrogen  that  assimilates  itself  with 
the  carbon,  giving  rise  either  to  gaseous  bodies,  or 
liquids,  into  which  the  latter  largely  enters.  It  is  upon 
these  grounds  also  that  the  explanation  of  the  fusion 
of  coals  so  rich  in  carbon  as  eighty  per  cent,  rests. 

In  many  branches  of  trade,  experience  has  pointed 
out  the  advantages  which  some  varieties  of  coals  afford, 
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from  the  circumstance  that  the  nature  of  their  com- 
bustion is  adapted  to  the  special  work  assigned  them. 
Hence  the  selection  of  gas  coal,  steam  coal,  and  such 
like,  on  account  of  the  respective  qualities  they  possess ; 
the  former  of  producing  large  quantities  of  gas,  the 
latter  of  yielding  a  high  temperature,  at  the  same  time 
that  its  combustion  is  tardy  and  gradual.  The  first 
are  evidently  such  as,  when  heated,  enter  more  into 
fusion,  as  is  obvious  from  the  adoption  of  cannel  in 
gas-works  whenever  it  can  be  found.  For  generating 
steam,  coals  which  are  only  slightly  fusible,  and  bor- 
dering upon  the  nature  of  anthracite,  are  found  from 
experience  to  be  the  best.  For  various  other  manu- 
facturing purposes,  the  particular  requirements  of  each 
must  decide  the  fittest  quality  of  fuel.  In  reverberatory 
furnaces,  and  such  others  as  are  constructed  with  the 
view  of  producing  an  effect  at  a  distance  from  the  fire, 
flaming  coals  will  be  found  best  adapted  for  the  pur- 
pose, but  not  those  which  are  apt  to  form  a  coherent 
cake  in  the  grate,  whereby  the  draught  would  be  im- 
peded, and  the  combustion  be  inadequate  to  the  effect 
required.  On  the  other  hand,  where  the  heat  must 
be  very  intense,  those  coals  are  found  to  be  the  best 
which  contain  a  large  per  centage  of  carbon,  with 
enough  hydrogen  and  oxygen  as  will  generate  suffi- 
cient quantities  of  inflammable  gases  to  promote  its 
rapid  ignition,  but  at  the  same  time  not  so  much  as 
will  effect  fusion  to  any  considerable  extent.  Such  is 
the  kind  required  in  the  smelting  of  metals,  for  the 
working  of  iron,  et  cetera.  This  subject  will  be  fur- 
ther explained  when  the  values  of  fuel  come  under 
consideration. 

TorbanehUl,  or  Boghead  Coal. — The  peculiar  char- 
acters of  this  substance,  on  the  nature  of  which  geolo- 
gists and  chemists  were  much  divided,  attracted  very 
great  attention  several  years  ago,  and  led  to  important 
legal  proceedings,  arising  out  of  the  following  circum- 
stances. In  the  beginning  of  the  year  1850,  a  contract 
of  lease  was  entered  into  between  the  proprietor  of  the 
estate  of  Torbanelnll,  near  Bathgate,  Linlithgowshire, 
and  the  Messrs.  Bussel,  Falkirk,  conveying  to  the 
latter,  in  consideration  of  a  fixed  rent,  a  right  to  the 
whole  coal,  ironstone,  iron  ore,  limestone,  and  fire-clay, 
on  the  lands  of  Torbanelnll,  for  a  period  of  twenty-five 
years ;  but  the  lease  was  not  to  comprehend  copper,  or 
any  other  mineral  whatever  except  those  above  specified. 
In  the  course  of  their  researches,  the  Messrs.  Bussel 
had  previously  found  an  extensive  deposit  of  the  Tor- 
banelnll coal,  which  was  shown  by  Dr.  Penny,  in  1849, 
to  be  invaluable  as  a  coal  for  the  manufacture  of  gas. 
As  such,  it  was  worked  and  disposed  of  by  the  Messrs. 
Bussel,  to  whom,  at  the  very  small  rent  at  which  their 
right  to  the  minerals  was  acceded,  it  promised  to  be  a 
source  of  large  revenue.  In  these  circumstances,  the 
proprietor  of  Torbanelnll  brought  an  action  against  the 
lessees  for  damages,  laid  at  £10,000,  on  the  ground  that 
the  substance  was  not  coal  at  all,  nor  any  of  the 
minerals  comprehended  in  the  lease,  and  that,  there- 
fore, the  lessees  had  no  right  to  remove  it.  The  case 
was  tried  at  Edinburgh,  before  the  Lord  Justice-General 
and  a  special  Jury,  in  the  months  of  July  and  August, 
1 853,  and  excited  intense  interest,  both  on  account  of 
the  curious  scientific  question  involved,  and  the  number 


of  eminent  scientific  authorities  cited  on  both  sides  as 
witnesses.  The  apparently  conflicting  character  of 
their  testimony  was  also  somewhat  remarkable.  Pro- 
fessor Ansted,  for  instance,  did  not  give  the  substance 
any  name  at  all ;  Professor  Brande  said  it  was  a  new 
peculiar  mineral ;  Professor  Chapman  had  no  hesita- 
tion in  pronouncing  it  a  bituminous  shale  ;  the  late  Mr. 
Hugh  Miller  characterized  it  as  the  most  inflamma- 
ble shale  he  had  ever  seen.  Professor  Anderson  said 
it  was  not  a  bituminous  shale,  whatever  it  was.  Dr. 
Wilson  said  he  would  call  it  a  clay  impregnated  with 
bituminous  matter,  and  Mr.  Milne,  in  like  manner, 
called  it  a  clay  bituminated.  On  the  other  hand, 
Dr.  Fleming  of  Edinburgh,  Professor  Graham,  Dr. 
John  Stenhouse,  Professor  Johnston,  Dr.  Penny, 
Dr.  Hoffman,  Dr.  Frankland,  and  other  equally 
eminent  authorities,  pronounced  it  unquestionably  a  coal. 
At  the  same  time,  the  only  material  difference,  with 
reference  to  the  facts  of  the  case,  appeared  in  the 
results  of  the  microscopical  examination.  The  geo- 
logists and  chemists  agreed  as  to  the  constitution  of 
the  substance — they  differed  only  in  the  name  which 
they  were  inclined  to  give  it,  according  to  their  special 
views  of  what  constituted  coal ;  but  not  so  the  micro- 
scopists,  three  of  whom  were  examined  for  the  pursuer, 
and  four  for  the  defenders.  Of  these  gentlemen,  the 
former  agreed  in  asserting  that  there  was  no  trace  of 
organic  structure,  no  woody  fibre'  or  tissue — in  short, 
no  trace  of  vegetal  matter  in  the  substance  under  con- 
sideration ;  on  the  other  hand,  the  defenders'  witnesses 
affirmed  that  in  every  part  of  it  there  was  the  clearest 
evidence  of  vegetal  structure ;  and  three  of  these  gen- 
tlemen were  skilful  botanists,  whilst  those  examined  for 
the  pursuer  did  not  lay  claim  to  that  character.  Even 
the  microscopical  evidence,  therefore,  was  strongly  in 
favor  of  the  claim  of  the  Torbanelnll  mineral  to  be  con- 
sidered a  true  coal ;  and  this,  in  concurrence  with  the 
general  analogies  presented,  induced  the  jury  to  return 
a  verdict  for  the  defenders.  In  this  verdict — which 
quite  harmonized  with  the  opinion  pronounced  by  Dr. 
Penny  before  the  Torbanelnll  coal  became  a  subject 
of  litigation  at  all —  there  seems  to  be  no  difficulty  in 
acquiescing.  Among  the  recognized  true  coals,  there 
are  infinite  diversities  in  the  relative  proportion  of  the 
ingredients — from  anthracite  at  one  end  of  the  scale,  to 
cannel  or  parrot  coal  at  the  other ;  and  the  Torbane- 
lnll coal  appears,  from  its  composition,  to  be  not  less 
justly  entitled  to  the  name  of  a  coal  than  anthracite, 
though  standing  at  the  opposite  end  of  the  scale. 

In  all  its  leading  physical  and  chemical  characters, 
it  is  identical  with  other  varieties  of  cannel  coal.  It  is 
unquestionably  of  vegetal  origin.  It  forms  a  seam 
varying  in  thickness  from  sixteen  to  twenty-one  inches. 
Its  geological  position  does  not  differ  from  that  of 
other  Scotch  cannel  coals,  and  the  associated  rocks  are 
similar  to  those  that  occur  in  other  coal  fields.  In 
the  upper  part  of  the  seam  the  color  of  this  coal  is 
brown,  and  the  streak  light  yellowish-brown ;  but  in 
the  lower  part  its  color  is  black.  Fossil  plants,  espe- 
cially stigmaria  of  various  sizes,  and  with  numero..s 
rootlets,  are  found  in  every  part  of  the  coal.  Son.e 
are  in  the  shape  of  large  trunks  of  trees,  one  or  two 
feet  in  diameter.     The  impressions  of  scalarilorm 
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vegetal  tissue  are  also  exhibited  in  almost  every  frac- 
tured surface.  The  following  section  of  the  cannel 
coal-fields  of  Scotland,  by  Mr.  John  Geddes  of  Edin- 
burgh, shows  the  relative  position  of  the  coal,  and  its 
depth  in  fathoms  from  the  surface:  — 


Cnpleclrao.  Muirkirlw. 


n.  '  urfnee. 

b.  Bhhdaion  i. 

c  Gray  u.niji 

</  Fireclay. 

t  Hilling. 

/  Blra 

>  lroustono 


ft  Fnlie*. 

t  IJ  ■  mvn  stone. 

j  PjTBOSto  iu. 

*  Bopu'ead  cod). 

I  Cnnl  holing', 
n.  Hud  bund 


ii  Ii!ue  clay 
o  Freaatona  grovel 
p  I'nrk  grey  plies, 
v.  Sandy  lilies. 
I.  Slmle 

v  Limestone 

a  Vanoua  ftrata 


The  color  of  this  coal  varies  from  dark  snuff-brown 
to  dull  brownish-black ;  streak  light  brown ;  powder 
dull  olive  brown-black.  It  does  not  soil  the  fingers ; 
it  adheres  to  the  tongue,  and  it  has,  when  moistened, 
the  odor  of  clay.  It  is  exceedingly  hard,  and  very 
difficult  to  break  in  a  direction  perpendicular  to  the 
plane  of  stratification.  It  is  distinctly  laminated,  and 
the  large  rhomboidal  blocks,  as  brought,  from  the  pit'3 
mouth,  may  be  readily  split  into  thin  slabs,  less  than 
an  inch  in  thickness.  Its  fracture  is  slaty,  and  often 
beautifully  conchoidal.  When  struck  with  a  hammer, 
it  gives  a  distinct  and  deep  woody  sound.  Does  not 
become  electrical  by  friction.  Specilic  gravity  varies 
from  1-155  to  1-2G0;  average  about  1-1892. 

Its  microscopical  characters  have  been  ably  discussed 
by  Professor  Hedfern,  in  the  third  volume  of  the 
Quarterly  Journal  0/  the  Microscopical  Society. 

It  readily  ignites,  and  burns  with  a  bright,  volumi- 
nous, and  smoky  flame.  In  the  open  fire  it  splits,  and 
crackles  like  other  cannel  coals.  It  does  not  intumesce 
or  melt.  When  completely  burned,  it  leaves  a  consi- 
derable quantity  of  fine  white  ash,  amounting  on  the 
average  to  twenty-one  per  cent.  Several  cannel  coals 
give  a  larger  quantity  of  ash — page  85.  The  ash  con- 
tains, in  100  parts:— Silica,  56-0;  alumina,  43-52 ;  oxide 
of  iron,  0-35;  potash,  0'4;  soda,  0-36;  with  traces  of  lime, 
magnesia,  phosphoric  acid,  chlorine,  and  sulphuric  acid. 
Heeapatii  has  proposed  to  use  the  ash  in  the  manu- 
facture of  alum.  This  coal  is  not  appreciably  acted 
upon  by  ether,  bisulphide  of  carbon,  benzol,  oil  of  tur- 
pentine, or  naphtha.  When  distilled  in  the  usual 
manner,  it  gives  the  same  products  as  other  cannel 
coals — namely,  gaseous  hydrocarbons,  tar,  paraffin, 
paraffin-oil,  naphtha,  naphtkalin,  benzol,  ammonia,  et 
cetera. 

It  contains  every  ingredient  found  in  other  varieties 
of  coal ;  and  there  is  no  substance  in  it  that  does  not 
sxist  in  other  coals.  The  results  of  its  elementary 
analysis  by  Dr.  Penny,  after  being  dried  at  212°,  are 
shown  in  the  following  statement : — 

With  ash.  Without  ash. 

Carbon,   63-93G    81-159 

Hydrogen,   8-858    11-245 

Nitrogen,   0-962    1-221 

Sulphur,   0-320    0-406 

Oxygen,   4-702    5-969 

Ash,   21-222    _ 


100-000 


100 -ooc 


It  yields  about  67-0  per  cent,  of  volatile  matter,  and 
ll"7  of  coke.  Different  specimens,  however,  vary 
onsiderably  iD  this  respect,  as  shown  in  the  following 
ible,  which  exhibits  the  results  of  the  analysis  of  four 
necimeus  taken  from  the  pit  at  different  dates : — 


Volatile  matters, . 

Fixed  carbon  

Ash,  

Sulphur,  

Water,  
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1849. 

is.-.  1. 

1851. 

18.3. 

..  71-0  . 

..  71-0  .. 

. .  62-70  . 

..  G7-11 

..  11-3  . 

..   7-1  . 

. .    9-25  . 

. .  10-52 

..  16-8  . 

..  21-2  . 

. .  26-50  . 

..21-0 

. .   0-3  . 

. .   0-2  . . 

..    0-35  . 

..  0-32 

..   05  . 

. .    1-20  . 

..  1-05 

100-0 

100-0 

100-00 

100-00 

. .  28-1  . 

..  28-3  .. 

.  .  35-75  . 

..  31-52 

1-2185...  1-1862 
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In  its  chemical  composition  this  coal  is  characterised 
by  containing  more  hydrogen  than  any  other  variety, 
and  by  giving  less  fixed  carbon  and  more  ash  than  most 
other  coals.  Its  coke,  which  is  valueless  as  fuel,  contains 
33 '4 per  cent,  of  carbon  and  hydrogen,  and  6G-G  per  cent, 
of  ash.  It  surpasses  all  other  cannel  coals  in  its  gas- 
producing  powers.  It  yields  from  thirteen  thousand 
to  fifteen  thousand  cubic  feet  per  ton,  whereas  the  best 
qualities  of  other  coals  give  from  eleven  thousand  to 
twelve  thousand  cubic  feet.    The  gas  produced  from 


it  is  extremely  rich  in  hydrocarbons,  which  burn  with 
flame  possessing  a  high  degree  of  luminosity;  hence 
this  coal  is  admirabty  suited  to  be  mixed  with  inferior 
varieties  of  cannel  coal  in  the  manufacture  of  gas. 
When  distilled  at  comparatively  low  temperatures,  it 
affords  large  quantities  of  paraffin,  paraffin-oil,  et  cetera, 
a  discovery  made  and  patented  a  few  years  ago  by 
Mr.  Young.  Several  interesting  products  have  re- 
cently been  obtained  from  it  by  Gkeville  Williams. 
The  following  table  will  be  found  useful : — 


MEAN  COJlr-OSITION  OP  VARIOUS  SCOTCH  CANNEL  COALS,  ANALYSED  BY  DIE.  TEXNY  OF  GLASGOW. 
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gravity. 
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Ash. 

Sulphur. 
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f'okc 

Per  cent. 

Per  cent. 

Pur  cent 

Per  cent. 

Per  cent. 

Per  cent. 

1-448 

53-7 

4-9 

38-8  ' 

1-6 

1-0 

43-70 

1-420 

34-0 

4-0 

58-4 

* 

3-6 

62-40 

1-160 

71-06 

7-10 

21-2 

0-24 

0-4 

28-30 

1-2185 

62-7 

9-25 

26-5 

0-35 

1-2 

35-75 

1-1892 

67-11 

10-52 

21-0 

0-32 

1-05 

31-52 

1-1550 

71-3 

11-3 

16-8 

(•34) 

0-6 

28-10 

1-201 

64-35 

12-6 

22-2 

0-25 

0-60 

34-80 

1-4647 

52-08 

14-77 

32-0 

1-15 

46-77  , 

1-3002 

49-23 

17-57 

29-7 

3-50 

47-27 

1-3603 

45-73 

19-97 

31-5 

* 

2-80 

51-47 

1-1831 

58-52 

25-28 

14-25 

1-95 

39-53 

1-420 

38-96 

29-66 

28-0 

0-38 

3-0 

57-66 

J"  1-6021 
\  1-320/ 

36-65 

32-34 

27-4 

0-61 

3-0 

59-74 

* 

32  10 

36-4 

29-4 

21 

65-80 

1-1990 

56-23 

36-7 

4-3 

0'55 

2-22 

41-00 

1-280 

46-0 

39-6 

10  0 

2-0 

"2-4 

49-00 

1-350 

38-0 

37-9 

18-7 

2-2 

3-2 

56-60 

1-3850 

40-21 

40-14 

19-35 

0-3 

59-49 

1-228 

49-34 

40-97 

6-34 

1-35 

2-0 

47-31 

1-234 

44  77 

41-13 

11-05 

3-05 

52-18 

1-247 

42-83 

42-67 

8-50 

0-0 

51-17 

1-252 

49-32 

44-83 

2-50 

8-35 

47-33 

1-299 

46-0 

45-0 

5-0 

0-50 

3-50 

50-00 

1-335 

39-0 

48-5 

8-1 

0-4 

4-0 

56-60 

1-223 

45-73 

49-27 

2-5 

2-5 

51-77 

1-231 

40-17 

53-42 

1-9 

0-21 

4-3 

55-32 

locality  or  Name  of  Coal. 


1.  Rochsoles — 1851,  

2.  Hardie's— 1852,  

3.  Boghead,  Broom — 1851,  

4.  Boghead,  Black— 1851  

5.  Torbanehill— 1853,  

6.  Boghead— 1849  

7.  Bathville,  

8.  Stand — Airdrie,  

9.  Methill,  

10.  Capeldrae,  

11.  Wemyf.s,  

12.  Balbardie— 1852,  

13.  llillhcad — Kilmarnock,  

14.  Brymbo,  

15.  Le?mahagow — Auchinheath, 

16.  Bartonshill,  

17.  Bartonshill,  

18.  Stevenson — Ayrshire,  

19.  Lesmahagow — Sonthfield,  ... 

20.  Knightswood,  

21.  Caii-nbi-oe,  

22.  Skaterigg,  

23.  Cowdcnhill,  

24.  Breadisholmc,  

25.  Ruchill,  

26.  Kclvinside,  


Not  estimated. 


Coke. — Like  wood  and  peat,  coal  has  been  found 
unadapted  for  many  purposes  in  its  natmal  state; 
either  the  heat  which  it  evolves  is  insufficient  from 
the  presence  of  water  and  other  ingredients,  or  the  same 
effect  is  produced  by  the  tendency  of  most  coals  to  fuse 
and  form  a  coherent  mass,  whereby  the  ah-  is  excluded, 
and  the  combustion  impeded.  Although  the  latter  is  the 
most  frequent  cause  of  failure,  both  contribute  to  render 
coals  inapplicable  to  the  wants  of  many  of  the  arts  and 
manufactures.  To  obviate  these  difficulties,  and  to  bring 
the  coal  to  a  state  in  which  it  will  yield  the  greatest  pos- 
sible amount  of  heat,  recourse  has  been  had  to  carboni- 
zation, the  idea  being  borrowed,  doubtless,  from  the 
advantage  gained  by  a  similar  treatment  of  wood.  By 
this  operation,  the  principles  of  which  have  been  already 
explained,  the  volatile  products  are  expelled,  and  the 
liquid  bodies  decomposed,  so  that  their  carbon  be- 
comes to  a  great  extent  fixed,  whilst  the  hydrogen  and 
oxygen  are  dispersed.  These  volatile  matters  are 
utilized  or  not,  according  to  the  circumstances  and 
the  locality  in  which  the  carbonization  is  carried  on. 
Thus,  when  the  operation  is  conducted  in  large  towns, 
the  gases  become  not  only  a  source  of  profit  to  the 
persons  engaged  in  the  trade,  but  of  comfort  and 
safety  to  society  by  their  illuminating  power.  In 


localities  which  are  not  populous,  or  which  are  far 
removed  from  cities  and  towns,  these  valuable  pro- 
ducts are  permitted  to  pass  off,  not  only  uselessly, 
but  often  injuriously  to  animal  and  vegetal  life.  In 
either  case,  the  fixed  matter  left  is  known  as  coal- 
charcoal  or  coke. 

The  charring  of  coals  is  conducted  under  these 
circumstances  with  very  different  objects.  In  towns, 
the  coke  is,  in  fact,  only  a  secondary  product,  and  is 
little  regarded  in  comparison  to  the  volatile  matters, 
whilst  in  those  places  where  the  coal  is  burned  on  the 
field  for-  the  smelters  and  for  locomotive  purposes,  all 
the  value  is  attached  to  the  solid  body  remaining. 
These  latter — the  iron  trade  and  steam  locomotion — 
are  the  principal  sources  of  consumption  of  this  kind 
of  fuel ;  and  since  the  introduction  of  both  upon  an 
extended  scale,  the  inventive  genius  of  scientific  men 
has  been  exercised  to  discover  methods  of  carbonizing 
the  coal,  not  only  more  rapid  in  action,  but  also  more 
effective,  and  calculated  to  produce  a  substance  as 
much  as  possible  divested  of  the  volatile  bodies  which 
diminish  its  heating  power.  It  could  scarcely  be  ex- 
pected that  a  subject  so  interesting  as  this,  so  important 
to  many  branches  of  manufacturing  industry,  and  con- 
sequently so  well  meriting  the  attention  of  intelligent 


80 


FUEL  Coke. 


scientific  and  practical  men,  could  long  rest  without 
eliciting  many  suggestions  towards  improvement.  How 
far  these  have  been  attended  with  success,  will  appear 
in  the  following  pages. 

Adopting  the  same  arrangement  as  in  former  cases, 
it  may  be  well  to  say  a  few  words,  in  the  first  place, 
on  the  charring  or  coking  properties  of  brown  coal, 
which  is  sometimes  employed  for  this  purpose.  In 
Great  Britain,  where  bituminous  and  stone  coal  abound 
to  the  extent  already  stated,  and  where  the  presence  of 
lignite  is  very  partial,  the  latter  is  carbonized  with  the 
view  of  rendering  it  more  useful — a  practice,  however, 
restricted  to  those  places  where  the  more  perfect  coal 
is  scarce.  Where  such  conditions  exist,  the  charring 
of  lignite — a  work  which  is  difficult  and  troublesome 
to  eifect — is  repaid  with  very  indifferent  results.  This 
arises  from  its  peculiar  property  of  splitting  asunder  as 
the  heat  enters,  and  hence  the  mass  when  charred  is 
little  else  than  a  heap  of  small  fragments  which  are 
unsuited  for  those  works  requiring  the  use  of  a  com- 
pact coke.  It  is  stated  by  Rosoiiers,  that  lignite,  if 
thoroughly  dried  in  the  air  immediately  after  it  is  taken 
from  the  pit,  and  then  slowly  charred,  affords  a  char- 
coal possessing  considerable  cohesive  properties ;  and 
Mayer,  in  like  manner,  affirms  that  the  inconvenience 
may  be  obviated  by  subjecting  the  coal  to  slow  car- 
bonization after  it  is  taken  from  the  mine.  The  methods 
usually  adopted  are  similar  to  those  already  described 
for  the  charring  of  wood  and  peat ;  but  the  yield  from 
this  species  of  coal  is  so  small,  that  the  labor  bestowed 
upon  the  operation  is  hardly  repaid.  In  the  German 
works,  where  lignites  have  been  charred,  the  per  cent- 
age  of  charcoal  by  weight  averaged  from  fifteen  to 
eighteen  per  cent.,  and  by  volume  from  about  thirty- 
two  to  thirty-live ;  but  this  quantity  is  much  below 
that  obtained  on  a  small  scale,  when  the  carbonizers 
used  are  close  crucibles. 

The  annexed  table  gives  a  synopsis  of  the  per 
centage  which  various  lignites  afforded  by  this  treat- 
ment:— 


■£  5 
■sn 


"0  B 
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Earthy  coal  from  Dax,   49' 

w      "         Bouch-d-R.,   41' 

«       "  Basses-Alpes,   48' 

Lignite  from  Greece,   39' 

"       Cologne,   36' 

44        Iceland,   57' 

"       Raddergrube,   41' 

"  "    49' 

11       Grube  Urwelt,   44' 

"  "    43' 

"    51 

"       Friesdorf,   28 

"    48 

"  "    46 

Earthy  coal  from  Utterweiler,   68' 

u       Raddergrube,   48 

»'  "    46' 

Lignite  t'rom  Plitzchen,   46' 

"  '■    44 

"  "    51' 

"       Stb'sschen,   29 

"  "    40- 

Orsberg,  


  68-4 

Aussig,   40'1 

"    40-0 

Ilegendorf,   41  *2 

Neundorf,   38-4 

Coulang,   38-1 


Bavarian 
Oberb- 


'  Lignite  from  Jahnsdorf,   32-8 

"       Paredel,  1   39-6 

"  "      2   40-7 

"  "      3   42-0 

"       Antoui-Zeche,   40-0 

"       Wellonitzer,  Br   35-9 

"        Nempschauer,  Br   34'7 

"        Ilartenberg,  1   37-2 

"  "  2   34-6 

"       Kanden   37-5 

Pitch  coal  from  Griinlat,   37-2 

Earthy  coal  from  Hartenberg,  1   42-1 

"  "  2   48-4 

»  "  3   36-8 

"  "  4   39-0 

Pitch  coal  from  Hartenberg,  1   43*9 

"  "  2   40-3 

Earthy  coal  from  Joaz,   46-4 

Pitch  coal  from  Reichenau,   38-1 

"  "    29-3 

"  Altsattel,   40-3 

"  "    35-0 

.  Earthy  coal  from  Verau   35-6 

falz.     (LiSnite   46'° 

The  carbonization  of  lignite  is  a  subject  of  but  little 
interest  to  manufacturers,  in  consequence  of  its  use 
being  so  very  limited.  The  Editor  will,  therefore,  pro- 
ceed to  the  consideration  of  pit  charcoal,  which  is  of 
vast  importance  to  every  country  aspiring  to  progress 
in  civilization  and  manufacturing  industry.  More  par- 
ticularly is  this  the  case  as  regards  Great  Britain  ;  for 
the  extent  of  her  smelting  establishments,  and  her  vast 
application  of  steam  power  in  locomotion,  as  well  as 
in  various  manufactures,  call  forth  every  exertion  to 
supply  the  most  perfect  source  of  heat  which  skill  and 
science  can  provide.  Not  only  do  her  own  industrial 
wants  demand  this,  but  other  countries,  which  are  not 
so  highly  favored  in  the  amount  of  fossil  fuel  at  their 
command,  make  urgent  calls  upon  her  resources ;  and 
coals  and  coke  are  exported  to  a  considerable  extent 
to  supply  the  railways  and  steam  navigation  of  other 
states. 

The  extensive  variety  of  coal  met  with  necessarily 
suggests  a  corresponding  difference  in  the  effects  pro- 
duced by  the  action  of  heat  upon  them,  and  it  is  to  be 
expected  that  the  products  should  indicate  similar  dif- 
ferences. All  coals  which  are  in  any  degree  bitumi- 
nous, yield  three  classes  of  bodies — namely,  the  residu- 
ary matter,  containing  carbon  in  excess ;  the  liquid  sub- 
stances, which  are  in  like  manner  very  carbonaceous ; 
and  the  gaseous  bodies,  of  which  there  are  several.  It 
is  almost  needless  to  remark,  that  the  proportion  of  the 
second  class  will  be  dependent  upon  the  fusibility  of 
the  coals ;  and  even  the  third  is  chiefly  derived  from 
fusible  or  caking  coals.  As  a  general  example  of  the 
nature  and  relative  proportions  of  these  three  varieties 
of  products,  the  following  analysis  may  be  taken : — 

Centesimally. 

Coke,   68-925 

Liquid   (Tar,   12-230 

products.  \  Water,   7-509 

'  Light  carbide  of  hydrogen,   7-021 

Carbonic  oxide,   1-135 

Carbonic  acid   1-073 

Gaseous  J  Olefiant  gas,   0-753 

products.  1  Sulphide  of  hydrogen,   0-549 

Hydrogen,   0-499 

Ammonia,   0-21 1 

.Nitrogen   0-035 
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While  the  absolute  and  relative  yield  of  these  pro- 
ducts depends  chiefly  on  the  composition  of  the  coal,  the 
method  and  raanageme  it  of  the  operation  to  which  they 
are  submitted  exercises  a  marked  influence.  Thus  it 
may  be  seen  practically  that  the  products  differ  to  the 
extent  of  several  units  per  cent.,  according  as  the  heat 
applied  in  the  charring  is  low  and  gradual,  or  elevated 
and  rapid.  In  the  amount  of  coke,  which  constitutes 
by  much  the  largest  product,  or  more  correctly,  the 
residue,  the  observed  variation  from  this  cause  is  some- 
times so  high  as  six  per  cent.,  but  generally  it  ranges 
from  three  to  four  per  cent.  It  is  not  only  in  quantity, 
however,  that  the  mode  in  which  the  heat  is  applied 
produces  a  marked  effect,  the  quality  is  liable  to  not 
less  variation  from  the  same  cause.  By  the  application 
of  a  low  prolonged  heat,  gradually  raised  till  it  reaches 
the  strongest  red  heat  towards  the  completion  of  the 
carbonization,  the  coke  is  more  compact,  from  the  cir- 
cumstance that  the  fusion  of  the  coal  is  more  perfect 
under  the  gradually  increasing  temperature,  than  if  the 
latter  were  applied  suddenly  in  full  force.  As  a  general 
rule,  these  matters  are  little  attended  to  in  the  British 
coke  districts,  the  coal  employed  being  so  bituminous 
as  to  yield,  under  either  of  the  conditions  above  stated, 
a  compact  mass,  which  can  endure  the  effects  of  car- 
riage, ei  cetera.,  without  sustaining  much  injury. 

The  several  methods  in  use  for  the  charring  of  coal, 
for  whatever  purpose,  may  be  comprehended  under 
three  heads :  namely,  distillation  in  close  vessels;  heat- 
ing in  open  heaps ;  and  a  method  in  which  the  prin- 
ciple of  both  is  to  a  certain  extent  brought  into  requi- 
sition. 

Of  the  first  mode  it  is  sufficient  to  say,  in  addition  to 
what  has  been  already  stated,  that  the  coke  so  produced 
is  not  only  limited  in  amount,  but  is  of  such  a  nature 
as  to  render  it  inefficient  where  a  very  compact  dense 
fuel  is  required,  as  in  the  iron  furnaces  and  the  like. 
Indeed,  when  close  distillation  is  resorted  to,  the  coke 
is  less  an  object  of  consideration  than  the  liquid  and 
volatile  products;  and,  therefore,  it  will  be  more  in 
keeping  with  the  Editor's  plan  to  speak  of  it  hereafter 
under  the  article  Gas.  By  the  second  method,  the 
advantage  is  gained  of  preparing  a  large  quantity  of 
the  fuel  in  a  short  time ;  but  at  the  loss  of  consider- 
able quantities  of  material,  as  will  be  seen  afterwards. 
The  third  method  in  which  a  furnace  of  a  special 
form  is  employed,  and  which  admits  of  operating  upon 
a  large  quantity  of  coals  at  once,  is  that  which  is  daily 
becoming  recognised  as  the  most  economical,  for  it 
operates  quicker,  with  less  loss,  and  requires  less  atten- 
tion than  the  others. 

Coking  by  the  second  method,  or  the  open  heap, 
requires  nearly  the  same  operations  as  the  carboniza- 
tion of  wood,  only  that  the  mounds  are  not  so  large, 
and  they  require  less  attention.  Two  systems  are  fol- 
lowed, the  one  characterized  b}'  the  round  heap  or  pile 
process,  and  the  other  by  the  coals  being  arranged  in 
rows  or  ridges.  For  the  purpose  of  coking  in  heaps, 
a  level  plot  of  ground  is  selected,  the  area  of  the  heap 
marked  out,  and  the  coals  piled  upon  it,  placing  the 
larger  pieces  at  the  base,  and  so  on  to  the  top.  Fire 
is  then  applied  in  a  cavity  of  about  a  foot  in  diameter, 
which  is  formed  in  the  top  for  this  purpose,  and  the 


carbonization  allowed  to  proceed.  In  a  short  time  the 
entire  mass  is  covered  with  the  fire,  owing  to  the 
combustible  gases  which  are  discharged,  and  which, 
igniting,  conduct  the  fire  over  the  whole  of  the  coals,  at 
the  same  time  that  they  prevent  its  loss  by  shielding 
the  heated  solid  carbonaceous  matters  from  contact 
with  oxygen.  When  the  whole  mass  is  at  a  red  heat, 
or  nearly  so,  and  the  dense  heavy  smoke  which  is 
emitted  as  long  as  the  decomposition  of  the  volatile 
ingredients  in  the  fuel  is  actively  proceeding  has 
ceased,  a  light  coating  of  coke  ashes,  or  the  rubbish 
which  has  accumulated,  is  thrown  on,  and  the  air  en- 
tirely excluded.  Sometimes  the  mound  is  covered 
with  straw,  dried  leaves,  or  brambles,  and  coke  dust 
or  clay,  before  it  is  ignited ;  but  this  is  not  generally 
thought  necessary,  as  the  density  of  the  coal  and  the 
downward  progress  of  the  fire,  till  it  reaches  the  base  of 
the  heap,  are  sufficient  protection  against  any  greater 
loss  than  that  which  it  would  sustain  even  when  covered. 
The  period  of  charring  a  heap  of  twelve  to  sixteen  feet 
in  diameter,  and  two  and  a  half  to  three  in  height,  ex- 
tends over  two  or  three  days  before  the  work  is  finished. 
Wilkinson's  modification  of  the  process,  by  the  con- 
struction of  a  chimney  in  the  middle  of  the  meiler,  so 
that  it  may  serve  as  a  draught  to  any  portion  of  the 
mass,  has  been  productive  of  great  advantages  in 
coke-making,  and  has,  with  slight  modifications,  been 
adopted  in  Staffordshire,  on  the  Clyde,  in  Scotland,  and 
at  several  other  places.  This  appendage  to  the  meiler 
is  usually  of  a  conical  form,  the  base  being  about  three 
feet  in  diameter,  and  from  one  foot  and  a  half  to  two 
feet  at  the  top.  The  bricks  are  laid  so  that  intermediate 
channels  present  themselves  all  round  the  pile.  At  the 
top  it  is  solid,  and  closed  with  a  lid.  Its  height  is 
usually  three  or  four  feet.  Around  the  base  of  this 
chimney  the  coals  are  piled,  employing  the  larger  pieces 
for  the  base,  and  putting  the  smaller  ones  on  towards 
the  top  and  outer  surface.  Several  channels  are 
fashioned  in  the  mass  from  the  base  of  the  chimney  to 
the  outside  of  the  heap,  through  which  a  supply  of  air  tra- 
verses to  the  region  of  combustion.  The  preliminaries 
being  effected,  and  the  heap  coated  with  powdered  coke 
or  rubbish,  fire  is  introduced  at  the  mouth  of  the  chim- 
ney, either  by  means  of  ignited  coals  or  wood.  The 
caloric  which  is  evolved  laterally  through  the  openings  in 
the  chimney,  very  soon  ignites  the  coal  adjoining,  and  the 
heat  extends  gradually  outwards  to  the  circumference 
as  the  charring  advances.  As  soon  as  the  thick  heavy 
smoke  from  the  chimney  is  replaced  by  a  lambent  blue 
flame,  it  is  significant  that  the  fire  has  traversed  the 
entire  mass.  It  is  now  watched  till  the  azure  flame 
abates,  at  which  time  the  draught  of  the  chimney  is 
cut  off,  by  depressing  the  cover,  and  filling  any  chinks 
or  cracks  in  the  coating  with  fresh  material.  After  the 
lapse  of  a  few  days,  the  process  is  finished,  and  the 
coke  is  ready  for  drawing.  Fig.  57  represents  an  ele- 
vated section  of  this  mode  of  charring,  showing  the 
chimney  and  the  draught  holes  opening  in  all  its  cir- 
cumference, and  thus  offering  a  flue  for  the  volatile 
products  to  pass  away.  Sometimes  this  kind  of  meiler 
is  ignited  at  several  parts  at  the  outside,  near  the  chan- 
nel flues  at  the  base.  In  a  short  time  the  fire  will  reach 
almost  to  the  centre.    A  few  air  or  vent  holes  may  now 
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bemadeinthe  covering,  by  thrusting  an  iron  bar  into  the 
heap.    The  smoke  and  other  volatile  compounds  issue 


Fig.  57. 


partly  by  these,  but  care  must  be  taken  to  frequently 
renew  the  perforations,  as,  when  the  coals  are  very 
bituminous,  the  fusion  of  the  mass  is  apt  to  choke 
them  up.  In  about  twelve  hours  or  less  after  ignition, 
the  fire  will  have  spread  over  the  whole  heap,  which 
may  then  be  loosely  covered  with  coke  refuse,  ashes, 
et  cetera,  leaving  the  vent  or  chimney  still  free.  During 
two  or  three  days  the  smouldering  proceeds,  by  which 
the  volatile  portions  suffer  distillation,  and  are  emitted 
by  the  orifice  last  mentioned,  and  the  cooling  will  have 
advanced  so  far  as  to  allow  of  the  coke  being  used.  By 
this  mode  of  permitting  the  whole  heap  to  get  ignited 
before  covering,  and  subsequently  leaving  the  chimney 
open,  the  elevated  temperature  is  retained  sufficiently 
to  carbonize  the  mass,  and  at  the  same  time  a  waste 
of  coke  is  avoided;  moreover,  another  important  ad- 
vantage is  gained  in  the  expulsion  of  much  more  sul- 
phur than  could  be  effected  if  the  air  were  more  freely 
admitted  during  the  operation. 

It  deserves  also  to  be  mentioned,  that  the  coke 
manufacturer,  by  constructing  the  meiler  upon  a  moist 
ground,  effects  a  purification  from  the  sulphur  by  means 
of  the  vapors  arising  from  the  soil,  and  passing  through 
the  red-hot  mass.  In  this  case  the  water  must  suffer 
decomposition,  its  oxygen  passing  over  to  the  sulphur, 
so  as  to  form  sulphurous  acid,  and  the  hydrogen  con- 
stituting, with  the  carbon,  light  carbide  of  hydrogen, 
thus : — 

2  HO  +  S  +  C  =  S02  +  CH2 

When  the  sulphur  is  united  to  a  metal,  and  the 
aqueous  vapor  transmitted  over  it,  the  following  changes 
are  more  prevalent,  assuming  M  to  represent  the  metal 
in  combination : — 

HO  +  MS  =  MO  +  HS. 

If,  however,  the  heat  be  too  great,  or  more  air  than  is 
requisite  be  permitted  to  pass  through  the  mass,  this 
decomposition  will  not  take  place,  and  the  sulphur  in 
great  part  remains.  The  same  end  might  be  obtained 
by  suffusing  the  ground  with  water  before  forming  the 
heap. 

It  should  be  remembered,  however,  that  in  this  case, 
as  in  the  charring  of  wood,  in  proportion  as  watery 
vapor  traverses  the  incandescent  mass,  so  a  loss  of  the 
carbonaceous  substance  is  sustained.  This  will  be 
evident  from  the  above  formula; ;  hut  the  importance 
of  having  the  sulphur  removed  from  the  coke,  espe- 
cially when  destined  to  be  used  in  the  smelting  of  iron, 


is  much  more  thought  of  than  the  advantage  of  obtain- 
ing a  large  product. 

For  the  most  part  it  happens  that  the  circular  mound, 
notwithstanding  the  assistance  which  the  central  chim- 
ney affords,  is  too  massive  and  solid  to  allow  the  heat  to 
operate  with  its  fullest  effect  upon  the  coals.  The  want 
of  this  distribution  of  caloric  is  supposed  to  be  the  cause 
of  the  coke  retaining  more  or  less  hydrogen  and  oxygen, 
which  injure  in  some  degree  its  value.  To  remedy 
this,  the  method  of  coking  in  rows  is  resorted  to.  A 
site  is  marked  out,  the  extent  of  which  depends  upon 
the  amount  of  coke  which  is  to  be  prepared.  A  line 
is  stretched  along  the  length  of  the  plane,  in  the  middle 
of  the  space  which  the  ridge  is  to  occupy.  At  the 
distance  of  seven  or  eight  feet  apart,  stakes,  six  to  eight 
inches  in  diameter,  are  fixed  in  the  ground.  Large 
pieces  of  coal  are  then  laid  at  each  side  of  the  string, 
and  inclined  to  one  another,  so  as  to  leave  a  channel 
in  the  midst.  To  insure  greater  strength  to  the  walls, 
if  the  first  rows  may  be  so  termed,  the  plane  of  cleavage 
of  the  coal  should  form  a  right  angle  with  the  length 
of  the  heap.  Other  layers  of  coal  in  proportion  to 
the  size  are  placed  beside  and  upon  the  first  two,  using 
the  largest  coal  first,  till  the  row  is  sufficiently  high 
and  wide,  taking  care  that  air  channels  are  left  at  inter- 
vals in  the  base.  The  usual  height  to  which  these 
ridges  are  raised  is  about  three  feet.  When  completed, 
the  whole  is  covered  with  coal  dust  or  cinders,  and  fire 
applied  at  several  parts  adjoining  the  air  channels ;  the 
stakes  are  likewise  drawn,  and  live  coals  thrown  into 
the  vacant  space  which  they  leave.  In  a  short  time 
the  whole  mass  will  be  in  a  state  of  active  combustion. 
As  soon  as  the  heat  has  penetrated  to  the  centre,  the 
pile  may  be  covered  more  closely,  leaving  the  portion 
left  void  by  the  stakes  as  free  as  possible,  so  as  to  per- 
form the  office  of  a  chimney.  In  case  these  should  get 
choked  by  the  fusion  of  the  coal,  they  must  from  timo 
to  time  be  cleared  by  thrusting  a  bar  of  iron  into  them, 
or  into  any  parts  where  the  combustion  is  dilatory. 
As  soon  as  the  white  flame  resulting  from  the  combus- 
tion of  the  carbide  of  hydrogen  disappears,  and  is 
succeeded  by  a  lambent  bluish  blaze,  all  the  orifices 
are  closely  covered,  and  the  whole  is  left  to  cool. 

Such  is  the  simple  mode  of  coking  in  heaps  and 
rows,  but  it  may  be  remarked  that  particular  modifica- 
tions are  required  according  to  the  kind  of  coal  which 
is  to  be  carbonized.  Thus,  when  there  is  a  large 
portion  of  fusible  matter  in  the  coal,  care  must  be 
taken  that  the  draught  holes  or  flues  are  sufficiently 
wide  to  admit  of  the  increased  volume  which  it  ac- 
quires by  the  effects  of  the  heat  upon  it,  without  being 
closed  thereby  ;  the  fire,  also,  must  be  allowed  to 
spread  over  the  whole  heap,  as  well  interiorly  as  ex- 
teriorly, before  it  is  partially  covered  with  the  refuse 
matter.  When,  by  a  closing  of  the  draught  or  flue 
holes,  air  is  prevented  from  entering  to  the  heart  of  the 
mass,  considerable  time  may  elapse,  and  much  of  the 
exterior  may  be  consumed,  before  the  interior  portions 
are  charred ;  and  it  not  unfrequently  happens  that 
while  the  outside  of  a  ridge  is  completely  coked,  tho 
interior  is  left  intact.  As  an  auxiliary  to  the  process, 
when  very  bituminous  coals  are  operated  upon,  the  fire 
should  not  be  kindled  in  the  chimneys  or  spaces  left  by 


FUEL  Coking  of  Effuse  Coal. 


89 


the  stakes  till  the  base  be  well  ignited ;  the  facility 
which  these  afford  for  the  escape  of  the  products  of  com- 
bustion will  expedite  the  process,  and  the  result  will  be 
the  general  charring  of  the  heap,  whereas,  if  these  pre- 
cautions were  not  taken,  the  work  would  be  but  partially 
performed.  The  same  observations  will  apply  when 
the  coal  is  small,  and,  therefore,  forms  a  ridge  which  is 
less  impervious  to  air.  In  the  latter  case,  instead  of 
stakes  being  driven  into  the  centre,  brick  chimneys  are 
erected,  as  in  the  meiler  system. 

Where  there  is  great  demand  for  coke,  and  the  area 
admits  of  the  construction  of  a  large  heap,  one  portion 
may  be  undergoing  carbonization,  whilst  the  other  is 
being  constructed,  and  thus  the  process  of  coking  may 
be  rendered  continuous.  The  method  of  charring  in 
ridges  is  preferred  in  most  establishments  where  fur- 
naces are  not  erected,  as  it  affords  a  better  coke,  and 
is  more  expeditious  than  the  other  method.  Among 
the  more  recognised  benefits  are  the  partial  purifica- 
tion from  sulphur,  which  arises,  as  has  been  stated, 
from  the  fact  that  the  steam  which  evaporates  from 
the  base  of  the  heap  passes  over  the  coke  whilst  at  a 
red  heat,  and  operates  as  already  mentioned ;  hence,  to 
insure  this,  it  is  customary,  wherever  practicable,  to 
cut  a  dyke  around  the  carbonizing  plot,  the  water 
from  which  keeps  the  ground  always  damp.  Besides 
the  advantages  which  accrue  from  the  floor  of  the  heap 
being  moist,  the  water  is  always  required  to  arrest  the 
too  rapid  combustion  which  is  apt  to  take  place  in  some 
parts  of  the  ridge,  and  also  to  extinguish  the  incan- 
descent charcoal  when  it  cannot  be  allowed  to  cool 
spontaneously. 

A  modification  of  this  method  of  coking  has  been 
followed  for  some  time  at  the  Janon  Works,  near  Saint 
Etienne,  in  France,  and  is  useful  for  economising  the 
rubbish,  slack,  or  small  coal  which  could  not  be 
worked  in  the  manner  detailed.  It  is  evident  that  the 
adoption  of  some  similar  plan  at 
many  of  the  British  collieries, 
where  considerable  quantities  of 
coal  of  average  quality  are  al- 
lowed to  go  to  waste,  would  be 
highly  advantageous. 

The  heaps  or  ridges  which  are 
constructed  at  the  establishment 
alluded  to,  are  almost  of  the  same 
dimensions  as  those  formed  with 
large  coal,  and,  like  the  last 
mentioned,  may  be  either  of  an 
oblong  or  conical  form,  according 
as  the  ground  affords  the  neces- 
sary facilities.  To  construct  an 
oblong  ridge,  a  board,  a — Fig. 
58 — is  placed  in  an  inclined  po- 
sition, suited  to  that  of  the  heap, 
and  resting  on  two  iron  levers 
sunk  in  the  ground.  Against 
this  are  fixed  other  boards,  bhl, 
one  over  another,  and  secured  by 
levers  or  bars  of  iron  sunk  in  the 
ground  at  regular  distances  apart,  and  iron  hooks. 
After  the  sides  aie  ten  or  twelve  feet  in  length,  the 
prism  is  provisionally  closed  by  a  board,  c,  similar  to 
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the  first.  All  these  boards  are  perforated,  in  order 
that  conical  stakes  may  be  introduced  to  the  interior 
through  them,  for  the  purpose  of  yielding  ingress  to 
the  air  in  the  spaces  which  are  ieft  after  the  latter  are 
removed. 

The  arrangement  of  the  lower  conical  stakes,  by 
which  these  internal  air  spaces  are  formed,  is  seen  in 
the  annexed  Fig.  59,  where  the  stakes  are  represented 
in  the  position  they  would  occupy  when  passing  through 
the  lowermost  series  of  holes,  d  d  d,  in  the  walls  of 
the  ridge.  A  large  stake,  running  longitudinally  in  the 
middle  of  the  prism,  forms  the  prin- 
cipal one.  Upon  this  other  smaller 
ones  are  fixed,  as  at  eee,  perpen- 
dicular to  it.  These  being  adjusted, 
or  in  readiness,  a  layer  of  the  small 
coal,  moistened  to  give  it  consis- 
tency, is  thrown  in  till  it  rises  to 
the  level  of  the  central  stake,  when 
the  vertical  ones  are  arranged  as 
already  stated,  and  a  fresh  quantity 
of  coals  added.  By  means  of  a 
heavy  beater,  the  mass  is  rendered 
as  compact  as  possible.  A  fresh 
layer  of  the  slack  is  added,  and 
beaten  down  as  before,  till  the  mass  80 
rises  to  the  level  of  the  second 
range  of  holes  in  the  side  boards, 
when  horizontal  stakes  are  laid 
from  them,  so  as  to  abut  against  the 
vertical  ones  at  a  slight  inclination. 
After  the  coal  has  been  arranged 
in  the  same  manner  till  it  reaches 
the  third  level,  another  series  of  rollers  is  laid  down  as 
before,  only  that  it  is  not  requisite  they  should  be  set 
obliquely.  All  these  posts  are  generally  three  or 
four  inches  in  diameter,  and  have  a  ring  in  the  outer 
end  to  facilitate  the  drawing  after  the  heap  is  formed. 
At  this  period  the  vertical  stakes  are  drawn  out,  and 
then  the  side  ones,  beginning  with  those  uppermost, 
and  proceeding  to  the  lowest.  When  this  is  done,  the 
boards  forming  the  walls  are  taken  down  and  laid  in 
continuation  of  the  ridge,  and  the  same  order  and 
operations  are  followed.  In  this  way  the  prism  is 
extended  to  any  required  length,  but  usually  it  termi- 
nates when  it  reaches  from  fifty  to  sixty  feet  in  length, 
or  even  less  than  this,  according  to  circumstances. 

Ignition  is  commenced  by  lighting  some  round  coal, 
placed  at  set  distances  in  the  upper  holes,  as  well  as 
in  the  middle  of  the  heap.  Care  should  be  observed 
that  sufficient  space  is  left  for  the  air  to  traverse  these 
channels.  In  a  short  time  the  fire  gains  sufficient 
strength  to  ignite  the  whole  heap  gradually.  As  this 
is  being  attained,  attention  must  be  directed  to  the 
openings,  that  they  do  not  become  closed  through 
the  swelling  of  the  mass,  and,  likewise,  that  cracks 
or  fissures  forming  in  the  exterior  are  immediately 
closed  with  refuse  coal.  After  the  whole  mass  has  be- 
come incandescent,  and  the  evolution  of  whitish  flame 
has  ceased,  water  is  poured  into  the  lower  longitudinal 
tunnel.  By  the  conversion  of  this  fluid  into  steam, 
and  its  passage  through  the  mass,  a  further  quantity  of 
hydrogen  and  oxygen  is  expelled,  as  well  as  some 
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sulphur.  When  this  operation  is  performed,  the  fire 
is  extinguished  hy  suffocation  in  the  usual  way.  From 
six  to  ten  days  are  required  to  complete  the  operation, 
and  the  coals  afford  half  their  weight  of  coke  of  fair 
average  quality.  It  is  evident  that  only  caking  coals 
are  capable  of  being  charred  in  this  manner,  as  the 
non-bituminous  varieties  would  not  remain  compact 
enough  during  the  period  of  the  firing. 

The  only  drawback  to  this  method,  is  the  consider- 
able consumption  of  coals  which  is  necessary  to  ignite 
the  mass,  and  which  amounts  to  one-twentieth  of  the 
whole.  By  constructing  the  heap  of  a  conical  form, 
this  may  be  reduced  by  one-half.  It  is  done  by  an 
arrangement  of  boards,  secured  as  in  the  prismatic 
heap,  presenting  the  form  of  Fig.  60,  and  including  a 
space  of  ten  or  twelve  feet  in  diameter.  A  square 
stake,  a — Fig.  61 — is  fixed  in  the  centre  of  the  pile, 
against  which  lean  six  conical  stakes,  b  b  b,  placed  at 
equal  distances.  The  latter  are  perforated  in  the  sides 
and  upper  part,  for  the  purpose  of  receiving  other  stakes, 
ccc,  which  assume  a  vertical  and  horizontal  position 
to  each  of  the  six  principal  ones.  Coal  is  thrown  in, 
and  well  rammed  down,  till  it  rises  about  three  inches 
above  them,  when  another  series  of  stakes  is  laid 
down  similar  to  the  foregoing,  only  that  the  smaller 
stakes  leading  from  the  six  larger  ones  are  not  directed 
above  the  preceding,  as  may  be  seen  from  the  position 
of  the  holes  in  the  larger  ones.  Another  layer  of  coals  is 
then  laid  on,  and  this  course  is  pursued  till  the  pile  has 
risen  to  a  height  of  three  feet  and  a  half,  with  a  diameter 
of  seven  at  the  top.    A  number  of  smaller  chimneys  is 

Fig.  60.  Fig.  61. 


constructed  by  fixing,  in  the  first  series  of  stakes,  ver- 
tical ones  at  the  points,  m  mm,  which  rise  higher 
than  the  top  of  the  pile.  In  the  subsequent  details  of 
pulling  out  the  stakes  and  igniting  the  heap,  no  mate- 
rial difference  exists  between  the  method  already  de- 
scribed and  that  under  consideration;  the  particulars  of 
the  carbonization  are  likewise  the  same  in  each.  In 
this  way  much  of  the  fuel  which  would  otherwise  be 
unsuited  to  such  work  as  the  smelting  of  metals,  or  for 
railways,  is  made  to  answer  the  same  purposes  as  the 
best  coal,  and  at  little  expense. 

Another  system  to  which  the  coke  manufacturer  has 
recourse,  is  that  of  heating  in  ovens.  In  this  case  the 
heat  employed  for  effecting  the  carbonization  is  gene- 
rated within  the  oven  or  furnace,  and  at  the  expense  of 
a  portion  of  the  fuel.  Were  this  not  so,  the  product 
would  be  wanting  in  the  necessary  density  and  com- 
pactness for  the  iron  furnaces,  and,  like  the  coke  from 
the  gas-works,  would  not  be  adapted  for  generating 


high  degrees  of  temperature.  The  method  of  coking 
in  ovens  is  practised  also  for  economy,  as  not  only 
yielding  a  larger  product  of  coke,  but  affording  the 
means  of  recovering  some  of  the  products  of  the  distil- 
lation. It  is  not,  indeed,  without  its  inconveniences, 
more  especially  if  the  coals  be  very  much  charged 
with  sulphur;  for,  in  this  case,  the  coke  retains  that 
injurious  element  in  much  larger  quantities  than  if  the 
carbonization  were  effected  in  the  open  meiler.  The 
ovens,  however,  can  hardly  be  excelled  for  the  produc- 
tion of  a  hard  dense  coke ;  and  hence  they  are  em- 
ployed by  several  iron-smelters,  especially  those  upon 
the"  Tyne. 

The  commoner  arrangement  for  the  coking  of  coals 
in  this  manner,  is  seen  in  the  annexed  engravings — Figs. 
62  and  63 — the  first  of  which  shows  an  elevation,  partly 


Fig.  62. 


in  section,  of  a  series  of  four  ovens  constructed  in  a  line, 
for  the  purpose  of  economising  the  heat;  and  the  other  a 
plan.  They  have  a  square  or  oblong  form,  with  an  area 
of  twelve  feet  by  ten,  or  less,  according  to  circumstances. 
The  height  of  the  furnace  is  also  variable,  differing 
from  three  to  ten  feet.  Sometimes  about  twelve  hun- 
dred cubic  feet  of  coal  are  charred  in  each  at  once. 
The  walls  of  this  construction,  including  the  fireproof 
facing,  are  about  two  feet  thick.  In  the  arch  is  an  open- 
ing, a,  two  feet  in  diameter,  through  which  the  gases 
and  other  products  of  combustion  pass  off.  No  grating 
is  supplied  in  this  case,  the  air  being  admitted  through 
a  perforated  door,  bbb,  about  three  feet  square,  in  the 
front  near  the  base.  This  door  is  sometimes  con- 
structed of  a  stout  perforated  cast-iron  plate ;  some- 
times it  consists  of  a  mere  frame,  d,  within  which  bricks 
are  laid  at  such  distances  as  will  leave  sufficient  space 
for  the  admission  of  air.  It  is  movable  in  grooves,  cc, 
by  means  of  a  chain,  e,  attached  to  a  counterpoised 
lever.  The  coals  are  introduced  through  this  as  well 
as  by  the  superior  orifice ;  but  it  is  stated,  that  when 
the  charge  is  supplied  from  the  top,  the  coke  is  not 
so  good  as  when  it  is  deposited  in  the  furnace  through 
the  front  door.     It  appears  difficult  to  assign  any 


Fig.  63. 


cause  for  this,  other  than  that,  when  the  filling  takes 
place  from  above,  the  central  part  becomes  so  com- 
pact as  to  obstruct  the  free  passage  of  air  through  it. 
Before  charging,  if  the  interior  be  not  sufficiently 
hot,  some  wood  is  ignited  inside  the  front  door,  and 
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allowed  to  burn,  and,  at  the  first  charges,  the  combus- 
tion is  assisted  by  throwing  powdered  sulphur  upon 
the  mass.  During  the  evolution  of  dense  volumes  of 
smoke,  the  top  door  is  left  open,  and  also  the  aper- 
tures in  the  door  at  the  base ;  as  soon  as  these  disap- 
pear, however,  both  are  closed,  and  the  contents  are 
allowed  to  cool.  After  twelve  hours,  or  longer  accord- 
ing to  circumstances,  the  solid  mass  of  coke  is  broken, 
drawn  out  with  rakes,  and  wheeled  off  in  iron  barrows 
to  a  receptacle  where  it  is  cooled  by  sprinkling  it  with 
water.  After  a  furnace  is  lighted,  the  first  and  second 
batch  of  coke  which  it  yields  is  very  much  inferior  to 
what  is  produced  when  it  has  been  in  operation  regu- 
larly for  some  time  ;  this  arises  from  the  circumstance 
of  the  base  and  appendages  not  being  sufficiently 
heated.  After  a  few  charges  have  been  carbonized, 
and  the  masonry  has  become  heated,  the  coke  has  not 
the  sponginess  which  characterizes  the  first  charges;  the 
time  occupied  is  also  shorter,  and  there  is  no  occasion 
for  adding  any  fire,  as  the  heat  of  the  base  and  side 
walls  is  sufficient  to  ignite  the  coal  in  contact  with 
them. 

An  improved  form  of  this  kind  of  coking  oven  is  used 
in  the  neighborhood  of  Pittsburg  in  America.  This 
is  represented  in  elevation  and  section  in  Fig.  64. 
For  the  most  part  it  is  constructed  of  bricks,  and  on 
the  side  of  an  incline,  affording  a  facility  for  unloading 


security  is  given  by  a  cast-iron  plate.  In  the  bed  and 
wall  of  the  oven  metallic  pipes  are  laid  at  intervals, 

Fig.  65. 


the  coal  on  the  top  of  the  oven,  and  therefore  erected 
in  a  position  accessible  by  rail  or  common  road.  The 
hearth  is  oval,  this  form  being  preferred  in  order  to 
avoid  the  inconvenience  arising  from  the  adhering  of 
the  coke  to  the  angular  parts ;  its  area  is  about  the 
same  as  the  English  ones,  but  the  depth  is  only  about 
three  feet  and  a  half,  instead  of  being  ten,  as  in  the 
preceding  case.  In  all  the  other  details,  the  two  me- 
thods are  similar. 

In  many  parts  of  Germany  and  France,  some  of  the 
products  of  the  distillation  are  recovered,  more  espe- 
cially the  tar.  This  economy  is  not  so  much  practised 
in  the  coking  establishments  of  England,  although  her 
maritime  wants  require  considerable  quantities  of  this 
substance.  The  kind  of  furnace  or  oven  constructed 
for  the  charring  of  coal  and  the  collection  of  coal-tar 
in  Silesia,  is  represented  in  section  in  Fig.  G5.  The 
oven  is  of  a  cylindrical  form,  eight  to  nine  feet  in 
height,  and  four  in  diameter.  Any  ordinary  building 
materials  are  employed  in  constructing  the  exterior 
portion  of  this  oven,  but  the  interior  must  be  composed 
of  very  refractory  clay  or  fire-bricks.  There  are  two 
principal  openings,  A  and  B,  through  which  the  coal 
forming  the  charge  is  introduced:  the  aperture,  B,  is 
closed  by  nicely  fitting  cast-iron  lids,  C,  whilst  the 
former  may  be  secured  by  bricks  and  mortar,  to  which 


and  encased  with  the  masonry  and  brickwork ;  these 
serve  to  conduct  air  into  the  furnace  for  the  purpose 
of  carrying  on  the  combustion  to  such  an  extent  as  will 
be  sufficient  to  char  the  mass  contained  in  it.  They 
are  seen  at  a  in  the  base,  and  at  b  b  b  in  the  wall. 
All  the  volatile  matters  evolved  during  the  carboniza- 
tion are  carried  off  through  the  cast-iron  pipe,  D,  to  a 
receiver,  wherein  the  condensible  portions  are  retained. 
In  warm  weather,  and  when  work  is  active,  this  pipe  is 
immersed  in  a  water  tank,  intermediate,  for  the  more 
effectually  condensing  the  tar;  but  this  is  not  required 
in  the  colder  seasons.  Care  must  be  exercised  in  fill- 
ing the  oven,  to  deposit  the  larger  coal  upon  the  hearth, 
and  so  on,  reserving  the  smaller  for  the  upper  layers. 
Inside  the  door,  A,  a  space  is  left  for  the  introduction 
of  lighted  coals  or  wood ;  but  as  soon  as  the  coals  have 
taken  fire,  the  top  door  as  well  as  the  lower  one  are 
closed  tightly,  currents  of  air  being  circulated  in  the 
interior,  through  the  openings  in  the  wall  and  base 
of  the  oven.  The  upper  rows  of  holes  are  closed 
also,  the  draught  being  instituted  through  the  lower 
series,  till  such  time  as  the  contents  of  the  oven  have, 
at  this  level,  reached  a  red  heat.  When  this  occurs,  the 
orifices  in  the  first  row  are  closed,  and  those  of  the  next 
opened,  and  left  so  till  the  fuel  seen  through  them  has 
assumed  a  red  heat,  after  which  they  are  closed  like 
the  foregoing,  and  the  next  opened.  This  process  of 
opening  the  draught-holes  is  repeated  till  the  whole  of 
the  charge  becomes  ignited.  The  time  for  changing 
the  draught  becomes  pretty  definite  when  the  oven  is 
regularly  worked ;  thus,  the  coals  will  appear  to  glow, 
when  viewed  through  the  lower  holes,  in  ten  hours  after 
lighting  the  fire,  and  this  indicates  the  fit  time  for  clos- 
ing them ;  in  about  the  same  period,  the  second  row  may 
be  secured  in  like  manner ;  the  third  series  remains 
open  during  sixteen  hours,  and  the  fourth  only  three 
hours.  A  period  of  twelve  hours  is  then  allowed  for  the 
furnace  to  cool,  at  the  end  of  which  time  the  coke  is 
drawn.  In  this  furnace  the  coals  operated  upon  are 
slightly  bituminous;  they  afford  on  an  average  about 
seventy-four  parts  by  volume,  and  fifty-three  per  cent, 
by  weight,  of  coke,  together  with  rather  more  than 
five  gallons  of  tar.  The  coke  which  is  thus  manufac- 
tured is  very  superior,  in  every  particular,  to  that  which 
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is  prepared  in  the  meiler,  but  the  course  of  operations 
is,  on  the  other  hand,  expensive  and  slow. 

In  the  same  locality,  a  mode  is  followed  for  econo- 
mizing the  slack  and  other  small  coal,  by  converting  it 
into  coke ;  and  this  course  of  procedure  is  not  very 
unlike  that  described  for  the  coking  of  small  coal  by  the 
meiler  system.  The  furnace  is  an  oblong  rectangle, 
with  doors  at  each  end,  through  which  the  small  coals 
are  wheeled  in,  and  there,  after  moistening  them  with 
water  to  make  them  cohere,  they  are  well  beaten  down. 
In  the  walls  a  number  of  air-channels  are  constructed, 
leading  into  the  carbonizing  space,  and  pieces  of  wood 
are  laid  between  them,  extending  the  whole  breadth 
of  the  furnace.  More  coal  is  piled  upon  these,  and 
pressed  as  solidly  as  possible  till  it  rises  as  high  as  the 
wall,  when  it  is  covered  with  a  thick  layer  of  ashes  and 
refuse  matter.  Some  of  these  ovens  are  capable  of 
charring  from  two  to  three  hundred  tons  of  coal,  being 
about  eight  feet  wide,  five  in  height,  and  from  forty  to 
sixty  feet  in  length.  Fire  is  applied  to  the  logs  of  wood, 
which  have  a  diameter  of  four  to  six  inches,  and  as 
these  are  consumed,  they  develop  as  much  heat  as 
serves  to  ignite  the  coal,  and  the  space  which  they  leave 
acts  as  a  flue  by  which  air  is  admitted,  and  the  com- 
bustion extended  to  the  whole  mass.  It  is  said  that 
the  loss  sustained  by  the  coal  subjected  to  this  mode 
of  operation  does  not  exceed  twenty  per  cent. 

In  the  vicinity  of  St.  Etienne,  and  other  localities 
in  France,  a  coke  oven  is  in  use  similar  to  what  is 
represented  by  Fig.  66  annexed.     In  appearance  it 
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resembles  an  ordinary  baker's  oven,  with  a  low  arched 
roof,  and  a  flat  hearth  without  a  grate.  The  bed, 
C  C,  of  the  oven,  which  is  nearly  twelve  feet  wide,  and 
twenty-three  feet  in  length,  is  composed  of  a  layer  of 
refractory  clay,  well  beaten  down,  and  resting  upon  a 
base  of  cinders  or  other  rubbish,  dd,  rendered  as  com- 
pact as  possible.  At  each  end  of  this  oven  there  is  a 
working  door,  A  A,  two  feet  nine  inches  in  width  and  two 
feet  in  height,  surrounded  by  a  framework  of  cast-iron 
fixed  in  the  wall,  and  in  which  a  small  sliding-door,  E, 
moves;  there  are  likewise  apertures,  F,  for  affording  a 
view  into  the  interior  of  the  oven ;  and  in  the  centre  of 
the  arch,  a  space,  B,  about  eighteen  inches  in  diameter, 
is  left  to  serve  for  a  chimney.  The  height  of  the  oven, 
from  the  hearth  to  the  most  elevated  portion  of  the 
arch,  is  four  feet.  Above  the  arch,  which,  like  the 
hearth,  should  be  composed  of  refractory  material, 
common  stone,  mixed  with  sand  and  mortar,  serves  to 
give  the  whole  solidity,  and  to  retain  the  heat  The 
charge  is  lighted  by  first  heating  the  interior  with 
wood,  but  after  a  few  charges  have  been  drawn,  the 
walls  and  hearth  are  sufficiently  hot  to  cause  the  com- 
bustion of  the  coal.    The  depth  of  coal  spread  upon 


the  hearth  should  not  exceed  eight  inches  if  it  be  of  a 
caking  nature ;  but  when  it  has  little  of  this  property, 
the  layer  may  be  ten  inches.  A  little  water  is  sprinkled 
on  the  mass  to  promote  its  caking,  and  the  whole  is 
rendered  as  compact  as  possible.  As  soon  as  the  layer 
is  uniformly  spread,  the  doors  are  drawn  down  nearly 
to  the  bottom,  leaving  a  few  inches  free,  however,  for 
the  admission  of  air.  At  first,  aqueous  vapor  is  given 
off,  followed  by  sulphurous  acid  and  the  other  products 
of  combustion;  but  it  is  found  advisable  to  suppress  the 
rapid  evolution  of  the  latter,  and  to  allow  the  slow  ex- 
pulsion of  all  moisture,  at  such  a  temperature  as  will  be 
conducive,  in  the  presence  of  steam,  to  depurate  the 
coke  from  sulphur.  All  these  products  pass  off  by  the 
chimney  in  the  roof.  When  the  whole  of  the  moisture 
has  been  expelled,  the  disengagement  of  the  combus- 
tible gases  becomes  more  voluminous,  and  the  gases 
themselves  more  inflammable  ;  they  ignite,  and  a 
smoke  of  a  black  color  succeeds  the  dense  yellow  cloud 
which  was  given  off  during  the  emission  of  the  watery 
vapors  in  conjunction  with  other  bodies.  When  the 
black  smoke  appears,  the  draught  is  increased  by  rais- 
ing the  door  to  the  height  of  three  inches,  in  order  to 
expel  the  whole  of  the  volatile  products.  By  this 
means  the  mass  is  in  a  short  time  raised  to  a  cherry -red 
heat.  After  the  lapse  of  from  half  an  hour  to  an  hour, 
the  fuliginous  cloud  vanishes,  and  the  gases  emitted 
appear  whitish.  At  this  stage  the  heat  will  have 
spread  over  the  whole  mass,  and  a  contraction  in  the 
bulk  will  have  taken  place,  as  may  be  judged  from  the 
appearance  of  numerous  cracks  and  fissures  in  the  red- 
hot  mass.  In  about  three  quarters  of  an  hour,  these 
crevices  will  have  penetrated  to  the  hearth,  and  the  entire 
contents  will  be  at  a  full  red  heat.  The  doors  are  now 
tightly  closed,  as  well  as  all  the  other  apertures  through 
which  air  might  enter,  and  the  contents  of  the  furnace 
left  to  complete  the  carbonization.  It  is  necessary  to 
watch  the  operation,  lest  by  the  admission  of  the  air 
through  the  chimney,  which  is  the  only  opening  left,  a 
loss  of  coke  might  occur.  After  the  doors  are  closed, 
the  flame  and  smoke  still  pass  off,  but  the  latter  by 
degrees  becomes  more  attenuated  and  whiter,  till  it 
nearly  ceases  altogether;  and  as  the  pressure  in  the 
chimney  is,  at  this  period,  considerably  reduced,  there 
is  evident  danger  of  a  double  current  being  established 
in  it;  namely,  an  outward  current  of  the  products  of 
combustion,  and  an  inward  one  of  air.  To  guard 
against  this,  the  mouth  of  the  chimney  is  gradually 
contracted  as  the  pressure  of  gases  from  within  be- 
comes less,  till  at  their  disappearance  it  is  entirely 
closed.  Attention  must  now  be  given  to  withdraw  the 
coke  in  such  a  manner  as  to  retain  as  much  heat  in  the 
furnace  as  possible.  To  effect  this,  the  doors  are  thrown 
open,  and  the  mass  of  coke  quickly  broken  up  with  long- 
staves,  then  raked  out,  and  conveyed  away  in  barrows 
to  a  receptacle  where  it  is  sprinkled  with  water  whilst 
red  hot,  both  for  the  purpose  of  extinguishing  the  com- 
bustion and  removing  any  excess  of  sulphur.  Another 
charge  is  introduced  as  rapidly  as  possible,  and  after 
the  preliminary  operations  already  pointed  out  have 
been  gone  through,  the  doors  are  closed,  and  the  char- 
ring is  again  managed  in  the  same  manner.  Each 
charge  is  worked  off  in  about  twenty-four  hours. 
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Figs.  67  and  68  represent  a  coking  furnace  in  use 
in  Belgium  for  carbonizing  coal.    In  these  figures,  the 


Fig.  67  Fig.  68. 


oven  is  represented  at  B  B,  the  chimney  in  connection 
with  this  by  A,  and  a  flue  leading  to  the  latter  by 
C  C.  The  order  of  procedure  is  about  the  same  in 
this  as  with  the  other  kinds  of  ovens  described,  only 
that  it  contains  a  framework  by  which  the  whole  of 
the  charge  may  be  drawn  out  at  once  when  necessary. 

In  those  ovens  which  work  off  only  a  thin  stratum 
of  coal,  the  coke  which  is  formed  is  never  so  good  as 
in  those  in  which  a  thick  bed  is  charred.  It  is  more 
difficult,  however,  to  carbonize  the  coal  under  the  latter 
circumstances,  and  the  product  is  less  in  amount.  This 
arises  from  the  fact,  that  when  the  mass  is  thick,  and  the 
coals  are  of  a  fusible  nature,  the  air  is  prevented  from 
passing  up  through  the  heap,  and  the  result  is  a  superior 
layer  of  coke,  a  middle  band  of  charred  material,  and 
the  lower  layer  of  undeconrposed  coal.  Even  when 
the  coal  is  not  fusible,  but  contains  considerable  quan- 
tities of  ashes,  the  effects  are  the  same;  for,  under  the 
influence  of  heat,  the  mass  cracks  into  blocks  of  some 
dimensions,  and  the  ashes  which  result  from  the  entire 
combustion  of  a  portion  of  the  fuel  fill  the  fissures,  so 
that  the  draught  is  as  effectually  cut  off  as  in  the 
preceding  instance.  The  portion  of  coke  which  is 
formed,  however,  is,  in  consequence  of  the  prolonged 
heat  necessary  for  effecting  the  carbonization,  so  com- 
pact that  it  claims  preference  in  the  iron  furnaces  to 
all  other  kinds,  provided  no  deleterious  substances  be 
contained  in  it.  Experience  has  shown  that  such  a 
coke  resists  the  pressure  of  the  materials  in  the  fur- 
nace, and  affords  a  more  intense  heat  when  it  comes 
within  the  region  of  the  blast,  than  the  looser  kinds. 

Fig.  69. 
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To  insure  the  production  of  such  a  coke,  a  modifi- 
cation of  the  oven  has  been  devised  to  enable  the  coke 
manufacturer  to  char  from  seven  to  teii  tons  at  a 


time.  Fig.  69  represents  this  form  of  oven.  It  is 
constructed  of  ordinary  refractory  materials,  and  has 
an  area  of  ten  feet  square,  with  a  height  of  about 
four  feet  to  the  springing  of  the  arch  or  dome  of  the 
furnace.  To  economise  the  heat,  the  arch  should  be 
so  constructed  that  it  will  reflect  the  heat  of  the  fire 
upon  the  coal  as  much  as  possible,  and  thereby  hasten 
the  carbonization.  After  the  mass  of  coal  has  attained 
a  red  heat,  and  the  volatile  matters  are  expelled  at 
the  chimney,  the  draught-holes  are  tightly  closed,  and 
the  mass  is  left  to  itself  in  this  state.  Under  the 
action  of  the  confined  heat  the  coke  contracts  in  bulk, 
and  acquires  a  considerable  degree  of  hardness.  When 
the  charge  of  coke  is  drawn,  the  floor  of  the  kiln  is 
cooled  down  to  such  a  degree  as  that  it  will  not  affect 
the  fresh  charge,  nor  cause  a  partial  distillation  of  those 
portions  in  contact  with  it,  for  the  coal  thus  acted  upon 
would  yield  a  lighter  and  porous  coke.  This  effect  is 
produced  by  means  of  a  winding  or  sinuous  flue  beneath 
the  floor,  as  seen  in  aa,  Fig.  70,  which  terminates  in  the 
chimney,  b,  Fig.  69. 

Many  other  beneficial  modifications  and  improve- 
ments are  introduced  where  large  quantities  of  coke 


Fig.  70. 


are  prepared ;  such  as  collating  several  furnaces  in  a 
range,  by  which  much  loss  in  the  combustion  of  coal 
is  prevented,  owing  to  the  greater  amount  of  heat  re- 
tained by  the  materials  of  the  furnace ;  expedition  in 
charging  and  discharging  the  ovens  before  or  after  the 
distillation ;  and,  notthe  least,  the  prevention  of  nuisances 
by  the  erection  of  tall  chimneys,  which  carry  the  dense 
volumes  of  smoke  evolved  during  the  action  of  the  tire 
high  into  the  atmosphere,  and,  to  a  great  extent,  out  of 
the  range  of  vegetal  and  animal  life.  Several  such 
improvements  may  be  observed  in  the  coke  ovens 
established  at  Camden-Town  for  supplying  the  rail- 
ways, especially  those  of  London  and  Birmingham. 
Fig.  71  exhibits  the  disposition  of  these  furnaces,  of 
which  there  are  eighteen  or  more  in  a  continuous 
row,  and  all  the  volatile  products  are  conducted  by  a 
horizontal  flue  to  a,  tall  chimney,  which  is  placed 
at  one  end  of  the  lino.  Like  some  of  those  already 
described,  the  bed  of  these  furnaces  is  elliptical  in  form, 
the  greater  diameter  being  about  twelve,  and  the  lesser, 
eleven  feet;  the  walls  are  about  three  feet  thick,  being 
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lined  with  refractory  firebrick  or  clay.  The  soles  of 
these  furnaces  are  constructed  of  solid  materials,  well 
compacted,  the  upper  layer  consisting  of  firebricks.  In 


Fig.  71. 


the  front  are  the  openings,  a,  forming  the  charging 
doors,  which  are  three  and  a  half  feet  wide  exteriorly, 
and  about  two  feet  three  quarters  interiorly ;  they  are 
closed  by  cast-iron  plates,  h  k,  five  feet  and  a  quarter  in 
height,  by  four  in  breadth,  to  which  counterpoise  chains 
passing  over  pulleys  are  appended  at  the  upper  ex- 
tremity, and  which  facilitate  the  opening  and  closing 
of  the  door. 

The  draught  of  air  passing  through  the  furnaces,  is 
regulated  by  a  damper  fixed  in  the  horizontal  flue;  and 
to  prevent  smoke  from  issuing  from  the  mouth  of  the 
chimney,  a  quantity  of  air  adequate  to  the  carbonaceous 
gases  is  introduced  into  the  flue,  so  that  the  combustion 
of  those  products  is  effected.  Each  furnace  is  charged 
with  three  and  a  half  to  four  tons  of  coal  spread  over 
the  base.  Fire  is  applied  as  well  at  the  base  as  at  the 
front  door  in  the  first  charge  ;  but  after  this  is  charred, 
and  the  walls  of  the  furnaces  become  heated,  ignition 
is  produced  by  lighting  some  straw  or  brushwood  under 
the  arch  of  the  furnace.  Combustion  proceeds  regu- 
larly till  the  whole  contents  are  at  a  red  heat,  and  the 
entire  volatile  ingredients  expelled.  This  takes  place 
in  about  forty  hours,  at  which  time  the  dampers  are 
closed,  and  the  mass  of  coke  is  left  to  cool  spontane- 
ously, to  render  it  more  compact.  After  cooling,  the 
coked  mass  is  broken,  and  then  drawn  out  by  an  iron 
rake,  the  handle  of  which  moves  on  an  iron  ring  sus- 
pended before  the  opening. 

Such  are  the  forms  of  furnaces  adopted,  and  the 
processes  usually  followed  in  the  manufacture  of  coke, 
but  there  are  many  modifications  according  to  the 
nature  of  the  coal.  Some  of  these  are  calculated  to 
afford  a  larger  product,  whilst  others  are  intended  to 
manufacture  a  purer  coke  than  can  be  done  by  the 
ordinary  method.  The  principle  involved  in  those 
improvements  which  have  in  view  the  increase  of  the 
product,  is  such  an  equalizing  of  the  temperature  as  to 
prevent  the  heat  exercising  an  undue  effect  on  one  por- 
tion of  coals,  whilst  another  ma}'  not  be  fully  charred. 
The  advantage  gained,  however,  even  by  the  most 
careful  management,  does  not,  according  to  the  re- 
searches of  Karsten,  amount,  in  the  case  of  the 
charring  of  coals,  to  more  than  five  or  six  per  cent. 
Generally,  the  quantity  of  coke  which  a  coal  produces 
depends  more  upon  its  atomic  constitution,  and  the 
amount  of  ash  which  it  contains,  than  upon  any  other 


condition ;  and  without  these  data,  it  is  nearly  impos- 
sible to  judge  what  quantity  of  coke  a  coal  will  yield. 
The  analytical  tables,  given  at  pages  80,  81,  and  82, 
will  throw  some  light  upon  the  amount  of  product  from 
many  varieties.  British  coals  usually  average  from 
fifty-four  and  a  quarter  to  about  seventy-three  per  cent. 
American  coals  examined  by  Johnston  yield  about  the 
same  quantities.  In  either  case  the  inorganic  consti- 
tuents, which  take  from  the  heating  effect  of  the  coke, 
are  included  in  the  calculated  amount.  By  deducting 
these  matters  constituting  the  ash  from  the  coke,  and 
comparing  the  principal  combustible  with  the  content 
of  the  original  coal,  the  numbers  will  stand  in  nearly 
the  following  centesimal  proportion  for  the  varieties 
mentioned : — 

Entire  content  of  Pnre  coke  produced 

ctubon  in  coal.  therefrom. 

Sand  coal,   75  to  80    55  to  65 

Sinter  coal,   80  „  85    60  „  70 

Caking  coal,   85  „  90  ....  60  „  80 

Anthracite  sintercoaU  90       „5  .-  85  9i 

sand  coal  J  " 

As  already  intimated,  the  quantity  of  carbon  in  the 
coal  previous  to  charring  is  no  certain  guide  to  the 
estimation  of  the  coke  which  it  will  produce  ;  for  some 
varieties,  very  rich  in  this  element,  but  associated 
with  hydrogen  and  oxygen  to  a  considerable  extent, 
yield  but  a  low  per  centage  of  fixed  matter  after  the 
fire  has  exerted  its  influence  upon  the  mass.  To  arrive 
at  the  knowledge  of  how  much  coke  any  particular 
kind  of  coal  will  afford,  recourse  must  either  be  had  to 
an  accurate  analysis  of  the  substance,  or  a  careful 
observation  of  the  actual  mean  produce  of  a  number  of 
charges. 

The  cost  of  manufacturing  coke  by  the  furnace  sys- 
tem, averages  in  England  about  one  shilling  and  two- 
pence per  ton.  In  Belgium,  the  expense  amounts  to 
about  two  shillings  and  a  penny,  even  when  working 
the  large  furnaces. 

Washing. — Of  the  improvements  for  the  purpose  of 
producing  a  better  quality  of  coke,  the  method  of  wash- 
ing lately  introduced  in  France  deserves  notice.  In  that 
country,  as  well  as  in  Belgium,  the  veins  of  coal  are  inti- 
mately blended  with  shaly  matters  near  the  walls,  or 
intersected  with  such  substances,  which  are  in  some  in- 
stances harder,  though  in  others  more  friable  than  the 
coal.  In  this  state,  it  could  not  be  advantageously 
employed  for  coking;  and,  with  a  view  to  economy, 
it  is  customary  to  assort  the  coal  into  three  classes 
or  qualities.  This  is  done  by  means  of  an  apparatus 
called  a  gai/leterie,  consisting  of  strong  sieves,  upon 
which  a  stream  of  water  falls.  The  largest  pieces, 
called  gaillettes,  about  two  cubic  inches  in  size,  are 
retained  in  the  first  sieve ;  the  gailletins,  or  second 
size,  are  composed  of  pieces  about  one-third  of  a  cubic 
inch ;  and  the  third,  or  tails,  consist  of  fragments 
smaller  than  these.  From  the  first,  the  pieces  of  schist 
may  be  easily  removed  by  picking;  but  the  second, 
in  which  considerable  quantities  of  stones  and  other 
matters  are  retained,  cannot  be  so  purified ;  whilst, 
in  the  third,  or  tails,  all  the  earthy,  pyritous,  and 
other  friable  impurities  accumulate.  M.  Mausilly's 
experiments  showed  that  the  coals  from  the  basins 
of  the  Mons  and  of  Valenciennes,  when  so  treated, 
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and  the  products  converted  into  coke,  gave  a  result 
manifesting  considerable  difference  as  to  quality.  The 
first  selection,  or  gailleterie,  afforded  a  good  coke, 
its  ashes  averaging  from  six  to  seven  per  cent. ;  the 
coke  from  the  next  selection  was  not  so  good,  and 
retained  from  seven  to  eleven  per  cent,  of  mineral 
matters.  The  original  coal,  when  carbonized  without 
any  preparation,  yielded  a  product  intermediate  be- 
tween these.  It  was  inferred  from  such  results  that 
the  substances  which  affect  the  purity  of  the  coal 
are  those  which  are  more  friable,  and  that,  by  a  proper 
course  of  treatment,  they  might  be  concentrated  in  the 
brees  or  final  refuse  of  the  coal.  To  effect  this,  the 
coals  are  subjected  in  some  places  to  a  process  of 
washing,  similar  to  that  followed  in  the  purification  of 
minerals.  In  the  pyritous  coal  localities  of  the  Vosges, 
this  process  has  been  practised  for  a  considerable 
period ;  but  it  was  not  adopted  in  other  collieries  till 
about  1840,  when  it  was  introduced  into  the  coal  dis- 
tricts of  3t.  Etienne  Rive  de  Gier,  and  at  the  Mons 


Fig.  72. 
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and  Valenciennes. 

Fig.  72,  annexed, 
shows  a  side  elevation 
of  a  simple  machine  used 
for  this  purpose ;  and 
Fig.  73  a  plan  of  the 
same.  It  is  a  rectan- 
gular wooden  trough,  di- 
vided into  two  unequal 
compartments  by  a  par- 
tition, A  A,  which  does 
not  extend  to  the  bot- 
tom. In  the  larger  com- 
partment, a  grate,  b  b,  of 
osiers,  iron  wire,  or  per- 
forated zinc,  is  fixed,  and 
upon  this  the  coals  are 
cast.  The  trough  is 
filled  with  water  till  it 
rises  to  the  coals  on  the 


perforated  shelf,  when  the  washing  is  proceeded  with. 
This  is  effected  by  moving  the  piston-rod  attached  to 
a  box,  c,  filling  the  smaller  compartment,  up  and  down 
in  the  water  by  means  of  an  arrangement  of  levers,  D,  as 
seen  in  the  drawings — a  movement  which  has  the  effect 
of  forcing  the  water  higher  in  the  larger  division  of  the 
trough,  and  of  floating  the  lighter  portions  of  the  mate- 
rials, so  as  to  cause  the  schistose  matter  to  gravitate  to 
the  bottom  by  the  motion  produced  by  the  alternate  rise 
and  fall  of  the  water.  When  the  action  has  been  con- 
tinued for  a  sufficient  length  of  time,  the  superior  layer 
of  purified  coal  is  removed  from  the  under  layer  of  im- 
purities. To  render  this  part  of  the  work  less  trouble- 
some, another  perforated  bottom,  F  F,  is  fixed  over 
the  grate,  B  B.  During  the  washing,  the  pyritous 
and  other  matters  fall  through  the  first,  FF,  and  accu- 
mulate upon  the  second  one,  whilst  the  purified  coal 
still  rests  upon  the  former.  Under  favorable  circum- 
stances, three  men  can  work  off  from  twenty  to  twenty- 
five  cubic  yards  of  coal  in  the  space  of  twelve  hours 
by  this  machine.  The  water  is  drawn  off  from  time 
to  time,  and  supplied  by  a  proper  adjustment  of  stop- 
cocks, et  cetera. 


The  apparatus  employed  at  Commentry  for  wash- 
ing the  coal,  is,  on  the  whole,  simpler  than  the  preced- 
ing. Figs.  74  and  75  show  a  plan  and  elevated  section 
of  the  apparatus.  The  pipe,  R  s,  conducts  the  water 
by  the  connecting  pipes,  ttt,  to  the  stages  where  the 
fuel  is  washed,  and  which  are  represented  at  A  B  c  D, 
a'  b'  c' d',  et  cetera.  The  coals  are  deposited  in  the  up- 
per compartment  of  those  beds,  as  at  A  B,  A/  b',  and  when 

Fig.  74. 
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the  water  passes  through,  the  larger  pieces  are  retained 
by  the  gratings  which  divide  these  from  c,  c' ;  while 
those  pieces  which  pass  through  the  openings  of  the 
first  grating  are  retained  in  the  second,  and  so  on,  the 
water  finally  passing  off  by  the  exit  pipe,  E  F.  Several 
other  machines  have  been  tried;  but  the  most  eco- 
nomical seems  to  be  that  of  M.  Berard,  introduced 
about  six  or  eight  years  ago,  and  another  of  a  later 
date,  invented  by  M.  Troehlich. 

Berard's  machine  consists  of  an  elevator,  a  separa- 
tor, and  what  he  terms  bancs  a  lavage.  The  elevator 
is  formed  of  an  endless  chain  of  buckets,  which  lift  a 
certain  quantity  of  the  coals  from  the  pit  or  trough 
where  they  are  deposited.  These  buckets  empty  them- 
selves upon  the  second  part,  or  the  separator.  This  is 
a  long  box  divided  into  compartments  by  perforated 
plates,  the  perforations  of  which  decrease  as  they 
extend  from  the  upper  to  the  lower  part  of  the  box. 
By  a  jigging  or  shaking  motion  given  to  the  whole 
apparatus,  the  lumps  of  coal  are  divided  into  four  sizes, 
whilst  the  shaly  and  pyritous  matters  settle  to  the  bot- 
tom While  effecting  this  assortment  of  the  coal  and 
separation  of  the  sulphur  compounds,  the  same  move- 
ment forces  out  the  several  kinds  of  coal  by  a  side  opening 
into  the  third  part  of  the  machine,  or  the  bancs  a  lavage. 
There  are  likewise  long  rectangular  frames,  nine  feet 
two  inches  in  length  by  four  wide,  provided  with  per- 
forated bottoms,  the  holes  in  which  are  so  small  as  to 
retain  the  pieces  of  coal  thrown  upon  them.  Like  the 
separator,  these  boxes  are  divided  into  compartments, 
and  are  kept  quite  filled  with  water.    In  one  part  works 
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a  piston,  by  which  motion  is  communicated  to  the 
water,  so  as  to  cause  the  material  to  arrange  itself  in 
the  order  of  its  density.  A  current  of  water  made  to 
pass  through  the  box,  carries  ijfic  purified  coal  beyond 
the  box  till  it  falls  into  a  waggon,  in  which  it  is  con- 
veyed to  its  destination ;  the  shaly  matter  which  is  left 
is  likewise  forced  by  the  current  to  a  trap-door,  to 
which  the  bottom  of  the  box  slightly  inclines,  and  is 
thus  removed.  It  is  said  that  by  one  of  these  ma- 
chines, the  cost  of  which  amounts  to  about  four 
hundred  pounds,  and  with  a  daily  supply  of  two 
thousand  gallons  of  water,  not  less  than  one  hun- 
dred and  twenty  to  one  hundred  and  forty  tons  are 
washed  per  day,  at  an  expense  not  exceeding  one 
penny  per  ton. 

Thoeiilich's  machine  consists  of  a  large  circular 
cistern  coopered  in  the  ordinary  way,  and  in  this  a 
wooden  framework,  or  agitator,  is  made  to  revolve  by 
means  of  an  upright  shaft  driven  by  suitable  gearing 
and  steam-power.  The  bottom  of  the  cistern  is  dished, 
and  in  the  centre  is  a  hole  to  which  a  sort  of  cast-iron 
conical  pocket  is  fitted ;  the  lower  end  of  the  latter  is 
shut  by  a  valve,  opening  downwards  into  a  canal  with 
a  bottom  of  wire-gauze.  Immediately  above  the  bottom 
three  pipes  enter  at  equal  distances  from  one  another, 
for  the  purpose  of  supplying  water ;  and,  a  little  above 
the  level  of  these,  at  one  side,  is  a  rectangular  aperture 
provided  with  a  valve,  which  opens  upon  another  canal 
with  a  wire-gauze  bottom.  When  in  operation,  the 
cistern  is  kept  three-quarters  full  of  water,  and  into  this 
the  coals  lifted  by  chain  buckets  or  otherwise  fall 
through  a  hopper.  The  motion  of  the  agitator  causes 
the  fragments  to  describe  curves  of  more  or  less  length, 
and  this  allows  time  for  them  to  arrange  themselves  in 
the  order  of  their  gravity.  Owing  to  the  greater  den- 
sity of  the  schist  and  pyritic  coals,  they  fall  at  once  on 
the  inclined  bottom,  and  thence  through  the  grating 
into  the  pocket  above-mentioned,  which  is  emptied 
from  time  to  time  by  means  of  the  valve.  The  frag- 
ments of  pure  coal  pass  out  by  the  rectangular  opening 
and  fall  upon  the  grating,  which  has  an  oscillating 
motion  given  to  it  that  serves  to  impel  the  fuel  to  a 
waggon  at  the  end,  while  the  water  filters  through  the 
grating.  The  power  of  this  machine  is  said  to  be  such, 
that,  with  a  cistern  nine  feet  ten  inches  in  diameter  and 
depth,  and  a  working  force  of  ten  horses,  two  hun- 
dred tons  of  coal  could  be  washed  in  a  day.  The 
cost  of  such  a  machine  would  be  about  four  hundred 
pounds. 

Four  to  five  per  cent,  of  mineral  ingredients  are  thus 
removed  from  the  coal ;  but  still  the  latter  retains 
about  two  per  cent,  of  foreign  matters,  which,  by  a 
more  careful  mechanical  contrivance,  may  be  re- 
moved. The  coke  from  this  coal,  thoroughly  puri- 
fied, commands  in  France  a  higher  price,  of  about  two 
shillings  per  ton.  Even  for  general  consumption,  the 
purified  coal  is  eagerly  sought,  as  well  for  its  superior 
quality  as  for  its  cheapness ;  because,  where  the  coal 
is  at  a  distance,  the  transport  of  six  to  ten  per  cent,  of 
its  weight  of  useless  material  increases  its  cost  price 
without  adding  to  its  value.  For  many  uses  in  the 
arts,  it  is  of  great  importance  to  have  the  coal,  when 
much  mineral  ingredients  are  contained  in  it,  subjected 


to  a  purifying  process.  This  is  the  more  needed  for  all 
such  operations  as  require  the  use  of  coke,  but  in  an 
unequal  degree.  For  railway  purposes,  the  nature  of 
the  ash  considerably  affects  the  quality  of  the  coke — 
that  is,  when  it  is  apt  to  fuse  and  run  into  a  slag,  as 
then  it  impedes  the  draught,  besides  injuring  the  fur- 
nace bars.  In  iron  smelting,  this  property  of  the  ash 
is  not  of  so  much  consequence;  but  the  presence  of 
sulphur  compounds  is  deleterious,  producing  a  sul- 
phide of  iron  which  runs  into  the  metal,  and  impairs 
its  tenacity.  Of  late  years,  much  pains  have  been 
taken  with  the  view  of  expelling  the  sulphur  from  the 
coke,  not  by  washing,  as  already  pointed  out,  but  by 
the  addition  of  such  ingredients  as  would,  by  inducing 
a  double  decomposition,  liberate  this  element,  or  pro- 
duce compounds  with  it  which  are  decomposed  by  the 
heat.  This  is  the  principle  upon  which  the  patent 
of  Professor  Calvekt  of  Manchester  is  founded.  He 
directs  to  add  a  quantity  of  salt  to  the  coal  in  the 
coking  furnace,  proportionate  to  the  quantity  of  sulphur 
which  the  latter  contains,  so  as  to  expel  the  injuri- 
ous element,  and  thereby  obtain  a  coke  of  a  superior 
quality.  The  decompositions  which  concur  to  produce 
this  effect  are : — the  reduction  of  the  iron  pyrites — 
bisulphide  of  iron — into  sulphur  and  a  protosulphide 
of  the  metal  by  the  action  of  the  carbonizing  tempera- 
ture ;  the  former  of  these  is  expelled,  but  the  latter 
would  remain  in  the  coal  were  it  not  that  the  vapor 
of  the  volatilized  salt,  coming  in  contact  with  it,  in- 
duces a  mutual  decomposition ;  the  chlorine  displaces 
the  sulphur,  the  former  being  assimilated  by  the  alkali 
metal.  The  chloride  of  iron  formed  is  further  re- 
solved into  chlorine  and  a  subsalt,  the  former  of  which 
reacts  upon  the  sulphide  of  sodium,  producing  an  alka- 
line chloride,  as  well  as  chloride  of  sulphur,  which  is 
volatilized.  It  is  thus  that  the  coal  is  said  to  be  puri- 
fied from  sulphur,  or,  at  least,  the  quantity  of  this 
element  reduced  to  a  very  small  amount — even  the 
portion  which  is  left,  being  in  the  state  of  sulphide  of 
sodium,  a  compound  which  is  less  liable  to  decomposi- 
tion than  the  sulphide  of  iron,  and  which  would  be 
found  intact  in  the  slag  of  the  smelting  furnace,  or  in 
the  ash  from  that  of  the  locomotive.  The  coke  manu- 
factured thus,  it  is  said,  evolves  no  sulphurous  acid 
when  taken  from  the  oven ;  neither  is  sulphide  of 
hydrogen  given  off  when  it  is  extinguished  with  water 
in  the  usual  way ;  nor  is  sulphurous  acid  generated  by 
its  combustion  in  the  cupola  or  furnace.  Even  ordi- 
nary coke  may  be  improved  for  the  wants  of  the 
smelter,  by  adding  a  certain  quantity  of  chloride  of 
sodium  in  the  cupola.  The  reaction  which  takes 
place  in  this  case  is  the  same  as  that  previously  ex- 
plained. 

As  already  stated,  it  is  evident  that  coke,  like  the 
coal  itself,  will  exhibit  considerable  difference,  both  in 
the  nature  and  per  centage  of  its  constituents.  A 
glance  at  the  analytical  tables,  submitted  at  page  80, 
will  show  the  causes  of  this  difference.  It  will,  there- 
fore, be  unnecessary  to  transcribe  here  analytical  re- 
sults of  the  composition  of  coke,  further  than  may  be 
sufficient  to  indicate  the  usual  qualities  supplied  to  the 
manufacturer.  Of  these,  nineteen  analyses  are  sub- 
joined : — 
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I. 

II. 

m. 

IT. 

v. 

VI. 

.  vn. 

VIII. 

IX. 

X. 

95-51 
2-85 
1-64 

85-85 
12-07 
2-08 

90-53 
8-46 
1-01 

94-21 
5-10 
0-69 

93-41 
5-80 
0-79 

93-05 
5-37 
1-58 

89-87 
8-35 
1-78 

84-82 
14-40 
0-78 

9G-42 
2-75 
0-83 

97-60 
1-55 
0-85 

100-00 

100-00 

100-00 

100-00 

100-00 

100-00 

100-00 

100-00 

100-00 

100-00 

XL 

XII. 

XIII. 

XIV. 

XV. 

XVI. 

XVII. 

xvm. 

XIX. 

94-08 

92-44 

89-09 

91-16 

93-54 

91-49 

94-31 

94-67 

92-70 

5-04 

G-00 

8-35 

7-65 

5-70 

7-05 

4-97 

4-26 

5-70 

0-88 

1-56 

1-96 

1-19 

0-76 

1-46 

0-72 

1-07 

1-60 

100-00 

100-00 

100-00 

100-00 

100-00 

100  00 

100-00 

100-00 

100-00 

The  heating  qualities  of  coke,  although  easily  inferred 
from  the  per  centage  of  carbon,  will  be  further  con- 
sidered when  the  relative  value  of  different  kinds  of 
fuel  comes  to  be  examined. 

Patent  Fuel. — In  most  of  the  operations  of  coal- 
mining, as  also  in  coking  establishments,  much  refuse 
accumulates  which  is  frequently  very  rich  in  combus- 
tible matter ;  but  owing  to  its  being  in  small  dust  or 
powder,  it  cannot  be  used  in  the  furnace  by  itself.  A 
similar  waste  attends  the  manufacture  of  wood  and 
peat  charcoal,  and  without  the  aid  of  some  cohesive 
matter,  this  considerable  portion  of  the  original  fuel 
becomes  useless. 

Attention  has  for  a  long  time  been  directed  to  the 
means  of  economizing  such  products  in  countries  where 
fossil  fuel  is  scarce,  and  this  has  not  been  confined  to 
the  brees  or  small  refuse  matter  of  the  charcoal  manu- 
factory, but  has  been  extended  to  such  bodies  as  saw- 
dust, wood  shavings,  and  other  combustibles.  In  the 
district  adjoining  the  Caspian  Sea,  where  petroleum 
springs  are  abundant,  the  inhabitants  manufacture  a 
fuel,  by  impregnating  clay  with  the  combustible  fluid ; 
the  clods  are  afterwards  burned  in  an  ordinary  hearth. 
By  the  gradual  evaporation  and  combustion  of  the 
carbides  of  hydrogen,  a  fire  of  considerable  intensity 
results.  Indeed,  the  various  contrivances  which  now 
come  under  the  notice  of  the  chemist,  with  a  view  to 
the  production  of  artificial  fuel,  are  little  more  than  a 
copy  or  counterpart  of  the  method  adopted  by  the 
Orientals  for  solidifying  the  naphtha.  The  Norwegians 
have  long  economized  the  large  quantities  of  sawdust 
which  they  produce,  and  convert  it  into  a  household 
fuel,  by  incorporating  it  with  ordinary  clay  and  a  little 
tar,  and  moulding  the  whole  into  bricks.  Of  late  years 
attempts  have  been  made  in  this  country  to  introduce 
a  similar  practice,  by  parties  who  proposed  to  employ 
sawdust,  brushwood,  shavings,  spent  tanner's  bark, 
and  the  like  substances,  in  the  manufacture  of  fuel 
and  combustible  gases ;  but  hitherto  the  speculation 
has  not  succeeded.  The  principal  ingredients  which 
are  taken  for  the  production  of  artificial  fuel  are  small 
coal  or  slack,  friable  anthracite,  the  refuse  or  brees 
from  charcoal  and  coke  ovens,  and  peat — all  of  which 
are  mixed  with  more  or  less  pitch  tar,  or  refuse  fatty 
bodies.  The  product  of  some  of  these  ingredients  is 
found  in  many  respects  superior  to  natural  fossil  fuel, 
and  may  be  used  where  the  highest  temperatures  are 
required.  For  generating  steam,  a  fuel  carefully  manu- 
factured with  small  or  refuse  coal  and  pitch,  or  sub- 
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stances  of  a  similar  nature,  is  often  preferred  to  ordi- 
nary steam  coal,  as  it  offers  conveniences  for  stowage 
which  coal  does  not,  whilst  its  heating  power  is  equal 
to,  if  not  greater  than,  that  of  the  mineral  fossil. 

In  France,  a  very  fair  quality  of  charcoal  is  prepared 
with  the  refuse  from  the  charcoal  furnaces,  by  mixing 
it  with  other  substances,  such  as  charred  peat,  spent 
tan,  and  the  like,  adding  tar  or  pitch.  The  course 
of  procedure  is  to  grind  the  solid  with  the  fluid 
ingredients  into  a  homogeneous  pasty  mass,  which, 
after  being  moulded  and  dried  in  the  air,  is  sub- 
jected to  heat  in  close  vessels,  and  all  volatile  gases 


expelled.  Fig.  76  represents  the  mill  employed  for 
mixing  the  charcoal,  after  being  reduced  to  coarse 
powder  by  a  preliminary  grinding,  with  the  tar  or  other 
liquid.  It  consists  of  two  fluted  cast-iron  rollers,  A  a', 
connected  with  an  upright  central  shaft,  B,  bearing  a 
mitre-wheel,  c,  which  is  turned  by  a  pinion,  D,  gearing 
into  it.  The  rollers  move  upon  the  bed-plate,  H  H, 
on  which  the  materials  are  laid  and  submitted  to  the 
action  of  the  revolving  masses  till  thoroughly  mixed. 
A  scraper,  o,  follows  the  rollers  in  the  usual  way,  in 
order  to  bring  the  substances  within  their  range,  and 
by  means  of  another,  M,  the  material  is  discharged  at 
the  slide,  f,  into  the  box,  E.  About  six  or  seven 
thousand  gallons  of  the  mixture  are  prepared  by  this 
machine  in  twenty-four  hours,  and  the  force  required 
to  work  it  is  calculated  as  one  horse.  From  seven  to 
nine  gallons  of  the  tar  is  doled  to  about  two  hundred- 
weight of  charcoal  powder. 

After  the  mixture  is  prepared,  the  pasty  mass  is 
moulded  into  appropriate  forms  by  a  machine  such 
as  that  sketched  in  the  annexed  Fig.  77.  By  this 
machine  the  fuel  is  formed  into  quadrangular  or  cir- 
cular masses  by  moulds  into  which  it  is  introduced,  and 
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therein  submitted  to  pressure  by  means  of  a  heavy 
log  or  beam  of  wood,  which  carries  pistons  that  work 

Fig.  77. 


into  those  frames.  In  the  above  figure,  the  beam  is 
represented  by  A  B  moving  on  the  uprights,  G  H,  G  H, 
which  keep  it  in  its  place  by  the  eccentric  motion  com- 
municated to  the  rods,  U,  u ;  a,  b,  c,  d,  e,  indicate 
the  pistons  which  press  the  material  in,  and  discharge 
it  from  the  moulds,  /,/,/,/,/.  Two  women  are  con- 
stantly employed  in  filling  the  moulds ;  and  whilst  the 
one  set  are  being  pressed  and  discharged  by  the  pistons, 
a,  c,  e,  the  others  are  replenished.  When  the  beam, 
A  B,  is  raised,  the  filled  moulds  are  brought  under  the 
pistons  by  a  horizontal  motion  communicated  to  the 
casting,  e  E,  by  the  pinion  and  wheel,  L,  K ;  on  the 
descent  of  the  beam,  these  are  in  turn  discharged,  the 
others  being  filled  in  the  meantime,  and  the  motion  of 
E  E  reversed.  In  this  way  the  operation  of  moulding 
goes  on  without  interruption.  An  equivalent  of  six 
horse-power  is  required  to  work  this  machine,  but  with 
it  one  man  and  four  women  can  produce  about  four 
hundred  and  fifty  bushels  of  the  fuel  in  a  day. 

A  fter  the  moulding,  the  next  operation  to  which  the 
material  is  subjected  is  the  drying,  which  is  merely 
an  exposure  of  from  two  to  three  days  to  a  current  of 
air. 

The  carbonization  of  the  bricks  is  effected  in  a  kind 
of  muffle  furnace,  shown  partly  in  section,  and  partly 
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in  elevation,  in  Fig.  78.  The  muffle  in  this  furnace 
is  about  four  and  a  half  inches  thick  of  refractory 
meterial.    It  is  heated  by  a  fire  at  B,  the  flame  from 


which  circumscribes  the  whole  of  the  muffle.  The 
products  of  combustion  pass  behind  the  muffles  by  the 
channel,  c  D,  but  return  to  the  front  by  the  flue,  E,  and 
ultimately  depart  by  the  openings,  / f,  into  the  sub- 
terranean channels,  g  g,  leading  to  the  chimney  at 
the  back.  The  bricks  or  moulds,  which  are  generally 
four  and  a  half  inches  in  length,  by  one  and  a  half  in 
diameter,  are  packed  in  the  carbonizers,  which  may  be 
sheet-iron  boxes,  H  H  H,  or  cast-iron  cylinders,  in; 
these  are  fixed  on  trncks,  to  facilitate  their  intro- 
duction and  withdrawal  from  the  muffle  by  a  door  in 
front  of  the  case,  lined  with  firebrick  and  refractory 
clay,  which  may  be  opened  and  shut  at  will.  This 
door  is  shown  at  K,  and  when  the  carbonization  is 
proceeding,  all  crevices  in  it  are  carefully  stopped  by 
clay  luting. 

The  first  effect  of  the  heat  is  to  eliminate  moisture 
from  the  charring  mass ;  this  is  followed  by  some 
carbides  of  hydrogen,  all  of  which  escape  from  the 
cylinders  or  boxes  by  small  apertures,  about  the  time 
that  the  cylinders  are  beginning  to  become  red-hot. 
Air  is  then  admitted  cautiously  at  M,  M,  whereby  the 
evolved  gases  are  burned,  giving  out  as  much  heat  as 
is  sufficient  to  complete  the  operation.  By  having  a 
series  of  eight  muffles  and  cylinders,  two  may  be 
charged  every  six  hours,  the  material  being  charred  in 
a  day.  When  no  more  flame  is  observed  in  the  space, 
C,  examined  through  M,  the  workman  knows  that  the 
charring  is  completed,  and  the  cylinders  are  then  with- 
drawn. 

Waste  cuttings,  brushwood,  and  such  materials  as 
could  not  be  employed  in  the  manufacture  of  .ordi- 
nary charcoal,  may  be  carbonized,  and  then  turned  to 
profitable  account  in  the  manner  just  described. 

The  same  principle  is  developed  in  the  manufacture 
of  patent  fuel  from  refuse  coal  or  slack,  and  also  from 
the  waste  matter  of  the  coke  ovens.  In  either  case,  it 
is  necessary  to  mix  them  with  substances  which  will 
give  a  sufficient  consistency  to  the  mass,  to  cause  the 
particles  to  adhere  whilst  coking  or  burning  in  the  open 
or  furnace  grate.  In  selecting  the  cementing  material, 
there  are  some  who  do  not  confine  themselves  to  olea- 
ginous, fatty,  or  tarry  matters,  but  employ  also  loam, 
hydrate  and  sulphate  of  lime,  and  various  other  mineral 
g^l  substances,  whilst  others — and  doubtless  this  is 
U  the  best  course  to  adopt — discard  the  use  of  all 
such  bodies ;  and,  by  a  judicious  admixture  of 
two  varieties  of  coal,  or  by  operating  upon  the 
coal  in  a  particular  way,  cause  it  to  adhere,  and 
so  bring  it  into  such  a  form  as  will  admit  of  its 
being  burned  as  ordinary  fuel,  or  coke.  The 
most  important  of  the  patent  fuels  will  here  be 
alluded  to. 

Wylam  directs,  in  his  patent  for  the  manu- 
facture of  artificial  fuel,  that  small  coal  be  mixed 
with  pitch,  and  the  compound  afterwards  moulded. 
The  proportions  in  which  these  ingredients 
are  taken,  are  four  parts  of  slack  to  one  of 
HHB-  pitch.  By  means  of  edge  stones,  or  other 
machinery,  the  pitch  and  coal  are  ground 
together,  or  otherwise  mixed,  and  the  mass  is  put 
into  a  large  hopper,  from  which  it  passes  into  a  retort. 
This  arrangement  is  seen  in  Fig.  79,  where  M  M 
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are  the  receivers  or  hoppers,  from  which  the  mixture 
is  carried  into  the  retort  by  the  plain  rollers,  rrr, 
moved  by  the  shaft,  n.    By  the  same  agency,  motion 


Fig.  79. 


is  communicated  to  an  Archimedean  screw,  Q,  which 
works  within  the  retort,  and  the  matter  is  discharged 
at  each  revolution  of  the  screw  as  fast  as  it  enters  the 
retort  from  the  hopper.  As  the  retort  is  maintained 
at  a  red  heat  by  the  hot  air  in  the  flue,  T,  the  rhaterial 
becomes  more  or  less  liquefied  during  the  passage  from 
one  end  to  the  other. 

This  pasty  mass  having  fallen'  into  the  receiver,  s, 
is  agitated  by  the  arms,  r  r — Fig.  80-^to  prevent  it 
hardening  into  lumps  be- 
Fig.80.  fore  iris  moulded.  The 

,  moulds,.  B  B,  are  ranged 
upon  a  movable  oval  table, 
A,  to  receive  the  pasty 
mass.  Into  these  moulds, 
rams,  connected  by  pistons, 
v  y,  are  forced,  by  means  of 
the  pressure  exerted  upon 
them  in  the  cylinders,  u  x, 
and  which  are  worked  by 
water.  The  table  is  made 
to  revolve  by  means  of  a  lever,  z,  by  the  motion 
which  the  piston,  y,  communicates  to  it;  and  while 
in  its  revolution  the  filled  boxes  are  conducted  under 
the  rams  of  the  piston,  v,  those  of  y  discharge  the 
formed  masses  into  a  receiver,  where  they  are  further 
impressed  with  the  maker's  name. 

If  the  pitch  be  not  well  distilled,  and  a  portion  of 
the  oleaginous  constituents  are  retained,  the  fuel,  when 
stowed  where  the  temperature  is  somewhat  elevated,  is 
apt  to  ignite  spontaneously,  in  consequence  of  the  evolu- 
tion and  oxidation  of  those  matters.  The  tendency  to 
this  is  always  greater  when  fatty  matters  or  oils  have 
been  used  with  the  small  coal.  Numerous  instances  of 
the  spontaneous  combustion  of  artificial  fuels,  and  even 
of  coals,  have  been  traced  to  this  cause.  Such  a  disaster 
occurring  in  the  hold  of  a  vessel  at  sea,  is  almost  certain 
destruction  to  the  ship. 

To  guard  against  this  danger,  Warlich  heats  his 
patent  fuel,  which  is  prepared  nearly  like  the  foregoing, 
to  a  temperature  of  from  400°  to  000°  Fahr.,  in  order 
to  dispel  all  the  inflammable  ingredients.  By  this 
means  he  produces  a  species  of  coke  which,  even  in 
tropical  climates,  is  quite  safe.  He  mixes  a  little  salt  or 
alum  with  the  combustible  ingredients  before  mould- 
ing, that  too  much  smoke  may  not  be  evolved  during 


Fig.  81. 


/i2 


Fig.  82. 


the  ignition  in  the  grate.  A  longitudinal  section  of  the 
furnace  and  retort  for  heating  and  exhausting  the  fuel 
of  its  more  inflammable  constituents,  is  shown  in  Fig. 
81,  where  A  represents  the  retort,  or  the  chamber 
wherein  the  fuel  is  heated, 
furnished  with  slidiug-doors 
and  rails,  upon  which  the 
carriages  loaded  with  the 
fuel  run.  Caloric  is  com- 
municated to  the  matter  in 
this  chamber  by  means  of 
superheated  air  forced  in 
by  the  openings,  P  P,  from 
the  furnace  beneath.  The 
gaseous  products  are  con- 
veyed by  a  pipe,  B,  and 
dip-pipe,  D,  into  a  main,  E, 
arranged  nearly  in  the  same  manner  as  in  the  manu- 
facture of  coal  gas.  By  means  of  the  exhausting 
apparatus — Fig.  82 — the  volatile  products  are  drawn 
oflV  This  consists  of  two  cylinders,  h  h,  open  at  the 
bottom,  and  working  in  vessels,  I  I,  containing  water. 
The  cylinders  are  con- 
nected by  a  chain  with  the 
beam,  j,  and  this  again 
with  the  connecting-rod,  K, 
by  the  motion  of  which  the 
ends  of  the  former  are  alter- 
nately raised  and  lowered, 
and  consequently  the  cylin- 
ders, hh,  also.  At  each 
elevation,  the  gases  disen- 
gaged flow  from  the  main, 
E,  by  the  branch  pipes,  L  L, 
into  one  or  other  of  these 
cylinders ;  and  as  this  cylinder  is  made  to  descend,  the 
gases  are  forced  out  by  the  pipes,  N  N,  which  dip  into 
the  tank,  o ;  they  are  secured  from  being  driven  back 
into  the  main  by  a  valve,  M  M,  in  connection  with  the 
pipes,  L  L,  which  opens  into  the  cylinders  when  the 
pressure  is  removed,  and  shuts  when  this  is  exerted. 

At  the  expiration  of  six  to  eight  hours  the  operation 
is  finished,  and  a  fresh  charge  is  introduced. 

At  Blanzy,  the  waste  coal  is  worked  into  a  patent 
fuel  in  the  following  manner  : — The  coal  is  screened  or 
purified  from  fragments  of  pyritous  and  shaly  sub- 
tances,  by  placing  the  matter  upon  a  metal  sieve,  fixed 
in  a  large  vat,  communicating  with  a  pump  by  means 
of  a  large  pipe.  When  the  pump  is  worked,  the  water 
is  agitated  in  the  vat,  and  this  agitation  causes  the 
matter  on  the  sieve  to  arrange  itself  in  the  order  of 
its  density,  the  heavier  particles  falling  through  to  the 
bottom  of  the  vat.  The  principle  of  this  washing  pro- 
cess is  precisely  the  same  as  that  represented  in  Figs. 
72  and  73.  After  the  matter  remaining  on  the  sieve 
is  drained,  it  is  removed  and  crushed  between  rollers, 
so  as  to  render  it  more  homogeneous.  The  coal  thus 
crushed  is  mixed  with  seven  or  eight  per  cent,  of  tar, 
and  moulded  into  bricks.  The  apparatus  by  which 
this  is  performed  is  shown  in  Fig.  83,  where  B  repre- 
sents the  furnace  by  which  the  materials  are  heated, 
and  A  the  ashpit.  D  is  an  arch  which  serves  to  de- 
press the  flame,  so  that  it  shall  pass  the  bridge,  E, 
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and  spread  itself  over  an  extended  surface  at  F  F,  for 
the  purpose  of  heating  a  metal  cistern,  m  m,  which 
turns  on  a  pivot,  I,  and  is  moved  by  a  pinion,  r,  work- 
ing into  the  toothed  edges,  H  n,  of  the  cistern.  A  flue 
carries  off  the  smoke  to  the  chimney.  The  coal,  when 
thrown  into  the  furnace,  is  spread  evenly  by  a  rake, 

Fig.  S3. 


k  k,  attached  to  rods,  I  I,  that  pass  through  the  ma- 
sonry of  the  furnace,  and  are  secured  exteriorly  by 
nuts.  A  boiler,  v,  placed  over  the  arch  of  the  furnace 
holds  the  tar  or  pitch  in  a  fluid  state,  and  the  necessary 
proportion  may  be  let  into  the  charge  of  coal  in  the  fur- 
nace by  a  valve,  u',  at  the  bottom,  which 
may  be  closed  at,  pleasure  by  means  of  the 
rod,  u.  From  this  valve  it  flows  along  the 
pipe,  y  y,  which  runs  the  whole  length  of 
the  rakes,  k  k.  In  this  way,  a  comminution 
of  the  tar  and  coal  is  effected ;  and  when 
the  operation  is  judged  to  be  complete,  two 
scrapers  are  lowered,  which  collect  the 
material,  and  as  soon  as  the  cistern  has 
made  about  two-thirds  of  its  revolution,  two 
trap-doors  are  opened,  and  it  falls  into  a 
receptacle,  P  p,  below,  whence  it  is  after- 
wards removed  while  plastic  by  the  door,  Q,  and  pressed 
into  bricks  by  the  hydraulic  machine. 

Several  other  patent  processes  for  solidifying  small 
coal  and  tar  into  a  substance  fit  to  bo  used  as 
fuel,  differ  but  slightly  from  the  foregoing.  The  pro- 
cess of  Mr.  Bessemer  is  considerably  superior  to  any 
of  these,  as  it  enables  proprietors  to  convert  the  vilwle 
of  the  combustible  material  into  first-class  coal,  with- 
out suffering  the  loss  which  is  invariably  attendant 
upon  colliery  operations.  It  consists  in  heating  small 
bituminous  coal  to  a  temperature  at  which  it  fuses, 
and  while  in  this  state  moulding  it  into  convenient 
shapes.  By  this  means,  the  use  of  mineral,  tarry, 
or  oleaginous  cements  are  dispensed  with,  and  a  fuel 
is  produced  nearly  equal  in  heating  qualities  to  the 
round  coal  of  the  working,  and  much  more  convenient 
for  stowage,  from  its  being  in  regular  shapes.  In  this 
operation,  a  series  of  very  ingenious  contrivances  are 
brought  into  requisition,  and  made  to  perform  the  work 
with  admirable  regularity.  The  apparatus  by  which 
these  improvements  are  effected  is  shown  in  the  an- 
nexed engravings— Figs.  84,  85,  and  86.  Fig.  84  is 
a  longitudinal  section  of  the  furnace  and  retort ;  Fig. 
85  a  longitudinal  elevation  of  the  pressing  machinery, 


showing  also  the  end  of  the  furnace;  and  Fig.  86  a 
plan  of  the  pressing  machinery,  with  part  of  the  fur- 
nace and  retort. 

In  Fig.  84,  the  furnace,  a  a,  contains  a  retort,  b  b, 
which  is  represented  broken,  to  indicate  that  it  may  be 
of  larger  dimensions  than  here  shown.  For  conve- 
nience of  erection,  it  should  be  made  of  three  lengths 
united  by  flanges,  and  the  joints  made  tight  by  iron 
cement.  One  end  of  this  retort  projects  from  the  fur- 
nace, and  overhangs  a  part  of  the  pressing  apparatus, 
as  shown  in  Fig.  85.  It  has  a  shelf  or 
partition,  c  c,  extending  nearly  to  its  whole 
length,  and  in  a  tangent  line  with  the 
upper  surface  of  the  polygonal  drums,  e 
and  d.  Over  the  latter,  two  chains  are 
made  to  pass,  which  are  connected  by 
broad  plates  of  iron,  g,  with  flanged  ends, 
which  are  riveted  to  the  single  links  of  the 
chain ;  the  edges  of  the  plates,  g,  which 
project,  are  beveled  so  as  to  form  a 
scraper.  Motion  is  given  to  this  chain 
by  the  drums,  e  cl,  which  have  projections, 
i,  that  fall  into  the  spaces  between  the  binding  plates, 
and  thus  carry  them  round  the  drums.  On  the  upper 
side  of  the  retort  there  is  fixed  a  hopper,  j,  in  the 
lower  part  of  which,  where  the  slack  or  coal-dust  is 
placed,  is  fixed  a  feeding  drum,  k,  with  ribs  or  leaves 


closely  fitting  the  tube  of  the  hopper.  Appended  to 
the  side  of  the  hopper  are  bosses,  in  which  the 
shaft,  n,  of  the  feeding  drum  revolves.  The  action  of 
this  part  of  the  apparatus  is  as  follows : — A  fire  having 
been  lighted  in  the  fireplace,  s,  the  products  of  combus- 
tion pass  under  the  retort,  and  escape  at  the  open  end 
of  the  flue,  s1,  whence  they  may  be  conducted  spirally 
about  a  boiler,  for  the  purpose  of  generating  the  steam 
required  to  work  the  apparatus.  When  the  economy 
of  the  waste  heat  comes  to  be  considered,  it  will  be  pre- 
ferable to  set  the  retort  so  that  the  heat  may  ascend  a 
narrow  space  between  its  sides  and  the  walls  of  the  fur- 
nace. An  enlargement  of  the  fire-chamber  is  shown  at 
s'!,  for  the  purpose  of  transmitting  radiant  heat  to  the 
under  side  of  the  projecting  part  of  the  retort.  The 
temperature  of  the  furnace  having  brought  the  retort  up 
to  a  heat  approaching  redness,  the  feeding  drum  is  put 
in  motion,  when  the  small  coal  or  coal-dust  will  be  de- 
posited upon  the  shelf,  cc;  but  the  motion  of  the  chains 
and  scrapers  will  move  it  along  the  shelf;  and,  as  each 
scraper  comes  in  turn  under  the  feeding  drum,  the  coal 
which  has  fallen  between  each  of  them  will  be  carried 
forward  to  the  right  end  of  the  shelf,  off'  which  it  falls  on 
to  the  lower  and  hotter  part  of  the  retort,  occupying  here 
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as  before  the  space  between  the  scrapers.  It  will  be  ob- 
served that  the  entire  weight  of  the  chains  and  scrapers 
rests  on  the  bottom  of  the  retort,  and  hence,  by  the  con- 
stant passage  of  the  former,  the  coal  is  prevented  from 
sticking  to  it,  and  rendering  its  interior  surface  uneven. 
This  movement  not  only  prevents  the  caking  of  the 
coal  to  the  wall  of  the  retort,  but  it  turns  it  over  repeat- 
edly, thus  presenting  to  the  heated  surface  fresh  portions ; 
the  effect  of  the  heat  is  thus  equalized,  and  the  fuel  is 
conducted  in  a  softened  state  over  the  opening,  /,  in 
the  lower  side  of  the  retort,  and  falls  into  the  receptacle, 
t,  where  it  is  submitted,  in  regular  course,  to  compres- 
sion in  the  apparatus,  represented  in  plan  in  Fig.  86, 
and  in  elevation  in  Fig.  85.    In  these  figures,  A  is  the 

Fig.  83. 


foundation-plate  or  framing  of  the  apparatus.  It  is  a 
sort  of  shallow  box,  having  a  flange  around  its  upper 
edge,  connected  to  the  lower  flange  by  vertical  ribs,  a', 
which  divide  it  externally  into  panels.  Upon  the  flange 
are  bolted  the  plummer-blocks,  B  B,  which  support  the 
crank-shaft,  which  is  made  veiy  strong,  to  withstand 
the  strains  it  is  subjected  to.  The  crank,  d  d,  has  only 
one  throw  formed  on  it,  in  the  centre  of  which  is  at- 
tached, by  a  gib-head,  between  H  H,  the  piston-rod  of  an 
oscillating  steam  cylinder,  which,  with  its  induction  and 
eduction  pipes,  side  valve  and  other  necessary  append- 
ages, may  be  constructed  in  the  usual  way.  This  steam 
cylinder  is  not  shown  in  the  figures,  but  is  placed  with 
its  axis  in  a  line  vertically  over  the  crank-shaft,  and  is 


there  supported  by  trunnions,  working  as  usual  in  plum- 
mer-blocks bolted  to  the  two  frames,  v  v.  In  order  to 
regulate  the  motion  of  the  apparatus,  fly-wheels,  F,  are 
keyed  on  to  each  end  of  the  crank.  A  stout  connect- 
ing-rod, K,  is  made  with  a  double  gib-head,  HH,  to 
receive  motion  from  the  same  crank-throw.  The  other 
end  of  the  connecting-rod,  K,  is  jointed  by  a  gib-head 
and  pin  to  two  lugs,  which  project  from  the  stout 
cross-head,  I ;  the  ends  of  the  cross-head  slide  in 
guides,  T  t,  which  are  secured  by  bolts  to  the  flange 
of  the  bed-plate.  There  are  three  plungers,  L  l  L, 
keyed  into  the  cross-head,  and  working  in  cylinder 
holes  bored  truly  through  the  massive  block  of  iron, 

Fig.  8(5. 


N,  which  is  secured  by  bolts  to  the  bed-piate  by  a 
flange,  and  keyed  up  between  steps  cast  on  the  same. 
The  upper  part  of  the  cylindrical  block,  N,  has  a  large 
opening  made  in  it,  through  the  bottom  of  which  the 
plungers,  M,  move.  Immediately  over  this  opening 
is  the  receptacle,  into  which  the  softened  coal  falls  from 
the  retort.  Another  set  of  plungers,  rrr,  work  in 
the  cylindrical  holes  of  the  block,  N,  at  the  opposite 
end  to  that  occupied  by  M  M  M.  Two  guide-bars 
are  bolted  to  the  flange  of  the  bed-plate,  and  have 
holes  bored  in  them  of  sufficient  size  for  the  plungers, 
R  R  R,  to  work  in.  The  latter  are  made  large  enough 
to  work  through  both  these  guides,  so  that  when  they 


cire  entirely  withdrawn  from  their  respective  cylinders 
in  the  block,  N,  they  will  be  so  guided  as  to  re-enter 
them  withoxit  difficulty.  The  plungers,  rrr,  are 
keyed  to  a  cross-head,  u  u,  on  the  ends  of  which  are 
fitted,  with  gib-heads,  two  long  connecting-rods,  s  s, 
Boon  in  Fig.  86,  the  opposite  ends  of  which  are  likewise 


furnished  with  gib-heads,  and  work  on  crank-pins,  which 
project  from  one  of  the  arms  of  each  fly-wheel.  These 
crank-pins  are  so  placed  with  reference  to  the  central 
crank-throw,  that  the  latter  forms  an  angle  of  45° 
with  them;  that  is,  the  one  is  the  one- eighth  part  of  a 
circle  in  advance  of  the  other,  and  thus  the  action  of 
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their  respective  plungers  will  be  such,  that  they  will 
alternately  approach,  and  recede  from  one  another  at  the 
end  of  their  respective  strokes. 

The  motion  of  the  chain  and  feeding  drum  is  regu- 
lated by  passing  a  strap  over  one  of  the  fly-wheels ; 
this  strap  works  on  the  drum,  F,  on  a  shaft,  m,  which 
carries  a  worm  that  works  upon  the  upper  side  of  a 
wheel,  keyed  on  to  the  shaft  of  the  polygonal  drum,  d, 
Fig.  84 ;  another  worm  works  into  the  lower  side 
of  a  wheel,  keyed  on  to  the  axis  of  the  feeding 
drum.  From  this  description,  the  reader  will  under- 
stand how  the  steam  piston,  acting  upon  its  crank, 
will  put  in  motion  the  whole  apparatus,  and  that  this 
motion  will  be  regulated  by  the  fly-wheels ;  also  the 
manner  in  which  the  cross-heads  will  be  acted  upon  by 
their  respective  connecting  rods,  and  likewise  how  the 
sets  of  plungers,  ill  and  err,  are  made  to  reci- 
procate in  their  respective  ends  of  the  block,  N.  Sup- 
posing the  operation  commences  when  the  crank,  D,  and 
its  connecting-rod  are  in  ahorizontal  position,  and  the 
plungers,  lll,  withdrawn  as  far  as  possible  from  the 
block,  N ;  if  one-eighth  of  the  revolution  be  now  made, 
the  plungers,  L,  will  be  moved  forward  a  little,  and  the 
crank-pins  will  have  risen  to  the  horizontal  level, 
and  brought  the  plungers,  R,  nearer  towards  the  centre 
of  the  block,  N.  Upon  turning  the  crank  an  eighth 
further,  L  will  advance  a  considerable  distance,  being 
at  half  stroke,  and  at  the  same  time  the  plungers,  R, 
will  have  receded  to  their  starting  position.  Here  it 
must  be  observed,  that  the  soft  coal  which  was  carried 
forward  by  the  plungers,  L,  is  compressed  between 
the  opposing  ends  of  the  two  sets  of  plungers.  In 
this  position  of  L  and  R,  there  is  a  small  space  between 
them  where  any  surplus  quantity  of  coal  may  squeeze 
out,  before  it  is  made  to  enter  the  close  part  of  the 
cylinder;  after  which  they  will  approach  a  very  little 
nearer  to  each  other,  and  thus  give  the  final  pressure. 
If  another  eighth  of  a  revolution  is  now  made,  the 
relative  position  of  the  crank  and  crank-pins  will  give 
a  quicker  motion  to  the  plungers,  R,  which  will  com- 
mence receding  from  the  plungers,  L,  and  thus  leave 
no  pressure  on  the  solidified  lump  of  coal.  If  the 
pressure  were  not  thus  relieved,  the  lump  of  coal,  as  it 
merges  from  its  cylindrical  hole  in  the  block,  N,  would 
be  broken,  there  being  no  longer  any  circumferential 
support  for  it.  Another  eighth  of  a  turn  will  complete 
a  single  stroke  of  the  plungers,  L,  and  have  entirely 
expelled  the  block  of  coal,  which  then  falls  down  into 
the  receptacle,  t,  the  plungers,  R,  having  receded  still 
further,  and  allowed  ample  space  for  the  block  of  fuel 
to  fall. 

Another  eighth  of  a  revolution  will  commence  the 
return  stroke  of  the  plungers,  and  by  following  on  in 
the  same  way  until  one  complete  revolution  is  per- 
formed, the  respective  plungers  will  again  have  re- 
sumed their  original  position,  and  be  ready  to  renew 
the  operation. 

If  three  plungers  are  made  use  of,  as  here  represented, 
three  blocks  or  cylinders  of  fuel,  of  equal  length  and 
diameter,  will  be  formed  at  each  complete  stroke  of 
the  engine.  As  there  is  a  tendency  in  the  block  of  fuel 
to  stick  to  the  plungers,  L,  a  detaching  frame  is  placed 
at  the  end  of  the  machine  where  the  blocks  are  expelled. 


This  consists  of  thin  bars  of  iron,  fixed  on  an  axis, 
the  ends  of  which  work  in  lugs  on  the  guide  bar,  uu; 
the  other  ends  of  the  bars  are  connected  by  a  rod, 
and  upon  the  cross-head  there  are  bolted  two  small 
frames,  which  carry  rollers,  upon  which  the  bars  rest. 
When  the  cross-head,  s,  moves  backward,  and  allows 
the  blocks  of  coal  to  be  projected  outwards  by  the 
plungers,  h,  then  the  rollers  will  pass  under  the  inclined 
part  of  the  bars,  and  descend  by  their  own  weight, 
and  the  rod  will  come  in  contact  with  the  blocks  of 
coal,  and  detach  them  from  the  end  of  the  plungers ; 
if  they  should  adhere,  the  reverse  motion  of  the  cross- 
head  will  again  raise  up  the  bars  in  readiness  for  a 
repetition  of  the  process. 

From  what  has  been  before  stated  in  reference  to  the 
softening  process  by  heat,  it  will  have  been  understood 
that  the  coal-dust  may  be  made  to  traverse  the  shelf,  cc, 
where  it  will  receive  a  preparatory  heating,  and  after- 
wards traverse  the  bottom  of  the  retort  so  quickly,  as  to 
produce  such  a  slight  effect  upon  the  bituminous  portion 
of  the  coal,  as  only  to  soften  it  a  little,  and  render  it  fit 
for  the  operation  of  compressing  into  solid  lumps  possess- 
ing the  general  properties  of  the  coal  from  which  it  is 
produced.  One  of  the  objects  for  which  these  opera- 
tions are  performed,  is  to  alter  and  modify  the  composi- 
tion of  the  resulting  fuel,  by  driving  off  certain  of  the 
volatile  constituents  of  the  coal,  and  thereby  rendering 
such  fuel  more  fitted  for  certain  processes  in  the  arts 
than  ordinary  coal.  To  effect  this  object,  the  speed  of 
the  feeding  and  polygonal  drums  may  be  adapted  so  as 
to  subject  the  coal  to  any  assigned  period  of  operation, 
and  the  intensity  of  the  fire  being  also  regulated,  the 
extent  to  which  the  distillatory  process  is  carried  will 
be  under  perfect  control.  The  gaseous  matter  elimi- 
nated from  the  coal,  as  it  traverses  the  hottest  part  of 
the  retort,  over  the  fire-plate,  s,  will  have  to  pass  over 
the  surface  of  the  coal  which  is  advancing  in  that  direc- 
tion, and  help  to  heat  it,  while  it  also  assists  in  trans- 
mitting caloric  to  the  under  side  of  the  shelf,  c  c.  Hav- 
ing contributed  in  this  way  to  heat  the  materials,  it 
ascends  through  an  opening  at  the  end  of  the  furnace, 
and  passes  along  over  the  coal-dust  spread  upon  the 
shelf,  and  farther  assists  in  heating  it,  and  finally  makes 
its  escape  through  the  pipe,  x. 

This  pipe  should  have  an  elbow  descending  in  the 
manner  usually  adopted  in  gas-works,  and  known  as  the 
hydraulic  main.  Tn  this  vessel  the  liquefiable  portion 
of  the  volatile  matters  will  be  condensed,  and  the  gas 
may  be  passed  to  a  gasometer,  where  it  may  be  stored 
for  use.  The  fuel  resulting  from  this  partial  distillatory 
process  will  he  found  to  be  less  fusible  in  the  furnace 
than  ordinary  raw  coal,  and  consequently  the  caking  in 
the  furnace  will  be  prevented.  To  divest  the  coal  of 
as  much  of  the  volatile  gases  at  as  low  a  temperature 
as  possible,  an  air-pump,  constructed  in  the  manner 
generally  employed  for  exhausting  sugar  vacuum  pans, 
is  used.  The  pump  is  connected  with  the  pipe,  x,  and 
by  the  application  of  steam  or  other  motive  power,  the 
retort  is  kept  in  a  state  of  exhaustion,  which  should,  if 
possible,  be  equal  to  twenty-four  or  twenty-five  inches 
of  mercury  in  the  barometer. 

By  this  exhaustion,  the  liberation  of  the  volatile  gases 
from  the  cells  and  interstices  of  the  fuel  is  facilitated, 
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and  the  residuary  matter  is  rendered  much  more  dense 
and  compact  when  subsequently  pressed.  When  the 
air-pump  is  used,  the  eduction  valve  must  be  made  to 
communicate  with  the  hydraulic  main,  so  that  the 
gaseous  matters  pumped  out  may  pass  off  into  the  gaso- 
meter. Instead  of  applying  fire  directly  to  the  under 
side  of  the  retort,  as  shown  in  Fig.  84,  superheated 
steam  may  be  used  for  softening  the  fuel.  When  this 
plan  is  adopted,  a  set  of  cast-iron  pipes  are  arranged  in 
a  furnace  in  the  same  way  as  is  now  commonly  used  for 
heating  air  and  steam  for  blast  and  other  purposes. 
Into  one  end  of  this  series  of  heating  pipes,  the  waste 
steam  of  the  engine  is  allowed  to  pass,  and  the  pipes 
being  kept  at  a  red  heat,  the  steam  will  acquire  a 
very  high  temperature,  and  in  this  state  is  to  be  supplied 
to  the  interior  of  the  retort,  to  soften  the  coal.  The 
retort,  which  may  be  constructed  as  already  described, 
will  not,  in  the  event  of  steam  being  used,  require  any 
flue  beneath  it  or  fireplace,  but  it  ought  to  be  enveloped 
in  brickwork,  or  some  other  non-conducting  material, 
in  order  to  retain  the  heat  as  much  as  possible.  The 
steam-pipe  should  open  into  the  retort  at  the  hopper, 
t,  the  outlet  for  the  waste  vapor  and  gases  being  the 
pipe,  x,  leading  to  the  hydraulic  main  and  gasometer. 

Besides  these,  several  other  patents  have  been  ob- 
tained for  the  manufacture  of  patent  fuel  from  waste 
combustible  materials,  many  of  which  are  but  of  little 
interest. 

Analysis  op  Fuels. — Having  explained,  in  the 
preceding  pages,  the  nature  of  the  more  commonly 
occurring  fuels,  as  well  as  the  processes  by  which  cer- 
tain varieties  of  them  are  prepared,  to  render  them 
better  suited  for  particular  uses,  it  remains  only  to 
describe  briefly  the  methods  of  analysis  which  are 
usually  followed  when  determining  their  constituents, 
and  indicate  the  way  by  which  their  value,  in  point 
of  heating  effect  and  practical  working  in  the  furnace, 
may  be  arrived  at. 

There  are  various  processes  whereby  the  composi- 
tion of  wood,  charcoal,  et  cetera,  may  be  found.  Many 
of  these  are  so  simple,  that  any  person  having  only  a 
partial  knowledge  of  chemical  manipulation,  can  con- 
duct them  with  sufficient  accuracy;  several,  on  the 
contrary,  require  the  experience  of  the  advanced 
analyst  to  insure  success.  The  examination,  with  re- 
ference to  the  quantities  of  carbonaceous  and  mineral 
matters,  may  be  made  by  simply  burning  a  weighed 
portion  of  the  fuel  in  a  tared  crucible  of  platinum  or 
porcelain  till  all  blackness  disappears,  and  only  the 
white  or  brownish  ash  remains.  The  difference  be- 
tween the  weight  of  the  latter  and  that  of  the  original 
substance,  will  give  the  proportion  of  combustible  ingre- 
dients. But  before  an  estimate  of  the  value  of  a  fuel 
can  be  formed,  something  more  than  the  preceding 
is  necessary ;  and  this  will  bo  evident  from  the  con- 
sideration of  its  different  applications  in  the  arts  and 
manufactures.  For  instance,  the  charcoal  or  coke 
manufacturer  is  chiefly  interested  in  the  quantity  of 
carbon  which  he  can  retain  after  modifying  the  wood, 
peat,  or  coal,  by  the  action  of  heat;  he  has  little  regard 
to  the  quantity  of  volatile  or  liquid  products  which  can 
be  generated  from  them.  The  gas-maker,  on  the  con- 
trary, is  mainly  desirous  to  secure  such  materials  as 


will  yield  the  largest  volume  of  gas,  whereas  the  liquid 
products  of  the  distillation,  and  the  coke,  engage  only 
a  secondary  part  of  his  attention. 

To  find  in  the  simplest  and  readiest  way  whether  a 
fuel,  such  as  coal,  is  best  adapted  for  one  or  other  of 
these  applications,  it  is  necessary,  in  the  first  place,  to 
dry  the  weighed  sample  thoroughly,  and  to  find,  by 
again  weighing  it  after  desiccation,  how  much  moisture 
it  contained.  The  heat  of  a  water-bath  will  serve  for 
this  purpose,  but  an  air  or  oil-bath  kept  at  a  tempera- 
ture of  about  300°  will  answer  better.  Having  deter- 
mined the  quantity  of  water,  the  weighed  sample  must 
next  be  subjected  to  a  full  red  heat  in  a  crucible  care- 
fully covered  to  exclude  the  air;  and,  for  greater 
security,  the  latter  is  placed  in  a  Hessian  crucible,  also 
covered,  and  containing  calcined  magnesia.  The  whole 
is  then  introduced  into  the  furnace.  The  magnesia 
serves  as  a  support  for  the  crucible  containing  the 
substance  to  be  examined,  as  well  as  to  prevent  contact 
with  the  outer  vessel.  The  fire  is  raised  to  bright 
redness,  and  after  being  maintained  at  this  temperature 
for  an  hour,  the  vessels  are  withdrawn  from  the  fire, 
and  the  enclosed  crucible  taken  out,  wiped  clean,  and 
weighed.  The  loss  which  appears  on  weighing  will 
represent  the  liquid  and  gaseous  matters  present,  and 
the  residue  the  coke  or  charcoal  which  the  sample 
yields.  If  the  per  centage  of  mineral  matters  be 
already  found,  the  quantity  of  carbon  in  the  coke  is 
estimated  by  deducting  this  per  centage  from  that  of 
the  total  amount  of  coke ;  but  if  the  proportion  of  ash 
has  not  been  ascertained,  the  crucible  containing  the 
coke  is  heated  over  a  gas-lamp  or  in  the  muffle  of  a 
furnace,  so  arranged  that  a  current  of  air  shall  circulate 
through  it,  till  all  the  charcoal  is  consumed. 

In  this  way,  the  quantity  of  moisture,  of  volatile 
matter — consisting  of  permanent  gases  and  liquids — of 
coke,  and  of  ash,  which  a  fuel  yields,  is  ascertained ; 
and  from  them  an  average  inference  as  to  the  value  of 
the  substance  for  the  production  of  coke  may  be  de- 
duced, though  not  for  gas-making,  because  it  leaves 
doubtful  how  much  of  the  volatile  matter  consists  of 
inflammable  gases,  and  how  much  of  fluid  products. 
When  a  very  exact  knowledge  of  a  fuel  is  required, 
nothing  short  of  an  elementary  analysis  can  be  satisfac- 
tory ;  and  this  must  be  coupled  with  another,  showing 
the  quantities  of  the  different  products  derived  from 
the  fuel,  when  acted  upon  by  heat,  out  of  contact  with 
air.  Even  both  these  fail  in  some  cases  to  give  the 
information  required  in  relation  to  many  applications 
of  the  combustible. 

By  an  elementary  analysis,  is  understood  the  deter- 
mination of  the  simple  elements  of  matter  entering  into 
the  composition  of  a  substance.  To  enter  fully  into 
the  particulars  of  such  an  analysis  would  rather  con- 
fuse than  enlighten  the  reader  who  may  not  be  conver- 
sant with  analytical  chemistry,  and  those  who  are 
practised  in  organic  analysis  do  not  require  a  detailed 
description.  A  mere  outline  of  the  process  will,  there- 
fore, be  given.  The  first  thing  to  be  done  is  to  rasp 
or  abrade  a  portion  of  the  substance  into  as  fine  a 
powder  as  possible.  A  certain  weight  of  this  powder 
is  then  to  be  desiccated  either  in  the  water-bath  or 
over  sulphuric  acid  in  an  exhausted  receiver,  or  by 
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passing  over  it  dry  air  partially  heated.  The  loss  in 
either  case  will  indicate  the  moisture  it  had  contained. 
About  ten  grains  of  the  dried  matter  are  then  taken, 
and  intimately  mixed  with  eight  or  ten  times  the  quan- 
tity of  chromate  of  lead  or  oxide  of  copper  in  a  heated 
mortar,  and  immediately  introduced  into  a  dry  combus- 
tion tube  of  hard  German  glass.  Care  must  be  taken 
that  the  oxidizing  agent,  whether  it  be  chromate  of 
lead  or  oxide  of  copper,  be  subjected  to  a  red  heat 
immediately  before  its  admixture  with  the  combustible, 
to  insure  the  absence  of  water ;  also,  that  twenty  or 
thirty  grains  of  dry  chlorate  of  potassa  are  put  into 
the  inner  part  of  the  combustion  tube,  and  an  inch 
or  two  of  the  oxidizing  agent,  before  the  substance 
to  be  examined.  Having  rinsed  the  mortar  with  a 
fresh  portion  of  the  chromate  or  oxide,  and  added  this 
to  that  in  the  tube,  the  latter  is  tapped  in  a  horizontal 
position  on  the  table,  in  order  to  form  a  channel  in  the 
upper  part  for  the  gases  and  vapors  to  flow  over.  A 
few  fragments  of  copper  turnings  are  placed  in  the  front 
part  of  the  tube,  and  then  a  little  asbestos.  Having 
introduced  these,  the  mouth  ofthe  tube  is  secured  by  a 
cork  fitted  with  a  small  piece  of  tubing  for  connecting 
it  with  a  poised  chloride  of  calcium  tube,  in  which  to 
intercept  the  water  generated  during  the  combustion. 
To  the  latter,  another  tube  filled  with  a  solution  of  caustic 
potassa,  specific  gravity  1-2G,  and  commonly  known  as  a 
Liedig's  apparatus,  also  previously  balanced,  is  joined 
by  moans  of  a  caoutchouc  connector.  The  success  of 
the  experiment  will  very  much  depend  on  the  connec- 
tions of  the  various  parts  being  quite  secure.  During 
the  fitting  of  these  parts,  the  tube  may  be  placed  in  the 
combustion  furnace.  As  soon  as  the  several  parts  are 
carefully  adjusted,  a  few  fragments  of  ignited  charcoal 
may  be  laid  on  the  sealed  end  of  the  tube  containing  the 
chlorate  of  potassa,  and  after  the  air  of  the  apparatus 
is  replaced  by  oxygen,  the  combustion  is  commenced 
by  applying  red-hot  charcoal  to  the  front  of  the  tube. 
Care  must  bo  taken  that  the  development  of  gas  be  not 
too  rapid,  as  in  this  case  portions  may  escape  absorp- 
tion ;  neither,  on  the  other  hand,  must  it  be  too  slow, 
lest  a  vacuum  be  formed  in  the  combustion  tube,  caus- 
ing a  reflux  of  the  solution  of  potassa,  which  would  bo 
fatal  to  the  experiment.  A  steady  even  stream  is 
kept  up  by  extending  the  ignited  charcoal  to  fresh 
parts  of  the  tube  as  the  evolution  begins  to  slacken. 
After  that  part  of  it  containing  the  combustible  has 
been  brought  to  a  red  heat,  and  no  more  gas  is  evolved, 
the  fire  is  applied  gently  to  the  part  containing  the 
chlorate  of  potassa,  so  as  to  produce  a  gradual  stream 
of  oxygen  gas,  the  combustion  tube  being  still  kept  at 
a  red  heat.  This  has  the  effect  of  forcing  over  into 
the  absorbing  apparatus  any  carbonic  acid  and  aqueous 
vapor  which  may  remain,  and  at  the  same  time  insure 
the  entire  combustion  of  any  particles  of  charcoal  that 
may  not  have  been  exposed  to  the  full  heat.  Finally, 
the  closed  point  of  the  tube  is  broken,  and  a  U-shaped 
tube  containing  fragments  of  pumice-stone,  saturated 
with  sulphuric  acid  in  one  limb,  and  pieces  of  hydrate 
of  potassa  in  the  other,  is  connected  with  it ;  suction  is 
then  applied  at  the  open  limb  of  the  potassa  apparatus, 
to  draw  over  all  carbonic  acid  and  moisture ;  after 
which  the  chloride  of  calcium  tube  and  bulbs  are 


detached  and  reweighed,  and  the  increase  in  each  case 
noted  carefully,  as  from  this  the  carbon  and  hydrogen 
of  the  substance  is  calculated. 

The  calculation  is  founded  upon  the  data  afforded  by 
the  composition  of  water  and  carbonic  acid — namely, 
that  nine  parts  of  the  former  contain  exactly  one  of 
hydrogen,  and  twenty-two  parts  of  the  latter  six 
parts  of  carbon.  All  the  water  resulting  from  the 
combustion  of  the  hydrogen  with  the  chromate  of 
lead,  ei  cetera,  is  retained  in  the  chloride  of  calcium 
tube,  and  the  whole  of  the  carbonic  acid,  generated 
under  similar  circumstances,  is  absorbed  in  the  bulbs ; 
hence,  when  due  care  has  been  exercised,  the  results 
are  very  accurate.  Sometimes  a  second  chloride  of 
calcium  tube  is  attached  to  the  apparatus  for  absorbing 
the  carbonic  acid,  when  the  amount  of  nitrogen  in  the 
sample  is  appreciable,  with  the  view  of  arresting  the 
aqueous  vapor  which  this  non-condensable  gas  carries 
with  it  from  the  potassa  liquor.  It  will  be  evident, 
indeed,  that,  in  almost  all  cases,  this  precaution  ought 
to  be  adopted ;  for  even  when  no  nitrogen  is  contained 
in  a  substance  submitted  to  organic  analysis,  the  air 
drawn  over  at  the  termination  of  the  combustion  be- 
comes loaded  with  moisture  in  passing  through  the 
bulbs,  and  so  far  the  weight  of  the  latter  is  reduced,  on 
which  account  the  amount  of  carbon  found  is  less  than 
the  true  quantity ;  but  by  attaching  a  second  chloride 
of  calcium  tube,  filled  with  fragments  of  this  salt  after 
being  fused,  and  which  should  be  weighed  before  and 
after  the  operation,  and  adding  the  gain  to  that  of  the 
bulbs,  this  error  may  be  prevented. 

Instead  of  compounding  the  substance  with  a  solid 
oxidizing  agent  as  in  the  manner  described,  it  may  be 
introduced  at  onee,  provided  it  has  been  previously 
dried,  into  the  combustion  tube  in  a  tolerably  coarse 
state,  and  a  stream  of  pure  dry  oxygen  gas  passed  over 
it.  The  tube  should  be  open  at  both  ends,  one  of 
which  is  to  be  put  in  connection  with  the  reservoir  of 
oxygen,  and  the  other  attached  to  the  usual  absorbing 
media.  It  is  necessary  that  the  oxj'gen  be  entirely 
free  from  carbonic  acid  and  moisture,  and  for  the  greater 
safety  it  should  be  transmitted  through  a  U-tube,  hold- 
ing in  one  limb  fragments  of  fused  chloride  of  calcium, 
and  in  the  other  pieces  of  solid  potassa,  before  entering 
the  combustion  tube.  In  this  process  it  is  absolutely 
essential  that  the  potassa  apparatus  should  have  a  chlo- 
ride of  calcium  tube  connected  with  its  escaping  limb, 
otherwise  the  excess  of  oxygen  would  cany  with  it  con- 
siderable quantities  of  aqueous  vapor,  and  so  reduce  the 
indication  from  which  the  carbon  is  to  be  calculated. 
Connection  of  the  several  parts  being  made,  a  gentle 
stream  from  the  reservoir  is  allowed  to  flow  through 
till  all  the  air  is  displaced.  As  soon  as  this  happens, 
heat  is  applied  to  the  tube  by  placing  incandescent 
charcoal  around  it  in  the  usual  progressive  way,  the 
current  ot  oxygen  being  still  maintained,  till  it  assumes 
a  red  heat,  or  nearly  so,  and  it  is  kept  in  this  state  till 
all  the  carbonaceous  matter  of  the  substance  operated 
upon  is  consumed.  Gas  may  be  very  advantageously 
substituted  for  charcoal  in  conducting  an  operation  of 
this  kind.  When  all  combustible  matter  is  eradicated 
from  the  tube,  the  fire  is  slackened,  and  the  current  of 
oxygen  maintained  for  a  short  time.    The  parts  for 
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absorbing  the  water  and  carbonic  acid  eliminated 
during  the  foregoing  process  are  detached,  wiped, 
and  balanced,  as  already  detailed,  and  the  hydrogen 
and  oxygen  are  calculated  from  their  augmentation  in 
weight. 

To  estimate  the  nitrogen,  a  second  combustion  is  in 
some  cases  requisite.  When  the  quantity  is  ascertained 
volumetrically,  the  work  may  be  accomplished  at  one 
combustion,  by  establishing  a  connection  between  those 
parts  in  which  the  hydrogen  and  carbon  are  retained 
as  water  and  carbonic  acid,  and  an  apparatus  for  mea- 
suring the  gas.  A  long  combustion  tube  is  required 
in  this  instance,  so  as  to  admit  of  a  few  inches  of  it 
being  filled  with  copper  turnings,  to  decompose  any 
binoxide  of  nitrogen  which  may  be  produced  during 
the  action  of  the  heat.  The  nitrogen  traverses  the 
chloride  of  calcium  tubes  as  well  as  the  potassa  bulbs, 
and  finally  enters  the  graduated  tube,  and  displaces  the 
mercury  with  which  it  is  filled.  "When  the  operation 
is  finished,  some  oxygen  is  generated  from  the  chro- 
mate  of  potassa,  in  order  to  force  over  all  the  nitrogen 
and  other  gases  remaining  in  the  apparatus.  A  portion 
of  this  oxygen  enters  the  graduated  jar  or  tube,  and 
must  be  removed  before  reading  off  the  volume  of  nitro- 
gen. For  this  purpose,  after  reading  off  the  volume  of 
mixed  gases,  a  quantity  of  hydrogen  equal  in  bulk  to 
this  mixture  should  be  added,  and  as  soon  as  diffused  a 
measured  portion  should  be  transferred  into  an  eudio- 
meter, and  exploded  by  the  electric  spark.  By  noting 
the  reduction  in  the  portion  taken,  the  quantity  or 
volume  of  oxygen  in  the  whole  may  be  ascertained, 
from  the  knowledge  that  one-third  of  the  decrease  is 
oxygen.  Deducting  the  volume  of  oxygen  thus  found 
from  that  of  the  mixed  bulk  of  oxygen  and  nitrogen, 
the  remainder  will  be  the  volume  of  the  latter  in  the 
portion  of  the  substance  submitted  to  combustion,  and 
from  which  the  weight  is  deduced,  since,  at  a  barometric 
pressure  of  thirty  inches  and  a  temperature  of  60°,  the 
weight  of  one  hundred  cubic  inches  of  nitrogen  is 
29-2914  grains. 

Will  and  Varrentrap's  method  is  a  considerable 
improvement  upon  the  system  of  analysis  pursued  in 
the  determination  of  nitrogen,  inasmuch  as  it  dispenses 
with  the  use  of  mercurial  troughs,  graduated  measures, 
barometers,  thermometers,  et  cetera;  it  is  besides  much 
simpler  and  less  laborious,  for  whilst  numerous  correc- 
tions have  to  be  made  for  temperature,  pressure,  and 
the  like  in  the  old  process,  by  this  the  work  is  most 
accurately  performed  by  simply  weighing.  It  is  based 
upon  the  property  which  the  fixed  alkalies  have,  of 
converting  nitrogen,  in  whatever  state  it  is  contained 
in  a  substance,  into  ammonia,  when  aided  by  heat. 
The  ammonia  is  fixed  by  an  acid — generally  hydro- 
chloric— and  subsequently  in  the  form  of  ammonio- 
chloride  of  platinum,  which  is  collected,  dried,  and 
weighed,  and  the  nitrogen  calculated  therefrom;  222 -5 
parts  of  the  salt  representing  fourteen  parts  of  the 
gas. 

The  agent  used  for  the  conversion  of  the  nitrogen  into 
ammonia  is  soda-lime,  which  is  prepared  by  slaking 
caustic  lime  with  a  concentrated  solution  of  hydrate  of 
soda.  The  compound  should  be  thoroughly  dried,  and 
kept  in  well-stoppered  bottles.    In  the  cold  it  docs  not 
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act  upon  the  nitrogenous  element  of  the  substance  to 
be  analysed,  and,  therefore,  both  bodies  may  be  mixed 
in  a  mortar,  provided  they  are  thoroughly  dry,  without 
any  fear  of  ammonia  being  disengaged  or  loss  occa- 
sioned. The  ordinary  combustion  tube  answers  the 
purpose,  and  the  course  to  be  pursued  is  the  same  as 
that  already  mentioned  for  mixing  the  ingredients  and 
heating,  et  cetera.  The  details  of  the  estimation 
of  the  ammonia,  quantitatively,  have  been  already- 
stated  at  page  198,  Vol.  I.,  to  which  the  reader  is 
referred. 

The  modification  of  this  process,  introduced  by 
Ullgren,  may  be  advantageously  noticed  here.  The 
combustion  with  the  soda-lime  is  essentially  the  same 
in  this  as  in  the  preceding  operation;  the  only  dif- 
ference lies  in  the  manner  of  condensing  the  ammonia 
adopted  by  this  chemist.  Fig.  87  represents  the  form 
of  apparatus  employed.  In  this  cut,  A  and  B  are  two 
U-shaped  tubes,  in  the  first  of  which  the  connector 
from  the  combustion  tube  opens;  the  upper  portion  of 
the  first  limb  of  the  part  A  is  charged  with  a  plug  of 
asbestos,  a,  and  in  the  remainder,  b,  small  pieces  of 
hydrate  of  potassa  are  < 
placed  ;  fragments  of 
glass  occupy  the  bend, 

c,  and  the  second  limb, 

d,  is  filled  with  little 
lumps  of  caoutchouc. 
A  tube,  e,  bent  at  right 
angles,  and  passing- 
through  perforated  air- 
tight corks,  connects  A 
with  B,  which  is  filled  with  dry  sulphate  of  zinc,  and 
which  should  be  accurately  weighed  before  the  experi- 
ment. The  asbestos  in  the  portion  a  prevents  solid 
particles  from  passing  by  the  force  of  the  vapor  upon 
the  potassa ;  the  latter  absorbs  the  carbonic  acid  and 
water,  leaving  the  ammoniacal  vapor  and  hydrocarbon 
gases  to  traverse  further;  the  pieces  of  caoutchouc 
take  up  the  combustible  products,  so  that  only  the 
ammonia  enters  the  tube  B,  where  it  is  completely 
absorbed  by  the  zinc  salt.  To  insure  accuracy  in  this 
operation,  it  is  directed  that  the  part  A  be  immersed 
in  water  marking  170°  before  and  after  the  experiment, 
so  that  any  ammoniacal  vapors  contained  in  it  may  be 
driven  over  to  B. 

By  weighing  the  tube  B  after  the  whole  of  the 
volatile  alkali  has  been  taken  up,  the  increase  of 
weight  will  show  the  quantity  of  ammonia  produced, 
and  from  this  the  nitrogen  is  found,  for  seventeen  parts 
by  weight  of  the  dry  ammoniacal  gas  represent  four- 
teen of  nitrogen. 

Having,  by  one  or  other  of  these  processes,  arrived 
at  the  knowledge  of  the  quantity  of  carbon,  hydrogen, 
and  nitrogen  contained  in  the  fuel,  the  oxygen,  if  any, 
will  bo  the  difference  between  the  combined  weight  of 
the  three,  and  that  of  the  entire  organic  or  combustible 
matter.  Sometimes,  however,  it  is  necessary  to  con- 
sider the  sulphur  in  the  analysis  of  coals,  when  this 
clement  is  present  in  appreciable  quantity;  because, 
during  the  combustion  of  the  substance  in  the  air,  it 
becomes  oxidized,  and  passes  off  with  the  carbonic 
acid  and  water  as  sulphurous  acid.    Its  quantity  may 
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be  determined  by  deflagrating  a  known  weight  of  the 
coal  with  about  two  parts  of  nitre,  and  eight  or  ten  of 
chloride  of  sodium,  care  being  token  that  both  com- 
pounds be  free  from  sulphuric  acid;  the  sulphur  is  by 
this  means  oxidized  into  sulphuric  acid,  which  becomes 
fixed  by  combining  with  the  base  of  the  nitre.  By 
washing  the  mass  with  water,  precipitating  the  acidified 
solution  by  chloride  of  barium,  collecting  the  sulphate 
of  baryta,  and  drying,  burning,  and  weighing  the  latter, 
the  quantity  of  sulphur  may  be  calculated.  About 
five-eighths  of  the  portion  of  sulphur  should  be  de- 
ducted from  the  oxygen  or  loss  expressed  in  the  fore- 
going, and  the  difference  taken  as  the  true  value  of  the 
oxygen  contained  in  the  compound. 

Although  the  ultimate  analysis  gives  a  comprehensive 
insight  into  the  nature  of  a  fuel,  and  likewise  a  means 
of  finding  its  heating  power  theoretically;  still  it  leaves 
much  to  be  desired  in  practice  to  enable  one  to  form 
a  correct  estimate  of  its  actual  heating  effect  in  manu- 
facturing operations.  Many  circumstances  concur  to 
render  the  amount  of  work  which  a  given  quantity  of 
fuel  will  perform,  less  than  theory  indicates — the  prin- 
cipal cause  of  the  discrepancy  being  the  want  of  such 
an  arrangement  of  furnaces,  as  that  the  whole  of  the 
caloric  shoidd  be  directed  to,  and  actually  enter  into, 
the  performance  of  the  work  to  be  done.  This  is  a 
desideratum  which  can  scarcely  be  expected  to  be 
attained  in  so  complete  a  manner  as  to  yield  practi- 
cal results,  agreeing  exactly  with  calculations  founded 
on  the  nature  of  the  fuel;  the  closer,  however,  that 
one  can  approach  to  this  standard  the  greater  will 
be  the  economy  realized,  and  the  nearer  will  the 
practical  results  coincide  with  the  deductions  of 
theory. 

To  arrive  at  an  exact  knowledge  of  the  actual 
quantity  of  heat  which  a  fuel  ought  to  produce  by 
combustion  is  impossible,  no  means  being  at  hand  for 
insuring  definiteness  to  the  result;  but  when,  as  in  the 
determination  of  the  atomic  equivalent  of  a  body,  an 
arbitrary  standard  is  taken,  and  the  quantity  of  heat 
which  other  bodies  produce  is  estimated  with  relation 
to  such  a  standard,  a  comparative  measurement  is 
arrived  at,  which,  though  not  expressing  the  absolute 
amount  of  heat  produced,  serves  all  the  requirements 
of  the  arts.  The  arbitrary  standard  assumed,  is  the 
quantity  of  the  fuel  required  to  raise  the  temperature 
of  a  given  weight  of  water  a  certain  number  of  de- 
grees, or  the  quantity  of  water  which  a  given  weight 
of  the  fuel  or  combustible  will  raise  one  degree. 
This  amount,  whatever  it  may  be,  is  taken  as  the 
unit  of  heating  power,  and  the  number  of  such 
units,  or  the  fractions  thereof,  which  an  equal  weight 
of  any  particular  fuel  indicates  by  experiment,  is 
taken  as  the  heating  or  calorific  power  of  that  com- 
bustible. 

Estimation  of  Heating  Powek.— Several  in- 
vestigators have  bestowed  considerable  attention  upon 
the  subject  of  the  quantity  of  caloric  developed  by  the 
combustion  of  different  substances.  Lavoisier,  La- 
place, and  Rumford,  were  the  first  to  enter  this  field, 
and  the  research  has  been  prosecuted  with  increasing 
success  by  several  others,  down  to  the  recent  investiga- 
tions of  Despretz,  Dulong,  and  Andrews.  The 


principle  upon  which  one  and  all  founded  their  experi- 
ments, was  that  of  determining  the  effect  produced 
upon  a  third  body  by  the  heat  given  out  during  the 
union  of  the  combustible  under  examination  with 
oxygen. 

In  the  experiments  of  Lavoisier  and  Laplace,  the 
body  employed  for  this  purpose  was  pounded  ice,  which 
was  so  applied  around  a  balloon  as  to  intercept  all  the 
heat.  Fig.  88  shows  a  section  of  their  apparatus, 
which  they  termed  a  calorimeter.    The  heating  power 


Fig.  89. 


was  estimated  in  this  case  from  the  quantity  of  water 
produced  by  the  melting  of  the  ice,  and  which  flowed 
into  the  receivers,  as  seen  in  the  engraving.  These 
philosophers  determined  the  amount  of  heat  requisite 
to  melt  one  pound  of  ice,  as  being  sufficient  to  raise  the 
same  weight  of  water  at  32°  to  135°,  or  103  pounds  of 
water  one  degree.  The  more  accurate  experiments  of 
Prevostaye,  Desains,  Regnault,  and  others,  as 
stated  in  a  preceding  part  of  this  article — Vol.  II.,  page 
20 — have  shown  that  the  heat  which  melts  one  pound 
of  ice  is  sufficient  to  raise  an  equal  weight  of  water  to 
142°,  or  seven  degrees  higher  than  was  estimated  by 
Laplace  and  Lavoisier. 

A  moment's  consideration  of  this  method  will  con- 
vince the  reader  that  it  was  liable  to  lead  to  wrong 
results,  because  it  was  impossible  to  recover  the  whole 
of  the  water  produced  by  the  liquefaction  of  the  ice. 
This  is  the  principal  reason  why  the  numbers  given  by 
these  original  investigators  are  too  low.  Rumford 
substituted  water  for  the  ice,  the  increase  of  the  tem- 
perature of  which,  after  the  absorption  of  the  caloric, 
as  indicated  by  a  delicate  thermometer,  was  taken  as 
the  measure  of  the  heating  power  of  the  substance 
tested.  Many  improvements  have  been  made  on 
Rumford's  method,  which  is  now  generally  followed 
in  the  prosecution  of  these  inquiries.  The  heating 
value  of  any  substance  is  estimated  from  the  num- 
ber of  pounds  or  parts  of  a  pound  of  water,  which 
one  pound  weight  of  the  substance  to  be  tried  will 
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raise  one  degree  of  Fahrenheit, 
menters: — 


The  following  table  shows  the  results  arrived  at  by  different  experi- 


Kamo  of  Combustible. 


Hydrogen, . 


Carbon, 


Olefiant  gas,. 


Symbol. 


II 


Carbonic  oxide,   CO 

Phosphorus   P 

Sulphnr   S 

Antimony,   Sb 

Zinc   Zn 

Tin   Sn 

Protoxide  of  tin,   Sn  0 

Iron,   Fe 

Cobalt,   Co 

Nickel,   Ni 

Copper,   Cu 

Suboxide  of  copper,   Cu2  0 

Cyanogen,   C2  N 

Marsh  gas,   C  H2 


CH 


Alcohol,   C4  H„  02 

Ether,   C4  H5  0 

Wood  spirit, . .    C2  H4  02 

Fousel  oil,   CI0  H12  02 

Amylic  ether   C10  Hu  0 

Acetone,   C3  Il3  0 

Itockoil,   C  H 

Oil  of  turpentine,   C5  H4 

Oil  of  lemons,   C,0  Hs 

Terebene,   C10  H8 

Camphor,   Cw  Hj  0 


Symbol  of 
product 
of  combustion. 


HO 


CO„ 


co2 

so2 

Sb  03 
ZnO 

Sn  02 

SnOa 

Fe304 

Co  0 
Ni  0 

Cu  0 

2CuO 
2  C0.2,  N 

C02,  2  HO 


CO„,  HO 


4C02,  6  HO 


4C02,  5  HO 


2  C02,  4  HO 

10  C02.  12  HO 
10  C02,  11  HO 

3  C02,   3  HO 
C02,  HO 

5C02,  4  HO 

10  C02,  8  HO 
10CO2,  8  HO 
10  C02,   8  HO 


r 


Pounds  of  water 
rnised  1°  by  one 
pound  of  substitnce 
or  units  of  heat. 


f  20,624 
23,040 
21,375 
24,000 
34,743 
1  34,792 
36,000 
34,666 
34,662 
L  33,808 
3,000 
5,175 
5,325 
7,167 
7,237 
7,815 
7,912 
7,714 
L  7,1 00 
1,875 
2,634 
]  1,854 
I  2,431 
4,500 
7,500 
5,747 
1,500 
2,571 
2,601 
2,307 
961 
f  1,314 
\  1,301 
1,233 
1,144 
534 
521 
(  1,702 
4  2,088 
(  1,576 
1,080 
1,006 
f  632 
1  602 
J  244 
\  256 
5,195 
f  6,375 
13,185 
\  11,098 
13,158 
[13,108 
6,600 
12,030 
8,436 
11,900 
11,942 
4,350 
6,750 
6,909 
6,566 
7,183 
6,850 
4.6S0 
8,025 
9,431 
L  9,027 
_f  5,839 
t  5,304 
8,959 
10,188 
7,320 
7,335 
(  4,500 
■{  10,496 
(10,874 
10,663 
10,959 
5,250 


Pounds  of  water 
rnised  1°  when  one 

pound  of  oxygen 
combines  with  the 
combustible. 

. .  2,578  . . . . 

.  2,955 

.  2,672  . . . . 

.  3,000  . . . . 

.  4,343  . . . . 

.  4,349  . . . . 

.  4,500  . . . . 

.  4,333 

.  4,333  . . . . 

.  4,226  .... 

.  1,125  .... 

.  1,941  .... 

.  1,997  .... 

.  2,688  . . . . 

.  2,714  .... 

.  2,931  .... 

.  2,967  .... 

.  2,893   

.  2,902  .... 

.  3,031   

.  4,609  .... 

.  3,244  .... 

.  4,254  .... 

.  3,532  .... 

.  5,696  .... 

.  4,509  .... 

.  1,500  .... 

.  2,571  .... 

.  2,601  .... 

.  2,307  .... 

.  5,875  .... 

.  5,290  .... 

.  5,366  .... 

.  4,545  .... 

.  4,230   

.  4,473   

.  4,349  . . . . 

.  4,340  .... 

.  5,325  .... 

.  4,134  .... 

.  3,995  . . . . 

.  3,723  . . . . 

.  2,512  . . . . 

.  2,394  .... 

.  2,185  .... 

.  2,288  .... 

.  4,241  .... 

.  1,594  . . . . 

.  3,296  . . . . 

.  2,774  . . . . 

.  3,289  . . . . 

.  3,277   

.  1,925  . . . . 

.  3,296   

.  2,461  .... 

.  3,471  .... 

.  3,483  .... 

.  2,084  .... 

.  3,234  .... 

.  3,311  .... 

.  3,146  .... 

.  3,442  .... 

.  3,282   

.  1,792   

.  2,093  .... 

.  3,634  .... 

.  3,480  .... 

.  3,893  .... 

.  3,536  .... 

.  3,285   

.  3,353   

.  3,317  .... 

.  2,139   

.  1,339   

.  3,187  .... 

.  3,301  .... 

.  3,237   

.  3,327  .... 

.  1,847  .... 


Despretz. 

Despretz. 

Lavoisier. 

Dalton. 

Dulong. 

Hess. 

Crawford. 

Grassi . 

Favre  and 

Andrews. 

Dalton. 

Crawford. 

Kumford. 

Dulong. 

Lavoisier. 

Despretz. 

Despretz. 

Grassi. 

Andrews. 

Dalton. 

Dulong. 

Grassi. 

Andrews. 

Dalton. 

Lavoisier. 

Andrews, 

Dalton. 

Hess. 

Dulong. 

Andrews. 

Dulong. 

Dulong. 

Andrews. 

Dulong. 

Andrews. 

Dulong. 

Andrews. 

Dulong. 

Despretz. 

Andrews. 

Dulong. 

Dulong. 

Dulong. 

Andrews. 

Dulong. 

Andrews. 

Dulong. 

Dalton. 

Dulong. 

G  rassi. 

Favre  and 

Andrews. 

Dalton. 

Dulong. 

G  rassi. 

Favre  and 

Andrews. 

Dalton. 

Kumford. 

Dulong. 

Grassi. 

Favre  and 

Andrews. 

Dalton. 

Kumford. 

Dulong. 

Favre  and 

Grassi. 

Favre  and 

Favre  and 

Favre  and 

Favre  and 

Kumford. 

Dalton. 

Grassi. 

Favre  and 

Favre  and 

Favre  and 

Dalton. 


Selbermann. 


Selbermann. 


Selbermann. 


Selbermann. 


Selbermann. 

Selbermann. 
Selbermann. 
Selbermann. 
Selbermann. 


Selbermann, 
Selbermann. 
Selbermann. 


Name  of  Combustible. 


Symbol. 


Olive  oil,   C10  II8  0 


Symbol  of 
product 
of  combustion. 


ioco2,  8  no 


The  fifth  column  in  the  preceding  table  has  been 
given,  as  having  reference  to  a  law  propounded  by 
Welter,  namely,  that  all  combustible  bodies  disengage 
the  same  amount  of  heat  during  their  combination  with 
the  same  weight  of  oxygen ;  or,  in  other  words,  that  the 
caloric  developed  was  proportionate  to  the  amount  of 
oxygen  assimilated  during  the  combustion.  Welter 
founded  this  theory  upon  the  results  of  Laplace,  La- 
voisier, Despretz,  Rumford,  and  others,  which  must 
be  admitted  to  be  less  trustworthy  than  those  obtained 
by  Dulong,  Grassi,  Andrews,  and  other  modern  in- 
vestigators; and  it  will  be  seen  that  when  the  numbers 
of  the  latter  are  adopted,  the  relation  sought  to  be  estab- 
lished does  not  hold  good.  To  give  one  instance: 
hydrogen  combines  exactly  with  three  times  the  quan- 
tity of  oxygen  that  carbon  takes  up,  and  so  from  Wel- 
ter's theory  the  heat  developed  should  be  three  times 
greater  when  hydrogen  is  burned,  than  when  an  equal 
weight  of  pure  carbon  is  subjected  to  the  same  process ; 
but  from  the  results  of  the  last-mentioned  chemists, 
the  ratio  is  between  one  to  four  and  one  to  five.  This 
wide  difference  is  only  observable,  however,  with  com- 
bustibles very  dissimilar  in  their  nature,  for  when  they 
approach  to  identity  in  physical  appearance,  as  wood, 
peat,  and  coal,  the  estimation  of  the  oxygen  taken  up 
gives  an  average  indication  of  the  heating  power  of  the 
substance,  which,  without  being  absolutely  correct,  will 
answer  most  purposes. 
h  Berthier  has  founded  a  system  of  analysis  upon 
■*ihis  theory,  by  which  the  oxygen  is  estimated,  and 
therefrom  the  heating  power  of  the  fuel  deduced.  It 
is  easy  and  expeditious,  and  may,  under  the  foregoing 
circumstances,  be  occasionally  adopted.  He  mixes  a 
weighed  portion  of  the  finely-powdered  fuel  with  thirty 
to  forty  times  its  weight  of  oxide  of  lead — litharge — 
and  introduces  the  compound  into  a  fireclay  crucible, 
pressing  it  gently,  and  covering  the  whole  with  a  thick 
layer  of  the  litharge.  The  crucible  is  then  carefully 
closed,  and  placed  on  the  fire,  where  it  is  gently  heated 
till  the  whole  of  the  carbon  and  hydrogen  is  burned. 
During  this  process,  the  mass,  being  semifluid,  is  con- 
siderably distended  by  the  carbonic  acid  and  water, 
resulting  from  the  combination  of  the  elements  of  the 
fuel  with  the  oxygen  of  the  metallic  oxide ;  towards 
the  end  of  the  operation,  therefore,  the  fire  should  be 
quickened,  and  as  soon  as  the  crucible  has  attained  a 
bright  redness,  it  should  bo  taken  out,  and  its  bottom 
struck  gently  against  a  stone  or  piece  of  iron,  so  as  to 
cause  the  particles  of  reduced  metal  to  accumulate  and 
form  a  button.    As  soon  as  cold  the  crucible  is  broken, 


Pounds  of  water 
raised  1°  by  one 
pound  of  substance 
or  units  of  heaL 


6,675 
7,800 
9,045 
9,862 
11,100 
9,300 
7,800 
8,370 
7,273 
7,800 
9,472 
9,975 
I  2,105 


Pounds  of  water 
raised  1°  when  one 
pound  of  oxygon 
combines  with  the 
combustible. 


Crawford. 

Dalton. 

Rumford. 

Dulong. 

Lavoisier. 

Rumford. 

Dalton. 

Rumford. 

Crawford. 

Dalton. 

Rumford. 

Lavoisier. 

Dalton. 


and  the  metal,  coated  with  oxide  of  lead  and  slags  from 
the  ashes  of  the  fuel,  is  abstracted.  It  is  cleaned  from 
the  adhering  impurities  by  a  few  blows  of  a  hammer 
upon  the  anvil,  and  subsequent  brushing,  after  which 
it  is  weighed.  From  the  number  thus  found,  the 
oxygen  required  for  the  combustion  of  the  fuel  is  calcu- 
lated, since  it  is  derived  from  the  oxide  of  lead — a 
definite  compound  of  equivalent  proportions  of  lead 
and  oxygen.  When  pure  carbon  is  operated  upon  in 
this  way,  it  has  been  found  that  about  thirty-four  and 
a  half  times  the  weight  of  the  sample  of  metallic  lead 
has  been  obtained.  This  amount  of  metal  stands  in  a 
definite  relation  to  the  oxygen  entering  into  the  com- 
bustion, and,  consequently,  according  to  the  law  pro- 
pounded, to  the  heating  power  of  the  fuel  also ;  for, 
supposing  a  certain  weight  of  metal  to  be  produced, 
the  following  ratio  will  give  the  heating  power  of  the 
fuel:  namely,  as  the  metal  obtained  when  operating 
with  pure  charcoal  is  to  that  reduced  by  the  substance 
under  experiment,  so  is  the  number  expressing  the 
units  of  heat  of  carbon  to  that  of  the  fuel.  For 
instance,  the  weight  of  metal  obtained  with  pure 
charcoal  is  34-5 ;  allowing  that  with  the  subject  of 
the  experiment  to  be  twenty ;  and  taking  Andrews' 
determination,  or  seven  thousand  nine  hundred,  to 
represent  the  heating  power  of  the  charcoal,  while  x 
represents  the  unknown  heating  power  of  the  fuel ; 
then, — 

34'5    :    20    :  :    7900    :  x. 


Or,  the  heating  power  x 


20  X  7900 
34-5 


4580 


nearly.  If  in  a  substance  of  a  complex  nature,  such 
as  wood,  peat,  coal,  et  cetera,  the  hydrogen  and  oxygen 
are  in  such  a  ratio  as  to  form  water  by  their  combina- 
tion, it  is  evident  that  the  average  result  of  the  lead 
assay  will  approximate  to  the  truth;  but  where  this 
is  not  the  case,  and  a  quantity  of  hydrogen  is  present 
without  oxygen  to  combine  with  it,  the  accuracy  of  the 
experiment  is  less  to  be  depended  on,  because  the 
heating  equivalent  of  the  former  element  is  taken  as  if 
it  were  carbon,  whereas  it  is  shown  by  the  foregoing 
table  to  be  much  higher.  When  great  exactness  is 
required,  it  is  evident  that  the  heating  power  must  be 
determined  from  the  elementary  analysis  of  the  sub- 
stance and  the  estimated  calorific  power  of  the  consti- 
tuents. This  may  be  done  with  considerable  accuracy, 
since  it  does  not  alter  the  amount  of  heat  developed, 
whether  the  combustion  be  effected  under  the  influence 
of  a  concentrated  stream  of  oxygen  gas,  or  in  ordinary 
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air.  The  method  of  performing  the  calculation  is  very 
simple.  Supposing  the  elementary  composition  of  the 
fuel  examined  to  be  as  follows  : — 

Per  cent. 

Carbon,   86-48 

Hydrogen,   3-04 

Oxygen   7-10 

Ashes   3-38 

100-00 

it  would  be  necessary  to  deduct  from  these  numbers 
the  oxygen,  and  the  equivalent  of  hydrogen  which 
combines  with  it,  and  to  account  as  available  for  raising 
the  temperature  only  the  remaining  hydrogen  and  car- 
bon. In  the  above  analysis  the  equivalent  of  hydrogen 
which  will  unite  with  the  oxygen  of  the  substance,  will 
7-10 

be  — —  =  0-8875,  which,  when  deducted  from  3-04, 
8 

leaves  2-1525  as  the  weight  of  hydrogen  which  goes 
to  generate  heat.  According  to  Andrews'  numbers 
in  the  foregoing  table,  the  units  of  heat  which  this 

2-1525  ^ 

would  produce  may  be  expressed  thus :  X 

33808  =  727-7,  and  in  like  manner  the  carbon  may 
86-48 

be  valued,  -j^  X  7900  =  6833-9  ;  making  together 

727-7  +  6831-9  =  7559-6  as  the  heating  power  of  the 
fuel.  In  the  same  way  may  the  value  of  any  other 
kind  of  fuel  be  found. 

Having  the  expression  of  the  units  of  heat  generated, 
it  is  easy  to  find  the  thermometric  temperature  which 
it  produces ;  to  do  this,  however,  involves  the  necessity 
of  knowing  the  quantity  of  air  required  for  consuming 
the  matter,  and  likewise  the  specific  heat  of  the 
products.  It  is  well  known  that  air  is  composed  of 
seventy-seven  parts  of  nitrogen  and  twenty-three  of 
oxygen,  of  which  constituents  only  the  latter  is  avail- 
able in  combustion.  Having  a  knowledge  of  the  pro- 
portionate quantity  of  oxygen  required  to  burn  the 
combustible  elements,  the  volume  of  air  containing  this 
proportion  may  be  readily  found.  Thus,  every  part  of 
•carbon  combines  with  2  -66  of  oxygen,  which  is  yielded 
by  11-59  of  atmospheric  air ;  upon  similar  grounds,  the 
air  required  for  the  combustion  of  hydrogen  is  34-78 
parts.  In  both  cases,  the  products  are  carbonic  acid, 
water,  and  nitrogen,  the  weight  of  which  may  be 
ascertained  from  the  data  given.  Now  the  heat  pro- 
duced by  the  combinations  of  these  distributes  itself 
among  the  gases,  so  that  they  all  indicate  the  same 
temperature,  and  which  can  be  estimated,  since  the 
specific  heat  of  these  bodies  is  known.  The  number 
thus  obtained,  and  which  represents  the  temperature 
of  combustion,  varies,  however,  with  the  nature  of  the 
fuel ;  and  still,  owing,  perhaps,  to  the  specific  heat  of 
the  gases  at  a  high  temperature,  the  results  should  be 
viewed  only  as  an  approximation. 

As  an  example  of  the  calculation  of  the  pyrometrical 
heating  power  of  a  fuel,  that  already  submitted  may  be 
again  taken.  It  has  been  shown  that  the  absolute 
heating  effect  of  this  specimen  is  7559-6  units  of  heat, 
and  that  0-8875  of  the  hydrogen  contained  in  it  is 
taken  up  by  the  oxygen,  leaving  2-1525  of  that  ele- 
ment to  undergo  combustion  with  extraneous  oxygen. 
It  has  been  likewise  stated  that  11-59  parts  of  atmo- 


spheric air  are  required  for  the  complete  combustion 
of  one  of  carbon,  and,  upon  the  same  grounds,  that  hy- 
drogen requires  34-78 ;  hence  the  weight  of  air  required 
to  convert  the  carbon  and  hydrogen  of  the  fuel  into 
carbonic  acid  and  water  would  be — 
11-59  X  86-48  =  1002-3  parts  for  the  carbon,  and 
34-78  X   2-1525  =    74-8        „         hydrogen ; 


1077-1. 


8-00 


water,  formed  by  the 


making  a  total  of 

,     j  [-326-5  parts  of  carbonic  acid, 
are  produced  )  r  ' 

19-37     „      water,  and 

819-88     „      nitrogen,  to  which  it 

is  necessary  to  \ 
add  J 

union  of  the  oxygen  of  the  fuel  with  a  portion  of  its 
hydrogen;  thus  making  a  total  of  27-37=  19-37  -f  8-0 
parts  of  water.  The  specific  heat  of  carbonic  acid 
being  0-221,  the  amount  of  caloric  required  to  raise 
326-5  parts  1°  would  be  326-5  X  0-221  =  62-16° 
The  specific  heat  of  ague-)  ^  ,m 
ous  vapor  is  0'847;  hence,  J 

nitroj  819-88  X  0-273: 


gen  is  0-273;  therefore, 


:  223-80° 


309-14 

This  number  expresses  the  total  amount  of  heat  carried 

off  by  the  products  of  the  combustion  of  one  hundred 

parts  of  the  fuel ;  hence, 

„ct:n„      309-14      7559-6  X  100 

7559-6   or  —  =2445  3; 

100  309-14 

which  number  represents  the  thermometrical  heating 

effect  of  one  part.    In  this  calculation  the  specific  heat 

of  the  ash  has  not  been  taken,  into  account;  but  the 

quantity  of  caloric  lost  in  this  way  is  so  insignificant, 

that  the  results  are  but  very  slightly  affected  by  it. 

Pursuing  the  same  course,  the  pyrometrical  heating 
effect  of  any  other  kind  of  fuel  or  oombustible,  however 
numerous  its  ingredients,  maybe  ascertained;  that  is, 
by  finding  the  absolute  heating  power  by  the  formula 
already  given  for  the  purpose,  and  dividing  it  by  the 
sum  of  the  specific  heat  of  the  products  multiplied  by 
their  total  weight,  the  quotient  will  be  the  available 
heat  for  any  particular  work  when  the  fuel  is  burned. 

It  may  here  be  remarked,  that  when  a  fuel  is  con- 
sumed in  oxygen  gas,  the  pyrometrical  effect  is  much 
greater  than  when  the  combustion  takes  place  in  ordi- 
nary air,  although  the  units  of  heat  are  the  same  in 
both  cases.  The  difference  of  effect  arises  from  the 
fact,  that  the  nitrogen  of  the  air  passing  through  the 
fire  in  considerable  quantities,  renders  latent  a  large 
amount  of  heat — the  difference  between  the  indication 
in  oxygen  and  air. 

The  following  table  shows  the  heating  effect  of  a  few 
combustibles,  as  well  when  burned  in  oxygen  gas  as  in 
air,  calculated  according  to  the  above  formula; — 

Pyrometrical  Heating  Power. 

,  !■  , 

««  BynflxO.  InOxyson. 

Carbon,  C...  9753°  2450° 

Carbide  of  hydrogen,   CH  4944  2286 

Ether,  C4  H6  O  4035   2070 

Light  carbide  of  hydrogen,.  CH,  4703    2273 

Alcohol,  C,  H5  O,  H  O..3407   1870 

Hydrogen,  H  3491   2248 


110 


FUEL  Estimation  op  Heating  Power. 


It  may  likewise  be  inferred  from  these  results — cal- 
culated from  the  absolute  heating  power  of  carbon  and 
hydrogen  found  by  Andrews,  and  from  the  specific 
heats  of  the  products  according  to  Favre  and  Selber- 
mann — that  hydrogen,  which  affords  higher  numerical 
results  than  any  other  combustible,  as  expressive  of  the 
absolute  heating  power,  is  among  the  worst  kinds  of 
fuel  for  producing  a  pyrometrical  effect ;  and  that  car- 
bon ranks  far  above  it  in  this  particular.  The  difference 
is  slightly  enhanced,  however,  in  favor  of  carbon,  by 
the  circumstance  that  this  element  must  attain  a  red 
heat  before  combustion  occurs.  \The  reason  of  this 
apparent  anomaly  with  reference  not  only  to  hydrogen, 
but  to  all  inflammable  fuels,  whether  gaseous  or  fluid, 
may  be  traced  to  the  circumstance,  that  the  specific 
heat  of  carbonic  acid  is  nearly  two  and  a  half  times 
less  than  that  of  the  weight  of  water  generated  by  an 
equivalent  of  hydrogen — being  only  0'221 — whilst  that 
of  aqueous  vapor  is  0'847.  The  same  remark  equally 
applies  to  solid  fuels  containing  inflammable  matters, 
such  as  oils  or  gases ;  and  hence  the  advantage  of  the 
preliminary  charring  given  to  wood,  peat,  and  coal,  by 
which  the  relative  amount  of  carbon  is  increased  in  the 
substance. 

In  these  calculations,  reference  is  made  only  to  the 
heating  effect  upon  water;  but  in  many  applications  of 
fuel,  where  a  higher  temperature  is  required  than  that 
of  boiling  water,  as  in  metallurgical  operations,  et  cetera, 
the  pyrometrical  effect  of  a  combustible  containing 
much  hydrogen  is  considerably  less  than  appears  from 
the  results  stated,  in  consequence  of  the  water  which 
arises  from  the  combustion  of  the  hydrogen  being  in 
the  one  case  dispersed  in  steam,  whereas  it  is  not  so 
in  the  other.  Now  the  quantity  of  caloric  necessary 
to  evaporate  one  part  of  water  at  212°,  is  calculated 


from  the  latent  heat  of  steam  to  be  such  as  would  raise 
five  and  a  half  parts  of  this  liquid  from  32°  to  212°.  All 
this  is  estimated  in  the  calorimetrical  experiments  made 
for  the  determination  of  the  absolute  and  thermometric 
heating  power  of  the  fuels  mentioned  in  the  preceding 
table,  and,  consequently,  the  results  are  much  higher 
than  would  be  indicated  by  the  temperature  in  the 
furnace.  It  is  most  probable  that  the  capacity  of 
other  gases  for  heat  increases  with  the  temperature, 
and  if  so,  the  discrepancy  would  be  still  greater.  As- 
suming, however,  that  the  specific  heat  of  the  other 
products  of  combustion  remains  the  same  at  all  tem- 
peratures, and  that  the  water  only  removes  the  ex- 
cess, the  formula  for  correcting  the  results  is  simple 
and  easy  of  application.  Thus,  all  that  is  necessary  is 
to  multiply  the  entire  amount  of  water  resulting  from 
the  fuel,  whether  it  be  hygroscopic,  or  produced  by  the 
elements  contained  in  it,  or  by  the  combustion  of  the 
hydrogen  with  atmospheric  oxygen,  by  550  =  100X5' 5, 
and  the  product  subtracted  from  the  number  found  in 
the  preceding  will  give  the  pyrometrical  effect. 

In  the  following  table,  taken  from  Scheerer's  Me- 
tallurgie,  the  results  are  rectified  in  this  way,  and,  con- 
sequently, they  afford  a  very  good  approximation  to 
the  practical  heating  effects  of  the  substances  men- 
tioned. The  numbers  in  the  column  of  absolute  heat- 
ing effect  are  estimated  with  reference  to  the  heating 
effect  of  carbon,  which  is  taken  as  unity.  Ddlong's 
determination  of  the  heating  power  of  hydrogen,  car- 
bonic oxide,  carbide  of  hydrogen,  and  olefiant  gas,  has 
been  taken  as  the  standard  in  these  calculations.  The 
numbers  in  the  column  showing  the  pyrometrical  heat- 
ing power,  are  expressed  in  degrees  of  the  Centigrade 
thermometer : — 

Heating  Effect. 


WOOn.  Absolute. 

Air-dried  wood,  with  twenty  per  cent,  of  hygroscopic  moisture,    0-3(i 

Kiln-dried      «        ten          "          _          "    0  41 

Kiln-dried  wood,  without  hygroscopic  moisture,   0'47 

White  beech,  air-dried,   — 

Oak,   — 

Oak,  ,   — 

Ash   — 

Maple,  birch,  bird-cherry,   — 

Red  beech,  horse  chestnut,  elm,  white-thorn,   — 

Scotch  fir,  alder,   — 

Sallow,   —  " 

Willow,....  

Spruce  fir,  silver  fir,  larch   — 

Lime,  aspen,   — 

Black  poplar,  Italian  poplar,   — 

TURF-PEAT. 

Imperfectly  air-dried  turf,  with  thirty  per  cent,  of  hygroscopic  moisture  and  ten  Perln-37 

cent,  of  ash,   j" 

Best  air-dried  turf,  with  twenty-five  per  cent,  of  moisture  and  no  ash,   0*47 

Kiln-dried  turf,  with  no  moisture  and  fifteen  per  cent,  of  ash,   0-55 

Best  kiln-dried  turf,  without  moisture  and  ash,   0*65 

LIGNITE. — BROWN  COAT- 

Air-dried  fibrous  lignite,  with  twenty  per  cent,  moisture  and  no  ash,   0-48 

"                      "                  "                   '*       and  ten  per  cent,  of  ash,  . . .  0-43 

"      earthy       "                 "                  "       and  no  ash,   (Wil 

"         "          11                 "                  "       and  ten  per  cent,  of  ash,... .  0-55 

Air-dried  lignite,  conchoidal  fracture,  with  twenty  per  cent,  moisture  and  no  ash,.. . .  0-69 

11                      "                         "                   and  ten  per  cent,  ash,  0-62 

Kiln-dried  fibrous  lignite,  with  twenty  per  cent,  moisture  and  no  ash,   0*61 

The  same,  with  twenty  per  cent,  of  moisture  and  ten  per  cent,  of  ash,   0*55 

Kiln-dried  earthy  lignite,  with  twenty  per  cent,  of  moisture  and  no  ash,   0*76 

The  same,  with  twenty  per  cent,  of  moisture  and  ten  per  cent,  of  ash,    0-69 

Kiln-dried  conchoidal  lignite,  with  twenty  per  cent,  moisture  and  no  ash,   0-85 

The  same,  with  twenty  per  cent,  of  moisture  and  ten  per  cent,  of  ash,   0*76 


0-28 
0-26 
0-25 
0-24 
0-23 
0-21 
0-20 
0-19 
0-18 
0-17 
0-16 
0-14 


Pyronivtricii 

. .  1575 
..  1G75 
. .  1750 


0-55 
0-79 
0-83 


1575 

1750 
1975 
2000 


. .  1800 
'. .'  1975 
'. '.  2050 
] '.  2025 
2125 
'. '.  2200 
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with  five  per  cent,  of  moisture  and  five  per  cent,  of  ash,  . 


Sand  coal,.. 
Sinter,  .... 
Caking,..  . . 
Anthracite,. 

WOOD  CHARCOAL. 

Air-dried  black  charcoal,  with  twelve  per  cent,  of  moisture  and  three  per  cent,  of  ash, 


Air-  dried  red  charcoal,  with  ten  per  cent,  moisture  and  one  and  a-half  per  cent,  ash, . 


Birch,  - 

Ash,  wild  service,  

Ked  beech,  white  beech,  elm, 

Maple'* "no  mo^s^ure)  aU(*  three  per  cent,  of  ash, . 

Oak,  pear  tree,  

Alder,  

Lime,  


Specific 

fO-79 

1-06 

2200 

1  0-89  ! 

1-16 

! . ! .  2250 

|  0-93  . 

..  1-17 

  2300 

1 0-96  . 

..  1-44 

  2350 

0-97  . 

....  2450 

0-84  . 

  2350 

0-72  . 

  2200 

0-64  . 

....  2100 

PEAT  CHARCOAL. 

Worst  description  of  air-dried  peat  charcoal,  with  ten  per  cent,  moisture  and  fifty-six  \n  „r 

per  cent,  ash,  >U-80 

Best  air-dried  peat  charcoal,  with  ten  per  cent,  moisture  and  four  per  cent,  ash   0-83 


uyi 


COKE. 

Good  coke,  with  ten  per  cent,  moisture  and  five  per  cent,  ash,   0-84 

Best      "         five  "  three  per  cent,  ash,   0-92 

Ditto,  with  no  moisture  and  three  per  cent,  ash,   0-97 

Sand  coal  coke,  \ 

Sinter  coal  "    vno  moisture  and  five  per  cent,  of  ash,  

Caking  "    "  J 

GASEOUS  COMBUSTIBLES. — FURNACE  GASES. 

Gases  from  wood  charcoal,  A   0-108 

"  "  B   0-080 

Gases  from  coke   0-107 

"        coal   0-205 

GENERATOR  GASES. 

Gases  from  wood  charcoal,   0*115 

Gas  from  wood,  T.,   0-136 

"       "        Hi,   0:124 

Gas  from  turf,   0-092 

Gas  from  coke,   0-110 


0-20 
0-19 
0-18 
0-17 
0-18 
0-15 
0-13 
0-10 


0-46 
0-41 
0-33 

0-000140 
0-000104 
0-000139 
0-000267 

0-000150 
0-000177 
0-000161 
0-000120 
0-000143 


2050 
2350 

2350 
2400 
2450 


1675 
1450 
1750 
1850 

1775 
1850 
1575 
1525 
1775 


It  is  assumed  that  the  whole  of  the  combustibles 
named  in  this  table  are  consumed,  but  in  practice  this 
never  happens ;  hence,  the  heating  effects  given  are 
higher  than  would  be  found  to  result  when  performing 
actual  service ;  further,  it  is  taken  for  granted  that  the 
combustion  takes  place  in  the  shortest  possible  period 
of  time,  and  that  whilst  it  lasts,  an  equal  amount  of 
caloric  is  evolved  each  instant,  a  condition  never  ful- 
filled in  the  furnace.  The  discrepancy  produced  by 
both  these  sources  of  error,  between  the  practical 
results  and  theoretical  calculations,  is  to  some  extent 


counteracted  by  the  high  temperature  required  to  com- 
mence the  combustion. 

Having  alluded  to  the  process  published  by  Ber- 
thier  for  the  determination  of  the  heating  power  of  a 
fuel,  the  following  tables  are  submitted  as  the  results 
of  his  investigation ;  and  although  it  will  appear  from 
what  has  been  said  in  reference  to  Welter's  theory, 
that  these  results,  from  being  founded  upon  it,  are 
not  quite  correct,  yet  they  may  be  useful  as  a  close 
approximation  to  the  pyrometric  values  of  the  sub- 
stances mentioned : — 


I.— WOOD. 


Species  of  Wood. 

Dried 

in  the  ordinary  manner. 
BerLliier. 

C  out  tuning 
nine  per  cent,  of  water. 
Winkler. 

Perfectly  dried. 
Scliodler  and  Peterson. 

Pounds  of 
lead  reduced 
by  one  pound 
of  wood. 

Pounds  of 
water  which 
one  pound  Lan 
hoat  from 
32°  to  212". 

Pounds  of 
lead  reduced 
by  one  pound 
of  wood. 

Pounds  of 
water  heated 
from  32°  to 
212°  by  one 
pound  of 
wood. 

Pounds  oi 

oxygen 
required  for 
the  complete 
combustion  of 
one  pound  of 
wood. 

Pounds  of 
water  heated 
from  Sii*  to 
212°  by  one 
pound. 

Air  at  66°  Fahr.  required  to 
consume  one  pound  of  wood. 

in  pounds.            in  C.  F, 
Hessian. 

12-5 

28-3 

14-05 

31-82 

1-358 

39-82 

5-83 

154-4 

Ash,  

14-96 

33-89  - 

1-356 

39-76 

5-82 

154-2 

131 

29-7 

14-16 

32-07 

1-394 

40-85 

5-98 

148-4 

13-7 

31-0 

14-00 

31-71 

1-346 

39-44 

5-78 

152-9 

14-0 

31-7 

14-08 

31-90 

1-356 

39-73 

5-82 

153-0 

Elm,  

14-50 

32-84 

1-418 

41-55 

6-08 

161-1 

13-04 

29-54 

1-390 

40-72 

5-96 

157-9 

Lime-tree,  

14-48 

32-80 

1-429 

41-87 

6-13 

162-3 

Willow,  

13-10 

29-67 

1-352 

39-61 

5-80 

153-6 

Fir,  

14-5 

32-8 

13-86 

31-39 

1-408 

41-25 

6-04 

160-0 

13-7 

31  0 

13-88 

31-44 

1-392 

40-82 

5-98 

158-2 

13-27 

30-06 

1-393 

40-85 

5-98 

158-3 

12-5 

28-3 

13-7 

31-0 

1-408 

41-25 

6-04 

160-0 
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II. — CHARCOAL. 


Species  of  Charcoal. 


Pounds  of  lead 

reduced  by 
one  pound  of 
charcoal. 


Pounds  of  water 
heated  from 
32°  to  212°  by 
one  pound  of 
charcoal. 


Pounds  of  lead 
reduced  by 
one  pound  of 
charcoal. 


Winkler. 

Pounds  of  water 
heated  from 
32°  to  212°  by 
ono  pound  of 
churcoal. 


Air  required  for 
perfect 
combustion. 


f  Poplar  charcoal 

~  ■  i       1  Sycamore  lt 

Commercial.  < 

^  Aspen,  

Enclosed  in  bottles  [  ^je"r 
immediately  after  -j  gjj.^1 

being  made.       ^  Qak^  y    ] "  *  j  " 

Beech,  

Elm,  

Lime-tree,  

Willow,  

Pine,  

Scotch  fir,  


30-  60 
30*60 
29-60 
29-50 
32-30 
32-40 
31*40 

31-  30 


On  an 
average 
68 

On  an 

average 
72 


33-50 
33-23 
33-23 

33-51 

33-71 
33-74 

33-57 
33-26 

32-  79 

33-  49 
33-53 
33-62 


CI  js 
CM  S3 


III. — PEAT. 

Pounds  of 

c  ,  „    .  lead  reduced 

Source  of  Teat.  by  one  pound 

of  peat. 

Peat  from  Troyes,   8-0    . . 

44       Ham,  dep.  de  la  Somnie,....  12-3 

"       Passy,  dep.  de  la  Marne          13-0    . . 

14       Framont,  de"p.  de  la  Vosges,  15*4    . . 

"      Ischoux,  dep.  Landes,   15*3  .. 

"       Konigsbrunn,  Wirtemberg,..  14-3    . . 

Among  twenty-four  sorts  from  Hartz\^.g 

Mountain,  the  worst  gave  j 

The  best  gave   18-8  .. 

From  Allen  in  Ireland, 

Upper  peat,   27*7    . . 

Lower  peat,   25*0 

Pressed  peat,   13-7    . . 

IV. — rEAT  CHARCOAL. 

Pounds  of 

c   lead  reduced 

&>upoe-  by  one  pound 

of  charcoal. 

Crouy  sur  POurcq,  depart.  Seine  et~>17l7 

Marne  fu  4  " 

Seine  et  Ham,   18*4    . . 

Essone,  much  used  in  Paris,   22*4    . . 

Framont,  and  peat  from  Champ  de  Fue,  26*0    . . 

V. — BROWN  COAL. 

Pounds  of 

Locality.  iead  «du<™l 

3  by  one  pound 

of  coal. 

Gemiende  Dauphin,  Basses  Alpes,  ....  25*3  . . 

St.  Martin  de  Vaud,  Canton  de  Vaud,..  22*6  . . 

Minerme,  department  de  l'Aude,. .  22*8  .. 

Gardarme,  Bouches  du  Rhone,   22-0  . . 

Fuveau,  21*0  .. 

Enfant  Dort,  21*0  . . 

Koep  Fuarch,  lake  of  Zurich,  20*7  . . 

St.  Lon,  Basses  Pyrenees,  20*3  . . 

Val.  Pineau,  dep.  Sarthe,   19*25  . . 

Common  German,  18-40  . . 

Edon,  dep.  de  la  Charente,   17-0  . . 

Alpheus,  Greece,   16*3  . . 

Triphilis,     "    16*3  .. 

Kum,  '*   15*8  .. 

Elbogen,  Bohemia,  18*2  . . 

Brown  coal  from  Meissner,  20*1  . . 

Pitch  coal         11   15*9  . . 

»  Ringkulh,  16*9  .. 

11  Habichtswald,          .  16-0  . . 

Glance  coal  from  Ringkuhl,   19-3  . . 

Pitch  coal  from  Habichtswald,   19-0  .. 

Lowest  stratum,  Ringkuhl,   19*0  .  . 

Middle  stratum,   10*0  .. 

Stillberger  coal,   14-1  .. 

Lignite  from  Meissner,  14*7  . . 

*'         Laubauch,  17-5  . . 


Pounds  of 
water  heated 
from  32"  to 
21i°  by  one 
pound  of  pent 

,.  18-11 

. .  27-9 

. .  29-2 

. .  34-9 

.  34-6 


32-4 

26.9 
42-6_ 

62'71 1 
56-6  f  | 

28-0  J  f 


Pounds  of 
water  heated 
from  32°  to  212° 
by  one  pound 
of  charcoal. 


40-1  t= 

41.7  j-  g 

50-7  ]  5 
58-9  J  ? 


Pounds  of 
water  heated 
from  33°  to 
21a°  by  one 
pound  of  coal. 

. .  57-3 

. .  51-2 

.  51-6 

.  49-8 

, .  47-6 

, .  47-6 

. .  46-9 

. .  46-0 

. .  43-6 

. .  41-7 

. .  38-5 

. .  36-9 

..  36-9 

. .  38-8 

. .  41-2 

..  58-9  i 

. .  46-6 

..  49-5 

. .  46-9 

. .  56-5 

. .  43-6 

. .  43-6 

. .  43-9 

. .  41-3 

. .  43-1 

..  51-3 


Pounds  of 

.      ...  lead  reduced 

Local,ty-  by  one  pound 

of  coal. 

Earthy  coal  from  Dax,   21*38  . 

"  »     Bouches  du  Rh6ne,  . .  18*89  . 

u  "     Lower  Alps,   16-69  . 

u     Greece,   17*84  . 

14     Cologne,   18*24  . 

11         "     Usnach,  15*90  . 

Helmstadt,  Prinz  Wilhelm's  mine,   20*17  . 

44        other  mines,   21*83  . 

Schbningen,  Gr.  Irene,   18*76  . 

44       other  mines,  . .    18-60  . 

VI. — MINERAL  COAL. 

rounds  of 

Ideality  and  Specie,  01  Coal.  impound 
of  coal. 

CAKING  COAL. 

Coal  from  Dowlais,  Wales,   31*8  . 

Glamorgan,   31-2 

Eschwiller,  near  Aix-la-Chapelli\   31*0 

Lippe-Schaumburg,   30*9 

Newcastle,   30*9  . 

Carmeau,  near  Alby,   30*1  . 

Rive-de-Gier,  Grand  Croix,   29*6  . 

Mons,  Bouleau-Fontaine-Madame,   29*0  . 

Canal  coal,  Wigan   28*3  . 

Mons,  Grand-Gaillet,   28*1  . 

Rochebelle,  near  Alais,   27*6 

Bonchamp,  Haute  Saone,   27*3 

Besseges,  Aveyron,   27*0 

St.  Pierre  la  Cour,  near  Meyenne,          27*0  . 

Epinac,  Saone  and  Loire,   26*8  . 

From  Oviedo  in  Asturia,   26*1  . 

Freuil  mine,  near  St.  Etienne,   25*4 

Belle  st  at,  Aude — called  jet,   24-4  . 

Jet— locality  unknown,   23*3  . 

SINTER  COAL. 

Cherry  coal,  Derbyshire,   27-2  . 

Soft  coal,   26-3  . 

Oviedo  in  Asturia,   26*1  . 

Cannel  coal  from  Glasgow,   24*9  . 

St.  George's  de  Lavencas,  Aveyron,. . .  24*0  . 

Cannel  coal  from  Lancashire,   23*5 

Ombrowa,  Silesia,   21-2  . 

Salin,  Jura,   21*0  . 

Vagas,  Slavonia,   19*4  . 

SAND  COAL. 

Durham,  31*6  . 

Rolduck,  near  Aix-la-Chapelle,   31*0  . 

Zinsweyer,  near  Offenberg,   22*2  . 

VII. — COKE. 

Pounds  of 

a  .„„      r>„w  lend  reduced 

Species  of  Coke.  by  one  pound 

of  coke. 

A  la  Garre,  from  coal  of  St.  Etienne,. .  28-5  . 

From  coal  of  Besseges,   28-4  . 

44         Rive-de-Gier,   26*0  . 

Gas  coke  from  Paris,   22*0  . 


Pounds  of 
water  heated 
from  S2J  to  2l2< 
by  one  pound 
of  coM. 

62-6") 
55-3  ! 
48-9  i  a 

52-  3  f  i 

53-  4  i 
46-6  ' 


1-9  3 

:-9  r  g- 


59-1  - 
63-! 

54-5  J  » 


Pounds  of 
water  heated 
from  to 
HI 2°  by  ono 
pound  of  coal. 

72-0 
70-7 
70-2 
70-0 

70-  0 
68-2 
67-0 
65-7 
64-1 
63-6 
62-5 
61-8 
61-1 
61-1 

60-  7 
59-1 
57-5 

55-  2 

52-  8 

61-  6 
59'5 
59-1 

56-  4 
54-5 

53-  2 
48-0 
47-5 
43-9 

71-  6 
70-2 
50-3 


Pounds  of 
water  honted 
from  32°  to 
212°  by  one 
pound  of  coke. 

. .    65-6 1  as 

..  64-3  I  a 

. .  58-9  f  E 
, .    50-3  5 
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VIII. — ANTHRACITE. 


Locality. 


Pounds  of 
water  boated 
from  3'J°  to 


Pounds  of 
load  reduced 

raws  ■SSSfe' 


-31-6 


Anthracite,  from  Lamure,  near  Grc-\  q 

noble,  j"d 

Anthracite  from  Pennsylvania,   30*5 

p       T     i  f  la  Chaumiere,   33'0 

FromLaval'|laBaconiere,.   26-6 

u    Corbattiere  in  Savoy,   26*7 


71-5 

69-1 
74-7 
60-2 
60-5 


The  numbers  cited  in  some  of  the  preceding  tables, 
as  indicating  the  heating  power  of  many  kinds  of  fuel, 
appear  at  first  sight  contradictory  to  the  known  results 
obtained  with  such  materials  in  the  furnace.  Thus 
considerably  more  heat  is  produced,  judging  from  the 
work  performed,  when  hard  woods  are  burned  than 
with  the  softer  varieties ;  but  numbers  stated  in  the 
tables  assign  the  greater  heating  power  to  the  softer 
woods.  Schodler  and  Petersen  account  for  this 
apparent  inconsistency  by  the  difference  in  the  amount 
of  hydrogen  producing  unequal  intensity  of  combustion 
in  the  two  cases.  They  show  that  whilst  woody  fibre 
contains  oxygen  and  hydrogen  in  the  proportion  in 
which  they  unite  in  water — that  is,  in  the  ratio  of  eight 
to  one — all  woods  have  the  hydrogen  in  greater  or 
less  excess  of  the  oxygen,  and  this  excess  acting  at  the 
temperature  of  combustion  upon  the  carbon  of  the 
substance,  produces  a  quantity  of  hydrocarbon  gases, 
which  are  rapidly  consumed.  The  residuary  charcoal 
becomes  hi  this  case  more  porous,  and,  therefore,  pre- 
sents a  larger  surface  to  the  oxygen  of  the  air;  the  con- 
sequence of  which  is,  that  it  is  much  more  speedily 
consumed  than  if  it  remained  a  dense  compact  body. 
Hard  woods  have  less  hydrogen  than  the  soft  ones,  and 
this  fact  accounts  for  the  difference  in  the  amount  of 
heat  produced.  The  annexed  table  gives  the  excess  in 
one  thousand  parts  after  the  oxygen  has  been  assimi- 
lated : — 

Excess  of  hydrogen. 

Ash,   5-05 

Oak-wood,   5-08 

Beech-wood,   6-50 

Willow,   7-00 

Birch,   7-50 

Scotch  fir,   7-70 

Poplar-wood,   8'20 

Maple,   8-30 

Pine-wood,   8-80 

Deal,   9-50 

Elm,   10-00 

Lime-wood   13-90 

In  the  other  tables  above  given,  it  will  be  seen  that 
the  highest  place  is  assigned  to  lime-wood  in  point  of 
heating  power;  but,  in  practical  application,  the  oak 
produces  a  better  result.  The  difference  of  the  time 
required  for  the  combustion  of  the  two  accounts  for  the 
inequality.  In  the  case  of  lime-wood,  a  considerable 
quantity  of  its  carbon  is  taken  up  by  the  large  excess 
of  hydrogen,  and  is  given  off  in  the  shape  of  inflam- 
mable gas,  which  presents  an  extended  surface  to  the 
oxygen,  and  is  consequently  speedily  consumed;  the 
residuary  charcoal  burns  rapidly  on  account  of  its 
porous  nature,  arising  from  the  evolution  of  the  particles 
of  hydrogen  and  carbon.  Now,  oak-wood  not  having 
so  large  a  per  centage  of  hydrogen  to  react  upon  its 
carbon,  of  course  a  greater  weight  of  the  latter  remains, 
and  this  being  denser  than  in  the  case  of  lime-wood,  a 
vol.  n.  - 


less  surface  is  undergoing  combustion  in  the  fire,  and  a 
longer  time  will  be  occupied  in  its  burning.  It  rarely 
happens  that  the  arrangements  for  the  application  of 
caloric  in  the  arts  are  of  such  a  nature  as  to  allow  of 
the  entire  eeonomization  of  the  heat  produced,  more 
especially  when  it  is  developed  intensely  and  in  a  short 
space  of  time ;  hence,  when  soft  woods  are  employed 
as  fuel,  there  is  a  considerable  amount  of  heat  lost,  by 
which  the  working  effect  is  lessened.  On  the  contrary, 
with  woods  which  burn  slowly,  the  loss  is  not  so  great, 
since  it  is  nearly  wholly  absorbed  in  proportion  as  it  is 
developed  by  the  combustion.  The  same  remark  ap- 
plies to  coals ;  and  this  is  the  reason  why  particular 
kinds  are  employed  for  steam-generating  purposes,  for 
glass  and  porcelain  works,  et  cetera;  but  although 
there  appears  a  very  great  difference  arising  from  this 
cause,  yet  it  does  not  follow  that  the  pyrometric  effect 
of  the  one  is  less  than  that  of  the  other.  If,  for  in- 
stance, two  equal  weights  of  oak-wood  be  consumed — 
one  in  the  form  of  chips  or  shavings,  and  the  other  in 
a  compact  mass — it  will  be  seen  that  the  former  will 
burn  in  a  much  shorter  period  than  the  latter,  and  that 
the  practical  heating  effect  produced  by  the  one  will  be 
much  less  than  by  the  other.  It  is  evident  that  the 
pyrometric  heat  is  the  same  in  both,  only  that  the 
evolution  of  caloric  from  the  divided  portion  is  so  rapid 
as  to  cause  the  dissipation  of  a  large  part  of  it.  Where 
a  high  temperature  is  necessary,  it  is  evident  that  a  fuel 
capable  of  giving  off  its  caloric  in  a  comparatively  short 
space  of  time  is  required ;  and  hence  the  preference 
given  to  soft  wood,  or  finely  cleft  hard  wood,  in  the 
glass  furnace  and  porcelain  kiln.  The  facility  which 
minute  division  affords  for  rapidity  of  combustion  has, 
however,  its  limit,  which,  when  exceeded,  instead  of 
expediting,  retards,  and  when  carried  to  extremes, 
actually  arrests  combustion  entirely,  as  may  be  ob- 
served with  coal,  coke,  wood,  and  peat  charcoal,  when 
crushed  to  a  powder.  In  this  case  the  air  has  no 
access  to  the  combustible  except  at  the  surface,  so  that 
the  area  of  contact  is  very  limited  when  compared  to  the 
bulk,  and,  consequently,  ignition  is  arrested.  When  it 
happens  that  fuel  in  this  minutely  divided  state  is  the 
only  kind  available,  the  combustion  is  assisted  by  piling 
blocks  of  limestone,  sandstone,  or  other  material  upon 
the  grate,  and  placing  the  fuel— such  as  sawdust,  slack, 
brees,  et  cetera — upon  them,  in  which  case  the  currents, 
ascending  through  the  interstices,  supply  the  requisite 
oxygen  to  the  fuel.  If  the  grate  does  not  admit  of  this 
arrangement,  the  finely-divided  combustible  is  con- 
verted into  a  valuable  compact  fuel  by  blending  it  with 
tar,  pitch,  or  some  such  binding  material,  as  described 
under  Patent  Fuels. 

In  consequence  of  the  defective  furnace  arrangements 
in  most  manufacturing  establishments,  the  quantity  of 
heat  absorbed  and  utilized  bears,  in  general,  no  definite 
relation  to  the  quantity  produced,  without  taking  into 
account  the  proportion  of  the  fuel,  which  is  either  not 
at  all,  or  only  partially  burned.  The  loss  from  these 
two  causes  alone  has  been  estimated  to  be  equivalent 
to  the  one-half  of  the  coals  consumed  under  the  imper- 
fect systems  generally  followed.  Of  late  years  con- 
siderable attention  has  been  directed  to  discover  some 
moans  whereby  the  cause  of  the  first  loss  might  be 
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removed  by  an  improved  construction  of  the  furnaces 
or  fire-places,  with  a  view  to  their  better  retention  of 
the  heat,  and  marked  benefits  have  arisen  to  many 
branches  of  trade,  but  more  especially  to  those  making 
extensive  use  of  steam,  from  the  various  investigations 
instituted.  Although  the  waste  of  caloric  from  both 
the  causes  mentioned — namely,  the  non-retention  of 
the  heat  and  the  imperfect  combustion  of  the  material 
— is  very  great ;  yet  a  considerable  waste  of  fuel  is 
occasioned  by  other  circumstances  which  attend  ordi- 
nary combustion,  and  which  require  investigation  as 
much  as  the  others.  To  enter  into  a  minute  discussion 
of  all  these  would  be  tedious ;  but  a  short  examina- 
tion of  the  principal  ones  will  be  necessary,  to  point 
out  the  sources  of  the  difference  between  the  calculated 
value  of  fuel  in  heating  power,  estimated  from  experi- 
ments controlled  in  such  a  way  as  is  not  possible  when 
the  materials  are  burned  in  the  ordinary  furnace  or 
grate,  and  that  which  results  in  practical  operation. 

In  the  first  place,  it  will  be  evident  that  the  mere 
maintaining  of  a  fuel  in  a  state  of  combustion,  whether 
in  a  grate  or  furnace,  involves,  and  is  dependent  upon, 
a  certain  loss  of  caloric,  as  well  latent  as  sensible, 
in  the  production  arid  expansion  of  the  gases  result- 
ing from  the  change,  whereby  they  ascend  from  the 
substance  and  admit  the  fresh  air  to  keep  up  the 
chemical  action.  It  is  well  known  that,  under  the 
provision  made  for  burning  fuel  of  any  description,  the 
air  which  is  admitted  must  always  be  greater  than  the 
amount  which  theory  assigns  as  sufficient,  otherwise 
the  combustion  would  be  imperfect,  and  a  heavy  loss 
sustained.  Admitting,  however,  that  no  more  than  is 
absolutely  necessary  passes  through  the  fire,  it  will  be 
seen,  on  reflection,  that  still  a  great  amount  of  heat  is 
rendered  useless  by  the  draught  in  the  chimney.  From 
the  tables  already  given,  it  appears  that  for  the  com- 
plete combustion  of  one  pound  of  dry  wood  an  average 
of  5'94,  or  in  whole  numbers,  six  pounds  weight  of  air 
at  §2° — equal  one  hundred  and  forty-eight  cubic  feet 
— are  required.  Admitting  that  this  volume  of  gaseous 
matter  passes  off  from  the  fire  to  the  chimney  at  a 
temperature  of  300°,  the  whole  heat  lost  will  be 
1620°—  (6  X  270)— or  as  much  as  is  equivalent  to 
raise  nine  pounds  from  32°  to  212°,  and,  therefore,  as 
would  effect  an  equal  increase  of  temperature  in  2'4 
pounds  of  water.  Schodler  and  Petersen  have 
shown  that  one  pound  of  dry  wood  raises  40'6  pounds 
of  water  from  32°  to  212° ;  hence  the  loss  sustained, 
in  consequence  of  the  heat  which  is  carried  into  the 
2-4 

chimney,  is        =  '06,  or  six  per  cent.    It  seldom 

happens,  however,  that  the  temperature  of  the  escaping 
gases  is  so  low  as  that  assumed  in  this  instance;  and 
where  their  heat  is  greater,  of  course,  the  loss  will  be 
proportionally  increased ;  and  the  same  effect  will  fol- 
low when  the  quantity  of  air  passing  through  the  fur- 
nace is  greater  than  the  theoretical  amount. 

Another  cause  of  the  reduction  of  the  heat,  and  the 
prevention  of  a  due  effect  resulting  from  combustion  in 
the  furnace,  is  the  water  which  is  usually  present  in 
fuels  in  greater  or  less  abundance.  The  loss  suffered 
from  this  alone  is  twofold:  firstly,  inasmuch  as  the 
amount  of  real  combustible  is  diminished  by  it,  whe- 


ther it  be  large  or  small ;  and,  secondly,  because  by  its 
conversion  into  steam,  in  which  state  it  passes  off  with 
the  products  of  combustion,  it  unites  with  a  large 
amount  of  caloric,  which  becomes  latent. 

When  the  proportion  of  water  is  appreciable,  the 
quantity  of  caloric  which  is  given  off  is  very  great. 
Wood,  for  instance,  contains,  after  being  dried  in  air, 
about  one-fifth  of  its  weight  of  moisture,  so  that  when 
employed  in  this  state  as  a  fuel,  only  four-fifths  of  the 
weight  taken  is  capable  of  generating  heat.  Supposing 
that  406  pounds  of  water  are  heated  from  32°  to  212° 
by  one  pound  of  wood  perfectly  free  from  moisture,  it 
is  evident  that  only  32  5  pounds  would  be  brought  to 
the  same  degree  by  the  available  fuel  in  the  pound  of 
common  air-dried  wood.  Further,  the  one-fifth  of 
moisture  is  expelled  in  steam,  and  this  takes  up  as 
much  caloric  as  would  bring  5"5  pounds  of  water  from 
the  freezing  to  the  boiling  point.  Founding  a  calcula- 
tion upon  this  fact,  the  one-fifth  of  a  pound  of  water 
present  would  assimilate  as  much  heat  as  would  raise 
1*1  pound  of  water  to  the  boiling  point.  By  adding 
both,  the  total  loss  will  be  9'2— 8'1  +  M— or  22-5 
per  cent,  less  than  if  dry  wood  were  employed. 
This  example  shows,  in  a  striking  manner,  the  great 
advantages  which  the  employment  of  wood,  peat,  lig- 
nite, or  such  fuel  as  is  liable  to  be  more  or  less  satu- 
rated with  hygroscopic  matter  affords,  when  they  are 
thoroughly  exsiccated,  over  the  same  when  containing 
ton,  fifteen,  or  twenty  per  cent,  of  moisture.  Where 
wood  is  much  employed,  care  is  taken  to  submit  it  to  a 
preliminary  drying  operation,  so  that  its  combustion 
may  be  rapid,  and  that  the  loss  described  may  be 
avoided. 

It  may  be  remarked,  however,  that  water  does  not, 
under  all  circumstances,  diminish  the  calorific  effect  of 
a  fuel ;  but  on  the  contrary,  when  judiciously  managed, 
adds  to  it  in  a  high  degree.  Bunsen  and  Fyfe  have 
shown  that  aqueous  vapor  passed  over  incandescent 
fuel  suffers  decomposition ;  its  oxygen  is  abstracted  by 
the  highly  heated  carbon,  and  carbonic  oxide  results, 
while  the  hydrogen  passes  off  partly  uncombined,  and 
partly  associated  as  carbide  of  hydrogen.  These  three 
products  in  the  presence  of  sufficient  oxygen,  and  the 
high  temperature  of  the  furnace,  are  capable  of  under- 
going further  combustion,  and  yield  a  large  amount 
of  heat  by  being  converted  into  carbonic  acid  and 
water.  In  numerous  experiments  it  was  shown  that 
the  caloric  developed  in  this  manner,  more  than  com- 
pensated for  the  fuel  employed  in  producing  the  gases. 
The  application  of  aqueous  vapor,  however,  demands 
caution;  for  when  used  in  too  great  an  excess,  it 
reduces,  rather  than  increases  the  temperature  of  the 
fire.  Its  effect  is  to  dimmish  the  heat,  unless  used 
sparingly,  and  with  a  free  admission  of  air  to  promote 
the  combustion  of  the  inflammable  gases. 

The  method  in  which  water  is  utilized  for  raising 
the  temperature,  is  to  place  a  vessel  of  this  liquid 
beneath  the  bars,  so  that  the  heat  radiated  downwards 
may  have  the  effect  of  producing  the  steam  without 
further  trouble;  where  steam-engines  are  employed,  a 
jet  of  the  waste  vapor  is  allowed  to  issue  under  the  fur- 
nace. A  mistaken  inference  from  this  fact  leads  many 
to  moisten  the  coals  before  throwing  them  on  the  fire, 
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with  a  view  to  the  increase  of  the  heat ;  but  that  the 
contrary  effect  is  produced,  is  evident  from  what  has 
been  already  detailed ;  the  water  in  this  case  serves 
only  to  slacken  the  combustion,  and  render  a  consider- 
able amount  of  heat  latent.  It  is  the  practice,  espe- 
cially, to  moisten  small  coals  and  slack,  when  it  is 
required  to  burn  them  on  the  furnace  bars,  and  in 
this  case  the  loss  in  heat  from  the  presence  of  the  water 
may  to  a  certain  extent  be  compensated  by  the  advan- 
tage of  the  adhesion  produced  between  the  particles  of 
the  fuel,  whereby  it  is  prevented  from  falling  into  the 
ash  or  stoke-hole.  Clay,  plaster,  or  bituminous  sub- 
stances would  serve  better. 

Besides  the  loss  of  caloric  which  results  from  the 
gases  or  products  of  combustion  passing  in  a  super- 
heated state  into  the  chimney,  as  well  as  from  the  pre- 
sence of  an  excess  of  moisture,  there  is  another  source 
of  loss  which  is  of  far  greater  importance,  and  which  is 
much  more  generally  felt.  It  is  necessary  for  keeping 
up  the  ignition  that  the  column  of  air  in  the  chimney 
be  expanded  by  heat,  and  thus  rendered  specifically 
lighter  than  the  surrounding  atmosphere,  to  produce  a 
constant  current  through  the  fire.  The  moisture  in  a 
fuel  may  be  removed  by  a  preliminary  desiccation,  the 
extent  of  the  heat-absorbing  surface  may,  under  certain 
circumstances,  be  augmented,  so  as  to  arrest  and  econo- 
mize a  large  amount  of  caloric  which  might  otherwise  be 
lost;  but  to  effect  a  complete  combustion  of  the  fuel,  with 
the  least  possible  volume  of  air,  demands  a  thorough 
knowledge  of  the  scientific  principles  involved  in  this 
change,  as  well  as  of  the  products  resulting  therefrom, 
together  with  the  strictest  attention  on  the  part  of  the 
stoker.  It  is  evident  that  a  definite  relation  must 
exist  between  the  weight  of  combustible  elements  in  a 
fuel,  and  the  oxygen  which  is  required  to  convert  these 
into  carbonic  acid  and  water,  and  that  to  effect  the 
latter  change  within  the  limits  of  this  relation  requires 
the  most  favorable  circumstances,  such  as  properly  ar- 
ranged furnaces,  the  adjustment  of  the  fuel  and  draught 
of  air  passing  through  the  fire,  with  skill  and  constant 
attention  on  the  part  of  the  fireman. 

In  a  grate  of  any  given  dimensions,  and  burning  a 
given  weight  of  fuel  in  a  determinate  period,  the  quan- 
tity of  air  to  be  supplied  can  be  easily  deduced  with 
the  aid  of  known  experimental  results,  as  well  as  from 
theoretical  calculations.  Thus,  according  to  the  deter- 
minations and  analyses  quoted  at  page  112,  one  pound 
of  peat  requires  for  complete  combustion  from  seventy 
to  one  hundred  and  thirty-four  cubic  feet  of  air  at  66-2°; 
medium  kinds  of  this  fuel,  one  hundred  and  forty-nine 
cubic  feet;  one  pound  of  peat  charcoal  requires  one 
hundred  and  fifty-five  to  two  hundred  and  twenty-eight 
cubic  feet ;  one  pound  of  brown  coal,  according  to  the 
lead  test,  one  hundred  and  thirty-nine  to  two  hundred 
and  twenty-two  cubic  feet,  and  by  analysis,  one  hun- 
dred and  sixty  to  two  hundred  and  forty-eight;  one 
pound  of  coal  requires,  by  the  lead  test,  one  hundred 
and  seventy  to  two  hundred  and  seventy-nine,  average 
qualities  two  hundred  and  twenty-eight  cubic  feet ;  ac- 
cording to  Richardson's  analysis,  from  two  hundred 
and  forty-eight  to  three  hundred  and  three  ;  by  Reg  • 
nault's,  average  qualities,  from  the  coal  formation, 
take  three  hundred  and  twenty  to  three  hundred  and 


thirty-two — those  from  the  secondary  formation,  two 
hundred  and  ninety-three  to  three  hundred  and  twenty- 
six  cubic  feet ;  one  pound  of  coke  requires  one  hundred 
and  ninety-four  to  two  hundred  and  fifty  cubic  feet ; 
one  pound  of  anthracite,  according  to  the  lead  experi- 
ment, demands  two  hundred  and  thirty-three  to  two 
hundred  and  seventy-seven — according  to  Regnault's 
analysis,  three  hundred  and  twelve  cubic  feet.  A  cubic 
foot  of  air  weighs  0-03794  pound  Hessian— 0-07500 
English — at  the  above  temperature. — Richardson  and 
Ronalds. 

Now,  in  these  calculations,  it  is  presumed  that  the 
oxygen  of  the  air  is  in  contact  with  every  particle  of 
the  fuel  during  ignition.  Could  the  same  condition  be 
insured  in  the  furnace,  it  is  evident  that  the  great 
desideratum  required  in  combustion  would  be  attained; 
no  escape  of  combustible  gas  could  then  ensue,  nor  of 
the  carbonaceous  particles  which  give  to  the  gases 
passing  up  the  chimney  the  character  of  smoke ;  and 
the  greatest  possible  heat  arising  from  the  burning  of 
the  substance  in  air  would  be  developed.  Indeed, 
nothing  would  be  wanting  to  extract  from  the  fuel  the 
benefit  of  its  total  theoretical  heating  power,  but  such 
an  arrangement  of  the  furnace  as  would  perfectly  utilize 
the  caloric  so  produced.  No  one,  however,  who  has 
any  experience  as  to  the  manner  in  which  the  fire  is 
managed  in  the  ordinary  kinds  of  furnaces,  will  hesitate 
to  assert  that  the  above  conditions  are  never  supplied. 
The  coals  are  thrown  in  thick  layers  upon  the  grate, 
by  which  the  existing  temperature  for  a  time  is  greatly 
depressed,  being  absorbed  in  part  by  the  cold  fuel,  and 
by  the  dispersion  of  its  hygroscopic  matter.  In  addi- 
tion to  the  reduction  of  the  heat  temporarily,  the  thick 
bed  of  fuel  impedes  the  draught,  and  sufficient  air  cannot 
enter  to  effect  a  consumption  of  coals,  adequate  to  the 
generation  of  the  amount  of  heat  required.  The  por- 
tion of  air  which  traverses  the  fire  is  deoxidized  by  the 
ignited  fuel  on  the  bars,  and  no  oxygen,  for  a  consider- 
able period,  can  come  into  contact  with  the  mass  lying 
upon  that  which  is  burning;  but  although  in  this  way 
it  does  not  contribute  to  the  pyrometrical  effect,  the 
temperature  of  the  ignited  mass,  and  the  heated  gases 
permeating  it  from  below,  cause  a  distillatory  change, 
by  which  the  whole  of  the  available  hydrogen,  together 
with  a  large  per  centage  of  the  carbon,  is  expelled  as 
hydrocarbon  gases,  which  escape  combustion.  This 
decomposition,  occasioned  by  the  undue  fuelling,  does 
not  only  waste  the  combustible  matter  in  the  way 
alluded  to,  but  it  diminishes  the  heat  which  is  pro- 
duced by  the  portion  that  burns,  since  the  gases  in 
passing  off  carry  with  them  a  considerable  portion  of 
caloric  as  latent  and  sensible  heat.  Further,  after  the 
distillation  of  the  gaseous  matter  is  effected,  and  the 
residuary  coke  has  acquired  incandescence,  an  addi- 
tional loss  is  sustained  in  consequence  of  the  carbonic 
acid  in  which  the  combustion  of  the  carbon  in  the  base 
of  the  fire  terminates,  being,  by  the  deoxidizing  power 
of  the  overlying  glowing  combustible,  transformed  into 
carbonic  oxide,  the  abstracted  oxygen  taking  as  much 
again  of  the  carbon  as  it  would  do  if  perfect  combus- 
tion had  occurred.  The  double  volume  of  gas  pro- 
duced under  these  circumstances  renders  a  large  quan- 
tity of  heat  ineffectual  for  useful  application. 
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It  is  thus  that  three  radical  and  distinct  sources  of 
loss  arise  out  of  the  profligate  system  of  stoking  usually 
practised;  namely,  waste  of  the  volatile  inflammable 
hydrocarbon  gases  of  the  substance;  loss  of  the  fixed 
carbon  by  the  deoxidation  of  the  carbonic  acid ;  and, 
lastly,  loss  of  the  caloric  with  which  the  combustible 
and  non-combustible  gases  combine  and  carry  off,  as 
well  in  the  state  of  latent  as  of  sensible  heat. 

Independently  of  such  gross  waste  in  the  applica- 
tion of  fuel,  another  of  no  little  moment  exists — 
namely,  the  rapidity  of  the  draught  in  the  flues.  Ex- 
periments have  shown  that  in  those  cases  where  the 
flue  has  been  lengthened  with  the  view  of  affording  a 
greater  heating  surface,  the  effect  produced  was  ma- 
terially affected  by  having  the  damper  entirely  with- 
drawn, or  only  partially  so.  Such  a  result  is  a  natural 
one,  considering  the  imperfect  conducting  power  of  air, 
and  also  of  water,  when  it  is  on  the  point  of  passing 
into  the  state  of  elastic  vapor;  for  the  one  does  not 
transmit  the  caloric  to  the  fluid,  nor  does  the  latter 
combine  with  it  so  readily  as  to  sufficiently  abstract 
this  principle  from  the  gases  when  they  rapidly  circu- 
late around  the  boiler  and  pass  away.  Uke  illustrates 
this  non-conducting  quality  of  gases  passing  rapidly  over 
a  conducting  surface  by  the  slight  elevation  of  tempera- 
ture which  is  experienced  in  guns,  cannon,  et  cetera,  not- 
withstanding that  the  temperature  produced  by  the  com- 
bustion of  the  powder  is  very  high.  The  reason  is,  that 
the  rapid  evolution  of  the  gases  prevents  the  absorption 
of  the  caloric  by  the  metal.  In  the  case  of  a  furnace, 
the  barrel  of  the  gun  may  be  represented  by  the  flue ; 
the  force  of  the  explosion,  and  the  products  therefrom, 
by  the  draught  and  vapors  produced  in  an  ordinary 
furnace ;  and  the  effect  of  non -absorption  in  the  latter 
instance,  will  be  as  marked  as  in  the  former  if  the 
draught  be  too  great.  Hence  it  will  be  readily  inferred, 
that  to  absorb  the  whole  or  the  greater  part  of  caloric, 
time  must  form  an  important  consideration  to  afford  a 
more  or  less  prolonged  contact  of  the  heated  gases  with 
the  material  of  the  boiler ;  consequently,  where  the 
draught  is  increased  rather  than  checked  within  pro- 
per limits,  the  pyrometrical  effect  is,  to  a  considerable 
extent,  lost. 

The  causes  of  these  losses  in  the  production  of  heat- 
ing effect,  and,  consequently,  of  mechanical  power,  have 
of  late  years  engaged  much  attention,  as  well  in  America 
as  in  this  country ;  and  although  the  investigations, 
which  have  been  conducted  with  a  view  to  ascertain 
the  conditions  by  which  the  largest  amount  of  work 
might  be  performed  by  the  fuel,  have  added  materially 
to  the  knowledge  of  those  circumstances  that  affect 
the  heating  power,  they  have  scarcely  touched  upon 
those  which  relate  to  the  economizing  of  fuel.  Se- 
veral modifications  of  furnaces  have  been  patented  of 
late  years  for  the  prevention  of  smoke,  while,  at  the 
same  time,  it  is  alleged  that  the  heat  of  the  fire  is 
increased ;  hut  it  is  to  be  feared  that  many  of  these 
arrangements,  while  ostensibly  obviating  one  evil,  pro- 
duce others  quite  as  injurious.  This  arises  for  the  most 
part  from  the  injudicious  introduction  of  cold  air  at  a 
part  where  the  temperature  is  too  low  to  cause  com- 
bustion of  the  inflammable  vapors  and  portions  of  car- 
bon ;  or  the  quantity  of  air  admitted  is  too  great,  and 


the  heat  rendered  latent  by  it  amounts  to  as  much  or 
perhaps  more  than  in  the  ordinary  fire.  Much  benefit 
will  doubtless  accrue  from  those  improvements  in  the 
furnace  by  which  the  supply  of  fuel  upon  the  grate  is 
regulated,  and  rendered  more  or  less  independent  of  the 
stoker.  By  these  the  loss  arising  from  imperfect  com- 
bustion, as  already  explained,  is  to  a  great  degree 
avoided.  To  enter  into  a  discussion  and  notice  of  the 
several  improvements  would  be,  in  some  degree,  foreign 
to  the  subject  of  this  article ;  but  the  reader  who  may 
be  desirous  of  information  on  this  matter,  is  referred  to 
a  work  by  Mr.  W.  Wye  Williams,  to  the  Dictionnaire 
des  Arts  et  de  Manufactures,  published  by  Labou- 
laye,  and  to  Knapp,  Ronalds,  and  Richardson  on 
Fuel. 

Regarding  the  investigations  above  alluded  to,  the 
chief  object  with  which  they  were  undertaken  was  to 
find  the  best  coal  for  steam  navigation.  As  already 
mentioned,  there  are  many  kinds  of  coal,  which,  though 
capable  of  producing  a  high  temperature  during  com- 
bustion, yet  are  not  economical  for  the  purposes  of  the 
navy  or  other  boiler  furnaces.  The  reasons  have  been 
already  stated.  To  find  the  best  among  the  numerous 
varieties  of  coal  extracted  even  from  the  same  pits,  and 
still  more  from  different  fields,  the  Government  of  the 
United  States  intrusted  Professor  W.  R.  Johnson  with 
the  investigation.  This  example  was  soon  followed 
by  Great  Britain,  whose  manufacturing  and  naval  in- 
terests, depending  so  much  on  steam,  rendered  such  an 
inquiry  most  urgent.  Dr.  Lyon  Playfair  and  Sir 
Henry  de  la  Beche  were  appointed  as  the  principals 
in  this  research.  In  both  the  American  and  British 
investigations,  the  experiments  were  made  with  refer- 
ence to  the  following  principles : — 

Firstly.  The  fuel  should  burn  so  that  steam  may  be 
raised  in  a  short  period,  if  this  be  desired ;  in  other 
words,  it  should  be  able  to  produce  a  quick  action. 

Secondly.  It  should  possess  high  evaporating  power 
— that  is,  be  capable  of  converting  much  water  into 
steam  with  a  small  consumption  of  coal. 

Thirdly.  It  should  not  be  bituminous,  lest  so  much 
smoke  be  generated  as  to  betray  the  position  of  vessels 
of  war  when  it  is  desirable  that  this  should  be  concealed. 

Fourthly.  It  should  possess  considerable  cohesion  of 
its  particles,  so  that  it  may  not  be  broken  into  small 
fragments  by  the  constant  attrition  which  it  may  ex- 
perience in  the  ship. 

Fifthly.  It  should  combine  a  considerable  density 
with  such  mechanical  structure  that  it  maj'  be  easily 
stowed  away  into  small  space — a  condition  which,  in 
coals  of  equal  evaporative  values,  often  involves  a  dif- 
ference of  more  than  twenty  per  cent. 

Sixthly.  It  should  be  free  from  any  considerable 
quantity  of  sulphur,  and  it  should  not  progressively 
decay,  both  of  which  circumstances  render  it  liable  to 
spontaneous  combustion. 

The  boiler  employed  by  Johnson  in  his  trials  of 
the  evaporating  power  of  coals,  was  thirty  feet  long, 
and  three  and  a  half  in  diameter;  this  was  set  over 
a  furnace,  and  the  heated  gases,  after  passing  through 
two  interior  return  flues,  each  one  foot  in  diameter, 
escaped  by  the  side  flues  exterior  to  the  boiler  to 
the  chimney,  making  the  entire  length  of  circuit  for 
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the  products  of  combustion  one  hundred  and  twenty- 
one  feet.  The  grate  surface  was  sixteen  feet  and  a 
quarter,  and  the  area  of  heat-absorbing  surface  three 
hundred  and  seventy-seven  and  a  half  square  feet,  so 
that  the  ratio  of  both  surfaces  was  as  one  to  23-2. 
The  chimney  was  sixty-three  feet  high,  and  had  a 
cross  section  of  three  hundred  and  twenty-four  square 
inches. 

On  the  other  hand,  a  Cornish  boiler  was  employed 
in  the  English  investigation,  the  length  of  which  was 
twelve  feet,  with  an  external  diameter  of  four  feet. 
The  furnace,  as  usual  with  this  class  of  steam  boilers, 
was  constructed  in  a  flue  two  feet  in  diameter  passing 
through  the  middle  of  the  vessel.  After  the  products 
of  combustion  traversed  the  central  flue,  they  returned 
by  two  other  external  side  ones  to  the  front,  and  thence 
entered  a  main  under  the  boiler,  and  which  led  to  the 
chimney,  thus  making  a  course  of  thirty-six  feet.  A 
grate  five  feet  square  was  employed,  and  the  absorbing 
surface  amounted  to  197-6  square  feet,  so  that  the 
latter  was  to  that  of  the  fire  as  1  to  39-5.  In  this  case 
the  height  of  the  chimney  was  35'5  feet,  and  its  cross 
section  presented  an  area  of  182-25  square  inches. 

The  amount  of  coals  consumed  in  the  hundred  and 
folty-four  trials  made  by  Johnson  at  Washington  was 
sixty-two  and  a  half  tons;  and,  in  the  eighty-two  ex- 
periments conducted  at  London  by  Playfaik  and  de 
la  Beche,  about  fourteen  tons  six  hundred.  The 
average  weight  of  coals  burned  in  the  American  in- 
quiry at  once  was  eight  hundred  two  quarters  twenty- 
six  pounds,  and  in  the  English,  three  hundred  two 
quarters. 

The  results  of  these  experiments  were  published  by 
Professor  Johnson  in  a  Keport  to  Congress  in  1844, 
and  by  Sir  Henry  de  la  Beche  and  De.  Lyon 


Playfair  in  a  series  of  Reports  to  the  British  Go- 
vernment, concluded  in  1851 ;  but  the  relation  between 
the  composition  of  the  coal,  as  ascertained  by  analysis, 
and  its  value  for  producing  steam,  is  not  by  any  means 
very  clearly  brought  out  even  by  these  experiments. 
They  prove,  indeed,  by  the  very  differences  which  they 
exhibit,  as  compared  with  the  results  of  experience,  that 
the  only  trustworthy  method  of  determining  the  value 
of  a  fuel,  especially  for  steam  purposes,  is  that  of  practi- 
cal experiment  under  the  boiler,  where  several  tons  and 
not  pounds  are  consumed.  It  appears,  therefore,  to  be 
unnecessary  to  transcribe  the  voluminous  and  elaborate 
tables  embraced  in  the  American  and  English  reports, 
which  the  few  readers  who  may  be  desirous  to  inspect 
them  will  find  in  Ronalds  and  Richardson's  Che- 
mical Technology.  It  may  be  stated,  however,  that  in 
Johnson's  experiments  the  weight  of  water  evaporated 
at  212°  from  one  cubic  foot  of  coal  was  found  to  vary 
from  440-8  to  556-1  pounds  with  different  specimens 
of  anthracite;  from  350-2  to  478-7,  with  bituminous 
coking  coal;  and  from  353'8  with  Scotch,  to  439'6 
with  English  bituminous  coal.  In  the  English  experi- 
ments, the  Newcastle  coal  varies  from  325-24  to  529'34; 
and  Scotch  coals  from  352-58  to  460-82.  The  follow- 
ing may  be  given  as  a  summary  of  the  latter  series  of 
experiments,  where  A  represents  the  evaporating  power, 
or  number  of  pounds  of  water  evaporated  at  and  above 
212°  by  one  pound  of  coal;  B,  rate  of  evaporation,  or 
number  of  pounds  evaporated  per  hour ;  C,  weight  in 
pounds  of  one  cubic  foot  of  coal,  as  used  for  fuel ;  D, 
space  occupied  by  one  ton  in  cubic  feet;  B,  results 
obtained  in  experiments  on  cohesive  power  of  coals,  or, 
in  other  words,  the  per  centage  of  large  coals ;  and  F, 
the  per  centage  amount  of  sulphur  contained  in  the 
coals : — 


Average  of  thirty-seven  samples  from  Wales,  

"  seventeen  samples  from  Newcastle,  .... 
"        twenty-eight  samples  from  Lancashire,.. 

"         eight  samples  from  Scotland,  

"        eight  samples  from  Derbyshire,  


Tho  volume  of  the  coals  with  reference  to  their  re- 
spective qualities  as  a  solid  compact  fuel  was  tested  by 
Johnson,  in  the  state  in  which  they  come  to  market, 
but  in  the  English  inquiry  the  several  varieties  were 
broken  up  into  fragments  not  exceeding  one  pound  in 
weight;  hence  the  results  in  the  latter  were  necessarily 
more  uniform  than  in  the  former,  and,  therefore,  the 
quantity  of  steam  raised  by  equal  bulks  of  the  coal  would 
from  this,  if  from  no  other  circumstance,  be  in  favor  of 
the  English  coals.  Where  the  specific  bulk  of  a  fuel 
becomes  a  matter  of  consideration,  as  it  must  do  when 
required  for  shipping,  attention  should  be  devoted  to 
the  size  of  the  lumps,  for  even  with  the  same  coal 
there  is  great  difference  in  the  weights  of  two  given 
volumes,  one  of  which  is  in  large  and  the  other  in 
smaller  pieces. 

The  moisture  present  in  the  British  coals  was  not 
deducted  in  calculating  their  evaporative  value,  as  it 
was  considered  of  greater  practical  importance  to  esti- 
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9-05 

448-2 
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42-71 
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411-1 
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1-42 
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49-99 

73-4 

1-45 

7-58 

432-7 

47-2 

47-45 

80-9 

1-01 

mate  this  in  the  state  in  which  they  were  found  in  the 
market. 

The  British  commission,  besides  employing  the  direct 
practical  method — that  of  burning  a  portion  of  the  coal 
under  the  boiler — had  recourse  for  the  calculation  of 
the  value  of  tho  fuel  to  the  lead  test,  as  also  to  the 
ultimate  analysis.  Between  the  results  of  these  three 
methods  there  is  often  to  be  found  in  their  tables  a 
considerable  difference,  amounting  even  to  a  virtual 
contradiction.  This  has  been  shown  to  arise  from  the 
almost  utter  impossibility  of  economizing  the  heat 
under  the  boiler  in  the  practical  tost,  and  from  the 
fact  of  the  oxygen  derived  from  the  litharge  being 
made  the  basis  for  calculating  the  pyrometrieal  effect 
of  the  fuel  in  the  lead  test,  an  assumption  that  has  been 
shown  to  be  erroneous. 

It  is  at  least  certain  that  very  different  quantities  of 
steam  were  found  to  be  raised  by  coals  capable  of 
reducing  the  same  amount  of  lead,  and  hence  it  is  evi- 
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dent  that  the  lead  test  cannot  be  relied  on  as  an  exact 
measure  of  the  value  of  a  fuel,  although  it  may  afford 
an  approximation.  The  same  observation  applies  to 
the  method  of  testing  by  the  estimation  of  the  coke  or 
fixed  carbon,  the  amount  of  which  does  not  present  a 
sure  guide  in  the  determination  of  the  value  of  coal, 
since  a  wide  difference  was  found  between  the  steam 
generated  or  work  done  by  different  coals  possessing  an 
equal  average  amount  of  carbon. 

With  respect  to  the  value  which  ought  to  be  attached 
to  the  experimental  results  obtained  by  actually  burning 
a  portion  of  coals  under  the  boiler,  the  information 
which  even  this  method  affords  for  practical  guidance 
is  not  so  reliable  as  might  appear  at  first  sight.  This 
arises  from  the  circumstance,  that  the  effect  of  the  fire 
depends  to  a  great  extent  on  the  form  and  setting  of 
the  boiler;  and  as  marine  boilers  differ  from  the  Cor- 
nish ones  in  these  particulars,  the  numbers  found  in  the 
course  of  the  experimental  investigation  do  not  present 
the  actual  equivalent  of  work  to  be  expected  in  steam- 
ships. Even  from  the  smallness  of  the  boiler  employed 
in  the  experiments,  the  results  fell  short  by  twenty  per 
cent,  of  the  maximum  amount  of  work  which  the  same 
fuels  could  perform  when  applied  to  larger  boilers  con- 
structed and  set  on  the  same  principles.  The  inquiry 
is  rendered  less  efficient  from  another  cause,  namely, 
the  want  of  a  thorough  control  and  measurement  of 
the  air  passing  through  the  furnace;  for,  doubtless,  a 
knowledge  of  this  would  be  of  immense,  service  in  the 
application  of  fuel,  so  as  to  develop  its  entire  pyrome- 
trical  effect  under  the  most  favorable  circumstances. 

The  Editor  concludes  this  article  by  acknowledging 
his  obligations  for  much  assistance  to  the  very  able 
work  of  Richardson  and  Ronalds  already  referred 
to,  as  likewise  to  Miller's  Chemistry,  Dumas'  Traite 
de  Chemie  Appliquee  aux  Arts,  and  Dr.  Use's  Dic- 
tionary. 

GAS. — Gas,  French;  Gas,  German. — A  recent 
writer  appositely  remarks,  that  in  the  present  era, 
when  the  creative  faculty  of  man  seems  to  be  more 
than  ever  busy  in  its  obedience  to  the  primitive  injunc- 
tion to  subdue  the  earth,  it  seems  but  to  be  consistent 
with  the  harmony  and  order  of  the  world  that  the 
production  of  light  should  have  been  one  of  the  earliest 
aims  of  British  industry.  For  the  daily  experience  of 
social  as  well  as  of  organic  life,  declares  light  to  be  one 
of  the  chief  necessaries  of  man,  no  less  than  of  every 
other  living  thing ;  and  sense  and  science  alike  at  once 
accept  as  truth,  that  light  was  the  first  material  force 
that  worked  in  the  embryo  universe. 

From  the  tallow  dips  of  the  last  generation,  powerless 
and  void  of  everything  save  smell,  to  the  bright  stearic 
acid  that  cheers  the  drawing-room  now-a-days,  what  a 
development !  In  the  iron  arteries  under  towns,  in  the 
constellations  of  burners,  that  rule  the  nights  of  favored 
days,  rising  over  the  chaotic  oil-lamps  of  old,  what 
a  creation !  And  can  any  one  doubt  that  the  same 
voice  which  first  bade  light  to  be,  has  summoned  gas  to 
the  service  of  man,  and  pronounced  the  light  from  it 
to  be  good? 

The  discovery  and  earliest  observation  of  elastic 
aeriform  fluids,  capable  of  being  inflamed  and  of  im- 
parting light  and  heat,  must,  according  to  Hughes, 


undoubtedly  have  been  of  great  antiquity.  The  most 
ancient  writings  contain  notices  of  inflammable  vapors 
springing  from  fissures  and  cavities  in  the  earth.  It  is 
evident,  therefore,  that  gas  being  a  natural  production, 
no  such  individual  as  the  discoverer  and  inventor  of  gas 
ever  existed.  Modern  chemistry  will  have  no  difficulty 
in  showing  that  all  inflammable  gases,  whether  arising 
naturally  from  rocks,  or  produced  artificially  by  com- 
bustion or  otherwise,  are  composed  of  simple  elements, 
which  present  a  remarkable  analogy  to  the  common 
bihydride  of  carbon,  the  gas  chiefly  consumed  in  our 
street  lamps  and  houses  at  the  present  day. 

Inflammable  gas  may  be  truly  said  to  be  as  old  as 
the  first  creation  of  organic  matter,  for  wherever  animal 
or  vegetal  substances  have  existed,  by  the  immutable 
laws  of  nature  they  have  been  subject  to  eremacausis, 
and  wherever  decomposition  has  taken  place,  a  variety 
of  gases  has  been  produced,  some  of  them  combustible, 
and  others  not.  Whether  the  change  be  that  engen- 
dered by  the  slow  combustioD  of  decay,  or  that  more 
speedy  process  caused  by  the  application  of  sensible 
heat,  the  effect  is  the  same — the  gases  are  equally  pro- 
duced in  the  two  eases. 

Gas  may,  in  one  sense,  be  called  a  more  natural 
production  than  steam,  although  the  latter  has  existed 
from  the  first  creation  of  water,  and  in  its  palpable 
state,  as  proceeding  from  boiling  water,  must  have  been 
observed  in  all  ages. 

The  discoveries  of  man  in  respect  to  gas  and  steam, 
ought  rather  to  be  called  applications;  they  are  con- 
quests over  the  elements,  the  subjugation  of  great 
powers  in  nature  to  his  use  and  convenience.  So  it  is 
with  nearly  all  great  inventions,  in  which  is  found  one 
power  of  nature  after  another,  chained,  confined,  bound 
down,  stored,  and  then  let  loose  when  required,  and 
made  to  work  machines,  to  propel  ships  across  the 
ocean,  to  supply  the  place  of  human  exertion  itself  in  a 
thousand  different  ways;  nay,  to  pass  far  beyond  the 
actual  powers  of  the  combined  labor  of  multitudes, 
and  to  effect  that  by  a  single  effort  which  the  manual 
strength  of  a  world  could  scarcely  accomplish. 

If  such  astonishing  applications  of  steam  and  gas 
had  been  made  in  the  days  of  ancient  Greece,  what 
magnificent,  expressive,  and  high-sounding  names 
would  have  been  found  to  convey  their  meaning!  In- 
stead of  such  contemptible  little  monosyllables  as  gas 
and  steam,  one  might  have  heard  of  the  spirit  of  coal 
and  the  spirit  of  water,  with  some  superlative  adjective 
to  stamp  the  vast  importance  of  each.  '  In  such  an 
age  these  wonderful  conquests  would  have  thrown  all 
meaner  efforts  into  the  shade;  for  them  alone  would 
poetry  have  strung  its  harp,  and  the  grandest  epic 
productions  of  genius  might  have  commemorated  the 
victory  of  man  over  the  inanimate  matter  of  nature, 
instead  of  dedicating  her  loftiest  songs  to  the  art  of  war. 

As  already  stated,  jets  of  flaming  gases  bursting  out 
from  the  ground  have  attracted  notice  from  a  very 
early  date,  so  that  savage  tribes,  owing  to  the  grandeur 
of  the  spectacle,  apparently  unsupported  by  fuel,  con- 
sidered the  spots  whence  such  emanated  as  the  abodes 
of  their  gods.  The  well-known  holy  fires  of  Baku 
still  burn,  and  are  due  to  the  ignition  of  light  car- 
bide of  hydrogen  with  some  naphtha  vapor.  They 
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are  worshipped  by  the  savages  in  the  neighborhood 
of  the  Caspian  Sea.  In  China,  the  borers  for  salt 
water  often  meet  with  streams  of  combustible  gases, 
which  they  employ  for  illuminating  factories  and  eva- 
porating brines ;  consequently,  the  Chinese  were  ac- 
quainted with  the  use  of  coal-gas,  long  before  the  know- 
ledge of  its  application  was  acquired  by  Europeans. 
The  most  familiar  instance  of  the  elimination  of  in- 
flammable gases  from  the  earth  in  this  country,  is  the 
fire-damp  of  the  miners ;  but  it  is  not  of  such  a  good 
quality  as  that  artificially  produced. 

Some  of  the  earlier  nations  considered  fire  as  a  type 
of  divinity,  and  one  can  scarcely  wonder  at  the  feelings 
of  veneration  occasioned  by  mysterious  outbursts  of 
flame,  the  origin  of  which  appeared  utterly  incompre- 
hensible. Hence  superstition  erected  her  altars  over 
such  flames,  and  claimed  the  interference  of  the  gods 
to  sustain  the  perpetual  miracle.  But  all  that  had  been 
observed  with  reference  to  inflammable  vapors  in  olden 
times,  was  very  far  indeed  from  leading  to  any  attempt 
to  collect  and  use  them.  Their  very  nature  and  com- 
position were  unknown,  and  the  most  mistaken  ideas 
prevailed  as  to  their  real  elements.  It  was  not  until 
modern  chemistry  had  exploded  volumes  of  ancient 
dogmas,  had  traced  the  so-called  elements  to  far  simpler 
forms,  and  had  taught  the  laws  according  to  which  simple 
bodies  are  combined  in  order  to  constitute  all  forms  of 
matter — it  was  not  till  then  that  it  began  to  be  seen  that 
the  inflammable  vapor  of  coal,  wood,  oils,  and  other  fatty 
substances,  was  analogous  with  the  marsh  gas  which 
arises  in  bubbles  from  the  decomposition  of  vegetals 
under  water;  that  it  was  of  the  same  nature  as  the  ignis 
fatuus  or  Will-o' -tlie-wisp,  which  on  the  wild  moor  or 
bog  has  lighted  many  a  traveller  to  destruction;  finally, 
that  it  was  nearly  the  same  as  the  gas  which  arises 
from  the  decomposition  of  water,  however  effected ; 
and  that,  in  fact,  one  of  the  constituents  of  water,  the 
greatest  antagonist  and  extinguisher  of  flame,  was  itself 
the  most  inflammable  substance  in  nature,  namely, 
hydrogen  gas ;  while  oxygen,  the  other  element,  is  the 
greatest  supporter  of  combustion. 

Various  opinions  have  been  hazarded  to  account  for 
the  almost  perpetual  fires  which  were  kept  burning  on 
the  ancient  altars.  These  are  mentioned  by  StrAbo 
and  Plutarch,  who  add  that  when  they  happened  to 
be  extinguished,  they  were  lighted  by  invisible  means. 
The  altar  in  the  temple  of  Jjgina  may  be  mentioned 
as  affording  a  good  explanation  of  the  mystery.  Here 
a  round  hole,  about  thirteen  inches  in  diameter,  is  ob- 
served in  a  block  of  stone.  The  circular  orifice  opens 
into  a  square  one,  which  passes  down  through  solid 
stone  to  a  depth  of  several  feet.  The  lower  extremity 
of  the  square  hole  communicates  with  a  cavity  in  which 
Mr.  Dodwell  supposes  a  fire  to  have  been  constantly 
kept  burning,  so  that  the  flame  did  not  appear  above 
the  surface  of  the  fissure.  He  says,  nothing  more 
would  be  necessary  than  to  pour  oil  into  the  orifice, 
when  the  flames  would  immediately  burst  forth,  and 
appear  to  have  a  miraculous  origin. — Hughes. 

Although  the  applicatir  'i  of  the  gases  produced  by 
the  destructive  distillation  of  pit-coal,  as  a  means  of 
obtaining  artificial  light,  appertains  to  modern  times, 
yet  the  germ  of  it  may  be  traced  back  nearly  two  cen- 


turies. In  the  year  1659,  Thomas  Shirley  is  said  to 
have  attributed  the  exhalations  from  the  burning  well  of 
Wigan,  in  Lancashire,  to  the  subjacent  coal  beds;  and 
in  1664,  the  observation  was  made  by  Dr.  Clayton, 
that  combustible  illuminating  gas  was  formed  during 
the  decomposition  of  coal  by  heat,  and  that  this  could 
be  collected. 

One  hundred  years  afterwards  application  was  made 
of  the  fact,  but  by  mere  accident.  In  1787,  Lord 
Dundonald,  of  Culross  Abbey,  in  Scotland,  took  out 
a  patent  for  making  coal-tar,  and  erected  near  the 
Abbey  a  series  of  ovens  for  this  purpose.  The  tar 
was  conducted  by  pipes  from  the  condensers  into  cylin- 
ders of  brickwork,  each  of  which  had  a  small  opening 
at  the  top  for  the  escape  of  the  incondensable  part  of 
the  products.  To  these  openings  the  workmen  were 
in  the  habit  of  attaching  a  cast-iron  pipe  by  means  of 
a  mass  of  soft  clay,  and  lighting  the  gas  at  the  other 
end  to  give  them  light  during  the  darkness.  His  lord- 
ship, also,  was  in  the  habit  of  burning  the  gas  in  the 
Abbey  as  a  curiosity ;  and,  for  this  purpose,  he  had  a 
vessel  constructed  resembling  a  large  tea-urn,  which 
he  frequently  caused  to  be  filled  and  earned  up  to  the 
Abbey  to  light  the  hall  with,  especially  when  he  had 
company  with  him. 

But  the  true  discoverer  of  the  practical  application 
of  coal-gas  for  lighting  purposes  was  Mr.  Murdoch,  a 
Scotchman,  who,  in  the  year  1792,  while  at  Redruth 
in  Cornwall,  made  a  series  of  experiments  on  the  quan- 
tity and  qualities  of  the  gases  produced  by  distillation 
from  different  mineral  and  vegetal  substances.  He 
was  induced,  by  some  observations  which  he  had  pre- 
viously made  on  the  burning  of  coal,  to  try  the  com- 
bustible properties  of  the  gases  produced  from  it,  as 
well  as  from  peat,  wood,  and  other  inflammable  sub- 
stances;  and  was  struck  with  the  great  quantities 
of  gas  which  they  afforded,  as  well  as  with  the  bril- 
liancy of  the  light,  and  the  facilities  of  its  produc- 
tion. He  continued  his  experiments  till  1798,  when 
he  removed  from  Cornwall  to  a  situation  of  im- 
portance in  Boulton  and  Watt's  works  at  Soho, 
and  there  he  constructed  an  apparatus  which,  during 
many  successive  nights,  was  applied  to  the  lighting  ol 
their  principal  building.  In  the  meantime  he  tried 
various  methods  for  washing  and  purifying  the  gas, 
and  these  experiments  were  continued  withjsome  inter- 
ruptions till  the  peace  of  1802,  when  a  public  display 
of  the  gas-light  was  made  by  him  in  the  illumination 
of  the  manufactory  at  Soho  on  that  occasion.  He 
afterwards  extended  the  same  apparatus,  so  as  to  give 
light  to  all  the  principal  shops  in  the  neighborhood, 
where  it  was  in  regular  use  to  the  exclusion  of  other 
artificial  light;  and,  finally,  in  1808,  he  fitted  up  the 
gas  apparatus  in  Messrs.  Phillips  and  Lee's  cotton 
mill ;  from  which  time  it  gradually  extended  to  all  the 
cotton  mills  in  the  kingdom. 

At  the  same  time,  much  credit  is  due  to  Mr.  WlN- 
SOR,  who  took  out  a  patent  for  a  similar  process  in 
1806,  delivered  lectures  on  the  subject,  and  endeavored 
to  get  up  a  joint-stock  company  for  street-illumination. 
In  this  object  he  did  not  succeed  till  1812,  when  some 
of  the  streets  of  London  were  first  lighted  with  gas. 
Oil-gas  was  first  prepared  on  a  large  scale  by  Philip 
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Taylor,  who  erected  the  gas-works  at  Paris  soon 
after  the  peace  of  1815. 

Nature  of  Illuminating  Gas. — Knapp  justly  re- 
marks that  the  lighting  properties  of  a  gas,  or  mixture  of 
gases,  must  depend  upon  the  relation  which  the  carbon 
in  it  bears  to  the  hydrogen,  and  that  it  can  only  be 
turned  to  a  useful  purpose  when  there  is  more  of  the 
former  of  the  two  elements  present  than  in  fire-damp, 
and  when  the  proportion  of  both  approaches  that  of 
olefiant  gas.  Light  carbide  of  hydrogen — CIi2 — con- 
tains 75-4  carbon  to  24'6  hydrogen ;  oleSant  gas — 
C2H2 — consists  of  86  carbon  to  12  hydrogen. 

The  illuminating  power  of  different  carbides  of  hydro- 
gen varies  considerably.  Fire-damp  contains  one  part 
by  weight  of  hydrogen  to  three  of  carbon ;  but  one  part 
of  hydrogen  requires  eight,  and  one  part  of  carbon  2'GG6 
parts  of  oxygen  for  combustion;  now,  supposing  the  oxy- 
gen of  the  air,  which  performs  an  important  part  in  com- 
bustion, to  combine  with  both  simultaneously — then,  as 
eight  parts  of  oxygen  consume  one  of  hydrogen,  just  eight 
parts  of  oxygon  would  unite  with  the  carbon,  and  con- 
sume three  parts,  or  exactly  the  whole  quantity.  In 
olefiant  gas,  there  is  one  part  of  hydrogen  to  six  of  car- 
bon ;  therefore,  under  the  same  supposition,  one  part  of 
hydrogen  and  three  parts  of  carbon  will  be  consumed 
together,  whilst  as  much  carbon,  or  three  parts,  will  be 
set  free.  Although  in  reality  the  hydrogen  is  always 
consumed  first,  yet  it  is  obvious  that  olefiant  gas  is 
capable,  under  similar  circumstances,  of  supplying  more 
carbon  to  the  flame,  and,  consequently,  of  producing 
more  light,  and  it  would  have  a  decided  preference 
above  all  others,  if  it  could  be  procured  sufficiently 
cheap.  This,  however,  is  not  the  case,  and  one  must 
he  satisfied,  from  economical  motives,  with  a  mixture 
of  gases,  or,  in  other  words,  a  compound  gas,  produced 
by  the  decomposition  of  certain  substances  of  organic 
origin,  and  containing  so  much  olefiant  gas  that  it  far 
exceeds  carbide  of  hydrogen  in  illuminating  power. 
When  these  organic  substances  are  exposed  to  a  certain 
temperature,  the  following  process  results.  Certain 
volatile  products  escape,  which  partly  condense  on 
cooling  into  tar  and  aqueous  fluid,  whilst  the  rest  is  a 
mixture  of  gases,  but  contains  likewise  no  small  por- 
tion of  the  volatile  vapors  of  different  compounds, 
which  remain  dissolved  in  the  cooled  gases,  without 
being  condensed  into  liquids.  A  coaly  residue  which  is 
termed  coke  is  left. 

The  researches  of  numerous  chemists  upon  coal  tar, 
have  led  to  the  discovery  of  oily  volatile  products  of 
very  different  chemical  character,  and  which  are  chiefly 
carbides  of  hydrogen,  with  a  very  large  proportion  of 
carbon.  To  this  class  belong  anilin,  leucolin,  pyrrol, 
rosolic,  brunolic,  and  carbolic  acids,  and  naphthalin. 
Most  of  these  contain  ninety  per  cent,  of  carbon, 
naphthalin  as  much  as  ninety-four;  and  in  burning  they 
deposit  it  in  still  greater  quantity  than  olefiant  gas.  It 
is,  therefore,  easily  conceived  why  the  vapors  of  these 
substances  remaining  with  the  gas,  so  very  much 
enhance  its  value.  Such  mixtures  of  gas  and  vapor 
are  termed  illuminating  gas,  without  reference  to  the 
separation  of  noxious  and  useless  impurities  before  it 
is  used.  Gas,  consequently,  is  not  a  definite  compound 
of  light  carbide  of  hydrogen  or  olefiant  gas,  but  more 


properly  a  mechanical  mixture  of  very  various  bodies, 
some  being  only  slightly  or  not  at  all  luminous,  whilst 
others  are  exceedingly  so,  as  olefiant  gas  and  the  other 
carbides  of  hydrogen  which  possess  similar  properties, 
and  to  which  the  whole  is  indebted  for  its  illuminating 
power.  It  is  a  remarkable  circumstance,  that  carbon  and 
hydrogen  are  capable  of  uniting  in  the  same  proportions 
by  weight  to  form  a  series  of  gases  and  liquids,  which 
only  vary  on  account  of  the  different  amount  of  con- 
traction of  volume  which  their  elements  undergo  in  the 
moment  of  combination ;  and  this  alone  can  explain  the 
great  multiplicity  of  solid,  liquid,  and  gaseous  carbides 
of  hydrogen  which  are  known  to  exist. 

It  may  be  conceived  that  different  substances,  as 
wood,  fat,  and  coal,  must  be  suited  in  different  degrees 
for  the  production  of  light-gas.  Coal,  fats,  or  oils,  resin 
and  tar,  asphaltum,  soap-water,  and  the  refuse  of  animal 
bodies,  are  all  practically  employed,  according  to  the 
locality,  in  the  production  of  gas.  The  different  nature 
of  these  bodies  requires  that  different  modes  of  prepar- 
ing the  gas  from  them  should  be  adopted,  and  these 
will  be  considered  separately  further  on. 

The  amount  of  gas  from  a  given  quantity  of  coal 
depends  greatly  upon  its  quality,  and  the  manner  in 
which  its  distillation  is  conducted;  it  is,  therefore,  very 
variable. 

Experience  has  proved  that  English  cannel  is  the  best 
gas-coal,  both  as  regards  the  quantity  and  quality  of 
the  gas  which  it  yields.  Scotch  parrot  coal  comes  next. 
Even  the  Berlin  gas-works  use  cannel  coal  from  Eng- 
land. In  France,  where  cannel  is  not  to  be  met  with, 
highly  caking  coal  of  a  similar  character  is  selected, 
and  on  the  East  coast  of  England,  caking  coal  is  gener- 
ally employed  for  the  production  of  gas. 

Accum  found  that  one  hundred  cubic  feet  of  coal 
gave  from  eighteen  thousand  seven  hundred  to  nine 
thousand  two  hundred  cubic  feet  of  gas,  according  as 
the  best  kinds  of  Scotch  or  Lancashire  coal  were  used, 
or  the  inferior  sorts  of  Staffordshire.  At  the  hospital 
at  St.  Louis,  at  Paris,  the  yearly  average,  from  the 
same  amount  of  coal,  was  twelve  thousand  three  hun- 
dred cubic  feet  of  gas,  which  is  equal  to  four  hundred 
and  ninety-three  cubic  feet  of  gas  to  the  hundredweight 
of  coal.  Prechtl  estimates  the  produce  at  seven  hun- 
dred cubic  feet ;  so  that  the  statements  as  regards  the 
weight  of  gas  vary  from  twelve  to  seventeen  per  cent. 

The  decomposition  of  the  coal  begins  with  the  inci- 
pient red  heat  of  the  enclosing  vessels,  and  continues, 
if  largo  quantities  are  employed,  several  hours,  the 
quantity  of  gas  gradually  decreasing  towards  the  end. 
Peckston  found  that,  in  an  eight  hours'  distillation, 
when  the  fire  was  uniform,  and  the  vessels  constantly 
red  hot,  the  relative  quantities  of  gas  given  off  were, 
in  the  first  hour,  twenty;  in  the  second,  fifteen;  in 
the  third,  fourteen ;  in  the  fourth,  nearly  thirteen ;  in 
the  fifth,  twelve;  in  the  sixth,  ten;  in  the  seventh, 
nine ;  and  in  the  eighth,  about  eight  per  cent,  of  the 
whole  quantity.  The  cubic  foot  at  the  end,  therefore, 
costs  two  and  a  half  times  as  much  as  at  the  com- 
mencement. The  quality  of  the  gas,  at  the  different 
periods  of  the  distillation,  however,  must  also  be  taken 
into  consideration.  For  this  purpose,  it  will  be  proper 
to  glance  at  the  ingredients  of  the  gaseous  mixture  in 


121 


general,  which,  after  the  separation  of  the  aqueous  fluid 
and  the  tar,  consists  of— 

Hydrogen,   H 

Bmydride  of  carbon,   C  H2 

Oleliant  gas,  C2  H2,  or  C4  H4 

Volatile  hydrocarbon,   C8  H6 

Benzol,   C12  Ha 

Carbonic  oxide,   C  0 

Cyanogen,   C2  N 

Sulphide  of  hydrogen,   H  S 

Ammonia,   N  H3 

Carbonic  acid,   C  02 

Sulphurous  acid,   S  02 

Bisulphide  of  carbon,   C  S2 

Nitrogen,   N 

The  carbonic  oxide  and  a  part  of  the  free  hydrogen, 
doubtless,  have  the  same  origin,  being  formed  from  the 
moisture  in  the  coal,  or  from  the  first  portions  of 
aqueous  vapor  generated,  which,  passing  over  the  in- 
candescent coke,  are  converted  into  these  gases.  The 
nitrogen  of  the  coal  is  obtained  entirely  as  cyanogen 
and  ammonia,  partly  in  combination,  and  the  latter 
is  also  found  with  the  sulpho-cyanogen  and  the 
other  acids,  forming  volatile  salts;  free  nitrogen,  on 
the  contrary,  is  the  residue  of  atmospheric  air  con- 
tained in  the  retort.    Sulphide  of  hydrogen  and  sul- 


phurous acid  arise  from  iron  pyrites,  eviscerated  by 
the  coal. 

The  first  four  of  the  ingredients  named,  with  the 
illuminating  vapors  of  tar  oil,  form  the  proper  bulk  of 
the  gas;  the  others  are  small  quantities  of  impurities 
which  should  have  been  separated  with  the  tar.  Ex- 
periment has  proved  that  the  relative  proportions  of  the 
four  principal  ingredients  vary  with  the  duration  of  the 
distillation.  When  chlorine  is  added  to  light-gas  and 
the  vapors  of  tar  oil,  a  fluid  compound  separates,  and 
the  original  volume  is  consequently  lessened.  The 
diminution  which  the  volume  of  the  gas  suffers  when 
mixed  with  chlorine  is,  therefore,  in  direct  proportion 
to  its  illuminating  power  and  to  the  value  of  the  gas 
— the  amount  of  defiant  gas  and  tar  oil  vapors  which 
it  contains.  This  explains  the  following  results  of 
a  series  of  elaborate  experiments  by  Dr.  Henry,  who 
followed  analytically,  step  by  step,  the  whole  course  of 
the  evolution  of  gas.  He  found  that,  at  incipient  red- 
ness, scarcely  anything  but  hydrogen,  atmospheric  air, 
and  some  tar  passed  off,  with  hardly  any  illuminating 
gas;  but  that,  after  attaining  that  temperature,  illumi- 
nating gas  alone  appeared,  and  this  was  composed  of  a 
mixture  of  gases  in  the  following  relative  proportions: — 


Time  of  collection. 

Specific 
gravity. 

Out  of  a  hundred  parts  of  gas  from  Wigan  cannel  coal. 

Chlorino 
absorbed 

Carbide  of 
hydrogen 
absorbed 

Carbonic 

oxide 
absorbed 

Hydrogen 
absorbed 

Nitrogen 
absorbed 

0-650 
0-620 
0-630 
0-500 
0-345 

13 
12 
12 
7 
0 

82-5 

72 

58 

56 

20 

3-2 
1-9 

12-3 

11 

10 

0 

8-8 
16 
21-3 
60 

1-3 
5-3 
1-7 
4-7 
10 

Consequently,  as  a  general  result,  carbide  of  hydrogen 
is  formed  in  decided  excess,  and  the  most  luminous 
portion  of  this,  which  is  condensable  by  chlorine,  com- 
prises only  about  one-fifth  of  the  whole.  These  num- 
bers also  prove  distinctly,  that  after  about  the  fifth 
hour  the  quantity  only  increases,  but  the  quality  does 
not  improve;  indeed,  this  deteriorates  so  rapidly,  that 
at  the  expiration  of  ten  hours,  the  gas  which  passes  over 
is  hardly  luminous  when  ignited,  but  burns  with  a  very 
faint  flame.  The  specific  gravity,  as  will  be  seen,  keeps 
pace  with  the  quality  of  the  gas,  diminishing  as  the 
latter  improves,  and  can  thus  far  be  taken  as  a  test 
for  its  value.  As  pure  defiant  gas  has  about  the 
specific  gravity  of  common  air,  0"98,  the  density  of 
the  illuminating  gas  must  increase  with  the  quantity 
of  defiant  gas  contained  in  it;  yet  an  extraordinary 
amount  of  carbonic  oxide,  specific  gravity  0'97,  or  of 
carbonic  acid,  specific  gravity  1-52,  may  give  rise  to 
errors  of  some  magnitude. 

The  great  increase  of  hydrogen,  which  at  the  last 
period  amounts  to  sixty  per  cent.,  is  remarkable,  and 
important  to  the  manufacturer — an  augmentation  which 
is  no  longer  due  to  the  decomposition  of  aqueous  vapors, 
but  to  that  of  the  carbides  of  hydrogen.  It  was  long 
ago  observed  that  these  are  decomposed  at  a  bright 
red  heat,  and  deposit  a  portion  of  their  carbon  on  the 
sides  of  the  vessels.  Marchand's  recent  experiments 
show  very  clearly  the  progress  of  this  decomposition. 
When  defiant  gas  was  conducted  through  a  red-hot 
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tube,  and  the  heat  constantly  elevated,  the  gas  passing 
off,  collected  in  successive  portions,  contained  the  follow- 
ing quantities  of  carbon  to  one  hundred  of  hydrogen : — 


Hydrogen,   i  Carbon. 


100 

614 

100 

580 

100 

533 

100 

472 

100 

367 

100 

325 

100 

307 

100 

7 

Nature  and  temperature  of  Uie  gas. 


defiant  gas. 
Bed  heat. 


Intense  white  heat. 
Light  carbide  of  hydrogen. 
Continued  white  heat,  nearly  pure 
hydrogen. 


The  Editor  will  now  give  a  short  account  of  each 
gas,  with  its  preparation  and  properties. 

Hydrogen. — First  in  the  table  of  the  constituents 
of  coal-gas  is  this  element,  which  in  its  pure  state  is 
a  colorless  transparent  gas,  possessing  a  very  low 
specific  gravity.  It  may  be  obtained  by  the  action 
of  weak  sulphuric  acid  upon  iron  or  zinc.  Some  nails, 
or  pieces  of  iron  wire,  or  granulated  zinc,  may  be 
introduced  into  a  tubulated  flask,  and  covered  with 
sulphuric  acid,  diluted  with  six  or  eight  times  its  bulk 
of  water;  an  effervesence  ensues,  heat  is  evolved, 
and  the  gas  escapes,  which  may  be  collected  in  the 
hydro-pneumatic  trough.  The  hydrogen,  however, 
which  is  thus  eliminated,  is  never  perfectly  pure.  When 
procured  from  iron,  its  smell  is  peculiar  and  disagree- 
able, in  consequence,  according  to  Berzelius,  of  its 
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containing  a  portion  of  volatile  oil,  formed  by  its  union 
with  a  minute  quantity  of  carbon,  which  all  common 
iron  contains.  When  such  gas  is  passed  through 
alcohol,  much  of  the  odor  is  absorbed  by  it,  and  on 
diluting  it  with  water,  it  becomes  milky.  Obtained  by 
means  of  zinc,  the  gas  is  perhaps  somewhat  more  pure, 
but  appears  to  hold  a  trace  of  zinc  and  of  carbon  in 
solution,  and  perhaps,  in  some  cases,  traces  of  sulphur 
and  of  arsenic.  For  the  purposes  of  delicate  experi- 
ments, hydrogen  must  be  passed  through  a  solution  of 
potassa,  and  then  exsiccated  by  conducting  it  over  frag- 
ments of  fused  chloride  of  calcium;  it  should  also  be 
collected  over  mercury,  and  procured  from  purified 
zinc,  and  pure  sulphuric  acid,  so  far  diluted  as  to  act 
but  slowly  upon  the  metal. 

Hydrogen  is  an  uncondensable  aeriform  fluid ;  it  is 
not  absorbable  by  water,  unless  that  liquid  has  pre- 
viously been  deprived,  by  long  boiling,  of  common  air, 
in  which  case  a  hundred  cubic  inches  dissolve  about 
1*5  of  the  gas.  It  has  no  taste,  and  when  perfectly 
pure  is  inodorous.  It  has  great  power  of  refracting 
light.  It  may  be  respired  for  a  short  time,  though  it 
is  instantly  fatal  to  small  animals.  M.  Matjnoie, 
after  having  breathed  a  quantity  of  this  gas,  found  that 
his  voice  had  become  remarkably  shrill.  The  intensity 
of  sound  is  greatly  diminished  in  an  atmosphere  of 
hydrogen ;  Luslie,  indeed,  ascertained  it  to  be  more 
feeble  than  its  rarity,  compared  with  air,  would  have 
led  him  to  expect.  He  placed  a  piece  of  clockwork,  by 
which  a  bell  was  struck  every  half  minute  under  the 
receiver  of  the  air-pump,  and  after  exhausting  the  air, 
filled  the  receiver  wit'u  hydrogen  ;  but  the  sound  was 
then  even  feebler  than  in  the  highly  rarefied  atmosphere. 

Hydrogen  gas,  says  Brande,  is  the  lightest  known 
form  of  matter,  and  its  equivalent,  combining,  or  atomic 
weight,  is  below  that  of  all  other  substances;  it  is,  there- 
fore, conveniently  assumed  as  unity  in  reference  to  the 
atomic  weights  of  all  other  bodies.  In  consequence  of  its 
extreme  lightness,  it  is  difficult  directly  to  determine  its 
weight  with  accuracy  by  the  common  process ;  but  the 
researches  of  Berzelitjs  and  Dulong,  and  of  Dr. 
Pbout,  lead  one  to  infer  that  its  specific  gravity,  com- 
pared with  oxygen,  is  as  one  to  sixteen ;  one  hun- 
dred cubic  inches,  therefore,  of  pure  hydrogen  gas  at 
mean  temperature  and  pressure,  weigh  only  2'1483 
grains,  and  compared  with  air,  its  specific  gravity  would 
be  nearly  as  seven  to  one  hundred,  or,  more  correctly, 
as  0'0694  to  unity. 

The  low  specific  gravity  of  this  gas  is  well  and  in- 
terestingly illustrated,  by  substituting  it  for  common 
air  in  soap  bubbles,  which  then  rapidly  ascend  in  the 
atmosphere,  and  may  be  kindled  by  the  flame  of  a  taper. 
The  same  circumstance  also  leads  to  its  employment  for 
the  inflation  of  balloons,  which,  however,  have  of  late 
years  been  generally  filled  with  coal-gas.  Small  balloons 
may  be  purchased  made  of  gold-beater's  skin,  or  the 
lining  membrane  of  the  crop  of  a  turkey,  which,  when 
filled  with  pure  hydrogen,  rise  to  the  ceiling,  their 
specific  gravity  being  inferior  to  that  of  the  surrounding 
air.  Some  of  these,  when  filled  with  hydrogen,  do  not 
weigh  more  than  forty-two  grains,  while  the  same  bulk 
of  air  would  weigh  fifty-two,  so  that  their  buoyant 
power  is  about  ten  grains. 


Hydrogen  is  inflammable,  and  extinguishes  flame. 
When  pure,  it  burns  quietly,  with  a  pale  yellowish  flame 
at  the  surface  in  contact  with  air. — Brande. 

BiHYDMDE  of  Carbon — light  carbide  of  hydrogen 
— is  produced  collaterally  with  carbonic  acid,  in  the 
putrefaction  of  vegetal  substances  under  water — hence 
its  name,  marsh-gas.  It  burns  with  a  pale  bluish 
light,  rather  stronger  than  hydrogen. 

This  gas  is  best  obtained  for  experimental  purposes 
by  the  decomposition  of  certain  acetates,  under  the 
following  conditions,  first  pointed  out  by  Persoz,  and 
described  by  Dumas  :  forty  parts  of  crystallized  acetate 
of  soda,  forty  of  caustic  potassa,  and  sixty  of  powdered 
quicklime,  are  well  mixed  and  heated  in  a  glass  retort; 
the  use  of  the  lime  being  to  prevent  the  action  of  the 
alkali  upon  the  glass ;  at  a  heat  approaching  dull  red- 
ness, the  gas  is  abundantly  evolved,  and  may  be  col- 
lected over  water.  The  action  is  determined  by  the 
affinity  of  the  alkaline  bases  for  carbonic  acid,  and  the 
instability  of  the  acetic  acid  at  high  temperatures,  an 
equivalent  of  acetic  acid  and  one  of  water  producing 
carbonic  acid,  which  combines  with  the  soda  and 
potassa,  while,  at  the  same  time,  light  carbide  of 
hydrogen  is  formed,  and  passes  off,  as  shown  by  the 
following  formula : — 

Na  0,  C4  H3,  Os,     +    KO  HO    =    Na  0  C02  -f 

Acetate  of  aoda.  Potassa.  Carbonate  of  soda. 

KO  C02  +  2  (H2  C). 

Carbonate  of  potnesa.  Carbide  of  hydrogen. 

A  mixture  of  one  equivalent  of  fused  hydrate  of 
baryta,  and  one  of  anhydrous  acetate  of  soda,  similarly 
treated,  also  yield  a  pure  gas. 

Sir  H.  Davy  found  the  specific  gravity  of  this  gas 
to  be  0'555,  and,  compared  with  hydrogen,  as  eight  to 
one.  One  hundred  cubic  inches  weigh  17'4  grains. 
According  to  Faraday,  its  refractive  power  is  2'097, 
air  being  1-000.  When  pure,  it  is  of  course  unrespir- 
able,  but  it  is  not  very  noxious  when  mixed  with  air. 
It  is  sparingly  soluble  in  water,  fourteen  cubic  inches 
of  which  take  up  about  one  of  the  gas.  It  is  hardly 
sensibly  soluble  in  alcohol  or  ether,  and  in  oil  of  tur- 
pentine the  proportion  dissolved  is  not  probably  one- 
fifteenth  of  the  volume  of  the  fluid  employed.  It  is 
inflammable,  burning  with  a  yellow  flame,  and  produc- 
ing carbonic  acid  and  water ;  it  has,  when  quite  pure, 
scarcely  any  odor.  It  is  not  decomposed  by  electric 
sparks,  but,  when  passed  through  a  white-hot  tube, 
deposits  a  portion  of  its  carbon. 

A  hundred  volumes  of  this  gas  require  two  hundred 
of  oxygen  for  perfect  combustion,  which  produces 
water  and  a  hundred  volumes  of  carbonic  acid.  One 
hundred  volumes  of  carbonic  acid  contain  a  hundred 
of  oxygen,  or  half  the  quantity  consumed  ;  the  remain- 
ing hundred  volumes,  therefore,  must  have  united  with 
two  hundred  of  hydrogen  to  form  water ;  hence,  this 
gas  is  composed  of — 

Atomic  weight    Per  cent. 

1  Eq.  of  Carbon,   6    75 

2  Eqs.  of  Hydrogen,   2  25 

1  Eq.  of  Bicarbide  of  hydrogen,...  8  100 
Davy  made  several  experiments  on  the  combusti- 
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bility  and  explosive  nature  of  this  gas.  He  observed 
that  when  one  volume  was  mixed  with  one  of  air,  they 
burned  by  the  approach  of  a  lighted  taper,  but  did  not 
explode  ;  two  of  air  and  three  of  the  latter  to  one  of  gas 
manifested  similar  results.  When  four  of  air  and  one  of 
the  gas  were  exposed  to  a  lighted  candle,  the  mixture 
being  in  the  quantity  of  six  to  seven  cubic  inches  in  a 
narrow-necked  bottle,  a  flame  descended  through  the 
mixture,  but  no  noise  was  produced ;  one  volume  of 
gas,  burned  with  six  of  air  in  a  similar  bottle,  made 
a  slight  whistling  sound  ;  one  of  gas  with  eight  of  air, 
rather  a  louder  sound ;  one  with  ten,  eleven,  twelve, 
thirteen,  and  fourteen  still  inflamed,  but  the  violence  of 
the  combustion  decreased.  A  candle  burned  in  a  mix- 
ture of  one  of  gas  and  fifteen  of  air,  with  a  greatly 
enlarged  flame,  without  producing  explosion.  The 
compound  which  appeared  to  be  of  the  greatest  ex- 
plosive power,  was  that  of  seven'  or  eight  volumes  of 
air  to  one  of  gas ;  but  the  report  produced  by  fifty 
cubic  inches  of  this  mixture  was  less  than  that  result- 
ing from  one-tenth  of  the  quantity  of  a  mixture  of  two 
parts  of  atmospheric  air  and  one  of  hydrogen. 

In  reference  to  the  degree  of  heat  required  to  explode 
this  gas  mixed  with  its  proper  proportion  of  air,  it  was 
found  that  a  common  electrical  spark  would  not  explode 
five  parts  of  air  and  one  of  the  gas,  though  it  exploded 
six  parts  of  air  and  one  of  the  gas ;  but  very  strong 
sparks  from  the  discharge  of  a  Leyden  jar  seemed  to 
have  the  same  power  of  exploding  different  mixtures 
of  the  gas  as  the  flame  of  the  taper.  Well-burned 
charcoal,  ignited  to  the  strongest  red  heat,  did  not  ex- 
plode any  mixture  of  air  and  of  the  fire-damp ;  and  a 
fire  made  of  well-burned  charcoal,  that  is,  charcoal  that 
burned  without  flame,  was  blown  up  to  whiteness,  by 
an  explosive  mixture  containing  the  fire-damp,  with- 
out producing  its  inflammation.  An  iron  rod  at  the 
highest  degree  of  red  heat,  and  at  the  common  degree 
of  white  heat,  did  not  inflame  explosive  mixtures  of 
the  gas;  but  when  in  brilliant  combustion,  it  produced 
the  effect.  The  flame  of  gaseous  oxide  of  carbon,  as 
well  as  that  of  defiant  gas,  exploded  the  same  mix- 
tures.— Brande. 

Olefiant  Gas. — Next  in  order  is  the  chief  consti- 
tuent of  coal-gas — namely,  olefiant  gas,  a  name  derived 
from  its  property  of  producing,  when  in  contact  with 
chlorine  at  the  common  temperature,  a  peculiar  aro- 
matic oil  resembling  chloroform. 

This  gas  burns  with  a  beautiful  brilliant  flame,  con- 
stituting the  true  illuminating  principle  of  coal-gas. 
It  is  generally  obtained  by  decomposing  alcohol  by 
sulphuric  acid  ;  for  which  purpose,  two  parts  by  mea- 
sure of  the  acid,  and  one  of  alcohol,  are  put  into  a 
retort,  and  heat  applied  ;  soon  after  the  mixture  boils, 
the  gas  is  evolved.  It  may  be  collected  over  water, 
and  should  be  well  washed  with  lime  water,  or  with  a 
solution  of  potassa,  to  abstract  sulphurous  and  carbonic 
acids ;  it  also  retains  a  little  ethereal  vapor,  which  may 
be  removed  by  agitating  it  with  weak  alcohol,  and 
afterwards  with  water.  A  more  refined  process  for 
the  production  of  olefiant  gas  is  that  of  Mitscherlich, 
which  consists  in  passing  the  vapor  of  alcohol  into 
sulphuric  acid,  so  far  diluted  as  to  have  its  boiling 
point  reduced  325° — namely,  about  two  parts  vitriol, 


specific  gravity  l-8,  and  one  of  water.  The  acid  is 
heated  to  the  boiling  point,  or  nearly  so,  and  is  then 
put  into  the  receiver,  A,  Fig.  89.  The  flask,  or  tubu- 
lated retort,  B,  contains  alcohol.     On  the  application 

Fig.  89. 


of  heat  to  the  latter,  its  vapor  passes,  by  means  of  the 
tube,  c,  into  the  hot  acid,  and  is  converted — catalyti- 
cally — into  olefiant  gas  and  aqueous  vapor,  which,  after 
passing  through  a  Woulfe's  apparatus,  D  D,  escape  by 
the  tube,  E,  together  with  a  little  alcohol  and  ether, 
into  the  pneumatic  trough,  F.  The  gas  continues  its 
course  upwards  into  its  recipient,  H,  while  the  accom- 
panying bodies  just  mentioned  are  condensed  in  the 
trough.  By  this  process  the  acid  is  not  discolored,  and 
no  sulphurous  acid  is  formed. 

The  apparatus  may  be  variously  modified.  Thus, 
when  it  is  required  that  the  whole  of  the  alcoholic  vapor 
should  be  transformed  into  the  olefiant  gas,  the  ebulli- 
tion of  the  acid  must  be  continued  by  means  of  a  spirit 
or  gas  lamp  placed  under  the  receiver.  When  the  acid 
is  merely  heated  in  the  first  place,  decomposition  pro- 
ceeds only  till  the  acid  is  cold.  Still,  for  preparing  a 
small  quantity  of  gas,  this  condition  is  quite  sufficient. 

The  specific  gravity  of  olefiant  gas,  as  usually  pre- 
pared, is  about  O980,  or,  compared  with  hydrogen,  as 
fourteen  to  one,  and  a  hundred  cubic  inches  weigh 
about  thirty  grains.  According  to  Thomson,  its  specific 
gravity  is  0'9722 — the  same  as  that  of  nitrogen  and 
carbonic  oxide — and  a  hundred  cubic  inches  at  the  tem- 
perature of  32°  weigh  31 '879  grains.  Its  refractive 
power  is  1-818,  air  being  one;  audits  specific  heat, 
compared  with  that  of  air,  is,  according  to  Dulong, 
1-53,  and  according  to  De  La  Roche  and  Beeabd, 
1  -55,  being  greater  than  that  of  any  other  gas. 

Under  the  combined  influence  of  intense  cold  and 
pressure,  Faeaday  succeeded  in  condensing  olefiant 
gas  into  a  clear,  colorless,  transparent  liquid,  not  solidi- 
fiable  :  its  vapor  exerts  a  pressure  of  26 '9  atmospheres 
atO". 

Olefiant  gas,  when  carefully  purified,  has  little  odor, 
though  it  is  very  difficult  to  get  rid  of  traces  of  ether ; 
it  is  inflammable,  burning  with  a  bright  and  highly 
luminous  flame.  It  extinguishes  a  taper,  and  is  quite 
irrespirable.  Water  absorbs  about  one-eighth  its 
volume  of  olefiant  gas,  leaving  an  insoluble  residue, 
which  burns  like  light  carbide  of  hydrogen. 
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Marchand  states  that  one  volume  of  defiant  gas 
requires,  for  perfect  combustion,  three  of  oxygen. 
When  sulphur  is  heated  in  one  volume  of  this  gas, 
charcoal  separates,  and  two  volumes  of  sulphide  of 
hydrogen  result.  As  hydrogen  suffers  no  change  of 
volume  by  combining  with  sulphur,  it  follows  that  de- 
fiant gas  contains  two  volumes  of  hydrogen  condensed 
into  one ;  hence  the  quantity  of  oxygen  required  for 
its  combustion.  This  compound  is  also  decomposed 
by  heat  alone,  as  by  passing  and  repassing  it  through 
a  red-hot  tube  of  earthenware  or  metal ;  it  then  gradu- 
ally deposits  its  carbon,  and  is  ultimately  expanded  into 
twice  its  original  volume  of  pure  hydrogen.  An  ana- 
logous transformation  of  the  defiant  gas  generated  in 
the  retorts  of  the  gas-works  is  observed,  and  is  con- 
nected with  the  deposition  of  several  interesting  forms 
of  carbon. 

When  one  volume  of  defiant  gas  is  detonated  by  the 
electric  spark  in  a  proper  tube — which,  on  account  of 
the  violence  of  the  explosion,  should  be  very  strong — 
with  three  volumes  of  oxygen,  two  of  carbonic  acid  are 
formed,  and  water  is  deposited.  Now  two  volumes  of 
carbonic  acid  contain  two  of  oxygen,  so  that  the  other 
volume  of  oxygen  must  have  condensed  two  of  hydro- 
gen to  form  water.  Hence  one  equivalent  or  volume  of 
defiant  gas  must  contain  two  equivalents  of  carbon 
and  two  of  hydrogen. — Branch. 

Volatile  Hydrocarbons. — Next  in  order,  among 
the  constituents  of  coal-gas,  are  the  volatile  hydro- 
carbons, portions  of  which  vaporize  at  a  heat  much 
below  that  of  boiling  water ;  consequently,  parts  of 
them  are  carried  off  by  the  coal-gas — the  quantity 
found  in  the  gas  varying  with  the  distance  from  the 
works  in  which  it  is  generated. 

Benzol  contains  ninety -two  per  cent,  of  carbon,  a 
far  greater  amount  than  even  defiant  gas.  When  it 
is  burned  with  an  insufficient  supply  of  oxygen,  large 
deposits  of  carbon  ensue.  With  a  proper  quantity  of 
oxygen,  this  hydrocarbon  affords  a  beautifd  light,  as 
may  be  observed  when  a  stream  of  atmospheric  air  is 
transmitted  through  it  during  ignition .  The  peculiarly 
rich  and  illuminating  power  of  the  vapor  of  benzol, 
may  be  seen  by  passing  it  through  the  pale  and  almost 
invisible  flame  of  hydrogen.  This  substance  has  been 
fully  described  in  Vol.  I.,  page  285,  et  sequitur. 

Carbonic  Oxide,  which  is  rather  an  impurity  than 
a  proper  constituent  of  coal-gas,  may  be  very  readily 
obtained,  as  Brande  remarks,  by  Dumas'  process, 
which  consists  in  gently  heating  oxalic  acid  with  five 
or  six  times  its  weight  of  sulphuric  acid;  the  mix- 
ture effervesces  in  consequence  of  the  evolution  of 
equal  volumes  of  carbonic  oxide  and  carbonic  acid 
gas  ;  the  latter  may  be  abstracted  by  a  caustic  alkaline 
solution,  and  pure  carbonic  oxide  gas  remains.  In  this 
case,  the  evolution  of  the  two  gases  is  caused  by  the 
abstraction  of  water  from  oxalic  acid,  which  contains, 
in  its  anhydrous  state,  the  elements  of  one  equiva- 
lent of  carbonic  oxide,  and  one  of  carbonic  acid ;  but 
these  can  only  exist  as  oxalic  acid  when  in  union  with 
water,  or  with  a  base,  anhydrous  oxalic  acid  not  having 
been  isolated.  Crystallized  oxalic  acid  is  C2  03,  3  HO, 
which,  acted  upon  by  three  equivalents  of  sulphuric 
acid,  3  (HO,  S  03),  becomes  3  (2  HO,  S  03)  +  C02 + CO ; 


the  hydrated  sulphuric  acid  remains  in  the  retort,  the 
carbonic  acid  is  abstracted  by  passing  the  gases  through 
a  solution  of  caustic  potassa,  and  the  carbonic  oxide 
passes  off.  Another  source  of  carbonic  oxide,  suggested 
by  Fownes,  is  the  action  of  ten  parts  of  concentrated 
sulphuric  acid  on  one  part  of  pulverized  crystals  of 
ferrocyanide  of  potassium ;  the  gas  thus  obtained  is 
pure,  and  is  evolved  in  the  proportion  of  three  hundred 
cubic  inches  from  half  an  ounce  of  the  salt. 

Ferrocyanide  of  potassium  contains  cyanide  of  po- 
tassium, K  C2  N,  and  cyanide  of  iron,  Fe  C2  N  ;  they 
are  converted  by  the  sulphuric  acid  into  sulphates  of 
iron  and  potassa,  sulphate  of  ammonia,  and  carbonic 
oxide ;  thus,  in  regard  to  the  cyanide  of  potassium, 

KC,N         -f       2  {HO,  S03)         +       2HO  = 

Cyanide  of  potassium.  Sulphuric  acid.  Witter. 

KO,  SOs       +       N  H4  0,  S03       -f       2  CO. 

Sulphate  of  potassa.  Sulphate  of  uimuonia.  Carbonic  oxiilo. 

It  not  unfrequently  happens  that  carbonic  oxide  is 
formed  by  the  combustion  of  carbon  when  the  supply 
of  oxygen  is  inadequate  to  the  production  of  carbonic 
acid ;  hence  the  lambent  blue  flame  which  sometimes 
plays  upon  a  coke  or  charcoal  fire,  or  is  seen  to  issue 
from  certain  furnaces :  this  is,  in  fact,  equivalent  to 
passing  carbonic  acid  over  red-hot  charcoal ;  so  that 
CO,  +  C  becomes  2  C  0. 

The  specific  gravity  of  this  gas  compared  to  hydrogen 
is  as  fourteen  to  one  ;  and  to  atmospheric  air  as  0'9706 
to  l'OOOO  ;  a  hundred  cubic  inches  weighing  29-0979 
grains.  It  is  very  fatal  to  animals,  causing  giddi- 
ness and  fainting  when  respired  mixed  with  atmo- 
spheric air.  When  breathed  pure,  it  almost  immediately 
produces  profound  coma.  It  extinguishes  flame,  and 
burns  with  a  peculiar  blue  light  when  mixed  with,  or 
exposed  to,  atmospheric  air.  Davy  found  that  the 
temperature  of  an  iron  wire  heated  to  dull  redness  was 
sufficient  to  inflame  it.  It  has  no  taste  and  little  odor ; 
it  does  not  affect  vegetal  colors,  occasions  no  precipi- 
tate in  lime  water,  and  is  very  sparingly  absorbed  by 
water  which  has  been  deprived  of  air.  When  burned 
in  dry  air  or  oxygen  under  a  bell-glass,  no  moisture 
whatever  is  deposited,  showing  that  hydrogen  is  not 
contained  in  this  gas.  Carbonic  acid  is  the  only  result 
of  this  combustion. — Brande. 

No  change  is  effected  in  carbonic  oxide  when  it  is 
passed  and  repassed  through  a  red-hot  porcelain  tube ; 
nor  is  it  altered  at  high  temperatures  by  phosphorus, 
sulphur,  nor  even,  according  to  the  experiments  of 
Saussure,  by  hydrogen,  though  it  is  stated  upon  other 
authorities,  that  at  elevated  temperatures  hydrogen 
does  decompose  it. 

Cyanogen. — There  is  no  class  of  organic  bodies, 
remarks  Sir  Robert  Kane,  of  which  there  is  more 
extensive  and  exact  knowledge,  than  those  which 
have  cyanogen  as  their  basis.  The  powerful  affinities 
which  this  radical  exerts,  the  simplicity  of  its  consti- 
tution, and  above  all,  the  circumstance  that  one  is  able 
to  prepare  it  in  an  isolated  state,  and  to  generate  its 
compounds  directly  from  it,  as  from  those  of  a  truly 
simple  body,  renders  its  history  the  most  advanced 
portion  of  organic  chemistry,  and  that  to  which  the 
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analogy  of  mineral  bodies,  and  the  theory  of  compound 
organic  radicals,  is  most  undeniably  applicable. 

Cyanogen  does  not  exist  in  nature  ready  formed; 
the  kernels  of  peaches,  plums,  bitter  almonds,  et  cetera, 
and  the  leaves  of  the  cherry-laurel,  yield,  by  distilla- 
tion, abundance  of  hydrocyanic  acid,  but  it  is  only  then 
produced  by  the  decomposition  of  other  substances 
containing  nitrogen. 

This  body  may,  however,  be  formed  abundantly, 
and  in  a  simple  manner,  by  bringing  its  elements  toge- 
ther at  a  high  temperature,  in  contact  with  substances 
with  which  it  may  unite.  Thus,  when  any  organic 
matter  containing  nitrogen  is  calcined  with  potassa, 
the  nascent  carbon  and  hydrogen  unite,  and  cyanide 
of  potassium  is  produced ;  even  with  pure  charcoal 
this  occurs,  nitrogen  being  derived  from  the  air ;  and 
Fownes  has  shown,  that  when  a  mixture  of  pure  char- 
coal and  potassa  is  ignited  in  a  tube,  and  a  current  of 
nitrogen  passed  through  it,  the  latter  is  absorbed,  and 
carbonic  acid  gas  being  given  off,  cyanide  of  potassium 
is  produced — ■ 

3  C  -(-  KO  +  N  =  CO  +  K,  C2  N. 

This  mode  of  forming  cyanogen  has  been  made  the 
basis  of  manufacturing  processes  on  the  great  scale,  and 
at  present  much  ferrocyanide  of  potassium  so  formed  is 
sent  into  commerce.  By  the  action  of  ammonia  also  on 
ignited  charcoal,  cyanogen  is  generated  in  abundance  ; 
it  combines  with  hydrogen  and  the  excess  of  ammonia, 
and  produces  ferrocyanide  of  ammonium.  It  is  by 
virtue  of  these  processes,  that  cyanogen  is  obtained  for 
its  various  applications  in  the  arts. 

Cyanide  of  silver,  or  cyanide  of  mercury,  is  to  be 
introduced  into  a  small  glass  retort,  and  heated  to  just 
below  redness  ;  a  gas  is  evolved  which  must  be  col- 
lected over  the  mercurial  trough  ;  the  cyanide  of  silver 
separates  simply  into  metal  and  cyanogen ;  but  when 
cyanide  of  mercury  is  used,  a  brown  powder  appears, 
the  quantity  of  which  is  less  as  the  temperature  of  its 
decomposition  has  been  lower.  The  gas  which  comes 
over  is,  however,  cyanogen  absolutely  pure.  If  a  large 
supply  of  this  gas  be  required,  but  not  of  absolute 
purity,  it  may  be  prepared  by  mixing  boiling  solutions 
of  two  parts  of  chloride  of  mercury,  and  three  parts  of 
ferrocyanide  of  potassium,  and  evaporating  down  the 
liquor;  the  dry  mass,  which  is  a  mixture  of  cyanide  of 
mercury,  chloride  of  potassium,  and  cyanide  of  iron, 
gives  out  on  the  application  of  heat  a  very  large  quan- 
tity of  cyanogen,  nearly  pure. 

The  properties  of  this  gas  are  very  distinct.  It  is 
colorless,  has  a  sharp  smell,  which  irritates  the  eyes.  Its 


Fig.  90. 


specific  gravity  is  1-819.  If  a  quantity  of  cyanide  of  silver 
be  sealed  up  in  a  strong  tube,  bent  as  in  Fig.  90,  and 
then  heated  at  one  end,  a,  the  cyanogen  is  evolved  and 
condensed  by  a  pressure  of  about  four  atmospheres,  and 


collects  at  the  other  end,  b,  as  a  colorless  liquid.  It  is 
combustible,  burning  with  a  beautiful  rose-colored  flame, 
and  producing  two  volumes  of  carbonic  acid  and  one  of 
nitrogen.  It  is  constituted,  therefore,  of  equal  volumes 
of  carbon  vapor  and  nitrogen,  the  two  volumes  being 
condensed  to  one;  hence,  0-836  -|-  0'976  =  1-812,  is  its 
specific  gravity.  It  dissolves  abundantly  in  alcohol 
and  water,  but  these  solutions  soon  undergo  very  com- 
plex decompositions ;  the  liquor  being  found  to  contain 
carbonic  acid,  hydrocyanic  acid,  ammonia,  urea,  and 
oxalic  acid,  besides  a  brown  insoluble  matter.  A 
similar  decomposition  is  produced  much  more  rapidly 
by  contact  with  aqueous  ammonia.  The  composition 
of  this  brown  matter  appears  to  be  C4  N2  HO.  It 
dissolves  in  alkalies,  and  gives  precipitates  with  the 
metallic  salts  ;  it  has  been  hence  termed  azulmic  acid. 
When  heated  it  gives  off  cyanogen,  which  has  been 
termed  paracyanogen.  This  may  be  also  formed  by 
heating  cyanide  of  mercury  veiy  strongly.  It  dissolves 
in  hot  nitric  acid,  and  the  solution  gives,  with  water,  a 
yellow  precipitate,  which  combines  with  bases. 

Cyanogen  unites  directly  with  hydrogen  and  with 
the  metals,  but  its  oxygen  combinations  require  to  be 
indirectly  formed  ;  there  are  three  compounds  of  cyano- 
gen and  oxygen,  which  are  all  acids,  and  are  polymeric 
bodies.  It  combines  also  with  sulphur,  and  its  com- 
pounds with  this  element  have  a  remarkable  tendency 
to  form  double  and  triple  combinations. 

The  formula  of  cyanogen  is  indifferently  written 
C2  N  or  Cy.    Its  equivalent  number  is  26. — Kane. 

Sulphide  of  Hydrogen  is  best  prepared  by  acting 
upon  the  sulphide  of  iron  with  dilute  sulphuric  acid. 
A  lively  effervescence  ensues  from  the  escape  of  this 
gas,  and  the  solution  contains  protosulphate  of  iron ;  a 
gentle  heat  may  be  applied  to  facilitate  the  decomposi- 
tion. In  this  process  water  is  decomposed,  its  oxygen 
uniting  with  the  iron,  and  its  hydrogen  with  the  sulphur ; 
the  change  may  be  represented  by  the  following — 

Fe  S     +     HO  S  Os     =    H  S     +     Fe  0  S  03. 

Sulphide  or  Sulphuric  acid.  Sulphide  of  Sulphate  01  iron, 

iron-  hydrogen. 

This  gas  may  also  be  obtained  by  acting  on  sulphide 
of  potassium  by  dilute  sulphuric  or  hydrochloric  acid, 
in  which  case  the  result  is  similar  to  that  already 
given.  Sulphide  of  antimony  and  hydrochloric  acid 
produce,  when  heated,  very  pure  sulphide  of  hydrogen, 
the  reaction  being — 

Sb2S3     +     3HC1     =     Sb2Cl3     +     3  HS. 

Tersulphide  of  Hydrochlorio  Terchloride  of  Sulphide  of 

antimony.  acid.  antimony.  hydrogen. 

As  sulphide  of  hydrogen  is  absorbed  by  water,  it 
cannot  well  be  collected  over  this  liquid,  except  it  be 
saturated  with  chloride  of  sodium,  or  be  heated  to  above 
90°,  in  which  case  its  solvent  power  is  very  much  dimin- 
ished. It  cannot  be  kept  long  over  the  mercurial 
trough,  for  the  lead  and  tin,  always  present  in  the  mer- 
cury of  commerce,  gradually  decompose  it,  combining 
with  the  sulphur,  and  leaving  the  hydrogen  free  ;  the 
volume  of  the  gas  remains  the  same  during  this  chemical 
reaction. 

This  gas  is  colorless  and  transparent ;  it  is  charac- 
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terized  by  the  fetid  odor  of  rotten  eggs,  which,  in 
fact,  owe  their  peculiar  smell  to  the  production  of  this 
gas  during  their  putrefaction.  Its  specific  gravity  is 
1-177. 

Sulphide  of  hydrogen  gas  dissolves  in  water,  form- 
ing a  solution  used  extensively  as  a  reagent  for  most  of 
the  metals,  from  the  solutions  of  which  it  precipitates 
metallic  sulphides  of  various  colors,  by  which  many 
metals  are  distinguished. 

When  aqueous  sulphide  of  hydrogen  is  exposed  to 
the  air,  oxygen  is  absorbed,  which  combines  with  the 
hydrogen  of  the  sulphur  compound,  water  being  pro- 
duced, while  the  sulphur  is  set  free,  and  appears  as  a 
milky  precipitate.  The  nascent  sulphur,  however,  in 
part  absorbs  also  oxygen,  and  sulphuric  acid  is  formed ; 
hence  the  presence  of  this  acid,  free,  in  volcanic  springs, 
as  in  the  Eio  Vinaigre  in  New  Spain.  If  a  solution  of 
sulphurous  acid  be  mixed  with  sulphide  of  hydrogen, 
half  of  the  whole  quantity  of  sulphur  is  precipitated,  and 
the  remainder  is  converted  into  pentathionic  acid — 
5  S  02       +       5HS       =       5S  + 


5  HO 


5  (S  0). 


Pentathionic 


Sulphide  of  hydrogen  is  highly  inflammable  ;  if  burned 
in  a  limited  quantity  of  air,  the  hydrogen  is  consumed, 
whilst  most  of  the  sulphur  is  deposited.  By  means  of 
chlorine  or  nitric  acid,  it  may  be  completely  decom- 
posed ;  hence,  chlorine  acts  as  a  disinfectant  and  puri- 
fier of  sewers  or  rooms  impregnated  with  the  odor 
of  sulphide  of  hydrogen.  The  annexed  represents  the 
decomposition  : — 

=       HC1      +  S 


This  gas  is  very  poisonous ;  air  containing  only  one 
eight-hundredth  part  producing  death.  Many  of  the 
metals  decompose  sulphide  of  hydrogen,  particularly 
when  heated  in  this  compound,  combining  with  the 
sulphur,  and  setting  free  the  hydrogen.  This  occurs 
slowly,  even  at  common  temperatures ;  hence  metals, 
as  gold  and  silver,  which  are  not  oxidized  by  the 
air,  are  gradually  tarnished  by  sulphide  of  hydrogen, 
which,  exhaled  from  decomposing  animal  matter,  is 
always  present  in  the  atmosphere.  This  gas,  evolved 
probably  by  the  action  of  water  on  the  native  sulphides 
of  iron,  at  high  temperatures,  is  a  frequent  constituent 
of  mineral  springs,  and  forms  the  class  of  spas  termed 
sulphurous,  such  as  those  of  Harrowgate,  Lucan,  and 
Golden -bridge.  They  are  easily  recognised  by  the 
fetid  odor,  by  blackening  a  silver  spoon,  or  by  giving  a 
black  or  brown  precipitate  with  a  solution  of  a  lead 
salt. — Kane. 

Ammonia. — A  full  description  of  this  volatile  alkali 
is  given  in  Vol.  I.,  page  177,  et  sequitur. 

Carbonic  Acid  exists  in  the  atmosphere  as  a  pro- 
duct of  combustion,  and  of  the  respiration  of  animals. 
Combined  with  metallic  oxides,  it  forms  the  numerous 
class  of  native  earthy  and  metallic  carbonates,  of  which 
the  carbonate  of  lime  is  much  the  most  important. 


It  is  a  result,  also,  of  the  slow  decomposition  of  vege- 
tal substances,  and  is  evolved  in  great  quantity  from 
the  ground  in  volcanic  countries.  In  the  fermenta- 
tion of  sugar,  it  is  produced  in  abundance  along  with 
alcohol.  For  the  purposes  of  the  chemist,  it  is  gener- 
ally prepared  by  decomposing  marble,  or  calc-spar,  by 
means  of  any  strong  acid;  from  its  cheapness,  and 
the  solubility  of  the  residual  salt,  hydrochloric  acid  is 
generally  employed.  Some  fragments  of  carbonate  of 
lime  being  placed  in  a  wide-necked  bottle,  A — Fig.  91 
—  the  acid  diluted  with  its  own  volume  of  water,  is 

Fig.  91. 


poured  in  by  means  of  a  funnel,  as  represented  in  the 
figure,  and  the  gas  which  is  evolved  is  conducted 
through  the  tube,  B,  filled  with  fragments  of  recently 
fused  chloride  of  calcium  to  remove  any  moisture.  It 
then  passes  into  the  gasometer,  c,  to  be  made  use  of 
as  required.    The  decomposition  is  as  follows  : — 


+ 


H  CI  - 


Ca  0  C02 

Carbonate  of  lime  Hydrochloric  ncid. 

HO  + 

\Yuter. 


Ca  CI 


+ 


I  hloride  of  calcium. 

CO, 

Carbonic  acid. 


The  gas,  owing  to  its  gravity,  may  be  received  in  a 
wide-mouthed  bottle,  which  in  this  case  is  ascertained 
to  be  full  by  applying  a  lighted  taper  to  the  mouth, 
when  it  is  immediately  extinguished. 

The  properties  of  this  gas  are  exceedingly  striking ; 
it  is  entirely  void  of  color,  and  invisible  ;  it  is  irrespira- 
ble,  producing,  when  an  attempt  is  made  to  breathe  it, 
violent  spasms  of  the  glottis.  If  it  be  inhaled  with 
air,  even  in  the  proportion  of  one  to  ten,  it  gradually 
produces  stupor  and  death,  acting  as  a  narcotic  poison. 
Its  specific  gravity  is  1-511 ;  hence,  when  disengaged 
in  large  quantity,  whether  by  natural  operations,  or  in 
the  process  of  manufacture,  it  accumulates  in  all  cavi- 
ties within  its  reach,  and  may  cause  fatal  accidents 
to  animals  which  enter  inadvertently.  Workmen  en- 
gaged in  cleaning  out  dry  wells  or  vaults,  or  the  large 
vats  from  which  fermenting  liquors  have  been  run  off, 
should  carefully  observe  whether  a  candle  can  remain 
for  some  time  burning  brightly  at  the  bottom.  In  vol- 
canic countries,  chasms  are  frequently  occupied  to  the 
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level  of  their  surface  by  this  gas,  exhaled  from  the 
ground  ;  and  an  experiment  often  shown,  to  amuse  the 
traveller,  consists  in  walking  into  such  a  cavern  with  a 
dog,  which,  holding  the  head  near  the  floor,  is  almost  in- 
stantly asphixated  by  the  inferior  layer  of  carbonic  acid, 
whilst  men,  whose  heads  are  above  the  level,  breathe 
pure  air ;  the  dog,  on  being  thrown  into  a  neighboring 
pond,  recovers  from  the  stupor.  Carbonic  acid  does 
not  support  combustion,  a  burning  taper  held  in  a 
jar  of  it  being  instantly  extinguished ;  and  the  high 
specific  gravity  of  the  gas  may  be  easily  illustrated 
by  placing  a  lighted  taper  at  the  bottom  of  a  vessel 
holding  air,  and  taking  in  the  hand  another  contain- 
ing carbonic  acid;  on  inclining  the  latter,  the  heavy 
gas  can  be  poured  into  that  which  contains  the  lighted 
taper — just  as  water  may  be  emptied  from  one 
vessel  to  another — and  falling  to  the  bottom,  extin- 
guishes it. 

Water  absorbs  its  own  volume  of  carbonic  acid  gas, 
forming  a  solution  possessing  an  agreeably  acid  taste, 
and  which  sparkles  when  agitated.  It  changes  blue 
litmus  into  a  wine-red,  which,  by  exposure  to  the  air  or 
heat,  disappears.  By  means  of  pressure,  water  can  be 
made  to  retain  a  large  quantity  of  this  gas,  which 
escapes  with  effervescence  when  the  pressure  is  re- 
moved, and  is  thus  the  basis  of  a  variety  of  agreeable 
effervescing  beverages.  Carbonic  acid  dissolved  in 
water  precipitates  solutions  of  lime  and  baryta  white, 
forming  carbonates,  which  redissolve  in  an  excess  of 
this  acid. 

Under  a  pressure  of  thirty-six  atmospheres,  carbonic 
acid  may  be  liquefied.  'It  then  forms  a  colorless,  ex- 
ceedingly mobile  liquid,  having  a  specific  gravity  083 
at  32°,  which  is  remarkable  for  its  excessive  expansi- 
bility by  heat — this  being  four  times  that  of  air,  or 
nearly  one  per  cent,  for  each  degree  of  Fahrenheit. 
When  the  pressure  is  suddenly  removed  from  the  liquid 
acid,  it  regains  the  elastic  form  with  such  rapidity, 
that,  in  consequence  of  the  amount  of  latent  heat  with 
which  the  vapor  combines,  and  which  is  abstracted 
from  the  liquid  portion,  part  of  it  is  frozen  to  a  solid. 
Solid  carbonic  acid  can  thus  be  obtained  in  large  quan- 
tity by  an  apparatus  contrived  by  Thilorieu.  It  is  a 
white  body  in  filamentous  masses,  like  asbestos ;  it 
evaporates  but  slowly ;  it  is  very  soluble  in  alcohol  and 
ether;  the  latter  solution  produces  by  its  evaporation  the 
most  intense  cold  known,  estimated  at  minus  166°. — 
Kane. 

Sulphurous  Acid  exists  at  ordinary  temperatures 
and  pressures  in  the  gaseous  form,  but  is  one  of  the 
most  easily  condensable  gases.  It  is  always  produced 
when  sulphur  is  burnt  in  the  atmosphere,  or  in  pure 
oxygen,  sulphur  being  incapable  of  passing  directly 
into  a  higher  degree  of  oxidation.  In  the  burning  of 
sulphur,  the  volume  of  sulphurous  acid  gas  produced 
equals  exactly  that  of  the  oxygen  consumed. 

When  desired  pure,  it  is  usually  prepared  by  decom- 
posing sulphuric  acid,  by  means  of  a  metal  not  very 
easily  oxidized,  as  mercury  or  copper.  The  metal 
combines  with  one  equivalent  of  the  oxygen  of  the 
sulphuric  acid,  and  the  sulphur  with  the  remaining 
two  equivalents  of  oxygen  pass  oft'  as  sulphurous  acid 
gas ;  the  oxide  obtained  unites  with  the  sulphuric 


acid  to  form  a  salt.  Thus,  taking  mercury  for  an 
instance : — 

Eg     -f     2  S  03     =     SOs     +     Hg  O  S  03. 

'Mercury?         Sulphuric  acid.     Sulphurous  acid.      Sulphate  of  mercury. 

If  the  temperature  be  not  elevated  beyond  200°  in 
this  process,  it  is  black  or  suboxide  of  mercury  which 
is  produced — Hg2  0 — but  above  that  degree  the  red 
oxide — Hg  0 — alone  is  formed. 

Sulphurous  acid  gas  is  absorbed  by  water ;  and  hence, 
in  order  to  examine  its  properties  in  that  state,  it  must 
be  collected  over  mercury.  It  is  colorless  and  trans- 
parent, having  a  peculiar  irritating  odor,  and  cannot  be 
respired.  It  is  neither  combustible,  nor  a  supporter  of 
combustion.  It  possesses  bleaching  properties,  owing  to 
which  it  is  used  in  the  arts  to  whiten  straw  bonnets, 
corn,  silk,  sponges,  and  other  substances ;  if  a  red  rose 
be  exposed  to  the  flame  of  burning  sulphur,  it  becomes 
completely  white. 

When  this  gas  is  exposed  to  a  temperature  at  zero, 
it  condenses  into  a  liquid,  which  boils  at  14°,  and  pro- 
duces by  its  evaporation  intense  cold. 

Water  dissolves  about  thirty-seven  times  its  volume 
of  this  gas;  the  solution  possesses  the  properties  of 
sulphurous  acid  in  a  very  high  degree,  and  bleaches 
vegetal  colors  with  great  power ;  when  kept  for  some 
time  it  gradually  absorbs  oxygen,  and  the  sulphurous 
becomes  converted  into  sulphuric  acid. 

Sulphurous  acid  is  one  of  the  most  feeble  acids 
known,  and  is  expelled  from  its  combinations  by  almost 
all  acids  but  carbonic,  to  which  the  Editor  has  shown 
that  it  bears  a  most  striking  resemblance,  and  this  even 
extends  to  the  salts  of  both. 

Bisulphide  of  Carbon.  —  This  remarkable  sub- 
stance is  obtained  whenever  sulphur  comes  in  contact 
with  red-hot  charcoal.  Procured  in  this  way,  it  con- 
tains an  excess  of  sulphur  dissolved  in  it,  and  must  be 
purified  by  redistillation  at  a  very  moderate  heat;  when 
about  nine-tenths  have  distilled  over,  by  allowing  the 
residue  to  evaporate  spontaneously  in  a  capsule,  very 
fine  right  rhombic  crystals  of  sulphur  deposit. 

The  bisulphide  of  carbon  is  a  colorless  liquid  possess- 
ing a  very  disagreeable  alliaceous  odor.  It  does  not 
mix  with  water,  but  dissolves  in  alcohol  and  ether. 
Sulphur  and  phosphorus  are  soluble  in  it  in  large 
quantity.  Its  specific  gravity  is  1-272.  It  boils  at 
108°,  and  forms  a  colorless  vapor,  the  specific  gravity 
of  which  is  2-621.  From  its  volatility,  it  obtained  the 
name  of  alcohol  of  sulphur.  While  evaporating,  it 
produces  great  cold;  mercury  may  be  frozen  by  sus- 
pending under  the  bell-glass  a  thermometer,  the  bulb 
of  which  is  surrounded  by  cotton  moistened  with  this 
fluid,  and  rapidly  exhausting  the  air.  It  is  very  in- 
flammable, burning  with  a  blue  flame,  and  producing 
carbonic  and  sulphurous  acids.  If  a  few  drops  of  it 
be  allowed  to  fall  into  a  strong  bottle  containing  oxy- 
gen, it  detonates  when  touched  with  a  lighted  taper, 
like  a  mixture  of  oxygen  and  hydrogen.  When  the 
bisulphide  of  carbon  is  heated  in  contact  with  a  metal, 
carbon  is  separated,  and  a  metallic  sulphide  produced, 
which  proves  it  to  consist  of  one  equivalent  of  carbon 
united  with  two  of  sulphur. 

It  is  a  powerful  sulphur-acid,  combining  with  the 
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sulphides  of  the  alkaline  metals,  and  yielding  sulphur- 
salts,  which  are  crystallizable ;  with  the  sulphides  of 
lead,  silver,  copper,  et  cetera,  it  forms  insoluble  com- 
pounds, which  correspond  closely  in  composition  to  the 
ordinary  carbonates.  This  substance,  in  fact,  exactly 
corresponds  to  carbonic  acid — C  02 — the  sulphur  being 
replaced  by  oxygen,  and  hence  it  is  often  called  sul- 
pho-carbonic  acid. — Kane. 

Nitrogen  is  one  of  the  two  gases  that  constitute 
the  atmosphere ;  it  serves  only  to  modify  the  effect  of 
oxygen,  and  render  the  air  fit  and  suitable  for  respira- 
tion :  it  is  called  nitrogen,  from  being  the  basis  of  nitric 
acid.  It  is  also  called  by  some  chemists  azote,  from 
its  incapability  of  supporting  existence ;  but  the  former 
name  is  generally  used,  as  a  great  many  other  gases 
have  not  the  power  of  sustaining  life. 

Nitrogen  exists  in  great  quantity  in  the  atmosphere; 

it  is  readily  procured 
F'g-92-  by    abstracting  the 

oxygen  from  a  con- 
fined portion  of  the 
air,  when  nitrogen 
remains  almost  en- 
tirely pure.  Thus,  if 
a  small  piece  of  phos- 
phorus laid  in  a  cup, 
d,  floating  in  water, 
be  set  on  fire,  and  a 
,  bell-glass,  a,  be  in- 
verted over  it,  the 
phosphorus,  in  burning,  unites  with  the  oxygen  of  the 
air,  and  forms  white  fumes  of  phosphoric  acid.  At  first, 
from  the  great  expansion  of  the  ah,  caused  by  the  high 
temperature  of  the  flame,  some  bubbles  escape  from 
under  the  edge  of  the  glass,  but  soon,  even  before  the 
phosphorus  ceases  to  burn,  the  water  begins  to  rise  in 
the  bell,  and  finally,  the  clouds  of  phosphoric  acid 


gradually  dissolving  in  the  water,  the  residual  gas  will 
be  found  to  occupy  four-fifths  of  the  original  volume  of 
the  air,  and  to  be  colorless.  Any  combustible  body 
would  answer  the  same  purpose,  although  not  so  per- 
fectly as  the  phosphorus. 

Independent  of  this  source  of  nitrogen  in  atmospheric 
air,  it  may  be  obtained  indirectly  from  other  substances. 
Thus,  most  animal  matters  contain  nitrogen  in  large 
quantity,  united  to  carbon,  hydrogen,  and  oxygen.  If, 
therefore,  some  pieces  of  muscle,  or  albumen,  or  gela- 
tin, be  boiled  in  a  retort  with  nitric  acid,  the  oxygen 
of  the  latter  combines  with  the  carbon  and  hydrogen 
of  the  animal  substance,  forming  different  compounds', 
according  to  the  temperature  and  the  proportions, 
whilst  the  nitrogen  of  both  is  disengaged. 

Nitrogen  is  a  permanent  gas,  colorless,  and  trans- 
parent ;  it  is  absorbed  by  water  only  in  very  small 
quantity.  It  is  lighter  than  atmospheric  air,  its  specific 
gravity  being  0976,  air  being  1-000.  It  is  characterized 
by  the  complete  absence  of  the  positive  properties 
which  distinguish  other  gases.  Thus  it  does  not  sup- 
port combustion  or  respiration ;  it  extinguishes  a  taper, 
and  animals  are  suffocated  in  it;  but  these  effects 
appear  to  be  due  only  to  the  absence  of  oxygen. — 
Kane. 

Aqueous  Vapor. — It  will  be  necessary  merely  to 
allude  to  the  aqueous  product  of  the  distillation  of  coal, 
which  is  water  holding  in  solution — 

Carbonate  of  ammonia. 
Sulphate  of  ammonia. 
Sulphide  of  ammonium. 
Chloride  of  ammonium. 
Ferrocyanide  of  ammonium. 

Most  of  these  are  fully  described  in  Vol.  L,  page 
183,  et  sequitur,  and  therefore,  being  only  secondary 
products,  need  not  be  further  dwelt  upon. 

Oily  Matters. — The  oily  portion  consists  of— 


)1,  y  Neutral,  ■<  . 
'1,  f  (• 


(Benzol,') 
Liquid. -J  Toluol,  y  Neutral, 
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f  Naphthalin,  
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if, 

II: 

H 
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Solid. 


C18  II8  N 
C12  H6  0, 
C20  H8 

C42  II 14 


Constituents  of  naphtha. 


-Constituenls  of  heavy  oil  of  tar. 


The  Editor  having  learnt  that  the  little  information 
with  reference  to  these  ingredients,  which  is  given  in 
the  treatises  on  gas  hitherto  published,  has  been  felt 
as  a  want,  will  now  refer  to  them  individually;  be- 
cause, although  secondary  in  point  of  importance,  they 
are  highly  interesting,  as  being  so  intimately  connected 
with  the  manufacture  of  coal-gas,  which  will  constitute 
the  principal  subject  of  this  article : — 

Toluol. — When  tolu  balsam  is  distilled,  there  passes 
over  a  large  quantity  of  benzoic,  mixed  with  a  little 
cinnamic  acid,  and  a  yellow  liquid,  which  is  a  mixture 
of  toluol  and  benzoic  ether.  By  redistilling  this,  so  as 
only  to  collect  the  portions  which  pass  over  between 
205°  and  285°,  a  distillate  is  obtained,  which,  when 
deprived  of  benzoic  acid  by  distillation  with  solid  caustic 
potassa,  possesses  the  properties  which  belong  to  toluol. 


It  is  a  colorless  limpid  liquid,  having  an  odor  like 
benzol,  volatile  without  residue,  and  boils  at  226°;  the 
density  of  its  vapor  is  3'246.  When  it  is  acted  on 
by  concentrated  nitric  acid,  and  water  afterwards  added, 
an  oily  fluid  is  obtained,  which  is  nitrotoluid,  C14  H7 
N04,  or,  according  to  the  Editor,  toluol  in  which  one 
equivalent  of  hydrogen  is  replaced  by  peroxide  of  nitro- 
gen. By  the  action  of  sulphide  of  ammonium  upon 
nitrotoluid,  a  yellow  oil,  which  gradually  solidifies  into 
a  crystalline  mass,  is  obtained.  To  this  substance, 
which  acts  as  an  organic  base,  the  Editor  gave  the 
name  of  toluidin. 

It  crystallizes  from  its  hot  alcoholic  solution  in  large 
broad  plates.  It  is  soluble  in  pyroxylic  spirit,  sulphide 
of  carbon,  and  the  fat  and  volatile  oils,  with  the  same 
facility  as  in  spirit  of  wine;  it  is  very  sparingly  soluble 
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in  -water;  it  has  a  vinouB  aromatic  smell  and  burning 
taste ;  it  has  no  action  upon  turmeric,  but  it  changes 
red  dahlia  paper  to  green.  With  nitric  acid  it  produces 
a  fine  scarlet  color,  whereas  anilin,  so  treated,  assumes 
a  blue  tinge.  The  extraordinary  crystalline  tendency 
which  distinguishes  the  salt  of  anilin,  belongs  also  to 
toluidin;  its  alcoholic  solution  almost  immediately 
solidifies  when  mixed  with  an  acid.  Its  salts  are  in- 
odorous, and,  with  the  exception  of  the  platinum  and 
palladium  compounds,  colorless.  It  gave  on  analysis 
the  following:— 


Theory. 

Editor. 

84 

....    78-50  .... 

78-53 

9  Eqs.  of  hydrogen, . 

9 

....     8-41  .... 

8-61 

1  Eq.  of  nitrogen,. . . 

.  14 

. . . .    13-09  .... 

12-86 

.  107 

....  100-00    ....  100-00 

Cumol  occurs  with  hydrocyamid  in  Koman 

cumin 

oil,  which,  when  distilled  in  an  oil-bath,  parts  with  a 
volatile  acid,  the  hydrocyamid,  at  165°,  and  in  the 
residue  the  cumin  oil  remains  as  a  colorless  liquid, 
retaining  a  strong  odor  of  Roman  cumin  oil,  and  a 
sharp  burning  taste;  boils  at  220°.  By  the  action  of 
cyanide  of  potassium,  cumin  oil  is  converted  into  a 
product  resembling  benzoin;  in  the  air,  and  by  the 
influence  of  oxidation,  it  yields  cuminic  acid.  If  cumin 
oil  be  boiled  a  long  time  with  nitric  acid,  there  is  ob- 
tained nitrocuminic  acid. 

Anilin. — This  base,  which  has  the  same  constitution 
as  picolin,  exists  in  coal-tar  oil,  as  well  as  in  Dippel's 
oil;  that  which,  by  fractional  distillation  of  the  mixed 
bases,  passes  over  at  182°  is  anilin.  If  sidphide  of 
hydrogen  be  transmitted  into  an  alcoholic  solution  of 
nitrobenzid,  saturated  with  ammonia,  sulphur  is  sepa- 
rated, and  shortly  the  whole  stiffens  at  0°  to'  a  mass 
consisting  of  yellow  crystalline  needles;  if  this  be 
heated  to  212°,  the  solution  filtered  away  from  sul- 
phur, and  the  filtrate  distilled  until  the  contents  of  the 
retort  separate  into  layers,  then  is  the  lower  one  anilin, 
which  is  purified  by  distillation.  It  is  a  colorless  fluid, 
strongly  refracts  light,  has  a  penetrating  odor,  taste 
sharply  burning,  specific  gravity  1-020,  boiling  point 
182°;  easily  soluble  in  cold  water,  alcohol,  and  ether; 
if  the  aqueous  solution  be  warmed  it  clouds,  a  portion 
of  anilin  being  separated,  it  does  not  possess  an  alkaline 
reaction,  but  coagulates  albumen ;  in  contact  with  hy- 
drochloric acid  it  forms  a  white  vapor.  When  anilin  is 
exposed  to  air  it  absorbs  oxygen,  and  becomes  yellow, 
brown,  and  resinous.  A  few  drops  of  fuming  nitric 
acid  added  to  anhydrous  anilin  produce  a  fine  blue 
color,  which  on  slightly  heating  the  mixture  becomes 
yellow,  and  violent  action  ensues,  sometimes  followed 
by  explosion;  otherwise,  the  liquor  passes  through 
various  hues,  and  crystals  of  nitropicric  acid  are  ulti- 
mately formed.  When  anilin  is  added  to  a  solution  of 
hypermanganate  of  potassa,  binoxide  of  manganese, 
oxalic  acid,  and  ammonia  are  formed. 

If  to  a  solution  of  chloroxide  of  calcium — bleaching 
powder — anilin  be  added,  a  deep  violet  color  is  obtained, 
which  in  the  presence  of  acids  becomes  red.  By  these 
reactions,  anilin  is  distinguished  from  the  other  bases 
which  have  the  same  constitution.  With  the  acids, 
anilin  forms  crystallizable  inodorous  salts,  which  are 
soluble  in  water  and  in  alcohol,  and  which  in  the  moist 
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air  soon  become  rosy-red.  Anilin  precipitates  the  salts 
of  the  protoxide  and  sesquioxide  of  iron,  alumina,  and 
oxide  of  zinc.  Cyanide,  ferrocyanide,  and  sulpho- 
cyanide  of  potassium,  do  not  react  upon  salts  of  anilin; 
tannin  causes  a  brown  precipitate. 

Picolin  occurs  in  Dippel's  oil,  as  also  in  coal-tar, 
and  in  each  part  thereof,  which,  on  distillation,  goes 
over  first,  together  with  anilin.  It  is  more  volatile 
than  anilin,  and  can,  therefore,  be  separated  by  frac- 
tional distillation;  what  passes  over  at  133°  is  pure 
picolin.  It  is  a  flowing  liquid  of  a  strong,  penetrating, 
somewhat  aromatic  smell,  and  sharp,  burning,  bitter 
taste;  still  fluid  at  17°,  boils  at  133°,  specific  gravity 
0-955;  mixes  with  water,  alcohol,  and  ether  in  all 
proportions;  it  is  not  precipitated  by  a  solution  of 
bleaching  powder,  does  not  coagulate  albumen,  reacts 
alkaline.  Nitrate  of  silver,  chlorides  of  barium  and 
strontium,  and  sulphate  of  magnesia,  are  not  apparently 
affected  by  picolin;  tannin  causes  a  white  caseous 
precipitate.  It  combines  with  the  chlorides  of  mer- 
cury, platinum,  tin,  and  antimony.  If  picolin  be 
added  to  a  solution  of  chloride  of  gold,  fine  lemon 
crystals  are  obtained.  The  salts  possess  the  property 
of  crystallizing. 

Leucolin  or  Quinolin. — This  base  is  found  in  the 
least  volatile  portion  of  the  basic  oil  of  coal-tar,  and  is 
also  formed  when  quinin,  oinchonin,  strychnin,  and 
thialdin,  are  heated  with  potassa.  It  has  a  disagreeable 
odor,  and  boils  at  460°;  its  specific  gravity  is  1-081. 
It  neutralizes  acids,  forming  difficultly  crystallizable 
salts.  Its  refractive  and  dispersive  power  is  as  high 
as  that  of  bisulphide  of  carbon. 

Hydrate  of  Phenyl,  or  Carbolic  acid. — Laurent 
obtained  from  that  portion  of  the  oil  of  tar  which  boils 
between  300°  and  400°,  carbolic  acid,  a  compound 
which  it  has  been  found  convenient  to  represent  as  the 
hydrated  oxide  of  a  radical  which  has  been  termed 
phenyl.  It  is  obtained  by  agitating  the  oil  with  about 
twice  its  volume  of  aqua  potassa:,  pouring  off  the 
watery  portion,  and  saturating  it  by  hydrochloric  acid. 
The  carbolic  acid  separates  in  the  form  of  a  heavy  oil, 
which  may  be  purified  by  continuous  distillation  over  a 
small  quantity  of  caustic  potassa. 

Hydrate  of  phenyl  is  a  colorless  oily  liquid,  neutral 
to  litmus  paper,  of  a  high  refractive  power,  specific 
gravity  1-062.  It  has  a  penetrating  odor,  a  pungent 
burning  taste,  and  acts  powerfully  on  the  skin;  it 
occasionally  assumes  the  form  of  acicular  crystals,  which 
fuse  at  94°  and  boil  at  368°.  It  is  slightly  soluble  in 
water.  It  forms  crystallizable  salts  with  the  alkalies, 
which,  however,  retain  an  alkaline  reaction ;  in  many 
of  its  properties  it  resembles  creasote.  It  unites  with 
sulphuric  acid  to  form  sulphocarbolic  or  sulphophenic 
acid;  with  chlorine,  bromine,  and  nitric  acid,  it  yields 
various  compounds. 

Naphthalin  is  readily  procured  by  the  distillation  of 
coal-tar,  but  its  quantity  is  considerably  enlarged  if 
chlorine  be  transmitted  into  the  menstruum,  or  if  the 
latter  be  treated  with  bleaching  powder,  water,  and 
sulphuric  acid.  Naphthalin  always  passes  over  last  in 
the  distillation  of  tar,  mixed,  however,  with  paranaph- 
thalin,  from  which  it  is  separated  by  treatment  with 
alcohol,  in  which  menstruum  the  latter  is  insoluble; 
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both  bodies  are  deposited  if  the  distillate  be  cooled  to 
10°.  Naphthalin  is  purified  by  recrystallization  from 
the  hot  alcoholic  solution;  it  crystallizes  by  slow  eva- 
poration in  thin,  white,  rhombic  leaflets,  and  by  slow 
sublimation  in  white,  extremely  light  flakes  of  peculiar 
odor,  and  burning  aromatic  taste ;  insoluble  in  water, 
readily  soluble  in  alcohol,  ether,  acetic  acid,  and  a 
solution  of  oxalic  acid;  melts  at  79°,  boils  at  212°; 
specific  gravity  1-045.  Easily  distils  with  vapor  of 
water;  is  inflamed  with  difficulty,  and  burns  with  a 
sooty  flame. 

Paranaphthalin  or  Anthracin,  which  is  found  in 
coal-tar,  is  obtained  by  the  method  given  in  connection 
with  naphthalin.  It  is  procured  pure  by  repeated  dis- 
tillation. Its  properties  are  similar  to  those  of  naph- 
thalin, but  it  does  not  fuse  below  300°;  completely 
sublimable ;  insoluble  in  water,  scarcely  soluble  in  al- 
cohol or  ether,  but  easily  in  oil  of  turpentine.  If 
anthracin  is  boiled  for  a  few  minutes  with  nitric  acid,  it 
is  converted  into  a  yellow  mass  accompanied  by  evolu- 
tion of  nitrous  acid;  the  mass  stiffens  after  cooling, 
and  if  it  be  then  washed  with  water  and  treated  with 
ether,  a  substance  remains  whichhas  not  been  thoroughly 
investigated.  This  body  melts  at  a  high  temperature, 
and  by  cooling  congeals  to  a  mass  consisting  of  long 
needles. 

Pyren  is  isomeric  with  anthracin,  and  is  found  in  tar 
from  wood,  coal,  and  oil.  If  the  last  be  distilled  until 
one-foiu'th  remains,  and  the  residue  again  submitted  to 
distillation  in  a  small  retort  until  there  is  only  carbon 
left,  a  reddish  substance  is  obtained,  which  consists  of 
pyren,  chrysen,  and  empyreumatic  oils ;  if  this  mixture 
be  treated  with  ether;  the  chrysen  remains,  and  if  the 
ethereal  extract  be  slowly  evaporated,  the  pyren  is  then 
precipitated.  It  crystallizes  from  the  boiling  alcoholic 
solution  in  clear  rhombohedral  prisms ;  melts  at  170°  to 
180°,  and  stiffens  crystalline ;  inodorous,  tasteless;  insol- 
uble in  water,  little  soluble  in  ether  and  alcohol ;  on  the 
contrary,  readily  soluble  in  oil  of  turpentine.  Boiled 
with  nitric  acid  it  gives  a  combination,  which  consists  of 

C30  -|  2  j^q    id  est,  pyren,  in  which  two  equivalents  of 

hydrogen  are  replaced  by  two  of  peroxide  of  nitrogen. 

Chrysen. — The  production  of  this  body  is  stated  in 
connection  with  the  preceding ;  it  appears  as  an  inodo- 
rous and  tasteless  powder ;  insoluble  in  water  and  alco- 
hol, and  scarcely  soluble  in  ether  and  oil  of  turpentine ; 
fuses  at  230°  to  235° ;  solidifies  crystalline.  If  it  be 
boiled  with  nitric  acid,  it  is  completely  dissolved;  and 
a  compound  results,  the  composition  of  which  is 
doubtful,  but  the  Editor  is  of  opinion  that  it  must  have 

the  formula  C,„  -f  o\2T^ 
42  ^  2  N04. 

Besides  these,  there  are  various  undescribed  oils. 
Of  these  products,  which  are  all  contained  in  tar,  it  will 
be  perceived  that  there  is  only  oxygen  in  one,  and  this 
possesses  acid  properties.  The  first  three  are  neutral, 
and  constitute  rectified  coal  naphtha.  Three  are  alka- 
line, and  contain  nitrogen.  The  other  four  are  solid 
and  neutral.  It  is  remarkable  how  few  of  the  pro- 
ducts of  distillation  have  any  oxygen,  and  how  much 
they  differ  in  this  respect  from  those  of  wood;  and 
that,  where  the  oxygen  does  enter  into  combination,  it 


produces  compounds  having  no  illuminating  properties, 
namely,  carbonic  oxide,  carbonic  acid,  and  water ; 
and  that,  in  one  instance,  it  unites  with  a  compound  of 
carbon  and  hydrogen,  producing  an  acid  oil  that  is 
found  in  vevy  small  quantity  in  the  tar. 

The  nitrogen  of  the  coal  forms  ammonia,  cyanogen, 
and  a  few  alkaline  oils;  the  latter  is  discovered  in 
minute  quantity  in  the  tar.  The  products  are  nearly 
all  compounds  of  carbon  and  hydrogen ;  and  respecting 
these  it  is  further  to  be  observed,  that  when  the  hydro- 
gen exists  in  greater  quantity  than  the  carbon,  as  in 
carbide  of  hydrogen,  which  contains  two  equivalents  of 
hydrogen  to  one  of  carbon,  the  compound  is  perma- 
nently gaseous ;  this  gas  has  been  subjected  to  a  pres- 
sure of  thirty-two  atmospheres,  and  to  cold  166°  below 
zero,  without  liquefying.  Olefiant  gas,  in  which  carbon 
and  hydrogen  exist  in  equal  proportions,  but  in  which 
two  volumes  of  hydrogen  and  two  of  carbon  are  con- 
densed into  one  volume,  is  durably  gaseous ;  C18  HI2 
is  liquid;  whilst  naphthalin,  C20  H8;  paranaphthalin, 
H12 ;  pyren,  C15  H3 ;  chrysen,  C12  H4,  are  solid.  It 
may  be  safely  asserted,  that  where  the  carbon  and 
hydrogen  exist  in  an  equal  number  of  equivalents,  the 
compound  will  be  gaseous,  unless  a  very  large  number 
enters  into  the  combination; 

Choice  of  Gas  Coal. — What,  then,  are  the  practi- 
cal inferences  to  be  drawn  from  these  statements?  In 
the  first  place,  it  'will  be  manifest  that  the  greater  the 
quantity  of  hydrogen,  and  the  less  oxygen  and  sulphur 
a  cannel  or  coal  may  contain,  the  better  it  will  be  for 
gas-making ;  for  the  latter  two  rob  the  coal  of  a  portion 
of  its  hydrogen,  which  is  thereby  prevented  from 
uniting  with  a  portion  of  carbon  for  the  production  of 
an  illuminating  gas.  The  coal  should  be  selected  as 
free  from  iron  pyrites  and  sulphate  of  lime  as  possible, 
and  lumps  or  masses  of  these  should  be  thrown  out, 
as  they  often  occur  in  such  a  form  in  the  coal. 

Effects  of  Water. — The  coal  should  be  moder- 
ately dried  before  being  used,  which  can  only  be  se- 
cured by  its  being  stacked  under  cover,  otherwise  the 
rain  would  keep  it  saturated  with  moisture.  The  water, 
in  its  decomposition  in  the  retorts,  furnishes  oxygen  to 
the  carbon  of  the  coal,  impoverishing  the  gas,  whilst 
the  hydrogen  of  the  water  does  not  combine  with  the 
carbon  of  the  coal,  but  is  liberated. 

When  the  vapor  of  water  is  passed  over  red-hot 
coke  and  coal,  and  analysed,  the  resulting  gas  is  found 
to  consist,  in  a  hundred  volumes,  of  fifty-six  of  hydro- 
gen, twenty-nine  of  carbonic  oxide,  15'8  of  carbonic 
acid,  and  light  carbide  of  hydrogen  only  two-hundredths 
of  one  per  cent.  It  contains  no  olefiant  gas  whatever ; 
this  experiment  is  quite  conclusive  against  the  use  of 
water  or  steam.  It  is  evident  that  there  are  no  pro- 
duets  of  the  decomposition  of  water  by  red-hot  coal  or 
coke  that  possess  any  illuminating  power.  It  has  often 
been  proposed  to  pass  steam  into  the  retorts  during  the 
distillation  of  coal,  but  such  a  proceeding  could  have  no 
good  effect,  but  the  contrary.  When  it  is  considered 
that  fifty  per  cent,  of  the  whole  of  the  gases  proceeding 
from  the  decomposition  of  water  by  red-hot  carbona- 
ceous matter  is  hydrogen,  it  must  be  evident  that  this 
product  would  not  only  diminish  the  light  of  the  gas 
with  which  it  was  mixed,  but  would  give  out  such  an 
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amount  of  heat  during  the  burning  of  it  as  would  render 
the  use  of  such  gas  almost  insupportable.  The  coal, 
then,  should  be  dry;  but  it  has  been  shown  that  air, 
passed  between  seams  of  coal,  has  been  deprived  of  a 
portion  of  its  oxygen,  which  must  have  combined  with 
the  carbon  and  hydrogen  of  the  coal,  and  by  so  much 
have  impaired  its  quality ;  further,  it  has  been  stated 
that  coal  and  cannel  are  continually  giving  off  gas — 
fire-damp — and  this  teaches  that  coal  should  be  dried 
quickly  and  then  used. 

Distillation  op  Coal. — A  few  remarks  may  now 
be  made  on  the  changes  which  take  place  during  the 
manufacture  of  gas  by  the  distillation  of  coal  in  red- 
hot  retorts.  The  nitrogen  in  gas  is  entirely  derived 
from  atmospheric  air,  admitted  into  the  retorts  during 
the  charges,  and  by  leakage  in  the  apparatus,  and  is 
not  a  product  of  the  decomposition  of  coal  at  all ;  it 
need  not,  therefore,  be  further  dwelt  upon. 

The  quality  and  illuminating  power  of  the  gas  will 
be  affected,  not  only  by  the  quality,  composition,  and 
condition,  wet  or  dry,  old  or  recently  obtained,  of  the 
coal  or  cannel,  but  by  the  degree  of  heat  employed  in 
its  preparation,  and  the  mode  in  which  the  operation  is 
conducted.  The  chief  products  of  the  distillation  are 
compounds  of  carbon  and  hydrogen,  and  these  alone 
yield  light ;  but  of  these,  some  are  solids,  others  liquids, 
and  some  gaseous.  The  first  two  are  of  no  value  for  the 
purpose  of  illumination,  because  their  physical  condition 
as  solids  and  liquids  precludes  their  use.  The  gaseous 
are  three  :  one  containing  very  little  carbon — carbide  of 
hydrogen — and,  therefore,  emitting  very  little  light ;  the 
other  two  very  rich  in  carbon — olefiant  gas  and  volatile 
carbides  of  hydrogen — and  giving  light,  though  in  small 
quantity.  Mixed  with  these  are  found,  besides  the 
usual  impurities — sulphide  of  hydrogen,  ammonia, 
carbonic  acid,  et  cetera — two  gases,  hydrogen  and  car- 
bonic oxide,  constituting  the  chief  bulk  of  the  mixed 
coal  gas,  which  have  been  mentioned,  but  which  are 
never  evolved  in  natural  operations.  They  are  not 
necessary  products  of  the  process,  but  result  from  the 
mode  of  distillation. 

The  volatile  hydrocarbons  in  coal  gas,  the  exact 
nature  of  which  has  not  yet  been  determined,  and  the 
proportions  of  which  in  the  mixture  are  valuable, 
probably  consist  of  propylen,  C6  H6,  Faraday's  gas, 
C8  Hg,  and  benzol,  C12  H6,  with  perhaps  a  portion  of 
Mansfield's  allyl.  In  Leigh's  earlier  experiments 
on  coal  gas,  which  had  been  made  from  a  different 
cannel  to  what  is  now  employed  at  the  Manchester 
Gas- Works,  he  found,  pretty  uniformly,  that  each 
volume  of  the  gas,  condensable  by  sulphuric  acid  or 
chlorine,  required  four  and  a  half  volumes  of  oxygen 
for  combustion ;  subsequently,  he  ascertained  that, 
when  richer  cannels  were  used,  the  condensable  gases 
required  a  still  larger  proportion  of  oxygen  for  combus- 
tion. The  fact,  that  a  greater  amount  of  carbonic  acid 
is  produced  on  exploding  the  gas  with  oxygen,  than 
would  proceed  from  a  body  of  the  series  C„  Hn,  shows 
that  some  other  hydrocarbon,  the  carbon  of  which 
exists  in  a  greater  ratio  to  the  hydrogen  than  in  this 
series,  is  to  be  found  in  coal  gas. 

When  the  number  of  equivalents  of  carbon  in  a  com- 
pound exceeds  those  of  the  hydrogen,  it  is,  within  cer- 


tain limits,  liquid  •  beyond  these  limits,  solid :  thus 
benzol,  C12  H6,  in  which  the  carbon  is  double  the  hy- 
drogen ;  toluol,  C14  H8 ;  and  cumol,  C18  H12,  are  liquid ; 
— whilst  naphthalin,  CM  Hs;  paranaphthalin,  C30  H12; 
pyren,  Cls  H3 ;  and  chrysen,  C12  H4,  are  solid. 

The  carbides  of  hydrogen  may  be  conveniently 
divided  into  three  classes.  In  the  first,  the  number  ot 
equivalents  exceeds  that  of  the  hydrogen ;  they  are 
very  rich  in  carbon,  as  benzol ;  these  are  either  liquid 
or  solid,  and  would  give  great  light  could  they  be  burnt, 
hut  yield  much  smoke.  In  the  second,  the  equivalents 
of  carbon  and  hydrogen  are  equal  in  the  compounds, 
as  olefiant  gas,  volatile  carbide  of  hydrogen ;  these  are 
gaseous,  but  condensable  by  great  pressure  and  intense 
cold,  and  give  much  light.  In  the  third,  the  equivalents 
of  hydrogen  exceed  those  of  carbon  ;  these  are  altoge- 
ther uncondensable,  and  give  little  light.  When  coal 
and  similar  organic  matters  are  distilled  at  a  compara- 
tively low  temperature,  the  carbon  has  a  disposition  to 
pass  off  with  little  hydrogen ;  the  liquid  carbides  of 
hydrogen  are  formed ;  there  is  much  tar  and  little  gas, 
but  the  latter  is  rich.  As  the  temperature  rises,  the 
liquid  carbide  of  hydrogen  diminishes  in  quantity,  and 
gaseous  carbide  of  hydrogen  increases ;  there  is  more 
gas  and  less  tar.  The  heat  still  rising,  the  gaseous 
products  become  richer  in  hydrogen,  and  poorer  in 
carbon ;  light  carbide  of  hydrogen  is  formed  in  abun- 
dance ;  and  at  length,  the  temperature  becoming  still 
more  elevated,  pure  hydrogen  is  evolved,  as  is  always 
observed  in  the  last  hour's  distillation  in  gas-making. 

It  is  a  well-known  law  of  organic  chemistry,  that  the 
higher  the  temperature,  and  the  more  advanced  the 
decomposition  of  the  substance,  the  simpler  are  the 
products. 

When  olefiant  gas  is  passed  through  red-hot  tubes, 
or  lime,  or,  in  fact,  over  any  highly  heated  surface,  it 
deposits  a  portion  of  carbon  in  a  solid  form,  and  escapes 
as  a  mixture  of  carbide  of  hydrogen  and  hydrogen. 
The  same  thing  Leigh  has  proved  of  naphtha,  which 
deposits  carbon  in  like  circumstances,  and  is  resolved 
into  simple  products. 

The  affinity  between  carbon  and  hydrogen  seems  to 
diminish  with  the  temperature. 

Is  it  not  probable,  that  in  the  distillation  of  masses 
of  coal,  compounds  rich  in  carbon  are  first  formed,  the 
carbon  being  in  excess  of  the  hydrogen?  as  the  pro- 
duct rises  in  temperature,  it  deposits  a  portion  of  its 
carbon,  the  equivalents  of  hydrogen  become  equal,  and 
a  rich  gas  is  formed ;  but  this,  getting  still  hotter, 
deposits  more  carbon ;  the  hydrogen  is  now  in  excess, 
the  gas  is  poor  and  gives  little  light;  the  heat  still 
increasing,  the  affinity  between  the  hydrogen  and 
carbon  is  entirely  disrupted,  the  remaining  carbon  is 
deposited,  and  pure  hydrogen  given  off.  Certainly  all 
this  can  be  effected  artificially ;  and  that  it  is  so  to  a 
large  extent  in  gas-making,  is  evident  from  the  thick 
lining  of  almost  pure  carbon  which  soon  forms  in  the 
interior  of  gas  retorts,  and  which  must  proceed  from 
the  decomposition  of  the  gas  by  the  red-hot  surface — 
must  be  deposited  from  it,  in  fact.  Still  there  are, 
probably,  three  products  at  least  of  the  decomposition 
of  a  liquid  carbo-hydrogen :  solid  carbon,  a  gaseous 
product  containing  much  hydrogen,  and  a  solid  hydro- 
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carbon  having  much  carbon,  the  elements  being  di- 
vided amongst  each  other.  When  naphtha  vapor  is 
passed  over  red-hot  quartz,  it  deposits  carbon,  gives 
off  defiant  gas  and  light  carbide  of  hydrogen,  and 
forms  a  crystalline  compound,  naphthalin.  With  these 
facts,  is  it  not  reasonable  to  conclude,  that  there  is  a 
temperature  at  which,  in  the  process  of  decomposition, 
defiant  gas  and  volatile  hydrocarbon  should  be  formed, 
and  which  yet  should  be  unable  to  decompose  these 
into  compounds  poorer  in  carbon,  the  intensity  of  de- 
composition being  proportionate  to  that  of  the  heat? 
The  Editor  agrees  with  Leigh  in  thinking  there  cannot 
be  a  doubt  that  there  is  such  a  temperature,  but  it 
must  be  far  below  that  at  present  employed  for  the 
manufacture  of  gas.  Let  the  present  system  of  gas- 
making  be  examined,  says  Leigh,  and  the  true  source 
of  the  hydrogen  and  carbonic  oxide,  so  invariably  found 
in  gas,  and  constituting  so  large  a  portion  of  its  bulk, 
will  be  seen.  It  may  be  premised,  that  when  car- 
bonic acid  is  passed  over  red-hot  coke,  it  is  resolved 
into  carbonic  oxide,  by  taking  up  an  additional  equi- 
valent of  carbon. 

When  compact  masses  of  coal  are  thrown  in  heaps, 
of  a  hundredweight  and  a  half,  into  retorts  heated  to 
a  bright  redness,  as  is  now  done,  they  are  exposed  to 
two  very  different  conditions;  the  surface  of  the  mass, 
the  exterior,  in  contact  with  the  intensely  hot  retort,  is 
instantly  decomposed  and  charred ;  hydrocarbons,  as 
defiant  gas,  et  cetera,  are  eliminated,  which  also,  at 
this  temperature,  are  partly  decomposed  and  converted 
into  light  carbide  of  hydrogen  and  pure  hydrogen,  with 
deposition  of  carbon,  which,  with  some  undecomposed 
defiant  gas  and  volatile  hydrocarbons,  pass  off  from 
the  retort.  The  interior  of  the  mass,  on  the  other 
hand,  is  for  some  time  exposed  to  a  very  moderate 
heat,  and  a  simple  distillation  is  accomplished ;  those 
compounds  that  are  formed  at  a  comparatively  low 
temperature,  the  heavy  hydrocarbons,  which  would 
ordinarily  be  in  a  liquid  state,  are  eliminated ;  a  portion, 
rising  into  vapor  as  it  reaches  the  hotter  surface,  passes 
off  with  the  gases  formed,  and  condenses  again  when  it 
has  left  the  retort  in  the  form  of  tar ;  but  that  portion 
of  the  vapor  which,  in  its  passage,  comes  into  contact 
with  the  red-hot  surface  of  the  exterior  of  the  mass  and 
of  the  sides  of  the  retort,  deposits  a  portion  of  its  car- 
bon, and  is  resolved  into  simple  compounds,  defiant 
gas  and  volatile  hydrocarbons,  which  themselves  partly 
undergo  the  change  already  described.  As  the  heat 
penetrates  to  the  centre,  and  a  red-hot  mass  of  charred 
material  of  considerable  thickness  comes  to  surround 
the  decomposing  coal  within,  as  happens  towards  the 
end  of  the  distillation,  the  whole  of  the  hydrocarbons, 
namely,  light  oils,  volatile  hydrocarbons,  defiant  gas, 
and  even  fight  carbide  of  hydrogen  itself,  that  are 
eliminated,  are  decomposed  in  passing  over  such  an 
extent  of  heated  surface,  and  pure  hydrogen  is  almost 
alone  evolved.  The  carbonic  oxide,  which  is  formed 
from  the  union  of  the  oxygen  of  the  coal,  and  of  the 
air  admitted  with  the  carbon  of  the  coal,  is  also 
partially  decomposed  during  the  whole  of  the  pro- 
cess, but  in  an  opposite  direction ;  not  by  depositing 
carbon,  but  by  taking  up  more,  and  being  converted 
into  carbonic  oxide,  which  is  evolved  with  the  gas. 


These  are  the  true  sources  of  the  hydrogen  and  car- 
bonic oxide  in  gas ;  they  are  not  necessary  results  of 
the  distillation,  but  products  of  the  decomposition  of 
the  distilled  matter.  It  has  been  perfectly  ascertained 
by  Leigh  and  other  chemists,  that  when  olefiant  gas 
is  passed  through  a  nearly  white-hot  porcelain  tube,  it 
is  entirely  decomposed,  depositing  the  whole  of  its 
carbon,  and  giving  off  pure  hydrogen. 

The  greater  the  heat  employed,  then,  in  the  process 
of  gas-making,  above  a  certain  limit — namely,  that 
requisite  for  the  decomposition  of  the  liquid  hydrocar- 
bons—the greater  will  be  the  bulk  of  the  gas,  and  the 
poorer  its  quality ;  the  more  light  carbide  of  hydrogen, 
hydrogen,  and  carbonic  oxide  it  will  contain,  and  the 
less  volatile  hydrocarbon  and  olefiant  gas.  The 
analysis  of  the  gas  will,  therefore,  furnish  a  test  of  the 
excellence  of  the  process  employed  in  the  manufacture, 
and  a  check  on  the  workman,  by  exhibiting,  in  the 
relative  amount  of  hydrogen,  and  of  the  illuminating 
hydrocarbon,  whether  the  heat  has  been  too  great.  A 
large  quantity  of  gas  may  be  made  from  coal,  and  very 
badly  made.  The  mere  amount  of  gas  produced  is  no 
proof  of  the  excellence  of  the  manufacture. 

Cannel  yielding  eleven  thousand  feet  of  gas  per  ton, 
of  specific  gravity  1-600,  would  furnish,  for  every  hun- 
dred pounds  distilled,  about — 

Pounds, 

Gas,   22-25 

Tar,   8-50 

Ammonia  water,   9-50 

Coke,   59-75 

100-00 

These  proportions  will  vary  considerably,  but  still 
the  numbers  will  represent  a  general  average  of  pro- 
duce. It  has  been  shown  above,  that  considerably 
more  than  one-third  of  the  weight  of  the  gas  produced 
is  distilled  from  the  cannel  in  the  form  of  tar,  which 
contains,  and  is  almost  entirely  composed  of,  the  richest 
carbo-hydrogen.  and  very  little  oxygen ;  whilst  the  gas, 
as  it  contains  ody  about  forty-five  per  cent,  of  com- 
pounds of  carbon  and  hydrogen  by  measure,  amounting 
to  about  half  its  weight,  has  really  only  eleven  pounds, 
or  something  near  that  number,  of  carbo-hydrogen, 
and  of  this  only  about  four  pounds  will  be  olefiant  and 
richly  illuminating  gases.  So  that  the  tar  truly  holds 
as  much  illuminating  matter,  or  nearly  so,  as  exists  in 
the  gas — not  twice  as  much,  as  would  appear  from  the 
numbers ;  for  it  must  be  borne  in  mind,  that  in  the  oils 
composing  the  tar  the  carbon  exists  in  much  greater 
proportion  than  the  hydrogen — one  of  the  lightest, 
benzol,  being  a  compound  of  carbon,  twelve  ;  hydrogen, 
six — naphthalin  and  the  solid  carbides  being  represented 
by  carbon,  twenty ;  hydrogen,  eight ;  and  even  higher 
proportions  of  carbon.  So  that,  in  the  decomposition 
into  illuminating  gases,  much  of  the  weight  must  be 
lost  in  the  form  of  deposited  carbon.  It  will  he 
now  tolerably  apparent,  that  in  the  form  of  distilled 
matters  nearly  one-half  of  the  illuminating  portion 
derivable  from  coal  and  cannel  is  lost  to  the  gas. 
It  is  probable  that  a  perfect  syBtem  of  gas-making 
would  produce,  from  good  cannel,  a  compound  con- 
taining twenty  per  cent,  of  defiant  or  other  illuminat- 
ing gases. 
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Manufacture.— The  process  followed  at  the  Liver- 
pool gas-works,  where  the  purest  gas  in  the  kingdom 
is  produced,  will  first  be  cursorily  described,  so  as  to 
give  the  reader  an  insight  into  the  manufacture ;  and, 
subsequently,  the  several  parts  of  the  apparatus  will  be 
treated  of  fully  and  separately. 

The  mode  of  decomposing  the  coal  is  a  point  of 
great  importance ;  because,  upon  its  successful  results 
the  advantages  of  gas-lighting,  as  far  as  respects  eco- 
nomy and  profit,  principally  depend. 

The  vessels  employed  for  distilling  or  carbonizing  the 
coal  are  called  retorts,  and  may  be  either  of  cast-iron 
or  fire-clay.  Fig.  93  shows  a  general  plan  of  the  gas- 
works above-mentioned,  and  Fig.  94  a  sectional  view, 
in  which  A  A  represents  the  fire,  and  B  B  the  retorts. 

To  introduce  the  coal  into  the  retort  a  shovel  is 
used;  but  in  stations  having  small  ones,  the  coal  is 
placed  in  a  long  semicircular  iron  shovel,  or  scoop,  which, 
being  inverted,  spreads  it  in  thin  layers,  so  that  every 
portion  of  it  may  be  exposed  to  the  action  of  heat.  In 
order  that  the  required  substances  may  be  evolved  in 
sufficient  quantities,  there  must  be  the  requisite  amount 
of  caloric;  for  if  a  piece  of  coal  is  to  be  extended  to  two 
hundred  and  seventy  times  its  bulk,  the  heat  applied 
must  be  equal  to  the  force  requisite  to  produce  a  sepa- 
ration and  expansion  of  its  equivalents. 

The  heat  should  be  sufficient  at  the  outset  to  extract 
the  maximum  quantity  of  gas.  During  the  first  two 
or  three  hours,  the  greatest  proportion  of  tar  is  pro- 
duced. This  is  accounted  for  on  the  principle,  that  the 
temperature  in  the  retort  is  not  high  enough  to  main- 
tain the  material  in  a  gaseous  form,  and  hence  the 
large  amount  of  tar.  If  the  retort  should  be  too  hot, 
some  of  the  heavy  gas  will  be  decomposed,  depositing 
part  of  its  carbon,  and  forming  light  carbide  of  hydro- 
gen; if,  on  the  contrary,  it  is  not  sufficiently  hot, 
there  will  be  formed,  as  just  stated,  a  large  proportion 
of  tar,  and  the  gas  will  be  light  and  of  a  bad  quality. 
The  charge  should  not  be  left  in  too  long,  as  the  last 
portions  consist  chiefly  of  hydrogen  and  carbonic  oxide, 
both  of  which  have  a  most  injurious  effect  upon  the 
quality  of  the  products.  The  process  requires  five,  six, 
or  eight  hours,  according  to  the  nature  of  the  coal  and 
the  shape  of  the  retort. 

Previous  to  drawing  the  charge,  the  lid  is  loosened 
and  a  light  applied;  this  precaution  is  necessary  to 
prevent  explosion,  or  what  the  stoker  denominates  a 
rap.  At  large  establishments,  the  retorts  are  not  suf- 
fered to  lose  their  heat,  but  as  soon  as  the  incandescent 
coke  has  been  taken  out  of  them,  are  immediately  re- 
plenished with  fresh  coal,  and  the  operation  renewed. 

Inasmuch  as  the  coke  is  withdrawn  in  a  state  of 
redness,  the  heat  required  to  raise  it  to  that  tem- 
perature is  lost.  To  remedy  this,  Croll  introduced 
the  practice  of  burning  the  coke  as  fuel,  immediately 
after  its  removal,  and  this  plan  is  said  to  cause  a  saving 
of  ten  per  cent. 

The  dense  vapors  which  pass  from  the  retort  are 
conveyed  through  the  ascension  pipes,  C,  Fig.  94,  into  the 
hydraulic  main,  H  H,  which  runs  the  entire  length  of  the 
house,  and  to  which  all  the  retorts  are  connected.  Its 
position  must  be  perfectly  horizontal ;  it  is  used  to  cut 
off  the  communication  between  the  retorts,  when  one 


or  more  benches  are  charging  or  open.  This  is  shown 
in  Fig.  95.  One  end  of  it  is  perfectly  closed  by  means 
of  a  flange,  and  the  other  has  a  similar  one.  On  the 
top  is  attached  a  pipe,  through  which  the  gas  passes 
to  the  condenser.  In  the  outside  of  this  end  a  piece 
of  iron  is  placed,  so  that  the  water  in  the  main  is  pre- 
served at  a  certain  height,  and  cannot  sink  below  the 
proper  level  required  for  the  operation.  An  enlarged 
view  of  this  is  shown  at  E,  Fig.  96.  The  dip-pipes 
descend  so  far  into  the  hydraulic  main,  D,  as  to  be  im- 
mersed in  the  water  about  three  inches ;  by  this  means 
the  gas  is  forced  to  pass  through  a  quantity  of  liquid 
before  it  can  enter  the  upper  part  of  the  main  to  escape, 
and  becomes  partly  condensed,  and  deposits  tar  and 
ammonia,  but,  owiug  to  its  superheated  state,  portions 
of  these  products  are  still  retained,  and  must  be  sepa- 
rated by  further  condensation.  To  effect  this,  the  gas  is 
conveyed  into  a  double  set  of  refrigerating  pipes,  F  F — 
Fig.  94 — olosed  at  the  top,  and  opening  into  a  box,  G,  at 
the  bottom,  a  section  and  plan  of  which  are  shown  in 
Figs.  97  and  98.  The  latter  receives  two  pipes,  and 
constitutes  one  pair  of  the  series  which  are  united  by  a 
short  connecting-pipe  at  the  top,  as  seen  in  the  draw- 
ing. The  greater  the  quantity  of  cold  surface  the  gas 
is  exposed  to,  the  more  complete  the  condensation,  and 
a  state  of  stillness  materially  aids  the  deposition  of  the 
tar.  Thence  the  gas  passes  through  the  scrubbers,  1 1 — 
two  large  towers  filled  with  paving-stones — and  at  the 
top  of  which  one  of  the  pipes,  K  K,  for  conducting 
water,  which  is  kept  continually  percolating,  is  shown 
in  the  enlarged  view  of  K — Fig.  99.  The  condensers 
and  the  scrubbers  are  relieved  of  their  tar  and  am- 
monia by  the  cisterns,  L  L,  which  are  conveniently 
placed  under  ground.  The  ammonia,  being  the  lighter, 
floats  at  the  top,  and  is  therefore  easily  separated  from 
the  tar.  In  the  articles  Ammonia  and  Asphalt,  the 
purposes  to  which  both  products  are  applied  are  enu- 
merated. From  the  scrubbers  the  gas  passes  through 
the  exhausters,  M  M  M — a  series  of  apparatus  introduced 
into  modern  gas-works,  for  the  purpose  of  drawing  off 
the  gas  and  relieving  the  pressure  in  the  retorts.  They 
are  worked  by  a  shaft,  T,  connected  with  the  engine. 

The  gas  then  enters  through  a  pipe,  b  b,  into  the 
chamber,  N,  a  plan  of  which  is  given  in  Fig.  100. 
From  this  it  is  conducted,  as  shown  by  the  arrows, 
through  the  dry  lime  purifiers,  o  o,  where  it  parts  with 
its  carbonic  acid  and  sulphide  of  hydrogen.  It  is  next 
conveyed  to  the  station-meter,  P;  thence  to  the  gas- 
holder, q;  then  into  the  governor,  R,  the  principle  of 
which  is  illustrated  in  Fig.  101 ;  and,  lastly,  to  the  main, 
s,  supplying  the  town  with  gas. 

Whoever  enters,  says  Dodd,  for  the  first  time  into  a 
retort-house  cannot  fail  to  be  struck  with  its  appearance. 
The  iron  roof  and  floor — the  absence  of  windows,  ma- 
chinery, and  work-benches — the  curious  appearance  of 
the  walls,  covered  over  with  complicated  iron-work — 
the  darkness  of  the  place — the  appearance  of  the  men, — 
all  have  an  aspect  of  strangeness.  But,  at  intervals  of 
every  hour  or  two,  and  especially  at  night,  the  visitor's 
attention  is  suddenly  awakened  to  a  startling  scene 
going  on  within  the  building.  A  set  of  men  are  seen 
advancing  to  one  part  of  the  side  apparatus ;  they  turn 
I  the  handles  of  what  appear  to  be  screws ;  several  ex- 
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plosive  reports  are  heard,  followed  by  the  removal  of 
circular  iron  doors  or  covers,  about  a  foot  iu  diameter ; 
a  burst  of  flame  then  issues  from  each  orifice  from  which 
a  cover  has  been  taken ;  and,  on  going  in  front  of  one 
of  these  openings,  there  will  be  perceived  a  mass  of 
intensely  burning  coal,  or  rather  coke,  extending  back 
to  the  depth  of  six  or  seven  feet.   Then  will  follow  the 


Fig.  102. 


removal,  by  means  of  rakes,  of  all  the  burning  materials 
from  each  aperture;  then  the  hissing  and  steaming 
consequent  on  the  wetting  of  the  coke  by  buckets  of 
water ;  and,  lastly,  the  re-charging  of  the  heated  cavity 
with  fresh  coals.  It  is  not  until  after  witnessing  this 
series  of  operations  that  a  stranger  can  rightly  under- 
stand the  arrangements  of  such  a  place;  Fig.  102  gives 
some  idea  of  the  retort-house; 
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Retorts. — As  the  form  of  the  retorts  in  Which  the 
coal  is  distilled,  and  the  material  of  which  they  are 
composed,  are  matters  of  paramount  importance,  it  will 


be  desirable  to  enter  fully  into  details  with  regard  to 
them.  They  are  usually  of  cast-iron,  seven  feet  long, 
and  one  foot  in  diameter. 

Tomlinson  states  that,  before  being  used,  they  are 
tested  by  being  placed  in  water,  and  then  forcing  air 
through  them ;  if  any  flaw  exist,  it  is  detected  by  the 
air  escaping  in  bubbles.  Each  retort  is  generally  in 
two  pieces,  which  are  connected  by  flanges  and  screws 
— namely,  the  neck  or  mouth-piece,  and  the  body  or 
hinder  part,  which,  by  constant  exposure  to  the  fire, 
soon  wears  out,  and  requires  renewal,  while  the  mouth- 
piece is  but  little  affected.  The  retort  is  charged  and 
discharged  at  the  mouth,  which  is  closed  by  a  lid,  and 
fixed  by  means  of  a  screw  and  a  holdfast,  the  joint 
being  made  tight  by  a  luting  of  clay,  or  refuse  lime 
from  the  purifier.  The  gases  which  are  generated 
from  the  coal  escape  from  the  retort  by  a  wide  tube, 
cast  into  the  mouth-piece,  and  shown  in  Fig.  103, 
rising  up  therefrom.  The  best  form  for  the  body 
of  the  retort  for  obtaining  a  large  quantity  of  gas  in 
the  shortest  time,  was  long  a  matter  of  discussion. — 
Tomlinson. 

That  shape  of  retort  would  be  best  which  would 
bring  the  whole  charge  into  connection  with  the  red- 
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hot  sides.  Hence,  at  the  suggestion  of  Prechtl,  the 
original  circular  form  of  retort — Fig.  104 — was  soon 
superseded  by  the  elliptical  one — Fig.  105 — and  this 
has  been  improved  by  bending  in  the  lower  surface — Fig. 
106.  With  the  same  length  of  6'5  feet,  exposed  to  the 


fire,  one  hundred  and  fifty  pounds  of  coal,  when  they 
only  half-fill  the  retort,  will  cover,  in  the  round  retort, 
a  red-hot  surface  of  ten  inches  in  width ;  in  the  oval 
retort,  a  surface  nearly  of  twelve  inches.    The  layer 
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of  coal,  in  the  latter  retort,  is  four  inches  thick,  and 
about  one-third  nearer  to  the  top  of  the  retort  than  in 
the  circular  form.  These  advantages,  which  are  self- 
evident,  are  strikingly  shown  in  practice,  the  requisite 
time  for  heating  being  reduced  to  nearly  one-half. — 
Knapp. 

Fig.  107  shows  the  arrangement  and  position  of  the 
retorts,  of  which  there  are  generally  five  placed  pyra- 
midally in  one  furnace.  Fig  108  is  a  front  view  of  the 
same.  To  the  three  fires  of  the  furnace,  A  is  the  door, 
c  the  grate,  and  b  the  ash-pit,  with  a  well,  d — Fig.  107, 


Fig.  108. 


for  occasionally  drying  lime-mud ;  E  is  one  of  the  three 
arches  which  pass  transversely  over  each  fire  and  divide 
the  flame ,  F  is  a  large  arch  overspreading  the  retorts, 
G  G,  against  which  the  flame  breaks  and  escapes  at 
the  side.  The  conducting  tubes,  1 1,  rise  side  by  side 
above  the  furnace,  passing  behind  a  large  horizontal 
tube,  it,  called  the  hydraulic  main,  and  lastly  turning 
over  above  it,  enter  it,  dipping  down  nearly  to  the 
bottom.  As  this  main,  H,  is  filled  with  tar,  the 
mouths  of  the  tubes,  1 1,  are  closed,  and  there  is  no 
connection  established  between  the  separate  retorts. 
One  may,  therefore,  be  opened  and  charged,  without  in 
the  least  interfering  with  the  process  going  on  in  the 
other.  The  greatest  portion  of  the  tar  separates  from 
the  gas  in  H,  which  latter  passes  off  through  K,  whilst 
the  former  is  carried  away  by  the  tube,  L,  curved  for 
the  purpose  of  keeping  H  half-full,  through  M,  to  a  tar 
cistern,  which  is  shown  at  L,  Fig.  94 ;  H  can  be  com- 
pletely emptied  by  means  of  the  tap,  J. 

A  very  hot  flame,  mixed  with  an  excess  of  uncon- 
sumed  air — oxidizing  flame — is  unnecessary  for  the 
evolution  of  gas,  and  deleterious,  on  account  of  the  rapid 
destruction  of  the  retorts  which  it  occasions;  everything, 
therefore,  depends  upon  a  uniform,  steady  fire.  The 
destruction  of  the  retorts  is  incredibly  rapid,  and  de- 
pendent upon  several  circumstances ;  besides  the  com- 
bustion caused  by  the  hot  air  of  the  fire,  the  sulphur  in 
the  coal  converts  the  surface  into  sulphide  of  iron,  which 
melts  off,  and,  lastly,  the  deposit  of  carbon  in  the 
interior,  is  of  no  slight  importance.  This  carbon  is 
partly  in  the  form  of  hair-like  deposit,  partly  stalactitic, 
from  the  dropping  of  tar,  but  generally  occurs  as  a 
coating,  one  or  two  inches  thick,  in  concentric  layers, 
and  combined  with  iron  to  form  graphite.  The  specific 
gravity  of  these  layers  increases  rapidly  from  the  inner- 
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most  layer  to  those  on  the  outside,  from  1*7  to  2-3. 
The  outermost  contain  1'72  per  cent,  of  iron,  the  inner 
layers  less ;  sometimes  they  are  so  hard,  that  they  will 
strike  fire  with  steel,  and  can  be  polished  like  glass. 
Carbon,  sulphur,  and  the  oxygen  of  the  air,  are,  there- 
fore, conjointly  destructive  of  the  retort.  The  retorts 
suffer  most  from  the  air  that  enters  at  the  door  when 
the  fire  is  poked,  and  attacks  them  whilst  red-hot. 
To  protect  them  from  this,  the  stoking-hole  is  some- 
times situated  at  the  back  of  the  furnace,  in  a  con- 
tinuation of  the  chimney,  when  the  noxious  draft 
passes  away  without  attacking  the  retort. 

Fire-clay  retorts  are  now  extensively  used,  especially 
in  very  large  works ;  and,  from  all  the  Editor  can  learn, 
they  are  superior  to  cast-iron  in  every  respect,  as  regards 
duration  and  the  great  quantity  of  gas  they  are  able  to 
produce.  One  great  advantage  which  they  possess 
over  iron  retorts,  is  the  facility  with  which  the  carbon 
that  accumulates  on  their  interior  can  be  scraped  off. 
Retorts  made  of  this  materia],  which  are  charged  and 
drawn  at  both  ends,  and  are  therefore  termed  through 
or  double  retorts,  have  been  lately  very  largely  intro- 
duced; their  superiority  over  single  or  back-to-back 
retorts  consists  in  the  amount  of  space  gained  by 
leaving  out  the  partition  walls,  and  also  the  thickness 
of  the  ends  of  single  ones.  In  addition  to  this,  when 
iron  retorts  are  employed,  they  become-  sa  choked 
up  with  carbon,  that  the  charge  of  cannel  has  to  be 
gradually  reduced  as  the  area  of  the  interior  of  the 
retorts  decreases.  In  through-clays  this  is  obviated ; 
and  in  order  to  remove  the  accumulated  carbon,  it  is 
merely  necessary  to  leave  the-  retort  mouths  open, 
thus  allowing  a  current  of  air.-tp  pass  through,  and 
the  carbon  will  peel  off  in  fjakes  if  touched  with 
a  sharp  bar;  a  portion  may  also-  be  consumed.  An 
iron  retort  will  afford,  according  to  various  authorities, 
about  seven  hundred  thousand  feet  of  gas,  whilst  the 
same  length  of  a  through-retort  of  the  same  diameter 
has  been  known  to  produce  six  times  that  quantity. 
The  amount  of  fuel  required  to  heat  the  through- 
retorts  efficiently,  is  as  yet  undecided  t  some  engi- 
neers give  it  as  their  opinion  that  the  amount  requisite 
is  the  same  as  is  necessary  for  iron  retorts,  whilst 
others  affirm  that  they  need  a  much  larger  quantity. 
Should  the  clay  retorts  become  by  any  means  cracked, 
a  mixture,  composed  of  the  following  ingredients,  is 
found  to  be  an  excellent  cement: — 

Per  cent. 


Fire-clay,   42-5 

Loam-sand,   42*5 

Glass,  *   10-0 

Chloride  of  sodium,   5*0 


100-0 

This  compound  is  ground  well  together  with  water. 
The  principle  of  sealing  up  the  gas  by  a  water  lute,  or 
hydraulic  joint,  is,  however,  the  same  in  both  cases, 
and  affords  another  instance  of  those  beautiful  contriv- 
ances for  using  one  fluid  in  the  management  and  mani- 
pulation of  another,  which  is  much  lighter  and  more 
elastic. 

The  Pipes  for  connecting  the  Betorts  with  the  Main. 
— The  pipes  leading  from  the  retort  to  the  hydraulic 
main  are  not  fitted  in  the  retort  itself,  but  into  a  sepa- 
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rate  casting,  termed  the  mouth-piece,  which  is  com- 
monly of  the  same  size  as  the  mouth  of  the  retort,  and 
is  secured  to  it  by  a  flange  and  bolts.  The  same 
kind  of  mouth-piece  is  used  for  clay  retorts,  which, 
instead  of  a  flange,  are  provided  with  a  ring,  four 
inches  in  thickness  and  six  in  breadth,  through  which 
holes  are  cut  to  receive  the  bolts  for  securing  the 
mouth-piece. 

A  bent  pipe  passes  up  from  the  mouth-piece  to  the 
hydraulic  main,  the  straight  part  secured  to  it  being 
called  the  stand-pipe,  while  the  other  straight  part 
passing  into  the  main  is  called  the  dip-pipe.  The  part 
connecting  the  dip  and  stand-pipe  is  named  the  bridge- 
pipe,  and  this  part  is  usually  provided  with  two  bonnets, 
which  can  be  removed  when  the  pipe  requires  cleaning. 
The  stand  and  dip-pipes  vary  in  diameter  from  three  to 
six  inches,  a  very  usual  size  being  four  inches.  There 
are  various  modifications  in  the  arrangement  of  pipes 
between  the  retorts  and  the  hydraulic  main.  In  Eng- 
land, the  stand-pipe  usually  passes  up  to  a  height  of 
four  or  five  feet  above  the  main,  and  is  fitted  at  the 
top  with  a  semicircular  bridge,  which  connects  it  with 
the  dip-pipe. 

The  Hydraulic  Main. — This  is  a  tube  or  trunk,  n, 
Fig.  94,  usually  but  not  always  of  cast-iron,  extending 
the  entire  length  of  the  retort  house,  and  varying  from 
twelve  to  eighteen  inches  in  diameter,  and  generally 
five-eighths  to  three-fourths  of  an  inch  in  thickness, 
when  made  of  cast-iron.  Wrought-iron  hydraulic 
mains  are  now  beginning  to  be  used,  and  will  probably 
altogether  supersede  cast-iron,  on  account  of  their 
lightness  and  strength.  These  are  usually  made  of 
larger  diameter  than  the  cast-iron,  and  put  together  in 
longer  lengths.  They  are  formed  of  three  eighths  of 
an  inch  boiler  plate.  The  ring  forming  the  main  is 
composed  of  two  circular  plates,  and  one  flat  piece  on 
the  top.  These  plates  are  made  of  two  breadths, 
namely,  about  three  and  two  feet,  and  about  five  feet 
six  inches  in  length.  They  break  joint  with  each 
other,  by  having  their  line  of  division  alternately  on 
opposite  sides  of  the  main,  which  is  constructed  in 
lengths  of  twenty-three  feet,  and  at  each  end  of  this 
length,  there  is  a  flange  three  inches  wide.  At  the 
end  of  each  length,  and  also  midway,  is  a  division 
plate  seven  inches  deep  in  the  centre. 

The  cast-iron  mains  are  generally  of  such  a  length 
as  to  reach  over  two  benches,  and  the  joints  are  made 
with  bolts  and  nuts,  and  iron  cement,  in  the  usual 
manner.  In  old  works,  the  hydraulic  main  is  usually 
a  circular  tube;  but  of  late  years,  D-shaped  mains  have 
been  frequently  employed,  generally  with  the  flat  side 
downwards. 

The  hydraulic  main,  when  first  brought  into  action, 
is  filled  to  about  one-half  with  water,  but  the  tar 
contained  in  the  gas  which  passes  into  it  is  deposited, 
so  that  the  sealing  liquid  changes  its  character,  and 
becomes  nearly  all  tar. 

The  hydraulic  main  being  filled  to  the  above  height, 
the  end  of  the  dip-pipe  passes  through  the  water  to  a 
depth  of  three  or  four  inches.  The  gas  from  the  retorts 
is  then  conveyed  through  the  dip-pipes,  and  bubbles 
up  through  the  water,  till  it  arrives  in  that  part  of  the 
main  above  the  surface  of  the  liquid.    The  hydraulic 


main,  therefore,  is  the  first  receptacle  in  which  the  gas 
is  collected,  after  its  separation  from  the  coal. 

It  perhaps  will  not  be  out  of  place  to  call  attention, 
in  passing,  to  the  simple  yet  admirable  contrivance  ex- 
hibited in  this  apparatus,  which  is  partly  filled  with  a 
dense  fluid  for  the  purpose  of  forming  a  perfectly  air- 
tight and  gas-tight  chamber,  and  cutting  off  all  com- 
munication from  this  chamber  to  the  retorts,  while  the 
passage  of  gas  from  the  latter  to  the  former  is  entirely 
free  and  open.  Its  modus  operandi  will  be  evident,  if 
it  be  considered  that  the  extreme  lightness  of  the  gas 
will  always  cause  it  to  pass  upwards  through  the  tar, 
while,  once  arrived  over  its  surface,  it  has  no  power 
whatever  to  displace  the  tar,  and  pass  backwards. 
This  exquisite  contrivance  is  termed  the  water-joint, 
and  the  hydraulic  main  constitutes  its  first  application 
in  the  gas  manufacture.  It  is  by  this  method  that  the 
chemist  is  enabled  to  store  and  confine  his  gases  in  the 
receivers  of  the  pneumatic  trough,  and  thus,  by  the  use 
of  denser  fluids,  such  as  water  and  mercury,  to  imprison 
the  most  volatile  forms  of  gaseous  matter  in  a  mode 
which,  for  delicacy  and  subtilty,  infinitely  excels  every 
scheme  of  mere  mechanical  fitting.  It  will  be  seen 
hereafter  how  largely  this  valuable  principle  of  sealing 
up  the  aeriform  fluids  by  denser  ones,  through  which 
they  can  pass  in  one  direction  but  not  in  the  other, 
has  been  applied  in  the  purifier,  the  gas-holder,  and, 
in  fact,  in  everything  connected  with  the  collection, 
storing,  and  distribution  of  the  gas.  At  present,  it 
may  be  sufficient  to  point  attention  to  the  value  of  this 
property,  derived  from  the  different  densities  of  fluids, 
which  gives  both  to  the  chemist  and  manufacturer  a 
power  over  the  aeriform  bodies,  which  they  could  not 
hope  to  obtain  by  any  other  means. 

Each  of  the  pipes  thus  dipping  into  the  tar  of  the 
hydraulic  main  freely  delivers  the  gas  produced  in  its 
own  retort,  and  the  liquid  effectually  prevents  its  return. 
However  numerous  may  be  the  pipes  entering  into  it, 
whether  they  contain  gas  or  not,  and  whether  the 
retorts  are  working  or  not,  it  is  impossible  that  any  gas 
delivered  above  the  surface  of  the  tar  in  the  main  can 
escape  back  j. 

The  length  of  the  dip-pipes  should  not  be  less  than 
three  feet,  and  is  frequently  made  as  much  as  five,  in 
order  to  prevent  the  tar  rising  in  the  dip-pipes  con- 
nected with  the  empty  retorts  as  high  as  the  bridge- 
piece.  It  is  obvious  that  the  pressure  of  gas  from  the 
working  retorts  will  force  the  tar  up  a  short  distance 
into  the  empty  dip-pipes,  but  this  seldom  equals  three 
feet.  As  the  hydraulic  main  is  generally  half  filled 
with  tar,  its  diameter  must  be  so  regulated  that  the 
latter  forced  up  into  the  empty  dip-pipes  will  not  so 
far  diminish  the  depth  in  the  main  as  to  uncover  the 
ends  of  the  former,  because  this  would  simultaneously 
unseal  every  one  of  them,  and  the  gas  would  immedi- 
ately escape. 

The  hydraulic  main  is  sometimes  placed  in  the  solid 
structure  of  the  brick-work  over  the  retorts,  but  more 
frequently  a  little  in  advance  of  the  ends,  in  which  case 
it  requires  to  be  supported  by  columns.  The  hydraulic 
mains  at  the  Great  Central  Gas-Works,  London,  are  in 
tire  shape  of  a  reversed  D,  eighteen  inches  in  height  and 
the  same  in  width.  There  is  one  on  each  side  of  the  stack 
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retorts.  They  are  cast  in  lengths  of  nearly  ten  feet, 
so  as  to  reach  over  one  bench  of  retorts,  and  the  joints 
are  placed  over  the  centre  of  the  arches.  Their 
thickness  is  five-eighths  of  an  inch,  with  a  two  and 
three  quarter  flange  at  the  ends  of  each  length.  The 
upright  pillars  to  support  the  mains  are  hollow  columns, 
seven  inches  at  base,  six  inches  at  top,  and  five-eighths 
of  an  inch  in  thickness.  A  pillar  is  placed  in  the  centre 
of  each  leng  th,  and  the  opposite  pillars  are  tied  together 
by  bars  of  inch-round  iron  stretching  entirely  across  the 
bench  of  the  retorts. 

Each  length  of  the  hydraulic  main  is  usually  pro- 
vided with  a  partition,  the  top  of  which  is  level  with 
the  surface  of  the  fluid,  and  the  object  of  which  is  to 
keep  it  to  the  same  height  in  every  part  of  the  main. 
Of  course,  where  so  much  depends  on  the  effective 
sealing-up  of  the  ends  of  the  dip-pipes,  every  care 
must  be  taken  to  fix  the  apparatus  in  a  perfectly  hori- 
zontal position,  from  end  to  end.  When  the  hydraulic 
main  is  cast-iron,  the  holes  to  receive  the  ends  of  the 
dip-pipes  are  cast  in  it,  and  the  flanges  of  the  same 
are  secured  to  the  main  by  nuts  and  bolts,  the  joints 
being  made  with  the  usual  cement,  such  as  that  em- 
ployed for  attaching  the  mouth-pieces  to  the  retorts. 
AVhen  the  main  is  of  wrought-iron,  the  top  is  formed 
by  a  flat  piece,  to  which  the  wrought-iron  circular  part 
of  the  main  is  attached  by  rivets,  and  in  this  flat  piece 
the  holes  for  the  dip-pipes  are  cut  by  hand.  One  end 
of  the  hydraulic  main  is  closed  by  a  plate  having  the 
same  section  at  the  outside  flange  of  the  main,  to 
which  it  is  bolted  and  secured  by  iron  cement.  A 
similar  plate  is  also  bolted  at  the  other  end  of  the 
main,  but  this  plate  is  provided  with  an  orifice  usually 
about  half  the  diameter  of  the  main  itself.  The  lower 
part  of  this  orifice  is  immediately  above  the  level  of  the 
fluid  in  the  hydraulic  main,  and  the  orifice  itself  cor- 
responds with  the  exit-pipe,  which  conveys  away  the 
gas  to  the  condenser.  The  flange  of  the  exit-pipe  is 
bolted  on  to  the  perforated  end-plate  of  the  main.  It 
is  usually  provided,  soon  after  leaving  this  apparatus, 
with  a  descending  pipe  to  carry  off  the  tar  into  the 
cistern  below  the  condenser.  The  lower  end  of  this 
descending  pipe  must  be  sealed  either  by  its  dipping 
several  feet  into  the  tar  of  the  cistern,  or  into  a  small 
vessel  which  communicates  with  the  latter.  The  de- 
scending pipe  to  carry  off  the  tar  is  not  absolutely 
necessary  at  this  place,  because  the  same  office  is 
sometimes  performed  by  the  siphon-pipe  at  the  first 
bottom  bend  of  the  condenser. — Hughes. 

Condenser  and  Scrubber. — A  separate  account  of 
these  is  unnecessary,  as  the  reader  will  fully  under- 
stand their  use  and  purpose  from  the  description  given 
of  them  at  page  133,  as  well  as  by  referring  to  them  ou 
the  general  section,  F  I  K,  page  135,  and  enlarged 
view,  Fig.  99. 

The  Exhauster. — In  describing  this  apparatus,  which 
has  been  introduced  into  modem  gas-works  for  the 
purpose  of  drawing  off  the  gas  and  relieving  the  pres- 
sure in  the  retorts,  Mr.  Hughes  gives  some  interesting 
particulars,  which  are  appended.  The  modern  refine- 
ments insisted  on  with  reference  to  the  purity  of  the 
gas,  all  contribute  to  increase  this  pressure,  as,  every 
time  the  gas  passes  through  a  fluid  of  greater  density 
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than  itself,  a  resistance  is  occasioned,  which  adds  to 
the  pressure  on  the  retorts,  and  this,  at  length,  be- 
comes so  great,  that  means  must  be  resorted  to  for 
diminishing  it.  In  the  first  place,  the  contrivance  of 
sealing  the  dip-pipes  in  the  hydraulic  main,  requires 
the  gas  to  force  its  way  through  several  inches  of  tar 
before  it  can  escape  from  the  retort,  and  this  is  the 
first  obstruction  it  meets  with.  In  many  works  where 
dry  lime  is  used  in  the  purifiers,  the  gas  is  conveyed 
through  water  in  the  wash-vessel,  where  the  gas  is 
again  resisted,  and  the  pressure  of  course  increased. 
In  the  dry  lime  purifiers  and  in  the  scrubbers,  it  is  not 
considered  that  any  sensible  hindrance  is  opposed  to 
the  passage  of  the  gas,  but  in  some  works  both  a 
washer  and  a  series  of  wet  lime  purifiers  are  used,  in 
which  the  force  imposed  becomes  considerable,  and  an 
exhauster  is  found  almost  indispensable.  The  weight 
of  the  gas-holders  also  adds  materially  to  the  pressure 
in  the  retorts. 

About  twelve  years  ago  it  was  ascertained  by  Mr. 
Grafton,  in  the  course  of  some  experiments  at  Cam- 
bridge, that  the  carbonaceous  deposit  in  the  retorts 
was  due  almost  entirely  to  the  pressure  on  the  gas. 
Previously  to  this  discovery,  it  was  generally  considered 
by  the  most  scientific  authorities  that  the  carbon  was 
due  to  high  degrees  of  heat,  and  too  great  an  extent  of 
heating  surface.  In  addition  to  the  injury  of  this  deposit 
to  the  retorts  themselves,  causing  them  to  burn  out  with 
great  rapidity,  and  the  expense  of  frequently  removing 
it,  there  is  every  reason  to  suspect  that  some  of  the  very 
best  constituents  of  the  gas,  namely,  the  volatile  car- 
bides of  hydrogen,  are  decomposed  and  condensed  in 
the  deposit,  and  that  the  gas  is  thereby  much  impaired 
in  quality.  In  addition  to  this,  the  pressure  causes  an 
increase  in  the  quantity  of  tar,  an  effect  which  never 
takes  place  except  at  the  expense  of  the  gas.  Mr. 
Grafton  conducted  his  experiments  in  such  a  way  as 
to  show  very  practically  the  truth  of  the  conclusion  he 
had  arrived  at.  By  increasing  the  pressure  till  it  be- 
came equal  to  a  column  of  fourteen  inches  of  water,  he 
produced  in  a  single  week  a  layer  of  one  inch  thickness, 
and  at  the  expiration  of  two  months  it  had  filled  up 
nearly  one-fourth  of  the  retort.  During  this  experiment 
an  accumulation  weighingten hundredweight  and  twenty 
pounds  was  produced  by  the  carbonisation  of  sixty- 
seven  tons  of  Wall's  End  coal.  Another  trial,  under 
entirely  opposite  conditions,  was  then  made,  all  pressure 
being  taken  off  except  that  arising  from  half-an-inch  dip 
into  the  fluid  of  the  hydraulic  main.  Under  these  cir- 
cumstances, when  the  retort  was  again  worked  with  the 
same  description  of  coal  for  four  months,  scarcely  any 
deposit  had  taken  place. 

The  earliest  form  of  exhauster  used  was  a  pump  on 
the  principle  of  the  Archimedian  screw,  which  was  used 
for  pumping  the  gas  from  a  higher  to  a  lower  point,  level 
with  the  surface  of  a  small  reservoir  of  water.  The 
screw  revolves  in  an  opposite  direction  to  that  required 
for  pumping  up  or  raising  liquids,  and,  at  each  revolu- 
tion, the  upper  mouth  of  the  helicoidal  canal  takes  in  a 
certain  quantity  of  gas,  after  which  follows  the  water. 
The  gas  descends  along  the  spiral  canal  of  the  screw, 
in  proportion  to  the  rate  of  revolution  in  the  latter,  and 
having  reached  the  lower  extremity  of  the  canal,  passes 
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off  by  a  pipe,  with  an  excess  of  pressure,  measured  by 
the  height  of  the  surface  of  the  water  above  the  lower 
extremity  of  the  screw. 

Another  kind  of  extractor,  which  does  not  require  so 
rapid  a  movement  as  the  Archimedian  screw,  consists 
of  a  circular  drum  with  four  divisions,  formed  by  curved 
plates  proceeding  from  the  centre  to  the  circumference. 
The  wheel  revolves  in  a  cistern  filled  with  water  to 
the  height  of  three-fourths  the  diameter  of  the  wheel ; 
and  each  of  the  chambers,  formed  by  the  divisions, 
carries  down  below  the  surface  of  the  water  a  certain 
portion  of  gas,  which  is  delivered  out  of  the  drum  into 
a  pipe  passing  off  at  the  level  of  the  centre  of  the  wheel. 
■  This  pipe  opens  into  a  chamber  containing  water  about 
an  inch  higher  than  the  upper  surface  of  the  pipe,  and 
the  difference  of  level  between  the  water  in  the  cistern 
and  in  the  chamber  which  the  gas  now  occupies  indi- 
cates the  difference  of  the  pressure.  If  the  force  be  not 
sufficiently  reduced  by  passing  the  gas  through  one 
drum  of  this  kind,  it  goes  on  to  a  second  or  a  third,  till 
the  required  diminution  has  been  attained. — Hughes. 

Probably  the  most  improved  form  of  exhauster  is 
that  used  at  the  Liverpool  works,  of  which  there  are 
two  sets,  of  three  each,  in  operation.  Exhausters  be- 
come indispensable  where  clay  retorts  are  employed,' 
these  being  porous  in  their  nature.  They  necessarily 
take  up  some  space,  but  repay  the  outlay,  as  the  oscil- 
lation shown  on  the  inlet  pipe  does  not  alter  more  than 
half-an-inch,  whilst  other  exhausters  are  known  to  vary 
many  inches.  Their  construction  is  very  simple.  A 
pipe  from  the  scrubbers  runs  under  the  three  exhauster 
cylinders,  with  branches  to  reach  to  the  height  of  three 
feet ;  at  the  top  of  the  branch  pipe  there  is  a  valve,  and 
a  holder  of  sheet-iron  fits  loosely  over  this,  which  has 
also  a  valve  upon  it.  The  space  between  the  inlet 
pipe  and  outer  cylinder  is  filled  with  water,  in  which 
the  gas-holder  works.  When  the  latter  ascends,  the 
gas  is  drawn  through  the  inlet  valve,  while  that  affixed 
to  the  gas-holder  is  closed  by  pressure  from  above;  on 
its  return  the  upper  valve  opens  and  the  lower  one 
closes.  Each  holder  discharges  at  every  revolution  of 
the  shaft  about  eighteen  feet,  and  thus  the  gas  is 
pumped  from  the  retorts.    Each  cylinder  is  connected 
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to  the  other  by  branches,  placed  near  the  top  for  the 
purpose  of  passing  the  gas  through  the  purifiers,  to 
which  it  is  guided  by  the  centre  valve.     They  are 
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worked  by  a  shaft,  T,  connected  with  a  steam-engine, 
as  shown  in  Fig.  94. 

The  Centre  Valve  of  Purifiers. — At  the  majority  of 
works  as  many  as  sixteen  or  even  more  valves  are  used 
for  the  purpose  of  guiding  the  gas  into  and  out  of  the 
purifiers.  But,  by  the  adoption  of  one  centre  valve, 
as  is  done  in  the  Liverpool  works,  the  necessity  for  a 
number  is  obviated. 

Fig.  109  represents  a  front  view  of  this  most  impor- 
tant part  of  the  role  of  the  gas-making  apparatus,  in 
which  one  purifier,  B,  with  which  it  is  connected  is 
shown  in  elevation,  and  another,  b',  in  section.  Fig.  110 


Fig.  no. 


is  a  plan  of  the  same  indicating  the  position  of  the  four 
purifiers,  B  b'  b"  b"',  and  the  inlet  and  outlet  pipes  to 
and  from  each,  by  which  the  gas  is  made  to  traverse  the 


Fig.  in. 


whole.  In  the  general  view — Fig.  94 — this  valve  is 
seen  in  section,  and  Fig.  Ill  shows  it  more  perfectly. 
In  the  elevation  and  plan,  Figs.  109, 110,  A  is  the  valve, 
which  is  so  constructed  that  the  gas  entering  it  by  the 
inlet  pipe,  a',  passes  through  an  opening,  as  shown  at 
a,  Fig.  Ill,  and  thence  flows  through  a  conduit  to 


GAS  Wet  Lime  Purifier. 


141 


the  first  of  three  purifiers  it  has  to  traverse ;  the  outlet 
which  conducts  it  to  division  b,  enclosed  by  the  dotted 
line,  causing  it  to  pass  into  the  inlet  of  the  second  puri- 
fier ;  the  same  arrangement  answers  for  the  outlet  of 
second  and  inlet  of  third  purifier.  From  that  of  the  third, 
it  enters  through  d  to  the  division  for  one  pipe,  at  the 
top  of  which  there  is  an  opening  equal  to  the  area  of 
ihe  pipe,  through  which  the  gas  enters  the  upper  part 
of  the  valve  box.  From  this  branches  a  duct  which 
conveys  the  gas  to  the  meter,  as  shown  at  P,  Fig.  94. 
The  blank  division  represented  in  the  plan — Fig.  Ill 
— throws  out  of  action  the  fourth  purifier. 

Circular  pipes  would  answer  all  purposes  as  well  as 
the  rectilinear  ones  shown  in  the  drawings,  but  a  larger 
box  would  be  required. 

Lime  Pdrifier. — Of  all  the  substances  which  have 
been  resorted  to  for  the  depuration  of  gas  from  sulphur 
compounds  and  carbonic  acid,  lime  is  the  most  univer- 
sal, and  the  choice  does  not  arise  from  its  cheapness, 
but  more  on  account  of  its  superior  effect  in  arresting 
those  products  which  deteriorate  illuminating  gas. 

It  is  employed  in  two  states:  in  the  one  case  the 
apparatus  is  termed  the  wet  lime  purifier,  from  the 
lime  being  made  into  a  cream  with  water,  and  used 
in  this  condition ;  the  other  is  known  as  the  dry  lime 
purifier,  in  which  quick  lime,  barely  slaked,  is  resorted 
to.  Their  comparative  efficiency  is  matter  of  dispute 
among  gas-makers. 

Both  these  have  an  unequal  repute  for  efficiency 
among  gas-makers ;  but  their  merits  will  be  best  made 
known  to  the  reader  by  giving  a  few  brief  descriptive 
. sentences  upon  each. 

Wet  Lime  Purifier. — Fig.  112  is  an  elevational  sec- 
tion of  a  lime  machine,  and  Fig.  113  a  plan  through 
dd  in  Fig.  112.  A  is  the  inlet  pipe,  through  which  the 
gas  passes  into  the  chamber,  B,  which  is  four  feet  dia- 
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meter,  jointed  to  the  lid  of  the  purifier,  and  supported 
upon  two  cast-iron  beams,  C.  On  to  the  bottom  flange 
of  this  chamber,  a  circular  ring  of  thin  wrought-iron 
plate  is  riveted,  of  such  a  diameter  that  its  outside  rim 
will  be  within  five  inches  of  the  tank  of  the  purifier. 
D  is  a  hoop,  supported  from  the  tank  by  bolts,  d  d, 
et  cetera,  having  its  upper  edge  level  with  the  before- 
named  plate,  and  its  lower  edge  four  or  five  inches 
below  it.  The  space  left  between  this  hoop  and  the 
ring  is  three-eighths  of  an  inch,  through  which  the  gas 


— after  having  overcome  the  pressure  of  the  column  of 
water  in  the  tank,  plus  the  pressure  in  the  gas-holders 
— will  pass,  and  bubble  up  through  the  lime-water. 

Fig.  113. 


e  is  an  arm  made  to  revolve  on  the  spindle,  s ;  the 
parts  e  e  of  this  arm  continue  through  the  aperture  and 
over  the  ring,  serving  to  keep  the  lime  from  settling, 
or  obstructing  the  passage  of  the  gas.  F  is  the  outlet 
for  the  purified  gas.  G  is  a  stuffing-box,  through  which 
the  spindle,  s,  passes.  H,  a  mitre-wheel,  connected  to 
a  water-wheel  or  steam-engine,  for  turning  the  spindle. 
I  is  a  pipe,  through  which  the  lime-water  is  drawn  off, 
when  it  has  become  saturated  with  the  impurities  of 
the  gas.  It  will  be  observed,  that  by  this  contrivance 
the  water  can  be  completely  drained  off,  by  opening  a 
slide-valve  bolted  to  the  flange  of  the  pipe,  K,  without 
suffering  the  gas  to  escape  along  with  it,  because  a 
column  of  water  will  remain  in  the  tube,  I,  equal  to  the 
height  of  the  bottom  of  the  tank,  measured  from  the 
inner  radius  of  the  curve  of  the  tube,  namely,  twelve 
inches,  which  is  always  more  than  sufficient  to  over- 
come the  pressure  of  the  gas  in  the  purifier,  when  the 
valve  on  the  inlet-pipe,  A,  is  closed,  which  should  be 
done  before  that  at  K  is  opened.  L  is  a  cylindrical 
vessel,  open  at  the  top,  for  filling  the  purifier ;  it  also 
serves  to  show  the  quantity  of  water  required ;  when 
the  machine  is  at  work,  the  column  contained  in  the 
vessel  will  be  higher  than  that  in  the  tank,  by  the 
pressure  of  gas  in  the  gas-holders,  usually  about  three 
inches. 

At  the  end  of  1813,  an  explosion  of  a  serious  nature 
took  place  at  the  Westminster  station,  owing  to  a 
volume  of  gas  escaping  from  the  purifier,  which  was 
placed  in  a  building  near  the  retort-house,  coming  in 
contact  with  the  flues  of  the  retorts.  The  windows  of 
several  houses  in  the  neighborhood  were  shattered, 
and  Mr.  Clegg  was  severely  injured.  The  recurrence 
of  such  an  event  was  afterwards  guarded  against,  by 
drawing  the  refuse  lime-water  through  a  bent  pipe, 
as  shown  above,  always  containing  sufficient  water  to 
seal  it. 

The  lime-water  may  be  mixed  in  a  cistern — having 
its  bottom  above  the  level  of  the  water  in  the  purifier 
when  filled,  and  furnished  with  an  agitator  worked  by 
hand — and  drawn  off  by  a  hose  into  any  of  the  ma- 
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chines,  care  being  taken  to  keep  the  mixture  well  agi- 
tated while  passing.  The  proportions  are  one  measure 
of  paste-lime  to  three  of  water;  that  is,  to  every  five 
bushels  of  paste-lime  about  one  hundred  and  twenty 
gallons  of  water  must  be  added.  The  size  of  the  lime 
machines  ought  to  be  so  regulated,  that  they  will  contain 
sufficient  lime-water  to  purify  the  quantity  of  gas  made 
in  twenty-four  hours,  without  having  occasion  to  fill  them 
higher  than  the  water-line  shown  in  the  engraving. 

Four  lime  machines  are  necessary,  two  being  in 
action  and  two  out,  alternately.  When  that  machine 
is  spent  through  which  the  gas  first  passes,  shut  it  off, 
and  open  a  third,  leaving  the  second  to  perform  the 
duties  of  the  first,  and  so  on.  The  following  extract 
from  Mr.  Clegg's  journal  expresses  his  opinion  on  the 
construction  and  use  of  lime  machines : — 

The  grand  principle  in  the  construction  of  a  lime- 
water  purifier,  is  to  divide  the  gas  as  minutely  as  pos- 
sible, at  the  same  time  avoiding  unnecessary  pressure. 
If  the  machine  be  well  constructed,  seven  or  eight 
inches  pressure  in  the  machine  is  quite  sufficient. 
Two  sets  are  necessary,  in  order  to  have  a  pair  clean 
and  ready  for  immediate  use.  The  practice  of  working 
the  contents  of  the  vessel  over  again,  by  passing  them 
from  one  to  another,  is  mistaken  economy. 

The  work  performed  by  a  lime-water  purifier  is 
generally  computed  by  its  contents  in  gallons,  and  the 
head  of  water  or  pressure  opposed  to  the  passage  of  the 
gas  through  it.  Taking  the  latter  at  a  constant  quan- 
tity of  eight  inches,  the  computation  is  easy.  Four 
thousand  five  hundred  cubic  inches  of  hydrate  of  lime 
— which,  as  has  been  before  stated,  is  the  quantity 
produced  by  reducing  one  bushel,  or  two  thousand  one 
hundred  and  fifty  cubic  inches  of  quicklime — mixed 
with  forty-eight  gallons  of  water,  will  purify  ten  thou- 
sand cubic  feet  of  gas,  if  properly  applied. 

Notwithstanding,  however,  that  the  quantity  of  lime 
required  may  be  well  known,  it  is  necessary  to  test  the 
gas  in  its  progress  through  the  various  purifiers.  In 
some  cases  it  is  advisable  to  use  the  test  every  twelve 
hours,  or  oftener,  in  districts,  for  instance,  where  coal 
is  of  inferior  and  various  qualities.  Every  morning, 
as  soon  as  the  superintendent  arrives  at  the  works,  he 
ought  to  test  the  action  of  his  purifiers,  more  especially 
if  he  has  received  a  fresh  supply  of  coal  or  lime.  It  is 
necessary  only  to  drop  a  piece  of  paper  into  the  plumb- 
ous  solution,  and  hold  it  to  the  escape-hole  of  the  puri- 
fier.   The  slightest  coloration  indicates  impurity. 

Dry  lime  purifier  consists  of  a  square  iron  box — two 
are  shown  at  O  o,  Fig.  94 — six  feet  long  by  five  feet 
wide,  and  three  deep.  The  inlet  pipe  is  eight  inches  in- 
side diameter,  and  enters  at  the  bottom  of  the  purifier. 
A  few  inches  above  its  mouth  is  fixed  a  plate  about  two 
feet  square,  which  serves  the  purpose  of  distributing 
the  gas  and  preventing  any  of  the  lime  falling  into  the 
inlet  pipe.  The  purifier  contains  three  trays  or  sieves 
placed  six  or  eight  inches  apart,  and  resting  on  snuggs 
cast  on  the  inside  of  the  purifier :  each  tier  contains 
four  trays,  each  tray  being  about  two  feet  eight  inches 
by  two  feet  four  inches,  so  that  one  purifier  contains  in 
all  twelve  trays  or  sieves,  the  bottom  of  each  being 
composed  of  round  rods,  five-tenths  of  an  inch  dia- 
meter, placed  about  half  an  inch  apart.    The  top  of 
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the  purifier  is  an  inverted  box,  six  feet  by  five,  and 
with  sides  and  ends  ten  inches  deep,  fitting  into  a 
water  lute  twelve  inches  deep,  so  that  the  gas  is  en- 
closed by  a  seal  of  at  least  ten  inches  in  depth  of 
water ;  the  outlet  pipe  passing  out  of  the  lid  of  the 
purifier  is  eight  inches  inside  diameter,  and  is  made  in 
the  form  of  a  semicircle,  the  inside  diameter  of  which  is 
two  feet ;  the  other  end  of  the  semicircle  joins  another 
pipe  that  is  fixed.  Each  end  of  the  semicircle  outlet 
pipe  dips  into  an  anuular  space  containing  ten  or  twelve 
inches  depth  of  water,  so  as  to  form  a  water  seal  similar 
to  that  described  for  the  cover  of  the  purifier.  These 
water  joints  greatly  facilitate  the  removal  of  the  semi- 
circular pipe  and  the  cover  of  the  purifier  whenever 
required  for  the  purpose  of  cleaning  out  or  otherwise, 
without  breaking  any  solid  joint  or  doing  injury  to  any 
part  of  the  machine.  Mr.  Clegg  states  that  two 
bushels  of  the  hydrate  of  lime  will  spread  over  a  surface 
of  sieve  equal  to  twenty-five  square  feet,  with  a  depth 
of  two  and  a  half  inches,  which,  in  practice,  is  found 
about  the  best  thickness;  and  that  this  quantity,  which 
is  equal  to  one  bushel  of  quick-lime,  will,  in  some 
places,  purify  ten  thousand  cubic  feet  of  gas,  while  in 
other  places  double  the  quantity  of  lime  will  be  required. 

In  most  of  the  French  gas-works  the  hydrate  of  lime 
is  placed  upon  beds  of  moss,  which  are  first  spread  on 
the  trays,  or  the  latter  contain  alternately  a  layer  of 
moss  and  one  of  lime.  The  use  of  the  moss  is  to  sub- 
divide the  gas  into  the  thinnest  possible  sheets  and 
streams,  so  that  every  particle  of  it  may  be  brought 
into  contact  with  the  lime. 

The  purifiers  generally  used  in  the  French  gas-works 
are  from  three  to  four  and  a  half  feet  in  depth,  and 
they  are  generally  made  circular,  from  four  to  eight 
feet  in  diameter,  according  to  the  size  of  the  works ;  in 
these  are  placed  three  or  four  trays,  which  contain 
layers  of  lime  and  moss.  When  the  lime  is  spread 
upon  moss,  it  is  usual  to  employ  rather  less  than  a 
bushel  of  lime  per  square  yard  of  purifier.  In  most  of 
the  French  gas-works  the  quantity  of  lime  used  for 
purification  is  at  the  rate  of  two  and  a  half  bushels  per 
ton  of  coal,  which  yield,  on  an  average,  less  than  seven 
thousand  cubic  feet  of  gas  per  ton.  The  usual  calcula- 
tions with  them  is,  that  a  purifier  with  an  area  of  one 
square  metre,  or  ten  and  three-quarters  feet,  is  required 
for  every  ten  hectolitres — two  thousand  eight  hundred 
pounds — of  coal  distilled.  This  proportion  is  nearly  at 
the  rate  of  one  square  yard  of  purifier  for  each  ton  of 
coal  distilled.  The  calculation  is  made  on  the  quantity 
of  coal  distilled  in  twenty-four  hours,  this  being  the 
interval  at  which  the  lime  in  the  purifiers  requires  to 
be  renewed.  It  is  also  made  on  the  supposition  that 
the  purifiers  contain  three  layers  of  lime,  so  that  the 
proportion  becomes  three  square  yards  of  screen  con- 
taining lime  for  every  ton  of  coal  distilled  in  twenty- 
four  hours.  The  cover  of  the  purifier  is  made  of  light 
boiler  plate,  provided  with  a  border  or  rim,  which  dips 
into  a  ring  surrounding  the  purifier,  and  filled  with 
water,  so  as  to  make  a  perfectly  hydraulic  joint.  The 
cover  is  also  fitted  with  handles,  by  means  of  which  it 
can  be  removed  when  the  lime  requires  to  be  renewed. 

As  regards  the  merits  of  both  these  methods,  it  may 
be  remarked  that  the  dry  lime  purifier  is  now  almost 
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invariably  preferred,  more  especially  in  large  towns, 
for  several  reasons  which  may  be  negatively  enume- 
rated : — it  does  not  cause  nuisances  by  evolving  a  foul 
stench  to  the  same  extent  as  the  other;  it  is  not  so 
difficult  to  get  rid  of  as  the  spent  lime  water,  nor  does 
it  offer  so  much  resistance  to  the  passage  of  the  gas, 
all  of  which  qualifications  are  of  sufficient  importance 
to  entitle  it  to  the  preference. 

The  lime  removes  from  the  gas  carbonic  acid  about 
two  per  cent.,  and  sulphide  of  hydrogen  about  one  per 
cent.,  varying  with  the  nature  of  the  coal  and  its  dry- 
ness. If  the  gas  be  properly  purified,  it  ought  to  return 
good  answers  to  the  following  tests : — A  paper  dropped 
in  a  solution  of  acetate  of  lead,  and  held  in  the  gas,  will 
turn  black  if  sulphide  of  hydrogen  be  present ;  if  the 
gas  be  passed  through  lime-water,  a  milkiness  will  be 
produced  with  carbonic  acid. 

Station  Meter,  or  Measurer,  is  used  for  the  purpose 
of  ascertaining  the  quantity  of  gas  produced  from  the 
coal ;  likewise  as  a  check  upon  the  men's  work ;  and 
also  for  comparing  the  gas  sold  through  the  consumer's 
meter  with  that  delivered  from  the  works.  The  prin- 
ciple upon  which  it  is  constructed  is  as  follows : — The 
part  of  the  meter  by  which  the  gas  is  measured  is  called 
the  drum,  shown  at  P,  Fig.  94;  it  is  a  cylindrical 
vessel,  supported  at  the  front  and  back  by  an  axis,  and 
divided  into  four  separate  compartments.  These  are  so 
contrived,  that  whilst  the  gas  is  entering  on  one  side 
through  the  inlet-pipe,  it  is  passing  out  at  the  same 
time  from  another  compartment  at  the  opposite  end, 
and,  in  its  attempt  to  escape  through  the  water,  imparts 
a  rotatory  motion  to  the  drum  proportioned  to  its  ca- 
pacity and  the  quantity  of  gas  allowed  to  pass  through 
in  a  given  time.  The  primary  cause  of  this  motion  is 
the  impulse  communicated  to  the  gas  from  the  retort, 
technically  called  pressure.  The  action  of  the  meter 
depends  on  its  being  filled  to  a  certain  height  with 
water,  over  the  surface  of  which  the  gas  is  transmitted ; 
the  use  of  the  water  is  to  close  the  aperture  through 
which  the  gas  enters  the  drum,  and  it  also  gives  the 
latter  a  steadier  motion. 

At  the  front  of  the  meter  a  series  of  wheels  are 
worked  by  a  shaft  communicating  with  the  axis  of  the 
drum,  which,  by  means  of  the  index,  are  registered  in 
cubic  feet — from  ten  to  ten  millions  feet  of  gas  manu- 
factured during  any  period.  The  station  meter  em- 
ployed at  Athol  Street,  Liverpool,  is  constructed  to 
register  seventy  thousand  cubic  feet  per  hour — one 
revolution  of  the  drum  will  pass  about  six  hundred  and 
fifty.  It  is  the  largest  of  the  kind  ever  made.  Fig.  114 
is  a  front  view  of  it.  On  the  face  is  a  tell-tale,  which 
serves  the  purpose  of  pointing"  out  every  irregularity 
in  the  production  of  gas  during  the  twenty-four  hours. 

The  following  accurate  description  is  given  by  Tom- 
linson  : — In  the  centre  of  the  dial-field — Fig.  114 
— is  fixed  a  circular  plate  connected  with  a  train 
of  wheel-work,  set  in  motion  by  an  enclosed  drum, 
through  which  the  gas  passes,  indicating  tens  of 
thousands,  hundreds  of  thousands,  millions,  and  tens  of 
millions  of  cubic  feet  of  gas.  Upon  this  round  plate  is 
fixed  a  disc  of  paper,  divided  into  twenty-four  parts, 
with  subdivisions.  Suppose  the  meter  to  register 
three  hundred  thousand  cubic  feet  in  twenty-four 


hours,  and  the  plate  to  he  connected  by  wheels  in  the 
ratio  of  three  to  one  to  that  index,  which  marks  one 


hundred  thousand  in  one  revolution ;  it  is  evident  that 
the  distance  travelled  by  one  of  the  twenty-four  divi- 
sions of  the  plate  from  a  certain  fixed  point,  will  indi- 

.     „  n       ,  .        ,  300,000 
cate  the  quantity  of  gas  made  in  one  hour,  or  — ^ — 

=  twelve  thousand  five  hundred  cubic  feet.  Above 
this  divided  disc  is  a  timepiece,  to  the  minute-hand 
of  which  is  attached  a  detent,  furnished  with  a  pencil, 
pressing  by  a  spring  upon  the  disc.    As  the  minute- 


hand  of  the  timepiece  revolves,  the  pencil,  by  means 
of  a  guide  fixed  to  the  meter-case,  is  regulated,  so  that 
in  the  first  half -hour  it  will  make  a  vertical  line  upon 
the  paper,  in  length  equal  to  the  diameter  of  the  circle 
formed  by  the  minute-hand,  measured  from  the  centre 
to  the  point  at  which  the  detent  is  fixed ;  in  the  second 
half-hour  the  line  will  be  retraced  by  the  hand  rising 
again.  This  arrangement  supposes  the  divided  disc  to 
be  stationary ;  but,  as  it  is  made  to  revolve  on  an  axis, 
which  is  also  the  axis  of  the  internal  drum,  set  in  mo- 
tion by  the  gas,  the  pencil  will  make  a  series  of  curved 
lines,  meeting  the  divided  circle  of  the  disc  every  hour, 
and  the  distance  travelled  from  point  to  point  will  mark 
the  number  of  cubic  feet  of  gas  made  during  every  hour 
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of  the  twenty-four.  If  the  production  of  gas  is  regular, 
the  figures  formed  by  the  pencil  will  be  so  also ;  if,  on  the 
contrary,  any  neglect  has  occurred,  the  irregularity  of 
the  figure  will  detect  it,  and  point  out  the  hour  and  the 
amount  of  difference;  because,  if  the  speed  of  the 
revolving  disc  be  decreased,  the  figure  formed  will 
approach  nearer  to  the  straight  line ;  if  increased,  the 
points  of  intersection  upon  the  divided  circle  will  be 
further  apart.  The  case  of  the  station-meter  is  usually 
greatly  ornamented,  and  bears  an  appropriate  inscrip- 
tion.— Tomlinson. 

Gas-Holder. — The  next  subject  for  consideration  is 
the  gas-holders,  or  vessels  in  which  the  gas  is  stored 
ready  for  delivery  into  the  mains,  which  distribute  it 
throughout  the  districts  to  be  lighted.  These  ves- 
sels were  originally  termed  gasometers,  which  name 
is  even  sometimes  now  applied  to  them ;  but  as  they 
have  nothing  whatever  to  do  with  the  measurement  of 
gas,  but  are  merely  vessels  of  capacity,  the  simple  name 
of  gas-holder  appears  more  expressive  and  appropriate. 

The  earliest  gas-holders  were  made  in  the  form  of 
cubes  or  parallellopipeds ;  but  there  were  disadvantages 
in  this  shape,  independontly  of  the  waste  of  material 
required  to  construct  them  of  this  form,  as  compared 
with  that  for  a  circular  one  of  the  same  capacity. 
The  corners  and  angles  of  the  square  figures  were  also 
found  to  need  bracing,  and  other  precautions  were 
necessary,  in  order  to  render  the  resistance  uniform. 
Wooden  tanks  were  also  at  one  time  made  for  the  lift- 
ing part  of  the  gas-holder  to  work  in,  but  this  was  at  a 
time  when  they  scarcely  exceeded  in  size  some  of  the 
large  vats  or  backs  in  use  at  the  great  porter  breweries. 
The  construction  of  these  wooden  tanks  was,  in  fact,  en- 
trusted to  the  back  makers,  who  used  to  guarantee  the 
duration  of  the  vessel  for  some  period  of  time  agreed  on. 
They  were,  in  consequence,  generally  constructed  in  a 
substantial  manner,  but  it  is  evident  that  the  rapid 
increase  which  took  place  in  the  size  of  gas-holders 
required  the  adoption  of  a  different  material  than  wood. 
When  a  deputation  from  the  Royal  Society,  with  Sir 
Joseph  Banks  at  its  head,  visited  the  gas-works  of  the 
chartered  company  in  Westminster,  about  the  year 
1814,  they  strongly  recommended  government  to  restrict 
the  company  from  constructing  gas-holders  exceeding 
six  thousand  feet  in  capacity,  to  be  confined  in  very 
strong  buildings.  When  Mr.  Clegg  published  his  work 
in  1841,  he  says  gas-holders  are  now  constructed  to  con- 
tain two  hundred  and  fifty  thousand  feet.  In  1853  all 
the  new  gas-holders  of  the  Great  Central  Gas  Con- 
sumers' Company  contained  four  hundred  and  twelve 
thousand  feet,  and  there  is  one  in  Philadelphia  one  hun- 
dred and  forty  feet  in  diameter,  and  seventy  feet  high, 
capable  of  containing  more  than  a  million  cubic  feet. 

The  modern  gas-holder  is  a  cylinder  of  plate-iron, 
made  of  sufficient  capacity  to  contain  the  maximum 
quantity  of  gas  produced  in  twenty-four  hours;  and  in 
very  large  works,  where  several  gas-holders  are  used, 
the  joint  capacity  of  all  should  be  equal  to  this  maximum 
production.  In  many  gas-works  the  capacity  of  all  the 
gas-holders  somewhat  exceeds  the  consumption  of  the 
longest  night,  but  it  is  believed  this  excess  in  capacity  is 
unnecessary.  The  cylinder  which  contains  the  gas  has 
no  bottom,  or  it  may  be  described  as  a  cylinder  inverted 


over  a  cistern  of  water,  both  the  inlet  and  outlet  pipes 
having  their  orifices  above  the  surface  of  the  water,  so 
that  the  gas  is  hermetically  sealed  up  within  the  holder, 
and  can  only  escape  through  the  outlet  pipe.  The  mode 
in  which  gas  is  stored  in  the  gas-holder  bears  a  very  exact 
analogy  to  that  of  collecting  and  storing  pursued  by  the 
chemist  in  the  laboratory,  where  the  jar  to  be  filled  is 
inverted  over  a  trough  containing  water,  and  the  gas 
admitted  into  it  by  a  bent  pipe  passing  up  through  the 
water.  In  the  chemist's  method,  however,  the  jar  or 
gas-holder  remains  fixed,  while  the  water  is  displaced  by 
the  gas  ;  in  the  gas  manufactory,  on  the  other  hand,  the 
water  is  not  displaced,  but  the  gas-holder  is  raised  by 
the  gas  flowing  in. — Hughes. 

The  Editor  deems  a  further  explanation  of  this 
apparatus  unnecessary.  The  reader  will  have  a  very 
good  idea  of  the  mode  in  which  it  is  suspended  by 
referring  to  Q,  Fig.  94.  Mr.  Alfrrd  King  states  that 
the  pressure  on  the  gas-holders  varies  from  three  to- 
five  inches — columns  of  water — but  the  distributing 
pressure,  which  is  regulated  by  an  instrument  called  a 
governor,  about  to  be  described,  alters,  according  to  the 
elevation  of  the  district  supplied,  and  the  hour  of  the 
day  or  night,  from  four-tenths  of  an  inch  to  two  inches. 

The  Governor. — This  is  one  of  those  ingenious  self- 
acting  machines  which  are  equally  admirable  for  their 
efficiency  and  simplicity.  It  is  placed  between  the  gas- 
holder and  the  principal  main  pipe,  in  order  to  regulate 
the  pressure  of  gas  admitted  into  the  latter,  and  acts 
quite  independently  of  any  irregularity  due  to  the  un- 
equal action  of  the  gas-holder,  or  to  other  causes.  The 
governor  is  important  in  another  point  of  view,  namely, 
where  a  town  has  several  different  stages  of  elevation,  and 
where,  without  some  contrivance,  the  pressure  of  gas 
passing  through  the  mains  would  vary  very  much  on 
each  different  stage.  It  has  been  found  by  experiment 
that  the  pressure  in  a  main  varies  at  the  rate  of  one 
hundredth  of  an  inch  for  every  foot  of  rise  or  fall. 

In  the  case  of  a  district  being  below  the  works,  a 
governor  is  seldom  necessary,  the  works  being  generally, 
as  a  matter  of  convenience,  placed  at  a  tolerably  low 
level ;  and  it  is  found  practically  that  a  district  lying  even 
thirty  feet  below  the  works  may  be  lighted  without  the 
intervention  of  a  governor  to  increase  the  pressure,  as 
the  diminution  due  to  the  difference  of  level  would  bo 
only  three-tenths  of  an  inch  of  pressure.  But  governors 
are  especially  necessary  in  towns,  such  as  Bristol,  Bath, 
Edinburgh,  Liverpool,  Lincoln,  Nottingham,  Exeter, 
and  many  others  which  have  different  stages  of  elevation ; 
because  the  gas,  as  it  reaches  the  higher  part  of  the 
town,  will  act  with  so  great  a  pressure  as  to  produce 
very  serious  leakage  in  -the  pipes,  besides  the  disadvan- 
tage of  giving  the  upper  districts  an  undue  proportion  of 
light  at  the  expense  of  the  lower.  Separate  governors 
for  the  regulation  of  pressure  at  different  stages  of  ele- 
vation are  not  considered  necessary,  unless  the  ground 
has  a  rise  of  about  thirty  feet ;  and  in  order  to  carry  out 
the  principle  of  uniform  pressure  to  the  utmost  ad- 
vantage, there  ought  to  be  as  many  governors  as  the 
quotient  of  the  whole  elevation  in  feet  divided  by  thirty. 
Every  gas-work  for  lighting  a  town  should  have  at  least 
one  governor,  to  regulate  the  pressure  of  gas  passing 
from  the  gas-holders  into  the  first  main.    Many  towns 
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in  flat  situations,  which  have  no  elevations  much  ex- 
ceeding thirty  feet,  will  require  only  this  one,  but  in 
other  very  hilly  towns  it  would  be  advantageous  to  have 
several  smaller  governors  to  regulate  the  pressure  for 
their  different  levels. 

The  governor  is  merely  a  miniature  single-lift  gas- 
holder— shown  at  R,  Fig.  94 — suspended  from  the 
centre,  and  furnished  with  an  inlet  and  outlet  pipe, 
the  former  having  a  conical  piston  suspended  in  it 
— Fig.  101 — which  regulates  the  admission  of  the  gas 
in  the  reverse  ratio  of  its  pressure.  The  lifting  part 
is  usually  a  cylinder  of  very  thin  sheet-iron,  about 
five  times  the  diameter  of  the  inlet  pipe,  so  as  to 
give  plenty  of  room  for  the  two  pipes  to  stand  inside, 
and  leave  a  space  above  for  the  gas  to  occupy  in  passing 
through  the  governor.  The  tank  is  made  of  cast-iron 
plates,  of  a  circular  form,  usually  somewhat  less  in  depth 
than  the  diameter,  and  with  the  capacity  of  about  two 
cubic  feet  for  every  ten  thousand  feet  of  gas  required  to 
be  passed  through  in  twenty-four  hours.  Thus,  a  tank 
about  five  feet  four  inches  diameter,  and  four  feet  six 
inches  deep,  will  be  sufficient  for  a  governor  to  pass 
three  hundred  thousand  cubic  feet  of  gas  in  twenty-four 
hours.  The  lifting  part  or  invert  cylinder,  R,  is  about  the 
same  depth,  and  about  four  inches  less  in  diameter. 
The  inlet  pipe,  which  may  be  about  twelve  inches  or 
less  in  diameter,  is  provided  with  a  flange  at  the  base, 
and  is  screwed  to  the  bottom  of  the  tank,  where  it 
passes  up  in  the  centre  through  the  water  contained  in 
the  tank.  The  top  of  the  inlet  pipe  is  also  provided 
with  a  flange,  on  which  is  screwed  an  annular  casting, 
which  contracts  the  opening  to  eight  inches.  In  this  inlet 
pipe  is  suspended  a  solid  cone  of  iron,  varying  from 
six  to  fifteen  inches  in  diameter  at  base,  and  about  two 
at  top.  This  cone  is  suspended  from  and  attached  to 
the  centre  of  the  roof  of  the  lifting  cylinder,  R,  so  that  the 
cylinder  and  cone  rise  and  fall  together.  To  the  centre 
of  the  roof,  on  the  outside,  is  attached  a  chain  pass- 
ing over  a  pulley,  which  sustains,  at  its  other  extre- 
mity, a  weight  so  adjusted  as  nearly  to  balance  the 
weight  of  the  conical  piston.  It  is  evident  that,  when 
the  pressure  of  gas  is  very  small,  the  cone  descends,  and 
allows  a  large  escape  from  the  top  of  the  inlet  pipe ;  and, 
on  the  other  hand,  when  the  pressure  increases,  the 
cone  will  rise  and  contract  the  openings,  so  as  to  cause  a 
diminished  quantity  of  gas  to  enter.  Of  course  the  per- 
fection of  this  action  depends  on  an  accurate  adjustment 
of  the  weight,  and  when  once  this  is  effected,  the  reg- 
ulation of  pressure  is  so  perfect  as  to  leave  nothing 
to  be  desired.  The  gas,  when  once  admitted  into 
tlie  space  above  the  inlet  pipe,  finds  no  impediment  to 
its  progress,  and  passes  off  by  the  outlet  pipe  without 
further  hindrance.  The  cone  is  usually  made  of  cast- 
iron,  and  is  turned  true  in  the  lathe.  The  orifice  at  the 
top  of  the  inlet  pipe  is  also  bored  true,  and  of  a  conical 
form,  so.  as  to  fit  the  base  of  the  cone.  The  regulation 
of  the  weight  and  counterbalancing  chain  is  very  simple, 
and  needs  no  further  description. — Hughes. 

The  House-Meter. — This  meter,  by  which  the  con- 
sumer registers  his  consumption,  consists  of  one  hollow 
drum  or  cylinder,  revolving  about  a  horizontal  axis 
within  another  hollow  drum  or  cylinder,  the  inner  drum 
being  divided  into  compartments  for  measuring  the  gas, 
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and  revolving  in  water  which  occupies  the  lower  part 
of  the  outer  cylinder  to  a  height  above  the  axis,  about 
which  the  inner  drum  revolves.  The  details  of  the 
construction  may  be  varied,  but  the  wet  gas  meters 
have  this  common  feature,  that  the  gas  is  measured  in 
the  compartments  of  a  drum,  which  compartments  are 
occupied  successively  by  gas  and  water,  the  drum  being 
made  to  revolve  by  the  pressure  or  elastic  force  of  the 
gas  acting  on  the  compartments  of  the  drum  in  suc- 
cession. The  revolutions  of  the  drum  being  registered 
by  suitable  apparatus,  the  quantity  of  gas  which  has 
passed  through  the  meter,  by  so  filling  the  compartments 
in  succession,  will  be  accurately  measured. 

In  Fig.  116,  the  outer  circle  represents  the  outer  case 
or  drum  of  the  meter,  within  which  a  drum  divided  into 
compartments,  A,  B,  c,  D,  revolves  about  an  horizontal 
axis,  e.  The  gas  to  be  measured  is  brought  into  the 
meter  by  a  pipe  passing  horizontally  in  the  direction  of 
the  axis  of  the  inner  and  outer  cylinder,  and  turned  up 
at  the  end,  so  that  its 
orifice,  a,  may  stand  U8. 
above  the  water  level, 
f,g.  The  four  com- 
partments, A,  B,  C,  D, 
are  similar  in  every 
respect,  each  having 
an  inlet,  b,  by  which 
the  gas  enters  the 
compartment,  and  an 
outlet,  c,  by  which  it 
passes  out  of  the 
compartment  into  the 
upper  part  of  the 
outer  case,  whence  it 
may  pass  by  a  pipe, 
k,  in  any  convenient 

direction.  The  gas  being  admitted  into  the  meter, 
will  pass  the  inlet,  b,  into  the  part  of  the  compart- 
ment, D,  which  is  just  rising  out  of  the  water;  the 
gas  presses  equally  on  the  surface  of  the  water  and 
on  the  side,  h,  of  the  compartment,  d;  the  effect  of 
this  pressure  on  the  side,  h,  is  to  cause  the  inner 
drum  to  revolve,  wherebj'  the  compartment,  D,  is 
raised  more  and  more  out  of  the  water,  and,  as  it  rises, 
it  fills  with  gas,  until  it  occupies,  by  the  revolution  of 
the  drum,  the  position  in  space  of  the  compartment  c, 
as  to  which  it  will  be  observed  that  the  inlet,  b,  has  just 
dipped  below  the  surface  of  the  water,  and  the  outlet,  c, 
is  just  coming  to  the  surface  of  the  water.  The  outlet, 
c,  having  risen  above  the  surface,  the  gas  will  escape 
into  the  upper  portion  of  the  outer  case.  As  the  gas 
passes  out  of  a  compartment  in  the  situation  of  C,  by 
the  outlet,  c,  water  will  enter  by  the  inlet,  b,  and  as  the 
drum  revolves  the  compartment  d  having  occupied  the 
position  in  space  of  c  and  B,  comes  into  the  position  A, 
when  it  is  entirely  emptied  of  gas  and  filled  with  water, 
until,  by  further  revolution  of  the  drum,  the  compart- 
ment having  come  again  into  the  position  of  D  begins 
to  fill  with  gas,  as  already  described.  That  which  has 
been  described  for  one  compartment  takes  place  for  the 
other  three,  and  it  will  be  seen  that  there  will  always 
be  two  compartments  discharging  their  gas  into  the 
outer  case  above  the  water  level,  one  compartment 
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filling  with  gas,  and  as  it  fills  causing  the  inner  drum  to 
revolve,  and  one  compartment  full  of  water.  The 
motive  power  causing  the  inner  drum  to  revolve,  is  the 
pressure  of  the  gas  in  the  mains  as  transmitted  from 
the  gas-holder  at  the  gas  works,  and  the  quantity  of  gas 
will  be  ascertained  from  the  number  of  compartments 
which  have  filled  and  emptied,  that  is,  from  the  number 
of  revolutions  of  the  inner  drum,  which  are  registered 
by  a  train  of  wheel  work  and  a  dial  plate  in  the  usual 
manner.  The  gas  so  measured  and  passed  through  the 
meter  is  conveyed  to  the  lights  by  a  pipe  communicating 
in  any  convenient  manner  with  the  outer  case,  and  the 
action  of  the  meter  is  suspended  when  the  gas  does  not 
pass  away.  It  will  be  observed  that  the  quantity  of 
gas  measured  will  be  affected  by  the  height  of  the  water 
in  the  meter,  the  portion  of  the  compartment  which  is 
occupied  by  gas  being  greater  or  less,  according  to  the 
level  of  the  water,  whereas  the  inner  drum  will  revolve 
whatever  the  height  of  the  water,  within  certain  limits. 
If  the  water  rises  above  the  top  of  the  supply  pipe,  a, 
the  entrance  of  the  gas  may  be  stopped  altogether,  and 
if  it  sinks  so  low  that  the  orifices  b  and  c  are  not  sealed 
or  closed  and  opened  simultaneously,  the  gas  may  pass 
through  the  meter  without  causing  the  inner  drum  to 
revolve.  Hence  every  gas  meter  is  or  ought  to  be  ad- 
justed to  a  certain  water  level;  if  the  water  rise  above 
this  level  each  compartment  will  measure  too  little  gas, 
and  since  the  number  of  revolutions  is  the  same  what- 
ever the  available  space  in  the  compartment  for  holding 
gas,  the  consumer  will  be  defrauded;  on  the  other 
hand,  if  the  water  sink  below  this  level,  since  the 
available  space  in  each  compartment  is  larger  than  was 
calculated  on,  the  manufacturer  will  be  defrauded. 
Various  causes  are  in  operation  to  occasion  a  variation 
in  the  water  level,  and  the  necessity  of  preserving  it  has 
given  rise  to  several  ingenious  contrivances  for  dis- 
charging any  excess  or  supplying  any  deficiency  of 
water. 

All  this  may  be  further  illustrated  by  Figs.  117,  118, 


and  119.  In  Fig.  117,  the  direction  of  the  gas  is  marked 
by  arrows.  The  box  a,  in  which  the  inlet  pipe  valve 
is  contained,  is  soldered  tightly,  having  no  communica- 


tion with  the  rest  of  the  case,  except  through  the  valve, 
the  position  of  which  is  shown  by  the  arrows :  b  is  the 
inlet  pipe  projecting  above  the  water  line,  conveying 

Fig.  118. 


the  gas  into  the  meter  by  the  bent  arm  c — Figs.  118 
and  119 — rising  above  the  water  between  the  convex 
cover  and  the  inlet  hoods,  d  is  a  float  attached  to  the 
inlet  valve,  fixed  so  that  when  the  water  falls  below 
the  centre  opening  the 
valve  will  close,  and  Fie- 119- 

the  gas  cease  to  enter 
the  meter.  Motion  is 
communicated  to  the 
train  of  wheel-work 
behind  the  index  from 
a  spiral  worm,  u, — Fig. 
118 — fixed  on  to  the 
axis  of  the  drum,  work- 
ing into  a  wheel,  the 
spindle  of  which  passes 
through  the  tube  t, 
sealed  by  dipping  under 
the  water  contained  in 
the  case. 

There  has  been  much 
discussion  and  dissatis- 
faction in  Liverpool  of 
late,  with  regard  to  the 

water  meter,  parties  asserting  that  although  the  com- 
pany had  lowered  the  price  of  gas,  still  the  bills,  when 
they  were  sent  in,  were  higher  than  they  used  to  be. 
So  many  persons  came  forward  and  asserted  this,  that 
the  Editor  was  applied  to  by  Mr.  Whitty  of  the 
Liverpool  Journal,  to  know  in  what  way  the  above 
could  be  accomplished.  The  following  question  had  to 
be  solved :  Is  it  possible  by  manufacturing  inferior  gas 
to  compel  the  meter  to  register  against  the  consumer? 

In  the  Editor's  opinion  it  is  no  matter  what  kind  of 
gas,  insoluble  in  water,  is  made,  the  registration  would 
be  the  same  ;  but  if  atmospheric  air  was  passed  into  the 
mains  and  entered  the  meter  in  company  with  the  coal 
gas,  it  would  tell  against  the  consumer,  and  the  light 
emitted  would  be  deteriorated.  Mr.  Whitty  remarks 
in  reply  to  the  Editor's  statements,  that  experiments 
performed  at  the  gas  works  justified  them.  It  appears 
by  introducing  one-tenth  of  common  air  into  the  gas- 
holder charged  with  gas,  that  the  meter  registers  ten 
per  cent,  or  more  against  the  consumer.  Some  denied 
that  gas  so  mixed  with  air  would  burn,  but  the  results 
showed  that  it  does,  and  had  no  effect  visible  to  the 
eye,  which  is  an  important  fact. 

The  following  table,  extracted  from  a  paper  contain- 
ing some  experiments  by  Mr.  Barlow,  on  the  com- 
parative value  of  coals  for  the  manufacture  of  gas,  may 
be  found  useful,  especially  to  persons  who  are  compelled 
to  use  cannel  coal  for  enriching  gas  of  low  illuminating 
power : — 
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Name  of  Coal. 

Number  of  experi- 
ments, the  aver- 
age of  which  is 
taken. 

: 

Cubic  feet 
ga  ■ 

'roduce  of  oi 
Tounus 

6  ton  of  Coa 
Pounds 

L 

Pounds  of 
eul  liquor. 

Equivalent  of  one 
cubic  foot  of  gas 
in  grains  sperm. 

Consumption  ofgas 
per  liour  to  give 
a  light  cqunl  to 
twelve  standard 
candles 

Value  of  the  gas 
from  one  ton  of 
coals  in  pounds 
of  sperm. 

3 

13,334 

715 

733-3 

none. 

1109- 

1-3 

2057 

3 

9,833 

1426 

98-3 

60- 

606- 

2-37 

851 

117:  1        T  TT-11 

3 

10,850 

1332 

218-3 

161-6 

465-8 

3-09 

718 

2 

8,331 

1245 

225- 

340- 

439- 

3-28 

522 

Mixture  of  7-8ths   Lochgelly  and  l-8th  Boghead, 

1 

9,055 

1200 

400- 

170- 

695- 

2-07 

899 

„       9-lOths  Lochgelly  aud  l-10th  Boghead, 

2 

9,050 

1205 

335- 

290- 

600- 

2-4 

774 

„     ll-12ths  Lochgelly  and  l-12th  Boghead, 

1 

9,750 

1240 

227- 

270- 

443- 

3-25 

617 

4 

9,500 

1540 

112-5 

112-5 

311- 

4-7 

422 

Mixture  of  3-4ths  Pelton  and  l-4th  Boghead,  

3 

12,800 

1366 

206-6 

116-6 

553- 

2-6 

1009 

Mr.  Barlow  is  of  opinion  that  coals  which  contain 
more  than  thirty  per  cent,  of  volatile  matter,  require  a 
higher  temperature  for  their  distillation. 

As  all  the  volatile  matter  afforded  by  coal  is  not 
combustible,  it  does  not  necessarily  follow  that  the 


coal  which  yields  the  largest  amount  of  gas  is  the 
most  valuable,  although  such  is  generally  the  case,  as 
will  be  seen  by  the  following  tables,  drawn  up  by  Mr. 
Samuel  Hughes  : — 


Cubic  feet  of 

Description  of  Coal.  gas  per  tou 
of  coul. 

Newcastle  Coals. 

English  caking  coal,   8,000 

Newcastle  coal,   11,648 

Pelaw,  Newcastle,   11,424 

Pelton,      do.,    11,424 

Blenkinsopp,  Carlisle,   11,200 

Newcastle,   8,500 

Wallsend,  Newcastle,   12,000 

Pelton,   11,000 

Leverson,   10,800 

Washington,   10,000 

Pelaw,   11,000 

New  Pelton,   10,500 

Dean's  Primrose,   10,500 

Garesfield,   10,500  . 

Gosforth,   10,000  , 

West  Hartley,   10,500  . 

Hasting's  Hartley,   10,300  . 

Blenkinsopp,   9,700  . 

Berwick  and  Craister's  Wallsend,   12,507 

Pelaw  Main,   12,400  . 

Russell's  Wallsend,   12,000  , 

Ellison's  Main,   11,200  , 

Felling  Main   11,200  . 

Pearith's  Wallsend,   11,147  . 

Dean's  Primrose,   11,120 

Penton  Main,   10,987  . 

Eden  Main,   10,400  . 

HeatonMain,   10,400  . 

9,000  . 

Parrot  or  Camel  Coals. 

Yorkshire  parrot,   11,000 

Wigan  cannel,   9,500 

Scotch  parrot,   9,500 

Ramsay's  Newcastle  cannel   9,746 

Lochgelly  parrot,   9,123  . 

Lesmahagow  cannel — lirst  experiment,   11,681  , 

"             "       second  experiment,.. ..  9,878 

Ramsay's  Newcastle  cannel,   9,016  . 

"            "          "    9,333  . 

"            "          "    9,667  . 

Lesmahagow  cannel,   11,312  . 

Welsh  cannel,   11,424  . 

Wigan  cannel,   11,200  . 

»        »   9,500  . 

Wemyss  cannel.   10.976  . 

»    10,192  . 


Weight  of  gas 
Specific  gravity  in  pounds 

oi  the  yus.  avoirdupois 
per  ton  ol  coal. 


Authority. 


•420 
•675 
•444 
•437 
•521 
•412 

•490 

•430 
■425 
•430 
•420 
•415 
•430 
•398 
•402 
•420 
•421 
•450 
•470 
•420 
•418 
•416 
•410 
•410 
•410 
•420 
•400 
•410 


p460| 

i-520)  ' 
•640  . 

(.-580  j 
•567  . 
•540  . 
•650  . 
•604 


•731 


•737 
•606 


257 
423 
389 
382 
447 
268 

550 

363 
353 
330 
355 
335 
347 
321 
308 
339 
333 
335 
449 
399 
384 
357 
351 
350 
349 
337 
318 
326 


Dr.  Fyfe. 

Mi-.  Joseph  Hedley. 


London,  1837. 

{Quantity  made  in  the  revolving  web  retort 
— authority,  Mr.  Clegg. 


Author  of  the  Chemistry  of  Gas-lighting 
in  the  Journal  of  Gas-liyhting. 


Mr.  Clegg, 


(  Average  production  by  the  Phtenix  Gas 
\    Company  for  the  year  1848. 

Dr.  Fyfe. 


357 

466 

423 

396 
483 
492 
417 


Mr.  Wright. 


Manager  of  Dundee  Gas- 


541 


Dr.  Leeson,  Dr.  Miller,  and  Mr.  G.  H. 
Palmer. 


•737    638   Mr.  Joseph  Hedley. 


645 
520 


-580    422    Liverpool  New  Gas  and  Coke  Company, 

•670    563   Mr.  Wright. 

•691    538  " 
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Description  of  Coo!. 


Wigan  cannel,  

Knightswood  cannel,. 


Boghead  cannel, . 
Lesmaliagow,  


Cubic  feet  of 
gas  per  ton 
ol  coaL 

9,408  . 
9,720  . 


Specific  gravity 
of  the  gas. 


Authority. 


■478 
■590 


Capeldrae  cannel  

Arniston  cannel,  

Ramsay  cannel,  

Wemyss  cannel,  

Kirkness  cannel,  

Knightswood  cannel,.-  

Wigan — Ince  Hall — cannel. 

Pelton  cannel,  

Leverson  cannel,  

"Washington  cannel  

Wigan  cannel,  


Scotch  cannel, 


Derbyshire,  Welsh,  Staffordshire, 
and  other  kinds  of  coal. 

Derbyshire  deep  main,  

Brymbo  two-yard  coal,  

Powell   coal — two  hundredweight  charges"! 

every  five  hours,  J 

Powell  coal — one  and  a  half  hundredweight  1 

charges  every  five  hours,  J 

Bickerstaff — Liverpool,  

Neath — South  Wales,  

Birmingham  Gas  Company — lamp  coal  from") 

"West  Bromwich,  J 


15,000    -752 

13,500    -642 

13,200    '618 

14,400    -577 

12,000    -626 

10,300    -548 

14,300    -580 

12,800    -562 

13,200    -550 

11,400    -528 

11,500    -520 

11,000    -523 

10,500    -500 

14,453    -640 

14,267    -610 

14,000    -580 

13,813    -500 


9,400  . . . 
8,880    . . . 

10,165    -459 


424 
463 


8,250 

11,424 
11,200 

6,500 


West  Bromwich,   6,500 


•470 

■475 
•468 

•453 


Macclesfield,  

Stockport,  

Oldham,  Watergate,  and  Wigan  cannel,  mixed, 

Ormskirk,  or  Wigan  slack  


6,720    — 

7,800    -539 

9,500    -534 


Low-Moor,  mixed  with  two  kinds  of  slack, . . 

Leeds  coal,  

Cannel  and  common  coal  mixed,  

Derbyshire  soft  coal,  


Staffordshire. 

South 's,  

Second  variety,  

Third  variety,  

Fourth  variety,  

Forest  of  Dean,  

Second  variety,  

Welsh  Coal. 

First  variety,  

Second  variety,  


•462 

•420 
•530 
•466 
•528 
•448 


8,200  . . 

8.000  . 

6,500  . . 

8,000  . 

7,500  . 

7,000  . . 

7,000    -424 

10,933    -398 

10,667    -395 

10,667    -390 

9,600    -320 

10,133    -350 

10,133    -360 


10,000 
10,133 


385 


Weight  of  gas 
in  pounds 
avoirdupois 
per  ton  of  coal 

. . .    344  Mr.  Wright. 

. . .    439  " 

("Mr.  J.  Evans,  at  Westminster  Station  of 
. . .    866-c    Chartered  Gas  Company ;  mean  of 

(    three  experiments. 

. ..    666  "  " 

..627  " 

...638  "  ' 

...606  "  ' 

. .    433  Mr.  J.  Evans. 

. . .    637  " 

. .    552  " 

. . .    558  " 

. . .    461  " 

. .    459  Mr.  Joseph  Hedley. 

. ..    466  "  " 

...403  "  " 

... .    708  Mr.  Clegg. 

. . .    664  " 

. . .    622  " 

. . .    529  " 


308 
315 

357 

296 

415 
401 


Mr.  Wright. 


Mr.  Hedley. 


,  f  Birmingham  Gas  Company  Parliamen- 
3\    tary  Return. 
_07  J  Birmingham  and   Staffordshire  Parlia 


322 
388 

290 

257 
263 
285 
303 
240 
227 

333 
322 
318 
235 
271 
279 

295 
295 


mentary  Return. 

Parliamentary  Return. 
Manchester  Parliamentary  Return. 
/Liverpool  Old  Company  Parliamentary 
\  Return. 
Bradford  Parliamentary  Return. 
Leeds  Company  Parliamentary  Return. 
Sheffield  Company  Parliamentary  Return. 
Leicester  Parliamentary  Return. 
Derby  Parliamentary  Return. 
Nottingham  Parliamentary  Return. 

Mr.  A.  Wright. 


Some  practical  gas  engineers  are  of  opinion  that  the 
quantities  in  the  preceding  tahle  are  larger  than  are 
usually  ohtained  in  the  works.    The  following  tahle, 


by  Mr.  "Weight,  in  which  the  results  of  experiments 
on  the  distillation  of  cannel  coals  are  placed  in  a  very 
practical  commercial  form,  will  be  found  interesting : — 


Name  of  Coal. 

Lesmahagow  cannel. 

Ramsay's 
Newcastle 
cannel. 

Derbyshire 
deep  main 

Wemyss'  cannel. 

Wigan 
cuuuel. 

Coke,  

Gas,  

Tar,  

Exp.  1. 
Pounds 
pft  'on. 

1091- 
403- 
594- 
4-5 
87-5 

Exp.  2. 
Founds 
per  too. 

1004- 
483-5 
603- 
4-5 

85' 

Pounds 
per  ton. 

1435- 
410- 
295- 
6-72 
93-28 

Pounds 
per  ton. 

1335- 
300- 
219- 
179- 
207- 

Exp  1. 
Pounds 
per  ton. 

1124-5 
551-4 
224-0 

340-1 

Exp.  2. 
Founds 
per  ton. 

1188- 
528- 
197- 

327- 

Pounds 
per  ton. 

1326-0 
338-0 
250-0 

326-0 

Illuminating  power,  gas  of  specific  gravity) 

2240- 

2240- 

2240- 

2240- 

2240- 

2240- 

2240- 

11,681 
0-540 

9,878 
0-650 

2-33 

9,016 
0-604 

2- 

9,400 
0-424 

0-8 

10,970 
0-670 

2-47 

10,192 
0-691 

9,408 

0-  478 

1-  5 
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The  annexed  tables,  by  Dr.  Fyfe,  contain,  in  addi- 
tion to  tbe  quantities  of  gas  afforded  by  the  coals,  much 
valuable  information  upon  the  relative  illuminating 
values  of  the  gases,  which  he  arrived  at  by  the  chlorine 
test.  When  chlorine  is  added  to  coal-gas,  it  forms 
with  the  defiant  gas  and  the  vapors  of  tar  oil — with 
those  constituents,  therefore,  upon  which  the  illuminat- 


ing power  depends — a  fluid  compound,  which  separates, 
and  the  original  volume  is  consequently  diminished. 
The  diminution  which  the  volume  of  the  gas  suffers 
when  mixed  with  chlorine  is,  therefore,  in  direct  pro- 
portion to  its  illuminating  power,  and  to  the  value  of 
the  gas — to  the  amount  of  defiant  gas  and  tar  oil 
vapors — which  it  contains  : — 


1 

Si? 

Sf 
to 

| 

§> 

& 

U  3 

o-d 

1 

°  6*°s3 

Coals.  • 

& 
S 

E  o 

h 

a 

*  1 

■3 

E  9 

pnrative  valu 
durability. 

s  a 

•a  * 

11 

=  1 

i 

1  s.a 

I» 

11 

§i? 

rs 

hi 

e 

00 

o 

A 

D 

a 

English  Cannel: — 

m.  a. 

11,500 

1-28 

•451 

7-66 

45- 

0-85 

0-92 

0-78 

1-00 

Scotch  Cannels: — 

8,960 

1-00 

•557 

•9 

48- 

1-00 

1-00 

1-00 

1-00 

9,123 

1-01 

•567 

14-5 

05-30 

1-66 

1-36 

1-95 

1-11 

10,000 

1-11 

•556 

13- 

60- 

1-44 

1-25 

1-80 

2-00 

11,200 

1-24 

•624 

13- 

57-30 

1-44 

1-19 

1-71 

2-13 

10,190 

1-13 

•667 

16- 

67- 

1-77 

1-4 

2-01 

2-29 

10,640 

1-18 

•637 

17-5 

68-30 

1-94 

1-41 

2-03 

2-41 

10,080 

1-12 

•642 

19-5 

75- 

2-16 

1-56 

2-24 

2-54 

9,620 

1-07 

■711 

20-75 

80-18 

2-30 

1-67 

2-40 

2-58 

This  table  exhibits  the  quantity  of  gas  afforded  from 
a  ton  of  each  of  the  coals ;  the  specific  gravity  of  the 
gas  ;  the  amount  of  condensible  matter  by  chlorine ; 
the  durability  of  the  gas  when  burned  by  a  single  jet 
with  a  five-inch  flame ;  the  comparative  value  of  the 
gas  for  affording  light,  as  shown  by  the  chlorine  test, 
by  the  durability,  and  by  these  taken  together,  which, 


when  test  is  had  recourse  to,  is  the  proper  method  to 
follow.  It  shows  also  the  comparative  value  of  the 
coals  for  the  purpose  of  illumination  by  the  combustion 
of  their  gases,  as  proved  by  the  quantity  of  gas  afforded 
by  each,  and  also  by  the  quantity  and  quality  taken 
together : — 


Pi 

s 

y  chlo- 

et  flve- 

ueofrme 
jperm. 

|| 

o 

% 

•a 

per  ton 

3 

hur  per 

Conls, 

1 

~  a 

•5  o 

is 
I'3 

-  g 

Is 

|| 
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~  aj 
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SO 

§1 
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.E  01  be 
£  go 
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11 
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English  Coring  : — 

6-5 

M.  S. 

9,746 

555 

50-40 

3-125 

382-2 

1- 

532- 

1- 

1,563 

English  Cannel;— 

Ramsay's  Newcastle,  

9,G92 

625 

13-25 

60-40 

3-33 

399-6 

1-04 

553- 

1-04 

1,520 

12,010 

566 

9-9 

52-5 

3-04 

365-4 

0-95 

627-4 

1-17 

1,360 

55- 

7-1 

Scotch  Cannel: — 

9,923 

593 

9- 

51-5 

7-51 

901-2 

2-35 

1277-5 

2-4 

1,220 

49-22 

4-28 

8-5 

10,176 

669 

17- 

60- 

8-77 

1058-8 

2-75 

1539-5 

2-87 

1.360 

42-44 

4- 

11,500 

644 

18- 

65-25 

8-312 

997-4 

2-61 

1638-7 

3-08 

9.999 

33-2 

7-7 

9,670 

650 

17-8 
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10-01 

1201-2 

3-24 

1670-3 

3-18 

1,256 

23-9 

24-5 

j-7-7 

15,426 

726 

23-37 

84-44 

10-38 

1245-6 

3-25 

2755-6 

4-3 

760 

9-25 

21-7 

8- 

Having  given  a  full  account  of  the  manufacture  of 
coal  gas — the  Liverpool  works,  as  stated  before,  being 
taken  as  the  standard — it  will  now  be  desirable  to  enter 
upon  the  fabrication  of  this  compound  from  other 
sources,  such  as  oil,  resin,  et  cetera  ;  and,  in  doing  so, 
the  Editor  will  draw  largely  from  the  admirable  work 
of  Drs.  Richardson  and  Ronalds  upon  Fuel,  which 
has  just  been  published.  It  contains  concise  and  exact 
information  upon  the  several  heads  that  will  now  be 
discussed. 

Iiesin  Gas. — Resin  could  be  distilled  in  the  oil-gas 
apparatus,  if  it  were  fluid  at  common  temperatures; 
but  such  not  being  the  case,  it  requires  to  be  liquified 


by  heat,  or  some  solvent,  before  it  is  allowed  to  pass 
into  the  retort.  Coal-tar  naptha  is  often  used  to 
dissolve  the  resin,  or  the  oil  which  results  from  its 
own  distillation.  When  the  latter  is  employed,  the 
flame  from  the  furnace,  before  escaping  into  the  chim- 
ney, is  allowed  to  play  upon  the  reservoir  of  resin.  As 
the  resin  melts,  it  trickles  through  a  sieve  into  a  second 
division  of  the  vessel,  leaving  the  impurities  and  the 
solid  portion  behind,  where  it  is  mixed  with  an  equal 
part  of  the  resin-oil.  Thus  a  solution  which  will  no 
longer  solidify  is  obtained,  and  with  it  the  retort  is  sup- 
plied, as  with  oil  in  the  former  case.  When  the  gas, 
either  from  resin  or  oil,  has  parted  with  its  condensable 
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vapors  in  the  coolers,  it  is  in  a  fit  state  for  consumption, 
no  further  purification  being  required. 

According  to  Ronalds  and  Richardson,  one  of 
the  best  arrangements  of  apparatus  for  making  resin 
gas,  and  which  has  stood  the  test  of  practice,  is  that 
which  has  been  extensively  carried  out  by  Chausse- 
not,  and  is  shown  in  Fig.  120.  The  resin  is  here 
melted  without  any  additional  solvent,  and  the  oil  or 
tar  collected  and  disposed  of  as  a  secondary  product. 
The  draught  to  the  fire-place,  P,  is  regulated  through 
the  ash-pit  by  means  of  the  plate,  G,  which  can  be 
moved  horizontally  backwards  and  forwards  in  the 
groove,  h.  The  air  traversing  from  below  through  the 
grate  and  fuel,  rr,  creates  a  powerful  flame,  which 
passing,  in  the  first  instance,  through  the  apertures, 

Fig.  120. 


g  gg,  in  the  roof,  plays  round  the  retort,  A,  in  the  space, 
M,  and  then,  before  reaching  the  chimney,  heats  the 
vessel,  l,  containing  the  resin,  by  means  of  the  flue,  N  N. 
If  this  vessel  requires  filling,  the  fire  is  shut  off  from  N 
by  the  damper,  b,  and  is  allowed  free  egress  at  the 
aperture,  o,  by  drawing  back  the  damper,  c.  Both  the 
dampers  are  worked  by  iron  rings  and  rods  from  with- 
out. In  this  apparatus  it  is  not  necessary  to  dissolve 
the  resin  in  tar-oil,  because  the  vessel,  I,  in  which  the 
resin  is  melted,  and  the  conducting  tube,  H,  being  COn- 


Tempcrature  of  distillation. 


Quantity 

of  gas 
per  pound 
of  resin. 


Specific  gravity 
of  gas. 


Cubic  feet. 

Heat  employed  for  coal-gas,  . .  lO    640 

Dull  red-heat,                           6-2    657 

Somewhat  above  dull  red-heat,    8-42    419 

n                .,            9"    613 

In  White's  retort  without!     „  „ 

water-gas,  f    B-B    67 


stantly  surrounded  by  hot  air,  no  solidification  of  the 
melting  resin  at  the  bottom,  /,  can  take  place.  Com- 
bustible gases  are  generated  by  merely  melting  the 
resin,  which  may  possibly  endanger  the  whole  appa- 
ratus. To  avoid  such  contingencies,  the  edge  of  the 
resin  cistern,  I,  is  furnished  with  a  groove  filled  with 
water,  uu,  into  which  the  lid,  K,  dips  at  vv,  and  is 
consequently  secured  by  a  water-valve.  By  means  of 
an  aperture  in  the  lid,  the  vapors  can  be  conducted 
into  the  chimney  or  under  the  grate.  The  melted  resin 
flows  consecutively  through  h,  f,  and  x,  into  the  retort, 
A.  Between  F  and  H  is  a  plate,  o,  with  a  funnel- 
shaped  aperture  in  the  middle,  in  which  the  conical 
end  of  the  rod,  d,  is  movable.  If  this  is  raised  through 
the  stuffing-box,  e,  a  more  abundant  supply  of  melted 
resin  is  furnished  to  the  retort ;  if  it  is  pushed  down, 
the  stream  diminishes,  or  the  flow  ceases  entirely.  The 
resin  flowing  from  x  is  carried  to  that  part  of  the  retort 
containing  the  coke,  by  means  of  the  inclined  plate,  q. 
The  coke  is  prevented  falling  back  in  the  retort  by  the 
grating,  I,  the  gas  escapes  through  a  descending  pipe, 
w,  to  the  tar-cistern,  c,  and  from  thence  through  E  to 
the  coolers,  d,  which  are  immersed  in  water  in  a  long 
trough,  E.  c  is  nearly  always  filled  with  tar,  that  the 
mouth  of  w  may  remain  immersed;  this,  therefore, 
dips  into  (j,  whilst  the  gas-pipe,  E,  behind  the  sectional 
level  in  the  drawing,  only  just  passes  through  the  ma- 
terial of  the  main,  c.  Apertures  are  constructed  in 
several  places,  at  a,  a',  a",  and  a'",  by  which  the 
apparatus  may  be  cleaned  at  intervals ;  these  are 
firmly  closed  during  the  process  of  distillation,  by  flat 
plates  of  iron  firmly  screwed  on,  by  means  of  iron 
brackets,  similar  to  that  used  for  closing  the  mouth  of 
the  retort  a.  Distillation  goes  on  continually  in  this 
apparatus,  until  the  deposition  of  carbon  renders  a 
renewal  of  the  coke  necessary. 

Resin  contains  ten  equivalents  of  carbon,  seven  of 
hydrogen,  and  one  equivalent  of  oxygen.  Its  atomic 
weight  is,  therefore,  seventy-five.  Supposing  the  whole 
of  the  hydrogen  to  unite  with  the  quantity  of  carbon 
required  to  form  defiant  gas  of  specific  gravity  nine 
hundred  and  seventy  six,  the  utmost  that  could  be 
produced  from  an  atom  of  resin  would  be  forty-nine  1 
parts  out  of  seventy-five,  or  about  two-thirds  of  its 
weight,  accompanied  by  some  carbonic  oxide  and  car- 
bonic acid.  If  any  of  the  hydrogen  is  evolved  uncom- 
bined,  or  in  the  form  of  light  carbide  of  hydrogen,  a 
proportionate  quantity  of  carbon  must  escape  conver- 
sion into  gas,  and  hence  the  loss  which  must  always 
attend  the  distillation  of  resin,  even  supposing  that 
none  of  it  were  distilled  unchanged,  or  converted  into 
resin-oil. 

Dr.  Fyfe  obtained  the  following  quantities  of  gas 
by  distilling  resin  at  different  temperatures,  of  which 
he  also  ascertained  the  relative  specific  gravities  and 
illuminating  power : — 


Durability  or  In  A'Eand  burner 

Tcr  centago    quantity  ton.un.od  consuming  Ave 

01  carbonic       per  hour  in  let  ...        P™  hour' 
acid. 


1  *  inch  diiii/elcr,  Illuminating  power 
and  live  Inch  flume.       was  equal  to 
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Per  cubic  foot. 
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He  considers,  therefore,  that  the  quantity  of  gas  that 
can  be  produced  from  resin  in  practice  will  not  exceed 
eight  or  nine  cubic  feet  per  pound,  that  is,  about  one 
thousand  cubic  feet  per  hundredweight ;  that  the  gas, 
after  being  purified,  will  be  of  specific  gravity  not 
much  beyond  six  hundred ;  the  condensation  by  chlo- 
rine not  much  beyond  eight  or  nine  per  cent. ;  a  cubic 
foot  of  gas  not  giving  more  than  the  light  of  from  two 
and  a  half  to  three  candles. 

Hydrocarbon,  or  Water-gas. — It  is  well  known  that 
water  passed  in  the  form  of  steam  over  red-hot  iron, 
is  decomposed;  its  hydrogen  being  liberated  in  the 
form  of  gas  mixed  with  a  little  carbide  of  hydrogen 
from  the  carbon  of  the  iron,  while  the  metal  becomes 
converted  into  oxide.  If  coke  or  charcoal  be  substi- 
tuted for  iron  in  this  operation,  hydrogen,  carbonic 
oxide,  and  carbonic  acid  gases  are  produced  in  variable 
quantities,  according  to  the  temperature  employed ; 
carbide  of  hydrogen,  according  to  Dr.  Fyfe,  being 
only  present  in  very  small  quantity. 

Gas  from  Animal  Matter. — In  the  distillation  of 
animal  matters,  bones,  flesh,  ct  cetera,  which  has  long 
been  practised  for  the  production  of  bone-charcoal  and 
bone-black,  a  tar  containing  Dippel's  animal  oil,  and 
gases,  are  generated.  The  illuminating  power  of  the 
latter  has  recently  attracted  the  attention  of  manufac- 
turers. Seguin  in  particular  has  carried  on  the  pro- 
cess on  a  large  scale,  making  use  of  the  gases.  When 
the  flesh  of  dead  animals,  which  contains  sixty  per 
cent,  of  water,  is  employed,  the  latter  must  be  removed 
by  exsiccation  before  the  material  is  placed  in  the 
retorts,  which  are  kept  at  a  cherry-red  heat.  The 
sulphur — a  constituent  of  albumen,  fibrin,  et  cetera — 
is  chiefly  found  in  the  gas  combined  with  carbon,  and 
the  nitrogen  of  the  flesh  as  carbonate  of  ammonia. 
After  being  properly  cooled,  the  gas  is  first  passed 
through  a  solution  of  chloride  of  calcium,  where  car- 
bonate of  lime  and  chloride  of  ammonium  are  formed, 
and  thence  through  pipes  containing  lumps  of  sulphur, 
which  condense  the  bisulphide  of  carbon  to  the  liquid 
state.  The  latter  would  be  converted  in  the  flame 
into  sulphurous  acid  and  carbonic  oxide. 

Gas  from  Wood  and  Turf. — Wood  and  turf  are  not 
well  adapted  for  yielding  gas  for  the  purposes  of  illu- 
mination, but  where  coal  cannot  be  had,  or  only  at  a 
very  high  price,  they  may  be  advantageously  resorted 
to  as  a  means  for  illumination,  as  may  be  testilied  by 
many  communities  at  a  distance  from  bituminous  coal, 
which  are  in  the  enjoyment  of  gas-light  obtained  from 
one  or  other  of  these  sources.  The  illuminating  power 
of  the  gas  liberated  from  these  by  distillation,  is,  it  is 
true,  inferior  to  coal  gas  ;  but  it  may  be  rendered  even 
superior  to  the  latter,  by  transmitting  it  through  vessels 
containing  naphtha  or  oil  of  turpentine,  or  retorts 
which  are  charged  with  charcoal  kept  incandescent 
by  the  application  of  external  heat.  These  facts  are 
entirely  of  recent  discovery.  Dr.  Pettenkofer  of 
Munich  claims  the  honor  of  being  the  first  to  pre- 
pare gas  suitable  for  illuminating  towns  and  dwell- 
ings, et  cetera,  from  wood ;  and  his  invention  is  gaining 
more  attention  daily  in  Germany,  where  the  consump- 
tion of  wood-gas  is  already  very  large.  The  manufac- 
ture of  gas  from  wood  is  stated  to  offer  many  facilities 
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and  advantages  which  are  not  experienced  in  the  dis- 
tillation of  coal ;  among  these  is  that  of  expedition,  the 
gas  being  freely  evolved  from  the  wood,  and  allowing 
the  charging  of  the  retorts  to  take  place  every  hour 
and  a  half.  The  tar  from  the  wood  distillations  is 
more  abundant,  and  the  charcoal  is  much  more  valu- 
able than  the  coke.  Further,  in  coal  gas-works  the 
retorts  are  rapidly  worn  out,  owing  to  several  causes, 
such  as  the  superior  temperature  caused  by  the  sulphur 
in  the  coal;  but  it  is  not  so  in  the  manufacture  in 
question,  for  the  heat  of  distillation  is  considerably 
lower,  and  sulphur  is  absent.  In  Munich,  where  wood 
gas  is  used,  the  usual  u-shaped  retorts  are  employed ; 
they  are  charged  with  ninety  pounds  of  wood,  from 
which  as  much  gas  is  obtained  as  will  suffice  for  two 
hundred  and  eighty  burners.  Immediately  on  intro- 
ducing the  dried  wood  into  the  red-hot  retort,  gas  is 
evolved,  which  passes  off  through  an  arrangement  of 
pipes,  mains,  scrubbers,  and  dry  lime  purifiers  in  the 
usual  way.  The  charcoal,  when  drawn  out,  is  cooled 
with  wet  sand.  Liebig  and  Steinheil  give  the  illu- 
minating power  of  this  gas  as  six,  coal-gas  being  esti- 
mated alfive. 

Oil-  Gas. — It  appears,  at  first  sight,  both  inexpedient 
and  superfluous  to  distil  oil  for  the  production  of  gas, 
when  it  is  considered  that  oil  can  be  burnt  in  lamps 
without  any  further  preparation,  while  it  loses  carbon 
by  deposition  in  the  retorts.  Purified  lamp  oil  is  con- 
sequently never  used ;  but  gas  can  be  prepared  from 
impure  oils,  train-oil,  or  refuse  fat,  with  as  much  ease 
as  from  the  purer  kind.  The  manufacture  of  oil-gas 
is,  therefore,  under  certain  circumstances,  an  admirable 
means  of  using  up  such  materials  for  the  production  of 
light  as  could  not  otherwise  be  employed,  or  could 
only  be  applied  to  the  lowest  uses. 

In  1815,  Mr.  J.  Taylor,  obtained  a  patent  in  this 
country  for  the  manufacture  of  gas  from  refuse  fatty 
matters,  and  his  plans  were  carried  out  at  the  gas- 
works at  Paris,  Liverpool,  Bristol,  and  Hull ;  but  the 
cost  of  raw  material  not  being  able  to  compete  with 
that  of  coal,  the  oil-gas  manufacture  has  been  discon- 
tinued in  this  country. 

The  experiments  of  Henry,  which  extend  also  to 
this  part  of  the  subject,  show  at  once  the  plan  that 
must  be  adopted  upon  a  large  scale.  The  following 
account  of  the  results  obtained,  and  the  process  of  the 
manufacture,  is  given  in  Knapp's  Technology : — 

It  appears  that  the  oil-gas  is  superior  to  that  ob- 
tained from  coal,  as  is  also  shown  by  its  density,  and 
that  the  produce,  dependent  chiefly  upon  the  tempera- 
ture, is  of  the  best  quality  when  obtained  at  a  low  red 
heat.  This  temperature  suffices  to  convert  the  oil  into 
gas,  but  is  not  sufficiently  high  to  decarbonize  the  gas 
to  any  great  extent.  The  apparatus  for  obtaining  gas 
by  the  distillation  of  oil  is  represented  in  Fig.  121.  The 
retort,  A,  is  filled  with  bricks,  or  lumps  of  coke,  which 
very  materially  increase  the  red-hot  surface,  and  pro- 
mote the  evolution  of  gas,  shortening  the  time  which 
the  gas  already  produced  has  to  remain  in  the  red-hot 
vessel.  The  second  cylinder,  B,  serves  both  as  reser- 
voir and  hydraulic  main,  A  and  B  being  connected  in 
two  places,  D  and  E.  Oil  flows  from  a  large  cistern 
above  the  apparatus  in  a  constant  stream  through  the 
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tube  c  into  B,  which  is  thus  kept  filled  up  to  a  certain 
level.  From  b,  the  oil  descends  through  E  to  A,  where 
it  is  converted  into  gas  and  tar,  both  of  which  are 
volatilized,  and  return  through  D  to  B.    The  pipe,  D,  is 


bent,  and  its  open  end  delivers  just  below  the  fluid 
level  in  B,  so  that  the  vapors  of  the  decomposed  oil 
must  constantly  pass  through  the  reservoir  of  oil,  and 
deposit  their  tar.  The  retort,  a,  is  therefore  constantly 
supplied,  not  only  with  oil,  but  with  a  mixture  of  oil 
and  tar,  in  such  a  manner  that  all  the  condensed  pro- 
ducts return  to  the  retort  together  with  a  fresh  quantity 
of  oil,  until  they  are  completely  converted  into  gas. 
If  the  operation  be  conducted  in  a  long  tube,  inclined 
at  the  hinder  part,  while  the  front  is  kept  cool, 
hardly  any  tar  is  produced.  The  gas  which  collects 
above  the  oil  in  b  passes  on  through  the  tube,  G.  The 
objections  to  the  nse  of  metallic  vessels  in  distilling 
coal,  are  not  applicable  to  the  distillation  of  oils ;  and 
cast-iron  vessels  are,  therefore,  always  employed,  and 
heated  over  a  furnace  constructed  in  the  usual  manner. 
According  to  trustworthy  statements,  one  cubic  foot, 
or  about  four  gallons  of  oil,  produce  six  hundred  to 
seven  hundred  cubic  feet  of  gas,  which  is  equivalent  to 
from  ninety  to  ninety-six  per  cent,  of  the  weight  of  the 
oil ;  the  remainder — excepting  some  unavoidable  loss 
— consists  of  carbon,  which  is  deposited  upon  the  coke 
or  bricks.  According  to  Dr.  Fyfe,  a  gallon  of  oil 
seldom  yields  one  hundred  cubic  feet  of  gas  of  good 
quality,  on  a  large  scale.  That  made  at  Leith,  and  in 
private  gas-works  at  Edinburgh,  had  a  specific  gravity 
of  from  six  hundred  and  forty  to  seven  hundred  and 
ten,  containing  matter  condensable  by  chlorine.  Tn 
this  manufacture,  about  one  half  only  of  the  oil  is 
converted  into  gas.  The  production  of  oil-gas  is  a 
continuous  process,  and  thus  differs  from  the  distillation 


of  coal.  The  retorts  only  require  opening  now  and 
then,  for  the  removal  of  the  deposit  of  plumbago. 
Vapors  of  the  same  composition  and  properties  are 
found  in  oil  and  coal  gas.  Thus,  according  to  Hess, 
all  the  volatile  empyreumatic  oils,  which  occur  mixed 
with  each  other  in  the  tar  from  oil,  have  the  same 
composition  per  cent,  as  defiant  gas.  In  the  oil-gas 
made  in  England,  and  submitted  to  a  pressure  of 
twenty  or  thirty  atmospheres,  in  order  to  render  it 
portable,  Faraday  observed  that  seven  thousand 
five  hundred  volumes  of  gas  were  converted  into  one 
volume  of  fluid ;  and  among  the  oily  bodies,  of  which 
the  liquid  is  composed,  and  which  contain  from  eighty 
to  ninety  per  cent,  of  carbon,  this  chemist  was  enabled 
to  study  some  in  an  isolated  state,  as  triyl — C3  H, 
ditriyl — C2  H4 — and  a  third  hydrocarbon — C2  H3.— 
Knapp. 

Gas  from  Soap-  Water. — A  favorable  idea  of  the 
practical  value  of  chemical  knowledge  is  afforded  by  the 
process  carried  out  at  the  works  of  Houzeau-Muiron 
at  Rheims,  where  very  good  gas  and  a  handsome  profit 
are  obtained  from  a  substance  which  had  previously 
been  a  source  of  expense  to  the  manufacturer  to  get 
rid  of  it.  This  refuse  is  the  soap-water  in  which 
woollen  stuffs  have  been  freed  from  fat.  Besides  the 
unchanged  fat  with  which  the  goods  are  charged  as 
they  come  from  the  loom,  the  soap-water  contains  a 
solution  of  oleate  and  stearate  of  soda,  and  compounds 
of  the  same  acids  with  lime  in  suspended  flakes,  and, 
lastly,  animal  matter  extracted  from  the  wool.  From 
all  parts  of  the  town  the  soap-water  is  collected,  and 
brought  to  the  reservoirs  of  the  works,  where  three 
hundredweight  at  a  time  are  treated  with  two  per 
cent,  of  sulphuric  acid,  or  twice  as  much  hydrochloric 
acid,  mixed  with  an  equal  quantity  of  water.  After 
the  lapse  of  twelve  or  eighteen  hours,  the  water  is 
found  to  contain  Glauber's  salt  or  sulphate  of  soda  in 
solution,  a  little  gypsum  being  formed  at  the  same 
time,  while  an  impure  grey  fatty  matter  rises  to  the 
surface.  This  consists  of  the  fatty,  acids,  oil,  and 
animal  matter  mixed  with  water,  the  greater  part  of 
which  having  already  been  mechanically  separated, 
the  remainder  is  removed  by  melting  the  fat  in  a  cop- 
per vessel,  and  ultimately  drawing  it  off  into  a  second 
boiler  containing  some  sulphuric  acid,  for  clarification. 
The  filtration  which  follows  affords  a  clear  oil,  and  this 
gives  with  crude  soda — containing  sulphide  of  sodium 
— a  very  tolerable  soap,  whilst  sulphide  of  iron  sepa- 
rates, leaving  a  black  solid  residue  containing  much 
fat  for  distillation  in  the  retorts.  The  process  of  distil- 
lation is  similar  to  that  practised  with  resin ;  the  tar 
produced  the  first  day  is  used  on  the  morrow  to  dis- 
solve and  liquify  the  solid  residue.  The  soap-water  is 
obtained  at  the  rate  of  ninepence  for  every  thirty 
gallons. — Knapp. 

Hydrocarbon  Gas  from  Boghead  Cannel. — The 
following  interesting  account  of  hydrocarbon  gas  from 
Boghead  cannel,  is  adapted  from  an  article  in  the 
Journal  of  Gas-lighting,  from  the  pen  of  Dr.  Frank- 
land  of  Manchester: — In  the  summer  of  1851,  this 
excellent  chemist  made  an  extensive  series  of  experi- 
ments on  the  manufacture  of  hydrocarbon  gas  from 
cannel  coals,  in  which  the  results  obtained  by  White's 
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process  were  compared  with  those  yielded  by  the  usual 
method  of  gas-making.  The  experiments  were  made 
on  a  manufacturing  scale,  the  cannels  being  worked  in 
one  hundredweight  charges,  in  diaphragm  retorts  of 
the  D  shape,  six  feet  long,  one  foot  six  inches  high,  and 
one  foot  wide.  The  condensing  and  purifying  appara- 
tus was  of  the  ordinary  description,  and  the  gas  was 
passed  through  a  station-meter  immediately  previous 
to  its  entrance  into  the  holder,  and  at  a  temperature 
rather  below  than  above  that  of  the  atmosphere. 

Instead  of  receiving  the  whole  of  the  gas  in  a  large 
holder,  and  then  experimenting  upon  the  total  quantity, 
Frankland  preferred,  for  certain  reasons  connected 
with  the  apparatus  then  at  his  disposal,  to  receive  a 
portion  only  of  the  gas  in  a  smaller  holder,  which 
was  placed  close  to  the  meter,  and  received  its  supply 
through  a  very  short  three-fourths  of  an  inch  pipe  from 
the  main  entering  the  meter.  This  small  holder  was 
capable  of  containing  eighty  cubic  feet,  and  the  flow  of 


gas  into  it  was  continuous  throughout  the  whole  pro- 
cess, and  accurately  regulated  by  a  graduated  stopcock, 
so  as  to  allow  the  admission  of  a  certain  per  centage 
throughout  the  entire  working ;  for  instance,  if  a  ten 
per  cent,  sample  was  being  taken,  ten  feet  entered  this 
holder  during  the  time  that  ninety  feet  passed  through 
the  large  meter.  He  had  previously  satisfied  himself 
that,  by  attending  to  certain  precautions  mentioned 
below,  this  method  furnished  a  perfectly  fair  sample  of 
the  total  gas  produced. 

The  results  proved,  in  favor  of  the  hydrocarbon 
process,  a  gain  of  from  45-8  to  2906  per  cent,  in  quan- 
tity of  gas,  and  from  11-2  to  108-6  per  cent,  in  total 
illuminating  power,  according  to  the  quality  of  the 
cannel  used.  This  gain  in  the  total  quantity  of  light 
yielded  by  a  given  weight  of  cannel,  was  also  very  re- 
markably corroborated  by  the  analytical  estimation  of 
the  value  of  the  illuminating  hydrocarbons  in  each  gas, 
as  is  seen  from  the  following  summary  : — 


Bog 
1st  Exp. 

lead. 
2nd  Exp. 

Leemalia- 
gow. 

Methel. 

Incoliall. 

Balcarrag. 

Ramsay's 
Cannel. 

Percentage  gain  in  illuminating  power  by  hydro-" 
Per  centage  gain  in  hydrocarbons  expressed  in  their 

88-4 

83-9" 
188-2 

82-4 
290-6 

82-8 

85-1 
174-8 

108-  6 

109-  2 
176-2 

33-  9 

34-  0 
47-9 

42-4 
48-5 

11-2 

11-3 
45-8 

Subsequently,  Dr.  Fyfe  also  made  an  extended 
series  of  experiments  on  the  same  subject;  confining 
his  attention,  however,  to  the  Boghead  cannel,  which, 
he  justly  remarks,  is  best  fitted  for  testing  the  value  of 
the  hydrocarbon  process.  His  results  differ  most  widely 
from  Frankland's,  exhibiting  invariably  a  loss  of 
light — sometimes  small,  at  other  times  enormously 
great — by  the  application  of  the  hydrocarbon  process. 

Dr.  Fyfe's  experiments  were  conducted  upon  a 
very  small  scale — small  D-shaped  retorts,  two  feet  six 
inches  long,  and  nine  inches  wide,  being  used,  whilst 
the  largest  charge  of  cannel  was  seven  pounds,  and 
even  still  less  quantities  were  frequently  employed. 
They  further  differed  from  Frankland's  trials  in  the 
whole  of  the  gas  being  simultaneously  received  in  two 
holders,  so  that  the  subsequent  experiments  upon  it 
were  conducted  upon  the  total  quantity  of  gas  pro- 
duced ;  whilst,  in  Dr.  Fyfe's  trialB,  a  per  centage  only 
of  the  gas  was  received  and  submitted  to  experiment. 
To  this  latter  circumstance  mainly,  Dr.  Fyfe  ascribes 
the  discrepancy  in  the  results. 

For  some  months  after  the  publication  of  Dr.  Fyfe's 
trials,  Dr.  Frankland  was  residing  on  the  Continent; 
and,  for  a  long  period  after  his  return,  the  want  of  a 
suitable  apparatus,  and  the  little  time  at  his  disposal 
for  such  matters,  prevented  a  repetition  of  the  experi- 
ments upon  Boghead  cannel,  in  order  to  determine  the 
accuracy  or  fallacy  of  former  conclusions. 

The  appearance  of  another  article,  however,  on  the 
same  subject,  by  Dr.  Fyfe,  in  the  Journal  of  Gas- 
lighting,  for  March  1854,  confirmatory  of  his  previous 
results,  determined  Dr.  Frankland  at  once  to  insti- 
tute new  experiments,  with  an  apparatus  in  which  the 
total  quantity  of  gas  could  be  operated  upon. 

The  apparatus  employed  consisted  of  a  canDcl  retort 
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of  the  same  size  as  that  used  in  former  experiments, 
surrounded  by  four  water  retorts,  each  of  the  same 
length  as  the  cannel  retorts,  and  nine  inches  in  dia- 
meter, furnished  with  a  diaphragm  in  the  usual  manner. 
The  gas  passed  from  the  retorts  through  the  hydraulic 
tubular  condenser,  and  small  wet  and  dry  lime  puri- 
fiers, to  a  station-meter,  and  thence  to  the  holder, 
where  the  whole  quantity  produced  in  each  case  was 
received. 

Although  two  hours  were  considered  amply  sufficient 
for  complete  intermixture  and  diffusion  of  the  gases  in 
such  a  holder,  yet  an  interval  of  twenty-four  hours  was 
in  each  case  allowed  to  .elapse  before  the  gas  was  sub- 
mitted to  the  photometrical  experiments.  In  thus  using 
a  large  holder,  it  is  indispensable  that  the  gas  for  the 
illuminating  room  should  be  drawn  directly  from  the 
water  itself,  and  not  from  the  large  outlet-pipe,  the 
unknown  contents  of  which  would,  in  many  cases, 
supply  a  burner  for  several  hours.  This  was  effected 
by  attaching  a  flexible  tube  to  an  aperture  in  the 
crown  of  the  holder,  and  then  conducting  the  gas 
to  the  illuminating  room  by  a  half-inch  iron  pipe. 
In  this  manner,  a  fair  sample  of  the  gas  in  the 
holder  was  secured.  In  all  the  experiments,  the 
modification  of  Bunsen's  photometer,  by  Messrs. 
Church  and  Mann,  was  employed.  The  gas  was 
consumed  in  fish-tail  and  Winfield  burners;  and,  in 
every  instance,  the  determination  was  made  when  the 
gas  appeared  to  be  burning  to  the  best  advantage. 
The  numbers  obtained  were,  as  usual,  corrected  to  the 
one  hundred  and  twenty  grain  candle  standard. 

Having  previously  ascertained  that  Boghead  cannel, 
when  distilled  alone,  yields  considerably  higher  results 
in  small  quantities,  and  being  desirous  of  placing  the 
cannel  in  the  best  possible  position  for  a  comparison. 
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only  half  a  hundredweight  was  used  for  each  experi- 
ment, in  place  of  one  hundredweight,  as  employed  in 
previous  trials.  In  making  the  hydrocarhon  Boghead 
gas,  the  evolution  of  water  gas  was  so  managed,  that 
the  mixture  of  gases  generated  throughout  the  entire 
working  was  maintained  at  a  nearly  uniform  illuminat- 
ing power.  To  do  this,  the  generation  of  water  gas 
must  at  first  be  very  rapid,  and  should  nearly  cease  at 
the  end  of  the  second  hour.  The  heat  was  a  good 
bright  red;  and,  in  the  trial  with  Boghead  alone,  it 
was  slightly  higher  than  in  that  with  Boghead  and 
water. 

The  following  results  were  obtained : — 

I. — BOGHEAD  WITHOUT  WATEE  OAS. 

Cannel  used,  Fifty-six  pounds. 

Gas  produced,  Three  hundred  and  sixty-four  cubic  feet. 

Time  occupied,  Two  hours  and  forty-five  minutes. 

r,  ,  (  Fourteen  thousand  five  hundred  and  sixty 

Gas  per  ton, 1    cubic  feet. 


ILLUMINATING  POWER  OP  GAS. 


Two  cubic  feet 
per  hour, 

fish-tail  No,  1. 
Candles. 

14-7  ... 


Three  cubic  feet 
per  hour, 
fish-tail  No.  2. 
Candles. 


Four  cubic  feet 

fish-tail  No.  3. 
Caudles. 


25-5 


36-4 


Five  cubic  feet 
per  hour, 
Win  field's  burner. 
Candles. 

...  48-9 


ILLUMINATING  POWER  OP  ONE  CUBIC  FOOT  OP  GAS. 


Candles 

7-35  . 


Candles. 

.  8-5  . 


Candles. 
.  9-1  . 


Candles. 

.  9-78 


Illuminating  power  of  total  gas,  when  burnt  at  the  rate  of  three 
cubic  feet  per  hour,  =  309-4  sperm  candles,  each  sperm 
candle  burning  ten  hours,  at  the  rate  of  one  hundred  and 
twenty  grains  per  hour. 

n. — BOGHEAD  WITH  WATER  GAS. 

Cannel  used,  Fifty-six  pounds. 

Gas  produced,  Nine  hundred  and  four  cubic  feet. 

Time  occupied,  Two  hours  and  forty-five  minutes. 

„  f  Thirty-six  thousand  one  hundred  and  sixty 

Gas  per  ton, |    cubic  feet. 

ILLUMINATING  POWER  OP  GAS. 
Two  cubic  feet        Three  cubic  feet      Four  cubic  feet        Six  cubic  feet 

per  hour,  per  hour,  per  hour,  per  hour, 

fish-tail  No.  1.  fish-tail  No.  2.         fish-tail  No  3.     Winlield's  burner. 

Caudles.  Candles.  Candles.  Candles 

11-1    1-90    26-9    48-1 

ILLUMINATING  POWER  OP  ONE  CUBIC  FOOT  OF  GAS. 
Candles.  Candles.  Candles.  Candles. 

5-35    6-33    6-72    8'0 

Illuminating  power  of  total  gas,  when  burnt  at  the  rate  of  three 
feet  per  hour,  =  572-5  candles.  Hence,  gain  in  illuminating 
power  by  employment  of  water  gas,  per  ton,  =  10,524 
candles ;  85'0  per  cent.  Gain  in  quantity  of  gas,  ==  21,600 
cubic  feet ;  175-9  per  cent. 

These  results,  therefore,  most  satisfactorily  confirm 
those  obtained  in  former  experiments,  videlicet : — 

Per  Ton.  Per  Cent. 


1st  Experiment. 

Gain ^in  illuminating  power  by  employment  of|   jo,028  candles. 
Gain  in  quantity  of  gas,   24,920  cubic  feet. 


2d  Experiment. 

9,348  candles. 
38,480  cubic  feet. 


1st  Experiment.   2d  Experiment. 

....  88-4  ....  82-4 
....  188-2   290-6 


Thus  showing  that  experiments,  in  which  a  certain 
per  centage  only  of  the  total  gas  generated  is  operated 
upon,  are  worthy  of  full  reliance  if  conducted  with  the 
necessary  precautions ;  but,  in  order  that  the  results 
may  be  received  with  the  same  confidence,  Frank- 
land  admits  that  this  method  requires  more  faith  in 
the  manipulatory  skill  of  the  operator  than  the  other ; 
for,  as  Dr.  Fyfe  has  shown,  it  is  easy  to  commit  very 
serious  errors  if  the  necessary  precautions  be  not  at- 
tended to.  The  essentials  to  accuracy  are — first,  that  the 
tube  supplying  the  small  holder  from  the  main  should  be 
as  short  and  narrow  as  practicable ;  secondly,  the  gas 
should  be  admitted  into  the  small  holder  continuously 
throughout  the  entire  working,  and  not  in  isolated  por- 
tions at  stated  periods ;  and,  thirdly,  the  sample  thus 
taken  should  not  bear  too  small  a  proportion  to  the 
total  quantity  of  gas  generated.  In  Frankland's 
former  experiments  all  these  conditions  were  secured ; 
but  in  the  trial  quoted  by  Dr.  Fyfe,  in  which  the 
sample  collected  in  the  small  holder  was  thirty-three 
per  cent,  worse  than  it  ought  to  have  been,  they  were 
disregarded.  In  Dr.  Fyfe's  experiments,  the  capacity 
of  the  inlet-pipe  was  one  hundred  and  thirty-two  cubic 
inches,  the  gas  was  received  in  isolated  portions  at 
stated  periods,  and  the  sample  thus  collected  bore  a 
relation  to  the  total  gas  of  only  1  :  500.  In  Frank- 
land's  experiments,  the  contents  of  the  inlet-pipe  were 
only  eighty-three  cubic  inches;  the  sample  was  col- 
lected continuously,  and  in  the  three  experiments  on 
Boghead  cannel,  it  bore  relation  to  the  total  gas  : — 

First  Experiment,   1 :  8-3 

Second  Experiment,   1  :  23-8 

Third  Experiment,   1 :  32-3 

These  considerations  clearly  point  to  the  causes  of 


the  discrepancy  observed  by  Dr.  Fyfe  in  his  small 
per  centage  sample ;  and  as  the  results  of  Frank- 
land's  second  series  of  experiments,  made  with  all  the 
precaution  which  Dr.  Fyfe  considers  necessary  to  ac- 
curacy, coincide  closely,  as  seen  above,  with  those  he 
already  published, — the  actual  gain  of  light  per  ton, 
ten  thousand  five  hundred  and  twenty-four  sperm 
candles,  being  somewhat  greater  than  the  mean  of  the 
first  series,  nine  thousand  six  hundred  and  eighty-eight, 
and  the  per  centage  gain  eighty-five, — it  now  only  re- 
mains to  show  the  cause  of  the  discordance  between 
Dr.  Fyfe's  experiments  and  his — the  one  assigned  by 
Dr.  Fyfe,  viz.,  the  use  of  a  per  centage  sample,  being 
completely  disproved. 

In  pointing  out  what  Frankland  conceives  to  be  the 
true  cause  of  the  discordance,  attention  will  principally 
be  confined  to  Dr.  Fyfe's  last  experiments,  in  which 
he  used  retorts  of  the  customary  size ;  because  Frank- 
land  is  convinced  that  no  results  obtained  with  such 
a  small  apparatus,  and  such  minute  charges  of  cannel 
as  those  used  in  his  first  experiments,  can  be  relied 
upon  for  comparison  with  experiments  on  a  manufac- 
turing scale.  He  feels  also  less  reluctance  in  leaving 
these  experiments  out  of  consideration,  since  Dr.  Fyfe 
himself  admits,  to  a  certain  extent,  that  they  were 
made  upon  too  small  a  scale  to  be  depended  upon. 
For  the  hydrocarbon  process  especially,  retorts  of  such 
small  longitudinal  dimensions  are  peculiarly  unfitted ; 
because  the  amount  of  carbonic  acid  generated  in  the 
water  retort  is  greatly  augmented  by  diminishing  the 
length  of  charcoal  surface  over  which  the  water  gas 
has  to  travel,  and,  for  the  same  reason,  a  great  excess 
of  steam  is  also  very  liable  to  pass  into  the  coal  retorts, 
thus  damaging  the  luminiferous  constituents  there  gene- 
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rated.  In  addition  to  this  cause  of  error,  the  experi- 
ments in  question  must  have  been  much  vitiated  by  the 
rapid  carbonization  of  the  very  small  quantity  of  cannel 
used,  nearly  the  whole  of  the  gas  from  which  would 
certainly  be  expelled  in  thirty  minutes — a  length  of 
time  far  too  short  for  the  generation  of  the  requisite 
quantity  of  water  gas  from  one  small  retort. 

In  Dr.  Fife's  last  experiments,  he  used  two  retorts 
of  a  large  size,  one  containing  the  charcoal  or  coke  by 
which  the  water  was  decomposed,  the  other  the  coal, 
of  which  two  hundredweight  were  used  in  each  charge. 
Two  charges  were  worked  off,  both  with  water  gas, 
and  the  gaseous  products  received  in  a  large  holder. 
The  average  of  these  trials  was  twenty-seven  thousand 
cubic  feet  per  ton,  yielding  light  equal  to  2830' 15 
pounds  of  sperm.  Dr.  Fyj?e  then  compares  this  result 
with  that  which  he  obtained  by  working  the  seven 
pound  charges  above  alluded  to,  and  thus  shows  a  loss 
of  thirteen  per  cent,  by  the  hydrocarbon  process. 

The  two  principal  points,  in  which  the  conclusions 
drawn  by  Dr.  Fyfe  from  these  results  differ  from 
Frankland's,  are — first,  his  high  estimate  of  the 
powers  of  the  Boghead  cannel  distilled  alone ;  and, 
secondly,  the  comparatively  low  results  which  he  ob- 
tained by  the  collateral  use  of  water  gas.  The  first  of 
these  points  arises,  as  just  mentioned,  from  reliance 
being  placed  upon  certain  results  obtained  in  small 
retorts  with  seven  pound  charges  of  cannel,  which 
results  differ  most  widely  from  those  of  all  other  ex- 
periments, as  also  from  the  previously  published  report 
of  Dr.  Fyfe  himself. 

To  determine  the  influence  of  small  charges  in  in- 
creasing the  yield  and  the  illuminating  power  of  the 
gas  from  Boghead  cannel,  Frankland  put  2-5  ounces 
of  the  same  sample  as  that  used  in  his  last  experiments 
in  a  hand  glass  tube ;  it  gave  1-88  cubic  feet  of  gas,  five 
feet  per  hour  of  which  yielded  a  light  equal  to  64-5 
candles.  These  numbers  are  equivalent  to  fifteen 
thousand  four  hundred  and  eighty-two  cubic  feet  per 
ton,  or  34237  pounds  of  sperm  per  ton — a  result  which 
even  exceeds  that  of  Dr.  Fyfe,  and  shows  how  little 
dependence  can  he  placed  in  experiments  upon  small 
quantities  of  this  cannel. 

It  is,  therefore,  greatly  to  he  regretted,  that  Dr. 
Fyfe  did  not,  at  the  time  of  making  his  last  experi- 
ment at  Leith,  try  a  corresponding  one  with  Boghead 
cannel  alone  in  the  same  apparatus,  instead  of  continu- 
ing to  quote  the  results  of  his  former  trials  on  the  small 
scale,  which  he  admits  to  be  unworthy  of  full  confi- 
dence. Had  he  done  so,  Frankland  feels  assured 
that  he  would  have  removed  one  cause  of  discrepancy 
— videlicet,  his  estimate  of  the  value  of  Boghead  cannel 
when  distilled  alone,  which,  as  proved,  is  far  too  high. 

Dr.  Frankland  acknowledges  himself  indebted  to 
Mr.  A.  Wright  and  Mr.  T.  G.  Barlow  of  London, 
and  to  Mr.  A.  King  of  Liverpool,  for  some  very  im- 
portant information  on  this  subject — the  first  gentle- 
man having  tested  the  value  of  the  Boghead  cannel 
during  several  weeks'  working  on  a  very  large  scale, 
and  the  latter  two  having  made  a  very  extensive  series 
of  most  careful  experiments  upon  a  small  scale.  In 
Mr.  Wright's  experiment,  three  parts  of  Newcastle 
coal — Dean's  Primrose — and  one  part  of  Boghead  can- 


nel, were  distilled  in  separate  retorts,  yielding  nine 
thousand  five  hundred  cubic  feet  per  ton ;  the  mixed 
gases  were  burnt  in  a  Number  2  fish-tail  burner,  2-5  feet 
per  hour  giving  light  equal  to  thirteen  candles.  From 
this  result  of  the  mixed  gases,  the  value  of  the  Boghead 
was  calculated  to  be  5'44  times  that  of  an  equal  weight 
of  the  Newcastle  coal ;  and  therefore,  taking  the  well- 
known  value  of  Newcastle  coal  at  nine  thousand  feet 
per  ton — five  feet  per  hour  =  thirteen  candles — it  fol- 
lows that  a  flame  of  Boghead  gas  burning  five  feet  per 
hour  would  give  a  light  equal  to  57 '9  candles,  at  which 
rate  of  consumption  the  total  gas  from  one  ton  of  Bog- 
head would  be  equal  to  2182-1  pounds  of  sperm.  Mr. 
King's  result  is  the  average  of  eleven  experiments, 
each  made  upon  the  one-thousandth  of  a  ton ;  the  gas 
was  burnt  by  a  Number  1  fish-tail  burner,  at  rates  of 
consumption  varying  from  1-38  to  2-04  feet  per  hour. 
The  value  assigned  by  Mr.  Barlow  to  Boghead  is  the 
average  of  three  experiments,  which  were  also  made 
upon  the  one-thousandth  of  a  ton  of  cannel,  the  gas 
having  been  burnt  at  the  rate  of  from  1-44  to  1'92  feet 
per  hour.  If,  in  the  experiments  of  Mr.  King  and 
Mr.  Barlow,  the  gases  had  been  burnt  at  higher  rates 
of  consumption,  there  is  no  doubt  that  the  equivalent 
of  sperm  per  ton  would  have  been  somewhat  higher, 
In  addition  to  this  valuable  evidence  from  gentlemen 
so  intimately  acquainted  with  the  subject,  there  is  also 
the  statement  of  the  owners  of  the  cannel,  contained  in 
their  advertisement,  which  appears  monthly.  Frank- 
land  considers  this  statement  as  good  evidence  on  one 
side  of  the  question,  inasmuch  as  it  is  not  usual  for' 
merchants  to  underrate  the  value  of  the  commodities 
they  have  to  sell.  These  estimates,  along  with  that 
contained  in  Dr.  Fyfe's  printed  report  to  the  owners 
of  the  coal,  are  now  appended  with  Frankland's 
results : — 


ESTIMATES  OF  THE  VALUE  OP  BOGHEAD  CANNEL. 


Authority. 

Cubic  feet 
of  gas 

Gaa  from 
one  ton, 

per  ton. 

=  16  sperm. 

11,000  . . 

. .  2182-1  pound 
. .  20">7-0  " 

13,344  . . 

13,549  . . 

. .  1993-6  " 

Dr.  Fyfe  

14,800  . . 

. .  2283-2 

Advertisement  of  proprietors  of 

-13,500  .. 

. .  1967-1  " 

Dr.  Frankland's  1st  experiment,. 

13,240  . . 

. .  2387-7  " 

Dr.  Frankland's  2nd  experiment, 

14,560  . . 

. .  2441-1  " 

The  above  are  by  no  means  selected;  they  in- 
clude all  the  experiments  upon  this  cannel,  with  the 
exception  of  the  subsequent  ones  by  Dr.  Fyfe,  to 
which  allusion  has  already  been  made.  It  will  be  seen 
from  this  statement,  that  Frankland's  results  are 
considerably  higher  than  those  of  any  other  experi- 
menter. This  is  ascribed  to  the  use  of  a  diaphragm 
retort,  and  he  believes  that  it  is  impossible  to  obtain 
numbers  so  high  as  his  in  retorts  of  the  ordinary  con- 
struction. The  relation  of  these  numbers  to  those 
employed  by  Dr.  Fyfe  for  comparison  with  his  experi- 
ments on  the  hydrocarbon  process — namely,  Dr.  Fyfe's 
results  with  seven  pound  charges,  16,093  cubic  feet  of 
gas  per  ton ;  gas  from  one  ton  =  3253-5  pounds  sperm 
— must  convince  every  candid  mind  that  his  results  are 
far  too  high,  and  cannot  fairly  be  quoted  for  comparison 
with  any  experiments  on  the  hydrocarbon  process. 
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Having  thus  obtained  a  basis  of  experimental  results 
for  comparison  with  those  yielded  by  the  same  cannel 
when  treated  according  to  the  hydrocarbon  process, 
Frankland  proceeds  to  show  the  gain  in  illuminating 
power  which  that  method  exhibits,  when  the  experi- 
ments upon  it  by  Dr.  Fyfe  and  himself  are  compared 
with  these  several  results ;  for  Dr.  Fyfe  rightly  con- 
tends that  it  is  to  this  test,  and  not  to  that  of  gain  in 
quantity  of  gas  only,  that  the  hydrocarbon  process 
must  be  submitted. 

The  comparison  which  Frankland  formerly  pub- 
lished, as  well  as  the  one  previously  cited,  were 
founded  upon  equal  consumptions  of  the  respective 
gases;  but  Dr.  Fyfe  prefers  to  burn  each  gas  to 
the  best  advantage,  with  a  given  burner — generally 
a  Winfield — at  high  rates  of  consumption,  and  then 
to  calculate  the  value  of  each  cubic  foot.    By  this 


method,  the  comparison  may  be  said  to  be  nearly  that 
of  equal  light,  instead  of  equal  consumpts.  Frank- 
land  and  Fyfe  agree  on  this  point,  and  think  that 
the  basis  of  comparison,  especially  in  gases  differing 
much  in  richness,  ought  to  be  that  of  equal  lights  and 
not  of  equal  consumpts.  By  adopting  this  plan  in  the 
following  comparisons,  the  former  has  been  compelled, 
in  the  case  of  his  second  experiment,  to  calculate  the 
hourly  consumption  of  a  flame  giving  a  light  equal  to 
about  fifty  candles,  as  he  made  no  experiment  beyond 
twenty  candles.  A  consumption  of  ten  feet  per  hour 
in  a  Winfield's  burner  is  estimated  as  being  equal  to 
the  light  of  50'6  candles  of  one  hundred  and  twenty 
grains  per  hour.  He  does  not  insist  upon  the  absolute 
correctness  of  the  gain  exhibited  by  his  second  experi- 
ment, although  he  believes  it  to  be  very  near  the 
truth : — 


PElt  CENTAGE  GAIN  IN  ILLUMINATING  POWER  BY  THE  HYDROCARBON  PROCESS  AS  APPLIED  TO  BOGHEAD  CANNEL. 


Name  of  Experimenter  on  Hydrocarbon  Process. 

Comparison  with  results  obtained  with  Boghead 
Cannel  alone,  by 

Proprietor 

Boghead 
C  aim  el. 

Dr.  Frnnkland's 
First 
Experiment 

Dr  Frankland's 
Second 
Experiment 

Mr.  Wright. 

Mr.  King. 

Dr.  Fyfe. 

Mr.  Barlow. 

Dr.  Fyfe — experiment  at  Leith  gas-works,  

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

29-7 

42-0 

24-0 

37-6 

43-9 

18-5 

15-9 

89-6 

107-5 

81-2 

101-1 

110-3 

73-3 

69-5 

105-6 

125-0 

96-5 

118-1 

128-1 

87-9 

83-8 

127-7 

149-2 

117-6 

141-5 

152-6 

10'8-1 

103-6 

These  numbers  prove,  in  the  most  incontestable 
manner,  that  there  is  invariably  a  very  large  gain  by 
the  employment  of  the  hydrocarbon  process,  varying 
with  the  amount  of  water-gas  used,  and  with  the  value 
at  which  the  gas  from  Boghead  alone  is  estimated. 
This  gain  is  even  apparent  from  Dr.  Fyfe's  own  ex- 
periments, although  its  smallness,  in  comparison  with 
that  exhibited  by  Frankland's  own  trials,  must  strike 
every  observer  of  the  above  table.  The  cause  of  this 
is,  however,  made  clearly  apparent  when  the  mode  in 
which  Dr.  Fyfe  conducted  his  is  taken  into  account. 

Dr.  Frankland  has  found  that  one  water  retort  is 
incapable  of  generating  more  than  one-half  the  amount 
of  water-gas  requisite  for  one  hundredweight  of  Bog- 
head cannel ;  and  yet,  notwithstanding  this  caution, 
Dr.  Fyfe  carbonized  two  hundredweight  of  cannel 
with  only  one  water  retort ;  the  water-gas  power  was, 
therefore,  only  one-fourth  of  what  it  ought  to  have 
been,  and,  as  might  naturally  be  expected,  the  gain 
was  only  one-fourth  of  that  which  a  properly-conducted 
experiment  would  yield.  The  Editor  considers  that 
Dr.  Frankland  has  clearly  demonstrated  that  there 
is  a  high  gain  in  the  total  illuminating  power  obtainable 
from  a  given  weight  of  Boghead  cannel  by  the  employ- 
ment of  the  hydrocarbon  process,  and  that  his  former 
estimate  of  that  gain — at  from  eighty  to  ninety  per  cent. 
— was  by  no  means  too  high.  Since  the  publication  of 
his  first  report  on  hydrocarbon  cannel  gas,  he  has  had 
abundant  opportunities  of  witnessing  the  working  of  the 
process;  and  although  he  admits  that  it  is  more  liable 
to  suffer  from  the  carelessness  of  workmen  than  the  old 
process,  yet  his  confidence  in  its  merits,  and  in  its  ulti- 
mate extensive  adoption  by  gas  engineers,  continues  in 
every  respect  unshaken. 


Illuminating  Power  of  Oases. — The  illuminating 
power  of  gas,  say  Richardson  and  Ronalds,  has 
generally  been  estimated  by  the  shadow-test,  or  by 
Bunsbn's  photometer,  in  conjunction  with  an  experi- 
mental meter  for  accurately  measuring  the  consump- 
tion. The  standard  of  comparison  used  by  different 
experimenters  has  not  always  been  the  same ;  but  a 
spermaceti  candle,  consuming  one  hundred  and  twenty 
grains  per  hour,  is  now  generally  adopted. 

Bluminating  gas  must  vary  in  its  power  of  giving 
light  according  to  the  proportion  of  carbon  it  contains ; 
but  much  depends  upon  the  mode  of  combination  in 
which  this  element  is  present,  and  also  upon  the  manner 
in  which  the  gas  is  burned.  Thus,  carbon,  in  the  form 
of  carbonic  acid,  is  not  only  useless  as  a  source  of  light, 
but  actually  prejudicial,  a  very  small  proportion  of  car- 
bonic acid  in  coal-gas  reducing  the  illuminating  power 
to  a  great  extent.  Carbon,  in  the  form  of  carbonic  oxide, 
and  as  light  carbide  of  hydrogen,  is  of  little  or  no  value 
as  a  source  of  light,  these  gases  burning  with  a  very 
faint  flame.  The  heavy  carbide  of  hydrogen,  as  defiant 
gas,  oil-gas — Cs  H8 — and  the  vapors  of  naphtha,  many 
and  indeed  most  of  which  are  condensed  by  chlorine, 
bromine,  and  anhydrous  sulphuric  acid,  are  the  ingre- 
dients of  coal-gas  to  which  it  owes  its  illuminating 
power.  Hence  the  value  of  gas  as  an  illuminating 
agent  has  been  frequently  estimated  since  the  time  of 
Henry,  by  the  amount  of  condensation  which  it  under- 
goes when  mixed  with  a  sufficient  quantity  of  chlorine 
to  absorb  these  higher  compounds  of  carbon  with  hy- 
drogen. Dr.  Fyfe  relies  most  implicitly  upon  the 
condensation  test  by  chlorine,  in  connection  with  what 
he  terms  durability,  for  an  accurate  indication  of  the 
value  of  any  gas ;  and  he  has  shown,  in  a  great  many 
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instances,  that  these  two  points  give  a  value  which 
agrees  very  well  with  carefully-conducted  photometri- 
cal  experiments.  By  durability,  is  to  be  understood 
the  time  during  which  a  certain  volume  of  gas  will 
continue  to  afford  a  standard  amount  of  light.  Bromine 
is  employed  by  many  to  replace  the  chlorine  in  con- 
densing the  heavy  carbo-hydrogens,  and  is,  in  many 
respects,  more  convenient  for  manipulation.  In  both 
cases,  the  vapors  of  these  substances  left  after  conden- 
sation require  to  be  removed  from  the  gaseous  mixture 
by  a  solution  of  potassa  before  the  amount  of  con- 
densation is  estimated.  Anhydrous  sulphuric  acid, 
obtained  by  warming  the  Nordhausen  acid,  is  pre- 
ferred by  others  for  effecting  this  condensation,  a  ball 
of  porous  coke  attached  to  a  platinum  wire  being 
saturated  with  the  acid  and  thrust  up  into  the  mixture 
of  gases.  The  substances  condensed  from  the  gas  by 
all  these  agents  appear  to  be  the  same ;  but  from  what 
has  been  stated  with  reference  to  the  nature  of  these 
condensed  hydrocarbons  from  different  specimens  of 
coal-gas,  the  illuminating  power  of  the  gas  must  de- 
pend far  more  \ipon  the  chemical  constitution,  and 
upon  the  amount  of  carbon  which  they  respectively 
contain,  than  upon  the  volumes  which  they  occupy 
before  condensation ;  and  hence,  although  the  test  may 
be  a  good  one,  obtained  from  the  same  species  of  coal 
under  like  conditions,  and  containing  the  same  kinds  of 
hydrocarbons,  it  is  not  applicable  as  a  means  of  setting  a 
value  upon  gases  obtained  under  different  circumstances 
from  different  species  of  coal. 


The  substances  condensed  by  these  re-agents  are 
probably  similar,  if  not  identical,  in  composition  with 
those  condensed  from  oil-gas  and  resin-gas.  It  has 
been  ascertained,  by  comparing  the  density  of  ordinary 
Newcastle  coal-gas  before  and  after  condensation  by 
bromine,  that  the  vapors  of  the  light-giving  portions 
give  a  specific  gravity  ranging  from  2-8  to  3-3. 

The  liquid  condensed  from  resin-gas  by  Mr.  Cotjerbe 
yielded  six  fluids,  the  nature  of  which,  with  the  calcu- 
lated and  experimental  density  of  their  vapors,  are  given 
in  the  following  table  : — 

Density  of  Vapor. 
No.  Calculated.  Found. 

1.  C4  H4,   1-763  ....  2-000 

2.  C5  H4,   2-385  ....  2-254 

3.  C„  H4,   2-806  ....  2-802 

4.  C7  H4,   3-230  ....  3-340 

5.  C3  H4,   3-660  ....  3-765 

6.  CsaHoj,   2-665  ....  2-637 

The  first  of  these  has  a  specific  gravity  about  equal 
to  the  condensable  matter  in  Wigan  cannel  and  Ram- 
sey's cannel,  while  the  third  and  fourth  resemble  that 
from  Pelaw,  Pelton,  and  other  Newcastle  coals.  A 
more  elastic  vapor  probably  remained  in  the  gas  from 
which  these  substances  were  condensed,  which  would 
have  a  lower  specific  gravity,  and  come  to  resemble  the 
condensable  matters  and  Lesmahagow  cannel-gas.  The 
specific  gravity  of  the  condensable  matter  from  these 
gases  may  be  seen  from  the  annexed  table  by  Mr. 
Evans  of  the  Westminster  Gas  Works,  taken  from  the 
Journal  of  Gas-lighting : — 


Name  of  Coal. 

Gas 
per  ton. 

Condensed 
per  cent. 

nroSnue. 

Specific 
gravity  of 
gOB. 

Specific 
grnv  ity  of 
condensed 

matter. 

l'hotogenlc  rower. 

Actual. 

By 
ana  lysis. 

15,000 

30- 

•752 

1-21 

37-75 

36-3 

13,500 

16- 

•642 

1-64 

27-1 

26-24 

13,200 

17- 

•618 

1-43 

24-8 

24-31 

14,400 

16-5 

•577 

1-29 

19-75 

21-28 

13,600 

17- 

•626 

1-40 

22-50 

23-80 

10,300 

12-5 

•548 

1-82 

21-48 

22-95 

14,300 

14-5 

•580 

1  87 

24-50 

27-11 

12,800 

10-2 

■562 

1-95 

21-20 

19-8S 

13,200 

9-5 

•550 

2-28 

19-00 

21-66 

11,400 

11-5 

•528 

1-77 

20-00 

20-35 

The  following  table  shows  the  illuminating  value  of 
the  gas  obtained  from  Newcastle  coal,  and  may  serve 
as  a  fair  indication  of  the  character  of  the  gas  supplied 
in  the  metropolis : — 


Name  of  Coal. 

Gas  per  ton 

Ilium  in  at* 
ing  power. 

Specific 
gravity  of 
gas. 

Condensa- 
tion pur 
cent. 

11,000 

14-0 

•430 

4-5 

11,500 

18-5 

•521 

10-5 

10,800 

12-5 

•425 

4- 

Leverson  Cannel,  

11,600 

18- 

•523 

ID- 

10,000 

14- 

•430 

S' 

Washington  Cannel,.. 

10,500 

18- 

•500 

10-5 

11,000 

12-75 

•420 

4-5 

10,500 

12- 

•415 

4-75 

10,500 

13-5 

•430 

6'- 

10,500 

11-5 

•398 

3-75 

10,000 

12- 

•402 

4- 

10,500 

12'5 

•420 

4-2 

Hastings  Hartley, .... 

10,300 

12-5 

•421 

4-3 

9,700 

14- 

■450 

6- 

The  only  sure  method  of  arriving  at  the  actual 


amount  of  carbon  in  a  gaseous  mixture,  and  at  the 
same  time  showing  the  character  of  the  carbonaceous 
compounds  contained  in  it,  is  to  combine  the  conden- 
sation method  with  an  organic  analysis,  or  by  the  old 
plan  of  combustion  with  oxygen,  as  proposed  by 
Henry,  noting  the  quantity  of  oxygen  consumed,  and 
the  amount  of  carbonic  acid  produced.  Thus,  a  known 
volume  of  coal-gas  is  mixed  with  an  excess  of  oxygen 
and  exploded,  the  amount  of  carbonic  acid  produced 
and  of  oxygen  consumed  being  ascertained.  An- 
other equal  volume  is  then  treated  with  an  absorbent, 
as  anhydrous  sulphuric  acid,  and  after  all  the  residue  is 
again  mixed  with  oxygen,  and  exploded ;  the  amount 
of  carbonic  acid  being  again  ascertained,  and  deducted 
from  the  quantity  obtained  by  exploding  the  original 
gas.  The  quantity  of  carbon  contained  in  the  con- 
densed portion  of  the  gas  being  thus  ascertained,  its 
value  as  an  illuminating  agent  may  be  calculated 
accordingly.    There  appear  to  be  some  compounds  of 
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carbon  and  hydrogen  in  certain  coal  gases  different 
from  light  carbide  of  hydrogen,  and  which  are  not 
condensed  by  any  of  the  absorbents  named,  and  which, 
nevertheless,  add  much  to  the  illuminating  power ;  so 
that  calculations  based  upon  the  above  method  of 
analysis  will  prove  rather  below  than  above  the  true 
value  of  the  gas. 

In  estimating  the  value  of  gases  by  the  photometer, 
it  is  absolutely  necessary  to  burn  the  gas  in  a  great 
variety  of  ways — with  differently  constructed  burners, 
in  different  quantities,  and  under  varying  amounts  of 
pressure — in  order  to  ascertain  under  what  conditions 
it  affords  its  full  value  as  an  illuminating  agent.  A 
gas  which  is  very  rich  in  heavy  hydrocarbons  cannot 
be  burned  to  advantage  with  a  burner  adapted  for  less 
rich  gas — the  apertures  require  to  be  smaller,  in  order 
to  bring  more  oxygen  into  contact  with  each  flame ; 
and  a  poor  gas,  on  the  contrary,  burned  in  a  manner 
suitable  for  rich  gas,  will  not  afford  its  maximum  effect, 
in  consequence  of  too  much  air  being  brought  into 
contact  with  the  flame. 

If  the  central  ring  of  an  argand  burner,  consuming 
oil  without  smoke  at  its  maximum  degree  of  brightness, 
be  closed  so  as  to  exclude  the  inner  current  of  air  from 
the  flame,  the  brightness  is  visibly  diminished,  but, 
strange  as  it  may  appear,  the  amount  of  light,  as  in- 
dicated by  the  photometer,  is  increased.  A  greater 
number  of  the  particles  of  carbon  are  rendered  lumi- 
nous before  being  consumed,  by  diminishing  the  supply 
of  air  in  this  manner,  and  a  greater  quantity  of  light 
diffused,  although  the  light  is  not  so  brilliant.  By 
increasing  the  supply  of  air,  much  of  the  carbon  is 
consumed  at  once,  without  taking  a  solid  form  in  the 
flame  ;  more  heat  is  then  produced,  and  those  particles 
which  are  solid  in  the  flame  are  more  intensely  heated : 
quantity  of  light  is  then  sacrificed  to  intensity.  Gas 
has  little  tendency  to  smoke.  It  is  generally  better 
suited  to  the  production  of  intensity  than  quantity  of 
light ;  and  for  this  reason,  in  comparing  the  illuminating 
power  of  different  gases  with  each  other,  it  would  be 
better  to  adopt  as  a  standard  the  flame  of  some  gaseous 
mixture  of  known  composition,  instead  of  the  sperma- 
ceti candle,  which  is  calculated  for  affording  quantity 
rather  than  intensity  of  light. 

The  more  carbon  there  is  contained  in  gas  the 
heavier  it  is,  and  specific  gravity  has,  therefore,  been 
often  resorted  to,  as  an  indication  of  the  relative  value 
of  different  gases.  If  carbonic  acid  has  been  completely 
separated,  and  no  excess  of  carbonic  oxide  is  present, 
the  specific  gravity  may  furnish  an  important  indication 
to  the  manufacturer  of  the  value  of  gas  made  under 
similar  circumstances;  but  it  can  never  replace  an 
analysis  in  judging  of  the  value  of  different  gases,  as 
the  amount  of  carbonic  oxide  will  vary  with  the  kind  of 
coal  used,  and  the  method  of  conducting  the  distillation, 
the  specific  gravity  of  which  is  very  nearly  equal  to 
that  of  olefiant  gas. 

Mr.  Wright  employs  a  small  balloon,  capable, 
when  filled,  of  holding  one  thousand  cubic  inches 
of  gas,  which  is  gauged  by  a  ring  fitting  its  largest 
diameter  when  full.  The  weight  of  the  balloon  and 
car  being  known,  and  the  air  expelled,  it  is  filled  with 
gas ;  weights  are  then  placed  in  the  car  until  it  remains 


in  equilibrium  in  the  air.  The  data  thus  obtained,  with 
corrections  for  temperature  and  pressure,  afford  an 
approximate  means  of  ascertaining  the  specific  gravity 
of  the  gas.  Mr.  Wright  has  constructed  a  table,  by 
simple  reference  to  which,  and  a  knowledge  of  the 
weights  required  to  balance  the  balloon,  the  specific 
gravity  may  be  read  off  for  any  variations  of  tempera- 
ture and  pressure.  Little  reliance  is,  however,  placed 
by  gas  engineers  upon  any  test  of  illuminating  power 
based  upon  specific  gravity,  as  this  is  often  considerably 
increased  by  the  presence  of  carbonic  acid  and  car- 
bonic oxide,  which  add  to  the  weight  without  increas- 
ing the  illuminating  power  of  gas. 

Christison  and  Turner  observed  the  following 
relations  between  the  specific  gravity  and  illuminating 
power  of  coal  and  oil  gas  : — 


Specific  gravity. 


Of  Coal-gas.  Of  Oil-gas. 

0-659    0118 

0-578    0-910 

0-605    1-110 

0-407    0-940 

0-429    0-965 

0-508    1-175 


0-529 


0-! 


Relation  of  Illuminating  power. 


Of  Coal-gas. 
100  ... 
100  .... 
100  .... 
100  .... 
100  .... 

100  .... 


Of  Oil-gas. 

.  140 

.  225 

.  250 

.  354 

.  356 

.  310 


100    272  average. 

According  to  a  report  made  by  Hedley  to  Parlia- 
ment, the  illuminating  power  of  coal-gas,  in  twelve 
principal  districts  of  England,  amounts  to  between 
4-408  and  1-645  times  that  of  a  tallow  candle — six  to 
the  pound ;  but  ordinarily  about  two  or  three  times, 
when  the  consumption  varies  from  2'3  to  1-5  cubic  feet 
per  hour,  and  the  specific  gravity  from  0-58  to  0-412. 

With  the  same  burner  and  gas,  the  amount  of  light 
depends  upon  the  height  of  the  flame,  which  practically, 
the  pressure  being  nearly  constant,  is  regulated  by  the 
position  of  the  cock,  or  by  varying  the  size  of  aperture 
in  the  burner.  According  to  Christison  and  Turner, 
the  advantage  increases  with  the  height  of  the  flame, 
but  to  a  limited  extent  only,  and  for  a  simple  jet  in  the 
following  proportion  : — ■ 


Intensity  of  the 
light  from  equal 
quantities  of 


Conl-gus. 


same  in 
inches. 

Coal-gas 

Oil-gas. 

Intensity 
of  the  light 

Gns  con- 
sumed. 

Intensity 
of  the  light. 

Gas  con- 
sumed. 

i 

100 

22-0 

33-1 

2 

100 

122 

55-6 

60-5 

63-7 

78-5 

3 

109 

159 

100-0 

101-4 

96-5 

90-0 

4 

131 

181 

150-0 

126-3 

141-0 

118-0 

5 

150 

174 

197-8 

143-7 

178-0 

153-0 

6 

150 

247-4 

182-2 

Oil-gas 


Thus  the  point  at  which  further  advantage  ceases 
to  result  on  raising  the  flame  of  oil-gas  is  four  inches, 
whilst  for  coal-gas  it  is  five  inches,  which  in  general 
requires  the  flames  to  be  higher.  The  consumption  of 
gas  and  the  intensity  of  the  light  increase  together,  but 
the  latter  in  a  more  rapid  ratio  up  to  a  certain  point. 
This  occurs  to  a  still  greater  extent  with  argand 
burners,  for  which,  with  the  same  consumption  of  gas, 
these  observers  found  the  intensity  of  the  light  to  be,— 


100  282  560 
At  a  height  of  0-50  1  2 


582  582  504 

3     4     5  inches. 
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According  to  Fyfe's  experiments  upon  different 
tiurners,  in  which  he  probably  used  a  better  kind  of 
coal-gas,  the  increase  is  as  follows : — 

With  twenty-four ; 
apertures  of  one- 
fortieth  of  an  inch, 
the  diameter  of  the 
perforated  ring  be- 
ing seven-eighths 

of  an  inch,   100  121-8  —  188-5  —  236-6  —235-4 

With  forty-two  aper- 
tures of  one-fiftieth 
of  an  inch,  the  ring 
being  twenty-one 
twentieths  of  an 

inch  in  diameter, .  100  136-6  —  176-2  —  194-8  —  242-3 
Height  in  inches,...     1    1-5   1-75     2     2-5    2-75    3  3-5 

Lastly,  his  experiments  gave  a  view  of  the  intensity 
of  the  light  produced  by  the  same  quantity  of  gas  in 
different  burners,  when  separately  compared  at  the 
most  advantageous  height  of  the  flame : — 


Bat's-wing. 


Argand  burners. 


Fish-tail     With  24     With  42 
Burners.        Simplejet.  Small.    Large,    burner.       boles.  holes. 

Quantity  of  light) 
from  the  same  U00  . .  135  . .  164  . .  138  . .  183-5  . .  182-3 
amount  of  gas, ) 


According  to  the  observations  of  Hedley,  already 
quoted,  which  were  made  in  the  gas-works  at  Sheffield, 
the  intensity  of  the  light  of  a  simple  four-inch  jet  is  to 
that  of  a  3-5  inch  argand  flame — from  fourteen  aper- 
tures— as  1  :  4'4  to  4'8,  the  amounts  consumed  being 
as  1  :  3  cubic  feet,  which  corresponds  to  a  greater 
amount  of  light  from  the  argand  burner  by  from  1  -47 
to  1-6  for  the  same  quantity  of  gas.  From  the  general 
report  of  the  same  engineer  upon  the  principal  gas- 
works in  England,  it  is  found — in  the  case  of  coal- 
gas — the  average  specific  gravity  being  0-476,  that  a 
simple  jet,  four  inches  in  height,  consumes  on  the 
average  one  cubic  foot  per  hour. 

The  superiority  of  the  flat  flames  over  the  simple 
round  ones,  explains  an  observation  which  has  been 
made  with  regard  to  the  argand  burners.  "When  the 
apertures  in  it  are  placed  so  far  apart  as  to  form  a  circle 
of  distinct  jets,  the  effect  is  one-third  weaker,  with  the 
same  current  of  gas,  than  when  the  jets — of  one-sixth, 
to  one-eighth  of  an  inch — unite  into  a  single  flat  ring. 

The  subjoined  experiments  on  the  illuminating  power 
of  Wigan  cannel-gas  with  different  burners  have  been 
recorded  by  Mr.  Alfred  King  : — 


One  | 
and  a  half  i  Two  feet, 
feet. 


Two 
and  a  half 
feet. 


Three 
and  ahalf 

feet. 


Four 
und  a  half 
feet 


Five 
and  il  half 

feet. 


Single  Jet  : 

Consumption  per  hour,  

One  foot  =  candles,  

One  foot  =  grains  of  sperm., . . 

LancasJiire  Fish-tail,  No.  0 : 

Consumption  per  hour,  

One  foot  =  candles,  

One  foot  z=  grains  of  sperm., . . 

Lancashire  Fish  tail,  No.  1 ; 

Consumption  per  hour,  

One  foot  =r  candles,  

One  foot  =  grains  of  sperm., . . 

Lancashire  Fish-tail,  No.  2 : 

Consumption  per  hour,  

One  foot  z=z  candles  

One  foot  =  grains  of  sperm., . . 

Lancashire  Fish-tail,  No.  3 : 

Consumption  per  hour,  

One  foot  =  candles,  

One  foot  z=  grains  of  sperm., . . 

Lancashire  Fish-tail,  No.  4 : 

Consumption  per  hour,  

One  foot  =  candles,  . ,  

One  foot  =  grains  of  sperm., . . 

Bat's  Wing: 

Consumption  per  hour,  

One  foot  =;  candles,  

One  foot  =  grains  of  sperm., . . 

Sixteen-hoU  Argand,  small 
holes  in  ring  0-82  in  dia- 
meter: 

Consumption  per  hour,  

One  foot  =  candles,  

One  foot  =:  grains  of  sperm., . . 
Winjicld's  twenty-eight  Jiole 
Argand,  registered  July  25, 
1848,  with  slightly  conical 
chimney : 

Consumption  per  hour,  

One  foot  =  candles,  

One  foot  =  grains  of  sperm.,. . 
Winjicld's  fifty-eight  hole  Lu- 
cent Argand, 
March  20,  1845: 

Consumption  per  hour, ... . 

One  foot  =  candles,  

One  foot  =  grains  of  sperm 


■5 
2-15 
258-3 

•5 
1-78 
214-1 

•5 

1-  76 
211-3 

•5 

2-  26 
271-2 

•fi 
2-26 
271-2 

•5 
2-38 
285-5 

•5 
1-83 
220- 


1- 
2-6 
311-8 

I- 

2-18 
262-5 

1- 

2-  65 
317-9 

1- 

3-  11 
373-3 

1- 

3-48 
417-4 

1- 

3-49 
419-5 

1- 

3-01 
361-6 


1- 

0-323 
38-76 


1- 

0-344 
41-2 


1-5 
1-76 
211-9 

1-  5 

2-  55 
306-5 

1-5 

3-  5 
420-6 

1-5 

3-  86 
463-6 

1-5 

4-  00 
484-4 

1-5 

3-73 
448-3 


1-5 
1-02 
123-3 


1-5 
1-16 
139-1 


1-5 
0-318 
38-2 


2- 

2-53 
303-7 


3-  76 
455-7 

2- 

4-  07 
488-3 

2- 

4-17 
500-5 

2- 
4-1 
492-3 


2- 
1-9 
228-7 


2- 

2-26 
271-3 


2- 

0-75 
87-5 


2-  5 

3-  79 
455-7 

2-5 

4-  07 
488-3 

2-5 
4-74 
566-7 

2-5 
4-12 
494-8 


2-5 
2-6 
313- 


2-5 
2-71 
325-6 


2-5 
1-09 
131-8 


3- 

3-  66 
439-4 

3- 

4-  18 
501-9 

3- 

4-5 
539-9 

3- 

4-31 
578-1 


3- 

3-27 
393-3 


3- 
3-5 
420-5 


3- 

1-57 
188-4 


3-  5 

4-  1 
492-8 

3-  5 

4-  41 
530-1 

3-  5 

4-  3 
516-2 


3-5 
3-72 
446-4 


3-5 
3-72 
446-4 


3-5 
2-09 
251-1 


4- 
4-3 
516-6 

4- 

4-46 
535-1 


4- 

3-84 
461-7 


4- 

3-84 
461-7 


4- 

2-59 
311-3 


4-5 
4-32 
519- 


4-5 

3-96 
479-2 


4-5 
4- 
481- 


4-5 

3-07 
368-9 


5- 
4-4 

528-9 


5- 

3-82 
458-8 


5-5 
4-5 
540- 
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The  following  experiments  upon  the  illuminating 
power  of  Newcastle  cannel-gas,  were  made  by  Mr. 
Weight  with  the  burners  used  in  London  for  con- 
suming that  kind  of  gas  : — ■ 

The  No.  1  Scotch  fish-tail  gives  a  flame  fully  spread 
with  '85  inch  pressure,  and  when  burning  at  the  rate 
of  l-4  feet  per  hour,  beyond  which  point  it  begins  to 
show  streaks  of  blue. 

The  No.  2  Scotch  fish-tail  is  fully  spread  with  '9  inch 
pressure,  and  when  burning  at  the  rate  of  2 '4  feet  per 
hour. 

Guise's  burner  is  an  argand  with  twenty-six  holes, 
the  inner  diameter  of  the  ring  being  six-tenths  of  an 
inch,  and  the  outer  nine-tenths  of  an  inch.  It  has  a 
metal  button,  five-tenths  of  an  inch  diameter,  one  inch 
above  the  face  of  the  burner.    The  glass  chimney  is  a 


straight  cylinder,  two  inches  diameter  and  six  inches 
long. 

With  a  three-tenth  inch  pressure,  and  a  consumption 
of  4'5  feet  per  hour,  the  flame  becomes  irregular,  and 
has  a  tendency  to  deliver  smoke. 

The  standard  candle  used  by  Mr.  Wright  con- 
sumed one  hundred  arid  thirty  grains  per  hour,  and  for 
this,  to  insure  a  greater  regularity  of  flame,  a  No.  2 
fish-tail,  burning  '4  feet  per  hour,  was  substituted,  and 
found  exactly  equal  to  the  candle. 

In  the  first  of  the  following  tables,  the  results  are 
multiplied  by  one  hundred  and  thirty,  and  divided  by 
one  hundred  and  twenty,  so  as  to  reduce  them  to  a 
standard  candle  of  one  hundred  and  twenty  grains  per 
hour,  as  done  by  Mr.  King  : — 


Consumption  per  hour. 

One  foot 

One 
and  a  half 
feet. 

Two  leet. 

Two 
and  a  half 

feet 

Three  feet 

Three 
and  a  half 

feet 

Four  feet. 

Four 
and  a  half, 
feet. 

Scotch  Fish-tail,  No.  1 : 

4-875 

5-02 

585- 

602- 

Scotch  Fish-tail,  No.  2: 

5-05 

5-77 

5-95 

5-84 

5-53 

606- 

690- 

714' 

700- 

563- 

Guise's  Argand: 

1-08 

1-85 

3-12 

4-85 

4-95 

5-77 

6-74 

129- 

222- 

374- 

582- 

594- 

692- 

808* 

Mr.  Wright,  however,  prefers  the  subjoined  form  of  quoting  the  above  results  :— 

SPERMACETI  CANDLES  OP  ONE  HUNDRED  AND  THIRTY  GRAINS  PER  HOUR. 


No.  1,  Scotch  Fish- 

tail: 

Gives  light  =  

i 

1 

i 

1 

2 

4 

6 

8 

candles. 

•15 

•2 

•3 

•4 

•6 

.9 

1*3 

1-8 

feet  per  hour. 

Feet  of  gas  required 

to  produce  a  light 

h 

•8 

•6 

•4 

•3 

■225 

•217 

•225 

~  one  candle, .. . . 

No.  2,  Scotch  Fish- 
tail : 

Gives  light  =  .... 

i 

i 

i 

1 

2 

4 

6 

8 

10 

12 

14 

16 

candles. 

•15 

•2 

■3 

•4 

•6 

•9 

1-2 

1-5 

1-8 

2-2 

2'6 

3-2 

feet  per  hour. 

Feet  of  gas  required 
to  produce  a  light 

•8 

•6 

•4 

•3 

•225 

•2 

•1875 

•18 

•183 

•185 

•2 

=  one  candle, .... 

Guise's  Argand: 

Gives  light  =  . . . . 

2 

4 

8 

12 

16 

20 

24 

28 

candles. 

When  burning  

1-7 

2-1 

2-6 

3-1 

3-5 

3-19 

4-2 

4-5 

feet  per  hour. 

Feet  of  gas  required 

to  produce  a  light 

j.  -85 

•525 

•325 

.258 

•219 

■195 

•175 

■160 

==  one  candle, ... . 

Mr.  Barlow  has  recorded  some  experiments  made 
by  him  with  different  burners  on  gas  manufactured  from 
a  mixture  of  Pelton,  Felling,  and  Dean's  Primrose,  all 
first-class  Newcastle  gas  coals,  the  average  produce 
being  eight  thousand  five  hundred  feet  per  ton  of  coal. 
The  burners  he  used  were : — 

1st.  A  Number  3  fish-tail,  or  union  jet. 

2nd.  A  Number  5  bat's-wing. 

3rd.  A  common  argand,  with  fifteen  large  holes  in  a 
ring  -85  inch  diameter,  and  a  cylindrical  chimney-glass 
7  inches  high. 

4th.  A  Platow's  registered  argand,  with  large  holes 


in  a  ring  '9  inch  diameter,  with  inside  and  outside  cone, 
and  cylindrical  chimney-glass  8'5  inches  high. 

6th.  A  Biznner's  patent  Number  3  argand,  with 
twenty-eight  medium-sized  holes  in  a  ring  -75  inch 
diameter,  and  C37lindrical  chimney-glass  8'65  inches 
high. 

6th.  A  Winfield's  registered  argand,  with  fifty-eight 
medium-sized  holes  in  two  rings  of  twenty-nine  holes 
in  each,  the  mean  diameter  being  one  inch,  with 
deflecting  button  inside  and  gauze  below ;  bellied 
chimney-glass  eight  inches  high. 

7th.  A  Leslie's  patent  argand,  with  twenty-eight  jets 
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in  a  ring  -95  inch  diameter,  and  chimney-glass  35 
inches  high. 

8th.  A  Guise's  registered  shadowless  argand,  with 
twenty-six  large  holes  in  a  ring  "85  inch  diameter,  and 
deflecting  button;  cylindrical  chimney-glass  6'1  inch 
high,  and  glass  reflecting  cone  to  outside  gallery. 

On  an  average  of  numerous  trials  the  annexed  re- 
sults were  obtained : — 


SERIES  NO.  I. 


Consumption 
per  hour, 


. .  4-9  , 
. .  5-5 
. .  5-5  . 

No.  6,  5-5 

No.  8,  5-5 


No. 
No. 
No. 


289- 
.  343- 

374- 
.  337- 
.  350- 


.  2-4  . 

.  2-85  . 

3-11  . 

.  2-8  , 

.  2'91  . 


Value  of 
eight  thousand 
five  hundred 
ieet  ot  gtis 
in  pounds 
of  sperm. 

....  351- 
....  416- 
. . . .  447- 
. . . .  409- 
....  425- 


No.  1,  5-5  . 


No. 
No. 
No. 
No. 
No. 
No. 

No.  8,  5-5 


5-0 
5'5 
5-5 
5-5 
.  5-5 
.  4-1 


SERIES  NO.  II. 

....  276-   

  290-   

  341-   

  348-   

  380-   

  335-   

  369-   

  364-   


2-3 
2-41  . 
2-84  . 

2-  9  . 

3-  1G 
2-79 

,  3-07  . 
,  3-03 


335- 
352- 
414- 
422* 
461" 
406- 
.  448- 
.  442- 


It  is  quite  evident  from  these  experiments  that  the 
No.  6,  or  Dr.  Fyfe's  Aberdeen  argand,  required  a 
longer  consumpt  than  5'5  feet  per  hour  to  bring  out  the 
full  effect  of  Newcastle  coal-gas  of  the  quality  used  in 
this  case,  for,  when  the  consumpt  was  increased  to  G'5 
feet  per  hour,  it  gave  results  equal  to  any  of  its  com- 
peers at  5-5  feet.  No.  2  and  No.  7  burners  were  tried 
with  the  utmost  quantity  which  could  be  consumed  in 
them  without  smoking  or  burning  advantageously. 

Though  these  experiments  indicate  the  relative 
adaptation  of  the  several  burners  for  the  combustion 
of  Newcastle  coal-gas,  they  must  not  be  taken  as 
settling  the  question  of  the  practical  value  of  each. 
Some  of  them  cast  shadows,  which  detract  consider- 
ably from  the  light  they  yield  when  placed  above  the 
level  of  the  eye ;  this  is  particularly  the  case  with  No. 
5,  which  otherwise  gives  the  best  results.  Others,  like 
No.-  7,  require  a  perfect  uniformity  of  pressure,  and  an 
absence  of  all  currents  of  air.  Taking  all  things  into 
consideration,  No.  8  is,  perhaps,  the  one  to  which 
these  objections  least  apply,  and  it  gives  the  next 
largest  amount  of  light  for  the  gas  consumed,  though 
the  slight  advance  upon  the  old  argand,  as  constructed 
twenty-five  years  since,  cannot  fail  to  bo  remarked. 

Glass  chimneys  are  not  so  requisite  for  gas  as  for 
lamp  flames,  and  their  effect  is  quite  different  from  that 
exerted  upon  the  wick  flame  of  a  lamp.  The  jet  of 
gas,  as  it  leaves  the  burner,  is  in  far  more  correct 
relation  to  the  air,  than  is  the  case  with  the  gas  pro- 
duced at  the  burning  margin  of  the  wick. 

Argand  wick  flames  require  a  strong  draught,  and 
never  burn  without  smoke,  unless  a  chimney  is  used  ; 
with  gas  flames,  the  glasses  are  used  rather  to  steady 
the  flame  than  to  insure  its  perfect  combustion :  they 
are  always  made  shorter  than  the  glasses  of  oil-lamps. 
If  too  high  chimneys  are  used,  the  draught  of  air  soon 
cools  the  base  of  the  flame,  and  the  air  becomini 
mixed  with  the  gas,  a  diminution  of  the  light  results, 
vol.  n. 


which  is  caused  by  the  combustion  of  too  much  carbon 
simultaneously  with  the  hydrogen ;  hence  but  little  is 
momentarily  separated  in  the  flame.  A  striking  proof 
of  this  is  afforded  by  the  well-known  experiment,  in 
which  a  closed  cylinder  of  wire-gauze,  through  which 
flame  cannot  be  communicated  to  a  combustible  mix- 
ture, is  adapted  to  a  gas-burner.  The  jet  of  gas  which, 
without  the  case  of  wire-gauze,  yields  a  perfect  flame, 
becomes  intimately  mixed  with  air  in  the  interior  of 
the  case,  and  on  its  exit  burns  with  a  pale  blue  light, 
because  the  separation  of  carbon  in  the  flame  no  longer 
occurs,  both  carbon  and  hydrogen  being  burnt  simul- 
taneously. This  experiment  gives  an  important  hint 
on  the  general  management  of  the  draught  in  illumi- 
nation. The  same  result  may  be  observed  when  the 
gas  is  allowed  to  escape  with  too  great  velocity ;  and, 
if  the  proper  limit  is  exceeded,  the  flame  may  be  ex- 
tinguished by  being  too  much  cooled :  with  a  certain 
velocity,  the  cm-rent  will  not  ignite  for  a  distance  of 
several  lines  from  the  aperture,  and  then  burns  with  a 
faint  blue  flame,  the  gas  having  become  mixed  with  air. 

It  is  by  taking  advantage  of  this  effect  of  a  strong 
current  of  air,  that  the  highly  carbonaceous  vapors  of 
oil  of  turpentine,  coal-tar  naphtha,  and  similar  sub- 
stances, may  be  burned  without  smoke,  as  in  Busson 
and  Eouen's  apparatus,  or  in  Holliday's  lamps. 
The  oils  being  allowed  to  escape  in  the  form  of  a  jet  of 
vapor,  under  a  pressure  varying,  according  to  circum- 
stances, from  four  to  twenty-four  lines'bf  mercury,  the 
excess  of  carbon  is  brought  to  a  proper  proportion  by 
the  admixture  of  air,  without  interference  with  the 
order  of  combustion.  In  this  manner  brilliant  flames, 
free  from  soot,  are  produced. 

Among  the  arrangements  which  increase  the  light 
by  raising  the  temperature  of  the  air,  the  burner  in  - 
vented  by  M.  Pakisot  of  Paris  is  distinguished  by  its 
simplicity  and  great  facility  of  construction.  It  admits 
the  air  by  narrow  passages  between  two  thick  concen- 
tric cylinders  or  cones,  about  four  inches  in  height. 
The  gas  escapes  by  a  circular  slit,  easy  to  clean.  This 
burner  gives  a  full  light  and  a  very  steady  flame. 

Application  of  Gas  as  a  source  of  Heat. — Gas  has 
long  been  employed  as  a  source  of  heat  in  chemical  and 
pharmaceutical  laboratories,  but  it  is  only  during  the 
last  few  years  that  it  has  been  more  extensively  used 
for  cooking,  warming  apartments,  et  cetera. 

Comparison  of  the  various  methods  of  Illumination 
with  each  other. — In  the  foregoing  remarks,  the  relative 
illuminating  values  of  the  various  methods  of  producing 
artificial  light  have  generally  been  shown,  without  re- 
ference to  the  cost  of  the  light.  This  still  remains  to  be 
considered,  in  order  to  estimate  their  relative  economy. 
Peclet,  in  the  following  sketch,  has  in  each  case  taken 
the  cost  into  account ;  but  this  will  vary  with  the  rise 
and  fall  of  markets,  and  with  the  locality.  The  price 
of  a  pint  of  oil — 0'9  lb.— is  here  fixed  at  about  five- 
pence  ;  of  one  pound  of  tallow  candles  at  sevenpence, 
wax  candles  at  two  shillings  and  twopence,  stearin 
candles  at  one  shilling  and  fourpenc- ;  a  pint  of  illumi- 
nating spirit — 08  lb. — at  eightpenc  ;  of  one  hundred 
cubic  feet  of  coal-gas  at  sevenpence ;  and  lastly,  of 
one  hundred  cubic  feet  of  oil-gas  at  two  shillings  and 
threepence. 
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The  light  of  wax  candles  is  the  most  expensive, 
then  that  of  stearin  candles  and  the  vapor  lamp,  which 
are  also  costly.  There  are,  however,  few  instances  in 
which  public  opinion  and  scientific  estimation  of  the 
value  of  an  article  are  so  much  at  variance  as  with 
reference  to  the  means  of  illumination  in  general ;  occa- 
sional deceptions,  such  as  occur  in  the  lamp  of  Benk- 
ler,  not  being  taken  into  consideration.  A  glance  at 
the  last  column  in  the  above  table  shows  that  the 
modes  of  illumination  which,  cn  account  of  their  sup- 
posed cheapness,  are  partly  used  by  the  wealthy  and 
exclusively  by  the  poor,  are  those  whicli — excluding 


articles  of  luxury,  such  as  wax,  et  cetera — cost  most  in 
producing  a  certain  degree  of  brilliancy.  A  given 
amount  of  light  yielded  by  tallow  candles  costs  from 
three-fifths  to  twice  as  much  as  when  it  is  obtained 
from  the  lamp  of  Carcel  ;  with  the  kitchen  lamp  it 
costs  nearly  three  times,  and  by  the  lamp  with  the  flat 
wick  more  than  twice  as  much. 

The  more  ordinary  light-giving  materials  have  re- 
cently been  examined,  and  compared  with  the  light 
obtained  from  what  is  called  common  or  thirteen-candle 
coal-gas.    Tried  by  the  photometer  : — 


One  thousand  cubic  feet  of  gas  were  found  equal  to  the  light  of  312,000  grains,  or  44f  pounds  of  sperm  candles. 

"  "  "      341,750       "       48  J  pounds  of  carefully-snuffed  wax  candles. 

"  u  "  "      358,000       "       51|  pounds  of  stearic  acid  candles. 

«  "  "  "      370,540       M       5%yo  P01"10^  °f Desti  mould  candler. 

"  "  "  "      381,000       "       54^  pounds  of  best  dip  candles. 

„  „       ..  „       (6&  gallons  of  purified  colza  oi'  specific  gravity 

\  915. 

"  "  "  "      366,310       "        5T9y  gallons  of  sperm  oil,  specific  gravity  888. 


As  the  price  of  gas  varies  in  different  parts  of  the 
United  Kingdom  from  four  shillings  and  sixpence  to 
ten  shillings  per  thousand  cubic  feet,  to  obtain  the 
relative  cost  it  is  necessary  to  multiply  the  prices  of  the 
other  materials  per  pound  with  the  numbers  in  the 
above  table. 

Thus,  with  gas  at  four  shillings  and  sixpence  per 
thousand  cubic  feet,  and  dip  candies  at  sevenpence  per 
pound,  the  cost  of  an  equal  amount  of  light  from  the 
two  sources  will  be  as  four  shillings  and  sixpence  to 
one  pound  ten  shillings  and  tenpence. 

The  great  obstacles  to  the  more  general  introduction 
of  gas-light  into  private  houses,  are  the  difficulty  of  plac- 
ing the  light  in  such  a  position  as  to  be  available  for 
all  purposes,  and  that  of  reducing  the  consumption  to 
the  requirements  of  the  consumer.  A  candle  or  a  lamp 
can  be.  placed  wherever  it  is  wanted,  while  a  gas-light, 
even  when  flexible  india-rubber  tubes  are  used,  is 
always  more  or  less  a  fixture.  The  burners  in  common 
use  are  also  calcrlated  for  giving  more  light  than  is 
required  for  one  oi  two  persons ;  and  hence,  though  the 
light  from  gas  is  so  very  much  cheaper,  yet  a  larger 
quantity  of  light  than  is  absolutely  necessary  being 
generally  employed  wherever  gas  is  introduced,  the 


actual  saving  by  its  introduction  is  not  so  great  as 
the  difference  of  price  in  the  light  would  make  it 
appear. 

The  foregoing  tables  also  show  that  the  most  econo- 
mical light  is  obtained  from  the  best  constructed  lamps, 
which,  in  addition  to  being  costly  themselves,  also  con- 
sume large  quantities  of  oil,  and  are  therefore  not 
economical  when  used  by  a  single  person.  There  still 
appears  much  room  for  improvement  in  the  adaptation 
of  good  lamps  to  the  requirements  of  small  consumers. 
A  lamp  which  would  give  the  light  of  one  or  two 
spermaceti  candles,  and  yet  be  relatively  as  economical 
in  the  consumption  of  oil  as  Cakcel's  or  the  French 
moderator  lamp,  would  probably  command  an  extensive 
sale. — Richardson  and  Ronalds. 

Detection  of  Sulphide  of  Hydrogen,  Bisulphide  of 
Carbon,  and  A  tmospheric  Air  in  Coal-  Gas. — A  quick 
approximative  method  of  estimating  the  above  in  coal- 
gas,  which  has  long  been  considered  a  great  desidera- 
tum by  chemists,  has  been  given  by  Thornton  J. 
Hekapath.  The  reagents  and  apparatus  required 
are : — ■ 

1.  A  weak  aqueous  solution  of  caustic  potassa. 

2.  A  strong  alcoholic  solution  of  caustic  potassa. 
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3.  A  solution  of  the  nitrate  or  acetate  of  lead. 

4.  A  standard  solution  of  lead,  containing  one,  two, 
or  three  one-hundredths  of  a  grain  of  metallic  lead,  as 
nitrate  or  acetate,  to  one  hundred  or  one  thousand 
water-grain  measures  of  solution. 

5.  A  standard  meter,  such  as  is  generally  used  for 
testing  the  illuminating  quality  of  coal-gas. 

6.  Two  Liebig's  triangles,  and 

7.  Three  graduated  tubes  or  colorimeters  of  uniform 
bore.  The  aqueous  solution  of  potassa  is  used  to 
absorb  the  sulphide  of  hydrogen,  whilst  the  alcoholic 
is  afterwards  employed  to  dissolve  the  bisulphide  of 
carbon  vapor,  which  it  converts  into  xanthate  of  potassa, 
a  salt  decomposable  by  heat  into  sulphide  of  potassium, 
sulphide  of  hydrogen,  et  cetera,  as  exhibited  by  the 
equation : — 

C4  H6  KO  C2  S4     -)-     2  HO  = 

Ximthnte  of  potassa.  Water. 

CSj      +      K  S 


In  testing  a  gas  by  this  method,  one  proceeds  as 
follows : — The  two  triangles  having  been  properly 
filled,  the  one  with  the  aqueous,  and  the  other  with 
the  alcoholic  solution  of  caustic  potassa,  they  are 
connected  together  by  a  piece  of  sheet  caoutchouc  in 
the  usual  way,  and  attached  to  the  exit  pipe  of  the 
standard  meter,  care  being  taken  to  place  the  one  con- 
taining the  aqueous  solution  next  to  the  exit  pipe.  A 
known  quantity,  say  ten,  twenty,  or  thirty  cubic  feet 
of  the  gas  to  be  examined,  is  then  tardily  transmitted 
through  the  triangles  ;  the  apparatus  is  slowly  discon- 
nected, and  the  contents  of  the  triangles  are  separately 
poured  into  two  different  colorimeters.  The  solutions 
are  next  diluted  with  a  little  distilled  water,  mixed  with 
a  few  drops  of  a  solution  of  lead,  and  the  alcoholic 
solution  is  heated  to  the  boiling  point,  or  until  no 
further  darkening  in  color  ensues.  The  caustic  alkali 
of  both  solutions  is  then  supersaturated  either  with 
acetic  or  with  very  dilute  nitric  acid,  and  water  is  added 
to  dilute  to  the  required  degree.  As  the  sulphide  of 
lead  produced  by  the  decomposition  of  the  xanthate  of 
potassa  that  was  contained  in  the  alcoholic  solution  is 
generally,  if  not  always,  much  less  in  quantity  than  that 
produced  by  the  sulphide  of  hydrogen  absorbed  by  the 
aqueous  solution  of  the  alkali,  it  is  advisable  to  dilute 
the  former  with  less  water.  The  depth  of  tint  commu- 
nicated to  the  fluid  by  the  sulphide  of  lead  in  the  alco- 
holic solution,  is  then  compared  with  that  produced,  by 
adding  the  standard  solution  of  lead,  drop  by  drop, 
from  a  graduated  tube,  into  a  third  colorimeter,  which 
is  filled  nearly  up  to  the  same  mark  with  distilled  water, 
mixed  with  a  few  drops  of  pure  citric  acid,  and  of  a 
solution  of  sulphide  of  hydrogen.  So  soon  as  the  tints 
correspond,  the  measure  of  the  solution  in  the  two 
colorimeters  is  accurately  adjusted  by  adding  a  little 
more  water  either  to  the  one  or  the  other ;  a  little  more 
of  the  standard  solution  of  lead  is  then  poured  in,  if 
requisite,  to  the  trial  colorimeter,  and  the  number  of 
measures  of  the  standard  solution  that  has  been  taken 
is  carefully  noted.    The  operation  is  then  repeated  with 


the  contents  of  the  other  colorimeter,  containing  sul- 
phide of  lead  from  the  aqueous  solution  of  potassa  ;  and 
the  number  of  measures  of  the  standard  solution  of 
lead  taken,  is  again  read  off.  By  a  simple  calculation 
are  estimated  the  relative  proportions  of  bisulphide  of 
carbon  and  sulphide  of  hydrogen,  by  weight,  contained 
in  the  gas  examined. 

For  example,  let  a  represent  the  quantity  by  weight 
of  bisulphide  of  carbon  which  is  equivalent  to  the  lead 
contained  in  one  thousand  grain  measures  of  the 
standard  plumbous  liquid ;  b  the  quantity  of  sulphide 
of  hydrogen  equivalent  to  the  lead  contained  in  the 
same  bulk  of  the  standard  solution  taken,  as  before 
explained,  to  produce  a  tint  equal  in  intensity  to  that  of 
the  sulphide  of  lead  in  the  alcoholic  solution ;  and  d 
the  number  of  measures  of  the  same  solution  by  the 
aqueous  solution: — then  the  proportion  by  weight 
of  sulphide  of  carbon  and  sulphide  of  hydrogen  con- 
tained in  the  number  of  cubic  feet  of  gas  operated  upon, 
is  obtained  in  the  following  equations  : — 
  c  -f-  a 

~~  iooo  " 

 d  -j-  a 

~~  1000 


Bisulphide  of  carbon, . . 
Sulphide  of  hydrogen,  . 


-{-  2 — nearly. 


And  as  one  hundred  cubic  inches  of  bisulphide  of 
carbon  vapor,  and  sulphide  of  hydrogen,  weigh  respec- 
tively at  600°,  and  30  inches  of  Bar.  81-8167  and 
36'331  grains,  the  result  of  the  above  calculation  affords 
the  means  of  ascertaining  the  proportion  of  these  two 
substances  by  volume. 

The  presence  of  atmospheric  air  in  coal-gas  can  be 
readily  detected,  by  collecting  a  portion  of  the  gas  over 
mercury,  and  then  passing  up,  first  a  few  drops  of 
caustic  potassa,  and  afterwards  a  drop  or  two  of  a 
solution  of  pyrogallic  acid.  If  the  liquid  assume  a 
blood-red  hue,  oxygen,  indicating  the  presence  of  atmo- 
spheric air,  is  mixed  with  the  gas. 

It  would  be  quite  out  of  place  in  a  work  like  this 
to  enlarge  upon  the  different  varieties  of  gas-burners, 
as  that  subject  relates  more  particularly  to  mechanics. 
Still  the  Editor  will  cursorily  glance  at  them,  and 
for  this  purpose  he  cannot  do  better  than  append  the 
following  remarks  from  the  able  work  of  Drs.  Rich- 
ardson and  Ronalds  : — 

The  Burners. — From  the  leaden  pipes — in  the  circuit 
of  which  the  meter  is  placed,  if  used  at  all — the  gas 
passes  to  the  burners,  each  of  which  is  furnished  with 
a  separate  brass  tap.  Good  tight  stopcocks  are  much 
more  difficult  to  make  for  so  light  a  substance  as  gas, 
than  for  liquids.  The  burners  are  very  similar  to  those 
used  for  lamps,  but  as  neither  wick  nor  oil  level  requires 
special  consideration,  the  management  ofthegas-burners 
is  comparatively  simple.  The  amount  of  gas  consumed 
in  a  given  time,  however,  must  bear  a  proper  relation 
to  the  supply  of  air,  that  the  flame  may  not  smoke  or 
burn  with  a  blue  flame.  This  is  regulated  partly  by 
the  tap  attached  to  the  burner,  and  an  excess  of  gas  is 
avoided  by  making  the  aperture  of  the  burners  very 
small,  which  increases  the  velocity  of  the  current.  The 
same  quantity  of  gas  issuing  from  a  wide  orifice  would 
produce  a  thick,  short,  and  dull  flame,  because  the  sur- 
face in  contact  with  the  air  would  be  increased.  No 
gas  flame  should  be  allowed  to  issue  from  a  wide  open- 
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Fig.  122. 


ing,  for  the  same  reason  that  thick  massive  lamp-wicks 
are  not  desirable. 

When  the  burner  has  a  single  aperture  of  the  diameter 
of  a  bristle,  a  simple  jet  is  produced  in  the  form  of  a 
long,  thin,  conical  flame.  The  batfs-wing,  or  flattened 
flame,  which  the  gas  forms  when  it  issues  from  a  nar- 
row slit,  instead  of  a  round  aperture,  is  much  more 
appropriate.  A  similar  and  equally  good  flame  is 
produced  by  a  burner  with  two  apertures  close  to  each 
other,  the  channels  of  which  are  inclined  inwards, 
so  that  both  the  currents  of  gas  cross  each  other  at  the 
base.  They  then  form  a  fiat  flame  spreading  out  in 
the  form  of  an  inverted  triangle,  and  the  burner  is 
called  a.  fish  or  sviallow-tail. 

Simple  flames  of  this  kind  are  generally  burnt  with- 
out any  chimney.  When  a  greater  quantity  of  light  is 
required,  a  greater  intensity  of  flame,  the  argand 
burner,  Fig.  122,  is  generally  chosen.  The  gas  from  the 
pipe  enters  the  annular  space,  a  a,  which  is  closed 
above  by  the  flat  plate,  b,  Fig.  123.  In  this  plate  are  a 
number  of  fine  apertures,  arranged  in  a  circle,  and  so 
near  to  each  other  that  the  separate  flames  unite  to 
form  a  hollow  cone.  The  gallery,  c,  supports  the 
chimney,  d ;  and  to  produce  an  internal  current  of  air, 
e,  is  open  at  the  sides.  The  distance 
between  the  apertures  in  these  burners 
varies  with  the  quality  of  the  gas,  as 
does  the  size  of  the  aperture  itself.  An 
aperture  g*j  of  an  inch  is  often  used  for 
coal-gas,  and  one  of  7V  of  an  inch  for 
oil-gas ;  for  the  former  they  should  be 
Jth  of  an  inch,  for  the  latter  |th  of 
an  inch  apart.  These  dimensions  are, 
therefore,  larger  for  coal-gas  than  for 
oil-gas,  the  latter  possessing  double  the 
illuminating  power  of  the  for- 
mer. The  holes  should  be  as 
uniformly  and  accurately  bored 
as  possible  ;  if  this  is  not  done, 
there  will  be  parts  of  the  flame 
which  will  smoke.  Sometimes 
the  heat  of  the  flame  is  applied 
to  warm  the  current  of  gas  be- 
fore it  issues  from  the  burner,  by  which  means  the 
flame  is  less  cooled,  and  whiter  light  is  produced.  For 
this  purpose,  the  gas-pipe  is  formed  into  several  revolu- 
tions at  a  certain  height  above  the  flame. 

An  important  improvement  upon  Akgand's  burner 
for  illuminating  public  places,  bridges,  et  cetera,  where 
one  large  lamp,  and  a  very  intense  light,  is  preferred  to 
a  number  of  small  ones,  is  the  bude  burner,  proposed 
by  Gurney,  upon  the  principle  of  Fresnel's  lamp. 
Two,  three,  or  more  hollow  ring  tubes,  each  furnished 
at  the  top  with  a  circle  of  holes,  form  the  principal  part 
of  the  burner,  and  are  connected  at  bottom  with  parts 
of  the  gas-pipe  bent  horizontally,  from  which  they 
receive  the  gas.  Each  inner  ring  is  placed  somewhat 
higher  than  the  one  before  it,  so  that  a  number  of  con- 
centric flames  are  produced,  the  light  of  which  is  thrown 
by  reflectors  in  the  proper  direction.  The  bude  burner 
must  not  be  confounded  with  the  bude  light  of  the  same 
inventor,  which  is  produced  by  conveying  oxygen  into 
the  inner  space  of  an  argand  oil-lamp.    A  similar  effect 
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to  that  of  the  bude  burner,  is  produced  by  a  number  of 
single  flat  flames  arranged  in  a  ring.  The  Victoria 
Bridge  at  Manchester,  for  instance,  is  lighted  by  such 
a  burner,  consisting  of  two  concentric  rings,  each  con- 
taining twelve,  therefore  altogether  containing  twenty- 
four  flat  flames;  the  inner  ring,  four  inches  in  diameter, 
stands  one  inch  higher  than  the  outer,  which  is  six  and 
a  half  inches  in  diameter,  the  whole  thus  being  rounded 
off  in  the  shape  of  a  rose.  A  great  variety  of  gas- 
burners  have  been  successively  brought  into  public 
notice,  all  of  which  lay  claim  to  the  production  of  an 
increase  of  light,  with  a  smaller  consumption  of  gas. 
It  is  impossible,  however,  from  a  mere  inspection  of 
the  flame  produced  by  these  burners,  without  accurately 
measuring  the  amount  of  gas  consumed  by  each,  to 
arrive  at  any  conclusion  as  to  which  form  is  the  most 
economical  or  generally  desirable.  Until,  as  Richard- 
son and  Ronalds  justly  remark,  impartial  compara- 
tive experiments  have  been  instituted  with  them  all, 
decided  preference  cannot  be  awarded  to  any  one  in 
particular. 

Fig.  124  is  a  representation  of  Winfield's  lucent 
burner,  in  which  the  Liverpool  button 
is  applied  to  an  argand  gas-burner,  and  FIs- 124- 
the  peculiar  form  of  chimney  causes 
an  external  current  of  air  to  impinge  at 
a  certain  angle  upon  the  flame,  produc- 
ing the  same  effect  as  the  metallic  cone 
in  the  solar  lamp ;  a  basket  of  wire- 
gauze  is  fitted  into  the  crutch  of  the 
burner,  which  moderates  the  supply 
of  air  from  below,  and  prevents  the 
flickering  caused  by  sudden  draughts. 
By  fixing  the  chimney  to  a  circular 
collar,  which  screws  up  or  down  upon 
the  triangular  support,  Mr.  Lowe  is 
enabled,  in  his  improvement  upon  this 
form  of  burner,  to  alter  the  direction 
of  the  external  current  caused  by  the 
contraction  of  the  chimney;  and  by 
converting  the  button  into  a  screw,  its 
height  can  also  be  altered,  and  the  in- 
ternal current  regulated. 

Fig.  125  shows  a  form  of  burner,  patented  by  Mr. 
Leslie,  in  which  the  gas  is  caused  to  flow  through  a 

Fig.  125. 


number  of  small  copper  tubes,  instead  of  from  the 
apertures  of  an  argand  burner.  The  object  of  this 
is  to  effect  a  more  complete  combustion  of  the  gas,  by 
suiTounding  each  single  jet  with  abundance  of  air  as 
it  issues  from  the  orifice.  A  low  form  of  chimney  or 
combustion-chamber  is  adapted  to  this  burner,  which 
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diminishes  the  velocity  of  the  draught.  If  the  gas  be 
impure,  the  orifices  of  the  copper  tubes  become  stopped 
up  either  with  sulphide  of  copper  or  ammoniacal  com- 
pounds, and  require  to  be  cleansed  with  a  stiff  brush. 
The  only  effectual  remedy  for  this  objection  to  the 
burner,  is  the  use  of  purer  gas ;  and  this  must  be  ob- 
tained, when  not  supplied  in  a  pure  state  from  the  gas- 
works, by  the  use  of  a  separate  purifier  in  each  bouse. 
— Richardson  and  Ronalds. 

Ventilation  of  Gas-burners. — Serious  objections 
stood  in  the  way  of  using  gas-light  in  private  dwellings 
at  first,  in  consequence  of  the  impurities  contained  in 
the  gas,  the  great  heat  produced,  and  the  large  quan- 
tity of  carbonic  acid  evolved ;  and  to  avoid  inconveni- 
ence, some  system  of  ventilation  had  to  be  adopted ; 
but  now,  owing  to  the  general  purity  of  the  gas,  and 
the  loftiness  of  rooms,  this  is  not  necessary. 

Hofmann's  Burner. — It  will  not  be  out  of  place 
here  to  remark,  that  the  very  extensive  and  daily  in- 
creasing application  of  gas  as  a  source  of  heat,  suggested 
to  Hofmann  a  small  contrivance  which  is  intended  to 
facilitate  the  operations  of  the  analyst. 

The  ordinary  argand  gas-burner,  which  is  almost 
universally  employed  for  heating  small  vessels,  such  as 
flasks,  retorts,  and  test-tubes,  is  not  adapted  to  the  pur- 
poses of  the  blowpipe.  In  operations  with  the  latter 
instrument,  a  simple  jet  of  gas  is  required,  issuing  from 
a  cylindrical  orifice  of  rather  considerable  dimensions, 
the  necessary  amount  of  gas  being  adjusted  by  the 
stopcock.  This  simplest  of  all  gas  flames  serves 
equally  well  for  oxidation  and  reduction,  and  exhibits 
the  phenomena  of  color  in  the  most  conspicuous  man- 
ner. 

The  ordinary  method  of  analysis  being  a  combina- 
tion of  testing  in  the  moist  way  and  by  the  blowpipe, 
it  is  necessary  either  to  use  the  two  gas  lamps — the  one 
with  the  argand  burner, 
the  other  with  the  single 
jet — or  to  have  a  gas- 
stand  so  arranged  as  to  ad- 
mit of  screwing  on  either 
the  one  or  the  other.  But 
as  it  is  inconvenient  to 
multiply  the  number  of 
gas  lamps,  especially  in  a 
laboratory  in  which  seve- 
ral analytical  students  are 
working,  and  as  unscrew- 
ing hot  gas-jets  is  a  most 
unpleasant  operation,  the 
above  chemist  endeavored 
to  unite  the  two  jets  in 
one  stand,  dispensing,  at 
the  same  time,  with  the 
necessity  of  taking  the  ap- 
paratus to  pieces. 

The  object  in  view  is 
accomplished  simply  by 
substituting  for  the  ordinary  stopcock  a  three-way  tap. 
The  whole  arrangement  becomes  at  once  intelligible 
by  a  glance  at  th-3  woodcut,  which  represents  the 
burner  half  size. 

A  is  the  loaded  foot,  into  which  the  elbow  union- 
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piece,  B,  is  screwed.  One  end  of  this  union  is  con- 
nected with  a  flexible  pipe,  not  shown  in  the  drawing ; 
to  the  other  screws  the  three-way  stopcock,  c.  The 
plug,  D,  has  only  one  orifice,  and,  when  turned  in  a 
vertical  direction,  supplies  the  argand  burner  through 
the  perforation,  E.  Into  the  side  of  the  stopcock  is 
soldered  a  small  pipe,  F,  having  a  bore  of  about  one- 
eighth  of  an  inch.  This  is  prolonged  to  the  distance  of 
one-tenth  of  an  inch  above  the  top  of  the  argand  burner, 
where  it  is  brazed  to  a  small  support  for  the  blowpipe, 
not  represented  in  the  drawing. 

When  the  plug,  D,  is  turned  in  a  horizontal  direction, 
the  gas  is  shut  off  from  both  jets,  but  when  turned  in 
an  inclined  position,  may  be  made  to  supply  both  jets 
at  once,  or  either  alternately.  By  this  contrivance, 
either  of  the  jets  will  be  lighted  before  the  other  is  ex- 
tinguished. 

In  order  that  the  jet  may  be  likewise  used  for  heat- 
ing larger  apparatus,  there  is  a  support,  G,  on  which 
may  be  fixed  a  copper  chimney,  either  plain  or  pro- 
vided with  the  wire-gauze  for  producing  the  air  flame. 

Analysis  of  Coal-Gas. — The  accurate  analysis  of 
gaseous  mixtures — says  Dr.  Frankland,  in  an  able 
paper  published  in  Clegg's  Treatise  on  Coal-  Gas,  from 
which  the  following  method  is  extracted — is  one  of  the 
most  delicate  operations  of  modern  chemistry.  This 
arises  not  only  from  the  difficulty  of  preserving  gases, 
during  the  requisite  manipulation,  free  from  admixture 
with  atmospheric  air;  but  also  from  the  circumstance, 
that  their  volume,  the  measurement  of  which  is,  in  most 
cases,  the  only  means  of  estimating  their  quantity,  is 
liable  to  constant  and  considerable  change,  by  fluctua- 
tions of  temperature  and  of  the  pressure  of  the  atmo- 
sphere, as  well  as  by  the  dryness  or  humidity  of  the 
gas  itself.  This  branch  of  chemical  analysis  owes 
much  of  its  present  accuracy  and  perfection  to  the 
admirable  researches  of  Professor  Bunsen  of  Heidel- 
berg. 

All  analytical  operations  upon  gases  must  be  con- 
ducted over  mercury,  which  metal  should  be  placed  in 
a  small  wooden  pneumatic  trough,  with  plate-glass 
sides.  The  eudiometers,  or  measuring  tubes,  should  be 
accurately  calibrated  and  graduated  into  cubic  inches 
and  their  tenths,  the  latter  being  subdivided  by  the  eye 
into  hundredths,  when  the  volume  of  a  gas  is  read  off: 
such  a  division  is  readily  attained  by  a  little  practice. 
At  each  determination  of  volume,  it  is  necessary  that 
the  gas  should  either  be  perfectly  dry,  or  quite  satu- 
rated with  moisture.  The  first  condition  is  attained 
by  placing  in  the  gas  for  half  an  hour,  a  small  ball  of 
fixed  chloride  of  calcium,  attached  to  a  platinum  wire ; 
the  second,  by  introducing  a  minute  drop  of  water  into 
the  head  of  the  eudiometer  before  filling  it  with  quick- 
silver. The  determinations  of  volume  must  either  be 
made  when  the  quicksilver  is  at  the  same  level  inside 
and  outside  the  eudiometer ;  or,  as  is  more  frequently 
done,  the  difference  of  level  must  be  accurately  mea- 
sured in  the  subsequent  reduction  to  a  standard  pres- 
sure. The  height  of  the  barometer,  and  the  tempera- 
ture of  the  surrounding  atmosphere,  must  also  be 
observed  each  time  the  volume  of  gas  is  measured,  and 
proper  corrections  made  for  pressure,  temperature,  and 
also  the  tension  of  aqueous  vapor,  if  the  gas  be  moist. 


GAS  Estimation 


of  its  Constituents. 


Tho  process  of  analysis  described  below  has  refer- 
ence to  purified  coal-gas ;  the  method  of  detecting  the 
principal  impurities  being  given  in  a  former  page. 

1.  Estimation  of  Carbonic  Acid. — A  few  cubic 
inches  of  the  gas  are  passed  into  a  short  eudiometer, 
moistened  as  above  described;  the  volume  is  accu- 
rately noted  with  the  proper  corrections,  and  a  bullet 
of  caustic  potassa  is  then  passed  up  through  the  mer- 
cury into  the  gas,  and  allowed  to  remain  for  at  least  an 
hour;  the  volume  of  the  gas  being  ascertained  and 
deducted  from  the  first  volume,  gives  the  amount  of 
carbonic  acid  which  has  been  absorbed  by  the  potassa. 
Bullets  of  caustic  potassa,  or  of  any  other  fusible  sub- 
stance, should  be  of  the  size  of  a  large  pea,  and  may 
be  prepared  by  melting  the  materials  in  a  crucible,  and 
then  pouring  them  into  a  small  bullet-mould,  in  which 
the  curved  end  of  a  fine  platinum  wire  has  been  placed. 
The  ball  attached  to  the  wire  is  easily  removed  when 
cold. 

2.  Estimation  of  Oxygen. — Liebig  has  devised 
very  accurate  means  for  the  estimation  of  this  element, 
depending  upon  its  rapid  absorption  by  an  alkaline 
solution  of  pyrogallic  acid.  To  apply  this  menstruum, 
a  small  test-tube  is  filled  with  mercury  and  inverted 
in  the  trough:  first,  a  few  drops  of  pyrogallic  acid, 
and  then  a  similar  quantity  of  aqua  potassce,  are  in- 
troduced into  this  tube  by  means  of  a  pipette ;  a 
coke  bullet — made  by  filling  a  bullet-mould  contain- 
ing a  platinum  wire  with  a  mixture  of  two  parts 
of  coke  and  one  of  coal,  both  finely  powdered,  and 
then  exposing  the  mould  and  its  contents  to  a  heat 
gradually  increased  to  redness  for  fifteen  minutes — ■ 
attached  to  a  platinum  wire,  is  introduced  into  this 
liquid,  and  allowed  to  become  saturated;  it  is  then 
withdrawn,  and  conveyed  carefully  below  the  surface 
of  the  mercury  into  the  eudiometer  containing  the 
residual  gas  of  the  first  determination.  Every  trace  of 
oxygen  will  be  absorbed  in  a  few  minutes,  and  the 
volume  being  again  measured,  the  diminution  from  the 
last  reading  will  represent  the  amount  of  oxygen  ori- 
ginally present  in  the  gas.  It  is  essential  that  the  coke- 
bullet,  after  saturation  with  the  alkaline  solution  of 
pyrogallic  acid,  should  not  come  into  contact  with  the 
air  before  its  introduction  into  the  gas. 

3.  Estimation  of  the  Luminiferous  Constituents. — 
Various  methods  have  been  employed  for  the  estima- 
tion of  the  so-called  defiant  gas — luminiferous  con- 
stituents— in  coal-gas.  That  which  has  been  most 
generally  employed  depends  upon  the  property  which 
is  possessed  by  defiant  gas  and  most  hydrocarbons,  of 
combining  with  chlorine,  which  causes  their  condensa- 
tion to  the  state  of  an  oily  liquid.  Hydrogen  and  light 
carbide  of  hydrogen  are  both  acted  upon  in  a  similar 
manner,  when  a  ray,  even  of  diffused  light,  is  allowed 
to  have  access  to  the  mixture ;  but  the  condensation  of 
defiant  gas  and  hydrocarbons  takes  place  in  perfect 
darkness,  and  advantage  is,  therefore,  taken  of  this 
reaction  to  observe  the  amount  of  condensation  which 
takes  place  when  the  mixture  is  excluded  from  light ; 
the  volume  which  disappears  during  this  action  of  the 
chlorine  being  regarded  as  indicative  of  the  quantity 
of  olefiant  gas  present  in  the  mixture.  There  are 
many  sources  of  error  inseparably  connected  with  this 


method  of  operating,  which  render  the  results  unworthy 
of  the  slightest  confidence.  The  same  remark  will 
equally  apply  to  the  employment  of  bromine  in  the 
place  of  chlorine.  In  addition  to  the  circumstance  that 
these  determinations  must  be  made  over  water,  which 
allows  a  constant  diffusion  of  atmospheric  air  into  the 
gas,  and  vice  versa,  there  is  also  formed  in  each  case  a 
volatile  liquid,  the  tension  of  the  vapor  of  which  aug- 
ments the  volume  of  the  residual  gas,  and  this  increase 
admits  of  neither  calculation  nor  determination. 

The  only  material  by  which  the  estimation  of  the 
luminiferous  constituents  can  be  accurately  effected,  is 
anhydrous  sulphuric  acid,  which  immediately  condenses 
the  hydrocarbons,  but  has  no  action  upon  the  other 
ingredients,  even  when  exposed  to  sunlight.  The  esti- 
mation is  conducted  as  follows: — A  coke  bullet,  pre- 
pared as  described  above,  and  attached  to  a  platinum 
wire,  being  rendered  thoroughly  dry  by  gently  heating 
it  for  a  few  minutes,  is  quickly  immersed  in  a  saturated 
solution  of  anhydrous  sulphuric  acid,  and  allowed  to 
remain  for  one  minute ;  it  is  then  withdrawn,  leaving 
as  little  acid  adhering  to  it  as  possible,  quickly  plunged 
beneath  the  mercury  in  the  trough,  and  introduced 
into  the  same  portion  of  dry  gas  from  which  the  carbonic 
acid  and  oxygen  have  been  withdrawn.  Here  it  is 
allowed  to  rest  for  about  two  hours,  in  order  to  insure 
the  complete  absorption  of  every  trace  of  carbide  of 
hydrogen.  The  residual  volume  of  the  gas  cannot, 
however,  yet  be  determined,  owing  to  the  presence  of 
some  sulphurous  acid  derived  from  the  decomposition 
of  a  portion  of  the  sulphuric  acid.  This  is  absorbed 
in  a  few  minutes  by  the  introduction  of  a  moist  ball  of 
binoxide  of  manganese,  which  may  be  readily  made  by 
converting  the  finely-powdered  binoxide  into  a  stiff 
paste  with  water,  rolling  it  into  a  globular  shape,  and 
then  inserting  a  bent  platinum  wire  in  such  a  manner 
as  to  prevent  its  being  readily  withdrawn ;  the  ball 
being  gradually  dried,  it  will  become  hard,  and  possess 
considerable  cohesion,  even  after  being  moistened  with 
water,  previous  to  its  introduction  into  the  gas.  After 
half  an  hour  the  manganese  bullet  may  be  withdrawn, 
and  replaced  by  one  of  caustic  potassa,  to  remove  the 
aqueous  vapor  introduced  with  the  previous  one ;  in 
half  an  hour  this  bullet  can  be  removed,  and  the  volume 
of  the  gas  at  once  noted.  The  difference  between  this 
and  the  previous  reading  gives  the  volume  of  the 
luminiferous  constituents  of  the  gas.  This  method  is 
very  accurate ;  according  to  its  author,  Dr.  Frankland, 
the  per  centage  of  luminiferous  constituents  seldom 
varies,  in  two  analyses  of  the  same  gas,  more  than  -01 
or  -02. 

4.  Estimation  of  the  Non-luminous  Constituents. — ■ 
These  are,  light  carbide  of  hydrogen,  hydrogen,  carbonic 
oxide,  and  nitrogen.  Their  per  centages  are  ascertained 
in  a  graduated  eudiometer,  about  two  feet  in  length, 
and  three-fourths  of  an  inch  internal  diameter,  the 
thickness  of  the  glass  being  not  more  than  one-tenth  of 
an  inch.  This  eudiometer  is  furnished,  at  its  closed 
end,  with  two  platinum  wires  fused  into  the  glass,  for 
the  transmission  of  the  electric  spark.  A  drop  of 
water,  about  the  size  of  a  pin's  head,  is  introduced  into 
the  upper  part  of  the  eudiometer  before  it  is  filled  with 
quicksilver,  and  inverted  in  the  mercurial  trough  ;  tlru 
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small  quantity  of  water  serves  to  saturate  with  aqueous 
vapor  the  gases  subsequently  introduced.  About  a 
cubic  inch  of  the  residual  gas  from  the  last  determina- 
tion is  passed  into  the  eudiometer,  and  its  volume 
accurately  read  off ;  about  four  cubic  inches  of  pure 
oxygen  are  now  introduced,  and  the  volume — moist — 
again  noted.  The  oxygen  is  best  prepared  at  the 
moment  when  it  is  wanted,  by  heating,  over  a  spirit  or 
gas  flame,  a  little  chlorate  of  potassa  in  a  very  small 
glass  retort,  allowing  sufficient  time  for  every  trace  of 
atmospheric  air  to  be  expelled  from  the  retort  before 
passing  the  gas  into  the  eudiometer.  The  open  end  of 
the  latter  must  now  be  pressed  firmly  upon  a  thick 
piece  of  caoutchouc  placed  at  the  bottom  of  the  trough, 
and  an  electric  spark  passed  through  the  mixture.  If 
the  above  proportions  have  been  observed,  the  explo- 
sion will  be  but  slight,  which  is  essential  if  nitrogen  be 
in  the  mixture,  as  this  element  will  otherwise  be  par- 
tially converted  into  nitric  acid,  the  results  being  thus 
vitiated.  By  using  a  large  excess  of  oxygen,  all  danger 
of  the  bursting  of  the  eudiometer  by  the  force  of  the 
explosion  is  also  avoided.  The  volume  after  explosion 
being  again  determined,  a  bullet  of  caustic  potassa  is 
introduced  into  the  gas,  and  allowed  to  remain  so  long 
as  any  diminution  of  volume  takes  place.  This  bullet 
absorbs  the  carbonic  acid  produced  by  the  combustion 
of  the  light  carbide  of  hydrogen  and  carbonic  oxide, 
and  also  renders  the  residual  gas  perfectly  dry ;  the 
volume  noted  after  this  absorption,  when  deducted 
from  the  previous  one,  gives  the  volume  of  carbonic 
acid  generated  by  the  combustion  of  the  gas. 

The  residual  gas  now  contains  only  nitrogen,  and 
the  excess  of  oxygen  employed. 

The  former  is  determined  by  first  ascertaining  the 
amount  of  oxygen  present,  and  then  deducting  that 
number  from  the  volume  of  both  gases ;  for  this  pur- 
pose, a  quantity  of  dry  hydrogen,  at  least  three  times 
as  great  as  the  residual  gas,  is  introduced,  and  the  bulk 
of  the  mixture  determined  ;  the  explosion  is  then  made 
as  before,  and  the  volume — moist — again  recorded. 
One-third  of  the  contraction  caused  by  this  combination 
represents  the  amount  of  oxygen,  and  the  remainder, 
when  this  is  deducted  from  the  volume  of  residual  gas, 
after  absorption  of  carbonic  acid,  shows  the  quantity  of 
nitrogen. 

The  behavior  of  the  other  three  non-luminous  gases 
on  explosion  with  oxygen,  enables  the  operator  readily 
to  find  their  respective  amounts  by  three  simple  equa- 
tions, founded  upon  the  quantity  of  oxygen  consumed, 
and  the  amount  of  carbonic  acid  generated  by  the 
three  gases  in  question.  Hydrogen  consumes  half  its 
volume  of  oxygen,  and  generates  no  carbonic  acid ; 
light  carbide  of  hydrogen  unites  with  twice  its  volume 
of  oxygen,  and  generates  its  own  volume  of  carbonic 
acid;  whilst  carbonic  oxide  combines  with  half  its 
volume  of  oxygen,  causing  the  formation  of  its  own 
volume  of  carbonic  acid. 

If,  therefore,  the  volume  of  the  mixed  gases  be  re- 
presented by  A ;  the  amount  of  oxygen  taken  up,  by 
B ;  and  the  quantity  of  the  mixed  gases  generated,  by 
C ;  and  further,  the  volumes  of  hydrogen,  light  carbide 
of  hydrogen,  and  carbonic  oxide  respectively,  by  x,  y, 
and  z,  the  following  equations  arise  :— 
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x  +  y  +   *  =  a 
+  2</  +  £s>  =  B 
y  +   z  =  c 

From  which  the  annexed  values  for  x,  y,  and  z  are 
derived : — 

x  =  A  —  C 
2  B  —  A 

V  =   3  

/2B  —  A\ 
*  =  °-  (—3—) 

5.  Estimation  of  the  Value  of  the  Luminous  Consti- 
tuents.— The  methods  above  given  will  show  the  re- 
spective quantities  of  all  the  constituents  in  any  speci- 
men of  coal-gas ;  but  analytical  results  afford  no  clue 
to  its  illuminating  power ;  they  give,  it  is  true,  the 
amount  of  illuminating  hydrocarbons  contained  in  a 
given  volume  of  the  gas,  but  it  is  evident,  from  what 
has  already  been  said  respecting  the  luminiferous 
powers  of  these  hydrocarbons,  that  the  greater  the 
amount  of  carbon  contained  in  a  given  volume,  the 
greater  will  be  the  quantity  of  light  produced  on  their 
combustion  ;  and,  therefore,  as  the  number  of  volumes 
of  carbon  vapor  contained  in  one  volume  of  the  mixed 
constituents,  condensable  by  anhydrous  sulphuric  acid, 
has  been  found  to  vary  from  2 '54  to  4-36  volumes,  it  is 
clear  that  this  amount  of  carbon  vapor  must  be  accu- 
rately determined  for  each  specimen  of  gas,  if  it  be 
desirable  to  ascertain  the  value  of  that  gas  as  an  illumi- 
nating agent.  Fortunately,  this  is  easily  effected,  for 
if  the  amount  of  carbonic  acid  generated  by  one  hun- 
dred volumes  of  the  gas  in  its  original  condition  be 
ascertained,  knowing  from  the  preceding  analytical 
processes  the  per  centage  of  illuminating  hydrocarbons, 
and  also  the  amount  of  carbonic  acid  generated  by  the 
non-luminous  gases,  the  operator  has  all  the  data  for 
calculating  the  illuminating  value  of  the  gas.  For  this 
purpose  a  known  volume — about  a  cubic  inch — of  the 
original  gas  is  introduced  into  the  explosion  eudio- 
meter, mixed  with  about  five  times  its  bulk  of  oxygen, 
the  electric  spark  passed,  and  the  amount  of  carbonic 
acid  generated  by  the  explosion  ascertained,  as  before 
directed.  If  the  per  centage  of  hydrocarbons  absorbed 
by  anhydrous  sulphuric  acid  be  denoted  by  A;  the 
volume  of  carbonic  acid  generated  by  one  hundred 
volumes  of  the  original  gas,  by  B ;  the  carbonic  acid 
formed  by  the  combustion  of  the  non-luminous  consti- 
tuents remaining  after  the  absorption  of  hydrocarbons 
from  the  above  quantity  of  original  gas,  by  C ;  and 
the  volume  of  carbonic  acid  generated  by  the  combus- 
tion of  the  luminiferous  compounds— hydrocarbons — 
by  x,  one  has  the  following  equation : — 
x  =  C  —  B ;  . 

and,  therefore,  the  amount  of  carbonic  acid  generated 
by  one  volume  of  the  hydrocarbons  is  represented  by 

C  —  B 
A 

But,  as  one  volume  of  carbon  vapor  gives  rise  to  a 
similar  quantity  of  carbonic  acid,  this  formula  also 
expresses  the  amount  of  the  former  in  one  volume  of 
the  illuminating  constituents.  For  the  purpose  of 
comparison,  however,  it  is  more  convenient  to  represent 
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the  value  of  these  hydrocarbons  in  their  equivalent 
volume  of  olefiant  gas,  one  volume  of  which  contains 
two  volumes  of  carbon  vapor ;  for  this  purpose  the  last 
expression  need  only  be  changed  to 

C  —  B 
2  A 

Thus,  if  a  sample  of  gas  contain  ten  per  cent,  of  hydro- 
carbons, of  which  one  volume  contains  three  of  carbon 
vapor,  the  quantity  of  olefiant  gas  to  which  this  ten 
per  cent,  is  equivalent  mil  be  fifteen. 

The  application  of  this  method  furnishes  an  exact 
chemical  standard  of  comparison  for  the  illuminating 
value  of  all  descriptions  of  gas ;  and  by  a  comparison 
of  the  arbitrary  numbers  thus  obtained,  with  the  prac- 
tical results  yielded  by  the  same  gases  when  tested  by 
the  photometer,  much  valuable  and  useful  information 
is  gained. 

Estimation  of  the  Specific  Gravity  of  Gas. — Although 
the  mere  determination  of  the  specific  gravity  of  gases 
is  of  very  little  use  as  a  test  of  their  commercial  value 
— unless  the  gas  is  to  be  used  for  aeronautic  purposes 
— yet,  as  it  is  still  much  employed  by  gas  engineers, 
and  as  such  an  estimation  is  occasionally  useful  for 
controlling  the  results  of  chemical  analysis,  a  method 
by  which  such  a  determination  may  be  made  is  here 
subjoined. 

The  specific  gravity  of  gases  should  be  taken  in  a 
room  where  there  is  no  fire,  and  where  the  tempera- 
ture is  liable  to  little  variation  during  the  time  occu- 
pied in  the  operations.  The  following  apparatus  is 
necessary:  First,  a  thin  glass  globe,  capable  of  holding 
at  least  two  hundred  cubic  inches,  and  furnished  with 
a  brass  cap  and  stopcock,  so  accurately  fitted  as  to  pre- 
vent all  ingress  of  air  when  the  globe  is  exhausted ; 
secondly,  a  small  exhausting  syringe  or  air-pump,  to 
which  the  globe  can  be  screwed  air-tight;  thirdly,  a  bal- 
ance capable  of  weighing  to  one-fiftieth  of  a  grain,  when 
loaded  with  a  quarter  of  a  pound  in  each  pan;  fourthly, 
a  glass  tube,  eighteen  inches  long,  and  half  an  inch  in 
diameter,  filled  with  fragments  of  fused  chloride  of  cal- 
cium, and  closed  at  each  end  with  a  perforated  cork, 
through  which  passes  a  glass  tube,  of  such  dimensions 
as  to  admit  of  adaptation  by  means  of  caoutchouc 
tubing  at  one  end,  to  the  exit  pipe  of  a  small  gas- 
holder, and  at  the  other,  to  the  stopcock  of  the  glass 
globe. 

The  process  consists  in  ascertaining  the  weight  of 
equal  volumes  of  atmospheric  air,  and  of  the  gas  under 
examination,  at  the  same  temperature  and  pressure. 
This  is  accomplished  by  first  exhausting  the  globe  by 
means  of  the  syringe  or  air-pump,  and  then  accurately 
ascertaining  its  weight,  care  being  taken  to  allow  time 
for  the  globe  to  assume  the  same  temperature  as  that 
of  the  air  surrounding  the  balance.  The  globe  should 
then  be  connected  with  one  extremity  of  the  chloride  of 
calcium  tube,  by  means  of  a  piece  of  vulcanized  caout- 
chouc tube,  and  the  stopcock  being  then  very  slightly 
opened,  the  air  passing  through  the  chloride  of  calcium, 
and  thus  being  thoroughly  deprived  of  moisture,  should 
be  allowed  slowly  to  fill  the  globe.  The  latter  being 
detached  from  the  desiccating  tube,  is  replaced  in  the 
balance,  where  it  should  remain  undisturbed  for  at  least 


five  minutes,  when  the  stopcock  is  opened  for  a  moment 
to  equalize  the  pressure  within  and  without,  and  the 
weight  then  accurately  determined.  The  difference 
between  the  two  determinations  gives  the  weight  of  the 
air  enclosed  in  the  globe.  The  exsiccating  tube  should 
now  be  attached  to  the  exit  pipe  of  the  gas-holder,  and 
a  stream  of  gas  allowed  to  rush  through  it,  until  every 
trace  of  air  has  been  expelled  from  the  interstices  of 
the  chloride  of  calcium ;  the  globe,  again  exhausted,  is 
then  to  be  attached  to  the  other  extremity  of  this  tube, 
and  the  stopcock  being  slightly  opened,  as  before,  the 
gas,  perfectly  dried  in  traversing  the  fragments  of 
chloride  of  calcium,  is  permitted  slowly  to  fill  the  globe, 
which  should,  whilst  still  attached  to  the  drying  tube, 
be  allowed  to  stand  undisturbed  for  a  few  minutes  near 
the  balance,  before  the  stopcock  is  finally  closed  and 
detached  from  the  drying  tube.  The  weight  of  the 
globe  thus  filled  with  gas  is  ascertained,  and  that  of  the 
exhausted  globe  being  subtracted  from  it,  the  difference 
indicates  the  weight  of  the  gas.  The  weight  of  equal 
volumes  of  gas  and  atmospheric  air  at  the  same  tem- 
perature and  pressure  having  now  been  ascertained,  it 
only  remains  to  divide  the  former  by  the  latter  to 
know  the  specific  gravity  of  the  gas.  Thus,  suppose 
the  weight  of  the  exhausted  globe  to  be  2000  grains ; 
that  of  the  globe  filled  with  dry  air  2060,  and  with 
exsiccated  gas  2040  grains ;  the  weight  of  the  volume 
of  air  equal  to  the  contents  of  the  globe  would  be  sixty, 
and  that  of  the  same  volume  of  gas  forty  grains ;  hence, 
40  -7-  60  —  '6666,  the  specific  gravity  of  gas,  air 
being  taken  as  unity. 

Unless  a  number  of  specific  gravities  are  determined 
at  the  same  time,  it  is  indispensably  necessary  to  as- 
certain the  weight  of  the  air  contained  in  the  globe 
previous  to  each  determination.  Care  should  be  taken 
that  the  temperature  of  the  room  in  which  the  balance 
is  placed  does  not  vary  more  than  about  one  degree 
between  the  several  weighings  of  the  globe,  as  other- 
wise a  considerable  error  will  be  introduced  into  the 
experiments.  The  globe  should  also  be  protected,  as 
much  as  possible,  from  the  heat  radiating  from  the 
body  of  the  operator  during  the  several  weighings. — 
Clegg. 

Much  time  and  space  might  be  occupied  in  discuss- 
ing the  merits  of  the  several  apparatus  to  be  employed 
in  the  analysis  of  gases,  but  this  seems  to  the  Editor  to 
be  quite  unnecessary.  The  best  plan  will  be  to  place 
before  the  reader  the  improved  apparatus  of  Frank- 
land  and  Ward,  which  resembles  that  of  Regnault 
and  Eeiset  in  mechanical  arrangement,  although  it 
differs  entirely  in  the  mode  adopted  for  the  measure- 
ment of  the  gaseous  volumes. 

The  instrument,  which  is  represented  by  the  accom- 
panying figure,  consists  of  the  tripod,  A,  furnished  with 
the  usual  levelling  screws,  and  carrying  the  vertical 
pillar,  B  B,  to  which  is  attached,  on  the  one  side,  the 
movable  gutta-percha  mercury  trough,  C,  with  its  rack 
and  pinion,  a  a,  and  on  the  other  the  glass  cylin- 
der, D  D,  with  its  contents.  This  cylinder  is  thirty-six 
inches  long,  and  four  inches  internal  diameter;  its  lower 
extremity  is  firmly  cemented  into  an  iron  collar,  c,  the 
under  surface  of  which  can  be  screwed  perfectly  water- 
tight upon  the  bracket  plate,  d,  by  the  interposition  of 
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a  vulcanized  caoutchouc  ring.  The  circular  iron  plate, 
d,  is  perforated  with  three  apertures,  into  which  the 
caps,  eee,  are  screwed,  and  which  communicate  below 
the  plate  with  the  T-piece,  E  e.  This  latter  is  furnished 
with  a  double-way  cock,  /,  and  a  single-way  cook,  g,  by 
means  of  which  the  tubes  cemented  into  the  sockets,eec, 
can  be  made  to  communicate  with  each  other,  or  with 
the  exit-pipe,  h,  at  pleasure. 

F6H  are  three  glass  tubes,  which  are  finnly  cemented 
into  the  caps,  eee.  J?  and  H,  which  are  only  slightly 
shorter  than  the  glass  cylinder,  are  each  from  15mm  to 
20mm  internal  diameter,  and  are  selected  of  as  nearly 
the  same  bore  as  possible,  to  avoid  a  difference  of 
capillary  action.    The  tube,  G,  is  somewhat  wider,  and 

f    Fig.  127. 


may  be  continued  to  any  convenient  height  above  the 
cylinder.  H  is  accurately  graduated  with  a  millimetre 
scale,  and  is  furnished  at  top  with  a  small  funnel,  i, 
into  the  neck  of  which  a  glass  stopper,  about  2mm  iu 
diameter,  is  carefully  ground.  The  tube,  F,  terminates 
at  its  upper  extremity  in  the  capillary  tube,  h,  which  is 
carefully  cemented  into  the  small  steel  stopcock,  I.  p 
has  also  fused  into  it  at  m  two  platinum  wires  for  the 
passage  of  the  electric  spark.  After  this  tube  has  been 
firmly  cemented  iuto  the  cap,  e,  its  internal  volume  is 
accurately  divided  into  ten  perfectly  equal  parts,  which 
is  effected  without  difficulty  by  first  filling  it  with 
mercury  from  the  supply-tube,  G,  up  to  its  junction  with 
the  capillary  attachment,  and  then  allowing  the  mercury 
to  run  off  through  the  nozzle,  h,  until  the  highest  point 
of  its  convex  surface  stands  at  the  division  ten,  pre- 
viously made  so  as  exactly  to  coincide  with  the  zero  of 
the  millimetre  scale  on  H;  the  weight  of  the  mercury  thus 
run  off  is  carefully  determined,  and  the  tube  is  again  filled 
VOL.  it. 


as  before,  and  divided  into  ten  equal  parts,  by  allowing 
the  mercury  to  run  off  in  successive  tenths  of  the  entire 
weight,  and  marking  the  height  of  the  convexity  after 
each  abstraction  of  metal.  By  using  the  proper  precau- 
tions with  regard  to  temperature,  et  cetera,  an  exceedingly 
accurate  calibration  can  in  this  way  be  accomplished. 

The  absorption  tube,  I,  is  supported  by  the  clamp,  n, 
and  connected  with  the  capillary  tube,  k,  by  the  stop- 
cock and  junction-piece,  I'p. 

When  the  instrument  is  thus  far  complete,  it  is 
requisite  to  ascertain  the  height  of  each  of  the  nine 
upper  divisions  on  the  tube  above  the  lowest  or  tenth 
division.  This  is  very  accurately  effected  in  a  few 
minutes,  by  carefully  levelling  the  instrument,  filling  the 
tube,  G,  with  mercury,  opening  the  cock,  I,  and  the 
stoppered  funnel,  i,  and  placing  the  cock,/  in  such  a 
position  as  to  cause  the  tubes,  F  H,  to  communicate  with 
the  supply-tube,  G.  On  now  slightly  turning  the  cock, 
g,  the  mercury  will  slowly  rise  in  each  of  the  tubes,  p 
and  H;  when  its  convex  surface  exactly  coincides  with 
the  ninth  division  on  F,  the  influx  of  metal  is  stopped, 
and  its  height  in  H  accurately  observed ;  as  the  tenth 
division  on  F  corresponds  with  the  zero  of  the  scale 
upon  H,  it  is  obvious  that  the  number  thus  read  off  is 
the  height  of  the  ninth  division  above  that  zero  point. 
A  similar  observation  for  each  of  the  other  divisions 
upon  F  completes  the  instrument. 

Before  using  the  apparatus,  the  large  cylinder,  dd,  is 
filled  with  water,  and  the  internal  walls  of  the  tubes,  P 
and  H,  are,  once  for  all,  moistened  with  distilled  water, 
by  the  introduction  of  a  few  drops  into  each,  through 
the  stopcock,  I,  and  the  stoppered  funnel,  i.  The  three 
tubes  being  then  placed  in  communication  with  each 
other,  mercury  is  poured  into  G,  until  it  rises  into 
the  cup,  i,  the  stopper  of  which  is  then  firmly  closed. 
When  the  mercury  begins  to  flow  from  I,  that  cock  is 
also  shut.  The  tubes  F  and  H  are  now  apparently 
filled  with  mercury,  but  a  minute  and  imperceptible 
film  of  air  still  exists  between  the  metal  and  glass;  this 
is  effectually  got  rid  of  by  connecting  p  and  H  with  the 
exit-tube,  h,  and  permitting  the  mercury  to  flow  out 
until  a  vacuum  of  several  inches  in  length  has  been 
produced  in  both  tubes.  On  allowing  the  instrument  to 
remain  thus  for  an  hour,  the  whole  of  the  film  of  air 
above-mentioned  will  diffuse  itself  into  the  vacuum,  and 
will  become  visible  as  a  minute  bubble  in  each  tube,  on 
allowing  the  vacuum  to  be  filled  up  from  the  supply- 
tube,  G.  These  bubbles  are,  of  course,  easily  expelled, 
on  momentarily  opening  the  cock,  I,  and  stopper,  i,  whilst 
G  is  full  of  mercury.  The  absorption-tube,  I,  being  then 
filled  with  quicksilver,  and  attached  to  I  by  the  screw 
clamp,  the  instrument  is  ready  for  use. 

In  localities  where  a  constant  supply  of  water  from 
street  mains  can  be  had,  the  temperature  of  the  water  in 
the  cylinder,  D  d,  can  be  maintained  perfectly  constant  by 
allowing  a  continuous  stream,  direct  from  the  main,  to 
flow  into  the  bottom  of  the  cylinder,  and  make  its  exit 
near  the  top.  By  this  arrangement  it  has  been  proved, 
in  an  extensive  series  of  experiments,  that  the  tempera- 
ture of  a  cylinder  supplied  from  the  Manchester  high- 
pressure  mains  varies  so  very  little  in  twelve  hours, 
that  it  scarcely  requires  correction  in  the  most  delicate 
experiments. 
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In  illustration  of  the  manner  of  using  the  apparatus, 
let  one  take  as  an  example  the  analysis  of  atmospheric 
air.  A  few  cubic  inches  of  air  freed  from  carbonic  acid 
having  been  introduced  into  the  tube,  I,  it  is  transferred 
into  F  for  measurement  by  opening  the  cocks,  1 1',  and 
placing  the  tube,  F,  in  communication  with  the  exit-pipe, 
h\  the  transference  can  be  assisted,  if  needful,  by 
elevating  the  trough,  c.  When  the  air,  followed  by  a 
few  drops  of  mercury,  has  passed  completely  into  F, 
the  cock  I  is  shut,  and  /  turned,  so  as  to  connect  F  and 
H  with  h.  Mercury  is  allowed  to  flow  out  until  a 
vacuum  of  two  or  three  inches  in  length  is  formed  in  H, 
and  the  metal  in  F  is  just  below  one  of  the  divisions ; 
the  cock,  f,  is  then  reversed,  and  mercury  very  gra- 
dually admitted  from  G,  until  the  highest  point  in  F 
exactly  corresponds  with  one  of  the  divisions  upon 
that  tube ;  suppose  it  to  be  the  sixth  division.  This 
adjustment  of  mercury,  and  the  subsequent  readings, 
can  be  very  accurately  made  by  means  of  a  small 
horizontal  telescope,  placed  at  a  distance  of  about  six 
feet  from  the  cylinder,  and  sliding  upon  a  vertical 
rod.  The  height  of  the  mercury  in  H  must  now  be 
accurately  determined,  and  if,  from  the  number  thus 
read  off,  the  height  of  the  sixth  division  above  the 
zero  of  the  scale  on  H  be  deducted,  the  remainder  will 
express  the  true  volume  of  the  gas;  but,  in  order  to 
compare  this  with  subsequent  readings,  made  at  other 
divisions  upon  F,  the  number  thus  obtained,  which 
evidently  represents  the  pressure  of  the  gas,  is  reduced 
to  what  it  would  have  been  had  the  gas  been  expanded 
to  the  tenth  division  of  F.  Bearing  in  mind  that  the 
pressure  of  a  gas  is  inversely  as  its  volume,  this  reduction 
is  very  simply  effected  by  multiplying  the  number  as 
above  obtained  by  six-tenths,  or  0-6;  and,  in  all  cases, 
any  determination  of  pressure  made  at  any  division 
upon  F  may  be  reduced  to  the  pressure  of  the  same 
volume  when  expanded  to  the  tenth  division,  by  the 
use  of  a  fractional  multiplier,  the  denominator  of  which 
is  ten,  and  the  numerator,  the  number  of  the  division  at 
which  the  determination  is  made. 

As  the  temperature  is  maintained  constant  during  the 
entire  experiment,  no  correction  on  that  score  has  to 
be  made ;  the  atmospheric  pressure  being  altogether  ex- 
cluded from  exerting  any  influence  upon  the  volumes  or 
pressures,  no  barometrical  observations  are  requisite, 
and,  as  the  tension  of  aqueous  vapor  in  F  is  exactly 
balanced  by  that  in  H,  the  instrument  is,  in  this  re- 
spect, self-correcting. 

Hydrogen  being  then  introduced  in  the  same  way  as 
the  original  gas,  and  the  volume  determined  anew,  the 
electric  spark  is  passed  through  the  mixture  by  means 
of  the  platinum  wires  at  m,  and  the  determination  of 
the  contraction  caused  by  the  explosion  terminates  the 
process.  The  following  are  the  results  of  an  analysis 
of  air  made  in  this  way : — 

VOLUME  OF  AIR  USED. 

(Determination  at  fifth  division  on  F.) 

Observed  height  of  mercury  in  H,   673-0  mm 

Height  of  lifth  division  above  zero,   383-0  " 

Corrected  pressure  of  gas,  =  290*0  " 

•5  " 

Corrected  pressure  of  gas  at  tenth  division,  =r  145-00  " 


VOLUME  AFTER  ADMISSION  OF  HYDROGEN. 

(Determined  at  sixth  division.) 


Observed  height  of  mercury  in  H,   772-3  •»» 

Height  of  sixth  division  above  zero   304-0  " 

Corrected  pressure  of  gas,  =  468-3  " 

•6  11 

Corrected  pressure  of  gas  at  tenth  division,  =  280-98  " 

VOLUME  AFTER  EXPLOSION. 

(Determined  at  fifth  division.) 

Observed  height  of  mercury  in  H,   763-3  mm 

Height  of  fifth  division  above  zero,   383-0  " 

Corrected  pressure  of  gas,   380-3  11 

•5  " 

Corrected  pressure  of  gas  at  tenth  division,  —  190-15  " 

RESULTS. 

Volume  of  air  used,   145-000 

Volume  of  oxygen,   30-276 

Hence: 

Nitrogen,   79-120 

Oxygen,   20-880 

100-000 


Subjoined  are  the  results  of  a  series  of  analyses 
performed  upon  the  same  specimen  of  atmospheric  air, 
previously  freed  from  carbonic  acid  by  caustic  potassa, 
which  show  the  delicacy  of  the  indications  of  this  in- 
strument : — 

i.  ii,  ni. 

Oxygen,   20-880    20-888    20-883 

Nitrogen,....  79-120    79-113    79-117 

100-000  100-000  100-000 

IV.  V.  .  VI. 

Oxygen,   20-867    20-868    20-776 

Nitrogen          79-133    79-132    79-124 

100-000  100-000  100-000 

Basfohd's  Patent  Method  of  Purifying  Gas. 
— Basford  obtained  a  patent  in  1855  for  purifying 
gas,  by  passing  it  through  heated  charcoal,  previously 
impregnated  with  lime-water. 

Wood  charcoal  is  preferred,  and  this  is  immersed  in 
a  saturated  aqueous  solution  of  lime,  for  not  less  than 
fifteen  minutes,  after  which  it  is  termed  by  the  patentee 
prepared  charcoal.  The  apparatus  in  which  this  is 
heated,  and  in  which  the  gas  passes  over  the  charcoal, 
is  of  cast-iron,  and  is  represented  in  Figs.  128,  129,  and 
130.    It  is  divided  into  separate  compartments,  A  A,  by 


Fig.  128.  Fig.  129. 


partitions  alternately  fixed  and  loose,  the  former  being 
shown  by  B,  while  the  latter  are  indicated  by  c.  Figs. 
129  and  130  exhibit  these  more  in  detail.  Each  fixed 
partition  has  an  opening — Fig.  130— at  the  bottom, 
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while  those  which  are  movahle  are  open  at  the  top,  so 
that  the  gas  can  be  made  to  pass  alternately  up  and 
down  the  several  chambers,  over  the  loose,  and  under 
the  fixed  diaphragms.  Open  covers  to  the  compart- 
ments are  indicated  at  D,  and  are  closed  by  lids  or 


Fig.  130. 


plates,  E.  To  one  end  of  the  apparatus  is  attached  a 
D-shaped  flanged  pipe,  F,  into  which  the  pipes  leading 
from  the  retorts  are  fixed,  either  vertically  by  the  pipe 
I,  or  horizontally  by  the  mouth-piece  G,  as  may  be 
required.  The  outlet  pipe  of  the  apparatus,  by  the 
hydraulic  main,  and  thence  to  the  gas-holder,  is  seen 
at  H.  K  K  are  flues,  by  means  of  which  heat  is  applied, 
and  L  L  designates  the  brickwork  in  which  the  whole 
apparatus  is  set. 

On  the  gas  passing  through  the  heated  prepared  char- 
coal, it  is  freed  from  a  large  amount  of  foreign  com- 
pounds, partly  by  chemical,  partly  by  mechanical 
action,  and  deposits  a  residuum,  which  possesses  the 
properties  of,  and  may  be  used  as,  a  pigment.  The  gas 
thus  purified  has  a  much  greater  illuminating  power 
than  that  submitted  to  the  ordinary  process  of  depura- 
tion. 

The  claim  of  the  patentee  is — 1.  For  the  separation 
of  the  impurities  from  coal-gas,  by  passing  it  through 
charcoal  saturated  with  lime-water,  and  heated  as 
described;  and,  2.  For  the  formation  of  a  residuum,  or 
deposit,  derived  from  the  gas,  which  may  he  used  as  a 
pigment,  or  color. 

For  the  removal  of  the  ammonia  and  the  sulphide  of 
hydrogen  by  one  and  the  same  process,  a  new  method 
of  purification  has  been  adopted,  and  is  one  well  worthy 
of  confidence.  The  screens  of  the  purifiers  are  covered 
with  a  mixture  of  carbonate  of  lime  and  sulphate  of 
iron,  which,  subsequently  exposed  to  the  air,  become 
carbonate  of  iron  and  sulphate  of  lime;  and  by  the 
absorption  of  oxygen,  the  carbonate  of  iron  leaves 
its  carbon,  and  becomes  partly  sesquioxide  of  iron. 
The  gas,  streaming  through  this  mixture — sesquioxide 
of  iron  and  sulphate  of  lime — gives  '  ■;,  its  sulphide  of 
hydrogen  to  the  oxide  of  iron,  formin  sulphide  of  iron 
and  water,  while  the  carbonate  of  ammonia — contained 
also  in  the  impure  gas — decomposing  the  lime-salt, 
forms  sulphate  of  ammonia  and  carbonate  of  lime. 

When  the  purification  is  completed,  and  the  mixture 
has  done  its  work,  it  is  exposed  to  the  air,  and  the  sul- 
phide of  iron  absorbing  oxygen,  is  converted  into  a 
basic  sulphate  of  iron.  Hence,  the  same  mixture  as  at 
first  is  obtained,  namely,  carbonate  of  iron  and  sulphate 
of  lime,  with  the  addition  of  sulphate  of  ammonia, 
which  may  be  washed  out  and  preserved,  while  the 


residue  is  employed  over  and  over  again.  By  this 
elegant  process,  the  noxious  sulphur  compounds  are 
utilized  in  the  fabrication  of  sulphate  of  ammonia,  and 
the  mixture  seems  never  weary  of  performing  its  duty ; 
hence,  not  only  is  the  februation  performed  at  one  pro- 
cess, but  the  noxious  ingredients  are  converted  into 
compounds  of  much  value. 

Another  method  of  removing  ammonia  may  be 
noticed :  it  consists  in  spreading  on  the  screens  super- 
phosphate of  lime,  consisting  of  bones  decomposed  by 
sulphuric  acid;  the  addition  of  ammonia  to  this,  makes 
it  a  powerful  and  excellent  manure. — Clegg. 

Chisholm's  Method. — Ghisholm's  method  for 
the  purification  of  gas  consists  in  combining  or  mix- 
ing together  the  peculiar  red  earthy  or  ochry-looking 
substances  found  mingled  with  peat  and  the  subsoil 
of  peat,  with  hydrate  of  lime,  or  the  mixed  hydrates  of 
lime  and  magnesia  obtained  from  magnesian  limestones, 
and  their  combination  or  mixture.  He  then  introduces 
into  the  vessel,  known  to  gas-makers  as  the  dry-gas  puri- 
fier, this  mixture,  and  the  foul  gas  passes  through  it  until 
it  is  rendered  pure ;  such  purity  being  ascertained  by 
the  application  of  the  tests  usually  employed  by  makers 
of  gas  for  that  purpose.  The  red  earthy  or  ochry  sub- 
stance above  alluded  to,  is  composed  chiefly  of  the 
oxides  and  salts  pf  iron  and  manganese,  and  it  is  prin- 
cipally to  these  metallic  matters  that  the  purifying 
agency  of  the  compounds  is  due ;  therefore,  the  greater 
the  quantity  of  these  oxides  this  earthy  matter  contains, 
the  better  is  it  adapted  to  the  purpose  for  which  the  pa- 
tentee uses  it;  and  although  the  exact  proportion  of  lime 
to  be  added  is  not  material,  yet  the  greater  the  amount 
of  metallic  matters  there  may  be  contained  in  the  red  or 
ochry  earthy  matters  aforesaid,  the  more  lime,  or  lime 
and  magnesia,  must  be  used ;  for  every  three  parts  by 
weight  of  metallic  matters  in  this  earthy  matter,  one  part 
of  lime  by  weight  is  preferred.  Instead  of  the  above 
red  earthy  matter,  there  are  sometimes  employed  in  the 
same  way  and  proportion,  the  fine  red  sandy  gravel  so 
general  around  London  in  the  neighborhood  of  chalk 
beds,  or  the  red  clay  which  is  so  common  around 
Eugeley  and  other  districts,  or  the  phosphate  or  sub- 
phosphate  of  iron,  known  by  these  names  to  all  geolo- 
gists, and  common  in  many  boggy  districts.  All  these, 
or  any  of  them,  he  uses  precisely  in  the  way  or  combi- 
nation described  with  respect  to  red  earthy  peat  matters 
already  alluded  to;  and  he  adds,  that  when  these  sub- 
stances or  mixtures,  or  any  of  them,  have  ceased  to 
purify  the  gas  from  sulphide  of  hydrogen  and  other 
impurities,  their  powers  may  be  again  in  part  or  alto- 
getherrenewed  or  restored  by  passing  or  forcing  through 
them  a  current  of  air,  or  by  merely  exposing  them  to 
the  atmosphere,  after  which  they  may  be  used  over 
and  over  again,  or  many  times  in  succession. 

Poole's  Patent. — Poole  took  out  a  patent  for  im- 
provements in  regulating  the  flow  and  pressure  of  gas 
and  other  fluids.  He  remarks,  that  it  is  often  desirable 
to  deliver  aeriform  fluids  at  a  certain  uniform  pressure, 
and  various  means  have  before  been  resorted  to  for  effect- 
ing this  object ;  accordingly  his  invention  consists  of  com- 
bining the  use  of  two  or  more  governors  or  regidators, 
which,  acting  independently  and  in  succession,  are  al- 
leged to  accomplish  the  desired  object  more  completely 
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than  has  been  done  heretofore.  The  description  of  go- 
vernors or  regulators  which  are  preferred  for  this  pur- 
pose, are  those  where  inverted  vessels  are  used,  working 
in  quicksilver  or  other  fluid,  and  connected  to  the  induc- 
tion valves.  Supposing  the  apparatus  to  be  arranged  for 
regulating  the  supply  of  gas  or  other  aeriform  fluid,  the 
main  or  supply  pipe,  where  the  regulation  is  to  take 
place,  is  arranged  to  communicate  in  succession  with  two 
or  more  chambers,  each  having  a  governor  or  regulator, 
and  so  that  no  gas  can  pass  from  the  main  or  supply- 
pipe  to  the  furthermost  chamber,  without  having  passed 
through,  and  been  regulated  more  or  less  perfectly  by, 
the  previous  regulators  or  governors ;  by  which  means 
the  gas,  supposing  it  to  come  up  to  the  first  governor 
or  regulator  at  a  pressure  exceeding  that  at  which  it  is 
desired  to  deliver  it  at,  will  act  on  the  governor,  and 
tends  to  close  the  valve,  and  thereby  restrict  the 
passage  of  the  gas  into  the  first  chamber;  the  gas  then 
passes  from  the  first  chamber  or  governor  into  the 
second,  and,  if  it  be  still  at  an  excessive  pressure,  it  will 
be  again  retarded  in  its  passage,  and  so  on,  according 
to  the  number  of  governors  or  regulators  combined  and 
caused  to  act  in  succession. 

Fig.  131  shows  a  vertical  section  of  an  apparatus 
combined  according  to  this  patent,  having  two  regu- 
lators or  governors  acting  in  succession ;  but  other 
apparatus  may  be  made  with  more  than  two,  to  act  in 
succession  in  a  similar  manner.  The  form  of  regulator 
or  governor  preferred,  is  that  where  an  inverted  vessel 
is  employed  fixed  to  the  valve,  the  action  of  which  is 
to  be  regulated;  but  the  form  of  the  parts  may  be 


Fig.  131. 


varied,  so  long  as  two  or  more  regulators  or  governors 
are  combined  to  act  in  succession.  No  claim,  how- 
ever, is  made  to  the  governors  or  regulators  separ- 
ately, when  two  or  more  are  not  combined  to  act  on 
and  regulate  the  same  supply.  A  is  the  inlet  for 
the  gas  or  aeriform  fluid;  B  is  a  chamber,  the  open- 
ing, C  c,  out  of  which  is  capable  of  being  more  or 
less  closed  by  the  valve,  o,  which  is  on  the  stem,  P, 
to  which  the  inverted  vessel  D  is  fixed,  the  edges  of 
which  dip  into  mercury  or  other  suitable  fluid  at  EE; 
there  being  weights,  GG,  on  the  vessel  D,  according  to 
the  degree  of  pressure  it  is  desired  to  regulate  or  bring 
the  supply  of  gas  or  other  aeriform  fluid  to,  when  it 
passes  away  at  the  outlet,  K.  The  gas  or  other  aeriform 
fluid  coming  into  the  chamber,  B — above  the  desired 
pressure — will,  to  some  extent,  be  regulated  by  its  acting 
on  the  first  regulator  by  raising  the  vessel,  D,  which 
will  also  raise  the  valve,  o,  in  the  compartment,  B, 


towards  the  opening,  cc,  till  the  quantity  of  the  gas 
allowed  to  pass  into  the  chamber,  H,  of  the  apparatus 
will  be  brought  to  nearly  the  desired  pressure.  The 
gas  or  aeriform  fluid  in  the  chamber,  H,  passes  through 
the  opening,  J  J,  into  the  compartment,  K,  and  acts  on 
the  inverted  vessel,  L,  which  is  affixed  to  the  stem,  N, 
by  which  the  valve,  o,  in  the  chamber,  H,  will  be  more 
or  less  closed,  according  as  the  pressure  of  the  gas  or 
aeriform  fluid  in  the  chamber,  H,  is  more  or  less  in  ex- 
cess of  the  pressure  at  which  it  is  desired  the  gas  or  aeri- 
form fluid  should  go  off  at  the  outlet,  K.  It  would  be 
well  to  state,  that  usually  the  same  amount  of  pressure 
or  weight,  N  N,  is  applied  to  the  inverted  vessel  L,  as 
there  is  by  the  weights,  G  G,  to  the  vessel  D,  such  being 
believed  to  be  the  best  mode  of  working  when  using 
such  apparatus.  The  vessel  L,  like  the  vessel  D,  dips 
into  mercury  or  other  liquid  at  its  lower  edges.  By 
using  a  succession  of  regulators  or  governors,  any  want 
of  correctness  of  the  regulation  of  the  first  will  be  com- 
pensated for  by  the  succeeding  ones. 

Michael's  Patent. — George  Michael,  who  has 
also  taken  out  a  patent  for  improvement  in  the  manu- 
facture of  gas,  remarks  in  his  specification,  that  in  the 
present  state  of  progress  in  the  different  arts  which  co- 
operate together  in  the  construction  of  gas-works,  he 
thinks  the  power  of  the  manufacturer  may  be  increased, 
and  the  gas  produced  more  economically  than  by  the 
present  mode,  without  employing  large  numbers  of  fine 
strong  men  to  destroy  their  health,  by  charging  red- 
hot  retorts,  through  very  narrow  apertures,  with  small 
quantities  of  coal,  and  to  perspire  during  twelve  hours 
in  front  of  an  intolerably  hot  radiating  surface.  He 
proposes  to  substitute  for  the  sinews  of  these  men  the 
action  of  steam-power;  and,  with  this  intention,  he 
amplifies  considerably  the  usual  dimensions  of  a  retort, 
in  order  to  obtain  in  one  distilling  apparatus  as  much, 
if  not  more,  heated  surface  as  is  now  to  be  found  in  a 
whole  bed  of  sixteen  retorts  twenty  feet  long ;  this  he 
does  for  the  purpose  of  having  the  floors  of  huge  retorts 
all  upon  one  and  the  same  level,  in  order  that  the  same 
steam  apparatus  used  for  charging  and  drawing  one  of 
them  may  perform  the  same  operation  for  the  others, 
by  simply  moving  such  apparatus  upon  rails  in  front  of 
the  retorts, 

The  dimensions  in  the  clear  which  he  prefers  giving 
to  these  huge  retorts  are  thirty  feet  in  length,  two  feet 
in  height,  and  about  nine  feet  in  width,  the  top  being 
parallel  to  the  floor,  so  that  the  transverse  section  of 
the  interior  of  the  retorts  represents  an  elongated  rect- 
angular figure.  These  retorts  are  built  with  fire-bricks ; 
but  he  observes,  that  if  he  only  cemented  the  bricks 
together  with  fire-clay,  as  is  usually  done,  the  working 
of  the  retort  would  depend  on  the  regular  action  of  the 
exhauster — that  is  to  say,  that  should  the  exhauster 
cease  to  work,  the  gas  would  pass  through  the  joints 
of  the  bricks,  an  occurrence  which  would  place  a  gas- 
work  in  jeopardy.  To  meet  this  great  difficulty,  the 
bricks  of  which  the  retort  is  made  are  laid  in  a  vitreous 
cement,  which,  when  subjected  to  the  heat  necessary 
for  making  gas  from  coal,  forms  a  glaze,  and  renders 
the  retort  impermeable  to  gas.  The  best  way  to  pre- 
pare this  compound  is,  to  pound  and  carefully  mix 
together  a  double,  treble,  or  a  more  compound  fusible 
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silicate,  in  which  silica,  lime,  potassa,  soda,  magnesia, 
oxide  of  iron,  oxide  of  manganese,  or  biborate  of  soda, 
may  be  usefully  employed ;  but  should  local  circum- 
stances not  admit  of  this,  the  good  effect  produced  by 
potassa,  soda,  or  better,  biborate  of  soda,  in  the  com- 
position of  the  cement  intended  to  become  vitrified, 
must  not  be  lost  sight  of.  It  is  evident  that  this  cement 
must  be  formed  into  a  paste  with  a  small  quantity  of 
water,  so  as  to  be  easily  used  by  the  bricklayer. 

It  will  be  obvious  to  all  practically  acquainted  with 
the  manufacture  of  porcelain,  earthenware,  or  glass, 
that  the  idea  of  setting  the  bricks  of  the  retorts  in  a 
vitreous  cement  can  be  earned  out  in  an  infinity  of 
different  ways,  according  to  localities,  giving  in  each 
place  the  preference  to  the  cheapest  of 
the  articles  here  above  noticed.  For  in- 
stance, in  London,  and  in  many  other 
towns,  recourse  can  at  once  be  had  to  a 
compound  silicate,  which  is  a  refuse 
from  the  glass  paper  manufactories — 
namely,  the  glass  dust — to  which  an  addition  of  two 
per  cent,  or  more  of  manganese,  and  four  per  cent, 
or  more  of  borax,  can  be  made  to  facilitate  the  fusion 
of  the  aforesaid  glass  dust.  In  other  places  it  may 
be  cheaper  to  employ  potassa  or  soda  as  a  cement 
between  the  bricks,  the  silica  and  alumina  of  the  fire- 
bricks, when  heated,  combining  with  the  alkali  and 
forming  a  vitreous  glazing  cement,  and  so  on  in  a 
variety  of  other  ways. 

Michael's  huge  retort  is  furnished  at  each  end  with 
a  cast-iron  mouth-piece  plate,  contrived  for  receiving 
a  luted  lid,  which  is  firmly  secured  by  cotters.  This 
retort  is  provided  with  two  or  more  orifices  at  the  top, 
by  which  the  charge  of  coal  is  introduced  by  tilting 
waggons  running  on  proper  railways ;  the  coal  so  in- 
troduced into  the  retort  is  then  spread  equally  over  the 
bottom  by  the  aid  of  a  rake,  which  forms  the  head  of 
a  rack  worked  by  a  steam-engine.  The  charge  of  coal 
preferred  to  work  off  in  such  a  large  retort  is  six  tons, 
forming  a  layer  of  ten  inches  deep.  When  the  charge 
is  worked  oft',  the  mouth-pieces  are  to  be  opened  by 
unfastening  and  hoisting  the  lids,  and  the  charge  of 
coke  is  pushed  out  in  one  cake  by  the  assistance 
of  the  steam-rack,  the  head  or  rake  of  which  being 
foi>  this  purpose  turned  upside  down,  so  as  to  act 
with  its  head  and  not  with  its  teeth.  Such  coke, 
if  it  be  desired,  may  be  received  in  an  oven  capable 
of  being  closed,  and  there  treated  with  :e 
this  intention  by  the  admission  of  air 
and  an  injection  of  steam,  leaving  one 
opening  for  abducting  the  products.  One 
great  peculiarity  in  the  construction  ol  '  :-  ' 
these  huge  retorts  is,  that  they  are  well 
isolated  from  contact  with  any  of  those  parts  of  the 
construction  which  are  liable  to  cool,  either  by  radiation 
or  by  contact  with  the  soil ;  this  isolation  is  obtained  by 
preserving  round  the  retorts  a  circumambient  empty 
space,  in  which  the  products  of  the  combustion  in  the 
fire-places  are  caused  to  decant  their  heat  at  different 
stages  in  their  perambulation,  before  finally  passing 
under  the  immediate  foundation  of  the  retort  on  their 
way  to  the  main  flue,  which  is  constructed  outside  the 
foundations  of  the  retorts,  or  nearly  so. 


The  patentee  then  proceeds  with  the  technical  de- 
scription of  the  construction  of  a  retort,  such  as  that 
referred  to  in  the  drawings — Figs.  132  and  133.  The 
products  of  combustion,  on  leaving  the  fireplace,  divide 
into  two  parts,  at  B  and  b';  one  follows  the  course, 
B,  c  c  C,  till  arriving  at  the  vertical  flue,  D,  through 
which  it  descends  into  the  chamber,  p,  which  is  common 
to  these,  and  to  those  products  of  the  combustion  which 
have  followed  the  course,  b',  c'c'c',  d'.  During  such 
course,  the  products  of  combustion  emit  part  of  their 

Fig.  132. 


heat  from  the  orifices,  EE  EE,  through  which  they  abcend 
round  the  retort,  so  that  in  reality,  by  this  phenomenon 
of  decantation,  there  are  formed  two  inverse  currents 
on  the  sides  of  the"  retort,  the  hottest  ascending,  which, 
after  having  parted  with  a  portion  of  its  heat,  will  be- 
come descending ;  and  the  constant  repetition  of  these 
effects  will  have  for  result  the  keeping  of  the  sides  and 
top  of  the  retort  at  the  same  temperature  as  its  floor  or 
bottom.  The  drawings  show  distinctly  how  the  under 
floor,  the  sides,  and  the  top  of  the  retort  are  constructed, 
for  allowing  this  phenomenon  of  decantation  of  heat  to 
produce  its  full  effect  everywhere  round  the  retort. 
Particular  stress  is  laid  on  this  system  of  construction, 
which  offers  every  possible  facility  to  the  working  out 
of  that  law  of  nature,  according  to  which  the  hotter 
parts  of  the  gaseous  products  have  a  tendency  to  rise, 
and  the  colder  to  descend.  It  is  according  to  the  same 
principle  that  the  products  of  combustion  left  in  the 
chamber,  P,  are  caused  to  descend  along  an  inclined 

Fig.  133. 


plane  in  the  six  flues,  a  G,  before  entering  the 
lower  chamber,  H,  which  delivers  them  through  one 
aperture  to  the  horizontal  chimney,  I.  The  orifice 
last  spoken  of  is  commanded  by  the  damper,  E, 
which  regulates  the  draught  of  the  fireplace.  This 
damper  is  worked  in  an  inclined  flue,  the  entrance 
of  which  is  to  be  covered  by  the  tile,  M,  in  front  of 
the  retort.    The  six  inclined  flues  leading  to  the 
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chamber,  H,  are  connected  together  sideways  by  the 
openings,  J  J. 

The  under  floor  of  the  retort  is  composed  of  three 
parts,  differing  one  from  another  in  their  construction 
— that  is  to  say,  the  floor  of  the  retort,  which  is 
formed  by  bricks  on  edge,  is  separated  from  the  fire- 
place by  an  arch  of  nine  inches  thickness,  from  the 
subsequent  main  flue  by  an  arch  of  four  inches  and  a 
half,  and  from  all  the  divided  flues  by  flat  bricks  two 
inches  and  a  half  thick,  and  eight  inches  long,  laid  in 
six  parallel  rows,  the  joints  of  such  rows  corresponding 
to  the  centre  line  of  five  rows  of  pillars. 

Charging  and  Drawing  of  Retorts. — The  interior  of 
retort,  N,  receives  the  charge  of  coal  through  the  open- 
ings, o  o,  which  are  shut  by  luted  caps,  P  P,  movable  at 
will ;  the  coal  is  brought  to  the  retort-house  in  trucks, 
so  arranged  that  when  tilting  their  contents  fall  at  once 
into  a  movable  funnel  placed  for  the  time  being  in  the 
openings,  o ;  these  dispositions  are  required  for  charging 
the  retort  quickly ;  and,  when  well  adapted,  as  indicated 
in  the  accompanying  drawings,  the  retort  can  receive  its 
charge  of  six  tons  of  coal  in  less  than  six  minutes,  pro- 
vided that  the  coal  be  spread  at  the  rate  it  falls  down 
by  proper  mechanical  power.  The  apparatus  to  which 
preference  is  given  for  producing  this  effect  is  composed 
of  a  cast-iron  rake,  Q,  which  forms  the  head  of  a  rack 
sliding  in  a  cast-iron  frame,  K  K  ;  this  receives  its  mo- 
tion from  a  steam-engine,  s,  fitted  to  the  frame ;  the 
motion  is  transmitted  by  the  ordinary  mechanical  con- 
trivances. In  order  that  the  same  steam  apparatus  may 
be  rendered  serviceable  for  the  working  of  twenty-four 
retorts,  or  more,  the  frame  here  spoken  of  rests  upon  a 
system  of  wheels,  T  T,  rolling  upon  rails  parallel  to  the 
front  of  the  retorts.  The  steam  is  adducted  by  a  pipe 
which  runs  in  a  casement  surrounded  by  sand  or 
other  non-conductor,  the  full  length  of  the  beds  of 
retorts ;  this  pipe  is  provided  with  small  outlet  branches 
and  cocks  between  each  two  retorts,  for  the  purpose  of 
delivering  the  steam  to  the  engine  of  the  steam-power 
rake,  through  a  movable  connecting  pipe.  When  the 
gas  is  worked  off,  and  the  charge  is  ready  to  be  with- 
drawn, the  lids  of  the  retorts  are  moved,  and  the 
coke  is  pushed  out  of  the  retort  in  one  lump  by  the 
action  of  the  steam-rake,  the  head  of  which — namely, 
the  rake — is  for  that  purpose  turned  upside  down  by 
swivelling  it  round  a  collar.  By  this  contrivance 
the  teeth  of  the  rake  are  spared,  and  its  head,  which 
is  shaped  like  a  strong  rib,  performs  the  work  of  clear- 
ing the  retort.  It  is  well  to  observe,  that,  in  order 
to  prevent  the  teeth  or  the  rib  of  the  rake  wearing  out 
the  brickwork,  they  are  kept  at  half  an  inch  distance 
from  the  floor  or  bottom  of  the  retort  by  friction 
rollers,  suitably  placed  for  bearing  the  weight  of  the 
apparatus.  There  are  also  friction  rollers  fitted  on  the 
sidvis  of  the  rake  for  guiding  its  movement  along  the 
sides  of  the  retort. 

When  the  retort  is  at  work,  the  gas  passes  off  through 
the  ascension  pipe,  v,  and  enters  the  hydraulic  main,  x, 
through  the  plunger,  Y,  which  is  suspended  to  a  screw, 
and  can  be  moved  up  and  down  for  the  purpose  of 
transforming  at  pleasure  the  hydraulic  main  into  a  dry 
main  by  suppressing  the  dip,  which  contrivance  is  very 
valuable  for  relieving  the  retorts  from  all  pressure. 


Mr.  Alexander  Croll  hap  taken  out  a  patent  for 
freeing  gas  from  its  ammonia,  and  a  part  of  the  sulphide 
of  hydrogen,  producing  at  the  same  time  chloride  of 
ammonium.  He  introduces  a  solution  of  the  chloride 
of  zinc  into  a  vessel,  upon  the  same  construction  as  a 
wet  lime  purifier;  on  admitting  the  gas,  double  decom- 
position ensues ;  an  insoluble  sulphide  of  zinc,  and 
a  solution  of  chloride  of  ammonium,  are  produced. 
The  gas  must  be  further  purified  with  lime  in  the  usual 
way. 

The  specifications  of  a  great  number  of  other  patents 
for  alleged  improvements  in  gas-making  might  be  given ; 
but  as  they  are  not  of  much  interest,  and  probably  of 
too  little  usefulness  ever  to  be  adopted,  the  Editor 
deems  it  unnecessary  further  to  allude  to  them,  which 
would  only  exhaust  the  patience  of  the  reader  with 
a  series  of  dry  details.  In  conclusion,  the  Editor  has 
to  express  his  thanks  for  the  courtesy  and  information 
rendered  to  him  by  Mr.  Samdel  Edwards,  formerly 
of  the  Liverpool  Gas  Works. 

GELATIN. —  Gelatine,  French;  Gallerte,  German; 
Gelatin,  Latin. — Skin,  the  tissue  of  bones,  cartilages, 
and  many  analogous  animal  tissues,  possess  the  well- 
known  property  of  yielding  to  boiling  water  a  substance 
capable  of  becoming  jellied  by  the  cooling  of  the  men- 
struum. This  was  for  a  long  time  regarded  as  a  pecu- 
liar organic  principle,  and  was  known  by  the  name  of 
gelatin;  but,  latterly,  Muller  found  it  to  consist  of 
gelatin,  properly  so  called,  and  of  another  particular 
product,  which  he  denominated  chondrin.  It  is  gener- 
ally assumed,  though  not  perhaps  on  very  sufficient 
grounds,  as  Brande  remarks,  that  the  gelatinous  tex- 
tures do  not  contain  ready-formed  gelatin,  that  that 
substance  does  not,  in  fact,  pre-exist  in  the  animal 
kingdom,  but  that  it  is  generated  by  the  action  of  hot 
water  upon  the  membranous  tissues. 

The  historical  information  connected  with  this  sub- 
ject is  very  limited.  lehthyocalla — the  Latin  synonym 
for  isinglass,  derived  from  two  Greek  words,  signifying 
the  glue  of  fish — is  repeatedly  mentioned  by  Diosco- 
rides  and  Pliny  ;  the  latter  writer  attributes  the  dis- 
covery of  it  to  DjEdalus. 

Preparation. — Gelatin  is  obtained  by  subjecting 
fragments  of  hoofs,  horns,  hides,  bones,  the  feet  of  calves, 
cows,  sheep,  et  cetera,  to  the  action  of  boiling  water  or 
steam.  The  resulting  menstruum  is  skimmed  and 
strained,  so  as  to  effect  the  removal  of  floating  fatty 
bodies,  and  of  any  deposit  which  might  be  formed ;  then 
allowed  to  gelatinize  by  spontaneous  decrease  of  its 
temperature. 

It  may  also  be  procured  from  shavings  of  hartshorn, 
the  product  being  tasteless,  and  having  the  advantage 
of  being  entirely  free  from  fatty  and  oleaginous  matters. 

When  gelatin  is  used  as  an  article  of  food,  the  mate- 
rial should  be  of  the  best  description,  and  quite  fresh. 
Bones  intended  for  this  purpose  ought  to  be  well  pre- 
served in  brine,  or  to  be  dried  in  a  stove.  Their  gelatin 
is  best  extracted  by  the  combined  action  of  steam  and 
a  current  of  water  percolating  the  fragments.  Cast- 
iron  cylinders  are  generally  used  in  this  part  of  the 
process.  A  vertical  section  of  one  of  these  is  repre- 
sented in  Fig.  134,  where  AAA  show  the  exterior 
cylinders,  containing  a  basket  or  cage,  B,  filled  with 
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bruised  bones ;  c  c  the  pipe  conveying  steam  to  the 
interior  ;  D,  a  pipe  for  the  introduction  of  water,  pro- 
vided with  a  stopcock,  E,  for  regulating  the  quantity  of 
the  supply,  and  to  which  is  accurately  fitted  a  tube  of 
tinplate,  F,  closed  at  the  inside  end,  and  perforated  on 
its  under  side  with  small  holes,  so  as  to  allow  of  the 
percolation  of  the  water :  this  tube  is  inserted  in  its 
proper  place  after  the  bone-cage  has  been  introduced. 

The  cylinders,  represented  by  A  A  A  A,  are  elevated 
about  twenty  inches  from  the  floor,  and  secured  in 
their  respective  positions  by  screws ;  a  a  are  the  lids, 
in  which  are  tubulures  or  valves ;  a  thermometer  is 
placed  at  b  ;  the  stopcocks,  for  withdrawing  the  gela- 
tinous menstruum,  are  shown  at  c  c ;  d  d  are  small 


Fig.  134.  ' 


gutters  of  tinplate ;  e  e,  the  main  conduit  of  discharge 
into  the  cistern,  /;  g  g,  blocks  and  tackle  for  raising  the 
bone-basket ;  /;.,  the  main  steam-pipe. 

When  a  pure  jelly  is  required,  the  cylinder,  after 
being  charged  with  bones,  is  wrapped  in  a  strong, 
coarse  woollen  material ;  as  soon  as  the  fatty  matters 
cease  to  flow,  the  stopcock,  E,  which  admits  the  cold 
water,  is  closed,  as  also  those  at  the  bottom  of  the 
cylinders,  ccc,  which  are  to  be  opened  only  at  the  end 
of  every  hour,  but  to  such  an  extent  only  as  to  let  the 
gelatinous  solution  run  out,  without  allowing  any  steam 
to  escape.  The  menstruum  is  subsequently  strained, 
and  poured  into  shallow  vessels  of  tinplate,  or  upon 
slab3  of  marble,  slate,  or  compact  and  polished  stone, 
to  solidify.  It  is  finally  cut  into  shreds,  et  cetera,  as 
may  be  thought  proper.  This  is,  however,  only  one 
method  of  manufacturing  gelatin ;  and  others,  for  which 
patents  have  been  obtained,  will  be  given  in  a  subse- 
quent part  of  the  present  article. 

Properties. — When  pure,  gelatin  is  colorless,  trans- 
parent, hard,  and  endued  with  great  but  variable  cohe- 
rence, according  to  the  kind  of  tissue  from  which  it  is 
obtained.  It  is  inodorous  and  insipid.  Its  specific 
gravity  is  greater  than  that  of  water.  It  has  a  neutral 
reaction.  When  heated,  it  softens,  diffuses  a  peculiar 
odor,  enters  into  a  state  of  semi-fusion,  bends,  tumefies, 
and  then  exhales  the  odor  of  burnt  horn.  In  the  air 
it  takes  fire  with  difficulty,  smokes,  flames  only  some 


instants,  and  leaves  a  bulky  charcoal  difficult  to  incine- 
rate, the  ashes  of  which  consist  principally  of  phosphate 
of  lime.  By  dry  distillation,  gelatin  gives  much  car- 
bonate of  ammonia,  and  yields  in  general  the  ordinary 
products  of  the  distillation  of  nitrogenized  substances. 

In  cold  water  it  softens,  intumesces,  becomes  opaque, 
but  does  not  dissolve.  A  liquid  which  contains  one- 
hundredth  part  of  its  weight  of  gelatin  becomes  viscous 
on  cooling,  but  when  it  has  only  the  one-hundred-and-  | 
fiftieth,  the  menstruum  remains  fluid.  These  pheno- 
mena, however,  vary  with  the  temperature.  In  winter 
the  jelly  is  much  more  readily  formed  than  in  summer. 
If  the  solution  of  the  gelatin  is  effected  too  quickly,  the 
jelly  obtained  is  less  firm.  Moreover,  the  result  varies, 
not  only  in  gelatin  obtained  from  different  tissues,  but 
also  with  that  obtained  from  the  same  tissue  taken  from 
animals  of  various  ages. 

It  differs  also  according  to  the  care  which  has  been 
taken  in  the  preparation  of  the  gelatin  ;  when  its  solu- 
tion has  been  exposed  to  a  temperature  higher  than 
212°;  and  when  it  begins  to  sour,  it  loses  in  part  the 
property  of  becoming  jellied.  The  same  happens  when 
its  solution  is  heated  and  cooled  several  times.  If 
gelatin  be  left  a  long  time  in  the  open  air,  at  a  tem- 
perature of  C0°  to  68°,  it  becomes  ammoniacal,  and 
putrefies,  diffusing  a  very  fetid  smell.  The  addition  of 
a  certain  quantity  of  acetic  acid  prevents  the  putrefac- 
tion without  destroying  its  adhesive  power. 

Gelatin  is  not  sensibly  soluble  in  alcohol,  and  when 
the  latter  is  poured  into  its  solution,  lukewarm  and 
somewhat  concentrated,  it  coagulates  in  a  white  cohe- 
rent, elastic,  and  slightly  fibrous  mass,  which  adheres 
to  the  vessel  with  much  force.  Like  dry  gelatin,  it 
softens  in  cold  water  without  dissolving  in  it.  On 
evaporating  the  alcohol,  there  remains  a  thin  transpa- 
rent coating,  very  soluble  in  cold  water,  but  which  is 
not  capable  of  being  jellied.  Common  gelatin,  in  a 
dry  state,  treated  with  alcohol,  gives  up  to  it  a  certain 
quantity  of  fatty  matter,  and  some  substances  of  an 
extractive  nature.  It  is  perfectly  insoluble  in  ether 
and  in  oils,  both  fat  and  volatile. 

Gelatin,  when  in  the  jellied  state,  and  treated  with 
alcohol,  undergoes  a  dehydration,  under  the  influence 
of  which  it  contracts  much.  It  was  by  this  means  that 
Gonnor  succeeded  in  remarkably  reducing  the  size  of 
a  print  obtained  in  a  very  hydrated  film  of  gelatin,  and 
transferring  it,  so  reduced,  to  stone,  from  which  he  ob- 
tained a  new  impression,  quite  similar  to  the  first,  but 
more  or  less  diminished. 

By  taking  these  prints,  on  the  contrary,  with  gelatin 
very  little  hydrated,  and  afterwards  steeping  them  in 
water,  a  dilatation  of  the  plate  is  obtained,  which  en- 
larges the  figures  with  the  same  regularity. 

Thenard  observed,  that  if  chlorine  be  passed  into  a 
somewhat  concentrated  solution  of  gelatin,  each  bubble 
is  surrounded  with  a  white  elastic  matter,  which  fol- 
lows it  to  the  surface  of  the  liquid,  and  which,  at  the 
moment  when  the  bubble  bursts,  leaves  a  white 
glutinous  matter,  capable  of  taking  a  chatoyant  ap- 
pearance by  malaxation.  Only  a  small  quantity  of 
chlorine  is  required  to  precipitate  all  the  gelatin, 
and,  when  this  body  is  in  excess,  the  deposit  be- 
comes of  a  light  yellow,  the  liquor  containing  free 
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hydrochloric  acid,  and  only  a  very  small  quantity  of 
animal  matter  remaining  in  solution.  Gelatin,  com- 
bined with  chlorine,  is  insoluble  in  water  and  alcohol ; 
it  reacts  as  an  acid,  a  property  of  which  it  may  be  de- 
prived by  macerating  and  washing  it  with  tepid  water. 
It  exhales  the  odor  of  chlorous  acid,  which  it  evolves 
when  heated  at  212°,  a  brownish  residue  remaining. 
Mulder  states  that  it  consists  of  one  equivalent  of  ge- 
latin=C13  H10  06  N2-fCl2  03.  When  acted  upon  by 
ammonia,  nitrogen  is  disengaged,  chloride  of  ammonium 
formed,  and  unaltered  gelatin  separated.  An  opales- 
cent, gelatinous  body  is  simultaneously  produced,  the 
composition  of  which  is  represented  by  the  last-men- 
tioned chemist  as  three  equivalents  of  gelatin  = 
3  (C13  HJ0  05  N2)  +  2  (Cl2  0,).  Muldek  has  also  ex- 
amined two  additional  chlorous  compounds  of  gelatin, 
the  first  being  4  (C13  Hl0  06  N2)  +  Cl2  03 ;  the  other, 
5  (C13  Hl0  06  N2)  +  2  (Cl2  03).  Much  doubt  exists 
with  regard  to  the  correctness  of  these  results.  Iodine 
and  bromine  do  not  give  rise  to  any  synonymous  com- 
binations. 

Concentrated  sulphuric  acid  produces  a  very  remark- 
able alteration  in  gelatin,  converting  it  into  sugar 
of  gelatin,  leuein,  et  cetera,  which  will  be  subsequently 
noticed. 

Nitric  acid,  aided  by  heat,  transforms  gelatin  into 
oxalic  acid. 

Concentrated  acetic  acid  renders  softened  gelatin 
transparent,  and  then  dissolves  it ;  the  solution  does 
not  become  viscid,  but  preserves  its  adhesive  property. 
Diluted  acids,  on  the  other  hand,  do  not  prevent  gela- 
tin giving  a  coagulum  on  cooling. 

The  alkalies  when  dilute,  and  even  concentrated 
ammonia,  do  not  deprive  it  of  the  property  of  becom- 
ing jellied,  but  render  the  solution  turbid  by  causing  a 
precipitate  of  phosphate  of  lime.  Softened  gelatin 
dissolves  at  the  ordinary  temperature  in  concentrated 
aqua  potassse,  leaving  a  white  residuum,  which  is  com- 
posed principally  of  phosphate  of  lime.  If  the  solu- 
tion be  exactly  saturated  with  acetic  acid,  and  eva- 
porated, it  does  not  become  glutinous ;  the  gelatin, 
altered  and  combined  with  acetate  of  potassa  which 
remains  after  the  evaporation,  is  soluble  in  alco- 
hol. Sulphuric  acid  precipitates  from  this  menstruum 
sulphate  of  potassa,  combined  with  modified  gelatin ; 
and  if  the  precipitate  be  dissolved  in  water,  and  the 
liquor  left  to  spontaneous  evaporation,  it  crystallizes  to 
the  last  drop.  The  aqueous  solution  of  the  salt  is 
abundantly  precipitated  by  the  infusion  of  nut-gall,  by 
chloride  of  mercury,  and  by  the  sesquisulphate  of  iron. 
Hydrate  of  lime  does  not  alter  the  solution  of  gelatin, 
which  dissolves  much  of  it.  The  same  may  be  said  of 
phosphate  of  lime ;  hence  the  reason  why  so  large  a 
quantity  of  this  salt  occurs  in  the  glue  of  commerce. 
No  subsidence  is  occasioned  in  dissolved  gelatin  by 
the  addition  of  neutral  sesquisulphate  of  iron,  until  the 
menstruum  has  been  boiled,  when  a  flocculent  reddish- 
yellow  precipitate  falls,  consisting,  according  to  Mul- 
der, of  three  equivalents  of  gelatin  combined  with  six 
equivalents  of  oxide  of  iron,  and  one  of  sulphuric  acid. 
Dumas  states  that  gelatinous  menstrua  are  not  thrown 
down  either  by  the  neutral  or  basic  acetate  of  lead, 
but,  according  to  Gmelin,  the  latter  causes  the  forma- 


tion of  a  copious  subsidence.  If  a  gelatinous  menstruum 
be  gradually  mixed  with  a  solution  of  chloride  of  mer- 
cury— corrosive  sublimate — a  cloudiness  is  produced 
which  quickly  disappears.  This  effect  continues  till  a 
certain  quantity  of  the  reagent  has  been  added,  when 
the  gelatin  is  at  once  precipitated  as  a  white,  coherent, 
and  very  elastic  coagulum.  The  behavior  of  gelatin 
with  nitrate  and  subnitrate  of  mercury  is  synonymous. 
Protochloride  of  tin  causes  a  brown  flocculent  subsi- 
dence, but  the  bichloride  gives  no  reaction. 

Silver  and  gold  salts  do  not  precipitate  gelatin,  but 
by  the  influence  of  solar  light  a  portion  of  the  metal  is 
reduced.  It  is  thrown  down  by  sulphate  of  platinum 
in  brown  viscous  flakes,  which  blacken  on  the  filter, 
and  are  afterwards  easily  pulverized.  E.  Davy  regards 
this  salt  as  an  infallible  test  for  the  detection  of  gelatin, 
even  in  the  presence  of  albumen,  and  in  solutions  so 
dilute  as  to  be  unaffected  by  tannic  acid. 

Tannic  acid  is  a  valuable  and  delicate  test  of  the 
presence  of  gelatin.  When  added  to  a  solution  con- 
taining only  one-five-thousandth  part  of  gelatin,  nebu- 
losity is  immediately  apparent.  When  more  concen- 
trated gelatinous  menstrua  are  treated  with  tincture  or 
infusion  of  galls,  a  dense,  white,  caseous  subsidence 
occurs,  which,  on  desiccation,  becomes  brownish-yellow, 
agglutinates,  and  forms  a  hard,  brittle  mass,  easily 
reduced  to  powder. 

From  the  investigations  of  Mulder,  it  appears  that 
several  definite  and  permanent  combinations  of  gelatin 
with  tannic  acid  are  capable  of  being  formed.  On  com- 
mingling the  pure  solutions  of  these  bodies,  a  neutral 
combination,  containing  one  equivalent  of  gelatin,  one 
of  tannic  acid,  and  two  of  water,  is  formed.  According 
to  Davy,  the  compound  of  gelatin  with  oak-tannin 
consists  of — 

Ccntesimnlly. 

Gelatin,   .r:4 

Tannic  acid,   -i6 1 

100 

M.  Schiebel,  who  obtained  nearly  the  same  results, 
says  that  one  hundred  parts  of  gelatin  precipitated  with 
a  large  excess  of  a  solution  of  extract  of  oak-bark  in 
nine  parts  of  water,  combined  with  118  5  parts  of  tannic 
acid.  When,  on  the  contrary,  he  mixed  a  very  dilute 
solution  of  extract  of  oak-bark  with  the  solution  of 
gelatin,  without  precipitating  the  whole  of  the  latter, 
the  deposit,  which  occupied  a  considerable  time  in 
subsiding,  contained  59'25  per  cent,  of  tannic  acid. 
The  gelatin  was  combined,  in  each  of  these  cases,  with 
different  proportions  of  tannin,  which  are  to  each  other 
as  1-0,  1-5,  and  2-0. 

Gelatin,  says  Dumas,  unites  with  various  quantities 
of  tannins  derived  from  other  sources,  but  never  to  a 
less  extent  than  sixty  per  cent,  when  the  precipitated 
menstruum  contains  tannin  in  excess. 

It  would  sometimes  be  important,  in  researches  re- 
lative to  animal  chemistry,  to  be  able  to  separate 
tannin  from  gelatin,  but  this  has  not  been  effected.  A 
dilute  solution,  either  of  caustic  alkali  or  a  carbo- 
nate, extracts  much  of  the  tannic  acid,  and  leaves  a 
gelatiniform,  mucilaginous,  swollen  mass,  which,  with 
the  aid  of  heat,  dissolves  in  alkali  like  gelatin  ;  but  it 
is  found  in  this  case,  that  the  solvent  employed  for 
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removing  the  tannic  acid  has  also  taken  up  a  certain 
quantity  of  gelatin,  and  if  the  mass  in  question  be 
digested  with  water,  a  little  of  the  gelatin  dissolves 
out,  while  the  remainder  is  converted  into  that  combi- 
nation of  gelatin  and  tannin  which  has  been  already 
mentioned  as  so  slow  in  depositing. 

Composition. — Ultimate  analyses  of  gelatin  have 
been  made  by  numerous  chemists,  but  with  different 
and  ill-agreeing  results,  the  foremost  among  them 
being  those  of  Mulder,  Scherer,  and  Goudcever  : 
the  formulas  proposed  to  represent  its  composition 
are,  consequently,  equally  diverse.  That,  however, 
adopted  by  Lowig  appears  to  approach  nearer  to  the 
atomic  combinations  which  have  been  examined,  and 
to  agree  better  with  experiment  than  any  other,  and 
is  adopted  in  the  following  tabulation  : — 

Centesimally  represented 
At.  weight.  Theory.   Mulder.  Scherer.  Scherer.  Goudccver. 

13  Eqs.  Carbon,...  78  50-00  50-04  50-4  50-78  50-00 

10  Eqs.  Hydrogen,  10  6-41  6-47  6-9     7-15  6-72 

5  Eqs.  Oxygen,..  40  25-64  25-13  23-8  23-75 

2  Eqs.  Nitrogen,..  28  17-95  18-36  18-9  18-32 

lEq.  Gelatin,...  156  100-00  100  00  100-0  lOO'OO 

Sugar  of  gelatin,  to  which  allusion  has  already  been 
made,  was  discovered  by  M.  Braconnot.  This  che- 
mist triturated  one  part  of  pulverized  gelatin  with 
double  its  weight  of  concentrated  sulphuric  acid,  and 
set  the  mixture  aside  for  twenty-four  hours.  At  the 
end  of  this  time  the  color  of  the  liquid  was  not  deepened. 
He  then  added  eight  parts  of  water,  and  subjected  the 
menstruum  to  ebullition  for  another  twenty-four  hours, 
keeping  up  the  quantity  of  water.  On  diluting  the 
fluid,  saturating  with  carbonate  of  lime,  filtering  and 
evaporating,  a  sirup  was  produced,  which,  when  allowed 
to  remain  quiescent  for  a  month,  deposited  granular 
crystals  strongly  adherent  to  the  bottom  of  the  vessel. 
These  were  edulcorated  with  weak  alcohol,  and  purified 
by  repeated  crystallization. 

Sugar  of  gelatin  possesses  a  marked  saccharine  taste, 
very  nearly  allied  to  that  of  grape  sugar.  It  is  soluble 
in  water,  but  not  in  alcohol.  An  aqueous  solution,  if 
kept  in  admixture  with  yeast,  exhibits  no  sign  of  fer- 
mentation. According  to  Boussingault,  the  aqueous 
solution  of  gelatin  sugar  gives  no  precipitates  with 
sulphate  of  copper,  acetate  of  lead,  or  the  nitrates  of 
mercury  and  silver. 

Nitric  acid  decomposes  sugar  of  gelatin,  giving  rise 
to  a  peculiar  compound,  which  Braconnot  designated 
nitrosaccharic  acid,  but  which  it  would  be  useless  to 
describe  here. 

The  composition  of  sugar  of  gelatin  is  as  under  : — 

Centes'nnAlly. 


At.  weight.           Theory.  Mulder. 

8  Eqs.  Carhon,   48    34-04    34-00 

9  Eqs.  Hydrogen   9    6-38    6-49 

7  Eqs.  Oxygen,   56    39-72    39-61 

2  Eqs.  Nitrogen,   28    19-86    19-84 

1  Eq.  Crystallized) 
gelatin  sugar,  J"  ' 


-.141    100-00    100-00 


Leucin,  previously  mentioned  as  being  one  of  the 
products  of  the  decomposition  of  gelatin  by  sulphuric 
acid,  has  been  shown  by  Mulder  to  be  formed  also 
during  the  putrefaction  of  casein. 

VOL.  II. 


Leucin  has  a  pearly  lustre.  It  is  friable,  tasteless, 
inodorous,  and  greasy  to  the  touch,  aud  sublimes  before 
fusion  at  about  340°.  It  is  soluble  in  about  twenty- 
eight  parts  of  water  at  65°,  and  in  six  hundred  and 
fifty-eight  parts  of  alcohol,  of  specific  gravity  0-828,  at 
the  same  temperature.  A  saturated  alcoholic  solution 
becomes  turbid  on  cooling.  It  is  insoluble  in  ether, 
and  is  anhydrous,  and  neither  acid  nor  alkaline. 

Further,  leucin,  as  Brande  states,  is  soluble  without 
decomposition  in  concentrated  sulphuric  and  hydro- 
chloric acids.  Chlorine  decomposes  it,  forming  hydro- 
chloric acid  and  other  products,  among  which  is  a 
brown  resinoid  substance,  and  a  red  volatile  fluid.  It 
absorbs  hydrochloric  acid  gas,  forming  with  it  a  mono- 
atomic  combination.  Its  composition,  as  determined 
by  Mulder,  is  as  follows : — 

Centesimally. 


At.  weight.  Theory.  Mulder. 

12  Eqs.  Carbon,                72               55-39    55-53 

12  Eqs.  Hydrogen,            12                9-23    9-22 

4  Eqs.  Oxygen                32               24-62    24-74 

1  Eq.  Nitrogen,             14              10-76    10-51 

1  Eq.  Leucin,   130    100-00    100-00 


Uses. — Gelatin  is  employed  for  making  jellies  and 
blanc-manges.  Considered  medicinally,  it  is  emollient 
and  demulcent,  and  for  this  end  is  dissolved  in  water 
or  milk,  and  rendered  palatable  by  the  addition  of  acid 
and  sugar.  Latterly,  it  has  come  into  considerable  use 
in  pharmacy  for  the  formation  of  capsules  intended  to 
conceal  the  nauseous  odor  and  taste  of  medicinal  pre- 
parations enclosed  in  them.  It  has  likewise  been  used 
for  coating  pills,  and  certainly  offers  advantages  not  to 
be  derived  from  the  now  almost  obsolete  practice  of 
covering  them  with  gold  leaf.  In  the  laboratory  it  is 
employed  as  a  test  for  tannic  acid. 

Patents. — Numerous  patents  have  been:  taken  out 
for  the  manufacture  of  gelatin.  Several  of  these  are- 
of  importance,  and  will  be  briefly  noticed. 

In  1839,  a  patent  was  granted  to  George  Nelson 
for  improvements  in  the  preparation  of  gelatin.  The 
products  of  the  process  are  of  two  kinds,  which  the 
patentee  denominates  as  gelatin  of  the  first  and;  second 
quality.  The  best  sort  is  opaque,  and  is  by  preference 
made  from  cuttings  of  the  hides  of  beasts  or  of  the 
skins  of  calves.  The  inferior  variety  is  procured'  from 
glue-pieces,  freed  from  hair,  wool,  and  fleshy  and  fatty 
matters.  The  modus  operandi  is  essentially  the  same 
in  both  cases,  and  is  as  follows : — The  cuttings  being 
well  washed  are  macerated  in  caustic  alkali  at  a  tem- 
perature of  60°,  until  they  are  partially  softened.  Ten 
days  is  the  period  named  as  required  to  effect  this. 
They  are  then  placed  in  close  vessels,  and  permitted  to 
remain  until  a  thorough  softening — ascertained  by  pass- 
ing a  fork  through  them — is  effected.  They  are  now 
washed  in  a  revolving  cylinder,  through  which  a  cur- 
rent of  water  passes  ;  exposed  in  a  well-closed  chamber 
to  the  action  of  sulphurous  acid;  submitted  to  pressure 
to  remove  the  adhering  water ;  and  subjected  to  the 
action  of  steam  at  about  150°,  till  they  are,  as  far  as 
possible,  dissolved.  The  menstruum  is  then  strained, 
and  set  aside  at  a  temperature  of  100°  to  120°,  for  the 
impurities  which  may  have  remained  to  subside  ;  then 
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poured  upon  slabs  of  slate  or  marble  to  the  depth  of 
about  half  an  inch,  and  allowed  to  remain  there  till  it 
has  sufficiently  solidified,  when  it  is  cut,  and  washed  to 
remove  all  traces  of  acid.  It  is  subsequently  redis- 
solved  by  means  of  a  steam-bath  at  the  temperature 
of  85°,  and  finally  re-solidified,  and  exsiccated  by 
exposure  to  dry  air  upon  nets. 

C.  E.  Roper,  for  whom  a  patent  was  sealed  in  April, 
1845,  prepares  gelatin  from  bones  or  ivory,  broken 
into  small  pieces  in  a  digester.  To  each  hundred- 
weight of  material  is  added  six  gallons  of  water,  and 
the  vessel  being  closed,  steam  is  admitted  at  a  pressure 
gradually  raised  to  thirty-two  pounds  per  square  inch 
for  three  and  a  half  hours,  when  the  charge  is  with- 
drawa.  If  the  bones  were  in  a  pulverulent  state,  it 
would  be  requisite  that  the  gelatin  should  be  pressed  out 
from  the  residuum ;  but  if  they  were  merely  broken 
into  fragments,  this  would  not  be  necessary.  The  pro-, 
duct  is  now  run  into  shallow  tins  or  pans  to  solidify, 
and  finally  placed  on  nets  to  dry  in  the  usual  manner. 

The  specification  also  includes  the  flavoring  of  the 
gelatin  with  essences  of  lemon  or  almonds,  for  the  pre- 
paration of  jellies  or  blanc-manges. 

In  1846,  Aeney  took  out  a  patent  for  the  prepara- 
tion of  gelatin  in  powder,  and  free  from  water,  so  that 
it  is  not  so  liable  to  become  mouldy,  while  it  is  reduced 
to  such  a  state  that  it  readily  dissolves  in  water  upon 
the  application  of  heat.  Ordinary  gelatin  is  subjected 
in  a  stove-room  to  a  temperature  which  ranges  from 
150°  to  212°,  and  when  the  moisture  is  entirely  dis- 
sipated, it  is  broken  to  pieces,  and  ground,  in  a  mill  of 
any  ordinary  kind,  to  a  fine  powder.  The  patentee 
claims,  secondly,  the  application  of  gelatin  in  a 
powdered  state,  by  means  of  a  particular  method  of 
sweetening  and  flavoring,  from  which  jellies  may  be 
prepared  by  dissolving  it  in  water,  and  blane-manges 
by  infusing  it  in  milk.  He  also  applies  his  powdered 
gelatin,  when  mixed  with  farina  or  starch,  or  starch 
vegetal  flour,  and  flavored  with  essence  of  meats,  culi- 
nary herbs  and  spices,  in  the  way  set  forth  in  the 
specification,  for  the  purpose  of  thickening,  enriching, 
and  flavoring  soups,  gravies,  et  cetera. 

In  1844,  Messrs.  J.  and  G.  Cox  of  Edinburgh 
patented  a  process,  by  which  they  obtain  a  perfectly 
pure  substance,  possessing  a  gelatinising  force  superior 
to  that  of  isinglass. 

Shoulders  and  cheeks  of  ox  hides,  which  are  pre- 
ferred by  the  patentees,  are  thoroughly  cleansed  in 
water,  after  which  they  are  cut  into  pieces  by  a  ma- 
chine similar  to  that  used  for  cutting  straw,  and  then 
subjected  to  the  action  of  a  paper-maker's  pulp-mill. 
By  this  process,  the  gelatinous  fibre  is  well  washed  and 
cleansed,  as  a  stream  of  water  flows  through  the  mill 
during  the  whole  operation,  carrying  off  all  the  impuri- 
ties. The  material  is  next  pressed  between  rollers, 
mixed  with  fresh  water  sufficient  to  effect  its  solution, 
and  heated  to  a  temperature  varying  from  150°  to  212°. 
By  these  means  a  superior  gelatin  is  speedily  pro- 
duced, and  it  is  said  that  the  gelatinising  power  is  not 
weakened  by  a  lengthened  exposure  to  heat. 

When  a  very  pure  product  is  desired,  the  grain  and 
flesh  are  removed  as  completely  as  possible  from  the  hide 
pieces,  the  albuminous  matters  being  thus  separated. 


After  that  portion  of  the  process  already  noticed  has 
been  gone  through,  the  liquid  gelatin  is  placed  in  a 
steam-bath,  and  when  heated  to  a  temperature  not 
exceeding  160°  or  170°,  fresh  ox  blood  is  added,  in  the 
proportion  of  one  gallon  to  seven  hundred  of  the  gelatin. 
As  the  temperature  increases,  the  albumen  of  the  blood 
becomes  coagulated,  partly  rising  as  a  scum  to  the  sur- 
face of  the  menstruum,  the  other  portion  descending  to 
the  bottom.  When  the  magma  has  all  ascended,  the 
heat  is  lowered,  and  it  is  removed,  and  the  purer  liquor 
allowed  to  settle  for  about  an  hour,  when  it  is  run  into 
coolers,  where  it  congeals,  and  is  then  out  out  into  any 
convenient  way  and  dried,  in  vacuo,  by  a  process  similar 
to  that  for  the  evaporation  of  saccharine  menstrua. 

By  another  mode  of  concentration,  the  gelatinous 
solution  is  run  upon  a  steam-heated  surface — say  pipes 
of  half  an  inch  diameter,  placed  within  one-eighth  of 
an  inch  apart — to  the  depth  of  about  an  inch.  The 
exsiccation  is  then  completed  in  the  open  air. 

A  patent  was  granted,  in  1847,  to  G.  P.  Swinborne, 
for  improvements  in  the  manufacture  of  gelatin  by  the 
following  process: — Hides  or  skins,  or  those  parts  of 
them  known  as  glue-pieces,  are  cut  into  shavings,  or 
thin  slices  or  films,  by  any  suitable  instrument ;  these 
are  then  soaked  in  water,  which  is  changed  two  or 
three  times  each  day,  until  no  smell  or  taste  can  be 
detected  either  in  the  water  or  in  the  shavings,  which 
are  then  removed,  subjected  to  heat  with  water  suffi- 
cient to  cover  them  when  pressed  down  in  any  suitable 
vessel.  The  gelatin,  thus  dissolved,  is  strained,  sub- 
jected to  slight  pressure,  and  run  in  thin  films  upon  a 
smooth  surface  of  slate  or  other  material  to  set,  and 
then  placed  on  nets  to  dry  in  the  ordinary  way,  and 
finally  cut  into  shreds. 

A  fish  gelatin  is  also  prepared  by  the  same  method 
from  cod  sounds,  which  forms  a  good  and  cheap  substi- 
tute for  isinglass  for  clarifying  liquids. 

ISINGLASS. — Colle  depoisson,  French;  Fischleim, 
German;  Ichthyocolla,  Latin. — The  repeated  mention 
by  Dioscorides  and  Pliny  of  ichthyocolla  has  already 
been  noticed. 

Isinglass  is  obtained  from  the  air-bag,  or  sound,  as 
it  is  sometimes  termed,  of  various  fishes,  many  of  which 
are  still  unknown.  The  finest  kinds  are  produced  by 
species  of  the  Acipenser,  and  some  other  genera,  as  the 
Morrhua,  Silurus,  and  Gadus. 

The  method  of  preparing  the  air-bags  for  sale,  differs 
considerably,  according  to  the  country  in  which  it  is 
conducted.  The  commercial  pipe,  purse,  and  lump 
isinglass  consist  of  the  bag  desiccated,  but  unopened. 
The  leaf  and  honeycomb  kinds  are  examples  of  the 
bladder  cut  open  and  dried  unfolded  ;  in  the  staple  and 
book  varieties,  it  is  folded,  while  in  the  ribbon  isinglass, 
it  is  rolled  out.  It  is  picked  or  cut  before  importation 
into  Great  Britain. 

Description. — For  a  delineation  of  the  various 
kinds  of  isinglass,  the  Editor  holds  himself  indebted  to 
Dr.  Pereira.  The  very  able  dissertation  of  that 
pharmacologist  on  the  various  fishes  from  which  isin- 
glass is  prepared,  must,  however,  be  omitted,  as  out  of 
place  here. 

1.  Russian  and  Siberian  Isinglass. — The  isin- 
glass produced  in  the  Russian  empire  is  principally 
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obtained  from  the  sturgeons.  These  cartilaginous 
fishes  constitute  the  genus  Acipenser.  But  this  is  not 
the  only  genus  from  which  isinglass  is  obtained  in 
Russia,  for  it  is  also  procured  from  the  Silurus  glanis, 
which  Dr.  Royle  suggests  may  he  the  source  of  the 
Samovey  isinglass  of  commerce.  Brande  thus  de- 
scribes the  preparation  of  Russian  isinglass : — The 
swimming  bladder  is  cut  open,  washed,  and  then 
exposed  to  the  air  with  the  inner  silvery  membrane 
turned  upwards.  The  latter  is  then  stripped  off  and 
placed  in  damp  cloths,  or  left  in  the  outer  covering, 
and  prepared  or  kneaded.  It  is  then  taken  out  of  the 
cloths,  and  either  merely  dried — leaf  isinglass — and 
twisted  in  a  serpentine  manner,  between  three  pegs, 
into  the  shape  of  a  horse  shoe,  heart,  or  lyre — long  and 
short  staple — or  folded  in  the  manner  bookbinders 
fold  printed  sheets  of  paper — book  isinglass. 

Dr.  Pereira  observes  in  a  foot-note  to  the  above 
account  of  Brande,  that  though  it  agrees  with  ,  the 
statements  given  by  Pallas,  Gmelin,  Georgi,  and 
Tooke,  there  must  be  some  inaccuracy  in  it.  The 
immersed  membrane  of  the  swimming  bladder  is  insol- 
uble, though,  according  to  Brande's  view,  the  inner- 
most is  the  gelatinous  membrane.  According  to 
T.  W.  C.  Martin,  the  swimming  bladders  are.  first 
placed  in  hot  water,  carefully  deprived  of  adhering 
blood,  cut  open  longitudinally,  and  exposed  to  the  air, 
with  the  inner  delicate  silvery  membrane  upwards. 
When  dried,  this  fine  membrane  is  removed  by  beating 
and  rubbing,  and  the  swimming  bladder  is  then  made 
into  different  forms. 

Several  kinds  of  leaf  isinglass,  says  Brande,  are 
imported  from  Russia.  The  finest  kind  is  that  from 
Astrakhan,  one  variety  of  which  is  said  to  be  obtained 
from  the  Beluga — Acipenser  huso.  These  are  im- 
ported from  St.  Petersburg.  The  Samovey  leaf  is  an 
inferior  kind  brought  from  Taganrog.  Sisane  leaf  is 
the  produce  of  a  small  fish,  each  piece  measuring  only 
about  two  and  a  half  inches  each  way,  and  weighing 
about  a  drachm  ;  it  looks  like  pieces  of  dried  bladder, 
marked  by  two  fibrous  or  muscular  bands.  Kroski 
isinglass  is  in  small  circular  membranous  discs.  Long 
staple  isinglass  is  of  fine  quality,  and  is  the  produce  of 
the  Oural.  It  is  usually  imported  loose  ;  at  times  it  is 
strung  on  ropes,  and  this  latter  kind  is  preferred.  Of 
short  staple,  three  varieties  are  known :  the  finest  is 
from  the  Oural,  and  is  distinguished  by  the  name  of 
Patriarch,  but  it  is  very  scarce.  The  Astrakhan  short 
staple  is  one  of  the  best  kinds.  The  Samovey  short 
staple  is  of  inferior  quality.  Two  sorts  of  book  isinglass 
are  met  with ;  that  from  the  Oural  is  excellent,  but  the 
Samovey  product  is  little  regarded.  Siberian  purse 
isinglass  is  of  moderately  good  quality,  and  is  in  general 
demand.  A  small  kind  on  strings,  in  a  necklace  form, 
is  sometimes  imported. 

2.  Brazilian  Isinglass. — This  is  imported  from 
Para  and  Maranharn,  and,  according  to  Guibourt,  is 
sometimes  denominated  Cayenne  isinglass.  The  fishes 
which  produce  it  are  not  known,  but  it  is  obvious, 
from  a  superficial  examination  of  the  commercial  speci- 
mens, that  they  must  have  been  obtained  from  at  least 
several  species  or  genera.  Yarrel  suggests  the  genera 
Pimelodus  and  Silurus  as  the  sources  of  it. 


It  comes  over  in  the  form  of  pipe,  lump,  and  honey- 
comb. 

Pipe  Brazilian  isinglass  must  have  been  procured 
from  a  large  fish.  It  is  prepared  by  drying  the  swim- 
ming bladder  unopened,  and  in  some  cases  this  is 
found  distended  with  air.  Each  air-bag  or  pipe,  as  it 
is  called,  is  from  ten  to  twelve  inches  in  length,  and 
two  or  two  and  a  half  inches  broad,  weighing  about 
five  ounces,  in  shape  somewhat  conical,  tapering  at 
one  extremity,  but  broader  at  the  other,  where  on 
each  side  is  a  caeeal  prolongation.  It  is  devoid  ot 
smell.  Lump  Brazilian  isinglass  consists  of  two  swim- 
ming bladders  placed  side  by  side,  considerably  sepa- 
rated at  one  end,  but  communicating  with  each  other 
at  the  diverse  extremity.  When  perfect,  each  specimen 
bears  some  resemblance  to  that  of  a  torpedo.  A  per- 
fect, though  not  very  large  lump,  measured  eight  inches 
in  length,  and  at  the  greatest  latitude,  five  inches.  Its 
weight  is  about  six  and  a  half  ounces.  It  consists  of 
three  portions,  separated  by  constrictions.  The  largest 
portion  is  five  inches  broad,  and  three  and  a  half  inches 
in  length,  flattish  in  front,  rounded  posteriorly.  It 
consists  of  two  sacs,  placed  one  on  each  side.  The 
middle  portion  is  cblong,  three  inches  in  length,  and 
two  in  breadth.  This  is  also  formed  of  two  sacs,  com- 
municating with  the  preceding  portion.  The  third 
portion  is  oblong,  one  and  a  half  inches  long,  and  three- 
fourths  of  an  inch  wide.  This  consists  of  one  sac  only, 
into  which  both  sacs  of  the  middle  portion  open. 

Honeycomb  Brazilian  isinglass  appears  to  be  the 
largest  quantity  of  the  lump  variety  split  open.  The 
latter  is  sometimes  softened,  and  rolled  out  into  thin 
ribbons,  in  this  country.  On  account  of  its  deeper 
color  and  less  solubility,  Brazilian  isinglass  is  not  in 
demand  for  domestic  use ;  though,  as  it  is  sold  in  the 
cut  state,  it  is  probably  largely  intermixed  by  shop- 
keepers with  the  finer  kinds  of  Russian  isinglass,  and 
sold  as  such.  As  it  is  moderately  cheap  and  soluble, 
it  is  in  extensive  use  for  fining  by  brewers,  who  are 
the  principal  consumers  of  this  variety.  When 
digested  with  boiling  water,  it  leaves  a  large  proportion 
of  undissolved  white  matter  of  a  starchy  consistence. 

3.  New  York  Isinglass. — Occasionally,  ribbon  isin- 
glass is  imported  from  IJew  York.  It  is  in  thin  strips 
of  several  feet  long,  and  from  an  inch  and  a  half  to  two 
inches  in  width.  It  is  less  soluble  than  Russian  isin- 
glass, and  affords  a  dark-colored  solution.  Dr.  J.  V.  C. 
Smith  states  that  it  is  obtained  from  the  air-bladder 
of  the  common  Hake — Gadus  merluccius — which  is  > 
macerated  in  water  for  a  short  time,  and  is  then  taken 
out  and  subjected  to  pressure  between  two  iron  rollers, 
by  which  it  is  elongated  to  the  extent  of  half  a  yard  or 
more.  It  is  then  carefully  dried,  packed,  and  sent 
to  market.  The  common  cod — Morrhua  vulgaris — ■ 
yields  a  poorer  kind  of  isinglass ;  but  the  hake  only 

is  known  to  the  extensive  manufacturers  as  fit  for  their 
purposes. 

4.  Hudson's  Bay  Isinglass. — Dr.  Pereira  was 
unable  to  ascertain  from  what  fish  this  isinglass  is  pro- 
cured. It  comes  over  in  the  purse  form.  One  speci- 
men measured  twelve  inches  in  length,  and  three  and 
a  half  in  diameter;  its  weight  is  one  ounce  and  a  half. 
It  is  of  a  light  yellow  color,  translucent,  and  free  from 
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taste  and  smell.  The  inner  lining  of  the  sac,  which 
may  be  readily  stripped  off,  is  insoluble  in  water ;  the 
remaining  membrane  dissolves  in  boiling  water. 

5.  East  India  Isinglass. — It  appears  that,  for  a 
long  period,  this  has  been  exported  from  Calcutta  to 
China,  but  it  has  only  recently  occupied  the  attention  of 
Europeans.  It  is  probably  the  produce  of  a  species  of 
Polynemus.  But,  according  to  Dr.  Royle,  the  fishes 
which  Dr.  Buchanan  named  Bola,  and  several  species 
of  Silurus,  especially  S.  raita,  also  yield  isinglass. 
Most  of  the  specimens  of  Indian  isinglass  examined  by 
Dr.  Pereira  had  an  unpleasant  fishy  odor,  which 
rendered  them  totally  unfit  for  household  use,  and 
greatly  deteriorated  their  value  for  domestic  purposes. 
A  sample  of  East  Indian  purse  isinglass,  examined  by 
Dr.  Pereira,  consisted  of  an  unopened  swimming 
bladder,  flattened  and  dried.  Its  shape  is  oval-oblong, 
its  length  nine  inches,  its  breadth  three  and  a  half 
inches,  its  weight  seven  and  a  half  ounces.  It  has  a 
strong  fishy  smell,  and  is  of  a  dark  color. 

Another  kind — East  India  leaf  isinglass — is  the  sac 
merely  laid  open  and  dried.  It  is  eight  or  nine  inches 
long,  six  or  seven  inches  broad,  and  about  three-tenths 
of  an  inch  thick.  A  third  variety — East  India  rolled 
leaf  isinglass — which  Dr.  Pereira  received  from  Dr. 
Royle,  appears  to  have  been  formed  by  rolling  out  the 
preceding  kind  into  thin  plates.  One  specimen  was 
about  eighteen  inches  long,  three  and  a  half  inches 
wide,  and  one-tenth  of  an  inch  thick.  Some  of  the 
sheets  are  covered  with  a  thin  film  of  chalk. 

Picked  East  India  isinglass  is  in  small  shreds,  two  or 
three  inches  long,  and  tapering  at  the  extremities.  It 
is  hand-picked  in  India  by  the  natives. 

Manilla  isinglass  has  been  imported  recently  as  thin 
cake.  It  is  white  and  clean,  and  is  equal  in  quality  to 
Brazilian  or  Samovey  book.  The  fish  which  yields  it 
is  found  in  the  river  of  Manilla,  and  on  the  coasts  of 
the  Philippines,  Luconia.  It  is  smaller  than  the  Bra- 
zilian, but  greatly  resembles  the  lump  variety  of  that 
kind,  and  the  fish  is  probably  an  allied  species. 

6.  Cod  Sounds. — These,  in  the  dried  state,  are 
brought  from  Scotland,  and  used  as  a  substitute  for 
foreign  isinglass.  They  are,  however,  usually  pre- 
served soft  by  salting,  and  dressed  for  the  table. 

Para  Isinglass. — A  substance  has  lately  been  im- 
ported under  the  name  of  isinglass,  which,  on  examina- 
tion, proves  to  be,  not  the  air-bag,  but  the  dried  ovary 
of  a  large  fish. 

It  consists  of  bunches — somewhat  resembling  those 
of  grapes— of  ovoid  or  rounded  masses,  attached  by 
peduncles  to  a  central  axis ;  by  immersion  in  water, 
the  latter  is  found  to  be  a  convoluted  membrane,  to  one 
side  only  of  which  these  ovoid  masses  are  attached. 
When  soaked  in  water,  the  fishy  odor  of  this  so- 
called  isinglass  is  very  obvious.  The  ovoid  masses 
are  ova,  are  highly  vascular  on  the  surface,  and  are 
filled  with  an  animal  substance  of  a  yellow  color.  In 
general  appearance,  they  resemble  the  vitillus  of  a 
shark  or  ray. 

The  Sudis  gigas,  a  large  osseous  fish,  upwards  of 
six  feet  in  length,  is  found  at  Para.  Its  flesh  is  eaten 
by  the  lower  classes  in  a  dried  and  salted  state,  and 
its  swimming  bladder  constitutes  one  of  the  kinds  of 


Brazilian  isinglass  imported  into  London.  It  is  pro- 
bable that  the  ovary  of  this  fish  constitutes  the  false 
isinglass  in  question.  If  not  from  this  fish,  it  is  probably 
obtained  from  some  allied  genus — as  Anxia — of  highly 
organized  osseous  fishes. — Pereirds  Materia  Medica. 

Properties  and  Composition. — The  properties  of 
isinglass  are  nearly  the  same  as  those  of  gelatin. 

Isinglass  was  first  analysed  by  Dr.  John,  but  his 
results  are  very  questionable.    They  are  as  follow : — 

Centesimally. 

Gelatin,     70  0 

Osmazom,   16'0 

Membrane  insoluble  in  boiling  water,   2*5 

Free  acid,  and  salts  of  potassa  and  soda, )  .  q 

with  some  phosphate  of  lime,  j 

Water,   7-5 

100-0 

It  appears  that  the  Bengal  isinglass  yields,  on  ana- 
lysis, gelatin,  albumen,  osmazom,  a  trace  of  odorous  oil, 
and  a  small  amount  of  inorganic  matter.  The  quan- 
tities of  the  first  two  mentioned  principles  contained  in 
three  several  samples  of  isinglass  were  respectively : — 

Centesimally. 
I.  II.  III. 

Gelatin,   86-5    90-9    92-8 

Albumen,   13-5    9-1    7-2 

100-0  100-0  100-0 

Uses. — The  more  common  kinds  of  isinglass,  espe- 
cially the  coarse  Brazilian,  are  used  by  brewers  for 
fining  beer,  and  have  been  noticed  in  their  application 
for  that  purpose.  They  are  also  employed  for  the 
clarification  of  wines,  and  various  other  liquids. 

Court  Plaster  is  formed  by  brushing  a  solution  of 
isinglass,  mingled  with  a  little  tincture  of  benzoin,  over 
black  sarsenet.  Liston's  isinglass  plaster  is  similarly 
made  with  oiled  silk. 

Isinglass  also  enters  into  the  composition  of  those 
preparations  known  as  marine  glue,  diamond  cement, 
et  cetera.  '  The  latter  is  made  by  dissolving  isinglass 
in  dilute  alcohol.  These  ingredients  are  put  in  a  bottle 
loosely  corked,  which  is  then  placed  in  a  vessel  contain- 
ing boiling  water,  and  simmered  for  about  an  hour. 
When  cold,  it  should  be  an  opaque,  milk-white,  hard 
jelly  ;  it  is  re-dissolved  by  immersion  in  warm  water, 
the  cork  of  the  bottle  having  been  previously  loosened. 
The  addition  of  a  little  spirit  is  required,  after  some 
time,  to  replace  that  lost  by  evaporation. 

A  better  article  than  this  may  be  obtained  by  soak- 
ing fine  isinglass  in  cold  water ;  when  it  has  swelled 
out,  spirit  is  added,  and  the  bottle  containing  these  set 
in  a  pan  of  cold  water,  which  is  gradually  brought  to 
the  boiling  point,  when  the  isinglass  becomes  one 
uniform  pulp,  free  from  lumps  or  fibres. 

These  preparations  have  a  tendency  to  become 
mouldy,  which  may  be  diminished  or  removed  by  the 
addition  of  a  few  drops  of  any  essential  oil. 

Adulteration  of  Isinglass. — The  quality  of  cut 
isinglass  is  estimated,  says  Dr.  Redwood, — 1.  By  its 
color ;  that  which  is  cut  fine  by  machinery  being,  ceteris 
paribus,  the  whitest  and  generally  most  esteemed.  2. 
By  the  odor  emitted  after  breathing  upon  it ;  that  being 
the  best  which  is  least  disagreeable  in  this  respect.  3. 
By  the  extent  of  its  solubility  in  water.    4.  By  the  con- 
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sistency,  transparency,  and  flavor  of  the  jelly  which  it 
gives.  This  practical  method  of  examination  is  that 
alone  by  which  slight  shades  of  variance  may  he  dis- 
covered ;  yet  a  difference  of  flavor,  which  only  apractised 
palate,  or  careful  comparison  with  an  approved  speci- 
men could  detect,  is  often  important  in  an  article 
intended  for  the  diet  of  the  fastidious  invalid,  and  a 
slight  superiority  in  this  respect  will,  therefore,  com- 
mand a  much  increased  price. 

Wakington  and  REDWOod  have  shown  that  sheet 
gelatin  is  rolled  between  sheets  of  isinglass  in  the 
moistened  state,  so  as  to  form  a  ribbon  in  which  the 
two  substances  would  be  united.  ' 

This  may  be  detected  by  means  of  the  microscope, 
the  separate  strata  being  in  many  cases  clearly  discern- 
ible. The  amount  of  inorganic  matter  in  the  product 
is  also  a  clue  as  to  whether  it  is  or  is  not  adulterated, 
since  isinglass  gives  an  ash  of  a  reddish  color,  amount- 
ing only  to  a  half  per  cent.,  while  gelatin  gives,  accord- 
ing to  Redwood,  not  less  than  three  per  cent,  of  white 
ash. 

They  may  also  be  distinguished  from  one  another, 
says  Dr.  REDWOod,  by  means  of  caustic  potassa. 
When  cut  isinglass  is  macerated  in  a  cold  solution  of 
caustic  potassa,  it  will  speedily  become  transparent, 
and,  after  the  lapse  of  a  few  hours,  if  occasionally 
stirred,  it  will  be  dissolved,  forming  a  clear  and  color- 
less solution.  After  allowing  this  to  stand  for  some 
time,averyslight  flocculent  precipitate  will  be  deposited, 
which,  in  operating  on  twenty  or  thirty  grains  of 
isinglass,  will  be  scarcely  perceptible.  Cut  gelatin,  by 
the  same  treatment,  becomes  opaque;  even  those  speci- 
mens which  were  so,  to  a  certain  extent,  previously, 
will  assume  increased  opacity  after  immersion.  The 
gelatin  ultimately  dissolves,  as  does  the  isinglass ;  but 
the  solution  is  not  transparent,  and  after  some  time  a 
copious  flocculent  deposit  is  formed. 

A  sample  of  hand-cut  isinglass,  examined  by  War- 
ington,  had  a  great  deal  of  acid  adhering  to  it,  which 
he-  considered  to  arise  either  from  the  acid  having  been 
used  for  the  purpose  of  improving  an  inferior  isinglass, 
so  as  to  render  it  saleable,  or  from  its  admixture  with 
gelatin  prepared  by  means  of  an  acid. 

GLUE. — Colle  forte,  French ;  Tischlerleim,  German. 
— Glue  is  an  impure  desiccated  gelatin,  obtained  from 
various  sources.  The  principal  substances  employed 
are  scraps  of  ox  and  other  thick  hides,  which  afford  the 
strongest  product ;  the  debris  of  the  tan-yards,  of  lea- 
ther-dressers, morocco -leather  manufacturers,  et  cetera. 
The  tendons  and  intestines  of  many  animals,  rabbit 
skins  deprived  of  their  fur,  scraps  of  parchment,  old 
gloves,  and  many  other  apparently  worse  than  useless 
matters,  all  contribute  their  quota  in  the  manufacture 
Oi  glue. 

When  the  fresh  glue-yielding  substances  are  not  to 
be  immediately  employed,  it  is  always  requisite  to 
submit  them  to  some  antiseptic  treatment  till  they  are 
required  for  use. 

This  preservation  often  forms  the  base  of  a  particu- 
lar branch  of  industry,  which  has  for  its  object  to 
prevent  the  fermentation  of  the  raw  materials,  and  to 
dry  them  to  avoid  the  expenses  of  transport.  These 
results  are  obtained  by  simply  macerating  them  during 


fifteen  to  twenty  days  in  milk  of  lime,  which  is  repeatedly 
renewed.  After  taking  them  from  the  lime  bath,  they 
are  spread  in  the  open  air  to  drain  and  dry.  This 
desiccation  is  accelerated  by  turning  them  over  with 
a  fork  several  times  a  day.  When  sufficiently  dried, 
the  materials  are  packed  up  and  sent  to  the  glue 
factory. 

The  calcareous  liquor  serves  to  dissolve  the  blood  and 
some  soft  parts ;  it  attacks  the  epidermis,  and  predis- 
poses the  tissue  to  be  more  easily  converted  into 
gelatin.  Before  employing  these  glue-yielding  mate- 
rials, the  manufacturer  is  in  the  habit  of  completing 
these  effects  by  again  immersing  them  in  a  weak  milk 
of  lime,  which  frees  them  still  further  from  any  soluble 
animal  impurities.  When  they  are  much  swollen  and 
easily  penetrated,  they  are  several  times  rinsed  in 
water  to  remove  the  excess  of  calcia.  They  are  then 
spread  upon  hurdles,  being  turned  occasionally  to  car- 
bonate the  free  alkaline  earth,  which  might  subsequently 
be  injurious  to  the  glue.  It  is  not  necessary,  however, 
to  dry  the  material,  as  when  put  into  the  boiler  it  dis- 
solves faster  when  in  a  soft  or  tumefied  state. 

Formerly  the  glue  pieces,  having  been  cleansed  as 
above  described,  were  thrown  loose  into  the  caldron, 
which  was  of  copper,  rather  shallow  in  proportion  to 
its  area,  and  flat-bottomed.  Above  the  true  bottom 
there  was  a  false  one  of  copper  or  iron,  perforated  with 
numerous  holes,  and  standing  upon  feet  three  or  four 
inches  high,  the  animal  matters  being  thus  upheld  from 
contact  with  the  fire. 

Now,  however,  the  material  is  placed  in  a  wide- 
mouthed  bag  or  net,  made  of  rope,  and  spread  open  in 
the  caldron,  which  contains  a  light  framing  of  iron,  to 
prevent  the  bag  adhering  to  the  sides  or  bottom. 
Water  is  then  added,  and  gradually  brought  to  ebulli- 
tion. As  the  animal  substances  decrease  in  bulk,  fresh 
additions  are  made,  the  whole  being  occasionally  agi- 
tated or  pressed  down  by  means  of  poles. 

The  progress  of  the  operation  is  readily  ascertained 
by  withdrawing  a  sample  of  the  menstruum,  and  setting 
it  aside  for  a  few  minutes  to  cool.  If  a  clear  and  con 
sistent  jelly  be  obtained,  the  boiling  has  been  carried 
to  a  sufficient  extent,  and  the  mouth  of  the  glue-bag 
having  been  securely  tied  up,  it  is  slowly  raised  by 
appropriate  machinery,  until  it  comes  in  contact  with, 
or  is  partially  coiled  round,  a  large  beam  immediately 
above  the  caldron,  which  expels  the  fluid.  In  this 
state  it  is  left  to  drain.  The  solution  in  the  boiler 
will  require  evaporation  before  it  is  sufficiently  concen- 
trated for  making  glue. 

The  contents  of  the  bag  are  subjected  to  ebullition 
for  a  second  and  a  third  time,  and  by  this  means  afford 
size.  When  the  resulting  solutions  are  too  dilute  for 
either  glue  or  size,  they  are  employed  instead  of  water 
for  extracting  the  glue  from  fresh  materials ;  the  refuse 
in  the  bags,  after  all  available  matter  has  been  extracted, 
is  sold  for  manure,  and  every  particle  of  animal  sub- 
stance is  turned  to  account. 

When  sufficiently  concentrated,  the  glue  is  trans- 
ferred from  the  caldron  to  the  settling-back,  where  such 
a  temperature  is  maintained,  that  its  fluidity  is  pre- 
served. The  impurities  by  this  means  subside,  and 
should  the  manufacturer  wish  a  very  fine  product,  he 
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can  also  at  this  time  add  such  fining  or  clarifying 
agents  as  he  may  prefer. 

The  glue  is  run  off  henee  into  wooden  coolers  or 
boxes  about  six  feet  in  length,  two  in  depth,  and  one 
in  breadth.  The  apartment  in  which  this  is  done 
ought  to  be  as  cool  and  dry  as  possible,  to  favor  the  soli- 
dification of  the  gelatinous  menstruum,  and  the  floor 
should  be  kept  scrupulously  clean,  so  that  should  any 
glue  escape  it  may  be  recovered. 

Having  become  a  firm  jelly,  the  glue  is  cut  out  into 
cubic  masses,  each  of  which  is  deposited  in  a  kind  of 
wooden  box,  open  to  the  back  in  several  slits  or  divi- 
sions, of  a  size  corresponding  to  the  thickness  which 
the  cakes  of  glue  are  required  to  have.  It  is  then  out 
into  slices  by  passing  a  brass  wire  stretched  in  a  frame, 
like  that  of  a  bow-saw  along  the  slits.  The  resulting 
cakes  of  glue  are  deposited  upon  nets,  which  are 
stretched  in  wooden  frames,  and  are  thus  removed  to 
the  sheds,  where  they  are  placed  in  piles,  due  intervals 
being  allowed  for  the  circulation  of  the  air.  They  are 
turned  two  or  three  times  a  day. 

The  drying  of  the  glue,  says  Dr.  TJre,  is  the  most 
precarious  part  of  the  manufacture.  The  least  distur- 
bance of  the  weather  may  injure  the  product  during 
the  first  two  or  three  days  of  its  exposure.  Should  the 
temperature  rise  considerably,  the  gelatin  may  become 
soft  and  unshapely,  so  much  so  as  to  run  through  the 
meshes  upon  the  pieces  below,  or  to  get  attached  to 
the  strings,  and  surround  them  so  as  not  to  be  separable 
without  plunging  the  net  into  boiling  water.  If  frost 
supervene,  numerous  cracks  may  be  formed'  in  the 
cakes,  from  the  congelation  of  their  water.  Such  pieces 
must  be  remelted.  Even  a  slight  fog  produces,  upon 
newly-exposed  glue,  a  serious  deterioration ;  the  damp 
condensed  upon  its  surface  occasioning  a  general  moul- 
diness.  A  thunderstorm  sometimes  destroys  the  coagu- 
lating power  in  the  whole  laminae  at  once ;  or  causes 
the  glue  to  turn  on  the  nets.  A  wind  too  dry  or  too 
hot  may  cause  it  to  exsiccate  so  quickly,  as  to  prevent 
it  from  contracting  to  its  proper  size  without  numerous 
cracks  and  fissures.  Thus,  as  Tomlinson  remarks,  the 
manufacture  is  subject  to  many  vicissitudes,  and  can 
only  be  profitably  and  conveniently  carried  on  in  tem- 
perate and  equable  weather.  The  drying,  however, 
is  not  entirely  finished  in  the  open  air.  When  the  glue 
is  about  three  parts  dry,  it  is  removed  into  lofts,  where, 
in  the  course  of  some  time,  the  hardening  is  completed. 
But,  as  the  surfaces  of  the  cakes  become  mouldy  and 
soiled,  it  is  necessary  to  scour  them  with  a  brush  and 
hot  water,  and  set  them  up  to  drain.  They  are  then 
finally  desiccated  in  a  stove-room  at  an  elevated  tem- 
perature, which,  when  they  have  once  become  solid, 
only  serves  to  harden  and  improve  them. 

In  France,  a  considerable  quantity  of  glue  is  made 
from  bones,  which  are  digested  in  hydrochloric  acid, 
for  the  purpose  of  removing  the  phosphate  of  lime. 

The  following  is  the  modus  operandi : — It  is  proper  to 
observe  that  all  bones  do  not  answer  for  this  manufac- 
ture. Only  spongy  bones  can  be  used ;  the  ribs,  the 
back-bone,  the  lower  jaw-bone  of  animals,  and  the 
horns,  are  those  which  yield  the  greatest  amount  of 
gelatin.  The  bones  are  broken  as  small  as  possible 
by  means  of  an  axe.    Some  hydrochloric  acid  of 


36°  Twaddell  is  mixed  with  a  quantity  of  water,  so 
as  to  reduce  the  mixture  to  13°,  which  can  be  ascer- 
tained by  means  of  the  acidimeter.  The  crushed 
bones  are  put  into  a  vessel,  and  the  above-men- 
tioned preparation  poured  over  them  so  as  to  cover 
them  completely.  The  vessel  is  covered  close  with  a 
wooden  lid,  and  the  bones  are  thus  left  to  macerate  foi 
thirty  hours.  When  this  period  has  elapsed,  it  must 
be  seen  if  the  bones  are  softened ;  for  otherwise,  if  the 
acid  was  deficient  in  strength  to  extract  from  them  the 
lime  and  alkali,  in  that  case  it  would  be  requisite  to 
change  the  vessel,  and  to  give  them  a  new  maceration 
with  a  mixture  of  9°  Twaddell  strength.  When  suffi- 
ciently prepared  they  are  withdrawn,  and  thrown  into 
a  bath  of  weak  lime-water,  where  they  are  left  to  steep 
eight  days  ;  they  are  then  removed,  washed  with  fresh 
water,  and  put  to  steep  in  a  fresh  portion  of  water 
daily  for  ten  or  twelve  days,  for  the  purpose  of  remov- 
ing from  the  bones  the  acid  which  may  have  penetrated 
them — then  dried.  These  glues  or  pastes  are  now  good 
for  the  market,  and  sell  at  about  fifty  shillings  the  six 
hundred  pounds. 

This,  says  Dr.  Ure,  is  a  poor  article,  possessing  little 
cohesive  foi'ce.  It  dissolves  almost  entirely  in  cold 
water,  which  is  the  best  criterion  of  its  imperfection. 

Properties. — Glue  is  commercially  judged  of  by  its 
color,  and  freedom  from  cloudy  or  black  spots  when 
held  up  before  the  light. 

The  better  sorts  of  glue  are  transparent,  especially  the 
thin  cakes  of  Salisbury  glue,  which  are  of  a  clear  amber 
color.  The  chemical  characteristics  of  glue  are  similar, 
as  a  matter  of  course,  to  those  of  pure  gelatin. 

According  to  Schattenmann,  fresh  glue  dries  much 
more  readily  than  glue  that  has  been  once  or  twice 
melted.  He  states  that  dry  glue  absorbs  different  quan- 
tities of  water  in  proportion  to  its  quality,  and  on  this 
property  he  has  proposed  a  method  of  testing  it. 

Fresh  glue  contains  water  of  composition,  or  water 
more  intimately  united  with  the  glue  than  that  which 
it  acquires  during  the  melting.  The  combined  water 
of  dry  glue  disappears  in  the  course  of  successive  melt- 
ings and  solidifications. 

Glue  in  thin  laminae  is  usually  of  better  quality  than 
that  which  is  in  thick  ones,  even  when  made  from  the 
same  material,  because  the  former  admit  of  a  more 
rapid  desiccation  than  the  latter. 

In  applying  Schattenmann's  test,  dry  glue  is  im- 
mersed for  twenty-four  hours  in  water  at  a  temperature 
of  about  60°.  A  jelly  is  thus  formed,  the  qualities  of 
which  will  fairly  represent  those  of  the  glue.  For 
example,  the  finest  ordinary  glue,  or  that  made  from 
white  bones,  absorbs,  in  the  time  specified,  twelve  times 
its  weight  of  water,  so  that  a  plate  weighing  three 
grammes  produces  thirty-nine  of  fine  elastic  jelly.  Glue 
from  dark  bones  takes  up  nine  times  its  weight  of 
water,  and  a  soft  brown  jelly  is  produced,  devoid  of 
elasticity  and  consistency,  and  falling  to  pieces  when 
handled. 

Well-dried  glues  are  much  less  hydrometric  than 
badly  made  ones,  or  those  fabricated  from  inferior  ma- 
terials. The  latter  are  liable  to  putrefaction. — Tom- 
linson. 

Applications. — The  common,  but  important  use  of 
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glue  in  carpentry,  cabinet-making,  et  cetera,  is  well 
known. 

There  was  formerly  a  large  consumption  of  it  for 
tlie  sizeing  of  paper ;  but  since  this  has  been  made 
without  manual  labor,  it  is  almost  wholly  disused  for 
this  purpose. 

The  hatter  employs  it  in  the  preparation  of  his  felt; 
and  the  letterpress  printer,  in  conjunction  with  molasses, 
as  a  flexible  and  cleanly  covering  for  his  inking  rollers. 

At  the  beginning  of  this  century,  glue  was  introduced 
in  Germany  for  making  moulds  for  casting,  but  it  was 
not  employed  in  this  country  till  the  year  182G,  when 
Douglas  Fox  used  it  for  taking  casts  of  anatomical 
preparations,  calcareous  concretions,  vegetal  substances, 
et  cetera.  He  first  mixed  it  with  treacle,  for  the  pur- 
pose of  giving  to  it  more  elasticity,  but  this  discolored 
all  white  surfaces,  and  the  plan  was  abandoned. 

In  1844,  Fkanchi  formed  a  series  of  casts  in  plaster 
composition,  in  imitation  of  ivory ;  and,  in  1846,  the 
Society  of  Arts  in  London  awarded  to  him  a  prize. 
The  nature  of  the  material  was  unknown  at  the  time, 
but  it  was  subsequently  shown  to  be  pure  gelatin.  The 
inventor  has  since  employed  it  for  modelling  very  intri- 
cate and  ingenious  devices. 

Statistics, — A  very  large  amount  of  glue,  manu- 
factured in  England,  is  undoubtedly  passed  off  as 
Russian ;  yet,  nevertheless,  a  considerable  quantity  is 
imported.  The  returns  of  imports  and  exports,  from 
the  years  1850  to  1855,  are  subjoined.  The  reader 
cannot  fail  to  notice  the  large  decrease  in  the  quantity 
imported  during  1855,  owing  to  the  hostilities  with 
Russia : — 

1850.    1851.    1852.   1853.    1854.  1855. 

Cwt       Cwt        Cwt        Cwt        Cwt.  Cwt 

Imports,   1305    1323     1625    3359    4905  781 

Exports,   —  1      —         If       19  - 

The  quantity  of  isinglass  imported,  principally  from 
the  dominions  of  the  Tzar,  during  the  years  1850-5, 
was  as  under  : — 

IMPORTS. 

1850.     1851.     1852.      1853.     1854.  1855. 

Cwt.  Cwt         Cwt.  Cwt          Cwt  Cwt. 

2009      2387      2056      1730      1881  1567 
And  the  exports  during  the  same  period  were : — 
1850.      1851.      1852.      1853.     1854.  1855. 

Cwt  Cwt.  Cwt  Cwt         Cwt  Cwt 

78        145        117        252        72  205 

The  imports  and  exports  of  gelatin  for  the  years  1850 
to  1855  inclusive,  were  as  under: — 

1850.    1851.    1852.    1853.   1854.  1855. 

Cwt.        Cwt       Cwt.       Cwt        Cwt.  Cwt 

Imports,   449      295      271      275      269  268 

Exports,   —         1         2  1—3 

The  quantity  imported  is  gradually  lessening,  owing, 
most  probably,  to  the  great  improvements  which  have 
been  effected  in  the  British  manufacture  during  the  last 
few  years. 

GLASS. —  Verre,  French ;  Glas,  German;  Vitrum, 
Latin. — The  discovery  of  glass  is,  without  contradiction, 
one  of  the  most  important  services  which  accident  or 
chemistry  has  rendered  to  civilization.  Without  speak- 
ing of  the  econominal  uses  of  this  compound,  and  con- 
sidering it  only  with  reference  to  its  applications  in  the 


study  of  natural  phenomena,  it  is  impossible  to  doubt 
the  singular  influence  it  has  exerted  on  the  progress  of 
science.  It  is  chiefly  by  its  aid  that  astronomy  has 
attained  a  perfection  so  wonderful ;  by  it  also  naturalists 
have  been  enabled  to  study  under  the  microscope  a  host 
of  phenomena  which  heretofore  escaped  notice.  But 
perhaps  of  still  greater  importance  is  the  use  which  is 
made  of  it  by  chemists  in  their  experiments.  It  re- 
quires no  profound  chemical  knowledge  to  recognize 
the  fact,  that  to  glass  is  chiefly  owing  the  present 
advanced  state  of  the  sciences,  so  fruitful  in  marvellous 
applications.  Every  one,  says  Liebig,  is  familiar 
with  most  of  the  properties  of  this  curious  substance ; 
its  transparency,  hardness,  destitution  of  color,  and 
stability  under  ordinary  circumstances  :  to  these  obvious 
qualities  one  may  add  those  which  especially  adapt  it 
to  the  service  of  the  chemist,  namely,  that  it  is  unaffected 
by  most  acids  or  other  fluids.  At  certain  temperatures 
it  becomes  more  ductile  and  plastic  than  ware,  and 
may  be  made  to  assume  in  the  flame  of  a  common 
lamp  the  form  of  every  vessel  needed  in  the  laboratory, 
and  of  every  apparatus  required  by  experimenters. 

The  use  of  glass  in  our  windows,  remarks  Tomlin- 
son,  instead  of  the  louvre  boards  of  old,  has  introduced 
a  degree  of  comfort  into  the  meanest  dwelling  which 
previously  did  not  appertain  to  the  costliest  palace. 
By  means  of  this  contrivance  the  light  is  filtered  from 
the  wind,  the  rain,  and  the  cold ;  the  one  can  be  enjoyed 
without  being  inconvenienced  by  the  other ;  and  one 
can,  in  conjunction  with  the  improved  methods  of 
warming,  create  an  in-door  climate,  adapted  to  the  de- 
sires and  feelings  of  the  dwellers.  The  employment 
of  glass  in  many  domestic  articles  of  furniture  contri- 
butes to  cleanliness  and  health,  for  the  slightest  soil  on 
glasses  or  decanters  is  revealed  by  this  most  transpa- 
rent material,  and  the  purity  of  the  water  and  other 
liquids  contained  in  them  is  physically  tested  by  the 
same  means.  Even  the  mirror,  adorning  the  rooms, 
reminds  one  of  the  necessary  attention  to  personal 
appearance,  which  self-respect,  as  well  as  respect  for 
society,  demands. — Tomlinson. 

The  great  Dr.  Johnson  has  appositely  remarked, 
that  it  might  contribute  to  dispose  one  to  a  kinder 
regard  for  the  labors  of  his  fellow,  if  he  were  to  con- 
sider from  what  unpromising  beginnings  the  most  use- 
ful productions  of  art  have  probably  arisen.  Who, 
when  he  first  saw  the  sand  or  ashes,  by  casual  intense- 
ness  of  heat,  melted  into  a  metalline  form,  rugged  with 
excrescences  and  clouded  with  impurities,  would  have 
imagined  that  in  this  shapeless  lump  lay  concealed  so 
many  convenienoies  of  life,  as  would,  in  time,  consti- 
tute a  great  part  of  the  happiness  of  the  world  ?  Yet, 
by  some  such  fortuitous  liquefaction  was  mankind 
taught  to  procure  a  body,  at  once  in  a  high  degree 
solid  and  transparent,  which  might  admit  the  light  of 
the  sun,  and  exclude  the  violence  of  the  wind  ;  which 
might  extend  the  sight  of  the  philosopher  to  new  ranges 
of  existence,  and  charm  him,  at  one  time,  with  the 
unbounded  extent  of  material  creation,  and  at  another 
with  the  endless  subordination  of  animal  life ;  and  what 
is  of  yet  more  importance,  might  supply  the  decays  of 
nature,  and  succour  old  age  with  subsidiary  sight. 
Thus  was  the  first  artificer  in  glass  employed,  though 
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without  his  knowledge  or  expectation.  He  was  facili- 
tating and  prolonging  the  enjoyment  of  light,  enlarging 
the  avenues  of  science,  and  conferring  the  highest  and 
most  lasting  pleasures :  he  was  enahling  the  student  to 
contemplate  nature,  and  the  beauty  to  behold  herself. 

It  is  not  a  little  remarkable  that  glass,  which  is 
applied  so  extensively  and  to  so  many  purposes,  and 
the  varying  properties  of  which  exercise  so  marked  an 
influence  in  its  different  applications,  has,  notwith- 
standing, never  been  the  subject  of  a  series  of  decisive 
experiments,  calculated  to  establish  the  theory  of  its 
fabrication.  Not  that  this  theory  has  not  been  nearly, 
if  not  wholly  elucidated ;  but  that  it  is  scarcely  to  be 
looked  for  in  the  works  published  on  glass.  The  greater 
part  of  these  were  written  at  a  period  when  the  part 
which  silicic  acid  performed  was  not  defined  or  under- 
stood ;  and  among  the  recent  works  on  the  subject, 
Knapp's  is  the  only  one  which  discusses  it  in  a 
thoroughly  scientific  manner. 

Definition. — It  is  stated  in  the  Encyclopedia  Bri- 
tanniea,  that  the  general  term  glass  is  employed  by 
chemists  to  denote  all  mineral  substances  which,  on  the 
application  of  heat,  pass  through  a  molten  state  into 
hard  and  brittle  masses,  and  which  exhibit  when  broken, 
though  not  always  transparent,  a  lustrous  fracture. 
The  glass  of  commerce,  however,  to  which  the  present 
article  will  be  restricted,  or  the  transparent  and  arti- 
ficial substance  which  is  usually  distinguished  by  this 
name,  is  produced  by  the  igneous  fusion  of  silicious 
earth  with  certain  alkaline  earths  or  salts,  or  with  me- 
tallic oxides. 

The  etymology  of  the  word  has  been  much  disputed. 
It  is  derived  by  some  from  the  Latin  glades,  ice,  its 
resemblance  to  which  is  thought  to  have  suggested  the 
title,  and  glades  may  be  a  contraction  for  gelades  from 
gelu,  frost.  Others  have  remarked,  that  the  common 
Latin  designation  of  this  substance  is  vitrum  ;  and  as 
the  Romans  applied  this  term,  in  common  with  the 
word  glastum,  to  the  plant  which  is  now  called  woad, 
they  have  deduced  it  from  the  latter  of  these,  either 
because  the  ashes  of  this  plant  were  used  in  the  manu- 
facture of  glass,  or  because  it  exhibited  something  of 
the  bluish  tinge  which  is  procured  from  woad.  Glassum, 
the  name  given  to  amber  by  the  ancient  Gauls  and 
Britons,  has  also  been  assigned  as  the  origin  of  the 
word.  But  none  of  these  etymons  appears  very  satis- 
factory. The  most  plausible  theory  is  that  which  de- 
rives the  term  from  the  Saxon  verb  glis-nian,  or  the 
German  gleissen,  which  are  probably  contractions  of 
the  Anglo-Saxon  gel-ixan,  to  shine,  to  be  bright.  This 
view  is  in  a  great  degree  confirmed  by  the  sense  in 
which  the  term  glass  and  its  derivatives  are  employed 
by  our  older  writers,  who  frequently  apply  it  to  shining 
or  glittering  substances,  without  reference  to  color  or 
transparency. — Encyclopedia  Britannica. 

Historical  Notice. — In  the  most  remote  ages  the 
art  of  blowing  glass  into  bottles,  making  it  into  vases, 
tinging  it  to  imitate  precious  stones,  melting  it  in  huge 
masses  to  make  pillars,  rolling  and  polishing  it  into 
mirrors,  and  staining  it  in  parts,  were  all  perfectly 
known.  As  stated  by  some  authorities,  Egypt,  the 
parent  of  so  many  collateral  arts,  is  to  be  looked  to 
as  its  source.   According  to  others,  its  discovery  origi- 
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nated  with  the  Israelites,  who  set  fire  to  a  forest,  and 
the  heat  becoming  so  intense  as  to  make  the  nitrate 
of  soda  and  sand  melt  and  flow  along  the  mountain 
side,  they  afterwards  imitated  artificially  what  had 
first  been  effected  by  accident.  If  Pliny  is  to  be 
credited — an  author,  whose  version  of  the  subject  has 
so  often  been  reproduced  with  all  the  gravity  of  his- 
tory— the  discovery  of  glass  was  made  by  some 
Phoenician  soda  merchants,  who,  having  landed  on 
the  banks  of  the  river  Belus,  served  themselves  with 
blocks  of  soda  to  support  the  vessel  in  which  they  pre- 
pared their  food,  and  these  masses  melting  with  the 
heat,  transformed  into  glass  the  sand  on  which  they 
rested.  When  one  knows  the  temperature  necessary 
for  the  making  of  glass,  and  has  seen  the  interior 
of  a  glass  furnace  in  operation,  this  story  will  be 
rejected  as  fabulous.  Chance  had  doubtless  its  share 
in  the  invention  of  glass ;  but  there  might  have 
been  found  among  the  arts  known  to  the  ancients, 
phenomena  better  fitted  to  awaken  the  attention  of  an 
observant  spirit.  The  pottery  manufacture  and  the 
extraction  of  metals  require  the  employment  of  violent 
and  sustained  fire,  which  is  sufficient  to  give  rise  to 
fusible  silicates,  more  or  less  analogous  to  glass.  That 
an  intelligent  potter  might  have  attempted  to  reproduce 
at  pleasure  the  vitreous  tears  which  formed  accidentally 
upon  his  products ;  that  by  dint  of  repeated  trials  he 
might  have  been  led  to  remark  the  influence  of  ashes 
on  the  clay,  and  that  thus  he  might  have  succeeded 
in  producing  glass,  is  easily  conceived.  However 
this  may  be,  the  anecdote  related  by  Pliny  ought  to 
be  ranked  with  those  idle  tales  or  mere  conjectures  by 
which  the  ancient  commentators  sometimes  attempted 
to  fill  the  gap  created  by  the  silence  of  history,  and 
which  were  afterwards  transformed  into  articles  of 
faith  by  some  mistake  of  a  copyist,  or  by  some  blunder 
of  a  new  commentator.  It  is  a  point,  however,  on 
which  there  can  be  no  doubt,  that  glass  was  known  to 
the  Phoenicians,  who  for  a  long  time  retained  the  mono- 
poly of  it,  favored  by  the  union  of  natron,  sand,  and 
fuel,  in  a  country  situated  on  the  shores  of  the  sea. 

There  are  several  references  to  glass  in  the  Bible. 
Ballantyne  remarks  that  the  Hebrews  must  have 
become  acquainted  with  glass  while  in  Egypt,  and  in 
consequence  of  their  proximity  to  the  Phoenicians ;  and 
it  is  now  generally  believed  that  these  two  nations  had 
the  merit  of  originating  and  establishing  its  manufac- 
ture. It  is  a  remarkable  circumstance  that  glass  lenses 
have  been  found  during  the  recent  researches  in  the 
ruins  of  Nineveh.  The  Athenian  ambassadors,  in  order 
to  give  an  idea  of  the  magnificence  displayed  at  the 
court  of  the  great  king  of  Persia,  said  that  they  drank 
in  cups  of  glass  and  gold.  Some  writers  affirm  that  the 
Egyptians,  in  some  instances,  sealed  up  their  dead  in  a 
coating  of  glass ;  and  glass  houses  are  said  to  have 
been  not  uncommon  in  that  wonderful  country.  Some 
authors  ascribe,  with  very  plausible  reason,  the  discovery 
of  glass-making  to  the  priests  of  Vulcan  at  Thebes  and 
Memphis,  the  greatest  chemists  in  the  ancient  world. 
The  Egyptians  are  also  known  to  have  made  enamels 
of  divers  hues  which  they  applied  on  pottery,  magni- 
ficent specimens  of  which  are  still  extant,  a-ad  are  called 
Egyptian  porcelain.    These  are  chiefly  covered  with  a 
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beautiful  blue  or  green  tinge,  and  groups  of  flowers  or 
other  designs  are  traced  in  black.  Glass  beads  and 
other  ornaments  made  of  that  substance,  skilfully  manu- 
factured and  beautifully  tinged,  have  been  found  adorn- 
ing mummies,  which  are  known  to  be  upwards  of  three 
thousand  years  old.  It  is  certain  that  Tyre,  Sidon,  and 
Alexandria  were  long  celebrated  for  their  glass,  and 
furnished  the  greater  proportion  of  that  used  at  Rome. 
Under  the  Roman  empire  the  Egyptians  still  preserved 
their  superiority  in  the  art  of  glass-making,  and  it  is 
said  that  Aurelian  caused  them  to  pay  their  tribute 
in  that  manufacture.  Adrian  mentions  that  he  had 
received  drinking-glasses  of  various  shades  from  a  priest 
of  a  famous  temple  in  Egypt,  and  gives  instructions 
that  they  are  not  to  be  used  but  on  the  greatest  occa- 
sions, and  on  the  most  solemn  feast  days.  To  these 
places  the  art  was  exclusively  confined  for  some  cen- 
turies, and  glass  was  used  as  an  article  of  luxury,  being 
chiefly  in  the  form  of  urns  or  drinking  cups  of  the  most 
elaborate  workmanship,  and  exquisitely  embellished 
with  raised,  chased,  or  ornamented  figures.  The  Bar- 
berini  or  Portland  vase,  composed  of  a  deep  azure  glass, 
with  figures  of  a  delicate  white  opaque  substance  raised 
in  relief,  is  a  splendid  specimen,  and  was  found  in  the 
tomb  of  Alexander  Severus. 

Sir  J.  G.  Wilkinson  adduces  three  distinct  proofs 
that  the  art  of  glass-working  was  known  in  Egypt 
before  the  exodus  of  the  children  of  Israel  from  that 
land,  three  thousand  five  hundred  years  ago.  At  Beni 
Hassan  and  at  Thebes  are  paintings  representing,  in  a 
very  rude  form,  glass-blowers  at  work ;  and  from  the 
hieroglyphics  accompanying  them,  it  is  found  that  they 
were  executed  in  the  reign  of  a  monarch  who  occupied 
the  throne  at  about  that  period.  It  is  certain,  more- 
over, that  at  that  time  images  of  glazed  pottery  were 
common,  the  vitrified  material  of  which  is  of  the  same 
quality  as  glass;  and,  therefore,  the  mode  of  fusing, 
and  the  proper  proportions  of  the  ingredients  for  mak- 
ing glass,  must  have  been  already  well  known.  Lastly, 
Sir  J.  G.  Wilkinson  adduces  the  instance  of  a  glass 
bead  about  three-quarters  of  an  inch  in  diameter,  which 
Captain  Henry  found  at  Thebes,  and  which  contains 
in  hieroglyphic  characters  the  name  of  a  monarch  who 
lived  fifteen  hundred  years  before  Christ.  The  know- 
ledge of  the  manufacture  probably  travelled  from  Egypt 
to  Greece,  thence  to  Rome  and  modern  Europe  ;  and 
successive  improvements  have  not  only  brought  the  art 
to  a  high  degree  of  excellence,  but  have  led  to  its  sub- 
division into  several  kinds,  such  as  flint-glass,  plate- 
glass,  window-glass,  and  green  or  bottle-glass  making. 
— Dodd. 

The  art  of  glass-making  seems  to  have  been  intro- 
duced into  Italy  by  the  Romans  after  their  conquests  in 
Asia,  in  the  time  of  Cicero,  and  the  first  glass-works 
there  were  said  to  have  been  near  the  Flaminian  Circus. 
It  is  highly  probable  that  the  workmen  were  imported 
from  Egypt.  The  use  of  glass  seems  to  have  rapidly 
extended,  and  to  have  become  very  common.  One 
of  the  emperors  in  the  third  century  of  the  Christian 
era  says,  that  he  was  disgusted  with  an  article  so  mean 
and  vulgar  as  glass,  and  that  he  would  only  drink 
from  vessels  of  gold.  By  this  time  the  manufacture  of 
glass  was  so  considerable  that  an  impost  was  laid  on 
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it,  and  it  was  extensively  employed  in  the  decorations 
of  buildings.  In  glass  mosaics  particularly  were  com- 
bined the  most  brilliant  colors. 

From  the  circumstance  of  colored  glass  beads  and 
amulets  having  been  found  among  Druidical  remains 
in  this  country,  says  Ballanty/ne,  it  has  been  argued 
by  Pennant  and  others,  that  the  art  of  making 
glass  was  known  in  Britain  before  its  invasion  by  the 
Romans.  It  can  hardly  be  believed,  however,  that  a 
people  who  had  made  very  trifling  advances  in  civili- 
zation, and  who,  it  is  known,  were  entirely  unacquainted 
with  any  other  art,  should  be  found  not  only  conversant 
with  the  use  of  glass,  a  complicated  and  highly  inge- 
nious process,  but  should  excel  in  it ;  for  the  beads  and 
amulets  spoken  of  are  of  exquisite  workmanship,  and 
beautifully  colored  in  imitation  of  the  rarest  and  most 
precious  stones.  There  seems  little  doubt,  therefore, 
that  the  ancient  Britons  procured  these  in  their  traffic 
with  the  Syrians,  who  visited  this  island,  as  the  modern 
Britons  and  other  civilized  nations  visit  the  South  Sea 
islands,  to  drive  a  trade  with  their  savage  inhabitants  in 
toys  and  trinkets,  giving  these  in  exchange  for  skins  or 
other  natural  productions.  By  whatever  means,  how- 
ever, these  ornaments  came  into  Britain,  it  is  certain 
that  they  were  in  extensive  use,  though  principally  for 
superstitious  purposes,  long  prior  to  the  Roman  inva- 
sion, as  they  are  found  in  barrows  or  tumuli  of  a  much 
older  date.  One  at  Stonehenge,  in  particular,  on  being 
opened,  was  found  to  be  filled  with  them. 

Glain  Neidyr,  or  druidical  glass  rings,  generally  about 
half  as  wide  as  our  finger  rings,  but  much  thicker, 
have  frequently  been  found.  The  vulgar  superstition 
regarding  these  was,  that  they  were  produced  by  snakes 
joining  their  heads  together  and  hissing,  when  a  kind 
of  bubble  like  a  ring  was  formed  round  the  head  of 
one  of  them,  which  the  others,  continuing  to  hiss,  blew 
upon  till  it  came  off  at  the  tail,  when  it  immediately 
hardened  into  a  glass  ring.  Success  was  thought  to 
attend  any  one  who  was  fortunate  enough  to  find  one 
of  those  snake  stones.  They  were  evidently  beads  of 
glass  employed  by  the  Druids,  under  the  name  of 
charms,  to  deceive  the  vulgar.  They  are  usually  of  a 
green  hue,  but  some  of  them  are  blue,  and  others  varie- 
gated with  wavy  streaks  of  blue,  red,  and  white. 

Glass  utensils  have  been  found  in  Herculaneum, 
which  city  was  destroyed  by  an  eruption  of  Mount 
Vesuvius  in  the  reign  of  Titus.  A  plate  of  glass  also 
found  there  has  occasioned  much  speculation  as  to  its 
uses.  Similar  plates,  to  which  Pliny  gives  the  name 
of  vitrece  camera,  seem  to  have  been  employed  in  a 
manner  not  now  very  well  understood,  as  panelling  for 
their  rooms.  It  is  certain  that  two  panes  of  glass  were 
found  in  a  window  in  Herculaneum. 

In  the  reign  of  Tiberius,  a  company  of  giass  manu- 
facturers established  themselves  in  Rome,  and  they 
had  a  street  assigned  them  near  the  Porta  Capena. 
The  articles  of  their  manufacture  were  few  in  numbei', 
and  of  inferior  quality  ;  neither  did  they  make  rapid 
improvements  in  their  art,  notwithstanding  the  large 
prices  which  were  then  given  for  glass  of  foreign  manu- 
facture in  the  imperial  city.  In  the  year  220,  they 
had  increased  so  much  in  importance,  and  the  product 
was  so  considerable,  that  an  impost  was  laid  on  it  by 
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Alexander  Severus.  Dion  Cassius  and  Petro- 
nius  Arbiter  concur  in  their  account  of  the  discovery 
of  malleable  or  ductile  glass  by  a  celebrated  Roman 
architect,  whose  success  in  the  restoration  to  its  posi- 
tion of  a  portico  which  leaned  to  one  side,  had  roused 
the  envy  and  jealousy  of  Tiberius,  and  occasioned 
his  banishment  from  Rome.  Thinking  that  his  dis- 
covery would  disarm  the  Emperor's  wrath,  the  artist 
appeared  before  him  bearing  a  glass  vessel,  which  he 
dashed  upon  the  ground.  Notwithstanding  the  vio- 
lence of  the  blow,  it  was  merely  dimpled,  as  if  it  had 
been  brass.  Taking  a  hammer  from  his  breast,  he 
then  beat  it  out  into  its  original  shape ;  but  instead  of 
giving  him  the  reward  which  he  had  expected,  the 
Emperor  ordered  the  unfortunate  artisan  to  be  be- 
headed ;  remarking,  that  if  his  discovery  were  known, 
gold  would  soon  be  held  of  as  little  value  as  common 
clay.  This  is  probably  another  version  of  the  story 
told  by  Pliny,  of  an  artificer  who  made  the  same 
discovery,  and  whose  workshop  was  demolished  by 
those  who  had  an  interest  in  preventing  the  introduc- 
tion of  an  article  which  would  lower  the  value  of  gold, 
silver,  and  brass.  Although  it  might  not  be  justifiable 
to  give  unqualified  discredit  to  these  tales,  yet  the 
knowledge  at  present  possessed  would  restrict  the  pos- 
sibility of  such  a  discovery  within  the  narrowest  limits. 
The  union  of  the  properties  of  malleability  and  vitri- 
fication seems  to  be  incompatible.  Some  metallic 
substances,  by  the  application  of  intense  heat,  are  re- 
duced to  the  state  of  glass,  but  at  the  same  time  lose 
their  malleability ;  which  fact  would  seem  to  imply 
that  it  is  impossible  to  communicate  the  latter  property 
to  glass.  The  extraordinary  stories  above-mentioned 
have,  however,  been  rationally  enough  explained  by 
modern  chemists.  It  has  been  observed  by  Kunckel, 
that  a  composition  having  a  glassy  appearance,  and 
sufficiently  pliant  to  be  wrought  by  the  hammer,  may 
be  formed ;  and  by  Neumann,  that,  in  the  fusion  of 
chloride  of  silver,  a  kind  of  glass  results,  which  may  be 
shaped  or  beaten  into  different  figures,  and  may  be 
pronounced  in  some  degree  ductile.  Blancourt 
mentions  an  artist  who  presented  a  bust  of  ductile 
glass  to  the  Cardinal  Richelieu  ;  but  he  does  not 
seem  to  have  been  more  fortunate  than  his  predeces- 
sors ;  for  he  was  doomed  to  imprisonment  for  life,  for 
the  politic  reason,  as  Blancourt  with  much  simpli- 
city observes,  which  led  the  Cardinal  to  fear  lest  the 
established  interests  of  French  glass  manufacturers 
might  be  injured  by  the  discovery.  From  expressions 
used  by  Blancourt  in  other  parts  of  his  work,  it  is 
thought  that  by  malleable  glass,  such  as  was  produced 
by  this  artist,  he  understood  some  composition  similar 
to  those  which  Kunckel  and  Neumann  discovered, 
and  was  not  very  exact  in  limiting  the  term  to  that 
vitreous  substance  which  is  now  generally  understood 
when  glass  is  mentioned. 

The  precise  period  at  which  the  making  of  window- 
glass  was  introduced,  is  not  now  certainly  known. 
Roman  windows  were  filled  with  a  semi-transparent 
substance  called  lapis  spectdaris,  a  fossil  of  the  class 
of  talcs,  which  readily  splits  into  thin  smooth  lamina;, 
or  plates.  This  substance  is  found  in  masses  of  ten  or 
twelve  inches  in  breadth,  and  three  in  thickness ;  and, 


when  sliced,  very  much  resembles  horn,  instead  of 
which  it  is  to  this  day  often  employed  by  lantern- 
makers.  The  Romans  were  chiefly  supplied  with  this 
article  from  the  island  of  Cyprus,  where  it  abounds. 
So  good  a  substitute  for  glass  is  it  said  to  have  been, 
that,  besides  being  employed  for  the  admission  of  light, 
it  was  also  used  in  the  construction  of  hothouses,  for 
raising  and  protecting  delicate  plants;  so  that,  by 
using  it,  the  Emperor  Tiberius  had  cucumbers  at  his 
table  throughout  the  whole  year. 

There  is  no  positive  mention  of  the  use  of  glass  for 
windows  before  the  time  of  Lactantius,  at  the  close 
of  the  third  century.  But  the  passage  in  that  writer 
which  records  the  fact,  also  shows  that  the  lapis  specu- 
lates still  retained  its  place.  Glass  windows  are  dis- 
tinctly mentioned  by  St.  Jerome,  as  being  in  use  in 
his  time.  A  century  later,  the  windows  of  the  church 
of  St.  SoPniA  at  Constantinople  are  represented,  by 
Paulus  Silentiarius,  as  being  filled  with  glass. 
After  this  period,  frequent  mention  is  made  of  them. 
Joannes  Philippinus  states  that  glass  was  fastened 
into  the  windows  .with  plaster. 

Bede  asserts  that  glass  windows  were  first  intro- 
duced into  England  in  the  year  674,  by  the  Abbot 
Benedict,  who  brought  over  artificers  skilled  in  the 
art  of  making  window-glass,  to  glaze  the  church  and 
monastery  of  Wearmouth.  Other  authorities  attribute 
the  introduction  of  this  luxury  to  Bishop  Wilfred, 
junior,  who  died  in  711.  It  would  thus  appear,  that 
glass  windows  were  first  seen  in  England  either  about 
the  seventh  or  the  beginning  of  the  eighth  century. 
The  use  of  window-glass,  however,  was  then,  and  for 
many  centuries  afterwards,  confined  entirely  to  build- 
ings appropriated  to  religious  purposes;  but,  in  the 
fourteenth  century,  it  was  so  much  in  demand,  though 
still  confined  to  sacred  edifices  and  ornamental  pur- 
poses, that  glazing  had  become  a  regular  trade.  This 
appears  from  a  contract  entered  into  by  the  authorities 
of  York  Cathedral  in  1338,  with  a  glazier,  to  glaze  the 
west  windows  of  that  structure ;  a  piece  of  work  which 
he  undertook  to  perform  at  the  rate  of  sixpence  per 
foot  for  white  glass,  and  one  shilling  per  foot  for  colored. 
Glass  windows,  however,  did  not  become  common  in 
England  till  the  close  of  the  twelfth  century.  Until 
this  period  they  were  rarely  to  be  found  in  private 
houses,  and  were  deemed  a  great  luxury,  and  a  token 
of  great  magnificence.  The  windows  of  the  houses 
were,  till  then,  filled  with  oiled  paper  or  wooden  lat- 
tices. In  cathedrals,  these,  and  sheets  of  linen,  sup- 
plied the  place  of  glass  till  the  eighth  century;  in 
meaner  edifices,  lattices  continued  in  use  till  the 
eighteenth. 

The  glass  of  the  Venetians  was  superior  to  any 
made  elsewhere,  and  for  many  years  commanded  the 
market  of  nearly  all  Europe.  Their  most  extensive 
glass-works  were  established  at  Murano,  a  small  vil- 
lage in  the  vicinity  of  Venice ;  but  the  produce  was 
always  recognized  as  Venetian  glass.  Baron  von 
Lowhen  states  that,  so  useful  were  the  glass-makers 
at  one  period  in  Venice,  and  so  great  the  revenue 
accruing  to  the  republic  from  their  manufacture,  that, 
to  encourage  the  men  engaged  in  it  to  remain  in 
Murano,  the  senate  made  them  all  burgesses  of  Venice, 
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and  allowed  the  nobility  to  marry  their  daughters; 
whereas,  if  a  nobleman  married  the  daughter  of  any 
other  tradesman,  the  issue  were  not  reputed  noble. 

The  skill  of  the  Venetians  in  glass-making  was 
especially  remarkable  in  the  excellence  of  their  mirrors. 
Beckmann,  who  has  minutely  investigated  the  subject, 
is  of  opinion  that  the  manufacture  of  glass  mirrors 
certainly  was  attempted,  but  not  with  complete  suc- 
cess, in  Sidon,  at  a  very  early  period ;  but  that  they 
fell  into  disuse,  and  were  almost  forgotten  until  the 
thirteenth  century.  Previously  to  this  period,  plates 
of  polished  metal  we're  used  at  the  toilette ;  and  in  the 
rudeness  of  the  first  ideas  which  suggested  the  substi- 
tution of  glass,  the  plates  were  made  of  a  deep  black 
color  to  imitate  them.  Black  foil  even  was  laid  behind 
them  to  increase  their  opacity.  The  metal  mirrors, 
however,  remained  in  use  long  after  the  introduction 
of  their  fragile  rivals ;  but  at  length  they  wholly  dis- 
appeared— a  result  effected  chiefly  by  the  skill  of  the 
Venetians,  who  improved  their  manufacture  to  such  a 
degree,  that  they  speedily  acquired  a  celebrity  which  se- 
cured an  immense  sale  for  them  throughout  all  Europe. 

From  Italy  the  art  of  glass-making  found  its  way 
into  France,  where  an  attempt  was  made  to  rival  the 
Venetians  in  the  manufacture  of  mirrors.  The  first 
essay  was  unsuccessful ;  but  another,  made  under  the 
patronage  of  the  celebrated  Colbert,  in  which  French 
workmen  who  had  acquired  a  knowledge  of  the  art  at 
Murauo  were  employed,  had  better  fortune.  But  a 
few  years  afterwards,  this  establishment,  which  was 
situated  in  the  village  of  Tourlaville,  near  Cherbourg, 
in  Lower  Normandy,  was  also  threatened  with  ruin  by 
a  discovery  or  rather  improvement  in  the  art  of  glass- 
making,  effected  by  one  Abraham  Thevart.  This 
improvement  consisted  in  casting  plates  of  much  larger 
dimensions  than  it  had  hitherto  been  deemed  possible 
to  do.  Ti-ievart's  first  plates  were  cast  at  Paris,  and 
astonished  every  artist  by  their  magnitude.  They 
were  eighty-four  inches  long  and  fifty  inches  wide, 
whereas  none  previously  made  exceeded  forty-five  or 
fifty  inches  in  length. 

In  1695  the  two  companies,  Thev  art's  and  that  at 
Tourlaville,  united  their  interest,  but  were  so  unsuc- 
cessful, that  in  1701  they  were  unable  to  pay  their 
debts,  and  were,  in  consequence,  compelled  to  dis- 
charge most  of  the  workmen,  and  abandon  several  of 
their  furnaces.  Next  year,  however,  a  company  was 
formed,  under  the  management  of  Antoine  d'Agin- 
court,  who  re-engaged  the  discharged  workmen;  and 
the  works  realized  considerable  profits  to  the  proprie- 
tors— a  circumstance  which  is  attributed  wholly  to  the 
prudent  management  of  D'Agincourt. 

Early  in  the  fourteenth  century,  the  French  govern- 
ment made  a  concession  in  favor  of  glass-making,  by 
decreeing,  that  not  only  should  no  derogation  from 
nobility  follow  the  practice  of  the  art,  but  that  none, 
save  gentlemen  or  the  sons  of  noblemen,  should  venture 
to  engage  in  any  of  its  branches,  even  as  working 
artisans.  This  limitation  was  accompanied  by  a  grant 
of  a  royal  charter  of  incorporation,  conveying  impor- 
tant privileges,  under  which  the  occupation  became 
eventually  a  source  of  great  wealth  to  several  families 
of  distinction. 


It  has  been  said  that  the.  manufacturing  of  window- 
glass  was  first  introduced  into  England  in  the  year 
1557.  But  a  contract  quoted  by  Horace  Walpole 
proves  that  this  article  was  made  in  England  upwards 
of  a  century  before  that  period.  This  curious  document 
is  dated  1439,  and  bears  to  be  a  contract  between  the 
Countess  of  Warwick  and  John  Prudde  of  West- 
minster, glazier,  whom  she  employed,  with  other 
tradesmen,  to  erect  and  embellish  a  magnificent  tomb 
for  the  Earl,  her  husband.  John  Prudde  is  thereby 
bound  to  use  no  glass  of  England,  but  glass  from 
beyond  seas ;  a  stipulation  which,  besides  showing  that 
the  art  of  making  window-glass  was  known  and  prac- 
tised in  England  in  the  fifteenth  century,  seems  also  to 
indicate  that  the  article  made  was  inferior  to  what 
could  he  obtained  from  abroad.  The  finest  sort  of 
window-glass  was  first  made  at  Crutched  Friars,  Lon- 
don, in  1557.  The  first  flint-glass  made  in  England 
was  manufactured  at  the  Savoy  House,  in  the  Strand ; 
and  the  first  plate-glass,  for  looking-glasses,  coach  win- 
dows, and  similar  purposes,  was  manufactured  at  Lam- 
beth by  Venetian  workmen,  brought  over  in  1670  by  the 
Duke  of  Buckingham.  From  that  period  the  English 
glass  manufactories, aided  bytheliberalbounties granted 
them  in  cash  upon  glass  sold  for  export,  became  power- 
ful and  successful  rivals  of  the  Venetian  and  French 
manufactories.  The  bounty  on  glass  exported,  which 
the  government  paid  to  the  manufacturer,  was  not 
derived  from  any  tax  by  impost  or  excise  previously 
laid ;  for  all  such  were  returned  to  the  manufacturer, 
together  with  the  bounty,  thereby  lessening  the  actual 
cost  of  the  article  from  twenty-five  to  fifty  per  cent., 
and  enabling  the  English  exporter  to  compete  success- 
fully in  foreign  markets.  This  bounty  provision  was 
annulled  during  the  premiership  of  Sir  Robert  Peel, 
together  with  all  the  excise  duty  on  home  consumption. 

The  art  of  glass-making  was  introduced  into  Scot- 
land in  the  reign  of  James  VI.  An  exclusive  right  to 
manufacture  it  within  the  kingdom,  for  the  space  of 
thirty-one  years,  was  granted  to  Lord  George  Hay  in 
the  year  1618.  This  right  his  lordship  transferred  in 
1627,  for  a  considerable  sum,  to  Thomas  Eobinson, 
merchant-tailor  in  London,  who  again  disposed  of  it  for 
two  hundred  and  fifty  pounds  to  Sir  Eobert  Mansell, 
vice-admiral  of  England.  The  first  manufactory  of 
glass  in  Scotland,  an  extremely  rude  one,  was  established 
atWemyss,  in  Fife.  Regular  works  were  afterwards 
commenced  at  Prestonpans,  Leith,  and  Dumbarton. 

Crown-glass  is  now  manufactured  at  Warrington,  St. 
Helen's,  Eccleston,  Old  Swan,  and  Newton,  Lanca- 
shire ;  at  Birmingham,  Hunslet,  near  Leeds,  and  Bristol. 
It  is  also  fabricated  of  excellent  quality  on  the  Tyne  and 
Wear.  Great  improvements  have  recently  been  made 
in  the  manufacture  of  crown-glass,  and  it  is  asserted 
that  this  article,  as  made  in  England,  is  superior  in 
quality  to  that  of  any  other  nation. 

According  to  Ballantyne,  the  manufacture  of  glass 
was  introduced  into  the  American  States  in  1790,  by 
Robert  Hewes,  a  citizen  of  Boston,  who  erected  a 
factory  in  the  then  forest  of  New  Hampshire.  The 
chief  aim  of  Mr.  Hewes  was  to  supply  window-glass, 
but  he  did  not  succeed.  Another  attempt  was  made  in 
1800,  when  a  factory  was  built  at  Boston  for  making 
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crown  window-glass;  but  this  was  also  unsuccessful,  till 
a  German  named  Lint,  in  1803,  took  charge  of  the 
works,  and  the  state  of  Massachusetts  agreed  to  pay  the 
proprietors  a  bounty  on  every  table  of  window-glass 
they  made,  after  which  the  manufacture  was  carried  on 
successfully,  the  glass  steadily  improving  in  quality,  and 
becoming  famed  through  all  the  States  as  Boston  window- 
glass.  The  same  company  erected  new  and  more 
extensive  works  at  Boston.  The  mystery  attached  to 
the  art  of  glass-making  followed  it  into  America.  The 
glass-blower  was  considered  a  magician,  and  myriads 
visited  the  newly-erected  works,  looking  on  the  man 
who  could  transmute  earthy  and  opaque  matter  into  a 
transparent  and  brilliant  substance,  as  an  alchemist  who 
could  change  base  metal  into  gold. 

Since  the  manufacture  of  flint-glass  originated  in  the 
Eastern  States,  there  have  been  above  forty  companies 
formed  from  time  to  time,  nearly  thirty  of  which  have 
proved  failures.  There  are  now  ten  in  operation,  two 
of  which  are  at  East  Cambridge,  three  at  South  Boston, 
one  at  Sandwich,  three  near  New  York  city,  and  one  at 
Philadelphia.  Forty-eight  thousand  tons  of  coal,  six 
thousand  five  hundred  tons  of  silica,  two  thousand  five 
hundred  tons  ash,  nitrate  of  soda,  et  cetera,  and  three 
thousand  eight  hundred  tons  of  lead,  are  annually  con- 
sumed in  the  manufacture  of  flint-glass. 

In  the  vicinity  of  Pittsburgh,  in  the  Western  States, 
are  nine  manufactories  of  flint-glass,  and  ten  of  window- 
glass,  and  in  the  river  towns  are  fifteen  window-glass 
factories. 

There  is  good  reason  for  supposing  that  the  art  of 
staining  or  painting  glass  is  coeval  with  the  art  of 
making  glass  itself,  since,  as  will  be  afterwards  seen,  it 
is  difficult  to  make  it  without  color.  The  possibility 
of  subjecting  this  propensity  to  the  will  of  the  manu- 
facturer must  have  very  obviously  presented  itself, 
although  it  certainly  requires  much  art  and  chemical 
knowledge  to  produce  perfect  specimens  of  this  descrip- 
tion of  manufacture.  This  perfection  seems,  however, 
to  have  been  attained  at  a  very  early  period.  It  is 
certain  that  the  art  was  known  in  Egypt  three  thousand 
years  ago.  The  beautifid  imitations  of  precious  stones 
found  adorning  mummies  which  are  known  to  have 
existed  for  that  time  have  been  already  noticed;  and 
frequent  mention  of  specimens  of  Eastern  workmanship 
of  consummate  beauty  are  met  with,  upon  which  great 
value  was  placed.  Allusion  has  also  been  made  to  the 
fact,  that  the  Emperor  Adrian,  whilst  at  Alexandria, 
was  presented,  by  an  Egyptian  priest,  with  two  glass 
cups,  which  sparkled  with  hues  of  every  kind,  and 
which  had  been  used  in  the  service  of  the  temple — a 
present  so  highly  prized  by  the  Emperor,  that  he  ordered 
them  to  be  produced  only  on  festivals  and  great 
solemnities.  The  works  of  Caylus  and  Winkelmann 
furnish  some  striking  instances  of  ancient  skill  in  the 
formation  of  pictures  by  means  of  delicate  glass  fibres 
of  various  hues,  which,  after  being  fitted  together  with 
the  utmost  nicety,  were  conglutinated  by  fusion  into  a 
solid  mass.  The  art  of  combining  the  various  tints,  so 
as  to  produce  pictures  in  the  manner  now  practised,  is 
comparatively  of  recent  date.  The  earliest  specimens 
of  this  kind  of  work  discover  a  factitious  joining  of 
different  pieces  of  glass,  differently  tinged,  and  so  ar- 


ranged as,  by  a  species  of  mosaic  work,  to  produce  the 
figure,  or  figures  wanted.  The  various  pieces  are  held 
together  generally  by  a  vein  of  lead,  run  upon  the  back 
of  the  picture,  precisely  at  their  junction. 

But  modern  ingenuity  has  superseded  this  clumsy 
expedient ;  and  every  color  used  in  painting  can  now 
be  introduced  into  one  entire  sheet.  For  a  long  period 
the  pictured  glass  used  in  cathedrals  was  merely  painted 
on  the  surface,  the  art  of  incorporating  the  tints  with 
the  glass  by  fusion,  the  method  now  practised,  being 
unknown  till  the  beginning  of  the  fifteenth  century. 
This  great  improvement  is  ascribed  to  a  painter  of 
Marseilles,  who  went  to  Rome  during  the  pontificate 
of  J ulius  II. ;  but  his  discovery  weut  no  further  than 
the  producing  of  different  colors  on  different  pieces  of 
glass,  and  having  them  afterwards  united  in  the  old 
fashion.  This  art  was,  at  a  later  period,  greatly  im- 
proved by  Albert  Durer  and  Lucas  of  Leyden,  the 
latter  of  whom  brought  it  nearly  to  the  state  of  perfec- 
tion in  which  it  now  exists. 

The  first  painted  glass  executed  in  England  was  in 
the  time  of  King  John  ;  previous  to  this,  all  stained  or 
painted  glass  was  imported  from  Italy.  The  next 
notice  of  it  occurs  in  the  reign  of  Henry  III.  The 
treasurer  of  that  monarch  orders  that  there  be  painted, 
on  three  glass  windows  in  the  chapel  of  St.  John,  a 
little  Virgin  Mary  holding  the  Child,  and  the  Trinity, 
and  Saint  John  the  Apostle.  Some  time  after  he  issues 
another  mandate  for  two  painted  windows  in  the  hall. 

Even  at  this  early  period,  however,  England  boasted 
of  eminent  native  artists  in  glass  painting,  amongst  the 
first  of  whom  was  John  Thornton,  glazier  of  Coventry. 
This  person  was  employed,  in  the  time  of  Henry  IV., 
by  the  dean  and  chapter  of  York  cathedral,  to  paint 
the  eastern  window  of  that  splendid  edifice ;  and  for 
the  beautiful  and  masterly  workmanship  which  he 
exhibited  in  this  specimen  of  skill,  he  received  four 
shillings  per  week  of  regular  wages.  He  was  bound  to 
finish  the  work  in  less  than  three  years,  and  to  receive, 
over  and  above  the  weekly  allowance,  one  hundred 
shillings  for  each  year ;  and  if  the  work  was  finished  to 
the  satisfaction  of  his  employers,  he  was  to  receive,  on 
its  completion,  a  further  sum  of  ten  pounds.  It.  must 
be  recollected  that  the  value  of  money  was  at  that 
time  much  higher  than  in  modern  days. 

From  this  period  downwards  there  have  been  many 
skilful  native  artists,  although  the  Reformation  greatly 
impeded  the  progress  of  the  art,  by  banishing  what  was 
deemed  the  ungodly  ostentation  of  ornamented  win- 
dows from  churches ;  indeed,  so  serious  was  this  inter- 
ruption, that  the  art  had  nearly  altogether  disappeared 
in  the  reign  of  Elizabeth.  Amongst  the  most  eminent 
glass  painters  who  first  appeared  upon  the  revival  of  the 
art,  were  Isaac  Oliver,  bom  in  1616,  and  William 
Price,  who  lived  about  the  close  of  the  seventeenth 
century.  This  last  person  was  for  many  years  the  only 
glass  painter  in  England.  He  is  said  to  have  discovered, 
what  is  to  this  day  a  desideratum  in  the  art  of  glass 
staining,  the  secret  of  producing  a  rich,  clear,  bright, 
and  transparent  red,  the  most  difficult  to  strike,  and 
the  most  expensive  of  all  the  hues  employed  in  glass 
painting.  But  Price  having  died  soon  after  making 
this  discovery,  his  secret  was  never  divulged.  This 
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artist  was  succeeded  by  a  person  at  Birmingham,  who, 
in  1757,  fitted  up  a  window  for  Lord  LyttletON,  in 
the  church  of  Iiajely.  To  him  succeeded  one  Peckit 
of  York,  who  attained  considerable  eminence  in  the  art. 

During  all  this  time,  however,  and  indeed  until  a 
comparatively  recent  date,  painted  glass  was  regarded 
as  too  costly  and  too  magnificent  an  article  to  be  other- 
wise employed  than  in  decorating  religious  edifices,  or 
the  palaces  of  nobles ;  and  even  in  the  latter  case  was  but 
sparingly  used.  Modern  improvement  has  now  placed 
this  beautiful  ornament  within  the  reach  of  very  ordinary 
circumstances;  and  when  this  is  considered,  it  must 
excite  a  strong  feeling  of  surprise  to  find  how  little  so 
elegant  a  luxury  is  even  yet  in  demand.  The  art  of 
staining  glass  is  now  practised  with  very  great  success. 
The  colors  of  modern  artists,  notwithstanding  what  is 
often  urged  to  the  contrary,  equal  in  variety  and  richness 
those  of  the  ancients ;  and,  with  the  superior  knowledge 
which  is  now  possessed  of  the  principles  of  drawing,  and 
of  bringing  several  colors  together  on  a  single  sheet, 
encouragement  alone  is  wanting  to  attract  artists  of 
talent  and  inventive  genius  to  the  pursuit  of  the  art, 
and  to  carry  it  to  a  greater  degree  of  excellence  than  it 
has  ever  reached  in  the  hands  of  then'  predecessors. — 
Encyclopedia  Britannica. 

Nature  and  Composition  op  Glass. — The  re- 
searches of  Berzelius  having  removed  all  doubts 
concerning  the  acid  character  of  silica,  the  general 
composition  of  glass  now  presents  no  difficulty  of  con- 
ception. This  substance  is  the  product  of  fusion  at  a 
high  temperature  of  silica,  or  silicic  acid,  sometimes  of 
boracic  acid,  with  different  salifiable  bases,  as  potassa, 
soda,  lime,  magnesia,  baryta,  oxide  of  lead,  oxide  of 
tin,  protoxide  of  iron,  protoxide  of  manganese,  alumina, 
and  the  sesquioxide  of  iron,  and  binoxide  of  manganese ; 
the  product  solidifies  after  fusion  in  the  form  of  a  trans- 
parent mass,  which  is  either  colorless  or  not,  according 
to  the  ingredients  which  it  contains;  it  combines  a 
great  degree  of  hardness  with  the  property  of  resisting 
the  destructive  action  of  air,  water  to  a  certain  extent, 
and  even  that  of  the  more  powerful  chemical  agents. 

It  is  well  known  that  silica  acts  the  part  of  a  powerful 
acid  at  the  temperature  of  a  red  heat,  and  is  capable  of 
expelling  carbonic  acid,  hydrochloric  acid,  et  cetera,  from 
compounds,  and  combining  with  the  bases  named  above, 
giving  rise  to  solid  combinations.  Glass,  in  short, 
is  a  true  salt — a  silicate,  and  is  an  artificial  production 
of  a  similar  character  to  those  compounds  which  occur 
so  abundantly  in  nature;  it  differs,  however,  from  these 
in  one  essential  particular,  that  it  possesses  a  distinctly 
non-crystalline  structure;  or  is,  as  it  is  scientifically 
termed,  amorphous.  Glass,  as  is  well  observed  by 
Knapp,  may  be  said  to  bear  the  same  relation  to  a 
natural  silicate  of  like  composition,  that  melted  sugar 
does  to  the  ordinary  crystallized  substance. 

Special  Effect  of  the  Different  Constituents. — Al- 
though, in  a  purely  chemical  view,  the  potassa,  soda, 
lime,  oxide  of  lead,  alumina,  and  oxide  of  iron,  perform 
the  same  part,  it  is,  nevertheless,  very  evident  that,  in 
practice,  the  employment  of  one  of  these  bodies  cannot 
bo  substituted  indifferently  for  that  of  one  or  other  of 
its  analogues.  There  necessarily  results  in  the  product 
differences  of  fusibility,  of  ductility,  of  hardness,  et  cetera, 


which  must  be  taken  into  consideration.  Hence  the 
necessity  of  classing  glasses  according  to  their  compo- 
sition and  properties.  This  classification  will  be  given 
afterwards.  In  the  meantime,  the  characteristic  effect 
of  the  different  constituents  on  the  nature  of  the  glass 
may  be  briefly  stated  : — 

The  silicates  of  soda  and  potassa  are  the  most  fusi- 
ble, and  so  much  the  more  in  proportion  to  the  greater 
amount  of  the  alkaline  bases.  One  part  of  silica 
with  two  to  three  of  potassa  or  soda,  produces  a  glass 
which  is  fusible  at  a  cherry-red  heat,  and  soluble  in 
cold  water.  Equal  parts  of  alkali  and  silicic  acid- 
silica — form  a  glass  readily  fusible,  but  imperfectly 
soluble.  One  equivalent  of  soda  or  potassa  combined 
with  six  equivalents  of  silicic  acid,  and  therafore  repre- 
sented by  the  formula, 

Na  0  or  K  0  +  6  Si  Os, 

yield  a  compound  fusible  only  by  the  heat  of  a  very 
powerful  forge.  Potassa  is  more  efficacious  than  soda 
in  rendering  the  glass  easy  of  fusion.  A  more  brilliant 
lustre  results  from  the  use  of  soda,  but  at  the  same 
time  a  bluish-green  tint  is  communicated  to  the  glass. 
No  coloring  action  is  exerted  by  potassa  ;  but  the  bril- 
liancy of  the  glass  is  somewhat  diminished  by  it. 

The  silicates  of  lime  are  much  less  fusible  than 
those  of  the  alkalies.  The  most  fusible  of  the  former, 
represented  by  the  formula  Ca  0  -(-  Si  03,  requires  for 
its  fusion  the  violent  heat  of  a  forge.  The  others, 
represented  by 

3  Ca  0  +  Si  Os,  or  4  Ca  0  +  Si3  0, 

are  only  softened  at  the  same  temperature  ;  the  corre- 
sponding silicates  of  magnesia  are  not  more  fusible. 
Lime  increases  the  hardness  of  the  glass,  and  adds 
more  to  its  lustre  than  the  alkalies,  without  coloring 
the  produce. 

The  silicates  of  alumina  are  still  more  refractory 
than  the  preceding.  The  least  infusible,  represented 
by  Al2  03,  3  Si  0S,  is  scarcely  softened  in  the  heat  of  a 
furnace.  Of  all  the  ingredients,  alumina  exerts  the 
most  powerful  effect  in  increasing  the  difficulty  of 
fusion. 

The  silicates  of  the  protoxides  of  iron  and  manganese 
are  more  fusible  than  those  of  lime  and  magnesia, 
especially  when  they  consist  of  one  equivalent  of  each 
ingredient,  thus — 

Mn  0,  Si  Os,  or  Fe  0,  Si  Os. 

The  silicate  of  protoxide  of  iron  has  a  dark-green  color, 
but  may  be  decolored  by  bringing  it  to  the  state  of  a 
silicate  of  the  sesquioxide  ;  this  is  effected  by  adding  a 
small  quantity  of  binoxide  of  manganese.  Care  must 
be  taken  not  to  add  it  in  excess,  for  in  this  case  it 
would  communicate  a  violet  color  to  the  glass.  The 
binoxide,  Mn  02,  when  added  in  small  quantity,  is 
converted  into  protoxide,  Mn  0  ;  but  if  any  excess  has 
been  employed,  it  becomes  reduced  at  a  red  heat  to 
sesquioxide,  Mn2  03,  and  produces  a  deep  amethystine- 
red  glass. 

The  silicates  of  the  oxides  of  lead  are  the  more 
fusible  in  proportion  to  the  greater  amount  of  the  base. 
With  equal  equivalents,  the  silicate  of  lead,  Pb  0  -f- 
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Si  03,  melts  at  a  red  heat.  In  fact,  oxide  of  lead 
exerts  a  directly  opposite  action  to  alumina,  being  a 
prominent  ingredient  in  the  easily  fusible  varieties  of 
glass,  which  are  also  characterized  by  great  softness, 
a  high  brilliancy,  perfect  absence  of  color,  and  by  the 
property  of  refracting  light  more  powerfully  than  any 
other  kind.  The  silicates  of  the  oxide  of  zinc  present 
analogous  properties. 

Baryta  also  exerts  a  similar,  although  less  energetic 
action  than  lead. 

These  different  silicates  react  on  one  another,  and 
reciprocally  modify  each  other ;  in  composition,  they 
become  more  stable,  less  fusible,  and  less  subject  to 
crystallize.  Hence  the  advantage  of  the  complex  pro- 
portions employed  in  the  glass  and  crystal  manufac- 
tories. 

When  boracic  acid  is  added,  it  forms  boro-silicates, 
often  more  fusible,  more  ductile,  easier  to  work,  and 
producing  less  waste,  especially  in  table-ware  and 
plate-glass  manufacture.  M.  Payen  remarks  that  the 
experiments  undertaken  by  MM.  Maes  and  Cleman- 
dot  on  crystal,  with  a  base  of  oxide  of  zinc,  yielded 
products  remarkable  for  their  whiteness,  their  transpa- 
rency, their  hardness,  and  the  brilliant  reflection  of 
their  cut  faces. 

In  the  words  of  Knapp,  it  follows,  as  a  general  con- 
clusion, from  what  has  been  stated,  that  those  varieties 
of  glass  which  possess  the  highest  degree  of  lustre  and 
power  of  refraction,  will  also  be  the  softest — that  is,  the 
most  easily  scratched.  They  are  likewise  those  which 
exhibit  the  highest  specific  gravity — from  2'8  to  3-6 
— and,  as  might  be  deduced  from  that  circumstance, 
they — at  least  as  far  as  the  colorless  glasses  are  con- 
cerned— are  those  which  contain  bases  with  a  very  high 
atomic  weight — oxide  of  lead,  baryta.  Those  bases,  on 
the  contrary,  which  render  the  glass  hard  and  durable, 
appear  to  produce  little  lustre  or  power  of  refraction. 
The  specific  gravity  of  these  varieties  lies  between 
237  and  2  56.  Strictly  speaking,  the  alkalies,  lime, 
and  oxide  of  lead,  are  the  only  bases  expressly  con- 
tained in  the  mixture  for  the  manufacture  of  glass, 
without  reference  to  the  different  coloring  and  decolor- 
ing matters.  Magnesia  sometimes  accompanies  the 
lime,  and  enters,  but  in  small  quantity  only,  into  the 
composition  of  the  glass.  Alumina  and  oxide  of  iron 
are,  in  like  manner,  only  casual  constituents,  being  con- 
tained as  impurities  in  the  other  ingredients.  Even  in 
those  cases  where  these  two  bases  enter  in  large 
quantities  into  the  composition  of  glass,  they  are  never 
expressly  added  to  the  mixture;  but  are  always  derived 
from  the  impure  materials.  Thus,  in  the  manufacture 
of  ordinary  bottle-glass,  where  color  is  of  no  moment, 
substances  containing  iron  and  alumina  are  employed. 
The  origin  of  the  small  quantity  of  alumina  which  is 
found  in  glass  that  should  properly  be  free  from  it, 
must  be  traced  to  the  sides  of  the  pots  or  crucibles  in 
which  the  glass  has  been  fused. — Knapp. 

The  metallic  oxides  which  have  not  been  mentioned, 
as  those  jf  gold,  silver,  copper,  give  rise  to  a  great 
variety  of  intense  colors,  and  are  consequently  used  in 
the  manufacture  as  pigments. 

Commercial  varieties  of  Glass. — Before  proceeding 
to  a  more  minute  inquiry  into  the  physical  and  chemi- 


cal properties  of  glass,  as  these  are  affected  by  differ- 
ences either  in  the  ingredients  or  their  properties,  or  in 
the  processes  followed,  it  will  be  proper  to  place  before 
the  reader  a  summary  view  of  the  characters  and  com- 
position of  the  different  varieties  of  glass,  as  preliminary 
to  a  more  detailed  exposition,  not  only  of  the  special 
properties,  but  also  of  the  special  manufacture  of  each 
of  these  varieties. 

There  is  much  difficulty  in  dividing  the  glasses  ac- 
cording to  any  definite  principle.  One  of  the  simplest 
arrangements  is  given  by  Tomlinson,  as  follows  : — • 

1.  Silicate  of  potassa  and  oxide  of  lead.  Examples: 
— Flint-glass,  crystal,  and  strass. 

2.  Silicate  of  soda  and  lime ;  or  silicate  of  potassa, 
soda,  and  lime.  Examples : — Common  window,  Eng- 
lish crown,  and  plate. 

3.  Silicate  of  potassa  and  lime.  Examples : — Foreign 
crown,  refractory  Bohemian  glass. 

4.  Silicate  of  soda,  lime,  alumina,  and  oxide  of  iron. 
Example  : —  Coarse  green  wine-bottle  glass. 

The  following  arrangement,  somewhat  similar  to  that 
proposed  by  Knapp,  will  form  the  basis  of  that  adopted 
in  the  present  article,  beginning,  as  a  general  rule,  with 
the  coarser,  and  advancing  by  a  pretty  regular  grada- 
tion to  the  finer  or  rarer  varieties. 

1.  Bottle-Glass,  or  what  is  more  properly  described 
by  the  German  term  Hohlglase,  or  Hollow  glass,  com- 
prises all  glass  worked  into  the  form  of  vessels  or  tubes. 
According  to  the  purity  of  the  metal,  which  is  the 
technical  term  given  to  glass  in  the  fused  state,  this 
variety  is  subdivided  into  different  qualities,  such  as 
— Ordinary  bottle-glass,  consisting  of  silica,  potassa 
or  soda,  lime,  alumina,  and  oxide  of  iron ;  glass  used 
for  medicinal  bottles,  consisting  of  silica,  soda,  lime, 
some  alumina,  and  a  very  little  protoxide  of  iron ; 
white  bottle-glass  for  bottles  or  phials,  tumblers,  tubes 
— containing  silica,  soda  or  potassa,  and  lime.  It  is 
evident,  therefore,  that  under  the  general  term  Bottle- 
glass  or  Hohl-glass,  are  included  different  vitreous 
compositions.  Its  distinguishing  characteristic,  as  ap- 
plied to  ordinary  bottle-glass,  is  the  presence  of  protoxide 
of  iron  ;  and  therefore  it  may  be.  described,  in  general 
terms,  as  a  silicate  of  potassa  or  soda,  of  lime,  of  alu- 
mina, and  oxide  of  iron. 

2.  Window-Glass,  including  English  crown  and 
cylinder  or  sheet-glass :  this  is  a  silicate  of  potassa  or 
soda,  lime,  and  alumina. 

3.  Plate-Glass,  composed  of  silica,  soda,  or  po- 
tassa, lime,  and  a  little  alumina.  This  variety  only 
differs  from  the  preceding  by  the  greater  purity  and 
freedom  from  color  of  the  materials. 

4.  Flint-Glass,  used  for  grinding,  et  cetera,  com- 
posed of  silica,  potassa,  and  oxide  of  lead. 

5.  Crystal,  for  optical  purposes  and  table-ware, 
consists  of  silica  or  boracic  acid,  potassa,  and  more  lead 
than  the  preceding.  In  short,  it  is  a  simple  flint-glass, 
formed  with  very  pure  materials. 

6.  Strass,  or  the  substance  composing  the  imitation 
of  precious  stones,  known  as  paste,  consists  of  silica, 
potassa,  with  a  still  larger  amount  of  oxide  of  lead,  and 
colored  by  various  materials. 

7.  Enamel,  a  silicate  and  stannate  or  antimouiate  of 
potassa  or  soda,  and  of  oxide  of  lead.    It  may  be  other- 
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wise  described  as  composed  of  silica,  soda  or  potassa, 
and  oxide  of  lead, — rendered  opaque  by  oxide  of  tin  or 
antimony. 

8.  Soluble  Glass,  which  is  a  simple  silicate  of 
potassa  or  of  soda,  or  a  mixture  of  these  two  silicates. 

The  manufacture,  the  distinguishing  properties,  and 
the  special  applications  of  these  different  kinds  of  glass, 
will  be  described  afterwards.  Strass  and  enamel  have 
been  already  treated  under  the  latter  head,  and  will, 
therefore,  be  only  briefly  alluded  to  in  the  present 
article.  The  soluble  glass,  which  is  used  only  for  special 
purposes,  such  as  a  protective  varnish  for  pictures,  a 
fireproof  coating  for  building-materials,  et  cetera,  is 
scarcely  entitled  to  be  ranked  as  a  true  glass ;  but  its 
character  and  applications  will  be  stated  in  a  future  page. 
In  the  meantime,  the  following  tables,  which  are  given 
by  Knapp,  with  notes  by  Richardson  and  Ronalds, 
will  be  found  useful  for  reference,  as  showing  the  pro- 
portional composition  of  the  more  important  glasses 
according  to  different  analysts  of  high  authority  : — 

BOTTLE-GLASS. 


Variety  of  Glass. 

Analysts. 

Berthior. 

Dum03. 

r. 

60-0 

2. 
60-4 

3. 
59-6 

4. 
53-55 

5. 
45-6 

3-1 

3-2 

31 

3-2 

8-2 

5-48 

6-1 

22-3 

20-7 

18-0 

29-22 

28-1 

0-6 

70 

0-9 

Oxide  of  manganese,.. . . 

1-2 

0-4 

8-0 

10-4 

6-8 

601 

14-0 

4-0 

3-8 

4-4 

5-74 

6-2 

Oxide  of  manganese, .. . 

Eolation  between  the " 
oxygen  of  the  acid, 
and  the  total  amount 
of  oxygen  contained 

5  :  2 

? 

7  :  3 

2:  1 

4:3 

Relation  between  the"1 
oxygen  in  the  bases 
with  one  equivalent 
of  that  element,  and 
that  contained  in  the 
bases  with  three  equi- 
valents of  oxygen, . . 

4  :  3 

? 

2  :  1 

2  :  1 

1  :  1 

No.  1— Glass  from  Souvigny.  No.  2 — From  St.  Etienne. 
No.  3 — From  Epinac.  No.  4 — From  Sevres,  near  Paris.  No. 
5 — From  an  unknown  glass-house,  but  of  French  manufacture. 


Bohemian  Glass. — The  Bohemian  flint-glass  is 
distinguished  from  the  others  by  containing  no  lead. 

Mr.  Rowney  has  lately  analysed  the  Bohemian  hard 
glass  tubing,  so  indispensable  to  chemists  in  the  pro- 
secution of  researches  in  organic  chemistry,  and  finds 
it  to  be  essentially  a  silicate  of  lime  and  potassa,  in 
which  the  oxygen  in  the  silicic  acid  is  to  that  contained 
in  the  bases  as  6  to  1.    Analysis  yielded: — 

Centcsimally 
it'Iircaontod. 

Silica,   73-0 

Potassa,   11 '5 

Soda,   30 

Lime,   10-5 

Magnesia,  "1 

Alumina,  o.q 
Sesquioxide  of  iron,  j 

Oxide  of  manganese,  J   

100-0 


It  may,  however,  be  remarked,  that  this  tubing  is  by  no 
means  of  uniform  composition,  as  all  who  have  been 
much  occupied  with  organic  analysis  will  have  found  to 
their  cost ;  some  tubes  being  much  more  fusible  than 
others. 

The  opal  is  very  similar  to  hyalite,  mutter  glass, 
a  hydrate  of  silica.  The  composition  is  remarkable : 
it  is  a  simple  silicate  of  potassa,  which,  from  being  im- 
perfectly melted,  remains  semi-transparent,  with  pieces 
of  quartz  dispersed  through  the  mass.  It  does  not 
attract  moisture,  and  is  not  attacked  by  boiling  water. 
It  differs  from  Fuch's  soluble  glass,  by  containing  ten 
per  cent,  more  silica. 

The  Venetian  contains  also  traces  of  magnesia  and 
phosphoric  or  boracic  acid;  the  crystals  appear  dis- 
seminated through  the  mass,  which  is  of  a  yellow 
tint,  and  transparent  in  thin  sheets.  The  tin  and 
iron  obviously  assist  in  the  formation  of  the  crystals 
of  metallic  copper,  after  which  the  tin  becomes  silicate 
of  the  protoxide,  otherwise  the  glass  would  become 
opaque. 


MEDICINAL  GLASS. 


Variety  of  Glass. 

Analyst— 

Bertluer. 

i. 

2. 

3. 

4. 

71-6 

62-5 

69-6 

62-0 

Soda,  

30 

16-4 

10-6 

10-5 

8-0 

10-0 

16-2 

13-0 

15-6 

0-6 

2-2 

3  0 

4-5 

3-6 

2-4 

0-3 

1-2 

1-5 

2-5 

1-6 

0-7 

Relation  between  the  oxygen ' 

of  the  acid  and  the  total 

amount  of  oxygen  in  the 

1 

6  :  1 

7  :  2 

9  :  2 

5  :  1 

Relation  between  the  oxygen" 

in  the  bases  with  one  equi- 

valent of  that  element,  and 

that  contained  in  the  bases 

2  :  1 

7  :  3 

3  :  1 

9  :  1 

with  three  equivalents  of 

All  the  varieties  were  of  French  manufacture. 


DIFFERENT  VARIETIES  OF  "WHITE  GLASS. 


Variety  of  Glass. 

Analysts. 

Bertluer. 

Gros. 

Dumas. 

Berthier. 

Dumas. 

l. 

2. 

3. 

4. 

5. 

71-7 

71-6 

69-4 

69-2 

62-8 

12-7 

11-0 

11-8 

15-8 

22-1 

2-5 

3-0 

10-3 

10-0 

9'2 

7-6 

12-5 

2-3 

2-0 

Oxide  of  manganese, . . . 

0-2 

0-2 

0-4 

2-2 

9-6 

1-2 

2-6 

03 

3-9 

0-5 

2-6 

Relation  between  the" 

oxygen  of  the  acid, 

and  the  total  amount 

6  :  1 

6  :  1 

4:  1 

4:  1 

5  :  1 

of  oxygen   in  the 

1.  Specimen  of  a  goblet  from  Neufeld  in  Bohemia,  2. 
Specimen  from  the  same  place.  3.  Bohemian  glass.  4. 
Specimen  of  easily  fusible  French  glass  tubing.  5.  Specimen 
of  crown-glass. 
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CLASS  Its  Chemical  Constitution. 


WINDOW-GLASS. 


Variety  of  Glass. 

Analysts. 

Dumas. 

ltichardson 

Cowper. 

1. 

69-65 
15-22 
13-31 
1-82 

2. 

69-25 
11-30 
17-25 
'2-20 

3. 

68-55 
12-88 
16-17 
2-40 

4. 

68-65 
17-70 
9-65 
4-00 

5. 

68-5 
13-7 
7-8 
10-0 

6. 
68-0 
10-1 
14-3 

7-6 

7. 

69-0 

11-  1 

12-  5 
7-4 

8. 
66-37 
14-23 
11-86 
8-16 

9. 
71-4 
15-0 
12-4 

0-6 

Relation  between  the  oxygen  of  the) 
acid,  and  the  total  amount  of  oxy-  V 

4:1 

4:1 

4:  1 

4:  1 

7  :  2 

7  :  2 

7  :  2 

7  :  2 

9  :  2 

The  numbers  from  1  to  6  are  of  French  origin ;  numbers  7,  8,  and  9  are  English. 

The  specimen  was  analysed  by  Cowper,  manufactured  by  Messrs.  Chance  of  Birmingham,  and  is  remarkable  for  containing 
more  silica  and  less  alumina  than  any  of  the  other  varieties.  Mr.  Cowpek  also  found  0-3  oxide  of  iron,  and  0'3  oxide 
of  manganese  in  this  sample. 


PLATE-GLASS. 


Variety  of  Glass. 

Analysts. 

Analysts. 

Berthier. 

Taasaers 

Dumas. 

Berthier. 

Faraday. 

Dumns 

Dumas. 

Dumita. 

1. 

2. 

3. 

4. 

1. 

V.riety  of  Glass. 

Strass 

720 
17-0 

76-0 
17-0 

75-9 
17-5 

73-85 
5-50 
12-05 

68-6 
6-9 
8-1 

FUiit-plass  from 
Guinund. 

manufac- 
tured by 
Donault 
Wieland. 

Enamol. 

6-4 

6  0 

3-8 

5-60 

11-0 

44-3 
11-75 

42-  5 
11-7 

0-  5 

1-  8 

43-  5 

38-5 
7-9 

31-6 
8-3 

2-1 

2-6 

2-8 

3-50 

1-2 

Oxide  of  manganese, . . . 

1-9 

1-0 

0-1 
0-2 

43-05 

1-0 
53-0 

50-3 

Relation  between  the") 

9-8 

oxygen  in  the  acid, 
and  the  total  amount  > 
of   oxygen  in  the 

6  :  1 

? 

7  :  1 

7  :  1 

5:1 

Relation  between  the  oxy-") 
gen  in  the  acid,  and  the  I 
total  amount  of  oxygen  [ 

9  :  2 

4  :  1 

7  :  2 

7  :  3 

The  last  specimen  was  Venetian,  the  others  were  French  glass. 

CRYSTAL. 


Variety  of  Glass. 

Analysts. 

Berthier. 

D  inn  as  Vnnnlay. 

Silica,  

i. 

59-2 
9-0 

2. 
56-0 
6-6 

3. 

51-4 
9-4 

4. 

56-0 
8-9 
2-6 

5. 
51-93 
13-67 

1-0 

1-2 

28-2 

34-4 

37-4 

32-5 

33-28 

Oxide  of  manganese, . . . 

1-0 
0-4 

0-8 

trace 

Relation  between  the "] 
oxygen  of  the  acid,  I 
and  the  total  amount  [ 
ofoxygen  in  the  bases,  J 

8  ;  1 

8  :  1 

6  : 1 

6  :  1 

6  :  1 

1.  From  London,  intended  for  optical  instruments.  2.  From 
Voneche  in  Belgium.  3.  From  Newcastle.  4.  Of  unknown 
origin.    5.  From  England. 

The  oxide  of  lead  which  is  used  in  the  manufacture 
of  crystal,  is  Dot  the  protoxide  commonly  known  as 
massicot,  and  represented  by  the  formula  Pb  O,  but 
minium,  which  is  a  sesquioxide,  Pb2  03 ;  for,  as  Bar- 
kuel  remarks,  one  may  depend  on  the  latter  not  being 
mixed  with  metallic  lead,  which  almost  necessarily 
happens  with  the  massicot  of  commerce.  The  object 
of  employing  oxide  of  lead  in  this  kind  of  glass  is  to 
increase  the  density,  and,  consequently,  the  refractive 
power,  which  gives  the  glass  a  peculiar  lustre  or 
brilliancy. 


FLINT-GLASS,  STRASS,  AND  ENAMEL. 


The  following  analyses  by  Peligot  are 'given  by 
Richardson  and  Eonalds  as  quite  recent : — 

Bohemian     Bohemian       Venetian  Bohemian 
glass.         opal-glass.     aventurine.  mirror-glass. 

Silica,                     76          80-9   67-7   67-7 

Potassa,                  15  17-6   5-5   21-0 

Soda,                      —           —    7-1    — 

Lime,                       8             -7    8-9   9-9 

Alumina,                  1  . . . .  -8  . . . .  —  ....  1-4 

Oxide  of  tin,             —  ....  —    ....  2-3  ....  — 

Oxide  of  lead,          —  ....  —    ....  1-1  ....  — 

Copper,  —  ....  —    mctaiiic3-9   — 

Oxide  of  iron,          —  traces   3-5   — 

100  100-0  100-0  100-0 
Chemical  Constitution  of  the  Different  Glasses. — 
From  a  careful  inspection  of  the  preceding  tables,  it 
will  be  seen  that  all  -the  constituents  of  the  different 
varieties  of  glass  are  in  a  state  of  chemical  combination. 
It  follows  that  the  individual  constituents  must  be 
united  in  equivalent  proportions ;  and  though  these 
relations  are  sometimes  difficult  to  trace,  in  conse- 
quence of  different  oxides  replacing  each  other,  still, 
the  regularity  of  the  composition  is  always  shown  by 
the  existence  of  a  simple  relation  between  the  collec- 
tive amount  of  oxygen  in  the  bases,  and  that  contained 
in  the  silica  or  silicic  acid.  The  combination  in  defi- 
nite proportions  is  rendered  more  obvious,  as  Knapp 
observes,  when  the  empirical  formula?  are  deduced 
from  the  composition  in  100  parts.  Thus,  by  referring 
to  the  numbers  of  the  columns  in  the  preceding  tables, 
the  composition  in  100  parts  of  each  of  the  glasses 
specified,  will  be  represented  as  follows: — 


GLASS  Its  Fusibility  and  Brittleness. 
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Bottle-glass,  No.  5,  corresponds  to  KO  +  8  Ca  0  +  ?  Al2  03  -f  F2  08  -f-  8  Si  0, 


Window-glass,  No.  2, 

Plate-glass,  No.  1,  

"White  Crown-glass,  No.  5, 

Crystal,  No.  2,  

Flint-glass,  No.  2,  

Strass,  No.  1,  


Knapp  further  justly  remarks,  that  although  more 
probable  suppositions  may  be  formed  with  reference  to 
the  manner  in  which  the  silica  is  divided  amongst  the 
bases,  and  although  the  preceding  calculations  do  not 
lead  to  any  rational  formulae,  yet  the  knowledge  of  the 
empirical  composition  for  any  species  of  glass,  as  repre- 
sented in  the  examples  above  given,  is  nevertheless  a 
very  valuable  guide  in  mixing  the  ingredients  for  its 
manufacture,  and  of  great  service  in  improving  or  cor- 
recting the  prescribed  rules. 

Comparative  Fusibility  of  the  Glasses. — Under  the 
influence  of  a  cherry-red  heat  and  upwards,  the  dif- 
ferent kinds  of  glass  are  all  capable  of  being  first  softened 
and  then  undergoing  a  complete  fusion.  At  the  same 
time,  the  difficult  fusibility  of  the  bi  and  tri  silicates,  or 
those  in  which  the  acid  preponderates,  and  the  opposite 
properties  of  those  which  contain  a  larger  proportion 
of  base,  are  very  important  facts  in  connection  with 
the  manufacture  of  glass.  Silicic  acid  per  se,  is  per- 
fectly infusible  in  every  furnace,  but  it  acquires  the 
property  of  fusibility  in  a  greater  or  lesser  degree, 
according  to  the  quantity  of  base  with  which  it  is 
mixed.  Glass-makers,  in  short,  call  all  the  bases 
fluxes,  and  are  well  aware  that  the  work  is  facili- 
tated and  fuel  saved  by  increasing  the  amount  of  flux 
in  the  mixture ;  but,  at  the  same  time,  they  know  that 
the  addition  of  flux  cannot  exceed  a  certain  limit  with- 
out detriment  to  the  durability  of  the  glass.  When 
glass  is  attacked  by  reagents,  under  ordinary  circum- 
stances, it  is  always  a  result  of  the  removal  of  base; 
but  this  is  a  subject  for  future  consideration.  As 
already  stated,  glasses  with  a  lead  base  are  the  most 
fusible,  and  the  more  so  in  proportion  as  they  contain 
a  more  considerable  quantity  of  oxide  of  lead.  Com- 
mon glasses,  on  the  contrary,  are  less  so,  the  more 
lime  and  alumina  they  hold.  Thus,  strass,  flint- 
glass,  and  crystal,  aro  more  fusible  than  common  or 
window-glass,  and  the  latter  is  a  little  more  so  than 
bottle-glass. 

Imperfect  Fluidity  of  Glass. — The  possibility  of 
casting  or  moulding  glass,  as  well  as  its  purification, 
depends  upon  the  fact  that  at  very  intense  heats  the 
so-called  metal  is  tolerably  fluid,  though  still  possessing 
a  consistence  which  may  be  compared  to  that  of  weak 
sirup.  In  this  state  the  heavier  impurities  are  enabled 
to  subside  to  the  bottom,  while  the  bubbles  of  gas, 
which  too  often  form  flaws  in  glass,  rise  by  their  levity 
to  the  surface.  At  a  brisk  red  heat,  on  the  contrary, 
the  metal  is  only  in  a  semi-fluid  state,  and  on  this 
peculiar  and  valuable  property  depends  the  possibility 
of  working  it  into  every  variety  of  form.  In  this  state 
it  is  an  exceedingly  tough,  thick  mass,  possessing  great 
ductility,  and  capable  of  being  drawn  out  into  the 
finest  threads,  or  blown  into  the  form  of  the  thinnest 
hollow  spheres.  In  short,  it  is  evident  that  the  usual 
methods  of  working  glass  by  blowing,  and  of  soldering 
different  pieces  together  by  simple  pressure  or  contact, 
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3  Na  0  +  5  Ca  0  +  12  Si  0. ; 

2  Na  0  +  Ca  0  +  6  Si  03; 
KO  -f  Ca  0  -f  3  Si  Oa ; 
KO  +  2  PbO  +  8  Si  03; 

6  KO  +  9  PbO  20  Si  03; 

3  KO  +  9  PbO  +  16  Si  03;  et  cetera. 

would  be  quite  impracticable,  unless  the  mass  possessed 
these  properties. 

Brittleness. — When  glass  has  been  heated  to  the 
softening  point,  and  exposed  to  a  rapid  cooling,  it  is 
very  brittle  ;  when,  on  the  contrary,  it  is  submitted  to 
a  slow  cooling,  it  becomes  capable  of  resisting  pretty 
severe  shocks  without  breaking,  and  it  stands  equally 
well  sudden  variations  of  temperature.  These  pheno- 
mena have  been  compared  to  the  tempering  of  steel ; 
and  although  the  explanations  which  have  been  given 
of  them  are  not  quite  satisfactory,  yet  it  will  be  neces- 
sary to  enter  into  some  details,  on  account  of  the  prac- 
tical importance  of  the  subject.  The  metamorphosis 
has  been  attributed  to  unequal  crystallization.  It  will 
be  seen  afterwards  that  the  particles  of  glass  always 
exhibit  in  the  fluid  state  a  tendency  to  arrange  them- 
selves in  a  regular  manner,  and  form  crystals.  Now, 
when  the  mass  is  cooled  suddenly,  no  time  is  allowed 
the  particles  to  follow  this  tendency,  and  they  are 
forced,  as  it  were,  against  their  inclination  to  remain  in 
that  relative  position  towards  each  other  which  they 
assumed  during  the  working,  or,  in  other  words,  to  form 
an  amorphous  mass.  This  forced  relative  position  of  the 
particles  is  greatest  where  the  glass  has  been  rapidly 
cooled;  the  interior  of  the  mass  is,  therefore,  not  so 
subject  to  it  as  the  surface,  and  this  latter  also  con- 
tracts in  a  greater  degree.  The  outer  layers  are,  con- 
sequently, in  a  state  of  tension,  with  reference  to  thoso 
in  the  interior.  It  is  obvious,  from  these  facts,  that 
there  must  be  a  want  of  uniformity  in  the  attrac- 
tions of  the  particles  of  glass  for  each  other;  that  a 
tendency  to  subvert  the  force  of  cohesion  has  been 
induced,  which  the  slightest  impulse  from  without 
will  be  sufficient  to  call  into  action.  This  circum- 
stance perfectly  explains  the  brittle  nature  of  glass, 
which  sometimes  rises  to  a  very  extraordinary  degree. 
For  example,  if  one  takes  a  little  melted  glass,  and 
allows  it  to  fall,  drop  by  drop,  into  cold  water,  each 
drop  will  suddenly  solidify,  and  will  take  a  form  gener- 
ally spheroidal  or  ovoidal,  terminated  by  a  tail  which 
ends  in  a  rapidly  tapering  point,  a,  as  represented  in  Fig. 
135.  The  surface  of  this  drop  of  glass  is  harder  than 
ordinary.    But  by  merely  breaking  off  the  point,  the 

Fig.  136. 


tension  is  called  into  play,  and  the  whole  mass  flies  to 
pieces,  or  rather  is  instantly  converted  into  a  fine  pow- 
der, with  a  slight  detonation.  These  little  articles  are 
known,  from  their  great  brittleness,  under  the  name  of 
Ruperts  drops. 

The  effect  is  explained  by  Dumas,  by  supposing  that 
by  the  immersion  in  cold  water  the  surface  of  the  glass 
is  suddenly  solidified,  the  central  parts  being  still  tire- 
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red,  and  consequently  much  dilated.  When  these 
last  become  solidified  and  cooled  down,  they  must  have 
retained  points  of  adherence  to  the  surface,  and  conse- 
quently occupy  a  larger  volume  than  that  which  agrees 
with  the  temperature  to  which  they  are  reduced ;  the 
central  molecules  are,  therefore,  more  distended  than 
usual,  and  exert  a  powerful  contracting  force  on  the 
surrounding  parts.  At  the  instant  when  a  part  of  the 
envelope  or  outer  portion  is  broken,  the  molecules 
which  had  been  retained  by  it  briskly  contract,  draw 
in  with  them  all  the  others,  and  thus  determine  a  mul- 
titude of  points  of  rupture  ;  as  this  effect  is  instantane- 
ous, each  fragment  is  shot  with  force,  and  drives  the  air 
before  it ;  this  fluid,  therefore,  undergoes  a  sudden 
dilatation  and  contraction,  from  which  results  the  deto- 
nation that  is  heard. 

The  same  effect  is  produced  under  another  form,  in 
what  is  termed  the  Bologna  or  philosophical  phial — 
Fig.  136.  This  is  a  kind  of  short  tube,  thick,  and  closed 
at  one  end,  which  is  obtained  at  crystal 
manufactories,  by  blowing  a  small  portion 
«"}  of  glass  to  judge  of  the  state  of  the  metal 
I  in  the  pots  during  the  melting.  These 
|  tubes  are  very  thick,  for  they  must  be  suffi- 
|  ciently  so  to  allow  of  appreciating  exactly 
i  1  the  tint  of  the  glass.  They  are  exposed  to 
J  J  a  rapid  cooling,  because  the  object  which 
Mi  they  are  intended  to  serve  does  not  require 
W  that  any  care  should  be  taken  in  that  respect. 
This  cooling  is  even  accelerated  by  shaking  in  the  air 
the  rod  which  supports  the  small  tube.  The  latter  is 
then,  in  point  of  fact,  in  a  state  very  analogous  to  that 
of  the  Rupert  drops,  and  Dumas  explains  their  remark- 
able brittleness  in  the  same  manner.  The  interior  parts 
have  undergone  a  slow,  and  the  exterior  parts,  on 
the  contrary,  a  rapid  cooling ;  and  when  these  tubes 
are  struck,  even  very  strongly,  on  the  outside,  they  do 
not  break,  while  the  slightest  stroke  on  the  inside  is 
sufficient  to  make  them  fly  in  pieces,  with  a  detonation 
similar  to  that  which  occurs  in  the  case  of  the  Rupert 
drops.  A  small  marble,  a  bit  of  glass  allowed  to  fall 
into  the  interior  of  the  tube,  is  sufficient  to  make  it 
burst  asunder. 

Phenomena  more  or  less  analogous  to  these  happen 
with  glass  vessels  of  some  thickness,  which  are  sold  for 
common  uses.  By  slight  variations  of  temperature, 
such  as  occur  when  they  are  carried  from  a  room  with- 
out a  fire  into  a  warm  room,  it  sometimes  happens  that 
these  glasses  suddenly  burst  without  any  apparent  cause. 
It  is  obvious,  that  the  thicker  the  glasses,  the  more 
readily  will  effects  of  this  kind  be  produced.  Tubes  of 
glass  somewhat  thick,  and  especially  those  which  are 
of  unequal  thickness,  are  also  very  subject  to  split, 
and  usually  the  crack  is  prolonged  through  the  whole 
length  of  the  tube.  But  glass  tubes  are  not  submitted 
to  that  particular  operation,  the  object  of  which  is  to 
render  glasses  less  liable  to  break  by  sudden  changes 
of  temperature.  This  operation  is  termed  annealing, 
and  consists  in  submitting  the  glass  to  a  very  slow 
refrigeration.  The  details  of  the  process  will  be  de- 
scribed in  connection  with  the  general  arrangements 
of  the  glass-house  and  its  furnaces,  among  which  the 
annealing  arch  or  oven  takes  an  important  place. 


It  would  seem  that  the  ordinary  annealing  of  glass, 
whether  it  be  that  the  operation  is  badly  performed,  or 
that  it  has  not  a  durable  effect,  always  leaves  something 
to  be  desired.  For  some  articles,  a  method  of  anneal- 
ing is  employed  which  is  very  simple,  but,  at  the  same 
time,  expensive,  if  required  to  be  applied  on  a  large 
scale.  It  consists  in  placing  the  glass  vessels  in  a  trough 
or  pan,  taking  the  precaution  to  separate  them  by  a  little 
hay  or  straw.  The  vessels  and  the  pan  are  filled  with 
water,  and  the  liquid  is  brought  to  ebullition.  The 
whole  is  then  left  to  cool  slowly.  The  vessels  thus 
treated  are,  so  to  speak,  insured  against  any  rapid 
change  of  temperature,  comprised  within  the  interval 
of  180°  Fahr.,  or  thereabouts.  By  using  a  bath  of 
water  charged  with  some  salt,  an  oil-bath,  or  a  bath  of 
fusible  alloy,  this  method  might  be  extended  to  higher 
temperatures. 

The  efficacy  of  the  process  rests  on  the  great  differ- 
ence which  exists  between  the  conducting  power  of 
air  and  that  of  liquids.  There  is  no  doubt  that  in  the 
operation  of  annealing  in  the  air,  different  points  of  the 
surface  are  cooled  at  different  rates,  a  circumstance 
which  can  never  occur  when  the  annealing  is  effected 
under  a  liquid  mass.  It  is  well  known  in  laboratories, 
that  vessels  which  have  accidentally  undergone  an  an- 
nealing of  this  kind,  are  thereby  rendered  very  fit  to 
support,  without  breaking,  rapid  changes  of  tempera- 
ture. 

On  the  whole,  although  the  brittleness  of  glass  is  not 
entirely  obviated  by  the  most  careful  annealing,  yet  it 
is  so  modified  that  the  vessels,  with  a  little  care,  can 
be  used  for  all  ordinary  purposes.  Sudden  change  of 
temperature,  or  partial  application  of  heat,  will  cause 
the  fracture  of  unannealed  glass  quite  as  surely  as  a 
blow,  by  expanding  it  more  at  one  part  than  another. 

Devitrified,  or  Semi-crystallised  Glass. — As 
excessive  brittleness  results  from  the  sudden  cooling  of 
glass,  so,  on  the  other  hand,  when  the  fused  metal  is 
cooled  too  slowly,  the  amorphous  state  entirely  disap- 
pears, the  mass  assumes  a  crystalline  structure,  and 
other  changes  occur  which  are  termed  devitrification. 
If  the  glass  contain  different  bases,  a  partial  separation 
takes  place ;  the  silica  divides  itself  between  the  bases, 
and  thus  forms  compounds  of  definite  proportions  which 
crystallize  separately.  In  this  case  the  intimate  mixture 
of  the  materials  which  constitute  the  true  glass  is  de- 
stroyed ;  the  glass  becomes  very  hard,  fibrous,  opaque, 
much  less  fusible,  a  better  conductor  of  electricity  and 
of  heat.  The  first  glass  of  this  kind  was  produced  and 
described  by  Reaumur,  and  was  termed  by  him  de- 
vitrified glass. 

The  devitrification  of  glass  is  a  general  phenomenon, 
which  exhibits  itself  in  all  kinds  of  glass,  but  especially 
in  glass  with  several  earthy  bases,  and  more  difficultly 
in  plumbiferous  glasses,  or  glasses  simply  alkaline.  It 
is  almost  always  produced  by  melting  the  glass,  and 
allowing  it  to  cool  very  slowly,  or  else  by  heating  the 
glass  to  the  softening  point,  and  submitting  it  to  a  pro- 
longed heat  and  a  graduated  cooling.  The  operation 
succeeds  better  in  bottle-glass  than  in  any  others;  then 
comes  common  green  glass,  next  white  glass,  then 
simple  glass,  with  a  soda  base ;  after  this,  flint-glass, 
and,  lastly,  simple  glass,  with  a  potassa  base. 
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This  property  exerts  so  great  an  influence  in  the 
manufacture  of  glass,  that  it  is  difficult  not  to  make 
an  immediate  application  of  it.  It  explains,  indeed, 
why,  in  the  making  of  bottles,  so  much  care  is 
taken  to  avoid  the  repeated  reheating  of  the  mass 
which  is  to  be  formed  into  that  article.  It  would  be 
thoroughly  devitrified  in  a  few  seconds ;  the  glass 
would  become  hard,  difficult  to  fuse,  and  would  present 
a  multitude  of  solid  grains  disseminated  in  a  matter 
still  soft.  One  sees  in  the  same  manner  why  green 
glass,  and  even  common  white  glass,  and,  still  more 
so,  bottle  glass,  can  only  be  shaped  by  the  lamp  of 
the  enameller  when  the  work  is  performed  with  the 
necessary  despatch.  If  he  works  so  slowly  that  he  is 
obliged  to  reheat  several  times  the  glass  tube  which  he 
is  blowing,  the  mass  devitrifies,  and  all  the  phenomena 
show  themselves  which  have  just  been  described.  In 
vain  does  he  then  try  to  blow  a  bulb— all  the  force  of 
his  lungs  will  not  avail ;  the  glass  is  no  longer  soft. 
Besides,  the  material  then  becomes  rugous,  semi- 
opaque,  and  almost  infusible. 

One  can  understand,  on  the  same  principles,  how 
important  it  is  to  select  with  care  glasses  intended  to 
be  used  in  large  and  thick  masses,  such  as  those 
designed  for  the  making  of  lenses  for  large  optical 
instruments.  The  cooling  of  such  masses  is  necessarily 
very  slow,  which  induces  the  devitrification  of  the 
glass.  It  is  almost  impossible  to  succeed,  therefore, 
except  with  glass  having  a  base  of  lead  and  potassa, 
and  glass  with  a  base  of  potassa  and  lime.  Indeed, 
these  two  kinds  of  glass,  which  constitute  flint  and 
foreign  crown  glass,  are  employed  exclusively  on  the 
Continent  for  the  making  of  objectives  for  achromatic 
telescopes. 

The  devitrification  of  glasses  is  a  phenomenon  of 
the  greatest  interest,  and  to  which  the  attention  of 
glass-makers  cannot  be  too  much  directed.  It  will 
appear  still  more  worthy  of  consideration  when  it  is 
shown  that,  in  virtue  of  its  properties,  devitrified  glass 
is  capable  of  replacing  porcelain  in  almost  all  its  uses. 
Thus,  for  the  requirements  of  chemistry,  one  may 
make  tubes,  retorts,  receivers,  capsules,  winch  resist 
the  fire  as  well  as  vessels  of  porcelain,  which  are  as 
impermeable  as  common  glass,  which  resist  acids  very 
well,  and  which,  in  fine,  may  be  obtained  in  a  single 
piece,  under  a  thousand  diversified  forms,  which  the 
moulding  of  porcelain  could  only  furnish  with  difficulty. 
This  is  a  business  to  be  created,  and  a  very  important 
business,  for  it  would  furnish  vessels  of  a  wholesome, 
elegant  ware,  and  at  a  comparatively  low  price. 

To  effect  the  devitrification  of  glass,  Reaumur 
selected  common  bottle  or  green  glass.  He  filled  the 
vessels  with  a  mixture  of  roasted  sulphate  of  lime  and 
white  sand,  reduced  to  fine  powder.  He  introduced 
them  into  an  earthen  box,  which  itself  was  filled  with 
a  similar  mixture,  taking  care  that  the  vessels  were 
well  isolated  from  each  other,  as  well  as  from  the  sides 
of  the  box,  the  empty  space  being  occupied  with  the 
plaster  and  sand.  The  box,  thus  prepared,  fitted  with 
a  lid  and  luted,  was  carried  into  a  pottery  furnace, 
and  left  to  itself  during  the  whole  duration  of  a 
firing.  At  the  end  of  that  time  the  glass  was  entirely 
devitrified. 


The  fracture  of  this  glass  is  silky,  and  an  attentive 
examination  of  it  is  sufficient  to  show  how  the  pheno- 
menon is  produced.  In  fact,  exactly  in  the  middle  of 
its  thickness,  the  glass  presents  a  brown  line,  and  it  is 
at  this  point  that  an  infinite  number  of  small  crystalline 
needles  meet,  proceeding  from  the  exterior  and  interior 
surface  of  the  vessel.  These  needles,  perfectly  parallel 
to  each  other,  are  perpendicular  to  the  surface  of  the 
glass,  as  well  as  to  the  plane  passing  through  the  line 
of  junction,  which  itself  follows  all  the  variations  of 
form  in  the  glass.  It  may  be  added,  that  in  glasses 
imperfectly  devitrified  the  two  surfaces  exhibit  similar 
needles,  but  too  short  to  meet,  and,  consequently, 
separated  by  a  greater  or  less  breadth  of  common  glass, 
which  occupies  the  middle  of  the  thickness  of  the  plate 
or  vessel.  It  is  evident,  therefore,  that  whatever  cause 
determines  the  crystallization  of  the  glass,  acts  first  on 
the  surfaces,  and  afterwards  penetrates  to  the  middle, 
till  the  crystals  setting  out  from  the  two  opposite  points 
come  to  meet. 

M.  Dartigues  was  convinced  that  the  gypsum  and 
sand  mixture  was  not  indispensable,  and  that  bottle- 
glass,  heated  only  to  redness  during  some  hours,  was 
entirely  devitrified.  Nevertheless,  the  potassa  vola- 
tilizes during  the  devitrification,  which  indicates  the 
utility  of  a  silicious  cement,  which  then  performs  the 
part  of  an  absorbing  body  in  the  manner  of  the  sul- 
phuric acid  in  Leslie's  experiment  for  freezing  water 
in  a  vacuum. 

Reaumur  did  not  well  understand  the  theory  of 
the  phenomenon  of  devitrification,  and,  subsequently, 
Keir,  Pajot-des-Charmes,  and  some  other  observers, 
in  examining  and  describing  the  crystallizations  which 
sometimes  occur  in  glass,  were  not  more  successful 
in  perceiving  the  intimate  connection  between  these 
two  classes  of  facts.  The  researches  of  Dartigues 
as  well  as  those  of  Fleuriau  de  Bellevue,  ulti- 
mately placed  beyond  doubt  the  complete  identity  of 
these  two  phenomena. 

Devitrification  is  therefore  a  crystallization  of  glass. 
Experience  proves  that  glass,  slowly  cooled,  almost 
always  crystallizes  when  the  passage  from  the  liquid 
to  the  solid  state  is  effected  so  gently  as  to  allow  the 
requisite  molecular  arrangements  to  take  place.  But 
it  appears  that,  by  applying  this  idea  in  an  absolute 
manner  to  the  devitrified  glasses  of  Reaumur,  a  grave 
error  would  be  committed,  which  analysis  teaches  one 
to  avoid.  There  exist,  in  fact,  two  distinct  kinds  of  de- 
vitrified or  crystallized  glasses,  resulting  from  different 
actions.  1.  The  first  class  embraces  glasses  which, 
by  means  of  a  prolonged  heat,  and  sometimes  by  the 
aid  of  a  suitable  lute  or  cement,  have  arrived  at  a  state 
of  homogeneous  combination,  and  have  taken  the  crystal- 
line form,  losing  some  of  their  constituent  principles. 
2.  The  second  kind  comprises  glasses  which,  by  means 
of  a  solidification  very  slowly  effected,  are  divided  into 
two  or  more  different  compounds,  some  of  which  have 
preserved  the  uncrystallized  state,  while  others  have 
taken  a  regular  crysta  lline  form. 

It  is  possible  to  discover  by  analysis  what  takes 
place  in  these  two  cases.  The  manner  in  which 
REAUMUR  effected  the  devitrification  has  been  already 
stated.    In  proceeding  to  examine  its  results,  Dumas 
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made  the  following  analysis  of  a  tube  of  bottle-glass 
.devitrified  by  M.  D'Arcet  at  the  glass-work  of  La 
{Jarre  at  Paris;— 

Centesimally.  Oxygen. 

Silica,    52-0  =27-0 

Alumina,   12-0  =  5-6)  _  ,  r 

Sesquioxides  of  iron  and  manganese, . .    6-6  =  20  f  —  ' 

Lime,   27-4  =  7-6  \  _  „  „ 

loss,  orpotassa,  ...    2-0  =  0-2  j  — 

100-0  42-4 

Comparingfthjs  analysis  with  that  of  common  bottle- 
glass,  already  given  at  page  191,  it  will  be  seen  that 
the  amount  of  the  potassa  is  reduced  to  at  least  one- 
third  or  a  half  of  the  ordinary  quantity.  Moreover, 
this  analysis  shows  that  the  sample  analysed  -consisted 
of  one  equivalent  of  sesquisilicate  of  iron  or  of  alumina, 
and  one  equivalent  of  bisilieate  of  lime  or  of  potassa. 

It  is  far  from  probable  :that  the  same  result  would 
be  obtained  for  all  analogous  glasses,  as  regards  the 
state  of  saturation  of  the  silicates,  or  their  proportion 
to  each  other;  but  it  is  certain  that  the  potassa  almost 
entirely  volatilizes  by  the  devitrification  effected  in 
Reaumur's  manner,  and  that  the  other  products  ar- 
range themselves,  either  to  constitute  a  single  silicate, 
or  to  form  several  of  them,  which  remain  mingled. 

D'Arcet  found,  it  is  true,  that  bottle-glass  was 
•devitrified  without  changing  its  weight.  That  might 
happen,  in  fact,  when  the  oxygen,  absorbed  by  the 
transition  from  the  oxide  of  iron  to  the  sesquioxide, 
is  equal. in  weight  to  the  potassa  volatilized. 

The. chemical  changes  observed  in  the  devitrification 
■of  bottle-glass  consist,  therefore, — 1st.  In  the  loss  of  a 
part,  or  the  whole  of  the  potassa.  2nd.  In  the  passing 
■of  a  part  or  the  whole  of  the  protoxide  of  iron  and  of 
manganese  , to  the  state  of  seequioxides.  3rd.  In  the 
formation  of  one  or  more  definite  and  crystallized  sili- 
cates, by  means  of  the  remaining  products. 

The  second  process  of  devitrification,  which  consists 
'in  the  mass  being  broken  .up  into  different  chemical 
■  compounds,  presents  itself  ■  sometimes  alone,  but  often 
simultaneously  -with  the  preceding.    Dumas  mentions 


the  curious  results  of  an  experiment  made  on  the  large 
scale,  at  the  glass-works  of  Choisy-le-Roi,  in  which 
this  process  was  observed  to  be  quite  distinct  from  the 
preceding.  A  glass  was  formed  with  100  of  sand  and 
40  of  carbonate  of  soda,  perfectly  pure  and  dry.  This 
glass  being  cooled  rapidly,  was  transparent  like  ordinary 
glass.  It  was  re-melted,  and  submitted  to  a  slow  cool- 
ing, that  the  solidification  might  take  place  tardily. 
A  glass  was  thus  obtained  which  was  milky,  grainy,  and 
evidently  devitrified  in  some  places.  The  devitrified 
parts  were  re-melted,  and  rapidly  cooled  again  after  the 
melting,  which  furnished  common  glass  once  more. 
This  glass,  by  a  new  fusion  and  a  prolonged  cooling, 
gave  a  glass  better  devitrified  than  it  was  the  first  time. 
Lastly,  the  portions  which  exhibited  the  most  perfect 
devitrification,  being  again  melted  and  quickly  cooled, 
again  yielded  a  glass  endued  with  its  ordinary  charac- 
teristics. 

This  remarkable  experiment  sufficiently  proves  that, 
in  the  slow  solidification  of  glass,  a  division  of  its  ele- 
ments is  determined,  in  consequence  of  which  a  definite 
silicate  crystallizes,  and  thus  separates  from  the  re- 
maining mass. 

Dumas  states  that  there  existed  in  the  cabinet  of 
the  Polytechnic  School  at  Paris,  a  mass  of  glass  de- 
tached from  the  bottom  of  a  crucible.  At  the  surface  of 
it  was  an  opaque  crust,  white,  crystallized  in  needles, 
and  of  a  uniform  thickness  of  one  or  two  lines.  All 
the  rest  of  the  mass  was  of  a  perfect  transparency,  but 
in  the  interior  of  it  might  be  observed  a  multitude  of 
■white  and  opaque  prisms,  similar  to  the  exterior  crust ; 
partly  isolated;  partly  collected  in  groups  of  two,  three, 
four,  et  cetera,  and  forming  stars;  in  some  cases  more 
numerous  still,  and  then  forming  spheroids.  The  de- 
vitrification was  therefore  effected  in  this  case  at  the 
surface,  in  consequence  of  the  evaporation  of  the  potassa, 
and  in  the  mass  itself,  in  consequence  of  the  separation 
which  resulted  from  a  slow  cooling.  Subjoined  is  the 
analysis  of  the  two  kinds  of  glass  contained  in  this 
piece  by  Dumas,  and  that  of  another  specimen  by 
Kersten: — 


Kersten. 

Duma*. 

CryBtalHno  portion. 

YilreouB  portion. 

Crystalline  portjon. 

Vitreous  portion. 

Oxygen. 

Oxygon. 

Oxygen. 

Oxygen. 

58-8 

30-54 

60-39 

31-40 

68-2 

35-4(5 

64-7 

33-G4 

3-3 

1-54 

6-10 

2-84 

4-9 

2-28 

3-5 

1-63 

20-2 

5-77 

13-40 

3-83 

12-0 

3-43 

12-0 

3-43 

8-5 

0-80 

3-10 

0-70 

4-2 

0-93 

2-20 

0-49 

0-5 

0-19 

0-40 

0-15 

2-,7 

0-45 

Soda,  

5-5 

1-40 

1 14-41 

3-05 1 

1-49 

3-81 

19-8 

5-06 

It  is  evident  that,  in  the  specimen  analysed  by 
Dumas,  the  potassa  had  been  separated  from  the  glass 
at  the  instant  of  crystallization.  It  is  equally  manifest 
that  while  no  simple  proportion  can  be  traced  between 
the  elements  of  the  transparent  glass,  one  observes,  on 
the  contrary,  in  the  crystallized  glass  a  clear  and  well- 
defined  composition;  for  the  oxygen  of  the  alumina 
is  about  one-third  of  that  of  the  potassa  and  of  the  lime, 
and  the  oxygen  of  these  three  bases  is  pretty  exactly 


the  fourth  of  that  of  the  silica.  It  is,  therefore, 
a  compound  of  one  equivalent  of  quadrisilicate  of 
alumina,  and  of  three  equivalents  of  quadrisilicate 
of  soda  or  of  lime,  which  corresponds  to  the  compo- 
sition of  ordinary  window-glass.  More  distinctly, 
in  the  specimen  analysed  by  Dumas,  the  oxygen  in 
the  silicic  acid  is  to  that  of  tho  alumina,  and  to 
that  of  the  other  bases  together,  in  the  following 
ratios: — 
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In  the  crystalline  pouion,  as  35-46  :  2-28  ;  7-24  =  18  :  1  :  3 
In  the  vitreous  matrix,  as . .  33-64  :  1-63  ;  8-49  =  15  :  1  :  5 

For  the  former,  M2  03,  6  Si  03  4-  9  (M  0  Si  03) 

For  the  latter,  M2  03,  3  Si  03  +  15  (M  0  Si  03) 

In  the  specimen  analysed  by  Kersten,  the  relations 
of  the  oxygen  were  as  follow : — 

In  the  crystalline  portion,  as  30-54  :  1-54  :  9-54  =  21  :  1  :  6 
In  the  vitreous  matrix,  as..  31-40  :  2-84  :  8-22  =  12  :  1  :  3 

For  the  crystalline  portion, .  M2  Oa,  3  Si  03  +  9  (M  0  Si  03) 
For  the  vitreous  matrix,  M2  03,    Si  Oa  +  18  (M  0  Si  Oj) 

These  relations,  as  deduced  from  both  analyses, 
render  it  probable  that  the  two  portions  were  distinct 
chemical  compounds.  It  may,  therefore,  be  assumed 
that  when  the  glass  is  submitted  to  a  slow  solidification, 
there  occurs  a  separation  of  the  least  fusible  definite 
compound  to  which  its  elements  can  give  rise — the 
latter  then  taking  the  crystalline  state. 

If  the  analyses  of  different  glasses  previously  given 
had  not  solved  the  question,  these  last  two  would  suf- 
fice to  demonstrate  that  all  the  glasses  are  silicates  in 
definite  proportions,  or,  at  least,  mixtures  of  different 
definite  silicates,  dissolved  the  one  by  the  other.  Hence 
it  may  be  inferred,  that  by  sufficiently  prolonging  the 
time  of  the  solidification  of  a  vitreous  mass,  it  would 
be  possible  to  separate  successively  compounds  more 
and  more  fusible,  the  alkaline  base  concentrating  more 
and  more  in  the  successive  residues.  And  hence,  also, 
may  be  conceived  what  takes  place  in  the  solidification 
of  lavas,  which  have  so  much  analogy  with  the  pro- 
ducts now  under  consideration,  and  an  explanation 
may  be  given  of  the  formation  of  natural  crystals,  so 
diversified  as  they  appear  in  their  mass. 

To  sum  up — in  the  words  of  Dumas,  to  whom  the 
Editor  is  chiefly  indebted  for  what  has  been  stated  on 
this  interesting  subject — devitrification  is  a  crystallisa- 
tion of  glass,  due  to  the  formation  of  definite  compounds 
infusible  at  the  temperature  existing  at  the  instant  of 
the  devitrification.  Sometimes  this  infusibility  is  pro- 
duced by  the  volatilization  of  the  alkaline  base;  some- 
times by  a  simple  division  or  separation,  the  alkali  then 
passing  into  that  portion  of  the  glass  which  preserves 
the  vitreous  state.  All  glasses  may  therefore  be  devit- 
rified,  for  all  glasses  are  capable  of  passing  to  the  state 
of  definite,  and  consequently  crystallizable,  silicates. 
Glasses  which  contain  at  the  same  time  indifferent 
oxides  and  basic  oxides  will  devitrify  better  than  others, 
by  the  tendency  which  the  indifferent  silicates  and 
basic  silicates  have  to  combine  in  definite  proportions. 
Lastly,  devitrified  glasses  will  possess  very  variable 
properties,  for  their  composition  itself  will  differ  com- 
pletely, according  to  the  nature  of  the  glasses  and  the 
circumstances  of  the  devitrification.  Thus,  sometimes 
the  devitrified  glass  will  be  crystallized  in  needles  of 
considerable  size,  as  happens  with  window-glass ; 
sometimes  it  will  be  crystallized  in  very  fine  needles, 
or  even  simply  transformed  into  an  opaline  mass, 
without  appearance  of  crystals,  as  in  the  case  of  bottle- 
glass. 

Specific  Gravity  of  different  kinds  of  Glass. — It  is 
evident  that  the  specific  gravity  of  glass  must  depend 
on  its  composition.  Alkaline  calcareous  glasses  are  the 
lightest;  bottle-glass  comes  next ;  then  plumbiferous 


glasses.    The  following  are  the  results  of  some  experi- 


ments : — 

•  Specific  Gravity. 

Bohemian  glass,  2-396 

Crown-glass,  2-487 

Saint  Gobain  plate-glass,  2-488 

Cherbourg  plate-glass,  2-506 

Window-glass,  2-642 

Bottle-glass,  2-732 

Crystal,  or  common  flint-glass,  2-9  to  3-255 

Optical  flint-glass,  3-3  to  3-6 

The  Editor  finds  several  kinds  of  glass  to  give  the 
following  specific  gravities: — 

White  flint-glass,   3-000 

Bottle,  common  green,   2-715 

Green-glass,  St.  Helen's, .   2-654 

Crown-glass,   2*520 

Leith  crystal,   3-189 

Plate-glass,  ltavenhead,   2-439 


As  regards  crystal  or  flint-glass,  the  density  may  suffice 
to  give  a  pretty  exact  idea  of  its  composition.  It  is 
not  so  with  the  other  kinds  of  glass,  the  differences  of 
density  of  their  constituent  principles  not  being  suffi- 
ciently marked. 

Loysel  attempted  to  establish  formula;  which  might 
permit  of  passing  from  the  density  to  the  composition, 
but  they  are  altogether  inapplicable.  Little,  if  any, 
advantage  is  to  be  had  from  them,  even  for  glasses 
containing  lead.  These  relations  vary  from  so  many 
causes,  that,  to  establish  them  in  a  positive  manner,  it 
would  be  necessary  to  limit  oneself  to  certain  glasses, 
and  to  deduce  them  from  experiments  so  delicate  and 
so  numerous,  that  it  would  be  better  to  have  recourse 
to  the  ordinary  methods  of  chemical  analysis,  the 
results  of  which  will  always  be  more  reliable. 

Chemical  Properties  of  Glass. — Among  the 
chemical  properties  of  glass,  there  are  some  which 
merit  an  attentive  examination.  Dumas  classes  them 
as  follows — namely,  the  effect  of  the  air  or  of  deoxidiz- 
ing bodies;  that  of  water;  that  of  acids;  and  that  of 
bases. 

Action  of  Air  or  Oxygen. — Air  or  oxygen,  cold  or 
hot,  provided  they  are  dry,  exercise  no  action  on  glasses. 
It  is  not  so  with  moist  air,  as  will  be  seen  further  on, 
especially  with  reference  to  soluble  glass.  In  this  case, 
however,  the  reagent  is  water. 

Action  of  Deoxidizing  Bodies. — It  is  evident  that 
deoxidizing  bodies  may,  on  the  contrary,  act  with  the 
aid  of  heat  on  glasses  which  contain  oxides  of  iron  or 
of  manganese,  and  especially  oxide  of  lead.  In  fact, 
when  plumbous  glasses  are  heated  with  charcoal,  or  in 
a  current  of  hydrogen,  they  very  readily  undergo  a 
remarkable  alteration.  The  oxide  of  lead  is  reduced, 
and  the  metal  being  set  free,  communicates  to  the 
glass  a  blackish  tint.  This  effect  is  even  so  rapid, 
that  one  cannot  operate  on  crystal  at  the  enameller's 
lamp  without  blackening  it  greatly,  except  particular 
precautions  be  used.  The  plan  which  succeeds  best 
consists  in  placing  a  little  soap  on  the  wick  of  the  lamp ; 
the  flame  suddenly  assumes  a  different  appearance, 
and  no  longer  blackens  the  crystal.  It  is  probable 
that  the  presence  of  the  soap  affects  the  capillarity  of 
the  wick,  and  diminishes  the  ascent  of  the  oil. 

Action  of  Water. — Water  does  act  more  or  less 
on  all  glasses ;  and  there  is  a  great  number  which  it 
tends  to  decompose  into  a  soluble  alkaline  silicate,  and 
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an  insoluble  earthy  and  alkaline  silicate.  It  produces  in 
some  sort  the  same  separation  which  would  result  from 
a  slow  cooling,  or  from  the  devitrification  of  the  glass. 
Window  glasses,  or  those  which  have  an  analogous 
composition,  are  altered  in  this  manner,  and  very  much 
so,  by  boiling  water.  This  was  long  ago  remarked 
by  Scheele.  So  much  is  this  the  case,  that  water 
which  is  boiled  for  a  long  time  in  glass  vessels  becomes 
alkaline  and  turbid  by  the  portion  of  earthy  and  in- 
soluble alkaline  silicate  which  forms  the  residue  of  its 
action,  and  which,  detaching  itself  from  the  sides  of 
the  vessel,  remains  in  suspension  in  the  liquid.  This 
effect  is  even  so  marked  on  crown-glass,  plate-glass, 
and  certain  window  glasses,  that  it  is  only  necessary  to 
reduce  them  to  a  fine  powder,  and  to  put  them  in  con- 
tact with  cold  water,  in  order  to  impart  to  the  water 
an  alkaline  reaction.  Lastly,  these  same  glasses  have 
almost  always  so  much  of  a  hygrometrical  property,  as 
to  become  covered  with  a  thin  coating  of  water  when 
they  are  exposed  to  the  contact  of  moist  air. 

This  action  of  water  affords  an  explanation  of  a 
considerable  number  of  phenomena  occasionally  ob- 
served on  glasses,  and  chiefly  on  those  with  a  base 
of  lime  and  soda,  or  potassa.  Every  one  knows  that 
looking-glasses  sometimes  tarnish  in  the  air.  This 
result  proceeds  from  the  deposit  of  a  film  of  hygro- 
metrical water ;  the  same  is  observed  on  the  glasses 
of  optical  instruments.  If  the  glass  is  well  made, 
the  effect  proceeds  no  further ;  hut  if  it  is  too  alkaline, 
the  deposited  water  gradually  acts  upon  its  surface, 
and  thus  produces  a  decomposition  similar  to  that 
above-mentioned ;  in  this  case  the  glass  is  tarnished 
beyond  remedy,  or  at  least  it  must  be  repolished. 
Sometimes  the  tarnishing  is  scarcely  perceptible,  and 
yet  a  great  alteration  may  have  been  produced  on  the 
surface.  This  is  observed  when  one  proceeds  to  heat 
the  glass ;  its  surface  becomes  detached  in  very  thin 
lamellar  scales,  presenting  a  great  regularity  of  frac- 
ture. The  glass  then  remains  completely  deprived  of 
its  polish,  wrinkly,  and  almost  opaque.  Glass-tubes, 
globes,  retorts,  and  even  measures  or  standing-glasses, 
which  in  laboratories  are  long  exposed  to  moist  air, 
very  often  exhibit  the  same  phenomena.  In  this  state 
the  tubes,  for  example,  can  no  longer  be  heated  at  the 
lamp  without  losing  their  polish.  "Watch-glasses  are 
often  observed  in  the  same  condition,  and  even  the 
glasses  of  optical  instruments.  It  appears,  indeed, 
that  glasses  which  have  been  polished  are  more  liable 
to  this  effect  than  common  glasses.  It  is  well  known 
that  glass  which  has  not  been  polished  presents  a 
harder  and  more  brilliant  surface,  which  seems  due  to 
the  tempering  it  undergoes  at  the  instant  of  cooling. 
It  is  possible,  therefore,  that  polishing  renders  glasses 
more  readily  attacked,  by  exposing  the  interior  part  of 
the  mass,  and  destroying  the  hard  coat  which  secured  it. 

The  windows  of  houses,  offices,  or  public  buildings, 
of  an  old  date,  often  present  a  tarnished  and  unpo- 
lished surface,  the  origin  of  which  must  be  attri- 
buted to  a  similar  cause.  When  the  hygrometrical 
water  has  attacked  the  glass,  the  slightest  changes  of 
temperature  cause  its  surface  to  splinter,  which  thus 
becomes  dull,  devoid  of  polish,  or  at  least  cracked,  and 
disposed  to  rise  in  scales  by  the  least  rubbing.  This 


effect  may  especially  be  remarked  in  the  windows  of 
stables ;  these,  after  some  years,  are  always  so  much 
altered  as  to  exhibit  all  the  phenomena  of  the  decom- 
position of  light  produced  by  thin  plates ;  they  become 
in  fact  irisated,  and  sometimes  in  a  manner  very  re- 
markable for  the  intensity  and  purity  of  the  colors. 
This,  however,  is  chiefly  due  to  the  ammonia,  de- 
veloped by  the  recrement  and  urine  of  the  animals, 
attacking  the  silica.  On  the  contrary,  it  is  the 
weather  or  moisture  which  produces  the  remark- 
able alteration  observed  in  old  glass  that  is  found  in 
ruins  or  in  tombs.  Its  surface  is  sometimes  entirely 
decomposed  ;  it  has  become  opaque,  and  the  slightest 
rubbing  causes  it  to  peel  off  in  thin  light  pellicles, 
exhibiting  all  the  colors  of  the  rainbow.  When  the 
decomposed  part  is  detached  from  the  outer  surface  ot 
a  phial,  one  would  suppose  it  to  be  cut ;  but  it  is  not 
so :  this  appearance  is  due  to  the  interior  layer  of  the  de- 
composed glass,  which,  by  reason  of  its  perfect  opacity, 
reflects  all  the  light  which  passes  through  the  part  still 
transparent.  One  finds  here,  therefore,  but  only  in 
greater  intensity,  all  the  effects  which  may  be  so  fre- 
quently observed  on  stable  windows. 

Action  of  Alkalies. — Since  water  per  se  is  capable 
of  acting  on  glass  with  so  much  energy,  it  will 
readily  be  conceived  that  concentrated  solutions  of 
potassa  and  soda  must  be  capable  of  attacking  it  still 
more  powerfully.  This  kind  of  reaction  has  not  been 
much  studied.  At  a  red  heat,  not  only  potassa  and 
soda,  but  all  the  carbonates  and  all  the  bases  of  that 
class,  combine  with  the  elements  of  glass  to  constitute 
glasses  more  basic.  When  carbonate  is  used,  the 
carbonic  acid  is  expelled.  It  may  even  be  said  that 
all  the  oxides  not  decomposable  by  heat,  when  heated 
with  glass,  combine  with  it,  and  thus  form  glasses 
transparent  or  opaque,  colored  or  colorless,  more  or 
less  readily  acted  on  than  the  glass  employed,  according 
to  the  proportions.  In  general,  when  the  proportion 
of  oxide  added  is  much  increased,  the  glass  is  rendered 
soluble  in  acids.  This  is  what  is  done  in  the  analysis 
of  glass,  when  it  is  heated  with  carbonate  of  soda, 
carbonate  of  baryta,  or  oxide  of  lead. 

Action  of  Acids. — The  acids,  in  their  turn,  should 
act  on  glasses  with  facility.  Among  these,  the  hydro- 
fluoric acid  must  be  classed  by  itself,  its  action  being 
quite  peculiar.  The  other  acids  tend  to  decompose 
glass,  by  seizing  on  the  bases  and  setting  the  silica 
free. 

Among  the  bottle-glasses,  there  are  many  which 
resist  the  action  of  wine,  and  which,  nevertheless,  are 
powerfully  attacked  by  the  nitric,  hydrochloric,  and 
sulphuric  acids.  Salts  of  lime,  of  iron,  of  alumina, 
and  alum,  are  formed  when  sulphuric  acid  is  used. 
This  acid  produces  in  the  interior  of  the  bottles  crys- 
talline nipples  or  pustules,  the  base  of  which  ultimately 
pierces  the  vessel ;  these  pustules  are  sometimes  of  the 
size  of  a  bean ;  in  all  cases  the  silica  set  free  assumes 
a  jelly-like  appearance. 

A  bottle-glass  too  rich  in  alumina  is  one  of  those 
which  the  acids  most  readily  attack.  Dumas  states 
that  he  has  seen  such  glasses,  which  the  bitartrate  of 
potassa  contained  in  the  wine  attacked  so  quickly  that 
the  alteration  was  perceptible  at  the  end  of  a  few  days. 
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The  salt  of  alumina  produced  discolors  the  wine,  and 
imparts  to  it  a  disagreeable  taste.  The  bottle  becomes 
corroded,  and  a  flaky  deposit  is  detached  from  it.  At 
the  same  time,  crystals  of  different  salts  are  deposited. 

Glasses  with  a  lead  base  are  so  much  the  more 
easily  acted  on  in  proportion  as  they  are  too  rich  in  lead. 
Well-made  crystal  resists  acids  well.  It  is  the  same 
with  window  glasses ;  when  too  alkaline  they  are  acted 
on  very  easily ;  when  well-made,  they  resist.  More- 
over, when  a  glass  loses  its  polish  by  heat,  one  may  be 
sure  that  it  is  of  a  nature  to  be  attacked  by  acids. 

Special  Action  of  Hydrofluoric  Acid. — It  has  been 
stated  that  the  hydrofluoric  acid  acts  on  glass  in  a 
special  manner ;  and  indeed,  as  this  acid  transforms  the 
silica  into  water  and  fluoride  of  silicium,  it  follows  that 
it  must  act  on  all  glasses.  Its  action  in  fact  would  be 
always  quick  and  complete,  if  the  formation  of  a  cer- 
tain quantity  of  double  fluoride  of  silicium  and  sodium, 
of  potassium,  or  calcium,  or  lead — double  fluorides, 
which  are  all  insoluble,  or  only  slightly  soluble — did 
not  diminish  the  contact,  and,  consequently,  the  effect 
produced. 

The  hydrofluoric  acid,  however,  attacks  glass  rapidly 
when  the  action  is  exerted  on  a  small  surface,  and 
much  acid  is  employed.  This  property  has  been 
turned  to  account  to  etch  glass ;  the  acid  is  employed 
in  a  gaseous  or  liquid  state,  according  to  the  occasion 
and  the  end  proposed.  The  gaseous  acid  produces 
opaque  traces ;  the  liquid  acid  transparent  ones.  But 
the  subject  of  etching  on  glass  will  be  alluded  to  after- 
wards. 

Manufacture  op  Glass.— There  are  no  reliable 
records  of  the  processes  employed  by  the  ancients  in 
the  making  of  glass.  But  from  the  time  when  Agri- 
cola  described  this  art,  the  general  arrangement  of  the 
furnaces,  the  mode  of  fabrication,  and  the  nature  of  the 
materials  employed,  have  undergone  only  modifications 
of  detail,  without  any  change  in  the  general  character 
of  the  process.  No  inconsiderable  portion  of  works  on 
the  manufacture  of  glass  is  usually  devoted  to  the  ar- 
rangement and  construction  of  the  furnaces  and  pots, 
the  tools  employed  by  the  workmen,  and  the  dexterous 
mechanical  operations  by  which  the  soft  and  ductile 
metal  is  shaped  into  the  various  forms  that  fit  it  for 
domestic  use  and  the  purposes  of  science  and  the  arts. 
These  subjects  form  so  important  a  part  of  the  glass 
manufacture,  that  they  cannot  be  entirely  omitted  in 
the  present  work ;  but  the  Editor  deems  it  his  duty  to 
discuss  them  as  briefly  as  possible,  devoting  his  princi- 
pal attention  to  the  chemistry  of  the  manufacture.  He 
will  therefore  dismiss,  in  a  very  few  words,  the  con- 
struction of  the  furnaces,  pots,  and  tools  employed. 

Glass-house  and  Furnaces. —The  glass-house  in 
which  the  processes  of  melting  and  blowing  are  per- 
formed, is  usually  built  in  the  form  of  a  truncated 
cone,  open  at  the  top,  of  sixty  or  eighty  feet  in  height, 
and  forty  or  fifty  feet  in  diameter  at  the  base.  In  the 
centre  of  the  area  is  situated  the  melting  furnace,  cap- 
able of  holding  from  five  to  ten  glass-pots  or  crucibles 
for  fusing  the  materials.  The  grate  of  the  furnace  is 
nearly  on  a  level  with  the  floor  of  the  glass-house ;  and 
the  ashpit  or  cave  is  a  subterranean  passage,  extend- 
ing from  each  side  of  the  furnace  to  the  exterior  of  the 


building,  so  as  to  catch  the  wind  from  as  many  aspects 
as  possible.  The  particular  arrangements  of  the  glass- 
house, and  the  construction  of  the  furnaces,  are  some- 
what varied  according  to  the  kind  of  glass  prepared. 

The  plan  of  a  flint-glass-house  furnace  is  shown  in 
the  annexed  engraving — Fig.  137 — where  the  furnace 
is  represented  as  containing  ten  pots,  E  E.  There  are  as 
many  flues,  B  B,  as  pots,  one  flue  being  placed  between 
every  two  pots;  and  immediately  abreast  of  each  pot,  and 


Fig.  137. 


between  two  flues,  is  an  aperture  called  the  working  hole, 
which  is  used  for  introducing  the  raw  materials,  and 
taking  out  the  glass  or  metal.  The  coals  are  shovelled 
through  a  square  hole,  D,  upon  the  grate,  c  c,  in  the  centre 
of  the  furnace.  The  grate  bars  are  supported  by  two 
strong  iron  sleepers,  and  are  protected  from  the  intense 
heat  by  being  previously  covered  with  a  layer  of  clinkers 
or  potsherds ;  but,  as  the  furnace  attains  its  maximum 
heat,  sufficient  clinkers  are  formed  to  serve  the  purpose. 
All  round  the  grate-room  a  bank,  A,  is  raised,  termed 
the  siege,  on  which  the  pots  are  placed,  so  that  the  fire 
lies,  as  it  were,  below  the  bottom  of  the  pots,  and  in  the 
centre  of  the  furnace.  The  sides  of  the  furnace  are  & 
little  higher  than  the  top  of  the  pots,  and  the  arch  or 
crown  is  made  as  low  as  possible  to  be  consistent  with 
durability. 

Fig.  1 38  is  an  exterior  view  of  the  brick  dome,  and 
Fig.  139  an  interior  sectional  elevation  of  the  same, 


Fig.  138. 


showing  the  position  of  the  flues,  arches,  and  cave.  In 
Fig.  138,  the  letters  A  A  indicate  the  sole  of  the  furnace ; 
B  B,  the  flues ;  c  C,  openings  or  arches,  which,  after  intro- 
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during  the  pots,  are  built  up,  leaving  only  working  holes; 
D  is  the  door  for  introducing  Are  fuel ;  and  E  the  roof 
or  dome.  In  Fig.  139,  A  is  the  cave  or  air-tunnel 
below  the  furnace ;  b,  pit  of  furnace,  with  grates  below ; 

Fig.  139. 


C  C,  flue  or  linnet  holes,  through  which  the  flame,  not 
being  allowed  to  issue  from  the  centre,  passes  up  the 
flues,  discharging  into  the  brick  dome,  and  from  thence 
into  the  funnel  and  chimney  shaft. 

The  dimensions  of  a  convenient  flint-glass  melting 
furnace  are  given  by  Mr.  Apsley  Pellatt  as  follows : 
— A  furnace  for  ten  pots  of  thirty-six  inches  diameter 
is  twelve  feet  seven  inches  in  interior  diameter,  in- 
cluding the  flues ;  the  height  to  the  inside  of  the 
dome  is  four  and  a  half  feet;  each  of  the  arches 
is  three  feet  one  inch  by  three  feet  three  and  a  half 
inches  to  the  highest  part.  The  fire  is  regulated  by 
the  stoker  or  teaser — from  the  French,  tisem — who  can 
raise  the  heat  of  the  furnace  to  the  highest  pitch  by 
opening  holes  at  the  bottom  of  the  grate.  A  ten-pot 
furnace  consumes  from  eighteen  to  twenty-four  tons  of 
coal  per  week. 

Richardson  and  Ronalds  remark,  that  the  con- 
struction of  the  melting-furnaces  in  a  glass-house 
is  attended  with  many  difficulties,  against  which  it  is 
almost  impossible  to  provide  ;  and  the  wear  and  tear 
becomes  a  serious  item  to  the  manufacturer.  The 
prevailing  temperature  of  a  glass  furnace,  about  20'000° 
Fahr.,  presents  in  itself  a  serious  difficulty;  but  in  cases 
where  open  pots  are  employed,  this  is  materially  in- 
creased by  the  volatility  of  the  alkalies,  which  amounts 
to  nearly  twenty-five  per  cent,  of  the  potassa.  The 
binary  compound  of  silicic  acid  and  alumina  becomes 
changed  into  a  ternary  one,  through  the  action  of  the 
alkali  when  clay  is  employed,  and  into  a  silicate  of 
potassa  or  soda  where  firestone  is  substituted ;  in  each 
case  a  fusible  compound  results,  which  rapidly  wastes 
away,  and  at  last,  both  pots  and  furnaces  become  too 
much  corroded  for  use.  In  ordinary  cases,  three  years 
is  the  usual  duration  of  these  furnaces,  except  in  flint- 
glass-houses,  where  they  last  longer,  from  the  lower 
melting  point  of  the  materials,  and  the  peculiar  shape 
of  the  pots. 


The  sides  of  the  furnace  are  constructed  of  bricks, 
formed  in  moulds  made  for  the  purpose.  The  best 
fire-clay,  mixed  with  the  remains  of  old  pots  coarsely 
ground,  is  the  material  employed  for  making  those 
bricks ;  but  these  clays  would  be  much  improved  for 
this  and  many  other  purposes,  by  the  addition  of  some 
coarse  sand,  or  ground  pure  sandstones.  The  roof  is 
generally  made  of  sandstone  alone,  of  a  coarse  grit, 
and  very  porous.  No  cement  is  employed  in  the  arch, 
the  expansion  of  the  stone,  and  the  partial  fusing  of 
the  interior  surfaces  afterwards,  bind  the  whole  suffi- 
ciently well  together. 

The  crown  and  plate-glass  furnaces  are  similar  to 
the  flint ;  they  are  placed  also  in  the  middle  of  the 
cone,  but  contain  only  from  four  to  six  pots,  each  of 
the  capacity  of  half  a  ton  of  metal. 

Besides  the  main  or  melting  furnace,  a  glass-house 
contains  a  variety  of  furnaces  and  arches  adjoining  or 
around  the  inside  of  the  cone,  for  different  subsidiary 
operations.  The  calcar  arch,  for  burning  frit,  now  little 
used,  is  a  common  reverberatory  furnace,  about  ten  feet 
long,  seven  feet  wide,  and  two  in  height.  In  crown-glass 
works  there  are  also  the  blowing  furnace,1ke  bottoming 
hole,  and  the  flashing  furnace,  besides  an  aperture  in 
the  latter  termed  the  nose-hole.  The  uses  of  these 
will  be  explained  in  connection  with  the  crown-glass 
manufacture.  Lastly,  the  leer  or  annealing  oven  is 
one  of  the  most  important  appendages  of  every  glass- 
house. This  is  the  name  given  to  a  low  arch,  open  at 
both  ends,  in  which  the  manufactured  goods  are 
allowed  to  cool  gradually.  The  arch  is  usually  about 
sixty  feet  in  length,  five  feet  wide,  and  not  more  than 
from  one  to  two  in  height.  Adjoining  the  door  or 
receiving  end  is  a  small  furnace  on  each  side,  by  which 
the  temperature  at  that  end  is  maintained  just  short  of 
a  melting  heat ;  but,  as  there  is  no  other  heating 
power,  the  arch  or  oven  experiences  less  and  less  of 
the  heat  as  the  distance  from  the  mouth  is  greater, 
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until,  at  the  remote  or  discharging  extremity,  the  tem- 
perature is  scarcely  higher  than  that  of  the  atmosphere. 
There  are  usually  from  two  to  four  of  these  annealing 
arches  placed  side  by  side,  as  represented  in  the 
above  engraving,  Fig.  140.  Along  the  floor  of  each 
is  a  miniature  .railway,  upon  which  two  rows  of  iron 
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trays,  called  leer  pans,  travel  from  the  hot  to  the  cooler 
end,  where  they  are  taken  out.  The  pans  are  moved 
slowly  along  the  leer  hy  means  of  an  endless  chain,  or 
sometimes  they  are  gradually  pushed  forward  by  the 
trays  last  put  in.  The  fuel  employed  is  coke,  which 
imparts  the  most  regular  heat  for  annealing,  and  is 
the  freest  from  smoke,  the  carbon  of  which,  when  coal 
is  used,  injures  the  color  of  the  glass.  The  time 
required  for  proper  annealing  varies  from  six  to  sixty 
hours,  the  weighty  articles  requiring  the  most  heat  and 
time.  The  hotter  the  goods  enter  the  arch  the  better, 
and  on  this  account  large  articles,  before  being  intro- 
duced, receive  a  final  re-heating  at  the  mouth  of  an 
empty  pot,  heated  by  beechwood,  and  called  the  glory- 
hole.  Much  of  the  success  of  annealing  depends  on 
the  proper  direction  of  the  wind,  which  ought  to  pass 
over  the  fuel  of  the  leer  toward  the  leer  chimney  at 
the  cooler  end,  so  that  the  hot  air  may  always  radiate 
in  the  downward  current  upon  the  goods.  "When  an 
upward  or  contrary  current  of  wind  drives  back  the 
heated  air  from  the  cool  or  chimney  end  toward  the 
fuel  at  the  upper  end,  where  it  comes  into  contact  with 
the  hot  articles  just  introduced,  great  losses  from 
breakage  often  occur. 


Fig.  141. 


Kilns,  which  differ  from  leers  in  being  closed  at  the 
further  end,  were  formerly  in  general  use  for  annealing 
goods  intended  for  deep  cutting,  the  kilns,  when  filled, 


Fig.  142. 


being  carefully  closed  up  along  with  the  burning  fuel. 
The  time  required  for  cooling  in  this  case  was  usually 
about  a  week.  To  avoid  so  much  delay,  the  kilns 
have  been  superseded  by  the  use  of  iron  covers  or  a 
bedding  of  sand  in  leers ;  also  by  lengthening  the  leer 
fire-places,  and  not  filling  the  pans  with  glass  too 
quickly. 

The  Pots. — The  crucibles,  or  pots,  in  which  the 
vitreous  mixture  is  melted,  require  every  care  to  be 
taken  in  their  preparation.  Those  used  for  bottle, 
crown,  and  plate-glass  have  the  form  of  a  truncated 
cone,  A — Fig.  141 — the  narrow  end  being  the  base. 
Their  depth  is  usually  four 
feet  six  inches;  their  dia- 
meter at  top,  from  four  feet 
to  four  feet  six  inches,  and 
at  the  bottom,  about  three 
feet  four  or  six  inches.  In 
the  same  figure  are  shown 
the  ladle,  B,  for  taking  out 
the  glass,  and  the  stirring 
rod,  D.  The  pots  for  flint- 
glass  are  hooded  or  covered- 
at  the  top,  and  have  a 
mouth,  B,  in  front  like  a  muffle,  as  shown  in  Fig.  ]42  ; 
but  those  for  crown,  plate,  and  bottle-glass  are  open. 
The  horse-shoe-shaped  piece  of  fire-clay,  a,  is  inserted 
in  the  mouth  during  the  melting,  to  diminish  the 
aperture. 

Fine  clay  is  the  material  of  which  the  glass-pots  are 
made,  and  it  must  be  as  pure  and  refractory  as  can  be 
obtained,  free  from  every  trace  of  lime  in  any  state, 
and  sulphide  of  iron ;  and  the  less  oxide  of  iron  the 
better.  The  kind  of  slate  clay  dug  out  of  the  coal 
formation  near  Stourbridge,  which  contains  very  little, 
if  anything,  besides  silicic  acid  and  alumina,  is  decid- 
edly preferred  to  all  other  compounds  found  in  this 
country.  The  clay  is  mixed  with  varying  proportions 
of  the  remains  of  the  old  pots,  and  the  tempering,  or 
previous  preparation  of  the  mixture,  requires  great 
attention.  A  certain  quantity  of  the  ground  materials, 
after  being  mixed  with  water,  is  stored  away  in  large 
wooden  bins  or  receptacles,  and  turned  over  from  time 
to  time,  during  which  a  workman  treads  it  under  his 
naked  feet.  This  kneading  of  the  clay  renders  it  very 
uniform  and  free  from  particles  of  air.  The  following 
is  the  composition  of  some  of  the  clays  employed : — 


Silicic  acid                                                      68-05    63-70 

Alumina,                                                        18-85   20  70 

Lime                                                                -80   1-30 

Magnesia.   —    ....  — 

Iron,   5-10  ....  1-00  . 

"Water,   6-00  ....  10-30 

Loss   1-20  ....  3-00 


Stourbridge.  Tih«a\)on. 
Editor. 

64-10    63-99  ....  61-77 

23-15    20-84  ....  18-97 

—    -30  ....  1-53 

•90    -94  ....  -91 

1-85    -75  ....  -17 

10-00    11-67    14-79 

  1-51  ....  1-86 


The  proportions  given  by  Baeruel  as  most  suitable 
for  glass-pots  of  any  description,  are  thirteen  parts  of 
crude  aluminous  clay,  twelve  parts  of  calcined  silicious 
clay,  and  three  parts  of  the  remains  of  old  pots.  The 
last-mentioned  material  assists  the  more  regular  drying 
of  the  pots,  and  renders  the  whole  body  more  porous, 
and  less  liable  to  crack  by  heat. 
VOL.  n. 


AVhen  the  mass  has  been  kneaded  three  times  over 
until  it  acquires  a  pasty  consistence,  it  is  rolled  into 
small  pieces  about  the  size  of  a  sausage,  and  these  wet 
rolls  are  placed  together  upon  a  wooden  or  leaden  slab, 
to  the  thickness  of  four  inches,  to  form  the  bottom.  It 
is  then  turned  up  at  the  edges,  and  built,  layer  above 
layer,  in  successive  rings,  all  formed  by  the  eye  of  the 
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workman,  without  the  use  of  a  mould.  When  the  pot 
has  been  finished,  the  sides  are  made  smooth  by  means 
of  small  wooden  scrapers. 

After  the  glass  pot  is  formed,  it  is  allowed  to  remain 
for  a  considerable  time  in  an  apartment  heated  by  a 
flue  to  a  little  above  the  ordinary  temperature — about 
80° — in  order  that  it  may  be  slowly  dried  in  an  equal 
manner  throughout  its  whole  thickness.  Two  or  three 
years  is  the  time  allowed  by  some  manufacturers  for 
this  gradual  desiccation. 

Before  the  pot  is  set  in  the  furnace,  it  must  be  sub- 
jected to  an  annealing  process,  which  consists  in  gra- 
dually increasing  its  temperature  during  several  days 
to  bright  redness.  This  is  usually  done  in  a  reverbe- 
ratory  constructed  for  the  purpose,  the  fire  in  which 
must  be  raised  very  slowly,  not  more  than  a  shovelful 
of  coals  being  introduced  at  a  time,  and  that  at  regular 
intervals.  While  at  a  bright  red  or  even  a  white  heat, 
the  pot  is  quickly  transferred,  with  the  assistance  of 
adequate  machinery,  into  its  seat  in  the  hot  furnace  ;  a 
part  of  the  face  of  which  must  be  pulled  down,  to  allow 
of  the  ready  extraction  of  the  old  pot,  and  introduction 
of  the  new  one.  Before  the  pot  is  used,  it  is  glased, 
as  it  is  technically  termed,  before  being  filled  with 
materials ;  that  is,  some  cullet  or  old  glass  is  thrown 
into  it,  and  spread  over  the  sides  in  a  molten  state. 
This  penetrates  to  the  depth  of  a  few  lines  into  the 
substance  of  the  pot,  and  forms  a  hard,  difficultly  fusible 
enamel,  which  protects  the  pot  from  the  further  action 
of  the  substances  added. 

The  setting  of  a  new  pot  is  a  very  arduous  under- 
taking, and  is  generally  attended  with  great  excitement, 
and  even  danger,  on  account  of  the  intense  heat  to 
which  the  workmen  are  exposed.  It  is  generally  per- 
formed at  the  end  of  the  week  when  the  work  of  the 
glass-house  is  slackened,  and  all  hands  are  required  to 
be  present  to  assist  at  the  operation. 

A  good  pot-maker,  says  Mr.  Henry  Chance,  with 
two  assistants,  can  furnish  three  or  four  pots  per  week. 
After  a  careful  drying  of  many  months,  they  are  made 
ready  for  the  furnace,  as  has  been  stated,  by  a  previous 
heating  in  a  lain  or  pot-arch.  Here  a  small  lump  of 
coal,  thrown  against  its  side,  tests  the  soundness  of  the 
pot.  If,  when  struck,  it  rings  well,  its  future  is  promis- 
ing ;  but  if  it  returns  a  dull  sound,  it  will  probably  be 
short-lived  in  the  furnace,  though  now  and  then  such 
a  pot  will  disappoint  the  bad  opinions  formed  of  it,  and 
turn  out  a  respectable  pot  after  all. 

The  terrible  task  of  setting  these  pots  in  the  furnace, 
continues  Mr.  Chance,  falls  upon  the  glass-house  crew, 
and  the  nicety  with  which  these  enormous  vessels  are 
adjusted  in  their  place,  in  the  teeth  of  a  consuming  fire, 
is,  perhaps,  that  operation  which,  in  the  many  marvels 
of  gl  ass-making,  would  most  astonish  a  stranger  to  such 
scenes.  The  average  duration  of  the  pots,  when  thus 
fixed,  is  about  seven  weeks.  Some  attain  the  age  of  ten 
or  twelve:  while  others,  as  every  manufacturer  well 
knows,  terminate  their  existence  prematurely,  either 
from  the  naturally  defective  constitution  of  the  pot,  or 
from  bad  treatment  in  the  pot-arch,  or  more  frequently 
from  its  having  been  starved— that  is,  exposed  to  a 
current  of  cold  air  in  the  furnace,  through  the  neglect 
of  the  attendant.    The  breakage  of  a  pot  often  disturbs 


the  furnace  to  such  an  extent,  that  the  breakage  of 
others  frequently  follows,  and  many  weeks  will  some- 
times elapse  before  the  disorganization  thus  produced 
can  be  rectified.  The  loss  of  the  pot  and  the  contained 
metal  is  nothing  as  compared  with  the  injury  which  the 
glass  in  the  surviving  pots,  and  these  pots  themselves, 
are  apt  to  sustain. 

Crude  Materials  for  Glass-making. — The  che- 
mical or  theoretical  composition  of  the  different  varieties 
of  glass  has  been  already  given  at  pages  191  and  192; 
but  as  it  is  quite  impossible  to  obtain  or  prepare  the 
ingredients  in  a  state  of  chemical  purity  previous  to 
fusing  them  together,  it  will  be  necessary  to  explain 
the  sources  from  which  the  materials  that  go  to  consti- 
tute the  different  glasses  are  practically  derived  for  the 
purposes  of  the  manufacture. 

Silica. — It  has  been  stated  that  all  true  glasses  are 
practically  composed  of  silica,  or  silicic  acid,  in  combi- 
nation with  at  least  two  alkaline  or  earthy  bases,  and 
sometimes  oxides  of  lead,  zinc,  and  other  metals. 
Silica,  silicic  acid,  or  teroxide  of  silicium — Si  03 — is 
the  principal  ingredient.  It  is  very  abundant  in  nature, 
forming  a  principal  constituent  in  rocks  and  stones,  and 
existing  in  a  free  and  almost  pure  state  in  flint,  agate, 
chalcedony,  rock-crystal,  and  quartz,  the  last  two  being 
its  purest  form.  Formerly,  flint — silex — calcined  and 
ground,  was  used  as  the  source  of  the  silica,  and  hence 
the  name  of  flint-glass.  Sand,  however,  is  now  em- 
ployed as  the  most  general  and  economical  source  of 
silica,  and  renders  the  process  of  grinding  unnecessary. 
At  the  same  time  the  great  variations  in  the  purity  of 
this  material  render  requisite  a  careful  selection  for  the 
different  kinds  of  glass,  and  the  manufacturer  must 
choose  such  as  the  microscope  and  analysis  show  to  be 
most  suitable  for  his  purpose.  The  finest  English  sands 
are  from  Alum  Bay  in  the  Isle  of  Wight,  and  Lynn  on 
the  coast  of  Norfolk.  The  French  obtain  a  very  supe- 
rior sand  from  the  forest  of  Fontainebleau,  in  the  neigh- 
borhood of  Paris ;  and  Mr.  H.  Chance  justly  remarks, 
that  to  the  purity  of  this  and  their  other  materials  the 
superior  color  of  their  glass  may  be  partly  ascribed. 

The  sand,  being  always  more  or  less  impure  when 
brought  to  the  glass-works,  is  conveyed  to  an  upper 
room,  and  thrown  into  a  trough  of  water,  where  it  is 
carefully  washed.  It  is  then  placed  in  a  trough  over 
an  oven,  and,  when  partially  dried,  passes  through  holes 
into  the  oven.  When  quite  dry,  it  leaves  the  oven  in 
the  state  of  fine,  glittering  white  particles,  like  pow- 
dered quartz.  These  precautions  are  not  necessary  for 
bottle-glass. 

Potassa  and  Soda. — The  alkalies  used  in  the  manu- 
facture of  common  colored  glass,  such  as  those  used  for 
green  bottles,  are  obtained,  as  far  as  the  potassa  is  con- 
cerned, from  common  ashes,  and  the  soda  from  the 
ashes  of  sea-plants,  or  refuse  soda.  Better  kinds  of 
glass  are  made  with  crude  potassa  and  soda-ash,  and 
the  best  from  purified  potassa  and  soda-ash.  Not  more 
than  thirty  years  have  elapsed  since  crown  and  sheet 
glass  were  manufactured  from  the  crude  alkali  obtained 
from  kelp,  the  preparation  of  which  for  this  purpose 
employed  a  large  population  on  the  Northern  shores  of 
Scotland  and  West  of  Ireland,  and  the  abandonment  of 
this  material,  when  the  duty  was  taken  off  barilla, 
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plunged  whole  districts  into  idleness  and  misery.  The 
kelp  was  used  simply  in  combination  with  sand — the 
kelp  containing  soda  and  potassa,  and  furnishing  the 
necessary  amount  of  lime ;  but  the  glass  thus  produced 
was  of  very  variable,  and  often  most  inferior  quality. 
The  discovery  of  Le  Blanc  in  1792,  which  effected 
the  conversion  of  common  salt  into  carbonate  of  soda, 
was  the  commencement  of  a  new  era  in  the  history  of 
Continental  flint-glass ;  but  the  introduction  of  carbo- 
nate of  soda,  prepared  from  salt,  into  the  glass  manu- 
facture of  England,  dates  only  from  the  year  1831. 
Ultimately  sulphate  of  soda  was  substituted,  except  for 
plate-glass,  the  manufacturers  of  which  still  adhere  to 
the  carbonate.  The  black  bottles  of  Newcastle  are 
made  from  common  rock-salt,  and  sand  from  the  bed  of 
the  river,  with  the  carbonate  of  lime  of  the  soap-works, 
and  the  tank  waste  of  the  alkali  makers ;  but  for  all 
better  kinds  of  glass  the  circuitous  combination  of  silica 
and  alkali  is  still  found  necessary.  The  carbonate  of 
potassa  is  obtained  chiefly  from  Canada  and  the  United 
States,  and  requires  a  process  of  washing  previous  to 
use.  The  state  to  which  it  is  brought  by  the  process 
of  cleansing  is  that  of  fine  white  grains,  differing  but 
little,  to  an  unpractised  eye,  from  the  prepared  sand. 

Lime. — This  substance,  which  forms  an  important 
constituent  in  flint-glass,  may  be  introduced  either  as  a 
carbonate,  or  slaked  or  burned.  Limestone,  however, 
that  contains  proto-carbonate  of  iron,  must  be  excluded 
from  the  mixture  for  making  white  glass.  The  action 
of  lime  is'  to  render  the  alkaline  silicates  insoluble,  and 
when  rightly  balanced  by  the  other  ingredients,  it  pro- 
motes the  fusion  of  the  whole,  and  improves  the  quality, 
but  when  added  in  excess,  the  glass  becomes  hard  and 
difficult  to  work,  and  subject  to  devitrification. 

Lead. — The  next  substance  in  point  of  importance  is 
lead,  which  forms  the  distinguishing  ingredient  in  crystal 
or  common  flint-glass,  optical  glass,  and  strass.  These 
glasses  are  fused  from  a  mixture  containing  litharge — 
Pb  0 — or  minium — red  lead,  Pb3  04.  Of  these  two 
compounds,  the  latter  is  preferred  on  account  of  its 
finer  state  of  division,  its  pulverulent  form,  and  be- 
cause it  is  decomposed  in  the  glass-pot  into  ordinary 
protoxide  of  lead  and  oxygen,  which  latter  oxidizes, 
and  removes  many  impurities,  as,  for  example,  char- 
coal. An  excess  of  lead  acts  injuriously  upon  the 
melting  vessels,  and,  besides  inducing  too  great  softness 
in  the  glass,  gives  it  a  yellow  tinge.  ' 

Baryta. — This  substance,  in  the  form  known  as 
hcamj  spar — Ba  0,  S  03 — is  sometimes  added  to  the 
constituents  of  common  bottle-glass,  to  render  it  more 
easy  of  fusion. 

Alumina. — The  sesquioxide  of  aluminum — Al2  03 — 
though  seldom  purposely  introduced  into  glass,  is  always 
accidentally  present,  brought  there  by  the  action  of  the 
materials  upon  the  clay  of  the  pots  in  which  they  are 
melted.  Alumina,  if  present  in  any  quantity,  is  always 
an  undesirable  ingredient,  as,  by  increasing  the  number 
of  silicates,  it  renders  the  glass  more  liable  to  devitrifi- 
cation, it  being  well  known  that  the  more  compound  a 
glass  is,  the  more  does  it  display  this  tendency.  Hence, 
bottle-glass,  which  contains  a  greater  variety  of  bases 
than  any  other,  is  of  all  the  most  easily  devitrified. 

Iron. — Another  unwelcome  element  is  iron,  which  is 


almost  always  present  in  the  sand,  in  the  sulphate  of 
soda,  when  employed,  and  in  the  chalk,  partly  in  the 
stalo  of  protoxide,  the  coloring  effect  of  which  is  par- 
tially destroyed  by  other  ingredients,  to  be  afterwards 
mentioned. 

Arsenic. — A  little  arsenic  promotes  the  decomposi- 
tion of  the  other  ingredients,  and  tends  to  dissipate 
carbonaceous  impurities  not  otherwise  disposed  of;  but, 
in  excess,  it  produces  a  milkiness  in  the  glass,  which 
time  will  increase. 

Cutlet. — Another  substance  is  added — abundantly 
produced  in  every  manufactory  of  glass — namely,  a 
quantity  of  waste  glass,  or  cullet,  which,  being  more 
tusible  than  the  raw  materials,  facilitates  the  melt- 
ing. For  this  purpose,  the  waste  glass  in  the  glass- 
house, and  that  collected  in  the  neighborhood,  are 
carefully  sorted,  cleaned,  ground,  and  incorporated 
with  the  mixture  for  similar  kinds  of  glass.  Great 
care  must,  however,  be  taken  that  no  broken  glass  of 
an  inferior  kind  is  mixed  with  the  ingredients  for 
finer  glass.  The  cullet  not  only  incites  fusion,  but 
materially  aids  the  union  of  the  bases  with  the  silicic 
acid. 

Decoloring  Materials. — It  has  been  stated  in  the 
historical  notice  that  every  description  of  glass  exhibits 
a  tendency  to  color,  which  probably  led  to  the  idea  of 
stained  glass.  This  tendency  is  more  or  less  developed, 
even  when  proper  proportions  and  the  purest  mate- 
rials for  the  mixture  have  been  employed;  and  as  any 
tinge  is  considered  a  defect  in  white  glass,  or  that  which 
is  employed  for  windows  and  particularly  in  the  finer 
kinds  of  glass,  certain  materials  are  employed  with  the 
special  object  of  counteracting  it.  To  this  class  of  sub- 
stances belong  binoxide  of  manganese,  arsenic,  already 
mentioned,  and  nitrate  of  potassa.  The  accidental 
elements  which  usually  color  the  glass  are  iron  and 
carbon,  or  carbonaceous  matters,  and  in  all  cases  the 
substances  above-mentioned  are  employed  to  neutralize 
or  counteract  these  by  means  of  oxidation. 

For  example,  if  particles  of  carbon  or  soot  from  the 
fire  or  flame  become  mixed  and  surrounded  with  the 
melted  glass,  these,  by  their  exclusion  from  the  access 
of  air,  are  prevented  burning,  and  a  brown  or  nearly 
black  color  is  produced,  which  is  removed  by  the  con- 
version of  the  carbon  into  carbonic  oxide  through  the 
influence  of  the  oxidizing  or  decoloring  material.  The 
manner  in  which  manganese  acts  on  the  protoxide  of 
iron  has  been  already  explained — page  189 — and  is 
similar  to  its  action  on  carbonaceous  matters,  which 
are  thus  removed  in  a  gaseous  form  from  the  melted 
mass.  A  few  ounces  of  the  binoxide  of  manganese  are, 
therefore,  usually  added  to  the  materials  for  making 
flint-glass,  which  is  always  required  in  a  state  of  great 
purity ;  and,  from  the  cleansing  action  of  this  material, 
it  has  received  the  familiar  title  of  glass-makers'  soaj). 
It  must,  however,  be  used  sparingly ;  for  an  excess  of 
it  produces  a  compound  of  silicic  acid  with  sesquioxide 
of  manganese,  which  communicates  a  lilac  or  amethys- 
tine color  to  the  glass.  The  approved  remedy  for  this, 
when  the  error  has  been  committed,  is  to  stir  up  the 
colored  mass  with  a  wooden  pole,  which  reduces  the 
sesquioxide  to  the  protoxide,  and  the  lilac  color  disap- 
pears. 
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Some  manufacturers  use  manganese,  on  account  of 
the  reddish  tinge  it  imparts  to  glass,  expressly  to  dis- 
guise the  bad  green  or  yellow  color  produced  by  the 
other  materials.  In  this  case  two  tinged  glasses  are 
formed,  which  mask  each  other's  defects,  the  green  and 
red  rays  combining  together,  as  supplementary  colors, 
to  transmit  white  light.  Indeed,  in  plate-glass  for  fine 
windows,  a  slight  excess  of  manganese  is  sometimes 
allowed,  expressly  to  produce  a  delicate  amethystine 
tint,  which  improves  the  complexion  of  persons  who 
receive  the  light  of  day  through  the  window. 

Smalt,  a  blue  glass,  is  sometimes  used,  like  manga- 
nese, to  mask  the  bad  color  produced  by  the  other 
materials.  Properly  speaking,  however,  the  decoloring 
agents  are  those  which  act  by  oxidizing  the  carbon  or 
the  protoxide  of  iron,  and  thereby  actually  expelling 
the  lime.  In  this  way  nitrate  of  potassa  reacts  before 
the  glass  enters  into  perfect  fusion ;  arsenious  acid, 
arsenic  acid,  and  their  salts,  exert  their  action  at  a 
temperature  above  the  fusing  point,  and  are  volatilized. 

Glass  from  Felspar. — The  making  of  glass  by  means 
of  felspar  is  an  idea  which  naturally  suggests  itself  to 
the  mind,  when  one  considers  the  ready  vitrification  of 
this  mineral,  and  was  suggested  even  long  ago  by  M. 
Gherard  in  the  memoirs  of  the  Academy  of  Berlin. 
According  to  this  authority,  the  following  mixture  is 
proper  for  a  window-glass,  namely,  two  parts  felspar, 
two  parts  sand,  one  part  chalk,  which  would  give,  for 
the  composition  of  the  glass,  supposing  no  volatili- 
zation of  the  potassa  during  the  melting,  nearly  the 
following : — 

Centesimally. 


Silica,   73 

Alumina,   8 

Potassa,   7 

Lime,   12 
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These  ill-calculated  proportions  could  only  give  a  glass 
difficult  to  melt,  and  prone  to  devitrify.  This,  says 
Dumas,  is  exactly  what  happened  in  an  experiment 
made  on  the  large  scale  by  M.  Eey,  under  the  eyes 
of  Chaptal  and  Allut.  The  melting  required  a 
twice  longer  time  than  the  usual,  but  it  furnished  a 
beautiful  glass.  The  experiment  was  supposed  to  be 
a  fortunate  one;  but  when  the  crucible  was  cooled 
sufficiently  to  admit  of  the  working  of  the  mass,  it  was 
found  quite  opaque,  milky,  and  clotty — in  fact,  devi- 
trified.  Must  felspar,  therefore,  be  renounced  ?  It  is 
difficult  to  admit  this.  If  a  mixture  be  made  of  one 
hundred  parts  of  felspar,  one  hundred  parts  of  Arcueil 
clay,  or  some  analogous  clay,  and  eighty  of  quicklime, 
or  its  equivalent  in  chalk,  a  glass  of  the  following  com- 
position will  be  produced:— 

Felspar.       Clay.  Glass.      Or  centesimally. 

Silica             G6    63   129    46-3 

Alumina,....  18   37    55    20-0 

Potassa           16    —  ....  16    5-7 

Lime     80  28-0 
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—that  is  to  say,  a  glass  which,  if  the  clay  is  free  from 
iron,  would  be  quite  of  the  same  nature  and  color  as 
bottle-glass,  and  which  would  present  advantages  as 
well  as  disadvantages.    As  regards  common  window- 


glass,  or  analogous  glasses,  felspar  should  be  capable  of 
entering  into  these  in  the  proportion  of  one-third  or 
one-fourth,  without  serious  disadvantage.  A  glass 
would  be  produced  which  would  differ  from  common 
glass  only  by  the  presence  of  four  hundredths  of  alum- 
ina, and  glasses  are  met  with  in  commerce  which 
contain  this  quantity  and  even  more.  Lastly,  it  is 
probable  that  by  suitable  additions  of  borax,  boracic 
acid,  or  oxide  of  lead,  one  might  get  felspar  itself  to 
produce  a  glass  endued  with  all  the  desirable  qualities. 

Glass  from  Volcanic  Products. — Dumas  remarks 
that  certain  lavas,  pumices,  pitchstone,  and  other  vol- 
canic products,  approach  so  closely  to  bottle-glass  in 
their  composition,  that  the  possibility  of  turning  them 
to  account  in  this  way  cannot  be  doubted.  The  merit 
of  the  first  attempts  of  this  kind  is  due  to  Chaptal  ; 
and  if  these  attempts  did  not  succeed,  this  must  be  at- 
tributed to  the  time  at  which  they  were  made,  rather 
than  to  the  idea  itself,  which  is  both  good  in  theory 
and  must  be  capable  of  succeeding  in  practice.  The 
analyses  will  be  sufficient  to  prove  this : — 


Lipari 

Basalt  of 

Basiilt  of 

Pitchstone 

pumice. 

HasunTjLirg. 

Sliili'a. 

of  .Mi in iii. 

77-5  . 

..  44-5  .. 

.  48-0  .. 

..  73-0 

17-5  . 

..  16-7  .. 

.  16-0  .. 

. .  14-5 

Oxide  of  iron, .. . 

1-7  . 

..  20-0  .. 

.  16-0  .. 

. .  1-0 

Soda,  \ 
Potassa,  )  '" 

3-0  . 

..    2-6  .. 

.    4-0'  . . 

..  1-75 

..    9-5  .. 

.    9-0  .. 

. .  1-0 

..    2-2  .. 

..    2-0  .. 

'.  5-0 

8-5 

Hydrochoric  acic 

.    1-0  .. 

..  -25 

•30.' 

2-5 

.    1-0  .. 

..  -25 

100-0 

100-0 

100-0 

100-0 

With  pumice-stone,  forge-scoriae,  chalk,  and  a  little 
soda  in  proper  proportions,  bottle-glass  might  therefore 
be  made.  Basalt  would  require  only  the  addition  of  a 
little  chalk  and  soda.  Pitchstone  treated  like  pumice- 
stone  would  furnish  it  also. 

The  trials  made  by  the  directions  of  Chaptal 
succeeded  so  far  as  the  matter  examined  by  him  was 
employed ;  but  when  another  Tolcanic  product  came  to 
be  used,  the  results  were  bad,  the  proportions  being 
deranged.  A  very  simple  analysis  would  have  pre- 
vented all  trouble,  and  would  have  preserved  their 
proper  rank  to  these  volcanic  matters,  the  excellent 
effects  of  which  have  been  demonstrated  by  a  suffi- 
ciently long  experience. 

It  was  in  1780  that  Chaptal,  then  Professor  of 
Chemistry  at  Montpellier,  proposed  the  use  of  lava. 
M.  Ducros,  a  glassmaker  in  the  environs  of  Alais, 
melted,  with  coal,  the  lava  of  the  extinct  volcano  of 
Montferrier,  without  any  addition,  and  made  some 
bottles  of  it.  M.  de  Castleviel,  another  glassmaker 
of  the  country,  melted,  with  wood  fuel,  a  mixture  of 
sand,  lava,  and  soda,  and  thus  produced  bottles  lighter 
and  stronger  than  those  usually  manufactured.  These 
bottles  had  such  great  success  that  the  demand  could 
not  be  supplied.  But  at  the  expiration  of  four  years, 
the  bottles  which  were  produoed  no  longer  resembled 
the  first  ones  :  they  were  much  inferior ;  the  manufac- 
tory lost  its  reputation,  and  was  compelled  to  abandon 
the  system  which  it  had  just  tried  with  so  much 
success. 

The  nature  of  the  lava,  therefore,  had  changed,  and 
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the  same  proportions  being  no  longer  suitable,  an 
analysis  alone  could  have  guided  the  operator.  It  is 
with  this  that  the  process  must  be  commenced,  if  it  is 
intended  to  resume  a  manufacture,  worthy,  in  so  many 
respects,  of  being  submitted  to  trials  which  the  state  of 
science  would  now  render  much  easier.  It  was  in 
consequence  of  taking  a  different  course  that  M.  de 
Castleviel  failed,  and  that  M.  Fougeroux  de  Bon- 
daroy,  who  appears  to  have  been  occupied  in  1787 
with  the  same  subject,  without  any  knowledge  of  the 
preceding  facts,  succeeded  no  better. 

The  Fuel. — The  fuel  formerly  employed  in  England 
in  the  making  of  glass  was  exclusively  coal,  but  of  late 
it  has  been  found  that,  in  London  especially,  many 
advantages  result  from  using  oven-burned  colee,  which 
produces  less  smoke  and  soot,  and  is,  therefore,  much 
better  adapted  for  the  finer  glasses.  Some  glass-houses 
have  all  the  requisite  accommodation  for  making  coke. 
In  France  both  coal  and  coke  are  employed,  and  some- 
times v>ood;  but  Barkuel  states  that  wood  has  been 
generally  abandoned  as  being  more  costly,  and  pro- 
ducing less  heat  than  coal,  so  that  with  the  former  the 
fusing  and  refining  of  the  metal  require  longer  time.  Id 
Germany  wood  is  generally  employed,  and  in  some  few 
places  peat.  Even  the  best  air-dried  wood  would  fall 
far  short  of  producing  the  desired  effect,  in  consequence 
of  the  amount  of  water  which  it  still  retains,  and  therefore 
it  has  been  the  practice  on  the  Continent,  from  a  very 
ancient  period,  to  bake  the  air-dried  wood  in  a  particular 
kind  of  furnace  until  it  begins  to  become  brown,  or 
until  the  whole  of  its  water  has  been  volatilized.  Peat 
when  used  in  the  glass-house  must  be  perfectly  dry,  and 
afford  only  a  small  amount  of  ash. 

Preparation  of  the  Materials. — A  great  saving 
of  time  and  fuel  is  effected  by  carefully  grinding  and 
intimately  mixing  the  materials  previous  to  the  melt- 
ing. For  this  purpose  edge-stones  and  coarse  sieves 
are  essential  in  a  glass-house.  Until  quite  recently,  the 
mixing  and  sifting  were  always  performed  by  hand, 
and  the  operation  was  therefore  imperfectly  performed, 
the  mixture  so  produced  being  little  calculated  to  favor 
those  chemical  changes  and  mutual  reactions  of  the 
materials  which  are  necessary  to  the  formation  of  a 

Fig.  143. 


homogeneous  fluid  transparent  body.  To  obviate  this 
disadvantage,  a  mixing  apparatus,  especially  intended 
for  crown-glass,  has  lately  been  contrived  by  Mr. 
Chance.    This  very  simple  machine,  which  is  shown 


partly  in  section  in  Fig.  143,  is  made  entirely  of  wood, 
and  consists  of  a  semi-cylindrical  chamber,  with  an 
opening,  A,  at  the  top,  for  introducing  the  materials, 
and  another  in  the  semicircular  bottom  at  D,  through 
which  they  are  removed ;  B  is  a  cylinder  in  which  a 
number  of  oblique  beaters  are  fixed,  and  the  whole  is 
made  to  revolve  by  a  handle  or  by  a  shaft  from  the 
steam-engine  connected  with  the  axis,  c.  Mr.  Cooper 
applied  with  the  best  effect  a  simple  revolving  wooden 
barrel,  similar  to  those  employed  in  the  powder  fac- 
tories. The  composition,  when  mixed,  is  termed  batch 
ox  frit — the  latter  word  being  derived  from  the  circum- 
stance, that  during  the  period  when  barilla,  kelp,  and 
other  forms  of  crude  alkali  were  in  use,  it  was  the 
custom  to  subject  the  materials  to  the  preliminary 
operation  of  fritting  or  stirring  them  together  under 
the  heat  of  a  reverbatory  furnace,  thereby  effecting 
partial  decomposition,  and  burning  off  any  carbona- 
ceous impurities;  but  the  introduction  of  alkali  pre- 
pared from  common  salt  has,  in  most  cases,  removed 
the  necessity  of  this  treatment.  One  great  advantage 
of  fritting  consisted  in  the  partial  union  which  it 
effected  between  the  silicic  acid  and  the  bases,  so  that 
the  latter  were  not  volatilized  in  the  furnace  previous 
to  the  formation  of  the  glass,  and  the  pots  and  sides  of 
the  furnace  were  consequently  less  exposed  to  the 
injurious  action  of  their  vapors.  With  the  purer 
materials  now  employed  in  the  manufacture,  the  ad- 
vantages gained  by  the  operation  are  not  generally 
considered  sufficient  to  compensate  for  the  loss  of  fuel 
incurred  in  producing  the  high  degree  of  heat  required 
to  perform  it. 

Melting. — The  raw  materials,  consisting  essentially 
of  sand  or  silica  as  the  base,  and  alkali  as  the  flux  or 
solvent,  having  been  thoroughly  incorporated  with  a 
suitable  proportion  of  cullet  or  broken  glass  of  the  same 
kind,  are  introduced  by  means  of  a  clean  iron  shovel 
into  the  melting-pot,  which  has  been  previously  raised 
to  a  white  heat.  But  the  whole  of  the  mixture  is  not 
introduced  at  once,  for  the  mass  of  glass  which  a  pot 
will  hold  occupies  before  fusion,  in  the  state  of  frit, 
just  twice  the  space  of  the  melted  glass.  Not  more 
than  one-third  of  the  mixture  is  therefore  introduced  at 
first  through  the  working  holes,  the  temperature  is  then 
raised  to  the  maximum,  and  as  the  mass  subsides  by 
melting,  a  fresh  quantity  is  introduced,  until  the  pot  is 
filled  with  melted  glass.  During  the  whole  period  of 
the  melting  or  found,  the  stokers  or  teazers  keep  the 
furnace  well  supplied  with  fuel,  so  as  to  prevent  any 
portion  of  the  grates  becoming  uncovered,  in  which 
case  a  rush  of  cold  air  from  below  might  split  some 
of  the  pots.  At  the  same  time  the  founders — from 
the  French,  fondeurs — are  engaged  in  noting  the 
progress  of  the  fusion,  by  taking  from  time  to  time 
proofs  or  drops  from  the  pots,  by  means  of  a  short 
rod,  flattened  at  one  end,  and  examining  if  any  un- 
dissolved grains  of  sand  are  perceptible  on  refrigera- 
tion, and  whether  the  mass,  which  still  contains  a 
quantity  of  air-bubbles,  appears  uniform  throughout. 
So  long  as  carbonic  acid  is  evolved  in  abundance, 
or  during  the  boil,  the  mass  is  agitated  by  the  escape 
of  the  larger  bubbles  of  gas  in  a  manner  most 
favorable  to  the  operation,  this  motion  answers  the 
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purpose  of  stirring,  and  mixes  the  compounds  of 
variable  degrees  of  fusibility  and  density,  which  are 
at  first  produced,  with  each  other ;  at  a  later  period, 
when  the  disengagement  of  gas  ceases,  the  denser 
compounds  are  apt  to  settle  down  at  the  bottom  of 
the  pot,  where  the  temperature  is  about  one-fourth 
lower,  and  is,  consequently,  incapable  of  preventing  the 
deposition  by  the  production  of  ascending  currents. 
This  evil  is  moderated  on  the  Continent  by  stirring  with 
the  scooping  ladle,  or  by  thrusting  a  piece  of  arsenious 
acid  to  the  bottom  of  the  pot,  and  thus  causing  a 
forcible  expulsion  of  vapor  from  that  part  of  the  vessel. 
At  the  close  of  the  melting  process,  the  contents  of  the 
pot  are  not  by  any  means  pure,  or  equally  mixed.  All 
the  solid  matter  is  dissolved,  but  the  mass  of  glass  is  full 
of  small  vesicles  of  gas,  presents  a  spongy  rather  than 
a  dense  appearance,  and  is  not  yet  in  a  state  fit  for 
working.  The  surface  is  also  covered  by  a  layer  of 
so-called  glass-gall  or  sandiver,  a  melted  mixture  of 
salts,  which  have  not  been  volatilized,  nor  combined 
with  silica  during  the  process  of  melting,  and  consisting 
chiefly  of  chloride  of  potassium — or  sodium — and  sul- 
phates, which  in  consequence  of  imperfect  vitrification 
have  escaped  decomposition. — Knapp. 

The  following,  says  Richardson  and  Ronalds,  has 
been  found  to  be  the  composition  of  this  saline  matter, 
glass-gall  or  sandiver,  which  is  skimmed  off  the  sur- 
face of  the  melting  materials,  and  is  technically  termed 
salts: — 


Constituents. 

plate  glass. 

Crystal- 
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Bottle- 
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occurring  in 
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quantity, 

removed  with  ladles,  and  is  employed  on  the  Continent 
by  saltpetre  and  alum  manufacturers,  or  workers  in 
bronze ;  in  the  varieties  of  glass  prepared  from  purer 
or  purified  materials,  where,  instead  of  crude  potassa, 
ashes,  or  soda,  purified  substances  have  been  employed, 
either  no  glass-gall  is  produced,  or  that  which  appears 
is  easily  removed  by  volatilization. 

Fining. — For  some  time  the  glass  does  not  become 
transparent,  the  opacity  being  due  to  bubbles  of  air  or 
gas,  and  to  the  lime  and  earthy  impurities  which  do 
not  fuse.  The  object  of  the  fining,  which  is  the  last 
process  in  glass-making,  properly  so  called,  is  the  re- 
moval of  these  by  the  subsidence  of  the  heavier  par- 
ticles to  the  bottom  and  the  escape  of  gas  at  the  surface. 
For  this  purpose  the  glass  must  be  brought  to  the  most 
fluid  state  possible,  and  the  heat  is  therefore  raised  and 
sustained  for  some  hours  at  the  highest  point.  In  Ger- 
many this  part  of  the  process  is  termed  heiss-schiiren,  or 
hot-covering.  In  forty  or  forty-eight  hours  after  charg- 
ing, the  vitrification  is  complete.  When  all  the  gas- 
bubbles  have  passed  off,  and  the  sandiver  has  become 
transparent  and  colorless,  the  temperature  of  the  pot  is 
lowered  by  diminishing  the  draught — a  process  termed 
lealt-schuren,  or  cold-covering — the  object  of  which  is  to 


bring  the  glass  from  a  state  of  nearly  perfect  fluidity,  in 
which  it  could  not  be  worked,  to  that  free  viscid  or 
plastic  condition  necessary  for  the  working.  For  this 
purpose  the  bars  of  the  furnace  are  plastered  up.  The 
great  thickness  of  the  walls,  and  the  slow  combustion 
of  the  fuel,  which  is  supplied  in  moderate  quantity, 
keep  the  furnace  hot  enough  to  retain  the  glass  in  a 
workable  viscid  state  during  the  period  in  which  the 
glass  is  blown  or  otherwise  shaped  into  the  required 
forms. 

The  reactions  which  take  place  in  the  pot  or  crucible 
are  very  easy  to  understand.  For  example,  if  the  silica 
has  been  mixed  with  carbonate  of  soda  and  car- 
bonate of  lime,  the  silica,  at  a  high  temperature,  seizes 
on  the  soda  and  lime,  and  the  carbonic  acid  is  disen- 
gaged. In  the  same  manner,  if  silica  has  been  mixed 
with  carbonate  of  potassa  and  minium,  this  last  returns 
to  the  state  of  massicot,  and  the  silica  then  combines 
with  it  and  the  potassa.  There  is,  therefore,  in  this 
case,  first  a  disengagement  of  oxygen,  then  an  elimi- 
nation of  carbonic  acid. 

These  evolutions  of  gas  which  constantly  accompany 
the  production  of  glass,  explain  the  presence  of  the  air 
bubbles  already  mentioned  as  so  frequently  observed 
in  the  vitreous  mass.  To  expel  these,  it  has  been 
stated  that  the  temperature  must  be  raised  very  high, 
that  the  glass  may  become  quite  fluid.  But  as  the 
potassa  and  soda  may  be  volatilized  at  this  high  degree 
of  heat,  one  is  obliged  to  introduce  into  the  composi- 
tions much  more  potassa  and  soda  than  the  glass  is 
intended  to  retain. 

This  elevated  temperature  is  also  necessary  in  all 
cases  where  impure  alkalies  are  used.  The  presence  of 
the  chlorides,  and  even  that  of  the  sulphates  which  melt 
without  mixing  with  the  glass,  would  occasion  in  the 
latter  a  multitude  of  white  and  opaque  nodules  dis- 
seminated through  its  mass.  At  a  high  heat  both 
of  these  matters,  being  lighter  than  the  glass,  rise  and 
float  on  the  surface,  constituting  the  principal  portions 
of  the  glass-gall  or  sandiver  above  alluded  to.  It  must 
be  stated,  however,  that  ever  since  the  salts  of  soda 
have  been  sold  at  a  low  price,  and  are  consequently 
generally  used,  very  little  glass-gall  has  been  produced 
in  the  manufacture  of  the  ordinary  kinds  of  white  glass; 
but  in  bottle-works  this  impurity  always  occurs,  because 
crude  sodas  are  employed. 

Faults  in  the  Glass. — Notwithstanding  all  the 
precautions  that  may  be  taken,  air-bubbles  frequently 
remain,  and  generally  exist  in  great  number  when  the 
fining  process  has  been  obstructed  by  too  great  difficulty 
of  fusion  in  the  glass.  They  are  technically  termed 
seed,  blibe,  or  blister. 

Two  further  accidents  to  which  the  glass  is  liable  are 
known  as  threads  or  strings,  which  are  generally  con- 
tracted during  the  blowing,  when  cold  particles  of  glass 
drop  into  the  viscid  or  imperfectly  melted  metal,  and 
not  having  time  to  undergo  fusion  remain  hard,  and 
appear  as  unsightly  projections  from  the  blown  vessels. 

Waves  and  stria;  are  faults  of  too  common  occurrence, 
arising  from  a  want  of  homogeneity  in  the  vitreous 
mass.  The  latter  of  these  terms  is  applied  to  the 
effect  produced  when  the  density  of  the  glass,  in  con- 
sequence of  imperfect  fusion,  is  not  uniform  throughout, 
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and  all  the  parts,  though  equal  in  transparency,  do  not 
refract  the  light  equally;  and  consequently,  images  of 
objects  seen  through  the  glass  appear  out  of  place  or 
distorted.  This  fault  is  very  objectionable  in  plate- 
glass  for  mirrors  or  windows,  as  well  as  in  crystal  or 
flint-glass  for  optical  purposes.  Waves  are  superficial 
and  protuberant  striae,  which  always  occur  when  the 
glass  is  blown  too  cold. 

A  not  less  serious  evil,  which  is  frequently  a  source 
of  color  in  the  glass,  arises  from  the  action  of  the 
alkaline  vapors  upon  the  constituents  of  the  sides  or 
roof  of  the  furnace,  particularly  when  chloride  of  sodium 
or  sulphate  of  soda  is  used  in  the  manufacture.  The 
volatilization  of  the  alkali,  whether  soda  or  potassa, 
produces  over  the  pots  a  rapid  vitrification  of  the  bricks 
of  the  vault,  and  hence  drops  of  colored  glass,  known 
by  the  name  of  tears,  which  occasionally  fall  into  the 
pots.  These  are  produced  by  the  silicic  acid  of  the 
bricks  combining  with  the  alkali,  and  forming  with  it, 
and  with  the  iron  and  alumina  of  the  clay,  a  green  and 
very  infusible  glass,  which  sinks  to  the  bottom  of  the 
pot  from  its  greater  density,  leaving  in  its  course  a 
fibrous  tail  which  remains  in  the  glass.  Imperfections 
of  the  same  kind  are  produced,  though  less  frequently, 
by  the  action  of  the  glass  upon  the  walls  of  the  pot 
itself. 

According  to  Kirn,  the  drops  of  aluminous  glass  may 
be  prevented  from  falling  into  the  pots  by  constructing 
the  latter  and  the  archof  the  furnace  in  the  manner  repre- 
sented in  Fig.  144.  In  this  case  the  portion  of  the  wall . 
of  the  furnace,  which  comprises  the  working  hole,  B,  is 
made  so  large  that  drops,  falling  perpendicularly  from 
any  protuberance  or  irregularity,  b,  can  only  reach  the 

Fig.  144. 


exterior  of  the  inflected  margin,  a,  of  the  pot,  A  ;  and  the 
size  of  the  working  hole  is  reduced  to  the  proper  dimen- 
sions by  a  second  less  solid  arch,  D.  Another  plan, 
mentioned  by  Knapp,  is  to  make  the  working  hole  in 
the  perpendicular  wall  of  the  furnace,  and  to  spring  the 
arch  of  such  a  form  that  the  angle  of  the  part  over  the 
pot  may  be  sufficient  to  cause  the  tears  to  flow  down 
the  arch  instead  of  dropping  into  the  pot. 

Working  Tools  and  Apparatus. — The  tools  re- 
presented by  Blancourt,  in  his  work  On  the  Art  of 
Glass,  which  was  printed  at  London  in  1699,  are  almost 
precisely  the  same  as  those  now  in  use;  and  the  author's 
account  of  their  mode  of  working  might  almost  be  taken 
as  a  description  of  the  modern  process.    To  those 


curious  on  the  subject,  Blancourt's  description  is  well 
worthy  of  perusal. 

The  most  important  of  these  instruments  is  the  pipe, 
on  the  end  of  which  the  glass  is  taken  up  by  the  work- 
man, and  blown  into  spheres  or  bulbs,  to  be  subse- 
quently shaped  into  different  forms,  as  will  be  after- 
wards described.  A  section  of  this  indispensable  in- 
strument is  shown  in  Fig.  145.    It  is  simply  a  tube, 
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composed  of  wrought-iron,  four  to  five  feet  long,  one 
inch  thick,  and  about  one  quarter  to  one  inch  in  the 
bore.  It  is  provided  with  a  knob  at  each  end,  the  one 
of  which,  a,  serves  as  a  mouth-piece,  whilst  to  the  other, 
b,  the  melted  glass  is  attached.  The  upper  portion  is 
surrounded  by  a  wooden  cover,  c,  to  protect  the  hands 
of  the  workman  from  the  heat  of  the  metal.  A  com- 
panion to  this  instrument  is  a  solid  iron  rod,  known  as 
thepontil  or ponty,  which  serves  to  receive  the  glass  after 
it  is  blown  on  the  pipe.  The  spring-tool,  A — Fig.  146 

Fig.  146. 


— is  a  species  of  tongs  for  laying  hold  of  half-formed 
handles,  and  for  seizing  the  glass  while  making.  The 
pucellas,  B,  have  prongs  resembling  the  cutting  part 
of  shears,  but  blunt,  and  are  used  for  rubbing  the  out- 
side of  solid  or  hollow  glass,  and  pressing  it  into  smaller 
diameter,  at  the  same  time  elongating  the  parts  by 
rotation.  The  battledore,  c,  is  made  of  wood,  and  is 
used  for  flattening  the  glass  when  necessary.  The 
shears,  D,  are  strong  scissors  for  cutting  and  shaping 
the  edges  and  handles  of  glass  vessels  while  in  a  soft 
state.  The  fork,  E,  is  employed  for  carrying  the 
finished  articles  to  the  annealing  oven. 

An  important  part  of  the  glass-blower's  furniture  is 
the  marver,  which  consists  of  an  iron  plate  or  slab,  resting 
on  a  stone  or  on  wooden  supports,  and  having  a  polished 
surface,  on  which  the  mass  of  glass  that  has  been 
gathered  at  the  end  of  the  blowing  tube  is  rolled,  to 
give  it  a  symmetrical  form.  The  term  marver  is  derived 
from  the  French  marbre,  a  marble  slab  being  formerly 
used.  The  glass-maker's  chair — Fig.  147 — is  a  flat 
seat  of  wood,  about  ten  inches  wide,  each  end  of  which 
is  fixed  to  a  frame  connected  with  four  legs  and  two 
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inclined  arms,  upon  which  is  screwed  an  edging  of 
wrought-iron  for  rolling  the  blowing  tube  with  the  hot 


FiR.  147. 


glass  backwards  and  lorwards  with  the  lelt  hand,  while 
the  required  form  is  given  to  the  glass  with  the  pucellas 
held  in  the  right. 

Continual  rotation  of  the  melted  mass  is  the  principal 
point  to  be  attended  to  in  most  of  the  glass-blower's 
operations ;  but  these  will  be  best  described  in  connec- 
tion with  the  special  manufacture  of  the  different  varie- 
ties of  glass. 

SPECIAL  MANUFACTURE. — A  visit  to  the  glass- 
house will  convey  a  much  more  vivid  idea  of  the  beauti- 
ful art  of  the  glass-blower,  and  the  wonderful  material 
with  which  he  works,  than  the  most  elaborate  written 
description  or  pictorial  illustrations.  There  is,  more- 
over, so  much  of  the  mechanical  connected  with  the 
fabrication  of  glass,  that  great  part  of  it  does  not  pro- 
perly fall  within  the  scope  of  this  work.  In  proceeding, 
therefore,  to  describe  the  details  of  the  different  depart- 
ments of  the  manufacture,  the  Editor  will  dwell  as 
briefly  as  possible  on  those  operations  which  do  '  ot 
involve  the  application  of  chemical  agencies. 

The  arrangement  to  be  followed  will  be  somewhat 
similar  to  that  already  indicated,  as  adopted  by  Knapp, 
but  with  some  important  modifications — beginning 
with  the  coarser  or  commoner  qualities,  and  rising  by 
a  natural  gradation  to  the  finer  and  rarer  kinds  of  glass 
manufactured  for  optical  lenses  or  ornamental  purposes. 
On  this  principle,  the  following  arrangement  will 
embrace  all  that  is  necessary  : — I.  Ordinary  or 
Green  Bottle-Glass.  II.  White  Bottle-Glass, 
including  refractory  Bohemian  and  Foreign  crown. 
III.  Window-Glass,  embracing — 1.  English  crown, 
and  2.  Sheet  or  cylinder  glass.  IV.  Plate-Glass, 
with  the  process  of  silvering  mirrors.  V.  Crystal  or 
Common  Flint-Glass,  and  Optical  Flint-Glass. 
VI.  Strass  and  Colored  or  Stained  Glass.  VII. 
Soluble  Glass. 

I.  Green  Bottle-Glass. — The  materials  for  com- 
mon glass  bottles  are  coarser  and  cheaper  than  for  any 
other  kinds  of  glass  ;  and,  in  consequence  of  this  very 
coarseness  or  want  of  refining,  the  elements  which 
enter  its  composition  are  more  numerous,  consisting, 
as  already  stated,  of  silica,  lime,  potassa  or  soda,  oxides 
of  iron  and  manganese.  These  last  oxides  communi- 
cate a  color  to  this  glass,  which  owes,  at  the  same 


time,  a  part  of  its  characteristic  hue  to  the  charcoal. 
Indeed,  as  the  color  of  bottle-glass  may  be  considered 
as  essential  to  it,  or  at  least  does  not  injure  its  sale  or 
diminish  its  value  for  the  purposes  to  which  it  is 
applied,  no  decoloring  materials  are  used,  and  it  is 
melted  in  open  pots,  even  when  coal  is  used  as  the 
fuel,  which  is  always  the  case  in  this  country.  The 
omission  of  decoloring  materials  forms  the  distinguish- 
ing feature  in  the  manufacture  of  ordinary  bottle-glass. 

Materials. — The  English  laws,  till  lately,  prohibited 
the  use  of  fine  materials  for  making  ordinary  bottles. 
Nothing  but  the  common  river  sand  and  soap-boilers' 
waste  was  allowed.  About  three  parts  of  waste,  con- 
sisting of  the  insoluble  residuum  of  kelp,  mixed  with 
lime  and  a  little  saline  substance,  were  used  for  one 
part  of  sand.  This  waste  was  first  of  all  calcined  in 
two  of  the  fire  arches  or  reverberatories  reserved  for 
that  purpose,  called  the  coarse  arches,  where  it  was 
kept  at  a  red  heat,  with  occasional  stirring,  from  twenty- 
four  to  thirty  hours,  being  the  period  of  a  journey  or  jour- 
nee — a  day — in  which  the  materials  could  be  melted 
and  worked  into  bottles.  The  roasted  soap-waste  was 
then  withdrawn,  under  the  name  of  ashes,  from  its  arch, 
coarsely  ground,  and  mixed  with  its  proper  proportion  of 
sand.  This  mixture  was  now  put  into  the  fine  arch, 
and  calcined  during  the  working  journey,  which  ex- 
tended to  ten  or  twelve  hours.  Whenever  the  pots 
were  worked  out,  that  frit  was  immediately  transferred 
into  them  in  its  ignited  state ;  and  the  founding  process 
proceeded  with  such  despatch,  that  this  first  charge  was 
completely  melted  down  in  six  hours,  so  that  the  pots 
might  admit  to  be  filled  up  again  with  the  second  charge 
of  frit,  which  was  founded  in  four  hours  more.  The 
heat  was  briskly  continued,  and  in  the  course  of  from 
twelve  to  eighteen  hours,  according  to  the  size  of  the 
pots,  the  quality  of  the  fuel,  and  the  draught  of  the  fur- 
nace, the  vitrification  was  complete. 

At  the  present  time,  in  choosing  ingredients  for 
bottle-glass,  economy  is  the  chief  object ;  color  and 
appearance  are  here  of  no  moment.  Little  soda  or 
potassa  is  admitted  into  the  composition  of  this  descrip- 
tion of  glass ;  and,  as  the  carbonates  of  these  bases  are 
costly,  it  is  usual  to  employ  in  the  bottle  glass-works 
only  recent  ashes  or  wrack-soda  to  furnish  the  alkali. 
Moreover,  the  other  materials  are  taken  in  a  state  of 
impurity  fit  only  for  bottles. 

The  primary  materials  of  the  manufacture  of  this 
kind  of  glass  are  yellow  and  ferruginous  sands,  residues 
proceeding  from  the  lies  of  the  soap  and  soda  works, 
lixiviated  ashes,  common  ashes,  wrack  sodas,  and  clay. 

The  colored  sands  are  even  preferable  to  white  sands 
for  bottle-glass,  the  oxide  of  iron,  which  colors  them, 
performing  the  part  of  a  flux.  They  do  not  require 
any  washing  or  other  preparation  ;  nevertheless,  any 
coarse  foreign  substances,  such  as  pyrites,  flints,  et 
cetera,  are  separated  from  them.  For  this  purpose 
they  are  dried,  and  passed  through  a  sieve.  The  clay 
best  adapted  for  bottle-glass  is  a  yellow  marly  earth  ; 
it  is  furnace-clay,  containing,  therefore,  alumina,  silica, 
carbonate  of  lime,  oxides  of  iron  and  manganese ;  it 
has  not  much  of  a  binding  quality,  and  is  easily  reduced 
to  powder  when  dry,  which  facilitates  the  mixtures. 

The  ashes  are  generally  obtained  from  common 
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domestic  fires.  Those  are  preferred  on  the  Continent 
which  proceed  from  the  comhustion  of  new  wood  or 
charcoal.  They  are  sifted  and  dried  before  using. 
The  wrack-soda  is  employed  in  a  powdered  state ;  it  is 
even  passed  through  a  very  close  wire  sieve. 

The  following  is  given  by  Dumas  as  the  usual  pro- 
portion of  these  materials  : — For 

ORDINARY  FRENCH  BOTTLE-GLASS. 

30-  40  pounds   varec. 

1G0-170    lixiviated  ashes. 

30-  40     „    fresh  ashes. 

80-100     „    clay  containing  iron. 

100     „    broken  glass. 

The  proportions  in  English  bottle-glass  are  slightly 
different : — 

ENGLISH  BOTTLE-GLASS. 

100  pounds   lixiviated  ashes. 

40-  90     ,  kelp. 

30-  40     „   wood-ashes. 

80-100     „    clay. 

100     „    cullet. 

The  amount  of  cullet  is  not  particular ;  it  is  increased 
for  the  first  and  second  melting,  when  new  pots  are 
used.  If  a  very  argillaceous  sand  is  employed,  it  is 
necessary  to  suppress  the  clay,  and  supply  lime  by  a 
suitable  addition  of  chalk.  Natron  or  crude  soda  may 
be  used  to  replace  the  potassa  yielded  by  the  varec ; 
but  in  this  case  care  is  taken  to  add  to  the  mixture  a 
certain  quantity  of  fresh  ashes,  that  the  glass  may  not 
be  wanting  in  potassa. 

The  proportions  given  in  the  preceding  recipes,  as 
well  as  in  those  that  follow,  are  calculated  for  one 
hundred  pounds  of  sand : — 

FOB  CHAMPAGNE  BOTTLES,  ACCORDING  TO  JA1IKEL. 

200  pounds   felspar. 

20     „    lime. 

15     „    common  salt. 

125     ,,   iron  slag. 

ORDINARY  GREEN  BOTTLE-GLASS. 

72  pounds   lime. 

2S0-278     „    lixiviated  wood-ashes. 

DARK  GREEN  BOTTLE-GLASS. 

20  pounds   dry  Glauber's  salt. 

18     ,,    soap-boilers'  flux. 

1     ,,    Scheftel — Pruss. — lixiviated  ash. 

39     „    glass  from  the  hearth. 

179     ,,    green  cullet  or  broken  glass. 

45     „    basalt. 

Melting. — The  melting-furnace  for  bottle-glass  com- 
monly contains  only  six  pots.  These  are  about  three 
feet  in  height,  and  nearly  the  same  in  diameter.  They 
are  filled  almost  to  the  edges;  and  when  the  matter 
has  sunk  down,  and  is  converted  into  a  glass,  more  of 
the  composition  is  put  into  the  pots,  and  the  fire  is 
urged.  The  meltings  are  rapid ;  for  as  most  of  the 
bottle-glass  compositions  furnish  but  little  glass-gal), 
no  time  is  lost  in  fining.  The  process  lasts  from  seven 
to  eight  hours,  and,  when  it  is  concluded,  the  fire  is 
slackened,  that  the  glass  may  thicken  to  the  point 
suitable  for  working  it.  For  this  purpose  the  fire-place 
is  heaped  up  with  small  coal,  draughts  are  intercepted 
as  much  as  possible,  and  care  is  taken  not  to  touch  the 
fire  during  the  working  of  the  glass,  lest  the  combustion 
should  be  re-excited. 

VO.L.  XI. 


Mechanical  Operations. — The  working  or  shaping 
of  bottle-glass  is  very  simple  in  principle,  and  yet  the 
operations  involved  are  somewhat  complex  in  detail. 
These  may  be  summarily  stated  as  follows : — The 
assistant  collects  or  gathers  on  the  end  of  the  pipe — 
Fig.  145 — the  requisite  body  of  glass,  and  passes  it  to 
the  blower.  The  latter,  by  blowing  and  constantly 
turning  the  pipe,  gradually  forms  the  body  of  the 
bottle,  which  is  finished  in  a  mould.  "While  the  bottle 
is  in  the  mould,  the  workman  continues  to  blow  and 
to  turn.  He  then  raises  the  pipe,  and,  holding  the 
bottle  in  a  vertical  and  reversed  position,  he  depresses 
or  hollows  the  bottom.  The  bottle  is  then  cut  at  the 
neck,  and  the  iron  rod  termed  the  polity  fixed  at  the 
opposite  end  of  it ;  the  edge  of  the  neck  is  rounded,  and 
the  ring  or  cord  which  encircles  it  is  put  on,  as  also  the 
seal,  if  the  bottle  is  intended  to  have  one.  The  ponty 
then  passes  into  the  hands  of  the  assistant,  whose  duty 
it  is  to  carry  it  to  the  annealing  furnace.  He  there 
detaches  it  from  the  rod  by  a  slight  blow. 

Such  are  the  chief  operations  of  the  process  of 
bottle-making,  as  described  by  Dumas;  but  as  this 
manufacture  affords  a  good  instance  of  the  dexterous 
manipulations  which  are  practised  in  blowing  glass,  a 
subject  deeply  interesting  to  the  practical  chemist,  the 
following  more  detailed  account,  which  is  given  by 
Knapp  as  descriptive  of  the  mode  of  working  carried  on 
in  Spessart,  will  be  not  unacceptable  to  the  reader : — 

As  soon  as  the  working  holes  are  opened,  and  the  sur- 
face of  the  glass  is  cleared  from  sandiver  or  glass-gall, 
the  workman  attaches  as  much  melted  glass  to  the  end 
of  the  pipe  as  he  considers  necessary  for  the  production 
of  a  single  bottle ;  his  eye  and  hand  are  here  unfailing 
guides  as  to  the  requisite  quantity.  By  dipping  the  pre- 
viously warmed  pipe  into  the  pot,  a  little  glass  remains 
attached  to  the  end ;  after  turning  this  in  the  air  before 
the  hole  until  it  is  cooled,  and  blowing  slightly  into  it  to 
render  it  hollow,  a  fresh  layer  of  glass  may  be  attached  to 
it  in  the  pot ;  to  this,  a  third  is  added  in  the  same  man- 
ner, until  the  ball  at  the  end  of  the  pipe  has  accumulated 
to  a  sufficient  size,  a — Fig.  148.  That  this  ball  may 
become  uniformly  tractable  in  the  subsequent  forming, 
it  is  held  by  the  workman  in  the  flame  of  the  furnace 
through  the  working  hole ;  it  is  then  brought  into  one  of 
the  round  concavities  of  the  marver,  b,  which  is  wotted 
or  moistened  when  used.  Here  the  ball  gradually  as- 
sumes the  form  of  a  thick  hollow  globe,  or  rather  pear- 
shaped  vessel.  It  acquires  this  shape  by  the  constant 
rotary  motion  given  by  the  workman  to  the  pipe,  whilst 
the  cooling  and  stiffening  of  the  mass  is  rendered  uniform 
by  the  marver,  and  is  prevented  shrinking  together  by 
constantly  blowing  into  the  tube  with  very  little  force. 
The  mass  of  metal,  which,  as  already  stated,  is  the 
technical  term  applied  to  glass  during  working,  must 
be  equally  distributed  round  the  axis  of  the  instrument, 
and  advanced  in  front  of  its  mouth,  being  connected 
with  it  only  by  a  short  neck.  Towards  the  front  part, 
where  the  subsequent  widening  occurs,  and  the  mass 
is  blown  out,  it  is  thickest;  the  portion  nearest  the  pipe 
is  less  massive. 

Thus  far  advanced,  the  glass  has  again  become  cool, 
and  is  re-heated  by  insertion  into  the  working  hole,  in 
such  a  manner  that  the  front  part  receives  the  chief 
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portion  of  the  heat,  and  becomes  the  softer.  The  pear- 
shaped  vessel  is  now  lengthened  by  the  blower,  and  its 
form  is  made  somewhat  to  resemble  that  of  a  bottle  by 
a  threefold  operation :  by  blowing  into  the  tube  with 
greater  force,  swinging  it  backwards  and  forwards  in  the 
manner  of  a  pendulum,  and  by  a  simultaneous  constant 
rotary  motion  of  the  pipe  round  its  axis.  The  globular 
form  which  the  glass  tends  to  assume  under  the  influ- 
ence of  blowing,  is  converted  into  a  long,  thin  egg- 
shape,  c,  by  the  swinging  motion,  and  so  much  the  more 


Fig.  148. 
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as  the  lower  temperature  at  the  extremity  is  less  favor- 
able to  the  formation  of  a  globe,  than  to  the  lengthen- 
ing of  the  neck.  The  rotation  round  the  axis  of  the 
pipe  is  an  essential  part  of  every  operation  in  glass- 
blowing.  The  glowing  mass  of  glass  creates  a  power- 
ful current  of  air  in  an  upward  direction,  and  the  lower 
portion  becomes  cooled  in  consequence  much  more 
than  the  upper.  This  naturally  creates  an  inequality 
in  the  resistance  offered  to  the  blowing,  and  the  upper 
portion  would  be  more  expanded  than  the  lower,  if  the 
cooling  influence  were  not  allowed  to  act  upon  all  parts 
of  the  surface  alike,  by  the  revolving  motion  of  the  pipe, 
and  this  is  particularly  the  case  when  the  latter  has  to 
be  held  in  a  horizontal  position.  The  mould,  d,  which 
is  a  simple  cylindrical  hollow  block  of  wood  or  iron, 
is  placed  at  the  side  of  the  workman  who  is  blowing 
the  pear-shaped  vessel ;  into  this  he  inserts  the  vessel 
as  soon  as  it  has  acquired  the  proper  thickness,  in  the 
manner  represented  in  the  figure,  and  by  blowing  forci- 
bly into  the  tube,  he  presses  the  glass  firmly  against  the 
sides  of  the  mould,  whilst,  by  a  kind  of  jerking  motion, 
the  neck  is  drawn  out  to  the  proper  length.  The  un- 
finished bottle,  which  as  yet  has  no  bottom  or  mouth, 
is  again  warmed  in  the  working  hole  in  such  a  manner, 
that  the  lower  part  only  is  heated,  whilst  the  other  part 
remains  comparatively  cool.  In  the  meantime,  another 
workman  or  a  boy  has  attached  a  small  quantity  of  glass 
to  the  ponty  or  pontil,  which  is  also  kept  hot  in  the  work- 
ing hole.  Both  workmen  now  stand  opposite  to  each 
other ;  and  whilst  the  pipe  and  ponty  are  kept  constantly 
turning,  the  latter  is  forcibly  pressed  against  the  middle 
of  the  lower  part  of  the  bottle,  which  is  thus  forced  in- 
wards, and  an  even  edge  is  produced,  upon  which  the 
bottle  may  stand  steadily.  The  bottle  remains  for  some 
moments  between  the  two  instruments,  as  shown  at  /, 
until,  by  the  application  of  cold  iron  or  a  drop  of  water, 


the  neck  can  be  separated  from  the  pipe.  This  is 
an  operation  of  constant  recurrence  in  the  glass-house, 
and  is  effected  by  a  sudden  change  of  temperature 
produced  at  the  point  of  separation  in  the  hardened 
glass,  either  by  the  cold  application  of  a  drop  of  water, 
or  by  the  powerful  heat  of  a  red-hot  iron,  or  thread  of 
liquid  glass  from  the  pot.  The  point  of  separation 
must  often  be  re-heated,  to  cause  it  to  fly  on  the  ap- 
plication of  cold  water.  The  bottle  is  now  supported 
by  the  ponty,  as  shown  at  e,  so  that  the  neck  can  be 
warmed,  and  the  sharp  edges  melted  round  without 
softening  the  other  parts.  A  rotating  motion  is  then 
given  to  the  red-hot  neck,  the  pipe  being  rolled  back- 
wards and  forwards  upon  the  knees  of  the  workman. 
The  bottle  then  revolves  upon  its  axis,  as  if  it  were 
placed  in  a  lathe,  and  it  is  only  necessary  to  press 
the  pucellas,  B — Fig.  146 — or  an  iron  instrument  like 
a  turning  chisel,  against  the  mouth,  to  widen  or 
reduce  it  to  any  required  dimensions;  the  rim  for 
strengthening  the  neck  is  formed  from  a  drop  of  glass 
taken  from  the  pot  by  the  edge  of  the  flask,  and 
wrapped  round  the  mouth  in  the  form  of  a  thick  thread. 
The  bottle,  which  is  now  finished,  as  shown  in  the 
last  cut,  is  immediately  carried  on  the  ponty-rod  to 
the  annealing-oven  by  a  boy,  pushed  into  its  proper 
place,  and  the  ponty-rod  is  finally  detached  from  the 
bottom  of  the  bottle  by  a  sudden  sharp  jerk.  The 
place  where  the  ponty  was  attached  is  perceptible  in 
every  bottle  blown  in  this  manner,  by  the  sharp  edges 
where  the  fracture  occurred. 

Large  round  bottles  are  blown  without  the  use  of  a 
mould,  and  when  of  a  very  great  size,  like  the  carboys 
for  sulphuric  acid,  the  aid  of  steam  is  called  in,  by 
spirting  about  an  ounce  of  water  into  the  interior,  and 
holding  the  mouth  of  the  pipe  with  the  thumb.  Bottles 
in  the  shape  of  a  flattened  globe,  are  also  made  without 
any  mould  by  simple  blowing.  The  preparation  of  the 
mass  of  glass,  the  formation  of  the  concave  bottom  and 
of  the  neck,  is  in  this  case  effected  in  precisely  the  same 
manner  as  above ;  the  swinging  motion,  however,  must 
not  be  continued  for  such  a  length  of  time,  as  the  bottles 
required  are  shorter.  In  blowing  the  belly  of  the  bottle, 
the  workman  stands  in  front  of  a  slanting  board  and 
presses  the  globe,  as  it  is  gradually  formed  by  slow 
blowing,  against  the  board  at  every  half  revolution  of 
the  pipe ;  the  flat  surfaces  on  opposite  sides  are  thus 
produced. 

As  the  greater  number  of  bottles  are  necessarily  sold 
with  a  legal  stamp  upon  them,  and  as  their  capacity 
must  he  suited  to  the  standard  measures  of  the  country, 
the  fulfilment  of  these  conditions  presupposes  an  extra- 
ordinary degree  of  dexterity  and  correctness  of  eye  in 
the  blower.  Attempts  have  consequently  been  made 
by  many  inventors  to  furnish  the  bottle-maker  with  a 
mould  of  such  construction  as  would  enable  him  to 
secure  the  formation  of  a  bottle,  perfect,  both  as  regards 
form  and  capacity,  at  one  single  operation,  without 
reliance  upon  his  own  correctness  of  sight.  The  use 
of  moulds  of  this  description,  like  that  of  Bickets, 
which  is  easily  managed,  affords  a  great  saving  of  time, 
and  the  repeated  heating  of  the  bottles  is  unnecessary. 
The  mould  consists  of  a  body,  which  forms  the  belly 
of  the  bottle,  and  of  four  other  parts,  a  fixed  bottom- 
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piece  with  a  movable  piston  for  forming  the  concavity, 
and  two  movable  pieces  for  the  neck.  Two  treadles 
set  these  different  parts  in  motion.  As  soon  as  the 
workman  has  introduced  the  hollow  lengthened  globe 
into  the  belly  of  the  mould,  by  pressing  with  his  foot 
upon  the  first  treadle,  he  brings  up  the  neck  piece,  then 
forces  the  glass  into  contact  with  all  parts  of  the  mould 
by  a  powerful  blast,  and  finishes  the  bottle  by  working 
the  second  treadle,  which  forces  the  pestle  against  the 
bottom.  On  the  removal  of  the  pipe,  the  rim  is  all 
that  remains  to  be  perfected. — Knapp. 

The  circle  of  operations  above  described  is  continued 
with  much  quickness,  four  or  five  men  being  able  to 
make  a  hundred  wine  bottles  in  an  hour ;  and,  with  a 
few  modifications,  according  to  the  size,  shape,  and 
purpose  of  the  bottles,  may  be  taken  as  a  general 
exemplification  of  the  mode  of  proceeding.  The  vicinity 
of  the  Tyne  on  the  Wear  is  abundantly  supplied  with 
many  of  the  requisites  for  bottle-making,  and  hence  the 
manufacture  is  there  largely  carried  on. 

Champagne  and  Aerated  Water  Bottles. — The  uses 
of  bottle-glass  do  not  require  to  be  explained  in  detail, 
but  it  is  necessary  to  say  a  few  words  with  reference  to 
bottles  intended  to  resist  a  high  pressure,  such  as  those 
for  holding  champagne,  and  still  more  in  this  country 
for  holding  aerated  waters,  which  are  now  manufac- 
tured in  immense  quantities.  Bottles  employed  for 
such  purposes  undergo  an  internal  pressure,  which 
readily  produces  the  fracture  of  weak  vessels,  and  this 
occasions  a  loss  which  is  always  considerable,  and 
often  disastrous.  It  is  evident  that  this  might  be 
diminished  by  testing  all  the  bottles  under  a  pressure 
the  double  of  that  to  which  they  are  intended  to  be 
subjected,  and  accordingly  different  machines  have  been 
invented  for  this  purpose,  by  means  of  which  water  is 
forcibly  pumped  into  the  bottles,  until  the  indication  of 
the  manometer  shows  them  to  have  withstood  a  suffi- 
cient degree  of  force.  Dumas  states  that,  from  the 
experiments  made  by  the  Societe  d' 'Encouragement, 
champagne  bottles  were  found  to  stand  only  when  they 
were  capable  of  supporting  a  pressure  of  twelve  atmo- 
spheres. He  adds  that  the  mode  of  filling  and  annealing, 
as  well  as  the  form  of  the  bottles,  must  exercise  a  great 
influence,  which  it  would  be  necessary  to  find  the 
means  of  estimating;  also,  that  perhaps  it  would  be 
desirable  to  leave  a  larger  unfilled  space  in  the  bottles, 
and  to  use  them  only  after  a  careful  annealing  in  boiling 
water.  Knapp  remarks,  that  although  every  bottle, 
when  quite  filled  with  water  and  containing  no  air,  will 
burst  in  the  belly  from  a  slight  blow  on  the  cork,  in 
consequence  of  the  sudden  force  being  communicated 
from  the  liquid  to  the  sides,  yet  champagne  bottles  will 
often  withstand  a  pressure  of  forty  atmospheres  and  up- 
wards, equal  to  six  hundred  pounds  on  the  square  inch. 

H.  White  Bottle  or  Chemical  Glass. — Under 
this  head  may  be  included  white  glass  for  medicinal 
bottles  and  chemical  purposes,  refractory  Bohemian 
glass  for  tubing,  et  cetera,  and  foreign  crown.  The  most 
beautiful  material  for  bottles  is  furnished  by  flint-glass 
or  crystal,  but  these  are  only  intended  for  ornamental 
articles  or  vessels  for  the  table,  and  will  be  alluded  to 
under  Flint-glass. 

The  general  character  of  white  bottle-glass  consists 


in  this,  that  it  is  composed  of  purer  materials  than  the 
green ;  decoloring  matters  are  used,  and  the  materials 
are  selected  as  free  from  iron  and  alumina  as  possible. 
Moreover,  in  this  case  the  glass  is  subjected  to  a  thorough 
fining  process.  The  following  are  given  by  Knapp  as 
general  standards  of  composition  for  different  varieties 
of  glass  of  this  description  : — 

FOR  apothecaries'  rniALS. 
100  pounds  white  sand. 
30-  35      "  potassa — impure. 

17  "  lime. 
110-120      "  ashes. 

•25-'5    "     biuoxide  of  manganese — cullet. 

BOHEMIAN  CRYSTAL  FOR  GRINDING. 

100  pounds  white  sand. 
0-  60     "      purified  potassa. 
8     "  chalk. 
40     "      broken  glass. 
•75  "  manganese. 

SEMI-WHITE. 

100  pounds  sand. 

100     "     crude  soda,  containing  lime. 
100     "  cullet. 
•5-    1     "  manganese. 

100  pounds  sand. 
30     "  potassa. 

18  "  lime, 
decoloring  matters. 

CLEAR  WHITE. 

100  pounds  sand. 
65     "     calcined  potassa. 
6     "     fallen  lime. 
100     "     white  cullet. 
•5  "  manganese- 

WIIITE  GLASS  FOR  CHEMICAL  PURPOSES. 

100  pounds  white  sand. 
41-4  "  potassa. 
17-5  "  lime. 

Bohemian  Glass. — The  coarser  qualities  of  this  kind 
of  glass  are  analogous  in  composition  to  bottle-glass,  and 
are  distinguished  by  comparative  freedom  from  color, 
great  lightness,  and  their  very  refractory  nature,  which 
renders  them  capable  of  resisting  not  only  high  heats, 
but  sudden  changes  of  temperature.  Hence  the  value 
of  this  glass  for  chemical  purposes,  such  as  tubing,  re- 
torts, et  cetera.  Its  lightness,  and  the  almost  total  absence 
of  coloration — when  it  is  made  with  pure  materials — 
cause  it  to  be  highly  valued  on  the  Continent  for  table- 
ware, where  it  is  also  employed  to  make  costly  windows 
for  fine  buildings  and  carriages,  for  covering  engravings, 
and  in  general  for  all  those  uses  which  require  the  glass 
to  have  a  considerable  thickness  without  coloration. 
In  common  with  crown-glass,  it  is  also  peculiarly  fit  for 
optical  instruments,  in  which  it  is  employed  to  achro- 
matize the  flint-glass.  These  remarks  apply  to  the 
finer  qualities,  for  which  Dumas  gives  the  following 
choice  of  proportions: — 

Quartz  in  powder,  orfine  silicious  sand, 

washed  with  hydrochloric  acid,        100  110  120  100 

Purified  carbonate  of  potassa,              60  64  66  75 

Very  pure  carbonate  of  lime,               20  24  25  50 

In  a  Bohemian  glass  of  old  manufacture,  Dumas 
found 

Silica,   69-4  =  36  oxygen. 

Alumina,   9-6=   4-48)  9-04 

Lime,   9'2  =   2-57  J-oxygen  of 

Potassa,   11'8  =   1-99 )  the  bases. 
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which  would  give  exactly  the  proportion  of  1  •  4  be- 
tween the  oxygen  of  the  bases  and  that  of  the  acid. 
On  the  whole,  Bohemian  glass  may  be  described  as  a 
silicate  of  potassa  and  lime,  with  a  small  proportion  of 
alumina,  magnesia,  and  other  ingredients.  This  will 
be  obvious  from  the  following  analysis  of  a  glass,  taken 
by  M.  Perdonnet  from  a  manufactory  at  Neuvelt,  and 
analysed  by  M.  Gros  in  the  laboratory  of  the  School 
of  Mines  at  Paris : — ■ 

Silica,   71-G  =  37-1  nygcn. 

Lime,   10-0  =  2-81^ 

Potassa,   11-0  ==  1-86 

Alumina,   2-2  =  1-02 

Magnesia,   2-3  =  0-89 

Oxide  of  iron,   3-9  ==  1-20 

Oxide  of  manganese,   0-2=  0-05 

101-2 


-  '-S3 


from  the  warm  end.  Continual  rotation  of  the  pipe  and 
ponty-rod  is  here  as  necessary  as  in  all  the  other 
operations  of  glass-blowing,  or  the  part  of  the  tube 
nearest  the  ground  would  cool  quickest,  and  the  tube 
thus  assume  an  irregular  form.  This,  however,  does 
not  prevent  the  tube,  in  consequence  of  its  great 
length,  from  sinking  in  the  middle  like  a  stretched  rope, 
and  it  becomes,  consequently,  thicker  at  the  two  ends, 
af.  is  represented  in  Fig.  152.  The  curve  in  the  tube  is, 
however,  remedied  by  placing  it  on  a  ladder  before 
it  has  become  perfectly  set;  it  then  straightens,  and  is 

Fig.  152. 


Here  it  will  be  noted,  that  the  silica  contains 
about  five  times  the  aggregate  oxygen  of  the 
bases.  It  will  be  observed  also,  that  in  Bohe- 
mian glass  potassa  takes  the  place  of  soda. 

Tube-drawing. — Though  tubes  may  be  formed  of 
any  kind  of  glass,  yet,  for  chemical  purposes,  and  more 
especially  for  resisting  a  high  temperature,  the  Bohe- 
mian cr  German  tubes  are  the  best.  This  may,  there- 
fore, be  a  fitting  place  to  introduce  some  account  of  the 
curious  operation  of  tube-drawing,  which  depends  on 
the  singular  fact,  that  when  a  hollow  lump  of  glass,  for 
instance  a  globe,  is  drawn  out  whilst  hot,  the  cavity  in 
the  interior  is  always  preserved,  even  when  the  glass  is 
drawn  out  to  the  tenuity  of  the  finest  thread.  The 
operation  is  described  by  K»'APP  in  the  following 
terms : — • 

Whilst  one  man  collects  '.Ae  necessary  quantity  of 
glass  on  his  pipe,  and  blows  this  out  to  a  very  massive 
globe,  preserving  a  uniform 
thickness  of  the  sides  as 
much  as  possible — Fig.  149 
— the  other  attaches  a  drop 
of  glass  to  a  ponty-rod,  and 
warms  it  on  the  fire  by  the 
side  of  the  globe.  Both  instruments  are  then  removed 
from  the  fire  at  once,  and  the  ponty-rod  is  pushed  forcibly 
against  the  globe  in  such  a  manner  as  to  form  exactly 
a  straight  line  with  the  pipe,  as  represented  in  Fig.  150, 
Fig.  lao. 


Fig.  149. 


Fig.  151. 

where  A  is  the  pipe,  and  B  the  ponty.  This  being 
accomplished,  one  of  the  workmen  retires  backwards 
as  quickly  as  possible,  to  the  distance  of  fifty,  sixty, 
or  one  hundred  feet.  In  this  operation  the  globe  at 
first  shrinks,  as  is  represented  at  a,  in  Fig.  151,  and 
forms  the  commencement  of  the  tube,  which  soon 
cools,  and  does  not  diminish  in  thickness,  whilst  the 
mass  of  glass  is  spun  out  by  the  constant  drawing 


cut  into  lengths  of  four  or  six  feet  each,  by  taking  hold 
of  it  with  a  cold  pair  of  tongs.  Tubes  cool  very  uni- 
formly, in  consequence  of  their  small  amount  of  metal, 
and  they  are,  therefore,  not  placed  in  the  annealing 
oven.  Lastly,  the  bore  of  the  tube  is  dependent  upon 
the  length  to  which  a  given  mass  of  glass  is  stretched, 
or,  the  length  being  the  same,  upon  the  mass  of  glass; 
the  stoutness  of  the  tube  is,  however,  determined  by  the 
thickness  of  the  sides  of  the  original  globe,  as  the 
relation  between  the  thickness  of  the  sides  and  the  bore 
is  not  altered  by  drawing.  Wide,  thin  tubes — such  as 
are  used  for  spindles,  et  cetera — must  therefore  be 
drawn  out  of  a  large  thin  globe,  and  vice  versd:  it 
is  necessary,  however,  whilst  the  tubes  are  drawing 
to  blow  into  them,  that  the  sides  may  not  sink  in. 
— Knapp. 

Foreign  Crown-  Glass. — The  name  of  crown-glass  is 
limited  in  this  country  to  that  which  is  formed  into 
circular  tables  by  the  process  of  blowing ;  but  the  crown- 
glass  of  the  Bohemian  glass-houses  assumes  the  variety 
of  forms  which  belong  to  articles  of  luxury  and  art,  and 
is  generally  moulded  into  different  shapes,  with  a  view 
to  grinding  and  polishing.  Begarded  in  this  light,  the 
foreign  crown,  properly  so  called,  is  rather  distinguished 
by  its  composition,  than  by  the  methods  of  manipulation 
adopted  in  its  manufacture.  Like  the  coarser  Bohe- 
mian glass,  it  is  a  silicate  of  potassa  and  lime ;  whereas, 
in  the  English  crown,  soda  is  employed,  either  in  the 
shape  of  sulphate  or  carbonate.  Dumas  analysed  a 
good  crown-glass  of  German  manufacture  with  the 
following  result: — 

Centesimnlly.  Oxygon. 

Silica,  62-8  =  32-6 

Alumina,  oxide  of  iron  and  of  manganese,  2*6  =  1*2) 

Lime,  12-5  =  3-5  U'4 

Potassa,  22-1  =  3-7 ) 

So  that  in  this  case  the  silica  contained  about  four 
times  more  oxygon  than  the  bases,  and  the  quantity 
of  oxygen  in  the  lime  and  potassa,  the  two  principal 
bases,  was  nearly  the  same.  As  this  glass  is  chiefly 
manufactured  for  the  same  uses  as  crystal,  it  is  better 
prepared  by  means  of  suitable  moulds  than  by  simple 
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blowing,  partly  because  the  forms  required  arc  fre- 
quently so  complex  as  scarcely  to  admit  of  their  being 
made  by  hand,  and  partly  because  the  various  indenta- 
tions and  projections  upon  the  surface  can  be  roughly 
given  by  means  of  a  mould,  and  time  and  trouble  are 
thus  saved  in  the  subsequent  laborious  operations  of 
grinding. 

As  the  beauty  and  value  of  this  glass  depend  upon 
its  absolute  limpidness,  the  most  careful  selection  of 
materials,  both  for  the  mixture  and  the  pots,  and  a  pro- 
tracted and  assiduous  process  of  fining  are  required. 
Speaking  of  foreign  crown-glass,  Dumas  remarks  that  it 
is  not  an  easy  matter  to  arrive  at  a  certainty  of  success 
in  its  manufacture.  It  is  evident,  he  adds,  that  to  obtain 
it  without  color,  one  must  use  potassa,  and  not  soda. 
Even  if  the  soda  yielded  a  colorless  glass,  it  should  still  be 
put  aside  on  account  of  the  facility  with  which  glass  hav- 
ing a  soda  base  devitrifies,  which  would  render  the  thick 
masses  that  require  a  long  cooling  quite  milky,  and  full 
of  crystalline  and  opaque  nodules.  Crown-glass  should 
therefore  be  formed  with  a  potassa  base,  and  without 
oxide  of  lead ;  but  lime  must  also  be  added.  By  form- 
ing a  glass  with  merely  a  potassa  base,  there  would  be 
no  danger  of  devitrification;  but  the  glass  would  be 
soluble  in  boiling  water,  and  consequently  hygromet- 
rical.  This  would  be  a  serious  disadvantage ;  for 
spectacle-glasses  or  other  lenses  so  formed  would  con- 
stantly tarnish  by  the  deposit  of  a  film  of  aqueous 
vapor,  and  in  the  space  of  a  few  years  would  altogether 
lose  their  polish.  This  inconvenience  is  avoided  by 
adding  to  glass  with  a  base  of  potassa  a  certain  quan- 
tity of  lime ;  but  then  arises  a  not  less  serious  evil — a 
proneness  to  devitrification.  Glass  with  a  base  of 
potassa  and  lime,  submitted  to  the  prolonged  annealing 
which  thick  masses  intended  for  large  lenses  require, 
is  apt  to  assume  the  milky  aspect  which  indicates  a 
commencement  of  crystallization  in  the  mass.  Thus 
the  manufacture  of  crown-glass,  as  well  as  that  of 
flint-glass — the  two  glasses  indispensable  for  the  pre- 
paration of  achromatic  objectives — both  present  the 
most  serious  difficulties,  although  from  very  different 
causes. 

III.  Window-Glass.— The  glass  which  has  long 
been  in  common  use  for  window-panes  is  that  which 
is  generally  know  as  English  crown-glass,  in  the  manu- 
facture of  which  a  large  globe  is  first  blown  at  the  end 
of  the  pipe,  and  this  is  converted  by  a  rapid  rotatory 
motion  into  a  circular  plate  or  disc  thickened  at  the 
centre.  Until  a  comparatively  recent  period  this  was 
the  only  method  employed  in  the  manufacture  of 
window-glass  in  this  country;  but  latterly  the  Con- 
tinental method  has  been  extensively  introduced, 
which  consists  in  forming  the  globe  into  a  cylinder, 
and  then,  after  cutting  it  up  in  a  direction  parallel 
to  the  axis,  flattening  it  out  into  a  broad  sheet, 
from  which  it  has  received  the  designation  of  British 
sheet-glass.  Plate-glass,  or  that  which  is  cast  into 
sheets  by  pouring  the  liquid  metal  on  a  flat  surface, 
is  now  beginning  to  be  much  used  for  the  same 
purpose,  especially  for  the  windows  of  shops  and  fine 
buildings ;  but  as  the  chief  demand  for  plate-glass  is 
still  for  mirrors  and  other  similar  articles,  this  will  be 
treated  under  a  separate  head,  and  in  the  meantime 


the  term  window-glass  will  be  considered  as  confined 
to  English  crown  and  sheet-glass,  which  are  composed 
of  precisely  the  same  materials,  and  differ  only  in  the 
mechanical  operations  by  which  they  are  brought  into 
form.  Chemically  speaking,  they  are  the  same,  except 
that  the  nature  of  the  crown-glass  manipulation  requires 
a  smaller  quantity  of  lime.  Plate-glass,  on  the  other 
hand,  is  formed  with  a  larger  proportion  of  alkali. 

Composition. — The  materials  employed  for  the  ma- 
nufacture of  English  crown  and  sheet-glass — in  other 
words,  of  window-glass — are  chiefly  silica,  soda,  and 
lime.  This  glass  differs,  therefore,  from  the  foreign 
crown  and  Bohemian  glass  in  the  circumstance,  that 
soda,  as  the  cheaper  alkali,  is  generally  substituted  for 
potassa.  Sometimes,  however,  though  rarely,  a  mixture 
of  the  two  is  employed.  Alumina,  oxide  of  iron,  and 
oxide  of  manganese  are  also  found  in  window-glass, 
but  only  as  accidental  ingredients.  It  is  true,  indeed, 
that  when  iron  is  present,  as  is  almost  always  the  case, 
the  binoxide  of  manganese  is  purposely  introduced  to 
neutralize  its  effects ;  and  a  little  arsenic  is  generally 
added  to  promote  the  decomposition  of  the  other  in- 
gredients. 

Mr.  Henry  Chance,  one  of  the  highest  authorities 
on  this  subject,  remarks,  that  to  lay  down  any  standard 
proportions  for  window-glass  is  almost  impossible,  as 
no  two  manufacturers  use  the  same ;  and  even  in  the 
same  works  the  melting  powers  of  the  furnaces  may  so 
far  differ  as  to  render  necessary,  for  the  production  of 
the  same  glass,  variations  in  the  proportions  of  its  ele- 
ments. Richardson  and  Ronalds  give  the  following 
as  the  mixtures  used  in  some  English  manufactories : — 

Pounds.  Pounds.  Hundredweights. 

Sand,                       560    448    16 

Chalk,                      154    146    5 

Carbonate  of  soda,. . .  119    168    5 

Sulphate  of  soda,          63    17    1-25 

Arsenic,                      2    2    0 

Cullet,                     448    448    16 

The  introduction  of  carbonate  of  soda,  prepared  from 
salt,  into  the  glass  manufacture  of  England,  dates  from 
the  year  1831.  Previously  to  this,  kelp  was  employed 
as  the  source  of  alkali.  In  the  meantime,  the  French 
manufacturers — released,  in  1825,  through  the  exer- 
tions of  M.  Clement  Desormes,  from  the  absurd 
veto  which  the  government  had  pronounced  on  the 
sale  of  sulphate  of  soda — were  enabled  to  turn  their 
attention  to  the  employment  of  this  salt  instead  of  the 
carbonate.  They  proceeded  with  caution  in  the  intro- 
duction of  the  new  ingredient — first  mixing  a  small 
quantity  of  sulphate  with  a  large  proportion  of  carbon- 
ate ;  then  half  of  each ;  and,  finally,  excluding  carbonate, 
they  adopted  the  sole  use  of  sulphate,  to  the  injury, 
doubtless,  of  the  color  of  their  glass,  but  gainers  by  the 
employment  of  a  cheaper  and  more  manageable  ma- 
terial. Where  absence  of  color,  however,  is  an  object, 
as  in  the  manufacture  of  plate-glass,  the  exclusive  use 
of  carbonate  of  soda  is  still  retained. 

Proceeding  cautiously  in  the  steps  of  their  foreign 
brethren,  says  Mr.  Chance,  the  English  glass-makers, 
after  they  had  established  the  use  of  carbonate,  made 
trial  of  thi  effect  of  a  small  quantity  of  sulphate  of  soda 
in  a  large  quantity  of  carbonate.  The  carbonate  gra- 
dually decreased,  until  at  length,  in  the  preparation  of 


214 


GLASS  Window-Glass— English  Ceown. 


blown  window-glass,  sulphate  generally  stood  alone. 
But  here,  as  abroad,  the  manufacturers  of  plate-glass 
still  adhere  to  the  carbonate.  The  preceding  table  of 
three  different  proportions  for  crown-glass  evidently 
refers  to  a  period  when  the  carbonate  still  prepon- 
derated in  this  manufacture  also.  As  the  use,  whether 
of  carbonate  or  sulphate  of  soda,  involves  their  prepara- 
tion from  common  salt  and  sulphuric  acid,  attempts 
have  been  made  to  accomplish  the  direct  union  of  silica 
and  salt  in  the  manufacture  of  window-glass,  but  have 
hitherto  failed  of  success.  The  black  bottles  of  New- 
castle are  made  from  common  rock  salt  and  sand  from 
the  bed  of  the  river,  with  the  carbonate  of  lime  of  the 
soap-works,  and  the  tank  waste  of  the  alkali-makers ; 
but  for  all  better  kinds  of  glass  the  circuitous  combina- 
tion of  silica  and  alkali  is  still  found  necessary. 

The  following  is  a  French  composition,  which  gives, 
according  to  Dumas,  a  window-glass  of  fine  quality : — 

Farts. 

Sand,   100 

Chalk   35  to  40 

Dry  carbonate  of  soda,   28  to  35 

Broken  glass,   60  to  180 

Binoxide  of  manganese,   0-25  ~)   Sometimes  in 

Arsenic,   0'20 /larger  quantity. 

The  oxygen  of  the  bases  in  this  glass  is  generally  to 
the  oxygen  of  the  acid  as  one  to  four. 

M.  Bastenaike  gives  the  three  following  composi- 
tions, which  Dumas  considers  too  rich  in  alkali,  and 
too  poor  in  lime : — 

i. 

Parts. 

White  sand,   100 

Good  potassa,   65 

Lime  slaked  in  the  air,   6 

Fragments  of  white  glass,   50 

Arsenious  acid,   1 

Oxide  of  manganese,   0*30 

n. 

Paris. 

Very  white  sand,   100 

Good  soda,   90 

Red  oxide  of  lead  or  minium,   5 

Broken  white  glass   100 

Carbonate  of  lime,   5 

Oxide  of  manganese,   0-40 

in. 

Parts. 

White  sand   100 

Good  soda,   80 

Carbonate  of  lime,   8 

Broken  glass,   110 

Oxide  of  manganese,   0*20 

Oxide  of  cobalt,   0-10 

In  none  of  these  French  receipts  is  the  sulphate 
introduced,  and  therefore  they  may  be  referred  to  a 
period  anterior  to  1825,  wdien,  as  already  remarked, 
the  sulphate  began  to  be  generally  adopted  in  the 
French  glass-works.  Dumas  remarks  that  the  object 
to  be  kept  in  view  in  employing  this  salt,  is  to  render 
its  decomposition  by  the  silica  as  quick  and  easy  as 
possible ;  and  he  adds,  that  this  is  managed  by  add- 
ing to  the  mixture  a  suitable  quantity  of  charcoal,  to 
transform  the  sulphuric  acid  into  carbonic  and  sul- 
phurous acids.    Thus — ■ 

2SO,      +      1C      =      2SO,      -f  CO, 

Sulphuric  acid.  Charcoal.  Sulphurous  acid.  Carbonic  acid. 

For  each  equivalent  of  dry  sulphate  of  soda  there 


is  required,  therefore,  one  equivalent  of  charcoal,  or 
else  about  six  of  charcoal  for  seventy-two  of  sulphate 
of  soda.  But  to  avoid  coloring  the  glass  yellow,  only 
five  equivalents  of  charcoal  are  employed.  Thus,  to 
produce  a  beautiful  window-glass,  continues  the  same 
writer,  the  following  proportions  are  taken : — 

Parts.  Parts. 

Sand,                                     100  ... .  100 

Dry  sulphate  of  soda,                   44   58  to  75 

Charcoal  in  powder,                      4  . . . .  4*5  to  5*5 

Slaked  lime,                               6   13  to  15 

Broken  glass,  from  20  to  100   25  to  100 

Mechanical  Operations. — It  has  been  stated  that  the 
difference  between  English  crown  and  cylinder  or  sheet 
glass,  is  almost  entirely  in  the  manipulation.  The  above 
materials  and  proportions  apply  to  both,  inasmuch  as  the 
two  are  the  same  window-glass  in  the  pot.  The  specific 
description  of  these  two  varieties,  if  they  may  be  so 
distinguished,  involves,  therefore,  only  a  series  of  me- 
chanical operations,  which  do  not  strictly  belong  to  the 
special  object  of  this  work.  Yet,  as  the  present  article 
would  be  incomplete  without  such  details,  the  Editor 
will  here  introduce  a  short  account  of  both  processes, 
beginning  with  crown-glass  as  the  oldest ;  and,  in 
doing  so,  he  begs  to  acknowledge  his  obligations  to 
Mr.  Henry  Chance,  by  whose  kindness  he  is  per- 
mitted to  present  the  reader  with  the  following  ani- 
mated account  of  the  mechanical  part  of  the  manufac 
ture,  from  a  paper  which  was  read  by  that  gentleman 
before  the  Society  of  Arts,  in  January,  1856. 

1.  English  Crown- Glass. — Assuming  one  or  other 
of  the  mixtures  or  compositions  above  given  to  be 
melted  in  the  crown-glass  pot,  represented  in  Fig.  141, 
Mr.  Chance  begins  by  observing,  that  upon  the  surface 
of  the  melted  glass  is  a  ring  of  fire-clay,  which,  when 
the  materials  were  thrown  in,  lay  at  the  bottom  of  the 
pot,  and  after  the  completion  of  the  melting,  found  its  way 
upwards.  This  ring  is  of  great  service,  for,  floating  in 
the  centre  of  the  pot,  it  prevents  the  exterior  surface  of 
the  metal,  or  melted  glass,  which  becomes  stiff  and 
stringy  during  the  long  period  of  working,  from  mingling 
with  the  interior  or  hotter  surface,  which  thus  remains 
throughout  of  a  suitable  consistency.  The  labor,  also, 
of  the  skimmer,  whose  duty  it  is  to  clear  the  surface  of 
the  metal  from  any  scum  or  dirt  that  may  collect  upon 
it,  is  considerably  diminished  by  the  ring,  which,  limit- 
ing the  space  from  which  the  glass  is  drawn,  limits  also 
the  space  which  it  is  necessary  to  cleanse,  and  any 
bubbles  or  impurities  in  the  glass  have  a  tendency  to 
attach  themselves  to  the  ring. 

The  metal,  or  melted  glass,  having  been  brought,  by 
the  gradual  cooling  of  the  furnace,  from  a  state  of  com- 
plete fluidity  to  a  consistence  capable  of  being  worked, 
the  gatherer  dips  the  end  of  his  pipe,  or  hollow  rod  of 
iron,  into  the  pot  inside  the  ring,  and  twirling  it  round 
its  axis,  to  equalise  the  thickness  of  the  gathering,  col- 
lects upon  the  end,  or  nose,  as  it  is  technically  called,  a 
pear-shaped  lump  of  glass,  similar  to  that  represented 
at  A,  Fig.  153.  Resting  his  pipe  upon  a  stand  or  horse, 
he  turns  it  gently  round,  and  allows  the  surface  of  the 
lump  to  cool,  to  fit  it  for  a  second  gathering.  So  much 
glass  is  collected  in  this  way,  in  successive  layers,  as 
will  form  a  disc  or  table  of  about  nine  pounds  weight, 
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and  an  experienced  workman  seldom  fails  more  than  an 
ounce  or  two  in  the  correct  weight.  The  lump  com- 
pleted, the  gatherer,  having  cooled  his  pipe  under  a 

trough  of  water,  that 
he  may  handle  it  at 
any  point,  proceeds  to 
roll  the  glass  upon  the 
marver,  or  metallic 
bed,  until  it  assumes  a 
conical  form,  the  apex 
of  the  cone  forming 
what  is  termed  the 
bullion-point.  A  boy 
now  blows  down  the  pipe  while  it  is  still  being  turned 
by  the  gatherer  on  the  marver,  and  expands  the  glass 
into  a  small  globe.  Having  been  heated,  it  is  blown  again, 
and  assumes  the  shape  of  a  Florence  flask,  as  shown  at 
B,  and  the  future  rim  of  the  developed  plate  or  disc  is 
prepared  by  rolling  t\\& piece,  as  the  glass  under  operation 
is  technically  termed,  near  the  pipe  nose,  upon  the  edge 
of  a  marver.  Again  heated,  it  is  now  expanded  by  the 
blower  into  a  large  globe.  During  this  expansion,  it  is 
important  to  keep  the  bullion-point  exactly  in  the  posi- 
siou  which  it  previously  occupied,  in  a  line  with  the 
axis  of  the  pipe.  To  effect  this,  the  blower  rests  his 
pipe  upon  an  iron  support,  and  while  he  blows  down  the 
pipe  and  turns  it  round  at  the  same  time,  a  boy  holds 
against  the  bullion-point  a  piece  of  iron  terminating  in 
a  small  cup.  This  operation  is  represented  in  Fig.  154. 
Again  presented  to  the  Are,  by  the  peculiar  manipula- 
tion of  the  workman,  and  the  peculiar  direction  of  the 
flame  upon  it,  the  front  of  the  globe  is  flattened,  the 
possibility  of  the  globe  collapsing  during  this  operation 
being  prevented  by  its  rapid  revolution  round  its  axis. 
The  piece  now  resembles  somewhat  in  shape  an  enormous 
decanter,  with  a  very  fiat  bottom  and  a  very  short 
neck,  as  at  c,  Fig.  153.  The  bullion-point  is  still  to  be 
seen  in  the  centre  of  the  flat  bottom,  and  its  use  now 

Fig.  154. 


becomes  manifest.  The  pipe  is  laid  horizontally  upon 
an  iron  rest,  and  a  man  approaches,  having  in  his  hand 
the  large  rod  of  iron  called  the  ponty,  tipped  with  a 
lump  of  molten  glass.  Pressing  this  lump  upon  an 
iron  point,  so  as  to  give  it  the  form  of  a  little  cup,  he 
fits  it,  when  thus  shaped,  on  to  the  bullion-point,  to 
which  it  soon  becomes  firmly  attached.  The  lump 
thus  formed  is  called  the  bull's-eye,  or  bullion  of  the 


developed  plate.  The  incision  of  a  piece  of  cold  iron 
in  the  glass  round  the  nose  of  the  pipe,  and  a  smart 
blow,  soon  detaches  the  pipe,  leaving  a  corresponding 
hole  in  the  flattened  sphere,  at  a  point  exactly  opposite 
the  attachment  of  the  ponty,  as  shown  at  D  in  Fig. 
153.  The  blowing  pipe  thus  removed,  and  carrying 
with  it  a  piece  of  glass,  is  allowed  to  He  idle  a  few 
minutes,  till  the  glass  adhering  to  it  has  cracked  off;  it 
is  then  warmed,  and  carried  bae'e  to  the  pot  to  repeat 
its  course  in  a  similar  operation. 

The  open  projecting  end  of  the  piece,  which  was  next 
the  now  detached  pipe,  is  called  the  nose,  and  gives  its 
name  to  the  furnace  or  nose-hole,  where  this  nose  is,  on 
account  of  its  thickness,  heated  almost  to  melting,  with 
a  view  to  the  next  operation.    It  is  now  that  the  glass 


Fig.  155. 


undergoes  its  last  and  most  dreadful  torture  in  the  bands 
of  a  man  who,  with  a  veil  before  his  face,  as  shown  in 
Fig.  155,  stands  in  front  of  a  huge  circle  of  flame,  termed 
the  flashing  furnace,  into  which  he  thrusts  his  piece, 
rapidly,  meanwhile,  revolving  bis  ponty.  The  action 
of  heat  and  centrifugal  force  combined  is  soon  visible. 
The  nose  of  the  piece,  or  hole  caused  by  the  removal  of 
the  blowing  pipe,  enlarges,  the  parts  around  cannot  re- 
sist the  tendency,  the  opening  grows  larger  and  larger ; 
for  a  moment  is  caught  a  glimpse  of  a  circle  with  a 
double  rim ;  the  next  moment,  before  the  eyes  of  the 
astonished  spectator,  is  whirling  a  thin  transparent  cir- 
cular plate  of  glass,  which,  but  a  few  minutes  before, 
was  lying  in  the  glass-pot,  an  indistinguishable  portion  of 
the  molten  mass.  The  sound  of  the  final  opening  of  the 
piece  has  been  compared  to  that  produced  by  quickly 
expanding  a  wet  umbrella.  In  this  way  a  fiat  circular 
disc,  nearly  sixty  inches  in  diameter,  or  sometimes  more, 
is  produced,  of  almost  uniform  thickness,  except  at  the 
point  of  attachment  to  the  ponty,  where  there  is  a 
swelling  called,  as  already  stated,  the  bull's-eye.  The 
glass  at  the  edge  of  the  disc  is  also  in  some  cases  a  lit- 
tle thickened.  Still  whirling,  the  table,  as  it  is  now 
called,  is  carried  off,  laid  flat  upon  a  support  called  a 
whimsey,  detached  by  shears,  or  otherwise,  from  the 
ponty,  lifted  into  the  annealing  kiln  upon  a  fork,  E — Fig. 
146 — and  piled  upon  its  edge  against  the  preceding  table. 
The  weight  of  so  many  tables  pressing  one  against 
another,  would  cause  the  hindermost  to  bend ;  but  this 
is  prevented  by  the  intervention  of  iron  frames,  or  dros- 
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sers,  which  divide  the  tables  into  sets,  the  first  drosser 
leaning  against  the  wall  of  the  kiln,  the  second  against 
the  first,  and  so  on;  and  thus  rendering  each  set  of 
tables  independent  of  those  behind  it  for  support.  As 
the  bull's-eye,  or  centre  lump,  which  the  ponty  has  left 
behind  it,  keeps  each  table  from  close  contact  with  its 
neighbors,  the  air  passes  freely  between  them,  and  the 
annealing  is  completed  with  tolerable  rapidity,  varying 
from  twenty-four  to  forty-eight  hours,  according  to  the 
number  of  tables  in  the  kiln.  From  the  kiln  the  tables 
are  conveyed  to  the  warehouse,  having  passed,  since 
their  first  exit  from  the  pot,  through  the  hands  of  ten 
distinct  workmen. 

Such,  with  a  few  slight  additions  and  illustrations, 
is  the  description  of  this  most  interesting  process 
given  by  Mr.  Henry  Chance.  He  adds  that  the  pro- 
cess may  be  regarded  as  twofold — first,  the  development 
of  the  lump  into  a  sphere ;  and,  secondly,  the  resolution 
of  a  sphere  into  a  circular  table.  Constant  rotation  of 
the  glass,  while  in  a  yielding  state,  is  an  essential  ele- 
ment of  this  process;  as,  if  allowed  to  remain  motion- 
less,  its  symmetry  would  be  immediately  destroyed. 

A  table  of  crown  glass  of  to-day,  would  scarcely 
recognise  as  of  kindred  origin  a  table  of  the  earlier  part 
of  the  present  century.  The  principle  of  the  process 
in  each  case  was  the  same;  it  is  the  improvement  of 
minute  details  that  produces  so  different  a  result.  To 
Mr.  Hartley  and  Mr.  Chance,  who,  during  the  years 
1832  to  1836,  gave  to  the  manufacture  of  this  glass 
their  constant  attention,  is  owing,  in  a  great  measure, 
its  present  status. 

When  the  tables  of  crown-glass  are  drawn  from  the 
kiln,  they  are  covered  with  a  whitish  film  or  hum.  The 
history  of  this  hum,  continues  Mr.  Chance,  is  curious. 
It  arose,  probably,  in  the  first  instance,  from  the  deposi- 
tion of  sulphur  from  the  fuel  upon  the  surface  of  the 
glass.  It  thus  became  associated  with  the  process  of 
annealing,  and  buyers  fancied  that  the  more  hum  there 
was  upon  the  glass,  the  better  was  the  glass  annealed. 
The  manufacturers  of  crown-glass,  ever  ready  to  ac- 
commodate themselves  to  the  fancies  of  their  customers, 
have  taken  the  trouble  to  produce  an  additional  hum 
by  the  introduction  of  sulphur  in  the  kiln.  The  mem- 
bers, however,  of  the  Glass  Jury  of  the  Paris  Exhibi- 
tion, not  being  in  the  secret  of  this  hum,  stoutly 
maintained  that  glass  thus  clouded  must  be  bad  glass, 
and  that  the  hum  was  owing  to  the  exudation  of  the 
alkali. 

In  the  warehouse,  the  tables  are  laid  upon  a  nest,  or 
cushion,  and  are  divided  by  the  diamond  of  the  splitter 
into  two  unequal  parts — the  larger  half  containing  the 
bull's-eye.  The  diameter  of  the  table  is  measured  on 
the  nest,  the  usual  sine  being  now  about  fifty-four  inches, 
and  weighing  thirteen  pounds.  Tables  have  been  made 
as  wide  as  seventy  inches,  but  the  difficulty  of  mani- 
pulation, and  the  uncertainty  of  the  result,  render  such 
sizes  too  costly  to  be  general. 

The  splitter  carefully  examines  each  table  before 
splitting  it,  and  turns  it  round  till  he  has  brought  it  into 
the  position  in  which  he  may  split  it  to  the  best  advan- 
tage, announcing  at  the  same  time  its  quality.  The 
first  quality  is  called  test — the  next,  seconds— then 
thirds — fourths— CC — CCC  or  Irish — and  tables  con- 


taining any  very  glaring  defects,  come  under  the  de- 
nomination of  coarse. 

These  variations  in  quality  depend  on  the  presence 
or  absence,  number  and  extent,  of  those  defects  to  which, 
even  in  the  best  regulated  manufactories,  glass  is  un- 
avoidably liable.  Perhaps  the  glass  has  been  badly 
melted,  and  is  seedy — thai  is,  full  of  little  vesicles,  to 
which  the  rotary  motion  has  given  a  circular  shape.  Or 
the  gatherer  may  have  enclosed  air  within  his  metal, 
and  a  gatherer's  blister  is  the  result ;  or  a  pipe  blister, 
or  pipe-scales,  or  dust  from  the  pipe-nose,  or  dust  from 
the  marver,  or  dust  from  the  bottoming-hole,  or  dust 
from  the  nose-hole,  or  dust  from  the  flashing-furnace, 
or  bad  bullions,  or  scratches,  or  music  lines,  may  dis- 
figure the  table,  or  the  glass  may  bo  crizzled,  or  curved, 
or  bent,  or  hard,  or  smoky,  or  small  and  light,  defects  to 
explain  which  would  be  a  long  and  dreary  task.  No 
wonder  that  tables  of  the  best  quality  are  few  and  far 
between,  in  some  manufactories  a  forlorn  hope  never  to 
be  realized. 

The  difficulty  of  obtaining  glass  free  from  defects  will 
account  for  what  may  at  first  astonish — the  fact  that 
the  value  of  a  table  of  the  highest  quality  is  three  times 
that  of  the  lowest. 

The  defects  enumerated,  many  as  they  are,  are 
instantly  detected,  even  through  the  obscuring  hum, 
by  the  splitter,  who  not  only  can  descry  faults  invisible 
to  ordinary  eyes,  but  can  refer  each  fault  to  a  particular 
stage  of  the  process,  and  to  a  particular  cause  in  that 
particular  stage,  and  the  faults  are  registered  accord- 
ingly. The  nomenclature  of  defects  is  much  facilitated 
by  the  mapping  out  of  the  table  into  certain  ideal  divi- 
sions, derived  from  shapes  assumed  during  various 
periods  of  the  process.  The  centre  lump  is  termed 
the  bullion ,  round  this  lies  the  bottom ;  next  the 
bulge ;  the  shoulder ;  the  top,  and  the  rim,  or  the 
outermost  edge  of  the  circle. 

Independently,  however,  of  these  defects,  there  are 
certain  other  disadvantages  under  which  even  a  fault- 
less table  of  crown-glass  must  unavoidably  labor.  The 
cutting  of  a  circle  into  rectangular  sheets,  must  neces- 
sarily be  attended  with  waste,  while  the  bull's-eye 
confines  those  sheets  to  comparatively  small  sizes. 
Uniformity  of  thickness,  also,  except  by  the  most 
skilful  manipulation,  is  difficult  of  attainment.  Wavy 
lines,  termed  music  lines,  forming  a  series  of  concentric 
circles  round  the  bull's-eye,  and  owing  to  the  treatment 
of  the  glass  upon  the  marver,  were  formerly  a  common 
defect ;  but  improvements  in  the  process  have  in  a 
great  measure  removed  them. 

On  the  other  hand,  extreme  brilliancy  of  surface  is  a 
distinguishing  characteristic  of  this  glass,  ascribed  by 
some  to  the  influence  of  the  marver,  by  others  to  the 
effect  of  the  flashing-furnace. 

It  is  this  brilliancy  of  surface  which  has  enabled 
crown-glass  to  maintain  in  England  its  position  against 
that  formidable  rival  which  is  now  to  be  briefly  de- 
scribed. 

Cylinder,  or  Sheet- Glass. — The  above  method  of 
making  window-glass  has  long  been  abandoned  on  the 
Continent,  where  the  glass  is  first  formed  into  a  sphe- 
roid, the  ends  of  which  are  cut  off,  so  as  to  form  a 
cylinder  open  at  both  extremities ;  this  is  then  cut 


GLASS  British  Sheet-Glass. 


217 


lengthwise  with  shears,  or  a  straight  line  is  traced  with 
a  drop  of  water  in  the  direction  of  the  length  of  the 
cylinder,  and  over  the  line  so  traced  a  red-hot  iron  is 
passed,  which  immediately  produces  a  very  uniform 
crack  or  fracture  along  the  whole  length.  The  cylin- 
der, thus  split  up,  is  then  taken  to  the  furnace  to  he 
spread  or  flattened  out  into  a  sheet.  The  glass  so 
manufactured,  though  formed  of  the  same  materials  as 
crown-glass,  is  coarser  in  texture,  more  wavy  and  dull, 
but  allows  of  larger  sheets  being  formed,  since  crown- 
glass  can  only  be  cut  up  into  comparatively  small 
panes,  in  consequence  of  its  circular  form  and  the 
central  bull's  eye. 

M.  Bontemps  remarks  that  there  is  no  evidence  by 
which  to  determine  the  relative  antiquity  of  the  crown 
and  cylinder  glass  processes.  There  is  reason  to  be- 
lieve, however,  that  even  in  this  country  the  latter  was 
the  more  ancient,  although  at  a  comparatively  early 
period  it  was  abandoned  in  favor  of  the  rotary  method. 
The  cylindrical  process  is  the  only  one  mentioned  by 
TiieophiluS  in  the  thirteenth  century  ;  and  this 
method  was  adopted  by  the  Venetians,  as  the  more 
uniform  thickness  which  resulted  from  it  insured,  in 
their  colored  glasses,  a  greater  uniformity  of  tint. 
But  in  France,  England,  and  the  North  of  Germany, 
the  cylindrical  process  fell  gradually  into  disuse,  as  the 
demand  for  colored  glass  diminished,  and  at  length  in 
these  countries  the  rotary  principle  exclusively  pre- 
vailed. Bohemia,  however,  still  retained  the  cylindrical 
method,  which  she  had  learned  from  Venice,  and  this 
method  was  reintroduced  into  France  by  M.  Drolen- 
VAux  in  1730  with  great  success.  Hence  speedily 
resulted,  not  only  in  France,  but  also  in  Belgium  and 
the  North  of  Holland,  where  the  style  of  building  re- 
quired panes  of  large  size,  the  general  abandonment  of 
the  rotary  principle,  and  the  adoption  of  the  cylindrical, 
which  continues,  as  already  stated,  to  be  practised 
universally  on  the  Continent  at  the  present  day. 

In  England  the  manufacture  of  crown-glass  main- 
tained its  position,  notwithstanding  its  abandonment 
abroad,  and  attained  to  such  superiority  over  the 
spread  or  broad  glass  manufactured  on  the  German 
principle,  that  the  former  was  used  for  all  houses  of 
the  better  class,  while  the  latter  was  confined  to  poorer 
dwellings.  The  inferiority  of  this  spread  glass,  manu- 
factured indeed  on  the  German  principle,  but  by  no 
means  so  good  as  the  German  glass,  tended  to  prejudice 
the  publio  against  all  glass  made  by  the  cylindrical 
method.  This  prejudice  was,  however,  gradually  over- 
come, by  the  establishment  in  England  of  the  manufac- 
ture of  cylindrical  glass,  according  to  a  process  intro- 
duced from  France,  and  from  which  resulted  a  glass 
that  has  entirely  displaced  the  manufacture  of  spread 
glass.  The  latter  was  so  called  from  the  circumstance 
that  the  cylinder,  unskilMly  blown,  and  then  cut  open 
with  shears,  as  already  stated,  was  spread  out  imme- 
diately upon  a  plate  of  iron  covered  with  sand.  Hence 
not  only  was  the  thickness  of  this  glass  very  irregular 
but  iis  surface  very  coarse. 

The  in  'reduction  into  this  country  of  the  manufacture 
of  cylindrical  glass  by  the  French  method,  was  due  to 
the  Messrs.  Chance  of  West  Bromwich,  near  Birmin: 
ham,  and  Mr.  HARTLEY,  now  of  Sunderland,  but  then 
vol.  ir. 


in  partnership  with  the  Messrs.  Chance,  who,  on  visit- 
ing in  1830  the  works  of  M.  Bontemps,  near  Paris, 
were  much  struck  with  the  advantages  of  the  glass 
made  on  this  principle,  and  having  secured  the  co- 
operation of  M.  Bontemps,  commenced  the  process  at 
their  own  works  in  the  autumn  of  1832.  So  great, 
however,  were  the  difficulties  to  he  overcome,  that  it 
was  not  till  1838  that  the  fabrication  of  this  glass 
was  completely  established.  Since  that  time  there 
has  been  great  progress,  and  the  sheet-glass  now 
manufactured  in  this  country,  though  inferior  in  color, 
is  in  other  points  generally  superior  to  that  of  the 
foreign  teachers.  On  this  point  Mr.  Bannatyne, 
in  the  new  edition  of  the  Encyclopedia  Britannica, 
says : — The  French,  Belgians,  and  Germans,  having 
pursued  the  cylindrical  system  for  the  last  fifty  years 
in  making  their  window-glass,  have  much  improved 
the  old  method  of  making  it ;  and  as  the  parties  who 
are  now  manufacturing  this  article  in  England — namely, 
the  Messrs.  Chance  and  Mr.  Hartley — are  crown- 
glass  makers,  and  have  imported  all  the  improvements 
adopted  in  the  making  of  sheet-glass  in  France,  Bel- 
gium, and  Germany,  and  combined  with  these  the 
improvements  which  their  experience  as  crown-glass 
makers  had  taught  them  during  the  same  period,  they 
have  surpassed  the  French,  Belgians,  and  Germans  in 
sheet-glass,  and  can  now  compete  with  them  in  all 
parts  of  the  world. 

After  this  testimony,  the  following  account  of  the 
process  for  making  British  sheet-glass,  as  given  by  Mr. 
Henry  Chance,  one  of  the  partners  of  the  eminent 
firm  above-named,  will  be  received  by  the  reader  as 
of  very  high  authority  : — 

Imagine,  as  before,  a  lump  of  glass  collected  upon 
the  end  of  the- gatherer's  pipe.  For  the  metallic  table 
or  marver  is  now  substituted  a  block  of  wood,  so  hol- 
lowed out  as  to  allow  the  lump,  when  placed  upon  it, 
to  be  expanded  by  the  blower  to  the  diameter  ultimately 
required.  The  block,  during  this  operation,  is  sprinkled 
with  water,  to  prevent  the  wood  from  being  burnt,  and 
from  scratching  the  glass.  In  the  meantime  the  lump 
is  slightly  distended  by  blowing,  and, 
having  received  the  shape  repre- 
sented in  Fig.  156,  it  is  carried 
from  the  block  to  the  blowing  fur- 
nace, which  is  accessible  through  a 
number  of  holes  or  openings,  each 
hole  being  allotted  to  a  single 
blower.  In  front  of  the  fur- 
nace, corresponding  to  each  opening,  is  a  stage  or 
frame  of  wood,  erected  over  a  large  pit  or  well  about 
ten  feet  deep — as  represented  in  Fig.  157— and  these 
parallel  stages  are  sufficiently  apart  to  enable  each 
blower  to  swing  his  pipe  to  and  fro  in  a  vertical  plane, 
that  the  glass  may  run  freely  out,  as  the  phrase  is,  to 
the  required  length.  When  the  glass  has  been  suffi- 
ciently heated  in  the  blowing  furnace,  it  is  brought 
out,  and  held  over  the  head  while  blown,  until  it 
assumes  by  its  own  weight  the  flattened  form  repre- 
sented in  Fig.  158.  It  is  then  swung  round  iu  a 
vertical  plane,  as  well  as  backwards  and  forwards,  and 
the  blower  at  the  same  time,  by  blowing  down  the 
pipe,  constantly  keeps  the  lengthening  cylinder  full  of 
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air.  The  first  form  which  the  glass  assumes  in  conse- 
quence of  the  swinging  motion  is  represented  in  Fig. 
159.    If  the  man  were  to  blow  without  swinging,  a 


Tisr.  157. 


globe  or  sphere  would  be  formed,  as  indicated  by  the 
dotted  line.  Uniformity  of  substance  and  of  diameter 
is  chiefly  secured  by  the  skill  of  the  workman,  who, 
when  he  finds  the  metal  running  out  too  freely,  repeats 
the  operation  of  holding  the  cylinder  vertically  above 


Fig.  162.  Fig.  161.  Fig.  160.  Fig.  159. 


Fig.  164.  Fig.  163. 


his  headi  still  keeping  it  well  filled  with  air.  These 
operations  are  continued  until  the  cylinder  has  reached 
the  length  required,  as  in  Fig.  160. 

The  next  stage  of  the  process  is  opening  the  end 
of  the  cylinder.  The  thinner  kinds  of  glass  are  all 
opened  by  submitting  this  part  to  the  fire,  and  at 
the  same  time  forcing  in  air  through  the  pipe,  and 
stopping  up  its  aperture  with  the  thumb.  The  air 
is  expanded  by  the  heat  of  the  fire,  and  bursts  open 
the  cylinder  at  the  end,  this  being  the  hottest  and 
most  yielding  part.  The  thick  and  uneven  margin  of 
the  aperture  thus  formed  is  trimmed  with  scissors,  and 


the  cylinder  now  appears  as  in  Fig.  161.  The  aperture 
is  then  widened  out  to  the  full  diameter  of  the  cylinder 
with  the  pucellas,  and  by  turning  the  cylinder  to  and 
fro  with  the  opening  downwards,  until  by  the  centri- 
fugal force,  and  its  own  gravity,  the  yielding  glass 
assumes  a  uniform  diameter  with  parallel  sides,  as 
shown  in  Fig.  162. 

The  ends  of  the  thicker  cylinders,  if  these  were 
opened  in  the  furnace  in  the  manner  above  described, 
would  be  so  thinned  out  that  a  considerable  portion 
would  be  wasted.  An  extra  mass  of  hot  glass  is  there- 
fore incorporated  with  such  cylinders  at  the  end,  which 
thus  becomes  the  hottest  and  weakest  part,  without 
applying  them  to  the  furnace,  and  the  air  forced  in  as 
before  bursts  them  open.  The  opening  is  then  enlarged 
by  cutting  round  it  with  scissors. 

The  neck  or  cap  is  now  removed  by  supporting  the 
cylinder  on  a  chevalet  or  wooden  rest,  and  turning  the 
upper  part  two  or  three  times  in  the  curve  of  a  bent 
iron  heated  to  redness,  as  shown  in  Fig.  163;  a  drop 
of  water  allowed  to  fall  on  the  heated  line  produces 
fracture  and  separation  of  the  cap.  Or,  the  same  may 
be  done  by  wrapping  round  the  end  of  the  cylinder  a 
thread  of  hot  glass,  removing  the  thread,  and  applying  a 
piece  of  cold  iron  to  any  part  which  the  thread  covered. 

The  cylinder,  as  it  now  lies  upon  the  chevalet,  is 
little  more  in  weight  than  two-thirds  of  the  lump  of 
glass  which  the  gatherer  collected  on  his  pipe.  The 
quantity  left  upon  the  pipe-nose,  with  that  which  formed 
the  cap  of  the  cylinder,  are  nearly  equivalent  in  weight 
to  one  half  the  cylinder. 

The  next  operation  is  to  split  it  open  along  its  length 
in  the  manner  represented  in  Fig.  164.  Till  Of  late  this 
was  uniformly  done  by  means  of  red-hot  iron  and  water 
— a  method  which  is  still  practised  on  the  Continent ; 
but.in  the  English  glass-works,  it  is  now  effected  with 
greater  certainty  and  regularity  by  a  diamond,  which, 
attached  to  a  long  handle,  and  guided  by  a  wooden 
rule,  is  drawn  along  the  inside  length  of  the  cylinder. 
In  performing  this  operation,  it  is  important  to  make 
the  line  pass  through,  or  in  the  neighborhood  of,  some 
notable  defect  or  group  of  defects,  if  such  be  present, 
for  the  line  forms  two  edges  of  the  future  plate,  and 
defects  brought  to  the  edges  are  of  lessened  injury  to 
its  value.  An  object  to  be  avoided  is  the  black  mark 
which  the  cylinder  sometimes  receives  from  the  char- 
ring of  the  wooden  chevalet,  on  which,  while  hot,  it 
rested  in  the  glass-house.  If  the  diamond  passes,  in- 
side the  cylinder,  over  the  space  occupied  by  this  mark 
on  the  outside,  the  cylinder  will  fly  to  pieces.  The 
reason  of  this,  says  Mr.  Chance,  is  not  difficult  to  un- 
derstand. The  chevalet  prevented,  by  its  non-con- 
ducting tendency,  that  portion  of  the  glass  with  which 
it  was  in  contact,  from  cooling  equally  with  the  rest,  and 
the  particles  at  that  point  remained  in  a  state  of  tension. 
A  careful  blower  will  never  place  any  large  defect  in 
his  cylinder  in  contact  with  the  chevalet,  being  aware 
of  the  probable  result. 

The  use  of  the  diamond  in  dividing  plain  surfaces  of 
glass,  dates  from  the  sixteenth  century ;  but  its  applica- 
tion to  the  splitting  of  oylinders  which  had  not  under- 
gone the  process  of  annealing,  was  introduced  only 
about  twenty  years  ago  by  M.  Claudet,  the  distin- 
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guished  photographer,  then  a  glass  manufacturer. 
Previously,  all  such  cylinders  were  split  hy  a  red-hot 
iron,  and,  even  now,  all  cylinders  of  flashed  glass,  that 
is,  of  ordinary  sheet-glass  covered  inside  with  a  skin  of 
colored,  are  still  split  in  the  same  fashion.  On  the 
Continent  the  diamond  is  gradually  replacing  the  use  of 
red-hot  iron,  though  the  latter  is  still  the  method  more 
generally  practised. 

Having  been  split  along  its  length,  the  cylinder  is 
now  ready  for  the  flattener,  who,  having  prepared  it  hy 
a  preliminary  warming  in  the  flue  by  which  it  is  intro- 
duced into  the  flattening-furnace,  passes  it,  by  means 
of  a  croppie,  or  iron  instrument  bent  at  right  angles, 
on  to  the  flatting-storjie  or  spreading-plate,  which 
ought,  of  course,  to  be  perfectly  even  and  smooth,  as 
the  soft  glass  moulds  itself  to  the  surface  upon  which 
it  is  flattened  by  heat. 
The  sandstone  of  God- 
stone,  in  Surrey,  has 
been  found  to  answer 
well  for  this  plate,  which, 
however,  is  usually  co- 
vered with  a  lagre  or 
sheet  of  glass.  Upon 
this  lagre,  B  b — Fig.  165 
- — the  cylinder,  lying  with 
the  split  uppermost,  is 
soon  opened  by  the  flame 
passing  over  it,  and  falls 
back  into  a  wavy  sheet. 
The  effect  of  the  heat  is  assisted  by  spreading  out  the 
softened  sheet,  A,  with  an  iron  ruler,  c,  introduced 
through  an  aperture  in  the  furnace.  The  flattener  now 
applies  another  instrument,  a  polissoir,  or  rod  of  iron, 
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c,  Fig.  1G6,  furnished  at  the  end  with  a  block  of  wood, 
D,  and  rubs  down  the  waviness  into  a  flat  surface,  often, 
upon  a  refractory  piece, 
using  considerable  force. 
Some  cylinders  are  so 
distorted  in  the  blow- 
ing that  no  rubbing  can 
flatten  them ;  but  all, 
good,  bad,  and  indiffer- 
ent, pass  through  the 
same  treatment.  The 
flattening  stone  is  now 
moved  on  wheels  to  a 
cooler  portion  of  the 
furnace,  and  by  the  aid  of  the  flattening  fork,  delivers 
its  sheet  to  another  stone,  called  the  cooling  stone. 
From  this,  when  sufficiently  stiff,  it  is  again  lifted,  and 
then  piled  generally  on  its  edge,  in  order  to  be  annealed. 

In  1842  the  Messrs.  Chance  patented  certain  im- 
provements, whereby,  instead  of  at  once  removing  the 
glass  from  the  flatting  to  the  annealing  furnace,  and 
lifting  it  to  the  cooling-bed  while  soft  and  liable  to  dis- 
tortion, they  flat  and  cool  it  by  passing  it  through  a 
succession  of  decreasing  temperatures,  so  that  it  is  not 
lifted  until  it  becomes  quite  stiff  and  rigid.  By  this  ar- 
rangement the  workman  can  flatten  the  glass  while  the 
annealing  is  in  progress,  which  could  not  be  effected  by 
the  old  method,  because  the  temperature  of  the  flatten- 
ing kiln  must  be  reduced  with  that  of  the  annealing 
kiln,  to  which  it  is  contiguous,  thus  leading  to  the  suc- 
cessive heating  and  cooling  of  the  kiln,  and  waste  both 
of  time  and  fuel.  At  Messrs.  Chance's  establishment 
the  flatting  and  annealing  kilns  are  .two  circular 
buildings  communicating  with  each  other,  and  shown  in 


plan  and  elevation  in  Figs.  107  and  168.  Each  of  the 
buildings  consists  of  exterior  and  interior  walls,  s,  the 
intervening  space  being  a  circular  arched  vault.  In 
each  vault  is  a  cast-iron  frame,  moving  on  casters, 
and  capable  of  being  turned  round  by  a  winch  on 
the  outside,  communicating  with  the  shaft  and  bevil 


wheels,  R  R — Fig.  168.  The  frame,  B  b,  in  the  flatting 
kiln  carries  the  flatting  stones,  a,  and  lagres,  A,  eight  in 
number,  and  that  in  the  annealing  kiln  a  number  of  me- 
tallic wires,  o,  radiating  towards  the  centre  of  the  build- 
ing, for  supporting  the  sheets  of  glass.  The  flatting  kiln  is 
heated  by  the  grate,  M,  and  in  order  that  the  stones  and 
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Ingres,  which  will  have  cooled  during  the  rotation,  may 
be  re-heated  and  arrive  at  the  position,  p,  at  a  proper 
temperature,  a  second  smaller  grate  is  placed  at  b.  If 
coke  be  used,  a  chimney  at  T  will  be  required,  but  with 


wood  fuel  it  will  not  be  needed.  Partitions,  H,  are 
placed  at  certain  intervals,  to  prevent  the  too  rapid 
dissipation  of  the  heat  from  those  parts  where  it  is  most 
required,  and  to  retard  the  entrance  of  cold  air  through 


Fig  168. 


the  openings  in  the  external  wall.  At  the  bottom  of  the 
partitions  are  spaces  to  allow  the  frame,  with  the  stones 
and  glass  or  the  wires  and  glass  to  pass  below.  The 
space,  J,  on  which  the  glass  is  shifted  from  the  lagres 
to  the  wires,  is  lighted  by  gas.  The  kiln  is  worked  in 
the  following  manner :— The  cylinder  of  glass  is  first 
placed  in  the  position,  N ;  then  in  that  of  L  ;  thirdly,  it 
is  introduced  through  the  external  wall,  d,  and  placed  on 
a  stone,  E,  suspended  over  the  lagres ;  it  is  lastly  placed 
in  the  position  P,  on  the  lagre  beneath.  To  prevent 
the  cylinder  rolling  off,  the  stones  are  provided  with  a 
ledge.  This  part  of  the  kiln 
Fig.  169.  is  shown  separately  in  Fig. 

169.  The  frame  B  is  then 
turned  round  till  the  cylin- 
der of  glass  occupies  the 
position  c,  opposite  the 
working  hole,  T>,  through 
which  it  is  then  flattened 
in  the  ordinary  way.  From 
C  the  glass  passes  round  in 
l.iu  direction  shown  by  the  arrow,  till  it  arrives  op- 
posite J,  when  it  is  shifted  to  the  position  a'  on  the 
wires,  by  the  flattener  using  his  instrument  through 
the  opening,  q;  and  after  passing  through  the  suc- 
cessive positions,  arrives  finally  opposite  r/,  where  it 
is  drawn  out  fully  annealed.  Thus  each  sheet  of 
glass,  after  having  been  flattened,  remains  on  the  stone 
during  the  time  that  other  cylinders  are  being  flat- 
tened, and  before  the  sheet  is  lifted  off  the  stone,  it  has 
passed  through  a  gradually  decreasing  temperature, 
and  has  become  rigid.  Uhe  annealing  is  also  carried 
on  without  lowering  the  temperature  of  the  kilns  by  the 
movement  of  the  frame,  and  the  sheets,  being  isolated 
by  the  wires,  become  more  quickly  annealed. 

Mr.  Hartley,  of  Sunderland,  introduced  two  im- 
provements in  this  operation.  One  consists  in  making 
part  of  the  floor  of  the  flatting  kiln  to  consist  of  a  mov- 
able stone,  about  ten  inches  in  diameter,  on  which  the 
cylinder  is  placed,  and  by  causing  the  stone  to  revolve 
on  its  axis,  the  cylinder  is  gradually  exposed  on  all 
sides  to  the  action  of  the  fire,  thereby  avoiding  the 
objection  to  the  previous  plan,  where  one  side  of  each 
cylinder  became  so  much  hotter  than  the  other.  His 
other  improvement  consists  in  making  holes,  about  the 
eighth  of  an  inch  in  diameter,  all  over  the  flatting- 
stone.  When  the  sheets  of  glass  are  to  be  polished, 
the  absolute  smoothness  of  the  original  surface  is  not 


so  much  an  object  as  to  have  them  perfectly  flat,  and 
the  air  which  lies  between  the  common  flatting-stone 
and  the  cylinder  or  spread  sheet  renders  this  difficult  to 
accomplish ;  but  by  Mr.  Hartley's  process  the  diffi- 
culty is  overcome. 

One  of  the  most  recent  improvements  is  that  of  Mr. 
Farthing,  in  which  the  kiln  is  heated  by  means  of 
flues  arranged  under  the  floor,  around  the  walls,  and 
over  the  arch.  By  this  means  all  deposit  of  dust  or 
hard  particles  from  the  fuel  on  the  surface  of  the  glass  is 
avoided,  and  any  cheap  kind  of  fuel  may  be  employed. 

To  return  to  the  flattened  sheets.  When  annealed, 
they  are  drawn  from  the  kiln,  and  earned  to  the  ware- 
house, where  they  undergo  examination.  Being  blown 
by  a  less  complex  process  than  crown,  sheet-glass  is 
liable,  in  the  glass-house,  to  a  less  number  of  defects, 
but  the  subsequent  process  of  flattening,  notwithstand- 
ing the  improvements  above  mentioned,  often  makes 
up  the  deficiency ;  and  the  manner  in  which  a  sheet, 
spared  by  one  process,  is  disfigured  by  another,  is 
described  by  Mr.  Chance  as  sometimes  curiously 
provoking.  Standing  upon  the  table  of  the  assorter, 
he  remarks,  your  eye  lights  upon  a  piece  which, 
blown  under  an  evil  star,  has  imbibed  in  the  glass- 
house every  possible  defect.  The  founder,  skimmer, 
gatherer,  and  blower  have  all  stamped  their  brand 
upon  it.  It  is  seedy — the  vesicles,  which  were  in 
the  crown  tables  rounded  by  the  rotary  motion  of 
the  piece,  are  here  elongated  by  the  extension  of  the 
cylinder ;  it  is  stony,  disfigured  with  stony  droppings 
from  the  furnace ;  stringy,  thin  threads  of  glass  mean- 
dering over  its  surface ;  arabitty,  covered  with  stony 
speckles,  symptoms  of  incipient  devitrification;  con- 
spicuous with  gatherers'  blisters  and  blisters  from  the 
pipe — badly  gathered;  badly  blown — thin  here,  thick 
there,  and  grooved  with  a  row  of  scratches;  and  on 
this  abortion  the  flattener  chances  to  have  exerted  his 
most  exquisite  skill ;  it  has  passed  through  his  hands 
unscathed,  flat  as  a  polished  mirror,  yet,  from  its  pre- 
vious defects,  is  entirely  worthless.  Next  comes  before 
you  a  piece  whose  beginning  was  miraculous — no  seed, 
no  blisters ;  it  prospered  under  the  hands  of  the  ga- 
therer and  blower,  and  left  the  glass-house  a  perfect 
cylinder.  But  the  croppie  of  the  flattener  marked  it ; . 
the  fire  scalded  it ;  dust  fell  upon  the  lagre  and  dirtied 
it;  scraps  from  the  edges  of  the  preceding  cylinder 
stayed  upon  the  lagre,  and  stuck  to  it ;  the  stone 
scratched  it ;  and  the  heat  of  the  annealing  chamber 
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bent  it.  Such  are  the  difficulties  to  which  every  cylin- 
der is  subject — those  of  the  glass-house,  and  those  of 
the  flattening  kiln.  Not  all,  however,  are  such  as 
these ;  there  are  good  as  well  as  bad,  but  the  good  are 
generally  in  the  minority 

The  qualities  range  thus — best,  seconds,  thirds, 
fourths,  and  H,  the  latter  standing  for  horticultural, 
and  including  all  coarse  glass,  such  as  may  be  applied 
to  horticultural  purposes.  The  difficulty  of  escape  from 
defects  renders  the  best  quality,  as  in  crown-glass,  three 
times  as  costly  as  the  common.  The  expense  of  pro- 
duction to  the  manufacturer  is  in  each  case  the  same ; 
the  materials,  the  labor,  the  fuel,  the  same  for  each. 
Success,  therefore,  clearly  hinges  on  the  proportion 
of  good  glass  which  a  manufacturer  can  obtain.  The 
six  qualities  of  sheet-glass  may  each  consist  of  six 
different  thicknesses,  forming  thuB,  in  all,  thirty-six 
varieties. 

When  this  manufacture  was  new  in  England,  the  size 
usually  blown  was  thirty-six  inches  long,  and  twenty 
wide.  The  usual  size  now  is  forty-seven  inches  long 
by  thirty-two  wide,  and  cylinders  are  occasionally 
blown  seventy-seven  inches  long ;  but  large  sizes  and 
heavy  weights  are  accomplished  only  by  workmen  of 
the  first  class.  A  sheet  of  this  latter  size,  containing 
twenty-one  ounces  to  the  foot,  would  require  for  its 
formation  a  lump  of  glass  upon  the  gatherer's  pipe,  of 
no  less  than  thirty-eight  pounds  weight. 

The  size  which  sheet-glass  can  thus  reach  is  obvi- 
ously a  great  advantage,  and  adapts  it  to  many  pur- 
poses from  which  the  limited  dimensions  of  crown  are 
excluded.  It  was  this  glass  that  covered  the  Great 
Exhibition  in  1851.  A  cylinder  was  blown  to  cut,  as 
the  phrase  is,  forty-nine  inches  by  thirty;  this  was 
subdivided  into  three  panes  of  forty-nine  inches  by 
ten.  About  three  hundred  thousand  of  these,  extend- 
ing over  a  million  square  feet,  and  weighing  upwards 
of  four  hundred  tons,  were  the  work  of  a  few  weeks, 
and  this  without  absorbing  or  interrupting  the  ordinary 
produce  of  the  manufacturer.  The  energy  of  the  gla- 
ziers was  equal  to  their  task ;  eighteen  thousand  three 

!  hundred  and  ninety-two  panes  were  fixed  in  the  roof 
in  one  week  by  eighty  men,  one  hundred  and  eight 
panes  being  accomplished  by  one  man  in  a  single  day. 

j  It  was  the  house  of  Chance  and  Company  which 
executed  the  large  order  for  the  Exhibition,  without 
materially  affecting  their  power  of  executing  their 
general  orders,  a  feat  almost  unparalleled  in  the  his- 
tory of  the  manufactures  of  this  country. 

But  sheet-glass  has  its  faults  as  well  as  its  virtues ; 
it  is  devoid  of  that  brilliancy  of  surface  for  which  crown 
is  so  remarkable.  It  is  subject,  also,  to  undulations  on 
the  surface,  the  precise  origin  of  which  it  is  difficult  to 
explain.  Mr.  Shaw,  in  his  admirable  lecture  on  the 
glass  manufacture,  as  illustrated  by  the  Great  Exhibi- 
tion, speaking  of  this  defect,  says — When  the  divided 
cylinder  is  softened  by  heat,  and  either  allowed  to 
flatten  by  its  own  weight,  or  flattened  by  the  workman, 
the  concave  interior  of  the  cylinder  has  to  expand,  and 
the  convex  exterior  to  contract,  as  the  curved  surface 
becomes  plane.  He  adds,  were  this  contraction  and 
expansion  to  take  place  uniformly  throughout  the  glass, 
the  undulation  in  question  would  not  occur,  but  since 


one  part  invariably  yields  somewhat  more  readily  than 
another,  perfect  flatness  cannot  be  attained. 

It  is,  however,  more  probable,  in  Mr.  H.  Chance's 
opinion,  that  this  undulation  is  produced  in  the  opera- 
tion of  blowing,  and  is  due  to  the  double  movement  ot 
the  particles  of  glass  which  accompanies  the  formation 
of  every  cylinder,  the  one  movement  being  parallel  to 
the  axis  of  the  cylinder,  and  the  other  in  planes  at  right 
angles  to  that  axis. 

Grinding  and  Polishing  Sheet- Glass — A  further 
development  of  the  sheet-glass  manufacture  in  England 
is  the  process  of  polishing  and  grinding  this  glass  by 
machinery,  whereby  a  new  branch  of  manufacture  has 
been  established,  which  has  furnished  glass  peculiarly 
applicable  for  purposes  for  which  none  previously  ex- 
isted. This  improvement,  which  is  the  work  of  Mr. 
James  Chance,  is  characterized  by  M.  Claudet  as 
one  of  the  greatest  improvements  which  has  ever  been 
introduced  in  the  manufacture  of  window-glass,  as  it 
has  produced,  at  a  cheap  price,  an  article  equal  in  effect 
to  plate-glass,  and  by  which  houses  can  now  be  glazed 
with  a  glass  that  does  not  distort  external  objects,  while, 
at  the  same  time,  when  viewed  from  the  outside,  it  has 
all  the  polish  and  fine  appearance  of  plate-glass.  To 
explain  the  merits  of  this  invention,  it  must  be  recol- 
lected that  the  sheet-glass  has  the  polish  of  its  surface 
much  injured  by  the  mode  of  its  production,  and  that  a 
still  greater  defect  arises  from  the  inside  and  outside  of 
the  cylinder  not  being  of  the  same  length,  so  that  when 
developed  by  the  flattening  operation  either  the  one 
surface  must  contract  or  the  other  expand ;  and  the 
result  is  a  kind  of  undulating  or  wavy  appearance  called 
cockles.  These  cockles  reflect  and  refract  light  in  vari- 
ous directions,  and  the  objects  seen  through  the  glass 
are  necessarily  distorted. 

Several  attempts,  continues  M.  Claudet,  were  made 
in  France  and  Germany  to  grind  and  polish  this  glass, 
in  order  to  destroy  these  inequalities  and  imperfections. 
For  this  purpose  sheet-glass  had  to  be  made  consider- 
ably thicker,  owing  to  its  never  being  perfectly  flat 
throughout  its  length  and  width,  so  that  one  corner  or 
another,  and  even  several  points  on  the  surface,  were 
liable  to  be  completely  worn  out  before  the  end  of  the 
operation. 

Mr.  James  Chance  conceived  the  ingenious  idea  of 
laying  every  sheet  of  glass  intended  to  be  ground  and 
polished,  upon  a  flat  surface  covered  with  a  damp  piece 
of  soft  leather.  The  sheet  adhering  completely  to  the 
leather  after  having  been  pressed  against,  produces,  in 
fact,  a  vacuum,  so  that  by  the  pressure  of  the  atmo- 
sphere the  whole  sheet  is  maintained  in  a  flat  position. 
Two  sheets  having  been  placed  in  this  manner,  each  on 
the  retaining  or  sucking  surface,  they  are  turned  one 
against  the  other  in  a  horizontal  position,  sand  and 
water  being  constantly  supplied  between  them ;  and  by 
means  of  the  most  ingenious  machinery,  the  two  sur- 
faces rapidly  rub  one  against  the  other  in  all  directions, 
and  are  ground  at  the  same  time  by  the  sand.  When 
the  grinding  has  been  performed  on  one  surface,  the 
sheets  are  turned  to  have  the  other  surface  ground  in 
the  same  manner. 

The  sheet  being  ground  while  it  is  kept  perfectly 
flat,  it  is  not  necessary  to  wear  out  more  than  a  thin 
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layer  of  the  whole  surface.  Of  course,  after  the  opera- 
tion, the  sheet  of  its  own  elasticity  resumes  its  former 
shape  more  or  less  curved,  but  the  whole  surface  of 
both  sides  has  a  polish  as  perfect  as  plate-glass,  and 
this  is  the  desired  condition  for  glazing  purposes. 
Although  the  glass  could  not  make  perfect  mirrors  of  a 
large  size,  on  account  of  the  slight  curve  arising  from 
the  flattening  operation,  still  it  may  be  usefully  em- 
ployed for  small  looking-glasses.  M.  Claudet  states 
that  this  glass  has  all  the  perfection  and  qualities  re- 
quired for  taking  pictures  by  the  collodion  process,  and 
for  framing  all  photographic  and  other  pictures,  for 
which  last  purpose  it  is  even  preferable  to  cast  plate- 
glass  on  account  of  its  lightness. 

Mr.  James  Chancers  invention  is,  therefore,  one  of 
the  most  important  improvements  in  the  manufacture 
of  window-glass  during  the  present  century ;  and  to 
him  is  due  the  cheap  but  beautiful  glass  now  so  gene- 
rally used  in  glazing  ordinary  dwelling-houses — an 
article  quite  equal  in  effect  to  the  expensive  plate-glass 
which  was  formerly  seen  only  in  the  windows  of  palaces 
and  aristocratic  mansions. 

IV.  Plate-Glass.  — Dodd  justly  remarks  that  a 
better  name  than  ^jZafe-giass  would  be  cas<-glass,  since 
the  former  is  vague  in  its  acceptation,  and  might  he 
applied  to  any  kind  of  glass  in  sheets,  whereas  the 
latter  expresses  the  mode  of  manufacture  of  this  beau- 
tiful article,  which  is  formed  by  being  cast  or  founded 
upon  a  smooth  table  while  in  a  liquid  state,  and  is 
totally  independent  of  the  process  of  blowing.  It  is 
not  generally  known,  however,  that  originally  all  plate- 
glass  was  .made  by  blowing;  and  that  in  this  country 
■it  was  not  till  1773  that  the  British  Plate-Glass  Com- 
pany Erst,  began  to  make  plate-glass  by  casting,  although 
this  process  had  been  in  use  in  France  for  nearly  a  cen- 
■tury.  The  method  of  blowing  plate-glass  was  very 
similar  in  principle. to  that  of  sheet-glass,  differing  only 
in  some  mechanical  contrivances  to  assist  the  workmen 
in  handling  so  much  heavier  a  piece.  The  plates  formed 
by  this  method,  however,  were  much  smaller  than  can 
be  executed  by  the  casting  process,  which  sometimes 
exceed  ten  feet;  in  length,  and  are  about  half  an  inch 
thick.  Plates  have  been  cast  as  much  as  fourteen 
feet  long  by  eight  or  ten  feet  in  width,  and  some  of 
enormous,  dimensions  were  shown  at  the  Great  Exhi- 
bition. 

The  principal  consumption  of  plate-glass  is  for  mir-" 
rors,  the  manufacture  of  which  dates  from  the  earliest 
introduction  of  glass-works  into  Europe.  Mirror-glasses 
were  for  many  years  the  object  of  an  important  com- 
merce, to  Venice,  the  only  city  which  could  produce 
them.  ■  The  manufactory,  which  was  situated  on  the 
island  of  Murano,  produced,  however,  only  sheets  pre- 
pared by  blowing,  and  this  was  the  process  imported 
into  France  in  1665,  along  with  the  art  of  covering 
plates  of  glass  with  tinfoil,  which  had  long  been  exclu- 
sively possessed  by  the  Venetians.  The  largest  mir- 
ror-glasses which  could  be  made  in  this  manner  were 
about  three  feet  in  the  side,  and  they  were  liable  to  the 
air-bubbles,  knots,  and  strise  so  frequent  in  common 
window-glass.  All  these  disadvantages  disappeared 
with  the  invention  of  the  casting  process  which  is  now 
in  use.    Abraham  Thevart  devised  this  bold  me- 


thod, as  Dumas  terms  it,  and  put  it  in  practice  at  Paris 
in  1685.  It  was  the  same  artist  who  founded  in  1691 
the  celebrated  manufactory  of  Saint  Gobain  in  Picardy, 
which  remained  so  long  without  a  rival,  and  where 
perhaps  the  best  plate-glasses  are  still  made,  though 
two  or  three  other  manufactories  have  been  established 
on  a  very  large  scale,  which  renders  the  mirror-glass 
manufacture  a  very  important  object  for  France.  In 
this  country,  as  in  France,  the  business  is  confined  to 
a  very  few  large  establishments. 

Composition  of  Plate- Glass. — This  beautiful  variety 
of  glass  is  similar  in  composition  to  crown  and  sheet 
glass,  the  only  essential  bases  being  lime  and  soda,;  but 
in  plate-glass  the  soda  is  introduced  in  somewhat  larger 
proportion.  So  far  as  regards  the  purity  of  the  tint,  it 
would  be  attended  with  advantage  to  substitute  potassa 
for  the  soda  ;  plate-glasses  would  thus  be  freed  from  the 
greenish  or  bluish  shade  which  they  sometimes  present, 
and,  in  this  case,  one  might  increase  the  proportion  of 
lime,  which  is  kept  comparatively  low  in  plate-glass  to 
avoid  devitrification.  But  soda  is  preferred  to  potassa 
for  this  description  of  glass,  because  it  imparts  a  higher 
degree  of  fluidity,  and  because  the  impurities  which  it 
contains  are  more  readily  dissipated  by  the  heat ;  so 
that  the  use  of  soda,  though  objectionable  as  tending 
to  color  the  glass,  facilitates  both  the  fining  and  casting 
— two  most  important  advantages  in  the  manufacture. 
Subjoined  is  the  analysis  of  a  plate-glass  by  Dumas  : — 

CentoBimally.  Oxygon. 

Silica,   76-9  :  3U-4 

Alumina,   2-8  =  1*3 

Lime,   3-8  =  1-0 

Soda   17-5  BS  4-4. 

100-0 

,From  this  analysis  it  appears  that  the  quantity  of 
oxygen  of  the  silica  is  about  six  times  that  of  the  aggre- 
gate oxygen  of  the  bases.  It  will  be  seen,  also,  that 
this  glass  differs  considerably  from  window-glass  in  the 
proportions  4  in  tie  latter,  for  each  equivalent  of  soda, 
there  is  always  at  least  half  an  equivalent  of  lime, 
whereas,  in  plate-glass,  for  one  equivalent  of  soda, 
there  is  only  one-fourth  of  an  equivalent  of  lime.  In 
window-glass,  putting  the  alumina  and  lime  together, 
the  oxygen  of  these  earthy  bases  always  exceeds  the 
oxygen  of  the  soda  ;  in  plate-glass  the  oxygen  of  the 
lime  and  the  alumina  constitutes  scarcely  the  half  of 
that, of  the  soda.  All  these  circumstances  have  the 
effect  of  rendering  the  plate-glass  more  fusible,  more 
readily  altered,  and  less  hard  than  window-glass;  but 
it  is  also  less  brittle,  and  less  liable  to  be  devitrified. 
.  The  preceding  analysis  is  elementary  and  theoretical ; 
the  subjoined  practical  recipes  are  given  in  Knapp's 
Technology : — 


Composition  used  at  St  Gobain. 

100  pounds  pure  sand  from 
Senlis. 

35  pounds  pure  salts,  of  soda. 
5  pounds  lime,  crumbled. 
100  pounds  broken  glass. 
Decoloring  matters. 


Composition  according  to  Bastenaire. 
100  pounds  white  sand. 
60  pounds  salts  of  soda. 
13  pounds  carbonate  of  lime, 
100  pounds  broken  glass. 
1    pound   peroxide  man- 
ganese. 
0*5  pounds  smalt. 


The  following  proportions,  which  have  been  used  in 
England,  are  said  to  produce  a  superior  quality  of 
plate-glass : — 
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Parts. 

Lynn  sand,  well  washed  and  dried,   720 

Alkaline  salt,  containing  forty  per  cent,  of  soda,  450 

Lime,  slaked  and  sifted,   80' 

Nitre,   25 

Broken  plate-glass,   425 

These  quantities  produce  one  pot  of  metal,  which  yields 
one  thousand  two  hundred  pounds  of  glass. 

The  ohject  for  which  plate-glass  is  chiefly  manufac- 
tured requires  in  the  materials  the  highest  degree  of  puri- 
fication1, and  the  utmost  care  in  the  fabrication.  A  good 
mirror  should  reflect  an  image  in  its  true  and  natural 
shape,  and  no  distortion  must  occur,  which  invariably 
happens  if  lumps  or  waves  in  the  glass  unequally  refract 
the  light  or  produce  irregular  reflection.  Moreover, 
the  light  must  pass  through  the  thickness  of  the  glass 
before_it  is  reflected  from  the  metallic  surface  at  the 
back;  arid  as  the  thickness  of  the  plates  must  corre- 
spond with  their  lateral  dimensions,  which  are  often  con- 
siderable, it  is  evident  that  transparency  and  absence  of 
color  are  points  of  great  importance.  It  is  true  that  in 
the  last  century  this  was  a  disputed  question.  Mon- 
taney  advanced  that  the  black  color  was  preferable 
to  all  others  for  mirrors,  and  his  theory  appeared  so 
plausible  as  to  require  a  formal  refutation  on  the  part 
of  Allut.  It  is  evident  that,  unless  the  light  were 
assumed  to  be  reflected  at  the  first  surface,  this  theory 
is  quite  untenable;  and  even  assuming  the  reflection  to 
take  place  at  the  first  surface,  it  would  be  necessary  to 
give  the  glass,  not  only  a  black  color,  but  a  complete 
opacity,  similar  to  that  of  the  metals  themselves,  of 
which  mirrors  were  anciently  made ;  but  this  absolute 
opacity,  in  the  case  of  glass,  would  be  very  difficult,  if 
not  impossible,  to  attain. 

In  the  present  day  the  object  aimed  at,  by  universal 
agreement,-  is  to  give  the  most  perfect  transparency  to 
mirrors,  and  to  destroy  the  slightest  traces  of  colora- 
tion. With  this  view,  not  only  must  the  metal  or 
melted  glass  be  thoroughly  fused,  but  the  original  ma- 
terials must  be  selected  with  very  great  care.  The 
sands  which  enter  into  the  composition  should  be  very 
white  and  fine.  In  default  of  suitable  sand,  soft  sand- 
stone, white  arid  well  pulverized,  is  used.  Flint  and 
quartz,  calcined  arid  reduced  to  powder,  are  excellent 
materials  for  the  purpose.  Particular  care  must  be 
taken  in  the  choice  and  treatment  of  the  soda,  to  avoid, 
as  far  as  possible,  the  green  tint  which  is  peculiar  to 
glass  formed  with  this  alkali,  and  which  the  thickness 
of  the  plate-glass  betrays.  It  might  be  possible  to 
counteract  this  evil  to  a  certain  extent  by  a  perfect 
fining  or  purification  of  the  soda,  and  by  replacing  part 
of  it  with  potassa,  to  the  amount  of  about  one-fifth.  If 
plate-glass  were  formed  with  potassa  alone,  instead  of 
soda,  it  is  to  be  feared  that  a  glass  necessarily  so  rich 
,  in  alkali,  would  be  hygrometrical,  and  would  partake 
too  much  of  the  nature  of  soluble  glass.  Even  the 
small  proportion  Of  potassa  which,  in  the  shape  of  nitre; 
usually  enters  into  the  composition  of  French  plate- 
glass  is  found  to  give  it  a  dampness,  so  that  when  two 
of  these  are  kept  together  for  any  length  of  time,  they 
can  scarcely  be  separated^  Mr.  Varley  stated  at 
a  meeting  of  the  Society  of  Arts,  that  he  was  once 
shown  some  very  large  glasses  by  a  London  manu- 
facturer, which  were  beautifully  clear,  but  appeared 


to  be  covered  with  steam,  and  this,  when  wiped  off, 
appeared  again.  The  manufacturer  had  applied  to 
Professor  Faraday  in  hopes  of  learning  how  to  cure 
this  imperfection.  On  examining  these  glasses  with  a 
magnifier,  the  apparent  steam  was  found  to  consist  of 
very  minute  but  long  crystals,  which  shape  indicated 
nitre,  showing  that  so  much  potassa  was  used  in  the 
manufacture  of  the  glass  that  it  exuded.  Now,  re- 
peated washings,  which,  with  eight  Or  ten  feet  glasses, 
is  a  serious  labor,  might  much  lessen  the  exudable 
matter;  but  the  glass  would  thus  become  porous  all 
over,  and  its  power  of  transmitting  or  reflecting  light 
would  be  diminished.  What  was  still  worse  was,  that 
such  glass  could  never  be  wiped  so  as  to  remain  clean, 
for  the  wiping  filled  up  the  pores  with  what  should 
have  been  quite  removed.  This  began  again  to  exude 
in  minute  gummy  dots,  which  continued  to  enlarge, 
and  on  again  wiping,  smeared  the  surface,  rendering  it 
difficult  to  clean.  Soda  is  prone  to  dry  and  lose  its 
water  of  crystallization ;  potassa,  on  the  contrary,  at- 
tracts moisture,  and  becomes  liquid.  Hence  it  would 
seem  that  soda  must  make  the  more  durable  glass, 
besides  fulfilling  the  important  conditions  of  rendering 
the  vitreous  composition  more  fusible  and  more  easy 
to  fine.  The  latter  advantage  arises  from  the  fact,  that 
the  gall  or  sandiver  of  the  soda-glass,  consisting  of  sul- 
phate of  soda  and  chloride  of  sodium,  is  more  volatile 
than  potassa-gall,  and  is  hence  more  readily  got  rid  of 
from  the  open  pots  in  which  the  glass  is  fused. 

Melting  and  Fining. — Two  sizes  of  pots  are  used  in 
the  manufacture  of  plate-glass— the  larger  for  melting 
the  vitreous  mixture,  and  for  keeping  it  long  in  a  state 
of  fusion — the  smaller  for  receiving  a  portion  of  the 
glass  to  be  fined  and  cast.  The  latter  are  termed  cis- 
terns, or  in  France  cuvettes.  The  English  pots  and 
cisterns  are  of  the  same  form  as  the  pots  used  in  the 
manufacture  of  crown-glass ;  and  this  is  also  the  form 
of  the  French  pot— Fig.  141 ;  but  in  France  the  cistern 
or  cuvette  is  formed  square  or  rectangular — as  shown  in 
Fig.  170— and  three  pots  contain  the  material  for  six 
small  cuvettes,  or  for  three 
large  ones.  These  last  are 
employed  for  mirrors  of 
large  dimensions — for  ex- 
ample, of  one  hundred 
inches  and  upward.  Lat- 
terly, furnaces  have  been 
constructed  for  six  pots  and 
twelve  cuvettes,  eight  small  and  four  large  ones.  The 
small  ones  have  the  form  of  a  perfect  square,  the  large 
ones  of  an  oblong  rectangle.  About  the  middle  of  the 
depth  of  the  cuvette,  a  A,  a  groove  or  indentation,  B, 
is  formed,  whereby  the  vessel  is  grasped  with  the  tongs. 

The  ingredients  for  plate-glass  were  formerly  fritted 
before  melting;  but  this  preliminary  process  is  now 
dispensed  with,  the  mixture  being  composed  of  such 
pure  materials  that  it  can  be  placed  cold  in  the  pot 
in  three  successive  charges.  The  time  necessary  for 
the  fusion  and  the  fining  is  in  France  divided  equally 
between  the  pots  and  the  cuvettes.  The  material 
is  left  sixteen  hours  in  each,  and,  at  the  end  of 
these  thirty-two  hours,  it  is  fit  to  be  cast.  During 
the  melting  of  the  mixture  in  the  pots,  the  cuvettes 


Fig.  170. 
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aro  placed  empty  m  the  furnace ;  but  as  soon  as  the 
whole  charge  is  in  a  state  of  fusion,  the  cuvettes  are 
removed  by  means  of  tongs,  and  cleansed  from  all  im- 
purity, and  from  the  residual  glass  of  the  last  operation 
by  a  scraper.  They  are  then  replaced  in  the  furnace, 
and  after  a  few  moments'  heating,  the  ladling  or  trans- 
ferring operation  commences.  The  surface  of  the  metal 
in  the  pots  is  skimmed,  and  the  liquid  glass  is  trans- 
ferred into  the  adjacent  cuvette  with  a  copper  ladle, 
care  being  taken  not  to  disturb  any  grains  of  sand  or 
lumps  that  may  have  settled  down  at  the  bottom  of  the 
pot  Thus,  as  Knapp  remarks,  at  the  very  commence- 
ment a  kind  of  double  purification  is  effected — the  in- 
fusible portion  is  left  untouched,  and  tho  glass  is  well 
mixed  by  the  agitation  of  ladling.  This  transferring 
process,  which  is  termed  in  France  irejetage,  requires 
two  workmen,  one  after  the  other ;  each  draws  out  the 
glass  three  times — whence  the  word  trejeter,  to  throw 
or  cast  thrice — and  then  plunges  his  ladle  into  cold 
water.  The  furnace  is  then  shut,  and  the  cuvettes  are 
left  to  themselves,  for  the  glass  to  fuse — that  is  to  say, 
that  the  bubbles  excited  in  the  mass  by  the  trejetage 
may  be  disengaged,  and  the  excess  of  soda  be  entirely 
volatilized.  It  has  been  stated  that  the  melting  is 
generally  accomplished  in  sixteen  hours;  but  the  fining 
which  succeeds  the  ladling  process  must  be  kept  up 
quite  as  long,  and  extends  indeed  sometimes  to  twenty- 
four  or  even  forty-eight  hours  before  the  bubbles  are 
dispersed  and  no  more  alkali  is  volatilized,  or  until 
specimens  of  the  glass  exhibit  in  every  respect  a  fit 
state  for  casting.  This  is  not  exactly  a  liquid  state ; 
but  after  the  perfect  melting  has  taken  place,  the  glow- 
ing mass  is  allowed  to  lower  its  temperature  a  little,  so 
as  to  acquire  a  slight  degree  of  viscidity.  With  this 
view  the  fire  is  allowed  to  decline,  and  the  glass 
acquires  the  proper  consistency  in  three  or  four  hours. 
To  make  sure  of  this,  the  eud  of  a  rod  is  dipped  into 
the  cuvette ;  the  portion  taken  up  is  allowed  to  hang 
down,  and  by  the  form  it  assumes  and  other  indications, 
the  workman  readily  judges  whether  it  has  acquired  the 
necessary  consistence  and  is  free  from  bubbles.  This 
is  termed  drawing  the  glass. 

Casting. — While  the  glass  is  acquiring  the  requisite 
consistence,  attention  must  be  given  to  heat  the 
annealing  furnaces,  as  well  as  the  casting-slab  or 
metal  plate  which  is  to  receive  the  liquid  glass. 
This  table  was  formerly  made  of  bronze ;  but  M 
the  liability  of  this  metal  to  crack  induced  the  1| 
British  Plate  Company  to  try  a  plate  of  cast-  J, 
iron,  which  was  found  to  be  quite  successful, 
and  even  the  large  bronze  slab  at  St.  Gobain,  which 
weighed  fifty  thousand  pounds,  and  cost  one  hundred 
thousand  francs,  or  £4000,  has  been  discarded,  and  re- 
placed by  one  of  iron.  The  table,  T  T — Fig.  171— 
must  be  of  longer  dimensions  than  the  largest  plate ; 
it  varies  from  ten  to  twenty  feet  in  length,  with  cor- 
responding breadth,  and  is  six  to  seven  inches  in  thick- 
ness ;  it  rests  on  a  strong  wooden  frame  or  truck,  M  M, 
movable  on  casters,  and  sometimes  running  on  a  rail- 
way, along  which  it  is  wheeled  from  one  annealing  oven 
to  another,  since  it  is  necessary  that  the  table  should 
be  placed  close  to  the  oven  or  arch,  b,  into  which  the 
plate  is  to  be  removed  for  annealing  after  being  cast. 


With  this  view  the  height  of  the  slab  or  table  is  made 
exactly  on  a  level  with  the  floor  of  the  arch.  Its  upper 
surface  is  flat  and  polished,  to  mould  the  lower  surface 
of  the  mirror ;  and,  before  the  casting,  it  is  heated  by 
hot  coals  spread  over  it,  and  then  wiped  perfectly  clean. 

The  annealing-ovens  being  heated  to  a  brown-red,  the 
casting-slab  brought  to  a  suitable  temperature,  and  the 
metal  or  melted  glass  thickened  to  the  requisite  point 
for  flowing  readily  and  equably,  the  aperture  into  the 
cuvettes  which  are  to  be  taken  out  is  then  opened; 
two  workmen  introduce  tongs  into  the  furnace,  and 
grasp  the  cuvette  by  the  groove  shown  in  Fig.  170, 
while  a  third  slides  a  large  pineer  under  it.  When  this 
instrument  is  pushed  well  under  the  bottom  of  the  cu- 
vette, the  workman  draws  it  towards  him,  aided  by  the 
others  with  their  tongs,  which  are  supported  on  rollers. 
In  this  manner  the  cuvette  is  drawn  to  the  mouth  of 
(he  opening,  where  it  is  raised  by  a  crane,  placed  upon 
a  truck  or  low  carriage,  and  removed  to  the  casting- 
table.  The  melted  glass  being  skimmed,  the  cuvette, 
A — Fig.  171 — is  then  drawn  up  to  a  sufficient  height 

Fig.  171. 


by  the  tackle,  de,  and  suspended  above  the  upper 
end  of  the  casting-table,  where  it  is  tilted  over  by 
means  of  the  tongs,  c  c,  and  the  metal  is  poured 
out  on  the  table.  The  appearance  presented  by 
the  molten  sheet  is  now  exceedingly  splendid.  The 
building  being  very  dark  within,  the  glowing  liquid 
throws  a  strong  light  on  the  faces  and  persons  of 
the  workmen.  In  the  meantime,  the  glass  is  pre- 
vented from  running  over  the  sides  by  ribs  or  rims 
of  copper,  N  N,  which  are  exactly  equal  in  height 
to  the  intended  thickness  of  the  plate  of  glass;  and 
when  the  cuvette  has  been  emptied  of  its  contents,  a 
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massive  hollow  copper  cylinder,  F,  three  feet  in  dia- 
meter, and  resting  at  each  end  on  the  side  ribs,  is  set  in 
motion.  This  cylinder,  which  weighs  several  hundred- 
weights, is  moved  by  means  of  the  handles  which  form 
a  prolongation  of  the  axis,  and  spreads  the  glass  out  into 
a  sheet  of  uniform  breadth  and  thickness.  It  would, 
however,  overflow  the  sides,  if  this  were  not  prevented 
by  the  workmen  applying  the  iron  pieces,  G  G,  which 
form  a  dam  at  the  sides,  and  precede  the  course  of  the 
rollers.  Lastly,  to  prevent  any  impurity  from  con- 
taminating the  glass,  a  workman  draws  the  washer,  n, 
covered  with  cloth,  immediately  in  front  of  the  advanc- 
ing sheet  of  fluid  glass  ;  the  excess  of  glass  pours  over 
the  front  edge  of  the  slab  into  a  trough,  K,  filled  with 
water,  and  finally  the  roller  passes  off  and  is  received 
in  the  grooves,  II.  A  beautiful  play  of  brilliant  colors, 
comprising  every  imaginable  tint,  is  exhibited  by  the 
glass  immediately  after  the  roller  has  passed  over  it ; 
caused,  probably,  by  a  temporary  oxidation  of  the  sur- 
face. 

Whilst  the  cuvette  is  carried  back  to  the  furnace  to 
receive  a  fresh  charge  of  glass,  the  two  ribs  are  removed, 
and  any  blisters  or  seams  or  redundancy  which  may 
exist  at  the  two  sides  of  the  plate  are  broken  off;  a 
thick  flange  of  the  still  soft  glass  is  then  turned  up  at 
the  end,  T  T,  and  a  rake-shaped  iron  is  applied  to  it,  by 
means  of  which  the  plate  is  thrust  forward  into  the 
annealing  oven,  B,  where  it  rests  upon  sand.  As  the 
plate  is  not  perfectly  rigid  when  this  is  done,  the  force 
which  must  be  exerted  to  push  it  over  the  floor  of  the 
kiln  often  produces  considerable  undulations  on  the 
upper  surface,  which  subsequently  disappear  under  the 
polishing. 

While  the  introduction  of  the  plate  into  the  anneal- 
ing arch  is  being  proceeded  with,  other  workmen  are 
engaged  in  taking  from  the  fining  furnace  another 
cuvette,  which  arrives  at  the  casting-table  at  the  mo- 
ment when  the  preceding  plate  has  just  been  introduced 
into  the  annealing  oven.  After  filling  the  oven,  all  the 
openings  are  carefully  stopped  up  with  iron  plates  and 
clay  mixed  with  sand.  At  the  end  of  twenty  hours, 
some  of  the  pieces  of  iron  are  taken  away ;  an  hour  or 
two  afterwards  more  are  removed ;  as  the  oven  cools, 
more  and  more  are  taken  away,  and  at  last  the  whole 
of  the  clay  and  plates  of  iron  which  stopped  the  aper- 
tures are  removed.  When  the  hand  can  be  placed  on 
the  glass  plates  without  feeling  much  heat,  they  may 
be  taken  out  of  the  oven.  Such,  at  least,  is  Dumas' 
account  of  the  French  method.  But  in  this  country 
the  plates  are  allowed  to  remain  in  the  oven,  resting  in 
a  horizontal  position,  from  five  to  ten  days. 

It  has  been  stated  that  the  temperature  of  the  an- 
nealing kiln,  when  the  plates  are  introduced,  should  be 
a  dull  red.  If  the  kiln  were  too  hot  the  plates  would 
enter  into  a  state  of  semi-fusion,  and  would  get  out  of 
shape,  or  at  least  would  adhere  to  the  floor  of  the  kiln, 
so  that  they  could  not  be  detached  without  breaking. 
On  the  other  hand,  if  the  kiln  were  too  cold,  the  plates 
would  be  badly  annealed,  and  might  fly  to  pieces  in  the 
act  of  being  taken  out  of  the  oven,  or  afterwards.  The 
slightest  change  of  temperature  is  sufficient  to  split  into 
pieces  plates  which  have  been  badly  annealed.  They 
break  also  when  one  proceeds  to  cut  off  the  jagged 
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edge  with  a  diamond.  It  almost  always  happens  that, 
in  plate-glasses  badly  annealed,  the  separation  does 
not  occur  at  the  place  where  the  incision  has  been 
made. 

The  annealing  ovens,  termed  in  France  carquaises, 
are  very  large,  and  have  several  fire-places.  The  bed 
or  floor  is  made  of  bricks,  presenting  in  its  whole  extent 
a  perfectly  level  surface.  Sand  must  be  sprinkled  over 
the  bed,  that  the  plates  may  slide  freely  upon  it,  and 
encounter  no  impediment  in  shrinking  or  contracting. 

Squaring,  Grinding,  and  Polishing. — After  being 
withdrawn  from  the  annealing  oven,  the  plates  have  to 
undergo  the  operations  of  squaring,  grinding,  and  pol- 
ishing. As  taken  from  the  oven,  they  are  about  half 
an  inch  thick,  and  present  an  irregular  mottled  appear- 
ance, roughened  on  the  lower  surface  by  the  sand  on 
which  they  have  rested,  and  smoother,  but  not  flat  on 
the  upper  surface.  The  first  process  is  that  of  squar- 
ing, or  cutting  them  into  their  useful  dimensions ;  for 
which  purpose  they  are  carefully  examined,  and  the 
workmen  endeavour,  notwithstanding  the  imperfect 
transparency  of  the  glass,  to  select  those  which  appear 
to  be  free  from  defects,  to  be  reserved  for  large  plates, 
while  such  as  show  imperfections  that  cannot  be  re- 
moved by  grinding,  are  picked  out  to  be  cut  into  smaller 
plates,  transposing  the  faulty  parts  to  the  sides.  The 
squaring  is  performed  by  passing  a  rough  diamond  along 
the  surface  of  the  glass,  guided  by  a  square  rule ;  the 
diamond  cuts  to  a  certain  depth  into  the  substance, 
when,  by  gently  striking  the  glass  with  a  small  ham- 
mer, underneath  the  part  which  is  cut,  the  piece  comes 
away ;  and  the  roughnesses  of  the  edge  then  left  are 
removed  by  pincers. 

The  plates  having  been  squared,  next  undergo  the 
processes  of  grinding  and  polishing.  In  these  operations 
two  plates  are  employed,  one  of  larger  dimensions,  and 
one  three  or  four  times  smaller,  which  are  made  to  nib 
against  each  other.  This  was  formerly  done  by  hand, 
but  is  now  almost  entirely  performed  by  machinery. 
The  lower  and  larger  plate  is  embedded  in  plaster  of 
Paris,  in  a  perfectly  horizontal  position,  upon  a  table 
about  two  feet  high,  which  is  termed  the  grinding  bench; 
the  smaller  plate  is  cemented  upon  the  lower  face  of 
a  swing  table,  made  heavy  by  weights,  and  caused  to 
traverse  over  the  lower  plate  in  such  a  way,  that  by  a 
combination  of  a  rotatoiy  and  oscillating  motion,  the 
relative  position  of  the  two  plates  is  constantly  changed. 
In  adjusting  the  plates,  a  rough  or  rolled  surface  of  the 
one  is  opposed  to  the  comparatively  smooth  or  casting- 
plate  surface  of  the  other,  and  the  material  employed 
to  grind  the  surfaces  is  thrown  upon  the  lower  plate 
from  time  to  time.  River  sand  and  water  were  formerly 
used  for  this  purpose,  but  ground  flint  of  different  sizes 
is  now  substituted,  as  answering  the  purpose  better. 
The  machinery  is  set  in  motion  by  a  steam-engine,  and 
this  process  is  continued  until  the  ground  plates  exhibit 
a  perfectly  horizontal  and  even,  though  still  unpolished 
surface.  When  one  side  of  each  plate  has  been  suffi- 
ciently ground,  it  is  loosened  from  the  frame  and  turned 
over,  so  as  to  present  the  other  surface  to  be  ground  in 
the  same  manner.  Some  degree  of  pressure  is  em- 
ployed by  loading  the  upper  plate  with  weights,  as  the 
grinding  of  each  side  approaches  to  completion.  The 
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process  thus  described  used  formerly  to  last  three  days, 
but  the  time  is  now  much  abridged.  The  greatest  at- 
tention is  required  to  complete  the  operation,  with  the 
surfaces  perfectly  level  and  parallel,  for  which  end  a  rule 
and  plumb-line  are  employed. 

By  means  of  this  grinding,  the  plates  are  made  level, 
but  are  still  too  rough  to  receive  a  polish.  To  fit  them 
for  this,  they  are  now  ground  with  emery  powder  of  in- 
creasing degrees  of  fineness.  When  the  plates  become 
sufficiently  smooth  for  this  operation,  there  is  a  tendency 
to  cohesion  between  the  surfaces,  which  produces  so 
much  friction  that  when  the  work  is  done  by  machinery 
one  surface  will  frequently  tear  the  glass  from  the  other. 
Hence  hand  labor  has  been  generally  employed  in 
this  part  of  the  process.  The  lower  plate  is  placed 
upon  a  stone  bench  covered  with  wet  canvas,  which 
holds  it  firmly  in  its  place ;  the  surface  is  sprinkled  with 
emery  and  water,  and  a  small  plate,  moved  by  the 
hand,  is  used  as  a  runner  or  grinder.  Women  are 
general!}'  employed  in  this  operation,  and  are  said  to 
perform  the  work  better  than  men,  on  account  of  their 
superior  delicacy  of  touch,  which  enables  them  to  use 
precisely  the  degree  of  force  required,  and  readily  to 
detect  and  remove  gritty  particles  among  the  emery. 
Young  girls  are  employed  on  small  plates.  About 
three  sizes  of  emery  are  used,  the  different  qualities 
being  previously  separated  and  assorted  by  suspension 
in  water ;  and  between  every  size  the  plates,  canvas, 
bench,  and  hands  are  thoroughly  washed.  After  the 
application  of  the  last  or  finest  emery,  the  plate  has 
become  quite  smooth  and  partly  polished.  To  dispense 
with  the  necessity  of  manual  labor  in  this  operation, 
Mr.  Blake,  of  the  Thames  Plate-Glass  Works,  has 
recently  introduced  a  machine  which  imitates  the  mo- 
tions of  the  arms  of  the  persons  employed  in  smooth- 
ing, and  works  admirably. 

The  glass,  although  now  perfectly  even,  appears 
opaque  and  deadened  on  the  surface,  and  still  requires 
the  final  polishing.  To  effect  this,  a  piece  of  wood  is 
covered  with  numerous  folds  of  woollen  cloth,  having 
carded  wool  interposed  between  each  two  layers,  so 
that  the  whole  forms  a  tolerably  hard  but  elastic  cushion, 
which  is  fitted  with  a  handle.  The  plate  is  embedded 
in  plaster,  as  already  described,  and  the  cushion,  being 
wetted,  is  covered  with  Venetian  pink,  which  contains  a 
small  portion  of  oxide  of  iron,  mixed  with  earthy  matter, 
and  is  moved  backwards  and  forwards  on  the  surface  of 
the  plate,  with  considerable  pressure.  This  rubbing  is 
now  generally  performed  by  machinery,  as  hand-polish- 
ing is  tedious,  and  is  apt  to  produce  a  wavy  appearance; 
hence  machine-polished  glass  is  to  be  preferred. 

In  1856,  a  patent — communicated  by  Albert 
Broughton,  Alexander  Lindsay,  and  John 
Rdtiiven  Platt,  all  of  New  York — was  taken  by 
William  Edward  Newton,  of  the  Patent  Office, 
Chancery  Lane,  London,  for  an  improved  method  of 
polishing  the  surface  of  glass,  stone,  metal,  or  other 
materials  capable  of  being  polished  by  friction.  The 
distinguishing  principle  of  this  method  consists  in 
grinding  and  polishing  the  flat  surfaces  by  means  of  a 
rotating  plane  of  glass,  metal,  stone,  or  other  suitable 
material,  the  substances  of  which  the  surfaces  are  to  be 
ground  or  polished  being  held  in  a  frame  in  such  a  man- 
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ner,  that  the  friction,  exerted  by  the  rotating  plane  upon 
the  surfaces  of  the  substances  under  operation,  will  cause 
them  to  rotate  with  a  slower  motion  upon  their  own  cen- 
tres. The  form  adopted  as  most  convenient  for  the  grind- 
ing and  polishing  surface  is  circular ;  it  therefore  gene- 
rally consists  of  the  upper  surface  of  a  circular  table  or 
wheel,  which  may  be  of  cast-iron,  and  is  secured  firmly 
at  the  upper  end  of  a  vertical  shaft,  which  is  supported 
in  suitable  bearings  in  a  strong  framing  of  timber  or 
iron.  The  upper  end  of  the  shaft  is  not  allowed  to 
stand  above  the  table,  and  therefore  the  article  to  be 
polished  will  be  allowed  to  pass  over  its  centre.  Ro- 
tary motion  is  communicated  to  this  circular  table  by 
means  of  suitable  gearing.  The  apparatus  for  holding 
the  plate  of  glass  to  be  ground  and  polished  consists  ot 
a  plate  or  frame  of  metal  or  wood,  having  a  rim  all 
round  the  lower  side,  within  which  the  glass  is  received 
in  a  bed  of  plaster  of  Paris.  This  plate  or  frame  is  con- 
nected with  a  perpendicular  spindle  which  is  capable  of 
being  moved  nearer  to  or  further  from  the  centre  of  the 
rotating  circular  table.  The  grindingand  polishing  opera- 
tion is  effected  with  the  aid  of  sand,  or  any  common  polish- 
ing material.  To  commence  the  operation,  the  plate  of 
glass,  having  been  secured  in  its  bed  or  frame,  is  placed 
on  the  rotating  circular  table,  and  the  holding  plate  or 
frame  is  connected  with  the  long  lever  by  means  of  its 
spindle.  Rotary  motion  is  now  given  to  the  circular 
table,  and  when  the  sand  or  grinding  material  is  pro- 
perly distributed,  the  friction  produced  on  that  part  of 
the  plate  of  glass  which  is  at  any  time  on  that  side  of 
the  spindle  of  the  holding  frame  which  is  furthest  from 
the  centre  of  the  table,  being  greater  than  that  on  the 
part  which  is  at  the  same  time  on  that  side  of  the 
spindle  nearest  the  centre  of  the  table,  causes  the  plate 
to  rotate  in  the  same  direction  as  the  latter.  The  sand 
or  grinding  material,  when  a  fresh  supply  is  applied, 
will  always  distribute  itself  evenly  after  a  very  few 
revolutions.  The  grinding  may  be  regulated  by  a 
screw  and  nuts  on  the  spindle  of  the  holding  frame,  so 
as  to  produce  a  pressure  on  the  plate,  additional  to 
what  is  produced  by  its  own  weight,  and  the  weight  of 
the  plate  or  frame  and  other  parts  of  the  holding  ap- 
paratus, or  to  take  off  some  of  that  pressure.  The 
patentee  alleges  that,  by  producing  the  rotary  motion 
of  the  glass  to  be  ground  and  polished,  by  means  of  the 
friction  of  the  grinding  or  polishing  surface,  an  even- 
ness and  smoothness  and  freedom  from  scratches  are 
obtained,  that  cannot  be  produced  when  the  rotary 
motion  is  positive,  or  produced  by  gearing,  as  in  other 
polishing  machines.  The  reasons  assigned  for  this  are 
as  follow : — In  the  former  case,  the  grinding  or  polish- 
ing surface  and  the  surface  to  be  ground  or  polished 
undergo  an  infinite  transposition,  while  in  the  latter, 
they  are  frequently  in  precisely  the  same  relative  posi- 
tions ;  again,  when  the  motion  is  produced  by  friction, 
it  is  found  to  be  steady  and  free  from  the  tremor  which 
is  produced  when  an  independent  and  positive  motion 
is  given. 

The  Editor  is  informed  by  Mr.  FixchAm,  the  active 
and  intelligent  manager  of  the  British  Plate-Glass 
Works,  that  the  preceding  process  acts  admirably,  and 
is  sure  to  supersede  all  those  hitherto  in  vogue.  It  is 
daily  working  under  Mr.  Fincham's  superintendence. 


GLASS  Plate-' 


Mr.  Bessemer  some  years  ago  proposed  a  new 
method  applicable  to  the  whole  process  of  easting, 
grinding,  and  polishing  plate-glass.  Dispensing  with 
the  use  of  cuvettes,  he  pours  the  melted  glass  directly 
from  the  pots  between  two  rollers,  placed  at  a  certain 
distance  apart,  and  kept  cool  by  a  current  of  water 
passing  through  them.  This  insures  a  uniform  thickness 
in  the  glass.  The  furnace  employed  by  Mr.  Bessemer 
is  a  reverberatory  with  a  low  arch,  and  the  pot,  which 
is  of  very  large  dimensions,  is  set  upon  a  movable  siege 
composed  of  masses  of  flrestone  firmly  cemented  toge- 
ther. The  pot  and  siege  run  upon  four  wheels,  by 
means  of  which  they  are  readily  moved  out  of  the 
furnace,  to  empty  the  contents  of  the  pot  between  the 
two  forming  rollers  already  alluded  to,  and,  after  passing 
between  these,  the  glass  is  received  between  two  finish- 
ing rollers  placed  closer  together,  and  moving  with 
accelerated  speed,  so  that,  on  emerging  from  the  latter, 
the  glass  appears  smooth  and  fiat,  though  wanting  in 
polish.  The  plate  now  slides  down  a  curved  surface 
upon  a  flat  table,  and,  when  sufficiently  cooled  to 
become  rigid,  it  is  transferred  to  the  annealing  kiln, 
which  is  heated  by  a  current  of  hot  air  obtained  from 
a  chamber  situated  between  the  furnace  where  the 
glass  is  melted  and  the  chimney.  A  saving  of  fuel  is 
thus  effected,  the  heat  is  more  easily  regulated,  and 
the  articles  to  bo  annealed  are  not  subject  to  injury 
from  the  dust  and  products  of  combustion  of  the  fuel. 
The  polishing,  according  to  Bessemer's  method,  is 
performed  by  laying  the  plate  of  glass  upon  a  slab  of 
slate  placed  perfectly  horizontal  upon  a  bed  of  brick- 
work, and  causing  an  endless  belt  of  gutta  percha, 
covered  with  felt  and  polishing  material,  to  pass  rapidly 
over  the  surface  of  the  glass  in  contact  therewith,  and 
to  traverse  at  the  same  time  slowly  across  the  plate  by 
a  lateral  motion  at  right  angles  to  the  line  in  which 
the  belt  moves  over  its  drums.  The  belt  is  of  the 
same  length  as  the  sheet  to  be  polished,  and  is  pressed 
upon  the  entire  surface  of  the  glass  by  a  number  of 
small  rollers.  The  continuous  action  of  the  strap  in 
one  direction  renders  it  unnecessary  to  cement  the 
glass  to  the  table,  which  is  effectually  prevented  from 
shifting  its  position  by  a  raised  rib  or  stop  let  into  one 
end  of  the  table. 

By  the  grinding  and  polishing,  the  plates  are  reduced 
in  thickness  as  much  as  one-third,  and  in  some  cases 
one-half.  If  any  radical  defects  exist  in  the  glass, 
these  are  only  heightened  by  the  polishing,  and  hence 
a  second  and  more  careful  examination  and  selection 
of  the  plates  is  now  made.  In  fact,  in  every  stage  of 
the  manufacture,  the  experience  of  the  workman  is 
called  for,  to  determine  whether  any  and  what  imper- 
fections appear,  and  how  they  are  to  be  removed  ;  and 
as,  on  the  one  hand,  no  manufactured  article  would 
betray  the  existence  of  defects  more  readily  than  a 
large  sheet  of  plate-glass,  so,  on  the  other  hand,  the 
most  sedulous  attention  is  paid  to  the  detection  of 
such  defects  when  they  appear  in  the  course  of  the 
manufacture.  Those  which  are  still  found  defective 
after  the  polishing,  are  cut  up  into  smaller  plates,  and 
polished  again,  while  the  perfect  ones,  when  destined 
for  mirrors,  are  subjected  to  the  final  process  now  to 
bo  described. 
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Silvering  of  Mirrors. — This  designation  is  a  mis- 
nomer, there  being  no  silver  used  in  the  common  me- 
thod of  performing  the  operation ;  but  a  compound 
of  tinfoil  and  mercury,  or  quicksilver,  whence  proba- 
bly the  mis-appellation.  The  operation  is  commenced 
by  spreading  a  sheet  of  tinfoil,  which  must  be  of 
somewhat  larger  dimensions  than  the  plate  to  bo 
covered,  upon  a  flat  stone  or  slate  slab,  termed  the 
silvering  table,  and  brushing  mercury  over  it.  When 
the  surface  of  the  tinfoil  is  uniformly  covered,  more 
mercury  is  added  till  it  covers  the  metallic  sheet  to  the 
depth  of  one-sixth  or  one-fourth  of  an  inch.  A  bril- 
liant surface  is  then  produced  upon  the  fluid  metal,  by 
skimming  aside  the  grey  coating  of  oxide  with  a  wooden 
rod.  The  plate  of  glass  is  now  introduced  by  pushing 
it  forward  horizontally  from  one  side  of  the  table,  with 
the  longest  edge  foremost,  and  so  that  this  edge  always 
dips  below  the  surface  of  the  mercury.  By  this  means 
dust  and  air  are  totally  excluded ;  whereas,  if  the  plate 
were  let  down  perpendicularly  upon  the  mercury,  more 
or  less  of  both  would  certainly  be  enclosed  between 
the  glass  and  the  amalgam.  On  the  contrary,  by 
sliding  it  forward  in  the  manner  described  under  the 
surface  of  the  mercury,  the  pure  metal  alone  is  brought 
into  contact  with  the  glass.  To  get  rid  of  the  excess 
of  quicksilver,  the  plate  or  mirror  is  loaded  with 
weights,  and  the  table  is  inclined  at  an  angle  of  ten  or 
twelve  degrees,  when  most  of  the  uncombined  mercury 
flows  away.  The  last  portions  are  removed  by  placing 
the  plate  in  an  upright  position,  and  in  the  course  of 
three  or  four  weeks  a  dry  permanent  coating  of  tin 
amalgam  is  left  on  the  glass. 

A  great  disadvantage  attending  this  operation  is  the 
serious  detriment  to  the  health  of  the  workmen  from 
the  vapor  of  the  mercury ;  another  objection  is  the 
very  considerable  time  required  to  complete  the  work ; 
and,  lastly,  the  process  is  subject  to  frequent  failure 
from  different  causes :  the  plates  often  break  under 
the  pressure  of  the  weights,  and,  when  set  on  edge, 
drops  of  mercury  sometimes  trickle  down,  and  carry 
the  amalgam  with  them,  producing  curved  streaks, 
technically  termed  worms,  so  that  it  becomes  necessary 
to  re-silver  the  whole  mirror.  The  amalgam,  also,  is 
liable  to  spoil  by  crystallization,  and  is  easily  injured 
by  carriage.  A  process  proposed  by  Drayton,  and 
tested  by  Faraday  and  Warington,  is  free  from 
these  defects.  It  consists  in  employing  a  silvering 
fluid,  obtained  by  mixing  ammonia  with  nitrate  of 
silver,  filtering  the  mixture,  and  adding  to  it  an  alco- 
holic solution  of  oil  of  cassia.  The  proportions  are 
one  ounce  of  nitrate  of  silver,  three  ounces  of  alcohol, 
of  the  strength  of  87  per  cent.,  and  twenty  to 
thirty  drops  of  cassia.  This  fluid  has  the  property 
of  depositing  bright  metallic  silver  on  the  addition 
of  what  is  termed  the  reducing  liquid,  consisting  of 
a  solution  of  one  part  oil  of  cloves  in  three  parts 
alcohol.  The  term  silvering  is,  therefore,  strictly 
applicable  to  this  process,  which  is  performed  by  sur- 
rounding the  plate  of  glass,  after  being  perfectly  cleaned, 
with  a  rim  of  putty,  and  pouring  upon  it  a  layer  of 
silvering  fluid  to  the  depth  of  one  or  two  lines.  The 
oil  of  cloves  solution  is  then  added,  and,  more  or  less 
rapidly,  in  proportion  to  the  quantity  of  this  solution 
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employed,  a  film  of  brilliant  metallic  silver  is  deposited, 
and  attaches  itself  firmly  to  the  glass.  The  coating 
succeeds  best  when  a  very  small  portion  of  the  reducing 
liquid  is  used,  so  as  to  cause  the  reduction  to  proceed 
slowly.  To  cause  the  precipitation  of  four  and  a  half 
ounces  of  the  solution  of  silver,  from  six  to  twelve 
drops  of  the  reducing  liquid  are  sufficient ;  and  so  thin 
is  the  film  of  metal  thus  deposited,  that  a  square  foot  of 
it  only  weighs  from  twelve  to  eighteen  grains.  The 
principle  of  the  process  consists  in  deoxidizing  the 
oxide  of  silver,  by  means  of  the  volatile  oil,  which  is 
effected  without  any  evolution  of  gas,  that  might 
destroy  the  continuity  of  the  metallic  coating,  while 
the  nitric  acid  disengaged  from  the  oxide  of  silver 
enters  into  combination  with  the  ammonia. 

Great  as  may  appear  the  advantages  of  this  process, 
it  has  not  been  applied  extensively  by  the  manufac- 
turers of  mirrors,  partly  on  account  of  the  difficulty  of 
obtaining,  by  this  means,  a  perfectly  clear  unspotted 
surface,  and  partly  on  account  of  the  darker  color  of 
the  silver  coating,  which  gives  a  black  effect  to  the 
mirror.  This  black  appearance  is  probably  due  to  the 
shade  of  the  silver,  although  it  has  been  also  ascribed 
to  the  very  perfection  of  the  coating,  and  the  precision 
with  which  it  reflects  the  rays  of  light,  whereas  the 
ordinary  coating  of  tin  amalgam  is  crystalline,  and 
reflects  the  light  to  the  eye  in  almost  any  position. 

The  mixture  now  employed  by  Mr.  Drayton  is 
somewhat  different  from  that  above  given,  and  con- 
sists of  one  part  of  ammonia,  two  parts  nitrate  of 
silver,  three  parts  water,  and  three  alcohol ;  this  solu- 
tion, being  filtered,  is  mixed  with  one-fourth  part  of 
grape  sugar  dissolved  in  weak  spirit.  This  method,  or 
one  very  similar,  is  stated  by  Pelouzb  and  Fkemy  to 
be  now  successfully  practised  at  Paris.  The  exact 
proportions  given  by  them  are  as  follow : — Six  hundred 
grains  of  pure  neutral  nitrate  of  silver  are  dissolved  in 
one  thousand  two  hundred  grains  of  water.  To  this 
solution  are  added: — First,  seventy-five  grains  of  a 
liquor  prepared  from  twenty-five  parts  of  distilled 
water,  ten  of  sesquicarbonate  of  ammonia,  and  ten  of 
ammonia,  of  specific  gravity  0-980 ;  second,  thirty 
grains  of  ammonia,  specific  gravity  0'980 ;  and,  third, 
one  thousand  eight  hundred  grains  of  alcohol,  spe- 
cific gravity  0'850.  The  mixture  is  left  at  rest  to 
become  clear.  The  liquid  is  decanted  or  filtered,  and 
a  mixture  of  equal  parts  of  alcohol — specific  gravity 
0'850 — and  of  oil  of  cassia  is  added  in  the  proportion 
of  one  part  of  this  essence  of  cassia  to  fifteen  parts 
of  the  argentiferous  solution ;  the  mixture  is  agitated 
and  left  to  settle  for  several  hours,  after  which  it  is 
filtered.  Just  before  pouring  it  upon  the  glass  to  be 
silvered,  it  is  mixed  with  one-seventy-eighth  of  its 
balk  of  essence  of  cloves — composed  of  one  part  of  oil 
of  cloves,  and  three  of  alcohol,  specific  gravity  0'850. 
The  glass  having  been  thoroughly  cleansed,  is  covered 
with  the  silvering  liquid,  and  warmed  to  about  100°, 
at  which  temperature  it  is  maintained  for  two  or 
three  hours;  the  liquid  is  then  decanted,  and  may 
be  employed  for  silvering  other  glasses.  The  deposit 
of  silver  upon  the  glass  is  washed,  dried,  and  then 
varnished. 

Vohl  proposed  to  form  the  silver  coating  for  the 


interior  of  glass  balls,  et  cetera,  by  dissolving  gun-cot- 
ton in  caustic  potassa,  with  the  aid  of  heat,  adding  to 
the  brown  solution  a  few  drops  of  nitrate  of  silver,  and 
the  ammonia,  until  the  precipitated  oxide  of  silver  is 
re-dissolved.  This  mixture  is  introduced  into  the  glass 
ball,  or  other  article  to  be  loricated,  and  heated  in  a 
water-bath,  when,  after  a  certain  time,  the  mixture 
becomes  blackish-brown,  froths  up,  and  deposits  all  the 
silver  upon  the  glass,  forming  a  mirror  which  is  said  to 
reflect  the  light  with  surpassing  brilliancy. 

V.  Flint-Glass. — This  compound,  which  is  com- 
monly termed  crystal,  from  its  great  resemblance  to  the 
natural  production  known  as  rock-crystal,  is  chiefly 
manufactured  into  articles  of  domestic  use  and  orna- 
ment, such  as  tumblers,  decanters,  wine-glasses,  vases, 
drops  for  chandeliers,  et  cetera.  In  consequence  of  its 
great  transparency  and  high  refractive  power,  it  is  also 
formed  into  lenses  for  optical  instruments.  On  the 
Continent  the  term  flint-glass  is  almost  exclusively 
applied  to  glass  which  is  expressly  manufactured  for 
the  latter  purpose,  and  crystal  is  employed  as  the  more 
comprehensive  designation  for  glass  containing  lead,  of 
which  flint  or  optical  glass  is  regarded  as  a  variety. 
In  this  country,  flint-glass  and  crystal  are  used  as 
synonymous  terms,  and  that  particular  variety  of  this 
description  of  glass  which  is  manufactured  for  optical 
purposes  is  termed  optical  glass. 

Flint-glass  is  so  called  from  the  circumstance  that, 
formerly,  flints  calcined  and  ground  were  employed  in 
the  manufacture  as  the  source  of  the  silica;  but  for 
many  years  past,  Isle  of  Wight,  Lynn,  or  Reigate  sands 
have  been  substituted.  These  sands  are  not  only 
more  free  from  iron,  but  less  expensive  in  the  prepara- 
tion than  flints,  when  washed  and  calcined.  Not  only 
in  this  respect  is  the  name  inapplicable.  To  convey  a 
correct  idea  of  its  composition,  it  ought  to  be  termed 
lead  or  metallic  glass,  as  the  presence  of  a  new  ele- 
ment, lead,  is  that  which  distinguishes  flint-glass  or 
crystal  from  the  different  varieties  of  glass  already 
mentioned.  It  is  also  distinguished  from  English 
crown  and  plate-glass  by  the  use  of  potassa,  instead  of 
soda,  in  the  manufacture. 

Dumas  remarks  that,  by  all  the  old  writers,  colorless 
glass,  whatever  be  its  nature  or  composition,  is  desig- 
nated indifferently  under  the  name  of  crystal.  Thus, 
under  this  common  designation,  were  confounded  glass 
with  a  simple  base  of  potassa,  glass  with  a  base  of 
potassa  and  lime,  and  lastly,  glass  with  a  base  of  potassa 
and  lead.  It  is  necessary  to  be  aware  of  this  confusion, 
if  one  wishes  to  read  with  profit  the  old  works  on 
glass-making.  At  the  present  day,  the  term  crystal  or 
flint-glass  is  reserved  to  denote  the  double  silicate  of 
potassa  and  lead  employed  for  the  purposes  already 
mentioned. 

This  beautiful  variety  of  glass  is  admitted  on  all 
hands  to  be  of  English  origin.  Its  invention  was  a 
natural  and  almost  necessary  consequence  of  the  use  of 
coal  in  the  English  manufactories — a  usage  which  goes 
back  to  a  very  remote  epoch.  To  prepare  white  glass 
in  an  open  pot,  with  coal  as  fuel,  is  a  problem  which 
admits  of  being  solved  at  the  present  day,  but  which 
could  not  be  so  at  an  early  period.  To  protect  the 
glass  from  the  contact  of  the  smoke  which  blackened 
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it,  it  was  necessary  to  convert  the  common  pot  into  a 
retort  with  a  short  neck,  which  presented  its  month 
outside  the  furnace.  But  under  this  condition,  the 
■vitrification  hecame  too  difficult  for  ordinary  glasses ; 
it  would  have  been  necessary  to  increase  beyond  mea- 
sure the  proportion  of  alkali.  It  was  essential,  there- 
fore, to  find  the  means  of  increasing  the  fusibility  of 
the  glass,  without  rendering  it  deliquescent ;  and  this 
was  accomplished  by  means  of  a  suitable  addition  of 
protoxide  of  lead.  The  beauty  of  the  product  soon 
assigned  it  a  high  rank  among  the  different  varieties  of 
glass,  and  the  manufacture  of  it  was  not  long  in  ex- 
tending even  into  countries  where  coal  is  not  used.  But 
in  these  localities  the  manufacture  could  be  conducted 
in  common  pots,  taking  care  to  manage  the  wood  fire, 
so  as  to  avoid  all  production  of  smoke,  and  modifying 
slightly  the  proportion  of  the  substances  employed. 

Flint-glass,  however,  is  not  entirely  a  modern  inven- 
tion, or,  at  least,  if  it  was  necessary  to  re-invent  it,  it 
is  certain  that  it  was  known  at  a  very  remote  epoch. 
This  is  demonstrated  by  the  analysis  of  the  ancient 
glass  known  as  VirgiVs  mirror,  an  operation  performed 
in  1787  by  M.  Fougeroux  de  Bondaroy.  This 
mirror,  weighing  thirty  pounds,  polished  on  both  faces, 
transparent,  but  colored  a  yellowish  green,  contained 
at  least  half  its  weight  of  oxide  of  lead,  and  exhibited, 
moreover,  all  the  characters  of  crystal.  It  had  been 
preserved  in  the  treasury  of  Saint  Denis  in  France 
from  the  time  of  its  fabrication,  which  assigns  to  its 
manufacture  an  epoch  long  anterior  to  the  discovery  of 
modern  crystal.  It  is  evident,  indeed,  that  the  name 
applied  to  the  mirror  is  not  correct,  and  proves  nothing 
— that  it  did  not  belong  to  Virgil,  and  that  it  could  not 
claim  an  antiquity  so  remote.  This  article  only  proves 
that  the  method  of  making  lead-glass  had  been  long 
known,  and  that  the  processes  of  the  manufacture  must 
have  been  well  understood,  since  at  that  time  a  mirror 
could  be  formed  of  a  size  which  would  be  deemed 
remarkable  even  at  this  day,  and  that  the  secret  had 
been  lost  during  a  long  succession  of  years.  It  may 
be  affirmed,  indeed,  that  the  colorless  crystal  or  lead- 
glass  of  the  present  day,  or,  in  other  words,  a  crystal 
possessing  that  quality  which  constitutes  its  chief 
beauty  and  value,  is  entirely  of  modern  invention.  It 
is  very  natural  to  suppose  that  the  method  of  making 
a  colored  crystal  like  Virgil's  mirror  might  be  known 
to  many  mediaeval  chemists,  without  assuming  that 
they  equally  knew  how  to  prepare  a  pure  and  colorless 
crystal  like  that  now  manufactured  under  the  name  of 
flint-glass. 

Composition  and  Properties  of  Flint-  Glass. — Five 
elementary  analyses  of  crystal  or  common  flint-glass 
have  been  given  at  page  192.  The  table  in  the  same 
page,  in  which  flint-glass  is  associated  with  stress  and 
enamel,  refers  to  that  variety  of  flint-glass  known  as 
optical  glass.  From  the  former  analyses  it  will  be 
seen,  that  the  composition  of  common  flint-glass,  after 
deducting  the  extraneous  constituents,  may  be  ex- 
pressed by  the  following  formula; : — 

I.    KaO,  2  SiO„  +  3  (PbO,  3  Si03). 
II.  3  (KO,  3  SiOj)  -f  4  (PbO,  3  Sicy. 

III.  2  (KO,  2  SiO,)  +  3  (PbO,  2  SiO'3). 

IV.  3  (KO,  2  Si03)  +  3  (PbO,  2  SiOl). 
V.     KO,  2  Si03)  +     PbO,  2  SiO.J. 


In  one  ease,  therefore,  triple  silicates  are  the  proxi- 
mate constituents  of  the  glass ;  in  the  others,  double 
silicates.  In  fact,  the  proportions  of  the  three  essential 
constituents,  namely,  silica,  potassa,  and  oxide  of  lead, 
vary  according  as  the  melting  furnace  is  heated  with 
wood  or  coal.  In  the  latter  case,  the  proportion  of 
oxide  of  lead  is  increased.  The  following  analysis  by 
Dumas  has  been  already  given  at  page  192,  but  is 
here  repeated,  to  show  the  proportion  of  oxygen  in  the 
bases,  as  compared  with  that  of  the  silica  or  silicic 
acid . — 

Centesimal!)-.  Oxygen. 


Silica   56  ..29 

Lime,   2-6  ..    0-72 "> 

Oxide  of  lead,   32-5  ..    2  25  yi'il  oxygen  of  the  bases. 

Potassa,   8-9  ..    1-50 J 


lOO'O 

Here  the  oxygen  of  the  bases  is  to  that  of  the  acid 
as  1 : 7.  In  the  following  analysis  by  M.  Berthier, 
of  a  Voneche  crystal  made  with  coal  as  fuel,  the  propor- 
tion is  nearly  1  :  9  : — • 

Centcsininlly.  Oxygen. 

Silica,   61-0   =  31-7 

Oxide  of  lead,  33-0   r=     2-3  \  3-3,  oxygen 

Potassa,   6'0    =     1*0 )  of  the  bases. 

These  two  analyses  show,  beyond  all  doubt,  that  the 
law  of  saturation  of  crystal  or  lead-glass  varies  within 
wide  limits. 

Many  metallic  oxides  are  capable  of  combining  with 
silicic  acid,  and  thus  furnishing  silicates  which  readily 
mix  with  alkaline  silicates;  but  almost  all  these  are 
colored.  Till  lately,  the  protoxide  of  lead  and  the 
oxide  of  bismuth  were  regarded  as  the  only  oxides 
capable  of  yielding  silicates  with  little  color,  and,  con- 
sequently, colorless  glasses,  by  their  mixture  with  the 
silicate  of  potassa  in  a  proper  proportion  ;  but  a  glass 
of  zinc,  which  had  a  very  pleasing  and  white  appear- 
ance, and  was  specially  suited  to  achromatic  purposes, 
was  the  subject  of  a  reward  at  the  Great  Exhibition  of 
1851.  This  glass  had  the  remarkable  property  of  being 
of  greater  specific  gravity,  and  much  more  pure  and 
pellucid  than  lead-glass.  It  is  to  be  expected,  there- 
fore, that  the  former  may  come  into  general  use.  On 
the  contrary,  the  oxide  of  bismuth  is  much  dearer  than 
that  of  lead,  and  hitherto  the  latter  has  been  alone 
employed  in  the  manufacture  of  common  crystal. 

Crystal  or  flint-glass  well  prepared  is  almost  without 
color.  It  is  more  transparent,  more  brilliant,  and 
heavier  than  plate  or  window-glass.  It  excels  the  fine 
Bohemian  crown-glass  in  refractive  power  and  easy 
fusibility,  although  the  latter  is  harder  and  more  com- 
pletely colorless.  Flint-glass,  of  not  less  than  the  usual 
density  of  3-200,  well  polished  by  the  lapidary,  is  con- 
sidered the  nearest  approach  to  the  diamond.  It  owes 
its  brilliancy  and  high  density  to  the  silicate  of  lead ; 
but  as  the  latter  is  itself  yellow,  it  communicates  a  yel- 
lowish tint  to  the  crystal  when  it  preponderates  over 
the  alkaline  silicate  beyond  a  certain  limit.  There  is 
also  another  reason  for  avoiding  to  use  too  much  of  it. 
The  silicate  of  lead  is  much  softer  than  the  alkaline 
silicates.  In  too  large  quantity,  therefore,  it  renders 
the  glass  so  easy  to  scratch  by  the  slightest  friction, 
that  it  could  not  be  employed  for  most  of  the  articles 
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of  domestic  use  or  luxury  into  which  it  is  fashioned. 
Moreover,  this  addition  rendering  it  both  heavier  and 
more  costly  in  the  manufacture,  would  be  at  least  use- 
less, even  if  it  were  not  absolutely  prejudicial,  for  the 
reasons  already  mentioned.  It  is  a  common  mistake 
to  suppose  that  great  density  or  weight  is  an  advantage 
in  crystal  for  articles  of  common  use.  It  is,  on  the 
contrary,  as  Dumas  justly  remarks,  a  real  inconveni- 
ence, and,  in  the  most  favorable  view,  can  only  be  con- 
sidered as  a  ready  means  of  showing  that  the  crystal 
or  flint-glass  contains  enough  of  silicate  of  lead  to 
impart  to  it  all  the  other  qualities  which  give  it  its 
peculiar  value,  aud  render  it  preferable  to  other  glasses 
for  certain  purposes. 

As  lead  affords  the  only  metallic  oxide  which  is 
usually  employed  in  the  manufacture  of  flint-glass,  so 
potassa  is  the  only  alkali  which  can  be  successfully 
associated  with  that  ingredient  to  yield  a  colorless 
crystal.  The  silicate  of  soda  always  communicates  a 
blue  or  green  tinge,  which  would  become  more  per- 
ceptible and  disagreeable  in  the  thick  articles  usually 
manufactured  of  crystal.  If  this  thickness  were  much 
reduced,  the  silicate  of  soda  might,  so  far  as  color  is 
concerned,  be  used  in  the  manufacture ;  but  as  crystal 
vessels  are  generally  intended  to  receive  mouldings  or 
cut  ornaments,  they  do  not  admit  of  being  made  thin 
in  the  sides.  The  annealing,  also,  would  become  a 
difficult  operation  in  vessels  of  considerable  size  with- 
out a  proportionate  thickness.  Crystal  is  so  fusible 
that  it  is  not  easy  to  prevent  such  articles  from  sinking 
in,  or  collapsing,  during  the  annealing.  This  kind  of 
glass  is,  therefore,  almost  exclusively  confined  to  the 
manufacture  of  thick  articles ;  and  hence  it  is  only  the 
colorless  silicates  that  can  be  used — that  is  to  say,  those 
of  lead,  or  zinc,  and  potassa.  It  is  stated,  indeed, 
that  M.  Bontemps  uses  soda  instead  of  potassa,  or  a 
mixture  of  the  two,  in  his  recipe  for  optical  glass ;  but 
this  is  an  exception  to  the  general  rule,  and  requires 
explanation.  The  following  practical  recipes  are  given 
by  M.  Bastenaire  for  a  good  common  flint-glass,  the 
one  with  coal,  and  the  other  with  wood  as  fuel : — 

With  coal         With  wood 
as  fuel.  us  fuel. 

rounds  Pounds. 

Sand — washed  and  calcined. ...  100  ......  100 

Minium,   70    45 

Purified  potassa,   30   35 

In  addition  to  these,  cullet  or  broken  glass  is  added  at 
discretion,  and  saltpetre  or  arsenic  is  used  as  a  decolor- 
ing material.  It  will  be  seen  that,  when  coal  is  used, 
the  sand,  red  lead,  and  potassa  are  nearly  in  the  pro- 
portions of  3  :  2  :  1 ;  but  that,  when  the  composition  is 
fused  in  open  pots,  with  wood  fuel,  the  proportion 
of  the  red  lead  is  much  diminished.  The  following 
composition,  in  which  the  above-mentioned  proportions 
of  the  principal  ingredients  are  exactly  adhered  to,  is 
given  by  Mr.  Apsley  Pellat,  as  yielding  a  highly 
pellucid  and  transparent  flint-glass  : — 

Carbonate  of  potassa,   one  hundredweight. 

Eed  lead,  or  litharge,   two  hundredweight. 

Sand — washed  and  burnt,  .  three  hundredweight. 

Saltpetre,   fourteen  to  twenty-eight  pounds. 

Oxide  of  manganese,   four  to  twelve  ounces. 

Cullet,  or  broken  glass,  ad  libitum. 


Such  is  the  most  common  proportion ;  hut  Dumas 
affirms  that  a  finer  and  more  durable  product  is  ob- 
tained by  reducing  the  amount  of  alkali ;  thus,  for 
three  hundred  parts  of  sand  and  two  hundred  of 
minium,  ninety  to  ninety-five  parts  of  purified  carbo- 
nate of  potassa,  instead  of  one  hundred,  will  yield  a 
better  result  when  the  furnace  draws  well — in  winter, 
for  example.  But  in  summer,  the  preceding  propor- 
tions must  be  used,  or  the  following  French  recipe  : — 


Farts. 

Pure  sand,   300 

Minium,   215 

Purified  carbonate  of  potassa   110 

Nitrate  of  potassa,   10 

Boras,   12 


It  has  been  stated,  that  when  open  pots  are  used,  as 
on  the  Continent,  with  wood  fuel,  the  proportion  of 
minium  may  be  reduced.  This  arises  from  the  cir- 
cumstance, that  the  oxide  of  lead,  being  an  active  flux, 
is  less  necessary  for  the  fusion  in  ur  covered  pots,  which 
admit  of  the  direct  action  of  the  heat  on  the  contained 
mixture  or  metal.  However,  the  use  of  the  three 
essential  ingredients  in  the  ordinary  proportion  of  three, 
two,  and  one,  is,  in  all  cases,  a  safe  one.  It  is  chiefly 
for  economy  that  the  minium  is  reduced  in  amount, 
when  the  heating  power  of  the  furnace  is  sufficient  to 
permit  the  reduction.  On  the  other  hand,  if  the  minium 
be  too  much  reduced,  the  beauty  of  the  product  will 
suffer.  The  lowest  proportion  of  this  ingredient  which 
can  be  used  with  safety  is  shown  in  the  following  com- 
position, which  yields  a  good  crystal : — 


Parts. 

Sand,   300 

Minium,   180 

Purified  carbonate  of  potassa,   120 

Cullet,   300 

Arsenious  acid,   0*45 

Oxide  of  manganese   0'60 


The  mere  due  proportioning  of  the  materials  for 
flint-glass  is  not  sufficient — the  utmost  attention  must 
be  given  to  have  them  in  a  state  of  purity.  The  silica 
or  sand  should  be  very  white,  and  absolutely  free  from 
coloring  oxides,  as  those  of  iron  or  manganese.  Some 
manufacturers  cleanse  the  sand  by  hand- washing,  and 
others  have  machines.  To  render  the  Isle  of  Wight 
sand  fit  for  making  flint  and  other  compound  glasses — 
that  is  to  say,  to  cleanse  it  from  chalk  and  other  im  - 
purities,  by  which  it  loses  about  one-fifth  of  its  original 
bulk,  requires  about  eight  waters  ;  it  is  afterwards 
passed  through  a  heated  arch,  called  a  calker,  and 
thoroughly  dried,  or  burnt,  at  the  discretion  of  the 
operator ;  and  then  sifted  through  a  lawn-sieve,  to 
separate  the  larger  grains  and  pieces  of  coal  or  coke. 
Dumas  recommends  that  the  sands  be  washed  with 
dilute  hydrochloric  acid,  to  remove  from  them  any 
traces  of  oxide  of  iron  or  of  manganese. 

The  carbonate  of  potassa  also  requires  a  preliminary 
purification,  which  is  easily  effected  by  dissolving  it  in 
water,  decanting  the  quite  clear  solution,  and  evaporat- 
ing the  liquor.  All  the  coloring  oxides  are  deposited, 
and  by  the  evaporation  carbonate  of  potassa  is  obtained, 
mixed  with  other  salts,  but  at  least  quite  free  from 
oxides  of  iron  or  of  manganese.  If  the  nitrate  of 
potassa  were  low  in  price,  one  might  employ  it  to 
replace  the  carbonate. 
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The  protoxide  of  lead,  or  litharge  of  commerce,  is 
almost  never  pure.  It  contains  oxides  of  copper,  of 
iron,  or  of  manganese,  in  too  great  quantity,  in  most 
cases,  to  admit  of  its  making  a  colorless  flint-glass. 
Moreover,  an  oxide  of  lead  is  expressly  manufactured 
for  the  making  of  crystal.  In  general,  there  is  selected 
for  this  purpose  a  very  pure  lead,  which  is  carefully 
oxidized,  to  avoid  introducing  into  it  foreign  and  inju- 
rious matters.  It  is  the  practice  to  carry  the  oxidation 
of  the  lead  to  the  state  of  minium  Pb8  04.  Not 
that  the  crystal  contains  red  lead;  the  latter  loses 
by  the  action  of  the  heat  a  portion  of  its  oxygen,  and 
passes  again  to  the  state  of  protoxide  which  alone 
forms  part  of  the  glass.  But  it  is  advantageous,  and 
probably  even  indispensable,  to  furnish  to  the  mixture 
which  is  to  produce  the  flint-glass  a  body  capable  of 
yielding  oxygen  at  the  beginning  of  the  fusion. 

It  has  been  supposed  that  this  disengagement  of 
oxygen  was  necessary  to  produce  in  the  glass  the  agi- 
tation which  prevents  this  product  from  separating  itself 
in  layers  of  different  densities.  But  Dumas  observes 
that  the  decomposition  of  the  minium  must  be  con- 
cluded long  before  the  fusion  is  effected.  The  oxygen 
which  the  minium  disengages  has  very  probably,  for  its 
object,  to  burn  an  organic  matter  analogous  to  ulmin, 


which  is  found  in  large  quantity  in  the  crude  salt ;  a 
matter  which  is  decomposed  in  part,  calcining  this  last 
to  make  potassa  of  it,  but  which  is  still  found  in  the 
potassas  of  commerce  in  notable  quantity.  This  matter, 
put  in  contact  with  the  protoxide,  would  reduce  it  to 
the  metallic  state,  and  would  color  the  crystal ;  whereas, 
being  burned  by  the  oxygon  of  the  minium,  it  disap- 
pears, without  leaving  a  trace  of  its  existence. 

It  is  evident  that  the  same  result  would  be  arrived 
at  by  using  nitrate  of  potassa  instead  of  the  carbo- 
nate, and  that  the  minium  might  be  replaced  by  pure 
litharge,  or  protoxide  of  lead.  In  point  of  fact,  the 
small  quantity  of  saltpetre  which  is  usually  added, 
exerts  a  beneficial  effect,  by  increasing  the  proportion 
of  oxygen,  and  assisting  to  drive  olf  the  globules  of  air 
in  the  liquid  glass.  This  salt,  when  the  price  admits  of 
its  application,  is  at  once  a  pure  and  a  purifying  ma- 
terial. A  few  ounces  of  manganese  are  employed  to 
neutralize  the  greenish  tint  produced  by  the  presence 
of  iron  or  other  impurities;  and,  with  this  view,  the 
peroxide  must  be  used  in  the  purest  crystallized  state. 

Melting  and  Fining  of  Flint- Glass. — The  plan  and 
sectional  elevations  of  a  melting  furnace,  figured  at 
pages  199  and  200,  are  equally  applicable  to  flint-glass, 
and  other  descriptions  of  glass,  except  that  for  bottle 


Pig.  172. 


and  crown-glass  the  furnaces  are  usually  oblong,  and 
are  only  constructed  to  contain  from  four  to  six  pots ; 
whereas,  for  flint-glass  works,  round  furnaces,  contain- 
ing from  eight  to  twelve  pots,  are  almost  exclusively 
used.    Mr.  Apsley  Pellatt  remarks,  that  ten  pots 


of  thirty-six  inches  diameter  are  the  medium  number 
for  a  well-proportioned  furnace,  and  are  found  the  most 
economical  for  fuel.  When  the  furnace  has  too  large 
dimensions,  too  great  an  area  is  left  unoccupied  by  the 
pots  or  fuel,  and  too  small  a  furnace  exposes  the  backs 
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of  the  pots  to  hang  over  the  fire-place  in  the  centre, 
which  in  time  enlarges  by  burning  away,  and  causes 
the  pots  to  crack  at  the  bottom,  or  back,  by  cold 
draughts  through  the  fire-bars.  According  to  the  same 
authority,  a  furnace  of  twelve  pots,  exposing  a  much 
larger  unoccupied  area  than  a  ten-pot  furnace,  will 
consume  nearly  double  the  quantity  of  fuel  in  uselessly 
heating  the  interior,  whereas  twelve  pots  of  melted 
metal  will  hold  only  in  the  proportion  of  one-fifth 
increase.  On  the  other  hand,  furnaces  of  less  dimen- 
sions than  eight  pots  are  objectionable,  through  the 
great  loss  of  pots,  in  consequence  of  the  comparatively 
small  size  of  the  siege.  In  the  Falcon  glass-house, 
belonging  to  Mr.  Pellatt — and  from  which  have  ema- 
nated many  important  improvements — there  are  two 
furnaces,  instead  of  one,  both  opening  into  the  same 
flue,  as  represented  in  Fig.  172,  which  shows  also  an 
interior  view  of  the  glass-house  and  working  operations. 
By  this  arrangement,  while  one  of  the  furnaces  is  in 
full  operation  the  other  may  be  undergoing  repair,  or 
the  working  of  one  may  be  entirely  suspended  without 
injury  to  the  other,  during  a  dullness  of  trade. 

But  the  principal  and  only  essential  difference  in  the 
conditions  for  the  melting  and  fining  of  flint-glass,  con- 
sists in  the  shape  of  the  pots,  which,  as  represented  in 
Fig.  142,  page  201,  are  distinguished  from  those  em- 
ployed for  other  descriptions  of  glass,  by  being  covered 
with  a  hood-shaped  top,  the  mouth  of  which  fits  the 
working  holes  of  the  furnace,  so  that  the  smoke  and 
heat  cannot  escape  in  the  same  way  as  in  the  usual 
glass  furnaces.  Open  pots  are  used  in  some  parts  of 
France  for  flint-glass,  with  dried  beech  or  oak-wood 
for  fuel,  and  so  little  carbon  is  produced  by  the  smoke 
as  not  to  affect  materially  the  metal,  although  the 
flames  play  upon  its  surface ;  but  when  coal  or  coke  is 
used,  as  in  this  country,  the  fumes  and  smoke  emitted 
would  carbonize  or  deoxidize  the  lead,  and  precipitate 
it  to  the  bottom  in  the  original  metallic  state,  if  the 
pots  were  not  covered ;  besides  that  the  solid  particles 
of  soot  would  blacken  the  glass,  by  attaching  them- 
selves firmly  to  its  surface. 

The  ingredients  previously  mentioned,  having  been 
carefully  mixed  together  and  sifted,  are  brought  to  the 
furnace  in  wooden  vessels,  like  hand-barrows,  and  thrown 
into  the  pots  in  successive  charges  with  an  iron  shovel. 
In  this  state  the  batch  or  frit,  as  the  composition  is 
called,  is  of  a  salmon  color,  the  red  tinge  being  derived 
from  the  oxide  of  lead.  English  melting-pots,  which 
are  usually  much  larger  than  the  French,  hold  about 
eighteen  hundredweight  each,  and  the  batch  is  intro- 
duced in  quantities  of  about  four  hundredweight  at  a 
time,  allowing  a  sufficient  interval  between  each  filling 
for  melting  down  the  various  charges,  until  the  pot  is 
entirely  filled  with  fused  glass.  By  this  method,  says 
Mr.  Pellatt,  every  pit  in  the  furnace  is  fully  charged 
with  liquid  metal  in  about  twelve  to  fifteen  hours ;  air- 
bubbles  and  striae  then  abound,  and  they  are  not  ex- 
pelled until  thirty  to  forty  hours  more  have  elapsed, 
during  which  period — namely,  from  fifty  to  sixty  hours 
— the  gas  and  air-bubbles  are  driven  off,  and  the  mass 
becomes  homogeneous.  During  the  founding,  the 
mouths  are  securely  stoppered  and  clayed  up,  and  the 
furnace  is  urged  to  its  utmost  intensity.    The  shorter 


the  time  of  fusion  and  refining,  the  better;  for  this 
purpose  the  heat  can  scarcely  be  too  great.  With 
the  best  possible  recipe,  and  the  purest  materials,  good 
results  depend  upon  an  intense  and  continuous  fusion  : 
too  little  caloric  will  fail  to  refine  the  metal  and  drive 
off  air-bubbles,  and  the  coloring  matter  of  the  manga- 
nese; and  too  long  continuance  of  intense  heat  will 
destroy  the  manganese,  cause  the  glass  to  attack  the 
pot,  and  become  striated,  gelatinous,  and  greenish.  If 
the  glass  do  not  get  fine  by  the  usual  time  allotted,  but 
becomes  coddled  or  gelatinous,  it  never  will  recover, 
however  urged  by  subsequent  fusion.  Such  glass  must 
be  ladled  into  water,  and  considered  only  as  cullet  for 
re-fusion,  with  a  proportion  of  new  materials.  The 
moment  the  metal  is  fully  fused,  and  refined  by  con- 
tinuous rapid  fusion,  the  high  temperature  of  the  fur- 
nace should  be  reduced  from  its  maximum  heat  to  a 
working  temperature ;  this  period  being  considered  the 
crisis.  When  flint-glass  is  kept  in  fusion  beyond  the 
crisis,  it  not  only  assumes  a  greenish  tint  by  acting 
upon  the  iron  of  the  Stourbridge  clay-pot,  but  takes 
up  a  small  portion  of  its  alumina,  which,  by  its  inferior 
density,  rises  to  the  surface,  frequently  with  detached 
portions  of  the  pot,  causing  strise  and  other  impurities, 
which  injure  its  quality  for  common  uses,  and  render 
it  entirely  unfit  for  optical  purposes.  Formerly,  scum 
or  sandiver  was  allowed  to  run  off,  or  was  skimmed 
from  the  surface  of  the  pots  when  opened  for  working, 
but  the  modern  relative  proportions  and  purity  of  the 
chemical  materials  are  so  good,  as  seldom  to  render 
this  skimming  necessary. — Pellatt. 

Mechanical  Operations. — The  mechanical  operations 
connected  with  common  bottle  glass,  crown,  sheet,  and 
plate-glass,  are  uniform  in  their  character ;  the  descrip- 
tion of  the  making  of  one  bottle,  or  of  one  table,  sheet, 
or  plate  of  glass,  applies  to  all.  On  the  contrary,  the 
infinite  variety  of  shapes  into  which  common  flint-glass 
or  crystal  is  manufactured,  would  render  a  complete 
account  of  the  manipulations  tedious,  even  if  it  were 
not  in  some  degree  foreign  to  the  plan  of  this  work. 
Only  a  few  examples  will,  therefore,  be  selected,  to 
illustrate  the  general  character  of  these  ingenious  pro- 
cesses. 

Flint-glass  is  either  formed  by  simple  blowing  with 
the  pipe,  and  then  shaping  by  hand  ;  or,  secondly,  by 
blowing  in  moulds ;  or,  thirdly,  by  moulds  alone,  in 
which  the  glass  is  subjected  to  pressure.  In  each  of 
these  cases,  the  form  and  appearance  of  the  article  are 
very  generally  improved  by  grinding,  cutting,  et  cetera. 

By  way  of  illustration,  the  common  tumbler  may  be 
mentioned  as  one  of  the  sim- 
plest articles  to  make  by  hand.  Fis- 17S- 


In  this  case  the  workman  col- 
lects on  the  end  of  the  pipe  a 


small  quantity  of  glass — Fig. 


173 ;  this  is  rounded  on  the 
marver,  expanded  by  blowing, 
and  somewhat  elongated  by 


swinging,  when  it  assumes  the  Fig.  174. 

form — Fig.  174.    The  pipe  is 

then  suspended  vertically,  and  the  glass  is  allowed  to 
drop  by  its  own  weight  upon  the  marver,  which  flattens 
it  at  the  extremity;  and,  being  at  the  same  time  further 
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blown,  it  now  resembles — Fig.  175.    The  pipe,  with  a 
portjotl  of  tb.3  glass,  is  then  detached,  by  touching  the 
PiB.  17.5.  piece  with  the  cold  pu- 

cellas at  A  ;  this  con- 
tracts and  slightly  frac- 
tures the  glass,  which 
is,  subsequently,  cracked 
through  the  entire  cir- 
cumference by  a  smart 
blow  of  the  same  instru- 
ment. In  the  meantime, 
the  ponty  has  been  at- 
tached by  adhesion  to 
the  flat  end,  B,  and  the 
other  end,  which  now 
corresponds  to  the  dotted 
line,  is  first  expanded 
with  the  puccllas,  and 
then  sheared  as  at  c — 
Fig.  176 — so  as  to  make 
Fig.  177— and  fit  it  for  the 
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it  perfectly  even,  as  at  F- 


flashing  and  finishing.  Finally,  it  is  knocked  off  from 
the  ponty  by  a  sharp  blow,  and  taken  to  the  annealing 
arch. 

Part  of  the  above  process  is  omitted  for  common 
light  cheap  tumblers  ;  these  are  not  sheared,  but  simply 
flashed,  and  no  pains  is  taken  in  subsequently  polishing 
out  the  marver  marks.  Hence  tliey  are  often  ringy  or 
wavy. 

Wine-glasses  are  usually  made  in  three  pieces. 
The  process  is  the  same  as  for  the  tumbler,  till  the 
gathering  assumes  the  shape  represented  in  Fig.  175. 
A  solid  ball  of  glass  is  then  attached  to  the  flat  end,  as 
in  Fig.  178,  this  being  a  separate  gathering,  out  of 

Pig.  178. 


which  the  stem  is  shaped  by  the  pucellas,  while  it  is 
rotated  on  the  inclined  planes  of  the  glass-maker's  chair. 
It  then  assumes  the  form  represented  in  Fig.  179.  To 
form  the  foot,  a  small  hollow  globe  is  now  attached  to 
the  stem,  which  is  afterwards  opened  by  the  pucellas, 
as  in  Fig.  180 ;  and  when  the  pipe,  with  a  portion  of 
the  glass,  is  separated  from  the  other  end,  and  the 
mouth  expanded,  sheared,  and  flashed,  the  glass  finally 
assumes  the  form  represented  in  Fig.  181. 

To  make  a  ringed  decanter,  the  glass,  by  the  process 
already  described,  is  brought  to  the  form  represented  in 
Fig.  182.    The  ponty  is  then  attached  to  the  flat  end, 
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and  the  mouth  is  warmed  up,  and  shaped  with  the 
pucellas,  as  in  Fig.  183.     Another  workman  then 
gathers  upon  a  ponty 
a  small  piece  of  glass,  vig.  182. 

which  is  dropped  on 
near  the  mouth,  as 
shown  in  the  same 
figure,  and,  by  rotat- 
ing the  decanter,  the 
entire  circle  or  ring  is  welded  by  contact,  and  its  sur- 
plus tapered  and  torn  suddenly  off.    By  re-heating  the 
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decanter,  a  second,  third,  and  fourth  ring  may  be  added, 
as  shown  in  Fig.  184. 

The  process  of  blowing  and  moulding  common  green 
glass  bottles  has  been 
briefly  described  at  Fig.  18*. 

page  210.  Bottles 
and  other  articles  of 
flint-glass  are  blown 
and  moulded  in  much 
the  same  manner,  but 
the  finer  descriptions  are  afterwards  cut  and  ground. 
Moulded  glass  never  exhibits  a  full  lustre,  nor  even  the 
sharpness  of  the  metallic  mould.  The  glass,  not  being 
perfectly  liquid,  does  not  penetrate  into  the  sharp  cor- 
ners, nor  does  it  even  accommodate  itself  perfectly  to 
the  flat  sides  of  the  mould.  Hence  the  edges  are  blunt, 
and  the  surface  is  never  perfectly  even,  but  more  or 
less  curved  and  wavy.  Moulded  articles  can,  therefore, 
never  be  compared  with  cut-glass,  but  some  are  now 
produced  of  remarkable  beauty  ;  and  even  as  a  prepa- 
ratory step  to  grinding,  the  use  of  moulds  is  of  great 
advantage,  as  the  vessel  acquires  a  regular  form,  and 
presents,  although  in  a  crude  state,  all  the  prominent 
and  receding  features,  to  be  perfected  at  the  lathe. 

The  moulds  for  flint-glass  are  carefully  constructed 
of  brass  or  iron,  and,  when  of  simple  construction,  are 
somewhat  wider  at  the  upper  part,  that  the  pieces  may 
be  easily  removed,  or  are  composed  of  more  than  one 
piece  when  projecting  parts  are  to  be  moulded.  A 
common  open  and  shut  mould,  such  as  is  used  for 
apothecaries'  phials,  as  well  as  for  common  wine-bottles, 
is  shown  in  Fig.  185.    It  is  constructed  in  two  exact 
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halves,  connected  with  a  bottom  hinge.  The  glass  to 
be  moulded  is  gathered  on  the  pipe,  rolled  on  the 
marver  into  a  cylindrical  form,  and  then  pinched  with 

2  G 


234 


GLASS  Flint-Glass. 


the  pucellas  at  the  end  attached  to  the  pipe,  to  form 
the  neck  of  the  bottle.  The  cylindrical  mass,  still 
adhering  to  the  pipe,  is  then  inserted  into  the  mould 
lying  on  the  ground ;  its  two  halves  are  shut ;  and  the 
workman  blows  through  the  tube,  which  renders  the 
mass  of  glass  hollow,  while  it  receives  from  the  mould 
the  external  form  required.  With  this  form  of  mould 
two  seams  or  lines  are  produced,  by  the  two  sides  of 
the  mould  not  shutting  quite  closely.  In  round  bottles 
these  seams  are  unsightly,  but  they  are  scarcely  percep- 
tible in  square  bottles,  as  the  joinings  of  the  mould  are 
placed  at  two  of  the  corners. 

This  imperfection,  though  not  entirely  removed,  is 
much  diminished  by  the  use  of  an  improved  mould, 
invented  by  Mr.  Pell  ATT,  and  represented  in  Fig. 
186.  It  consists  of  one  piece,  D,  for  the  body,  and  two 
pieces,  bb,  for  the  neck.  By  this  construction  the 
seam  down  the  body,  so  objectionable  in  round  bottles, 
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is  avoided,  although  the  neck  is  still  marked  by  two 
slight  seams.  The  neck-pieces,  which  are  kept  open 
by  a  spring,  c,  are  brought  together,  after  the  insertion  of 
the  globe  or  spheroid  of  metal,  by  the  guide,  E,  on 
pressing  down  the  treadle,  F,  with  the  foot.  The 
workman  then  blows  through  the  pipes,  and,  on  raising 
his  foot,  the  counterweight,  A,  falls,  and  the  bottle  is 
readily  taken  out. 

Moulded  Roman  Pillars. — With  reference  to  this 
species  of  moulding,  recently  introduced  by  the  English 
manufacturers,  Mr.  Pel- 
latt  remarks  that  it 
owes  its  refractive  and 
cut-like  effect  to  its  ine- 
qualities of  substance,  the 
interior  having  no  inden- 
tations to  correspond  with 
its  exterior  projections. 
In  this  case  the  mould 
is  only  about  one-third 
the  size  of  the  object  to 
be  manufactured.  The 
,  metal  is  first  gathered 
upon  a  pipe  in  the  ordi- 
nary manner,  except  that 
the  first  gathering  is  al- 
lowed to  cool  more  thau 
usual,  and  the  second  coating  is  pressed  into  the  mould, 
A — Fig.  187— as  hot  as  possible,  so  that  only  the  exte- 
rior portion  may  be  acted  on  by  the  mould,  while  the 
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interior  preserves  its  smooth  circular  section.  When 
about  half-formed,  the  projecting  parts,  B — Fig.  188 — 
have  a  centrifugal  enlargement  given  to  them  by  a  sharp 
trundling  of  the  iron  at,  or  immediately  after  the  blow- 
ing.  During  the 

re-heating  pro-  189- 
cess,  the  piece  is 
separated  at  the 
dotted  line,  c, 
has  a  foot  welded 
to  it,  and  is  re- 
warmed'  as  D — 
Fig.  189.  It  is 
then  sheared,  as 
E— Fig.  190;  and 
when  finished  by 
flashing,  shaping, 
et  cetera,  so  as  to  appear 
as  in  Fig.  191,  it  is  known 
as  patent  pillar  moulding. 
A  little  cutting  or  scol- 
loping makes  this  refrac- 
tive moulding  still  more 
ornamental ;  but  though 
it  much  resembles  cut- 
ting, as  to  its  round 
pillars,  it  is  inferior  where  sharp  angles  are  required. 
Pillar  moulding  is,  however,  one  of  the  greatest  modem 
improvements,  and  is  used  advantageously  for  lamp- 
pedestals,  chandelier  work,  toilet-bottles,  salt-cellars, 
et  cetera,  at  very  moderate  cost. — Pellatt. 

It  may  here  be  remarked  that  all  bottle-moulds 
require,  while  working,  to  be  kept  nearly  at  a  red  heat, 
either  by  a  small  furnace,  or  by  a  piece  of  hot  glass 
held  inside  by  a  boy  on  the  end  of  a  ponty-rod  during 
the  intervals  of  the  moulding.  This  precaution  is 
essential  to  the  polish,  but  the  heat  of  the  moulds  must 
be  kept  below  redness,  otherwise  the  glass  would  ad- 
here to  them. 

Pressing. — The  third  method  of  manipulation  with 
flint-glass,  is  moulding  by  pressure — an  American  in- 
vention, which  consists  in  dropping  the  soft  metal  into 
a  prepared  die,  and  then  pressing  down  the  matrix  or 
plunger  upon  it  by  means  of  a  lever.  The  chief  con- 
ditions of  success  in  this  operation  are,  to  take  care 
that  sufficient  glass  is  introduced  to  fill  the  mould,  and 
that  the  latter  is  kept  at  a  steady  temperature,  a 
little  short  of  red  heat,  to  produce  a  polished  surface. 
When  the  die  or  mould  is  once  formed,  articles  are 
produced  in  this  way  with  great  rapidity ;  but  much 
practice  and  dexterity  are  required  to  gather  the  exact 
quantity  of  metal.  Under  this  head  may  be  mentioned 


drop-pinching,  or  the  moulding  of  drops  for  chande- 
liers, girandoles,  and  candlesticks.  In  this  case,  lumps 
of  glass  made  expressly  for  the  purpose,  are  first 
softened  by  a  blast-furnace,  and  then  shaped  in  twin- 
dies,  A  B — Fig.  192.    Arms  of  chandeliers  are  formed 
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on  the  same  principle,  but  using  a  powerful  leverage 
press.  Both  arms  and  drops  are  afterwards  cut  and 
polished,  to  produce  the  required  brilliancy. 

Cutting  and  Polishing. — The  finishing  process  which 
gives  to  the  finer  articles  manufactured  of  flint-glass 
their  distinguishing  beauty,  is  technically  termed  cut- 
ting, but  is  actually  performed  by  grinding.  The  in- 
ferior hardness  of  flint-glass  renders  it  fitter  for  this 
purpose  than  any  other  glass.  The  operation,  as  re- 
presented in  Fig.  193,  is  performed  by  discs  of  iron, 
sandstone,  or  copper,  revolving  in  a  lathe  which  is 

Fig. 


usually  propelled  by  steam  power.  The  edges  of  the 
discs,  which  are  sharp,  angular,  or  rounded,  according 
to  the  work  to  be  performed,  are  supplied  with  sand 
and  water  dropping  from  a  hopper  for  rough  grinding, 
and  with  emery  for  fine  grinding.  A  stone-wheel  with 
water  is  employed  to  smooth  out  the  rough  sand-marks, 
and  prepares  the  glass  for  the  polishing,  which  is 
effected  by  means  of  a  willow-wood  disc,  first  with  a 
mixture  of  pumice  and  rotten-stone,  and  finishing  with 
a  preparation  of  tin  and  lead,  termed  putty-powder. 
All  table-glass  ware  and  hollow  articles  are  thus  cut. 


Chandelier  drops  are  cut  or  ground  with  iron  and  stone- 
wheels  in  the  same  manner,  but  are  finished  with  a 
lead-wheel  supplied  with  a  little  very  fine  rotten-stone 
and  water. 

For  many  years  the  practice  has  been  introduced  of 
roughing  lamp-lustres  by  means  of  sand.  It  is  easy  to 
conceive  how  the  exterior  roughing  may  be  performed, 
but  the  rubbing  of  the  interior  surface  appears  a  more 
difficult  operation.  It  is,  in  fact,  performed  on  a  some- 
what different  principle.  In  this  case,  sand  of  a  uni- 
form grain  is  put  into  the  globe  or  lustre;  a  certain 
number  of  these  globes  are  arranged  in  a  drum  or 
cylinder,  and  a  rapid  rotatory  movement  is  given  to 
the  latter,  by  means  of  which  the  interior  surfaces  of 
all  the  globes  are  quickly  worn  and  roughed  in  a  very 
equal  manner. 

Glass- Engraving. — Small  copper  discs  of  the  size  of 


a  halfpenny,  and  finely  pulverized  emery  mixed  with 
oil,  are  used  to  execute  the  outline  and  ground  of  the 
glass-engraver's  work;  and  for  polishing,  lead- wheels 
and  very  finely  pulverized  emery  are  employed.  Coarse 
patterns  for  hall-lamps  are  engraved  by  the  glass- 
cutter's  smoothing  wheel ;  and  Mr.  Pellatt  remarks 
that  the  contrast  of  the  polish  of  a  wood- wheel  upon  a 
ground  roughed  by  sand  is  often  effective,  though  the 
range  of  pattern  is  somewhat  curtailed  by  the  large 
size  of  the  cutter's  ordinary  wheels  rendering  it  diffi- 
cult to  execute  curvilinear  designs.  For  inscribing 
initials,  coats  of  arms,  and  minute  designs,  very  small 
discs  must  be  employed.  The  finest  incisions  are 
made  with  copper  pencils,  either  pointed,  or  ending  in 
a  button-like  disc. 

Etching  on  Glass. — It  has  been  stated  at  page  199, 
that  hydrofluoric  acid,  either  in  the  gaseous  or  liquid 
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state,  exerts  a  peculiar  action  on  glass,  which  has  been 
turned  to  account  as  a  substitute  for  cutting  or  engrav- 
ing designs ;  and  though  not  confined  in  its  application 
to  flint-glass,  the  process  may  be  appropriately  de- 
scribed in  this  place. 

For  etching  on  glass  by  means  of  the  gaseous  acid, 
the  glass  is  cleaned,  well  dried,  heated,  and  melted 
varnish  poured  upon  it,  which  is  spread  in  a  homoge- 
neous coating.  This  varnish  is  formed  of  wax  and  tur- 
pentine ;  it  ought  to  be  soft  enough  to  admit  of  being 
removed  by  the  burin  without  scaling  it  off ;  it  is  gene- 
rally formed  of  one  part  of  turpentine  to  four  parts  of 
wax.  When  the  glass  is  cold,  the  varnish  acquires  a 
little  opacity,  but  not  so  much  as  to  prevent  tracing 
through  it.  The  burin  is  then  passed  over  the  varnish, 
following  the  lines  of  the  figure,  and  cutting  through 
the  varnish  to  the  glass.  When  the  figure  is  traced, 
the  glass  so  prepared  is  exposed  to  the  action  of  hydro- 
fluoric acid.  For  this  purpose  a  leaden  tray  or  earthen 
vessel  is  used ;  in  this  is  put  fluoride  of  calcium  pul- 
verized with  concentrated  sulphuric  acid ;  it  is  mixed 
well,  and  the  vessel  is  then  placed  on  a  very  gentle 
fire,  and  the  glass  to  be  etched  is  laid  over  it.  At  the 
end  of  some  minutes  from  the  time  when  the  vapor 
begins  to  rise,  the  operation  is  terminated ;  the  glass  is 
then  taken  off,  and  the  varnish  is  removed  by  melting 
it,  and  wiping  with  a  soft  linen  rag. 

If,  instead  of  exposing  the  glass  to  the  action  of  the 
acid  vapors,  it  is  plunged  into  the  weak  liquid  acid,  the 
same  effect  is  produced  in  a  few  moments. 

But  when  it  is  desired  to  produce  a  very  pure  and 
correct  figure,  with  half-tints  and  strong  shades,  re- 
course must  be  had  to  a  longer  and  more  delicate  pro- 
cess ;  a  particular  varnish,  too,  must  be  used. 

The  best  is  drying  linseed  oil,  or,  better  still,  fat 
varnish  of  copal  blackened  with  lamp  black,  perfectly 
pulverized,  and  sprinkled  with  oil  of  turpentine.  The 
coatings  laid  on  must  be  very  thin,  and  each  should  be 
quite  dry  before  putting  on  a  new  one.  The  glass  is 
sufficiently  covered  with  varnish  when  the  light  can 
scarcely  be  seen  to  pass  through  it.  The  design  is 
then  copied  through,  and  the  varnish  is  removed  from 
the  lines  with  the  points  of  gravers,  or  simple  needles 
of  different  forms  and  sizes.  For  greater  convenience, 
the  design  is  lighted  from  below  by  inclining  it  at  an 
angle  of  about  45°  on  a  desk  pierced  for  a  window. 
The  position  of  the  glass  enables  one  to  perceive  the 
most  delicate  lines. 

After  having  formed  the  figure,  it  must  be  corroded  out 
with  liquid  hydrofluoric  acid;  butbeforecommeneingthis 
operation,  it  is  necessary  to  test  the  glass  as  well  as  the 
acid.  This  preliminary  trial  is  made  on  a  small  piece 
of  the  same  glass,  covered  with  the  same  varnish. 
This  piece  is  divided  into  five  or  six  parts ;  on  each 
of  these  parts  some  traces  are  drawn  with  the  needle, 
and  the  operator  covers  them  successively  by  means 
of  a  pencil  with  liquid  hydrofluoric  acid.  A  minute  is 
allowed  to  intervene  between  each  operation,  so  that 
when  the  acid  has  acted  during  one  minute  on  the  last 
portion,  it  has  then  been  in  contact  with  the  glass  for 
two  minutes  on  the  preceding  one,  and  for  six  minutes 
on  the  first.  This  being  done,  the  slip  of  glass  is 
washed  with  plenty  of  water,  and  the  varnish  is  re- 


moved by  means  of  a  knife  and  spirits  of  turpentine. 
It  is  then  easy  to  determine  the  proper  time  for  allow- 
ing the  acid  to  act  upon  the  design  to  be  etched. 

Bedfokd  patented  a  peculiar  process  for  etching 
glass,  which  consists  in  grinding  five  parts  of  peroxide 
of  lead  and  one  part  of  flux,  composed  of  seventeen 
parts  glass  of  borax,  and  thirteen  parts  of  red  lead, 
fused  together.  The  peroxide  of  lead  employed  is 
puce  colored,  and  with  the  above  composition  the  artist 
paints  the  devices  or  designs  upon  the  surface  of  the 
glass.  When  the  etching  is  to  be  done  on  colored 
glass,  acetate  of  lead  is  substituted  for  the  oxide.  The 
article  is  then  dried,  and  fixed  in  the  same  manner  as 
in  gilding  glass.  When  cold,  it  is  dipped  in  a  weak 
solution  of  nitric  acid,  and  as  soon  as  the  painted 
designs  are  acted  on,  it  is  placed  in  water,  and  the 
preparation  removed  from  its  surface. 

On  the  whole,  it  must  be  admitted  that  etching  by 
fluoric  acid,  though  practised  to  some  extent,  and  in 
some  particular  cases  with  marked  success,  has  not 
been  found  effective  for  general  purposes.  It  is  use- 
fully applied,  however,  to  form  the  scales  on  ther- 
mometer tubes,  and  written  or  printed  inscriptions  on 
glass  vessels.  The  attempt  to  make  it  subservient  to 
typographical  purposes  has  been  a  failure. 

Optical  Glass. — There  are  two  kinds  of  optical 
glass — flint  and  crown — which,  having  different  refrac- 
tive and  dispersive  powers,  may  be  so  combined  in  the 
object-glass  of  a  telescope  that,  while  the  rays  are 
brought  to  a  focus,  the  greater  dispersion  of  the  flint 
lens  may  be  corrected  by  the  less  dispersive  power  of 
the  crown — the  one  being  negative,  the  other  positive. 
Hence,  by  their  combination,  the  lenses  achromatize 
each  other,  or  transmit  colorless  light.  The  celebrated 
Dollond,  in  1753,  aided  by  the  co-operation  of  Euler, 
and  of  Kungenstiekna  the  Swedish  mathematician, 
succeeded,  after  many  experiments,  in  discovering  the 
due  proportions  of  the  curvatures  of  the  two  lenses ; 
but  still  two  important  problems  remained  to  be  solved 
— the  best  chemical  constitution  of  the  glasses,  and  how 
to  obtain  them  sufficiently  free  from  the  defects  of  ordi- 
nary glass  to  be  adapted  for  optical  instruments.  It  is 
this  last  question  which  presents  the  greatest  difficulty. 
Purity,  unchangeableness  of  color,  transparency,  and 
a  certain  degree  of  refractive  power,  may  be  obtained ; 
but  perfect  uniformity  in  the  structure  of  the  glass,  so 
as  to  render  its  composition  absolutely  homogeneous 
throughout,  is  much  more  difficult  to  be  accomplished ; 
and  this  is  precisely  the  quality  which  is  admitted  to 
be  the  most  indispensable  for  good  optical  glass.  The 
difficulty  arises  chiefly  from  the  difference  in  specific 
gravity  of  the  different  constituents  of  the  metal.  Some 
melt  at  a  lower  temperature  than  others ;  some  evapo- 
rate or  are  decomposed  in  a  heat  required  for  the 
fusion  of  others ;  and  different  substances  cool  at  dif- 
ferent temperatures.  Hence  arise  discoloration,  threads, 
stria?,  irregular  crystallization,  causing  irregular  refrac- 
tion, and  all  the  usual  faults  observable,  more  or  less, 
in  every  description  of  glass. 

It  seems  to  be  now  generally  admitted  that  there  are 
more  impediments  in  fabricating  crown-glass  lenses  of 
large  size,  than  in  making  good  ones  of  crystal  or  flint- 
glass.    The  former  requires  a  higher  temperature,  and 


GLASS  Optical  Glass. 


by  adding  alkali  to  increase  the  facility  of  fusion,  it 
becomes  more  liable  to  attract  humidity,  or,  as  it  is 
technically  termed,  to  sweat.  On  the  other  hand,  by 
rendering  it  too  hard,  one  incurs  the  risk  of  crystalliza- 
tion and  imperfect  vitriiication  in  cooling. 

For  a  long  period,  however,  the  principal  attention 
of  opticians  and  glass-makers  was  devoted  to  the  ma- 
nufacture of  a  suitable  flint-glass,  which  was  considered 
to  present  the  greater  difficulty  of  the  two.  Occasion- 
ally, the  (lint-glass  manufacturers  found  in  their  pots  a 
portion  of  glass  suitable  for  opticians ;  but  this  was  an 
accidental  product.  The  problem  of  the  constant  and 
regular  manufacture  of  good  optical  flint-glass  still 
remained  to  be  solved,  when  M.  Guinand,  a  workman 
in  the  clock  and  watch  trade,  near  Neufchatel,  who 
had  been  accustomed  to  the  fusing  of  metals  in  the 
prosecution  of  his  business,  devoted  his  attention  to 
the  subject,  and  succeeded  in  producing  masses  of  flint- 
glass  capable  of  furnishing  objectives  of  nine  inches — a 
size  previously  unknown.  Even  the  celebrated  chemists, 
Macquer  Roux  of  St.  Gobain,  and  Auut  of  Langres, 
had  never  been  able  to  obtain  them  of  larger  diameter 
than  three  to  three  and  a  half  inches.  M.  Dartigues 
also,  one  of  the  first  manufacturers  of  flint-glass  in 
France,  and  who  to  his  high  reputation  for  practical 
skill  added  that  of  scientific  knowledge,  equally  failed 
of  success.  Guinand's  discovery  was  therefore  hailed 
with  much  satisfaction;  but  he  kept  the  process  a 
secret,  except  from  M.  Utzschneider  and  the  cele- 
brated M.  Frauenhoffer,  who  proposed  to  him  to 
join  them  in  their  establishment  at  Munich.  This 
offer  Guinand  accepted,  and  the  process  was  success- 
fully worked  by  them  for  several  years  without  any  one 
being  able  to  discover  it.  After  their  deaths,  one  of 
Guinand's  sons  being  in  possession  of  his  father's 
method,  continued  the  manufacture  of  optical  glass  in 
the  environs  of  Neufchatel.  The  other  son  formed  an 
association  with  M.  Bontemps,  one  of  the  directors  of 
the  glass-work  of  Ghoisy-le-Roi,  but  the  experiments 
which  were  made  by  them  conjointly  at  that  establish- 
ment did  not  succeed.  The  treaty  was  therefore  broken ; 
but  M.  Bontemps  and  his  co-director,  M.  Thibeau- 
deau,  satisfied  of  the  correctness  of  the  principle,  if 
properly  applied,  continued  their  experiments  without 
excluding  Guinand  ;  and  ultimately,  in  1828,  they 
succeeded  in  producing  good  optical  glass  in  discs  of 
from  twelve  to  fourteen  inches,  and  a  large  quantity  of 
smaller  sizes.  From  that  time  the  manufacture  has 
been  established  on  a  regular  system.  In  1848,  M. 
Bontemps  was  induced,  in  consequence  of  difficulties 
arising  from  the  political  state  of  the  country,  to  retire 
from  his  position  at  Choisy-le-Roi,  and  to  accept  the 
invitation  of  Messrs.  Chance,  Brothers,  and  Com- 
pany, to  unite  with  them  in  attempting  to  improve 
the  quality  of  this  important  branch  of  manufacture. 
How  far  they  have  succeeded  may  be  judged  of  from 
the  fact,  that  they  have  produced  discs  of  flint-glass 
twenty-nine  inches  in  diameter,  weighing  two  hun- 
dredweight, and  of  crown-glass  v,p  to  twenty  inches. 
These  discs  are  pure  in  color,  good  in  structure,  and 
exempt  from  those  defects  which  tend  to  polarization 
of  light.  Bontemps'  proportions  for  optical  glass  are 
as  fullow : — 


FOR  FLINT-GLASS. 

Sand,    43-5 

Red  lead,    43-5 

Carbonate  of  potassa   10-0 

Nitrate  of  potassa,   3-0 

100-0 

for  crows-olass. 

Sand,   60 

Carbonate  of  soda,   25 

Carbonate  of  lime,   14 

Arsenic,   1 


100 

It  will  be  observed  that  optical  flint-glass  is  chiefly 
distinguished  by  the  large  proportion  of  lead  which 
enters  into  its  composition.  According  to  Dumas,  who 
approached  very  near  to  the  truth  in  assigning  its  prob- 
able composition,  its  density  should  not  be  lower  than 
3"6  at  least.  The  essential  point  in  the  manufacture, 
however,  consists  in  the  constant  stirring  of  the  metal 
during  the  melting  and  fusing.  The  superiority  ot 
Guinand's  plan  is  considered  not  to  have  been  in  the 
novelty  of  the  materials  or  proportions,  but  in  carefully 
agitating  the  liquid  glass  while  at  the  highest  point  of 
fusion,  then  cooling  down  the  entire  contents  of  the  pot 
in  a  mass,  and,  when  annealed  and  cool,  separating  tin- 
striated  portions  by  cleavage.  It  is  worthy  of  remark, 
that  some  time  before  Guinand's  death,  a  commission 
of  the  Astronomical  Society  of  London,  composed  of 
Messrs.  Herschel,  Faraday,  Dollond,  and  Roget, 
having  been  instructed  to  conduct  an  inquiry  into  the 
manufacture  of  flint-glass  for  optical  puqjoses,  arrived 
at  the  result  that  the  necessary  improvement  was  chiefly 
mechanical,  not  chemical,  and  that  freedom  from  stria? 
could  only  be  obtained  by  a  constant  agitation  of  the 
mixture.  Faraday,  who  took  the  lead  in  the  inquiry, 
both  in  his  own  laboratory  and  at  the  glass-works  of 
Messrs.  Pellatt,  changed,  however,  the  composition, 
as  well  as  the  principle  of  fabrication,  and  produced  a 
borate  of  lead  of  remarkable  purity.  This  substance, 
known  as  Faraday's  heavy  glass,  which  has  proved 
so  important  in  experiments  connected  with  the  polari- 
zation of  light  by  magnetic  action,  is  composed  of  tb.9 
following  ingredients : — 

Protoxide  of  lead,    104 

Silicate  of  lead,    24 

Dry  boracic  acid,    25 

This  glass  required  but  a  rod  heat  for  fusion,  thereby, 
as  Mr.  Pellatt  remarks,  offering  facilities  for  minute 
agitating  operations.  It  was  found,  however,  not  to  be 
durable,  and  therefore  not  calculated  for  application  to 
optical  purposes  or  general  use.  The  common  process 
for  making  optical  glass  is  described  by  Mr.  Pellatt 
as  follows :— A  ladle,  in  the  form  of  a  sugar-loaf,  about 
five  inches  in  diameter  and  seven  inches  deep,  is  dipped 
carefully  into  the  metal,  which  has  been  previously 
skimmed ;  when  filled,  it  is  taken  out  of  the  pot,  and 
suffered  to  get  partially  cool.  To  the  large  end  of  the 
sugar-loaf-shaped  piece  of  glass  thus  produced,  a  glass- 
blowing  iron  with  a  hollow  disc  is  welded,  and  placed 
to  the  opening  or  mouth  of  the  pot  for  reheating;  when 
sufficiently  soft,  it  is  blown  into  a  muff  ;  the  end  furthest 
from  the  blowing-iron  is  cut  off,  the  cylinder  is  flattened 
into  pieces  or  plates  of  fourteen  inches  long,  ten  inches 
wide,  and  about  half  an  inch  thick,  and  annealed ;  in 
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which  state  the  plates  are  sold  to  the  optician  for 
cutting  and  grinding  into  discs. 

Zinc  Optical  Glass. — Allusion  has  already  been 
made  to  a  new  kind  of  glass  which  was  sent  to  the 
Great  Exhibition  of  1851  by  M.  Maes  of  France,  and 
was  honored  with  a  Council  medal,  as  an  instance  of 
novelty  of  chemical  application  in  the  manufacture  of 
optical  and  other  descriptions  of  glass.  The  basis  of 
this  vitreous  compound  was  oxide  of  zinc — a  certain 
quantity  of  borax  or  boracic  acid  being  added,  to 
give  the  glossy  character  for  which  the  boracic  com- 
pounds, no  less  than  the  silica,  are  so  eminently  remark- 
able, combined  with  an  easier  fusibility.  Its  extreme 
limpidity,  and  total  freedom  from  color,  veins,  and  striae, 
appeared  to  the  council  jury  eminently  to  fit  it  for  tele- 
scopes, prisms,  and  other  optical  apparatus — as  a  substi- 
tute, however,  not  for  the  flint-glass,  but  for  the  crown, 
in  achromatic  telescopes.  The  low  dispersive  power 
of  the  zinc  compounds  points  to  the  use  of  glass  of  zinc 
for  this  purpose.  Its  refractive  index  is  3'285,  and  its 
dispersive  ratio,  as  compared  with  a  flint-glass  of  spe- 
cific gravity  3-55,  is  as  0-6502  to  unity.  With  reference 
to  this  peculiar  glass,  the  following  passage  occurs  in 
the  Report  of  the  Council  Jury  on  Optical  Glasses: — 
Suppose  it  should  be  found  practicable — and  the  expe- 
riment is  recommended  to  the  attention  of  artists,  as 
one  in  which,  when  tried  on  a  very  small  scale,  some 
success  has  actually  been  obtained — to  form  colorless 
and  uniform  glasses,  in  which  fluorine  enters  as  a 
distinguishing  ingredient,  in  combination  with  silica, 
alumina,  or  other  materials ;  the  combination  of  such 
glass,  as  a  convex  lens,  with  this  new  material  of  M. 
Maes,  or  with  ordinary  crown-glass  as  a  concave, 
might  be  expected  to  produce  achromatic  object-glasses 
of  a  very  perfect  description.  The  colored  dispersion 
to  be  removed  being  much  less  than  that  of  crown- 
glass,  owing  to  the  peculiarity  of  the  fluoric  compounds 
which  beset  the  manufacture  of  flint-glass,  arising  from 
the  intense  solvent  power  of  the  oxide  of  lead  on  the 
crucibles,  and  give  rise  to  striae  and  veins,  would  be 
evaded.  M.  Maes,  besides  two  prisms  of  his  new 
glass,  of  the  most  limpid  purity,  and  perfect  freedom 
from  veins  or  striae,  exhibited  two  discs  of  four  and  a 
half  and  seven  inches  in  diameter,  prepared  for  optical 
use.  In  an  examination,  through  faces  cut  on  their 
edges,  no  veins  or  striae  were  detected,  and,  conse- 
quently, should  there  arise  no  objection  to  this  mate- 
rial, either  in  point  of  durability  or  facility  of  working, 
it  will  probably  prove  very  valuable  ior  the  use  of  the 
optician. 

VI.  Strass  and  Colored  Glass. — The  manufac- 
ture of  glasses  tinged,  colored,  or  stained,  by  different 
processes,  has  now  become  a  business  of  great  and  grow- 
ing importance.  The  taste  for  stained-glass  windows, 
which  formed  so  distinguished  a  feature  in  the  history 
of  a  former  period,  has  revived,  and  is  now  displayed 
in  the  decoration,  not  only  of  splendid  palatial  and 
ecclesiastical  structures,  but  even  of  many  private 
dwellings ;  the  skill  of  the  Venetians  of  a  former  day, 
in  producing  colored  vases  and  other  ornamental  articles 
of  glass  of  every  variety  of  hue.  is  equalled  if  not  sur- 
passed in  modern  times ;  and  artificial  gems,  or  pastes, 
which  are  true  glasses,  are  now  formed,  that  emulate, 


if  they  do  not  eclipse,  in  sparkling  lustre  and  pure  trans- 
parency, the  rarest  and  most  beautiful  natural  produc- 
tions of  the  mineral  kingdom. 

Although  all  the  varieties  of  glass  can  be  colored  at 
pleasure  by  virtue  of  the  property  possessed  by  the 
greater  number  of  the  heavy  metallic  oxides  of  produc- 
ing colored  compounds  with  silica,  yet  in  individual 
cases  it  depends  upon  the  object  in  view,  and  even  on 
the  nature  of  the  color,  whether  a  glass  void  of  lead,  or 
a  lead-glass  with  its  higher  refractive  power,  is  em- 
ployed as  the  basis  for  the  coloring  material.  In 
general,  however,  the  basis  of  the  color,  or  that  with 
which  the  coloring  matter  is  actually  mixed,  is  a  lead- 
glass,  and  this,  when  real  glass-painting  is  the  object, 
is  applied  either  as  a  pigment  or  in  a  melted  state  on 
common  glass  or  some  other  finished  article ;  in  other 
cases,  the  colored  lead-glass  is  itself  formed,  cut,  or 
moulded  into  the  finished  article.  When  the  latter  is 
an  artificial  gem  or  paste,  a  peculiar  glass  is  employed, 
termed  strass,  which  it  may  be  proper  to  describe  in 
this  place,  before  proceeding  to  give  a  short  account  of 
the  different  coloring  materials,  and  the  different  methods 
of  their  application  in  particular  cases. 

Strass,  so  called  from  the  name  of  its  inventor, 
constitutes  the  only  true  glass  not  yet  described,  and 
forms,  as  above  stated,  the  basis  of  artificial  imi- 
tations of  precious  stones.  For  this  purpose  a  glass 
is  required,  possessing  the  highest  degree  of  purity 
and  transparency,  combined  with  the  greatest  possible 
lustre.  These  requirements  are  found  in  a  com- 
position analogous  to  that  of  flint-glass,  but  contain- 
ing a  much  larger  proportion  of  oxide  of  lead  and  a 
little  boracic  acid.  Donault-Wieland  recommended, 
by  way  of  example,  either  of  the  three  following  mix- 
tures : — 


No.  1. 

No.  2. 

No  S. 

100 

100 

156 

154 

171 

,  54 

32 

56 

7 

9 

6 

.3 

•3 

•16 

From  these  proportions,  and  from  the  analysis  of  a 
strass  manufactured  by  Donault-Wieland,  which 
was  given  at  page  192,  it  will  be  seen,  that  not  only 
does  the  oxide  of  lead  greatly  exceed  in  amount  that 
which  is  contained  in  crystal  or  common  flint-glass, 
but  that  it  is  present  in  larger  proportion  than  even  in 
optical  flint-glass.  This  will  be  observed  by  glancing 
at  the  same  table  in  the  page  above-referred  to,  where 
flint-glass  from  Guinand,  or,  in  other  words,  optical 
glass,  is  placed  in  juxtaposition  with  strass  and  enamel. 
The  very  large  proportion  of  oxide  constitutes,  in  fact, 
the  distinguishing  peculiarity  of  the  former,  while  the 
latter  is  further  distinguished  by  containing  oxide  of 
tin,  or  is  in  reality  a  strass  with  a  mixture  of  oxide  of 
tin  or  stannic  acid. 

Strass,  when  well  prepared,  possesses  as  nearly  as 
possible  the  high  refractive  power  and  all  the  other 
properties  of  the  diamond,  except  its  hardness.  When 
cut  into  shape,  therefore,  without  the  addition  of  any 
coloring  matter  to  its  composition,  it  answers  for  imi- 
tating the  diamond.    On  the  contrary,  when  tinged  by 
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silicates  with  metallic  bases,  it  furnishes  imitations  of 
all  the  colored  stones.  For  this  purpose  its  perfect 
purity  and  high  lustre  are  essential  requisites.  It  is 
necessary,  therefore,  to  exercise  great  care  in  the  choice 
of  the  materials.  The  rock-crystal,  quartz,  or  sand 
employed,  must  be  of  the  purest  description.  The  last 
two  always  contain  a  little  iron,  which  colors  the  glass 
yellow,  and  should  therefore  be  washed  with  hydro- 
chloric acid  after  being  carefully  pulverized.  The 
potassa  must  not  be  mixed  with  any  other  salts.  Don- 
ault-Wieland  preferred  the  finest  caustic  potassa ; 
but  Dumas  remarks  that  the  use  of  the  nitrate  might 
be  preferable  on  account  of  the  constant  purity  of  that 
salt.  The  borax  of  commerce — that  of  Holland,  for 
example — would  produce  a  brown  glass ;  crystallized 
boracic  acid  is  therefore  preferred.  The  oxide  of  lead 
employed  is  very  pure  minium. 

Dumas  remarks  that  the  choice  of  the  crucibles  is 
very  important,  and  that  the  Hessian  ones  are  better  than 
those  of  porcelain.  The  crucibles  sometimes  color  the 
metal  yellow  or  brown,  when  particles  of  iron  are  de- 
tached from  the  internal  surface.  This  inconvenience 
is  not  to  be  apprehended  with  crucibles  of  hard  porce- 
lain, but  these  often  break  or  run  out,  and  are  too 
permeable.  A  pottery  or  porcelain  furnace  is  used  to 
melt  the  material,  and  the  crucibles  remain  in  the 
lire  about  twenty-four  hours.  The  more  tranquil  and 
prolonged  the  fusion,  the  greater  hardness  and  beauty 
does  the  strass  acquire.  If  the  crucibles  are  of  excel- 
lent quality,  a  porcelain  furnace  may  be  used ;  but  when 
the  loss  occurring  is  too  great,  one  must  be  contented 
with  a  common  potter's  furnace. 

Coloring  Materials. — It  has  been  stated  that 
colorless  strass  is  the  basis  of  artificial  gems,  most  of 
which  are  formed  by  mixing  with  the  strass  certain 
coloring  materials.  In  the  article  Enamels,  many  of 
the  substances  employed  for  this  purpose  have  been 
enumerated ;  but  further  details  may  now  be  given  in 
connection  with  the  general  subject  of  colored  glass, 
before  proceeding  to  the  special  proportions  employed 
for  imitating  certain  precious  stones. 

Yellow  is  produced  either  by  charcoal,  antimony, 
silver,  or  oxide  of  uranium.  The  charcoal,  incorporated 
with  the  glass  in  a  very  fine  state  of  division,  produces 
a  dirty  yellow,  which,  as  the  quantity  increases,  passes 
into  a  dark  brown  without  lustre  ;  it  is,  therefore,  little 
used  as  a  pigment.  A  much  superior  yellow  is  obtained 
by  roasting  sulphide  of  antimony  to  the  state  of  antimo- 
nious  acid,  and  melting  it  with  from  3  to  5  per  cent,  of 
undecomposed  sulphide  of  antimony.  An  orange  yel- 
low is  prepared  with  glass  of  antimony,  minium,  and  a 
little  oxide  of  iron.  In  these  cases,  the  substances  so 
prepared  are  mixed  with  the  materials  of  the  glass. 
When  silver  is  employed,  the  process  is  quite  different ; 
in  this  case  a  mixture  of  powdered  clay  and  chloride  of 
silver  is  applied  to  the  surface  of  the  ready-made 
articles,  and  on  reheating  these  in  a  muffle,  the  silver 
penetrates  to  a  certain  depth  into  the  glass  even  before 
the  latter  softens ;  the  article  is  then  allowed  to  cool, 
and  the  coating  which  was  applied  is  scraped  off,  when 
a  yellow  color  of  great  purity  and  brilliancy  appears  on 
the  glass.  It  is  remarkable  that  this  effect  can  only  be 
produced  on  glass  containing  alumina,  which  shows 


that  the  action  is  chemical,  and  not  purely  mechanical. 
Oxide  of  uranium  produces  a  beautifully  delicate  yellow 
of  a  slightly  greenish  hue,  which  is  attributed  to  the 
traces  of  iron  usually  found  in  the  commercial  oxide  ; 
but  this  pigment  is  too  costly  for  common  use. 

Med,  of  different  shades,  is  communicated  by  oxide 
of  iron,  suboxide  of  copper,  or  different  preparations 
of  gold,  mixed  with  other  materials.  The  oxide  of  iron 
— F2  03 — is  employed  either  as  pure  oxide,  prepared 
by  heating  the  nitrate,  or  in  the  state  of  bloodstone  or 
ochre.  This  substance,  added  to  the  glass  mixture, 
produces  a  cheap  and  very  common  brownish  red.  The 
peculiar  action  of  suboxide  of  copper  has  already  been 
explained  under  Enamels,  vol.  i.  page  821.  This  sub- 
stance was  much  employed  by  the  artists  of  the  fifteenth 
and  sixteenth  centuries,  for  producing  the  brilliant  red 
colors  of  window  panes,  and  in  later  times  the  glass  so 
colored  was  supposed  to  be  indebted  to  gold  for  its 
beautiful  rich  hue.  So  intense  is  the  coloring  power 
of  this  oxide,  that  even  a  very  small  quantity  reddens 
the  glass  so  much  as  to  render  it  opaque,  and  hence  it 
is  almost  impossible  to  command  any  desired  tint  in 
applying  it.  Even  a  common  window  pane  is  scarcely 
permeable  to  the  light  when  coloured  with  a  small  por- 
tion of  this  substance;  and  hence  in  crystal  vessels, 
which  are  necessarily  of  much  greater  thickness,  espe- 
cially when  intended  for  grinding,  the  effect  becomes 
excessive — the  glass  is  rendered  quite  opaque.  To 
obviate  this  difficulty,  recourse  is  had  to  the  process  of 
flashing  or  coating  white  with  colored  glass,  as  will  be 
explained  afterwards — a  process  so  successful  that  it 
was  subsequently  extended  to  other  colors. 

The  application  of  gold  to  produce  a  brilliant  red 
color,  which,  according  to  circumstances,  can  be  made 
to  assume  a  scarlet,  carmine,  rose,  or  ruby  tint,  was 
first  introduced  by  Kunkel,  who  used  for  the  purpose 
the  brownish-red  precipitate  produced  in  a  solution  of 
chloride  of  gold  by  a  salt  of  the  sesquioxide  of  tin. 
This  substance,  known  as  the  purple  of  cassius,  was 
long  believed  to  be  the  only  preparation  of  gold  which 
could  be  employed  for  this  purpose,  till  Fuss  demon- 
strated that  ruby-colored  glass  may  be  obtained  when 
the  powdered  ingredients  for  the  glass  are  mixed,  pre- 
vious to  fusion,  with  oxide  of  tin  and  the  solution 
of  gold;  the  mixture  then  appears  like  moist  grey 
sand.  Experience  has  further  shown  that  the  simple 
addition  of  a  solution  of  gold  to  the  flux,  without  any 
oxide  of  tin,  is  capable  of  producing  rose  and  carmine- 
colored  glass. 

Blue  is  produced  by  oxide  of  cobalt,  a  pigment  which 
is  equally  applicable  to  lead-glass  and  to  glass  contain- 
ing no  lead,  but  in  the  latter  the  color  is  more  intense. 
The  coloring  power  of  the  oxide  of  cobalt  is  so  intense, 
that  pure  white  glass  is  rendered  sensibly  blue  by  the 
addition  of  one-thousandth  part  of  the  oxide.  Ample 
information  as  to  the  methods  of  preparing  blue  cobalt 
glass,  which  is  produced  in  a  pulverized  state  as  a  pig- 
ment, under  the  name  of  smalt  or  zaffre,  has  been  given 
in  the  article  Cobalt. 

Green  may  be  produced  either  by  protoxide  of  iron, 
protoxide  of  copper — Cu  0 — or  oxide  of  chromium — 
Cr2  03.  The  tint  produced  by  the  first  of  these  sub- 
stances has  little  brilliancy.  The  oxide  of  copper  yields 
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a  beautiful  emerald.  For  this  purpose  the  glass  is 
mixed  with  the  product  obtained  by  heating  copper  to 
redness  with  access  of  air,  or  with  powdered  verdigris, 
which  is  then  decomposed  in  the  fire,  and  converted 
into  oxide  by  oxidizing  agents.  Care  must  be  taken 
to  prevent  the  protoxide  of  iron  from  being  converted 
into  sesquioxide,  and  the  oxide  of  copper  from  being 
reduced  to  suboxide.  The  oxide  of  chromium,  which 
occurs  as  a  pigment  in  commerce,  yields  the  purest  and 
most  brilliant  grass-green  hue,  but  is  too  costly  for 
common  use. 

Artificial  Gems. — The  preceding  cases  may  be 
sufficient  to  illustrate  the  general  character  of  the  sub- 
stances employed  to  tinge  glass,  whether  in  the  fabri- 
cation of  artificial  gems,  or  in  the  more  important 
art  of  enriching  with  color  articles  of  common  use  or 
ornament.  Before  proceeding  to  this  latter  subject, 
which  embraces  different  methods  of  applying  the 
coloring  material,  the  following  may  be  given  as  the 
most  approved  recipes  for  imitating  those  precious 
stones  that  are  deemed  of  highest  value : — 

Diamond. — Colorless  strass,  without  any  addition. 

Topaz,— Donault  recommends  the  following  mix- 
ture : — 


Very  white  strass,  1000 

Clear  yellowish  orange-red  glass  of  antimony, . .  40 
Purple  of  Cassius,   1 

A  very  good  imitation  of  topaz  is  obtained  from — 

Strass,  100O 

Oxide  of  iron,   10 

Topaz,  when  obtained  by  the  first  of  these  two  com- 


positions is  very  subject  to  vary  in  tint  during  the 
fusion,  according  to  the  temperature  and  the  time  it  is 
exposed  to  the  fire.  It  passes  from  the  colorless  strass- 
white  to  a  sulphur-yellow,  violet,  and  reddish  purple, 
according  to  circumstances,  which  are  not  well  under- 
stood. This  substance  may  be  compared  to  the  rubin- 
glass  of  the  Germans  and  Italians.  The  glass  of  anti- 
mony must  be  selected  of  the  greatest  transparency, 
and  of  a  clear  orange-red  yellow. 

Ruby. — This  is  the  rarest  and  most  highly  prized  of 
artificial  stones.  The  preparation  of  topaz  furnishes 
a  means  of  obtaining  constantly  and  at  pleasure  very 
fine  rubies.  The  mixture  for  topaz  often  gives  an 
opaque  mass  translucid  at  the  edges,  and  presenting  in 
its  thin  plates  a  color  red  by  transparency.  One  part 
of  this  opaque  topaz-matter,  and  eight  parts  of  strass 
melted  in  a  Hessian  crucible,  when  left  thirty  hours  in 
the  fire  of  a  potter's  furnace,  give  a  fine  yellowish 
crystal  similar  to  strass.  Eemelted  with  the  blowpipe, 
this  produces  rubies  of  the  finest  water. 

A  ruby  not  so  fine,  and  of  a  different  tint,  may  be 
made  by  employing  the  following  proportions : — 

Colorless  strass,  1000 

Oxide  of  manganese,   25 

Emerald. — The  emerald  is  very  easy  to  imitate. 
That  which  succeeds  best  results  from  the  mixture  of 
the  oxide  of  copper  with  colorless  strass.  If  oxide 
of  cobalt  be  added,  the  green  obtained  presents  blue 
reflexions.  The  composition  which  gives  the  best  imi- 
tation of  natural  emerald  is  as  follows: — 


Colorless  strass,   1UU0 

Pure  oxide  of  copper,   8 

Oxide  of  chromium,  ,  0'2 

By  increasing  the  proportion  of  chromium  or  oxide  of 
copper,  and  adding  oxide  of  iron  to  the  mixture,  one 
may  vary  the  green  shade,  and  imitate  peridot  or  dark 
emerald. 

Sapphire.  — To  produce-  a  fine  oriental  blue  color,  one  i 
must  employ  very  white  strass,  and  very  pure  oxide  of 
cobalt.    This  composition,  put  into  a  luted  Hessian 
crucible,  should  remain  thirty  hours  in  the  fire.  The 
proportions  are  as  follow  : — 

Colorless  strass,   1000 

Oxide  of  cohalt,   15 

Amethyst. — The  color  of  this  stone  must  be  fine  and 
velvety,  to  be  of  any  value.  The  formula  which  suc- 
ceeds best  is  the  following : — 

Colorless  strass,   1000 

Oxide  of  manganese,   8 

Oxide  of  cohalt  -   5 

Purple  of  cassius   0*2 

Aqua-marina  is  a  gem  in  little  request — even  the 
real  stone.  As  generally  met  with,  it  is  of  a  pale  eme- 
rald tint,  but  the  most  valuable  kind  is  colorless  like 
the  diamond.    It  is  obtained  artificially  by  mixing — ■ 

Colorles  strass,   1000 

Glass  of  antimony,   7 

Oxide  of  cohalt,   0'4 

Syrian  Garnet. — This  stone,  which  was  anciently 
termed  carbuncle,  has  a  lively  color,  for  which  it  is 
much  esteemed.  It  is  especially  employed  for  small 
jewels.  The  artificial  garnet  is  a  kind  of  dark  ruby,  and 
is  made  after  the  following  formula : — 


Colorless  strass,   1000 

Glass  of  antimony,   500 

Purple  of  cassius,   4 

Oxide  of  manganese,   4 


In  the  fabrication  of  artificial  stones,  there  are  many 
precautions  to  be  taken,  many  points  to  be  observed, 
which  can  only  be  acquired  by  experience.  The  mate- 
rials must  be  pulverized  with  great  care.  The  mixtures 
can  only  be  well  made  by  repeated  sifting.  The 
same  sieve  must  not  be  used  for  sifting  different 
compositions,  whatever  care  be  taken  to  clean  it  after 
each  operation.  Lastly,  to  obtain  masses  well  melted, 
quite  homogeneous,  without  stria;  or  bubbles,  it  is  neces- 
sary to  employ  substances  very  pure,  and  mixed  in  a 
state  of  extreme  division ;  to  obtain  the  best  crucibles, 
to  melt  with  a  graduated  heat,  in  a  furnace  which  is 
quite  equal  in  its  maximum  temperature  ;  to  leave  the  j 
metal  in  the  furnace  during  twenty-four  to  thirty  hours, 
and  to  cool  the  crucibles  very  slowly,  that  their  con- 
tents may  undergo  a  kind  of  annealing. 

Colored  Flint-Glass. — Assuming  as  the  compo- 
sition of  the  glass  to  be  colored  the  common  ingre- 
dients and  proportions  quoted  at  page  230,  and  remem- 
bering that  these  materials,  when  mixed  together,  are 
technically  termed  batch,  and,  when  fused  with  the 
usual  precautions,  produce  a  highly  pellucid  flint- 
glass,  this  may  be  regarded  as  the  basis  of  the  fol- 
lowing colored  glasses,  given  on  Mr.  Pellatt's 
authority : — 

Soft  White  Enamel. — To  six  hundredweight  of  batch 
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add  twenty-four  pounds  of  arsenic,  six  pounds  of  anti- 
mony. 

Hard  White  Enamel.- — To  six  hundredweight  of 
batch  add  two  hundred  pounds  of  putty  prepared  from 
tin  and  lead. 

Blue  Transparent  Glass. — Six  hundredweight  of 
batch  colored  with  two  pounds  of  oxide  of  cobalt. 

Azure  Blue. — Six  hundredweight  of  batch  with 
about  six  pounds  of  oxide  of  copper. 

Ruby  Red. — Six  hundredweight  of  batch  with  about 
four  ounces  of  oxide  of  gold. 

Amethyst  or  Purple. — Six  hundredweight  of  batch 
with  about  twenty  pounds  of  oxide  of  manganese. 

Common  Orange. — To  six  hundredweight  of  batch 
add  twelve  pounds  of  iron  ore  and  four  pounds  of  man- 
ganese. 

Emerald  Green. — To  six  hundredweight  of  batch 
add  twelve  pounds  of  copper  scales  and  twelve  pounds 
of  iron  ore. 

Gold  Topaz  Color. — Six  hundredweight  of  batch 
with  three  pounds  of  oxide  of  uranium. 

Flashing  and  Casing. — In  speaking  of  the  sub- 
oxide of  copper,  it  has  been  stated  that  the  coloring 
power  of  this  substance  is  so  intense  that  even  a  very 
small  quantity  of  it  renders  the  glass  opaque ;  and 
allusion  was  made  on  that  occasion  to  the  process  of 
flashing,  by  which  the  difficulty  is  overcome,  and  which, 
on  account  of  the  facilities  it  affords  for  regulating  the 
intensity  of  the  tint,  has  been  extended  to  the  manu- 
facture of  articles  of  every  variety  of  hue.  This  pro- 
cess consists  in  coating  a  layer  of  colorless,  with  one  of 
colored  glass,  which  can  then  be  reduced,  by  grinding, 
to  the  proper  tint.  For  this  purpose  the  glass-blower 
collects  the  proper  quantity  of  colorless  glass  on  the 
end  of  his  pipe,  rolls  it  upon  the  marver,  and  then  dips 
it  for  a  moment  into  a  pot  of  melted  colored  glass, 
and  blows  out  the  two  together  into  a  cylinder  or  globe, 
which  is  flatted  or  flashed  out  in  the  usual  manner. 
In  this  manner  panes  for  the  glass-painter  are  formed, 
which  consist  of  two  layers  of  glass,  one  colored,  the 
other  colorless ;  and  the  former  can  be  ground  down 
to  any  required  tint  or  degree  of  transparency.  An 
ingenious  application  of  this  process  is  made  to  vessels 
of  flint-glass,  which  are  colored  on  the  outside  in  a 
similar  manner,  and  colorless  edges  or  facets  are  then 
produced  by  cutting  through  the  outer  layer  of  colored 
glass,  into  the  substratum  of  colorless  glass. 

Flint-crystal  glass  is  usually  colored  by  a  somewhat 
similar  process  termed  easing,  and  thus  described  by 
Mr.  Pellatt.  Presuming  that  any  two  or  more 
glasses  intended  for  casing  have  been  mixed  of  the 
same  specific  gravity,  to  give  them  the  capability  of 
harmonizing — that  is,  of  contracting  and  expanding 
equally — the  blower  has  to  gather  a  ball  of  solid  glass, 
intended  for  the  interior  layer,  in  the  usual  manner,  as 
A,  Fig.  194,  which,  in  this  instance,  may  be  considered 
to  be  of  white  crystal  glass.  About  the  same  time  his 
assistant  prepares  a  casing  of  colored  glass,  B,  knocking 
off  the  knob  at  c,  to  open  and  shape  it,  as  D,  somewhat 
like  the  bowl  of  a  wine-glass,  or  the  broad  end  of  a 
large  egg-shell ;  this  is  set  into  a  metal  stand,  E,  on  the 
floor,  merely  to  steady  the  case  or  shell,  v';  while  the 
blower  takes  the  lump  of  flint  or  white  glass,  A,  and 
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gently  blows  it  into  the  colored  case  or  shell,  d',  to 
which  it  immediately  adheres  ;  and  when  submitted  to 


Fig.  191. 


the  flame  of  a  pot-hole,  it  is  found  to  weld  perfect!}',  as 
F.  If  various  coverings  are  needed,  as  many  colored 
shells  must  be  prepared  as  required,  and  each  time 
melted  in  by  fresh  warming,  until  the  entire  number 
are  obtained  and  cased.  The  whole  are  afterwards  re- 
warmed,  expanded,  and  shaped  into  vases,  tazzas,  or 
such  other  articles  as  the  manufacturer  requires,  by 
blowing,  and  the  usual  appliances  of  moulds,  tools, 
rotatory  motion,  &c.  When  cut  through  to  the  crystal 
in  various  figures,  the  edges  of  the  different  colors  on 
enamel  are  seen. 

In  connection  with  flashing  and  casing,  may  be 
mentioned  a  variety  of  methods  of  producing  colored 
or  variegated  or  ornamental  glass,  some  of  which  are 
very  ingenious,  and  are  chiefly  derived  from  the  Vene- 
tians. 

Venetian  filigree  work  is  produced  in  the  following 
manner: — Pieces  of  cane,  or  solid  rods  of  glass,  of 
different  colors,  having  been  drawn  out  in  the  same 
manner  as  tubes,  and  whetted  off  to  the  required 
lengths,  are  arranged  in  the  flutes  or  internal  grooves 
of  a  cylindrical  mould,  A,  Fig.  1 95.  The  blower  then 
inserts  a  solid  ball  of  transparent  flint-glass,  B,  Fig.  196, 
and  the  whole  is  exposed  to  a  welding  heat,  till  the 

Fig.  195.  Fig.  196.  Fig.  197. 


canes  adhere  to  the  ball.  Both  are  then  withdrawn 
with  it  from  the  mould,  when  the  piece  presents  the 
appearance  represented  in  Fig.  197.  When  again 
heated,  drawn,  and  twisted,  the  streaks  of  color  pro- 
duced by  the  adhering  canes  become  spiral,  and 
ornament  the  surface.  If  well  softened  and  marvered 
before  the  drawing  and  twisting,  the  streaks  spread  till 
they  meet ;  or  if,  before  being  drawn,  the  mass  be  re- 
dipped  into  the  pot  of  crystal  glass,  and  then  twisted, 
the  spiral  lines  of  color  or  enamel  become  internal. 
By  the  repetition  of  this  process,  spirals  can  be  formed 
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within  spirals ;  and  by  placing  the  filigree  canes  side 
by  side,  and  welding  them  together,  very  curious  and 
intricate  patterns  are  obtained. 

The  Venetian  ball  is  simply  a  number  of  pieces  of 
waste  filigree  glass  collected  together  without  regular 
design ;  they  are  then  introduced  into  a  globe  of  trans- 
parent glass,  which  is  made  to  collapse  upon  the  filigree 
fragments  within  by  suction ;  that  is  to  say,  by  the 
blower  drawing  in  his  breath.  The  round  heavy  paper- 
weights, which  generally  contain  regular  devices,  are 
formed  in  the  same  manner,  and  the  lens-like  shape  of 
the  crystal  enhances  the  effect  by  magnifying  the  in- 
crusted  ornament. 

The  mille-fiore  or  star-work  of  the  Venetians  is 
formed  by  placing  lozenges  of  glass,  cut  from  the  ends 
of  colored  filigree  canes  in  the  interval  between  two 
transparent  cones,  as  shown  in  Fig.  198,  and  then, 
after  reheating  the  whole,  exhausting  or  sucking  out 
the  air  by  means  of  a  blowing- 
iron  attached  to  the  neck,  A. 
The  piece  being  then  rewarmed 
becomes  one  homogeneous  mass, 
which  can  be  shaped  into  any 
required  form,  for  tazzas,  paper- 
weights, et  cetera.  In  forming 
such  incrustations,  it  often  hap- 
pens that,  from  the  unequal  con- 
traction between  the  object  and 
the  crystal  by  which  it  is  sur- 
rounded, there  is  much  difficulty 
in  the  annealing,  and,  to  avoid  the 
risk  of  fracture,  the  contained  object  must  be  made  of 
materials  expanding  and  contracting  like  the  glass  or 
crystal  itself. 

Glass-mosaic,  which  is  often  confounded  with  rnille- 
fiore,  is  produced  by  threads  or  small  canes  of  variously 
colored  opaque  or  transparent  glass,  of  uniform  lengths, 
ranged  vertically  side  by  side,  in  single  threads  or 
masses,  so  that  the  ends  shr-'l  form  grounds  agreeably 
to  some  prefigured  design.  When  submitted  to  heat 
sufficient  to  fuse  the  whole,  the  four  sides  at  the  same 
time  being  pressed  together  so  as  to  exclude  the  air 
from  the  intervals  between  the  threads,  the  result  will 
be  a  thick  slab  of  variegated  glass — Fig.  199 — exhibit- 
ing, for  all  parallel  sections,  the  same  figure  or  pattern. 

Fig.  199. 


Hence,  when  out  into  veneers,  either  in  the  direction 
shown  by  the  dotted  lines,  or  obliquely  or  longitudi- 
nally, it  will  yield  a  number  of  slabs  or  layers  of  the 
same  uniform  design.  The  thin  rods  of  glass  employed 
for  this  purpose  are  composed  of  very  easily  fusible 
glass  of  all  possible  colors  and  shades,  and  are  prepared 
in  manufactories  erected  expressly  for  this  purpose. 


In  these  manufactories,  masses  of  colored  glass  are 
prepared,  from  which  a  kind  of  cake  is  formed,  and 
this  is  converted,  with  the  aid  of  a  sharp  hammer  and  an 
anvil,  first  into  slabs,  and  then  into  the  thin  rods  above- 
mentioned.  In  this  form  the  material  is  supplied  to 
the  artist,  who  softens  it  in  the  flame  of  a  lamp,  draws 
out  each  rod  into  a  thick  thread,  and  breaks  off  a 
piece  of  the  thickness  of  the  intended  picture.  These 
pieces  are  then  arranged  one  after  the  other,  accord- 
ing to  the  design,  on  a  slab  of  copper  covered  with 
a  layer  of  cement,  which  serves  to  fix  the  picture. 
When  the  whole  slab  is  covered,  the  surface,  which 
is  necessarily  uneven  and  irregular  on  account  of  the 
unequal  lengths  of  the  rods  or  threads,  is  ground  and 
polished.  It  is  unnecessary  to  observe,  that  a  large 
mosaic  painting  formed  in  this  manner  is  often  a  work 
of  years. 

Venetian  frosted  glass  is  obtained  by  immersing  the 
gathering  of  hot  metal  in  cold  water,  quickly  withdraw- 
ing it,  reheating  and  expanding  it  by  blowing,  before  it 
becomes  so  hot  as  to  melt  and  weld  together  the  nu- 
merous superficial  cracks  produced  by  the  momentary 
immersion  in  cold  water.  These  cracks  only  penetrate 
so  far  as  the  metal  has  been  cooled  by  the  water,  and 
remain  as  depressions  until  the  article  is  finished,  when 
it  presents  the  appearance  represented  in  Fig.  200. 


Fig.  200. 


The  art  of  making  this  glass  was  kept  secret  by  the 
Venetians,  but  was  rediscovered  by  Mr.  Pellatt  a 
few  years  ago. 

Mr.  Pellatt  has  also  invented  a  method  of  orna- 
menting glass  with  delicate  white  argentine  incrusta- 
tions of  dry  porcelain  clay,  cemented  into  the  solid 
glass.  For  this  purpose  the  hot  prepared  cameo,  which 
may  be  a  small  bas-relief  or  cast,  is  placed  upon  the 
red-hot  manufactured  vessel  or  other  article ;  a  small 
piece  of  liquid  glass  is  then  dropped  on  it,  and  becomes 
welded ;  and  if  rubbed  while  hot,  the  upper  coat  of 
fused  glass  will  be  spread  as  thinly  as  possible  upon 
and  around  the  cameo,  behind  which  are  driven  any 
air-bubbles  that  may  be  entrapped;  thus  completely 
isolating  the  device  between  the  two  glasses.  The 
polishing  of  the  exterior  layer  gives  the  white  figure  a 
silvery  appearance ;  but,  of  course,  the  incrustation  may 
be  colored  before  being  applied  to  the  glass.  These 
incrustations  require  very  careful  annealing. 

Venetian  vitro-di-trino  is  a  sort  of  lace-work,  formed 
by  intersecting  lines  of  white  enamel,  or  transparent 
lines  of  white  or  colored  enamel  or  transparent  glass, 
the  centre  of  each  mesh  or  diamond  inclosing  an  air- 
bubble.  It  is  formed  by  blowing  a  gathering  in  the 
mould  with  suitable  canes  arranged  in  the  interior 
fluting,  as  shown  in  Fig.  195,  page  241.  It  is  then 
reheated,  further  blown  and  twisted,  as  for  spiral  fili- 
gree, the  canes  being  left  projecting  from  the  outside, 
like  ribs.    By  the  usual  manipulation,  a  cup  or  conical 
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vessel  is  formed,  marked  by  oblique  lines  or  spiral  pro- 
jections, as  shown  in  Fig.  201.  Another  similar  piece 
is  then  made  and  turned  inside  out ;  the  projecting 
canes  on  this  piece  are  inside,  and  the  spiral  lines 
reversed.  The  one  piece  is  then  placed  under  the 
other,  as  shown  in  Fig.  202,  and  the  two  are  welded 

Fig.  201.  Fig.  203.  Fig.  202. 


together.  The  ribs  or  flutes  projecting  from  the  two 
surfaces  in  contact  inclose,  during  the  welding,  a  por- 
tion of  air  in  each  diamond,  which  air  gradually 
assumes  the  bubble-shape.  The  vessel  is  then  finished 
in  the  ordinary  manner,  and  the  lines  exhibit  the  most 
beautiful  regularity,  as  shown  in  Fig.  203. 

Aventurine  Glass  is  an  easily  fusible  brown,  or,  in 
thin  layers,  yellow  glass,  interspersed  with  numerous 
fine  yellow  lamina}  or  spangles  with  a  metallic  lustre, 
which  give  it  a  peculiar  shining  appearance.  The 
method  of  manufacture  was  long  kept  secret  by  the 
Venetians.  It  was  commonly  supposed  that  aventurine 
glass  was  produced  by  melting  scales  of  metal  or  mica 
with  the  glass ;  but  this  opinion  was  thought  to  be 
overthrown  when  Gahn  observed  that,  under  the 
microscope,  these  scales  appeared  as  regular  three  or 
six-sided  tables,  perfectly  crystalline  in  structure.  He 
discovered,  in  fact,  that  the  spangles  consisted  of  me- 
tallic copper,  crystallized  in  the  form  of  flat  segments 
of  a  regular  octahedron.  Fremy  and  Clemandot 
succeeded,  however,  in  preparing  this  glass  by  fusing 
together,  for  twelve  hours,  the  following  mixture  : — 

Pounded  glass,    300  parts, 

Copper  scales,   40  ,, 

Iron  scales,   80  ,, 

and  afterwards  cooling  slowly.  The  glass  obtained 
was  somewhat  deficient  in  lustre,  but,  like  the  true 
aventurine,  it  contained  copper  diffused  through  it  in 
octahedral  crystals. 

Glass-Painting. — Painting  on  glass  is  performed 
by  means  of  a  vitreous  mixture  termed  the  flux,  com- 
bined with  a  pigment  prepared  from  some  metallic 
oxide.  The  flux  and  oxide  are  simply  that  combina- 
tion of  ingredients  which  is  necessary  to  produce  a 
highly  fusible  colored  glass  of  the  required  hue ;  this 
mixture  is  reduced  to  a  state  of  fine  powder,  rubbed 
up  in  oil  of  turpentine,  boiled  oil,  or  sometimes  simply 
with  water,  aud  laid  upon  the  glass  to  be  painted,  by 
means  of  a  brush.  The  glass  thus  painted  or  stained 
with  the  intended  design  is  then  exposed  to  a  heat 


sufficient  to  vitrify  the  mixture  of  color  and  flux,  with- 
out melting  the  glass  ;  in  other  words,  the  painting  is 
said  to  be  burnt  in ;  the  ingredients  of  which  it  is  com- 
posed are  converted  into  a  colored  glass  or  transparent 
picture,  while  the  pane  or  other  article  on  which  it  is 
laid,  is  only  sufficiently  softened  to  cause  the  complete 
adherence  of  the  colored  glass  to  its  surface. 

It  is  evident,  therefore,  that  the  fusing-point  of  the 
pigment  must  be  much  lower  than  that  of  the  glass  to 
be  painted.  Indeed,  it  is  necessary  that  the  former 
should  vitrify  at  a  temperature  at  which  the  latter  does 
not  sensibly  soften  ;  for  any  considerable  softening  or 
yielding  of  the  glass  would  distort  the  design.  Hence 
the  manifest  inapplicability  of  crystal  or  lead-glass  for 
painted  articles,  on  account  of  its  great  fusibility.  On 
the  other  hand,  common  window-glass,  or  even  plate- 
glass,  may  be  successfully  used,  and,  best  of  all,  the 
hard  Bohemian  glass,  which  contains  potassa  for  a 
base. 

When  the  coloring  oxides  employed  are  such  that 
they  are  not  injuriously  affected  by  the  oxides  of  lead 
and  of  bismuth,  the  flux  is  usually  composed  of  the 
following  ingredients : — 

Parts. 

Quartz  in  powder,   100 

Oxide  oflead,   125 

Oxide  of  bismuth,   50 

But  if  these  oxides  exert  an  injurious  action  on  the 
coloring  matter,  and  tend  to  change  its  shade,  the  sub- 
joined composition  is  used  : — 


Fnrt*. 

Quartz  in  powder,   100 

Fused  borax,   75 

Nitrate  of  potassa,   12-5 

Carbonate  of  lime,  free  from  iron,   12-5 


To  either  of  these  mixtures  or  fluxes  the  proper 
coloring  matter  is  added,  and  the  composition  so  formed 
is  introduced  into  a  crucible,  and  melted  into  a  colored 
glass.  The  latter  is  then  reduced  to  a  fine  powder, 
mixed,  as  has  been  stated,  with  oil  of  turpentine,  and 
used  as  a  common  pigment  for  painting  on  the  less 
fusible  glass.  In  this  operation,  a  cartoon,  or  drawing 
upon  paper,  is  placed  below  the  glass,  and  the  colors 
are  applied  on  the  corresponding  lines.  In  preparing 
painted  sheets  or  panes  of  glass,  brown  or  black  out- 
lines are  generally  traced  on  the  one  side  of  the  sheet, 
whilst  the  colors  are  laid  on  the  other  side ;  but  in 
painting  vessels  or  other  articles,  this  is  not  the  practice. 

One  great  difficulty  of  the  glass-painter  consists  in 
this,  that  the  colors  which  he  lays  on  have  not  the  same 
appearance  as  they  are  intended  to  assume  in  the 
finished  work.  The  difficulties  of  the  artist  on  glass, 
says  Mr.  Tomlinson,  are  of  a  much  more  formidable 
character  than  those  of  the  artist  on  canvas ;  he  must 
be  as  good  an  artist  as  the  latter,  but  he  must  also  have 
the  faculty  of  seeing  his  effects  as  they  will  appear 
after  the  firing,  and  not  as  he  lays  them  on ;  for  the 
coloring  oxides  which  he  employs,  especially  when 
mixed  up  in  their  fluid  vehicles,  are  dark,  dusty,  and 
disagreeable  in  color,  and  have  nothing  in  common 
with  the  bright  and  beautiful  effects  we  admire  in  a 
stained-glass  window.  When  the  same  figure  or  pat- 
tern is  to  be  repeated  many  times,  it  is,  in  some  cases, 
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printed  on  the  glass  with  a  gentle  pressure  from  an 
engraved  metallic  plate,  or  wooden  block,  boiled  oil 
being  used  as  the  vebicle  for  the  coloring  oxide.  The 
pane,  having  been  prepared  either  by  painting  or  print- 
ing, is  exposed  in  an  oven  or  muffle  to  a  temperature 
sufficient  to  fuse  the  vitreous  flux  and  dissolve  the 
coloring  material.  The  glass  selected  for  the  purpose 
of  the  stainer  should  be  clear  and  colorless,  in  order  to 
bring  out  the  colors  well ;  and  difficult  of  fusion,  so  that 
the  flux  and  metallic  oxide  may  form  a  colored  glass 
upon  its  surface  before  it  shows  any  tendency  itself  to 
fuse.  A  glass  containing  a  small  proportion  of  alkali, 
such  as  crown-glass,  is  fit  for  the  purpose. 

Spun  Glass. — There  is  no  one  who  has  not  heard 
statements  relative  to  the  discovery  of  a  malleable 
glass,  one  memorable  instance  of  which  is  mentioned 
in  the  Historical  Notice,  page  186.  If,  by  malleable 
glass,  be  understood  a  glass  capable  of  being  spread  out 
into  thin  plates  under  the  action  of  the  hammer  at  the 
ordinary  temperature,  everything  leads  to  the  belief  that 
this  marvel  never  was,  and  will  not  for  a  long  time  be 
realised.  If,  on  the  contrary,  it  means  only  the  ductility 
of  incandescent  glass,  there  remains  in  this  respect  little 
to  be  accomplished.  It  is,  in  fact,  on  this  property  that 
the  whole  art  of  the  glass-maker  depends.  But  whilst, 
in  the  ordinary  operations  of  glass-making,  the  ductility 
of  the  glass  is  never  pushed  to  its  utmost  limits,  these 
limits  are  almost  reached  in  the  curious  art  of  spinning 
glass  into  thread. 

The  art  of  spinning  glass  consists  in  drawing  it  out 
into  threads  when  softened,  by  means  of  a  wheel  on 
which  the  thread  is  wound.  By  this  means  the  art 
has  been  attained  of  spinning  glass  with  astonishing 
rapidity.  The  drawn-out  end  of  a  glass  rod  has  only 
to  be  attached  to  a  revolving  drum,  whilst  the  rod 
whence  the  thread  proceeds  is  held  in  the  glass- 
blower's  lamp,  in  order  to  obtain  in  a  few  minutes 
several  ells  of  spun  glass.  The  thread  possesses,  of 
course,  the  color  of  the  glass;  but  its  tenuity  is  so  great 
that  the  color  is  scarcely  perceptible,  unless  very  deep 
shades  have  been  employed. 

It  has  already  been  stated  that  when  a  piece  of  hol- 
low glass  is  drawn  out,  the  hole  is  always  preserved, 
however  fine  be  the  thread.  M.  Deuchar  took  a 
piece  of  thermometer  tube,  the  interior  diameter  of 
which  was  very  small,  and  drew  it  out  into  threads. 
The  drum  which  he  used  was  three  feet  in  circum- 
ference, and  as  it  made  five  hundred  turns  per  minute, 
he  obtained  thirty-two  thousand  ells  of  thread  per  hour; 
so  that  the  thread  was  of  extreme  fineness,  and  its  in- 
terior diameter  was  scarcely  calculable.  This  thread 
was,  however,  hollow ;  for  being  cut  into  pieces  of  an 
inch  and  a  half  in  length,  and  placed  on  the  receiver 
of  an  air-pump,  one  end  inside  and  the  other  out,  it 
allowed  the  mercury  to  pass  through  in  small  shining 
filaments  when  a  vacuum  was  made  in  the  receiver. 

The  thread  obtained  from  a  small  piece  of  window- 
glass,  cut  with  a  diamond,  presents  a  very  brilliant 
lustre ;  seen  with  the  miscroscope,  it  exhibits  a  flattened 
form,  with  four  very  distinct  right  angles.  It  is  very 
probable  that  it  owes  to  this  particular  form  the  supe- 
riority of  its  lustre,  for  the  threads  obtained  from  round 
pieces  of  glass  had  always  a  dull  appearance. 


When  glass  of  different  colors  is  fused  or  welded 
together  in  one  tube,  the  thread  obtained  from  it  pre- 
serves all  the  original  colors  without  any  mixture 
taking  place,  or  any  interruption  being  observable ; 
but  most  of  the  colors  become  tarnished  by  the  opera- 
tion, particularly  the  yellow,  which  disappears;  the 
black  even  sometimes  passes  to  brown ;  the  purple 
and  green  are  a  little  altered,  but  the  blue  stands 
well. 

The  samples  of  spun  glass  are  as  pliable  as  silk,  and 
may  easily  be  wound  in  the  manner  of  common  thread, 
and  employed  as  ornaments.  To  the  touch  they  feel 
like  hair,  and  like  it  may  be  curled  in  a  permanent 
manner  by  rolling  them  on  a  hot  iron.  Threads  from 
black  glass  have  so  much  resemblance  to  black  hair, 
that  they  are  often  confounded.  It  is  well  known  that 
in  the  last  century  perukes  were  manufactured  of  glass 
thread,  which  is  sometimes  still  used  to  make  very 
brilliant  head-dresses.  Its  glossy  appearance,  its  great 
durability  when  not  exposed  to  rough  usage,  as  well  as 
the  low  price  of  glass,  naturally  suggested  to  manufac- 
turers the  advantage  of  making  it  a  material  for  spun 
fabrics.  It  has  even  been  woven  into  stuffs,  but 
hitherto  this  curious  manufacture  does  not  appear  to 
have  been  attended  with  much  success.  It  has  been 
alleged,  indeed,  not  without  reason,  that  articles  of 
clothing  made  of  glass  might  be  attended  with  some 
danger  from  the  filaments  becoming  detached,  and 
being  drawn  into  the  lungs  by  respiration.  Knapp 
states,  however,  that  this  branch  of  manufacture  has 
lately  been  revived  with  success  by  Onvi,  Dubus- 
Bonnel,  and  Bouillon  ;  and  that  Dubus,  in  particu- 
lar, is  said  to  have  succeeded  in  producing  glass  thread 
that  can  be  knotted,  and  woven  on  Jacquaed's  loom 
into  fabrics  which  are  equal  in  every  respect  to  the 
most  beautiful  gold  and  silver  brocade.  He  adds  that 
the  particulars  of  this  manufacture  have  not  yet  been 
made  public,  and  the  Editor  cannot  help  thinking  that 
its  success  has  been  greatly  exaggerated. 

VII.  Soluble  Glass. — Soluble  glass  is  a  compound, 
the  knowledge  of  which  would  have  spared  the  glass- 
makers  many  faults.  It  is,  as  has  been  stated,  a  simple 
silicate  of  potassa  or  soda,  or  a  double  silicate  of  these 
two  bases.  What  is  remarkable,  this  body  is  soluble  in 
boiling  water  without  a  residue,  though  scarcely  affected 
by  contact  with  cold  water.  Nevertheless,  it  is  very 
evident  that  such  a  glass  must  be  strongly  hygromet- 
rioal,  and,  among  the  numerous  examples  which  might 
be  cited,  the  Editor  limits  himself  to  the  following, 
to  show  the  inconveniences  which  arise  from  this.  In 
1780,  Bohemian  glasses,  the  process  for  which  was 
then  a  recent  importation,  were  made  simultaneously  in 
France  by  the  two  following  receipts : — 


Silica, . . 
Potassa, 
Lime,  . . 


At  nuyel 
i  Champagne. 

. .  100  ... 
..    100  ... 


At  Ehnbnc 
in  les  Vosgcs. 

. ...  100 

. .  ..  100 


.  none   100 


Now,  while  the  Vosges  glass  was  unalterable  by  the 
air,  that  of  Champagne  was  wanting  in  clearness,  bril- 
liancy, and  solidity,  and  attracted  the  moisture  of  the 
atmosphere  to  such  an  extent,  that  the  hollow  feet  of 
drinking-glasses  became  filled  in  the  warehouses  with 
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a  saturated  solution  of  carbonate  of  potassa.  To  this 
fact,  one  might  add  many  others  which  would  prove 
the  indispensable  necessity  of  lime  or  of  oxide  of  lead, 
for  the  making  of  glasses  to  be  capable  of  resisting  the 
action  of  water  or  of  moist  air. 

Soluble  silicated  alkali  or  water-glass  may  be  pre- 
pared by  various  processes.  If  sand  be  used,  fifteen 
parts  of  fine  sand,  thoroughly  incorporated  with  eight 
parts  of  carbonate  of  soda,  or  with  ten  of  carbonate 
of  potassa,  and  one  of  charcoal,  fused  in  a  furnace, 
will  produce  a  silicated  alkali  which  is  soluble  in  boiling 
water.  Messrs.  Ransome  obtained  this  silicated  alkali 
by  dissolving  broken  flints  in  a  solution  of  caustic 
alkali  at  a  temperature  of  300°. 

This  water-glass  has  been  applied  to  several  impor- 
tant purposes,  three  of  which  are  epecially  noticed. 

To  protect  Building -stones  from  decay. — The  stone 
surfaces  of  buildings,  by  being  exposed  to  the  action  of 
the  atmosphere,  become  liable  to  disintegration  from 
various  causes.  Moisture  is  absorbed  into  their  pores. 
The  tendency  of  their  particles  to  separate  in  conse- 
quence of  expansion  and  contraction,  produced  by 
alternation  of  temperature,  is  thus  increased.  Sulphur- 
ous acid  is  always  present  in  the  atmosphere  of  coal- 
burning  cities,  and  cannot  but  corrode  the  calcareous 
and  magnesian  ingredients  of  oolites  and  dolomites.  It 
is  true  that  good  stone  resists  these  sources  of  injury 
for  an  indefinite  time,  but  such  a  material  is  rarely 
obtained.  As  a  preventive  of  destruction,  whether 
arising  from  physical  or  chemical  causes,  it  has  been 
proposed  to  saturate  the  surface  of  the  stones  with  a 
solution  of  water-glass. 

It  is  well  known  that  the  affinity  of  silica  for  alkali 
is  so  feeble,  that  it  may  be  separated  from  this  base  by 
the  weakest  acids,  even  by  carbonic  acid.  According 
to  the  expectation  of  those  who  recommend  the  silifica- 
tion  of  stone,  the  carbonic  acid  of  the  atmosphere  will 
set  the  silica  free  from  the  water-glass,  and  the  silica 
thus  separated  will  be  deposited  within  the  pores  and 
around  the  particles  of  the  stone.  The  points  of  contact 
of  these  particles  will  thus  be  enlarged,  and  a  sort  of 
glazing  of  insoluble  silica  will  be  formed,  sufficient  to 
protect  the  stone  from  the  effects  of  moisture,  et  cetera. 
This  cause  of  protection  applies  chiefly  to  sandstones. 
But  wherever  carbonate  of  lime  or  carbonate  of  mag- 
nesia enters  notably  into  the  composition  of  the  build- 
ing stone,  then  an  additional  chemical  action,  also 
sheltering  the  stone,  is  expected  to  take  place  between 
these  carbonates  and  the  water-glass.  An  insoluble 
salt  of  lime  may  be  looked  for,  whenever  a  solution  of 
water-glass  is  made  to  act  on  the  carbonates  of  lime  or 
magnesia  existing  in  oolitic  or  dolomitic  building  stones. 

This  expectation,  however,  has  not  been  altogether 
realized  by  experiment.  Mr.  Charles  A.  Smith,  a 
gentleman  eminently  conversant  with  building  mate- 
rials, immersed  a  piece  of  Caen-stone  in  a  solution  of 
silicate  of  potassa  in  the  month  of  January,  1 849.  This 
fragment,  together  with  a  portion  of  the  block  from 
which  it  had  been  detached,  was  placed  on  the  roof  of 
a  building  in  order  that  it  might  be  fully  exposed  to 
the  action  of  atmosphere  and  climate.  After  five  years 
the  silicated  and  the  unsilicated  specimens  were  found 
to  be  both  in  the  same  condition,  the  two  being  equally 


corroded.  But  whatever  ultimate  results  may  ensue 
from  this  process,  the  immediate  effects  on  the  stone 
are  remarkable.  Two  portions  of  Caen-stone  were  ex- 
hibited, one  of  which  had  been  soaked  in  a  solution  of 
water-glass  two  months  before.  The  surface  of  the 
unsilicated  specimen  was  soft,  readily  abraded  when 
brushed  with  water,  and  its  calcareous  ingredients  dis- 
solved in  a  weak  solution  of  sulphurous  acid.  The 
silicated  surface,  on  the  other  hand,  was  perceptibly 
bard,  and  resisted  the  action  of  water  aud  of  dilute 
acid  when  similarly  applied. 

Another  proposed  use  of  the  water-glass  is  that  of 
hardening  cements,  mortar,  et  cetera,  so  as  to  render 
them  impermeable  by  water. 

Fourteen  years  since,  Anthon  of  Prague  proposed 
several  applications  of  the  water-glass.  Amongst  others 
he  suggested  the  rendering  mortars  waterproof.  He 
also  suggests  that  this  substance  might  be  beneficially 
employed  as  a  substitute  for  size  in  whitewashing  and 
staining  walls.  It  was  demonstrated  by  several  expe- 
riments that  carbonate  of  lime,  mixed  up  with  a  weak 
solution  of  water-glass,  and  applied  as  a  whitewash  to 
surfaces,  was  not  washed  off  by  sponging  with  water, 
and  that  common  whitewash,  laid  on  in  the  usual  man- 
ner with  size,  was  rendered  equally  adhesive  when 
washed  over  with  water-glass. 

TheStereochromeof^vcns. — The  formation  of  an 
insoluble  cement  by  means  of  the  water-glass,  when- 
ever the  carbonic  acid  of  the  atmosphere  acts  on  this 
substance,  or  whenever  it  is  brought  in  contact  with  a 
lime-salt,  has  been  applied  by  Fuchs  to  a  most  im- 
portant purpose.  The  stereochrome  is  essentially  the 
process  of  fresco-sicco  invested  with  the  capability  of 
receiving  and  perpetuating  works  of  the  highest  artistic 
character,  and  which  may  be  executed  on  a  vast  scale. 
This  chemist's  method  is  as  follows  : — 

Clean  and  washed  quartz-sand  is  mixed  with  the 
smallest  quantity  of  lime,  which  will  enable  the  plasterer 
to  place  it  on  the  wall.  The  surface  is  then  taken  off 
with  an  iron  scraper,  in  order  to  remove  the  layer 
formed  in  contact  with  the  atmosphere  ;  the  wall  being 
still  moist  during  this  operation.  The  wall  is  then 
allowed  to  dry ;  after  drying  it  is  just  in  the  state  in 
which  it  could  be  rubbed  off  by  the  finger.  The  wall 
has  now  to  be  fixed,  i.  e.  moistened  with  water-glass 
composed  as  follows : — 

Ccntesimnlly. 

Silicic  acid,   23-21 

Soda,   8-90 

Potassa,   2-52 

Water,  65-37 

100-00 

The  specific  gravity  of  the  solution  is  to  be  3*81. 
This  operation  is  usually  performed  with  a  brush. 
The  wall  must  be  left  in  such  a  condition  as  to  be  cap- 
able of  receiving  colors  when  afterwards  painted  on. 
If,  as  frequently  happens,  the  wall  has  been  too  strongly 
fixed,  the  surface  has  to  be  removed  with  pumice,  and 
to  be  fixed  again.  Repaired  in  this  manner,  the  wall 
is  suffered  to  dry.  Before  the  painter  begins,  be  mois- 
tens the  part  on  which  he  purposes  to  work  with  dis- 
tilled water,  squirted  on  by  a  syringe.  He  then  limns : 
if  he  wishes  to  repaint  any  part,  he  moistens  again. 
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As  soon  as  the  picture  is  finished,  it  is  aspersed  over 
with  water-glass.  After  the  wall  is  dry,  the  syringing 
is  continued  as  long  as  a  wet  sponge  can  remove  any  of 
the  tint.  An  efflorescence  of  soda  sometimes  appears 
on  the  picture  soon  after  its  completion.  This  may 
either  be  removed  by  syringing  with  water,  or  may  be 
left  to  the  action  of  the  atmosphere.  Not  to  dwell  on 
the  obvious  advantages  possessed  by  the  stereochrome 
over  the  real  fresco — such  as  its  admitting  of  being 
retouched  and  its  dispensing  with  joinings — it  appears 
that  damp  and  atmospheric  influences,  notoriously 
destructive  of  real  fresco,  do  not  injure  pictures  exe- 
cuted by  this  process. 

The  following  crucial  experiment  was  made  on  one 
of  the  pictures.  It  was  suspended  for  twelve  months 
in  the  open  air,  under  the  principal  chimney  of  the  New 
Museum  at  Berlin  ;  during  that  time  it  was  exposed  to 
sunshine,  mist,  snow,  and  rain,  and  nevertheless  retained 
its  full  brilliancy  of  color. 

The  stereochrome  has  been  adopted  on  a  grand  scale 
by  Kaulbach,  in  adorning  the  interior  of  the  great 
national  edifice  at  Berlin,  already  alluded  to.  These 
decorations  consist  of  historical  pictures— the  dimen- 
sions of  which  are  twenty-one  feet  in  height,  and 
twenty-four  and  three-quarters  in  width — single  colos- 
sal figures,  friezes,  arabesques,  et  cetera.  On  the  effect 
of  the  three  finished  pictures,  it  has  been  remarked  by 
one  whose  opinion  is  entitled  to  respect,  that  they  have 
all  the  brilliancy  and  vigor  of  oil  paintings,  while  there 
is  the  absence  of  that  dazzling  confusion  which  new 
oil  paintings  are  apt  to  present,  unless  they  are  viewed 
in  one  direction,  which  the  spectator  has  to  seek  for. 

Mr.  A.  Church  has  suggested  that,  if  the  surface  of 
oolitic  stones — such  as  Caen-stone — is  found  to  be  pro- 
tected by  the  process  already  described,  it  might  be 
used,  as  a  natural  intonaco,  to  receive  colored  designs, 
et  cetera,  for  exterior  embellishings ;  the  painting  would 
then  be  cemented  to  the  stone  by  the  action  of  the 
water-glass. 

Mr.  Chukch  has  also  executed  designs  of  leaves  on 
a  sort  of  terra-cotta,  prepared  from  a  variety  of  Way's 
silica  rock,  consisting  of  seventy-five  parts  clay,  and 
twenty-five  of  soluble  silica.  This  surface,  after  being 
hardened  by  heat,  is  very  well  adapted  for  receiving 
colors  in  the  first  instance,  and  retaining  them  after 
silication. — Timbs. 

Kuhlmann  remarks  that  the  contact  of  lime  with 
silicate  of  potassa,  always  determines  the  decomposi- 
tion of  this  salt  and  its  transformation  into  silicate  of 
lime,  which  retains  the  coloring  matter,  and  even  car- 
bonic acid,  as  lately  supposed  by  M.  Fuchs  ;  but  when 
the  colors  are  applied  on  bodies  which  do  not  react  on 
the  soluble  silicate — such  as  wood,  iron,  glass,  et  cetera 
■ — it  becomes  necessary  to  seek  for  conditions  of  insolu- 
bility in  the  reaction  of  the  coloring  matter  on  this 
silicate.  On  wood  the  difficulty  may  be  removed  by 
the  application,  before  the  silicious  painting,  of  a  suffi- 
ciently thick  covering  of  chalk,  which  may  be  applied 
with  zinc,  or  fixed  with  a  very  little  silicate. 

Even  when  the  decompositions  of  the  alkaline  salt 
are  determined  by  the  coloring  matter  itself,  there  still 
remains  one  serious  inconvenience  :  this  is  the  exuda- 
tion, during  damp  weather,  of  carbonate  of  potassa  to 


the  complete  expulsion  of  the  salt.  This  chemist  for 
a  long  time  sought  for  a  remedy  for  this  serious  injury 
to  silicious  paintings ;  he  often  conferred  on  this  sub- 
ject with  those  members  of  the  Academy  best  ac- 
quainted with  vitrification,  and  having  been  aided  by 
their  advice,  Kuhlmann  sought  in  various  chemical 
changes  for  a  remedy,  and  ascertained  that  washing 
the  painting  with  a  weak  solution  of  chloride  of  am- 
monium, enables  one  to  attain  absolute  insolubility  of 
the  color,  but  chloride  of  potassium  remains,  which 
spoils  its  brilliancy  until  its  complete  expulsion  by  re- 
peated affusion  with  water.  As  the  number  is  but 
small  of  chemical  reagents,  which  have  the  property 
of  consolidating  potassa  by  forming  with  it  insoluble 
compounds  in  the  color  itself,  but  without  eliminating 
it,  perchloric  acid  and  hydrofluosilic  acid  are  the  che- 
mical agents  which  first  offer  themselves  to  the  mind. 

In  a  theoretic  point  of  view,  there  only  remained  to 
choose  between  them  ;  but,  in  an  industrial  sense, 
hydrofluosilic  acid  was  the  only  one  on  which  his  mind 
fixed  itself.  He  ascertained  so  frequently  that  careful 
washing  with  hydrofluosilic  acid  much  augmented  the 
stability  of  these  colors,  and  determined  their  complete 
insolubility,  that  he  did  not  hesitate  to  point  out  the 
utility  of  this  agent  in  every  kind  of  silicious  limning, 
but  especially  in  painting  on  glass,  provided  that  it  is 
used  in  very  weak  solution ;  for  in  the  concentrated 
state  it  has  the  remarkable  property  of  dissolving  most 
of  the  oxides,  which  property  will  be  very  valuable  for 
industrial  purposes,  when  this  acid  can  be  sold  at  a 
moderate  price. 

The  silicious  colors  on  glass  have  a  certain  semi- 
transparency  which  it  is  important  to  preserve,  but 
which  gradually  diminishes  by  the  action  of  water. 
Glass  painted  with  silicates  has  been  subjected  to 
boiling  in  water  without  the  colors  being  detached ; 
these  tints  have  even  appeared  brighter  when  seen  by 
reflected  light ;  but  if,  after  this  apparent  improvement, 
the  effect  is  examined  by  transparency,  the  hues  are 
found  to  have  become  duller,  which  is  to  be  attributed 
to  the  opacity  which  they  had  acquired,  resulting  from 
the  solution  of  a  portion  of  silicious  cement,  which  acts 
on  these  colors  as  oil  does  on  paper.  The  careful  em- 
ployment of  hydrofluosilic  acid  gives  a  complete  insolu- 
bility to  paintings  on  glass ;  but,  like  chloride  of  am- 
monium, it  slightly  diminishes  the  transparency.  One 
might  perhaps  apply,  at  long  intervals,  a  slight  varnish 
of  pure  silicate  of  potassa  to  paintings  on  glass  which 
are  exposed  to  rain.  Long  experience  can  alone  deter- 
mine this  point.  This  varnish  would  advantageously 
replace  the  essences  now  used  in  the  application  of 
certain  colors  on  glass  and  porcelain;  it  would  not, 
like  the  essences,  be  subject  to  the  drawback  of  spoil- 
ing certain  colors  by  the  reduction  of  the  oxides  or  of 
the  coloring  salts. 

Statistics. — Considering  the  va6t  importance  of 
glass,  and  the  peculiar  facilities  possessed  by  Great 
Britain  in  her  ample  stores  of  coal,  and  the  possession 
of  nearly  all  the  materials  for  the  manufacture,  it 
might  have  been  imagined  that  this  country  would  not 
only  have  fully  supplied  her  own  wants,  but  would  long 
ago  have  furnished  a  large  portion  of  the  world  with 
glass,  as  with  many  other  exports.    It  might  be  sup- 
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posed,  also,  that  the  various  necessary,  convenient,  and 
ornamental  purposes  to  which  glass  is  applied,  would 
have  been  held  as  a  sufficient  reason  for  exempting  it 
from  taxation,  or  at  least  for  reducing  the  duties  to 
the  lowest  possible  limit.  But  so  far  was  this  from 
being  the  case,  that  the  most  exorbitant  duties  were 
imposed,  and  were  exacted  in  the  most  oppressive 
manner ;  which  not  only  limited  the  demand  for  glass, 
by  directly  increasing  the  price,  but  operated  indirectly 
with  most  injurious  effect,  by  fettering  the  operations  of 
the  manufacturers,  and  preventing  them  from  making 
experiments,  and  introducing  new  processes  and  im- 
provements. 

As  illustrative  of  the  amount  of  the  duties,  which  are 
exhibited  more  at  large  in  the  appended  tables,  it  will 
be  seen  that  in  1813  they  were  raised  to  not  less 
than  four  pounds  eighteen  shillings  a  hundredweight  on 
plate  and  flint  glass,  and  three  pounds  thirteen  shillings 
and  sixpence  on  crown.  With  such  enormous  duties 
on  one  of  the  modern  necessaries  of  life,  the  result  of 
ignorant  legislation,  it  was  impossible  for  this  country 
to  enter  into  fail'  competition  with  other  nations,  or 
even  to  keep  pace  with  a  rapidly  increasing  popula- 
tion. On  the  contrary,  despite  the  increase  in  popu- 
lation, and  the  still  greater  increase  in  wealth  in  the 
interim,  the  consumption  of  flint  and  plate  glass  in 
1813,  and  many  subsequent  years,  was  less  than  it 
had  been  in  1794,  when  the  duty  on  these  glasses  was 
only  one  pound  two  shillings  and  twopence  farthing  a 
hundredweight.  Again,  it  is  stated  by  the  late  Mr. 
Porter,  that  in  1801,  with  a  population  of  only  sixteen 
millions,  the  quantity  of  glass  used  was  three  hundred 
and  twenty-five  thousand  five  hundred  and  twenty-nine 
hundredweight ;  and  in  1833,  with  a  population  of 
twenty-five  millions,  the  quantity  was  no  more  than 
three  hundred  and  sixty-three  thousand  four  hundred 
and  sixty-eight  hundredweight — an  increase  of  one- 
eighth,  while  the  population  had  increased  in  the  pro- 
portion of  one-half. 

By  the  imposition  of  the  income-tax,  the  late  Sir 
Robert  Peel  was  enabled  to  abolish,  along  with  many 
other  injurious  indirect  taxes,  the  excise  duties  on  glass, 
which  were  repealed  from  the  5th  April,  1845;  and 
Macculloch  justly  remarks,  that  the  beneficial  in- 
fluence of  this  liberal  and  most  judicious  measure  is 
obvious  in  the  improved  quality,  the  increased  cheap- 
ness, and  greater  variety  of  descriptions  of  glass  in  the 
market.  At  the  meeting  of  the  Society  of  Arts,  in 
185G,  to  which  reference  has  already  been  made  in  the 
course  of  this  article,  Mr.  W.  A.  Swinburne,  of  the 
celebrated  glass-making  house  of  that  name,  alluded  to 
the  different  price  of  glass  in  former  times,  as  compared 
with  the  present ;  speaking  of  three  shillings  and  sixpence 
or  four  shillings  a  foot  as  having  been  paid  to  glaziers 
now  living  for  glazing  ordinary-sized  crown  glass  in 
sashes,  for  which  now,  perhaps,  only  as  many  pence 
could  be  obtained.  In  the  case  of  plate-glass,  he  held 
in  his  hand  a  tariff  used  by  their  house,  dated  1771, 
two  years  before  the  establishment  of  the  British  Plate- 
Glass  Company,  wherein  the  price  of  a  chimney  mirror 
fifty  inches  long  by  forty  inches  wide,  a  very  usual  size, 
and  now  in  common  demand,  was  quoted  at  sixty-one 
pounds  three  shillings !    The  price  of  this  plate  before 
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the  repeal  of  the  duty  in  1845,  was  nine  pounds  nine 
shillings  to  ten  pounds ;  after  the  repeal  of  the  duty, 
about  eight  pounds  ;  in  1854,  four  pounds  ten  shillings ; 
and  in  1855-6,  about  four  pounds  four  shillings.  So 
much  had  the  public  benefited  by  the  reduction  of  the 
price  of  glass. 

But,  as  may  be  supposed,  this  reduction  in  price,  as 
well  as  the  great  improvement  in  quality,  did  not 
solely  arise  from  the  mere  repeal  of  the  duties.  It 
arose  also,  in  great  measure,  from  the  removal  of  those 
intolerable  fetters  which  were  previously  imposed  on 
the  manufacturer  by  the  excise  regulations.  During 
the  excise  reign,  says  Mr.  Pellatt,  in  his  Curiosities 
of  Glass-making,  no  pot  could  be  moved  from  the  spot 
where  it  was  dried,  to  be  placed  in  the  annealing  arch, 
without  a  notice  in  writing  to  the  supervisor ;  a  second 
notice  was  required  for  gauging ;  a  third  for  setting  it  in 
the  furnace ;  again,  for  filling  the  pot ;  and  another  for 
lading  it  out ;  whilst  the  maker  was  forced  to  comply 
strictly  with  the  act  of  parliament,  by  giving  the  officer 
six  hours'  notice  for  each  of  these  intricate  and  vexa- 
tious requirements. 

Again,  with  reference  to  the  subject  of  annealing, 
the  same  able  writer  remarks : — When  the  excise  upon 
glass  existed,  the  lear  was  secured  by  fastenings  and 
locks — supplied  by  the  Government  officer  at  the 
expense  of  the  trader,  and  safely  secured  every  Friday 
or  Saturday,  and  not  re-opened  till  the  Monday  fol- 
lowing. During  the  whole  of  the  week,  the  officer  had 
the  surveillance  of  the  lear,  but  especially  of  the  sort- 
ing-room, at  the  delivery  end  of  the  lear,  which  was  only 
entered  at  the  stipulated  act  of  parliament  periods.  If 
a  link  forming  part  of  the  endless  chain  running  under 
the  lear,  connected  with  the  machinery  drawing  down 
the  pans,  accidentally  broke  in  the  night,  and  the  officer 
should  happen  to  be  absent — which  was  rather  the 
rule  than  the  exception — either  the  whole  works  must 
be  stopped,  or  some  mode  adopted  for  the  learman  to 
repair  the  mischief  not  strictly  in  keeping  with  the  act; 
so  that  while  the  principal  was  quietly  reposing  in  his  bed 
in  imaginary  security,  his  servant,  unknown  to  him,  had 
almost  necessarilyincurredruinousexcise  penalties.  The 
excise  officer  gauged  the  liquid  glass  in  the  pots,  which 
he  had  the  option  of  charging  by  weight,  at  a  specific 
gravity  of  32'00 ;  and  should  the  manufactured  annealed 
goods  ultimately  not  amount  to  two-fifths  of  that  estimate, 
he  had  to  pay  the  difference.  The  lear  charge  was  always 
considered  to  be  the  chief  security,  as  indeed  it  really 
was ;  still,  with  the  utmost  excise  vigilance,  the  trader 
occasionally  defrauded ;  but  owing  to  the  great  heat  of 
the  arch,  and  the  usual  excise  securities,  the  revenue 
was,  on  the  whole,  well  secured  at  the  lears.  Had  the 
lears  or  kiln  been  the  only  departments  of  the  works 
under  excise  survey,  the  manufacturer  would  not  have 
been  so  much  inconvenienced.  The  surveillance  of 
the  pots  was  his  chief  annoyance,  since  it  required  end- 
less trouble,  and  subjected  the  manufacturer  to  danger 
of  exchequer  prosecutions.  To  throw  into  the  pots 
ever  so  small  a  piece  of  metal,  during  the  working, 
incurred  a  penalty  of  fifty  pounds  for  every  offence. 
Neither  plate-glass  nor  bottle-glass  manufacturers  were 
subject  to  the  surveillance  of  the  pots :  this  made  it 
exclusively  injurious  to  the  flint-glass  maker,  and  was 
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almost  a  prohibition  of  alteration  of  tint,  or  experiments, 
and  consequent  improvements.  It  is  matter  of  astonish- 
ment how  flint-glass  works  existed  at  all,  under  such  a 
concentration  of  commercial  and  manufacturing  hinder- 
ances  as  were  imposed  by  the  excise  regulations ;  hap- 
pily, the  incubus  exists  only  in  reminiscence. 

While  the  greatest  stimulus  was  given  to  the  crown 
and  sheet  glass  manufacture  by  the  abolition  of  the 
duty  in  1845,  that  abolition  has  produced  a  somewhat 
paradoxical  result,  which  is  thus  stated  by  Mr.  Henky 
Chance  : — While  the  quantity  of  glass  made  has  in- 
creased in  the  proportion  of  three  to  one,  the  number 
of  manufacturing  firms  has  diminished  in  the  proportion 
of  one  to  two.  In  1844  there  were  fourteen  companies 
engaged  in  the  manufacture.  In  1846  and  1847,  fol- 
lowing the  repeal  of  the  duty,  the  number  had  increased 
to  twenty-four.  The  glass  trade,  after  the  removal  of 
the  heavy  burden  imposed  upon  it,  seemed  to  offer  a 
fair  opening  for  money  seeking  investment.  The  de- 
mand for  glass  was  so  great  that  the  manufacturers 
were  in  despair.  Glass-houses  sprung  up  like  mush- 
rooms. Joint-stock  companies  were  established  to 
satisfy  the  universal  craving  for  window  panes.  And 
what  was  the  result?  Of  the  four-and-tweuty  com- 
panies existing  in  the  year  1847,  there  were  left,  in 
1854,  but  ten.  At  this  time  there  are  but  seven  in  the 
whole  United  Kingdom.  Two,  established  in  Ireland, 
have  ceased  to  exist.  In  Scotland,  the  Dumbarton 
works,  once  famous,  were  closed  in  1831,  by  the  death 
of  the  partners,  afterwards  re-opened,  and  again  closed. 
The  seven  now  existing  are  all  English. 


While  thus  diminished  in  number,  the  immense 
extent  and  resources  of  the  principal  great  glass-houses 
now  existing  may  be  inferred  from  the  fact  already 
alluded  to,  namely,  that  the  firm  of  Chance  and 
Company  executed  the  large  order  in  sheet-glass  for 
the  Great  Exhibition  structure  of  1851  without  mate- 
rially affecting  their  power  of  executing  their  general 
orders.  In  such  immense  establishments,  experiments, 
now  untramelled  by  the  meddling  officiousness  of  an 
absurd  legislation,  can  be  executed  on  a  large  scale, 
and  vast  improvements  have  been  effected.  Minute, 
and  apparently  unimportant  changes,  perceptible  only 
to  those  near  at  hand,  have  in  silence  done  their 
work. 

Still,  as  one  of  the  eminent  members  of  the  firm 
above  referred  to  remarks,  the  development  both  of 
the  processes  and  applications  of  the  glass  manufacture 
is  incomplete.  Sir  Joseph  Paxton's  glass  arcade, 
stretching  over  the  streets  of  London,  and  Dr.  Sleigh's 
city  of  glass,  in  which  invalids  will  inhale  the  gentle 
air  of  Madeira, — these  are  faint  foreshadowings  of  the 
destiny  of  this  wonderful  substance.  And,  perhaps,  the 
day  may  come  when  some  future  chronicler  of  glass 
shall  smile  at  the  barbarians  of  the  nineteenth  century, 
who  could  not  make  window-glass  without  defects,  and 
shall  exhibit  those  defects  as  the  curiosities  of  a  by- 
gone age. 

The  annexed  table,  from  Maccclloch,  shows  the 
state  of  the  manufacture,  quantity  exported,  and 
amount  of  duties,  a  few  years  previous  to  their 
repeal  : — 


I.  Account  exhibiting  the  Quantities  of  the  different  descriptions  of  Glass  manufactured  during  each  of  the  Three  Tears  ending 
with  1842,  with  the  Quantities  exported,  the  Bates  and  Produce  of  the  Duties,  et  cetera. 


Description  of  Glass. 


Flint-Glass  1840 

Ditto,  1841 

Ditto,  1842 

Plate-glass,  1840 

Ditto  1841 

Ditto  1842 


Crown-glass, 

Ditto,  

Ditto,  . 


.  1840 
.  1841 
.  1842 

German  sheet-glass,  1840 

Ditto,  1841 

Ditto  1842 


Broad  sheet-glass,  . .  1840 

Ditto,  1841 

Ditto,  1842 

Common  bottle-glass,1840 

Ditto,  1841 

Ditto,  1842 


Cwts. 

104,889 
97,524 
83,653 

33,623 
27,639 
21,528 

129,978 
116,895 
97,495 
16,859 
20,855 
25,500 

9,051 


Quantity 
exported. 


Cwts. 

19,913 

20,516 
13,696 
Sq.feet. 
52,879 
121,113 
68,318 
Cwts. 
15,318 
19,118 
12'369 
8,219 
8,781 
7,701 

H 


Rate  of  Duty. 


^To  15th  May,  1840,  18s.  8d.) 
per  cwt. ;  since,  18s.  8d.  per  \~ 
cwt.  and  5  per  cent.  J 

To  15th  May,  1840,  £3  per 
cwt. ;  since,  £3  per  cwt.  and 
5  per  cent. 


525,574 
501,177 
390,482 


292,887 
310,937 
225,633 


f  To  15th  May,  1840.  £313s.6d.)      492,962  73,530 

■<  per  cwt, ;  since,  £3  13s.  6d.  t     451,064  92,070 

(per  cwt.  and  5  per  cent.         J      376,205  60  891 

f  To  15th  May,  1840,  £3 13s.6d. )       63,986  33,604 

■1  per  cwt. ;  since,  £3  13s.  6d.  >       80,473  36,876 

(per  cwt.  and  5  per  cent.         j        98,397  32,348 

To  15th  May,  1840,  £l  10s. 
J  per  cwt.  13,915 
j  To  15th  Aug.  1840,  £1  10s.  per  cwt.  and  5  per  cent. ; 
since,  £3  13s.  6d.  per  cwt.  and  5  per  cent. 


Gross 
Amount  of 
Duty. 


£ 

101,029 

95,565 
81,973 

104,117 

87,061 
67,812 


Drawback  on 
Glass  exported. 


£ 

21,199 
22,605 
15,098 

7,412 
17,483 
9,860 


(To  15th  May,  1840,  7s.  per) 
-C  cwt. ;  since,  7s.  per  cwt.  and  J- 
(5  per  cent.  j 


189,883 
184,174 
143,496 


103,926 
114,109 
82,915 


Nett  Amount  of 
Duty  (ISxcisi  ), 
nftor  (k'lluctiiiy 
dmwlmek  und 
other  legal  hIJow- 
imccs. 


£ 

79,830 
72,960 
06,875 

96,705 
69,578 
57,946 

417,497 
357,337 
313,323 
30,382 
43,597 
66,049 

13,913 


85,957 
70,065 
60,581 


Total  nett  revenue  collected  during  the  three  years  ending  with  1842,   £1,902,595 

Annual  average  nett  revenue  of  the  three  years  ending  with  1842,  £  634, 198 


All  kinds  of  glass  may  now  be  imported  free  of  duty, 
except  flint  cut  glass,  flint  colored  glass,  and  fancy 
ornamental  glass  of  every  description,  on  which  there 
remains  a  customs'  duty  of  ten  shillings  the  hundred- 


weight. The  residuary  customs'  duty  of  one  shilling 
and  sixpence  a  hundredweight  on  shades  and  cylinders, 
and  any  kind  of  window-glass,  white,  or  stained  of  one 
color  only,  expired  on  the  5th  April,  1857. 
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II.  A  return  of  the  Eates  of  Duty  on  Glass  in  1813,  with  the  Quantities  of  each  Kind  of  Glass  retained  for  Home  Use,  and  the 
aggregate  Nett  Revenue  in  each  Year,  from  1813  to  1842,  hoth  included,  noting  the  Periods  when  any  Alteration  of  the  Duty 
took  place,  and  the  Amount  of  such  Alterations. 


Flint. 

Plato. 

Crown. 

Gorman 
shoot. 

Broad. 

Common 
bottle. 

Rate  of  duty  ~> 
in  1813,  J. 
Per  cwt  j 

9c». 

88». 

73a.  6d. 

7S«.  60. 

30s. 

Ss.  2d. 

Total. 

Tears. 

Quantit 

es  of  gloss  retained  for  home  use. 

1813 
1814 
1815 
1816 
.  1817 
1818 

Cwts. 
23,370 
24,227 
24,911 
20,011 
22,117 
26,978 

Cwts. 
9,398 
6,778 
419 

1,739 
6,391 

Cwts. 

84,441 

84,251 

77,485 

56,151 

76,561 

88,893 

Cwts. 

Cwts. 
6,994 
8,628 
8,452 
6,140 
8,374 
8,319 

Cwts* 
47,350 
140,252 
129,461 
160,221 
123,881 
201,795 

Cwts. 
171,553 
264,136 
240,728 
242,523 
232,692 
332,376 

1819 

28,809 

6,473 

90,726 

8,267 

238,463 

372,738 

1820 
1821 
1822 
1823 
1824 

24,745 
21,927 
21,400 
21,829 
24,954 

8,735 
9,718 
9,562 
11,607 
13,543 

74,183 
86,384 
95,510 
101,392 
123,845 

7,782 
8,085 
8,353 
9,172 
9,295 

171,495 
137,117 
154,492 
198,456 
238,725 

286,940 
263,181 
289,317 
342,456 
410,362 

1825 

34,184 

15,082 

140,298 

8,347 

251,932 

449,843 

1826 
1827 

47,090 
46,6S8 

12,527 
14,209 

115,731 
114,381 

ft  1 1  Q 

7,611 

282,512 
239,794 

465,973 
422,683 

1828 

54,255 

17,096 

121,158 

6,970 

254,787 

454,266 

1829 
1830 
1831 

50,869 
49,353 
49,608 

13,925 
12,677 
14,373 

92,252 
80,926 
88,688 

6,864 
4,845 
5,915 

218,901 
180,945 
150,520 

382,811 
328,746 
299,104 

1832 

51,586 

11,554 

86,007 

179 

5,304 

158,719 

313,349 

1833 
1834 

54,818 
52,890 

13,893 
16,306 

105,134 
106,389 

6,306 
6,766 

164,000 
194,143 

344,151 
376,494 

1835 

43,936 

16,941 

111,651 

4,248 

5,847 

201,613 

384,236 

1836 
1837 
1838 
1839 

86,866 
78,121 
81,594 
82,309 

19,993 
21,640 
23,992 
26,465 

117,041 
101,309 
113,756 
113,340 

707 

2,262 
5,170 

7,629 
7,190 
6,575 
8,514 

249,145 
247,446 
243,046 
252,808 

480,674 
456,413 
471,225 
488,606 

1840 

82,486 

31,200 

111,316 

7,914 

9,049 

232,834 

473,799 

1841 
1842 

74,444 
68,098 

22,088 
18,396 

93,033 
81,715. 

11,298 
17,117 

190,257 
161,537 

391,120 
346,863 

Poriod  and  amount  of  alteration  of  duty. 


'From  5th  July,  1819,  the  duty  on] 
plate-glass  reduced  from  £4  18s.  to 
£3  per  cwt.  J 


'From  5th  July,  1825,  the  duty  of  £4 
18s.  on  flint-glass  repealed,  and  a 
new  duty  of  £12  10s.  for  every 
one  thousand  pounds  of  fluxed  ma- 
terials for  flint-glass  imposed. 


'From  5th  July,  1828,  the  duty  on  com-") 
mon  bottle-glass  reduced  in  Great 
Britain  from  8s.  2d.  to  7s.  per  cwt., 
and  the  duty  on  every  description 
of  glass  assimilated  throughout  the 
United  Kingdom. 


I From  10th  October,  1832,  the  duty] 
on  fluxed  materials  for  flint-glass  1 
reduced  from  £12  10s.  per  one  thou-  f- 
sand  pounds  to  20s.  tor  every  one  | 
hundred  pounds*  J 


("From  10th  October,  1835,  the  duty] 
J  on  fluxed  materials  for  flint-glass  re-  I 
I  duced  from  20s.  to  6s.  8d.  per  one  f 
[    hundred  pounds.  J 


'From  15th  May,  1840,  the  duty  on] 
every  description  of  glass  increased 
5  per  cent. ;  and  from  15th  August,  I 
1840,  the  duty  on  broad  glass  in-  I 
creased  from  £1  10s.  to  £3  13s.  6d. 
per  cwt. 


The  following  tabular  statement,  exhibiting  the 
amount  of  the  imports  of  the  different  kinds  of  glass 
enumerated,  for  the  three  years  ending  31st  December, 

1853. 

Window-Glass,  and  Shades  and  Cylinders,  Cwts.  27,577 

Plate-Glass,   Lbs.  221,304 

White  Flint-glass  Goods — except  bottles— not 

cut,  engraved,  or  otherwise  ornamented, ....  Lbs.  106,621 
All  Flint  Cut  Glass,  Flint  Colored  Glass,  and 

Fancy  Ornamented  Glass  Cwts.  6,893 

The  above  exports  refer  to  glass  of  foreign  and  colo- 
nial manufacture.  The  great  falling  of  in  these  exports 
during  the  years  1854  and  1855,  is  obviously  attribut- 

VOL.  II. 


1855,  and  the  exports  of  glass,  of  foreign  and  colonial 
manufacture,  during  the  same  period,  is  extracted  from 
the  Trade  and  Navigation  Returns  : — 

IMPORTS.  EXPOBTS. 

1854.         1855.  1853.         1854.  1855. 

31,639        25,420    5,485  3,012  1,126 

794,194      749,151    16,415        14,175  21,747 

358,472      378,065    15,980         4,584  3,039 

10,692         9,402    1,143  846  585 

able  to  the  war  with  Russia;  but  this  effect  scarcely 
appears  in  the  following  statement  of  the  exports  and 
declared  value  of  glass  of  British  manufacture: — 

2  t 
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Hundredweights  exported.  Declared  value. 


1853.         1854.  .      1855.                 1853.  1854.  1855. 

Flint-Glass                                                       47,548        53,072        39,283   £162,849  180,896  141,831 

"Window-Glass,                                                  39,158        34,522        21,473                  58,503  57,761  33,821 

Bottles,                                                          457,787    '  481,262      513,128                 248,458  274,832  279,620 

Plate-Glass— value  only,                                                                                            48,730  35,755  52,283 


£518,540    £549,244  £507,555 


It  is  worthy  of  remark,  that  in  the  year  1844,  the 
year  before  the  excise  duties  were  repealed,  and  with  all 
the  advantage  of  a  drawback,  the  total  exports  of  glass, 
of  British  manufacture,  were  only  of  the  declared  value 
of  twenty-six  thousand  six  hundred  and  ninety-four 
pounds ;  whereas,  it  will  be  seen  from  the  preceding 
table,  that  in  1855,  or  ten  years  after  the  repeal  of  the 
duties,  they  amounted  in  value  to  upwards  of  half  a 
million  sterling. 

GLYCERIN, — The  basic  principle  of  the  several  sub- 
stances contained  in  the  fats  of  animals,  as  also  of 
several  compounds  of  vegetal  origin,  has  been  called 
glycerin.  Scheele,  its  first  discoverer,  named  it  the 
sweet  principle  of  fat ;  but  since  then,  the  several  inves- 
tigators who  have  worked  upon  the  subject  have 
modified  this  title  to  that  above  given,  from  the  Greek 
word,  signifying  sweet.  As  already  noticed — see  vol. 
i.,  page  406 — this  body  has  not  as  yet  been  fully  inves- 
tigated, and  considerable  diversity  of  opinion  exists 
regarding  its  origin  and  nature.  It  is  generally  acknow- 
ledged to  be  an  oxide  of  a  compound  radical,  which, 
upon  the  decomposition  of  the  stearin,  margarin,  or 
olein  of  the  fats,  assimilates  water,  and  acquires  the 
composition  which  analysis  has  assigned  to  glycerin. 
Bespecting  the  nature  of  this  radical,  much  speculative 
reasoning  has  been  indulged  in.  Beezelius  designated 
it  lypyl,  and  contended  that  the  definite  bodies  in  the 
natural  fats  were  salts  of  the  fatty  acids,  with  the  oxide 
of  this  radical.  LowiG,  on  the  contrary,  with  whom 
many  concur,  terms  it  glycil ;  all,  however,  seem  to 
have  attributed  to  it  the  composition  C8  H2,  and  agree 
that,  by  the  assimilation  of  oxygen  and  the  elements  of 
water,  it  becomes  C6  H8  06  =  2  (O,  Hs)  +  02  +  4  HO. 

Beepaeation  and  Beopeeties. — Originally,  gly- 
cerin was  prepared  by  a  rather  troublesome  process,  and 
necessarily  in  small  quantity.  Olive  oil,  or  any  of  the  na- 
tural fats,  was  boiled  with  litharge — oxide  of  lead — and 
water,  till  saponification  was  effected ;  the  fluid  matter 
remaining  was  decanted,  and  submitted  to  the  action  of 
sulphide  of  hydrogen — HS — by  which  the  portion  of  the 
metallic  base  held  in  solution  was  precipitated  in  the  form 
of  sulphide.  After  filtration,  the  liquid  was  exposed  to 
careful  evaporation  under  212°,  till  all  the  water  was 
removed,  and  a  viscous  fluid  remained.  This  was  the 
glycerin.  Brepared  so,  it  is  a  faintly  yellowish  fluid, 
with  an  agreeable  sweet  taste ;  it  is  soluble  in  water, 
which  it  attracts  from  the  air,  and  likewise  in  alcohol, 
but  not  in  ether.  The  alkalies,  and  several  metallic 
oxides  and  salts,  more  especially  those  which  are  known 
to  deliquesce  in  the  air,  are  dissolved  by  it  to  such  an 
extent  that  it  ranks  next  to  water  in  solvent  power. 
With  acids  it  invariably  yields  acid  salts.  It  is  a  very 
stable  compound,  being  persistent  in  air ;  it  suffers  par- 
tial decomposition  when  slowly  distilled,  and  passes 
over  unchanged  when  a  temperature  of  from  500°  to 


600°  is  applied ;  but,  when  subjected  to  a  heat  beyond 
this,  it  is  entirely  transformed  into  another  definite 
body,  known  as  acrolein,  acetic  acid,  and  inflammable 
gases.  Thrown  upon  live  coals,  or  heated  in  contact 
with  air,  it  burns  with  a  blue  flame ;  heated  with  phos- 
phorus in  a  closed  tube,  it  yields  acrolein. 

When  largely  diluted  with  water  and  mixed  with 
yeast,  after  long  standing  at  a  temperature  between  68° 
and  85°,  it  yields,  according  to  Bedtenbachee,  a 
small  quantity  of  gas  and  metacetonic  or  propionic  acid 
— C6  H6  03  =  Cc  H8  Oe,  minus  three  equivalents  of 
water. 

Dobeeeinee  found  that,  by  the  action  of  spongy 
platinum,  it  was  converted  into  an  acid.  Concentrated 
nitric  acid  transforms  it  into  water,  carbonic,  and  oxalic 
acids  ;  and,  by  operating  upon  it  with  hydrochloric  acid 
and  binoxide  of  manganese,  formic  acid  is  produced 
by  cautiously  treating  it  with  dilute  sulphuric  acid. 
Vogel  states  that  it  may  be  converted  into  glucose, 
which  requires  confirmation,  for  the  tendency  is  for 
both  to  unite  and  form  an  acid  salt.  Pelouze  found 
this  to  be  the  case ;  for  on  mixing  one  part  of  con- 
centrated sulphuric  acid  with  half  a  part  of  glycerin, 
much  heat  was  developed,  and  glycero-sulphuric  acid 
resulted,  the  formula  of  which  was  ascertained  to  be 
C6  H,  06  S03,  HO  S03. 

Glycerin  is  heavier  than  water,  being  at  59°  of  the 
density  1 -28  ;  its  composition,  deduced  from  the  ana- 
lyses of  itself  and  its  salts  by  Belouze,  is : — 

Contcsimnlly. 

6  Eqs.  of  Carbon,   36    39-130 

7  Eqs.  of  Hydrogen,   7    7-609 

5  Eqs.  of  Oxygen,   40    43-478 

lEq.  of  Water,   9    9-783 


92  100-000 
Formula:— C6  H,  05,  HO  =  C6  H8  Oe. 

Until  the  late  investigations  of  Beethollet  it  was 
believed  that  glycerin  was  incapable  of  forming  neutral 
compounds  with  acids ;  but  from  these  researches  it  is 
evident  that  such  a  supposition  can  no  longer  be  enter- 
tained, since  synthetically  the  above-named  eminent 
chemist  produced  compounds  in  every  respect  identical 
with  the  natural  fats  both  of  animal  and  vegetal  origin, 
by  the  union  of  the  respective  acids  of  such  bodies  with 
glycerin.  He  found  that  this  base  is  capable  of  uniting 
with  one,  two,  or  three  equivalents  of  the  acids  respec- 
tively, the  triacid  body  being  similar  in  all  its  proper- 
ties to  the  natural  fat  of  which  such  acid  may  be  a 
component.  The  several  compounds  are  prepared  by 
heating  the  acid  and  glycerin  together,  during  three 
or  four  days,  in  close  vessels,  at  212°;  or  for  as  many 
hours,  at  a  temperature  varying  from  360°  to  about 
500°,  employing  an  excess  of  one  or  other  of  the  con- 
stituents, according  as  the  mono-di-  or  tri-acid  com- 
pound is  to  be  produced.    By  treating  the  mixture  of 
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fatty  acid  and  glycerin  with  hydrochloric,  sulphuric, 
phosphoric,  or  tartaric  acid,  in  a  close  vessel,  for  some 
hours,  at  the  boiling  point  of  water,  the  same  results 
are  obtained.  These  several  formations  are  attended 
with  the  separation  of  the  elements  of  water,  which, how- 
ever, does  not  take  place  in  proportion  to  the  equiva- 


Until  within  the  last  few  years,  glycerin  was  invested 
only  with  scientific  interest,  and  its  production  was  of 
rare  occurrence  ;  now,  however,  it  has  acquired  consi- 
derable repute,  and  is  manufactured  in  large  quantities. 
In  medicine  it  is  calculated  to  render  very  great  ser- 
vices as  a  vehicle  for  exhibiting  the  various  remedies, 
besides  being  itself  a  specific  for  many  ailments. 
Under  certain  circumstances,  it  acts  as  a  valuable  anti- 
septic, and  a  solvent  in  the  cure  of  many  kinds  of 
urinary  calculi.  In  perfumery  and  cosmetics  its  use  is 
daily  extending,  being,  on  account  of  its  emollient 
qualities  and  freedom  from  greasiness,  an  admirable 
ingredient  for  soaps,  pomade,  hair  tonic,  et  cetera. 
Photographers  likewise  have  latterly  employed  it  with 
success.  In  these  and  several  other  appliances  it  is 
likely  that  in  a  short  time  its  consumption  will  he 
much  greater  than  at  present,  although  it  has  already 
been  manufactured  extensively. 

Several  modified  processes  are  pursued  to  obtain  it, 
some  of  which  may  be  briefly  noticed.  As  already  stated, 
it  was  procured  as  a  secondary  product  in  the  manu- 
facture of  lead  plaster.  Equal  parts  of  powdered 
litharge  and  olivo  oil  were  mixed  with  water,  and 
the  mixture  boiled  till  a  plombiferous  soap  resulted 
from  the  combination  of  the  oleic  and  other  fatty 
acids  and  metallic  oxide.  During  the  ebullition,  the 
contents  of  the  vessel  were  kept  stirred,  and  water 
supplied  from  time  to  time,  to  make  up  the  loss  by 
evaporation.  When  the  yellow  color  of  the  litharge 
disappeared,  and  the  mass  looked  white  and  homo- 
geneous, the  fire  was  removed,  and  the  liquid  por- 
tion decanted,  and  afterwards  treated  with  sulphide 
of  hydrogen,  as  long  as  any  precipitation  occurred.  A 
succeeding  filtration  removed  the  metallic  sulphide, 
and  after  this  the  liquid  was  evaporated  at  a  water- 
bath  heat,  and  finally  in  an  exhausted  receiver  over 
sulphuric  acid.  When  the  evaporation  is  performed 
in  contact  with  the  air,  the  fluid  acquires  a  brownish 
tinge.  Jahn's  process  is  similar  to  the  foregoing, 
only  that  the  proportion  of  the  substances  is  varied. 
Instead  of  equal  quantities,  ho  takes  five  parts  of 
litharge  and  nine  of  olive  oil,  and  proceeds  with  them 
as  described,  and  boils  the  soap  with  water  three 
successive  times,  decanting  and  mixing  the  three  solu- 
tions together.  The  color  is  removed  by  filtration 
through  animal  charcoal,  or  by  digesting  the  weak 


lents  of  acid  which  combines  with  the  glycerin,  though 
the  analogous  compounds  of  each  of  the  fatty  acids 
correspond  in  this  respect.  This  disposition  of  the 
bodies  will  be  better  understood  by  collating  the  sym- 
bols of  the  several  fats  and  then-  constituents,  as  in  the 
following : — 


Stearic  nc id. 

Glycerin. 

+ 

-  2  no. 

2  (Cso  H3G  04) 

+ 

11.. 

o6 

—   2  HO. 

3  (C36  H3G  04) 

+ 

He 

o6 

—   6  HO. 

Mnrgaric  acid. 

+ 

H8 

o6 

—   2  HO. 

3  (C34  H34  04 

+ 

H8 

o8 

—   6  HO. 

Oleic  acid. 

+ 

c6 

Ha 

o6 

—   2  HO. 

2  (0M  Us,  08) 

+ 

& 

—   2  HO. 

3  (C30  H34  Ob) 

+ 

& 

o6 

—   6  HO. 

liquor  with  a  mixture  of  animal  and  freshly-prepared 
wood  or  peat  charcoal,  filtering  and  concentrating  in 
the  usual  way.  By  this  course,  he  obtained  about 
seven  ounces  of  glycerin  from  the  above  quantity  of 
materials.  Glycerin  can  be  obtained  from  the  mother 
liquor  of  the  soap  factories,  by  adding  to  it  a  slight 
excess  of  sulphuric  acid,  heating  the  solution  with 
carbonate  of  baryta,  filtering,  and,  after  the  filtrate  has 
been  concentrated  by  evaporation,  extracting  the  gly- 
cerin with  alcohol.  On  distilling  off  the  spirit,  the 
glycerin  remains.  It  may  likewise  be  readily  prepared 
by  dissolving  castor  oil  in  absolute  alcohol,  and  passing 
hydrochloric  acid  gas  through  the  fluid.  The  fatty 
ethers  are  washed  away  by  -water,  and  the  residuary 
fluid  affords  the  glycerin  in  a  state  of  purity  on  evapo- 
ration. Any  adhering  fatty  matter  is  separated  by 
digesting  the  liquid  in  ether,  and  decanting  the  latter. 

Cap's  process  for  the  manufacture  of  glycerin  from 
the  mother  waters  of  the  saponification  of  stearin  with 
lime  in  the  manufacture  of  stearic  acid  candles,  is  as 
follows  : — The  liquid  drawn  off  from  the  lime-soap  is 
reduced  by  evaporation  in  steam  kettles  over  a  naked 
fire ;  and,  after  ascertaining  how  much  lime  is  present, 
by  precipitating  a  certain  bulk  with  oxalate  of  ammonia, 
collecting  the  precipitate,  drying,  burning,  and  weighing 
it,  with  the  requisite  precautions,  the  necessary  quantity 
of  sulphuric  acid  to  combine  with  the  lime  is  added, 
when  sulphate  of  lime  falls. 

After  its  subsidence,  the  clear  liquid  is  decanted  into 
another  receptacle,  in  which  it  is  boiled  out  of  contact 
with  the  air,  and  stirred  at  the  same  time  by  some 
mechanical  arrangement.  This  ebullition  expels  all 
the  volatile  fatty  impurities  which  may  be  present,  and, 
consequently,  the  liquid  loses  both  color  and  odor.  As 
soon  as  the  solution  arrives  at  a  density  of  14°  Twad- 
dell,  it  is  allowed  to  cool,  when  the  precipitation  of  a 
further  portion  of  sulphate  of  lime  occurs.  Should  an 
excess  of  acid  be  present,  as  may  be  known  by  its 
action  on  tincture  of  litmus,  some  chalk  or  powdered 
limestone  must  be  added  fractionally  till  the  liquid  is 
neutral.  After  this  the  boiling  is  continued  as  before 
out  of  contact  with  air,  during  which  time  the  contents 
of  the  vessel  must  be  actively  stirred,  till  the  solution 
marks  37  '5°  Twaddell.  The  sulphate  and  carbonate  of 
lime  are  now  collected  on  a  filter,  and  the  filtrate  reduced 
by  evaporation,  till,  upon  cooling,  it  marks  49°,  care 


Monostearin,   C42  H42  08  = 

Bistearin,   C78  H78  012  = 

Tri  or  Tor-stearin,   CJl4  H114  012  =a 

Monomargarin,   C40  H40  Og  = 

Bimargavin,  

Trimargarin,   C103  H104  012  = 

Monolein,   C42  II40  08  — 

Biolein,   C78  H74  0I2  = 

Triolein,   Cn4  H104  012  = 
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being  taken  to  keep  it  well  agitated  during  the  time.  If 
any  further  quantity  of  sulphate  of  lime  falls,  a  repetition 
of  the  filtration  is  necessary.  To  remove  the  tinge, 
the  fluid  is  passed  through  washed  animal  charcoal  or 
bone  black,  when  a  pure  colorless  solution  of  glycerin 
is  obtained,  marking  45° ;  and,  by  carefully  concentrat- 
ing it  further,  a  fourth  of  its  weight  of  water  may  be 
removed,  when  the  residuary  sirupy  fluid  indicates 
51-2°  TwaddeU.  According  to  Wilson,  the  product 
thus  obtained,  though  superior  to  that  manufactured 
by  the  old  process,  is  not  absolutely  pure,  no  matter 
how  much  care  is  taken  in  conducting  the  operations. 

A  much  more  economical  process  is  that  introduced 
by  Tilghmann  in  1854.  By  this  process  the  fatty 
bodies  are  broken  up  into  acid  and  basic  substances, 
through  the  agency  of  heat,  pressure,  and  steam,  as 
described  at  page  433,  vol.  i.,  and  form  separate  layers 
in  the  recipient,  into  which  the  products  flow  from  the 
condenser.  The  glycerin,  which  is  the  heavier  of  the 
two,  forms  the  lower  stratum,  and  the  fatty  acids  the 
upper ;  the  latter  can  be  readily  separated  mechanically, 
and  the  former  left  devoid  of  any  other  impurity  ex- 
cepting water.  By  careful  concentration,  the  aqueous 
matter  may  be  expelled,  and  the  product  obtained  of  a 
specific  gravity  of  T24,  and  containing  only  four  per 
cent,  of  moisture ;  but,  by  prolonging  the  operation, 
two  per  cent,  more  of  water  may  be  removed,  and  the 
pure  glycerin  is  left  of  a  density  =  1-2G0.  Wilson, 
by  injecting  superheated  steam  into  a  hot  solution 
of  fat,  succeeded  in  effecting  the  decomposition  of  the 
latter,  and  at  the  same  time  the  fatty  acid  and  glycerin 
are  carried  over  into  the  receiver,  where  they  form  two 
layers,  as  in  the  preceding  instance,  and  capable  of 
being  readily  separated. 

Analysis. — The  analysis  of  glycerin  demands  all 
the  expertness  of  the  practical  chemist.  It  may  be 
accomplished  by  submitting  it,  or  some  one  of  its 
more  definite  and  permanent  salts,  to  combustion  with 
oxide  of  copper  or  chromate  of  lead.  If  a  salt  of  this 
base  with  baryta  or  lime  be  the  subject,  it  may  be 
mixed  with  the  powdered  oxidizing  agent,  introduced 
into  the  combustion  tube,  and  burned  in  the  usual 
way;  but  when  glycerin  per  se  is  to  be  analysed,  it 
must  be  inserted  into  small  glass  bulbs,  the  aper- 
tures of  which  are  drawn  out  to  a  fine  point,  and  two 
or  three  of  the  latter  introduced  into  the  combustion 
tube,  placing  three  or  four  inches  of  the  oxidizing 
agent  between  them.  From  five  to  ten  grains  will  be 
sufficient  for  the  analysis.  Attention  should  be  paid 
to  inserting  the  bulbs,  so  that  the  aperture  of  each  may 
open  towards  the  sealed  end  of  the  tube,  in  order  that 
the  fluid  may  have  to  traverse  through  a  longer  portion, 
and  come  in  contact  with  more  of  the  oxidizing  agent 
than  if  the  bulb  part  was  dropped  in  first.  By  this 
means,  a  more  thorough  oxidation  of  the  elements  is 
insured.  The  water  and  carbonic  acid  produced  during 
the  burning  are  severally  arrested  by  chloride  of  cal- 
cium and  hydrate  of  potassa  in  the  usual  way,  and 
their  quantity  determined.  When  operating  upon 
liquid  substances  generally,  the  combustion  tube  should 
be  longer  than  when  required  for  solid  bodies,  to  pre- 
sent a  greater  oxidizing  surface  to  the  vapor  as  it 
passes  off. 


Glycerin  cannot  be  readily  detected  in  animal  fluids, 
unless  it  be  present  in  such  quantity  as  will  permit  its 
being  extracted  and  subjected  to  an  elementary  analysis ; 
but  as  it  is  exceedingly  difficult,  or  nearly  impossible, 
to  isolate  it  pure  when  associated  with  other  animal 
matters,  this  method  can  rarely  be  successful.  A 
characteristic  test  remains,  however,  whereby  the  pre- 
sence of  glycerin  may  be  ascertained,«n  the  peculiar 
bodies  to  which  it  resolves  itself  on  being  decomposed 
by  heat.  The  most  remarkable  of  these  is  acrolein — a 
substance  possessing  such  an  intense  and  marked  odor 
as  to  render  it  unmistakable.  When,  therefore,  the 
substance  suspected  as  glycerin,  after  being  deprived 
as  far  as  possible  of  all  impurities,  is  rapidly  heated 
either  per  se  or  with  a  little  anhydrous  phosphoric  acid, 
an  acrid  pungent  odor,  somewhat  analogous  to  that  of 
the  wick  of  an  extinguished  candle,  is  evolved,  and 
this  is  sufficient  proof  of  the  presence  of  glycerin. 

GOLD.  —  Or,  French;  Gold,  German;  Aunim, 
Latin.  —  This  most  precious  of  the  metals,  so  highly 
esteemed  on  account  of  its  rarity,  beauty,  high 
specific  gravity,  non-liability  to  tarnish  or  oxidize,  and 
consequent  admirable  adaptation,  both  as  a  medium  of 
exchange,  and  for  articles  of  ornament,  has  been  known 
and  prized  from  the  most  remote  antiquity.  In  its 
pure  state,  it  is  of  a  rich  yellow  color,  high  metallic 
lustre,  but  nearly  as  soft  as  lead,  so  that  it  cannot  be 
used  in  a  state  of  absolute  purity  either  for  jewellery  or 
coinage.  It  is  the  most  malleable  of  metals,  and  with 
the  single  exception  of  platinum,  it  is  the  heaviest  body 
in  nature,  being  nearly  twenty  times  the  weight  of  its 
bulk  in  water.  Gold  is  almost  always  found  in  the 
metallic  state,  and  in  this  form  is  largely  diffused  over 
the  earth;  but  in  many  localities  it  occurs  in  such 
minute  and  widely-scattered  fragments,  that  it  will  not 
pay  for  working  expenses.  It  is  found  in  many  forms — ■ 
in  masses,  lumps,  fragments  or  nuggets,  dendritical 
threads,  scales,  dust,  and  infinitesimally  mixed  with 
the  auriferous  quartz  ;  but  almost  always  mechanically 
mixed,  and  not  chemically,  as  with  other  metallic 
ores.  Hence,  the  operations  for  extracting  it  from  its 
deposits  differ  from  those  required  by  almost  every 
other  metal,  in  being  for  the  most  part  purely  mechani- 
cal. They  chiefly  consist  in  pulverization  and  washing 
— the  high  specific  gravity  of  the  metal  greatly  facilitat- 
ing the  latter  process.  But  thoroughly  to  extract  the 
gold,  amalgamation  is  often  resorted  to — a  quantity  of 
mercury  being  mixed  with  the  ore,  which  forms  an  amal- 
gam with  the  gold,  and  is  afterwards  expelled  by  distil- 
lation. If  copper  and  silver  be  present,  which  is 
generally  the  case,  the  former  is  removed  by  cupellation, 
and  the  latter  by  a  process  termed  parting.  These 
operations  will  be  fully  described  under  their  proper 
heads.  They  have  merely  been  referred  to  at  present 
to  explain  the  incidental  allusions  to  the  metallurgical 
department  of  the  subject,  which  cannot  be  entirely 
avoided  in  detailing  the  history  of  the  metal,  and  of 
modern  gold  discoveries. 

Historical  Notice. — From  the  circumstance  that 
gold  occurs  in  the  metallic  state,  often  mixed  with  the 
superficial  soil  and  sands  of  rivers,  it  was  probably  the 
first  of  the  metals  known  to  man.  Accordingly,  one 
learns  from  the  sacred  record,  that  gold  existed  in  that 
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part  of  the  earth's  surface  which  was  first  prepared  as 
the  dwelling  of  the  human  race.  Moses  states,  that 
the  land  of  Havilah,  encompassed  by  one  of  the  four 
rivers  which  watered  the  garden  of  Eden,  not  only  pos- 
sessed gold,  but  gold  of  a  superior  quality ;  and  Job, 
who  is  supposed  to  have  written  about  1800  years 
before  the  Christian  era,  alludes  to  the  earth  having 
dust  of  gold.  With  reference  to  the  remark  of  Moses, 
that  the  gold  of  the  land  of  Havilah  was  good,  Mr. 
Napier  of  Glasgow,  in  a  recent  publication  on  the 
Ancient  Workers  and  Artificers  of  Metals,  justly  re- 
gards it  as  warranting  two  inferences ;  first,  that  gold 
had  been  found  in  other  localities  than  the  one  referred 
to ;  and,  second,  that  different  qualities  of  gold  were 
known  in  the  time  of  Moses.  But  as  this,  like  the 
other  metals,  is  an  elementary  substance,  and  not  a 
compound,  it  follows  that  all  gold,  when  pure,  must  be 
of  the  same  quality.  Hence  the  further  inference,  that 
the  workers  in  metal  in  the  time  of  Moses,  with  all  the 
acknowledged  skill  of  the  ancients  in  metallurgy,  were  not 
acquainted  with  the  method  of  reducing  gold  to  a  state  of 
absolute  purity.  That  they  were  acquainted  with  the 
refining  of  the  precious  metals  to  a  certain  extent,  plainly 
appears  from  different  passages  in  the  Old  Testament, 
in  which  familiar  allusion  is  made  to  this  operation; 
and  made,  too,  in  terms  which  seem  to  imply  that  the 
methods  then  adopted  were  in  many  respects  similar 
to  those  now  employed.  Silver  and  gold  are  purified 
or  separated  from  foreign  ingredients  by  much  the  same 
processes ;  a  knowledge  of  the  one  implies  a  knowledge 
of  the  other ;  and  Job  says,  surely  there  is  a  mine  for 
silver,  and  a  place  for  gold,  which  men  refine ;  while 
David  compares  the  words  of  the  Lord  to  silver  tried 
in  a  furnace  of  earth,  purified  many  times.  Malachi 
is  still  more  particular  when,  in  comparing  the  Judge 
of  all  the  earth  to  a  refiner's  fire,  lie  says ;  he  shall  sit 
as  a  refiner  and  purifier  of  silver,  and  he  shall  purify 
th  e  sons  of  Levi,  and  cleanse  them  as  gold  and  silver. 
Here  there  is  an  evident  allusion  to  the  last  operation 
required  in  the  refining  of  silver — that  of  cupellation — 
during  which  the  refiner  must  place  himself  at  the  fur- 
nace, and  watch  till  the  metal  emits  a  bright  flash, 
which  indicates  that  the  process  is  finished.  Gold,  as 
will  be  afterwards  explained,  is  submitted  to  the  same 
operation  ;  but  it  requires  a  further  treatment  to  free  it 
from  the  silver  with  which  it  is  invariably  mixed  to  a 
greater  or  less  extent;  and  this  operation,  known  as 
parting,  is  the  only  process,  essential  to  the  perfect 
purification  of  gold,  which  does  not  seem  to  have  been 
known  to  the  ancients.  There  is,  at  least,  no  evidence 
that  they  were  acquainted  with  this  process ;  but  rather 
the  contrary,  from  the  words  of  Moses,  which  indicate 
that  gold  from  different  sources  was  then  believed  to 
possess  essentially  different  qualities ;  although,  it  is 
true,  that  the  sacred  historian  may  refer  to  the  different 
states  of  purity  in  which  the  metal  was  found. 

The  small  per  centage  of  silver  which  is  frequently 
found  in  gold  in  the  native  state,  detracts  but  little 
from  its  beauty  or  value  ;  and  as  the  ancients  appear  to 
have  been  well  acquainted  with  the  methods  of  sepa- 
rating it  from  other  ingredients,  there  is  little  doubt 
that  a  large  proportion  of  their  gold  approached  to  a 
state  of  purity.    On  the  other  hand,  it  is  frequently 


found  combined,  or  mechanically  mixed,  with  a  very 
considerable  amount  of  silver;  and  hence  it  may  be 
presumed,  that  much  of  the  gold  in  circulation  among 
the  ancients,  was  merely  an  alloy  of  these  two  metals 
in  those  proportions  in  which  they  are  found  in  nature. 
This  view  of  the  subject  is  not  only  rendered  probable 
by  the  frequent  allusions  to  fine  gold,  and  to  gold  of 
different  qualities  obtained  from  certain  specified  sources, 
such  as  the  gold  of  Ophir,  gold  of  Parvaim,  gold  from 
the  North,  et  cetera ;  but  it  is  confirmed  by  the  fact, 
that  the  ancients  had  a  special  name  for  the  alloy  pro- 
duced by  the  mixture.  This  alloy  they  termed  elect- 
rum,  which  Pliny  states  to  have  been  made  artificially 
by  mixing  four  parts  of  gold  and  one  of  silver.  Now, 
it  is  worthy  of  notice,  that  this  is  about  the  mean  propor- 
tion in  which  the  admixture  is  found  native  in  many 
auriferous  localities ;  and  hence  it  may  be  presumed, 
that  the  alloy  termed  electrum,  for  which  the  moderns 
have  no  distinguishing  name,  was  formed  by  the  an- 
cients artificially  to  imitate  a  large  proportion  of  the 
gold  which  was  then  in  circulation,  separated  from  all 
its  native  impurities,  except  the  silver.  Beckmann, 
who  states  positively  that  the  ancients  were  not  acquaint- 
ed with  the  art  of  separating  gold  and  silver,  affirms 
that  they  used  the  electrum  as  a  peculiar  metal ;  and 
Napier  is  at  the  pains  to  argue,  that  since  they  made  it 
artificially,  it  could  not  have  been  considered  by  them 
a  distinct  metal.  But  Beckmann  evidently  means  that 
they  regarded  the  mixture  in  the  same  light  as  brass, 
bronze,  German  silver,  and  other  useful  alloys  are 
viewed  in  the  present  day. 

On  the  whole,  there  is  strong  ground  for  believing 
that  the  ancients  were  unacquainted  with  the  method 
of  parting  these  noble  metals — the  difficulty  arising 
from  the  fact,  that  both  of  them  refuse  to  be  oxidized 
in  the  furnace ;  and  yet,  there  is  a  shade  of  doubt  on 
the  subject,  which  renders  it  peculiarly  interesting  to 
the  archaeologist.  Nitric  acid  is  said  to  have  been  un- 
known until  it  was  discovered  by  the  alchemists  in  the 
thirteenth  century ;  and  yet,  Mr.  Herapath,  of  Bristol, 
has  lately  discovered  that  the  markings  on  a  piece  of 
mummy  cloth  were  made  with  a  solution  of  silver, 
which  he  concludes  to  have  been  the  nitrate,  or  common 
marking  ink.  Indeed,  there  is  some  ground  for  believ- 
ing that  the  ancient  Egyptians  were  acquainted  with 
both  nitric  and  sulphuric  acids,  with  either  of  which  the 
operation  of  parting  is  performed;  and  in  that  case, 
they  could  not  be  ignorant  of  the  fact  that  nitric  acid 
dissolves  silver,  and  that  it  is  without  effect  upon  gold. 
On  the  other  hand,  it  is  difficult  to  suppose,  that  if  these 
things  were  known  to  the  Egyptians,  they  should  not 
have  been  known  to  other  nations,  and  more  espe- 
cially to  the  Hebrews. 

But  whatever  doubt  may  rest  on  this  point,  it  is  cer- 
tain that  the  ancients,  in  later  times  at  least,  were 
acquainted  with  the  method  of  extracting  gold  and 
silver  from  the  ores  or  earths  by  amalgamation,  for  this 
process  is  mentioned  both  by  Vitruvius  and  Pliny, 
writers  who  lived  about  the  beginning  of  the  Chris- 
tian era;  and,  indeed,  it  is  described  by  Pliny'  in 
terms  which  show  that  it  was  practised  nearly  in  the 
same  manner  as  at  the  present  day.  The  mercury 
employed  in  this  operation,  merely  combines  with  tho 
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metals  in  the  earths  with  which  it  is  mixed,  and  these 
must  afterwards  be  separated  by  other  processes. 

Both  gold  and  silver,  more  or  less  pure,  were  used 
by  the  ancients  for  articles  of  ornament  and  utility,  as 
well  as  for  money.  Many  of  the  vessels,  and  much  of 
the  sacred  furniture  of  Solomon's  magnificent  temple, 
were  made  of  gold.  It  is  stated  also,  that  in  forming 
the  tabernacle  in  the  wilderness,  gold  was  beat  into 
thin  plates,  and  cut  into  wires  or  threads  to  work  it  in 
the  fine  linen,  from  which  it  appears  that  the  Israelites 
had  learned  from  their  masters,  the  Egyptians,  the  art 
of  gold-beating — an  art  in  which,  Wilkins  states,  in 
his  Ancient  Egypt,  the  latter  were  well  skilled. 

Gold  was  also  in  great  demand  among  the  heathens, 
for  the  statues  of  their  gods  or  idols ;  and  some  of  these 
are  mentioned  by  Herodotus  and  other  historians  as 
of  immense  magnitude.  In  connection  with  this  sub- 
ject, the  golden  calf  which  was  made  by  Aaron  in 
the  wilderness,  has  furnished  a  curious  subject  of 
controversy  to  modern  commentators.  With  reference 
to  this  object  of  idolatrous  worship,  it  is  recorded 
that  Moses  took  the  calf,  and  burned  it  with  fire,  and 
ground  it  to  powder,  and  strewed  it  upon  the  water, 
and  made  the  children  of  Israel  drink  of  it.  In 
another  passage  it  is  stated,  that  he  stamped  it,  and 
ground  it  very  small,  even  until  it  was  as  small  as  dust. 
Now,  the  difficulty  connected  with  this  passage,  which 
has  so  much  perplexed  well-meaning  commentators,  is 
the  fact,  that  gold,  however  strongly  heated,  is  incap- 
able of  being  reduced  to  powder  by  mere  stamping  or 
grinding.  It  is,  as  already  stated,  the  most  malleable 
of  the  metals,  and  is  only  flattened  by  stamping.  Hence 
it  has  been  affirmed  by  Dr.  Kitto,  on  the  authority  of 
Goguet,  and  reiterated  by  other  commentators  as  a 
great  discovery,  that  Moses  was  acquainted  with  the 
wonderful  powers  of  natron  as  a  solvent  of  gold,  and 
that  the  golden  calf  was  either  burned  with  natron,  or 
was  heated  in  the  fire  to  accelerate  the  action  of  that 
solvent.  Unfortunately,  however,  it  so  happens  that 
natron  or  carbonate  of  soda  has  no  such  action  upon 
gold  as  that  which  is  ignorantly  attributed  to  it  by  these 
writers  ;  moreover,  there  is  no  mention  of  any  solvent 
being  used,  or  of  any  intention  on  the  part  of  Moses  to 
communicate  to  the  water  with  which  the  gold  was 
mixed  a  nauseous  taste,  though  this  appears  to  bo  the 
principal  object  of  the  commentators.  In  fact,  as 
Napier  justly  remarks,  the  whole  chemical  or  metal- 
lurgical difficulty,  if  any  such  exists,  may  be  got  over, 
by  merely  assuming  that  Moses  fused  the  gold  in  the 
fire  to  east  it  into  ingots,  which  were  afterwards  beat 
out  into  thin  plates  or  leaves,  and  then  would  readily 
admit  of  being  reduced  to  powder — a  process  which  is 
practised  at  the  present  day  to  procure  an  impalpable 
gold  dust  employed  for  various  purposes. 

Although  it  can  scarcely  be  supposed  that  the  total 
amount  of  gold  in  circulation  in  ancient  times  was  so 
great  as  at  present,  yet,  from  the  practice  of  hoarding 
the  precious  metals  which  then  prevailed,  and  from 
the  limited  commercial  intercourse  which  then  existed, 
it  6eems  to  have  accumulated  in  some  countries,  and 
in  particular  circumstances,  to  an  incredible  extent. 
Conquerors  were  accustomed  to  carry  oft'  all  the  gold 
they  could  collect  or  extort  from  the  subdued  nations  ; 


and  thus,  after  a  series  of  successes,  the  coffers  of  the 
victorious  monarch  and  his  subjects  became  replenished 
with  treasure.  Hence  the  vast  amount  of  the  precious 
metals  which  poured  into  Rome  from  the  provinces, 
when  she  ruled  the  world.  Hence  also  the  enormous 
accumulation  of  gold  and  silver  which  King  David 
is  recorded  to  have  collected  during  his  lifetime  for 
building  the  temple — an  amount  which  has  been  esti- 
mated at  not  less  than  nine  hundred  million  pounds 
sterling,  being  more  than  all  that  has  been  raised  in 
all  the  mines  in  the  known  world  during  the  last  fifty 
years.  It  is  scarcely  possible  to  avoid  the  suspicion 
that  some  error  has  crept  into  the  calculations  by 
which  this  astounding  result  is  arrived  at ;  but  still  it 
is  quite  certain  that  immense  quantities  both  of  gold 
and  silver  were  often  accumulated  in  ancient  times ; 
and  to  this  day  no  inconsiderable  mystery  hangs  over 
the  sources  from  which  these  treasures  were  derived. 
Any  little  knowledge  that  is  possessed  on  this  subject 
will  be  mentioned  in  enumerating  the  auriferous  or 
gold-producing  localities  known  at  the  present  day. 

It  is  probable  that  with  the  decline  of  the  Roman 
Empire,  the  art  of  extracting  and  refining  the  precious 
metals,  like  other  arts,  became  to  a  great  extent  lost 
in  the  darkness  of  mediceval  barbarism.  It  was  then, 
however,  that  a  new  art  began  to  appear,  which  aimed 
at  a  still  higher  object,  and  which,  however  chimerical 
in  its  pursuits,  struck  out  many  important  incidental 
discoveries,  and  contributed  largely  to  prepare  the  way 
for  the  triumphs  of  modern  chemistry.  Any  account 
of  the  history  of  gold  would  be  incomplete  which  did 
not  make  some  allusion  to  Alchemy — the  chemistry  of 
the  middle  ages — by  which  was  elaborated,  not  gold 
indeed,  but  much  of  the  apparatus  and  many  of  the 
principles  of  a  science  which  is  infinitely  more  impor- 
tant to  the  human  race  than  gold  itself.  The  object 
of  alchemy  was  not  the  refining  of  the  precious  metals, 
but  their  multiplication,  by  the  transmutation  of  the 
baser  metals  into  gold  and  silver.  This  pursuit,  which 
may  be  termed  sordid,  when  viewed  in  the  light  of  the 
motives  by  which  it  was  animated,  continued  through 
long  centuries  of  darkness  to  lead  the  philosophical 
world  on  an  ignis  fatuus  chase,  terminating  in  disap- 
pointment and  misery.  Hermes  Trismegistus,  who 
is  said  to  have  lived  in  the  year  of  the  world  207G,  has 
generally  been  quoted  as  the  oldest  of  the  alchemists  ; 
but  there  can  be  little  doubt  that  the  writings  attri- 
buted to  him  are  entirely  spurious.  The  next  great 
name  in  the  history  of  alchemy  was  Geher  the  Ara- 
bian, who  is  supposed  to  have  lived  not  later  than  the 
seventh  century  of  the  Christian  era.  A  work  on 
alchemy,  in  three  books,  bearing  the  name  of  this 
philosopher,  was  published  at  Strasburg  in  1520,  and 
shows  a  considerable  knowledge  of  the  chemical  pro- 
perties of  gold.  This  metal  was  termed  by  the  alche- 
mists Sol,  the  sun — and  silver,  Luna,  the  moon.  Medi- 
cal preparations  of  gold  were  termed  solar,  and  those 
of  silver,  lunar  medicines.  One  of  the  chapters  of  the 
work  attributed  to  Geiser  is  devoted  to  The  Alchemic 
of  Sol ;  and  after  descanting  upon  different  means  of 
refining  and  dissolving  gold,  the  author  describes  several 
solar  medicines,  which  are  all  solutions  of  gold  in  uitro- 
hydrochloric  acid,  with  the  addition  of  quicksilver  or 
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mercury,  common  salt  or  chloride  of  sodium,  and  some 
other  saline  matters.  If  the  work  he  genuine,  there- 
fore— a  point,  however,  on  which  considerable  doubt 
rests — nitre-hydrochloric  acid  was  known  as  the  solvent 
of  gold  in  the  seventh  century.  It  was  certainly  known 
as  such  not  later  than  the  fifteenth,  and  was  termed  by 
the  alchemists  aqua  regia,  or  the  royal  solvent,  from 
the  circumstance  that  gold  was  regarded  by  them  as 
the  king  of  metals.  They  esteemed  it,  indeed,  the  only 
pure  metal,  and  believed  that  all  the  others  were 
merely  adulterations  or  diseased  forms  of  the  same 
substance,  which  might  be  purified  or  revived  by 
proper  processes.  Mercury  and  aqua  regia  were  the 
principal  agents  which  they  employed.  Not  a  few  of 
them  pretended  to  have  discovered  the  secret;  and 
some  were  even  so  disinterested  as  to  publish  the  pro- 
cess, but  in  language  understood  only  by  the  adepts, 
and  which,  it  may  be  safelypresumed,  was  rarely  intelli- 
gible  to  themselves.  In  all  cases,  the  student  was 
directed  to  prepare  his  mind  by  suitable  acts  of  piety 
and  charity ;  and  much  religious  and  cabalistic  jargon 
was  mixed  with  their  pretended  recipes.  From  the 
fact  that,  in  the  present  state  of  chemical  science,  the 
other  metals,  as  well  as  gold,  are  believed  to  be  ele- 
mentary substances,  the  Editor  deems  it  unnecessary 
to  say  that  the  doctrine  of  transmutation  was  founded 
on  ignorance ;  but  at  a  time  when  the  elementary 
nature  of  the  metals  was  unknown,  the  belief  in  their 
possible  transmutation  was  natural  ;  hence  it  was 
cherished  by  not  a  few  persons  of  acknowledged  emi- 
nence. The  celebrated  Koger  Bacon,  who  flourished 
in  the  thirteenth  century,  was  a  believer  in  alchemy, 
and  published  a  work  on  the  subject.  Van  Helmont 
acknowledges  his  belief  in  the  making  of  gold  and 
silver,  though  he  does  not  degrade  himself,  like  too 
many  of  his  contemporaries,  by  professing  to  have  dis- 
covered the  secret.  Bergman,  in  summing  up  the 
evidence  for  and  against  the  possibility  and  probability 
of  transmutation,  arrives  at  the  conclusion  that,  unless 
all  historical  evidence  be  rejected,  some  of  the  accounts 
given  are  entitled  to  confidence.  Even  the  great  Lord 
Bacon  has  been  arraigned  as  a  believer  in  alchemy, 
though  he  rather  urges  the  possibility  than  the  proba- 
bility of  transmutation — a  view  of  the  subject  so  far 
from  meriting  ridicule  that,  in  the  state  of  chemical 
science  in  his  day,  it  would  have  been  unphilosophical 
to  hold  a  different  opinion.  That  Boyle  was  a  sceptic 
on  the  subject  is  well  known  ;  but  it  is  less  generally 
known,  and  in  fact  it  has  only  lately  come  to  light, 
that  in  the  ranks  of  the  alchemists  must  now  be 
enrolled  the  illustrious  name  of  Sir  Isaac  Newton. 
This  startling  fact  is  a  recent  discovery,  published 
for  the  first  time  in  the  last  edition  of  Sir  David 
Brewster's  life  of  that  philosopher.  It  is  now  known 
that  he  was  absorbed  in  this  pursuit  for  years ;  and 
that  the  intense  eagerness  with  which  he  prosecuted 
this  object  accounts,  to  a  great  extent,  for  the  apparent 
indifference  which  he  showed  in  so  long  delaying  to 
publish  some  of  his  greatest  discoveries.  Associated 
with  such  an  array  of  great  names,  and  more  especially 
with  the  last,  the  alchemists  are  not  to  be  contemned 
or  derided  as  mere  dreamers  and  visionaries  ;  the  pur- 
suit of  the  object  which  they  had  in  view  was  as 


natural  as  their  belief  in  the  possibility  of  its  attainment 
was  warranted  by  the  knowledge  of  the  composition  of 
matter  then  existing;  but  that  which  excites  a  just 
indignation,  which  constitutes  a  fair  subject  for  ridicule, 
and  stamps  with  infamy  many  of  the  professors  of  tho 
art,  is  the  mixture  of  fraud,  pretension,  and  hypocrisy, 
which  appears  in  their  writings.  It  is  these  unworthy 
professors  that  have  brought  contempt  on  a  pursuit 
that  was  prosecuted  by  many  good  and  great  men ; 
and  which,  however  fruitless  as  regards  the  immediate 
object  in  view,  elicited  many  important  facts  of  which 
science  at  the  present  day  reaps  the  full  benefit.  The 
history  of  alchemy — so  replete  with  empiricism  and 
pretension — teaches  also  the  gratifying  fact,  that  not 
only  has  the  philosophical  world  advanced  in  know- 
ledge, but  in  candor,  in  honesty,  and  in  moral  dignity. 

The  further  history  of  gold,  which  has  assumed  a 
profound  interest  in  modern  times,  and  demands  there- 
fore a  larger  space  than  is  usually  devoted  to  historical 
notices  in  this  work,  will  be  given  in  connection  with 
the  sources  or  localities  from  which  it  is  chiefly  derived. 

Sources. — With  the  single  exception  of  iron,  gold  is 
more  generally  distributed  than  any  other  metal ;  but 
for  the  most  part  it  occurs  in  such  minute  quantities, 
as  either  to  escape  notice,  or,  as  already  remarked, 
not  to  repay  the  cost  of  extraction.  On  the  other 
hand,  many  localities  in  different  quarters  of  the 
globe,  and  especially,  of  late  years,  portions  of  Cali- 
fornia and  Australia,  have  proved  splendid  exceptions. 
The  principal  matrix  of  gold  is  quartz  rock,  and 
this  rock  is  commonly  a  vein  of  greater  or  less 
thickness,  intersecting  beds  of  granite.  The  chief 
sources,  however,  from  which  gold  is  obtained,  are  the 
various  alluvial  deposits,  consisting  of  sand  and  gravel, 
produced  by  the  disintegration  of  silicious,  granitic,  and 
other  igneous  and  metamorphic  rocks,  and  which  have 
been  transported  by  the  agency  of  water  from  the 
mountainous  districts.  In  these  beds  it  is  invariably 
found  in  the  metallic  state,  but  is  never  quite  pure ; 
it  usually  contains  a  certain  proportion  of  silver,  and 
not  unfrequcntly  iron,  copper,  and  small  quantities  of 
several  other  metals. 

It  is  difficult,  if  not  impossible,  to  ascertain  the  pre- 
cise localities  from  which  were  procured  the  very  con- 
siderable quantities  of  gold  that  indisputably  existed  in 
the  earlier  ages  of  the  world.  There  is  no  doubt 
that  many  regions,  now  exhausted,  would  formerly  yield 
large  supplies  of  this  precious  metal.  The  name  of  the 
place  which  figures  most  prominently  in  the  Old  Testa- 
ment writings,  and  which  has  reappeared  as  the  desig- 
nation of  certain  auriferous  localities,  in  modern  times, 
is  the  land  of  Ophir.  This  name  occurs  in  the  ancient 
book  of  Job,  and  is  frequently  alluded  to  afterwards  in 
the  Jewish  history.  It  seems  to  have  been  the  great 
source  of  gold  in  those  days — the  California  or  Austra- 
lia of  the  ancient  world ;  but  in  what  country,  or  even 
in  what  quarter  of  tho  globe  It  was  situated,  is  a  prob- 
lem not  yet  solved.  It  is  certain  that  the  Hebrews 
traded  with  it  from  the  time  of  David  to  that  of  Jeho- 
saphat,  and  some  have  placed  it  in  an  island  in  the 
lied  Sea ;  but  this  is  inconsistent  with  the  recorded 
fact,  that  Solomon's  fleet  took  up  three  years  in  their 
voyage  to  Ophir,  and  brought  home  not  only  gold,  but 
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apes,  peacocks,  spices,  ivory,  ebony,  and  almug-trees. 
Accordingly,  others  have  removed  it  to  Zanguebar,  on 
the  South-east  coast  of  Africa ;  others  have  placed  it 
about  Guinea ;  some  at  Carthage  ;  some  have  removed 
it  to  the  East  Indies ;  and  others,  still  more  fancifully, 
to  Peru,  or  some  other  place  in  America.  The  only 
conclusion  which  may  be  safely  drawn  from  this  im- 
mense variety  of  conflicting  conjectures  is,  that  the 
question  remains  involved  in  uncertainty,  although  the 
most  general  and  best  supported  opinion  is  that  which 
identifies  the  ancient  Ophir  with  the  region  of  the 
modern  Zanguebar. 

IIekodotus  states  that  the  people  living  near  the 
source  of  the  Indus,  obtained  a  large  quantity  of  gold 
from  the  eastern  border  of  the  great  Bactriana,  and 
the  desert  steppes  of  Cobi ;  and  he  also  refers  to  pro- 
ductive mines  in  the  North,  the  remains  of  which,  on 
the  South-eastern  borders  of  the  Ural  mountains,  are 
described  by  Pallas  in  his  Travels,  and  were  likewise 
visited  by  Lepechin  and  Gmelin.  These  ruined  mines, 
which  have  all  the  marks  of  a  very  remote  antiquity, 
are  supposed  to  have  been  the  work  of  a  nomadic 
people,  in  all  probability  the  Scythians.  It  is  evident 
that  much  gold  was  produced  in  ancient  times  from 
the  mines  of  Nubia  and  Ethiopia,  which,  like  those  of 
the  Uralian  chain,  produced  a  copper-yielding  gold. 
Belzom  discovered  that  a  very  extensive  tract  had 
been  worked  in  the  Sahara  mountains,  and  from  these 
sources  the  Pharaohs  are  supposed  to  have  derived 
their  wealth.  Mr.  Jacob,  from  a  very  close  examina- 
tion of  the  subject,  is  led  to  infer  that  not  less  than  six 
million  pounds  sterling  of  the  precious  metal  must 
have  been  produced  annually  from  these  mines. 

There  were  rich  silver  mines  in  Attica ;  gold  mines 
in  Thrace,  and  in  the  island  of  Thasus.  Thessaly  pro- 
duced ores  which  were  rich  in  gold  ;  and  Epirus,  rich 
silver  mines.  Prom  these  sources  the  Athenians  drew 
their  wealth. 

The  Romans  obtained  their  treasures  from  various 
sources,  besides  the  conquered  provinces — from  Upper 
Italy,  the  province  of  Aosta,  the  Noric  Alps,  Illyria. 
Prom  this  district,  at  one  period,  gold  was  abundantly 
obtained — partly  in  large  grains  on  the  surface,  and  partly 
in  mines,  so  pure  that  an  eighth  part  only  was  lost  in 
the  processes  of  smelting  and  refining.  Its  great  quan- 
tity caused  a  decrease  of  one-third  in  the  price  through 
all  Italy,  and  induced  the  proprietors  to  employ  fewer 
workmen  in  order  to  raise  the  value.  The  Tarbelli,  a 
people  at  the  foot  of  the  Pyrenees,  also  streamed  ex- 
tensively for  gold. 

It  is  stated  on  the  authority  of  tradition,  that  when 
the  Phoenicians  visited  Spain,  they  found  silver  in  such 
abundance,  that  they  not  only  loaded  their  ships  to  the 
water's  edge,  but  made  their  common  utensils,  and 
even  anchors,  of  this  metal — a  statement  which  har- 
monizes with  the  representations  given  by  the  Spanish 
discoverers  of  Peru.  But  whether  this  account  be  ex- 
aggerated or  not,  it  is  certain  that  the  Phoenicians  lost 
no  time  in  taking  possession  of  the  country,  and  form- 
ing colonies  in  the  present  Andalusia.  Now,  it  is 
known  that  Spain  anciently  possessed  mines  of  gold  in 
regular  veins,  especially  in  the  province  of  Asturias. 
The  Tagus  and  some  other  streams  of  that  country  were 


said  to  roll  over  golden  sands ;  and  there  is  little  doubt, 
that  when  colonized  by  an  active  commercial  people 
like  the  Phoenicians,  its  mineral  wealth  would  be  deve- 
loped, and  would  contribute  largely  to  the  supply  of  the 
precious  metals  in  the  ancient  world. 

It  is  affirmed,  that  the  Romans  extracted  gold  from 
the  quartz  lodes  in  Transylvania,  and  also- at  the 
Ofogan  in  Caermarthenshire  in  this  island,  during  their 
occupation  under  Trajan.  It  is  probable,  however,  that 
but  little  would  be  obtained  from  these  sources ;  and  not 
much  further  is  known  of  the  ancient  gold  workings. 

The  principal  workings  known  at  the  present  day  are 
those  of  Australia,  in  the  Southern  hemisphere  ;  of 
California,  Mexico,  and  the  Appalachian  mountains, 
in  North  America ;  Brazil,  Peru,  and  Chili,  in  South 
America ;  Kordofan  and  Sofala  in  Africa ;  the  Ural 
mountains  in  Siberia ;  and  Hungary  in  Europe.  Gold 
is  found,  however,  in  smaller  quantities  in  various  other 
places ;  and  the  Editor  will  now  briefly  indicate  the 
various  localities  in  which  it  is  known  to  exist,  begin- 
ning with  Europe,  and  concluding  with  the  latest  dis- 
coveries in  Australia. 

Europe. — There  are  probably  few  countries  without 
traditions  of  gold,  and  these  have  not  been  wanting  in 
the  British  Islands,  which  have  furnished  from  time  to 
time  small  quantities,  although  seldom  in  sufficient 
amount  to  be  equivalent  to  the  cost  of  procuring  it. 
Specimens  are  occasionally  found  in  Wales,  in  the  Cor- 
nish stream-works,  and  in  different  parts  of  Devonshire ; 
where  mining  operations  were  recently  undertaken,  but 
not  with  remunerative  success.  In  Scotland,  it  occurs 
at  Leadhills  and  Cumberhead  in  Lanarkshire,  and  Glen 
Turrit  in  Perthshire,  but  only  in  very  small  quantities ; 
although  in  the  time  of  Queen  Elizabeth,  extensive 
washings  for  gold  were  carried  on  in  the  alluvial  soil  of 
Leadhills.  In  the  county  of  Wicklow,  in  Ireland,  a 
considerable  quantity  of  native  gold  was  discovered  to- 
wards the  close  of  the  last  century,  disseminated  in  a 
quartzose  and  ferruginous  sand.  This  gold  was  chiefly 
found  in  pepitas  or  solid  pieces,  one  of  which  weighed 
twenty-two  ounces ;  and  so  promising  was  the  supply, 
that  the  peasantry  in  the  neighborhood  of  Ballinavalley 
river  actually  gathered  in  the  course  of  two  months  an 
amount  of  gold,  for  which  ten  thousand  pounds  ster- 
ling were  paid.  The  extraction  was  then  undertaken 
by  Government ;  but  the  supply  was  soon  exhausted, 
for  during  the  two  years  that  the  mines  were  in  opera- 
tion, only  nine  hundred  and  forty-five  ounces  were 
obtained,  which  did  not  pay  the  necessary  expenses, 
and  the  works  were  abandoned. 

In  France,  the  Rhone,  and  other  rivers,  present  auri- 
ferous sands,  but  there  are  no  workable  mines  in  that 
country.  It  is  probable  that  the  deposits  have  been 
exhausted,  like  those  of  Spain,  which  were  anciently 
rich  and  valuable,  but  are  now  neglected.  So  with 
the  sands  of  the  Danube,  and  many  other  European 
rivers,  which  still  possess  gold  in  small  quantities,  but 
rarely  worth  the  expense  of  washing.  In  the  valley 
of  the  Rhine,  between  Basle  and  Mannheim,  for  ex- 
ample, gold  ocours  in  flakes  mixed  with  titaniferous 
iron ;  but  so  minute  are  the  spangles,  that  it  takes 
from  eleven  hundred  to  fourteen  hundred  of  them  to 
weigh  a  grain,  troy.   There  are  also  auriferous  sands 
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in  some  rivers  in  Switzerland,  such  as  the  Eeuss  and 
the  Aar. 

In  Sweden,  there  is  a  mine  at  Edefors  in  Smoland, 
where  the  gold  occurs  native,  and  also  in  auriferous 
pyrites.  In  Germany,  no  mine  of  gold  has  been 
worked,  except  in  the  territory  of  Salzburg,  amid  the 
chain  of  mountains  which  separates  the  Tyrol  and 
Carinthia.  In  Piedmont,  there  are  veins  of  aurifer- 
ous pyrites  in  the  gneiss  rocks  at  the  foot  of  Monte 
Rosa ;  and  these,  although  they  do  not  contain  ten 
or  eleven  grains  in  a  hundredweight  of  the  ore,  are 
stated  to  have  long  defrayed  the  expense  of  working 
them. 

But  the  only  gold  mines  of  any  importance  in  Europe, 
are  those  of  Hungary  and  Transylvania ;  and  these  are 
not  less  remarkable  for  their  position,  than  for  the  pecu- 
liar metals  with  which  the  gold  is  associated.  The 
principal  mines  are  those  of  Hungary,  in  which  the 
operations  are  carried  on  in  four  distinct  localities; 
first,  at  KSnigsberg,  where  the  native  gold  is  dissemi- 
nated in  ores  of  sulphide  of  silver,  which  occur  in  veins 
and  small  masses  in  a  decomposing  felspar  rock,  con- 
stituting a  portion  of  the  trachytic  formation ;  second, 
at  Borsan,  Schemnitz ;  and  third,  at  Felsobanya,  in  both 
of  which  the  ores  likewise  consist  of  auriferous  sulphide 
of  silver ;  occurring,  however,  in  veins  of  sienite  and 
greenstone  porphyry;  fourth,  and  lastly,  at  Telke- 
banya,  to  the  south  of  Kaschaie,  where  the  gold  is 
extracted  from  a  deposit  of  auriferous  pyrites,  amid 
trap-rocks  of  the  most  recent  formation.  The  Hun- 
garian gold  mines  do  not  appear  to  have  been  worked 
before  the  eighth  century.  In  Transylvania,  the  gold 
occurs  at  different  places  in  veins  of  carious  quartz, 
ferriferous  limestone,  heavy  spar,  fiuor  spar,  and  sul- 
phide of  silver.  These  veins  are  often  of  great  magni- 
tude, averaging  from  six  to  ten,  and  sometimes  extend- 
ing to  forty  yards  in  thickness.  In  the  mine  of  Kapnik, 
the  gold  is  associated  with  orpiment  in  granite,  and  in 
those  of  Offenbanya,  Nagy-Ag,  and  Zalatna  with  tellu- 
rium, in  a  sienitic  rock.  The  annual  produce  of  Hun- 
gary is  stated  at  two  thousand  eight  hundred  and  ten 
pounds'  weight,  and  valued  at  one  hundred  and  seventy- 
six  thousand  pounds  sterling. 

It  may  be  added,  that  the  mines  of  Reicheustein,  in 
Silesia,  which  had  been  abandoned  for  more  than  five 
centuries,  have  been  recently  opened  with  advantage, 
in  consequence  of  the  application,  on  a  large  scale,  of 
a  method  invented  by  Professor  Plattneb,  for  sepa- 
rating gold  from  the  waste  of  arsenical  pyrites,  which 
will  be  described  afterwards. 

Asia. — The  gold  mines  of  Russia,  which  are  the 
most  considerable  in  the  old  world,  must  come  under 
the  head  of  Asia,  as  they  are  situated  partly  on  the 
eastern  flank  of  the  Ural  mountains,  and  partly  in  the 
districts  of  Tomsk  and  Yeniseik  in  central  Siberia. 
The  Ural  mines,  including  those  of  Berezovsk,  near 
Ekaterinburg,  extend  through  five  or  six  degrees  of 
latitude.  Here  there  are  deposits  of  partially  decom- 
posed auriferous  pyrites  disseminated  in  veins  of  quartz  ; 
and  from  these  veins  the  valuable  material  is  extracted 
by  vertical  shafts  and  lateral  galleries.  Generally,  how- 
ever, the  gold  is  found  associated  with  other  metals,  as 
platinum  and  palladium,  in  fragments  or  debris  of 
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auriferous  rocks,  mixed  or  disseminated  at  some  yards' 
depth  in  an  argillaceous  loam. 

In  the  days  of  Pallas,  the  gold  alluvia  of  Russia  were 
supposed  to  exist  only  near  Ekaterinburg ;  but,  in  the 
reigns  of  Paul  and  Alexander,  they  were  found  to  extend 
through  several  degrees  to  the  North  and  South  of  that 
locality.  It  was  only  in  the  reign  of  Nicholas  that  por- 
tions of  the  great  eastern  regions  of  Siberia  were  found 
to  be  highly  auriferous.  In  those  districts  the  ground 
rises  into  low  ridges,  similarly  constructed  to  those  of 
the  Ural,  and  like  them  trending  from  north  to  south. 
They  are  offsets  from  the  great  east  and  west  chain  of 
the  Altai,  which  separates  Siberia  from  China.  Tho 
amount  of  gold  which  is  now  extracted  from  these 
remote  deposits  far  exceeds  that  obtained  from  the  Ural, 
although,  in  the  latter,  sands  of  superior  richness  were 
discovered  in  1842.  This  discovery  was  made  by  the 
removal  of  certain  old  buildings  in  which  the  washing 
operations  had  been  carried  on.  Under  the  corner  of 
one  of  the  buildings,  at  the  depth  of  three  yards,  a  mass 
of  gold  was  dug  up  weighing  about  eighty  pounds 
English.  This  mass  was  placed  in  the  collection  of  the 
Corps  des  Mines  at  St.  Petersburg.  The  discovery  of  the 
rich  sands  was  made  at  the  same  time  ;  but  in  the  Ural 
districts,  the  gold  is  not  usually  found  in  large  lumps. 
It  is  commonly  obtained  in  very  small  fragments,  which 
'  are  separated  by  washing ;  and  the  yield  seldom  exceeds 
thirty-six  grains  of  gold  per  ton- weight  of  soil.  In  the 
Altai  auriferous  district,  which  is  represented  to  be  as 
large  as  France,  not  only  is  the  gold  found  mixed,  with 
sand  and  gravel  on  the  surface,  but  considerable  quantities 
are  extracted  by  pulverizing  the  rocks.  It  is  a  remark- 
able fact  that,  not  many  years  ago,  the  gold  obtained 
from  this  distant  region  did  not  amount  to  a  third  part 
of  that  which  the  Ural  district  produced,  whereas,  in 
1843,  the  Eastern  tract  yielded  considerably  upwards 
of  two  millions  and  a  quarter  sterling,  and  the  Ural 
little  more  than  half  a  million,  raising  the  total  pro- 
duce of  the  Russian  empire  to  near  three  millions 
sterling.  It  now  amounts  to  about  four  millions.  In 
the  century  previous  to  1841,  the  mines  of  Berezovsk 
yielded  about  twenty-four  thousand  five  hundred  pounds 
avoirdupois  of  the  precious  metals. 

Little  or  no  gold  comes  into  Europe  from  other  parts 
of  Asia,  because,  as  Dr.  Ure  justly  remarks,  its  servile 
inhabitants  place  their  fortune  in  treasure,  and  love  to 
hoard  up  that  precious  metal.  It  is  evident,  how- 
ever, from  the  quantities  existing  in  the  East,  that  it 
must  be  extracted  in  considerable  amount  from  various 
sources.  It  is  found  in  the  rivers  of  Syria  and  other 
parts  of  Asia  Minor.  The  Pactolus,  a  small  river  of 
Lydia,  is  said  to  have  rolled  over  golden  sands,  which 
were  supposed  to  have  constituted  the  origin  of  the 
proverbial  wealth  of  Croesus.  Numerous  gold  mines 
are  known  to  exist  on  the  Cailas  mountains  in  the 
Oundes,  a  province  of  Little  Thibet,  where  the  gold 
is  found  in  quartz  veins,  which  traverse  a  very  crum- 
bling reddish  granite.  It  is  met  with  also  in  the  penin- 
sula of  Hindostan,  and  in  the  islands  of  the  Eastern 
Archipelago ;  and  it  cannot  be  doubted  that  consider- 
able quantities  are  found  in  Japan  and  China. 

Africa. — It  is  now  the  general  opinion  that  tho  land 
of  Ophir,  so  frequently  mentioned  in  the  Old  Testa- 
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merit,  was  in  Africa,  which  still  presents  in  one  part  a 
territory  known  as  the  Gold  Coast,  implying  by  its  very 
name  the  existence  of  the  precious  metal  in  this  quarter 
of  the  globe.  The  territory  so  called,  from  which  large 
quantities  of  this  metal  were  formerly  exported,  lies  on 
the  west  coast ;  but  the  land  of  Ophir  is  supposed  to 
have  been  on  the  East  coast,  opposite  Madagascar,  where 
a  certain  amount  of  gold  is  still  collected.  But  the  prin- 
cipal supplies  of  this  metal  are  now  found  at  Kordofan, 
between  Darfur  and  Abyssinia,  known  to  the  ancients  as 
Ethiopia,  and  the  western  region  extending  south  from 
the  river  Senegal  to  the  Cape  of  Palms,  near  the  Gold 
Coast.  In  these  districts  the  gold  occurs  in  spangles, 
chiefly  near  the  surface  of  the  earth,  in  the  beds  of 
rivers  and  rivulets,  and  always  in  a  ferruginous  earth. 
The  gold  which  is  brought  from  Africa  is  always  in 
dust,  showing  that  the  metal  is  obtained  by  washing 
the  alluvial  soils.  Although  this  division  of  the  globe 
is  supposed  to  have  been  the  source  of  the  greater  por- 
tion of  the  gold  possessed  by  the  ancients,  yet  the  whole 
supply  now  obtained  from  that  continent  is  not  esti- 
mated at  more  than  five  thousand  pounds  annually. 

South  America. — Brazil  furnishes  the  greatest  part 
of  the  gold  which  is  brought  into  the  market  from  South 
America,  and  was  once  the  principal 'gold  region  of 
the  new  world ;  but  its  mines  and  auriferous  sands  seem 
to  be  nearly  exhausted.  The  greatest  quantity  of  gold 
was  obtained  from  Brazil  between  the  years  1753  and 
1763,  and  since  that  time  it  has  always  been  on  the 
decrease.  It  was  in  the  valley  of  the  Mandi,  a  branch 
of  the  Rio  Dolce,  at  Catapreta,  that  the  auriferous  fer- 
ruginous sands  were  first  discovered  in  1682 ;  but  they 
have  since  been  found  widely  extended  at  the  foot  of 
the  great  mountain  chain  which  runs  parallel  with  the 
coast  from  the  fifth  to  the  thirtieth  degree  of  south 
latitude.  The  precious  metal  is  found  in  nearly  all  the 
rivers  which  form  the  upper  branches  of  the  Francisco, 
Araguay,  Tocantius,  and  Guapore ;  but  the  largest 
proportion  is  found  in  the  affluents  of  the  Francisco. 
The  rock  in  these  localities  consists  of  primitive  granite, 
inclining  to  gneiss ;  and  the  soil,  which  is  of  a  red, 
ferruginous  character,  often  extends  to  a  considerable 
depth.  It  is  from  this  soil  that  the  gold  is  extracted 
by  washing.  Indeed  the  veins  containing  the  metal 
are  seldom  worked.  The  most  numerous  washings  are 
established  near  Villa  Rica,  in  the  environs  of  Codies, 
where  the  gold  occurs  either  mingled  with  the  sands  of 
the  river,  or  in  the  alluvial  valley  deposits.  The  pepi- 
tas  occur  in  various  forms,  often  adhering  to  micaceous 
specular  iron.  In  the  province  of  Minas  Geraes,  the 
gold  is  extracted  both  by  the  excavation  of  veins  and 
by  the  washing  of  alluvial  deposits. 

This  metal  is  likewise  found  in  many  other  parts  of 
South  America,  on  both  sides  of  the  great  chain  of 
mountains  which  runs  parallel  with  the  Western  coast. 
Peru  is  richer  in  silver  than  in  gold  ores,  but  in  some 
parts  gold  is  mined  in  veins  of  greasy  quartz,  variegated 
with  red  ferruginous  spots,  which  traverse  primitive 
rocks.  All  the  gold  furnished  by  Columbia,  compre- 
hending New  Grenada  and  Venezuela,  is  the  product  of 
washings  established  in  alluvial  grounds.  But  Brazil 
is  the  principal  gold  region  of  the  South  American 
continent. 


North  America. — More  gold  is  now  produced  in  the 
vast  continent  of  North  America  than  in  any  other 
part  of  the  world.  In  this  respect  it  has  now  taken 
the  place  which  formerly  belonged  to  South  America, 
while  the  latter  has  sunk  into  comparative  unproduc- 
tiveness, less  perhaps  from  the  absolute  exhaustion  of 
the  auriferous  soils,  than  from  the  want  of  the  capital 
and  enterprise  to  work  them  successfully.  North 
America  was  a  gold-producing  continent  long  before 
the  discovery  of  the  Californian  treasures;  but  for 
many  years,  the  only  source  of  this  precious  metal  in 
that  quarter  of  the  globe  was  the  argentiferous  veins 
of  Mexico,  from  which  it  was  extracted  along  with  the 
silver,  as  in  the  Peru  mines  of  South  America.  At  a 
later  period,  however,  an  extensive  gold  region  was 
discovered  in  the  United  States,  extending  along  the 
Eastern  slope  of  the  Appalachian  mountains,  from  the 
river  Rappahannock  in  Virginia  Southwards  to  the  river 
Coosa,  an  affluent  to  the  Alabama,  which  flows  into  the 
Gulf  of  Mexico.  The  metal  is  found  in  less  quantity 
Northward  along  the  same  mountainous  range  to  the 
State  of  Maine,  and  even  extending  into  Canada,  where 
a  search  for  profitable  workings  has  lately  been  prose- 
cuted with  some  vigor.  The  existence  of  spangles  and 
pepitas  of  gold,  in  several  rivers  of  the  East  of  Canada, 
has  been  fully  established;  and  at  the  Great  Exhibition 
honorable  mention  was  made  of  the  Chaudiere  Mining 
Company,  who  exhibited  pepitas  of  native  gold,  col- 
lected in  the  washing  of  those  streams.  But  the  States 
of  Virginia,  North  and  South  Carolina,  and  Georgia, 
afford  the  most  productive  deposits.  In  these,  as  in 
those  of  Brazil  and  Columbia,  the  auriferous  ores  are 
chiefly  pyritical ;  much  of  the  gold  is  extracted  by 
amalgamation,  after  stamping  under  water. 

But  all  preceding  gold  discoveries  in  America,  or 
in  any  other  part  of  the  world,  were  eclipsed  by  those 
that  have  been  made  within  the  last  few  years  in 
California  and  Australia.  These  recent  discoveries 
have  produced  quite  a  revolution  in  the  annual  pro- 
duction of  gold,  the  effects  of  which,  though  already 
powerfully  felt  in  the  new  impulse  given  to  emigration 
and  commerce,  are  only  beginning  to  be  developed, 
and  must  produce  the  most  important  results  in  the 
future  history  of  the  world.  This  may  be  inferred  from 
the  fact,  that  the  gatherings  of  the  precious  metal, 
reckoning  the  average  produce  of  all  parts  of  the  new 
and  old  world  for  a  series  of  years  previous  to  1847, 
did  not  amount  to  the  annual  value  of  five  millions 
sterling,  whereas  the  amount  now  exceeds  thirty  mil- 
lions per  annum. 

The  first  of  these  recent  discoveries  was  made  in 
1847,  when  California,  a  hitherto-neglected  and  little- 
known  region,  lying  at  the  most  remote  South-western 
limit  of  North  America,  rose  into  sudden  importance,  as 
the  El  Dorado  of  the  new  world.  The  gold  region,  pro- 
perly so  called,  occupies  the  Northern  part  of  California, 
commencing  near  the  mouth  of  the  Sacramento  river, 
in  lat.  39°  north,  and  long.  122J°  west,  to  the  north- 
east of  the  bay  and  town  of  San  Francisco,  from  which 
it  extends  south  and  north.  At  this  point  two  rivers 
unite  and  discharge  themselves  into  the  sea — the  Sacra- 
mento flowing  from  the  North,  along  a  valley  formed 
by  mountain  ranges,  and  the  San  Joaquim,  flowing  from 
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the  South,  along  a  similar  valley,  enclosed  on  one  side 
by  the  Eocky  Mountains,  and  on  the  other  by  the 
mountainous  ridge  which  protects  the  Western  coast. 
It  was  on  the  property  of  an  intelligent  Swiss  emigrant, 
Captain  Suter,  who  had  become  a  wealthy  settler  on 
the  banks  of  the  Sacramento,  that  the  first  traces  of 
gold  were  discovered  in  September,  1847.  This  hap- 
pened in  the  course  of  the  erection  of  saw-mills  on  the 
estate,  when  Mr.  Marshall,  the  contractor  for  the  build- 
ing of  these,  observed  glittering  particles  in  the  sand  of 
the  mill-race,  which  were  ascertained  to  be  gold ;  and  on 
making  further  researches,  it  was  found  that  the  pre- 
cious metal  was  very  extensively  diffused  in  the  bed  of 
the  stream.  The  discovery  soon  became  known  to 
the  work-people,  by  whom  the  intelligence  was  con- 
veyed to  San  Francisco,  and  in  no  long  time,  the  whole 
population  of  the  little  town,  and  the  scattered  and 
scanty  settlers  in  the  neighborhood,  abandoned  their 
dwellings  and  occupations  to  engage  in  the  exciting 
search.  The  supply  exceeded  the  most  exaggerated 
accounts  that  had  been  given  ;  new  and  richer  locali- 
ties were  discovered ;  the  gold  was  found  in  the  beds 
of  various  streams  flowing  into  the  Sacramento ;  in 
the  mud  of  the  river  itself;  in  the  channels  of  old 
water-courses,  and  along  the  sides  of  the  hills.  The 
intelligence  rapidly  spread  to  the  neighboring  coun- 
tries— to  Mexico,  to  South  America,  to  the  United 
States,  and  thence  to  Europe.  People  began  to  flock 
from  all  quarters  to  the  once  neglected,  but  now  coveted 
region ;  it  became,  in  a  few  short  months,  the  scene  of 
a  considerable  population,  instead  of  a  few  scattered 
tribes  of  Indians ;  miners  or  diggers  in  parties  spread 
themselves  over  the  face  of  the  country ;  and  San 
Francisco,  from  a  mere  village,  grew  up  into  a  place 
of  wealth,  importance,  and  stirring  activity.  It  was 
at  first  very  generally  thought  that  the  supply  would 
soon  fail,  but  this  anticipation  has  proved  to  be  un- 
founded ;  and  while,  on  the  one  hand,  the  amount  of 
the  precious  metal  disseminated  in  the  rooks  and  soil 
appears  to  be  almost  inexhaustible — on  the  other  hand, 
the  constant  increase  in  the  number  of  miners,  com- 
bined with  the  improved  apparatus  and  methods  of 
working,  seems  to  have  hitherto  resulted  in  a  steadily 
increasing  annual  produce,  until  within  the  last  few 
years,  when  it  seems  to  have  been  nearly  stationary. 

Professor  Blake,  who  minutely  examined  the  auri- 
ferous regions  of  California,  states  that,  with  the  excep- 
tion of  the  diluvial  strata,  the  whole  geological  formation 
of  the  Sierra  range,  through  which  flow  the  principal 
rivers,  consists  of  igneous  and  metamorphic  rocks. 
The  former  are  mostly  porphyritic  in  the  lower  hills, 
whilst  higher  up  trachytic  rocks  are  more  frequently 
met  with.  The  metamorphic  rocks  consist  of  mica- 
ceous schists,  slates  both  talcose  and  micaceous,  meta- 
morphic sandstones  and  limestones,  with  occasional 
beds  of  conglomerate.  In  that  part  of  the  country 
which  he  examined,  the  extent  of  the  diluvial  deposits 
was  commensurate,  or  nearly  so,  with  that  of  the  gold- 
bearing  region.  They  are  found  in  a  belt  of  land  from 
thirty  to  sixty  miles  broad,  and  running  parallel  with 
the  axis  of  the  range.  These  diluvial  deposits  are  met 
with  towards  the  lower  hills  of  the  Sierra,  extending 
frequently  some  miles  into  the  plain.    The  elements 


of  which  they  are  composed  differ  considerably  in 
various  localities,  although  there  are  many  points  of 
resemblance  through  the  whole  series.  In  the  lower 
valleys  and  flats,  between  the  ranges  of  the  lower  hills, 
they  appear  to  consist  of  beds  of  gravel,  containing 
occasional  boulders  of  quartz  and  the  harder  rocks. 
On  the  elevated  flats,  higher  up  in  the  mountains,  the 
surface  of  these  deposits  is  generally  covered  by  a 
reddish  loam,  mixed  with  small  gravel ;  whilst,  reposing 
on  the  bed  rock,  and  a  few  inches  above  it,  is  found  a 
stratum  containing  large  boulders  and  gravel,  the 
boulders  being  principally  quartz.  At  other  points,  the 
whole  series  consists  of  conglomerates  and  soft  friable 
sandstone.  Where  the  deposits  are  found  extending 
over  a  large  surface  on  the  elevated  flats,  gold  is  always 
met  with,  generally  diffused  through  the  gravel  imme- 
diately above  the  rock  on  which  they  rest,  which  yields 
from  fifteen  to  forty  cents  to  the  hundred  pounds  of 
earth.  There  are  parts  where  acres  of  these  deposits 
have  been  turned  up,  in  which  the  gravel  never  con- 
tains less  than  fifteen  cents  to  the  hundred  pounds, 
and  generally  more.  In  the  valleys  in  the  lower  hills, 
and  even  on  the  plains  to  the  west  of  them,  where  they 
are  extended  over  vast  tracts  of  country,  these  deposits 
are  still  auriferous,  the  gold  being  very  generally 
diffused,  and  found  in  greater  quantities  the  deeper 
they  are  worked ;  but  sometimes  they  will  not  pay  for 
working,  owing  to  the  distance  from  water.  In  one 
place,  where  water  could  be  readily  obtained,  a  portion 
of  these  deposits,  situated  to  the  west  of  the  lower 
hills,  was  found  to  yield  from  five  to  thirty  cents  to 
one  hundred  pounds  of  earth,  through  an  extent  of 
one  hundred  and  fifty  acres,  the  soil  being  found  richer 
the  deeper  it  was  worked. 

At  a  spot  which  was  appropriately  named  Mount 
Ophir,  the  auriferous  soil  was  described  as  soft  clay 
and  slate,  saturated  with  gold  in  small  particles  and 
large  lumps.  This  treasure  was  found  from  ten  to 
thirty  feet  below  the  surface,  and  seven  Mexicans,  who 
made  the  discovery,  and  kept  their  secret  eight  days, 
made  in  that  short  time  two  hundred  and  seventeen 
thousand  dollars.  Other  searchers,  from  a  shaft  twenty 
feet  deep,  obtained  the  soft  clayey  slate  in  buckets,  and 
found  from  eight  to  twelve  dollars'  worth  of  gold  in 
each  bucket.  In  many  cases  considerable  nuggets  are 
met  with,  but  no  accounts  speak  of  very  large  masses 
of  gold  having  been  found  in  California.  The  total 
produce  from  this  region,  down  to  the  end  of  1855,  was 
estimated  at  sixty-four  million  pounds  sterling ;  and, 
latterly,  it  has  averaged  about  fourteen  million  pounds 
per  annum. 

Australia. — The  world-wide  excitement  created  by 
the  gold  discoveries  in  California  had  scarcely  subsided, 
when  another  auriferous  region  was  developed  in  the 
British  dominions  at  the  antipodes,  which  promises  to 
prove  not  less  productive.  The  Californian  treasures 
were  discovered  in  September,  1847 ;  and  in  the  spring 
of  1851  the  long-concealed  wealth  of  Eastern  Australia 
was  first  announced  to  the  world.  It  is  remarkable  that 
this  second  discovery  was  not  made  sooner ;  for  so 
early  as  in  1841,  the  Rev.  W.  B.  Clarke,  in  examin- 
ing the  geological  structure  of  the  Blue  Mountains  of 
Eastern  Australia,  was  attracted  by  the  plutonic  and 
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metamorphic  character  of  the  axis  of  the  range,  and 
by  the  presence  of  gold  in  the  quartzites,  and  in  the 
detrital  accumulations  derived  from  the  axial  forma- 
tions. This  gentleman,  a  native  geologist,  had  found 
evidence  of  the  existence  of  gold  within  sixty  and 
eighty  miles  of  Sydney,  and  had  affirmed  his  belief 
that  the  Blue  Mountains  would  at  some  time  prove 
to  be  auriferous.  Again,  in  1845,  Sir  Roderick 
Murchison  expressed  the  same  conviction,  when  he 
compared  the  Eastern  chain  of  Australian  mountains 
with  the  Ural ;  and  in  184G  he  even  recommended  the 
unemployed  Cornish  tin  miners  to  emigrate  to  New 
South  Wales,  and  dig  for  gold  in  the  debris  and  drift 
of  the  Australian  Cordilleras.  His  writings  and  re- 
marks on  this  subject  were  not  entirely  without  effect, 
for  in  1847  he  received  letters  from  speculators  in 
Sydney  and  Adelaide,  accompanied  with  specimens  of 
gold,  which  they  had  sought  and  obtained,  in  conse- 
quence of  his  suggestions ;  and  shortly  afterwards  he 
even  wrote  to  Earl  Grey,  informing  him  that  his  anti- 
cipations were  about  to  be  realized  in  a  manner  which 
might  operate  a  great  change  in  the  colony. 

The  discovery  was  at  length  made  through  the 
instrumentality  of  a  gentleman  named  Hargraves, 
who  had  recently  returned  from  California,  and  had 
then  occupied  himself  for  two  months  in  exploring  a 
considerable  extent  of  country  in  Australia.  On  the 
third  of  April,  1851,  this  gentleman  addressed  a  letter 
to  the  Colonial  Secretary,  stating  that  he  had  prose- 
cuted his  speculation  to  a  successful  issue,  and  offering, 
for  the  sum  of  five  hundred  pounds,  to  point  out  to  the 
officers  of  Government  the  localities  in  which  he  had 
discovered  gold.  To  this  proposal  the  Secretary  replied 
that  he  was  not  authorized  to  make  a  blind  bargain, 
but  that  if  Mr.  Hargraves  thought  proper  to  trust  to 
the  liberality  of  the  Government,  he  might  rely  on  being 
rewarded  in  proportion  to  the  value  of  the  discovery. 
Accordingly,  on  the  thirtieth  April,  Mr.  Hargraves 
addressed  another  letter  to  the  Colonial  Secretary, 
expressing  his  willingness  to  leave  the  remuneration  of 
his  discovery  to  the  liberal  consideration  of  the  Govern- 
ment, and  naming  the  localities  from  which  he  had 
obtained  specimens  of  the  precious  metal.  These  were 
at  Summer  Hill  Creek,  and  other  places  near  Bathurst, 
which  is  situated  about  a  hundred  and  fifty  miles  west 
of  Sydney,  New  South  Wales. 

Scarcely  had  this  communication  been  made  to  Go- 
vernment, when  the  discovery  became  generally  known, 
through  some  persons  who  had  been  employed  under 
the  directions  of  Mr.  Hargraves.  The  fact  was 
divulged  that  on  the  eighth  of  May  these  persons  had 
obtained  several  ounces  of  gold  at  Summer  Hill  Creek ; 
and  on  the  thirteenth  of  the  same  month  great  excite- 
ment was  created  by  the  report  that  a  solid  piece, 
weighing  thirteen  ounces,  had  been  found.  This,  on 
inquiry,  proved  to  bo  correct,  and  hundreds  of  persons 
immediately  left  their  accustomed  avocations,  and 
started  for  the  diggings,  as  they  were  now  called.  The 
excitement  rapidly  extended,  and  on  the  nineteenth  of 
May  four  hundred  persons  were  congregated  at  Summer 
Hill  Creek ;  on  the  twenty-ninth,  one  thousand ;  and 
on  the  fifth  June  their  numbers  had  increased  to 
fifteen  hundred. 


The  Government  now  lost  no  time  in  adopting  the 
necessary  measures  for  maintaining  order.  A  procla- 
mation was  issued,  dated  twenty-second  May,  1851, 
declaring  that,  from  and  after  the  first  of  June,  all 
persons  digging  for  gold  without  a  license  would  be 
proceeded  against ;  and  authorising  the  crown  commis- 
sioners to  grant  such  licenses  for  a  fee  of  thirty  shillings 
per  month.  A  force  was  appointed  for  the  purpose  of 
collecting  the  fees,  and  strong  detachments  of  police 
were  stationed  along  the  principal  roads  leading  to  the 
gold  fields.  At  the  same  time,  Mr.  Hargraves,  and 
the  Government  geological  surveyor,  Mr.  Stutchbury, 
with  whom  Mr.  Clarke  was  afterwards  associated, 
were  ordered  to  make  an  immediate  survey  of  the 
various  localities  in  which  it  appeared  probable  that 
gold  would  be  found. 

But  the  spirit  of  enterprise  was  now  awakened  in 
the  diggers  themselves,  and  soon  conducted  them  to 
new  and  richer  deposits  of  the  precious  metal.  From 
Summer  Hill  Creek,  to  which  the  name  of  Ophir  had 
been  given,  a  great  emigration  took  place  to  the  Turon 
River — another  of  the  localities  first  pointed  out  by 
Mr.  Hargraves,  and  lying  a  little  to  the  Northward 
of  Summer  Hill ;  and  in  the  month  of  December  the 
number  of  diggers  on  the  Turon  amounted  to  six 
thousand.  Subsequently,  gold  was  discovered  at 
various  other  places  in  Bathurst,  as  well  as  in  the 
adjoining  counties  of  Wellington,  Roxburgh,  Georgiana, 
and  Ashburnam.  Latterly  it  was  found  so  far  South 
as  St.  Vincent,  and  ultimately  over  the  entire  moun- 
tainous range  of  New  South  Wales,  extending  from 
27°  to  37°  of  south  latitude ;  but  more  abundantly  in 
the  Southern  portion  of  the  province. 

But  the  progress  of  discovery  did  not  confine  itself 
to  New  South  Wales.  It  still  advanced  to  the  South ; 
and  in  a  despatch,  dated  twenty-fifth  August,  1851, 
Lieutenant-Governor  Latrobe  communicated  to  Earl 
Grey,  that  large  deposits  had  been  found  in  the 
colony  of  Victoria.  The  three  localities  first  named 
were :  Chine's  Diggings,  about  forty  miles  from  Mel- 
bourne, where  the  gold  was  found  in  an  alluvial  deposit, 
consisting  chiefly  of  quartz  gravel ;  at  Buninyong,  near 
Ballarat,  about  eighty  miles  from  Melbourne  or  fifty 
from  Geelong,  where  the  gold  was  sometimes  imbedded 
in  compact  quartz ;  and  Deep  Creek,  only  nineteen 
miles  from  Melbourne,  where  the  precious  metal  was 
found  to  exist  in  connection  with  slate  rock.  It  was 
afterwards  discovered  almost  in  the  neighborhood  of 
Geelong,  and  likewise  at  a  place  called  Mount  Disap- 
pointment, about  thirty  miles  to  the  North-east  of 
Melbourne  ;  and,  finally,  the  people  of  that  town  began 
to  break  up  the  streets,  which  had  been  macadamized 
with  quartz  pebbles  obtained  from  the  gold  districts. 

The  excitement  created  in  the  colony  of  Victoria  by 
these  discoveries  surpassed  even  that  which  had  taken 
place  at  Sydney.  The  whole  neighboring  population 
were  moving  towards  the  gold  regions ;  Melbourne  and 
Geelong  were  almost  emptied  of  their  inhabitants ;  and 
it  was  found  impossible  to  retain  the  services  of  the 
Government  employes,  without  an  addition  to  their 
salaries  of — first,  twenty-five,  and,  subsequently,  fifty  per 
cent.  Even  the  superior  class  of  farmers  and  trades- 
men were  drawn  into  the  vortex,  partly  from  sharing 
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in  the  general  mania,  and  partly  because,  when  de- 
prived of  their  laborers  and  assistants,  they  had  no 
alternative  but  the  diggings.  For  some  time  Ballarat 
was  the  great  source  of  attraction,  and  the  stories  told 
of  its  productiveness  were  almost  incredible.  Eight  feet 
square  of  that  auriferous  soil  was  deemed  a  fortune. 
One  man  had  found  fifteen  hundred  pounds'  worth  of 
gold  in  one  week — another  man  a  thousand.  A  party 
of  three  men  had  met  with  twenty  pounds'  weight  in 
one  day ! 

But  even  Ballarat  was  shortly  surpassed  by  a  fresh 
gold-field  discovered  in  the  Mount  Alexander  range, 
still  further  to  the  north,  about  ninety  miles  from  Mel- 
bourne. This  was  found  to  exceed  in  richness  all  the 
diggings  previously  discovered.  So  great  were  the 
attractions  of  this  new  field,  that  the  number  of  diggers 
at  Ballarat,  which  had  risen  to  six  thousand,  was 
quickly  reduced  to  one  thousand  six  hundred,  while 
the  number  at  Mount  Alexander  rose  to  twenty 
thousand.  This  was  the  climax  of  the  excitement 
created  by  the  gold  discoveries.  The  whole  structure 
of  Australian  society  became  for  a  period  completely 
disorganized.  Subsequently  the  precious  metal  was 
discovered  at  various  other  localities,  and  the  supply 
was  so  far  increased  that  gold  arrived  at  the  seaports 
at  the  rate  of  two  tons  per  week.  The  excitement  has 
now  subsided ;  and  no  new  localities  have  been  reported, 
yielding  the  same  fabulous  treasures  as  Ballarat  and 
Mount  Alexander,  when  first  discovered ;  but  various 
new  sources  have  been  opened  up,  and  a  map  of  the 
country,  exhibiting  the  gold  regions,  seems  to  indicate 
the  precious  metal  as  disseminated  in  greater  or  less 
abundance  over  the  whole  of  the  mountainous  range 
which  extends  through  New  South  Wales  and  Victoria. 
The  field  of  operations,  therefore,  continues  to  extend ; 
improved  machinery  is  brought  into  action  ;  and  the 
consequence  is,  that,  while  less  excitement  exists,  there 
is  more  of  steady  productive  labor,  and  the  aggregate 
supply  of  the  precious  metal  has  continued  to  increase 
yearly  till  the  present  time,  when  it  seems  to  have 
attained  nearly  its  maximum,  at  thirteen  millions  per 
annum.  It  is  expected,  however,  that  when  the  labors 
of  the  large  numbers  now  employed  in  deep  sinking 
and  in  quartz  mining  are  brought  to  a  profitable  con- 
summation, the  yield,  if  not  greatly  increased,  will  at 
least  be  permanently  sustained.  Further  details  on 
this  subject,  and  the  produce  of  the  principal  mines 
and  auriferous  regions  throughout  the  world,  will  be 
given  at  the  close  of  the  present  article,  under  the 
head  of  Statistics. 

Origin  and  Position  op  the  Gold  Deposits. — 
The  matrix  of  the  gold  in  Australia,  as  in  other  auriferous 
regions,  is  quartz.  The  general  character  of  the  soil 
may  be  inferred  from  the  description  given  of  the  Turon 
and  Summer  Hill  Creek  districts,  where  the  gold  was 
first  found,  and  where,  according  to  Mr.  Stutchbury, 
the  Government  geologist,  the  whole  area  may  be  con- 
sidered as  schistose,  principally  clay-slate,  accompanied 
by  nearly  all  the  other  varieties  of  slate  rocks,  and  also 
by  a  large  amount  of  quartzites  in  veins  or  lodes, 
parallel  to  the  stroke  of  the  schist.  In  this  district,  the 
trend  of  all  the  waterways,  or  creeks,  in  which  the  gold 
is  chiefly  found,  is  into  the  Macquarrie  river.  The 


quartz  is  amorphous,  very  rarely  crystallized ;  and  in  tho 
neighborhood  of  the  gold-yielding  localities,  it  is  ac- 
companied by  titaniferous  iron,  both  crystallized  and  in 
loose  grains.  Many  instances  occur  in  which  tho 
quartz  remains  attached,  and  interlaced  by  the  gold,  as 
also  the  iron.  It  is  a  fact  worth  recording,  that  no 
gold  has  been  found  in  Australia,  without  the  iron 
sand — incorrectly  termed  emery — accompanying  it. 

Gold  in  small  quantities  has  been  found  on  the 
summits  and  upon  the  flanks  of  the  mountain  ranges ; 
but,  with  few  exceptions,  it  bears  evidence  of  abrasion ; 
and  the  larger  produce  in  every  instance  has  been 
found  in  the  lower  levels.  Assuming  that  the  aurifer- 
ous deposits  originated  in  the  quartz  rock,  says  Mr. 
Stutchbury,  there  is  no  difficulty  in  accounting  for 
its  presence  most  abundantly  in  the  various  gullies  and 
creeks  so  numerous  in  this  remarkably  broken  country. 
The  schistose  rocks,  so  readily  acted  upon  by  tho 
atmosphere,  constantly  disintegrating  and  exposing  the 
quartzose  dykes,  leave  them  unsupported ;  and  gravi- 
tating downwards,  the  largest  blocks  are  crushed  and 
crumbled  in  their  onward  course,  letting  loose  tho 
tenacious  gold  in  large  or  small  portions,  which,  in 
obedience  to  their  gravity,  and  the  force  of  the  impel- 
ling torrents,  roll  on  until  they  are  arrested  for  a  time 
in  hollows,  or  the  cleavage  fissures  of  the  slaty  rocks, 
or  quietly  deposited  in  the  sand  and  mud,  as  the  case 
may  be,  by  the  cessation  of  the  flood,  until  they  are 
again  removed  by  the  repetition  of  similar  causes ;  or 
they  may  remain  for  ages  undisturbed,  by  the  torrents 
taking  another  course,  of  which  there  are  so  many 
instances,  leaving  ancient  bars  of  shingle  debris  now 
covered  by  accumulated  soil.  It  therefore  follows  that 
gold,  even  if  it  be  of  the  earliest  geological  origin, 
may  and  will  be  accumulating  in  the  lower  valleys, 
as  long  as  mountains  waste  and  valleys  exist  for  its 
reception. 

It  has  been  asserted,  however,  by  some  writers,  that 
the  gold,  instead  of  being  torn  out  by  the  waters  from 
the  veins  and  primitive  rocks  which  they  traverse, 
actually  belongs  to  the  grounds  washed  by  the  waters 
as  they  glide  along.  In  proof  of  this,  it  has  been  urged 
that  gold  is  almost  always  found  among  the  sands  of 
rivers  only  in  a  very  circumscribed  space,  and  that  on 
ascending  these  rivers,  their  sands  cease  to  afford  gold, 
whereas,  did  this  metal  come  from  the  rocks  above,  it 
should  be  found  more  abundantly  near  the  source  of 
the  rivers.  Thus,  the  late  Dr.  Ure  remarks,  that  the 
Oreo  contains  no  gold  except  from  Pont  to  its  junction 
with  the  Po.  In  like  manner,  the  Tieino  affords  gold 
only  below  the  Lago  Maggiore,  and  consequently  far 
from  the  primitive  mountains,  after  traversing  a  lake 
where  its  course  is  necessarily  slackened,  and  into 
which  whatsoever  it  carried  down  from  tho  mountains 
must  have  been  deposited.  The  Rhine  gives  more 
gold  near  Strasburg,  than  near  Basle,  though  the  latter 
be  much  closer  to  the  mountains ;  and  the  sands  of  the 
Danube  contain  no  gold,  so  long  as  the  river  runs  in  a 
mountainous  region — that  is,  from  the  frontiers  of  tho 
Bishoprick  of  Passau  to  Efferding — but  they  become 
auriferous  in  the  plains  below.  The  same  thing  is 
stated  of  the  Ems,  and  other  rivers;  and  it  must  be 
admitted  that  the  opinion,  to  which  it  naturally  leads, 
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rests  upon  very  strong  grounds,  and  is  supported  by 
some  of  the  highest  authorities. 

Though  gold  is  frequently  found  at  the  surface, 
mixed  with  the  sands  of  rivers,  yet  the  auriferous 
stratum  is  often  buried  at  considerable  depths,  and 
hence  the  necessity  of  opening  pits  or  diggings.  Tigs. 
204  and  205  will  afford  some  idea  of  the  Australian 
gold-field  strata.  The  latter  represents  what  the  dig- 
gers call  a  surface  gullet,  the  gold  being  met  with  at 
about  sixteen  feet  from  the  surface ;  the  former  is  a 

section  of  a  deep 
Fig.  204.  Fig.  205.  gullet,   in  which 

the  auriferous  ore 
is  at  a  depth  of 
thirty- six  feet. 
The  corresponding 
letters,    in  both 
sections,  indicate 
similar  strata ;  a, 
black  loam  and 
quartz ;  b,  white 
loam,   clay,  and 
sand  ;    c,  brown 
clay  ;    d,  gold 
layer  ;  e,  yellow- 
ish-brown rock ;  //,  quartz  in  a  con- 
crete mass;  g,  stratum  of  sand;  h, 
common  clay.    The  auriferous  ore 
earth  is  generally  of  a  light  color,  or 
largely  mixed  with  quartz  pebbles, 
very  tenacious  and  difficult  to  wash. 
It  lies  upon  a  yellowish  brown  rock, 
of  a  rotten  texture,  known  as  fixed 
slate,  whilst  higher  up,  above  the 
gold,  the  strata  present  igneous  features. 

Probable  abundance  of  Gold  at  great  depths. — The 
probability  that  gold  exists  in  almost  unlimited  amount 
at  greater  depths  than  have  been  yet  explored  for  this 
metal,  is  thus  argued  by  Mr.  W.  Bridges  Adams  : 
Quartz  rock  is  the  matrix  of  gold,  and  quartz  rock  is 
commonly  a  vein  of  greater  or  less  thickness  intersecting 
the  beds  of  granite.  In  this  quartz  the  metallic  g*bld  is 
distributed,  in  particles  of  more  or  less  fineness,  and 
sometimes  it  is  found  in  lumps.  If  the  granite  be  sup- 
posed to  have  been  once  in  a  state  of  fusion,  and  cracked 
in  cooling,  forcing  up  into  the  fissures  the  liquid  quartz 
containing  the  gold,  it  seems  more  than  probable  that 
the  greater  part  of  the  molten  gold  would  settle  to  the 
bottom  of  the  fluid  mass,  as  the  metal  precipitates  in 
an  iron  furnace,  beneath  the  slag.  The  fragments  that 
are  found  in  rivers  and  alluvial  ground  have  probably 
been  thrown  out  by  subsequent  volcanic  action.  The 
spangle-gold,  the  nuggets,  the  gold-dust,  and  other 
varieties,  seem  to  confirm  this;  and  probably,  in  depths 
of  alluvion  greater  than  have  yet  been  penetrated,  large 
golden  fragments  will  be  discovered,  just  as  the  hugest 
pieces  of  rock  are  found  undermost  in  the  beds  of 
mountain  torrents.  If  this  theory  be  correct,  it  is  quite 
within  possibility  that  the  gold-hunters,  who  have  as 
yet  explored  but  a  small  portion  of  the  earth's  surface, 
may  light  upon  larger  deposits — may  yet  penetrate  to 
some  mass  larger  than  the  famed  native  iron  of  Santiago 
del  Estero,  or  a  quartz  vein  gradually  changing  into  the 


pure  metal.  The  lighter  fragments  washed  to  the 
edges  by  the  stream  have  alone  been  gathered ;  they 
are  but  indications  of  the  larger  masses  that  lie  in 
deposit  below;  and  it  may  be  predicted  that  wher- 
ever gold  has  been  superficially  gathered  at  any 
period,  it  will  be  found  in  larger  masses  at  some 
greater  depth. 

If  there  be  any  truth  in  this  ingenious  conjecture,  it 
will  soon  be  brought  to  the  test  of  experiment  by  the 
operations  now  in  progress  in  Australia,  with  a  view  to 
deep  sinking  and  quartz  mining  on  a  very  extensive 
scale. 

Method  of  Examining  Auriferous  Deposits. — 
As  a  general  rule,  the  rocks  in  the  district  to  be  ex- 
amined for  gold  should  be  either  granitic,  porphyritic, 
or  quartzose,  although  it  is  also  found  in  other  for- 
mations, and  particularly  in  clay-slate.  The  auriferous 
quartz  is  often  stained  of  a  rusty  brown  color,  from  the 
presence  of  peroxide  of  iron,  and  in  many  instances 
presents  a  cellular  or  honeycombed  appearance.  The 
points  to  be  most  carefully  examined  are  the  sands 
of  the  rivers  and  streams,  or  old  water-courses,  as 
well  as  the  particles  of  disintegrated  rock  which  often 
accumulate  in  the  eddies  of  ravines  formed  on  the 
sides  of  hills  by  the  action  of  water  during  great 
floods.  The  sections  of  rock  exposed  by  this  action 
must  also  be  examined  with  a  view  to  the  dis- 
covery of  veins  of  auriferous  quartz,  from  which 
specimens  are  broken  off  and  afterwards  carefully 
assayed. 

The  method  of  conducting  a  systematic  assay  of  gold 
ores  and  alloys  will  be  fully  explained  afterwards.  It 
is  a  somewhat  tedious  and  difficult  process,  requiring 
considerable  experience  and  a  regular  assortment  of 
apparatus.  But  even  in  the  absence  of  these,  a  toler- 
ably correct  estimate  of  the  amount  of  gold  present 
may  be  readily  arrived  at  by  the  following  simple 
method. 

The  fragment  of  rock,  supposing  the  ore  to  be  quartz, 
is  first  pounded  very  fine  and  sifted,  a  portion  of  the 
sand  or  powder  thus  obtained  is  washed  in  a  shallow 
pan,  and,  as  the  gold  sinks,  the  lighter  portions  of  the 
substance  are  allowed  to  float  off.  The  greater  part  of 
the  gold  is  thus  left  in  the  angles  of  the  pan ;  and  by 
adding  more  of  the  powder,  and  repeating  the  same  pro- 
cess, a  further  portion  is  obtained.  When  the  bulk  of 
powder,  with  which  the  gold  is  mixed,  is  thus  reduced  to 
a  manageable  quantity,  mercury  is  added  to  the  mass, 
and  forms  with  the  gold  an  amalgam,  which  is  after- 
wards heated  in  an  iron  retort  to  expel  the  mercury. 
In  this  way  the  proportion  of  gold  contained  in  a 
specimen  of  rock  may  be  ascertained  with  considerable 
exactness.  The  sands  brought  down  by  rivers  are  ex- 
amined in  much  the  same  manner,  but  do  not  require 
the  previous  pounding;  and  a  fair  estimate  of  their 
value  may  be  generally  formed  without  the  amalga- 
mating process.  Sometimes,  indeed,  the  gold  may  be 
present  in  considerable  quantity,  although  in  a  state  of 
division  so  minute  as  not  to  be  readily  perceived  by  the 
unassisted  eye,  and,  therefore,  in  examining  the  earthy 
residuum,  a  small  magnifying  lens  will  be  found  of 
great  use. 

It  is  generally  considered  that  the  sand  of  any  river 
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is  worth  working  for  the  gold  it  contains,  provided  it 
will  yield  twenty-four  grains  to  the  hundredweight ;  but 
the  sands  of  the  African  rivers  often  yield  sixty  grains 
in  not  more  than  five  pounds  weight,  which  is  in  the 
proportion  of  more  than  fifty  times  as  much,  while  the 
Australian  rivers  have  been  known  to  yield  considerably 
more. 

Substances  often  Mistaken  foe  Gold. — 
Though  gold,  in  its  separate  and  pure  state,  is  readily 
distinguishable  from  other  metals  and  minerals,  by  its 
color,  softness,  high  specific  gravity,  and  insolubility  in 
the  simple  acids,  yet  in  the  mixed  state  in  which  it  is 
generally  found  it  requires  an  amount  of  chemical  skill 
to  apply  these  tests,  and  hence,  where  glittering  parti- 
cles of  other  minerals  appear,  they  are  often  mistaken 
for  gold,  even  by  persons  who  are  not  entirely  ignorant 
of  its  characteristics.  The  substances  which  most 
generally  lead  to  this  mistake  are  iron  pyrites,  copper 
pyrites,  and  yellow  mica. 

Common  iron  pyrites,  or  bisulphide  of  iron,  which  is 
more  frequently  mistaken  for  gold  than  any  other  sub- 
stance, occurs  in  small  cubical  crystals,  in  veins  dissem- 
minated  in  the  various  slate  rocks,  and  in  the  coal 
measures.  It  is  of  different  shades  of  brass-yellow,  and 
often  in  fact  contains  minute  traces  of  gold,  though 
seldom  a  sufficient  amount  of  that  metal  to  render  its 
extraction  profitable.  It  may  be  readily  distinguished 
from  gold  by  the  application  of  the  magnet,  as  well  as 
by  the  following  characters  :  first,  instead  of  flattening 
like  gold  under  the  hammer,  it  is  extremely  brittle,  and, 
therefore,  readily  broken ;  second,  its  weight  or  specific 
gravity  is  only  about  one-fourth  that  of  gold ;  and 
lastly,  when  heated  with  nitric  acid  it  is  dissolved  with 
evolution  of  copious  red  fumes,  whilst  gold,  when  so 
treated,  remains  unaffected.  It  was  only  recently  the 
Editor  was  consulted  by  a  gentleman  who  imagined  he 
had  discovered  a  gold  mine  in  Ireland.  The  sample 
brought  turned  out  to  be  a  fine  specimen  of  sulphide 
of  iron  embedded  in  quartz. 

Copper  pyrites,  or  yellow  copper  ore,  the  second 
mineral  which  is  frequently  mistaken  for  gold,  is  a 
ferrosulphide  of  copper,  and  may  be  considered  as  a 
compound  of  two  equivalents  of  sulphide  of  iron,  and 
one  equivalent  of  sulphide  of  copper.  This  is  the  ore 
from  which  the  largest  proportion  of  the  copper  of  com- 
merce is  derived.  It  occurs  in  a  variety  of  forms,  its 
primitive  crystal  being  the  regular  tetrahedron.  It  is 
formed  in  lodes  or  veins,  which  usually  occur  either  in 
granite,  grauwacke',  or  clay-slate,  and  has  a  strong 
metallic  lustre,  and  deep  brass-yellow  color.  It  may 
readily  be  distinguished  from  gold  by  the  circumstance, 
that  when  heated  on  a  piece  of  charcoal  before  the  blow- 
pipe it  loses  this  yellow  color,  and  fuses  into  a  dull 
Mack  globule,  which,  from  the  presence  of  the  iron,  is 
magnetic.  If  mixed  with  carbonate  of  soda  and  a  little 
borax,  it  yields,  when  similarly  treated,  in  skilful  hands, 
a  button  of  metallic  copper.  But  an  easier  method  to 
determine  the  presence  of  copper  is  to  pulverize  the 
ore  in  an  iron  mortar,  or  with  a  heavy  hammer,  dis- 
solving the  powder  thus  obtained  in  nitric  acid,  and 
evaporating  the  solution  nearly  to  dryness ;  water  is 
then  added,  and  afterwards  ammonia  in  excess,  when, 
if  copper  be  present,  the  liquor  assumes  a  rich  pur- 


plish color,  an  unmistakeable  sign  of  the  presence  of 
copper. 

Another  method  for  determining  the  presence  both  of 
iron  and  copper,  is  to  take  some  of  the  scoria  left  after 
submitting  it  to  the  blowpipe,  and,  putting  this  in  a  test- 
glass,  to  pour  over  it  a  few  drops  of  hydrochloric  acid, 
when  an  effervescing  solution  will  be  obtained.  A 
little  of  this  liquid  is  then  transferred  to  another  glass — 
the  one  to  be  treated  for  iron,  the  other  for  copper. 
Into  one  of  the  glasses  introduce  a  few  drops  of  ferro- 
cyanide  of  potassium,  and  liquid  ammonia  into  the  other. 
If  iron  is  present,  the  liquid  in  the  glass  to  which  the 
feiTO-cyanide  has  been  added  will  become  blue,  the  iron 
combining  with  the  ferro-cyanogen,  and  producing  Prus- 
sian blue.  If  copper  is  present  in  the  same  glass,  but  no 
iron,  the  liquid  will  become  of  a  reddish-brown  tint,ferro- 
cyanide  of  copper  being  formed.  If  iron  and  copper 
are  present  together,  the  two  metallic  precipitates  will 
be  the  result,  and  a  purple  tint  arises  from  the  mixing 
of  the  red  and  blue  colors.  The  liquid  in  the  glass  to 
which  ammonia  was  added  will  be  changed  to  a 
brownish  tint  if  iron  is  present,  and  to  a  fine  blue  if 
copper  is  there. 

Mica,  the  third  substance  often  mistaken  for  gold, 
is  one  of  the  constituents  of  gneiss  granite  and  mica 
slate,  and  gives  to  the  former  its  lamellar  structure. 
In  1853  great  excitement  was  produced  at  the  Cape  of 
Good  Hope,  in  consequence  of  the  discovery,  near 
Simon's  Bay,  of  a  substance  said  to  contain  a  large 
proportion  of  gold.  A  quantity  of  this  suspected  mineral 
was  sent  home  for  analysis,  and  was  found  to  possess 
a  glistening,  yellow,  semi-metallic  lustre ;  but  when 
submitted  to  the  searching  powers  of  the  microscope, 
its  metallic  brilliancy  disappeared,  especially  when 
viewed  by  transmitted  light.  It  had  then  a  darkish- 
grey  color,  being  in  thin  semi-transparent  plates.  It 
was  not  acted  upon  by  nitric  or  mtro-hydrochloric  acid  ; 
and  hence,  doubtless,  arose  the  error  in  taking  it  to  be 
gold.  In  reality,  it  was  nothing  but  mica,  highly  colored 
with  the  oxide  of  iron,  and  yielding,  on  analysis,  the 
following  constituents : — 

m  CentcslmRlly.; 


Silica,   46 

Alumina  23 

Potassa,   14 

Oxide  of  iron,   16 

Manganese,   1 


100 

The  specific  gravity  of  mica  never  exceeds  3'00 ;  and 
this  circumstance,  together  with  its  foliated  structure, 
is  quite  sufficient  to  distinguish  it  from  gold,  which  it 
somewhat  resembles  in  color ;  but  even  in  this  latter 
particular,  the  microscope  will  dispel  the  illusion. 

Characters  of  Native  Gold. — Gold,  as  already 
stated,  almost  always  occurs  in  the  metallic  state, 
generally  in  small  grains  or  scales  known  as  gold  dust, 
sometimes  in  particles  so  minute  as  to  be  invisible,  but 
occasionally  in  pieces  of  considerable  weight,  termed 
nuggets.  It  appears  doubtful,  indeed,  whether,  when 
this  metal  occurs  in  pyrites,  it  exists  in  every  instance 
in  minute  metallic  particles,  or  whether,  in  some  cases 
at  least,  it  may  not  be  present  in  combination  with  sul- 
phur. The  auriferous  pyrites,  as  Dumas  remarks,  con- 
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tain  the  gold  disseminated  through  their  mass  in  such 
small  quantities,  that  it  is  almost  always  impossible  to 
ascertain,  even  with  the  aid  of  the  microscope,  in  what 
state  the  precious  metal  exists.  As  a  preliminary 
roasting  of  this  auriferous  ore  is  generally  useful,  with  a 
view  to  the  subsequent  amalgamation,  a  doubt  may  be 
entertained  whether  it  is  really  present  in  the  metallic 
state,  though  this  has  been  generally  assumed  hitherto. 
But  Dumas  thinks  that  the  powerful  electro-negative 
tendency  of  sulphide  of  gold  affords  a  strong  presump- 
tion in  favor  of  the  hypothesis,  that  this  metal  may 
exist  partly,  or  even  entirely,  under  the  form  of  a 
double  sulphide,  in  iron  and  copper  pyrites,  et  cetera. 
Brogniart  observes,  that  it  is  chiefly  in  its  association 
with  these  sulphides,  as  also  with  galena  or  sulphide 
of  lead,  blende  or  sulphide  of  zinc,  and  mispiekel  or 
arsenical  pyrites — a  sulphide  of  arsenic  and  iron — 
that  the  gold  becomes  invisible  to  the  eye,  a  cir- 
cumstance which  is  justly  regarded  as  strongly  con- 
firming the  opinion  expressed  by  Dumas.  The  other 
minerals  with  which  it  is  found  associated  are  grey 
cobalt,  lithoidal  manganese,  native  tellurium,  mala- 
chite, sulphide  of  silver,  red  silver,  and  sulphide  of 
antimony. 

When  the  gold  is  found  in  the  form  of  nuggets,  these 
generally  communicate  the  impression  of  their  having 
been  melted;  and  in  many  newspaper  accounts,  and 
letters  received  from  the 
V'g-  206.  diggings,  the  gold  is  de- 

scribed as  having  been 
evidently  in  a  state  of 
fusion,  and  as  resembling 
drops  of  melted  metal 
poured  into  sand,  the 
indentations  being  visible 
even  upon  the  smallest 
particles  of  the  gold 
when  microscopically  ex- 
amined. It  is  certain 
that  such  indentations 
may  be  observed  in  most 
specimens,  as  indicated  in  Fig.  206,  which  exhibits  a 
microscopic  view  of  a  fragment  of  Australian  gold  mag- 
nified seven  hundred  times. 

Mr.  J.  B.  Jukes,  however,  who  may  be  regarded  as 
a  competent  authority,  conceives  that  this  is  probably 
a  mistake,  and  that  the  idea  may  have  originated  from 
the  gold  having  been  deposited  in  small  holes,  crevices, 
and  interstices  of  the  quartz  rock,  and  subsequently 
rolled,  so  that  it  assumes  such  forms  as  melted 
lead  is  seen  to  do.  It  does,  certainly,  appear  remark- 
able that  the  particles  of  gold  should  retain  inden- 
tations received  in  a  state  of  fusion,  after  being  tossed 
about,  probably  for  a  long  period,  among  water  and 
gravel. 

Fig.  206  has  been  given  as  the  greatly  magnified  re- 
presentation of  a  very  small  grain.  Fig.  207,  on  the 
contrary,  is  a  much  reduced  delineation  of  a  lump  of 
almost  pure  gold,  weighing  27  lbs.  6  oz.  15  dwts,  which 
was  found  in  the  diggings,  at  Forest  Creek,  Mount 
Alexander,  in  the  Colony  of  Victoria.  Among  other 
pieces  brought  home  with  it  in  the  same  vessel,  were 
several  nuggets  weighing  upwards  of  a  pound  each, 


and  one  of  1  lb.  8  oz.  6  dwts.  These  smaller 
lumps,  however,  contained  quartz,  whilst  the  larger 
one  appeared  a  massive  lump  of  nearly  pure  gold,  of 
a  very  fine  color.     It  measured  eleven  inches  in 

Fig.  207. 


length  by  five  in  breadth,  at  the  widest  part.  This 
was  supposed  to  be  the  largest  nugget  which  had 
been  found  in  Australia  up  to  the  time  of  its  discovery, 
but  one  or  two  others  considerably  larger  have  been 
since  obtained. 

Gold  is  also  occasionally,  though  rarely,  found  in  a 
crystallized  state;  and  when  met  with,  the  crystals  should 
be  carefully  preserved  as  cabinet  specimens,  for  which 
purpose  their  value  is  much  greater  than  that  which 
they  are  intrinsically  worth  for  the  gold  they  contain. 
The  most  common  forms  are  the  cube  and  octahedron, 
with  their  various  modifications.  The  faces  are  gene- 
rally dull,  and  in  most  instances  the  edges  are  slightly 
rounded.  Some  years  ago,  several  interesting  speci- 
mens of  crystallized  gold,  from  California,  were  described 
in  Silliman's  American  Journal,  by  Mr.  Francis 
Alger  of  Boston.  The  collections  in  which  the  speci- 
mens were  found  were  brought  from  California  by 
Mr.  G.  E.  Tyler  of  Boston,  and  Mr.  H.  B.  Platt 
of  New  York.  The  crystals  were  distinctly  octahe- 
dral, simple  and  modified,  the  surfaces  being  but 
slightly  disfigured  by  attrition,  or  the  effects  of  trans- 
ported action — a  very  unusual  circumstance,  as  gold 
is  generally  found  in  comparatively  minute  grains, 
at  a  distance  from  the  rocky  matrix  in  which  it  is  sup- 
posed by  some  to  have  been  primarily  embedded.  Mr. 
Alger  states  in  his  paper,  which  was  read  before  the 
Boston  Society  of  Natural  History,  that  he  had  never 
before  seen  what  was  unquestionably  a  genuine  crystal 
from  California.  He  adds  that  an  irregular  crystalline 
plane  could  only  occasionally  be  traced  out  in  former 
specimens ;  but  among  those  exhibited  were  examples 
of  crystallization  as  perfect,  among  the  small  ones 
especially,  as  are  to  be  seen  in  magnetic  iron  ore  or  in 
spinelle. 

Of  the  larger  specimens  in  these  collections,  the  most 
striking  examples  were  three  octahedrons  of  the  sizes 
exhibited  in  Figs.  208,  209,  210.  Each  of  these  crystals 
was  found  in  an  isolated  state.  The  smallest  one — ■ 
Fig.  208 — was  the  most  perfect,  and  was  entirely  free 
from  any  adhering  portion  of  the  matrix.  This  un- 
usually perfect  crystal  exhibits,  as  partly  shown  in  the 
Figure,  four  pretty  regular  faces  in  the  lower  half,  and 
three  of  its  six  solid  angles  are  perfectly  formed  to  a 
point.  Two  of  its  faces  are  sunk  or  depressed ;  and  in 
one  of  them,  the  cavity  thus  formed,  is  very  deep  and 
regular,  like  an  interior  triangle;  the  depression  extend- 
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ing  not  quite  to  the  edges,  but  so  as  to  leave  all  round 
a  narrow  ridge  or  border,  the  interior  sides  of  which  are 
parallel  with  the  edges  of  the  crystal.    Mr.  Alger  in- 


Fig.  208. 


Fig.  209. 


Fig.  210. 


ferred  that  this  depression,  which  is  shown  by  a  darker 
shade  in  the  wood-cut,  had  been  formed  when  the  crystal 
was  in  a  liquid  state,  and  that,  soon  after  the  outside 
had  congealed  or  solidified,  the  inner  portion,  or  a  part 
of  it,  had  run  out,  leaving  the  surrounding  consolidated 
edge  in  a  perfect  form.  He  remarks  that  he  has  seen 
something  similar  to  this  formed  among  artificial  crys- 
tals, as,  for  instance,  metallic  lead — which  takes  the 
form  of  an  octahedron — and  lead  ore  partially  desul- 
phurized, when  the  metal  was  allowed  to  flow  off  slowly, 
just  as  the  outer  crust  had  formed  over  the  surface  of 
the  crystals.  Indeed,  this  parallel  case  is  of  not  un- 
frequent  occurrence  in  the  crystallization  of  the  ductile 
metals. 

In  the  largest — Fig.  209 — of  the  three  crystals  of 
which  the  preceding  sketches  are  given,  it  will  be 
observed  that  only  one-half  of  the  octahedron  is  formed, 
its  base  blending  with  the  rough  gold,  or  showing  only 
the  commencement  of  the  planes  of  the  upper  pyramid. 
Three  of  the  planes  are  quite  smooth,  except  along 
their  edges,  which  are  permanently  marked  by  the 
same  projecting  border  or  edge  described  on  the  smaller 
crystal.  The  depression,  however,  is  not  so  great  as 
in  the  latter.  Mr.  Alger,  remarked  that  this  peculi- 
arity was  confined  to  the  unmodified  crystals. 

In  some  there  was  a  double  series  of  these  ridges,  the 
inner  one  appearing  to  exhibit  the  commencement  of 
another  crystalline  face  within  the  cavity  of  the  larger 
one.  This  phenomenon  was  strikingly  shown  in  a 
crystal  represented  of  the  natural  size  in  Fig.  210. 

The  two  larger  crystals — Figs.  209  and  210— were 
obtained  from  the  collection  of  Mr.  Platt,  who  resided 
a  couple  of  years  at  San  Francisco,  and  being  in  a 
situation  which  brought  him  into  constant  intercourse 
with  persons  returning  from  the  mines,  purchased,  at 
no  small  expense,  the  most  interesting  specimens  he 
could  find.  His  collection  was  described  by  Mr.  Alger 
as  of  singular  beauty  and  value,  comprising  a  great 
variety  of  ramified,  arborescent,  dendritic,  and  other 
imitative  forms,  all  of  them,  sometimes,  fantastically 
joined  together  in  the  same  specimen.  In  obtaining 
his  valuable  collection,  he  had  examined  gold  to  the 
amount  of  more  than  four  millions  of  dollars.  The  re- 
markable size  of  the  two  larger  crystals  thus  described, 
and  the  fact  that  some  of  the  others  contained  portions 
of  oxide  of  iron,  induced  a  suspicion  that  the  greater 
part  of  them  were  pseudomorphs  of  sulphide  of  iron  ; 
but  Mr.  Alger  believed  that  they  were  formed 
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under  the  ordinary  circumstances  of  crystallization, 
either  in  an  open  space,  or  while  surrounded  by  a 
matrix,  in  such  a  fluid  state  as  to  allow  them  full  free- 
dom to  take  their  natural  form.  His  reasoning  on  the 
subject,  if  not  perfectly  conclusive,  leads  to  a  strong 
presumption  hi  favor  of  the  octahedron  as  the  pri- 
mary form  of  gold ;  and  if  this  were  more  generally 
known,  much  disappointment  and  trouble  might  be 
saved  in  cases  where  sulphide  of  iron  and  other 
crystalline  metallic  forms  are  mistaken  for  the  preci- 
ous ore. 

In  Mr.  Tyler's  collection,  Mr.  Alger  found  several 
rare  modifications,  some  of  them  resembling  those 
which  come  in  their  most  perfect  forms  from  Brazil. 
Fig.  211  exhibits  in  three  positions,  a,  b,  c,  a  compound 
form  produced  by  the  union  of  two  opposite  segments 
of  an  eniarginatcd  octahedron.    Fig.  212  is  a  modifi- 


cation of  the  same  form,  though  apparently  consisting 
of  irregular  six-sided  tables,  with  truncated  edges. 
Some  of  the  unmodified  macles,  as  shown  in  different 
positions,  in  Fig.  211,  were  stated  by  Mr.  Alger 
to  be  very  distinctly  formed,  the  edges  between  ec, 
uniting  the  two  segments  of  the  octahedron,  being  well 


Fig.  212. 


Fig.  213. 


Fig.  214. 


Fig.  215. 


defined.  This  is  very  strikingly  shown  in  Fig.  213,  in 
which  the  crystals  are  exhibited  as  magnified  to  twice 
their  natural  size.  Fig.  214  shows  the  opposite  side 
of  the  same  specimen,  connected  with  two  other  crys- 
tals, one  a  very  beautiful  and  smooth-planed  octahedron 
with  emarginated  edges. 

Fig.  215  exhibits  a  made 
of  gold  which  came  from 
Malto-Grosso  in  Brazil,  and 
is  in  the  collection  of  the 
School  of  Mines,  Paris.  It 
is  similar  to  that  represented 
in  Fig.  211,  from  which 
it  only  differs  in  exhibiting  more  of  the  planes  of  the 
octahedron  and  dodecahedron.  This  figure  is  copied 
from  the  volume  of  crystallographic  illustrations  accom- 
panying M.  DufrjSnoy's  treatise ;  but  besides  conform- 
ing his  lettering  to  the  notation  of  Phillips,  those  are 
made  primary  planes  which  are  given  by  Dufrenoy 
only  as  secondaries  of  the  cube. 
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In  all  these  the  octahedral  form  is  manifest,  which 
may  therefore  be  assumed  to  be  the  form  natural  to 
gold  when  its  particles  crystallize  in  cooling ;  but  as 
nearly  all  of  these  crystals  show  the  effects  of  abraded 
action,  it  is  often  difficult  to  distinguish  planes  confined 
within  such  narrow  limits,  and  which  are  too  small  or 
too  rough  to  admit  of  accurate  admeasurement.  Indeed 
the  faces  of  the  crystals  are  in  most  instances  slightly 
rounded,  even  in  specimens  obtained  directly  from 
veins,  and  which,  consequently,  cannot  have  been 
exposed  to  attrition. 

Composition  of  Native  Gold. — Native  gold  is 
never  quite  pure,  being  almost  invariably  alloyed  with 
silver,  and  containing  frequently  small  proportions  of 
copper  and  iron.  In  Siberia  it  is  often  associated  with 
platinum,  and  in  the  Gongo  Soco  mines  in  Brazil,  an 
alloy  of  gold  and  palladium  of  a  pale  yellow  color  is 
sometimes  found.    In  Columbia  a  somewhat  similar 


mixture  is  procured,  in  which  the  palladium  is  replaced 
by  another  rare  metal  called  rhodium.  In  Hungary  it 
is  met  with  in  combination  with  tellurium  and  other 
elements.  The  specific  gravity  of  native  gold  varies 
from  13-3  to  18-5. 

The  proportion  of  silver,  the  principal  ingredient 
which  is  found  in  combination  with  gold,  varies  from 
one  to  fifty  per  cent. ;  and  not  only  differs  greatly  in 
specimens  of  native  gold  obtained  from  diverse  regions, 
but  even  to  a  certain  extent  in  specimens  from  the 
same  auriferous  district.  In  general,  however,  the 
composition  of  the  gold  of  the  same  district  is  remark- 
ably constant ;  so  much  so,  that  the  knowledge  of  the 
locality  whence  it  is  derived  is  often  sufficient  to  enable 
the  experienced  assayist  to  guess  pretty  nearly  the 
quantity  of  pure  gold  which  the  compound  contains. 
The  subjoined  table  presents  the  composition  of  native 
gold  from  various  parts  of  the  world : — ■ 


SIBERIA  AND  URAL. 

Locality.  Authority.  Gold.  Silver. 

Schabrowski,                                    Hose,   98-96    0-16 

Boruschka,                                      Kose,   94-41    5-23 

Katherinenburg,                                  Eose,   92-80    7-02 

Gozuscbka,                                      Eose,   83-85    16-15 

Ural,                                              Awdejew,   70-86    28-30 


AFRICA. 


Anamaboc,   T.  H.  Henry,.. 

Anamaboc,   T.  H.  Henry,.. 

AMERICA. 

Nortb  of  Brazil,   Eivot,  

Gongo  Soco,   T.  H.  Henry,. . . 

Ojas  Anchas,   Boussingault,. . . 

Santa  Eosa  De  Osos,   Boussingault,. . . 

Marmato,   Boussingault,. . . 

Titiribi,  Columbia,   Rose,  

California,   T.  H.  Henfy,. . . 

California,   T.  H.  Henry,. . . 

Canada,   T.  H.  Henry,. . . 

AUSTRALIA. 

Balhurst,   T.  H.  Henry,. . . 


98-06    1-39 

88-25    11-17 


91-0 

83-  36 

84-  5 
82-4 


90-38 


95-68 


8-7 

6-44 
15-5 
15-5 


73.45    26-48 


76-41    . . 

90-12    9-01 

86-57    12-33 


Copper.  Iron. 

0-35  — 

0-36 
0-06  0-08 

0-84 


0-15 
0-10  0-36 

Pallo- 
0*3  dium. 

0-50  3-58 


23-12    0-03  — 


9-53 


3-92 


EUROPE. 

Transylvania,   Eose,   60-49    38-74 

Wicklow,   Mallet,   92.32    6-17 


0  87 
0-29 


Iron, 

0-24 


0-16 


0-77 
—  0-78 


From  this  table  it  will  be  seen  that  the  gold  both 
of  California  and  Australia  contains  silver,  but  that 
the  specimen  from  the  latter  was  remarkably  pure ; 
and  such,  indeed,  is  the  general  character  of  Austra- 
lian gold.  Neither  platinum  nor  palladium,  nor  any 
trace  of  the  metals  of  that  class,  is  found  in  the 
newly  discovered  gold  regions.  There  is,  however, 
a  trace  of  iron  in  the  Australian  specimen,  and  a 
small  proportion  of  both  copper  and  iron  in  those  from 
California. 

Preparation  op  Pure  Gold. — Like  native  gold, 
that  which  is  used  in  the  currency,  as  well  as  in  the 
manufacture  of  jewellery,  is  never  absolutely  pure, 
being  always  alloyed  with  some  other  metal,  such  as 
copper  or  silver,  to  give  it  the  requisite  hardness.  The 
proportions  of  the  metals  which  enter  into  these  alloys 
will  be  afterwards  stated.  The  methods  adopted,  also, 
for  obtaining  pure  gold  on  the  large  scale,  or,  in  other 
words,  the  metallurgical  treatment  of  gold  ores,  with  a 
view  to  the  extraction  of  the  precious  metal  in  a  state 
of  purity,  will  be  fully  explained.  In  the  meantime,  it 
may  be  desirable,  before  proceeding  further,  to  show 


how  a  small  portion  of  pure  gold  may  be  prepared  in 
the  laboratory. 

For  this  purpose,  a  piece  of  native  gold,  a  small 
quantity  of  gold  dust,  or  a  few  coins  or  fragments  of 
old  jewellery  are  dissolved  in  nitro-hydrochloric  acid 
— the  aqxia  regia  of  the  alchemists— consisting  of  four 
parts  of  hydrochloric  with  one  of  nitric  acid.  This 
will  give  a  solution  of  terchloride  of  gold,  mixed  with 
chloride  of  silver,  if  any  of  that  metal  be  present.  The 
solution  thus  obtained  is  evaporated  with  an  excess  of 
hydrochloric  acid  for  the  purpose  of  destroying  the 
excess  of  nitric  acid.  The  residue  is  then  treated  with 
hot  water,  by  which  it  is  dissolved,  with  the  exception 
of  the  chloride  of  silver,  from  which  the  solution  is  de- 
canted or  separated  by  filtration. 

An  excess  of  protosulphate  of  iron  in  solution  is 
then  added  to  the  auriferous  solution  in  the  propor- 
tion of  four  or  five  parts  of  the  crystallized  protosul- 
phate— green  vitriol — to  one  of  gold ;  and  the  mixture 
is  put  in  a  warm  place,  and  allowed  to  stand  for  several 
hours.  In  the  reaction  which  occurs,  the  chlorine  that 
was  combined  with  the  gold  unites  with  a  portion  of 
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the  iron  of  the  protosulphate,  part  of  which  is  thereby 
converted  into  sesquisulphate,  while  sesquichloride  of 
iron  is  at  the  same  time  formed,  and  metallic  gold  is 
precipitated.  This  reaction  is  represented  in  the  an- 
nexed equation : — ■ 

6  (Fe  0,  S03)  +  Au  CI3  =  2  (Fe2  0„,  3  S03)  +  Fe2  Cl3  +  Au. 

To  precipitate  the  gold  from  an  acid  solution  of 
its  chloride,  Levol  prefers  to  the  protosulphate  of 
iron  an  acid  solution  of  terchloride  of  antimony,  in 
which  case  the  following  equation  exhibits  the  reaction 
that  takes  place  : — 

3  Sb  Cl3  +  2  Au  CI3  =  3  Sb  Cl5  +  2  Au. 

In  this  case,  if  chloride  of  silver  he  present,  it  is 
retained  by  the  hydrochloric  solution. 

The  precipitated  gold  is  in  the  form  of  a  finely- 
divided  powder,  which,  when  suspended  in  water,  is 
brown  by  reflected  and  purple  when  viewed  by  trans- 
mitted light ;  but  under  the  burnisher  it  readily  assumes 
the  metallic  lustre  and  characteristic  color  of  malleable 
gold.  It  also  admits  of  being  aggregated  and  welded 
together  by  percussion ;  and  if  heated  to  whiteness, 
and  in  that  state  struck  repeatedly  with  a  heavy  ham- 
mer, its  particles  become  united  into  a  solid  mass, 
without  having  been  raised  to  the  point  of  fusion. 

To  obtain  the  gold  in  a  perfectly  pure  state,  however, 
the  precipitated  powder  is  boiled  with  hydrochloric 
acid  of  specific  gravity  1-1,  which  is  then  decanted, 
and  the  residue  is  boiled  twice  with  fresh  acid.  The 
gold  is  not  washed  between  these  successive  treatments 
with  acid,  which  remove  the  last  traces  of  iron,  and 
nearly  all  the  chloride  of  silver. 

Lastly,  the  gold  is  well  washed,  dried,  and  mixed 
with  its  own  weight  of  bisulphate  of  potassa,  or  a  small 
quantity  of  borax  and  nitre,  and  fused  in  a  Hessian 
crucible  exposed  to  a  very  strong  heat.  By  this  opera- 
tion, the  last  portions  of  chloride  of  silver  are  removed, 
and  a  button  of  perfectly  pure  gold  is  obtaiued. 

Properties  op  Pure  Gold. — Pure  gold  is  of  a 
rich  reddish-yellow  color,  and  high  metallic  lustre ;  in 
the  pulverulent  state  it  is  brown  and  dull,  but  acquires, 
as  has  been  stated,  the  metallic  lustre  by  pressure. 
The  specific  gravity  of  fused  gold  is  19 '2;  of  hammered 
gold,  from  19-3  to  19'4.  In  this  respect,  therefore,  it 
stands  only  second  to  platinum,  of  which  the  specific 
gravity  is  about  21-5.  Finely-divided  gold,  precipitated 
by  sulphate  of  iron,  was  found  to  vary  in  density  from 
19-55  to  20'72 ;  and  when  precipitated  by  oxalic  acid, 
its  density  was  19-49.  Its  equivalent  is  197.  In  a 
pure  state  it  is  softer  than  silver,  and  nearly  as  soft  as 
lead ;  but  its  tenacity  is  so  great  that  it  may  be  drawn 
out  into  very  fine  wire ;  and  such  is  its  malleability 
that  it  may  be  hammered  out  into  leaves  only  one 
three  hundred  and  seventy  thousandth  of  an  inch  in 
thickness.  A  single  grain  may  be  extended  over  56-75 
square  inches  of  surface,  or  drawn  out  into  a  wire  five 
hundred  feet  long.  Reamur,  by  rolling  out  a  fine 
gilt  silver  wire,  reduced  the  coating  of  gold  to  the 
twelve-millionth  of  an  inch  in  thickness,  and  the 
surface  appeared  to  be  perfect  when  viewed  under  the 
microscope. 

Gold  does  not  combine  directly  with  oxygen,  and, 


therefore,  suffers  no  change  by  exposure  to  air  and 
moisture  at  any  temperature — not  even  by  being  kept 
in  a  state  of  fusion  in  open  vessels.  It  is  not  attacked 
by  the  mineral  or  any  of  the  simple  acids,  except  selenic, 
and  this  by  the  aid  of  heat.  The  alkalies  do  not  affect  it, 
and  hence  a  crucible  of  gold  is  a  valuable  instrument  in 
the  analysis  of  minerals  which  require  fusion  with  the 
caustic  alkalies.  It  is  not  acted  on  by  sulphur,  and, 
consequently,  sulphide  of  hydrogen  is  not  decomposed 
by  it,  as  in  the  case  of  silver.  Iodine  has  only  a  weak 
action  upon  it,  but  bromine  and  chlorine  attack  it  easily 
at  ordinary  temperatures;  and  it  is  dissolved  by  any 
substance  which  liberates  chlorine.  It  is  therefore  dis- 
solved by  hydrochloric  acid,  if  binoxide  of  manganese, 
chromic  acid,  et  cetera,  be  added  thereto.  Its  usual 
solvent  is  that  already  stated — a  mixture  of  one  part  of 
nitric  acid,  and  four  parts  of  hydrochloric  acid.  The 
proper  solvent  of  gold  is  nascent  chlorine,  which  is  eli- 
minated by  the  mutual  action  of  the  mixed  acids. 

Gold  is  one  of  the  most  perfect  conductors  both  of 
heat  and  of  electricity.  It  fuses  at  a  bright  red  or  a 
white  heat,  the  temperature  of  which  has  been  esti- 
mated at  2016°  Fahr.  It  is  therefore  less  fusible  than 
silver  or  copper,  the  former  fusing  at  1873°,  and  the 
latter  at  1996°.  In  fusion  it  exhibits  a  bluish-green 
color.  It  is  not  sensibly  volatile  in  the  strongest  heat 
of  a  blast  furnace ;  but  in  the  focus  of  a  large  convex 
lens,  in  the  intense  heat  of  the  oxyhydrogen  jet,  or 
under  the  influence  of  a  powerful  electric  discharge,  a 
gold  wire  is  dispersed  in  vapor;  and  if,  in  the  latter 
case,  the  wire  be  placed  just  above  the  surface  of  a 
sheet  of  paper,  the  course  of  the  discharge  is  marked  by 
a  broad,  dark,  purple  stain,  produced  by  the  finely- 
divided  gold.  If,  instead  of  the  sheet  of  white  paper, 
a  plate  of  polished  silver  be  employed,  it  is  traversed  by 
a  brightly-gilded  line,  which  is  firmly  attached  to  its 
surface.  When  a  globule  of  gold  is  placed  between  the 
terminal  charcoal  points  of  a  powerful  voltaic  battery, 
it  enters  almost  immediately  into  fusion,  and  gives  off 
abundant  metallic  fumes. 

Gold  contracts  on  cooling,  and  cannot  be  advan- 
tageously employed  for  castings,  as  it  shrinks  greatly  at 
the  moment  of  solidifying.  Graham  states  that  it 
cannot  be  obtained  in  crystals  by  cooling;  but  according 
to  other  authorities,  when  large  quantities  of  gold  have 
been  fused,  and  are  then  allowed  to  cool  slowly,  cubes 
more  or  less  modified  on  their  edges  and  angles  are 
frequently  the  result.  It  has  been  shown  that  native 
gold  affords  numerous  well-defined  crystals  belonging 
to  the  cubic  system,  and  that  of  these  the  greater 
number,  if  not  all,  is  affected  by  the  faces  of  the 
regular  octahedron. 

Chemical  Examination  op  Gold  Ores. — A  rude 
method  of  ascertaining  the  presence  of  gold  in  crushed 
quartz,  or  earthy  ore,  by  washing  with  the  hand-basin, 
has  been  described;  but  gold  is  often  present  in  the 
matrix  in  grains  or  particles  so  minute  that  it  cannot  be 
detected  by  the  eye,  and  sometimes  it  is  quite  disguised 
by  admixture  with  other  metals  or  minerals.  Many 
cases  occur,  however,  in  which  it  is  of  great  importance 
to  ascertain  the  presence  of  gold,  not  only  as  a  first 
step  in  the  examination  of  suspected  auriferous  ores, 
but  likewise  in  the  assaying  of  alloys  of  gold  with  dif- 
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fcrent  metals.  In  commencing  mining  operations,  the 
fact  of  the  presence  of  gold  in  the  ore,  in  any  appreci- 
able quantity,  is  the  first  point  to  be  determined ;  and 
if  this  be  decided  in  the  affirmative,  the  next  point  is  to 
determine  the  proportion  or  quantity  of  gold  contained. 
The  first  process  is  termed  testing  for  gold,  or  the  qua- 
litative examination  of  a  suspected  mineral ;  the  second 
is  the  quantitative  examination,  or  assaying  process. 

Sulphate  of  iron,  protochloride  of  tin,  and  oxalic  acid 
are  the  tests  or  reagents  pre-eminently  employed  in 
seeking  to  determine  the  presence  of  gold. 

Before  any  of  these  tests  can  be  applied,  the  sub- 
stance supposed  to  contain  the  gold  must  be  brought 
into  a  state  of  solution ;  and  this  can  only  be  done  by 
means  of  the  mixture  of  nitric  and  hydrochloric  acids 
already  mentioned.  If  the  substance  consist  of  earthy 
or  quartzose  matter,  this  must  be  reduced  to  powder  by 
trituration  in  a  mortar  before  it  is  subjected  to  the  action 
of  the  solvent;  but  if  the  matter  under  examination 
bo  simply  a  metallic  alloy,  it  can  be  dissolved  without 
any  previous  preparation.  An  excess  of  acid  should 
be  avoided,  and  for  this  purpose  some  carbonate  of 
soda  should  be  added.  When  the  solution  is  effected, 
the  liquid  should  be  evaporated  to  about  one-eighth  of 
its  original  bulk,  and  then  diluted  with  three  or  four 
ounces  of  water.  The  action  of  the  reagents  is  as 
follows : — 

1.  Sulphate  of  Iron  or  Green  Vitriol. — If  a  few 
crystals  of  this  salt  be  dissolved  in  distilled  water,  and 
dropped  into  the  suspected  solution,  the  result  is  the 
precipitation  of  the  gold,  if  any  be  present,  in  the  form 
of  a  dark-brown  powder,  which  is  metallic  gold  in  a 
very  fine  state  of  division,  as  already  described  in  con- 
nection with  the  laboratory  process  for  preparing  pure 
gold.  If  the  solution  has  been  mixed  with  a  con- 
siderable quantity  of  water,  the  liquid,  on  the  addition 
of  the  green  vitriol,  is  colored  brown  by  reflected,  and 
blue  or  a  dingy  green,  by  transmitted  light ;  and  this 
is  obvious  even  when  forty  thousand  parts  of  the  men- 
struum are  present  to  one  part  of  gold.  If  the  liquid 
amount  to  eighty  thousand  parts,  it  is  colored  sky-blue ; 
with  one  hundred  and  sixty  thousand  parts,  it  becomes 
violet ;  with  three  hundred  and  twenty  thousand  parts 
of  liquid,  the  violet  tint  is  still  very  obvious ;  but  with 
six  hundred  and  forty  thousand  parts,  it  is  with  difficulty 
perceived. 

The  deposit  formed  when  the  sulphate  of  iron  is  added 
may  be  corroboratively  proved  to  be  gold,  by  its  being 
insoluble  in  nitric  acid,  but  readily  soluble  in  aqua 
regia. 

2.  Protochloride  of  Tin. — If  to  another  portion  of 
the  nitro-hydrochloric  solution  be  added  a  small  quan- 
tity of  a  solution  of  protochloride  of  tin — commonly 
known  as  salts  of  tin — there  will  be  immediately  pro- 
duced, if  any  gold  is  present,  a  dark  brownish-purple 
precipitate,  known  as  purple  of  Cassius.  This  sub- 
stance is  used  in  enamel  and  porcelain  painting,  and 
also  for  tinging  glass  of  a  fine  red  color,  in  connection 
with  which  applications  it  will  be  noticed  afterwards. 
Its  color,  though  not  a  brilliant  purple,  but  rather  a 
reddish-brown,  is  characteristic,  and  after  being  once 
seen  is  not  likely  to  be  mistaken.  Its  appearance, 
when  the  chloride  of  tin  is  added  to  the  liquid,  affords 


an  infallible  proof  of  the  presence  of  gold,  for  a  very 
minute  portion  of  that  metal  gives  a  manifest  reaction 
when  this  test  is  employed. 

When  the  firBt  test — sulphate  of  iron — has  been  ap- 
plied, and  its  evidence  corroborated  by  the  solution  of 
the  precipitated  gold  powder  in  aqua  regia,  the  proto- 
chloride of  tin  may  be  employed  to  produce  the  purple 
of  Cassius  in  this  solution  also. 

3.  Oxalic  Acid. — This  substance,  either  in  crystals, 
or  dissolved  in  water,  causes,  when  added  to  the  nitro- 
hydrochloric  solution,  the  precipitation  of  any  gold  that 
may  be  present,  in  the  form  of  a  brown  or  greenish- 
black  powder,  in  the  same  manner  as  the  sulphate  of 
iron ;  but  the  precipitation  does  not  occur  so  rapidly. 
Indeed,  it  requires  not  less  than  forty-eight  hours  for 
the  whole  of  the  gold  to  be  thrown  down  by  the  oxalic 
acid,  unless  heat  is  applied,  by  which  the  process  is  ac- 
celerated. The  precipitate  is  pulverulent  gold,  and  may 
be  tested,  as  in  the  first  case,  by  its  insolubility  in  nitric 
acid,  while  readily  dissolving  in  aqua  regia.  A  crystal 
of  oxalic  acid,  wetted  with  a  solution  of  gold,  becomes 
soon  covered  with  a  thin  film  of  the  metal,  having  its 
distinctive  color  and  lustre. 

These  are  the  tests  most  easily  applied  by  persons 
unaccustomed  to  chemical  manipulation.  At  the  same 
time,  it  may  be  useful  to  know  the  reactions  of  gold 
with  various  other  substances,  the  most  important  of 
which,  including  the  three  already  mentioned,  are  sum- 
marily tabulated  as  follows  by  Dr.  Lyon  Playfair,  in 
a  lecture  delivered  by  that  chemist  at  the  Museum  of 
Practical  Geology : — 

TESTS  FOR  G0LI>. 
Tests  or  reagents.  Results, 

(In  acid  solution,  brown  preci- 

Sulphate  of  iron,          ......-<    pitate ;  if  very  dilute  solu- 

tion,  only  a  blue  coloring, 
fin  dilute  solution,  a  purple-red 

Protochloride  of  tin,  <    coloring ;  when  strong,  al- 

most  brown  precipitate. 
( Precipitates  metallic  gold  as  a 

Metallic  zinc,   s    voluminous  brown  precipi- 

(  tate. 

(No  precipitate  ;  after  some 

Potassa  in  excess,   •<    time  a  green  coloring  and 

(     slight  precipitate. 
.         .  (Yellow  precipitate — fulminat- 

Ammoma  |  inggold. 

,  r      .  i,    ( No  precipitate  in  cold  solutions, 

Carbonate  of  soda,  or  carbo  J    bSt  tf&ii  heated,v6luminduS 

nate  of  potassa  |    precipitate  like  oxide  of  iron. 

Bicarhonates  of  soda  or  po-fN        .  . 
tassa,  ,  j      r  r 

r.   ,           r     _  f  Behaves  like  ammonia,  carbo- 

Carbonate  of  ammonia,  j    nic  add  bemg  evolve'd_ 

(Dark,  greenish-black  precipi- 

Oxalic  acid,  -<    tate,  more  quickly  produced 

(    by  heat. 

Tartaric  acid  and  soda,   Dark  precipitate  when  boiled. 

Sulphide  of  ammonium  and  f  Dark  brown  or  black  precipi- 
Sulphide  of  hydrogen  \  tate. 

These  reactions  are  so  characteristic  that  it  is  im- 
possible to  mistake  gold  for  any  other  metal.  At  the 
same  time,  it  may  be  stated  that  the  protochloride  of 
tin  is  the  most  infallible  test,  and  is  indeed  quite  con- 
clusive. It  has  the  advantage  of  being  more  delicate 
than  the  others — that  is  to  say,  it  will  indicate  the  pre- 
sence of  a  smaller  quantity  of  gold  than  any  other  re- 
agent, not  excepting  the  protosulphate  of  iron  or  the 
oxalic  acid. 
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Tests  fok  Metals  usually  Associated  with 
Gold. — In  examining  an  ore  or  alloy  supposed  to  con- 
tain gold,  it  ia  often  an  object  of  great  importance  to 
determine  the  nature  of  the  metals  with  which  the  gold 
is  associated.  These  may  be  of  high  value  on  their 
own  account,  and,  according  to  the  quantities  in  which 
they  are  present,  may  greatly  affect  the  value  of  the  ore 
or  mineral  in  question.  To  enter  fully  into  this  sub- 
ject in  connection  with  the  rarer  metals  that  are  found 
associated  with  gold,  would  be  of  little  practical  use. 
The  Editor  will  therefore  confine  his  attention  to  the 
means  of  detecting  and  distinguishing  those  of  most 
common  occurrence — copper,  silver,  and  platinum. 

1.  Copper. — It  has  been  shown  that  copper  is  almost 
always  associated  with  gold  even  in  quartz,  and  that 
copper  pyrites  is  one  of  those  substances  frequently 
mistaken  for  gold.  When  dissolved  in  acids,  how- 
ever, it  gives  characteristic  actions,  which  render  its 
presence  easily  distinguishable.  One  of  the  readiest 
tests  is  to  introduce  into  the  solution  a  piece  of 
clean  iron,  when,  if  copper  be  present,  it  will  be  de- 
posited on  the  iron  in  the  metallic  state.  This  experi- 
ment, remarks  Dr.  Lyon  Playfair,  apparently  show- 
ing the  conversion  of  iron  into  copper,  deceived  the 
alchemists  in  their  researches,  and  gave  much  support 
to  the  idea  that  one  metal  may  be  transmuted  into 
another.  The  action  depends,  however,  upon  a  simple 
exchange,  the  iron  going  into  the  solution  in  proportion 
as  the  copper  goes  out.  Again,  when  ammonia  is 
added  in  excess  to  a  solution,  in  which  copper  exists, 
it  communicates  to  the  liquid  a  rich  deep  blue  color. 
Ferrooyanide  of  potassium  produces,  with  copper,  a 
brownish-red  precipitate,  even  when  the  metal  is 
present  in  very  small  quantity.  Carbonate  of  soda 
precipitates  copper  from  its  hot  solutions  in  the  form 
of  an  apple-green  compound,  which  is  a  carbonate  of 
copper,  known,  when  artificially  formed,  as  verditer, 
and  when  it  occurs  native,  as  malachite.  Copper  ore 
in  the  latter  form  exists  abundantly  in  Australia — not, 
indeed,  mixed  with  the  gold,  but  constituting  valuable 
mines,  from  which  the  ore  is  sent  over  to  this  country, 
with  great  profit,  to  be  smelted  in  South  Wales. 

2.  Silver. — It  has  been  shown  that  gold  appears  to 
be  invariably  alloyed  with  this  metal,  sometimes  to 
a  very  large  amount.  In  its  separate  state  it  is  readily 
distinguished,  not  only  by  its  white  color,  but  also  by 
its  specific  gravity,  which  is  only  10'4,  or  about  one- 
half  that  of  gold.  It  may  be  useful  to  state,  that  when 
in  a  very  fine  state  of  division,  it  is  of  a  dark-grey  color. 
It  may  be  easily  recognized  by  its  chemical  behavior 
to  reagents,  in  which  respect  it  differs  from  gold  by  its 
solubility  in  nitric  acid  at  all  temperatures,  and  in 
boiling  or  heated  sulphuric  acid.  On  the  contrary, 
with  hydrochloric  acid,  it  forms  a  white  curdy  precipi- 
tate, which  is  the  chloride  of  silver.  If  the  nitric  acid 
employed  to  dissolve  it  contain  the  least  hydrochloric 
acid,  the  solution  will  become  turbid  by  the  formation 
of  the  chloride.  Hence,  when  a  mineral  containing 
gold  and  silver  is  submitted  to  the  action  of  aqua  regia 
— nitro-hydrochloric  acid— the  appearance  of  this  white 
precipitate  will  immediately  indicate  the  presence  of 
the  latter  metal.  The  chloride  of  silver  is  soluble  in 
ammonia,  and  may  thus  be  distinguished  from  many 


other  white  precipitates ;  or  it  may  be  further  tested 
by  putting  the  precipitate  into  a  crucible  with  carbo- 
nate of  soda,  and  exposing  the  mixture  to  a  strong  red 
heat,  when  a  button  of  pure  silver  will  be  obtained. 
By  careful  manipulation  the  amount  of  silver  present 
may  be  accurately  determined  in  this  manner.  If  the 
mineral  containing  the  silver  be  dissolved  in  oil  of 
vitriol,  it  is  readily  detected  by  inserting  a  few  frag- 
ments of  copper,  which  causes  the  precipitation  of  tho 
silver  in  a  pulverulent  state. 

From  the  fact  that  silver,  in  greater  or  less  propor- 
tion, is  uniformly  associated  with  gold  in  the  native 
state,  it  may  be  useful  to  compare  the  following  reac- 
tions with  those  given  in  the  preceding  page  for  the 
metal  of  higher  value : — 

TESTS  FOE  SILVER, 
Teata  or  HeagentB.  Result* 

„  .  f  Brown  precipitate,  becomes 

Potassa, |    black  on  boiling. 
,         .  (Brown  precipitate,  soluble  in 

Ammonia,  -j    excess  of  ammonia. 

_  .  ,.     ,  .        ("White  precipitate,  soluble  in 

Carbonate  of  soda  or  potassa,  -i     ammonia,  r 

„  ,           „          .  (White  precipitate,  soluble  in 

Carbonate  of  ammonia,  j    escesJ3  of  r'eagent. 

f  Yellow  precipitate,  soluble  in 
rhosphate  of  soda,  -1  amm0'nia/ 

„    ,.      .,  fin  neutral  solutions,  white 

0xalic  acld  \  precipitate. 

Sulphide  of  hydrogen  and  sul-f  BIack  precipitate. 

phide  of  ammonium,  j  , 

(  White  curdy  precipitate,  solu- 
Hydrochlonc  acid,  j    We  in  animonia. 

(Precipitates   white  metallic 
Zinc  or  copper,  -i    Bfl  *er_ 

„,,,..  fin   neutral  solutions,  white 

Sulphate  of  iron,  |    metallic  silver. 

3.  Platinum. — This  is  another  metal  frequently  asso- 
ciated with  gold ;  and  as  it  is  one  of  the  noble  metals, 
and  ranks  in  price  between  silver  and  gold,  an  ore 
which  contains  it  in  any  considerable  quantity  is  of 
great  value.  The  specific  gravity  of  platinum  is  about 
21-5,  and  is,  therefore,  greater  than  that  of  gold.  In 
short,  platinum  is  the  heaviest  of  all  known  substances. 
It  is  of  a  light  steel-grey  color,  less  ductile  than  gold 
or  silver,  but  more  tenacious,  and  will  support  greater 
weights  on  equal  thicknesses  of  wire  than  any  metal 
except  iron  or  copper.  It  is  distinguished  from  gold 
not  only  by  its  color,  but  also  by  its  extreme  difficulty 
of  fusion ;  it  does  not  melt  by  itself  in  the  highest  heat 
of  a  furnace,  but  softens  sufficiently  to  admit  of  forging 
and  welding,  and  in  the  arc  of  flame  of  the  voltaic 
current,  or  before  the  oxyhydrogen  blowpipe,  it  admits 
of  being  fused  even  in  considerable  masses.  On  the 
other  hand,  it  resembles  gold  not  only  in  its  high  specific 
gravity,  as  already  stated,  but  also  in  the  fact  that  it 
resists  the  action  of  all  the  simple  acids,  and  is  soluble 
only  in  aqua  regia.  This  circumstance,  together  with 
its  great  infnsibility,  renders  it  importantly  useful  in 
many  of  the  arts,  and  indispensable  for  various  pur- 
poses in  the  chemical  laboratory.  It  is  the  metal  uni- 
versally employed  for  apparatus  which  requires  to  be 
exposed  to  high  temperature  and  powerful  chemical 
agencies,  without  undergoing  any  change.  It  is,  there- 
fore, very  desirable,  as  Dr.  Lyon  Playfair  has  re- 
marked, that  those  who  go  to  the  gold  regions  should 
look  well  for  this  precious  metal,  as  it  is  likely  to  escape 


270 


GOLD  Tools  for  the  Gold-Digger. 


the  notice  of  the  common  observer  from  its  less  glitter- 
ing appearance. 

There  are,  however,  certain  chemical  reactions  by 
which  platinum  may  be  readily  distinguished  and  sepa- 
rated from  the  gold  in  solution.  Sulphate  of  iron  and 
oxalic  acid,  which  precipitate  gold,  do  not  precipitate 
platinum.  When  the  latter  is  dissolved  in  aqua  regia, 
and  the  acid  neutralized  by  carbonate  of  soda,  it  is 
deposited  as  a  black  powder,  if  the  mixture  be  boiled 
with  tartaric  acid  and  soda — the  ingredients  of  a  Seid- 
litz  powder.  Further,  the  addition  of  chloride  of  am- 
monium and  alcohol  to  a  strong  solution  of  platinum, 
causes  the  deposition  of  a  yellow  crystalline  precipitate, 
which  is  characteristic  of  this  metal.  These  and  other 
reactions  may  be  summarily  stated  as  follows  : — 

TESTS  FOR  PLATINUM. 
Testa  or  Reagents.  Results. 

.,     .     .     .  Vi    C Yellow  crystalline  precipitate 

Chloride  of  potassium  or  chlo-J        d     J  num  £  &  ad. 

ride  ot  ammonium  |    dition  of  alcohol. 

i"With  chloride  of  platinum  acts 
like  the  chlorides  of  potas- 
sium and  ammonium. 
In  chloride  solution  yellow 
precipitate. 

Carbonate  of  soda,   No  precipitate. 

Sulphate  of  iron,   No  precipitate. 

Oxalic  acid,   No  precipitate. 

Protochloride  of  tin,  f^Se.^  "° 

Sulphide   of  hydrogen    and  f  Dark-brown  nearly  black  pre- 

other  sulphides,  \  cipitate. 

m   ,    .             i     j  f  On  boiling,  metallic  platinum 

Tartaric  acid  and  soda  |    &Us  as  »•  Uack  p0^der_ 

„.  7  Slowly  precipitates  metallic 

mCj \    platinum  as  black  powder. 

Application  of  the  Reagents. — Having  thus  de- 
scribed the  properties  and  characteristic  reactions  of 
the  different  metals  which  it  is  desirable  to  loot  for  as 
being  frequently  associated  with  gold,  let  it  now  be 
assumed  that  the  substance  to  be  examined  is  a  piece  of 
auriferous  quartz.  This  must  be  first  reduced  to  pow- 
der, and  then  boiled  for  some  time  in  an  earthenware  or 
glass  dish  with  aqua  regia.  The  solution  is  then  diluted 
with  water,  passed  through  a  filter,  and  allowed  to 
cool.  If  any  silver  be  present,  it  will  remain  in  the 
filter  as  a  white  precipitate,  mixed  with  the  quartz. 

To  the  liquid  which  has  passed  through  the  filter,  a 
solution  of  carbonate  of  soda  is  now  added,  until  no 
more  effervescence  takes  place.  This  will  precipitate 
all  the  other  metals  which  may  be  present  except  gold 
and  platinum.    These  will  remain  in  solution. 

The  liquid  is  again  filtered,  and  a  solution  of  oxalic 
acid  is  added  until  it  ceases  to  produce  effervescence, 
and  has  a  sour  taste  ;  then  boil ;  if  there  be  any  gold 
present,  it  will  be  precipitated  as  a  black  powder.  The 
platinum,  if  any  be  present,  will  still  remain  in  solution. 

Decant  or  filter  the  liquid  from  the  gold  precipitate, 
and  add  to  the  former  protochloride  of  tin,  when  a 
reddish-brown  coloring  will  appear  if  platinum  be  pre- 
sent. Or,  by  boiling  with  tartaric  acid  and  soda,  the 
platinum  will  be  thrown  down  as  a  black  precipitate. 

It  has  been  stated  that  if  any  silver  be  present,  it 
will  be  found  on  the  first  filter,  mixed  with  the  quartz. 
Wash  this  with  ammonia,  which,  if  copper  be  present, 
will  produce  a  deep  blue  tinge.  To  the  solution  which 
comes  through,  add  hydrochloric  acid  until  the  smell 


disappears,  and  the  silver  will  be  thrown  down  as  a 
white  curdy  precipitate. 

It  is  evident  that  other  methods  and  reagents  may 
be  adopted.  For  example,  the  original  solution  in 
aqua  regia  may  be  concentrated  by  evaporation,  until 
it  is  very  much  reduced  in  quantity ;  then  add  about 
three-fourths  of  its  bulk  of  spirit  of  wine,  and,  lastly, 
a  saturated  solution  of  chloride  of  ammonium.  By  these 
reagents  the  platinum  will  be  thrown  down  as  a  yellow 
crystalline  precipitate,  while  the  solution  filtered  from 
this,  and  treated  with  sulphate  of  iron  or  boiled  with 
oxalic  acid,  deposits  gold. 

By  carefully  weighing  the  gold  obtained,  the  amount 
present  in  a  given  quantity  of  the  ore  or  alloy  may  he 
exactly  determined ;  but  full  details  of  the  different 
methods  of  conducting  the  quantitative  examination, 
including  the  assaying  of  gold  ores  and  alloys  by  the 
dry  process,  will,  to  avoid  repetition,  be  postponed  to 
the  close  of  the  article. 

Gold-Digging  Tools. — When  the  fact  has  been 
ascertained  that  a  rock  or  soil  really  contains  gold,  aud 
this  in  sufficient  quantity  to  repay  the  labor  of  extract- 
ing it,  the  first  operation  is  that  of  digging  the  soil  or  re- 
ducing the  rock  to  fragments,  with  a  view  to  its  pre- 
paration for  the  subsequent  processes.  For  the  former 
of  these  purposes,  the  spade,  the  hammer,  the  pick-axe, 
and  other  common  tools  are  employed ;  but  for  the 
special  use  of  the  gold-digger,  who  cannot  conveniently 
carry  a  complete  assortment  of  these,  an  ingenious 
combination  of  five  tools,  adapted  for  a  single  handle, 
has  been  contrived  by  Mr.  T.  Lee  of  Birmingham. 
Four  of  these  are  represented  in  the  three  annexed  cuts. 


Fig.  216. 


Fig.  218. 


Fig.  217. 


Fig.  216  is  a  steel  shovel,  with  loose  handle  fitted  to  it, 
to  suit  all  the  varieties.  Fig.  217  is  the  same  shovel, 
altered  for  use  as  a  pick  and  scraper  ;  this  alteration  is 
effected  by  withdrawing  the  prong  of  the  pick  from  a 
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hollow  socket  made  in  the  handle  for  its  reception,  and 
fitting  the  end  of  the  handle  into  the  eye  shown  in  the 
shovel.  Fig.  218  is  the  same  handle  fitted  with  an  axe, 
formed  with  a  pointed  hammer,  for  granite-breaking. 
A  fourth  arrangement  admits  of  forming  the  fifth  tool, 
a  powerful  crow-bar,  by  fitting  a  short  additional  bar  to 
the  universal  handle.  Armed  with  this  combination-tool, 
as  the  inventor  terms  it,  the  gold-digger  is  independent 
of  the  extensive  array  of  ordinary  implements  ;  since, 
with  the  form  of  the  apparatus  represented  in  Fig.  217 
cn  his  shoulder,  and  the  axe-head  and  short  point  of 
the  crow-bar  in  his  hand,  he  may  journey  freely  to 
the  scene  of  his  operations  ;  and  when  he  commences 
work  he  is  ably  assisted  by  the  peculiar  fitness  of  the 
several  combinations  for  the  purposes  of  excavation. 
The  incessant  hard  work  of  a  pick  rapidly  wears  away 
its  point;  but  the  combination-tool  makes  provision 
for  one  or  more  extra  points  to  fit  on  the  end  of  the 
pick.  These  are  of  small  weight,  and  may  he  carried 
in  the  pocket.  The  pick,  working  in  conjunction  with 
the  steel  plate  of  the  shovel,  which  is  in  the  position 
of  a  scraper,  to  remove  the  loosened  earth,  effects  a 
saving  of  time,  while  the  quick  change  from  one  tool 
to  another  causes  but  little  delay,  in  proportion  to  the 
convenience  secured  by  the  great  portability  of  the 
arrangement. 

Mechanical  Preparation  op  Gold  Ores. — 
Before  subjecting  the  ore,  or  the  auriferous  gangue,  to 
the  chemical  or  metallurgical  processes  by  which  the 
gold  is  extracted,  it  has  certain  mechanical  operations 
to  undergo,  the  number  and  nature  of  which  will  be 
determined  by  the  character  of  the  ore  itself,  and  its 
state  of  aggregation.  The  metal  is  rarely  found  in  the 
shape  of  large  nuggets,  requiring  only  to  be  cast  into 
ingots.  It  is  generally  either  in  the  shape  of  dust,  or 
spangles,  or  small  grains  intimately  mixed  with  the 
quartz  rock  or  the  alluvial  soil ;  and  though  far  the 
greatest  amount  of  gold  is  obtained  by  the  direct  wash- 
ing of  alluvial  deposits,  yet,  as  a  considerable  and 
perhaps  increasing  proportion  is  extracted  from  the 
solid  rock,  it  seems  to  be  the  natural  order  to  begin 
with  those  operations  by  which  the  rock  is  artificially 
reduced  to  the  state  of  an  auriferous  sand  or  pulverized 
ore.  These  operations  are  crushing,  stamping,  and 
grinding,  and  are  usually  conducted  by  regularly- 
established  mining  companies,  while  individual  diggers 
confine  themselves  to  the  washing  of  soils  on  which  the 
same  operations  have  already  been  performed  by  na- 
ture. 

Crushing. — To  reduce  the  fragments  of  ore,  as 
obtained  from  the  mine,  to  the  proper  size  for  their 
subsequent  mechanical  concentration,  it  is  obvious  that 
various  arrangements  may  be  employed,  although  in 
every  instance  the  principles  involved  must  be  very 
nearly  the  same.  For  this  purpose,  the  machine  repre- 
sented in  Fig.  219  is  frequently  used,  and  consists  of 
two  large  cylinders  or  crushing  rollers,  B,  c,  of  cast-iron, 
moving  in  contrary  directions  in  a  strong  iron  frame- 
work, A  A,  secured  to  a  solid  wooden  frame  by  means  of 
screw-bolts.  The  bearings,  D,  E,  of  the  rollers  are  so 
arranged  as  to  slide  in  grooves,  and  consequently  admit 
of  the  cylinders  being  either  brought  nearer  to  each 
other  or  separated  to  a  greater  distance.    To  admit  of 


the  passage  of  large  pieces  of  stone  too  hard  to  be 
broken,  a  certain  elasticity  is  given  to  the  machine  by 
means  of  the  lever,  p  g,  which,  by  a  sliding  bar,  and 

Fig.  219. 


the  shoulder,  K,  constantly  tends  to  keep  the  surfaces 
of  the  two  grinding  cylinders  in  contact,  being  loaded 
at  its  extremity  with  a  heavy  weight,  H,  which  is  ad- 
justed to  the  hardness  of  the  mineral  to  be  broken. 

After  passing  between  the  rollers,  the  crushed  ores 
fall  into  the  upper  end  of  an  inclined  cylinder  of  coarse 
wire  gauze,  similar  in  construction  and  operation  to 
that  which  is  described  in  Vol.  I.,  p.  1G9,  in  connection 
with  the  alum  manufacture,  and  is  there  represented 
on  the  right  hand  side  of  Fig.  97.  This  cylinder  re- 
ceives an  oscillatory  motion  from  the  same  steam  or 
water  power  which  impels  the  rollers,  and  divides  the 
pulverized  ore  into  two  classes;  that  which  passes 
through  the  meshes  of  the  gauze  falls  on  the  floor  of 
the  building,  whilst  those  grains  which  are  too  large  to 
pass  through  the  sieve  are  carried  out  at  its  lower  end, 
and  fall  into  the  buckets  of  an  endless  chain,  by  which 
this  portion  is  again  brought  to  the  level  of  the  hopper 
over  the  rollers  for  the  purpose  of  being  subjected  to 
another  crushing. 

Stamping. — When  the  ore  is  required  to  be  reduced 
to  a  finer  state  of  division  than  can  be  readily  effected 
by  means  of  the  crushing  rollers,  it  is  usually  subjected 
to  the  pounding  action  of  large  wooden  pestles,  armed 
with  iron  heads,  and  moved  either  by  steam  or  water 
power.  The  vertical  wooden  beams  of  which  the 
pestles  consist,  are  placed  in  a  row,  and  are  successively 
raised  by  cams  fixed  around  a  movable  axle,  so  as  to 
correspond  with  tongues  attached  to  the  pestles  them- 
selves. The  cams  are  so  arranged  in  three  spirals  that 
each  pestle  shall  give  three  blows  during  each  revolu- 
tion, and  as  soon  as  the  first  in  the  series  has  been 
released  from  its  cam,  and  begins  to  fall,  the  second 
cam  of  the  same  spiral  comes  in  contact  with  the 
tongue  of  the  next  pestle ;  and  so  on  until  each  has 
successively  struck  a  blow,  when  the  first  pestle  is  again 
caught  by  the  first  cam  belonging  to  the  second  spiral, 
and  another  series  of  rapid  blows  is  given.  The  size 
of  the  iron  stamp-heads  varies  according  to  the  nature 
of  the  mineral  to  be  broken  ;  but  their  general  weight 
is  from  three  hundred  to  four  hundred  pounds. 

In  some  of  the  more  modem  stamping-mills,  both 
the  axles  and  pestles  are  of  iron  ;  and  a  great  improve- 
ment in  the  method  of  lifting  the  pestles  has  been 
recently  effected  by  Mr.  Walker,  of  London,  who 
substitutes  a  series  of  endless  chains  for  the  axle,  and 
thereby  increases  the  height  of  the  fall  of  the  pestles  to 
any  required  extent.  This  arrangement  is  shown  in 
Fig.  220,  where  AAA  represent  three  of  the  pestles, 
while  the  top  of  the  fourth  is  nearly  on  a  level  with  the 
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collar  through  which  they  pass ;  and  rs  denotes  the  end- 
less chains  revolving  on  the  axles,  c,  D.  When  motion 
is  given  to  the  machine,  the  pestles  are  successively 


Fig.  220. 


raised  through  the  whole  distance  from  c  to  D,  by  pro- 
jecting links  on  the  chains,  which  are  caught  by  tongues 
on  the  pestles,  and  these  tongues  are  so  arranged  that 
each  of  them  may  in  rotation  be  raised  and  released, 
as  in  the  case  of  the  spirals  already  described.  A 
rapid  succession  of  blows  is  thus  struck ;  and  each  of 
the  pestles  when  released  falls  on  the  mineral  placed 
below  with  its  whole  weight,  to  which  much  additional 
force  is  given  by  the  impetus  acquired  in  descending 
through  the  space,  D  c. 

In  Mr.  Walker's  arrangement,  as  in  the  older 
stamping-mills,  the  minerals  to  be  pounded  are  placed 
in  a  large  wooden  trough,  in  which  are  openings  pro- 
vided with  sieves,  or  strainers,  made  by  punching  small 
holes  in  thin  sheets  of  iron.  The  pulverized  ore  is 
carried  through  these  sieves  by  a  current  of  water 
admitted  into  the  trough,  which  is  then  conducted  over 
an  inclined  table,  r,  set  in  motion  by  the  chain,  e. 
The  heavier  and  richer  portions  accumulate  on  this 
table,  whilst  the  lighter  are  washed  away  into  a  series 
of  reservoirs,  in  which  they  subside  in  the  order  of 
their  specific  gravity.  The  machine  may  be  worked 
either  by  the  hand  or  by  steam  or  water  power. 

Grinding. — If  it  be  deemed  desirable  to  reduce  the 
ore  to  a  still  greater  degree  of  fineness,  any  form  of 
apparatus,  commonly  used  for  grinding,  may  be  em- 
ployed. In  Mexico  the  sands  obtained  from  the  stamp- 
ing-mills are  afterwards  ground,  with  water,  in  a 
machine  similar  to  the  common  mill-stone.  Edge- 
stones,  resembling  the  apparatus  represented  in  Vol.  I., 
Fig.  97,  are  also  employed  for  the  same  purpose.'  It 
is  necessary,  however,  that  the  grinding-mills  be  either 
of  iron  or  granite.  In  the  stamping-mill,  the  ore  is 
already  reduced  to  the  state  of  sand ;  and,  therefore, 


Washing — The  Cradle. 


the  further  pulverizing,  if  thought  necessary,  is  usually 
associated  with  the  operations  of  washing  and  amalga- 
mating. 

Washing. — It  has  been  stated,  that  the  greater  por- 
tion of  the  gold  is  obtained  from  the  alluvial  soils  or 
sands,  on  which  nature  has  already  performed  the 
operation  of  crushing  or  pulverizing  the  rock.  In  gene- 
ral, therefore,  the  washing  process  is  that  with  which 
the  gold-digger  commences ;  and  this,  indeed,  together 
with  the  labor  of  extracting  the  soil  from  the  pit,  or 
from  the  bed  of  the  stream  or  river,  is  the  only  opera- 
tion usually  resorted  to  for  procuring  the  gold  dust  or 
nuggets  which  are  sent  from  Australia  and  California. 
At  the  same  time,  the  further  process  of  amalgamation, 
when  it  can  be  conveniently  employed,  extracts  the  auri- 
ferous particles  more  thoroughly.  These  two  processes 
— washing  and  amalgamation — which  now  remain  to 
be  described,  are  equally  applicable  to  the  pounded  or 
pulverized  rock,  and  to  the  auriferous  soils  which  con- 
stitute at  present  the  chief  source  of  the  supply  of  gold. 
The  absolute  necessity  of  washing  the  soil,  to  procure 
the  precious  grains,  even  when  amalgamation  is  subse- 
quently resorted  to  for  more  effectually  extracting  the 
metal  and  removing  impurities,  teaches  the  great  im- 
portance of  opening  the  pits  or  diggings  in  a  situation 
where  an  ample  supply  of  water  can  be  obtained. 

Hand-Washing. — The  operation  of  hand- washing, 
which  is  the  simplest  method  of  separating  the  gold 
dust  or  grains  from  the  soil,  in  a  state  of  greater  or  less 
purity,  has  been  already  described.  This  method  is 
extensively  practised  in  South  America,  and  the  instru- 
ment employed  is  a  round  iron  or  zinc  pan,  Fig.  221, 
shallow   at  the 

sides,  but  sinking  221 


into  a  deep  cavity 
in  the  middle, 
where  the  heavy 
particles  of  the 
gold  accumulate, 


washings,  which  carry  off  the  earth  or  stony  matters. 
The  gold  is  still  mixed  with  impurities,  from  which  it  is 
ultimately  separated  by  amalgamation. 

The  Cradle. — Next  in  point  of  simplicity  to  the  pan 
or  basin,  is  the  cradle,  or  rocking  machine,  which  is  much 
used  in  Australia  and  California,  and  is  so  named  from 
its  resemblance  to  the  common  article  of  domestic  fur- 
niture. It  consists,  as  shown  in  Fig.  222,  of  a  wooden  or 
tin  trough,  six  or  seven  feet  in  length,  under  and  across 
the  bottom  of  which  two  curved  bars  of  wood  are  fixed, 
to  serve  as  rockers.  Sometimes  it  is  suspended  by  ropes 
from  a  cross-bar,  supported  at  each  end  by  two  poles. 
The  cradle,  whether  suspended  or  resting  on  the  ground, 
is  made  to  have  a  slight  inclination  from  one  end  to 
the  other,  to  allow  the  water  to  run  off.  At  the  upper 
end  is  placed  a  sieve,  or  coarse  grating,  on  which  the 
sand  to  he  washed  is  charged ;  and  the  interior  of  the 
bottom  of  the  vessel  is  provided  with  a  few  transverse 
bars,  to  arrest  the  heavier  particles  in  their  descent, 
while  the  water  and  lighter  matters  flow  off.  Four 
men  are  required  to  work  this  apparatus  efficiently — ■ 
one  to  dig  and  collect  the  auriferous  sand,  another  to 
carry  it  to  the  cradle,  and  deposit  it  on  the  grating,  a 
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third  to  rook  the  trough,  and  a  fourth  to  attend  to 
the  supply  of  water,  and  the  uniform  washing  of  the 
material.   The  grating  intercepts  the  stones  and  coarser 


Fig.  222. 


gravel ;  the  earthy  matters,  containing  the  particles  of 
gold,  pass  through;  and  the  latter,  with  the  heavy  ferru- 
ginous sand,  are  arrested  by  the  transverse  bars,  while 
the  lighter  portions  are  carried  down  by  the  water  to 
the  lower  end,  which  is  left  open,  or  where  a  perforation 
is  made  to  allow  the  current  to  escape. 

After  continuing  the  operation,  with  repeated  charges 
of  tbe  auriferous  sand,  during  a  sufficient  period,  which 
will  vary  according  to  the  richness  of  the  material,  the 
concentrated  ore  which  has  accumulated  behind  the  bars 
of  the  cradle,  is  collected  in  a  tin  pan,  shown  in  the 
same  figure,  and  after  being  dried  in  the  sun,  the  lighter 
impurities  still  remaining  are  removed,  by  blowing 
strongly  on  the  mixture  with  a  pair  of  bellows  or 
otherwise. 

Gold-Sifter. — A  more  refined  apparatus,  forwashing 
and  sifting  the  auriferous  ore,  which  was  registered  by 


Fig.  223. 


Messrs.  Lambert  and  Danby  of  Liverpool,  is  repre- 
sented in  Fig.  223.  It  consists  of  an  open  frame,  A  A, 
carrying  a  receiver,  B  B,  in  which  is  a  revolving  barrel, 
sot  with  a  series  of  pins,  D,  working  in  gear  with  other 
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corresponding  pins,  which  are  made  fast  in  the  receiver. 
The  pin-shaft,  G,  which  carries  a  fly-wheel,  H  H,  is  driven 
by  the  winch  F.  The  other  end  of  the  shaft  works  a 
crank,  I,  from  which  a  connecting-rod,  j,  passes  down 
to  a  pump,  K,  for  supplying  water  through  the  pipe,  M  M, 
to  the  working- chamber.  Beneath  the  latter  is  a  box, 
containing  three  separate  sieves,  N,  0,  P,  of  graduated 
fineness,  and  made  to  oscillate  by  a  lever  arm  at  Q, 
acted  on,  through  a  rod,  s,  by  an  eccentric,  R,  on  the 
shaft,  G.  At  the  foot  of  the  frame  is  an  incline,  T,  for 
running  the  water  away  into  the  reservoir — strips  of 
wood  being  set  across  it,  to  arrest  any  small  particles 
of  gold  which  may  escape  through  the  last  sieve.  At 
V  is  a  valve,  beneath  the  receiver,  B,  for  discharging 
the  agitated  mass  upon  the  sieves. 

This  is  a  very  complete  and  easily-worked  machine. 
By  the  simple  turning  of  the  winch  handle,  not  only  is 
water  supplied  in  abundance,  either  from  a  river  or 
cistern,  but  the  mass  is  well  comminuted,  intimately 
mixed  with  the  water,  and  reduced  to  an  impal- 
pable slime  by  the  action  of  the  pins,  D ;  so  that 
when  accumulated  in  sufiicient  quantity  to  force  a  pas- 
sage through  the  valve,  u,  the  great  body  of  the  mixture 
readily  passes  through  the  sieves,  and  flows  away  into 
the  reservoir,  leaving  only  the  grains  of  gold  and  other 
hard  substances  which  cannot  penetrate  the  meshes, 
while  the  finer  particles  of  the  precious  metal,  or  what 
may  be  termed  the  gold  dust,  collect  by  their  superior 
gravity  behind  the  transverse  bars  of  the  incline,  T.  The 
series  of  graduated  sieves  is  important  for  assorting  the 
particles  of  gold,  and  the  stony  or  earthy  matters  with 
which  they  are  mixed,  into  grains  of  different  sizes — the 
product  or  contents  collected  in  each  sieve  being  nearly 
uniform.  This  greatly  facilitates  the  ultimate  washing ; 
for  when  the  grains  of  an  auriferous  mixture  are  of 
different  sizes,  the  smaller  surface  of  one  fragment,  in 
proportion  to  its  weight,  compensates  in  some  measure 
for  the  greater  density  of  another  grain,  and  thus  causes 
it  to  assume  a  position  in  the  series  of  deposited  layers, 
to  which,  by  its  constitution,  it  is  not  entitled.  This 
difficulty  is  found  to  constantly  occur  in  practice  ;  and 
it  is  with  the  view  of  obviating  it  as  much  as  possible 
that  care  is  taken,  in  the  best  machines,  to  separate,  by 
means  of  sieves,  into  distinct  parcels,  the  fragments 
which  have  nearly  the  same  size. 

Methods  of  Washing  in  Brazil. — In  Brazil,  the  ex- 
cavations and  river-washings  are  entirely  conducted  by 
negroes,  who  are  furnished  with  a  large  wooden  bowl, 
about  two  feet  in  diameter,  and  nearly  one  foot  in  depth; 
as  also  with  a  leathern  bag,  which  is  tied  before  them, 
for  the  reception  of  the  particles  of  gold  dust  collected, 
after  repeated  washings,  in  the  bottom  of  the  bowl. 
Sometimes,  however,  the  final  washing  of  the  aurifer- 
ous sands  is  conducted  in  long  shallow  troughs,  the 
bottoms  of  which  are  covered  with  coarse  baize,  or  with 
skins  tanned  with  the  hair  on,  and  placed  with  the  grain 
against  the  current  of  water.  The  baize,  or  skin,  is  at 
short  intervals  removed  from  its  frame,  and  beaten  over 
a  shallow  tank,  containing  water  ;  it  is  then  carefully 
washed  in  the  same  vessel,  until  every  particle  of  the 
gold  is  removed,  after  which  it  is  replaced  in  the  trough 
for  receiving  the  auriferous  sands,  already  partially 
washed.  To  obviate  the  inconvenience  of  so  frequently 
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removing  the  skin  or  cloth  from  the  vessel  in  which  the 
washing  is  conducted,  an  endless  web  of  the  same  ma- 
terial has  lately  been  introduced,  which  is  made  to 
move  by  means  of  rollers  impelled  by  the  water-wheel 
employed  for  stamping  the  ore.  The  motion  commu- 
nicated in  this  manner  is  opposite  to  that  of  the  stream 
of  water  flowing  over  the  table  ;  and  while  the  upper 
portion  moves  upon  this  table,  extended  between  the 
two  rollers,  collecting,  in  its  progress  against  the  stream, 
the  particles  of  gold,  the  lower  or  returning  portion  hangs 
down  loosely,  and  is  drawn  through  a  vessel  of  water, 
in  which  the  gold  is  washed  off  and  collected. 

Methods  of  washing  in  Hungary  and  the  Ural. — 
In  Hungary  and  the  Ural  the  methods  of  washing  are 
various,  but  the  principle  generally  adopted  is  that  of  in- 
clined troughs  or  tables,  traversed  by  transverse  grooves 
— a  principle  adopted  in  the  cradle,  and  almost  all  other 
washing-machines.  On  the  large  scale,  however,  these 
inclined  tables  may  be  compared  to  the  apparatus  for 
washing  coal,  represented  in  Fig.  74,  at  page  95  of 
this  volume.    The  sand  to  be  washed  is  placed  in  the 


first  groove  of  the  series,  and  is  there  exposed  to  a  cur- 
rent of  water,  until  the  gold,  mixed  with  a  portion  of 
ferruginous  sand,  alone  remains  in  the  furrows.  The 
concentrated  ore  is  then  removed  into  flat  wooden 
basins,  in  which  the  impurities  are  gradually  separated 
by  repeated  washings,  or  these  may  be  removed  at  onee 
by  amalgamation. 

Among  the  different  methods  adopted  in  the  Ural 
districts,  there  is  one  by  Agtij;,  in  use  at  Alexan- 
drowsk,  which  is  precisely  similar  in  principle  to  that 
above  described,  though  somewhat  more  complex  in 
the  arrangements.  These  are  represented  in  the  an- 
nexed engraving — Fig.  224 — where  B  is  a  conical  cylin- 
der of  sheet-iron,  about  eight  feet  in  length,  and  having 
a  mean  diameter  of  about  three  feet  six  inches.  This 
cylinder  is  pierced  with  holes  of  about  half  an  inch  in 
diameter,  and  is  fixed  on  a  spindle  communicating  by 
a  train  of  wheels  and  shafts,  with  a  water-wheel,  horse 
gin,  or  any  other  prime  mover,  from  which  it  is  capable 
of  receiving  a  rapid  rotatory  motion,  so  as  to  make  from 
thirty  to  forty  revolutions  in  a  minute.    A  crank  on 


Fig.  224, 


the  shaft  which  communicates  motion  to  the  cylinder, 
works  the  double  pump,  c,  at  the  back  of  the  frame, 
which  raises  water  from  a  well  or  some  other  conve- 
nient reservoir  to  the  cistern,  D,  and  from  this  it  is  con- 
ducted by  pipes  into  each  end  of  the  cylinder,  B.  The  ends 
of  the  cylinder  are  open,  and  the  pipes  are  so  arranged 
as  to  diffuse  the  water  pretty  equally  over  its  interior 
surface.  Nearly  on  a  level  with  the  top  of  the  arrange- 
ment is  a  line  of  rails,  on  which  the  auriferous  sands 
are  brought  in  wagons  to  the  hopper,  E,  from  which 
they  fall  into  the  smaller  end  of  the  revolving  cylinder. 
The  latter  by  its  centrifugal  action  ejects  through  its 
numerous  perforations  the  water  and  finer  particles  of 
sand  and  gravel,  which  are  received  upon  the  inclined 
platform  below,  whilst  the  larger  fragments  are  carried 
down  to  the  under  end  of  the  cylinder,  and  there  fall 
into  a  box  which  does  not  appear  in  the  engraving. 
Any  gold  nuggets  which  may  be  mixed  with  these 
fragments,  being  well  washed  and  burnished  in  their 


gradual  progress  through  the  cylinder,  are  now  readily 
perceived  and  picked  out.  The  platform,  which  re- 
ceives the  water  and  auriferous  sand  expelled  through 
the  holes  in  the  cylinder,  is  provided  like  the  cradle, 
the  sifter,  and  the  arrangement  last  mentioned,  with 
numerous  cross  bars,  for  the  purpose  of  checking  the 
current,  and  arresting  the  heavier  particles  of  the  ore ; 
and  after  traversing  this  platform,  the  current  descends 
to  a  concave  table  or  tye,  G,  which  is  also  furnished 
with  a  series  of  wooden  bars,  at  intervals  of  two  or  three 
feet.  The  sands  which  have  arrived  at  this  part  of  the 
machine  are  kept  constantly  stirred  or  agitated  by  square 
frames  carrying  blunt  iron  knives,  and  suspended,  pendu- 
lum-wise, by  vertical  bars,  u  H,  from  a  wooden  axis  above 
the  tye,  turning  on  gudgeons,  and  placed  in  the  direc- 
tion of  its  length.  The  frames  are  made  to  fit  into  the 
cavity  of  the  tye,  and  a  swinging  alternating  motion  is 
given  them  by  means  of  the  rods,  L  L.  In  this  way 
the  sands  are  well  stirred ;  and  while  the  heavier  or 
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richer  portions  aro  retained  and  accumulated  behind 
the  check-boards,  the  lighter  materials  are  carried  away 
with  the  current  at  the  lower  end,  G,  of  the  tye  or 
huddle,  from  which,  if  not  sufficiently  impoverished, 
they  are  received  on  a  fresh  series  of  tables,  furnished 
with  similar  agitating  apparatus,  and  are  finally  allowed 
to  pass  off.  This  machine  is  able  to  operate  on  two 
hundred  tons  of  alluvial  sand  in  the  course  of  an  or- 
dinary working  day  of  ten  hours,  with  the  labor  of 
twenty  men  and  six  boys,  including  ten  men  for  re- 
moving the  waste,  if  in  a  level  country,  without  advan- 
tages for  otherwise  clearing  it  away. 

The  partitions  in  the  bottom  of  the  tyes  are  ribs  of 
two  inches  high  and  two  and  a  half  inches  wide,  held 
by  screw-bolts  and  nuts,  and  are  removed  every  now 
and  then  for  the  washing  out  of  the  concentrated  auri- 
ferous sand.  This  is  done  the  more  frequently  in  pro- 
portion as  the  sands  are  richer  in  gold. 

Fine  Washing. — The  gold  obtained  from  all  the  pre- 
ceding operations,  is  still  so  much  mixed  with  sand 
and  other  substances,  as  magnetic  iron,  pyrites,  et  cetera, 
that  it  requires  to  be  further  concentrated,  either  by 
additional  washing  or  by  amalgamation.  The  powder 
collected  in  the  buddies  or  tyes  is  commonly  of  a  grey 
color,  and  is  termed  grey  schlich.  By  the  cylindrical 
machine  above  described,  the  original  ore  or  auriferous 
sand  is  concentrated  to  about  three  tons  of  schlich  for 
every  two  hundred  tons  of  the  crude  material  employed. 
For  its  further  cleaning  and  concentration  by  washing, 
it  is  treated  on  uncovered  tables  or  frames,  seven  to 
ten  feet  long,  by  three  or  four  broad,  and  divided  into 
an  upper  and  lower  part  by  a  lath  nailed  across  the 
bottom.  Also,  across  the  upper  part,  are  fixed  two 
boards,  which  regulate  and  equalize  the  flow  of  water. 
The  schlich  to  be  washed  is  placed  upon  the  upper 
division,  and  the  workman,  standing  upon  the  frame  in 
wooden  shoes,  mixes  the  sand  with  the  water,  and 
gently  moves  it  against  the  current,  towards  the  head 
of  the  arrangement,  with  a  small  wooden  hoe  or  heath- 
broom.  The  gold  thus  arranges  itself  chiefly  near  the 
head-board,  and  when  a  certain  amount  is  collected,  he 
rakes  it  with  his  hoe  or  broom,  just  strongly  enough  to 
draw  down  the  earthy  particles  over  the  lath  to  the 
lower  division,  without  disturbing  the  heavier  and  richer 
deposit.  This  delicate  operation  requires  skill  and 
dexterity,  and  must  be  continued  till  all  the  coarse 
fragments  are  removed,  after  which  the  flow  of  water  is 
reduced.  The  workman,  by  light  brushing,  raises  again 
all  the  slime  which  may  still  remain,  and  as  much  as 
possible  of  the  magnetic  iron  ore,  and  takes  up  as  the 
product  of  his  manipulation  the  blach  schlich  which  is 
left.  The  upper  department  of  the  box  being  thus 
cleared,  he  now  brings  upward  that  which  has  settled 
in  the  lower  part,  and  passes  it  once,  twice,  or  thrice, 
through  the  same  operations.  This  process,  for  which 
the  most  skilful  and  experienced  workmen  are  required, 
is  termed  fine  washing.  The  black  schlich  or  ore 
thus  concentrated  is  dried,  and  is  freed  from  a  further 
quantity  of  magnetic  iron,  by  the  use  of  an  artificial 
magnet  or  a  piece  of  loadstone. 

The  gold  troughs  used  in  Hungary  and  Transylvania 
for  the  final  washing  of  the  powder  or  schlich  obtained 
from  the  cloth-covered  tables  already  alluded  to,  as  well 


as  the  process  of  washing,  are  similar  to  those  just  des- 
cribed. In  these  countries  a  broom  of  heather  or  birch 
is  generally  used  instead  of  the  hoe  ;  and  in  Transyl- 
vania the  troughs,  which  are  of  larger  dimensions,  are 
fitted  with  two  traps  in  their  channels,  into  which  the 
different  qualities  of  schlich  are  swept  at  different  stages 
of  the  process.  Even  after  this  fine  washing,  the 
resulting  products  are  sometimes  further  concentrated 
in  the  bowl  or  washing-pan,  and  so  reduced  to  a  state 
fit  for  melting,  or  they  are  subjected  to  the  process  of 
amalgamation. 

Amalgamation  of  Gold  Ores. — The  greater  part 
of  the  gold  of  commerce  is  imported  in  the  shape  of 
dust,  or  small  grains,  extracted  from  the  auriferous 
soil  by  the  simple  washings  above  described,  and 
brought,  by  a  frequent  repetition  of  that  process,  to  a 
state  of  sufficient  purity  to  be  immediately  melted  into 
ingots,  more  or  less  mixed  with  silver  or  copper. 
Sometimes,  however,  instead  of  the  tedious  process 
required  to  bring  the  gold  by  mere  washing  to  that 
degree  of  concentration  which  is  necessary  for  its  sub- 
sequent fusion,  the  purification  of  the  gold  by  this 
method  is  only  carried  to  a  certain  point,  and  the 
operation  is  concluded  by  amalgamation,  or,  in  other 
words,  by  mixing  the  partially-concentrated  ore  with 
mercury,  which  seizes  on  the  particles  of  gold,  and  thus 
completely  separates  and  extracts  the  precious  metal 
from  the  soil  or  gangue  in  which  it  is  found. 

It  may  be  laid  down  as  a  general  rule  that  amalga- 
mation would  be  advantageously  resorted  to  in  all  cases, 
as  the  finishing  process  in  those  operations  which  pre- 
cede the  metallurgical  treatment  of  gold.  By  no  other 
method  can  the  precious  metal  be  thoroughly  extracted 
from  the  gangue,  and  so  effective  is  its  action,  as  com- 
pared with  mere  washing,  that  it  has  often  been  applied 
with  success  to  extract  a  remunerative  return  from  the 
refuse  or  waste  sands  which  have  passed  through  the 
gold-digger's  cradle.  Its  profitable  application,  how- 
ever, will  depend  on  the  nature  and  richness  of  the 
auriferous  soil.  If  the  gold  is  abundant,  and  is  found 
in  considerable  grains,  as  in  many  parts  of  the  recently- 
discovered  gold  regions,  the  greater  and  most  valuable 
part  of  it  is  readily  separated,  and  easily  concentrated 
sufficiently  by  mere  washing.  On  the  other  hand,  if, 
as  often  happens,  the  gold  is  diffused  through  a  dense 
and  heavy  gangue,  in  particles  so  minute  as  to  be 
invisible  to  the  unassisted  eye,  it  is  evident  that  these 
particles  will  float  away  with  the  current  when  the 
sand  or  crushed  ore  is  washed  on  inclined  tables,  and 
that  their  extreme  minuteness  will  counteract  the  effect 
of  that  difference  in  specific  gravity  by  which  it  is  so 
easy  to  separate  the  larger  grains  when  diffused  through 
a  less  dense  soil.  On  the  whole,  therefore,  while 
amalgamation  must  be  applied  in  all  cases  where  it  is 
desired  to  extract,  practically,  the  whole  of  the  gold,  it 
is  more  especially  applicable  to  its  extraction  from 
quartz  rock,  from  heavy  pyritous  ores,  and  from  other 
descriptions  of  gangue,  through  which  it  is  diffused  in 
a  state  of  extreme  division.  And  as  the  mercury 
exerts  no  chemical  action,  but  may  be  again  separated 
from  the  gold  with  little  loss,  the  advantages  afforded 
by  the  great  efficiency  of  this  process  are  not  materi- 
ally restricted  by  economical  considerations. 
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From  the  nature  of  the  ore  which  is  usually  treated 
by  amalgamation,  this  operation  is  generally  associated 
with  the  preliminary  processes  of  stamping  or  grinding, 
as  well  as  partial  washing.  One  of  the  simplest  and 
most  primitive  methods  adopted  is  described  by  Mr.  W. 
B.  Adams  as  having  been  witnessed  by  himself,  in  the 
course  of  a  week's  trip  which  he  made  with  a  South 
American  cateador  or  gold-mine  hunter,  for  the  purpose 
of  acquiring  information.  When  the  travellers  had 
passed  the  extreme  limit  of  vegetation,  and  entered  a 
narrow  ravine  between  lofty  ridges  of  hills,  the  cateador 
began  to  examine  carefully  the  stones  at  his  feet,  which 
became  more  and  more  abundant,  till  nothing  was  seen 
but  clay-slate  shingle.  On  the  second  day,  after  turning 
up  another  ravine,  he  picked  up  a  stone,  which  ho  ex- 
amined with  some  attention,  and  then  went  on.  About 
mid-day  the  travellers  stopped,  and  the  gold-hunter 
picked  up  a  fragment  of  quartz  from  amidst  a  great 
variety  of  stones.  He  then  placed  it  on  a  flat  piece  of 
rock  and  pounded  it,  and  ground  it  to  powder,  which 
he  placed  in  a  horn,  and  poured  some  water  on  it, 
shaking  it  about  with  a  peculiar  motion.  A  second 
and  a  third  water  were  added,  and  finally  he 
fringe  of  fine  gold  on  the  black  horn,  along  the 
the  quartz  sand.  No  vestige  of  gold  could 
be  observed  in  the  quartz  before  grinding. 
Satisfied  with  the  result,  he  went  on  tracking 
the  fragments  of  quartz,  till  at  last  the  travel- 
lers came  to  the  vein,  in  granite  rock.  He 
selected  a  few  pieces,  which  he  put  in  his 
wallet,  then  piled  up  some  stones  to  mark 
the  spot,  and  they  set  out  on  their  return 
home.  In  a  neighboring  valley,  he  exhibited 
his  stones  to  a  proprietor,  whose  business 
it  was  to  extract  gold  from  quartz,  and  sold  him  his 
discovery  for  the  sum  of  twenty-five  dollars. 

The  mode  of  extracting  the  gold  was  very  simple, 
and  is  thus  described.  A  vertical  running-stone 
traversed  in  a  circular  stone  trough.  Quartz,  broken 
to  the  size  of  walnuts,  was  thrown  into  the  trough,  with 
several  pounds  of  mercury.  A  small  stream  of  water 
trickled  into  the  trough,  and  flowed  over  at  a  particular 
spot,  carrying  with  it  the  finer  ground  particles.  At 
the  depth  of  a  foot  it  fell  into  a  goatskin  bag,  with  some 
quicksilver  in  it;  thence  into  a  second,  third,  fourth,  and 
fifth  bag,  as  long  as  any  fall  coidd  be  obtained.  After 
working  several  hours,  the  mill  was  stopped,  and  all  the 
mercury  collected  in  a  long  narrow  linen  bag.  Into 
this  it  was  forced  with  a  stick,  and  then  the  bag  was 
squeezed  till  all  the  uncombined  mercury  passed 
through,  and  only  the  amalgam  of  gold  was  left.  This 
was  placed  on  a  piece  of  strongly-heated  iron,  resting 
on  a  brick  standing  in  water.  An  earthen  cupola  was 
laid  over  the  whole,  forming  a  water-joint  at  bottom, 
and  the  neck  of  the  cupola  descended  into  water. 
Thus  the  fumes  of  the  mercury,  sublimed  by  the  hot 
iron,  were  condensed  and  collected  in  the  water,  and 
the  metal  saved.  The  spongy  gold,  called  pine-gold, 
was  left  on  the  iron  plate. 

In  Piedmont,  where  veins  of  auriferous  pyrites  have 
been  worked  from  a  very  remote  antiquity,  the  extrac- 
tion of  the  gold  is  effected  almost  entirely  by  amalga- 
mation.   The  produce  is  very  variable  in  different 


localities,  but  averages  about  twenty  shillings  in  value 
from  150  pounds  avoirdupois  of  the  auriferous  ore. 
The  amalgamating  mills  are  erected  in  great  numbers 
on  the  banks  of  the  various  rivulets  which  traverse  the 
mountains.  These  establishments  usually  consist  of 
small  wooden  buildings,  each  of  which  contains  four 
amalgamating  machines.  They  are  erected  at  intervals 
over  the  whole  length  of  the  valley  of  Anzasca,  from 
Chamgnaga  to  Pie  di  Mulera ;  and  in  this  valley  there 
are  more  than  two  hundred  mills  procuring  a  remune- 
rative return  from  a  very  poor  soil,  by  the  process  of 
amalgamation. 

The  ore  or  mineral,  when  extracted  from  the  mine, 
is  first  subjected  to  a  grinding  or  triturating  process  in 
a  machine  resembling  in  its  action  and  operation  the 
common  millstone,  and  driven  by  a  water-wheel. 
When  thus  reduced  to  powder,  it  is  carried  off  by  a 
stream  of  water  to  the  amalgamating  mills,  represented 
in  Fig.  225.  Whilst  held  in  suspension  in  the  water,  it 
is  conducted  first  to  the  upper  mill  by  the  spout  A,  from 


Fig.  225. 


this  to  the  second  by  the  spout  B,  and  so  on  in  succes- 
sion through  the  whole  series.  Each  mill  consists  of  a 
cast-iron  basin,  D  E  G  F,  fastened  by  screws  to  the 
top  of  a  strong  frame  or  table,  and  fitted  in  its  centre 
with  a  tubulature,  traversed  by  the  axis  n  u',  moved 
by  the  toothed  wheel  1 1',  and  with  which  revolves  a 
wooden  muller,  K  K,  fixed  to  the  upright  spindle  by  the 
iron  collar  m  is?.  This  movable  part  of  the  mill  has 
externally  the  same  form  as  the  internal  cavity  of  the 
fixed  iron  casting,  G,  in  which  it  revolves  horizontally, 
at  the  distance  of  about  half  an  inch  from  its  surface  ; 
at  the  same  time  it  is  furnished  with  several  iron  ribs, 
which  come  nearly  in  contact  with  the  interior  of  the 
casting.  The  rotating  muller  is  made  of  hard  wood, 
and  is  hollowed  out  like  a  funnel,  in  which  the  aurife- 
rous slime  accumulates,  and  gradually  penetrates  into 
the  interval  between  its  external  surface  and  the  bottom 
or  interior  surface  of  the  iron  basin,  from  which  it  flows 
to  the  next  mill  by  the  spout  B  or  c. 

In  the  bottom  of  the  fixed  vessel  is  put  about  half  a 
hundredweight  of  mercury,  which  lies  to  the  depth  of 
about  half-an-inch,  and  when  the  machine  is  set  in 
motion,  the  pounded  mineral  is  constantly  agitated  and 
mixed  with  this  fluid  metal  by  means  of  the  iron  ribs 
nailed  to  the  bottom  of  the  muller.  The  minute 
particles  of  gold  are  thus  immediately  dissolved  and 
taken  up  by  the  mercury,  while  those  which  escape 
combination  in  the  first  mill  are  arrested  and  retained 
by  the  second,  third,  or  fourth  of  the  series. 
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After  working  the  mills  continuously  for  several 
■weeks,  the  time  required  being  longer  or  shorter  ac- 
cording to  the  richness  of  the  mineral  under  operation, 
and  when  the  mercury  is  judged  by  the  workmen  to 
be  sufficiently  charged  with  the  precious  metal,  the 
mills  are  stopped,  and  the  amalgamated  mass  is  taken 
out.  It  is  important  not  to  protract  the  process  un- 
necessarily, otherwise  a  serious  loss  of  mercury  is 
sustained,  occasioned,  perhaps,  by  its  partial  conversion 
into  a  sulphide,  which  is  carried  away  with  the  current. 
The  mercury,  when  drawn  off,  is  washed,  and  then 
strained  or  filtered  through  a  piece  of  chamois  skin, 
for  the  purpose  of  obtaining  the  solid  amalgam,  which 
usually  contains  about  one-third  of  its  weight  of  pure 
gold.  This  is  separated  from  the  combined  quicksilver 
by  distillation  in  an  iron  retort,  the  beak  of  which  dips 
into  a  vessel  containing  water.  The  whole  of  the 
mercury  in  actual  combination  with  the  gold  is  thus 
recovered,  and  the  only  loss  sustained  is  that  which 
has  been  carried  away  by  the  current  in  the  shape  of 
sulphide  and  otherwise.  Dumas  states  that  the  loss 
incurred  in  this  manner  is  equal  to  about  one-fourth  of 
the  quantity  employed ;  but  so  large  a  waste  must 
result  from  careless  manipulation. 

In  the  Salzburg  Alps,  the  gold  ore  is  worked  in  lodes 
or  veins,  and  the  precious  metal  is  separated  by  three 
processes — washing,  roasting,  and  amalgamation.  It 
is  chiefly  in  actual  mining,  not  in  what  is  popularly 
known  as  digging,  that  the  latter  two  operations  are 
brought  into  requisition.  The  mineral  extracted  from 
the  lodes,  in  the  locality  above-mentioned,  is  divided 
into  two  classes  or  qualities — first,  that  which  is  so 
poor  in  the  precious  metal  that  the  grains  or  particles 
are  not  visible  ;  and,  second,  that  in  which  the  golden 
grains  may  be  detected.  Both  are  crushed  or  stamped ; 
but  in  treating  the  former  this  operation  is  preceded  by 
roasting,  to  facilitate  its  pulverization  under  the  action 
of  the  stamps.  This  roasting,  though  not  practised  at 
all  the  mining  establishments,  is  useful,  not  only  for 
the  purpose  above-mentioned,  but  also  for  converting 
the  sulphides  and  arsenides  into  fine  light  oxides. 

The  mineral,  whether  roasted  or  not,  having  been 
passed  under  the  stamps  and  well  ground,  is  washed 
first  on  movable  inclined  tables,  and  then  in  wooden 
hand-bowls.  The  gold  is  thus  obtained  in  a  state  of 
considerable  concentration,  and  then  the  work  is  com- 
pleted by  amalgamation.  In  the  Salzburg  country 
this  last  operation  is  conducted  in  a  peculiar  manner, 
and  requires  a  machine  constructed  with  much  care, 
somewhat  resembing  in  its  principal  parts  the  common 
flour  mill.  The  upper  mill-stone  revolves  horizontally 
in  a  hollow  cylinder,  and  over  it  is  placed  a  hopper, 
which  can  be  depressed  or  elevated  at  pleasure.  The 
object  of  this  hopper  is  to  spread  over  the  mill-stone 
a  uniform  layer  of  mineral.  Below  are  placed  three 
iron  cylinders,  in  which  the  amalgamating  mills  revolve, 
with  their  axes  resting  on  bearings  which  admit  of  being 
raised  or  depressed  according  to  the  nature  of  the 
mineral  under  treatment.  "Water  is  admitted  by  a 
stopcock  into  the  upper  mill,  where  it  is  intimately 
mixed  with  the  mineral  into  a  slime  or  paste,  and  from 
this  it  descends  to  the  amalgamating  mills  by  an  in- 
clined plane  terminating  in  three  pipes  or  gutters,  which 


277 


divide  it  equally  between  the  three  cylinders.  From 
these  the  fluid  amalgam  is  conducted  by  a  second  in- 
clined plane  to  a  washing  apparatus. 

The  process  begins  with  pounding  and  washing.  The 
mineral,  thus  pulverized  and  partially  concentrated,  is^ 
then  mixed  with  a  certain  quantity  of  chloride  of  sodium 
and  thrown  into  the  hopper,  from  which  it  descends  over 
the  inclined  plane  into  the  hollow  cylinder  containing 
the  large  mifl-stone.  When  the  hopper  is  emptied  of 
the  first  charge,  more  mineral  is  poured  in  till  the  upper 
cylinder  is  full,  and  then  water  is  admitted,  which  carries 
the  auriferous  slime,  so  formed,  over  the  second  inclined 
plane  into  the  three  amalgamating  mills  below.  Be- 
fore introducing  the  quicksilver  into  the  cylinders  con- 
taining these  mills,  the  machine  is  allowed  to  work  on 
the  mineral  for  the  space  of  two  hours ;  the  mercury  is 
then  added,  in  quantities  of  about  fifteen  to  eighteen 
pounds  at  a  time.  The  quantity  of  mercury,  water, 
and  mineral  introduced  should  be  in  the  proportion  of 
fifty,  thirty,  and  one  hundred ;  or,  in  other  words,  for 
every  hundred  pounds  by  weight  of  the  mineral,  there 
ought  to  be  fifty  pounds  of  quicksilver,  and  thirty  of 
water.  In  some  establishments,  a  quantity  of  mercury 
equal  in  weight  to  that  of  the  mineral  is  introduced, 
and  the  work  proceeds  with  all  the  greater  certainty, 
although  the  waste  or  loss  of  mercury  sustained  may 
in  this  case  be  more  considerable. 

In  this  operation  the  amount  of  water  introduced  is 
not  a  matter  of  indifference.  If  it  be  too  small,  the 
mixture  will  be  pasty,  the  motion  of  the  mill  will  be 
obstructed,  and  the  ore  will  adhere  to  the  sides  of  the 
cylinders,  without  undergoing  amalgamation.  If,  on 
the  contrary,  the  mixture  he  rendered  too  fluid,  the 
particles  of  gold  and  silver,  which  are  generally  found 
together,  will  be  carried  away  too  rapidly,  and  in  this 
case  also  will  escape  combination  with  the  mercury. 

On  the  other  hand,  it  is  evident  that  an  adequate 
supply  of  the  fluid  metal  is  a  point  of  the  greatest  im- 
portance, as  it  acts  on  the  gold  only  in  proportion  to 
the  extent  of  surface  which  it  exposes  to  the  mineral. 
To  enlarge  this  surface,  the  vessels  in  which  the  amal- 
gamation is  conducted  have  latterly  been  formed  like 
an  inverted  cone,  terminating  in  a  hollow  sphere.  It 
is  with  the  same  object  in  view  that  a  rotatory  motion 
is  given  to  the  mass ;  for  the  centrifugal  force  thus 
communicated  raises  the  mercury  against  the  sides  of 
the  cylinder  or  cone,  which  widens  or  expands  upward 
so  as  to  increase  the  extent  of  surface  exposed,  and 
then  the  mercury  falls  back  again  into  the  mass  by  its 
own  weight. 

Although  the  numbers  given  above  may  convey  a 
general  idea  of  the  proportions  of  the  throe  ingre- 
dients to  be  employed,  it  deserves  to  be  remarked, 
that  these  must  be  varied  according  to  the  nature  of 
the  mineral  under  treatment,  and  that  indeed  the 
quantity  of  mercury  should  be  proportioned  rather  to 
the  bulk  or  volume  of  the  ore  than  to  its  weight.  The 
lighter  the  ore,  the  more  space  will  it  occupy  in  the 
cylinders;  and  as  the  mercury  should  rise  over  the 
mass,  more  of  it  will  he  required  in  this  case  to  in- 
sure its  union  with  the  gold  or  silver  present.  If  the 
mercury  be  in  small  quantity,  the  amalgam  is  not  suffi- 
ciently fluid,  and  is  partially  converted  into  a  dust  or 
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frothy  substance,  which  flows  away  with  the  water 
when  the  latter  is  allowed  to  escape  from  time  to  time, 
so  that  a  considerable  loss  is  sustained  both  in  gold  and 
quicksilver.  If,  on  the  contrary,  the  quicksilver  be 
present  in  excess,  the  gold  combines  with  it  more 
rapidly  and  more  thoroughly ;  the  amalgam  remains 
fluid,  and  readily  separates  from  the  other  materials 
with  which  it  is  mixed.  It  is  therefore  by  no  means 
economical  to  stint  the  supply  of  mercury. 

There  are  some  indications  by  which  a  judgment 
may  be  formed  as  to  whether  the  mill  is  operating  in 
a  satisfactory  manner.  If  particles  of  gold,  not  amal- 
gamated with  the  mercury,  are  observed  in  the  cylin- 
ders, this  is  a  proof  that  the  millstone  is  too  high,  and 
does  not  come  into  close  enough  contact  with  the 
mineral,  in  which  case  the  mercury,  not  being  agitated, 
remains  inactive  at  the  bottom  of  the  vessel  on  account 
of  its  superior  gravity.  If,  on  the  contrary,  a  quantity 
of  quicksilver-dust  and  frothy  amalgam  be  observed  on 
the  cylinders,  this  is  an  evident  sign  that  the  former 
has  ceased  to  absorb  the  gold,  and  that  more  must  be 
added. 

It  usually  requires  about  sixteen  or  eighteen  hours 
to  complete  the  amalgamation.  The  final  washing  is 
then  proceeded  with,  and  is  effected  by  a  current  of 
water,  which  carries  away  the  earth,  and  purifies  the 
amalgam  from  those  substances  not  combined  with  the 
mercury.  This  operation  is  performed  in  a  wooden 
vessel  of  a  conical  form,  the  bottom  of  which  slopes  to 
the  centre,  and  is  fitted  with  a  stopcock.  A  circular 
movement  is  given  to  this  vessel,  that  the  mass  may 
bo  kept  in  a  state  of  agitation,  and  the  lighter  parts 
carried  away  by  the  current  of  water  admitted,  while 
the  amalgam  falls  by  its  own  weight  to  the  bottom  of 
the  vessel.    This  operation  is  repeated  several  times. 

When  the  washing  is  concluded,  the  next  and  last 
step  in  this  process  is  the  separation  of  the  mercury. 
With  this  view  the  liquid  amalgam  is  put  into  a  cha- 
mois-skin or  woollen  bag,  and  well  squeezed.  The 
mercury  which  passes  through  the  skin  or  cloth,  still 
retaining  a  small  quantity  of  gold,  is  carried  back  to 
the  cylinders  to  be  employed  in  amalgamating  the  next 
charge.  There  remains  in  the  bag  a  semi-solid  amal- 
gam of  gold,  which  is  put  aside  for  distillation.  By 
wetting  the  bag  which  is  to  be  used  for  straining,  a 
larger  amount  of  amalgam  remains,  and  the  mercury 
which  passes  through  carries  with  it  less  gold.  When 
the  solid  amalgam  is  very  pure,  it  is  rather  white  in 
color;  but  when  alloyed  with  lead  or  copper  it  is  less 
so,  and  does  not.  produce  the  same  crackling  noise  when 
crushed  or  broken.  The  amalgam,  as  in  the  other 
cases  already  mentioned,  is  deprived  of  its  mercury  by 
distillation;  or,  if  a  small  portion  of  that  metal  still 
remains,  it  is  expelled  in  the  subsequent  fusions  to 
which  the  gold  is  subjected  with  a  view  to  its  final 
purification. 

The  preceding  process,  which  is  practised,  as  already 
stated,  in  the  Salzburg  Alps,  presents  some  peculiari- 
ties. The  amalgamating  mills  are  somewhat  similar  to 
those  employed  in  the  Tyrol,  but  these  mills  are  fed  in 
a  different  way,  and  a  larger  proportion  of  mercury  is 
used.  The  last  circumstance  is  highly  advantageous, 
and  ought  to  be  imitated  in  all  cases  where  the  nature 
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of  the  gangue,  or  mineral  under  treatment,  will  admit 
of  it ;  for,  with  an  ample  supply  of  quicksilver,  the  ex- 
traction of  the  gold  is  not  only  more  rapid,  but  more 
complete.  But,  with  a  strongly  pyritous  gangue,  like 
that  of  most  of  the  Piedmontese  mines,  the  employment 
of  a  large  excess  of  mercury  would  seem  to  be  produc- 
tive of  a  heavy  loss  of  that  metal  arising  from  its  con- 
version into  a  sulphide. 

For  effecting  the  amalgamation  of  the  concentrated 
auriferous  ore  or  black  schlich  by  manual  labor,  the 
machine  represented  in  Fig.  226  is  sometimes  employed. 
This  consists  of  a  species  of 
churn,  v,  made  of  sheet- 
iron,  through  the  lid  of 
which  passes  a  spindle,  x, 
of  the  same  metal,  carrying 
a  kind  of  paddle-wheel,  A, 
which  is  turned  by  the 
winch-handle,  w.  The  bot- 
tom of  this  machine  is  first 
covered  to  a  small  depth 
with  mercury,  and  then  the 
concentrated  ore  is  added 
by  an  opening  at  the  top  in 
successive  small  portions, 
while,  at  the  same  time,  the 
whole  mass  is  continually 
agitated  by  stirring ;  and  this  process  is  continued  till 
the  mercury  is  judged  to  be  sufficiently  saturated  with 
the  gold.  The  amalgam  is  then  taken  out  and  treated 
in  the  usual  manner,  by  washing,  straining,  and  distil- 
lation. 

It  may  be  stated  that  the  same  apparatus  is  highly 
convenient  for  the  original  washing  or  concentration  of 
the  ore,  or  auriferous  sand,  and,  when  employed  for  that 
purpose,  is  familiarly  known  as  the  dolly-tub.  In  this 
case  it  is  nearly  filled  with  water ;  and  whilst  one  man 
keeps  the  agitator  in  constant  motion,  another  throws 
into  it,  in  small  portions  at  a  time,  the  auriferous  earth. 
When  the  full  charge  has  been  thus  introduced,  the 
cross-bar,  B  c,  through  which  the  spindle  works,  is  re- 
moved, and  the  agitator  is  quickly  taken  out.  The 
materials  held  in  suspension  are  then  allowed  to  settle 
according  to  their  respective  gravities,  and,  conse- 
quently, the  gold,  together  with  all  the  heavier  par- 
ticles, will  sink  to  the  bottom.  When  these  have 
subsided,  the  water  is  drawn  off  by  the  stopcock,  s ; 
the  upper  portions  of  the  deposit  are  cautiously  re- 
moved and  thrown  away,  while  the  heavier  portions  at 
the  bottom  are  collected  for  further  concentration, 
either  by  the  hand-bowl  or  otherwise.  But  although 
the  dolly-tub  may  thus  be  applied  to  the  double  use  of 
a  washing  and  amalgamating  machine,  it  is  less  conve- 
nient for  the  former  purpose  than  the  cradle,  and  other 
kinds  of  washing  apparatus  already  mentioned. 

Another  machine,  which  is  easily  worked  by  the 
hand,  was  contrived  by  Mr.  Bekdan  of  New  York,  in 
the  heat  of  the  Californian  mania,  and  is  known  as 
Berdan's  Gold  Ore  Pulverizer  and  Amalgamator.  In 
this  machine,  the  pulverizing  process  is  effected  in  a 
large  hemispherical  iron  vessel,  rotating  on  an  inclined 
spindle,  and  having  within  it  a  weighty  iron  sphere, 
connected  by  a  pivot  and  bearings  set  in  an  inclined 


GOLD  Amalgamator— Distillation  of  the  Mercury. 


279 


position  loose  upon  the  central  spindle  of  the  basin, 
in  such  a  manner  that  its  gravity  causes  it  con- 
stantly to  maintain  the  lowest  possible  position  in 
the  basin,  whilst  its  axis  of  rotation,  owing  to  the 
pivot  connection,  is  inclined  to  that  of  the  basin. 
The  motion  thus  communicated  to  the  sphere  is  not 
a  mere  rolling,  but  a  species  of  spiral  action,  which 
is  said  to  be  very  effective  in  reducing  the  ore.  The 
basin  is  made  to  revolve  by  suitable  gearing,  a  ring 
of  teeth  being  cast  or  fitted  on  the  outside  of  it  for 
this  purpose,  and  its  revolution  communicates  motion 
to  the  sphere.  A  quantity  of  mercury  is 
placed  in  the  bottom  of  the  basin,  and  the 
ore  is  reduced  to  powder  entirely  beneath 
its  surface,  being  latterly  washed  away 
by  a  current  of  water  which  runs  into  and 
out  of  the  basin,  and  is  kept  in  a  constant 
state  of  agitation  by  the  motion  of  the 
vessel.  As  heat  considerably  strengthens 
the  affinity  of  the  mercury  for  the  gold,  a  =g 
new  and  important  feature  was  introduced 
into  this  machine  by  the  employment  of 
a  furnace  in  connection  with  the  apparatus.  This 
furnace  or  fire-place  is  of  a  conical  shape,  and  rests 
by  its  lower  smaller  end  on  a  collar  upon  the 
basin-spindle,  just  above  the  step.  It  was  stated, 
though  probably  with  much  exaggeration,  that  while 
the  machines  previously  employed  extracted  only  from 
thirty  to  forty  per  cent,  of  the  gold  in  a  given  quantity 
of  quartz,  the  most  searching  chemical  analysis  was 
unable  to  detect  any  gold  remaining  in  the  tailings  or 
waste  matter  from  Mr.  Berdan's  machines,  and  that 
these,  moreover,  were  very  profitably  employed  in  re- 
working the  tailings  from  other  machines.  It  does 
seem  probable  that  the  introduction  of  a  furnace  to 
heat  the  mercury  might  greatly  increase  the  efficiency  of 
this  apparatus,  and  that  the  same  improvement  might 
bo  applied  with  good  effect  in  other  machines.  At  the 
same  time,  it  is  obvious  that  if  caution  is  not  exercised 
to  prevent  the  heating  of  the  mercury  beyond  a  certain 
point,  a  very  great  loss  must  be  sustained  by  its  vola- 
tilization. 

Smith's  Portable  Gold  Amalgamator,  which  is  re- 
presented in  perspective  in  Fig.  227,  also  admits  of 
being  worked  by  the  hand,  and  is  designed  for  the  use 
of  emigrauts,  and  the  proprietors  of  mines  and  estates 
where  gold  may  be  supposed  to  exist.  This  machine 
is  divided  into  three  compartments.  In  the  first,  A,  are 
arranged  a  set  of  powerful  crushers,  and  a  series  of 
agitating  plates,  intended  for  stiff  and  hard  clays ;  two 
or  three  revolutions  reduce  the  matter  to  a  floating 
pulp,  which  flows  off  through  a  pipe,  D  D,  leading  from 
this  part  of  the  machine  to  the  amalgamator,  c.  The 
pipe  is  provided  on  its  lower  side  with  a  series  of  boxes 
or  valves,  which  can  bo  opened  or  shut  at  pleasure, 
and  only  that  portion  of  gold  passes  on  to  the  amalga- 
mator which  cannot  be  detained  in  these  valves.  The 
second  compartment,  B,  is  constructed  for  the  reception 
of  the  looser  earth,  and  consists  of  a  drum  or  barrel  in 
which  revolves  an  agitating  apparatus.  Nothing  is 
allowed  to  leave  this  until  it  is  perfectly  worked,  when 
the  opening  in  the  side  of  the  barrel  is  turned  down- 
ward, and  all  stones  and  other  foreign  matters  are  dis- 


charged into  the  chamber  beneath,  in  readiness  for 
receiving  a  fresh  supply  of  the  auriferous  earth.  The 
chamber  into  which  the  contents  of  the  barrel  are  thus 
discharged  is  relieved  from  time  to  time  by  raising  a 
sluice ;  and  the  floating  matter  then  passes  over  a  long 


trough,  H,  provided  with  check-bars,  to  empty  itself 
into  the  amalgamator — all  solid  particles  being,  in  this 
case  also,  arrested  in  their  passage  from  the  washer, 
while,  by  a  simple  arrangement  which  it  is  unnecessary 
to  detail,  the  action  of  the  machine  keeps  up  a  constant 
supply  of  water.  The  third  portion,  c,  of  the  machine, 
or  that  compartment  which  is  properly  the  amalgamator, 
is  so  constructed  as  to  expose  a  large  surface  of  mercury 
to  the  action  of  the  floating  matter,  and  by  means  of 
washers  and  balls  made  of  wood,  to  render  it  impossible 
for  any  portion  to  escape  coming  into  contact  with  the 
mercury.  This  part  of  the  apparatus  admits  of  being 
looked  up,  so  that  none  of  the  gold  can  be  abstracted 
without  the  knowledge  of  the  party  possessing  the  key. 
The  machine  requires  only  two  men  to  work  it ;  but  it 
may  also  be  driven  by  steam  or  water,  and  gives,  when 
properly  constructed  and  managed,  very  satisfactory 
results. 

Distillation  op  the  Mercury. — When  the 
amalgam  has  been  formed  by  any  of  the  methods  or 
machines  above-described — in  all  of  which  the  object 
kept  in  view  is  to  place  the  particles  of  gold  in  the 
most  favorable  condition  for  coming  into  contact  with 
the  mercury,  and  combining  with  it— and  when  the 
fluid  metallic  mass  has  been  washed,  and  the  excess  of 
uncombined  mercury  strained  off,  the  last  operation 
required  in  this  method  of  treatment  is  the  separation 
of  the  mercury  which  remains  combined  with  the  gold 
in  the  form  of  a  semi-solid  amalgam.  This  is  per- 
formed by  distillation  at  a  high  temperature,  in  a  cast- 
iron  vessel  prepared  expressly  for  that  purpose.  Dif- 
ferent forms  may  be  given  to  the  apparatus,  according 
to  the  scale  on  which  the  operation  is  conducted ;  but 
a  very  convenient  one  is  that  represented  in  Tig.  228, 
where  A,  is  a  cast-iron  sphere  or  shell  made  in  two 
parts,  and  capable  of  being  joined  together  in  the 
middle  by  a  flange  and  screws.  From  the  top  of  the 
upper  hemisphere  proceeds  a  bent  iron  pipe,  D,  which 
dips  into  water  contained  in  the  vessel,  c — the  whole 
forming  a  convenient  iron  retort.  When  used,  tho 
hemispheres  are  taken  asunder ;  the  amalgam  is  intro- 
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duced,  and  the  two  halves  are  again  screwed  together 
and  well  luted  with  some  refractory  substance.  The 
retort  is  then  placed  on  any  convenient  support  over 
the  fire,  B,  which  may  be  of  wood  or  coal ;  the  heat  is 


Fig.  228. 


gradually  raised,  and  the  sublimed  mercury,  which  is 
conveyed  away  by  the  tube,  D,  is  condensed  and 
collected  in  c.  Care  must  be  taken  to  prevent  the  end 
of  the  pipe  from  diping  too  deeply  into  the  water;  for 
if  the  temperature  of  the  fire  happens  to  fall,  a  vacuum 
is  produced  in  the  retort,  which,  if  the  pipe  be  too 
deep,  will  cause  the  water  to  rush  up  into  the  globe, 
and  produce  an  explosion.  The  end  of  the  pipe  is 
therefore  introduced  just  below  the  surface  of  the 
water,  so  that  if  a  small  portion  of  the  water  be  drawn 
up  into  the  pipe,  that  which  remains  in  the  condenser, 
c,  immediately  sinks  beneath  the  level  of  the  orifice, 
and  all  danger  is  averted. 

When  the  distillation  is  concluded,  which  is  known  by 
the  cessation  of  any  further  accumulation  of  quicksilver 
in  the  condenser,  this  distilled  mercury  is  collected  to 
be  used  for  future  amalgamations.  The  gold  which 
remains  in  the  retort,  A,  is  now  comparatively  pure ; 
but  still  contains  a  mixture  of  silver,  copper,  or  other 
metals,  in  greater  or  less  proportion,  according  to  the 
sources  or  localities  from  which  it  has  been  procured. 
The  separation  of  these,  with  a  view  to  the  obtaining 
of  the  gold  in  a  state  of  absolute  purity,  will  form  the 
subject  of  the  next  department  of  this  treatise. 

In  the  meantime,  it  may  be  repeated  that  the  amal- 
gamating process  is  chiefly  applied  in  the  working  of 
auriferous  veins,  or  gold-mining  properly  so  called, 
in  contradistinction  to  the  much  more  common  method 
of  extracting  the  gold  from  drift-beds  or  stream-mines, 
by  the  mere  operation  of  washing.  In  the  former  case, 
the  gold,  generally  in  very  minute  particles,  is  mingled 
with  various  other  minerals  and  rocks,  as  pyrites, 
zinc-blende,  quartz,  et  cetera,  and  can  only  be  extracted 
after  the  whole  has  been  reduced  by  stamping,  to  a 
very  small  size — in  which  state,  the  gold,  often  so 
minute  as  to  be  invisible,  would  be  almost  entirely 
carried  away  by  a  stream  of  water.  It  is  here  there- 
fore that  amalgamation  offers  peculiar  advantages,  as 
the  mercury  seizes  on  the  gold,  however  finely  reduced, 
and  none  of  the  precious  metal  is  lost — provided  the 
precaution  be  taken  not  to  pulverize  or  stamp  the  ore 
too  fine,  when  about  to  be  submitted  to  those  prelimi- 
nary washings  which  precede  the  amalgamation.  On 
the  contrary,  when  about  to  be  brought  into  actual 


contact  with  the  mercury,  the  ore  or  schlich  cannot  be 
reduced  too  small;  and  hence  the  importance  of  actu- 
ally pounding  it,  if  possible,  under  the  surface  of  the 
mercury. 

From  these  considerations  it  will  be  readily  seen  that 
the  process  of  amalgamation  is  not  only  applied  with 
advantage  in  the  working  of  auriferous  veins  or  lodes, 
but  that  it  may  also  be  employed  to  procure  a  profitable 
return  from  the  re-working  of  the  tailings  or  refuse  of 
the  Australian  or  Californian  gold-diggers.  The  Editor 
has  little  doubt  that  the  greater  part  of  the  abandoned 
diggings,  which  have  yielded  a  large  return  by  mere 
washing,  will,  in  course  of  time,  be  worked  over  again 
by  amalgamation;  and,  indeed,  this  gleaning  process, 
as  it  may  be  termed,  has  already  been  applied  in  many 
cases  with  highly  satisfactory  results.  To  give  an  idea 
of  what  may  be  done  with  poor  ores,  when  system  and 
skill  are  brought  to  bear,  it  may  be  sufficient  to  state 
the  average  produce  obtained  from  the  stamped  ores  at 
Schemnitz,  in  Hungary,  in  1842 — recollecting  that 
these  had  to  be  broken  from  the  solid  lodes  at  depths 
extending  to  two  hundred  fathoms.  The  total  quantity 
stamped  in  that  year  was  above  forty  thousand  tons, 
and  the  average  of  the  useful  metals  extracted  from  fifty 
tons  was :  gold,  three  ounces ;  auriferous  silver,  derived 
from  the  separating  processes,  by  buddies  or  tyes,  et 
cetera,  three  pounds  three-quarters;  lead,  similarly  ob- 
tained, eight  hundredweight  one-third;  the  ratio  of  the 
gold  to  the  other  materials  being  in  this  case  as  one  part 
to  half  a  million.  In  the  case  of  a  particular  mine,  called 
Siglisberg,  not  producing  lead  with  the  stamped  ores, 
the  ratio  of  gold  was  only  as  one  part  to  seven  hundred 
and  sixty  thousand ;  of  auriferous  silver,  one  to  twenty- 
four  thousand.  Now,  it  is  interesting  and  instructive 
to  compare  with  this  economical  extraction  of  minute 
quantities  from  poor  ores  by  the  process  of  amalgama- 
tion the  produce  of  the  manipulation  by  washing  at  the 
Siberian  workings,  where  a  common  average  of  the 
sands  worked  to  profit  is  half  an  ounce  in  one  hundred 
hundredweight,  or  fully  double  the  amount  last  men- 
tioned, and  yet  even  the  poorer  ores  of  Hungary  yield 
a  remunerative  return  by  amalgamation.  It  follows, 
that  by  the  same  process  many  auriferous  sands  in 
Siberia,  as  well  as  in  other  countries,  which  are  at 
present  neglected,  as  being  too  poor  for  washing,  might 
be  advantageously  worked. 

Separation  of  Gold  from  Arsenical  Pyrites. — 
Another  illustration  of  the  importance  of  scientific 
knowledge  in  the  working  of  gold  mines,  is  furnished 
by  the  recent  application  of  Plattner's  method  for 
the  separation  of  gold  from  arsenical  pyrites,  in  conse- 
quence of  which  the  mines  of  Keichenstein,  in  Silesia, 
which,  as  already  stated,  had  been  abandoned  for  more 
than  five  centuries,  were  reopened  with  advantage  eight 
or  ten  years  ago.  This  successful  application  of  a  purely 
scientific  suggestion  is  due  to  the  skill  and  enterprize  of 
W.  Guettler,  of  Eeichenstoin,  to  whom,  in  conjunc- 
tion with  Professor  Plattner,  the  inventor,  a  council 
medal  was  awarded  at  the  Great  Exhibition  of  1851,  for 
a  series  of  specimens  illustrating  the  different  stages  of 
the  process.  The  principal  agents  employed  are  chlorine 
and  sulphide  of  hydrogen.  The  following  account  of  this 
novel  and  ingenious  process  is  given  in  the  published  re- 
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ports  of  the  J  urors  : — The  ore  at  Beiohenstein  is  an  arse- 
nical pyrites,  containing  about  two  hundred  grains  of  gold 
in  the  ton.  The  ore  is  roasted  in  a  reverberatory  furnace, 
surmounted  by  a  large  condensing  chamber,  in  which 
the  arsenious  acid  is  condensed  as  fast  as  it  is  volatilized. 
There  then  remains,  on  the  floor  of  the  furnace,  oxide 
of  iron  mixed  with  a  certain  quantity  of  arsenic,  together 
with  the  whole  of  the  gold.  This  is  placed  in  a  vessel 
so  arranged  that  a  current  of  chlorine  can  be  passed 
through  it,  by  which  the  gold  and  iron  are  taken  up, 
and  afterwards  separated  from  the  residuum  by  the  aid 
of  a  certain  quantity  of  water,  and  the  gold  is  afterwards 
precipitated  from  this  solution  by  sulphide  of  hydrogen. 
To  prevent  the  admixture  of  iron  at  this  stage,  a  few 
drosses  of  hydrochloric  acid  is  added  to  the  solution  be- 
fore the  sulphide  of  hydrogen  is  introduced.  The  aurifer- 
ous compound  having  been  separated  from  the  liquor,  is 
washed  and  heated  in  an  open  porcelain  crucible,  to 
drive  off  the  sulphur,  after  which  the  gold  is  reduced  to 
the  metallic  state  by  fluxing  it  in  the  usual  way. 

This  simple  and  ingenious  method,  which  has  made 
it  worth  while  to  reopen  the  Reichenstein  mine,  is 
equally  applicable  to  the  vast  quantity  of  refuse  accu- 
mulated near  many  other  old  works. 

METALLURGICAL  OPERATIONS. — Fusion. — 
When  the  gold  is  received  from  the  gold-washer,  in  the 
shape  of  gold-dust,  or  when  it  has  been  separated  from 
its  ores  by  amalgamation  or  otherwise,  it  has  now  to  be 
subjected  to  a  series  of  metallurgical  operations  to  ob- 
tain it  in  a  state  of  perfect  purity.  The  first  of  these 
operations  is  that  of  fusion  with  borax,  and  casting  the 
metal  into  ingots,  by  which  it  is  obtained  in  a  con- 
venient form,  and  freed  at  the  same  time  from  earthy 
and  other  impurities.  For  this  purpose,  the  gold  dust 
from  the  washings,  or  the  spongy  gold  obtained  by 
amalgamation,  is  mixed  with  a  little  dried  borax,  and  is 
introduced  into  a  black-lead  crucible,  which  has  been 
previously  heated  in  a  common  melting  furnace.  After 
the  fusion  of  the  metal,  a  slag,  consisting  of  the  grosser 
impurities,  accumulates  on  the  surface ;  this  must  be 
thickened  by  the  addition  of  a  little  bone-ash,  and  then 
skimmed  off.  The  metal  is  now  cast  into  bars,  by  being 
poured  into  iron  ingot-moulds,  which  should  be  pre- 
viously warmed,  and  oiled,  by  wiping  the  internal 
surface  with  a  piece  of  tow  dipped  in  sweet  oil.  It  is 
an  old  practice,  now  discarded  by  some  metallurgists  as 
useless,  to  add  to  the  metal,  when  thoroughly  melted  in 
the  crucible,  a  small  quantity  of  corrosive  sublimate  ; 
the  contents  are  then  well  stirred,  and,  in  consequence 
of  the  volatilization  of  the  sublimate,  effervescence 
takes  place.  That  this  is  attended  with  no  injurious 
effect  seems  to  have  been  fully  established  by  a  long 
experience,  and  that  it  may  even  be  productive  of 
benefit  is  probable,  by  bringing  to  the  surface  any  ex- 
traneous matter  which  might  be  detached  from  the 
interior  of  the  crucible,  and  so  permitting  its  removal 
along  with  the  slag.  The  crucibles  which  have  been 
used  in  a  series  of  such  operations,  retain  a  portion  of 
gold,  which  renders  it  important  to  preserve  them,  with 
a  view  to  the  subsequent  extraction  of  the  precious 
metal  by  smelting. 

Smelting  op  Gold  Ores. — Although  the  readiest 
method  of  extracting  the  gold  from  rich  alluvial  sands 
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is  by  repeated  washings,  in  the  manner  already  des- 
cribed, and  although  in  the  treatment  of  quartz  rock, 
iron  pyrites,  and  other  auriferous  minerals,  the  method 
involving  the  tedious  operations  of  pounding,  washing, 
and  amalgamation  is  usually  adopted,  yet,  in  the  latter 
case,  the  same  object  may  be  accomplished  by  direct 
smelting — a  term  technically  applied  to  a  process,  or 
series  of  processes,  by  which  a  metal  is  extracted,  by  the 
agency  of  fire,  from  the  substances  with  which  it  may 
be  combined  or  mixed  in  nature.  It  is  well  known 
that  by  this  method  iron  is  extracted  from  its  ore  in  the 
blast  furnace,  and  some  years  ago  a  Russian  gentleman, 
named  Anossow,  even  proposed  to  smelt  in  this 
manner  the  auriferous  sand  of  the  Ural,  alleging  that  a 
much  larger  quantity  of  gold  could  be  so  obtained  than 
by  the  most  skilfully  conducted  process  of  washing. 
His  method  consisted  in  smelting  the  sand  with  iron, 
the  latter  being  employed  simply  as  a  vehicle  to  collect 
the  gold,  or  to  perform,  in  its  melted  state,  the  same 
part  as  mercury  in  the  processes  already  described. 
When  the  gold  was  obtained  in  this  state  of  com- 
bination, the  mass  was  exposed  to  the  action  of  sul- 
phuric acid,  by  which  the  iron  was  dissolved  and  the 
gold  remained  in  the  insoluble  residue.  From  some 
experiments  which  were  made  at  the  Museum  of 
Practical  Geology  in  London,  it  was  found  that,  if  it 
were  advantageous  on  the  score  of  economy,  cast-iron 
might  really  be  so  applied ;  and  that  when  it  is  melted 
with  gold,  an  alloy  seems  to  take  place,  from  which  the 
greater  part,  if  not  the  whole  of  the  gold  may  be  ex- 
tracted by  again  melting  the  alloy  in  contact  with  lead, 
which  abstracts  the  gold.  With  regard  to  Anossow's 
process,  experiments  were  reported  to  have  been  made 
on  the  large  scale,  which  had  perfectly  succeeded; 
but  a  strong  proof  of  its  want  of  success  is  the  fact  that 
it  has  never  been  practically  adopted. 

Of  late  years  much  has  been  said  and  written  re- 
specting the  smelting  of  what  has  been  called  gold 
quartz,  or,  in  other  words,  the  extraction  of  the  metal 
from  the  quartz  in  the  furnace.  The  Editor,  therefore, 
in  proceeding  to  explain  the  common  method  of  smelt- 
ing, will  assume,  in  the  first  place,  that  quartz  or  silica 
is  the  auriferous  ore  which  it  is  proposed  to  subject  to 
this  operation.  From  the  well-known  infusibility  of 
this  substance,  it  is  evident,  that  mere  exposure  to  the 
strongest  heat  of  a  blast-furnace,  without  the  addition 
of  a  flux,  would  be  of  no  use ;  for,  although  the  gold 
would  be  melted,  it  would  remain  in  the  quartz,  and 
no  separation  of  the  precious  metal  would  take  place. 
Even  supposing  the  quartz  to  be  first  reduced  to  powder, 
the  gold  is  present  in  too  small  quantity  to  separate 
from  the  infusible  mass,  and  sink  to  the  bottom.  It  is 
therefore  necessary  to  add  some  substance  which,  at  a 
high  temperature,  shall  combine  with  the  quartz,  and 
produce  a  fusible  compound,  in  which  case  the  gold, 
more  especially  if  combined  with  some  other  heavy 
metal,  will,  in  virtue  of  its  high  specific  gravity,  fall  to 
the  bottom  of  the  vessel. 

The  best  flux  for  silica  is  carbonate  of  soda,  but  this 
is  too  expensive  to  be  employed  on  the  large  scale. 
Lime,  therefore,  aided  by  the  addition  of  oxide  of  iron, 
is  usually  employed  for  this  purpose.  Lime  alone,  or 
lime  and  clay  in  certain  proportions,  will  combine  with 
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quartz  at  a  high  temperature,  and  produce  a  fusible 
slag.  Oxide  of  iron  alone  will  also  suffice.  When 
practicable,  it  is  desirable  to  obtain  the  oxide  of  iron 
by  roasting  auriferous  pyrites,  such  as  that  found  in 
California  or  the  Tyrol,  for  then  the  proportion  of  gold 
is  increased  by  that  contained  in  the  pyrites.  What- 
ever flux  be  employed,  it  is  necessary,  in  the  first  place, 
to  reduce  the  quartz  to  a  comparatively  fine  state  of 
division,  otherwise  a  considerable  loss  of  time  and 
waste  of  fuel  would  be  incurred  in  effecting  the  per- 
fect combination  required  to  ensure  the  complete 
separation  of  the  gold.  Even  in  smelting,  therefore, 
the  crashing  or  pulverizing  process  is  not  dispensed 
with.  Assuming  that  lime  and  oxide  of  iron  are  the 
fluxes  employed,  and  supposing  the  pulverized  ore  to 
have  been  partly  concentrated  by  washing,  these  sub- 
stances are  mixed  in  about  equal  proportions,  and  raised 
to  a  white  heat  in  a  blast  or  reverberatory  furnace. 
When  oxide  of  iron  is  employed  as  the  flux,  the  rever- 
beratory furnace  is  to  be  preferred,  because  in  the  blast- 
furnace a  considerable  portion  of  the  oxide  would  be 
reduced,  and  a  corresponding  quantity  of  metallic  iron 
liberated,  long  before  the  mixture  attained  the  degree 
of  heat  requisite  for  the  combination  of  the  silica  with 
the  oxide. 

The  product  of  the  combination  is  a  fusible  slag  or 
glassy  substance,  through  which  the  gold,  also  in  a 
melted  state,  tends  to  sink  to  the  bottom  of  the  furnace. 
But  as  the  portion  of  this  metal  present  even  in  a  large 
quantity  of  ore  is  very  small,  compared  with  the  bulk 
of  the  materials  through  which  it  is  now  diffused,  it 
would  be  difficult  to  collect  it^er  se,  without  very  serious 
loss,  in  a  crucible,  and  still  more  so  in  a  furnace,  whether 
reverberatory  or  blast.  The  operation  is  therefore  ma- 
terially assisted  by  adding  another  metal  which  shall 
combine  with,  and  absorb,  the  whole  of  the  gold,  and 
from  which  the  latter  can  afterwards  be  easily  separated 
— some  metal,  in  short,  which  shall  serve  the  same 
purpose  at  a  high  heat,  as  mercury  serves  at  the  ordinary 
temperature.  Of  all  metals,  lead  is  found  to  be  the  best- 
adapted  for  this  purpose,  not  only  on  account  of  its 
readily  combining  with  the  gold  in  a  melted  state,  but 
also  as  offering  peculiar  facilities  for  its  subsequent 
separation  from  that  metal.  Lead  has,  therefore,  been 
uniformly  employed  in  the  processes  hitherto  generally 
adopted  for  smelting  gold  ores.  The  lead  may  be 
added  to  the  mixture  of  ore  and  flux,  either  in  the 
metallic  state,  or  in  one  or  other  of  its  combinations, 
from  which  the  metal  may  be  set  free.  The  materials 
most  commonly  employed  to  furnish  the  lead  are 
litharge  and  galena — the  former  the  protoxide,  and 
the  latter  the  native  sulphide  of  that  metal — although 
the  rich  slags  obtained  both  from  the  smelting  fur- 
nace and  ore-hearth  are  also  occasionally  used. 
When  litharge  is  chosen  as  the  medium  for  the 
introduction  of  lead,  it  must  be  mixed  with  charcoal, 
small  coal,  or  coke-dust,  in  order  to  determine  the  re- 
duction of  the  necessary  quantity  of  lead  to  the  metal- 
lie  state ;  but  when  galena  is  used,  it  is  mixed  with 
scrap-iron,  for  the  purpose  of  combining  with  the  sul- 
phur, and  setting  the  lead  free.  The  lead-slag  which 
comes  from  the  ore-hearth  or  the  reverberatory  furnace, 
is  generally  the  most  convenient  and  least  expensive 


material,  as  it  contains  a  considerable  per-cenlage  of 
lead,  and  is  readily  prepared  for  use  by  grinding  it  to 
powder  under  the  edge-roll,  and  mixing  it  with  char- 
coal or  other  carbonaceous  matters.  In  this  case,  also, 
it  is  important  to  add  some  scrap-iron  to  combine  with 
any  sulphur  which  may  be  present  in  the  slag. 
Whichever  of  these  substances  be  employed,  the  lead 
evolved,  under  the  conditions  mentioned,  percolates 
through  the  mass,  and  subsiding  by  virtue  of  its  high 
specific  gravity  to  the  bottom  of  the  furnace,  carries 
along  with  it  any  particles  of  the  precious  metal  it  may 
meet  with  in  its  course.  The  lead  is  afterwards  sepa- 
rated by  cupellation — a  process  to  be  explained  shortly. 

Smelting  with  Iron  Pyrites. — Instead  of  directly 
employing  lead  as  the  means  of  concentrating  the  gold 
ores,  a  method  has  been  practised  in  Hungary,  in  which 
iron  pyrites,  generally  itself  containing  a  portion  of 
gold,  is  used  with  economical  effect  for  the  same  pur- 
pose. When  this  mineral  is  heated  to  a  certain  tempera- 
ture without  access  of  air,  it  loses  exactly  half  of  its 
sulphur,  and  becomes  converted  into  a  fusible  sulphide 
of  iron,  such  as  is  produced  by  bringing  a  roll  of  sul- 
phur in  contact  with  a  bar  of  iron  raised  to  a  white 
heat.  Let  it  be  assumed,  therefore,  that  the  ore  con- 
sists of  a  mixture  of  auriferous  iron  pyrites  and  quartz, 
and  that  this  ore  is  mixed  with  the  appropriate  flux 
for  the  quartz,  as  already  described,  and  exposed  to  the 
requisite  heat, — in  this  case  a  slag  will  be  formed, 
and  the  sulphide  of  iron  will  unite  with  the  greater 
portion  of  the  gold  present,  forming  a  heavy  regulus, 
which  will  subside  to  the  bottom.  The  stratum  of 
sulphide  of  iron  thus  found  beneath  the  surface  of  the 
slag  and  scoria;  produced  by  the  fusion  of  the  earthy 
and  siliceous  gangue,  is  technically  termed  a  matt.  If 
this  matt,  containing  the  gold,  be  now  roasted,  or  oxi- 
dized by  heating  it  with  free  access  of  air,  whereby  it 
is  deprived  of  a  further  portion  of  its  sulphur,  and  the 
product  be  mixed  with  a  fresh  quantity  of  crude  auri- 
ferous pyrites,  and  smelted  again,  a  second  matt  will  be 
obtained,  which  will  contain  the  gold  from  the  first  and 
second  charges  of  the  auriferous  ore.  This  process  may 
be  repeated  a  third,  fourth,  or  any  number  of  times, 
until  the  precious  metal  has  been  sufficiently  concen- 
trated in  the  substratum  of  sulphide  of  iron  to  admit  of 
its  profitable  extraction.  The  last  matt,  containing  the 
whole  of  the  gold  which  has  accumulated  from  the 
successive  charges,  and  brought,  therefore,  to  any  re- 
quired richness,  is  then  fused  with  metallic  lead,  lith- 
arge, or  with  a  mixture  of  galena  and  metallic  iron. 
The  gold  is  abandoned  to  the  liberated  lead,  from  the 
top  of  which  the  impoverished  sulphide  may  be  readily 
skimmed  off. 

By  this  process,  the  gold  is  obtained  in  a  more 
concentrated  form,  or  mixed  with  a  smaller  proportion 
of  lead,  than  when  the  latter  is  used  directly  as  the 
means  of  separating  and  collecting  it  from  the  smelted 
ore.  '  Still  as  the  lead  must  be  used  for  its  final  separa- 
tion from  the  ore  in  all  cases — even  when  the  gold  has 
been  concentrated  by  washing  and  amalgamation — the 
employment  of  the  iron  pyrites  in  the  manner  above- 
described  is  only  attended  with  advantage  when  it  con- 
stitutes part  of  the  ore  itself,  or  when  it  can  be  readily 
and  cheaply  procured  in  sufficient  abundance.  When 
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it  forms  a  principal  ingredient  in  the  ore,  it  is  manifestly 
highly  advantageous,  in  point  of  economy,  to  employ  it 
as  a  vehicle  for  the  concentration  of  the  precious  metal, 
while  it  contributes  at  the  same  time  to  increase  the 
amount  of  the  product. 

Patent  Smelting  Process. — Some  years  ago  a  patent 
was  secured  for  another  smelting  process,  invented  by 
Mr.  Longmaid,  which  consists  in  separating  the  gold 
from  the  quartz  or  siliceous  ore,  by  introducing  plates 
of  wrought-iron  into  the  melted  mass.  The  quartz  is 
first  crushed  to  a  fine  powder,  and  fluxed  with  a  mixture 
of  lime  and  oxide  of  iron,  as  usual.  Into  the  fused 
mass  thus  obtained,  plates  of  wrought-iron  are  from 
time  to  time  introduced,  and  withdrawn  when  their 
surface  is  found  to  be  coated  with  a  film  of  gold.  The 
plates  are  then  plunged  into  a  vessel  of  melted  lead, 
which  dissolves  off  the  precious  metal,  and  afterwards 
again  put  into  the  furnace.  This  process  is  constantly 
repeated  till  the  whole  of  the  gold  is  extracted  from  the 
ore,  and  it  is  said  to  be  thus  obtained  both  more  eco- 
nomically, and  in  greater  proportion,  than  by  the  usual 
process  of  washing  and  amalgamation ;  but  the  Editor 
is  not  aware  that  this  method  has  yet  been  extensively 
practised. 

Cupellation. — The  next  metallurgical  operation  is 
the  extraction  of  the  gold  from  the  lead,  and  this  has 
been  performed  from  the  most  remote  antiquity  by  a  pro- 
cess termed  Cupellation.  This  process,  which  is  very 
simple  in  principle,  is,  at  the  same  time,  one  of  the 
most  elegant  chemical  operations  ever  invented.  It 
depends  on  the  circumstance  that  when  silver  and  gold 
are  exposed  in  a  state  of  fusion  to  the  action  of  the 
air  or  oxygen,  they  neither  give  off  perceptible  vapors 
nor  are  sensibly  oxidized — they  remain,  in  short,  un- 
affected ;  whereas,  under  similar  circumstances,  lead 
and  almost  all  the  other  metals  are  oxidized  with 
greater  or  less  rapidity.  There  is  also  an  important 
peculiarity  connected  with  lead,  which  renders  it  the 
only  metal,  excepting  bismuth,  applicable  to  the  pro- 
cess of  cupellation.  This  peculiarity  consists  in  the 
circumstance,  that  the  white  oxide  of  lead,  known  as 
litharge,  is  fusible  at  a  bright  red  heat,  and  in  this  state 
liquefies  and  absorbs  into  its  mass  any  other  metallic 
oxide  with  which  it  may  happen  to  be  in  contact,  but 
which,  without  the  influence  of  the  oxide  of  lead,  would 
remain  unliquefied  by  the  heat.  For  example,  if  the 
oxide  of  copper  be  present,  this  oxide,  which  is  a  fixed 
infusible  substance  at  the  temperature  of  a  common 
furnace,  is  taken  up  by  the  melted  oxide  of  lead ;  and  if 
the  latter  can  be  separated  from  the  gold  and  silver, 
the  oxide  of  copper  will  be  expelled  along  with  it. 

This  separation  may  be  effected  by  different  methods, 
but  particidarly  by  means  of  bone-ash,  which  possesses 
the  peculiar  property  of  absorbing  the  melted  litharge, 
even  when  mixed  with  a  certain  proportion  of  other 
oxides,  whereas  it  remains  impermeable  to  the  unoxi- 
dizable  metals.  Hence,  if  a  vessel  be  formed  of 
pounded  and  compressed  bone-ash,  and  into  this  vessel 
a  compound  be  introduced  consisting  of  a  mixture  of 
litharge  or  oxide  of  lead,  oxide  of  copper,  and  native 
gold,  which  always  contains  a  certain  proportion  of 
silver ;  and  if  this  mixture  be  exposed  to  the  powerful 
heat  of  a  furnace,  the  whole  will  be  reduced  to  a  state 


of  fusion  ;  the  oxide  of  lead,  in  melting,  will  combine 
with  and  dissolve  the  oxide  of  copper,  and  both  will 
be  absorbed  by  the  bone-ash,  while  the  mixture  of  gold 
and  silver  will  remain  in  the  vessel,  melted  by  the  heat, 
but  otherwise  unaffected.  Hence  it  follows  that  gold 
and  silver,  or  a  mixture  of  the  two,  may  readily  be  de- 
prived of  copper  or  any  other  oxidizable  metals  by 
cupelling  them  with  oxide  of  lead.  For  this  purpose 
it  is  not  necessary  to  employ  the  oxide  itself  in  the  first 
instance.  When  metallic  lead  is  heated  to  a  tempera- 
ture above  its  melting  point,  it  rapidly  combines  with 
the  oxygen  of  the  air,  the  product  being  in  the  first 
place  yellow  oxide  of  lead,  which  appears  as  a  scum  on 
the  surface;  and  when  the  temperature  is  raised  to 
about  bright  redness,  this  oxide  is  converted  into 
litharge  or  the  white  fusible  oxide,  which  immediately 
melts.  Pure  copper  requires  not  less  than  sixteen  or 
seventeen  times  its  weight  in  lead  to  be  absorbed  in  the 
manner  above-mentioned. 

A  vessel  of  bone-ash,  formed  for  this  purpose,  is 
termed  a  cupel  or  test ;  and  in  using  such  vessels  for 
assaying,  the  absorptive  power  of  the  cupel  is  the  only 
agency  employed  to  separate  the  gold  from  the  lead  and 
other  oxidizable  metals,  as  will  be  explained  after- 
wards. It  is  otherwise  in  cupellation  on  the  large 
scale ;  in  this  case  the  cupel  is  soon  saturated,  and  the 
greater  part  of  the  litharge  is  expelled  by  a  different 
method. 

The  English  method  of  cupellation  or  refining  is  as 
follows : — A  piece  of  bar-iron,  about  half  an  inch  thick 
and  four  inches  deep,  is  bent  into  the  form  of  an  oval 
hoop,  and  the  ends  of  the  bar  are  welded  together.  The 
greater  diameter  of  this  hoop,  which  is  destined  to  form 
the  containing  circumference  of  the  cupel  or  test,  may 
be  about  four  feet,  and  its  lesser  two  feet  six  inches ; 
but  the  dimensions  vary  considerably  according  to  cir- 
cumstances. On  the  lower  part  of  the  hoop  are  fixed 
a  series  of  four  or  five  flat  bars  of  iron,  arranged  parallel 
to  each  other  in  the  direction  of  the  short  diameter. 
The  first  of  these  is  placed  about  nine  inches  from  one 
end  of  the  oval,  and  the  others  at  about  equal  distances 
between  this  bar  and  the  other  extremity.  The  hoop 
is  then  placed  with  the  cross-bars  downwards  upon  a 
solid  floor,  and  a  quantity  of  pounded  and  sifted  bone- 
ash  is  beaten  firmly  into  it  with  a  mallet  or  rammer 
until  it  is  entirely  filled,  or  the  bone-ash  is  level  with 
the  upper  edge  of  the  hoop.  The  bone-ash  employed 
for  this  purpose  is  mixed  with  about  one-tenth,  by  mea- 
sure, of  fern-ashes,  or  one-fortieth  by  weight,  of  Ame- 
rican pearl-ashes,  and  moistened  sufficiently  to  become 
coherent  by  pressure.  The  fern  or  pearl  ash  has  the 
property  of  giving  greater  consistency  to  the  bone-ash 
when  heated.  When  the  hoop  or  frame  has  been  well 
filled  with  this  mixture  and  solidly  beaten  down,  the 
surface  is  carefully  scooped  out  with  a  trowel  all  round 
the  centre,  so  as  to  form  a  shallow  concavity  of  about 
two  inches  and  three-quarters  in  depth,  leaving  a  wall 
of  bone-ash  all  round,  about  two  inches  in  thickness  at 
top  and  three  inches  at  bottom,  except  at  one  end, 
where  a  thickness  of  five  inches  is  left;  whilst  the 
thickness  of  the  sole  itself  is  reduced  to  ono  inch  above 
the  upper  surface  of  the  iron  cross-pieces.  At  that  end 
of  the  test  where  the  wall  was  left  five  inches  thick, 
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and  which  is  termed  the  breast,  a  segment  of  the  bone- 
ash,  contiguous  to  the  hoop,  is  removed. 

This  apparatus  is  represented  in  Figs.  229  and  230, 
of  which  the  former  is  a  plan,  and  the  second  a  longi- 
tudinal vertical  section  of  the  cupel  or  test.  In  these 
drawings,  the  letters  A  A  denote  the  iron  hoop ;  a  a,  the 

Fig.  229. 


Fig.  230. 

transverse  hars ;  E  indicates  the  cavity  in  the  bone- 
ash  ;  B,  the  breast ;  and  F,  the  space  where  the  bone- 
ash  is  removed  between  the  breast  and  the  iron. 

When  fully  prepared,  the  test  is  allowed  to  dry,  and 
is  then  placed  in  a  furnace,  constructed  in  all  respects 
like  a  common  reverberatory,  except  that  a  space  is 
left  open  in  the  bed  of  the  fin'nace  to  receive  the  test, 
and  that  the  long  axis  of  the  arch  is  very  short.  The 
test,  in  fact,  forms  the  bed  of  the  furnace,  in  which  it 
is  adjusted  with  the  long  diameter  transversely.  It  is 
supported  in  its  place  by  an  iron  ring  built  into  the 
masonry,  or  by  iron  bars  placed  underneath,  between 
the  two  walls  of  the  furnace.  The  fire-place  of  a 
cupelling  furnace  is  usually  about  two  feet  in  breadth, 
and  two  feet  six  inches  in  length.  This  is  sepa- 
rated from  the  body  or  bed  of  the  furnace  by  a  fire- 
bridge eighteen  inches  in  breadth,  so  as  to  allow  the 
flame  and  heated  air  to  pass  directly  over  the  sur- 
face of  the  cupel,  from  whence  it  escapes  through  sepa- 
rate flues  into  a  high  chimney.  At  the  side  of  the  fur- 
nace opposite  to  the  breast  of  the  cupel,  the  nozzle  of 
a  pair  of  large  double  bellows,  or  a  fan-blast,  is  intro- 
duced. 

When  the  cupel  is  inserted  and  the  furnace  lighted, 
the  heat  mii6t  be  applied  in  the  first  place  with  much 
caution ;  for  the  cupel  or  test,  if  exposed  suddenly  to  a 
high  temperature  before  it  has  become  sufficiently  dry, 
is  liable  to  split  and  fall  to  pieces.  In  the  meantime,  the 
lead  containing  the  gold  and  silver,  and  which,  from  this 
circumstance,  is  termed  rich  lead,  is  brought  to  a  state 
of  fusion  in  a  cast-iron  pot,  set  in  brickwork  at  the  side 
of  the  furnace ;  and  when  the  test  has  been  cautiously 
raised  to  a  cherry-red  heat,  the  rich  lead  is  laded  into 
it  till  nearly  full.  Oxidation  now  proceeds  rapidly. 
At  first  the  lead  becomes  covered  on  the  surface  with 
a  yellow  or  grayish  dross ;  but  on  further  raising  the 


heat,  the  surface  of  the  bath  uncovers,  and  a  film  of 
melted  litharge  begins  to  appear.    Part  of  this  litharge 
sinks  into  the  bone-ash  of  the  test,  which  it  soon  satur- 
ates.  The  blowing  apparatus  at  the  back  of  the  test  is 
now  Bet  in  motion,  and  forces  the  litharge  as  it  forms 
forward  to  the  breast,  B,  across  the  surface  of  which  a 
channel  is  cut,  through  which  the  litharge  begins  to 
flow,  and  runs  over  at  the  end  through  the  vacant 
space,  F,  into  a  movable  iron  pot,  placed  on  the 
floor  for  its  reception.    By  this  means  the  oxide  of 
lead  is  prevented  from  coming  in  contact  with  the 
iron  frame  of  the  test,  on  which  it  would  exert  a 
powerfully-corroding  action.    The  current  of  air 
^    introduced  at  the  back  of  the  cupel  not  only  assists 
in  clearing  away  the  litharge,  but  readily  supplies 
the  amount  of  oxygen  necessary  for  its  rapid  forma- 
tion.    In  proportion  as  the  litharge  flows  away, 
more  of  the  melted  lead  is  gradually  supplied  to  the 
test,  which  is  done  by  lading  it  into  a  channel  from 
the  pot  outside  the  furnace. 

After  a  certain  period,  the  channel  first  formed  in 
the  breast,  B,  becomes  much  corroded ;  it  must  then 
be  stopped,  and  a  second  and  third  channel  succes- 
sively formed  for  the  same  purpose.  In  this  manner 
the  operation  may  be  continued  until  six  or  eight  tons 
of  the  rich  lead  have  been  refined  on  the  same  test. 
Sometimes,  however,  two  tests  are  employed,  the  first 
to  concentrate  the  lead,  and  the  second  to  separate  it 
entirely  from  the  precious  metals.  In  this  case,  when 
the  lead  has  been  so  far  concentrated  in  the  former 
that  the  whole  of  the  gold  and  silver  contained  in  the 
alloy  may  remain  in  combination  with  only  two  or 
three  hundredweight  of  that  metal,  a  hole  is  made 
through  the  bone-ash  of  which  the  bottom  is  composed, 
and  the  concentrated  lead  is  received  into  a  pot  which 
is  placed  below.  The  tapping-hole  is  then  closed  with 
a  pellet  of  moistened  bone-ash,  and  a  fresh  charge  of 
the  original  rich  lead  is  concentrated  in  the  same  man- 
ner. When  a  sufficient  amount  of  concentrated  lead  is 
thus  accumulated  to  yield,  as  ascertained  by  assaying  a 
small  portion,  from  one  to  two  thousand  ounces  of  the 
precious  metals,  the  whole  is  again  melted  down,  and 
submitted  to  a  second  cupellation  in  another  test,  in 
which  the  operation  of  refining  is  completed. 

Towards  the  conclusion  of  the  operation  some  strik- 
ing appearances  are  presented.  As  soon  as  the  last 
portions  of  lead  are  removed,  the  liquid  alloy  of  gold 
and  silver  in  the  cupel  suddenly  assumes  a  bright  and 
resplendent  surface  ;  and,  if  the  gold  present  is  mixed 
with  a  considerable  amount  of  silver,  the  surface  of  the 
mass,  as  it  cools,  is  suddenly  thrown  into  agitation  ; 
cones,  or  little  craters,  sometimes  several  inches  in 
height,  are  thrown  up,  from  which  oxygen  gas  escapes 
with  violence,  projecting  particles  of  silver  with  consi- 
derable force.  This  phenomenon  is  termed  spitting,  or 
sometimes  vegetation,  from  the  beautiful  arborescent 
forms  which  are  presented ;  and  arises  from  the  circum- 
stance that  metallic  silver,  when  melted,  has  the  pro- 
perty of  temporarily  combining  with  or  absorbing  much 
more  than  its  own  volume  of  oxygen,  which  escapes  or 
is  ejected  with  violence  at  the  moment  of  solidification. 
For  reasons  especially  connected  with  the  final  process 
of  parting,  and  which  will  be  afterwards  explained,  there 
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is  almost  always  introduced  into  the  alloy,  before  cu- 
pellation,  a  comparatively  large  amount  of  silver,  so 
that  the  phenomena  above  described  are  almost  uni- 
formly observed  at  the  conclusion  of  that  process.  Even 
in  the  cupel,  the  presence  of  a  considerable  proportion 
of  silver  is  important,  for  the  purpose  of  diluting  the 
gold,  and  so  diminishing  the  chance  of  loss. 

After  the  cupelling,  the  test,  with  its  cake  of  alloy 
of  gold  and  silver,  is  withdrawn  from  the  furnace  ;  the 
metallic  mass  is  removed  and  cleaned  from  external 
impurities;  and  the  bone-ash,  saturated  with  litharge, 
and  any  other  oxide  that  may  be  present,  is  knocked  out 
and  preserved  for  subsequent  treatment,  as  it  contains 
not  only  a  considerable  quantity  of  lead  in  a  state  of 
oxide,  but  also  a  small  proportion  of  silver. 

On  the  Continent,  the  process  of  refining  is  conducted 
without  the  use  of  a  cupel,  properly  so  called.  No 
bone-ash  is  employed.  The  test,  if  it  may  be  termed  so, 
is  the  bed  of  the  furnace  itself,  which  consists  of  a  kind 
of  marl,  firmly  beaten  down  into  a  circular  cavity,  slop- 
ing from  the  sides  to  the  centre,  and  allowed  to  dry. 
The  roof  of  the  furnace,  which  consists  of  a  flat  dome 
of  bricks,  built  in  a  strong  circular  hoop  of  bar-iron,  is 
movable  by  means  of  a  crane.  Several  tons  of  lead 
are  introduced  at  once,  and  after  the  roof  has  been 
replaced,  the  blast  is  transmitted  through  one  or  more 
apertures  in  one  side  of  the  furnace ;  the  whole  mass 
of  metal  is  then  worked  off  continuously,  without  any 
addition,  till  the  lead  is  entirely  removed,  and  the  alloy 
of  gold  and  silver  is  left  fine. 

Parting. — The  final  operation  of  separating  the 
silver  from  the  gold,  is  termed  parting,  and  is  gene- 
rally performed  in  this  country  by  means  of  nitric  acid, 
which  dissolves  the  silver,  without  attacking  the  gold. 
On  the  Continent,  the  same  effect  is  produced  with  Iwt 
sulphuric  acid.  In  assaying  operations,  nitric  acid  is 
always  employed,  and  therefore  the  precautions  neces- 
sary to  be  observed  in  this  case  will  be  fully  explained 
in  connection  with  the  subject  of  assaying.  In  the 
meantime,  the  process  with  sulphuric  acid,  as  practised 
on  the  Continent,  will  be  first  detailed. 

1.  By  Sulphuric  Acid. — It  is  only  of  late  years  that 
the  use  of  sulphuric  acid  for  this  purpose  has  been 
generally  introduced  on  the  Continent,  in  consequence 
of  its  being  now  manufactured  so  much  cheaper  than 
nitric  acid,  which  was  formerly  the  only  acid  employed. 
The  operation  is  performed  in  a  very  simple  manner, 
and  if  any  copper  has  been  left  in  the  alloy,  it  is  separ- 
ated along  with  the  silver.  It  is  true  that  the  copper 
should  be  entirely  expelled  by  the  process  of  cupella- 
tion  ;  but,  as  this  process  is  practised  on  the  Continent, 
a  considerable  amount  of  that  metal  often  remains  in  the 
mixture ;  and  its  presence  is  by  no  means  injurious, 
but  is  rather  useful,  in  the  subsequent  operation  of 
parting  with  sulphuric  acid.  It  is  true  that  if  too  much 
copper  be  present,  a  sulphate  is  produced,  of  which 
only  a  limited  proportion  will  dissolve  in  the  concen- 
trated acid.  The  proportion  of  gold  also  must  be  less, 
as  compared  with  the  amount  of  the  silver,  than  when 
nitric  acid  is  used.  Experience  has  shown  that  the 
alloy  should  not  contain  more  than  one-twentieth  part 
of  copper ;  and  that  the  proportion  of  the  gold  to  the 
silver  should  not  exceed  one-fifth:  whereas,  with  nitric 


acid,  it  is  sufficient  if  the  weight  of  the  silver  amount 
to  about  three  times  that  of  the  gold. 

When  the  silver  is  not  already  present  in  the  required 
proportion,  which  is  never  the  case  with  native  gold, 
the  requisite  excess  must  be  introduced ;  for,  when  the 
amount  of  gold  exceeds  the  proportions  above-stated, 
the  particles  of  silver  are  so  enveloped  in  that  metal  as 
to  resist  for  a  long  time  the  action  of  the  strongest 
nitric  or  sulphuric  acid.  In  the  process  of  assaying, 
the  proportion  of  rather  less  than  three  parts  of  silver 
to  one  of  gold  is  very  closely  adhered  to,  for  reasons 
to  be  afterwards  mentioned;  but  in  operating  on  the 
large  scale  with  sulphuric  acid,  the  proportion  of 
the  gold  to  the  silver  may  vary  from  one-fifth  to 
one-tepth,  without  inconvenience ;  and  Dumas  states 
that  the  operation  may  be  conducted  with  profit  when 
the  ratio  of  the  gold  to  the  silver  does  not  exceed 
1  :  1000. 

The  alloy  being  prepared  in  the  requisite  propor- 
tions, which  is  generally  done  by  introducing  the  excess 
of  silver  before  cupellation,  is  melted  in  a  crucible,  and 
granulated  by  pouring  it  into  cold  water.  For  one 
part  of  the  granulated  alloy,  three  and  a-half  parts  of 
concentrated  sulphuric  acid  are  taken,  and  the  mixture 
is  put  into  a  platinum  vessel,  which  is  then  introduced 
into  the  furnace.  The  vessel  should  not  be  more  than 
two-thirds  filled,  to  guard  against  the  effects  of  effer- 
vescence, which  might  throw  out  part  of  the  liquid. 
It  is  then  covered  with  a  platinum  hood,  provided  with 
a  beak  or  tube  for  conveying  the  gases  and  vapors  into 
a  condensing  apparatus.  The  capacity  of  the  platinum 
retorts  varies,  and  there  is  usually  an  assortment  of 
different  sizes,  for  treating  alloys  of  different  qualities, 
without  the  necessity  of  mixing  them.  After  two  or 
three  hours'  boiling,  varying  the  time  according  to  the 
size  of  the  retorts,  the  silver,  and  any  copper  that  may 
be  present,  are  completely  dissolved. 

On  the  first  application  of  sulphuric  acid  to  this  pur- 
pose, the  operation  was  performed  in  iron  retorts. 
"Vessels  of  platinum  were  afterwards  introduced,  as  this 
was  considered  to  be  the  only  metal  which  could  per- 
fectly resist  the  action  of  hot  and  concentrated  sul- 
phuric acid.  Afterwards,  however,  the  enormous  ex- 
pense required  for  a  complete  assortment  of  platinum 
retorts,  induced  the  attempt  to  return  to  the  use  of  iron, 
and  successful  experiments  were  made  by  M.  Toccnr, 
which  proved  that  iron  retorts  might  be  safely  em- 
ployed, though  platinum  is  still  in  use  in  many  estab- 
lishments. It  was  found  that  the  very  concentration 
of  the  acid  presented,  of  itself,  an  obstacle  to  the  pre- 
cipitation of  the  silver  or  copper  by  the  iron ;  and, 
further,  that  the  interior  surface  of  the  retort  acquired  a 
coating  of  silver,  so  that  the  iron  and  the  liquid  soon 
ceased  to  he  in  contact.  This  point  has  not  been  suffi- 
ciently studied ;  but  the  fact  has  been  placed  beyond 
doubt  that  the  operation  succeeds  very  well  in  iron 
vessels,  and  accordingly,  in  many  refining  establish- 
ments, no  other  are  employed. 

It  cannot  fail  to  be  observed  that,  assuming  the  pro- 
portions above  given,  the  quantity  of  sulphuric  acid  is 
much  greater  than  would  be  strictly  necessary  to  con- 
vert the  silver  and  copper  into  sulphates.  Supposing 
the  alloy  to  be  as  poor  as  possible  in  gold,  theory  would 
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indicate  the  following  quantities  of  acid  as  being  suffi- 
cient for  this  purpose : — 

Parts.  Paita. 

Copper     50  would  require    155  sulphuric  acid. 
Silver     949    „        „        861      „  „ 
Gold         1  „         „  0  „ 

Alloy    1000   „        „      1016      „  „ 

But  as  the  amount  of  sulphuric  acid  employed  is  actually 
3500  to  1000  of  alloy,  there  is  an  excess  of  about  2500 
of  acid,  intended  to  hold  the  sulphates,  and  especially 
the  sulphate  of  copper,  in  solution. 

When  the  silver  and  copper  are  completely  dissolved, 
the  retorts  are  withdrawn  from  the  fire,  and  the  solu- 
tion is  left  to  cool,  that  the  gold  may  settle  to  the 
bottom.  The  liquid  is  then  decanted  ;  the  gold,  which 
remains  in  the  vessel,  is  carefully  washed,  and  the 
waters  employed  in  this  operation  are  added  to  the 
sulphate  solution.  Lastly,  the  purified  gold  is  melted, 
and  after  being  cast  into  ingots,  is  ready  for  commerce. 

The  acid  liquor,  containing  the  sulphates,  is  poured 
into  a  leaden  boiler,  containing  water  and  copper  shav- 
ings. Heat  is  applied,  and  the  sulphate  of  silver  is 
soon  completely  decomposed.  The  precipitated  silver 
is  collected,  and  submitted  to  repeated  washings,  al- 
ways adding  the  water  to  the  boiler,  for  use  in  the  next 
operation.  Lastly,  the  silver  is  dried  in  a  small  iron 
pan,  and  is  then  melted  in  a  crucible,  to  be  cast  into 
ingots. 

The  acid  solution,  which  now  contains  only  sulphate 
of  copper,  is  evaporated  in  lead  boilers  till  it  is  fit  to 
crystallize.  It  is  then  put  into  the  crystallizing  pans, 
and  the  mother  waters  are  further  evaporated,  to  obtain 
more  crystals.  This  process  is  continued  till  the  liquid 
becomes  very  concentrated,  and  consists  almost  entirely 
of  sulphuric  acid.  In  this  state  it  is  termed  black  acid, 
on  account  of  its  color,  which  is  due,  in  great  part,  to 
organic  matters,  dust,  and  other  impurities,  which  fall 
in  it  during  the  evaporation  in  the  crystallizing  pans. 
The  black  acids,  purified  by  concentration,  may  either 
be  employed  to  repeat  the  same  operation,  or  turned  to 
useful  account  in  different  manufacturing  processes, 
which  do  not  require  that  the  sulphuric  acid  should  be 
pure  and  highly  concentrated. 

2.  By  Nitric  Acid. — The  operation  of  parting  is 
performed  with  nitric  acid  in  much  the  same  way ;  but 
all  the  details  of  the  process  with  this  acid  will  be 
minutely  explained  in  connection  with  the  subject  of 
assaying,  for  which  it  is  uniformly  used. 

3.  By  fusion  with  Sulphtir. — Another  method  of 
separating  the  gold  from  the  silver,  which  is  sometimes 
practised  with  alloys  containing  but  very  little  gold, 
is  by  fusing  the  granulated  alloy  with  three-tenths  of 
its  weight  of  sulphur ;  this  combines  with  the  silver, 
and  forms  a  liquid  sulphide,  in  which  the  finely-divided 
gold  remains  suspended.  A  small  quantity  of  litharge 
is  then  added,  which  gives  rise  to  the  formation  of 
sulphurous  acid  and  sulphide  of  lead,  and  again  sepa- 
rates a  portion  of  the  silver,  which  then  combines  with 
the  gold,  forming  an  alloy  richer  in  the  latter  metal. 
This  alloy,  by  its  greater  gravity,  sinks  to  the  bottom 
of  the  crucible,  and,  after  cooling,  is  separated  by  the 
hammer  from  the  superincumbent  mixture  of  sulphide 
of  silver  and  lead.    When  this  mixture,  which  is 


termed  plachmal,  is  fused  with  a  small  quantity  of 
litharge,  it  yields  silver,  which  for  the  most  part  still 
contains  a  little  gold.  The  richer  alloy  which  subsided 
to  the  bottom  of  the  crucible,  is  treated  repeatedly 
with  sulphur  in  the  same  manner,  till  the  proportion  of 
gold  is  raised  to  one-fourth,  after  which  the  final  sepa- 
ration of  the  silver  is  usually  effected  with  nitric  or 
sulphuric  acid.  It  will  be  observed  that  this  process 
is  similar  in  principle  to  the  method  already  described 
for  concentrating  auriferous  pyrites. 

4.  By  fusion  with  Sulphide  of  Antimony. — In  this 
case,  the  alloy  is  mixed  with  two  parts  by  weight  of 
sulphide  of  antimony,  and  fused,  with  constant  stirring, 
in  a  crucible,  which  should  be  previously  glazed  with 
borax.  By  this  means  sulphide  of  silver  is  formed,  and 
the  gold  combines  with  the  antimony,  forming  a  lower 
stratum  of  alloy,  which  is  afterwards  separated  from 
antimony  by  simple  ignition  in  the  air,  or  by  fusion 
with  nitre.  If  the  amount  of  silver  in  the  original 
alloy  exceeds  one-third,  a  proportional  quantity  of 
sulphur  must  be  added  in  the  crucible.  The  sulphide 
of  silver  forming  the  upper  stratum  retains  a  small 
portion  of  gold,  to  separate  which  it  is  again  twice  fused 
with  sulphide  of  antimony,  and  this  is  again  removed 
by  ignition  or  fusion  with  nitre.  The  same  operations 
are  repeated  on  the  whole  amount  of  antimonide  of 
gold  thus  obtained,  and  the  antimony  is  finally  removed 
either  by  fusing  the  antimonide  alone,  while  air  is 
blown  upon  it,  or  by  fusion  with  three  times  its  weight 
of  nitre.  Sometimes  it  is  melted  into  a  mass  by  heat- 
ing it  with  three-fourths  of  its  weight  of  borax,  one- 
fourth  of  nitre,  and  one-fourth  of  glass. 

5.  By  Cementation. — Another  method,  which  is 
practised  in  America,  consists  in  arranging  the  granu- 
lated alloy  in  alternate  layers,  with  a  mixture  of  two 
parts  of  brick-dust  and  one  part  of  chloride  of  sodium 
in  porous  crucibles,  which  are  exposed  to  a  low  red 
heat  in  a  wood  fire  for  a  period  varying  from  twenty- 
four  to  thirty-six  hours.  The  aqueous  vapor  from  the 
wood  permeates  the  crucibles,  and  acts  upon  the  salt 
in  such  a  manner  as  to  separate  hydrochloric  acid, 
which  then  forms  chloride  of  silver  with  evolution  of 
hydrogen.  The  chloride  of  silver,  together  with  the 
chloride  of  sodium,  sinks  into  the  briek-dust,  and  the 
gold  obtained  after  washing,  contains  not  more  than 
from  one-tenth  to  one-eleventh  of  silver. 

In  this  case,  without  the  brick-dust,  the  conversion 
of  the  silver  into  chloride  would  be  only  superficial, 
because  the  chloride  first  formed  would  protect  the 
inner  portions  of  the  alloy  from  the  action  of  the 
hydrochloric  acid.  But  when  the  alloy  is  enveloped 
in  brick-dust,  the  chloride  of  sodium  is  partly  decom- 
posed by  the  silica,  yielding  silicate  of  soda  and  hydro- 
chloric acid ;  the  latter  converts  the  silver  into  chloride, 
which  then  fuses  with  the  rest  of  the  chloride  of  sodium, 
and  this,  sinking  into  the  brick-dust,  leaves  a  new  sur- 
face of  alloy  exposed  to  the  action  of  the  hydrochloric 
acid. 

The  reader  will  observe  that  the  three  methods  last 
mentioned  are  all  more  or  less  imperfect  in  their  results, 
and  that  for  the  complete  separation  of  the  silver, 
recourse  must  always  be  had  to  the  action  of  sulphuric 
or  nitric  acid. 
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Alloys  op  Gold. — Standard  Gold. — By  the 
preceding  series  of  mechanical,  metallurgical,  and  che- 
mical operations,  gold  may  be  brought  to  a  state  of 
nearly  absolute  purity ;  but  in  this  state  it  is  too  soft 
to  be  employed  with  advantage  in  the  arts,  or  for  the 
purposes  of  the  coinage.  Gold  is  therefore  almost 
always  alloyed  with  a  greater  or  less  proportion  of 
some  other  metal,  except  when  it  is  found  in  the  shape 
of  the  finest  gold  leaf,  which  requires  for  its  proper 
manufacture  the  highest  possible  purity,  because, 
although  it  readily  forms  alloys  with  most  of  the  other 
metals,  its  malleability  is  greatly  impaired  by  their 
presence  in  even  a  very  small  proportion.  With  some 
metals  this  effect  is  very  remarkable ;  even  one  two- 
thousandth  part  of  antimony,  bismuth,  tin,  or  lead,  will 
render  the  gold  quite  brittle.  At  the  same  time,  as  a 
natural  consequence,  its  hardness  and  sonorousness  are 
increased. 

The  only  alloys  of  gold  of  any  importance  in  the 
arts  are  those  formed  with  silver  and  copper,  which 
tend  to  increase  its  hardness  and  durability,  and  are 
used  also  by  jewellers  to  give  the  gold  different  tints, 
according  to  the  proportions  employed.  It  singularly 
happens  that  these  are  the  metals  with  which  it  is 
chiefly  combined  in  the  native  state,  although  it  is 
likewise  found  associated  with  iron,  platinum,  tellurium, 
and  other  metals. 

Gold  may  be  alloyed  with  silver  in  almost  all  propor- 
tions, and,  by  its  combination  with  this  metal,  it  be- 
comes not  only  harder  and  more  sonorous,  but  also 
more  fusible.  As  the  proportion  of  silver  increases, 
the  color  quickly  passes  through  pale  greenish-yellow 
into  white.  The  malleability  of  gold  is  less  diminished 
by  silver  than  by  any  other  metal.  The  maximum  of 
hardness  is  found  in  the  alloy  containing  two  parts  of 
gold  to  one  of  silver.  The  green  gold  of  the  jewellers 
contains  twenty-five  per  cent,  of  silver. 

The  most  useful  alloy  of  gold  is  that  which  is  formed 
with  copper,  and  this  is  the  alloy  which  is  used  for 
coinage.  The  addition  of  copper  renders  gold  redder, 
harder,  and  more  fusible.  The  maximum  of  hardness 
is  exhibited  by  an  alloy  of  seven  parts  gold  and  one  of 
copper.  An  alloy  containing  twenty-two  parts  of  gold 
and  one  of  copper  has  a  density  of  17'157.  English 
standard  gold  contains  8-33  per  cent,  of  copper,  or  one 
part  of  this  metal  to  eleven  parts  of  gold.  In  France, 
the  standard  gold  contains  ten  per  cent  of  copper.  Gold 
contracts  in  the  act  of  solidifying  from  a  state  of  fusion, 
and  cannot,  in  consequence,  be  made  to  receive  sharp 
impressions  by  casting  it  in  moulds.  Coins  are, 
therefore,  stamped  with  a  die,  and  plate  is  either 
stamped  or  embossed,  and  afterwards  chased  and 
carved,  if  necessary,  by  cutting  tools. 

Valuation  of  Gold  Alloys. — In  this  country  the 
standard  of  the  alloys  of  gold  is  calculated  in  fractions 
of  unity  expressed  in  carats.  Perfectly  pure  gold  is 
taken  as  unity,  and  this  is  assumed  to  consist  of  twenty- 
four  fractional  parts  termed  carats,  each  of  which  is 
divided  into  four  imaginary  grains,  and  these  are  again 
subdivided  into  quarters  and  eighths.  The  carat  is, 
therefore,  ultimately  divided  into  thirty-two  thirty- 
seconds  ;  so  that  unity,  or  absolute  fineness,  repre- 
sented by  twenty-four  of  these  carats,  may  be  consi- 


dered as  made  up  of  24  X  32  ■  7G8  thirty- seconds. 
On  this  system,  an  alloy  of  gold,  according  to  its  com- 
position, is  spoken  of  as  being  so  many  carats  fine,  or 
so  many  carats  and  thirty-seconds  of  a  carat.  It  has 
been  stated  above  that  the  standard  alloy  of  the  Eng- 
lish gold  coinage  contains  eleven  parts  of  gold  to  one 
of  copper,  or,  in  other  words,  twenty-two  parts  of  gold 
to  two  of  copper ;  it  is,  therefore,  said  to  be  twenty- 
two  carats  fine.  If  the  alloy  contained  twenty-three 
parts  by  weight  in  the  twenty-four,  it  would  be  twenty- 
three  carats  fine,  or  one  carat  better  than  standard. 
If,  on  the  other  hand,  it  contained  only  twenty-one 
carats,  it  would  be  one  carat  worse  than  standard;  if 
it  contained  18-5  of  pure  gold,  it  would  be  said  to  be 
eighteen  carats,  and  sixteen  thirty-seconds.  The 
report  of  the  assayer  is  always  given  in  relation  to 
standard.  Fine  or  pure  gold  would  be  twenty-four 
carats  fine,  that  is,  there  would  be  no  alloy. 

In  calculation  it  is  easier  to  use  decimal  fractions 
than  the  clumsy  empirical  system  of  counting  by  carats ; 
and  in  estimating  silver  the  decimal  method  has  lately 
been  introduced  into  the  mint  of  this  country  by  Sir 
John  Herschel.  In  France  the  same  method  is  gene- 
rally extended  to  gold.  Upon  the  decimal  system, 
fine  gold  or  silver  is  termed  100O0,  and  the  report 
upon  any  sample  of  alloy  simply  indicates  the  number 
of  parts  of  pure  gold  or  silver  in  1000  which  the  sample 
contains.  Unfortunately  the  English  standard  does  not 
admit  of  expressing  the  amount  of  copper  in  a  termin- 
able decimal,  the  nearest  convenient  fraction  being 
90-91  of  copper  in  1000  of  alloy.  In  France,  the 
standard  is  conveniently  expressed  by  900  of  gold  to 
100  of  copper.  This  decimal  standard  admits  of  the 
ready  comparison  of  gold  alloys  with  other  chemical 
compounds,  because  in  analytical  investigations  the 
results  are  always  sought  with  reference  to  the  per- 
centage or  centesimal  composition  of  the  subject  under 
examination ;  but,  under  the  system  existing  in  this 
country  and  on  many  parts  of  the  Continent,  it  is  often 
necessary  to  convert  the  per-centage  into  the  corre- 
sponding value  expressed  in  carats.  The  following 
table,  which  expresses  the  relation  subsisting  between 
a  series  of  decimal  fractions  of  unity  and  the  carats 
and  thirty-two  thirty-seconds  respectively,  will  be  found 
convenient  for  immediately  effecting  the  conversion  : — ■ 


Decimal. 


Cnnlts. 


Decimal. 


1    0-001302    1    0-041667 

2    0-002604    2    0-083334 

3    0-003906    3    0-125001 


4    0-005208    4 

5    0-006510    5 

6    0-007912    6 

7    0-009215    7 

8    0-010415    8 

9    0-011718   9 


0-166667 
0-208333 
0-250000 
0-291666 
0-333333 
0-374999 


10 


0-013021    10    0-416667 


11    0-014323    11 

12    0-015625    12 

13    0-016927    13 

14    0-018230    14 

15    0-019531    15 


16 
17 
18 
19 
20 
21 
22 


0-020833    16 

0-022135    17 

0-023436    18 

0-024740    19 

0-026042    20 

0-027343    21 

0-028646    22 


0-458G30 
0-500000 
0-541667 
0-583333 
0-624555 
0-666607 
0-707333 
0-750000 
0-791666 
0-833333 
0-874999 
0-916666 
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Thirty-seconds 
Of  tile  Ciivnt. 

JJCCllil  III- 

C  ii  r  ;i  t  s . 

ecinrn 

23  

.  0-029948  ... 

...  23  .... 

..  0-958333 

24   

.  0-031250  ... 

...  24  .... 

,.  1-000000 

0-032552  . . 

26   

.  0  033854  .. 

27   

28   

.  0  035156  .. 
.  0-036460  .. 

29 

0-037760  .. 

30  .... 

.  0-039062  .. 

31 

.  0-040364  .. 

82   

Jewellers'  Gold. — The  jeweller  receives  Iris  gold 
in  tire  form  of  ingots,  which  approach  to  absolute  purity, 
or  twenty-four  carats  fine.  He  begins  his  operations 
by  alloying  it  with  copper  or  silver,  or  both,  in  certain 
calculated  proportions,  either  to  reduce  it  to  the  legal 
standard,  or  to  give  it  the  particular  color  required. 
The  following  are  the  three  standards  fixed  by  the 
latest  statutes  enacted  in  France  on  the  subject : — 

1.  High  standard  gold,  consisting  of  nine  hundred  and 
twenty  parts  of  pure  gold  in  one  thousand  of  alloy, 
which  is  equivalent  to  twenty-two  carats,  one  thirty- 
second  and  one-half.  This  is  the  alloy  usually  em- 
ployed by  the  French  jewellers,  and  is  nearly  iden- 
tical with  the  standard  gold  of  the  English  coinage. 

2.  French  standard  gold,  consisting  of  eight  hundred 
and  forty  parts  of  gold  in  one  thousand  of  alloy,  or 
twenty  carats,  five  thirty-seconds,  and  one-half.  Some- 
times it  is  reduced  to  only  twenty  carats.  3.  Common 
gold  is  seven  hundred  and  fifty  parts  in  one  thousand, 
or  eighteen  carats.  The  licence  or  tolerance  allowed  is 
three  parts  in  a  thousand. 

In  order  that  the  gold  may  be  easily  worked,  the 
alloy  must  be  perfectly  homogeneous,  and  the  jeweller 
accordingly  brings  it  to  this  state  by  repeated  fusions. 
If  the  alloy  has  been  badly  made,  and  still  exhibits  a 
grainy  appearance,  with  a  liability  to  crack  under  the 
action  of  the  hammer  or  between  the  laminating  rollers, 
it  must  be  again  introduced  into  the  crucible,  and 
thoroughly  fused  with  a  mixture  of  borax  and  saltpetre. 

In  the  Dlctionnaire  des  Arts  et  Manufactures,  the 
colors  most  commonly  required  in  articles  of  jewellery, 
are  stated  to  be  composed  as  follows  : — 

Colore.  Composition. 

Yellow  gold,    Pure  or  fine  gold,  1000. 

Red  gold   Fine  gold,  750  ;  rose  copper,  250. 

Green  gold,    Fine  gold,  750  ;  silver,  250. 

Dead-leaf  gold,    Fine  gold,  700  ;  silver,  300. 

Water-green  gold,   ...  Fine  gold,  600  ;  silver,  400. 

yn,  -f      ii  f  An  alloy  of  gold  and  silver  in  which 

wmtegom,    the  latter  predominates. 

Blue  gold,    Fine  gold,  750 ;  iron  250. 

The  last-mentioned  alloy  is  somewhat  difficult  to 
prepare.  It  is  obtained  by  introducing  thick  iron  wire 
among  the  melted  gold,  and  withdrawing  the  crucible 
from  the  fire  as  soon  as  the  alloy  is  formed.  When 
poured  out  and  cooled,  it  should  have  no  appearance 
of  porosity.  It  is  then  forged,  and  formed  into  sheets 
or  wires  of  different  thicknesses. 

Various  shades  of  color  are  likewise  given  by  the 
jeweller  to  articles  or  ornaments  of  gold,  by  the  finish- 
ing process,  which  consists  in  exposing  them  to  certain 
chemical  agents,  to  dissolve  out  a  portion  of  the  copper 
or  silver  from  the  surface,  without  attacking  the  gold. 
By  this  means  the  surface  of  the  article  is  made  to  ap- 
pear like  pure  gold,  which  it  really  is,  while  below  the 


surface  the  quantity  of  copper  or  silver  may  be  consi- 
derable. The  liquor  usually  employed  by  the  gold- 
smiths and  jewellers  for  this  purpose  is  a  mixture  of  two 
parts  of  nitrate  of  soda,  one  part  of  chloride  of  sodium, 
and  one  of  Boman  alum,  in  three  or  four  parts  of  water. 
The  trinkets  or  other  articles  are  kept  in  this  solution, 
at  the  boiling  point,  from  fifteen  to  twenty-five  minutes, 
according  to  the  shade  required.  They  are  then  taken 
out,  washed  in  water,  and  after  burnishing  with  blood- 
stone, the  operation  is  finished.  The  pickle,  or  sauce, 
as  the  liquo/  is  termed,  dissolves  not  only  the  copper 
or  silver  alloy  on  the  surface,  but  likewise  a  certain 
quantity  of  the  gold  itself,  and  the  articles  lose,  on  tho 
whole,  about  one-sixteenth  of  their  weight  by  the  opera- 
tion. To  recover  the  gold,  the  liquor  is  diluted  with 
at  least  twice  its  bulk  of  boiling  water,  and  a  solution 
of  very  pure  protosulpbate  of  iron  is  poured  into  it. 
The  precipitated  gold  is  washed  upon  a  filter,  dried, 
and  purified  by  fusing  in  a  crucible,  along  with  a 
mixture  of  equal  parts  of  nitrate  and  biborate  of  soda. 
The  other  metals  can  likewise  be  recovered  by  very 
simple  methods. 

Gold-Beating. — The  art  of  beating  gold  into  thin 
leaves  seems  to  have  been  known  from  a  very  remote 
period.  The  fact  that  the  Hebrews  were  acquainted 
with  it  has  been  already  stated, — and  from  the  circum- 
stance that,  on  the  coffins  of  the  Theban  mummies, 
specimens  of  leaf-gilding  are  met  with,  in  which  the 
gold  is  so  thin  as  to  resemble  modern  gilding,  it  may 
be  inferred  that  the  Egyptians  had  carried  the  art  to  a 
high  degree  of  perfection.  This  art  is  distinctly  referred 
to  by  Homer,  and  was  practised  extensively  by  tho 
later  Greeks,  even  to  decorate  the  external  sculpture 
of  their  temples  and  statues.  Pliny  states  that  after  the 
destruction  of  Carthage  the  Romans  began  to  gild  tho 
ceilings  of  their  temples  and  palaces,  and  that  luxury 
advanced  on  them  so  rapidly  that,  in  a  little  time,  even 
private  and  comparatively  poor  persons  gilded  the  walls, 
vaults,  and  other  parts  of  their  dwellings.  Horace's 
remark,  that  neither  ivory  nor  gilded  arch  figured  in  his 
house,  is  familiar  to  the  classical  student.  Pliny  fur- 
ther states,  that  one  ounce  of  gold  was  extended  to  750 
loaves,  each  four  fingers  square.  Lucretius  compared 
the  Roman  gold-leaf  to  a  spider's  web,  and  Martial 
described  it  as  little  other  than  a  vapor ;  yet,  according 
to  Pliny's  account,  it  must  have  been  three  times 
the  thickness  of  the  ordinary  leaf-gold  of  the  present 
time. 

Experiments  have  been  made  to  ascertain  to  what 
degree  of  thinness  gold  and  silver  could  be  reduced : 
it  was  found  that  one  grain  of  gold  was  spread 
to  the  extent  of  seventy-five  square  inches,  and  the 
same  weight  of  silver  to  the  still  more  extraordinary 
dimensions  of  ninety-eight  square  inches.  Taking  one 
cubic  inch  of  gold  at  four  thousand  nine  hundred 
grains,  it  will  be  found  that  the  gold  was  the  three 
hundred  and  sixty-seven  thousand  five  hundredth  part 
of  an  inch  in  thickness,  or  about  one  thousand  two 
hundred  times  thinner  than  ordinary  printing  paper. 
Thus,  if  three  hundred  and  sixty-seven  thousand  leaves 
of  gold  were  placed  on  one  another  they  would  consti- 
tute a  pile  only  an  inch  high,  while  the  same  number 
of  leaves  of  paper  would  form  a  pile  half  the  height  of 
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the  Monument  of  London.  The  same  weight  of  silver, 
though  extended  over  a  much  larger  surface,  was  thick- 
est, owing  to  the  difference  in  its  specific  gravity.  In 
practice,  the  gold  leaf  is  never  extended  beyond  the 
one-two  hundred  and  ninety  thousandth  part  of  an  inch 
in  thickness. 

The  late  Dr.  TJre  erroneously  states,  that  the  gold 
used  in  gold-beating  ought  to  be  of  the  finest  standard. 
Alloy,  he  adds,  hardens  gold,  and  renders  it  less  malle- 
able; so  that  the  fraudulent  tradesman  who  should 
attempt  to  debase  the  gold  would  expose  himself  to 
much  greater  loss  in  the  operation  than  he  could 
derive  of  profit  from  the  alloy.  From  this  statement 
it  might  be  inferred  that  nothing  but  fine  or  perfectly 
pure  gold  is  used  by  the  gold-beater,  whereas,  in  point 
of  fact,  it  is  variously  alloyed,  according  to  the  color 
required.  Indeed,  it  is  not  uncommonly  supposed, 
among  the  workmen  employed  in  the  business,  that 
fine  gold  is  incapable  of  being  reduced  to  thin  leaves  ; 
but  this  also  is  an  error.  It  is  simply  objectionable  for 
commercial  purposes,  on  account  of  its  greater  cost, 
and  also  on  account  of  the  adhesion  which  takes  place 
when  one  part  of  a  leaf  of  fine  gold  touches  another, 
thus  causing  a  waste  of  labour,  by  the  leaves  being 
spoiled.  For  work,  however,  which  is  to  be  exposed 
to  the  weather,  fine  gold  is  the  best,  being  more  dura- 
ble, and  not  liable  to  tarnish  or  change  color. 

A  London  gold-beater,  Mr.  E.  S.  Marshall,  exhi- 
bited specimens  of  gold-leaf  at  the  Great  Exhibition  of 
1851,  for  which  the  prize  medal  was  awarded  to  him. 
The  specimens  were  twelve  in  number,  and  embraced 
a  regular  gradation  in  color  from  red  to  nearly  white — ■ 
namely,  red,  pale  red,  extra  deep,  deep,  orange,  lemon, 
deep  pale,  pale,  pale  pale,  deep  party,  party,  and  fine 
gold.  The  deeper  colors  were  alloyed  with  from 
twelve  to  sixteen  grains  of  copper  per  ounce,  but  no 
silver,  since  any  admixture  of  this  metal  with  so  large 
a  quantity  of  copper  would  considerably  impair  the 
malleability  of  the  alloy ;  the  medium  colors  contained 
from  twelve  to  twenty  grains  of  silver,  with  from  six  to 
eight  grains  of  copper,  to  the  ounce ;  and,  lastly,  the 
paler  leaves  contained  from  two  to  not  less  than  twenty 
pennyweights  of  silver  to  the  ounce,  but  no  copper,  for 
the  same  reason  that  silver  was  omitted  in  the  red  or 
deep-colored  golds. 

The  process  of  gold-beating  is  purely  a  mechanical 
operation,  but  involving  as  it  does  one  of  the  most 
important  applications  of  this  precious  metal,  it  will  be 
necessary  to  give  a  short  account  of  it.  The  first 
operation  is  the  casting  of  the  metal  into  ingots.  For 
this  purpose  the  gold,  either  pure  or  alloyed,  according 
to  the  color  desired,  is  melted  in  a  crucible  at  a  higher 
temperature  than  is  simply  necessary  to  fuse  it,  by 
which  its  malleability  is  improved.  It  is  then  poured 
into  moulds  previously  heated  and  greased  on  the 
inside,  and  cast  into  flat  oblong  ingots,  each  about 
three-fourths  of  an  inch  wide,  and  weighing  two  ounces. 
The  ingots,  when  taken  from  the  moulds,  are  annealed 
in  hot  ashes,  which  cleanse  them  from  grease  and 
increase  the  malleability  of  the  gold.  When  the  ingot 
is  cold,  the  French  gold-beaters  hammer  it  out  to  the 
thickness  of  one-sixth  of  an  inch,  and  expose  it  at  the 
same  time  to  repeated  annealings ;  but  this  operation, 
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termed  the  forging,  is  omitted  by  the  English  gold- 
beaters. The  next  process  is  the  lamination,  which 
consists  in  repeatedly  passing  the  ingot  between  two 
rollers  of  polished  steel,  gradually  brought  closer 
together,  until  it  is  formed  into  a  riband  of  one  and  a 
half  inch  in  width,  and  ten  feet  in  length,  to  the  ounce. 
By  this  means  the  ingot  is  spread  out  to  a  surface 
of  nine  hundred  and  sixty  square  inches  of  the  thick- 
ness of  rather  more  than  one-eight-hundredth  of  an 
inch.  The  next  operation  is  the  beating,  for  which 
purpose  the  riband  of  gold,  after  being  annealed 
or  softened  in  the  fire,  is  carefully  divided  with  com- 
passes and  cut  up  into  pieces  of  the  size  of  a  square 
inch,  each  weighing  about  six  grains ;  about  one  hun- 
dred and  sixty  of  these  are  placed  by  means  of  wooden 
pliers  between  the  leaves  of  a  cutch,  which  formerly 
consisted  of  a  packet  of  fine  calf-skin  vellum,  but  now 
it  is  usual  to  employ  a  tough  paper  manufactured  in 
France.  A  case  of  strong  parchment,  open  at  both 
ends,  is  drawn  over  the  cutch,  and  this  is  enclosed  in  a 
second  similar  case  at  right  angles  to  the  first,  so  as  to 
cover  the  edges  which  the  first  had  left  exposed.  The 
cutch  is  then  beaten  with  a  seventeen-pound  hammer, 
upon  a  smooth  block  of  black  marble,  supported  on  a 
strong  bench,  and  surrounded  on  three  sides  by  a 
wooden  ledge,  while  the  front  is  left  open,  and  has  a 
leathern  apron  attached  to  it,  to  preserve  any  fragments 
of  gold  that  may  fall  out  of  the  packet.  The  hammer  is 
short-handled,  and  is  wielded  by  the  workman  with 
one  hand,  while  with  the  other  he  occasionally  turns 
the  packet  over,  to  distribute  the  force  equally.  The 
elasticity  of  the  packet  causes  the  hammer  to  rebound, 
and  lightens  the  labor  of  the  operator.  At  intervals 
the  packet  is  taken  up,  and  bent  or  rolled  between  the 
hands,  to  overcome  any  slight  adhesion  between  the 
leaves  and  the  interposed  paper  or  vellum ;  or  it  is 
taken  to  pieces  to  examine  the  state  of  the  gold, 
and  to  shift  the  central  leaves  to  the  outside,  and 
vice  versa. 

When  the  gold  plates  of  one  inch  square  are  thus 
spread  out  into  four-inch  squares,  or  to  nearly  the  size 
of  the  leaves  of  the  cutch,  which  generally  requires 
about  twenty  minutes'  beating,  the  packet  is  opened, 
and  each  leaf  of  gold  is  taken  out,  and  cut  with  a  knife 
into  four  equal  squares,  thus  increasing  the  one  hundred 
and  fifty  pieces  to  six  hundred  of  nearly  the  same  size 
as  at  first.  These  are  put  between  the  leaves  of 
another  tool,  called  a  shoder,  made  of  gold-beater's 
skin.  This  substance  is  the  esccuui  of  the  ox,  which  is 
first  doubled,  then  prepared  with  solutions  of  alum, 
isinglass,  white  of  egg,  et  cetera,  and  after  being  beaten 
between  folds  of  paper  to  expel  the  grease,  is  finally 
pressed  and  dried.  The  shoder  is  enclosed  in  parch- 
ment and  beaten  as  before,  but  with  a  smaller  hammer, 
about  nine  or  ten  pounds  weight,  till  the  squares  of 
gold  are  again  extended  to  nearly  the  size  of  the  skins. 
The  shoder  requires  about  two  hours'  beating  for  this 
purpose.  During  this  period,  the  packet  must  be  often 
folded,  to  render  the  gold  as  loose  as  possible  between 
the  membranes.  As  all  the  leaves  do  not  spread  quite 
equally,  the  shoder  is  beaten  upon  after  the  more 
expanded  leaves  have  reached  the  edges,  the  effect  of 
which  is,  that  these  come  out  of  the  edges  in  the  shape 
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of  dust,  and  this  allows  time  for  the  smaller  leaves  to 
reach  the  full  size  of  the  shoder. 

The  packet  is  now  opened,  and  the  leaves  of  gold, 
heing  spread  on  a  cushion,  are  again  subdivided  into 
fours,  by  means  of  two  pieces  of  cane  cut  to  very  sharp 
edges,  and  fixed  down  cross-wise  on  a  board.  This 
rectangular  cross  being  applied  on  each  leaf,  with  slight 
pressure,  divides  it  into  four  equal  portions,  and  is 
preferable  to  a  steel  knife,  to  which  the  gold,  in  its 
now  attenuated  state,  would  be  liable  to  adhere.  The 
two  thousand  four  hundred  squares  thus  formed  are 
separated  into  three  parcels  of  eight  hundred  each,  and 
the  squares  of  each  parcel  are  placed  in  another  shoder 
or  mould  composed  of  gold-beater's  skin,  enclosed  in  the 
parchment  cases,  and  beaten  as  before.  This  is  the  last 
and  most  difficult  stage  of  the  process.  The  mould  must 
be  made  of  the  finest  skins,  about  five  inches  square  ; 
and  on  the  fineness  of  the  skin,  and  the  judgment  and 
dexterity  of  the  workman,  the  perfection  and  thinness 
of  the  leaf  of  gold  depend.  A  seven-pound  hammer  is 
now  employed,  and  after  two  hours'  beating,  the  gold 
is  reduced  to  the  one  hundred  and  fifty  thousandth  of 
an  inch  in  thickness,  and  begins  to  transmit  the  rays 
of  light.  When  the  gold  is  quite  pure,  or  but  slightly 
alloyed,  it  transmits  the  green  rays,  but  in  gold  highly 
alloyed  with  silver,  the  pale  violet  rays  are  transmitted. 
After  being  hammered  another  two  hours,  the  leaves 
acquire  the  tenuity  of  ordinary  leaf-gold,  and  average 
from  three  to  three  and  a  half  inches  square.  The 
three  beatings  and  two  quarterings  expand  the  gold  to 
an  area  about  one  hundred  and  ninety  times  greater 
than  it  had  in  the  form  of  a  riband,  and  one  hundred 
square  feet  of  it  weigh  only  an  ounce.  It  is  true  that 
an  ounce  might  be  hammered  to  cover  an  area  of  one 
hundred  and  sixty  feet ;  but  in  this  case  the  gold  would 
be  too  much  attenuated  for  common  use,  and  the  extra 
labor  and  care  required  would  not  be  compensated  by 
any  corresponding  advantage.  After  the  last  beating, 
the  leaves  are  lifted  one  by  one  with  a  delicate  pair  of 
long  pincers,  made  of  white  wood,  and  are  spread  out 
on  a  leathern  cushion  by  blowing  them  flat  with  the 
mouth.  Broken  or  blemished  leaves  are  rejected ;  the 
good  ones  have  the  ragged  edges  cut  off  with  a  square 
frame  of  sharp  cane,  which  reduces  them  all  to  a  uni- 
form size,  and  are  then  placed  in  a  book,  the  leaves  of 
which  have  been  rubbed  with  red  ochre,  to  prevent  the 
gold  from  adhering.  Each  book  is  capable  of  holding 
twenty-five  leaves,  and  in  this  form  the  gold-leaf  is 
sold  for  gilding  picture-frames  and  books,  and  for  the 
various  ornamental  purposes  to  which  it  is  applied  in 
the  arts. 

In  this  country  the  art  of  gold-beating  was  long  con- 
fined to  London,  where  it  has  been  carried  to  higher 
perfection  than  in  any  other  part  of  the  world ;  but,  of 
late  years,  efforts  have  been  made  on  the  Continent, 
with  the  aid  of  English  gold-beaters'  skin,  to  emulate 
the  beauty  and  fineness  of  the  English  product ;  and 
the  art  is  now  practised  successfully  in  different  large 
cities  in  England,  as  well  as  in  Scotland  and  Ireland. 
Latterly,  machinery  has  been  applied  to  supersede  the 
arduous  manual  labor  of  gold-beating  with  the  ham- 
mer, and  machines  for  this  purpose  were  sent  to  the 
Great  Exhibition  from  France  and  the  United  States. 


•Gilding. 


There  was  also  exhibited  a  specimen  of  leaf-gold,  manu- 
factured in  London  by  means  of  steam  machinery;  and 
there  is  little  doubt  that  the  article,  so  manufactured, 
will  ultimately  supersede  the  product  of  manual  labor. 

Gilding. — This  is  the  art  of  applying  a  superficial 
covering  of  gold  to  articles  of  wood,  metal,  et  cetera, 
chiefly  for  the  purpose  of  ornament,  but  sometimes  also 
for  utility,  as  when  it  is  essential  that  the  article  should 
be  preserved  from  tarnishing.  Gilding  is  practised  by 
various  methods,  the  principal  of  which  may  be  classi- 
fied under  the  following  heads,  namely  :  1.  Mechanical 
gilding  with  gold-leaf  for  wood,  leather,  et  cetera ;  2. 
Chemical  gilding,  properly  so  called,  which  is  practised 
on  metallic  substances,  and  includes  wash-gilding,  or 
gilding  by  amalgamation ;  gilding  by  immersion  and 
various  other  processes  ;  3.  Electro-gilding,  commonly 
known  as  the  electrotype. 

1.  Mechanical  Gilding,  or  gilding  on  wood  with  gold- 
leaf,  is  of  two  kinds,  distinguished  as  burnish-gilding 
and  oil-gilding. 

In  burnish-gilding,  the  process  may  be  exemplified 
as  applied  to  a  picture-frame.  In  this  case  the  gilder 
receives  from  the  joiner  a  bevelled  moulding  twelve 
feet  in  length,  which  he  prepares  for  gilding  by  a  num- 
ber of  preliminary  coatings  of  size,  mixed  with  different 
substances.  He  first  gives  it  a  priming  of  hot  size  and 
whiting,  this  mixture  being  laid  on  in  a  somewhat  fluid 
state,  and  therefore  termed  thin- white.  It  is  prepared 
by  melting  the  size  in  an  earthen  pipkin,  and  stirring 
in  the  whiting  in  fine  powder  by  small  portions  at  a 
time.  When  this  first  coating  is  dry  the  surface  is 
examined,  and  all  holes  and  irregularities  are  filled  up 
with  a  mixture  of  whiting  and  size,  made  of  the  con- 
sistence of  putty,  but  containing  no  oil.  The  moulding 
then  receives  four  or  five  layers  of  a  mixture  similar  to 
the  first,  but  of  greater  consistence,  and  therefore 
termed  thielc-white,  allowing  time  between  each  layer 
for  the  work  to  dry.  While  each  of  these  last  coatings 
is  still  wet,  the  fine  work  of  the  moulding  is  kept  open 
by  means  of  chisels,  gouges,  and  other  tools  for  the 
purpose.  Sometimes  two  thick-whites  are  laid  on  suc- 
cessively, without  allowing  the  first  to  dry,  and  are  then 
worked  into  the  shape  of  the  moulding  by  hard  stones 
of  the  required  form.  The  whiting  is  now  from  one- 
sixteenth  to  one-twelfth  of  an  inch  in  thickness,  and  is 
trimmed  to  remove  the  unevenness  at  the  edges,  after 
which  the  entire  surface  of  the  moulding  is  smoothed 
with  pumice-stone,  formed  to  fit  exactly  into  the  vari- 
ous parts,  which  are  slightly  wetted  to  promote  the 
smoothing  effect.  The  final  polish  of  the  whiting  is 
given  with  glass-paper. 

The  moulding  is  now  ready  to  receive  the  gold-size, 
which  consists  of  pipe-clay,  red  chalk,  black  lead,  suet, 
and  bullock's  blood.  Of  this  mixture,  which  is  sold  to 
the  gilder  in  a  tenacious  mass,  rather  softer  than  butter, 
a  portion  is  taken  and  melted  with  common  clear  thin 
size ;  and  while  still  slightly  warm,  is  laid  on  with  a 
brush,  and  with  great  nicety  of  hand. 

The  next  operation  is  the  gilding,  for  which  several 
tools  are  required, — a  leathern  cushion  to  receive  the 
gold-leaf,  a  knife  for  cutting  it  into  different  sizes,  and 
a  little  instrument,  termed  a  tip,  for  laying  the  leaf  on 
the  moulding.    This  last  instrument  consists  of  two 
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pieces  of  card  glued  together,  with  the  ends  of  a  row  of 
camel's  hairs  fastened  between  them,  and  projecting 
from  one  inch  to  one  inch  and  a  half.  The  gilder 
having  moistened  with  water  a  few  inches  of  the  mould- 
ing about  to  be  gilded,  and  having  cut  a  leaf  into  stripes 
suited  to  the  width  of  the  part  on  which  it  is  to  be  laid, 
touches  one  of  these  stripes  with  the  tip,  to  the  hairs  of 
which  it  slightly  adheres,  and  transfers  it  to  the  mois- 
tened part  of  the  moulding.  When  the  whole  of  the 
moulding  has  been  thus  covered,  it  is  set  aside  to  dry. 

The  next  process  is  the  burnishing,  which  is  per- 
formed by  rubbing  briskly  over  the  gold  a  piece  of  flint 
or  agate.  This  greatly  increases  its  brilliancy,  and  does 
not  injure  the  gold-leaf  on  account  of  the  foundation  of 
gold-size  and  whiting  which  yields  under  the  hand. 
The  parts  which  are  to  be  in  dead  gold  or  matt,  are 
left  unburnished,  but  over  these  parts  a  very  thin,  clear 
size  is  passed,  and,  when  dry,  the  gold  is  carefully 
wiped  with  soft  cotton  wool.  Tho  work  is  completed 
by  wetting  the  matt  parts  with  a  pencil  dipped  in  clear 
finishing  size.  The  moulding  is  then  passed  into  the 
hands  of  the  frame-maker,  who  cuts  it  up  and  forms 
it  into  a  frame  of  the  required  size. 

When  the  frame  or  other  article  to  be  gilt  is  some- 
what richly  ornamented,  oil-gilding  is  used.  In  this 
case  the  moulding  is  first  whitened  as  before,  but  is 
then  made  up  to  the  required  shape,  and  decorated 
with  composition  ornaments  before  the  application  of 
any  further  primings.  In  this  state  the  gilder  receives 
the  frame,  and  his  first  operation  is  to  wash  it,  in  order 
to  free  it  from  oil  or  other  impurities.  He  then  gives 
it  two  or  three  coatings  of  thin-white,  mixed  with  a 
little  soft  clay,  and  several  additional  coatings  are  given 
to  the  parts  intended  to  be  burnished.  Two  or  three 
coats  of  a  moderately  strong  size  called  dear-cole,  are 
now  spread  over  the  whole,  after  which  the  oil  gold- 
size,  consisting  of  a  mixture  of  boiled  linseed-oil  and 
ochre,  is  laid  on  smoothly  with  a  brush.  After  six  or 
eight  hours,  when  the  oil-size  has  been  partially  dried, 
the  gold-leaf  is  applied  as  before,  except  that  in  this 
case  no  water  is  used,  the  oil  serving  the  same  purpose. 
For  deep  ornaments,  the  gold  is  pressed  in  with  cotton- 
wool, and  in  this  case  the  gilding  has  to  be  repeated  to 
remove  the  irregular  fractures  known  by  the  gilders  as 
spiders'  legs.  The  work,  which  has  still  a  ragged  ap- 
pearance, is  now  carefully  gone  over  and  smoothed 
with  a  brush — superfluous  gold  being  removed  from 
some  parts  and  worked  into  others.  This  operation  is 
termed  skewing.  The  parts  to  be  burnished  are  then 
treated  as  before,  and  finally  the  frame,  after  being 
dusted,  is  sized  with  clear  size,  and  yellowed  on  the 
outside. 

Another  application  of  gold-leaf  is  to  book-gilding. 
When  the  book  is  bound  in  leather,  the  back  and  sides  to 
be  gilt  are  first  covered  with  a  coating  of  isinglass,  or 
white  of  egg,  dissolved  in  a  large  proportion  of  water, 
and  termed  glaire.  This  is  allowed  to  dry,  and  when  the 
gold-leaf  is  about  to  bo  laid  on,  a  woollen  rag,  slightly 
moistened  with  hog's  lard  or  sweet  oil,  but  so  as  to  feel 
almost  dry  to  the  touch,  is  rubbed  over  the  leather. 
This  causes  the  adherence  of  the  gold-leaf,  which  is 
laid  on  over  the  whole  space  intended  to  be  covered 
by  the  figure  ;  and  is  then  imprinted  with  a  hot  brass 


block,  cut  to  the  required  design  or  letters.  For  this  pur- 
pose a  blocking-press  is  employed,  and  in  the  upper  bed 
is  a  cavity  containing  a  row  of  gas  jets  for  keeping  the 
block  at  the  proper  temperature.  After  the  block  has 
been  brought  down  by  means  of  a  lever,  the  gold  is 
readily  brushed  off  from  tho  parts  which  have  not  re- 
ceived the  impression.  Books  bound  in  cloth  are  treated 
in  the  same  manner,  except  that  they  do  not  receive 
the  preliminary  coating  of  glaire,  the  place  of  which  is 
supplied  by  a  portion  of  the  glue  under  the  cloth  being 
raised  by  the  heated  block.  The  edges  of  the  leaves 
of  books  are  gilded  in  the  bookbinder's  press  by  ap- 
plying a  solution  of  isinglass  or  white  of  egg,  mois- 
tened with  oil,  and  then  laying  on  the  gold-leaf,  which 
is  firmly  pressed  down  and  burnished  with  agate,  blood- 
stone, or  polished  steel.  Instead  of  isinglass  or  oval- 
bumen,  the  serum  of  bullock's  blood  is  often  employed. 

2.  Chemical  Gilding. — When  metallic  surfaces  are 
to  be  gilded,  the  gold  is  applied  either  in  the  state  of 
an  amalgam,  which  is  termed  wash-gilding,  or  is  de- 
posited by  chemical  affinity  from  its  solution. 

Water  or  Wash  gilding  consists  in  applying  evenly  an 
amalgam  of  gold  to  the  metallic  surface  to  be  gilt,  and 
then  dissipating  the  mercury  by  heat  so  as  to  leave  on  the 
surface  a  film  of  pure  gold.  Ordinary  brass  answers  very 
well  for  gilding  on,  but  the  alloy  which  is  now  generally 
preferred  is  a  mixture  of  copper,  nickel,  and  zinc,  which 
may  be  so  proportioned  as  nearly  to  resemble  gold  in 
color.  To  form  the  amalgam,  a  small  quantity  of 
gold,  reduced  to  grains  or  thin  plates,  is  heated  in  a 
crucible  till  it  becomes  faintly  red,  and  then  thrown 
into  mercury,  also  previously  heated  till  it  has  begun 
to  emit  visible  vapor.  The  proportion  of  mercury  to 
gold  is  generally  as  six  or  eight  to  one.  The  mercury 
is  then  stirred  with  an  iron  rod  till  all  the  gold  is  dis- 
solved. The  crucible  is  now  removed  from  the  fire, 
and  the  amalgam,  when  cold,  is  squeezed  in  a  bag  of 
chamois  leather,  for  the  purpose  of  straining  off  the 
superfluous  mercury.  The  true  amalgam  which  re- 
mains consists  of  about  thirty-three  of  gold  and  fifty- 
seven  of  mercury  in  a  hundred  parts  ;  it  is  a  yellowish 
silvery  mass,  of  the  consistence  of  butter. 

Before  applying  the  amalgam  to  the  metallic  sur- 
face, the  latter  is  rubbed  over  with  a  solution,  formed 
b}'  dissolving  a  hundred  parts  of  mercury  in  a  hundred 
and  ten  parts,  by  weight,  of  nitric  acid,  of  specific 
gravity  1-33,  and  diluted  with  about  twenty-five  times 
its  weight  of  distilled  water.  This  solution  not  only 
cleanses  the  metal  from  any  rust  or  tarnish,  but  in  con- 
sequence of  the  stronger  affinity  of  the  copper  alloy  for 
nitric  acid  than  the  mercury  has,  the  latter  is  precipi- 
tated upon  its  surface  in  the  same  manner  as  a  piece 
of  polished  iron  precipitates  copper  from  a  solution  of 
the  sulphate  of  that  metal.  The  amalgam  is  no  w  spread 
evenly  over  the  alloy  to  be  gilt  by  means  of  a  brush, 
and  readily  adheres  to  the  metallic  surface  in  conse- 
quence of  the  thin  film  of  mercury  already  deposited 
upon  it.  Sometimes  the  metal  is  previously  cleaned 
with  sulphuric  acid,  and  the  nitrate  solution  and  amal- 
gam are  then  applied  simultaneously,  For  this  pur- 
pose a  gilder's  scratch-brush,  made  with  fine  brass- 
wire,  is  first  dipped  into  the  nitrate  of  mercury  solution, 
and  is  then  drawn  over  a  lump  of  amalgam,  placed  on 
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the  sloping  side  of  an  earthen  vessel,  after  which  the 
brush  is  applied  to  the  surface  of  the  alloy.  This  pro- 
cess is  repeated  till  the  whole  is  coated  with  its  just 
proportion  of  gold.  The  article  is  then  bathed  in  water, 
dried,  and  exposed  to  a  fire  of  glowing  charcoal  to 
expel  the  mercury.  The  heat  applied  must  be  just 
sufficient  for  this  purpose,  and  the  article  must  be  turned 
about  to  expose  it  equally  on  all  sides.  From  time  to 
time  it  is  withdrawn  from  the  fire,  and  while  the  operator 
holds  it  in  his  left  hand,  protected  by  a  stuffed  glove, 
he  spreads  the  amalgam  equally  with  his  right  hand 
by  means  of  a  long-haired  brush.  The  piece  is  then 
returned  to  the  fire,  and  the  same  operations  are  re- 
peated till  the  mercury  has  entirely  volatilized.  This 
is  known  by  the  surface  becoming  of  a  dull  yellow 
color,  and  by  the  hissing  sound  of  a  drop  of  water  let 
fall  upon  it. 

The  surface,  now  coated  with  a  film  of  gold,  is  still 
deficient  in  polish  and  lustre.  To  communicate  these 
qualities,  it  is  washed  and  well  rubbed  with  a  scratch- 
brush  in  water  acidulated  with  vinegar.  It  is  then 
covered  with  a  composition  called  gilding  wax,  which 
is  simply  a  mixture  of  bees'  wax  with  some  of  the 
following  substances,  namely,  red  ochre,  verdigris, 
copper  scales,  alum,  vitriol,  and  borax.  Coated  with 
this  composition,  it  is  again  exposed  to  the  fire  until 
the  wax  is  burnt  off.  By  this  means  the  gilding  is 
found  to  be  heightened  in  color,  probably  in  consequence 
of  the  complete  dissipation  of  some  of  the  mercury 
remaining  after  the  former  operations.  If  the  article 
is  wrought  or  chased,  the  parts  intended  to  be  burnished 
are  now  nibbed  with  a  steel  burnisher,  dipped  in  acidu- 
lated water,  till  a  fine  metallic  lustre  is  produced.  For- 
merly haematite  or  bloodstone  was  almost  exclusively 
used  for  this  purpose,  but  is  now  generally  abandoned 
for  the  use  of  the  steel  burnisher,  which  is  case-hardened 
and  then  carefully  polished.  The  parts  intended  to  be 
deadened  are  coated  with  a  mixture  of  sea-salt,  nitre, 
and  alum,  fused  in  the  water  of  crystallization  of  the 
last-mentioned  salt ;  the  article  is  then  heated  till  the 
saline  crust  with  which  it  is  covered  enters  into  fusion, 
and  becomes  homogeneous,  after  which  it  is  withdrawn 
and  suddenly  plunged  into  cold  water,  which  entirely 
detaches  the  crust.  Lastly,  the  piece  is  passed  through 
weak  nitric  acid,  washed  in  pure  water,  and  dried. 

Gilding  by  immersion  is  another  method  by  which 
copper  trinkets  and  stamped  articles  can  be  coated  with 
a  thin  film  of  gold.  This  method,  which  dispenses  with 
the  dangerous  use  of  mercury,  so  detrimental  to  the 
health  of  the  workmen,  was  patented  by  Mr.  Elking- 
ton,  of  Birmingham,  in  1836,  and  has  been  very  ex- 
tensively practised,  more  especially  in  France.  In  this 
process  the  copper  or  other  metallic  articles  to  be  gilt, 
are,  after  being  well  cleansed,  immersed  in  a  boiling- 
hot  solution  of  terchloride  of  gold  mixed  with  a  solution 
of  bicarbonate  of  potassa.  The  adhesion  of  the  gold 
to  the  inferior  metal  takes  place  in  consequence  of  a 
portion  of  the  copper  becoming  dissolved  by  the  action 
of  the  potassa,  and  the  deposition  of  an  equivalent  of 
gold  upon  the  copper  article  in  its  stead.  The  details 
and  rationale  of  the  process  are  thus  described  by 
Dr.  Miller  of  London : — The  gilding-bath  is  pre- 
pared by  dissolving  one  part  of  fine  gold  in  aqua  regia, 


and  expelling  the  excess  of  acid  by  evaporation.  The 
chloride  is  dissolved  in  a  small  quantity  of  water.  To 
this  solution  thirty  parts  of  bicarbonate  of  potassa  are 
gradually  added.  This  liquid  is  then  mixed  with  a 
solution  of  thirty  parts  more  of  the  bicarbonate,  dis- 
solved in  two  hundred  parts  of  water,  and  the  liquid  is 
boiled  for  two  hours.  During  this  operation  the  bicar- 
bonate of  potassa  is  converted  into  the  sesquicarbonate, 
and  the  yellow  liquid  passes  into  green  ;  after  this,  the 
solution  is  ready  for  use.  The  trinkets  having  been 
annealed,  are  cleansed  from  adhering  oxide  by  a  mo- 
mentary immersion  in  a  mixture  of  equal  parts  of 
sulphuric  and  nitric  acids ;  to  which,  when  the  gold  is 
intended  to  have  a  dead  appearance,  a  little  chloride  of 
sodium  is  added.  The  articles  are  washed  in  water, 
and  then  plunged  into  the  gilding  liquid,  where  they 
are  left  for  about  half  a  minute,  after  which  they  are 
washed  in  water  and  dried  in  hot  sawdust.  This  bath 
may  be  also  employed  for  gilding  on  German  silver, 
platinum,  or  silver,  by  immersing  the  objects  composed 
of  these  metals  in  the  liquid,  in  contact  with  wires  of 
copper  or  of  zinc.  During  this  process  of  gilding,  a 
remarkable  reaction  occurs — the  gold  imparts  a  portion 
of  its  chlorine  to  the  excess  of  potassa  contained  in  the 
bath,  forming  chlorate  of  potassa ;  protochloride  of 
gold  is  formed,  and  is  decomposed  by  the  copper, 
— chloride  of  copper  being  produced,  whilst  metallic 
gold  is  deposited  upon  the  surface  of  the  trinkets  : — ■ 

6  Au  CI.  +  6  KO  +  12  Cu  =  12  Cu  CI  -f  5  K  CI  +  KO, 
CI  06  +  6  Au. 

During  this  operation  a  black  powder  is  precipitated, 
which  contains  hydrated  carbonate  of  copper,  mixed 
with  a  small  proportion  of  the  purple  of  Cassius  derived 
from  the  action  of  the  gilding  solution  upon  the  tin 
contained  in  the  solder  of  the  trinkets.  The  com- 
pound termed  the  purple  of  Cassius  will  be  described 
afterwards. 

Gilding  on  iron  and  steel  cannot  be  well  performed 
directly  by  the  method  of  amalgamation,  as  it  is  diffi- 
cult to  prevent  the  oxidation  of  the  metal  during  the 
volatilization  of  the  mercury,  and  the  temper  of  sword- 
blades,  daggers,  and  other  such  instruments,  to  which 
the  gilding  is  usually  applied,  is  liable  to  be  injured  in 
the  process.  It  may  be  effected,  indeed,  by  previously 
applying  to  the  polished  surface  the  solution  of  nitrate 
of  mercury  already  described,  and  known  as  quicksilver 
water  ;  the  acid  so  applied  unites  with  a  portion  of  the 
iron  or  steel,  and  deposits  in  its  place  a  thin  coating  of 
mercury,  which  combines  with  the  gold  amalgam  when 
brushed  on.  By  this  method,  however,  a  bright  and 
durable  gilding  cannot  be  obtained. 

Another  not  very  successful  method  of  gilding  on 
polished  iron  and  steel,  is  by  means  of  an  ethereal  solu- 
tion of  terchloride  of  gold.  For  this  purpose  the  gold  is 
first  dissolved  in  aqua  regia,  and  about  twice  the  quan- 
tity of  ether  is  then  cautiously  added  in  a  large  vessel. 
The  liquids  are  agitated  and  allowed  to  rest,  when  the 
ether  will  separate,  and  float  on  the  surface  of  the 
acid.  The  whole  mixture  is  now  poured  into  a  funnel 
terminating  in  a  small  aperture,  and  again  allowed  to 
settle  and  separate,  after  which  the  acid  is  run  off  from 
below.    The  ether  which  remains  has  taken  up  all  the 
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gold,  and  before  applying  it  to  the  iron  or  steel,  the 
metal  is  polished  with  the  finest  emery  and  spirit  of 
■wine.  The  ether  is  then  laid  on  with  a  small  brush, 
and  as  it  evaporates  it  deposits  the  gold,  which  can 
now  be  heated  and  polished.  This  gilding,  however, 
is  neither  very  rich  nor  durable,  in  consequence  of  the 
affinity  between  gold  and  iron  being  feeble  compared 
to  that  between  gold  and  copper  or  silver. 

But  polished  iron  and  steel,  as  well  as  copper,  may 
be  effectively  gilded  with  gold-leaf  by  the  application 
of  heat.  For  this  purpose,  the  metals  are  heated  till 
the  iron  assumes  a  bluish  tint,  and  till  the  copper  has 
acquired  a  like  temperature.  The  first  coat  of  leaf- 
gold  is  then  applied,  being  pressed  gently  down  with  a 
burnisher,  and  then  exposed  to  a  moderate  heat. 
Several  leaves,  either  single  or  double,  are  thus  suc- 
cessively applied,  and  the  last  is  burnished  down  cold. 
This  is  the  method  usually  practised  in  gilding  iron  or 
steel. 

Gilding  on  silver  is  performed  by  means  of  the 
ashes  of  a  linen  rag,  which  has  been  dipped  in  a  solu- 
tion of  gold  and  copper  in  aqua  regia.  For  this  pur- 
pose, sixty  grains  of  fine  gold  and  twelve  of  rose  copper 
are  dissolved  in  two  ounces  of  aqua  regia.  With  this 
solution  a  quantity  of  linen  rags  sufficient  to  absorb  all 
the  liquid  is  soaked.  The  rags  are  then  dried  and 
burned,  and  the  ashes  contain  the  gold  in  powder. 
A  moistened  cork  or  piece  of  leather  is  dipped  into 
this  powder,  and  after  the  article  to  be  gilt  has  been 
well  annealed  and  polished,  the  ashes  are  rubbed  over 
it  with  the  cork  till  the  surface  appears  sufficiently 
gilded.  Large  articles  are  finally  burnished  with 
bloodstone,  and  small  ones  with  steel  burnishers,  along 
with  soap-water. 

Gilding  on  glass  or  porcelain  is  effected  with  pul- 
verulent gold,  or  gold  precipitated  from  its  chloride 
solution  by  means  of  sulphate  of  iron.  In  this  state 
the  gold  is  mixed  with  one-twelfth  of  its  weight  of 
oxide  of  bismuth,  together  with  a  small  quantity  of 
borax  and  gum-water,  and  is  applied  to  the  parts  to  be 
gilt  with  a  camel's  hair  pencil.  The  article  is  then 
heated  in  a  muffle,  and  when  removed  the  gold  appears 
of  a  dingy  color,  but  the  lustre  is  brought  out  by  bur- 
nishing with  agate  or  bloodstone.  Lastly,  it  is  cleaned 
with  vinegar  or  white-lead. 

Vessels  which  are  not  often  used,  and  are  not  liable 
to  wear,  may  easily  be  gilt  in  a  less  durable  manner, 
by  fixing  gold-leaf  upon  them  with  copal  varnish. 

3.  Electro-Gilding, — This  process,  which  has  now 
almost  entirely  superseded  the  method  by  amalgama- 
tion, is  applicable  not  only  to  metals,  but  to  wood, 
plaster,  or  any  other  substance  capable  of  receiving  a 
coating  of  plumbago,  or  of  Pakkes'  patent  preparation 
of  phosphorus.  Full  details  of  this  beautiful  process 
have  been  given  in  the  article  Electro-metallurgy, 
to  which  the  reader  is  referred. 

Artificial  Gold. — Under  the  name  of  Californian 
gold,  and  other  sounding  titles,  are  sometimes  sold 
alloys  which  do  not  contain  one  grain  of  the  precious 
metal,  but  merely  resemble  it  in  color  and  lustre  so 
long  as  they  remain  untarnished.  It  is  stated  that  a 
good  imitation  has  lately  been  formed  by  Messrs. 
Mourier  and  Vallent,  of  Paris.   The  materials  and 


proportions  used  by  them  are — pure  copper,  100  parts 
by  weight ;  zinc,  17  ;  magnesia,  6 ;  sal  ammoniac,  3-60 ; 
quicklime,  1-80 ;  tartar,  9.  The  copper  is  melted  in 
a  crucible,  in  a  suitable  furnace ;  the  magnesia,  sal  am- 
moniac, lime,  and  tartar,  are  then  added,  separately 
and  by  degrees,  in  the  form  of  powder  ;  the  whole  is 
stirred  for  about  thirty  minutes  to  thoroughly  mix  the 
ingredients,  and  the  zinc  is  then  thrown  on  the  surface, 
having  first  been  ground  into  very  small  grains ;  the 
stirring  is  continued  until  the  fusion  is  complete.  The 
crucible  is  now  covered,  and  the  fusion  continued  for 
about  thirty-five  minutes,  when  it  is  uncovered  and 
skimmed  with  care,  and  the  contents  are  run  into  a 
mould  of  moist  sand  or  metal.  The  material  which 
results  may  be  cast  at  such  a  temperature  that  any 
ornamental  form  may  be  given  to  it.  It  is  very  fine- 
grained, and  is  also  damascene,  malleable,  and  capable 
of  taking  a  very  brilliant  polish.  When  tarnished  by 
oxidation,  its  brilliancy  can  be  restored  by  a  little  aci- 
dulated water.  If  tin  be  employed  instead  of  zinc,  the 
alloy  will  be  still  more  brilliant. 

Compounds  of  Gold. — Apart  from  the  alloys  of 
gold,  the  only  chemical  compounds  of  this  metal  pos- 
sessing any  importance,  are  the  chlorides,  the  oxides, 
and  a  substance  known  as  the  purple  of  Cassius,  of 
which  the  composition  is  still  somewhat  obscure. 

Chlorides  of  Gold. — Gold  forms  two  compounds 
with  chlorine,  —  a  protochloride,  Au  CI,  and  a  ter- 
chloride,  AuCl3.  The  latter  is  the  most  important 
chemical  compound  of  the  metal,  and  from  it  nearly 
all  the  other  usefid  preparations  of  gold  are  made.  It 
is  prepared  directly  by  dissolving  gold  in  nitro-hydro- 
chloric  acid.  On  evaporating  the  solution,  the  ter- 
chloride  may  be  obtained  in  ruby-red  prismatic  crystals, 
which  are  very  fusible,  and  deliquesce  on  exposure  to 
the  air.  It  is  very  easily  decomposed  by  heat,  light, 
organic  substances,  and  all  deoxidizing  or  reducing 
agents.  Hence  the  fingers  or  writing  paper,  if  washed 
over  with  the  solution,  become  stained  of  a  violet  color 
when  exposed  to  the  sun's  light ;  and  hence  also  its 
occasional  use  in  photography.  It  is  soluble  in  water, 
in  alcohol,  and  in  ether  ;  and  the  latter  solution, 
as  already  stated,  is  sometimes  used  for  gilding  steel. 
When  heated  to  about  350°,  the  terchloride  is  trans- 
formed, by  the  expulsion  of  two-thirds  of  the  chlorine, 
into  a  pale-yellow  sparingly  soluble  powder,  which  is 
the  protochloride.  Tin's  is  an  unstable  compound  of 
no  importance  in  the  arts.  At  a  red  heat  it  loses  its 
chlorine  entirely,  and  metallic  gold  remains. 

The  terchloride  is  the  usual  and  most  convenient 
form  of  obtaining  a  solution  of  gold,  and  examining  its 
properties  in  that  state.  The  different  reagents  by 
which  pulverulent  gold  may  be  precipitated  from  this 
solution,  have  been  already  mentioned.  It  is  by  this 
means  that  gold  is  obtained  in  a  state  of  chemical 
purity. 

Oxides  of  Gold. — The  oxides  of  gold  correspond  to 
the  chlorides,  and  are  obtained  from  them, — the  pro- 
toxide, Au  O,  from  the  protochloride,  and  the  teroxide, 
Au  03,  from  the  terchloride.  The  protoxide  is  obtained 
as  a  dark  green  powder  by  precipitating  the  proto- 
chloride by  a  dilute  cold  solution  of  potassa.  It  is  per- 
manent at  ordinary  temperatures,  but  a  heat  bordering 
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upon  480°  decomposes  it  into  metal  and  oxygen;  kept  in 
contact  with  a  solution  of  potassa  for  some  time,  it  alters 
to  metallic  gold  and  the  teroxide.  When  digested  with 
ammonia,  it  forms  fulminating  gold.  The  teroxide 
which  possesses  acid  properties,  and  is  therefore  fre- 
quently termed  auric  acid,  is  the  only  well-known 
oxide  of  gold;  it  is  usually  prepared  by  digesting  a 
solution  of  the  terchloride  of  gold  with  pure  magnesia, 
washing  the  precipitate  with  water,  and  removing  the 
excess  of  magnesia  by  dilute  nitric  acid ;  but  Wagner 
recommends  the  following  process : — Dissolve  one  part 
of  gold  in  the  usual  way,  render  it  quite  neutral  by 
evaporation,  and  re-dissolve  in  twelve  parts  of  water  ; 
add  to  the  solution  one  part  of  carbonate  of  potassa 
dissolved  in  twice  its  weight  of  water,  and  digest  at 
about  170°.  Carbonic  acid  gradually  escapes,  and  the 
hydrated  teroxide  subsides,  of  a  brownish-red  color. 
After  being  well  washed,  it  is  dissolved  in  colorless 
nitric  acid  of  specific  gravity  1-4,  and  the  solution  de- 
composed by  admixture  with  water.  The  hydrated  ter- 
oxide is  thus  obtained  nearly  pm'e,  and  is  rendered 
anhydrous  by  a  temperature  of  212°.  In  the  state  of 
hydrate  it  is  yellow,  but  when  anhydrous  it  is  nearly 
black.  It  is  insoluble  in  water,  is  very  readily  reduced 
by  solar  light,  and  at  a  temperature  of  about  470° 
it  is  resolved  into  metallic  gold  and  free  oxygen.  It  is 
quickly  dissolved  in  hydrochloric  acid,  yielding  the 
common  solution  of  gold;  but  although  it  is  like- 
wise taken  up  by  strong  nitric  and  sulphuric  acids,  it 
forms  no  true  salts  or  definite  compounds  with  these  or 
with  any  acids  containing  oxygen :  so  slight  is  the 
affinity,  that  the  oxide  is  quickly  precipitated  by  the 
addition  of  water.  The  hydrated  teroxide,  however, 
readily  combines  with  the  alkalies,  apparently  forming 
regular  salts,  which  are  termed  aurates. 

Figuier  gives  the  following  method  in  preference  to 
the  above,  in  consequence  of  its  yielding  a  larger  pro- 
duct, and  at  the  same  time  a  purer  oxide.  Dissolve 
one  part  of  gold  in  four  of  aqua  regia,  and  evaporate  to 
dryness  on  the  sand-bath  at  a  gentle  heat ;  wash  the  dry 
residue  with  water,  till  the  undecomposed  terchloride  of 
gold  is  removed,  and  add  a  further  quantity  of  aqua- 
regia  to  the  residue,  which  consists  of  metallic  gold 
and  protochloride  ;  after  solution,  evaporate  and  wash 
as  before,  and  repeat  the  process  till  the  whole  of  the 
metal  is  obtained  as  neutral  terchloride.  Add  the 
various  liquors  together,  and  then  an  excess  of  potassa, 
till  there  is  a  strongly  alkaline  reaction  manifested  on 
testing  with  turmeric  paper.  The  menstruum  becomes 
turbid,  but  before  the  teroxide  of  gold  precipitates  to 
any  appreciable  extent,  chloride  of  barium  is  added. 
This  causes  the  deposition  of  a  canary-colored  aurate 
of  baryta.  When  the  precipitate  begins  to  present  a 
whitish  aspect,  the  addition  of  the  chloride  of  barium  is 
discontinued  ;  the  aurate  is  washed  by  decantation  till 
sulphuric  acid  fails  to  show  that  baryta  is  contained  in 
the  washings,  after  which  it  is  acted  upon  by  dilute 
nitric  acid,  with  the  view  of  dissolving  out  the  baryta. 
To  effect  the  latter  completely,  it  is  necessary  to  raise 
the  temperature  to  ebullition.  As  in  the  previous  case, 
the  nitrate  of  baryta  is  removed  by  decanting  the 
liquor,  and  the  several  succeeding  washings,  till  an  acid 
reaction  ceases  to  be  discerned  with  blue  litmus  paper. 


In  drying  the  precipitate,  care  is  necessary,  since  at 
212°  it  partly  decomposes.  Figuier  recommends  the 
pressing  of  the  matter  between  folds  of  bibulous  paper, 
and  subsequently  exposing  it  in  a  dark  situation  to  air, 
till  the  last  traces  of  moisture  are  eliminated. 

Any  gold  which  may  be  carried  off  in  the  washings 
of  the  aurate  of  baryta,  described  above,  is  recovered 
by  adding  to  them  sulphate  of  iron,  after  their  concen- 
tration and  the  removal  of  the  baryta  with  sulphuric 
acid. 

The  washings  and  solution  from  the  separated  ter- 
oxide of  gold  may  likewise  be  operated  upon  in  a  similar 
way,  only  that  it  is  necessary  to  remove  the  nitric  acid 
before  doing  so.  For  this  purpose,  the  liquid  is  eva- 
porated, and  the  residue  boiled  for  some  time  with  an 
excess  of  hydrochloric  acid  till  nitrous  acid  ceases  to  be 
evolved. 

Fulminating  gold  may  be  prepared  from  recently 
precipitated  teroxide,  by  keeping  it  in  strong  ammonia 
for  about  a  day.  A  dark  olive-brown  compound  is 
thus  obtained.  Berzelius  assigns  to  it  the  composi- 
tion Au  03  -f-  2  NH3  -|-  HO,  while  Dumas  gives  it  as 
Au  N  +  NH3  +  3  HO.  The  Editor  considers  the 
former  the  more  simple  and  probable  view  of  its  proxi- 
mate composition,  that  is,  regarding  it  as  a  diaurate  of 
ammonia,  and  not  a  nitride  of  gold.  A  similar  deto- 
nating compound  is  obtained  when  the  terchloride  is 
digested  with  an  excess  of  ammonia ;  this  is  the  ordi- 
nary mode  of  procuring  fulminating  gold.  It  subsides 
in  the  form  of  a  yellow  precipitate,  the  fulminating  in- 
gredient of  which  appears  to  be  identical  with  that 
obtained  from  the  teroxide.  This  compound  may  be 
dried  at  212°;  but  friction,  or  a  heat  suddenly  raised  to 
about  290°,  produces  a  violent  detonation.  The  best 
way  is  to  dry  it  in  the  open  air,  and  to  make  it  only  in 
small  quantities  at  a  time.  Fulminating  gold,  however, 
has  no  application  in  the  arts,  in  which  respect  it  differs 
essentially  from  the  following. 

Purple  of  Cassius. — When  a  mixture  of  proto- 
chloride and  perchloride  of  tin  very  much  diluted,  is 
added  drop  by  drop  to  a  dilute  neutral  solution  of  ter- 
chloride of  gold,  a  flocculent  purple  deposit  takes  place, 
which  has  been  termed  purple  of  Cassius,  from  the 
circumstance  that  the  method  of  preparing  it  was  first 
described  by  Andreas  Cassius  of  Leyden  and  his  son, 
in  1685,  under  the  name  of  gold purple.  It  may  likewise 
be  prepared  by  fusing  together  150  parts  of  silver,  20  of 
gold,  and  35'  1  of  tin,  and  acting  on  the  alloy  with  nitric 
acid,  which  dissolves  out  the  silver,  and  leaves  a  purple 
residue  containing  the  tin  and  gold.  To  prevent  the 
oxidation  of  the  tin  during  the  fusion,  the  three  metals 
should  be  projected  into  a  red-hot  black-lead  crucible, 
which  contains  a  little  melted  borax.  Fuchs  states  that 
the  finest  purple  is  produced  by  mixing  a  solution  of 
sesqnichloride  of  iron  with  aqueous  protochloride  of  tin, 
till  the  yellow  color  is  converted  into  pale  green,  and 
precipitating  the  gold  solution  with  the  mixture  thus 
formed ;  he  adds  that  the  protochloride  of  iron  in  the 
liquid  does  not  affect  the  product.  This  substance,  in 
the  moist  state,  is  dark  purple-red,  and  after  drying, 
brown.  Its  true  nature  and  composition  have  given 
rise  to  much  discussion.  According  to  some  authorities, 
it  contains  metallic  gold  with  hydrated  stannic  oxide ; 
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according  to  others,  the  gold  is  oxidized.  Berzelius 
concluded  from  the  researches  of  M.  Figuier,  that  it 
consists  of  a  hydrated  double  stannate  of  gold  and  tin, 
as  expressed  by  the  formula, — 

Au  0,  Sn  02  +  Sn  0,  Sa  02  +  i  HO. 

It  is  evident,  as  Turner  has  remarked,  both  from  the 
color  of  the  compound,  and  its  solubility  in  ammonia, 
that  it  is  not  a  mechanical  mixture  of  metallic  gold  and 
peroxide  of  tin,  nor  can  it  well  be  regarded  as  a  chemi- 
cal compound  of  these  ingredients,  since  no  definite 
combinations  of  that  nature  are  known  to  chemists. 
The  more  probable  supposition  is,  that  it  is  a  hydrated 
double  salt,  composed  of  peroxide  of  tin  as  the  acid, 
united  with  protoxide  of  tin  and  binoxide  of  gold  as 
bases,  in  such  proportion  that  the  oxygen  of  the  gold 
exactly  suffices  to  convert  the  protoxide  into  peroxide 
of  tin.  On  this  hypothesis,  its  composition  would  be 
expressed  by  the  formula, — 

2  (Sn  0,  Sn  OJ  +  (Au  02,  Sn      -f-  6  HO. 

Purple  of  Cassius  is  decomposed  by  the  acids,  but  is 
not  changed  by  the  action  of  light.  Hence  it  is  some- 
what extensively  employed  in  the  arts,  chiefly  for  color- 
ing glass  and  porcelain.  When  mixed  with  a  little 
borax  or  some  fusible  glass,  and  applied  to  the  surface 
of  china,  it  imparts  to  it  a  beautiful  rose  or  a  rich 
purple  color.  Its  different  applications  as  a  coloring 
material  have  already  been  explained  in  the  articles 
Enamels  and  Glass.  It  is  remarkable  that  the  oxide 
of  tin  does  not  appear  to  be  essential,  since  even  finely- 
divided  metallic  gold  alone  will  give  the  same  tint  of 
purple. 

Burgos  Lustra. — If  finely-divided  gold  be  heated 
with  sulphur  in  contact  with  carbonate  of  potassa,  a 
double  sulphide  of  gold  and  potassium  is  formed,  which 
resists  a  red  heat,  and  is  very  soluble  in  water.  This 
sulphur  salt  is  likewise  used  for  gilding  porcelain,  and 
produces  the  color  known  as  Burgos  lustre. 

Quantitative  Estimation  of  Gold  Ores  and 
Alloys. — In  proceeding  to  determine  the  exact  amount 
of  gold  present  in  an  ore  or  alloy,  it  is  obviously  neces- 
sary to  exercise  the  greatest  caution  in  the  sampling. 
Excellent  advice  on  this  point  is  given  by  Dr.  Percy 
in  his  admirable  lecture  on  the  metallurgical  treatment 
and  assaying  of  gold  ores,  delivered  at  the  Museum  of 
Practical  Geology.  Careless  sampling,  he  remarks,  can 
only  mislead ;  assays  of  individual  specimens  may  be 
accurate,  but  they  are  worse  than  useless  if  the  assayer 
has  not  operated  upon  an  average  sample  of  the  ore. 
He  therefore  advises  the  capitalist,  to  whom  prospec- 
tuses of  gold-mining  schemes  may  be  submitted,  not  to 
be  allured  with  glittering  specimens  of  gold  ore,  with 
assays  yielding  a  high  produce,  and  with  the  glowing 
statements  of  sanguine  promoters  or  enthusiastic  ad- 
venturers, without  having  ascertained  on  good  evidence 
that  the  samples  which  are  presented  to  his  notice  are 
really  average  samples  of  the  ore,  and  that  something 
like  a  continuous  supply  may  reasonably  be  expected. 
If  such  specimens,  he  adds,  do  not  represent  an  aver- 
age, they  become  what  the  Cornish  miner  calls  slock- 
ing-stones,  which  are  at  all  times  enticing  and  danger- 
ous to  the  inexperienced  and  unwary,  and  never  more 


so  than  in  the  case  of  auriferous  ores.  The  sampling 
generally  devolves  upon  the  miner,  but  the  assayer  and 
metallurgist  should  likewise  understand  the  business. 
Assayers  of  great  experience  and  high  integrity  may 
occasionally,  he  adds,  commit  unintentional  mistakes. 
Thus,  a  few  years  ago,  two  small  pigs  of  lead  from 
South  America,  very  rich  in  silver,  were  offered  for 
sale.  They  were  assayed  by  men  of  very  high  stand- 
ing. Portions  had  been  taken  from  the  top  and  bot- 
tom of  each  pig,  with  a  view  to  obtain  a  fair  average. 
Dr.  Percy  had  occasion  to  attempt  to  verify  the  report 
of  the  assayers.  Portions  were  taken  from  the  same 
parts  of  each  pig  as  in  the  first  instance ;  but  the  re- 
sults did  not  agree  with  the  report,  nor  did  Dr.  Percy's 
assays  agree  with  each  other  on  taking  fresh  portions. 
It  was  therefore  certain  that  the  composition  was  not 
uniform,  and  that  the  portions  taken  for  the  purpose  of 
assaying  in  neither  case  represented  an  average.  The 
pigs  were  accordingly  sent  again  to  the  same  assayers. 
Each  pig  was  melted  separately,  and  while  melted  a 
sample  was  taken.  A  second  report  was  given,  which 
differed  from  the  former  to  the  extent  of  one  thousand 
ounces  and  upwards  to  the  ton !  In  the  sampling  of 
gold  ores  most  especial  care  should  be  taken,  as  the 
precious  metal  exists  irregularly  diffused  through  the 
mass,  in  particles  of  very  different  size,  and  as  minute 
errors  in  sampling  will  necessarily  be  greatly  multiplied 
when  the  quantity  of  gold  per  ton  is  calculated  from 
the  assaying  of,  it  may  be,  five  hundred  or  a  thousand 
grains  of  ore. — Percy. 

The  quantitative  estimation  may  be  made,  more  or 
less  correctly,  by  one  of  four  methods:  1.  By  deter- 
mining the  specific  gravity  of  the  ore  or  alloy ;  2.  By 
the  touchstone ;  3.  By  chemical  analysis,  or  the  wet 
method  of  assaying ;  and  4.  By  the  metallurgical,  or 
dry  method,  in  which  fire  is  the  principal  agent.  The 
first  two  afford  only  approximations,  and  the  second  is 
applicable  only  to  alloys  of  gold ;  but  both  may  be 
useful  when  circumstances  render  impossible  or  incon- 
venient the  performance  of  an  exact  assay  by  the  wet 
or  dry  method. 

1.  Quantitative  Estimation  by  Specific  Gravity.- — ■ 
It  is  evident  that  the  high  specific  gravity  of  gold,  in 
which  it  is  exceeded  only  by  platinum,  not  only  affords 
facilities  for  separating  it,  by  means  of  washing,  from 
other  matters,  but  also  for  estimating  approximative!}' 
the  amount  in  which  it  is  present  in  any  ore  or  mineral 
of  known  composition.  The  nature  of  the  other  ingre- 
dients being  ascertained,  and  consequently  their  weight 
or  specific  gravity,  the  additional  weight  must  be  due 
to  the  presence  of  gold,  and  hence  its  amount  may  be 
calculated.  Unfortunately,  this  quantitative  test  is 
rarely  applicable  to  alloys,  for  experiment  proves  that 
an  alloy  composed  of  two  metals  has  seldom  a  density 
corresponding  to  the  mean  which  should  be  obtained 
by  calculation  from  the  relative  amounts  and  specific 
gravities  of  its  constituents.  Thus,  it  has  been  found 
that  alloys  of  gold  with  zinc,  tin,  bismuth,  antimony, 
or  cobalt,  possess  a  greater  specific  gravity  than  the 
mean  of  the  constituents,  while  alloys  of  the  same  metal 
with  silver,  iron,  lead,  copper,  iridium,  or  nickel,  have 
a  specific  gravity  inferior  to  that  of  the  mean.  It  will 
be  seen  that  in  the  latter  category  are  included  the 
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metals  most  usually  associated  with  gold,  and  hence  it 
may  be  laid  down  as  a  general  rule,  that  the  specific 
gravity  of  native  gold,  containing  an  admixture  of  one 
or  more  of  those  metals,  such  as  silver  or  copper,  is 
lower  than  it  ought  to  be  theoretically.  The  following 
experiments  by  Boussingault  will  show  that  a  very 
remarkable  discrepancy  exists  between  the  calculated 
and  true  specific  gravity  of  a  native  alloy  of  gold  and 
silver.  In  this  case,  three  specimens  of  native  gold 
were  analysed,  and  their  specific  gravities,  as  found  by 
experiment,  are  subjoined  to  the  results  obtained  by  a 
simple  theoretical  calculation : — ■ 

First  Second  Third 

Specimen.        Specimen.  Specimen. 

Gold,   88-24           73-45  ....  64-93 

Silver,  11-76  ....  26-55  ....  35-07 

100-00        100-00  100-00 

Calculated  specific  gravity,  18-22           16-93  16-17 

Actual,  14-70  ....  12-66  ....  14-14 

Difference,   3-52   4-27   2-03 

It  is  evident,  therefore,  that  an  estimate  formed  from 
the  actual  specific  gravities  of  these  native  alloys  of 
gold,  as  found  by  experiment,  would  have  given  too 
low  a  figure  for  the  amount  of  gold  present.  It  is  re- 
markable, however,  that  these  alloys  acquire  a  higher 
specific  gravity  after  being  melted.  Thus,  the  specific 
gravity  of  the  first  specimen  rose,  after  fusion,  to  18-10, 
or  very  nearly  to  what  it  ought  to  have  been  by  cal- 
culation. Hence  it  may  be  assumed,  that  in  artificial 
alloys,  a  nearer  approximation  would  be  obtained  to 
the  true  value  by  this  method  than  with  native  alloys. 
At  the  same  time,  when,  as  in  the  case  of  Australian 
gold,  the  metal  is  nearly  pure,  it  is  evident  that  the 
amount  of  it  present  in  a  piece  of  auriferous  quartz, 
may  be  deduced  with  considerable  accuracy  from  its 
specific  gravity,  and  as  the  same  method  is  calculated 
to  afford  a  useful  and  convenient  approximation  even 
in  estimating  alloys,  the  modus  operandi  will  be  ex- 
plained. 

Fig.  231. 
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gravity,  or  its  weight  as  compared  with  that  of  an  equal 
bulk  of  distilled  water;  because,  if  this  be  no  higher  than 
that  of  common  quartz,  which  is  found  by  experiment  to 
average  2-6,  it  will  be  unnecessary  to  proceed  further  ; 
hut  if  higher,  the  amount  of  gold  present  may  be  cal- 
culated from  the  difference  or  excess.  Now,  the  spe- 
cific gravity  of  a  solid  insoluble  body,  such  as  quartz, 
is  very  readily  found  by  the  hydrostatic  balance,  which 
in  its  simplest  form  is  a  common  pair  of  scales,  with  a 
horse-hair  or  fine  thread  attached  to  the  under  surface 
of  one  of  the  scale  pans.  This  balance,  in  its  most 
improved  form,  is  represented  in  Tig.  231.  The  sub- 
stance of  which  the  specific  gravity  is  required  is 
weighed  in  air,  and  then,  being  attached  to  the  hair  or 
thread,  is  immersed  in  distilled  water  at  the  tempera- 
ture of  60°  Fahr.  and  again  weighed.  The  difference 
of  the  two  weights  will  be  that  of  its  own  bulk  of  water, 
and  the  specific  gravity  of  the  substance  is  the  quotient 
of  its  weight  in  air  divided  by  this  difference.  This 
method  of  ascertaining  the  specific  gravity  of  irregular 
solids  was  one  of  the  great  discoveries  of  Archimedes, 
and  may  be  thus  explained: — When  a  body  is  plunged 
beneath  the  surface  of  a  liquid,  it  obviously  displaces  a 
bulk  of  such  liquid  equal  to  itself,  and,  consequently,  it 
is  pressed  upward  or  supported  in  the  liquid  with  a 
force  exactly  equal  to  that  with  which  the  particles  of 
the  liquid  wore  supported,  when  they  previously  occu- 
pied its  place  ;  the  solid  will  therefore  appear  to  have 
lost  weight  exactly  equivalent  to  that  of  the  bulk  or 
volume  of  liquid  which  it  occupies.  Supposing,  there- 
fore, the  weight  of  the  auriferous  quartz  in  air  to  be  W, 
and  its  weight  in  water  W,  the  difference,  W — W, 
will  represent  the  weight  of  an  equal  bulk  of  water, 
and  if  S  be  the  specific  gravity  of  the  auriferous  quartz, 
or  mixture  of  rock  and  metal: — 

H  -  w 
°  —  W— W 

Having  thus  obtained  the  weight  and  specific  gravity 
of  the  compound,  and  knowing  the  specific  gravity  of 
the  constituents,  it  is  easy  to  calcu- 
late the  amount  or  weight  of  gold 
present.  Or,  assuming  G  to  repre- 
sent the  weight  of  the  gold,  and  g 
the  specific  gravity  of  that  metal ; 
B  the  weight  of  rook  or  quartz,  and 
r  its  specific  gravity ;  W  the  weight 
of  the  compound  in  air,  and  W  its 
weight  in  water,  as  before  ;  then  the 
weight  of  gold  in  the  specimen  may 
be  found  directly  by  the  following 
formula : — ■ 

G_  g[W-r(W-W')]; 
g  —  r 

and  the  weight  of  pure  quartz,  if  re- 
quired, by  this  formula  : — 


Taking  for  granted,  therefore,  that  the  mineral  pro- 
posed to  be  submitted  to  this  test  is  a  piece  of  auriferous 
quartz — the  first  point  to  be  determined  is  its  specific 


When  the  gold  ore  is  in  the  state  of 
powder  or  small  grains,  a  somewhat 
different  process  must  be  employed 
to  obtain  the  weight  of  a  volume  of  water  equal  to  that 
of  the  mineral  under  examination.  In  this  case,  the 
instrument  called  the  specific  gravity  bottle,  and  repre- 
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seated  in  Fig.  232,  is  most  conveniently  employed. 
It  usually  consists  of  a  cylindrical  bottle,  which  may  be 
graduated  or  not,  and  the  stopper 
Pig.  232.        0f  which,  nicely  fitted  by  grinding, 
feS  is  so  adjusted  that  it  cannot  sink 

%»>         beyond  aline  marked  upon  the  neck 
J  of  the  phial.    When  the  latter  is 

;  9  filled  with  distilled  water,  and  the 

stopper  inserted,  the  superfluous 
liquid  escapes  by  a  capillary  tube 
which  is  formed  in  the  stopper  for 
that  purpose,  as  shown  in  the  figure, 
and  thus  the  bottle  is  exactly  filled, 
and  all  air  is  expelled.  Such  bottles 
IB  are  usually  made  to  contain  pre- 

!  1 1  cisely  one  thousand  grains  of  dis- 

tilled water  at  the  temperature  of 
|yi  60°,  so  that  when  once  filled  with 

'Ks.          1,'-^        water  at  that  temperature,  the  weight 

""-*"  of  the  included  liquid  is  known. 
To  ascertain  the  specific  gravity  of  an  insoluble  pow- 
der by  this  instrument,  the  powder  is  first  weighed  in  the 
air  by  means  of  a  delicate  balance,  and  its  weight  noted. 
It  is  then  introduced  into  the  bottle  of  distilled  water, 
from  which,  when  the  stopper  is  inserted,  a  portion  of 
liquid  will  escape,  precisely  equal  in  volume  to  that  of 
the  mineral  introduced.  The  bottle,  containing  the 
water  and  mineral,  is  now  carefully  wiped  dry,  and 
weighed — a  counterpoise  equal  to  the  known  weight 
of  the  bottle  having  been  previously  placed  in  one  of 
the  scales.  The  weight  found  will  evidently  be  that 
of  the  whole  water  and  mineral  together,  minus  the 
weight  of  a  volume  of  water  equal  to  that  of  the 
mineral.  If, 'therefore,  M  be  assumed  to  represent  the 
weight  of  the  mineral  in  air,  W  the  weight  of  water 
which  exactly  fills  the  bottle,  and  W  the  weight  of 
water  and  mineral  in  the  bottle,  it  is  evident  that 
M  -f-  W  —  W  represents  the  weight  of  water  which 
has  been  displaced  by  the  mineral,  or  in  other  words, 
the  weight  of  a  volume  of  water  equal  to  its  own  bulk. 
Hence  the  specific  gravity,  S,  of  the  mineral,  or  its 
weight  in  air,  in  terms  of  an  equal  bulk  of  distilled 
water  as  unity,  is  found  by  this  formula : — 
a  _  M 

M  +  W  —  W 

Suppose,  for  example,  that  the  substance  to  be  exa- 
mined resembles  gold  dust,  and  that  it  is  found  to 
weigh  in  air  150  grains.  Let  the  bottle  be  assumed  to 
contain  exactly  1000  grains  of  distilled  water,  and  when 
a  portion  of  this  is  displaced  by  introducing  the  heavier 
mineral,  let  the  weight  of  the  contents  of  the  phial  be 
1140  grains.  In  this  case,  M  =  150,  W  =  1000,  and 
W  —  1140.  Hence,  M  -f  W  —  W'  =  10;  and, 
consequently,  by  the  preceding  formula : — 

instead  of  19-5,  the  specific  gravity  of  pure  gold ;  from 
which  it  may  be  inferred  that  a  considerable  amount 
of  the  precious  metal  is  present,  though  very  far  from 
being  in  a  state  of  purity.  The  absolute  amount  of 
gold  can  only  be  estimated,  provided  the  nature  of  the 
substances  with  which  it  is  associated  is  known. 
The  trouble  of  weighing  the  contents  of  the  bottle 
vol.  n. 


may  be  entirely  avoided,  and  thus  the  operation  sim- 
plified, by  employing  a  modification  of  the  same  vessel 
provided  with  a  narrow  neck  graduated  to  grains  of 
distilled  water,  which  will  show  at  once  the  amount  of 
liquid  displaced.  A  phial  of  sufficient  capacity  to  con- 
tain not  more  than  from  150  to  200  grains  of  water, 
will  generally  be  most  convenient  for  this  purpose. 

2.  Quantitative  Estimation  by  the  Touchstone. — 
Another  method  of  estimating  approximatively  the 
amount  of  gold,  not  in  auriferous  ores,  but  in  native 
gold  or  artificial  allo37s,  is  by  the  use  of  the  touchstone 
— a  method  which  may  be  practised  with  considerable 
advantage,  when  the  apparatus  and  reagents  necessary 
for  the  carrying  out  of  a  complete  assay  cannot  be 
conveniently  procured.  It  is  more  especially  appli- 
cable to  the  estimation  of  trinkets  or  other  finished 
articles,  which  could  not  be  submitted  to  the  assaying 
processes,  either  by  the  wet  or  dry  method,  without 
destroying  them. 

The  touchstone  test  essentially  consists  in  rubbing 
some  convenient  part  of  the  object  to  be  examined  on 
a  smooth  piece  of  black  basalt  or  pottery,  which  for 
this  reason  is  termed  the  touchstone,  and  comparing 
the  marks  so  formed  with  those  produced  by  one  or 
other  of  a  series  of  small  bars  or  needles,  consisting  of 
alloys  of  gold  with  silver  or  copper  in  known  propor- 
tions. The  material  commonly  employed  as  tho 
touchstone,  and  generally  known  by  that  name,  is  a 
species  of  quartz,  colored  dark  by  bituminous  matter, 
and  of  which  large  quantities  are  found  in  Saxony, 
Bohemia,  and  various  other  localities.  Black  flint 
slate  will  serve  the  same  purpose.  The  sets  of  needles 
or  bars  may  vary  from  pure  gold,  through  a  well-gra- 
duated proportion,  to  equal  parts  of  gold  and  silver, 
equal  parts  of  gold  and  copper,  or  various  mixtures  of 
all  three  metals  in  determinate  quantities.  The  fine- 
ness of  each  bar  is  marked  in  carats — a  mode  of  valua- 
tion which  has  been  already  explained. 

In  proceeding  to  make  an  assay  by  this  method,  tho 
first  streak  obtained  by  rubbing  the  object  to  be  ex- 
amined on  the  touchstone  cannot  be  safely  employed 
to  ascertain  its  composition,  if  it  be  a  manufactured 
article,  because,  by  a  process  previously  described,  the 
surface  of  jewellery  is  invariably  rendered  of  a  higher 
standard  than  that  of  the  mass.  The  object  must 
therefore  be  passed  once  or  twice  over  the  back  or 
edge  of  the  stone,  in  order  to  remove  the  superficial 
film  of  richer  metal,  before  making  the  streak  from 
which  its  quality  is  to  be  judged.  Other  streaks  are 
then  made  successively  with  two  or  three  of  the  needles 
which  the  assayer,  guided  by  experience,  considers  to 
approach  nearest  in  composition  to  the  article  under 
examination.  In  doing  so,  he  compares  not  only  tho 
color  of  the  streaks  made  upon  the  touchstone,  but 
likewise  the  sensation  of  roughness,  dryness,  smooth- 
ness, or  greasiness  which  the  texture  of  the  rubbed 
metals  excites  when  abraded  by  the  stone.  When  he 
succeeds  in  obtaining  with  one  of  his  needles  a  streak 
which  is  perfectly  similar  in  appearance  to  that  pro- 
duced by  the  article  which  forms  the  subject  of  experi- 
ment, he  then  moistens  both  streaks  with  nitric  acid, 
which  will  affect  them  differently  if  they  be  not  similar 
compositions.    That  which  has  the  least  gold  will  be 
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most  affected;  on  the  contrary,  if  the  gold  be  pure, 
the  streak  will  remain  unaltered.  If  the  actions  do  not 
correspond,  his  experience  "will  enable  him  to  judge  in 
what  they  differ,  and  will  direct  him  in  selecting  another 
needle  to  submit  to  the  same  comparative  test.  When 
one  has  been  found  which  agrees  satisfactorily  in  all 
particulars  with  the  metal  submitted  to  examination, 
the  latter  is  assumed  to  possess  a  similar  standard  of 
fineness  to  that  which  is  indicated  by  the  mark  on  this 
particular  needle. 

Nitric  acid  of  specific  gravity  l-20  is  commonly  em- 
ployed in  this  operation,  with  sometimes  an  addition  of 
about  two  per  cent,  of  hydrochloric  acid.  Although  the 
results  obtained  cannot  be  relied  on  where  absolute  ac- 
curacy is  required,  yet  they  afford  a  useful  approxima- 
tion, not  only  in  estimating  the  value  of  manufactured 
articles  which  cannot  be  submitted  to  a  regular  assaying 
process,  but  also  in  obtaining  that  preliminary  know- 
ledge of  the  general  composition  of  an  alloy,  which  is  so 
important  to  the  assayer  in  proceeding  to  a  detailed 
analysis.  The  touchstone  is  therefore  of  great  use  in 
practised  hands,  but  it  is  of  little  avail  in  the  hands  of 
an  inexperienced  operator. 

3.  Quantitative  Estimation  by  the  Wet  Method — 
Analysis. — However  useful  the  approximations  ob- 
tained from  the  specific  gravity  of  an  auriferous  ore,  or 
the  application  of  the  touchstone  to  an  alloy  of  gold,  it 
is  evident  that  more  exact  methods  are  required  to 
determine  with  absolute  precision  the  value  of  an  alloy 
or  ore  of  this  precious  metal.  Accordingly,  there  are 
two  methods  by  which  the  assaying  of  gold  ores  or 
alloys  may  be  conducted  with  perfect  accuracy,  and 
these  are  distinguished  as  the  wet  or  dry  method, 
according  as  the  agency  of  liquid  solvents  or  that  of 
fluxes  and  fire  is  employed.  For  practical  purposes,  in 
the  determination  .of  gold,  the  latter  process  is  always 
adopted,  although  in  the  final  separation  of  the  silver 
even  the  dry  method,  as  now  practised,  involves  the 
application  of  a  liquid  solvent. 

The  principles  of  the  quantitative  estimation  of  gold 
by  the  humid  method  have  been  already  explained  in 
detailing  the  laboratory  process  for  the  preparation  of 
pure  gold,  and  in  describing  the  application  of  the  tests 
or  reagents  by  which  its  presence  is  detected.  It  is 
evident  that  any  of  the  qualitative  tests  which  result  in 
precipitating  the  gold  from  its  solution  in  aqua  regia, 
such  as  protosulphate  of  iron,  may  be  converted  into 
the  means  of  obtaining  a  quantitative  estimation,  by 
simply  weighing  the  amount  of  ore  or  alloy  on  which 
the  experiment  is  performed,  and  then  weighing  the 
amount  of  pure  gold,  carefully  washed  and  dried,  which 
is  obtained  in  the  form  of  a  precipitate.  It  will  there- 
fore be  unnecessary  to  enter  into  minute  details  on  the 
chemical  principles  involved. 

It  may  be  stated,  however,  that  if  the  substance  to 
be  examined  be  a  natural  or  artificial  alloy,  composed 
chiefly  of  the  pure  metal,  such  as  the  gold  dust  of 
California  or  Australia,  the  quantity  taken  for  the 
analysis  should  "not  exceed  fifteen  grains.  A  con- 
venient quantity  is  twelve  and  a  half  grains,  as  it  is 
then  only  necessary  to  multiply  the  result  by  eight  to 
obtain  the  per-centage  composition.  In  performing 
analyses  very  small  quantities  are  taken,  because  it  is 


easier  to  operate  upon  a  few  grains  than  upon  a  largo 
mass  ;  the  effect  of  the  reactions  is  more  rapid  ;  there 
is  less  waste  of  materials  ;  and  as  accurate  results  can 
be  obtained  with  a  small  as  with  a  large  quantity,  pro- 
vided sufficient  precaution  be  taken  to  operate  upon  an 
average  sample.  If  the  gold  be  mixed  with  earthy  or 
quartzose  matter,  so  much  of  this  should  be  taken  as 
may  be  judged,  from  preliminary  experiments  or  other 
sources  of  information,  to  contain  the  amount  of  native 
gold  above-mentioned ;  and  this  must  be  triturated 
in  a  mortar  with  great  care  before  subjecting  it  to  the 
action  of  the  aqua  regia — a  precaution  of  less  impor- 
tance in  merely  testing  for  gold,  but  absolutely  neces- 
sary and  essential  when  it  is  required  to  ascertain  the 
exact  amount  of  the  precious  metal  present;  for,  unless 
the  quartz  be  reduced  to  a  state  of  the  most  minute 
division,  it  is  evident  that  much  of  the  gold  remaining 
enveloped  in  the  quartz  will  escape  the  action  of  the 
acid. 

Whatever  the  precise  amount  taken,  the  ore  or  alloy 
to  be  examined  must  be  weighed  with  extreme  accuracy, 
and  then  introduced  into  a  Florence  flask  or  any  other 
convenient  glass  vessel  for  boiling  liquids.  Supposing 
the  compound  to  contain  from  twelve  to  fifteen  grains 
of  native  gold,  about  an  ounce  of  aqua  regia  is  now 
poured  upon  it ;  the  flask  is  then  placed  on  a  retort- 
stand  or  sand-bath,  and  the  mixture  is  allowed  to  digest 
at  a  moderate  heat  for  about  half  an  hour.  At  the 
end  of  that  time  the  gold  will  be  completely  dissolved, 
and  the  silver,  if  any  be  present,  will  be  found  in  the 
form  of  an  insoluble  chloride,  mixed  with  the  silica  at 
the  bottom.  The  heat  may  then  be  increased  under 
the  flask,  and  the  solution  boiled  off  until  it  is  diminished 
to  about  an  eighth  or  tenth  of  its  original  quantity.  At 
the  same  time  a  little  hydrochloric  acid  should  be 
added  occasionally  for  the  purpose  of  expelling  or  de- 
composing the  nitric  acid,  the  presence  of  which  is 
injurious  in  the  after  part  of  the  process.  The  addition 
of  a  little  carbonate  of  soda  will  serve  the  same  pur- 
pose. The  reader  will  recollect  that  the  function  of 
the  nitric  acid  is  merely  to  liberate  the  chlorine,  which 
is  the  real  solvent  of  gold. 

When  the  evaporation  has  been  carried  sufficiently 
far,  three  or  four  ounces  of  water  should  be  added, 
after  which  the  contents  of  the  flask  must  be  allowed 
to  remain  in  perfect  rest  until  the  undissolved  matter 
has  completely  subsided,  and  the  supernatant  fluid  is 
quite  clear.  The  latter  is  then  to  be  carefully  de- 
canted or  filtered  off,  and  to  the  residue  about  an  ounce 
of  fresh  water  must  be  added,  left  to  stand  till  clear, 
again  decanted  or  filtered  ;  and  this  operation  repeated 
five  or  six  times,  always  adding  the  later  washings  to 
the  first  portion  of  fluid.  The  solution  of  gold  now 
obtained  will  be  very  dilute.  Add  to  it,  therefore,  a 
few  drops  of  hydrochloric  acid,  and  then  introduce  the 
protosulphate  of  iron,  which,  when  the  liquid  is  well 
stirred,  will  speedily  precipitate  the  whole  of  the  gold 
in  the  form  of  a  brown  powder.  If  oxalic  acid  be  used 
for  the  same  purpose,  the  liquid  ought  to  be  boiled. 
When  the  whole  of  the  precipitate  appears  to  have 
settled  to  the  bottom,  a  few  drops  of  the  clear  super- 
natant liquid  should  be  taken  out  on  the  end  of  a  rod, 
placed  upon  a  surface  of  clean  white  porcelain,  and 
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tested  with  a  drop  of  the  solution  of  protoohloride  of 
tin.  If  no  purple  precipitate  be  formed,  it  is  a  proof 
that  the  whole  of  the  gold  has  been  thrown  down.  If 
a  dark  brown  coloring,  but  still  no  subsidence,  be  pro- 
duced, this  will  indicate  the  presence  of  platinum.  If 
any  precipitate  be  observed,  more  of  the  sulphate  of 
iron  or  oxalic  acid  must  be  added  to  effect  a  complete 
precipitation  of  the  gold  contained  in  the  solution. 

When  the  pulverulent  gold  has  entirely  deposited, 
the  liquid  must  be  decanted  or  Altered  off  with  the 
greatest  precaution.  Care  must  be  taken  that  not  the 
smallest  particle  of  the  gold  powder  is  allowed  to  pass 
away  with  the  liquid.  A  little  hydrochloric  acid, 
which  must  be  quite  free  from  any  admixture  of  nitric 
acid,  is  then  to  be  poured  upon  the  precipitate.  This 
will  remove  any  iron  or  other  metallic  impurities  with- 
out dissolving  the  gold.  The  latter  is  then  to  be 
washed,  at  least  six  times,  with  successive  portions  of 
distilled  water ;  and  lastly,  it  is  transferred  to  a  small 
porcelain  or  platinum  crucible,  in  which  it  is  heated 
over  a  spirit  lamp,  till  the  last  portions  of  water  are 
expelled.  It  ought,  in  fact,  to  be  raised  to  a  red  heat, 
or  even  to  be  fused  with  a  small  quantity  of  borax  and 
nitrate  of  soda,  as  formerly  recommended,  to  expel  the 
last  traces  of  chloride  of  silver. 

The  pure  gold  thus  obtained  is  then  to  be  placed  in 
a  watch-glass  or  small  capsule,  and  accurately  weighed 
in  a  pair  of  delicate  scales,  which  should  be  capable  of 
turning  with  a  difference  of  at  least  one-hundredth  part 
of  a  grain.  Instead  of  first  counterpoising  the  dish  or 
capsule,  and  then  adding  weights  to  counterpoise  the 
gold,  it  is  better  to  begin  by  placing  the  capsule  con- 
taining the  gold  in  one  pan,  and  counterpoising  both 
by  means  of  sand,  or  some  other  convenient  material 
placed  in  the  other.  The  gold  is  then  removed  from 
the  dish,  and  weights  put  in  its  stead  sufficient  to  re- 
store the  equilibrium.  The  number  of  grains  and 
fractions  of  a  grain  required  for  this  purpose  will 
accurately  represent  the  weight  of  the  gold ;  and  in 
this  method  of  weighing  by  substitution,  as  it  is  termed, 
any  risk  of  error  arising  from  the  possible  inequality  in 
length  of  the  two  arms  of  the  balance  will  be  entirely 
avoided. 

Supposing  the  gold  to  weigh  exactly  1075  grains, 
and  that  the  amount  of  alloy  submitted  to  experiment 
was  12-5  grains,  or  the  eighth  part  of  one  hundred,  it 
is  evident  that  10-75  X  8  =  86  is  the  per-centage  of 
pure  gold  present. 

4.  Quantitative  Estimation  by  the  Dry  Method — As- 
saying.— The  fourth  and  last  method  of  estimating  the 
amount  of  gold  in  an  ore  or  alloy,  is  by  the  use  of 
fluxes  and  fire.  It  is  therefore  termed  the  dry  method, 
and  formerly  even  the  separation  of  the  silver  was 
effected  without  a  liquid  solvent,  by  one  or  other  of  the 
dry  processes  described  in  connection  with  the  operation 
of  parting  on  the  large  scale ;  but  now  the  agency  of 
an  acid  solution  is  employed  in  the  last  part  of  the  pro- 
cess. 

This  metallurgical  method,  to  which  the  name  of 
assaying  is  strictly  confined,  when  not  otherwise  ex- 
pressed, is  that  uniformly  practised  at  the  Mint,  and 
other  regular  assaying  establishments,  being  not  only 
more  expeditious  than  the  wet  method,  but  admitting 


of  a  greater  number  of  assays  being  conducted  simul- 
taneously. The  wet  method  is  useful  for  special  or 
occasional  assays  in  the  laboratory,  where  assaying 
furnaces,  cupels,  et  cetera,  cannot  be  kept  constantly  in 
requisition.  On  the  other  hand,  the  dry  method  is  the 
best  where  assaying  is  practised  as  a  business,  and 
where  all  the  apparatus  required  is  therefore  in  constant 
efficiency.  This  method  consists  in  the  following  pro- 
cesses: 1.  Fusion,  to  separate  earthy  and  other  gross 
impurities,  which  may  be  either  performed  in  a  crucible 
by  means  of  oxide  of  lead,  or  by  the  method  of  scorifi- 
cation  with  metallic  lead.  2.  Cupellation,  to  remove 
the  copper  and  other  base  metals  by  oxidation  and 
absorption.  3.  Parting  by  mquartation,  or  separation 
of  the  silver  from  the  gold,  by  dissolving  the  former 
metal  in  nitric  acid. 

From  this  enumeration  of  the  different  operations 
which  constitute  the  process  of  assaying  by  the  dry 
method,  it  will  bo  seen  that  this  process  is  nothing  more 
than  a  miniature  representation  of  the  smelting  and 
refining  operations  already  described.  It  will  therefore 
be  unnecessary  to  explain  the  principles  on  which  this 
important  department  of  the  subject  is  founded,  as  those 
already  enunciated  in  reference  to  the  smelting  and 
refining  of  gold  ores,  apply  equally  to  the  assaying  of 
these  ores,  as  well  as  of  artificial  alloys.  The  principal 
difference  between  the  two  cases  consists  in  the  fact, 
that  the  assayer  operates  upon  a  few  grains  instead  of 
large  quantities,  while,  at  the  same  time,  he  must 
exercise  the  utmost  precaution  in  attending  to  the 
weight  and  proportions  of  his  materials. 

Fusion  with  Oxide  of  Lead. — Assuming,  as  before, 
that  the  ore  to  be  assayed  is  gold  quartz,  it  must  first, 
as  in  all  other  cases,  be  reduced  to  a  fine  powder,  by 
triturating  in  an  iron  mortar.  This  operation  is  much 
facilitated  by  heating  the  quartz  to  redness,  and  plunging 
it  in  cold  water.  Having  pulverized  a  few  thousand 
grains,  it  is  usual  to  make  at  least  two  assays  of  the 
sample,  to  test  the  correctness  of  the  result.  For  each 
of  these  weigh  five  hundred  or  a  thousand  grains, 
according  to  the  richness  of  the  ore,  and  mix  intimately 
on  a  clean  surface  of  glass,  or  highly-glazed  writing 
paper,  with  about  the  same  weight  of  litharge  or  red 
lead,  half  the  weight  of  dry  carbonate  of  soda,  and  five 
per  cent,  of  finely-powdered  charcoal.  The  precise 
quantities  are  not  very  important;  but  it  is  better  that 
the  carbonate  of  soda  should  be  in  excess,  than  that  it 
should  fall  short  of  the  above  proportion.  This  mix- 
ture is  introduced  into  a  Cornish  or  black-lead  crucible, 
of  which  it  should  not  fill  more  than  two-thirds  the 
capacity ;  it  may  then  be  covered  with  a  thin  layer  of 
borax,  and  is  afterwards  fixed  solidly  in  the  assay-fur- 
nace, by  surrounding  it  with  fuel. 

Furnaces  proper  for  assaying  are  of  several  different 
kinds,  and  the  required  temperature  may  be  obtained 
in  them  either  by  supplying  an  artificial  blast  of  air  by 
some  blowing  apparatus,  or  by  connecting  the  furnace 
with  a  chimney  sufficiently  high  to  establish  a  strong 
natural  draught.  When  the  materials  for  its  erection 
can  be  obtained,  the  ordinary  wind-furnace  is  to  be 
preferred.  This  is  represented  and  fully  described,  in 
connection  with  the  assaying  of  copper  ores,  at  page 
498,  vol.  L,  to  which  the  reader  is  referred.    For  the 
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travelling  assayer,  however,  a  portable  apparatus  is 
required,  and  in  this  respect  Selfstrom's  blast-furnace 
offers  peculiar  advantages.  This  consists  of  two  cylin- 
ders of  sheet-iron,  placed  one  within  the  other,  as 
represented  in  the  annexed  drawing,  Fig.  233.  A 
represents  the  outer  cylinder,  which  answers  the  pur- 
pose perfectly  well  when  not  larger  than  a  man's  hat; 
and  B  the  inner  one,  lined  with  a  coating  of  fire-clay 
about  an  inch  in  thickness.  Both  cylinders  are  pro- 
vided with  a  bottom,  and  are  fixed  together  at  the  top, 
air-tight,  by  a  horizontal  hoop  or  flat  ring  of  metal,  E  E, 
in  such  a  way  as  to  leave  an  equal  space,  c  C,  between 
their  sides  and  bottoms.  The  interior  cylinder,  B  B,  is 
pierced  at  about  the  middle  of  its  depth  with  eight 
holes,  D  D,  which  pass  through  the  lining  of  fire-clay, 
and  all  point  to  the  centre  of  the  furnace,  where  the 
crucible,  h,  is  placed  on  a  piece  of  fire-brick,  kept  in 
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its  position  by  a  little  fire-clay,  and  surrounded  with 
fuel.  For  a  small  furnace  of  this  kind  charcoal  must 
bo  employed  as  fuel,  and  should  be  broken  into  pieces 
about  as  large  as  a  walnut.  The  air  is  blown  into 
the  opening,  p,  by  means  of  a  double-action  bellows ; 
or  a  simple  rotating  fan,  like  that  employed  for  do- 
mestic fires,  may  be  used.  By  this  means  the  air  is 
compressed  into  the  space  c,  where  it  is  partially 
heated,  and  is  thence  driven  in  a  steady  equable  current 
through  the  holes  D  D,  into  the  cavity  of  the  furnace. 
The  heat  which  may  thus  be  produced  with  a  furnace 
having  an  internal  diameter  of  not  more  than  six 
inches,  is  so  intense  as  to  be  capable  of  melting  man- 
ganese, or  several  ounces  of  cast-iron,  with  the  greatest 
ease. 

To  proceed  with  the  fusion.  It  has  been  stated  that 
the  mixture  above-mentioned,  when  introduced  into  the 
crucible,  should  not  fill  more  than  two-thirds  of  its 
capacity.  This  precaution  is  necessary  on  account  of 
the  effervescence  which  will  take  place,  owing  to  the 
displacement  of  the  carbonic  acid  from  the  carbonate 
of  soda  by  the  silica,  and  the  combination  of  the 
carbon  with  the  oxygen  of  the  litharge.  The  heat 
is  continued  till  perfect  fusion  is  effected,  and  towards 
the  last  the  temperature  is  raised  to  bright  redness, 
until  no  further  effervescence  occurs,  and  a  clear  liquid 
homogeneous  slag  is  obtained.  The  crucible  must  then 
l>e  immediately  removed  from  the  fire,  otherwise  the 


unreduced  litharge  would  be  liable  to  cut  through  the 
pot;  and  as  dexterously  and  rapidly  as  possible,  the 
slag,  which  constitutes  the  upper  portion  of  the  con- 
tents, is  poured  into  one  of  the  two  hemispherical 
cavities  of  a  cast-iron  ingot-mould,  Fig.  234,  and  then 
the  lead,  with  adhering 
slag,  into  the  other.   If  Fig.  234. 

any  particles  of  lead  are 
found  attached  to  the  slag 
which  is  poured  into  the  li!iin»?^^\ 
first  cavity,  they  must  be  =='=^sl||j§l^^ 
carefully    separated  by      ~.^S=i~l!lM  , 
trituration  and  washing,  ==*^^^sBk.'": 
and  added  to  the  button  of  lead  in  the  other  cavity. 
The  latter  is  then  taken  out,  and  struck  carefully  on 
the  side,  on  a  bright  anvil,  with  a  hammer,  to  detach 
any  portions  of  slag  that  may  still  adhere  to  it.  Some- 
times the  crucible  is  broken  to  extract  the  button  of 
lead,  but  this  may  be  avoided  by  the  method  above 
described,  if  executed  with  sufficient  dexterity.  The 
whole  of  the  gold,  with  any  silver  that  may  be  present, 
remains  in  the  lead,  which  is  then  subjected  to  the  pro- 
cess of  cupellation. 

The  proportion  of  oxide  of  lead  to  be  used  in  the 
fusion  will  necessarily  vary  with  the  amount  of  oxi- 
disable  substances  present;  but  this  compound  should  in 
all  cases  be  added  in  excess,  since,  if  the  slags  retain 
any  traces  of  an  alkaline  sulphide,  these  will  retain  a 
part  of  the  gold.  Phillips  states  that  for  the  assay  of 
iron  pyrites  about  thirty  parts  of  oxide  of  lead  are 
necessary,  whilst  for  mispickel,  zinc  blende,  copper 
pyrites,  grey  cobalt,  and  sulphide  of  antimony,  from 
fifteen  to  twenty-five  times  their  weight  only  may  be 
employed.  When  auriferous  pyrites  is  the  subject  of 
examination,  it  must  first  be  reduced  to  fine  powder, 
and  then  roasted  in  a  shallow  dish  of  refractory  clay, 
heated  to  low  redness  in  a  large  muffle,  until  the  odor 
of  burning  sulphur  ceases  to  be  evolved.  As  the 
sulphur  burns  away,  the  temperature  is  gradually  raised 
to  bright  redness.  The  pyrites  is  thus  converted  into 
oxide  of  iron.  Of  this  product  one  thousand  grains  or 
more  may  be  taken,  and  mixed  with  five  hundred  of 
dry  carbonate  of  soda,  three  hundred  to  five  hundred  of 
litharge  or  red  lead,  with  five  per  cent,  of  charcoal,  or 
the  same  quantity  of  granulated  metallic  lead  without 
charcoal,  and  lastly,  about  five  hundred  of  dried  borax. 
This  mixture  is  heated,  introduced  into  the  crucible,  and 
fused  as  for  quartz  or  other  common  ores.  The  fuel 
should  be  either  charcoal,  coke,  or  anthracite.  For 
small  portable  furnaces,  such  as  Selfstrom's,  charcoal 
is  employed,  but  anthracite  is  found  to  be  well  adapted 
for  the  air-furnace,  and  is  characterised  by  the  power 
of  producing  an  intense  heat  in  a  short  time,  over  a 
space  confined  to  a  few  inches  above  the  bars. 

The  principal  objection  to  this  method  of  assay  is 
the  largo  amount  of  lead  which  is  produced  for  cupel- 
lation, since  pure  iron  pyrites  affords,  when  thus  treated, 
eight  and  a  half  parts  of  lead,  whilst  sulphate  of  anti- 
mony and  grey  copper  ore  yield  from  six  to  seven  parts. 
This  inconvenience,  as  well  as  the  trouble  of  roasting, 
may  be  avoided  by  the  cautious  and  gradual  addition 
of  nitrate  of  potassa,  which  effects  the  partial  oxidation 
of  the  mineral,  and  enables  the  skilful  assayer  to  pro- 
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cure  a  metallic  button  of  almost  any  required  weight. 
The  nitre,  however,  if  employed  in  excess,  would  de- 
termine the  oxidation  of  all  the  metallic  and  combus- 
tible substances  contained  in  the  mineral,  except  the 
gold  alone,  which  is  never  present  in  sufficient  quantity 
to  form  a  button.  The  exact  amount  of  nitre  to  be 
added  must  depend  on  the  nature  and  richness  of  the 
ore.  As  a  general  rule,  it  may  be  stated  that  two 
and  a  half  parts  of  nitre  are  sufficient  to  completely 
oxidise  one  part  of  iron  pyrites,  and  that  one  and  a 
half  and  two-thirds  their  weight,  in  the  case  of  sulphide 
of  antimony  and  galena,  are  sufficient  to  produce  the 
same  effect  on  these  ores. 

Alloys  of  gold  containing  tin  and  zinc  must  likewise 
be  fused,  before  cupellation,  with  nitrate  of  potassa,  to 
oxidise  these  metals;  and  by  adding  about  sixteen  parts 
of  lead,  when  the  mixture  is  quite  melted,  they  are 
separated  in  the  state  of  slag  or  scoria,  leaving,  as 
before,  a  button  of  lead  containing  the  whole  of  the 
gold,  which  is  now  ready  for  being  cupelled.  But 
before  describing  this  part  of  the  assaying  process,  the 
method  by  scoriflcation,  which  is  often  preferred  to 
that  of  fusion  with  oxide  of  lead,  will  be  briefly  ex- 
plained. 

Method  by  Scorificalion. — Scoriflcation,  or,  in  other 
words,  the  conversion  of  the  silica  and  other  impurities 
into  a  scoria,  is  simply  another  method  of  fusion,  in 
which,  however,  metallic  lead,  instead  of  its  oxides,  is 
employed ;  and  the  oxidation  of  the  various  substances 
to  be  removed  is  produced  by  the  aid  of  atmospheric 
air,  whilst  the  litharge  necessary  for  the  fusion  of  the 
earthy  and  silicious  matters  is  formed  by  the  oxidation 
of  a  portion  of  the  metallic  lead.  For  this  operation, 
instead  of  a  crucible,  a  shallow  cup-like  vessel,  termed 
a  scorijkr,  is  employed.  This  vessel,  the  form  of  which 
is  represented  in  Fig.  235,  should 
Fie-.  235.  be  made  of  refractory  clay,  and 

/f^BjHB^^fev  be  as  compact  in  structure  as 
vSfilB^^K/  possible,  in  order  to  resist  the 
iStiSfjEKjljlL  corrosive  action  of  melted  li- 
'=^^^^^^SP^  tharge.     The  scorifier  with  its 
contents  is  heated  in  the  muffle  of  an  ordinary  assay- 
furnace,  and  as  many  assays  may  be  introduced  at  one 
time  as  there  is  room  for  in  the  muffle. 

A  very  convenient  furnace  for  this  purpose,  as  well 
as  for  the  subsequent  process  of  cupellation,  is  shown 
in  elevation  and  vertical  section  in  Figs.  236  and  237, 
and  the  form  of  the  muffle  is  represented  in  Fig.  238. 
This  last  apparatus  is  a  small  arched  vessel  of  fire-clay, 
closed  at  one  end,  and  furnished  with  small  holes  or 
perpendicular  slits  in  the  sides  and  closed  extremity,  to 
allow  of  the  free  circulation  of  air  through  the  in- 
terior. It  is  introduced  by  the  opening,  A,  into  the 
furnace,  which  is  made  of  sheet-iron  lined  with  fire- 
clay: and  when  adjusted  in  its  place — as  shown  in 
Fig.  237— it  is  supported  at  one  end  by  a  shelf  at  the 
back  of  the  furnace,  while  the  other  or  open  extremity 
exactly  fits  the  opening,  A,  to  the  sides  of  which  it  is 
carefully  luted  by  a  little  moistened  fire-clay.  In  this 
position  it  is  surrounded  with  ignited  fuel,  by  which  it 
is  equally  and  readily  heated  on  all  sides ;  while  the 
openings  in  its  end  and  sides  admit  of  the  passage  of  a 
current  of  air  into  its  interior,  and  the  draught  is  kept 


up  by  the  addition  of  a  long  chimney  or  funnel,  r,  so 
that  the  muffle  is  constantly  traversed  by  a  highly 
oxidising  current.    The  ledge  around  the  chimney  is 

Fig.  236.  Fig.  237. 


intended  for  drying  the  scorifiers  or  cupels  before  intro- 
ducing them  into  the  muffle.  In  lighting  the  furnace, 
a  little  ignited  charcoal  is  first  introduced  by  the  open- 
ing, C,  and  the  body  of  the  furnace  above  and  below 


Fig.  238. 


the  muffle  is  afterwards  well  charged  with  the  same 
fuel,  or  with  good  hard  coke  broken  into  small  pieces. 
The  whole  of  the  openings  are  then  closed  by  means 
of  their  slides  or  lids,  with  the  exception  of  the 
ashpit,  d,  which  is  left  open  to  supply  the  requisite 
draught. 

Before  introducing  the  ore  into  the  scorifiers,  it  is 
reduced  to  powder,  and  a  determined  weight  of  it  is 
intimately  mixed  with  several  times  its  weight  of 
finely-granulated  lead,  free  from  silver.  The  scorifiers 
charged  with  this  mixture  are  then  placed  in  the 
muffle,  and  the  door  at  the  mouth  being  closed, 
they  are  strongly  heated  in  the  muffle  during  a 
quarter  of  an  hour.  By  this  time  the  lead  will  be 
completely  melted,  and  the  mouth  of  the  muffle  is 
again  opened.  The  scorifying  process  now  proceeds  in 
consequence  of  the  current  of  heated  air  which  passes 
through  the  muffle ;  in  other  words,  the  lead  is  oxidised, 
and  the  foreign  metals  present,  whether  in  combination 
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with  sulphur  or  oxygen,  are  attacked  and  dissolved  in 
the  litharge  in  proportion  as  this  oxide  is  formed.  At 
first  the  slags  are  frequently  solid,  but  gradually  become 
soft,  and  more  and  more  liquid  in  proportion  as  the  quan- 
tity of  oxide  of  lead  increases.  Towards  the  conclusion 
of  the  operation,  the  muffle  is  for  a  short  time  strongly 
heated  to  render  the  slag  or  scoria  completely  liquid. 
When  a  small  iron  rod,  previously  heated  to  redness 
and  then  placed  in  the  mixture,  is  found,  on  being  with- 
drawn, covered  with  a  slight  film  of  scoria  which  runs 
clean  off,  the  scorification  is  known  to  be  sufficiently 
advanced.  The  scorifiers  are  then  successively  with- 
drawn from  the  muffle  by  means  of  tongs,  and  the  con- 
tents are  rapidly  poured  into  a  circular  ingot-mould  of 
the  form  represented  in  Fig.  234.  When  cold,  the  ad- 
herent litharge  is  detached. from  the  button  of  lead  by 
a  few  blows  with  a  hammer.  This  button  contains  all 
the  gold  and  silver  which  may  have  been  present  in 
the  ore,  and  which  are  subsequently  separated  from  the 
lead  by  cupellation. 

If  the  ore  is  poor,  the  whole  of  the  precious  metals 
contained  in  a  large  quantity  may  be  concentrated  in 
one  small  button  of  lead,  by  repeating  the  process  on  a 
fresh  portion  of  ore  mixed  with  a  suitable  quantity  of 
lead,  and  introducing  into  this  assay  the  button  first 
obtained.  A  second  button  of  the  same  weight  as  the 
first,  and  containing  all  the  precious  metals  from  the 
two  quantities  of  ore,  will  thus  be  procured.  The  same 
process  may  be  repeated  a  third,  fourth,  or  any  num- 
ber of  times,  till  the  button  of  lead  last  obtained  be- 
comes as  rich  in  the  precious  metals  as  may  be  required. 
It  is  necessary,  however,  that  a  certain  amount  of  lead 
should  be  present,  with  a  view  to  the  next  process,  that 
of  cupellation.  In  many  cases  so  much  as  eight  times 
the  weight  of  the  ore  is  employed,  but  the  button  may 
be  reduced  by  a  single  operation  to  one-sixth  or  even 
to  one-eighth  of  the  original  lead.  Indeed,  it  is  the 
highest  recommendation  of  this  process,  as  com- 
pared with  the  method  by  fusion  with  litharge,  that 
however  small  may  be  the  proportion  of  lead,  the 
slags  produced  never  contain  any  oxy-sulphides  at  the 
close  of  the  operation,  and,  therefore,  they  seldom  retain 
the  slightest  trace  of  either  gold  or  silver.  The  process 
of  scorification  has  therefore  been  justly  characterized  as 
one  of  the  most  exact  methods  that  can  be  employed 
— simple,  effective,  and  applicable  to  the  assay  of  all 
lands  of  auriferous  and  argentiferous  ores,  without  ex- 
ception. 

Cupellation  of  (lie  Assay. — The  process  of  cupella- 
tion on  the  large  scale  has  been  already  described. 
When  applied  to  assays  the  principle  is  the  same  ;  but 
in  this  case  the  whole  of  the  melted  litharge  and  other 
oxidised  matters  are  removed  by  absorption  into  the 
cupel ;  whereas  it  has  been  shown  that,  in  operating  on 
large  quantities,  the  cupel  is  soon  saturated,  and  the 
greater  part  of  the  litharge  and  other  oxides  are  allowed 
to  run  away,  or  are  expelled  by  the  current  of  air  which 
exerts  the  oxidising  action. 

The  cupels  for  assaying  purposes  are  formed  of  the 
same  material  as  those  employed  for  refining  on  the 
large  scale,  and  described  at  page  284 ;  but  they  are 
necessarily  much  smaller,  and  are  considerably  simpler 
in  the  manufacture.    They  are  made  by  pressing  the 


Fig.  240. 


moistened  bone-earth  into  a  mould,  which  consists  of  a 
short,  stout  cylinder,  A — Fig.  239 — either  of  cast-iron  or 
gun-metal,  open  at  both  ends,  and  having  the  diameter 
of  the  cavity  somewhat  greater  at  the 
top  than  the  bottom.  Its  usual  dinien-  FiS-  239- 
sions  are  as  follow  : — Interior  diameter 
at  top,  one  and  nine -sixteenths  of  an 
inch ;  interior  diameter  at  bottom,  one 
inch  and  a  half;  depth,  two  inches. 
To  make  a  cupel,  the  cavity  is  nearly 
filled  with  bone-ash,  which  is  first  com- 
pressed slightly  with  the  hands,  and 
afterwards  by  means  of  the  plunger,  B, 
which  is  formed  of  the  same  metal  as 
the  mould,  and  has  the  lower  end 
turned  convex,  so  as  exactly  to  cor-  I 
respond  to  the  concave  surface  of  the  flH 
cupel.  When  the  plunger  is  introduced,  ' 
it  is  struck  several  times  with  a  mallet  till  the  hone-ash 
is  well  consolidated.  The  plunger  is  then  withdrawn, 
and  by  inserting  at  the  lower  and  smaller  end  of  the 
mould  a  solid  wooden  cylinder,  which 
exactly  fits  the  aperture,  the  cupel  is 
readily  forced  out,  and  is  then  placed 
to  dry  on  the  ledge  which  surrounds 
the  furnace  chimney — Figs.  236  and 
237.  The  diameter  of  the  cupel — Figs. 
240  and  241 — is  about  one  inch  and  a 
half,  and  its  cup-like  cavity  is  very 
shallow,  being  not  more  than  three-  pig.  241. 
fourths  of  an  inch  deep. 

Cupellation,  like  the  process  last  described,  is  per- 
formed by  means  of  a  muffle,  Fig.  238.  When  the 
muffle  has  become  red-hot,  six  or  eight  cupels  are  suc- 
cessively introduced  into  it,  by  a  pair  of  light  tongs  of 
the  form  represented  in  Fig.  242 ;  and  to  prevent  the 

Fig.  242. 


floor  of  the  muffle  being  corroded  should  any  of  the 
oxide  of  lead  be  spilt  on  it,  it  is  previously  covered  with 
a  thin  layer  of  pounded  hone-ash.  In  the  furnace  of 
the  Mint,  the  number  of  assays  that  can  be  made  at 
one  time  is  forty-five,  and  the  same  number  of  cupels 
are  put  into  the  muffle.  When  the  cupels  are  intro- 
duced, the  door  of  the  opening  into  the  muffle  is  closed 
for  a  few  moments,  while  the  draught-hole  of  the  fur- 
nace is  kept  open  till  the  cupels  are  raised  to  the 
temperature  of  the  muffle  itself.  The  slide  is  then 
withdrawn,  and  into  each  of  the  cupels  is  introduced, 
by  a  pair  of  slender  tongs,  a  button  of  the  alloy  to  be 
assayed. 

By  the  previous  process  of  fusion  with  litharge,  or 
that  of  scorification,  if  deemed  preferable,  the  earthy 
impurities  have  been  removed  in  the  form  of  slag  or 
scoria?,  and  nothing  now  remains  but  the  gold,  or  a 
mixture  of  gold  and  silver,  in  combination  with  the 
lead  and  any  other  metals  that  may  bo  present.  The 
process  of  cupellation,  as  previously  stated,  consists  in 
the  oxidation  of  the  lead  and  other  oxidizable  metals, 
and  their  absorption  by  the  cupel.  It  is,  in  fact,  a 
condition  essential  to  the  success  of  the  assaying  pro- 


GOLD- 


cess  that  the  whole  of  the  oxides  should  he  imbibed, 
and  thus  removed.  But  the  power  of  absorption  in  a 
cupel  varies  according  to  its  texture,  and  the  care  with 
which  the  material  has  been  prepared.  On  an  average, 
it  may  be  calculated  that  it  will  absorb  about  its  own 
weight  of  fused  litharge.  This,  though  not  strictly 
correct,  will  afford  a  general  guide  to  the  experimenter, 
as  regards  the  amount  of  lead  which  ought  to  be  mixed 
with  the  assay.  It  is  evident,  on  the  one  hand,  that 
this  must  not  exceed  the  absorptive  power  of  the  cupel. 
On  the  other  hand,  the  actual  amount,  within  this 
limit,  must  depend  on  the  nature  of  the  compound  or 
alloy  upon  which  the  cupellation  is  to  be  performed  ; 
but  supposing  that  the  subject  of  assay  is  an  alloy  of 
gold  and  copper,  the  following  table  will  give  the 
quantity  of  lead  required  for  the  separation  of  the 
copper.  In  treating  an  alloy  of  gold  and  silver  with 
copper,  the  quantity  of  lead  may  be  somewhat  dimi- 
nished ;  but,  in  cupelling  an  alloy  of  copper  with  gold 
alone,  a  small  excess  of  lead  is  not  injurious,  as,  in 
consequence  of  the  gold  not  being  volatile,  like  silver, 
the  heat  can  be  raised  and  sustained  for  any  required 
length  of  time,  so  as  to  oxidize  the  last  portions  of  lead. 
In  this  table,  which  is  adapted  by  Mr.  T.  W.  Keates, 
from  one  given  by  Beethier  for  the  assay  of  silver — 
the  proportion  of  lead  being  altered  to  render  it  appli- 
cable to  the  cupellation  of  gold — the  first  two  columns 
express  respectively  the  quantities  of  gold  and  of 
copper,  and  the  third  column  the  parts  of  lead  by 
weight  required  for  one  part  of  the  alloy,  according  to 
its  composition : — 

Alloy. 

QuHutityof  Quantity  of  Proportion  ofleiul 

gold.  copper.  required. 

1000    0    3-lOUis 

950    50    6 

900    100    14 

800    200    20 

700    300    24 

600    400    28 

500    500    32  to  35 

400    600    32  to  35 

300    700    32  to  35 

200    800    32  to  35 

100    900    32  to  35 

0    1000    32  to  35 

It  must  be  observed  that  the  numbers  in  the  third 
column  indicate  multiples  of  one  part  of  the  alloy.  It 
may  appear  surprising  that,  at  and  below  the  point  at 
which  the  alloy  contains  equal  parts  of  gold  and  copper, 
the  same  proportion  of  lead  is  required,  whatever  may 
be  the  proportion  of  the  copper.  This  fact,  however, 
has  been  fully  verified  by  experience.  It  requires,  in 
short,  as  much  lead  to  remove  the  copper  from  an 
alloy  of  equal  parts  of  that  metal  and  gold  as  it  would 
to  carry  oif  a  quantity  of  copper  equal  to  the  weight  of 
the  copper  and  gold  together.  It  may  be  added,  that 
when  the  assayer  has  reason  to  know  pretty  nearly  the 
composition  of  the  alloy,  it  is  well  to  insure  the  pre- 
sence of  at  least  two  or  three  times  more  silver  than 
gold,  which  is  not  only  useful  in  the  cupellation,  to 
guard  against  loss  of  gold,  but  is  necessary,  as  already 
stated,  for  the  subsequent  operation  of  parting. 

The  assays  being  placed  in  the  cupels,  the  door 
is  a  second  time  closed  during  a  few  minutes,  to  facili- 
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tate  the  fusion  of  the  alloy ;  and  on  opening  it  again, 
each  of  the  cupels  is  found  to  contain  a  bright  convex 
metallic  globule,  in  which  state  the  assay  is  said  to  be 
uncovered.  The  air  is  now  freely  admitted,  and  rapidly 
converts  the  lead  into  litharge,  which,  as  fast  as  it  is 
produced,  is  absorbed  by  the  bone-ash  of  the  cupel. 
While  this  operation  is  going  forward,  the  rounded 
surface  of  the  liquid  button  appears  to  be  covered  with 
bright  patches  and  lines  of  color ;  these  are  produced 
by  the  thin  film  of  oxide  of  lead  which  is  constantly 
forming,  and  passing  off  from  the  centre  to  the  edges 
of  the  assay,  where  it  meets  with  and  sinks  into  the 
porous  matter  of  the  cupel,  leaving  always  a  new  sur- 
face exposed  to  the  current  of  air  which  is  carried  by 
the  draught  through  the  muffle.  At  the  same  time 
there  rises,  and  passes  through  the  openings  of  the 
muffle,  a  white  vapor,  which  is  caused  by  the  volatiliza- 
tion and  combustion  of  a  portion  of  lead.  When  this 
vapor  is  very  thin,  and  rises  with  great  rapidity,  it  is 
an  indication  that  the  heat  is  too  great,  and  part  of  the 
draught  must  be  stopped  ;  on  the  other  hand,  when  it 
is  thick  and  heavy,  and  hangs  sluggishly  over  and 
around  the  cupel,  the  temperature  is  too  low,  and  the 
power  of  the  draught  must  be  increased. 

As  soon  as  the  greater  part  of  the  lead  has  been  thus 
.converted  into  litharge  and  absorbed,  the  remaining 
bead  of  rich  alloy  appears  to  become  agitated  by  a 
rapid  circular  movement,  and  the  bands  of  color  with 
which  the  surface  is  covered  arise  and  vanish  in  quick 
succession.  This  is  a  sign  that  the  process  is  on  the 
point  of  completion,  and  means  must  now  be  taken  to 
increase  the  heat  of  the  furnace  for  a  short  time,  so  as 
to  insure  the  expulsion  of  the  last  remaining  portions 
of  lead.  But  if  silver  be  present  in  the  assay,  and  if  it 
be  desired  to  estimate  also  the  amount  of  that  metal, 
the  increase  of  temperature  towards  the  end  of  the 
process  must  be  of  short  duration,  otherwise  a  portion 
of  the  silver  would  soon  volatilize.  Immediately  before 
the  conclusion  of  the  process,  the  assay  becomes  some- 
what dull,  and  the  movements  on  its  surface  can  no 
longer  be  observed ;  but  after  a  few  moments,  it  agaiii 
suddenly  lights  up  with  a  kind  of  flash  or  coruscation, 
and  then  becomes  permanently  brilliant  and  immovable, 
— assuming,  in  short,  the  fixed  metallic  lustre  of  pure 
melted  gold  or  silver.  If  the  cupellation  has  been 
well  performed,  the  gold,  or  the  mixture  of  the  two 
precious  metals,  is  now  in  a  state  of  almost  chemical 
purity. 

When  the  phenomenon  termed  the  flashing,  bright- 
ening, or  coruscation  of  the  assay  indicates  that  the 
cupellation  is  terminated,  the  mouth  of  the  muffle 
ought  to  be  closed  for  thirty  or  forty  seconds,  and  then 
the  cupel  containing  the  button  of  pure  metal  may  bo 
drawn  to  the  front  of  the  muffle,  and  allowed  to  cool 
slowly.  The  refrigeration  must  not  be  too  rapid,  other- 
wise there  may  bo  very  sensible  loss  by  spitting,  sprout- 
ing, or  vegetation — an  effect,  however,  only  produced 
when  a  large  proportion  of  silver  is  present,  and  which 
has  been  already  explained  in  connection  with  the  pro- 
cess of  cupellation  on  the  large  scale.  To  insure  gradual 
cooling,  it  is  occasionally  convenient  to  invert  over  the 
cupel  containing  the  bead  another  heated  cupel. 

The  button  is  detached  from  the  cupel  after  cooling 
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by  a  pair  of  fine  steel  forceps,  and  gently  squeezed 
between  the  jaws  of  a  pair  of  pliers,  to  loosen  and  pul- 
verize any  adhering  litharge,  which  is  finally  cleaned 
off  with  a  small  brush  made  of  brass  wire  or  stout 
bristles.  If  the  process  has  succeeded,  the  button 
should  be  round  and  bright  upon  its  upper  surface,  but 
somewhat  rough  or  crystalline  on  the  part  by  which  it 
was  attached  to  the  cupel,  from  which  it  ought  to  be 
capable  of  being  removed  without  difficulty. 

Even  after  cupellation,  there  always  remains  a 
trifling  admixture  of  copper  in  the  assay,  which  is 
called  the  surcharge,  unless  there  has  been  present  a 
sufficient  proportion  of  silver.  This  metal  greatly 
facilitates  the  separation  of  the  copper,  and  when  it  is 
present  in  the  proportion  of  three  parts  of  silver  to  one 
of  gold,  the  copper  can  be  completely  separated.  This 
is  one  important  reason  for  adding  the  requisite  amount 
of  silver  before  cupellation.  But  although  silver  is 
not  appreciably  oxidised  or  volatilized  when  melted 
alone,  yet  it  is  so  to  a  certain  extent  in  cupellation,  in 
consequence  of  the  presence  of  lead.  It  is,  therefore, 
necessary  to  make  cupellations  of  the  buttons  from 
ores  containing  silver,  at  the  lowest  heat  at  which  the 
absorption  of  the  litharge  can  be  readily  determined. 
But  even  when  every  precaution  is  used,  there  is 
always  a  loss  of  silver  in  cupellation ;  and  the  amount 
of  this  loss  under  varying  conditions  must  be  known, 
so  as  to  be  able  to  supply  the  deficiency  in  the  calcu- 
lation of  the  per-centage,  as  well  as  with  a  view  to  the 
next  process  of  parting.  The  following  table  has  been 
calculated  for  this  purpose.  The  first  column  gives 
the  weight  of  silver  in  one  thousand  parts  of  an  alloy 
of  silver  and  copper  about  to  be  submitted  to  cupella- 
tion ;  the  second,  the  actual  weight  of  silver  found  by 
cupelling  an  alloy  of  silver  and  copper  containing  the 
weight  of  silver  indicated  in  the  corresponding  line  of 
the  first  column;  and  the  third,  the  actual  loss  in 
weight  of  silver : — 


Weight  of  silver 
before  cupellation 


Weight  of  silver 

after  cupellation.  Loss  of  silver. 

1000    998-97    1-03 

975    973-24    1-76 

950    947-50    2-50 

925    921-75    3-25 

900    896-00    4-00 

875    870-93    4-07 

850    845-85    4-13 

825    820-78    4-22 

800    795-70    4-30 

775    770-59    4-41 

750    745-48    4-52 

725    720-36    4-64 

700    695-25    4-75 

675    670-27    4-73 

650    645-29    4-71 

625    620-30    4-70 

600    595-32    4-68 

575    570-32    4-68 

550    545-32    4-68 

525    520-32    4-68 

500    495-32    4-68 

475    470-50    4.50 

450    445-69    4-31 

425    420-87    4-13 

400    396-05    3-95 

375    371-39    3-61 

350    340-73    3-27 

325    322-OG    2-94 

300    297-40    2-60  . 

275    272-42    2-58 

250    247-44    2-56 

225    222-45    2-55 


Weight  of  silver 
before  cupellation. 


Weight  of  silver 

after  cupellation.  Loss  of  silver. 

200    197-47    2-55 

175    173-88    2-12 

150    148-30    1-70 


125 
100 
75 
50 
25 


123-71    1-29 

99-12    -88 

74-34    -66 

49-56    -44 

24-78    -22 


In  assaying  native  gold  or  artificial  alloys,  the  opera- 
tion usually  commences  by  fusing  the  alloy  in  a  cupel 
with  about  five  times  its  weight  of  pure  lead,  and  then 
adding  the  amount  of  pure  silver  necessary  to  bring 
the  mixture  to  the  proper  composition.  If  the  sub- 
stance be  in  the  ordinary  state  of  the  gold  of  California 
or  Australia,  that  is,  in  small  grains  or  dust,  it  is  the 
best  plan  to  envelop  it  in  a  thin  sheet  of  lead ;  or  a 
suitable  quantity  of  perfectly  pure  lead  may  be  put 
into  the  cupal  and  melted,  and  then  the  assay,  wrapped 
up  in  a  piece  of  thin  sheet  assay-lead,  may  bo  gently 
added  to  the  melted  lead  upon  the  cupel.  Finally, 
add  about  three  times  the  weight  of  the  assay  in  pure 
silver,  and  then  proceed  with  the  cupellation  in  the 
manner  above-described.  The  presence  of  iron,  tin, 
nickel,  or  zinc,  in  the  alloy  under  assay,  materially 
interferes  with  the  success  of  the  operation,  as  these 
metals  will  not  pass  into  the  cupel  by  the  aid  even  of 
a  large  quantity  of  lead ;  but  from  their  rapid  oxidation, 
will  either  volatilize,  or  will  accumidate  on  the  surface 
as  a  sort  of  slag,  in  which  particles  of  precious  metal 
may  be  entangled.  In  this  case  the  assay  becomes 
what  is  technically  termed  foul,  the  cupel  not  being 
able  to  absorb  the  metallic  oxides  as  fast  as  they  aro 
formed.  To  obviate  this  evil,  the  preliminary  process 
of  scorification  should  be  resorted  to,  when  the  pre- 
sence in  the  alloy  of  any  of  the  above  metals  is  known 
or  suspected.  A  convenient  weight  of  native  gold  or 
rich  alloy  to  operate  upon  is  ten  to  fifteen  grains. 

Bismuth  might  be  used  as  a  substitute  for  lead  in 
cupellation,  two  parts  of  it  being  nearly  equivalent  to 
three  of  lead  ;  but  its  higher  price  prevents  its  general 
use  for  this  purpose.  The  lead  employed  must  be  in 
all  cases  entirely  free  from  silver,  being  such  as  has 
been  revived  from  pure  litharge,  otherwise  it  would  be 
quite  impossible  to  estimate  the  true  composition  of 
the  alloy.  The  assay  of  gold  furnishes  results  which 
are  more  accurate  than  those  obtained  in  the  cupella- 
tion of  silver ;  the  loss  of  gold  by  volatilization  is  very 
much  smaller,  and  scarcely  any  of  the  metal  is  earned 
into  the  cupel  by  an  excess  of  lead. 

Parting  of  the  Assay. — After  the  preceding  opera- 
tions, the  button  of  alloy  which  remains  is  composed  of 
gold  and  silver,  not,  indeed,  absolutely  pure,  for,  what- 
ever precautions  may  be  used,  it  will  still  retain  a 
small  quantity  of  lead,  and  frequently,  also,  traces  of 
copper.  For  practical  purposes,  however,  it  may  bo 
regarded  as  a  pure  alloy  of  the  two  precious  metals, 
and  in  this  view  it  now  only  remains  to  separate  the 
gold  from  the  silver.  It  has  been  stated  that,  on  the 
Continent,  this  is  effected  on  the  large  scale  by  means 
of  sulphuric  acid,  which,  at  its  boiling  temperature,  pos- 
sesses the  property  of  dissolving  silver  without  acting 
upon  gold.  For  analytical  purposes,  however,  nitric 
acid  is  preferred,  and  is  generally  employed  in  this 
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country,  even  for  refining  operations  on  the  large 
scale. 

It  has  been  stated,  also,  that  when  silver  and  gold 
are  intimately  mixed  together,  as  in  an  alloy,  it  is 
necessary  that  the  silver  should  be  present  in  the  pro- 
portion of  at  least  two  and  a  half  parts  of  that  metal  to 
one  part  of  gold,  otherwise  its  particles  will  be  so  en- 
veloped and  protected  by  those  of  the  gold,  that  the 
nitric  acid  will  be  prevented  from  exercising  its  solvent 
action  upon  them.  If,  as  is  generally  the  case,  the  re- 
quisite proportion  of  silver  has  been  introduced  before 
cupellation,  or  if  it  is  known  to  exist  in  the  alloy  in 
that  proportion,  then  it  will  be  sufficient  to  subject  the 
mixture  at  once  to  the  action  of  the  acid.  But  if  the 
silver  be  present  in  a  less  or  much  greater  proportion, 
then,  as  a  preliminary  step  to  the  operation  of  parting, 
the  alloy  must  be  brought  to  the  proper  standard, 
cither  by  the  addition  of  the  necessary  quantity  of  pure 
silver,  or  by  adding  more  gold,  as  the  case  may  be ; 
for  if  the  proportion  of  silver  exceed  three  parts,  the 
gold  will  be  precipitated  by  the  acid  as  a  dark  powder, 
instead  of  retaining  the  more  convenient  form  of  the 
alloy  subjected  to  treatment;  and  thus  an  accurate 
estimation  of  the  amount  of  gold  present  will  be  ren- 
dered considerably  more  difficult. 

On  the  whole,  the  operation  of  parting  is  found  to 
succeed  best  when  the  alloy  contains  a  little  less  than 
three  parts  of  silver  to  one  of  gold.  Hence,  in  all  cases 
where  much  exactness  is  required,  the  addition  of  sil- 
ver, if  necessary,  must  be  so  managed  as  to  agree  as 
closely  as  possible  with  this  proportion ;  and  from  the 
circumstance,  that  when  the  relative  quantities  of  the 
two  are  so  adjusted,  the  gold  is  present  in  the  propor- 
tion of  about  one-fourth  of  the  mass,  and  the  silver  in 
the  proportion  of  three-fourths,  the  operation  of  bring- 
ing the  alloy  to  the  proper  standard  by  the  requisite 
addition  of  the  latter  metal,  is  termed  inquartation. 
The  quantity  of  silver  required  can  only  be  known  by 
a  previous  approximate  experiment  by  the  wet  method 
of  examination,  or  by  the  use  of  the  touchstone. 

Assuming  that  the  proper  proportion  already  exists 
in  the  button  of  gold  and  silver  obtained  by  cupellation, 
it  is  first  hammered  out  upon  an  anvil  into  a  small  disc 
about  the  size  of  a  sixpence,  and  annealed  by  heating 
it  to  redness.  It  is  then  passed  between  a  pair  of 
laminating  rollers,  by  which  its  thickness  is  reduced  to 
that  of  an  ordinary  address  card,  or  about  one-eightieth 
of  an  inch,  after  which  it  is  a  second  time  annealed. 
These  operations  render  it  sufficiently  flexible  to  allow 
of  its  being  twisted  into  a  small  spiral  coil  or  cornet, 

by  rolling  between 
FiG-  243-  the    finger  and 

thumb.  The  cor- 
•let  thus  obtained 
is  then  introduced 
into  a  small  part- 
ing-flask of  the 
form  represented 
in  Fig.  243,  which 
contains  about  an  ounce  of  nitric  acid  of  specific  gravity 
1'180.  The  acid  must  be  perfectly  free  from  chlorine, 
and  must  always  be  carefully  tested  to  ascertain  this 
point  by  adding  to  it  a  drop  of  solution  of  nitrate  of 
VOL.  ir. 


Fig.  214.     Fig.  245. 


silver,  which,  if  chlorine  be  present,  will  instantly  ren- 
der it  milky.  Instead  of  the  flask  represented  in  Fig. 
243,  a  small  bulb-shaped  matrass  is  frequently  used, 
and  is  now  generally  adopted  by  the  best  assayers 
of  bullion,  both  on  the  Continent  and  in  this  country. 
Common  Florence  oil  flasks,  or  smaller  vessels  of  the 
forms  represented  in  Figs.  244  and  245,  will  be  found 
very  convenient.  When  the 
cornet  has  been  introduced,  the 
flask  with  its  contents  is  gently 
heated  to  nearly  the  boiling- 
point.  Effervescence  will  now 
take  place,  with  a  brisk  evolu- 
tion of  nitrous  fumes,  and  the  I 
silver  will  be  gradually  dissolved, 
leaving  the  gold  in  the  form  of  the  original  cornet,  but 
porous,  very  brittle,  and  of  a  deep  blackish-brown  color. 
When  the  effervescence  has  entirely  ceased,  the  flask  is 
removed  from  the  heat,  and  the  solution  is  carefully  de- 
canted off,  without  letting  the  cornet  of  gold  fall  out. 
The  latter  is  then  washed  by  pouring  distilled  water 
upon  it,  which,  after  standing  for  a  couple  of  minutes,  is 
again  poured  off.  The  gold  will  still  retain  some  traces  of 
silver,  and  in  order  to  remove  these,  the  cornet  is  again 
boiled  with  stronger  nitric  acid,  of  specific  gravity  1-280, 
and  this  operation  may  even  be  repeated  a  third  time, 
to  remove  the  last  portions  of  silver,  which  exist  as  a 
surcharge.  In  the  second  and  third  boilings,  which 
may  each  be  continued  for  ten  or  fifteen  minutes,  it  is 
well  to  introduce  into  the  flask  a  small  fragment  of 
charcoal,  to  prevent  the  ebullition  from  taking  place 
with  sudden  bursts,  otherwise  the  action  may  be  so 
violent  as  to  break  the  cornet,  which  it  is  desirable  to 
avoid. 

The  last  acid  having  been,  poured  off,  the  flask  is 
completely  filled  with  distilled  water,  and  a  small, 
smoothly-finished,  porous  clay  crucible  is  placed  over 
the  mouth  of  it.  The  two  vessels,  thus  adjusted,  are 
then  inverted,  so  as  to  allow  the  cornet  to  fall  gently 
through  the  water  into  the  crucible,  and  b}'  a  dex- 
terous movement  of  the  hand  the  flask  is  withdrawn,  in 
such  a  manner  as  to  prevent  the  overflow  of  any 
liquid  from  the  little  crucible.  The  latter  is  now  care- 
fully decanted  into  the  vessel  containing  the  silver 
solution,  and  the  crucible  containing  the  cornet  is 
heated  to  redness  in  the  muffle.  Under  this  final 
heating  it  is  not  fused,  but  shrinks  in- bulk,  loses  its 
brown  appearance,  and  assumes  the  peculiar  color  and 
lustre  of  gold ;  while  at  the  same  time  it  is  rendered 
more  compact,  less  brittle  and  fragile,  and  when  cold, 
can  now  be  removed  by  a  pair  of  forceps  to  the  scales, 
in  which  it  is  weighed  with  the  same  precision  and 
care  as  the  original  alloy. 

The  weight  of  the  cornet  will  indicate  very  nearly  the 
amount  of  gold  in  the  alloy  if  the  assay  has  been  pro- 
perly conducted,  but  not  with  absolute  exactness.  Even 
when  every  precaution  has  been  used,  the  gold  con- 
tained in  the  cornet  is  never  chemically  pure  ;  it  still 
retains  a  very  small  quantity  of  lead  and  of  silver,  and 
frequently  also  traces  of  copper,  in  consequence  of 
which  the  weight  of  the  cornet  may  exceed  by  one 
two-thousandth  part  the  true  result ;  and  when  it  is 
considered  that,  in  assaying  alloys,  the  quantity  taken 
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5s  usually  not  more  than  seven  or  eight  grains,  it  will 
be  seen  that  even  this  small  error  might  lead  to  serious 
disappointment  in  estimating  the  proportion  of  gold  in 
large  masses  of  hullion.  To  ascertain  the  amount  of 
the  error,  and  thus  to  arrive  at  a  perfectly  correct  esti- 
mate, it  is  usual  to  pass  through  the  muffle,  simultane- 
ously with  the  alloys,  a  number  of  what  are  termed 
proofs,  consisting  of  weighed  portions  of  perfectly  pure 
gold,  to  each  of  which  is  added  a  proportion  of  copper 
equal  to  that  estimated  to  exist  in  the  alloys  under 
examination.  The  cornets  obtained  from  these  proof- 
assays  are  weighed,  and  the  excess  of  weight  over  that 
of  the  gold  which  was  introduced,  indicates  the  amount 
of  the  correction  which  it  becomes  necessary  to  make 
for  the  other  assays.  This  correction  is  liable  to  varia- 
tion, according  to  the  temperature  of  the  furnace,  and 
other  causes  ;  but  it  usually  ranges  from  0-2  to  0-5  in 
1000. 

If  the  quantity  of  silver  in  the  alloy  submitted  to  the 
operation  of  parting  exceed  by  more  than  thrice  the 
weight  of  the  gold,  the  separation  may  still  be  effected 
by  nitric  acid,  but  the  gold  will  be  left  in  a  state  of 
powder.  It  may,  however,  be  washed,  ignited,  and 
weighed  in  the  manner  described  in  connection  with 
the  quantitative  estimation  of  gold  by  the  wet  method, 
and  also  in  the  process  of  parting  with  sulphuric  acid 
on  the  large  scale.  Should  the  amount  of  silver  be  but 
small  compared  with  the  gold,  and  the  assayer  wish 
to  avoid  the  trouble  of  inquartation,  the  alloy  may  at 
once  be  subjected  to  the  action  of  aqua  regia,  when  the 
gold  will  be  dissolved,  and  the  silver  will  be  thrown 
down  as  an  insoluble  chloride.  The  clear  solution 
containing  the  gold  is  then  decanted,  and  when  the 
excess  of  acid  has  been  expelled  by  evaporation,  the 
gold  can  be  precipitated,  as  already  described,  by  sul- 
phate of  iron. 

The  silver  contained  in  the  solution  of  the  nitrate  of 
that  metal  obtained  in  the  common  process  of  parting, 
may  readily  be  recovered  by  adding  an  excess  of 
chloride  of  sodium,  which  will  throw  down  the  whole 
of  the  silver  as  white  insoluble  chloride.  This  precipi- 
tate, which  speedily  becomes  slate-colored  on  exposure 
to  light,  is  collected,  and  put  into  a  vessel  containing 
water  acidulated  with  hydrochloric  acid;  some  zinc  or 
iron  is  introduced,  and  the  silver  is  rapidly  restored  to 
the  metallic  state,  in  the  form  of  a  dark-grey  powder. 
When  this  powder  is  washed  with  water,  dried,  and 
fused  in  a  crucible,  the  silver  assumes  its  natural  ap- 
pearance, but  is  very  brittle.  Its  malleability  is 
restored,  however,  by  simply  re-melting. 

Physiological  Effects,  et  cetera. — Gold,  says 
Pereira,  like  other  metals,  has  been  frequently  supposed 
to  be  inert  while  it  retains  its  metallic  condition,  but  in 
this,  as  well  as  in  some  other  instances,  the  accuracy  of  the 
assumption  has  been  denied.  Both  Chrestien  and 
Niel,  as  well  as  other  writers,  assert  that  finely-divided 
metallic  gold — pulvis  auri — produces  the  same  consti- 
tutional effects  as  those  caused  by  the  various  prepara- 
tions of  this  metal,  but  in  a  milder  degree,  while  it 
excites  little  or  no  irritation.  It  is  said  to  promote  the 
secretions  of  the  skin,  kidneys,  and  salivary  glands. 

It  has  been  employed  as  an  antivenereal  and  anti- 
scrofulous  remedy,  by  Chrestien,  Niel,  and  others, 


with  considerable  success.  It  is  said  to  be  preferable 
to  the  other  preparations  of  this  metal  in  delicate  and 
nervous  subjects,  females  and  infants.  Gold-leaf— 
aurum  foliatum  seu  lamellatum — is  used  by  dentists 
for  filling  decayed  teeth,  and  was  formerly  employed 
by  apothecaries  for  covering  pills — ad  inaurandas  seu 
obduccndas  pilulas.  Silver-leaf  now  takes  its  place. 
It  has  been  administered  internally  in  doses  of  from  a 
quarter  of  a  grain  to  a  grain  three  or  four  times  a  day. 
Chrestien  used  it  by  way  of  friction  on  the  tongue 
and  gums.  Niel  employed  it  endermically — that  is, 
applied  it  to  the  skin  deprived  of  the  epidermis — in  the 
form  of  ointment  composed  of  one  grain  of  gold  and 
thirty  grains  of  lard. 

Teroxide  of  gold  is  sometimes  used  internally,  in 
venereal  and  scrofulous  diseases,  in  doses  of  from  one- 
tenth  of  a  grain  to  a  grain,  made  into  the  form  of  pills 
with  mezereon. 

The  terchloride  of  gold,  the  preparation  of  which  is 
described  at  page  293,  acts,  according  to  Oefila,  as  a 
corrosive  when  introduced  into  the  stomach  of  animals, 
but  with  less  energy  than  the  chloride  of  mercury,  and 
destroys  them  by  the  inflammation  of  the  coats  of  the 
alimentary  canal  which  it  sets  up. 

On  man  its  effects  are  analogous  to  those  of  chloride 
of  mercury.  In  small  doses  it  acts,  according  to  Dr. 
Chrestien,  more  energetically  as  a  stimulant,  though 
less  powerfully  as  a  sialogogue,  than  corrosive  sublimate. 
It  promotes  the  secretions  of  the  skin,  the  salivary 
glands,  and  the  kidneys.  Taken  to  the  extent  of  one- 
tenth  of  a  grain  daily,  it  has  occasioned  violent  fever. 
Collerier  has  seen  one-fifteenth  of  a  grain  excite,  at 
the  second  dose,  gastric  irritation,  dryness  of  the  tongue, 
redness  of  the  throat,  colic,  and  diarrhoea.  AVhen  it 
promotes  the  secretion  of  saliva,  it  does  not  as  mercury 
affect  the  teeth  and  gums.  Magendie  has  seen  violent 
gastritis,  accompanied  by  nervous  symptoms — cramps 
and  pains  in  the  limbs,  agitation  and  loss  of  sleep — and 
afterwards  great  heat  of  skin,  and  obstinate  sleepless- 
ness. In  large  doses,  it  would  probably  occasion 
symptoms  similar  to  those  produced  by  the  use  of 
poisonous  doses  of  chloride  of  mercury. 

Tt  has  been  employed,  with  variable  success,  as  a 
substitute  for  mercury  in  the  secondary  symptoms  of 
syphilis.  A  more  extended  experience  of  it  is.  however, 
necessary  to  enable  one  to  speak  of  its  remedial  powers 
with  confidence.  In  the  hands  of  Chrestien,  Niel, 
Cullerier,  Legrand,  and  others,  it  has  proved  most 
successful. 

It  has  also  been  used  in  scrofulous  affections,  bron- 
chocele,  chronic  skin  diseases,  scirrhous  tumours,  et 
cetera.  Dutortal  cured  with  it  a  case  of  obstinate 
ulceration  of  the  face,  regarded  by  him  as  cancerous, 
and  which  had  resisted  all  the  ordinary  methods. 

Legrand  has  used  terchloride  of  gold,  acidified  with 
nitric  acid,  as  a  caustic  in  syphilitic,  scrofulous,  and 
scorbutic  ulcers,  cancerous  growths,  and  ulcerations  of 
the  neck  of  the  uterus. 

Internally,  it  has  been  given  in  doses  of  one-twentieth 
of  a  grain,  made  into  pills  with  starch.  But  as  organic 
matters  decompose  it,  it  is  better  to  use  it  in  distilled 
water,  or  to  apply  it  by  friction  to  the  mouth,  in  quan- 
tities of  from  one-sixteenth  to  one-sixth  of  a  grain. 
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The  whites  and  yolks  of  eggs,  milk,  and  a  mixture  of 
■wheat-flour,  oatmeal,  or  barley,  and  water,  are,  as  in 
the  case  of  chloride  of  mercury,  antidotes  for  an  over- 
dose of  this  auric  compound. 

The  Editor  is  surprised  to  find  that  the  above  are  so 
little  used  in  medicine.  Surely,  if  physicians  would 
only  daily  experiment  on  the  action  of  the  different 
metals  and  their  compounds  upon  the  system,  they 
might  soon  discover  some  more  very  valuable  specifics. 

Statistics. — Gold  and  silver  are  frequently  con- 
founded in  statistical  returns  under  the  common  desig- 
nation of  the  precious  metals  ;  and  even  where  the  two 
are  classed  separately,  it  is  still  desirable  to  place  them 
in  juxtaposition,  since  much  of  the  interest  attaching  to 
the  subject  is  derived  from  the  relation  which  they  bear 
to  each  other.  In  proceeding,  therefore,  to  state  the 
most  important  facts  connected  with  the  statistics  of 
gold,  the  Editor  will  give,  at  the  same  time,  most  of 
the  corresponding  facts  and  figures  relating  to  silver; 
which  will  not  only  save  the  repetition  of  a  number  of 
tables  nearly  similar,  but  will  furnish  the  reader  with  a 
clearer  and  more  satisfactory  view  of  the  subject,  than 
if  the  returns  relating  to  each  of  the  metals  were  tabu- 
lated separately  in  different  parts  of  the  work. 

Much  interesting  information  relating  to  the  history 
and  statistics  of  the  precious  metals  is  given  in  a  work 
which  was  published  by  Mr.  Jacob  in  1831,  in  which 
he  takes  up  the  subject  at  the  earliest  period,  and  con- 
tinues it  to  the  year  above-mentioned.  Mr.  Jacob 
shows  that,  in  the  days  of  Eoman  supremacy,  the  greater 
part  of  the  wealth  of  the  world  continued  to  flow  into 
Rome,  up  to  the  time  of  Augustus,  when  the  pro- 
duction of  gold  from  the  Roman  mines  in  Illyria  and 
Spain  suddenly  ceased ;  and  for  a  long  period  the  world 
received  no  new  accession  of  metallic  wealth.  With 
much  labor  and  research,  he  constructed  a  table  showing 
the  rate  of  diminution  to  which  the  enormous  wealth  of 
the  Augustan  period  was  subject ;  and  though  it  in- 
cludes both  gold  and  silver  under  one  head,  while  at  the 
same  time  its  accuracy  cannot  be  implicitly  relied  on, 
still  it  is  sufficiently  correct  and  instructive  to  merit  a 
place  in  these  pages : — 

QUANTITY  OF  GOLD  ANU  SILVER  IN  THE  KOMAN  EMPIKE. 
Year, 


14   £358,000,000 

50    322,200,000 

86    287,880,000 

122    259,182,000 

158    233,263,800 

19*    209,937,420 

230    181,943,678 

266    163,749,311 

302    147,374,380 

338    132,636,942 

374   119,373,248 

410    107,435,924 

446    96,692,332 

482    87,033,099 

518    78,229,700 

554    70,406,730 

590    63,364,057 

626    57,027,652 

662    51,324,887 

698    46,192,399 

734    41,573,160 

770    37,415,840 

806    33,674,256 


From  the  decline  and  fall  of  the  Roman  empire,  the 
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portion  of  gold  added  to  that  already  obtained  was,  for 
many  centuries,  not  more  than  sufficient  to  supply  the 
annual  waste  by  wear  and  loss ;  and  except  the  mines 
of  Hungary  and  Sweden,  which  do  not  appear  to  have 
been  worked  before  the  eighth  or  ninth  century,  no  im- 
portant new  sources  of  gold  were  opened  until  the  dis- 
covery of  America  by  Columbus  in  1492.  This  event 
was  followed,  in  the  course  of  the  next  century,  by  a 
considerable  influx  of  the  precious  metals  into  Europe  ; 
yet  a  very  superficial  inquiry  will  suffice  to  show,  that 
the  actual  amounts  which  were  imported  from  Mexico 
and  South  America  have  been  greatly  exaggerated  in 
the  public  mind,  and  sink  into  very  humble  figures  when 
compared  with  the  enormous  treasures  obtained  within 
the  last  few  years  from  California  and  Australia.  From 
1492  to  1500,  America,  according  to  Humboldt, 
furnished  to  Europe,  in  gold  and  silver,  not  more  than 
fifty-two  thousand  pounds  sterling,  and  the  entire  an- 
nual amount  of  gold  and  silver  obtained  from  America 
during  the  sixteenth  century  was  only  about  half  a 
million  sterling;  whereas,  for  the  last  few  years,  the 
value  of  gold  alone  exported  from  California  and  Aus- 
tralia has  averaged  twenty-four  millions  per  annum. 
The  celebrated  El  Dorados  of  the  sixteenth  century 
sink,  therefore,  into  utter  insignificance,  compared  with 
the  recently-developed  auriferous  regions. 

It  is  true,  that  with  the  discovery  of  the  Brazil  mines 
and  other  sources,  the  import  of  the  precious  metals 
from  America  continued  steadily  to  increase ;  and  from 
1600  to  1700,  during  which  period  Europe  obtained  its 
supply  of  gold  almost  exclusively  from  the  New  World, 
the  mines  of  the  latter  were  estimated  to  have  pro- 
duced an  amount  of  gold  and  silver  equivalent  to  three 
hundred  and  thirty-seven  millions,  five  hundred  thou- 
sand pounds  sterling,  or  upwards  of  three  millions  per 
annum.  In  consequence  of  this  continued  importation, 
the  value  of  the  coined  money  in  Europe  in  1099  has 
been  estimated  at  two  hundred  and  ninety-seven  million 
pounds  sterling.  During  the  eighteenth  century,  the 
supply  of  the  precious  metals  was  still  chiefly  derived 
from  the  Americas.  The  annual  produce  of  the  mines 
of  that  quarter  of  the  globe,  at  the  commencement  of 
the  present  century,  was  estimated  by  Humboldt  at 
eight  millions,  seven  hundred  thousand  pounds  sterling ; 
and  that  derived  from  the  European  mines  of  Hungary, 
Saxony,  et  cetera,  and  those  of  Northern  Asia,  was 
valued  by  him  at  one  million  pounds  sterling  more, 
raising  the  total  produce  at  that  period,  exclusive  of 
Africa,  to  nine  million  seven  hundred  thousand  pounds 
sterling.  The  quantity  of  gold  produced  in  America 
was  to  the  quantity  of  silver  as  1  to  46  ;  in  Europe  as  1 
to  40;  and  the  values  of  equal  quantities  of  gold  and 
silver  were  then  in  the  proportion  of  15  to  1,  so  that 
the  aggregate  value  of  the  gold  to  that  of  the  silver  was 
nearly  as  1  :  3  ;  or,  in  other  words,  the  annual  amount 
of  gold  alone  produced  at  the  beginning  of  the  present 
century  was  worth  about  three  million  two  hundred 
thousand  pounds  sterling. 

From  1800  to  1810  the  yield  of  the  American  mines 
continued  still  to  increase,  and,  in  conjunction  with  that 
of  the  European  and  Russian  mines,  is  supposed  to 
have  amounted  in  the  latter  year  to  upwards  of  eleven 
million  pounds  sterling,  in  gold  and  silver.  But  in  that 


308 


GOLD  Statistics. 


year  began  the  contest  which  resulted  in  the  dissolution 
of  the  connection  between  Spain  and  her  American 
colonies,  causing  the  abandonment  of  several  of  the 
mines,  and  a  consequent  decline  in  the  production  of 
the  precious  metals  to  such  an  extent,  that,  according 
to  Jacob,  the  total  average  yield  of  the  American 
mines,  inclusive  of  Brazil,  during  the  twenty  years 
ending  with  1829,  might  be  estimated  at  little  more 
than  four  million  pounds  sterling  a  year;  being  less  than 
half  their  produce  in  1800.  Some  years  later,  however, 
they  again  began  to  increase ;  and  this,  in  conjunction 
with  the  recent  extraordinary  development  of  the  Kussian 


mines,  raised  the  entire  amount  of  gold  and  silver  pro- 
duced from  all  the  known  auriferous  localities  through- 
out the  world,  before  the  discovery  of  California  and 
Australia,  to  upwards  of  twelve  million  pounds  sterling 
per  annum ;  the  value  of  the  gold  to  that  of  the  silver 
being  nearly  as  5  :  6.  This  will  appear  from  the  fol- 
lowing table,  prepared  by  Mr.  Birkmyke,  showing,  by 
approximate  calculation,  the  annual  produce  in  value  of 
line  gold  and  silver  for  1846  and  1850;  the  first  being 
two  years  before  the  discovery  of  the  rich  deposits  of 
gold  in  California,  the  latter  two  years  after  the  dis- 
covery : — 


1846. 


1850. 


California,  

United  States,  

Mexico,  

New  Grenada,  

Peru,  

Bolivia  

Chili,  

Brazil,  

Total  of  North  and  South  America,. 

Bussia,  

Norway,  

North  Germany,  

Saxony  

Austria,  

Piedmont  

Spain,  

United  Kingdom,  

Africa,  

Borneo,  

Ava,  ,  

Malacca,  

Sumatra,  

Annam  or  Tonquin,  

Various  countries,  

Total  of  Europe,  Africa,  and  Asia, . 
Total  of  North  and  South  America,. 

Total,  


237.336 
249,753 
252,407 
96,241 
60.337 
145,585 
259,871 


1,301,560 


3,414,427 

357 

282,750 
17,841 
2,498 

203,900 
305,900 
100,000 
72,210 
63,719 
30,585 
50,975 


4,545,192 
1,301,500 


5,840,752 


1,804 
3,457,020 
42,929 
1,000,583 
460,191 
297,029 
2,003 


239,230 
3,706,773 
295,336 
1,096,824 
520,548 
442,614 
261,874 


12,000,000 
115,430 
382,901 
252,407 
96,241 
60,357 
145,585 
289,068 


£ 

62,088 
11,444 
5,383,333 
42,929 
1,000,583 
460,191 
297,029 
2,227 


12,062.088 
126,874 

5,766,234 
295,336 

1,096,824 
520,548 
442,614 
291,295 


5,261,619 


6,563,179 


13,341,989 


7,259,824 


20,601,813 


167,831 
32,346 
138,022 
198,200 
282,654 
7,444 
227,499 
109,989 
1,056 
1,584 
517 
374 
330 
53,460 
33,000 


3,582,258 
32,346 
138,379 
198,200 
565,404 
25,285 
229,997 
109,989 
204,956 
307,484 
100,517 
72,614 
64,049 
84,045 
83,975 


4,175,860 

357 

288,708 
17,841 
2,498 

203,900 
305,850 
100,000 
72,240 
63,719 
30,585 
50,075 


171,817 
35,007 
138,022 
198,200 
286,971 
7,444 
440,210 
160,000 
1,056 
1,584 
517 
374 
330 
53,460 
33,000 


4,347,477 
35,607 
138,379 
198,200 
575,679 
25,285 
442,708 
160,000 
204,956 
307,484 
100,517 
72,614 
64,049 
84,045 
83,975 


1,254,306 
5,261,619 


5,799,498 
6,563,179 


5,312,533 
13,341,989 


1,528,592 
7,259,824 


6,840,975 
20,601,813 


6,515,925 


12,362,677 


18,654,522 


8,788,416 


27,442,788 


The  various  countries  are  exclusive  of  China  and  Japan,  which  produce  large  quantities  of  gold  and  silver,  the  amount  of  which 
is  quite  unknown  to  Europeans. 


It  will  be  seen  from  the  above  table,  that  in  1846  the 
total  value  of  the  gold  is  estimated  at  five  million,  eight 
hundred  and  forty-six  thousand,  seven  hundred  and 
fifty-two  pounds  sterling ;  in  1850,  it  rises  to  eighteen 
million,  six  hundred  and  fifty-four  thousand,  five  hun- 
dred and  twenty-two  pounds  sterling.  Mr.  Birkmyke, 
however,  estimates  the  produce  of  California  alone  in 
the  last-mentioned  year  at  twelve  million  pounds  ster- 


ling—a figure  so  high  that,  notwithstanding  the  im- 
portance attached  by  Macculloch  to  his  calculations, 
it  seems  to  have  far  exceeded  the  truth.  This  may 
be  inferred  from  the  following  table,  extracted  from 
the  Economist  newspaper,  which  has  the  credit  of  de- 
riving its  statistical  information  from  the  highest  official 


TOTAL  VALUE  OP  GOLD  EXTORTED  FROM  AUSTRALIA  AND  CALIFORNIA  IN  EACH  TEAR  FROM  1848  TO  185G  INCLUSIVE. 


Year. 

1848 
1849 
1850 
1851 
1852 
1853 
1854 
1855 
1856 

Total, 


New  South  Wale*.  Victoria.  California. 
         £11,700 

        1,600,000 

        5,000,000 

.     £468,336    £438,777    8,250,300 

.    3.600,175    6,135,728    11,700,000 

.    1,781,171    8,664,529    12,500,000 

773,209    8,255,550    14,100,000 

209,250    11,303,980    13,400,000 

97,456    12,643,024    14,000,000 


Total. 

  £11,700 

  1,600,000 

  5,000,000 

  9,157,413 

  21,435,903 

  22,945,700 

  23,128,759 

  24,913,230 

  26,740,480 

£0,929,597   £47,441,588   £80,502,000   £134,933,185 
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To  bring  down  the  accounts  to  the  latest  date,  the 
following  table  of  imports,  also  resting  on  high  autho- 
rity, may  be  added : — ■ 

IMPORTS  OF  GOLD  AND  SILVER  INTO  GREAT  BRITAIN  FOR  THE 
FIRST  SIX  MONTHS  OF  THE  YEAR  1857  WERE — 

From 

Africa,  gold  £52,000 

Uuited  States,  including  principal  imports  from 

California,   3,252,000 

Australia   5,833,000 

Brazils,   6,000 

Mexico,  West  Indies,  Peru,  and  a  portion  from  Cali- 
fornia,  gold  and  silver  3,415,000 

Mediterranean,   543,000 

Russia,   119,000 


£13,220,000 


It  will  bo  observed,  however,  that  these  figures  in- 
clude both  silver  and  gold,  and  indicate  merely  the 
amount  of  the  precious  metals  imported  into  this  coun- 
try. But  when  it  is  considered  that  nearly  the  whole 
of  the  Australian  produce  is  in  gold,  and  that  it  is 
almost  exclusively  exported  to  Great  Britain,  the 
amount  above  stated  as  having  been  imported  from 
that  part  of  the  world  during  the  first  six  months  of 
the  present  year,  seems  to  indicate  a  falling-off  as  com- 
pared with  the  amount  exported  in  1856.  This  decline 
has  been  acknowledged  by  Australian  journalists,  but 
is  attributed  to  temporary  causes — the  employment  of 
larger  numbers  of  the  mining  population  than  at  any 
former  period  in  deep  sinking  and  in  quartz  mining, 
their  consequent  withdrawal  from  the  immediate  pro- 
duction of  gold,  and  the  protracted  dryness  of  the  sea- 
son. The  same  writers  affirm,  that  when  the  labor  of 
the  deep  sinkers  has  been  consummated,  and  the  hoards 
of  the  shallow  sinkers  have  passed  through  the  process 
of  washing,  the  average  of  the  returns  of  the  current 
year  will  be  brought  up  to  that  of  last.  The  steadiness 
with  which  the  quartz  reefs  are  being  opened  up  at  a 
heavy  cost  of  labor  and  of  money,  and  the  large  sums 
expended  in  machinery  for  the  extraction  of  the  metal, 
are  deemed  sure  indications  of  the  faith  entertained  by 
practical  men  in  the  hidden  riches  of  the  Australian 
gold  mines. 

On  the  whole,  the  present  annual  supply  of  gold  may 
be  roughly  estimated  as  follows : — 

Asiatic  Russia,  £4,000,000 


Rest  of  Asia- 
Europe,  .  

Africa,  

North  and  South  America 

California,  

Australia,  


exclusive  of  Japan  and  China,. 


-exclusive  of  California, 


500,000 
300,000 
200,000 
1,500,000 
14,000,000 
13,000,000 

Total  £33,500,000 

The  annual  consumption  of  gold  and  silver  in  the 
arts,  and-as  coin  or  currency,  is  estimated  by  Maccul- 
loch  as  follows : —  , 

Wear  and  tear  and  loss  of  coin,   £5,700,000 

Increase  of  currency,   11,400,000 

Used  in  the  arts,   11,200,000 


Total,  £28,300,000 

In  connection  with  the  subject  of  coinage,  it  may  not 
be  out  of  place  to  append  the  following  tables,  which 
would  be  obviously  divested  of  much  of  their  interest 
by  giving  the  gold  coinage  alone  : — 


I.   AMOUNT  OF  GOLD,  SILVER,  AND 
AT  THE  ROYAL  MINT,  LONDON, 


COFr-ER  MONIES  COINED 
FROM  1840  TO  185B. 


Years. 
1840 
1841 
1842 
1843 
1844 
1845 
1846 
1847 
1848 
1849 
1850 
1851 
1852 
1853 
1854 
1855 
1856 


Gold. 

Nil 
£378,472 
5,977,051 
6,G07,84i) 
3,563,949 
4,244,608 
4,334,911 
5,158,440 
2,451,999 
2,177,955 
1,491,836 
4,400,411 
8,742,270 
11,952,391 
4,152,183 
9,008,663 
6,002,114 


Silver. 
£216,414 

.  96,175 

.  192,852 

.  276,606 

.  626,670 

.  647,658 

.  559,548 

.  125,730 

.  35,442 

.  119,592 

.  129,096 

.  87,868 

.  189,596 

.  701,544 

.  140,480 

.  195,510 

.  462,528 


Copper. 

£3,136  . 

.    8,848  . 

.    1,764  . 

.  10,080  . 

.    7,246  . 

,    6,944  . 

.    6,496  . 

.    8,960  . 

.    2,688  . 

.    1,792  . 

448  . 

.    3,584  . 

.    4,312  . 

.  10,190  . 

.  61,538  . 

.  41,091  . 

.  11,418  . 


Total. 

£219,550 
483,495 
6,171,067 
6,894,535 
4,197,865 
4,899,210 
4,900,955 
5,293,130 
2,490,129 
2,299,339 
1,621,380 
4,491,863 
8,936,178 
12,664,125 
4,354,201 
9,245,264 
6,476,061 


II.  COINAGE  OF  FRANCE  IN  EACH  YEAR  FROM  1846  TO  1856 
INCLUSIVE,  CONVERTED  INTO  BRITISH  MONEY  AT  THE  RATE 
OF  TWENTY-FIVE  FRANCS  TO  THE  POUND  STERLING. 


Years. 

1846 
1847 
1848 
1849 
1850 
1851 


Gold. 


Silver.  Total. 

£88,000   £1,332,000   £1,420,000 

300,000    2,760,000    3,060,000 

1,600,000    4,040,000    5,640,000 

1,080,000    7,360,000    8,440,000 

4,600,000    3,120,000    7,720,000 

9,600,000    2,360,000    11,960,000 

1852    1,040,000    2,840,000    3,880,000 

1853              13,200,000    800,000    14,000,000 

1854              20,480,000    80,000    2,056,000 

1855               16,417,928    862,800    17,280,728 

1856              20,334,076    2,168,888    22,502,964 

III.  ACCOUNT  SHOWING  THE  AMOUNT  OF  COINAGE  IN  THE 
UNITED  STATES  IN  1855,  CONVERTED  INTO  BK1T1SII 
MONEY  AT  THE  RATE  OF  FOUR  SHILLINGS  AND  THREE- 
PENCE TO  THE  DOLLAR. 

Mints.  Gold.  Silver. 

Philadelphia,  £2,251,321   £301,574 

New  Orleans,   95,731    407,575 

San  Francisco,   3,739,639    34,228 

Dahlonega,   24,815   — 

Charlotte,   46,311    — 


Total,  £6,157,817   £743,377 

IV.  BULLION  EXPORTED  FROM  ENGLAND  AND  THE  MEDITER- 
RANEAN PORTS  TO  THE  EAST — 1852  TO  1856. 
Yearn  Gold.  Silver.  Total. 

1852    £761,318   £2,494,137   £3,255,455 

1853    986,574    5,695,602    6,682,176 

1854    1,222,755    4,583,017    5,805,772 

1855    1,191,511    7,934,129    9,125,640 

1856    478,788    14,108,901    14,587,689 


Total,....  £4,640,946   £34,815,786   £39,456,732 

Annexed  are  some  of  the  rates  of  value  of  a  pound 
troy  of  gold  at  different  periods : — 

VALUE  OF  THE  TROY  POUND  OF  GOLD. 
Years. 

1344   £15   0  0 

1345    13   3  4 

1347    14   0  0 

1412    16  13  4 

1464    20  16  8 

1526    27   0  0 

1549    34   0  0 

1605    40  10  0 

1626    44  10  0 

1718    46  14  6 

1817    46  14  6 

which  is  the  price  at  which  fine  gold  still  continues, 
or  three  pounds  seventeen  shillings  and  tenpenee  half- 
penny per  ounce. 

Mr.  Hunt  states,  that  for  the  uses  of  the  arts  not  less 


310 


GUMS  Gum-Arabic. 


than  one  thousand  ounces  of  fine  gold  are  used  in  Bir- 
mingham alone  every  week,  and  that  in  the  United 
Kingdom  the  weekly  consumption  of  leaf-gold  is  as 
follows  :— 

Ounces  weekly. 


London,   400 

Edinburgh,   35 

Birmingham,   70 

Manchester,   40 

Dublin,   12 

Liverpool,   15 

Leeds,   '  6 

Glasgow,   6 

Total,   584 


Of  this  amount,  he  states,  on  the  authority  of  an 
eminent  gold-refiner,  that  not  one-tenth  part  can  be 
recovered ;  and  he  adds,  that  for  gilding  metals  by  the 
electrotype,  and  the  water  or  wash-gilding  processes, 
not  less  than  ten  thousand  ounces  of  gold  are  required 
annually.  One  establishment  in  the  Potteries  employs 
three  thousand  five  hundred  pounds'  worth  of  gold  per 
annum,  and  nearly  two  thousand  pounds'  worth  is  used 
by  another.  The  consumption  of  gold  in  the  Stafford- 
shire Potteries  for  gilding  porcelain  and  making  crim- 
son and  rose  color,  varies  from  seven  thousand  to  ten 
thousand  ounces  per  annum. 

The  Editor  has  to  express  his  obligations  to  Mr. 
George  Blair  of  Glasgow  for  his  valuable  aid  during 
the  compilation  of  this  article. 

GUMS.  —  Gommes,  French  ;  Pflanzenschleimen, 
Gurnmi,  German ;  Gummi,  Latin. — Under  the  term 
gum,  says  Brande,  are  included  several  modifications 
of  a  distinct  proximate  principle  of  vegetals,  which 
are  of  extremely  common  and  almost  universal  occur- 
rence. To  some  of  these,  the  term  mucilage  is  occa- 
sionally applied. 

They  are  characterised  by  forming  a  viscid,  mucila- 
ginous, or  adhesive  solution  with  water,  and  by  insolu- 
bility in  alcohol,  so  that  the  addition  of  the  latter  to  a 
moderately  strong  aqueous  solution  of  gum  occasions 
the  separation  of  a  white  precipitate  or  magma.  Another 
characteristic  of  gum  is  its  convertibility  into  mucic  or 
saclactic  acid  by  the  action  of  nitric  acid. — Brande. 

Gum  is  found  upon  the  bark  of  certain  trees  as  an 
exudation,  which  gradually  concretes  in  transparent  or 
translucent  amorphous  drops.  It  may  also  be  detected, 
in  greater  or  less  quantity,  in  the  juices  of  most  plants 
and  fruits. 

The  several  species  of  gums  are  distinguished  by 
their  behavior  with  water.  Some  dissolve  in  that 
liquid,  and  form  mucilages,  as  gum-arabic ;  while  others 
soften  and  intumesce,  as  tragacanth.  But  there  is  also 
an  intermediate  kind,  represented  by  cherry-tree  gum, 
which  is  only  partially  dissolved  in  water.  These  dif- 
ferent classifications  of  gums  have  been  denominated 
arabin,  tragacanthin,  and  cerasin — from  the  Latin 
cerasus,  a  cherry-tree. 

GUM-ARABIC — Gomme  Arahique,  French ;  Ara- 
biscliegummi,  German ;  Gummi  Acacia,  Latin — is  the 
produce  of  the  Acacia  Vera  Arabica,  and  other  varie- 
ties. Many  have  supposed  the  shittah  tree,  mentioned 
in  many  parts  of  the  Old  Testament,  especially  in  con- 
nection with  the  building  of  the  tabernacle,  to  have 
been  an  acacia;  some  have  regarded  it  as  the  A.  Vera, 


while  others  have  thought  it  to  have  been  the  A- 
Horrida. 

Dr.  Adam  Clarke,  in  his  comment  on  Exodus, 
xxv.  5,  says : — The  Acacia  Nilotica,  or  A.  Arabica,  is 
known  to  have  been  plentiful  in  Egypt,  and  it  abounds 
in  Arabia  Deserta,  the  very  place  in  which  Moses  was 
when  he  built  the  tabernacle  ;  and  hence  it  is  reason- 
able to  suppose  that  he  built  it  of  that  wood,  which  was 
every  way  proper  for  his  purpose,  being  solid,  light, 
and  very  beautiful. 

Hippocrates  mentions  Egyptian  acacia,  and  the 
white  acacia,  by  which,  it  is  supposed,  he  meant  the 
acacia  vera.  Dierbach,  however,  thinks  that  the 
Acacia  Senegal  is  referred  to,  from  the  fact  that  the 
wood,  bark,  and  flowers  of  the  latter  are  white.  Gum 
is  also  named  by  Hippocrates  as  being  employed  in 
medicine. 

Production. — The  gum  of  the  acacia  trees  flows, 
in  the  liquid  state,  from  the  trunk  and  branches, 
and  hardens  by  exposure  to  the  air.  It  usually  exudes 
spontaneously,  but,  in  some  instances,  the  discharge  is 
facilitated  by  incisions.  In  Barbary,  the  largest  quan- 
tity of  gum  is  procured  during  the  hot  and  parching 
months  of  July  and  August.  The  more  sickly  the  tree 
appears,  the  more  gum  it  yields ;  and  the  hotter  the 
weather,  the  more  prolific  is  it.  A  wet  winter  and  a 
cool  or  mild  summer  are  unfavorable  to  the  produc- 
tion of  gum.  In  Senegal  the  gum  begins  to  flow  when 
the  tree  first  opens  its  flowers,  and  it  continues  during 
the  rainy  season  till  the  month  of  December,  when  it 
is  collected  for  the  first  time.  Another  gathering  of 
the  gum  is  made  in  the  month  of  March  from  incisions 
in  the  bark,  which  the  extreme  dryness  of  the  atmos- 
phere at  that  time  is  said  to  render  necessary. — Pereira. 

Description. — Gum-arabic  occurs  in  globular 
pieces  or  tears,  which  are  colorless  or  light  yellow, 
more  or  less  transparent,  inodorous,  and  somewhat 
brittle.  The  following  description  of  the  most  im- 
portant varieties  of  aeacia  gum,  is  extracted  from 
Pereira's  Materia  Medica: — 

Turkey  or  Arabic  Gum  is  imported  from  Leghorn, 
Malta,  Trieste,  Gibraltar,  Smyrna,  Alexandria,  Con- 
stantinople, et  cetera,  and  is  the  produce  of  the  Acacia 
Vera,  and  probably  of  other  species,  especially  A.  Ara- 
bica. It  occurs  in  rounded  tears,  or  amorphous  or 
angular  fragments,  varying  from  the  size  of  a  pea 
to  that  of  a  walnut,  or  even  still  larger ;  some  of  the 
pieces  being  transparent,  others  more  or  less  opaque, 
from  innumerable  cracks  extending  through  them. 
It  has  a  glassy  lustre,  is  white,  yellow,  or  sherry 
colored,  and  has  no  odor,  or,  if  any,  an  acid  one.  Its 
specific  gravity  varies  from  1*316  to  1'482.  It  is  en- 
tirely soluble  in  water,  the  solution  having  the  property 
of  reddening  litmus,  and  being  feebly  opalescent.  The 
latter  characteristic  is  said  by  Guerin  to  be  owing  to 
the  presence  of  a  small  quantity  of  insoluble  nitroge- 
nous matter. 

Barbary  or  Morocco  Gum  is  imported  from  Moga- 
dore  and  Mazagan.  It  is  probably  the  produce  of 
Acacia  Gummifera.  Dr.  Pereira  had  two  varieties  of 
Barbary  gum  ;  one  in  roundish  or  irregular  tears,  mixed 
with  many  impurities,  i  nperfectly  transparent,  and  of 
a  dull  yellowish  color,  with  a  faint  tint  of  green.  It 
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was  not  wholly  soluble  in  water.  The  other  kind, 
called  Mogadore  gum,  is  in  small,  irregular,  broken, 
mostly  yellow  pieces,  which  resemble  fragments  of 
Turkey  gum. 

Gum-senegal  is  imported  from  St.  Louis,  St.  Mary's, 
the  river  Gambia,  Senegal,  and  Bathurst,  and  is  pro- 
bably obtained  from  several  species  of  acacia ;  but 
especially  A.  Senegal,  A.  Vera,  A.  Serjal,  and  A.  Adan- 
sonii,  are  said  to  produce  it  in  part.  It  occurs  in  larger 
tears  than  those  of  Turkey  or  Arabic  gum,  and  large 
air  cavities  are  frequently  found  in  their  centres  on 
breaking  them.  Whitish  pieces  are  occasionally  met 
with,  but  for  the  most  part  they  are  yellow,  reddish- 
yellow,  or  brownish-red.  More  difficulty  is  experienced 
in  breaking  or  pulverizing  this  gum  than  gum-arabic, 
and  its  fracture  is  more  conchoidal.  GuiBOURT  distin- 
guishes two  varieties  of  this  gum :  the  first,  gum-sene- 
gal, properly  so  called,  probably  the  produce  of  Acacia 
Senegal ;  while  the  second,  gum-galam,  is  yielded  by 
A.  Vera.  There  is  but  little  difference  between  them, 
yet  the  latter  has  a  greater  resemblance  to  Turkey  gum 
than  the  former.  The  pieces  of  gum-galam  are  more 
broken,  and  therefore  more  brilliant  than  those  of  gum- 
senegal.  Those  tears  or  fragments  which  have  on 
some  part  of  them  a  yellowish  opaque  skin  or  pellicle, 
constitute  the  Gomme  pellicuUe  of  GuiBOURT.  The 
Marrons  de  Gomme,  or  Gomme  lignirode  of  the  same 
pharmacologist,  is  also  found  in  the  Senegal  gum  of 
commerce ;  it  consists  of  yellowish  or  dark-brownish 
pieces,  which  are  difficult  to  break,  opaque,  and  rough. 
Treated  with  water,  it  is  only  partially  dissolved. 
GuiBOURT  states,  that  in  most  of  the  marrons  he  found 
a  large  ovoid  cell,  which  had  evidently  been  the  habi- 
tation of  some  larva;,  whence  he  concludes  that  this 
substance  is  the  work  of  an  insect. 

East  India  Gum  is  imported  principally  from  Bom- 
bay, and  is  most  likely  the  produce  of  various  species. 
Many  pieces — yellow  East  India  gum — agree  in  their 
physical  and  chemical  characters  with  Turkey  gum, 
and  are  probably  the  produce  of  Acacia  Arabica,  or 
some  allied  species.  Others,  however,  are  larger,  red, 
or  brown — brown  East  India  gum — and  more  difficult 
to  pulverize  than  Turkey  or  Arabic  gum. 

Cape  Gum  is  imported  from  the  Cape  of  Good  Hope ; 
Burchell  states  that  it  is  obtained  from  a  species  of 
acacia,  closely  resembling  A.  Vera,  and  which  he  de- 
nominates A.  capensis.  Notwithstanding  that  the  last- 
named  authority  asserts,  that  the  Cape  gum  is  in  no 
way  inferior  to  that  from  A.  Vera,  it  is  considered  by 
English  dealers  as  a  very  inferior  kind.  It  is  pale  yel- 
low, and  apparently  resembles  Mogadore  gum  mentioned 
previously,  or  small  fragments  of  Turkey  gum.  It  is 
collected  by  the  Caffres. 

Properties  and  Composition. — Gum-arabic  dis- 
solves both  in  cold  and  hot  water.  If  this  solution 
be  allowed  to  evaporate  spontaneously,  the  gum  is  left 
apparently  dry,  but,  in  reality,  in  a  hydrated  state,  re- 
taining about  seventeen  per  cent,  of  moisture.  If 
heated  slightly  above  212°,  the  color  of  the  gum  be- 
comes yellow,  and  it  has  an  acid  taste.  When  distilled 
destructively,  the  products  are  empyreumatic  oil,  acid 
water,  carbide  of  hydrogen,  carbonic  acid,  and  a  charred 
mass ;  the  latter  leaving,  upon  ignition,  about  three  per 


cent,  of  inorganic  matter,  composed  of  carbonates  of 
potassa  and  lime,  with  minute  portions  of  chloride  of 
potassium,  oxide  of  iron,  aluminum,  magnesia,  and 
silicic  acid. 

Gum  is  thrown  down  from  its  aqueous  solution  by 
alcohol  as  a  white  magma.  Tribasic  acetate  of  lead — 
but  not  the  neutral  acetate — occasions  a  white  preci- 
pitate, which  Berzelius  denominated  gummide  of  lead. 
A  concentrated  solution  of  sesquichloride  of  iron  causes, 
when  dropped  into  a  gummy  menstruum,  a  brownish 
translucent  gelatinization.  Silicate  of  potassa  and  oxa- 
late of  ammonia  produce  white  deposits,  the  reaction 
with  the  latter  being  caused  by  the  lime  present.  Caustic 
potassa,  according  to  Berzelius,  first  causes  in  strong 
solutions  of  gum  a  coagulum,  which  gradually  liquefies. 
A  solution  of  borax  occasions  in  that  of  gum-arabic,  a 
coagulation  which  dissolves  in  free  acid.  Gum,  in  this 
instance,  gives  a  reaction  similar  to  that  afforded  by 
starch. 

On  the  trituration  of  powdered  acacia  gum  with  a 
sufficient  quantity  of  sulphuric  acid  to  form  a  pasty 
mass,  the  mixture  soon  acquires  a  brown  color ;  and  if 
it  is  allowed  to  stand  for  about  twenty-four  hours,  then 
liquefied  with  water,  and  carbonate  of  lime  added  to 
unite  with  the  acid,  the  gum  which  remains  dissolved 
is  considerably  changed  in  character  and  properties. 
If,  on  the  contrary,  sulphuric  acid  and  gum  be  mixed, 
the  latter  is  decomposed  with  evolution  of  sulphurous 
acid,  and  the  production  of  artificial  tannin  and  a 
scarcely  appreciable  amount  of  acetic  acid.  Upon 
adding  water  after  this  reaction,  about  thirty  per  cent, 
of  carbon  is  deposited.  The  ebullition  of  gum  with 
very  attenuated  sulphuric  acid,  gives  rise  to  the  forma- 
tion of  glucose  or  grape  sugar. 

Gum  is  decomposed  by  nitric  acid,  and,  on  the  ap- 
plication of  heat,  nitric  oxide  is  set  free,  and  mucic  acid 
deposits  as  the  temperature  of  the  mass  becomes  re- 
duced. On  carrying  the  decomposition  further,  malic 
and  oxalic  acids  may  be  detected. 

According  to  Vauquelin,  when  a  solution  of  gum 
is  subjected  to  the  action  of  a  stream  of  chlorine  gas, 
citric  aeid  is  formed ;  but  this  statement  is  very  ques- 
tionable. Chlorine  is  absorbed  by  powdered  gum,  caus- 
ing the  latter  to  soften  and  become  brown.  Hydro- 
chloric acid  is  also  absorbed  by  gum  ;  the  latter  becomes 
brown  and  glutinous ;  and,  on  the  addition  of  sulphuric 
acid  to  the  magma,  hydrochloric  acid  gas  is  evolved. 

Gum  has  been  analysed  by  Berzelius,  Prout, 
Guerin,  Mulder,  and  many  others.  The  following 
are  some  of  the  results  of  the  examination  of  gum- 
arabic  : — 

Centesimally  represented. 

,  1  , 

Berzelius.  Prout.  MuluVr- 

Carbon,   41-906    ..    41-4    ..  45-10 

Hydrogen,   6-788    . .     6-5    . .  6-10 

Oxygen,   51-306    ..    52-1    ..  48-80 

100-000        100-0  100-00 

The  analyses  of  Berzelius  and  Prout  give  rise  to 
the  formula,  C13  H13  012.  That  deduced  from  the  re- 
sults of  Mulder  is  C12  H10  010.  But  Liebig  adopts 
the  formula,  C12  Hu  Ou,  and  represents  it  as  a  hydrate 
of  carbon,  C12,  11  HO,  and  these  views  are  supported 
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by  the  composition  of  the  compound  of  gum  with  oxide 
of  lead,  as  ascertained  by  Berzelius  : — 

At.  weight.  Theory.  Centeaimally. 

lEq.Oxidef  lEq.  Lead,....  1041  ,q.,R  _„.„, 

of  lead,,.  1  lEq.  Oxygen,..     8  J  112  3J  58     d8  25 
( 12  Eqs.  Carbon, . .    72  ) 

1  Eq.Gum,-^  11  Eqs.  Hydrogen,  11  I  171  60-42  61-75 
(ll  Eqs.  Oxygen,..   88  J 

1  Eq.  Gummide  of  lead,   283    100-00  100-00 

Fine  gum-arabic  consists  almost  entirely  of  arabin, 
the  other  constituents  being  the  inorganic  matter  and 
moisture. 

Pure  arabin  may  be  obtained  by  making  a  clear 
aqueous  solution  of  gum,  and  adding  alcohol,  when  the 
arabin  is  thrown  down.  It  is  an  uncrystallizable  amor- 
phous solid,  devoid  of  color,  taste,  or  smell ;  soluble  in 
water,  whether  cold  or  hot,  but  not  taken  up  by  ether 
or  oils.  It  unites  with  alkalies.  According  to  Gderin, 
arabin  consists  of— 

Centeaimally. 

Carbon  -43-81 

Hydrogen,   6-20 

Oxygen,   49-85 

Nitrogen,   0-14 

100-00 

But  it  is  clear  that  this  analysis  must  be  wrong,  since 
gum  itself  contains  no  nitrogen,  and  no  substances  con- 
taining this  element  are  required  in  the  preparation  of 
arabin.  According  to  the  same  authority,  gum-arabic 
contains  79  "4  per  cent,  of  arabin. 

Uses. — Gum-arabic  is  employed  in  medicine  as  an 
emollient  and  demulcent,  but  more  frequently  as  a 
vehicle  for  the  exhibition  of  other  medicines.  It  is 
sometimes  slowly  dissolved  in  the  mouth  to  allay 
troublesome  cough,  and  to  diminish  irritation  of  the 
fauces,  by  diluting  the  acid  secretions,  and  sheathing 
the  part  from  the  action  of  the  atmosphere.  In  inflam- 
matory affections  of  the  intestinal  tube,  as  well  as  of 
the  respiratory  and  urinary  organs,  gum  is  employed  as 
a  demulcent  and  emollient.  A  solution  of  gum  may  be 
used  as  a  sheathing  substance  in  cases  of  acrid  poison- 
ing ;  but  its  efficacy  is  believed  to  be  owing  to  me- 
chanical properties  merely.  In  the  state  of  powder, 
gum  is  occasionally  employed  to  check  hemorrhage 
from  leech  bites.  As  a  vehicle  for  the  administration 
of  other  medicines,  it  is  used  either  in  powder  or  muci- 
lage— in  the  former  condition  to  give  bulk  to  active 
and  heavy  powders,  as  subchloride  of  mercury,  tartrate 
of  antimony  and  potassa,  et  cetera,  and  in  the  prepara- 
tion of  lozenges ;  in  solution,  to  suspend  insoluble 
powders — as  oxide  of  zinc  or  musk — in  water ;  or  to 
diffuse  oily  and  resinous  substances  through  aqueous 
fluids,  and  to  give  form  and  tenacity  to  pills.  Further- 
more, adds  Pereira,  it  is  exceedingly  useful  for  various 
other  pharmaceutical  purposes,  although  it  is  now  gene- 
rally superseded  by  dextrin. 

Its  property  of  suspending  fine  powders  or  precipi- 
tates in  solution,  has  caused  its  use  in  the  manufacture 
of  inks ;  and  its  clamminess  when  moist,  and  firmness 
when  dry,  have  given  rise  to  its  application  for  cement- 
ing or  pasting  paper  or  other  light  articles  which  are 
not  to  be  exposed  to  moisture. 

Adulteration. — Gum-arabic,  says  Normandy,  is 


often  adulterated  with  gum-senegal,  which  has  almost 
the  same  appearance,  and  altogether  the  same  qualities 
as  the  former ;  the  latter  being  considerably  cheaper, 
those  pieces  which  are  small,  light-colored,  dry,  easily 
broken,  and  which,  in  fact,  most  resemble  gum-arabic, 
are  mixed  with  it,  and  sold  as  such. 

It  is  sometimes  also  mixed  with  common  cherry-tree 
gum ;  but  this  is  generally  in  dark-brown  irregular 
masses,  difficult  to  break,  and  when  thrown  into  water 
they  swell  and  separate  from  the  homogeneous  muci- 
lage afforded  by  the  genuine  gum  in  gelatinous  clots. 
This  is  equally  effective  as  a  test,  whether  the  gum  is 
or  is  not  pulverized. 

Gum-arabic  when  ground  is  in  the  state  of  a  white 
powder,  and  is  consequently  sophisticated  with  starch 
and  flour,  and  the  gum  generally  is  altogether  replaced 
by  gum-senegal,  or  partly  by  cheny-tree  gum. 

Gum-senegal  itself  is  often  mixed,  both  when  in  tears 
and  when  ground,  with  cherry-tree  gum. 

The  presence  of  starch  and  flour  may  be  readily  de- 
tected by  boiling  a  small  quantity  of  the  suspected  gum 
in  water,  and  testing  the  mucilage,  when  it  has  become 
cold,  with  iodine,  which  imparts  to  starch  an  intense 
blue  or  violet  hue. 

Purification. — A  patent  was  granted,  in  the  year 
1848,  to  M.  H.  Picciotto,  for  two  several  methods  of 
purifying  and  decoloring  all  varieties  of  gum-arabic. 
The  first  of  these  is  as  follows  : — 

A  rather  strong  solution  of  pure  sulphurous  acid  gas 
is  prepared  by  one  of  the  ordinary  methods,  and  pro- 
tected as  much  as  possible  from  the  contact  of  atmo- 
spheric air.  In  each  six  to  twelve  parts  of  this  solution, 
one  part  by  weight  of  gum,  either  in  its  natural  state 
or  in  powder,  is  introduced.  When  it  has  dissolved,  it 
will  be  found  that  the  greater  portion  of  its  coloring 
matter  will  have  been  destroyed,  or  has  chemically 
combined  with  the  sulphurous  acid,  forming  a  colorless 
compound. 

The  sulphurous  acid  may  be  brought  into  coutact 
with  the  gum  by  other  methods  than  the  one  just  de- 
scribed, as  by  passing  a  current  of  the  gas  into  a  con- 
centrated solution  of  gum,  or  by  introducing  the  gas 
into  a  close  receiver,  surrounded  with  a  refrigerating 
substance  or  mixture  ;  in  which  case,  by  the  action  of 
the  cold  and  the  pressure  of  the  gas  itself,  it  will  be 
condensed  into  a  fluid,  and  in  this  state  may  be  com- 
mingled with  a  solution  of  gum. 

Various  processes  may  be  resorted  to  for  the  re- 
moval from  the  solution  of  gum,  of  the  free  acid,  or 
the  acid  combined  with  the  coloring  matter ;  but  the 
patentee  prefers  the  following  : — 

Heat  is  applied  to  the  close  vessel  containing  the 
menstruum,  during  which  time  the  portion  of  gas 
evolved  may  pass  through  a  tube  into  another  receiver 
containing  wafer,  and  thus  be  recovered  for  another 
operation.  The  hot  mixture  is  then  run  off  in  small 
portions  into  a  larger  and  open  vessel,  containing 
a  slight  excess  of  some  salifiable  base,  which,  in  its 
combination  with  sulphurous  acid,  will  form  an  in- 
soluble salt.  For  this  purpose,  carbonate  of  baryta  is 
to  be  preferred,  as  both  the  sulphite  and  sulphate  of 
baryta  are  insoluble.  The  combination  is  aided  by 
agitation,  and  when  the  whole  of  the  disengaged  car- 
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borne  acid  gas  has  been  driven  off,  and  the  solution 
has  become  neutral,  it  is  allowed  to  rest  for  some  hours 
— the  vessel  being  covered — so  that  the  coarser  parts 
of  the  solid  matter  may  be  deposited.  The  neutraliza- 
tion of  the  acid  may  also  be  effected  without  previously 
heating  the  liquid  ;  but  then  the  patentee  recommends 
that  it  should  be  heated  after  the  combination  has 
taken  place,  so  that  the  whole  of  the  carbonic  acid, 
which  might  retain  in  solution  a  small  portion  of  un- 
decomposed  carbonate  of  baryta,  may  be  evolved. 

The  menstruum  is  now  to  be  filtered,  in  order  to 
remove  the  sulphite  of  baryta  and  other  insoluble  im- 
purities. The  filter  employed  by  the  patentee  is  a 
thin  layer  of  pure  gelatinous  hydrate  of  alumina  laid 
on  cloth ;  but  the  liquid  may  also  be  forced  through 
unglazed  earthen  or  stone  ware.  After  the  solution 
has  percolated  either  of  these  media,  it  will  be  found 
that  all  ligneous  fibre,  silicious  and  earthy  matters, 
and  all  particles  of  insoluble  gum  have  been  separated 
and  deposited  on  the  vessels  and  filter  employed, 
and  very  little  color  will  remain  in  the  depurated 
solution ;  but  when  a  very  white  gum  is  required, 
the  process  of  acidulation  must  be  repeated.  By 
evaporating  the  filtered  menstruum,  a  colorless,  taste- 
less, and  pure  gum  is  obtained,  the  natural  properties 
of  which  have  not  been  in  the  least  degree  altered. 

The  sulphurous  acid  gas  may  be  separated  from  the 
solution  of  gum,  without  neutralizing  it  by  means  of  a 
base,  by  boiling  the  mixture  in  a  close  air-tight  vessel, 
and  conducting  the  evolved  gas  into  a  receiver  con- 
taining water.  If  required,  the  bleaching  process  may 
bo  repeated,  by  introducing  a  current  of  pure  sulphurous 
acid  gas  into  the  vessel  containing  the  solution,  and 
then  removing  it  by  ebullition.  When  the  menstruum 
has  become  cool,  it  will  be  found  that  all  the  impurities 
originally  united  with  the  gum  are  deposited  at  the 
bottom  of  the  vessel,  and  the  pure  solution  may  be 
drawn  off ;  or  the  whole  contents  of  the  vessel  may  be 
emptied  into  cloth  bags,  when  the  fluid  portion  will 
percolate. 

The  second  process  is  given  underneath  : — 
The  gum  is  dissolved  in  from  six  to  fifteen  parts  of  hot 
or  cold  water,  and  the  solution  filtered  through  cloth. 
A  quantity  of  pure  gelatinous  hydrate  of  alumina  is 
then  thoroughly  incorporated  with  the  menstruum  so 
as  to  form  a  thin  homogeneous  paste,  and  this  being 
placed  on  cloth,  a  pure  and  greatly  decolored  liquid 
of  gum  will  percolate.  Instead  of  making  the  mixture 
just  described,  the  simple  solution  of  gum  may  be 
passed  through  a  bed  of  alumina  alone,  or  the  latter 
with  other  substances ;  and,  more  time  being  allowed 
for  the  filtration,  the  decoloration  will  be  quite  as  well 
effected.  If  a  perfectly  white  gum  is  required,  it  will 
be  essential  that  the  process  be  again  repeated  ;  but  as 
the  second  and  third  portions  of  alumina,  after  being 
used,  contain  very  little  tinctorial  matter,  they  may 
serve  again  for  the  first  decoloration  of  another  quan- 
tity of  gum.  When  the  hydrate  of  alumina  becomes 
highly  tinged,  it  is  washed  with  hot  water  on  a 
filter,  to  separate  the  gum  from  it ;  after  which  it  is 
edulcorated  with  a  cold  limpid  solution  of  chlorine  or 
chloride  of  calcium,  filtered,  and  then  repeatedly  sub- 
jected to  the  action  of  a  stream  of  hot  water. 
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By  those  means,  not  only  its  original  whiteness  and 
purity,  but  also  its  chemical  affinity  for  tinctorial  matter, 
are  restored. 

Statistics. — Gum-arabic  is  imported  either  direct 
from  Alexandria,  Smyrna,  Tripoli,  Mogadore,  Tangiers, 
et  cetera;  or  second-hand  from  those  places  through 
Gibraltar,  Malta,  and  the  Italian  ports. 

Previously  to  the  year  1842,  the  duty  on  gum-arabic 
from  British  colonies  was  six  shillings  per  hundred- 
weight; from  other  parts  twelve  shillings;  but  the 
duty  was  then  fixed  at  twelve  shillings  per  hundred- 
weight upon  all  gums,  of  whatever  origin,  and  this 
was  subsequently  reduced  to  one  shilling  upon  the 
same  quantity.  Of  twenty-five  thousand,  two  hundred 
and  eighty-nine  hundredweight  imported  in  1839, 
Tripoli,  Barbary,  and  Morocco  furnished  four  thousand 
five  hundred  and  eightj'-seven  ;  Turkey,  four  hundred 
and  thirteen ;  and  the  Cape  of  Good  Hope,  two  thou- 
sand seven  hundred  and  thirteen,  while  fifteen  thou- 
sand four  hundred  and  thirty-one  hundredweight  were 
from  the  East  Indies. 

The  trade  in  gum-senegal  is  principally  in  the  hands 
of  the  French. 

AUSTRALIAN  GUM.— In  1848,  Dr.  Hopfp  re- 
ceived a  gum,  purporting  to  be  from  Australia,  which 
consisted  of  reddish-brown  and  brownish-yellow  pieces, 
mostly  semiglobular,  tear-shaped,  and  moderately  trans- 
parent, to  which  the  bark  was  partly  adhering.  Inter- 
nally this  gum  was  much  cracked.  It  was  not  hygro- 
scopic, was  easily  pulverized,  glittered  like  glass,  and 
furnished  a  slightly  colored  powder.  Its  aqueous 
solution  had  no  peculiar  taste ;  when  diluted  to  such 
an  extent  that  it  could  be  filtered,  it  gave  the  following 
reactions : — 

Basic  acetate  of  lead  caused  a  brownish  turbidity; 
subnitrate  of  mercury  produced  a  greyish  opalescence ; 
nitrate  of  mercury  gave  a  similar,  but  less  decisive  re- 
action ;  chloride  of  mercury  occasioned  no  change ; 
iodine  scarcely  tinged  the  menstruum. — Pharmaceuti- 
cal Journal. 

From  the  above  characteristics  it  will  be  seen,  as  Dr. 
Pereira  has  remarked,  that  the  Australian  gum  bears 
more  resemblance  to  that  of  the  cherry-tree  than  that 
of  the  acacia. 

GUM-BASSORA,  though  described  by  continental 
pharmacologists,  seems  to  be  new,  or  nearly  so,  in 
British  commerce.  According  to  Dr.  Pereira,  it 
occurs  in  variable-sized  pieces,  which  are  whitish  or 
yellowish,  and  opaque.  It  appears  to  belong  to  the 
Bassorine  class,  as  when  put  into  water,  it  swells  up, 
but  dissolves  only  in  part.    Its  origin  is  unknown. 

BRITISH  GUM.  —  Artificial  Gum  —  Torrefied 
Starch — Dextrin. — Under  these  names  a  modification 
of  starch  is  known,  which  is  often  prepared  in  the  fol- 
lowing manner : — 

Well-dried  starch  is  heated  to  300°  in  sheet-iron 
trays,  when  it  intumesces,  giving  off  vapors  and  the 
odor  of  highly-baked  bread,  and  forming  yellowish- 
brown  masses.  This,  when  ground,  is  employed  as  a 
substitute  for  tragacanth,  Senegal,  and  similar  gums,  in 
the  dressing,  stiffening,  glazing,  sizing,  dyeing,  printing 
and  finishing  calicos,  nets,  crapes,  laces,  silks,  papers, 
and  all  goods  of  a  similar  kind. 

2  s 


314 


GUMS  British  Gum. 


Starch,  when  submitted  to  the  above  process,  is  con- 
verted into  a  gummy  substance,  which,  having  lost  all 
gelatinous  properties,  is  soluble  in  either  cold  or  hot 
water ;  and  iodine,  instead  of  causing  a  blue  color,  as 
with  unaltered  starch,  communicates  to  it  a  dingy 
purple  tint. 

It  possesses  the  characteristic  property  of  turning 
the  plane  of  polarization  to  the  right  when  acting  on 
polarized  light,  and  is  consequently  sold  in  Paris  under 
the  name  of  dextrin. 

British  gum  or  dextrin  is  now  met  with  in  commerce 
in  three  distinct  forms ;  namely,  as  a  white,  brilliant, 
and  pearly  powder  ;  as  a  sirupy  solution ;  and  in  the 
form  of  exotic  gum,  in  greater  or  less  perfection,  either 
broken  into  small  fragments,  or  made  into  rolls  of 
various  sizes. 

Formerly,  it  was  only  produced  in  the  first  condition, 
that  of  powder ;  and  if  some  manufacturers  have  at- 
tempted to  impart  to  it  the  appearance  of  the  product 
for  which  it  is  so  much  substituted,  they  may  have 
been  induced  to  do  so  from  the  conviction,  that  the 
only  way  to  supersede  the  old  plan  was  by  humoring 
and  even  deceiving  its  consumers  with  the  outward  ap- 
pearance of  the  old  product. 

It  has  since  been  discovered,  that  many  advantages, 
not  primarily  expected,  are  attendant  on  the  com- 
munication to  dextrin  of  the  form  and  appearance  of 
natural  gum.  It  is  easily  dissolved,  and  makes  a  clear 
solution  ;  in  the  state  of  powder  it  possesses  the  supe- 
riority over  dextrin  of  being  more  readily  packed ;  and 
over  liquid  gum,  the  advantage  of  not  fermenting. 

A  misapprehension  seems  to  have  been  entertained, 
that,  taking  advantage  of  the  resemblance,  the  exotic 
would  be  adulterated  with  the  artificial  product.  For- 
tunately this  is  impracticable,  as  the  smell  and  taste  of 
potato  oil,  which  always  accompany  artificial  gum,  are 
sufficient  to  betray  its  presence ;  and  thus,  if  the  pur- 
chaser suspects  fraud,  the  most  ready  means  for  its 
detection  are  in  his  possession,  and  may  be  at  once 
applied. 

British  gum  may  bo  prepared  by  many  other  pro- 
cesses than  the  one  just  described.  Besides  being  pro- 
cured by  torrefaction,  it  is  also  obtainable,  either  by 
the  use  of  acids,  or  by  means  of  diastase. 

Payen  discovered  a  method  which  furnishes  a 
whiter  and  more  soluble  product  than  can  be  obtained 
by  torrefaction.  It  consists  in  moistening  one  thou- 
sand parts  of  dry  starch — potato-starch  is  generally 
used — with  very  dilute  nitric  acid,  consisting  of  two 
parts  of  the  concentrated  acid  to  three  hundred  of 
water.  The  mass  is  then  divided  into  small  blocks, 
which,  when  exsiccated  in  the  air,  are  rubbed  down, 
and  exposed  in  a  proper  stove  to  a  current  of  air 
heated  to  about  150°  or  1G0°.  The  powder  is  ulti- 
mately well  dried  at  a  temperature  not  exceeding  230°. 
When  well  made,  it  dissolves  in  cold  or  slightly  warmed 
water,  with  the  same  facility  as  gum.  The  modified 
starch  obtained  by  this  mode  has  been  also  called 
leiocom. — Brande. 

A  patent  was  granted  in  May,  1845,  to  J.  F.  Pinel, 
for  improvements  in  the  method  of  treating  farinaceous 
matters  for  the  production  of  British  gum.  The  modus 
operandi  is  as  follows  :— 


Half  a  gallon  of  nitric  and  half  a  pint  of  hydrochloric 
acid  are  mixed  with  one  hundred  gallons  of  spring 
water,  and  as  much  flour  or  fecula  being  then  added 
as  is  sufficient  to  form  a  paste,  the  whole  is  well  worked 
together,  and  left  for  two  hours  to  settle.  After  the 
expiration  of  this  time,  the  paste  is  carefully  removed 
into  buckets  properly  prepared  for  allowing  the  water 
to  drain  off.  When  this  has  been  effected  to  the  re- 
quired extent,  the  mass  is  divided  into  small  lumps, 
which  are  placed  on  shelves  in  a  drying-room,  and 
allowed  to  remain  until  fully  desiccated.  They  are 
then  reduced  to  powder,  and  placed  on  the  shelves  of  a 
stove,  the  temperature  of  which  is  raised,  on  the  first 
day  to  100°;  on  the  second  to  150°;  and  on  the  third 
day  to  1 90°.  After  this  process,  the  powder  is  allowed 
to  cool,  and  is  then  passed  through  a  sieve.  It  is  next 
placed  in  an  oven,  heated  to  from  300°  to  350°,  and 
when  thoroughly  baked  it  is  ready  for  use. 

The  operator  can  ascertain  if  the  process  has  been 
correctly  carried  out,  by  mixing  a  small  quantity  of 
the  powder  with  filtered  water,  in  which  it  should 
readily  dissolve  without  leaving  any  sediment. 

It  will  require  little  discrimination  in  the  reader  to 
see  that  this  process,  though  there  is  some  slight  varia- 
tion in  the  quantity  and  kind  of  acid,  is  yet  essentially 
the  same  process  with  that  of  Payen  given  above. 

If  the  flour  or  fecula  be  grey — that  is,  if  it  has  been 
badly  prepared,  and  adulterated  or  damaged  —  the 
patentee  substitutes  half  a  pint  of  sulphuric  for  the 
hydrochloric  acid,  by  the  agency  of  which,  he  states, 
the  heterogeneous  matters  are  separated  from  the  good 
flour. 

This  patent  also  extends  to  the  production  of  the 
gum  in  lumps,  so  as  to  resemble  natural  gum  both  in 
color  and  transparency ;  and  for  this  purpose  the  pow- 
der is  mixed,  after  it  has  gone  through  the  stove  and 
been  sifted,  with  as  much  water  as  will  bring  it  to  the 
consistence  of  a  paste,  adding  one  part  of  nitric  acid 
to  each  four  hundred  parts  of  water.  When  well  mixed, 
the  paste  is  spread  upon  copper  dishes,  in  layers  three- 
fourths  of  an  inch  deep,  and  subjected,  in  an  oven,  to 
a  heat  of  240°  to  300°.  As  soon  as  it  has  become 
sufficiently  hard,  it  is  removed  from  the  oven  into  the 
open  air,  and  when  cool,  is  ready  for  use. 

Since  the  discovery,  by  Payen  and  Persoz,  of  dias- 
tase— described  at  page  71,  Vol.  I. — another  method 
for  the  fabrication  of  artificial  gum  has  been  devised. 

This  process  seems  to  be  the  most  worthy  of  atten- 
tion, and  by  accepting  the  modifications  of  M.  Emile 
Thomas,  it  will  be  found  to  give  more  perfect  results 
than  any  other.  Thomas'  improvements  with  the 
original  method  of  operation  are  thus  described  in  tho 
Bulletin  de  la  Societe  d 'Encouragement : — 

The  fecula  must  be  rendered  soluble  in  vats,  heated 
by  steam  in  such  a  manner  that  the  temperature  can 
be  lowered  or  heightened  with  ease.  The  fecula  is 
first  mixed  with  four  times  its  weight  of  water,  previ- 
ously brought  to  the  temperature  of  120°;  and,  for  this 
purpose,  is  gradually  introduced  into  the  boiler  or  other 
vessel  containing  the  hot  water.  M.  Thomas  em- 
ployed double-bottomed  copper  boilers,  capable  of  con- 
taining four  hundred  gallons,  and  at  one  operation,  six 
hundred  pounds  of  fecula,  mixed  with  one  thousand 


GUMS  Butea— i 


two  hundred  quarts  of  water  were  decomposed.  The 
temperature  must  he  kept  at  about  140°,  until  the 
whole  mass  is  converted  into  starch.  Two  per  cent, 
by  weight  of  very  fine  white  malt,  and  the  mucilage 
obtainable  from  one  per  cent,  of  linseed,  are  then 
added.  The  latter  imparts  tenacity  to  the  gum.  If  a 
greater  proportion  of  malt  than  that  just  mentioned 
were  employed,  the  decomposition  would,  doubtless, 
be  effected  more  rapidly ;  but  much  more  glucose 
would  be  formed,  and  the  gum  would  be,  to  a  greater 
or  less  extent,  colored. 

The  temperature  of  the  mixture  must  be  maintained 
at  120°  or  140°  until  all  the  starch  is  redissolved,  when 
it  should  be  suddenly  elevated  to  167°,  as  nearly  as 
possible,  in  order  to  cause  the  most  powerful  action 
of  which  the  diastase  is  capable.  The  thorough  agita- 
tion of  the  mixture  is  then  requisite,  until  the  decom- 
position is  almost  complete ;  this  may  be  ascertained 
by  the  deep  blue  tint  which  the  mixture  acquires,  and 
also  by  the  action  of  iodine,  which  will  communicate 
to  the  dextrin  a  purple  or  violet  tint. 

The  operation  lasts  about  an  hour  and  a  quarter ; 
fifteen  minutes  are  required  for  the  formation  of  the 
paste,  the  same  period  for  its  dissolution,  and  the  re- 
maining time  for  rendering  it  soluble. 

M.  Thomas  prefers  this  method  of  forming  the 
paste  to  adding  the  malt,  as  the  reagent  spreads  much 
more  uniformly  throughout  the  mass,  and  does  not 
subside  to  the  bottom  of  the  vessel. 

The  liquor  must  now  be  removed  from  the  decom- 
posing vats,  and  left  in  pans  to  settle.  This  may 
require  from  six  to  eighteen  hours,  according  to  the 
external  temperature.  During  this  period,  a  slight 
fermentation  will  be  perceived,  but  it  must  be  checked 
by  the  addition  of  one  hundred  and  forty-five  grains  of 
alum  for  each  twenty-five  gallons  of  the  liquid.  It  is 
essential  that  sufficient  time  be  allowed  for  subsidence 
of  the  menstruum,  as  by  this  means  two  serious  evils 
are  avoided — the  coloring  of  the  gum  during  the  baking; 
and  a  singular  phenomenon  so  often  observed  in  eva- 
porating viscous  liquids,  namely,  their  being  quite  still, 
which,  Thomas  states,  is  caused  by  the  accumulation 
of  a  thick  crust  on  the  sides  of  the  evaporating  vessels. 

The  liquor,  when  drawn  off  after  subsiding,  is  con- 
centrated by  raising  it  very  slowly  to  the  boiling  point, 
which  precaution  is  indispensable,  for  the  perfect  clari- 
fication is  effected  without  any  foreign  agent,  by  the 
coagulation  of  the  vegetal  albumen  contained  in  the 
malt  and  the  linseed  mucilage,  and  is  best  attained  by 
checking  the  first  boiling.  The  scum  which  rises 
while  the  heat  is  maintained,  must  be  carefully  re- 
moved, and  if  the  boiling  is  too  much  accelerated,  the 
gum  will  first  become  thick,  and  afterwards  will  be 
colored.  When  a  solid  pellicle  forms  on  the  surface 
of  the  sirup,  the  baking  will  be  completed. 

If  it  be  desirable  to  preserve  the  gum  in  a  liquid 
form,  the  boiling  must  be  stopped  when  the  menstruum 
has  acquired  a  sufficient  density,  and  it  must  then  be 
poured  into  well-closed  vessels  previously  smeared 
with  oil  of  turpentine,  and  the  surface  of  the  gum 
should  be  covered  with  a  thin  layer  of  the  same.  This 
method  prevents,  tolerably  well,  the  fermentation  of 
the  fluid  gum. 
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When  the  dextrin  is  to  be  solidified,  the  boiling 
sirup  is  poured  into  small,  shallow  tin  vessels,  placed 
upon  a  hot  air  stove,  maintained  at  a  temperature  of 
from  100°  to  120°.  At  the  end  of  twenty-four  hours 
the  gum  acquires  the  consistency  of  jujube  paste,  and 
it  is  then  cut  up,  with  a  pair  of  shears,  into  small 
oblong  pieces,  which  are  rolled  out  upon  a  polished 
surface,  with  a  wooden  cylinder  ;  dusted  with  pulver- 
ized artificial  gum ;  and  afterwards  placed  upon  wooden 
frames,  where  it  is  allowed  to  remain  drying  for  three 
or  four  days.  Thomas  suggests  that  the  gum  would 
be  much  bettor  desiccated  by  permitting  it  to  run  upon 
a  cylinder  heated  to  230°  or  250°,  but  he  adds  that  the 
economy  of  this  method  is  questionable. 

The  last-named  authority  has  remarked  with  reference 
to  British  gum  prepared  by  sulphuric  acid,  that  it  pos- 
sesses the  disadvantageous  property  of  being  deliques- 
cent. This  method  is,  therefore,  never  employed,  as 
besides  this,  the  products  are  often  colored.  He  also 
states  that  when  nitric  acid  is  employed  in  the  prepara- 
tion of  dextrin,  it  must  be  perfectly  pure.  Commercial 
nitric  acid,  as  obtained  by  the  action  of  oil  of  vitriol  upon 
nitrate  of  soda,  always  contains  a  small  amount  of  chlo- 
rine; and  although  this  element  is  contained  in  dimin- 
ished proportion  in  the  dextrin,  it  is  nevertheless  suffi- 
cient to  considerably  lessen  the  brilliancy  of  the  colors 
prepared  with  the  dextrin.  Several  printers  upon  paper 
and  vegetal  tissues  have  observed  this,  but  have  been 
unable  to  account  for  it  otherwise  than  by  attributing 
it  to  the  inferior  quality  of  the  gum. 

GUM-BDTEA  is  the  produce  of  the  Butea  Frondosa, 
a  middling-sized  tree,  common  in  Bengal  and  the 
mountainous  portions  of  India.  Dr.  Pereira  found 
this  gum  to  be  identical  with  a  substance  he  had  pre- 
viously obtained  in  the  warehouse  of  an  old  drug  firm 
in  London,  under  the  name  of  gummi  rubru.m  astrin- 
gens.  It  occurs,  according  to  the  last-named  authority, 
in  small,  elongated  tears,  which  are  blackish  externally, 
and  have  fragments  of  bark  adhering  to  them.  Small 
fragments  examined  by  transmitted  light  are  ruby-red. 
It  has  an  astringent  taste,  and  contains  from  fifteen  to 
twenty-five  per  cent,  of  impurities,  consisting  of  wood, 
bark,  small  pebbles,  and  sand.  According  to  Solly, 
the  gum,  when  purified  by  water,  so  as  to  separate  the 
extraneous  matters,  is  composed  of— 

Ooiitcsimally. 

Glim,  with  gallic  acid  and  other  soluhle  substances,  ..73'26 

Tannic  acid,  21*67 

Soluble  extractive   5-07 

100-00 

It  is  employed  by  the  natives  of  North-western  India 
for  precipitating  their  indigo,  and  in  tanning.  English 
tanners,  however,  object  to  its  use  on  account  of  the 
disagreeable  color  it  communicates  to  the  leather. 

CHERRY-TREE  GUM,  Gomme  de  cerisier,  French; 
Kirschgummi,  German ;  Gummi  cerasi,  Latin ;  which 
is  also  procured  from  the  trunks  of  plum,  peach,  apricot, 
and  other  rosaceous  trees,  is  similar  in  appearance  to 
the  poorer  qualities  of  gum-arabic.  By  the  action  of 
water,  in  which  it  is  only  soluhle  to  a  partial  extent,  it 
is  divisible  into  two  portions,  that  which  is  dissolved 
being  arabin,  while  the  insoluble  matter  is  cerasin. 
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It  has  not  been  analysed,  but  its  composition  is  pro- 
bably the  same  with  that  of  gum-arabic.  Cherry-tree 
gum  is  not  thrown  down  either  by  silicate  of  potassa 
or  by  nitrate  of  mercury.  It  does  not  gelatinise  with 
sesquichloride  of  iron,  but  a  precipitate  is  produced  on 
the  addition  of  chloride  of  tin. 

It  does  not  seem  to  have  been  employed  for  any 
purpose  whatever  in  this  country,  Dr.  Pereira 
has  suggested  its  substitution  for  gum-tragacanth  in 
medicine. 

GUM-KINO. — Gomme Kino,  French;  Gummi Kino, 
German  ;  Gummi  Kino,  Latin.  Of  this  so-called  gum 
there  are  two  varieties,  Botany  Bay  and  East  Indian 
kino,  the  former  being  the  inspissated  juice  of  the 
Eucalyptus  Resinifera,  or  Iron  barh,  a  native  of 
Australia  and  Van  Diemen's  Land ;  while  the  latter 
kind  is  the  produce  of  Pterocarpus  Erinaceus  or  P. 
Marsupium.  According  to  Gray,  when  an  incision  is 
made  in  the  trunk  and  branches  of  the  tree,  the  juice 
exudes,  at  first,  of  an  extremely  pale-red  color,  and  in 
a  very  liquid  state ;  but  it  soon  coagulates,  becoming 
of  a  deep  blood-red  hue,  and  so  remarkably  brittle, 
that  its  collection  is  attended  with  some  difficulty. 
East  Indian  kino,  Dr.  Pereira  remarks,  is  presumed 
to  be  the  substance  referred  to  in  the  British  pharma- 
copoeias, as  it  is  always  regarded  in  commerce  as 
genuine  gum-Mnd.  It  is  imported  in  boxes  from  Bom- 
bay or  Tellicherry. 

Properties. — East  Indian  kino  occurs  in  small, 
angular,  glistening  fragments,  the  larger  of  which 
appear  almost  black ;  the  smaller  being  ruddy.  When 
entire,  they  are  opaque,  but  in  thin  lamina?  are  trans- 
parent and  ruby-red.  They  are  brittle  between  the 
fingers,  soften  in  the  mouth,  adhere  to  the  teeth,  tinge 
the  saliva  red,  and,  though  inodorous,  have  a  very 
astringent  taste.  Kino  imparts  both  to  alcohol  and  to 
water  a  deep-red  color ;  the  aqueous  decoction,  on 
cooling,  becomes  turbid.  In  the  latter  solution,  gelatin, 
tartrate  of  antimony  and  potassa,  acetate  of  lead,  ses- 
quichloride  of  iron,  and  nitrate  of  silver,  produce  pre- 
cipitates. 

Botany  Bay  kino  is  met  with  in  irregular  masses, 
many  of  them  in  the  form  of  tears,  somewhat  resem- 
bling those  of  cherry-tree  gum  in  outline,  and  as  large 
as  those  of  gum-senegal.  The  purer  pieces  are  vitreous, 
almost  black  in  the  mass  ;  but  when  in  small  and  thin 
fragments,  transparent,  and  of  a  beautiful  ruby-red. 
Some  of  the  pieces,  however,  from  the  intermixture  of 
wood  and  other  impurities,  are  dull.  When  chewed, 
it  sticks  to  the  teeth,  and  has  an  astringent  taste,  but 
is  devoid  of  odor.  Digested  in  cold  water,  it  swells, 
becomes  soft  and  gelatinous,  and  yields  a  red  liquid, 
which  gives  an  acid  reaction  with  litmus  paper,  and 
yields  precipitates  with  lime-water,  gelatin,  acetate  of 
lead,  sesquichloride  of  iron,  and — if  a  little  caustic 
potassa  or  ammonia  be  previously  added — with  chlo- 
ride of  calcium.  Tartrate  of  antimony  and  potassa 
occasions  no  deposit.  Digested  in  rectified  spirit, 
Botany  Bay  kino  becomes  gelatinous,  as  with  water, 
and  affords  a  similar  red  solution,  in  which  water 
causes  no  subsidence,  but  which  reddens  litmus,  and 
deposits  a  copious  precipitate  when  potassa,  ammonia, 
or  lime-water  is  added. — Pereira. 


In  1852,  Dr.  Christison  received  from  a  merchant 
of  Moulmein,  a  specimen  of  kino  produced  in  that 
locality,  possessing  the  physical  and  apparently  the 
chemical  properties  of  the  ordinary  kino.  Though  a 
small  quantity  of  it  was  once  shipped  to  England,  it  is 
yet,  as  an  article  of  commerce,  unknown. 

The  pharmacologist  last  named  thus  describes  it : — 
This  product  consists  partly  of  little  angular  frag- 
ments ;  but  there  are  larger  masses  which  seem  to  be 
portions  of  cylinders,  about  half  an  inch  in  diameter, 
apparently  moulded  by  collecting  the  juice  in  reeds. 
These  have  externally  a  greyish,  striated  surface,  most 
unlike  that  of  the  broken  fragments  of  commercial  kino. 
They  are  easily  frangible,  the  broken  pieces  possessing 
the  exact  appearance  of  ordinary  kino,  except  that  they 
are  blacker  and  more  glassy  by  reflected  light;  and 
though  opaque,  by  transmitted  light,  when  of  very 
moderate  thickness,  yet  in  very  thin  fragments,  they 
are  of  a  splendid  cherry-red  color.  They  are  easily 
reduced  to  fine  powder,  which  has  a  dark,  dirty,  lake 
tint.  Their  taste  is  very  slightly  bitter,  and  intensely 
astringent. 

Cold  water  acts  more  quickly  on  this  kino  than  on 
that  of  commerce,  gradually  dissolving  a  very  large 
proportion  of  it,  forming  a  deep  cherry-red  astringent 
solution,  and  leaving  a  residue  of  greyish  flocculent 
matter,  which  is  soluble  to  a  great  extent  in  boiling 
water,  and  which  appears  to  be  analogous  to  the  inso- 
luble variety  of  gum  called  bassorin.  Boiling  watei 
dissolves  this  kino  almost  entirely,  and  the  menstruum, 
when  cold,  continues  nearly  transparent  for  at  least  an 
hour;  it  afterwards  becomes  slightly  turbid,  and  a 
scanty  flocculent  precipitate  slowly  subsides.  Both  the 
hot  and  cold  solutions  yield,  when  much  diluted,  a  deep 
olive-green  precipitate  with  sesquichloride  of  iron; 
when  the  menstruum  is  concentrated,  a  dirty-grey 
precipitate  is  formed  so  abundantly,  that  the  whole 
fluid  becomes  a  thick,  pulpy  mass.  A  solution  of  one 
part  of  the  kino  in  twenty-five  of  boiling  water  forms, 
with  the  iron-test,  a  magma  too  thick  to  flow.  Even 
a  solution  in  seventy-five  parts  of  cold  water  has  a 
beautiful  intense  cherry-red  color,  and  forms  with  ses- 
quichloride of  iron,  in  the  course  of  an  hour,  a  pulp  so 
thick  as  to  flow  only  sluggishly. 

On  comparing  these  characters  with  a  fine  specimen 
of  kino  of  home  trade,  and  also  with  a  sample  from  the 
neighborhood  of  Goomsoor,  Dr.  Christison  found  the 
last  two  to  be  identical,  with  the  single  exception,  that 
the  Goomsoor  product  is  somewhat  redder  when  seen 
in  bulk,  and  that  the  Moulmein  kino  is  blacker,  more 
vitreous  in  lustre,  rather  more  easily  soluble  in  cold 
water,  and  with  rather  less  residue ;  and  when  the  cold 
solution  is  diluted  to  the  strength  of  one  in  seventy-five, 
it  requires  rather  more  sesquichloride  of  iron  to  throw 
down  all  its  tannin,  and,  consequently,  the  precipitate 
forms  with  the  water  a  somewhat  firmer  pulp.  This 
kino  dissolves,  with  only  a  trace  of  flaky  residue,  in 
rectified  spirit,  which  forms  an  intense  cherry-red  tinc- 
ture of  very  pure  astringent  taste.  Its  physical  char- 
acters, the  action  of  water,  and  the  properties  of  the 
aqueous  solution,  are  enough  to  prove  that  the  Moul- 
mein kino  is  identical  with  the  kino  of  commerce,  and, 
in  point  of  quality,  is  somewhat  superior.    There  is  no 
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doubt,  from  its  taste,  and  the  action  of  the  iron-test, 
that  analysis  will  prove  the  presence  of  a  larger  pro- 
portion of  tannin. 

It  does  not  absolutely  follow,  even  from  the  exact 
coincidences  now  mentioned,  that  the  Moulmein  kino 
is  derived  from  the  same  botanical  source  with  the 
present  officinal  kino.  The  latter  has  been  accurately 
referred,  by  the  separate  researches  of  Gibson,  Per- 
EIRA,  and  Eoyle,  to  the  Plerocarpus  marsupium  of 
Roxburgh.  But  the  Butea  frondosa  also  yields  a 
fine  kino,  which  is  scarcely  distinguishable  in  chemical 
properties  from  the  officinal  kind. — Pharmaceutical 
Journal. 

Composition. — Gum-kino  was  first  analysed  by 
Vauquelin,  in  whose  days  the  resources  of  chemistry 
were  very  much  limited,  causing  a  deviation  from  the 
truth  in  many  cases,  and  occasioning,  with  regard  to 
all  investigations  of  the  period,  a  great  amount  of  doubt 
as  to  their  correctness. 

The  comparatively  simple  tabulation  of  VAUQUELlN's 
results  is  as  under : — 

Ccntcsimally. 

Tannic  acid  and  peculiar  extractive,   75 

Bed  gum,   24 

Insoluble  matter,   1 

100 

The  presence  of  catechuic  acid  has  subsequently 
been  proved  by  A.  W.  Buchner. 

Uses. — For  medical  purposes  only;  it  is  administered 
in  cases  of  obstinate  diarrhoea ;  it  has  occasionally 
been  applied  to  flabby  ulcers  as  a  local  astringent. 

Statistics. — Gum-kino  is  imported  from  Eangoon 
and  Madagascar  into  London  and  Liverpool,  in  chests 
and  boxes  containing  each  from  one  to  three  hundred- 
weight. It  varies  in  value  from  fifty  to  seventy  shil- 
lings per  hundredweight.  Duty-free. 

GUM-KUTEERA  bears  considerable  resemblance 
to  flaky  tragacanth,  for  which  it  has  occasionally  been 
attempted  to  be  substituted.  Guibourt  considered  it 
as  identical  with  gum-bassora,  but  Pereira  states  that 
it  is  very  distinct.  It  is  supposed  to  be  produced  by 
the  Sterculia  Urens,  a  plant  of  the  family  Byttneriacea, 
and  is  unknown  in  British  commerce. 

GUM-MEZGNITE,  known  synonymously  as  mucheet, 
mezgneet,  or  musgnit,  has  been  described  by  Morfit, 
who  was  led  to  submit  it  to  a  chemical  examination, 
on  account  of  the  facility  with  which  it  may  be  obtained 
in  large  quantities,  and  its  very  probable  prospective 
value  as  an  article  of  commerce. 

It  is  said  to  be  the  product  of  a  tree  flourishing 
extensively  in  the  high  and  dry  regions  of  the  plains  of 
Western  Texas,  New  Mexico,  and  the  adjacent  Indian 
territory.  It  is  a  spontaneous  semifluid  exudation, 
concreting  by  exposure  into  tears  and  lumps  of  variable 
size  and  form.  A  portion  of  the  sample  obtained  by 
Dr.  Siiumard — who  first  brought  it  into  public  notice 
in  1854— -consisted  of  small  irregular  pieces  and 
rounded  balls  about  the  size  of  a  hazel-nut;  semi- 
transparent,  and  shading  in  color  from  a  lemon-white 
to  a  dark  amber.  When  broken,  the  fractured  surfaces 
were  brilliant,  and  the  gum  was  easily  reduced  to  a 
dull  white  powder.  One  of  the  balls  was  enveloped 
with  an  outer  pellicle  of  gum,  about  one-sixteenth  of 
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an  inch  in  thickness.    Its  specific  gravity  was  1"5,  but 
Morfit  remarks  that  this  determination  may  admit  of 
correction  upon  purer  samples  than  were  obtainable. 
Its  proximate  composition  was  found  to  be  : — 

Centcaimally. 


Arabin,   84-967 

Bassorin,   0-206 

"Water,   11-640 

Inorganic  matter,   3-000 

Impurities,   0-236 


100-049 

Its  elementary  composition  is  represented  by  Morfit 
as — ■ 

Centcsimally. 

Carbon,   44-706 

Hydrogen,   6-000 

Oxygen   48-794 

100-000 

which  approaches  very  closely  to  that  of  gums  arabic 
and  Senegal,  as  represented  by  Guerin  and  Mulder. 
The  general  appearance  of  the  gum,  continues  its 
deseriber,  is  similar  to  that  of  gum-senegal  and  the 
dark  inferior  qualities  of  gum-arabic  ;  while  in  chemi- 
cal properties  it  is  also  allied  to  them,  being  insoluble 
in  absolute  alcohol,  partially  soluble  in  alcohol  of  the 
ordinary  strength,  and  readily  forming  with  hot  or  cold 
water  a  very  adhesive  mucilage.  It  is,  in  fine,  a  true 
gum,  and  promises,  in  its  physical  and  chemical  beha- 
vior, much  of  the  advantage  expected  by  its  discoverer, 
as  an  economical  substitute  for  gum-arabic  or  Senegal. 

MUCILAGE. — Mucilage,  French  ;  Schleim,  Ger- 
man ;  Mucilago,  Latin. — Many  seeds,  roots,  et  cetera, 
when  infused  in  water  heated  to  160°  or  170°,  impart 
to  it  a  substance,  which,  when  purified  by  percolation 
and  evaporation,  bears  considerable  resemblance  to 

gum.  •        .  ..-  • 

Quince  Mucilage. — One  part  of  quince  seed,  Dr. 
Pereira  states,  forms,  with  forty  parts  of  water,  a 
thick  mucilage,  which  yields  with  acetate  and  subace- 
tate  of  lead,  protochloride  of  tin,  nitrate  of  mercury, 
and  sesquichloride  of  iron,  gelatinous  coagula  or  preci- 
pitates. Rectified  spirit  produces  at  first  scarcely  any 
effect;  after  some  time  partial  concretion  occurs. 
Sulphuric  acid  communicates  a  pinkish  tint,  and  causes 
the  separation  of  a  frothy  coagulum,  which  floats  on 
the  mixture.  Silicate  of  potassa,  infusion  of  galls,  and 
oxalate  of  ammonia  produce  no  change  in  the  mucilage. 
Quince  mucilage  is  distinguished  from  arabin,  by  the 
effect  on  it  of  alcohol,  silicate  of  potassa,  oxalate  of 
ammonia,  and  sulphuric  acid  ;  from  bassorin  and 
cerasin  by  its  solubility,  both  in  cold  and  hot  water; 
from  tragacanthin,  by  the  reactions  caused  by  alcohol, 
oxalate  of  ammonia,  and  sulphate  of  iron ;  from  carra- 
geenin — see  carrageen  mucilage  below — by  the  effect 
of  silicate  of  potassa  and  acetate  of  lead.  From  these 
and  other  peculiarities,  Dr.  Pereira  proposed  to  call 
it  cydonin — derived  from  the  name  of  the  quince-tree, 
Cydonia  Vidgaris. 

Carrageen  Mucilage. — The  mucilaginous  con- 
stituent of  Carrageen  or  Irish  moss — chondrus  crispus — 
termed  by  some  writers  vegetal  jelly,  or  vegetal  muci- 
lage, was,  from  its  appearing  to  have  peculiar  character- 
istics, designated  by  Dr.  Pereira  carragcenin.  Its 
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properties,  according  to  that  distinguished  pharmacolo- 
gist, are  as  follow  : — 

Carrageeninis  soluble  in  boiling  water;  the  menstruum 
gives  precipitates  with  subacetate  of  lead  and  silicate  of 
potassa,  and,  if  sufficiently  concentrated,  gelatinizes  on 
cooling.  It  is  distinguished  from  ordinary  gum  by  its 
aqueous  solution  not  producing  a  precipitate  on  the 
addition  of  alcohol ;  from  starch  by  its  not  assuming  a 
blue  color  on  the  addition  of  iodine  ;  from  animal  jelly 
by  tincture  of  galls  producing  no  precipitate ;  from 
pectin  by  the  absence  of  any  reaction  with  acetate  of 
lead,  as  also  by  the  formation  of  no  mucic  acid  on  the 
addition  of  nitric  acid. — Pereira's  Materia  Medica. 

Linseed  Mucilage  is  extracted  from  the  seeds  of 
the  flax-plant,  Linum  Usitatksimum,  by  the  agency  of 
hot  water.  Alcohol  causes  the  formation  in  it  of 
white  mucilaginous  flocks.  It  is  also  precipitated  by 
protochloride  of  tin,  and  by  acetate  and  subacetate  of 
lead.  It  possesses  an  acid  reaction,  and  is  not  changed 
by  chlorine  or  iodine.  On  evaporation,  a  substance 
similar  in  appearance  to  gum-arabic  is  obtained, 
which,  when  digested  in  water,  in tumesces,  and  partially 
dissolves. 

There  are  many  other  mucilages,  but  as  they  possess 
characters  in  common  with  those  described,  a  notice  of 
them  would  be  unwarrantable. 

GUM-TRAGACANTH,  or  Gum-dragon—  Gomme 
tragagante,  French  ;  Gummi  tragant,  German ;  Gummi 
tragacantha,  Latin — is  a  natural  exudation  from  dif- 
ferent varieties  of  the  Astragalus,  or  milk-vetch. 
Olivier  states  that  the  tragacanth  of  Asia  Minor, 
Armenia,  and  northern  Persia,  is  yielded  by  the  A .  Varus. 
Mr.  Brant,  English  consul  at  Erzeroum,  forwarded  to 
Dr.  Lindley  a  specimen  of  A.  Gummifer,  which  was 
stated  to  be  the  tragacanth  plant  of  Koordistan,  and 
producing  the  white  or  best  kind  of  gum.  It  was 
accompanied  with  a  plant  of  A.  Strobttiferus,  which 
was  said  by  the  same  authority  to  be  the  shrub  from 
which  the  red  or  inferior  species  of  tragacanth  is  pro- 
duced. 

According  to  Tournefort,  the  Astragalus  Creticus 
also  yields  the  gum. 

Description. — Gum-tragacanth  is  white,  yellowish, 
or  yellowish-brown,  and  occurs  either  in  moderately 
largo,  broad,  thin  pieces,  marked  with  arched  or  con- 
centric elevations — flaky  tragacanth, — or  in  small, 
twisted,  filiform,  spiral  fragments — vermiform  traga- 
canth. The  former  is  the  kind  usually  found  in  this 
country,  while  the  latter  is  common  on  the  Continent. 

Collection  and  Assortment. — According  to  S. 
II.  Maltass,  the  following  is  the  manner  in  which 
gum-tragacanth  is  collected :— In  July  and  August 
the  peasants  clear  away  the  earth  from  the  lower  part 
of  the  shrub,  and  make  several  longitudinal  incisions  in 
the  bark ;  the  gum  exudes  the  whole  length  of  the  in- 
cision, and  dries  in  flakes ;  three  or  four  days  are  suf- 
ficient for  this  purpose,  and  the  product  is  then  col- 
lected. In  some  places  the  peasants  also  puncture 
the  bark  with  the  point  of  the  knife.  If  the  weather 
be  hot  and  dry,  the  gum  is  white  and  clean ;  but  if 
the  atmosphere  be  damp,  and  the  temperature  but 
moderate,  a  longer  time  is  required  for  inspissation, 
and  the  gum  assumes  a  yellow  or  brownish  tinge. 
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High  winds  are  favorable  for  drying,  but  they  cause 
the  contamination  of  the  gum  with  earthy  and  silicious 
matters.  While  engaged  in  this  labor,  the  peasants 
pick  off  from  the  shrubs  the  gum  which  exudes  natu- 
ral!}', and  this  constitutes  the  variety  known  in  Britain 
as  common  or  sorts.  The  whole  of  the  tragacanth 
gathered  is  mixed  and  sold  to  native  merchants,  who 
send  it  to  Smyrna  for  re-sale,  in  bags  containing  about 
two  hundredweight  each.  In  this  state  it  is  termed 
rough  gum,  and  contains  as  follows : — 

Per  Cant. 

Flaky  or  leaf  gum,  perfectly  white, ...  40  to  50 
Flaky  or  leaf  gum,  discolored  or  brown,  15  to  25 

Vermicelli  gum,   10  to  15 

Common  or  sorts,   35  to  10 

The  finest  parcels,  continues  this  authority,  contain 
the  most  vermicelli,  which  is  nothing  more  than  the 
siftings  of  the  leaf  gum  which  is  broken  by  carriage 
from  the  interior,  and  by  removing  from  one  place  to 
another,  together  with  the '  small  vermicular  masses 
termed  Sesame  seed,  which  are  collected  with  the  leaf 
gum. 

When  gum-tragacanth  is  purchased  for  shipment  to 
Europe,  it  undergoes  the  following  assortment : — The 
large,  white,  flaky,  or  leaf  gum,  termed  French  quality, 
is  first  picked  out,  and  the  residue  is  sifted.  The 
coarser  portion  is  returned  to  the  pickers,  who  remove 
the  discolored  leaf,  which  is  termed  English  quality. 
The  remainder  is  then  examined,  and  any  stones,  or 
dirty,  very  black  pieces  are  thrown  aside  as  refuse ; 
the  rest,  composed  of  naturally  exuded  gum  and  brown 
leaf,  is  denominated  common  or  sorts. 

The  head-man  or  master-picker  then  subjects  the 
gum  which  passed  through  the  first  sieve,  to  the  action 
of  a  second  and  finer  one,  occasionally  throwing  out 
any  straw  or  other  light  extraneous  substance  which 
may  rest  at  the  top.  The  gum  remaining  after  this 
second  sifting  is  given  to  the  women  to  assort  at 
their  own  houses.  The  vjhite  is  separated  from  the 
brovm,  and  the  latter  from  the  common.  The  first 
is  mixed  with  the  French,  the  second  with  the  English 
quality. 

A  third,  and  still  finer  sifting  now  takes  place.  The 
gum  which  passes  through  is  termed  Sesame  seed ;  the 
coarse,  which  remains  upon  the  sieve,  is  vermicelli. 
Both  qualities  are  carefully  picked  by  women.  When 
cleaned,  the  Sesame  seed  is  again  sifted,  and  the  dust 
and  minute  particles  are  added  to  the  sorts  or  common 
gum.  The  Vermicelli  and  Sesame  seed  are  then 
commingled,  forming  the  vermicelli  tragacanth  of 
commerce. 

When  the  gums  are  intended  for  the  French  market, 
the  fine  white  leaf  only  is  shipped ;  the  vermicelli  is 
sold  for  Trieste,  and  the  discolored  leaf  and  sorts  for 
England. 

If,  however,  the  whole  parcel  be  worked  for  Britain, 
and  be  required  good,  the  French  and  English  qualities 
are  mixed,  and  the  brown  leaf  which  had  been  left  in 
the  sorts  is  also  picked  out  and  added.  This  procedure 
reduces  the  value  of  the  common  or  sorts. 

The  various  siftings  and  pickings  to  which  gum- 
tragacanth  is  subjected  at  Smyrna,  may  be  thus  tabu- 
lated : — 
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Rough  gum-tra- 
gacanth as  pur- 
chased from 
the  peasants. 


"Bold  white  leaf 
gum  —  French 
quality  is  pick- 
ed out. 


Common  or  sorts 
and  discolored 
leaf  remains. 


Itesiduo  is  sift- 
ed through  a- 
coarse  sieve, 


Residue  is  sifted, 


Slightly  discolored 
leaf,  termed  Eng- 
lish quality. 

Common  or  sorts. 

Refuse. 

'Small  white  to 
be  mixed  with 
French  quality. 

Small  hrown  to  lie 
mixed  with  Eng- 
lish quality. 

Common  or  sorts. 

Residue  is  sifted. 


Properties  and  Composition. — Gum-tragacanth 
is  the  type  of  the  Bassorin  class  of  gums.  It  is 
destitute  both  of  taste  and  odor.  Its  toughness  is  so 
great  as  to  prevent  its  pulverization  until  it  has  been 
exsiccated  at  212°,  when  it  becomes  tolerably  brittle. 
Instead  of  dissolving  in  water  like  gum-arabic,  it  intu- 
mesces,  forming  a  mucilaginous  magma.  On  subjecting 
this  to  ebullition  with  water,  it  gradually  acquires  the 
appearance  of  a  solution  of  gum-arabic,  in  consequence, 
Brande  supposes,  of  its  transmutation  into  arabin. 

The  soluble  portion  of  gum-tragacanth — tragacanthin 
or  adragantin — is  generally  regarded  as  identical  with 
gum-arabic,  but  differs  from  it  in  being  unchanged  by 
sesquiehloride  of  iron,  or  silicate  of  potassa,  and  also  by 
the  flocculency  of  the  precipitate  occasioned  by  alcohol. 
Subacetate  of  lead,  protochloride  of  tin,  and  protonitrate 
of  mercury,  produce  deposits  similar  to  those  caused  in 
a  solution  of  gum-arabic.  The  presence  of  lime  is 
shown  by  the  subsidence  occasioned  by  oxalate  of  am- 
monia. 

The  insoluble  part  of  gum-tragacanth — bassorin — is 
similar  to  that  of  gum-bassora.  Starch  globules  may 
be  seen  in  it,  with  the  aid  of  a  good  microscope,  and 
the  blue  coloration  produced  in  it  by  iodine  is  a  proof 
of  the  presence  in  it  of  that  principle. 

De  Candolle  has  suggested  that  the  intumescence 
of  tragacanth  may  be  caused  by  the  gummy  matter 
being  enclosed  in  cells. 

Guibourt  states  that  neither  arabin  nor  bassorin  are 
present  in  gum-tragacanth,  but  that  it  is  composed  of 
an  organised  gelatiniform  matter,  very  diverse,  both 
chemically  and  physically,  from  gum-arabic,  and  which 
swells  and  divides  in  water,  so  as  partially  to  traverse 
a  filter.  The  same  chemist  considers  the  insoluble 
portion  of  tragacanth  to  be  a  compound  of  starch  and 
lignin,  and  to  have,  in  no  respect,  the  same  properties 
with  bassorin. 

Guerin-Varry  estimated  the  proximate  principles 
of  tragacanth  as  under : — 

Centesiirmllj-. 

Tragacanthin  or  arabin   53-3 

Bassorin  and  starch,   33*1 

Water,   11-1 

Inorganic  matter,   2-5 


Scsamc- 
ed. 


fDust  added  to 
-is  sift-  sorts. 


Vermicelli — re- 
mains on  sieve,, 

.Refuse. 


.Sesame. 


(Vermicelli  gum 
f  of  commerce. 


-Pharmaceutical  Journal. 


100-0 


The  ultimate  constituents  of  gum-tragacanth  have 
been  determined  by  Hermann,  and  by  Guerin- 
Varry  : — 

Ccntesimally  represented. 

,  »  , 

At.  weight.  Theory.  Hermann. 

10  Eqs.  Carbon,   60    40-00    40-50 

10  Eqs.  Hydrogen,   10    6-66    6-61 

10  Eqs.  Oxygen,   80    53-34   52-89 


1  Eq.  Gum-tragacanth,  150  100-00 
Guerin-Varry's  results  are  as  follow : — 

Ccntesimnlly. 


100  00 


Soluble  part. 

Carbon,   42  01  .. 

Hydrogen,   6-42  . . 

Oxygen,   54*47  . . 


Insoluble  part. 

. ..  35-79 
...  7-11 
. ..  57-10 


102-90 


100-00 


Uses. — Gum-tragacanth  is  occasionally  employed 
in  medicine  as  a  sheathing  or  demulcent  agent  in 
irritation  of  the  mucous  membranes ;  and  also  as  a 
vehicle  for  the  administration  of  active  and  heavy 
medicines. 

Shoemakers  use  the  inferior  varieties,  in  the  form  of 
mucilage,  for  imparting  a  gloss  to  the  heels  of  boots. 

Adulteration. — According  to  S.  H.  Maltass, 
gum-tragacanth  is  adulterated  with  two  inferior  gums. 
These,  he  says,  are  collected  in  Armenia  and  Cara- 
mania  from  various  trees,  principally  wild  almond  and 
plum.  That  from  the  former  locality  is  sent  to  Con- 
stantinople from  Moussul,  whence  it  takes  the  name  of 
Moussouli.  The  Caramanian  product  is  sent  direct 
to  Smyrna,  and  is  termed  Caraman. 

Both  these  gums,  continues  he,  are  almost  worth- 
less, but  fetch  high  prices  for  the  purpose  of  mixing 
with  gum-tragacanth.  By  some  they  are  considered 
to  be  an  inferior  kind  of  the  same  gum.  As  neither 
Caramania  nor  Moussul  gum  occurs  in  flat  pieces  like 
tragacanth,  and  as  they  are  of  a  dark  color — particu- 
larly the  former — they  would  be  easily  detected  if 
mixed  with  leaf  gum  without  previous  preparation. 
The  Jews,  therefore,  who  adulterate  all  the  drugs  of 
Turkey,  have  found  means  of  deceiving  the  eye  by 
breaking  up  the  spurious  article  into  small  irregular 
pieces,  which  are  then  coated  with  white-lead.  The 
leaf  gum  is  sophisticated  with  this  at  the  rate  of  fifty 
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per  cent.  For  mixing  with  the  Vermicelli  gum,  the 
adulterant  is  broken  into  smaller  fragments,  and  added 
only  to  the  extent  of  twenty -five  to  thirty  per  cent. 
The  pieces  are  left  largest  for  the  sorts  or  common 
gum,  which  often  receives  even  a  hundred  per  cent,  of 
this  vile  trash. — Pharmaceutical  Journal. 

When  pulverized,  gum-tragacanth  is  very  often  mixed 
with  a  multitude  of  other  cheaper  powders,  more  espe- 
cially with  gum-senegal. 

A  mixture  of  gums  tragacanth  and  Senegal  always 
forms  with  water  a  thinner  mucilage  than,  the  same 
quantity  of  either  of  them  alone.  The  following 
process  is  indicated  by  Planche  for  the  detection  of 
this  fraud : — Make  a  mucilage  of  the  suspected  gum,  and 
add  to  it  a  few  drops  of  alcoholic  tincture  of  guaiacum, 
taking  care  to  agitate  the  menstruum  all  the  while.  If 
the  gum  under  examination  contain  any  gum-arabic, 
the  mixture,  in  the  course  of  a  few  minutes,  assumes  a 
fine  blue  color,  whilst  if  the  gum-tragacanth  be  pure,  the 
tint  is  unaltered.  One-twentieth  of  gum-arabic  can 
thus  be  detected.    It  should  he  remarked,  that  only 


four  or  five  drops  of  tincture  of  guaiacum  should  be 
employed  for  two  drachms  of  mucilage,  and  that  when 
the.  quantity  of  gum-arabic  is  very  small,  three  or  four 
hours  must  often  elapse  before  the  change  of  color  can 
be  observed.  "When  rectified  alcohol  is  poured  in  a 
clear  and  filtered  mucilage  of  gum-tragacanth,  it  pro- 
duces only  a  few  flakes,  which  float  in  the  menstruum, 
but  do  not  impair  its  transparency ;  whilst,  if  gum- 
arabic  be  present,  either  a  precipitate  occurs  in  the 
liquid,  or  it  becomes  opalescent,  according  to  the  pro- 
portion of  gum-arabic  which  it  contains. — Normandy. 

Statistics. — Gum-tragacanth  is  imported  in  cases 
of  one  hundredweight  each  into  London  and  Liverpool. 
Its  value,  picked,  is  from  ten  to  fourteen  pounds  sterling 
per  hundredweight ;  sorts,  from  four  to  eight  shillings 
per  pound.    Duty-free. — Poole. 

Subjoined  are  particulars  of  the  imports  and  exports 
of  gums — Arabic,  Senegal,  Kino,  and  Tragacanth,  those 
being  the  only  gums  noticed  in  the  Returns  of  the  Board 
of  Trade — during  the  years  mentioned : — 


IMPORTS. 

1850.  1851.  1852. 

Cwt  Cwt  Cwt 

Gum-arabic,   41,949    46,032    48,484 

Gum-senegal,   2,035    2,738    4,267 

Gum-kino,   107    435    159 


Gum-tragacanth,. 


526 


791 


1,151    1,3 


1853.  1854.  1855. 

Cwt  Cwt  Cwt 

61,614    40,456    43,960 

6,150    3,171    2,164 

101    3,215 


5S2 


611 
300 


Gum-senegal,  . . . 

Gum -kino,  

Gum-tragacanth, 


1850. 

1851. 

1852. 

Cwt. 

Cwt. 

Cwt 

14,425 

. . .    10,025    . . . 

,  , .  12,265 

5 

39 

118 

46 

169 

128  ... 

109 

167 

1853. 

Cwt 


80 
93 


1854. 

Cwt 

12,517 
93 
473 
123 


1855. 

Cwt. 

20,607 
388 
22 
131 


GT/M-RESINS. — Gommes-resines,  French;  Schleim- 
harze,  German ;  Gummi-resinai,  Latin. — This  class  of 
vegetal  products  has  long  been  recognised  in  phar- 
macy, and  the  various  substances  forming  it  certainly 
possess  a  sufficient  number  of  peculiar  properties  to 
entitle  them  to  be  ranked  apart.  Their  nature  is  not 
expressed  by  the  term  gum-resin,  and  the  designation 
has  consequently  been  condemned  as  improper  ;  but  it 
has  been  long  sanctioned  by  use,  and  seems  likely  to 
be  retained.  They  are  the  inspissated  juices  which 
exude  either  spontaneously,  or  by  means  of  incisions, 
from  the  stems,  branches,  and  roots  of  certain  plants ; 
and  consist  of  resin,  gum,  essential  oil,  with  other 
vegetal  substances,  as  starch,  and  a  small  amount  of 
inorganic  matter.  Their  general  properties  are,  that 
they  are  solid,  most  commonly  brittle,  usually  opaque, 
or  at  least  their  translucence  is  not  so  great  as  that  of 
the  resins ;  they  have  almost  always  a  strong  smell,  and 
often  an  acrid  taste.  Water  partially  dissolves  them, 
but  the  resulting  menstruum  is  opaque,  and  in  general, 
lacteous.  Alcohol  takes  up  a  portion  of  them,  forming 
a  transparent  solution,  which  is  rendered  milky  by  the 
addition  of  water.  They  are  principally  used  in  medi- 
cine, having  little  application  in  the  arts  and  manu- 
factures. 

AMMONIAC. — GommeAmmoniaque,  French ;  Am- 
moniak-gummi,  German  ;  Ammoniacum,  Latin. — This 
substance  is  the  product  of  the  Dorema  Ammoniacum, 


a  glaucous  green  plant,  about  seven  feet  high,  the  stem 
being  about  four  inches  in  circumference  at  the  base  ; 
a  native  of  Persia.  The  whole  plant,  according  to 
PereikA,  is  abundantly  pervaded  with  a  milky  juice, 
which  exudes  upon  the  slightest  puncture  being  made 
even  at  the  ends  of  the  leaves.  This  sap,  when  hard- 
ened, is  the  commercial  ammoniac  or  ammoniacum  of 
the  present  day. 

The  last-named  authority  states  that  this  term  has 
also  been  applied  to  a  gum-resin,  the  produce  of  the 
Ferula  Tingitana,  which  constitutes  the  ammoniacum 
of  Hippocrates,  Dioscorides,  and  Puny.  The 
second  of  these  writers  says,  that  ammoniacum  is 
obtained  from  a  species  of  Ferula,  growing  near  Cyrene, 
in  Africa.  Pliny  terms  the  plant  Metopion,  and  states 
that  it  grows  in  that  part  of  Africa  which  is  subject  to 
Ethiopia,  near  the  temple  of  Jupiter  Ammon,  and 
received  its  name,  as  also  did  the  gum-resin  which  it 
produced,  from  a  Greek  word  signifying  sand,  in  allu- 
sion to  the  arenaceous  nature  of  the  soil  of  the  country. 
Two  kinds  of  ammoniac  are  mentioned  both  by 
Dioscorides  and  Pliny;  the  best  resembled  olibanum, 
and  had  a  bitter  taste,  and  an  odor  like  castoreum ;  the 
commonest  had  a  resinous  appearance,  and  was  com- 
mingled with  earth  and  stones.  Dr.  Lindley  assured 
Dr.  Pereira,  that  African  ammoniac  was  certainly  the 
produce  of  Ferula  Tingitana. 

As  the  Greeks  and  Romans  made  no  mention  of 
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Persian  ammoniac,  the  product  of  the  Doreina  Am- 
moniacum,  they  were,  probably,  unacquainted  with  it. 
Avicenna  notices  ammoniac,  but  says  nothing  of  its 
origin.  That  of  Abu  Mansur  Mowafik,  a  Persian 
physician  who  wrote  about  A.D.  1055,  and  of  Beva 
Ben  Khuas  Khan,  a.d.  1512,  was,  doubtless,  of  the 
Persian  kind.  The  Arabic  terms  by  which  the  three 
last-mentioned  authors  designate  ammoniac,  resemble 
the  name  by  which  the  plant  is  now  known  in  Persia ; 
hence  it  may  be  concluded  that  they  all  referred  to  the 
same  object. — Pereira, 

Description  and  Properties.  —  Ammoniac  is 
found  in  tears  and  drops,  sometimes  distinct,  but  more 
generally  in  agglutinated  masses.  Externally  the  tears 
are  yellow,  with  a  tinge  of  brown,  with  a  waxy  lustre ; 
internally  they  are  white  or  cream-colored,  and  opaque. 
It  is  moderately  hard,  and  at  ordinary  temperatures 
brittle,  but  softens  like  wax  with  the  heat  of  the  hand. 
It  has  a  faint  and  somewhat  unpleasant,  but  very  pecu- 
liar odor,  best  detected  by  subjecting  it  to  heat ;  its  taste 
is  bitter  and  nauseous. 

M.  Picard,  in  1852,  discovered  by  accident  a  very 
characteristic  reaction  of  chloroxide  of  sodium — usually 
known  as  hypochlorite  of  soda — upon  gum-ammonia- 
cum.  The  addition  of  a  few  drops  of  a  solution  of  the 
former  to  an  alcoholic  menstruum  containing  ammo- 
niacum  dissolved,  causes  the  immediate  development 
of  a  very  distinct  coloration.  As  this  chemist  was 
operating  at  the  time  with  the  commercial  alkaline 
salt,  which  consists  not  only  of  chloroxide,  but  also  of 
chloride  of  sodium  and  carbonate  of  soda,  he  thought 
it  proper  to  inquire  which  of  these  compounds  caused 
the  reaction,  and  he  soon  found  that  it  was  due 
wholly  to  the  chloroxide.  Another  question  presented 
itself : — Is  it  the  resinous  or  the  gummy  part  of  the 
ammoniacum  which  acts  in  this  phenomenon?  To 
find  an  answer  to  this,  he  attempted  the  complete 
separation  of  the  two  principles  by  the  following 
method : — An  alcoholic  solution  of  ammoniacum,  eva- 
porated to  the  consistence  of  a  sirup,  was  precipitated 
by  distilled  water.  The  resulting  resin,  well  edulcor- 
ated, was  redissolved  in  alcohol,  evaporated,  and  re- 
precipitated.  This  treatment  was  repeated  until  nothing 
more  was  removed  by  the  water,  when  the  resin  might 
be  considered  as  pure.  Its  alcoholic  solution  behaved 
with  chloroxide  of  sodium,  like  the  gum-resin  from 
which  it  was  derived. 

The  evaporated  menstruum  obtained  in  isolating  the 
resin  was  treated  with  alcohol,  which  precipitated  the 
gum,  and  this  manipulation  was  successively  repeated 
until  the  gum,  which  had  a  brownish  cast,  dissolved 
easily  and  completely  in  water.  This  menstruum 
giving  no  reaction  whatever  with  the  chloroxide,  war- 
ranted Picard  in  asserting  that  the  coloration  was 
due  exclusively  to  the  resin.  To  attain  to  more  pre- 
cision, he  acted  on  the  method  prescribed  by  Pelletier 
and  Bonastre  for  the  separation  of  the  resins,  which, 
since  their  researches,  have  been  termed  resins  and 
sub-resins,  according  to  their  solubility  in  ether ;  and 
found  that  the  ethereal  solution,  which  was  of  a  fine 
amber  tint,  at  once  gave  the  reaction  with  the  alka- 
line chloroxide;  while  the  small  blackish  globule  of 
insoluble  matter,  when  affused  with  ether  and  dis- 
vol.  n. 


solved  in  alcohol,  was  unaltered  by  the  reagent  in 
question. 

The  sensibility  of  the  reaction  of  chloroxide  of  sodium 
upon  ammoniacum  is  very  intense ;  a  mere  trace  of  the 
former  in  a  menstruum  containing  the  latter  is  suffi- 
cient to  produce  the  phenomenon.  This  coloration, 
however,  is  not  persistent ;  it  disappears  in  contact  with 
the  air.  If  but  little  chloroxide  has  produced  the  re- 
action, it  will  reappear  on  a  further  addition  ;  but  if  the 
reagent  be  in  excess,  the  presence  of  another  quantity 
will  not  induce  a  return  of  the  tint.  A  large  excess 
of  chloroxide  causes  it  to  vanish,  especially  with  the 
addition  of  an  acid  which  disengages  chlorine.  To 
study  the  reaction  satisfactorily,  Picard  proposes  three 
questions : — 

1.  Of  all  the  resins  and  gum-resins,  is  ammoniacum 
the  only  one  which  thus  comports  itself  with  chloroxide 
of  sodium,  so  that  this  reaction  would  serve  as  a  dis- 
tinctive characteristic  of  it  ? 

2.  Is  this  reaction  peculiar  to  the  chloroxides,  and 
have  the  oxidising  agents  which  most  nearly  resemble 
them  no  analogous  result? 

3.  Is  it  possible  by  means  of  this  reagent  to  detect 
gum  ammoniacum  in  a  pharmaceutical  preparation, 
when  it  is  mixed  with  other  substances  ? 

There  are  so  many  characters,  continues  the  distin- 
guished French  pharmacologist,  common  to  all  resins, 
that  gum-ammoniacum  could  scarcely  be  expected  to 
possess  exclusively  the  property  of  being  influenced  by 
chloroxide  of  sodium.  If  the  resin  of  guaiacum,  how- 
ever, be  excepted,  which  gives  with  this  reagent  a 
bluish-green  coloration,  none  were  influenced.  The 
principles  furnished  by  vegetals  of  the  same  family 
offer  a  remarkable  analogy  of  chemical  and  therapeu- 
tical properties.  Galbanum,  sagapenum,  opoponax, 
asafoetida,  furnished  by  the  Umbelliferce,  a  natural 
family  from  one  of  the  species  of  which  gum-ammonia- 
cum proceeds,  have,  however,  shown  no  change  when 
treated  with  chloroxide  of  sodium.  It  is  the  same  with 
myrrh,  olibanum,  mastic,  sandarac,  resins  of  jalap, 
scammony  and  elemi,  liquid  and  calamite  storax, 
benzoin,  balsam  of  tolu,  dragon's  blood,  euphorbium, 
colophony,  resin  pitch,  white  pitch,  and  turpentine. 
A  distinctive  characteristic  of  gum-ammoniacum  is, 
therefore,  its  property  of  assuming  a  red  color  with 
chloroxide  of  sodium.  It  should,  however,  be  men- 
tioned that  these  experiments  were  made  with  the 
alcoholic  tinctures,  and  not  with  the  isolated  resins. 

The  chloroxides  of  potassium  and  calcium  have  the 
property,  in  common  with  that  of  sodium,  of  developing 
the  tint ;  but  chlorine  does  not  possess  it.  If  a  little 
carbonate  of  soda  is  previously  added  to  chlorine  water, 
the  coloration  is  readily  effected,  in  consequence  of  the 
formation  of  a  small  amount  of  chloroxide.  Chloric, 
iodic,  chromic,  nitrous  and  nitric  acids,  and  sesqui- 
chloride  of  iron,  offer  nothing  remarkable. 

In  these  investigations,  the  very  powerful  vinous 
color  communicated  to  aloes  by  the  alkalies  must  be 
borne  in  mind.  Chloroxide  of  sodium  from  its  alka- 
linity, reacts  in  a  similar  manner. — The  Chemist. 

A  specimen  of  African  ammoniac  sent  from  Tangiers 
in  1839,  is  thus  described  by  Dr.  Pereira,  to  whom 
it  was  presented  by  Dr.  Lindley  : — It  is  an  oblong 
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piece,  about  three  inches  long,  and  one  and  a  half  inch 
thick  and  broad.  Its  weight  is  about  eight  hundred 
and  thirty  grains.  Externally  it  is  irregular  and  un- 
even, and  has  a  dirty  appearance,  similar  to  that  which 
ammoniac  would  present  after  repeated  handling  and 
long  exposure  to  the  air  in  a  dusty  situation.  It  is 
partially  covered  with  paper.  A  few  pieces  of  reddish 
chalky  earth,  effervescing  with  acids,  are  found  adher- 
ing to  it,  though  the  proportion  of  this  on  the  specimen 
in  question  is  not  sufficient  to  affect  in  any  way  its 
saleability.  It  appears  to  be  made  up  like  Persian 
ammoniac,  of  agglutinated  tears ;  the  internal  appear- 
ance is  also  much  the  same  as  that  of  the  ordinary 
gum-resin,  except  that  it  is  not  so  white,  having  a 
brownish,  reddish,  and  in  some  places  a  faint  bluish 
hue.  Its  odor  is  very  faint,  and  when  it  is  heated, 
obviously  very  distinct  from  that  of  Persian  ammoniac. 
Its  taste  is  also  much  slighter. 

Composition. — Ammoniacum  has  been  analysed  by 
several  chemists,  with  various  results.  Braconnot 


found  it  to  yield  the  following : — 

Centesimflllj'. 

Eesiu,   70-0 

Gum,   18-4 

Gluteniform  matter,  insoluble  in  water)  ... 

and  alcohol,  X 

"Water,   6-0 

Lots,   IS! 


100-0 

Haoen's  analysis  gave : — 

Ccntcsimnlly. 

Eesin,   68-6 

Gum,   19-3 

Gluten,  , .  5*4 

Extractive,  •.   1-6 

Silicious  matter,   2-3 

Volatile  oil  and  water,   2-8 


100-0 

But  those  statements  of  the  composition  of  ammonia- 
cum, from  the  limited  means  of  analysing  organic 
substances  at  the  time  they  were  deduced,  are  very 
unsatisfactory;  and  there  is  no  doubt  that  an  inves- 
tigation of  the  subject,  now  that  organic  chemistry 
has  become  so  fully  developed,  would  show  their 
erroneousness.  Of  the  volatile  oil  of  ammoniacum, 
little,  indeed  nothing,  is  known ;  Dr.  Pereira  giving 
as  a  description  of  it,  the  simple  statement  that  it  is 
transparent  and  lighter  than  water. 

Johnston  obtained  the  resin  of  ammoniacum  by 
digesting  the  gum-resin  in  alcohol,  whereby  he  obtained 
a  pale  yellow  solution,  which,  on  evaporation  at  150°, 
gave  a  transparent,  nearly  colorless  resin,  having  the 
characteristic  odor  of  the  natural  product.  This  resin 
is  soluble  in  alcohol  and  the  alkalies ;  partially  so  in 
ether,  and  in  fixed  and  volatile  oils.  Heated  to  212° 
for  some  time,  it  assumes  a  yellow  color,  which  gra- 
dually deepens,  while  at  the  same  time  the  peculiar 
odor  becomes  less  intense.  It  is  easily  fusible,  and 
decomposes  at  a  continued  heat  of  270°;  the  volatile 
matter  which  is  evolved  containing  more  oxygen 
in  proportion  to  the  hydrogen  than  exists  in  the 
resin  itself.  Johnston  has  expressed  its  composition, 
after  slow  but  complete  desiccation,  by  the  formula, 
Cfo  H25  09. 


Uses. — Ammoniacum  is  principally  employed  in 
medicine;  internally,  its  chief,  almost  sole  use,  is  in 
chronic  pulmonary  affections,  and  even  in  these  cases, 
it  is  unsuitable  if  there  be  irritation  or  inflammation  of 
the  bronchial  membrane.  Externally,  it  is  applied  in 
the  form  of  plaster  to  glandular  enlargements  and  in- 
dolent affections  of  the  joints,  as  a  discutient  or  resolvent. 
— Pereira. 

Its  only  use  in  the  arts,  says  Ure,  is  in  the  formation 
of  a  cement  for  joining  broken  china  and  glass,  and  which 
is  prepared  as  follows  : — -Take  isinglass,  one  ounce ; 
distilled  water,  six  ounces ;  boil  these  together  down  to 
three  ounces;  add  half  that  quantity  of  strong  alcohol, 
seethe  the  mixture  for  two  or  three  minutes,  and  then 
strain  it ;  next  add,  while  hot,  first,  half  an  ounce  of 
milky  emulsion  of  ammoniacum,  and  then  five  drachms 
of  an  alcoholic  solution  of  resin  mastic.  This  resembles 
an  article  sold  as  diamond  cement. 

ASAFCETIDA — Assa  fetida,  French;  Asafcetida, 
Teufelsclrech,  German ;  Asafcetida,  Latin — is  obtained 
from  the  Ferula  Asafcetida,  an  umbelliferous  plant 
found  in  Afghanistan,  Saristan,  and  the  Punjaub.  The 
footstalks  of  the  leaves,  and  the  fibres  of  the  root,  being 
previously  removed,  incisions  are  made  in  the  latter, 
and  the  gum -resin  then  exudes,  and  is  removed.  This 
procedure  commences  about  the  middle  of  April,  and  is 
repeated  towards  the  latter  end  of  May,  and  the  begin- 
ning of  June  and  July  in  each  year. 

According  to  Dr.  Pereira,  the  root  of  the  Ferula 
Asafcetida  is  perennial,  tapering,  ponderous,  increasing 
to  the  size  of  a  man's  arm  or  leg,  covered  with  a 
blackish-colored  bark,  and  beset  near  the  top  with 
many  strong  rigid  fibres ;  its  internal  substance  is 
white,  fleshy,  abounding  with  a  thick  milky  juice,  which 
has  an  excessively  strong,  fetid,  alliaceous  odor.  The 
stem  is  two  or  three  yards  high,  six  or  seven  inches  in 
circumference  at  the  base,  and  smooth.  The  radical 
leaves  attain  the  length  of  nearly  two  feet,  and  have 
been  compared  by  K^empfer  as  resembling  in  shape 
those  of  the  pffiony,  but  in  color  and  other  respects 
those  of  common  lovage.  The  fruit  is  flat,  thin,  red- 
dish-brown, like  that  of  parsnip,  but  rather  larger  and 
darker. 

This  is  now  considered,  continues  the  last-named 
authority,  to  be  the  genuine  asafcetida  plant;  but  there 
is  reason  to  believe  that  a  gum-resin  like  asafcetida  has 
been  procured  from  other  species  of  ferula.  Ferula 
Persica  has  been  described  by  Dr.  Pope  as  the  true 
asafcetida  plant,  and  the  Edinburgh  College  of  Phy- 
sicians admitted  it  as  being  probably  one  source  of  the 
gum-resin.  That  it  really  does  yield  asafcetida  seems 
likely,  moreover,  from  the  strong  odor  of  the  drug 
which  pervades  the  entire  plant. — Pereira. 

Historical  Notice. — For  the  historical  notice  of 
asafcetida,  the  Editor  is  also  indebted  to  Dr.  Pereira, 
who  has  collected  from  many  sources  the  following : — It 
is  uncertain  at  what  period  asafcetida  was  first  known 
or  described.  The  difficulty  in  determining  its  history 
arises  from  the  confusion  which  has  existed  with  respect 
to  the  Succus  Cyrenaicus  and  asafcetida.  By  many 
writers  the  two  substances  were  considered  to  be 
identical;  but  this  opinion  seems  now  to  have  been 
I  satisfactorily  disproved  by  the  discovery  of  the  plant 
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which  yields  the  Cyrenaic  juice,  and  which  agrees 
tolerably  well  with  the  rude  figures  struck  on  the 
Cyrenian  coins.  It  would  appear,  however,  that  the 
Cyrenaic  juice  becoming  scarce,  the  ancients  employed 
some  other  substance  of  similar,  though  inferior,  pro- 
perties as  a  substitute,  and  to  both  of  these  they  ap- 
plied the  term  laser.  For  many  years,  says  Pliny, 
this  plant  has  not  been  found  in  Cyrenaica,  because  the 
publicans — or  farmers  of  the  taxes — who  rent  the 
pastures,  finding  it  more  profitable,  destroy  it  as  food 
for  cattle.  One  stalk  only,  found  in  these  days,  was 
sent  to  the  Emperor  Nero.  It  may  be  known  when 
cattle  meet  with  young  shoots  of  it,  by  the  sleeping  of 
the  sheep,  and  the  sneezing  of  the  goats,  when  they 
have  eaten  of  it.  For  a  long  time  past  the  only  laser 
brought  is  that  which  is  produced  abundantly  in  Persia, 
Media,  and  America,  but  it  is  far  inferior  to  the 
Cyrenaic.  It  is  not  at  all  improbable,  continues  Dr. 
Pereira,  that  the  laser  of  Persia  may  have  been  the 
asafoetida  of  the  present  day.  Murray  says  the  word 
asafoetida  seems  to  have  been  introduced  by  the 
monks  into  the  school  of  Salernum.  But  it  appears  to 
have  been  of  oriental  origin,  and  may  be,  as  some 
have  suspected,  derived  from  the  word  laser.  There 
are  two  kinds  of  assa,  says  Avicenna,  one  fetid,  the 
other  odoriferous. — Materia  Medica. 

Description. — Asafcetida  is  found  in  irregular  yel- 
lowish or  pinkish-brown  fragments,  of  different  sizes. 
The  newly-fractured  surface  is  whitish  or  cream- 
colored,  semi-transparent,  and  possesses  a  waxy  lustre ; 
but  on  being  subjected  for  a  few  hours  to  the  combined 
influence  of  air  and  light,  it  becomes  violet-red,  and 
after  the  lapse  of  some  days,  yellowish  or  pinkish-brown. 
Dr.  Pereira  has  described  three  varieties : — 

1.  Asafcetida  in  the  tear,  which  occurs  in  distinct, 
roundish,  flattened,  or  oval  drops,  and  also  in  irregular 
pieces,  varying  from  the  size  of  a  pea  to  that  of  a 
walnut,  of  a  yellow  or  brownish-yellow  externally,  but 
white  internally.  It  is  not  at  all  improbable  that  this 
variety  is  obtained  from  a  source  different  from  that 
whence  the  lump  asafcetida  is  procured ;  for  its  color, 
externally,  is  more  yellow,  its  odor  is  much  feebler,  and 
its  freshly-fractured  surface  becomes  more  slowly  and 
less  intensely  red  by  exposure  to  the  atmosphere.  As 
it  has  considerable  resemblance  to  ammoniacum  in  the 
tear — with  which,  indeed,  except  by  its  odor,  it  might 
readily  be  confounded — may  it  not  be  the  substance 
which  Olivier  calls  ammoniacum,  and  which,  he  says, 
is  produced  by  Ferula  Persica? 

2.  Lump  asafcetida,  which  is  the  variety  usually 
found  in  the  shops.  It  occurs  invariable-sized  masses, 
of  irregular  forms,  and  having  a  reddish  or  brownish- 
yellow  tinge.  Frequently  these  masses  are  observed  to 
be  made  up  of  tears,  agglutinated  by  a  reddish-brown 
substance ;  these  form  that  kind  of  asafcetida  sometimes 
designated  amygdaloid. 

3.  Stony  asafcetida.  Dr.  Pereira  never  met  with 
this  in  English  commerce,  but  has  described  samples 
which  he  received  from  Dr.  Martiny  :  It  occurs  in  ir- 
regular, more  or  less  angular,  pieces,  which  have  the 
odor  of  asafoetida,  and  a  yellowish-brown  color,  and 
present  numerous  small  shining  points  or  plates.  It 
slightly  effervesces  in  hydrochloric  acid.    By  incine- 


ration it  yields  a  white  ash,  which  strongly  effervesces 
on  the  addition  of  acids.  Angelini  found  in  stony 
asafoetida  51'9  per  cent,  of  sulphate  of  lime. — Dr. 
Pereira. 

Properties  and  Composition. — Asafoetida  is  very 
easily  known  by  its  peculiar  alliaceous  odor.  This  is 
the  more  readily  appreciable  when  the  gum-resin  is 
subjected  to  heat.  Exposed  to  light  and  air,  its  recently 
broken  surface  soon  acquires  a  red  color,  which  gradu- 
ally passes  into  yellowish  or  pinkish-brown.  Its  taste 
is  acrid  and  bitter.  With  sulphuric  acid  and  heat  it 
blackens ;  a  dark,  blood-red  fluid  is  produced,  and  sul- 
phurous acid  is  evolved.  On  diluting  the  menstruum, 
and  adding  an  excess  of  caustic  potassa,  a  beautiful  blue 
color  may  be  seen  by  reflected  light,  more  especially  on 
the  surface. 

Asafoetida  consists  principally  of  resin,  gum,  and 
volatile  oil.  Brandes  analysed  it  with  the  following 
results : — ■ 

Centesimally. 


Kesin   48-5 

Gum,  with  traces  of  saline  matters,   19'0 

Bassorin,   6*4 

Volatile  oil,   4-5 

Extractive,  "with  saline  matters,   1*4 

Sulphate  and  carbonate  of  lime,   9'3 

Oxide  of  iron  and  alumina,   0*4 

Sand  and  lignin,   4-5 

Water   6-0 


100-0 

The  volatile  oil  of  asafoetida  is  prepared  by  distilla- 
tion, either  with  water  or  alcohol,  and  passes  over 
colorless,  though  by  a  brief  exposure  to  the  atmosphere 
it  becomes  yellow.  It  possesses  first  a  mild,  and  sub- 
sequently a  bitter  taste  ;  its  odor  is  remarkably  powerful, 
and  as  it  is  very  volatile,  the  atmosphere  of  any  apart- 
ment where  it  may  be  exposed  is  soon  impregnated 
with  it.  It  is  very  soluble  in  alcohol  and  ether,  but 
two  thousand  times  its  weight  of  water  are  required  to 
dissolve  it.  It  contains  sulphur,  which  may  be  known 
by  its  blackening  silver,  and  Dr.  Pereira  thinks  it 
probable  that  phosphorus  is  likewise  present.  Accord- 
ing to  some,  the  oil  is  composed  of  two  sulphides 
of  the  hydrocarbon,  C12  Hn,  and  when  freshly  distilled, 
like  the  essential  oils  of  black  mustard  and  horse- 
radish, it  contains  no  oxygen.  It  acquires  an  acid 
reaction  from  continued  contact  with  the  air,  and  on 
boiling  it,  sulphide  of  hydrogen  is  disengaged. 

The  resinous  matter  of  asafoetida  may  be  isolated  by 
digesting  the  gum-resin  in  alcohol,  and  evaporating  the 
solution  ;  by  this  simple  process,  however,  it  cannot  bo 
considered  as  pure,  and  it  is  better  obtained  in  this 
state  by  adopting  the  method  described  by  M.  Picard 
for  the  preparation  of  the  resin  of  ammoniacum,  and 
given  at  page  321.  It  is  soluble  in  alcohol,  oil  of  tur- 
pentine, and  oil  of  almonds.  It  has  the  characteristic 
odor  of  the  gum-resin,  and  the  property  which  the 
natural  product  possesses  of  becoming  violet-red  by 
exposure  to  the  sun's  rays.  Brandes  states  that  ether 
divides  it  into  two  portions,  resin  and  sub-resin,  which 
he  has  described ;  but  Johnston  affirms  that  it  is  readily 
and  completely  soluble  in  ether.  Like  many  other  resins, 
it  must  be  heated  for  a  length  of  time  before  it  becomes 
hard  and  brittle,  and  reaches  its  normal  condition. 
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By  this  prolonged  heating,  it  acquires  a  darker  and 
brownish  color,  and  is  easily  decomposed  if  the 
heat  be  carried  much  beyond  212°.  As  the  tempera- 
ture rises,  the  resin  froths  up  Very  much  for  some  time, 
giving  off'  a  strong  alliaceous  odor ;  it  then  flows  quietly 
till  the  heat  is  again  increased. 

Its  elementary  composition,  according  to  Johnston, 
is  represented  by  the  formula,  Ci0  HK  O10,  which  differs 
from  that  of  the  resin  of  ammoniacum  in  containing  the 
elements  of  an  additional  equivalent  of  water. 

Uses. — In  Europe  solely  as  a  medical  agent ;  it  is 
found  highly  useful  in  spasmodic  or  convulsive  diseases 
not  dependent  on  the  nervous  centres  ;  as  a  stimulating 
expectorant  and  antispasmodic  in  chronic  catarrh  ;  in 
affections  of  the  alimentary  canal ;  as  an  emmena- 
gogue  in  uterine  obstructions.  In  some  oriental  nations, 
as  mentioned  in  the  historical  notice  of  asafoetida,  it  is 
employed  as  a  condiment. 

BDELLIUM. — By  this  term  two  gum-resins  are 
understood ;  one,  obtained  from  Amyris  Commiphora, 
the  bdellium  of  Holy  Writ,  known  as  Indian  bdellium, 
or  false  myrrh  ;  the  other,  derived  from  Heudolatia 
Africana,  is  called  African  bdellium.  It  is  called  by 
the  natives,  niottout.  It  occurs  in  commerce  in  trans- 
lucent tears,  often  of  considerable  size.  These  vary  in 
tint,  some  of  them  being  of  a  brown  color,  more  or  less 
dark.  By  age  they  become  opaque,  and  covered  with 
a  white  or  yellowish  dust.  Their  fracture  is  dull  and 
ceriferous.  Bdellium  has  a  feeble,  peculiar  odor,  and 
a  bitter  taste.    Pelletier  states  that  it  consists  of — 

Centesimally. 

Eesin,   59-0 

Soluble  gum,   9*2 

Bassorin,   30-6 

Volatile  oil  and  loss,   1-2 

100-0 

Johnston  represents  the  composition  of  the  resin  of 
bdellium,  by  the  formula  Ci0  H31  06,  or      Hc2  O10. 

EUPHORBIUM  is  the  produce  of  different  species 
of  euphorbia,  a  plant  growing  in  the  interior  of  Africa. 
It  exudes  in  the  form  of  a  milky  juice,  so  acrid  as  to 
excoriate  the  fingers,  and  which  hardens  by  the  heat  of 
the  sun  into  irregular  yellowish  tears.  It  is  nearly 
inodorous,  but  its  dust  excites  incessant  sneezing.  Its 
taste,  at  first  slight,  is  afterwards  acrimonious  and  burn- 
ing ;  when  swallowed,  it  produces  vomiting  and  purging, 
and  acts  as  an  acrid  poison  ;  the  persons  who  grind  it 
suffer  from  headache  and  giddiness,  and  often  from 
delirium.  It  principally  consists  of  resin  and  a  waxy 
matter,  and  a  considerable  quantity  of  malate  of  lime 
is  also  present.  Rose1,  in  his  researches,  found  euphor- 
bium to  contain  two  distinct  resins :  one,  easily  soluble 
in  cold,  the  other,  only  soluble  in  hot  alcohol,  and, 
under  certain  circumstances,  susceptible  of  crystalliza- 
tion. Johnston  has  also  examined  these  resins,  but 
there  is  some  doubt  as  to  the  results  of  the  analysis. 
Rose1  assigns  the  formula  C40  Hg.  04,  to  the  crystalliz- 
able  resin.  Euphorbium  has  also  been  examined  by 
Buchner  and  Herberger,  who  regard  one  of  the 
resins  as  basic,  the  other  acid. 

GALBANUM. — Much  uncertainty  exists  with  regard 
to  the  plant  whence  this  gum-resin  is  derived.  The 
Dublin  College  of  Physicians  have  described  galbanum, 


on  the  authority  of  Lindley,  as  the  exudation  of  the 
Opoidia  Oalbanifera.  Don  found  an  umbelliferous 
fruit  in  the  galbanum  of  commerce,  which  he  believed 
to  be  that  of  the  plant  yielding  the  gum-resin ;  and,  as 
it  constituted  a  new  genus,  he  called  it  Galbanum 
Officinale.  But  though  it  is  not  at  all  improbable,  says 
Dr.  Pereira,  that  these  fruits  are  the  produce  of  the 
galbanum  plant,  yet  no  proof  of  this  has  been  hitherto 
adduced,  and  Dr.  Lindley,  therefore,  very  properly 
asks,  Did  the  fruit  found  upon  the  gum  really  belong 
to  it? 

It  has  not  yet  been  precisely  ascertained  where  gal- 
banum is  produced.  Dioscorides  says  it  is  obtained 
in  Syria ;  a  statement  which  is,  perhaps,  correct,  though 
hitherto  no  evidence  of  this  has  been  acquired.  It  is 
not  improbable  that  it  is  also  procured  in  Persia,  or 
even  in  Arabia,  as  suggested  by  Dr.  Royle.  Qpoidia 
Oalbanifera  grows  in  the  province  of  Khorasan,  near 
Durrood.  The  German  pharmacologists  distinguish 
two  varieties — Galbanum  Levanticum  and  Galbanum 
Persicum.  The  names  indicate  the  localities  whence 
they  are  supposed  to  be  derived. — Pereira. 

Description. — Galbanum  generally  occurs  in  brown- 
ish, or  dark  brownish-yellow,  irregular  masses  of  large 
size,  apparently  composed  of  agglutinated  tears.  Some 
of  these,  when  broken,  appear  translucent,  and  of  a 
bluish,  or  pearl-white  color.  Fragments  of  the  stem 
and  other  similar  impurities  often  pervade  the  tears ; 
and,  to  remove  these,  the  galbanum  is  generally  sub- 
jected to  fusion  and  strained. 

Another  variety  of  galbanum  is  known,  but  it  is 
comparatively  rare.  It  is  in  distinct,  globular,  yellow- 
ish tears  of  about  the  size  of  a  pea,  possessing  a  feebly 
resinous  and  yellow  fracture. 

Properties  and  Composition. — Galbanum  has  a 
hot,  acrid,  and  bitter  taste,  and  a  peculiar,  balsamic 
odor.  When  subjected  to  cold,  it  is  rendered  brittle, 
and  may  be  easily  pulverized. 

It  has  been  analyzed  hy  several  chemists.  Pelle- 
tier's  results  are  as  under : — ■ 

Centesimally. 


Eesin   06-86 

Gum,   19-28 

Volatile  oil  and  loss,   6-34 

Ligneous  matters  and  impurities,   7-52 

Bimalate  of  lime,  traces. 


-  - 100-00 

Meissner's  resulta,  appended,  seem  much  more 
accurate : — 

Centesimally. 


Eesin,   65-8 

Gum,   22-6 

Bassorin,   1*8 

Volatile  oil,   3-4 

Bitter  matter,  with  malic  acid   0-2 

Vegetal  remains   2-8 

Water,   2-0 

Loss,   1-4 


1000 

The  volatile  oil  of  galbanum  is  obtained  by  submitting 
the  gum-resin,  with  water,  to  distillation.  It  is  color- 
less and  limpid.  Its  odor  is  like  that  of  galbanum  and 
camphor ;  its  taste  is  hot,  afterwards  cooling  and 
bitterish.   It  is  soluble  in  alcohol,  ether,  and  fixed  oils. 
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The  resin  of  galbanum  is  dark  yellowish-brown, 
transparent,  brittle,  and  tasteless ;  soluble  in  alcohol 
and  ether;  scarcely  so  in  spirit  containing  fifty  per 
cent,  of  water,  or  in  almond  oil ;  very  slightly  soluble 
in  oil  of  turpentine,  even  when  aided  by  heat.  It  dis- 
solves in  sulphuric  acid,  forming  a  dark  yellowish- 
brown  liquid. 

Pelletiek  states  that  galbanum  resin  has  the  re- 
markable property  of  yielding  an  indigo-blue  oil  when 
heated  to  from  248°  to  266°.  Johnston  assigns  the 
formula  C10  H27  07,  as  representing  the  composition  of 
the  resin. 

Uses. — Galbanum  is  principally  employed  in  medi- 
cine ;  it  is  administered  internally  in  catarrhs,  some- 
times in  amenorrhcea  and  chronic  rheumatism.  Ex- 
ternally, it  is  applied  as  a  mild  stimulant,  resolvent,  or 
suppurant,  in  indolent  swellings. 

GAMBOGE — Gomme  gutle,  French;  Gutti,  Ger- 
man ;  Camboffia,  Latin — is,  according  to  Gkaham, 
the  produce  of  Hebradendron  Cambogioides,  a  native  of 
Ceylon.  Gamboge  appears  to  have  been  first  noticed 
in  1605  by  Clusius,  who  received  some  of  it  in  1603 
from  Peter  Garet  of  Amsterdam.  Admiral  Van 
Neck  had  brought  this  from  China,  and,  according  to 
him,  its  oriental  name  was  Ghittaiemou.  In  Siam  it 
is  obtained,  says  Konig,  by  fracturing  the  branchlets 
and  leaves,  when  a  yellow  milky  juice  exudes,  which 
is  collected  either  upon  the  leaves  of  the  tree,  or  in 
cocoa-nut  shells,  from  which  it  is  transferred  to  flat 
earthen  vessels,  and  allowed  to  inspissate  in  the  atmo- 
sphere ;  it  is  finally  enveloped  with  leaves.  The  cylin- 
drical kind  of  gamboge  is  resolved  into  this  form  by 
being  deposited,  while  semi-fluid,  in  joints  of  the  bam- 
boo. 

Murray  states  that  gamboge  is  obtained  in  Ceylon 
by  wounding  the  bark  of  the  tree,  at  the  time  of  flower- 
ing, with  a  sharp  stone. 

Description. — For  the  delineation  of  the  different 
varieties  of  gamboge,  the  Editor  has  to  resort  to  the 
Materia  Medica  of  Dr.  Pereira  as  the  best  source  of 
information  on  the  subject.  That  eminent  authority 
says  : — Two  kinds  of  gamboge  are  described  by  phar- 
macological writers — the  Siam  and  the  Ceylon.  Of 
these  the  first  only  is  known  in  commerce. 

1.  Siam  Gamboge. — This  is  the  gamboge  of  the 
shops.  It  is  brought  to  this  country  sometimes  direct 
from  Siam  ;  at  other  times  indirectly  by  way  of  Singa- 
pore, Penang,  or  Canton.  It  presents  itself  in  com- 
merce in  three  forms: — 1,  in  rolls,  or  solid  cylinders ; 
2,  in  pipes,  or  hollow  cylinders ;  3,  in  cakes  or  amor- 
phous masses.  The  first  two  varieties  are  known 
commercially  as  pipe  gamboge.  The  commonest 
pieces  of  the  above  are  called  coarse  gamboge. 

a.  Pipe  gamboge  consists  of  cylindrical  pieces,  varying 
in  size  from  one  to  three  inches  in  diameter.  Some  of 
them  appear  to  have  been  formed  by  rolling ;  but 
many  of  them  are  striated,  from  the  impression  of  the 
bamboo  into  which  the  gamboge  juice  has  been  run, 
and,  not  unfrequently,  portions  of  the  stem  are  still 
adherent.  The  gamboge  cylinders  are  sometimes  dis- 
tinct, and  covered  externally  with  a  dirty  greenish- 
yellow  dust ;  at  other  times  agglutinated,  or  even 
folded  so  as  to  form  masses  of  varying  sizes  and  shapes. 
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Pipe  gamboge  occurs  in  all  qualities,  the  finest  and  the 
worst  specimens  having  this  form.  Fine  gamboge  is 
brittle  and  devoid  of  odor.  It  has  very  little  taste  at 
first ;  but,  after  some  time,  it  causes  an  acrid  sensation 
in  the  throat.  Its  fracture  is  conchoidal,  and  the 
resulting  surfaces  are  opaque  reddish-yellow,  with  a 
glimmering  lustre.  It  is  completely  dissolved  by  the 
successive  action  of  ether  and  water.  With  a  sufficient 
quantity  of  the  latter  fluid,  it  forms  a  yellow  emulsion, 
the  films  of  which  are  good  microscopic  objects  for  the 
observation  of  active  molecules.  The  powder  of  fine 
gamboge  is  bright  yellow. 

Inferior  qualities  of  this  gum-resin  are  harder,  more 
earthy  in  fracture.  The  fresh  surfaces  are  brownish 
or  greyish-yellow,  frequently  with  black  spots  from 
the  intermixture  of  foreign  bodies.  Ether  and  water 
successively  employed  do  not  completely  dissolve  it. 
Iodine  readily  detects  starch  in  the  cooled  decoction 
by  the  green  color  which  it  gives  rise  to. 

b.  Lump  or  cake  gamboge  occurs  in  masses  of  several 
pounds'  weight.  Its  quality  is  inferior  to  the  finest 
pipe  kind.  Internally,  fragments  of  wood,  twigs,  and 
air-cells  may  be  observed.  In  most  of  its  characters  it 
agrees  with  the  inferior  qualities  of  pipe  gamboge,  and, 
like  these,  contains  starch. 

2.  Ceylon  or  Cingalese  Gamboge.- — Dr.  Pereira 
was  unacquainted  with  this  kind  of  gamboge,  which  is 
unknown  in  English  commerce.  According  to  Dr. 
Christison,  it  is  usually  in  small,  irregular  fragments; 
but,  as  originally  collected,  is  in  flattish  round  masses 
— as  if  moulded  in  shallow  bowls — weighing  about  a 
pound  or  upwards,  and  it  appears  to  be  composed  of 
aggregated  irregular  tears,  with  interspaces  and  cavities, 
which  are  lined  with  a  dark  pulverulent  matter,  or 
with  a  powder  of  an  earthy  appearance.  Altogether 
it  seems  a  very  coarse  article.  It  forms,  with  great 
ease,  an  emulsion  nowise  inferior  in  smoothness,  and 
very  little,  if  at  all,  in  brightness  of  tint,  to  that  of  the 
very  best  pipe  gamboge  of  Siam. 

Properties  and  Composition. — The  properties  of 
gamboge  have  been,  to  some  extent,  treated  of  in  the 
foregoing  description.  The  following  are  additional 
reactions : — 

Gamboge  affords  orange-red  tinctures  with  ether 
and  alcohol,  which,  when  dropped  on  water,  yield,  on 
the  evaporation  of  the  solvent,  thin,  bright  yellow, 
opaque  films,  which  readily  dissolve  in  caustic  potassa. 
The  resinous  portion  of  gamboge,  of  which  these  films 
are  constituted,  has  been  termed  by  Johnston  gam- 
bogic  acid.  The  potassa  salt,  obtained  as  just  noted 
by  the  solvent  power  of  the  alkali,  gives  with  acids  a 
yellow  precipitate  of  gambogic  acid;  with  acetate  of 
lead,  yellow ;  with  sulphate  of  copper,  brown ;  and 
with  the  salts  of  iron,  dark  brown  deposits. 

Should  it  be  necessary,  as  it  sometimes  has  been  in 
medico-legal  cases,  to  detect  the  presence  of  gamboge 
amongst  other  vegetal  products,  as  in  pills,  et  cetera, 
the  following  simple,  but  sure,  course  of  procedure 
may  be  adopted : — 

Digest  one  portion  of  the  suspected  substance  in 
alcohol,  and  another  in  ether,  and  subject  the  tinctures 
to  the  above-mentioned  tests.  Though  the  yellow 
resin  of  New  Holland,  the  produce  of  the  Xanthorrhaa 
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Hastilis,  has  a  similar  appearance,  yet  its  chemical 
reactions  with  the  tests  ahove-mentioned  are  very 
different.  Should  the  yellow  coloring  matter  of  tur- 
meric, saffron,  or  rhubarb  be  taken,  at  first  sight,  for 
that  of  gamboge,  the  examination  with  acids,  acetate 
of  lead,  sulphate  of  copper,  and  salts  of  iron  succes- 
sively, may  be  accepted  as  positive. 

Dr.  Christison  gives  the  following  as  the  centesi- 
mal composition  of  gamboge  :— 

Siam  Gamboge. 


Fipo.       Cako  or  Lump.  Coarse. 

Kesin,   72-5  ....  64-7  ....  48-2 

Soluble  gum,   22-7  ....  20-3  ....  15-2 

Woody  fibre,   trace   5*3  ... .  13*3 

Fecula,      5-6  ....  14-5 

Moisture,   4-8   4-1  ....  8-8 

100-0        100-0  100-0 

Ceylon  Gamboge. 

Kesin,   71-2 

Soluble  gum,   19-9 

Woody  fibre,   5-7 

Water   3-2 


100-0 

Gambogic  Acid. — Syn.  Gambodic  acid — Resin. — 
It  has  a  deep  orange  color,  and  communicates  a  yel- 
low tint  to  ten  thousand  times  its  weight  of  alcohol. 
It  is  soluble  in  this  menstruum,  and  still  more  so  in 
ether.  Water  does  not  take  up  any  of  it.  'When 
subjected  to  a  heat  of  about  400°  it  is  partially  decom- 
posed, so  that  while  one  portion  is  soluble  in  alcohol, 
as  the  original  resin,  the  other  is  insoluble.  Gamboge 
resin  forms  numerous  salts.  Its  composition  has  been 
represented  by  the  above  chemist  as  C10  H22  09.  The 
gum  of  gamboge  seems  to  be  identical  with  arabin,  and 
like  it  readily  dissolves  in  water. 

The  fecula  found  in  the  inferior  kinds  of  gamboge 
is  probably  an  adulterant. 

To  a  small  extent  gamboge  is  employed  as  a  water- 
color  ;  but  its  principal  application  is  in  medicine.  It 
is  seldom  administered  per  se,  owing  to  its  tendency  to 
create  nausea  and  vomiting  ;  but,  when  combined  with 
milder  purgatives,  it  has  been  found  to  be  a  valuable 
remedy  in  constipation ;  in  cerebral  affections,  as  apo- 
plexy ;  in  dropsy ;  and  as  an  anthelmintic.  The  full  dose 
of  it  is  said  to  be  from  ten  to  fifteen  grains.  In  exces- 
sive quantity  it  acts  as  an  acrid  poison.  Dr.  Pereira 
records  that  a  drachm  administered  to  a  human  subject, 
caused  horrible  vomiting  and  purging,  followed  by 
syncope  and  death.  No  effective  antidote  is  known. 
Hahnemann  has,  indeed,  recommended  carbonate  of 
potassa  as  a  means  of  diminishing  the  violence  of  the 
topical  action  of  gamboge. 

MYRRH. — Myrrhe,  French;  Myrrha,  German; 
Myrrha,  Latin.  This  well-known  gum-resin  is  the 
spontaneous  exudation  of  the  Balsamodendron  Myrrha. 
It  is  repeatedly  mentioned  in  the  Old  Testament,  the 
earliest  allusion  being  in  Genesis,  from  which  it  appears 
that  1729  B.C.  it  was  an  article  of  Eastern  commerce. 
It  seems  to  have  been  made  use  of  by  Democrates. 
DiOSCORiDES  enumerates  several  varieties  of  it ;  one 
named  the  Troglodytica  being  the  best.  According 
to  some  ancient  writers,  this  gum-resin  received  its 


appellation  from  Myrrha,  the  daughter  of  Cimfras, 
king  of  Cyprus,  who,  after  committing  criminal  acts, 
absconded  to  Arabia,  and  was  transformed  into  a  tree, 
which  ever  afterwards  bore  her  name. 

The  myrrh  tree  was  not  fully  known  until  Ehren- 
berg,  in  1825,  returned  from  his  travels  with  Hem- 
prich  in  Asia  and  Africa,  bringing  with  him  a  specimen, 
which  has  been  delineated  and  depicted  by  Nees  von 
Esenbeck. 

Description. — Myrrh,  says  Dr.  Pereira,  is  im- 
ported from  the  East  Indies  in  chests  containing  from 
one  to  two  hundredweight  each.  Formerly  the  finest 
kind  was  brought  from  Turkey,  and  an  inferior  one 
from  the  East  Indies  ;  but,  at  the  present  time,  nearly 
the  whole  comes  from  India.  Sometimes  the  same 
chest  contains  myrrh  of  all  qualities,  which  is  then 
termed  myrrh  in  sorts ;  but  commonly  it  is  imported 
more  or  less  assorted. 

Myrrh  of  first  quality. — Turkey  myrrh  occurs  in 
pieces  of  irregular  forms  and  of  variable  sizes,  consisting 
of  tears  —  either  distinct  or  agglomerated — usually 
covered  with  a  fine  powder  or  dust.  The  color  varies, 
being  pale  reddish-yellow,  red,  or  reddish-brown.  The 
pieces  are  fragile,  semi-transparent,  with  a  dull,  and 
in  part  splintery,  fatty  kind  of  fracture.  In  conse- 
quence of  imperfect  desiccation,  the  largest  and  finest 
pieces  often  present  internally,  opaque,  whitish,  or 
yellow  striae,  or  veins,  which  have  been  compared  by 
Dioscorides,  Pliny,  and  many  others,  to  the  white 
marks  on  the  nails.  The  purest,  palest,  and  most 
odorous  pieces  are  sold  as  picked  myrrh. 

Myrrh  of  second  quality  consists  of  distinct  tears  or 
grains,  which  are  rounded  or  irregular,  and  vary  in 
size  from  that  of  a  pin's  head  to  a  peppercorn,  none 
of  them  in  Dr.  Pereira's  specimens  being  so  large  as 
a  small  pea.  They  are  somewhat  shiny,  more  or  less 
transparent,  and  vary  in  color  from  pale  or  whitish- 
yellow  to  reddish-brown.  It  consists  of  tears  of  myrrh, 
intermixed  with  fragments  of  gum-arabic,  and  of  some 
resin  very  like  mastic  or  juniper.  Many  druggists 
regard  it  as  merely  the  siftings  of  the  finest  kind,  but 
Dr.  Pereira  does  not  agree  with  this  opinion. 

Myrrh  of  third  quality. — Formerly  this  was  the 
only  kind  imported  from  the  East  Indies.  It  occurs  in 
pieces,  which  are  darker-colored  than  those  of  the  so- 
called  Turkey  myrrh,  and  the  average  size  of  which 
does  not  exceed  that  of  a  walnut.  It  is  often  mixed 
with  other  matters,  particularly  with  Indian  bdellium, 
and  with  a  substance  of  similar  appearance  to  dark-red 
colored  Senegal  gum. — Pereira. 

Properties  and  Composition.  —  The  odor  of 
myrrh  is  peculiar,  but  balsamic  and  fragrant;  the  taste 
is  bitter,  aromatic,  and  somewhat  pungent.  Water 
dissolves  the  gum  principally,  while  alcohol  and  ether 
take  up  the  volatile  oil  and  resin.  Myrrh  is  readily 
dissolved  by  the  alkalies.  When  it  is  subjected  to  the 
action  of  nitric  acid,  a  vinous  hue  is  produced.  Ac- 
cording to  Pelletier  it  consists  of  thirty-four  per 
cent,  of  resin  and  sixty-six  of  gum.  Ruickholdt 
states  that  it  contains,  when  of  the  best  quality,  be- 
'tween  forty-four  and  forty-five  per  cent,  of  resin. 
Brandes  and  Braconnot  have  also  analysed  it,  with 
the  following  results : — 
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Centcsimally  represented 

t  h  i 

Braudes.  Braconnot. 

Volatile  oil,                                         2-60   2-5 

Resin,   27-80    23'0 

r'{  Soluble,   54*38  ....  4G-0 

uum\ Insoluble,                                   9-32  ....  12-0 

Salts — benzoates,  malates,  phosphates,} 

sulphates,  and  acetates  of  potassa  and  >  1*36  ....  — 

lime,  ) 

Impurities,                                          1-60 ")  e 

Lobs  2-94/  -  16-5 

100-00  100-0 

According  to  Brandes,  the  27-80  per  cent,  of  resin 
found  by  his  analysis,  consisted  of  22'24  soft,  and  5'56  of 
hard  resin,  the  two  soluble  in  alcohol.  The  former  he 
distinguishes  as  odorous,  and  insoluble  in  ether.  Un- 
VERdorben  regards  it  as  a  compound  of  hard  resin 
and  volatile  oil.  The  hard  resin  is  characterised  as 
inodorous,  soluble  in  the  caustic  alkalies,  but  not  taken 
up  by  ether.  The  resin  prepared  by  Ruickholdt  was  of 
a  brown  color,  fused  at  a  temperature  below  212°,  and 
slightly  retained  the  taste  and  odor  of  the  gum-resin. 
By  subjecting  it  to  heat,  he  obtained  a  modified  resin, 
which  he  has  termed  myrrhic  acid. 

The  volatile  oil  of  myrrh  has  the  odor  and  taste  of 
myrrh;  it  is  soluble  in  alcohol,  ether,  and  the  fixed 
oils;  it  is  thin,  but  has  a  specific  gravity  higher  than 
that  of  water.  It  is  devoid  of  color,  but  becomes 
yellowish  by  keeping,  probably  from  the  absorption  of 
oxygen.  It  forms  red  menstrua,  with  sulphuric,  nitric, 
and  hydrochloric  acids.  When  exposed  to  the  atmo- 
sphere, partial  evaporation  occurs,  and  a  glutinous, 
varnish-like  magma  remains. 

The  Editor  learns  that  myrrh  is  often  mixed  with 
Indian  bdellium — the  produce  of  the  Amyris  commi- 
phora. Bdellium,  in  appearance  and  taste,  is  often 
very  similar  to  myrrh,  but  differs  in  odor,  and  is  char- 
acterized by  its  great  amount  of  bassorin.  Besides  this, 
it  is  often  mixed  with  another  substance,  for  the  de- 
tection of  which  Bley  and  Diesel  give  directions  as 
follows : — ■ 

Pseudo-myrrh,  which  has  been  frequently  found  in- 
corporated with  the  genuine  myrrh,  consists  of  large 
pieces  of  different  forms,  the  majority  of  them  seeming 
to  be  fragments  of  a  cylindrical  body  ;  they  are  coated 
externally  with  dust,  and  have  a  dirty  reddish-brown 
color ;  the  surface  of  fracture  is  tolerably  even,  of  vitre- 
ous lustre,  brownish-yellow  color,  and  nearly  as  trans- 
parent as  Senegal  gum.  It  has  a  faint  myrrh-like 
odor,  and  a  disagreeable,  bitter,  somewhat  balsamic 
taste.  Nitric  acid  dissolves  it,  yielding  a  blight  yellow- 
ish liquid,  from  which  water  separates  small  yellowish 
particles.  Genuine  myrrh  yields  with  nitric  acid  a 
transparent  dirty-yellow  liquid.  Bdellium  indicum  is 
not  dissolved  by  nitric  acid ;  it  softens,  becomes  whitish 
and  opaque.  Bibulous  paper,  moistened  with  the  alco- 
holic extract  of  myrrh,  and  then  with  nitric  acid, 
acquires  the  blood-red  color  first  observed  by  Bon- 
astre  ;  bdellium  and  pseudo-myrrh  exhibit  only  a 
yellow  or  brownish  coloring.  Bdellium  indicum  is, 
moreover,  distinguished  by  its  greenish-brown  hue,  its 
more  terebinthinate  odor,  and  bitter  and  somewhat 
acrid  taste.  It  becomes  viscous  when  held  for  some 
time  between  the  fingers.     Myrrh  yields  a  bright 


golden-yellow  tincture,  and  an  opaque  whitish  residue; 
pseudo-myrrh,  a  high  yellow  one,  and  a  semi-transpa- 
rent residue ;  myrrha  indica,  a  dark-yellow  tincture, 
and  an  opaque  residue.  An  addition  of  water  pro- 
duces in  the  first  and  last  a  milky  turbidness,  and  in 
the  second  no  change.  Nitric  acid — six  drops  to  twenty 
of  the  tincture — yields  with  myrrlm  electa  a  yellowish- 
white  opacity,  upon  which,  after  a  time,  the  periphery 
of  the  liquid  acquires  a  bright  violet  color,  while  the 
centre  remains  yellow.  Myrrha  indica  behaves  simi- 
larly, only  that  the  tint  is  darker ;  pseudo-myrrh  does 
not  exhibit  this  reaction.  Fuming  nitric  acid  produces 
with  the  tincture  of  myrrha  electa  an  amber-brown, 
and  finally  a  dark  violet  color ;  on  evaporation,  a  dark 
gamboge-looking  residue  is  left;  myrrha  indica  ex- 
hibits the  same  reaction ;  pseudo-myrrh  experiences  no 
change.  Bdellium  indicum  and  africanum  are  distin- 
guished by  their  not  assuming  a  violet  hue  on  their 
treatment  with  nitric  acid.  About  two  grains  of  myrrh, 
shaken  with  an  ounce  of  water  and  filtered,  yield  with 
solutions  of  salts  of  the  oxide  of  lead  a  considerable 
precipitate.  Bdellium  indicum,  treated  in  the  same 
manner,  exhibits  scarcely  any  opacity. 

Uses. — Like  most  of  the  other  gum-resins,  myrrh 
is  employed  only  in  medicine ;  it  is  useful  in  disordered 
conditions  of  the  digestive  organs;  in  excessive  secre- 
tions from  the  mucous  membrane;  and,  externally,  as 
a  dentifrice,  and  as  a  gargle  for  ulceration  of  the  throat 
in  the  form  of  tincture. 

OLIBANUM. — Oliban,  French ;  Oelbaumharz,  Ger- 
man; Olibanum,  Latin.  This  gum-resin,  employed 
by  the  ancients  in  their  religious  rites  under  the  name 
of  frankincense,  and  first  mentioned  by  Moses,  is  de- 
rived from  the  Boswellia  Thurifera,  a  terebinthaceous 
tree,  inhabiting  the  mountainous  parts  of  Coromandel. 

Description. — Dr.  Pereira  describes  it  as  con- 
sisting of  round,  oblong  or  ovate,  pale-yellowish,  semi- 
opaque,  fragile  tears,  having  a  balsamic  resinous  odor. 
Johnston  is  of  opinion  that  it  is  a  mixture  of  two  dis- 
tinct gum-resins.  The  one  he  delineates  as  consisting 
of  opaque,  dull,  hard,  brittle  pieces,  which,  when  intro- 
duced into  alcohol,  become  almost  immediately  white 
and  opaque,  from  a  white  powdery  coating  or  crust 
left  on  their  surface  as  the  soluble  portion  is  taken  up. 
This  variety  constitutes  the  larger  portion  of  the  oliba- 
num of  commerce,  and  is  the  more  fragrant  when 
burned.    It  contains  an  acid  resin  and  volatile  oil. 

The  second  varietyis  characterised  as  being  in  clearer, 
more  yellow,  less  brittle,  opaque  pieces,  generally  in 
long  tears  as  they  have  flowed  from  the  tree,  contain- 
ing less  gum  than  the  other  kind,  and  becoming  clear 
and  transparent  when  immersed  in  alcohol.  All  the 
tears  of  olibanum  experimented  upon  by  Dr.  Pereira 
became  opaque  when  introduced  into  alcohol. 

Composition.  —  Olibanum  has  been  examined  by 
Braconnot,  who  gives  the  following  as  its  centesimal 
composition : — 

Per  cent. 

Resin,   56.0 

Gum,   30-0 

Volatile  oil,   %.q 

Matter  like  gum,  insoluble  in  water  and  aicohol,  5-2 
Loss,   o-8 

100-0 
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Dr.  Stenhouse,  who  examined  the  volatile  oil  of 
olibanum,  found  it  to  he  colorless,  and  similar  to  tur- 
pentine, but  possessed  of  a  more  agreeable  odor.  Its 
composition  is  represented  by  the  formula  C35  H23  0. 

Johnston  has  distinguished  two  distinct  resins, 
produced  by  both  varieties  of  the  gum-resin  before- 
mentioned.  The  resin  from  the  first  of  these  gave  the 
composition  C40  H32  00.  That  from  the  second,  con- 
sisting of  the  clearer,  yellower,  elongated  tears,  resem- 
bles colophony,  and  its  formula  is  C40  H33  04. 

Uses. — Olibanum  is,  to  a  great  extent,  disused  for 
medical  purposes.  It  was  formerly  administered  in 
chronic  diarrhoea,  old  catarrhs,  and  in  affections  of  the 
chest.  It  is  sometimes  employed  for  fumigation,  and 
enters  into  the  incense  employed  in  the  services  of  the 
Roman  church. 

OPOPONAX. — Opopanax,  French,  German,  and 
Latin. — This  gum-resin  is  the  inspissated  juice  of  the 
Opoponax  Chironium,  a  plant  flourishing  in  Greece, 
Italy,  Sicily,  and  in  the  South  of  France,  and  bearing 
a  great  similarity  to  parsnip.  It  was  employed  by  Hip- 
pocrates, and  is  mentioned  both  by  Dioscorides  and 
by  Theophrastus. 

Opoponax  occurs  in  reddish  tears  and  lumps,  tasting 
acrid  and  bitter,  and  possessing  a  mouldy,  disagreeable 
odor.  The  following  is  its  constituents,  as  ascertained 
by  Pelletier  : — 

Centesimally. 

Eesin,   42  0 

Gum,   33-4 

Lignin,   9*8 

Starch,   4-2 

Wax,   0-3 

Extractive,  \   1*6 

Malic  acid,   2-8 

Volatile  oil,  traces  of  caoutchouc,  and  loss,  5-9 

100-0 

On  evaporating  the  spiritous  solution  of  opoponax, 
a  transparent  brown  resin,  having  a  peculiar  odor,  is 
obtained.  It  readily  fuses  at  212°,  and,  after  remaining 
for  a  short  time  at  that  temperature,  becomes  brittle 
upon  cooling.  It  dissolves  in  alcohol  and  ether,  and  in 
the  caustic  alkalies.  The  alkaline  solution  is  reddish, 
and  parts  with  the  resin,  on  the  addition  of  hydrochloric 
acid,  in  yellow  flocculi.  Its  composition,  as  it  exists  in 
the  natural  gum -resin,  is  as  under : — 

Centesimally. 
At.  weight.     Theory.  Johnston. 

40  Eqs.  Carbon,   240        63-67  64-01 

25  Eqs.  Hydrogen,   25         6-63  6-75 

14  Eqs.  Oxygen  .  112        29-70  29-24 

lEq.  Opoponax  resin, . .  377       100-00  100-00 

Uses. — Opoponax  was  formerly  employed  in  medi- 
cine, but  it  is  now  banished  from  the  Materia  Medica 
as  enumerated  in  the  British  Pharmacopeias.  It  is 
adapted  to  the  same  cases  as  the  other  gum-resins  of 
this  class.  Dr.  Pereira  is  of  opinion,  that  it  is  more 
allied  to  ammoniacuni  than  to  any  other  of  these  sub- 
stances. 

SAGAPENUM. — Sagapenum,  French  and  German; 
Sagapenum,  Latin. — Sagapenum  is  mentioned,  says 
Dr.  Pereira,  by  Hippocrates,  Dioscorides,  and 
Pliny.     The  latter  calls  it  sacopenium.  Diosco- 


rides says  it  is  a  liquor  obtained  from  a  ferulace- 
ous  plant  growing  in  Media.  Nothing  is  known  with 
respect  to  the  plant  yielding  sagapenum.  Willdenow 
considered  it  to  be  Ferula  Persica,  and  he  has  been  fol- 
lowed by  Sprengel  and  others ;  but  there  is  no  evi- 
dence to  prove  that  sagapenum  is  obtained  from  a 
Ferula,  for  the  statement  of  Dioscorides  cannot  be 
admitted  as  having  much  weight. 

Brandes'  analysis  of  sagapenum  gave  the  following 
results : — 

Centesimrdly. 

Eesin,   50-0 

Gum,  with  calcareous  salts,   32-5 

Volatile  oil,   3-5 

Bassorin,   4-2 

Malate  and  phosphate  of  lime,   1-1 

Impurities,   4-2 

Water,   4-5 

100-0 

Sagapenum  of  the  finest  kind  consists  of  masses 
made  up  of  agglutinated,  brownish-yellow,  semi-trans- 
parent tears,  resembling  galbanum,  but  having  a 
darker  color  and  a  more  alliaceous  odor.  A  more 
common  sort  occurs  in  soft,  tough  masses,  in  which 
no  distinct  tears  are  to  be  seen.  Its  taste  is  hot  and 
acrid,  and,  when  heated,  it  evolves  a  much  more  aro- 
matic and  agreeable  odor  than  galbanum.  It  is  im- 
ported from  the  Levant. 

The  oil  of  sagapenum  has  a  mild  bitter,  alliaceous 
taste,  subsequently  becoming  hot ;  its  odor  is  also  gar- 
licky. It  is  of  a  pale  yellow  color,  dissolves  in  alco- 
hol and  ether,  and  is  reddened  by  sulphuric  acid.  Its 
specific  gravity  is  greater  than  that  of  water. 

The  resin  of  sagapenum  has  been  examined  by 
Johnston,  who  gives,  as  the  representative  of  its  com- 
position, the  formula  Gm  H29  09.  It  possesses  a  strong 
garlic  odor,  and  easily  fuses,  becoming  fluid  at  212°. 
Ether  resolves  it  into  two  resins  : — 

1.  The  resin  insoluble  in  ether  is  devoid  of  taste  and 
odor,  and  is  of  a  brownish-yellow  tint.  It  is  soluble 
in  alcohol  and  the  alkalies,  but  is  not  taken  up  by  oils 
of  turpentine  and  almonds. 

2.  The  resin  soluble  in  ether  possesses  the  odor  of 
sagapenum  in  a  slight  degree  ;  its  taste  is  mild,  subse- 
quently bitter ;  its  color,  reddish-yellow.  It  is  soluble 
in  alcohol,  and  partially  so  in  oils  of  turpentine  and 
almonds.  Sulphuric  acid  dissolves  it,  forming  a  blood- 
red  menstruum,  from  which  a  violet-tinged  matter  is 
separated  by  the  addition  of  water. 

Uses. — The  medicinal  effects  and  uses  of  sagapenum 
are  similar  to  those  of  asafcetida, — see  page  322.  It  is 
now  very  little  employed. 

The  Editor  thinks  it  most  remarkable  that  so  little 
is  really  known  with  respect  to  the  previously-cited 
compounds.  There  is  now  a  great  field  open  to  young 
chemists  to  investigate  their  nature  and  true  composi- 
tion, et  cetera,  so  as  to  remove  many  of  the  inaccuracies 
regarding  them. 

Statistics. — The  Returns  of  the  Board  of  Trade 
for  1850  to  1855  only  enumerate  Ammoniacum,  Asa- 
fcetida, Euphorbium,  Gamboge,  Myrrh,  and  Olibanum. 
Annexed  are  the  imports  and  exports  of  these  for  the 
years  1850,  1851,  1852,  1853,  1854,  and  1855:— 
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Years  ending  5th  January,  1850. 

Cwt. 

Ammoniacum,   832 


Asafoetida. 

Euphorbium   17 

Gamboge,   561 

Myrrh,   545 


1851. 
Cwt 

391 


1852. 
Cwt 
304 


1853. 

Cwt 

60 


12 

1,490 
620 


14 
701 
844 


Olibanum,   4,539    11,450    8,837 


455 
282 
9,029 


1854. 
Cwt 
19 


820    1,922    1,167    2,170    1,555 


173 

579 


1855. 

Cwt. 

1,251 
99 
259 
689 


13,383    10,817 


Years  ending  5th  January,  1850.  1851. 

Cwt.  Cwt. 

Ammoniacum,                         705    222 

Asafoetida,                              507    1,049 

Euphorbium,                           —    — 

Gamboge,                               426    153 

Myrrh                                      113    263 

Olibanum,                            4,798    11,990 


1852. 

Cwt. 

319 
1,176 


GUN-COTTON. — Coton-pottdre,  French. — Some  years 
ago  this  substance  created  quite  a  furore,  in  the  scientific 
world ;  but  the  expense  of  gun-cotton  is  considerably 
higher  than  that  of  gunpowder,  and  this  with  other  draw- 
backs has  been  a  great  obstacle  to  its  being  extensively 
used.  Ordinary  cotton  is  one  of  the  almost  innumer- 
able forms  of  lignin,  a  compound  of  carbon,  oxygen, 
and  hydrogen ;  but,  by  subjecting  cotton  to  the  action 
of  nitric  acid,  a  new  element  enters  into  the  composi- 
tion—namely,  nitrogen,  which  is  found  in  nearly  all 
explosive  bodies. 

The  action  of  nitric  acid  on  vegetal  matter  had  long 
attracted  the  attention  of  chemists  before  the  dis- 
covery of  the  remarkable  detonating  compound  now 
under  notice.  In  1813,  Braconnet  gave  an  account  of 
a  new  substance  obtained  by  the  action  of  concentrated 
nitric  acid  on  starch,  sawdust,  linen,  and  cotton  wool. 
He  named  this  xyloidin,  from  the  Greek  word  signify- 
ing wood,  and  described  it  as  being  white,  pulverulent, 
neutral,  and  very  inflammable.  It  is  easily  formed  by 
boiling  starch  for  a  few  moments  in  concentrated  nitric 
acid,  until  solution  takes  place  ;  on  pouring  the  resultant 
into  cold  water,  the  xyloidin  is  precipitated,  and  may 
be  collected  and  exsiccated.  In  1838,  Pelouze  called 
the  attention  of  the  Academy  of  Sciences  to  the  pro- 
perties of  xyloidin,  which  he  observes  is  very  combus- 
tible, taking  fire  at  365°,  burning  with  great  rapidity, 
and  almost  without  residue.  This  property  led  him 
to  an  experiment  which  he  thought  susceptible  of  some 
applications,  especially  in  artillery.  By  plunging  paper 
in  nitric  acid,  specific  gravity  1-5,  leaving  it  there 
the  requisite  time  for  the  acid  to  permeate  the  paper, 
which  is  usually  accomplished  in  two  or  three  minutes, 
then  withdrawing  it,  and,  lastly,  washing  it  in  water,  a 
kind  of  parchment  impermeable  to  moisture,  and  ex- 
tremely combustible,  is  obtained.  Dumas  proposed  to 
name  the  compound  nitramidine,  and  mentions  the 
application  of  paper  and  pasteboard  prepared  by  nitric 
acid  for  fireworks. 

At  a  meeting  of  the  British  Association  at  South- 
ampton, in  1846,  it  was  stated  that  Professor  Schon- 
bein  had  discovered  a  mode  of  rendering  cotton  so 
detonating  as  to  form  an  excellent  substitute  for  gun- 
powder. Soon  after  this  announcement,  Professor 
Otto  of  Brunswick  published  an  account  of  an  ex- 
plosive cotton,  as  did  also  Morel  of  Paris,  and 
Bottger  of  Frankfort.    Schonbein  undoubtedly,  as 

VOL.  II. 


1853. 

Cwt 
246 
904 


335    1,056 

535    341 

8,739    8,892 


1855. 

Cwt. 

79 
795 

lt<  ■  ■■■■  Wt 
373 
180 

12,756    11,757 


1854. 

Cwt. 

168 
731 

235 
272 


Dumas  admits,  deserves  the  honor  of  having  been  the 
first  to  show  that  the  products  of  the  action  of  nitric 
acid  upon  lignin  are  superior  in  explosive  energy  to 
gunpowder ;  but  it  must  be  recorded  that,  as  far  back 
as  1832,  Bobiquet  produced  an  insoluble  powder,  ex- 
plosive when  heated,  by  the  addition  of  water  to  a 
solution  of  sawdust  in  strong  nitric  acid.  In  April, 
1847,  Schonbein's  patent  was  enrolled ;  the  specifica- 
tion states,  that  in  preparing  the  cotton  the  patentee 
uses  nitric  acid  of  specific  gravity  1*45  to  l'BO,  and 
sulphuric  acid  of  specific  gravity  l-85.  These  acids 
are  to  be  mixed  in  the  proportion  of  three  parts  of 
the  latter  to  one  of  the  former;  the  mixture  is  al- 
lowed to  cool  down  to  between  50°  and  60°,  and  then 
rough  cotton,  free  from  all  extraneous  matter,  is  im- 
mersed in  the  liquid,  in  as  open  a  state  as  possible, 
in  a  porcelain  vessel.  When  thoroughly  soaked,  the 
excess  of  acid  is  to  be  drawn  or  poured  off,  and  the 
cotton  squeezed  lightly  with  an  earthen  presser  to 
separate  the  principal  part  of  the  acid.  The  cotton  is 
covered  over  and  left  for  an  hour,  then  pressed,  and 
well  washed  in  running  water,  to  get  rid  of  all  free 
acid ;  it  is  next  to  be  partially  exsiccated  by  pressure, 
and  to  insure  its  freedom  from  acid,  it  is  to  be  washed  in 
a  dilute  solution  of  carbonate  of  potassa,  made  by  dis- 
solving one  ounce  of  this  salt  in  a  gallon  of  water ;  it  is 
then  put  in  a  press,  and  the  excess  of  alkaline  solution 
squeezed  out,  leaving  the  cotton  nearly  dry.  It  is  next 
washed  in  a  solution  consisting  of  one  ounce  of  pure 
nitrate  of  potassa  in  one  gallon  of  water,  and  when 
again  pressed  is  dried  in  a  room  heated  by  steam  or 
hot  water  to  the  temperature  of  from  150°  to  170°. 
The  saltpetre  appears  to  increase  the  explosive  force 
of  the  cotton,  but  it  is  not  absolutely  necessary.  Of 
the  cotton  thus  prepared,  three  parts  are  said  to  he 
equal  in  force  to  eight  parts  of  Tower-proof  gun- 
powder. 

A  simpler  method  of  preparing  gun-cotton  in  small 
quantities  was  proposed  by  Mr.  Thomas  Taylor  in 
1846,  which  is  to  mix  in  any  convenient  glass  vessel  an 
ounce  and  a  half,  by  measure,  of  nitric  acid — specific 
gravity  1-45  to  1-50 — with  an  equal  quantity  of  sul- 
phuric acid — specific  gravity  1-80.  When  the  mixture 
has  cooled,  place  one  hundred  grains  of  fine  cotton 
wool  in  a  mortar,  pour  the  acid  over  it,  and  with  a 
glass  rod  imbue  the  cotton  as  quickly  as  possible  with 
the  acid.    As  soon  as  the  cotton  is  completely  satu- 
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rated,  remove  the  acid,  and,  with  the  aid  of  a  pestle, 
quickly  squeeze  out  as  much  liquid  as  possible.  Throw 
the  mass  into  a  basinful  of  water,  and  thoroughly  wash 
it,  either  in  successive  portions  of  water  or  under  a 
tap,  until  the  cotton  has  not  the  slightest  acid  taste. 
Finally,  squeeze  it  in  a  linen  cloth,  and  dry  it  in  a 
water-bath.  Nitric  acid  of  the  specific  gravity  of  1'50 
answers  better  than  that  of  145,  the  cotton  being 
much  less  acted  upon  by  the  strong  acid.  Nitric  acid 
of  the  specific  gravity  1-36  converts  the  cotton  into  a 
gelatinous  mass. 

Gun-cotton  is  considerably  heavier  than  unprepared 
cotton,  and  may  be  distinguished  therefrom  by  its  harsh- 
ness, and  by  the  crepitating  sound  produced  when 
pressed  by  the  hand.  AVhen  well  made,  there  is 
scarcely  any  change  in  color  or  general  appearance. 
It  may  also  be  known  from  common  cotton  by  its 
electric  condition ;  for  if  a  portion  be  pulled  briskly 
between  the  finger  and  thumb  of  a  dry  hand,  the  fibres 
will  adhere  with  great  tenacity.  If  a  strip  of  prepared 
paper  be  thus  treated,  it  will,  on  presenting  one  end  to 
the  knuckle,  be  alternately  attracted  and  repelled,  and 
thus  part  with  its  electricity.  Gun-cotton  is  also  per- 
fectly soluble  in  ether,  and  if  the  solution  be  poured  on 
the  surface  of  cold  water,  the  xyloidin  yields  an  opaque 
film  thereon,  which,  when  collected  and  dried,  forms  a 
remarkably  explosive  paper. 

The  detonating  character  of  gun-cotton  appears  to  be 
due  to  the  formation  of  xyloidin  in  the  tubes  and  upon 
the  exterior  of  the  cotton  fibre,  under  the  action  of  the 
nitric  acid.  Gun-cotton  explodes  with  very  great  ra- 
pidity at  from  350°  to  400°.  If  a  little  gunpowder  be 
placed  on  a  sheet  of  writing  paper,  and  a  small  piece 
of  gun-cotton  be  laid  lightly  upon  it,  and  the  whole  held 
about  a  foot  above  the  flame  of  a  lamp  or  candle,  the 
heat  will  soon  be  sufficient  to  ignite  the  cotton,  but  the 
powder  will  not  be  kindled ;  and,  although  the  cotton 
explodes  in  contact  with  the  powder,  its  action  is  so 
rapid  that  there  is  not  time  enough  to  raise  the  gun- 
powder to  the  temperature  required  for  its  explosion. 
This  great  rapidity  of  action  is  opposed  to  its  utility  for 
propulsive  purposes.  It  is  well  known  to  practical  men 
that  a  tardily-exploding  material  is  the  best  for  artillery 
practice.  Thus,  when  a  slow  powder  is  used,  the  ball 
acquires  a  slight  degree  of  motion,  which  is  imparted 
to  the  air  in  front  of  it,  before  the  full  power  of  the 
detonation  is  exerted;  and  that  motion  is  gradually 
increased  during  the  remainder  of  the  explosion.  But 
if  the  action  takes  place  too  quickly,  the  full  force  of 
the  propelling  power  comes  into  play  before  the  ball  is 
in  motion,  and  the  bursting  of  the  gun  is  the  probable 
consequence.  This  is  the  reason  why  the  fulminates 
of  mercury  and  silver  have  not  been  more  extensively 
used  in  warfare. 

When  gun-cotton  has  been  carefully  prepared,  the 
products  of  its  combustion  are  carbonic  acid,  aqueous 
vapor,  and  free  nitrogen.  In  some  eases  nitrous  acid 
is  produced,  owing  to  defective  washing;  and  when 
nitrate  of  potassa  has  been  employed,  or,  in  fact, 
a  solution  of  any  salts,  a  dense  white  vapor  accom- 
panies the  explosion.  The  quantity  of  water  pro- 
duced during  the  decomposition  of  the  cotton  by  heat 
is  so  great,  as  to  constitute  an  objection  to  its  use 


in  fire-arms.  Its  hygromctric  condition  also  impedes 
its  utility ;  for  if  a  quantity  be  exposed  for  an  hour  or 
two  to  a  damp  atmosphere,  it  absorbs  nearly  its  own 
weight  of  water,  and  requires  re-drying  before  it  can  be 
employed ;  it  cannot  be  protected  from  atmospheric 
moisture  by  compression  into  cartridges,  as  in  that 
state  it  does  not  explode  with  certainty.  The  idea  of 
using  the  fulminating  cotton  as  a  substitute  for  gun- 
powder for  artillery  purposes,  seems  to  be  completely 
abandoned ;  but  on  account  of  the  small  quantity  of 
smoke  given  off,  as  well  as  on  account  of  its  enormous 
force,  it  is  much  used  for  mining  purposes,  the  propor- 
tionate quantity  employed  being  a  fourth  of  that  of 
powder. — Tomlinson. 

In  the  explosion  of  gun-cotton  there  appear  to  be 
found  very  decided  quantities  of  nitrous  and  of  hydro- 
cyanic acid.  The  former  corrodes  fire-arms,  and  the 
latter  vitiates  the  surrounding  air  in  a  mine. 

The  most  recent  and  best  information  on  gun-cotton 
and  its  substitution-compounds  is  given  in  a  paper  by 
Mr.  Edward  Hadow,  from  which  the  following  inter- 
esting details  are  transcribed. 

Analyses  of  gun-cotton  have  been  published  by 
Pelouze,  Peligot,  Gladstone,  Porrett,  Eansome, 
and  likewise  by  Schonbein  ;  they  exhibit,  however,  a 
remarkable  want  of  agreement  with  each  other,  both 
in  the  formulae  to  which  they  give  rise,  and  in  the 
per-centage  increase  of  weight  which  they  would 
represent  the  cotton  to  have  obtained  on  its  transforma- 
tion into  gun-cotton. 

Pelouze  states  that  cotton  constantly  gains  from 
seventy-four  to  seventy-six  per  cent.,  giving  the  for- 
mula C24  H17  017,  5  N05,  corresponding  to  an  increase 
of  seventy-five  per  cent,  exactly.  Peligot's  formula  is 
C12  H9  09,  3  NO{,  according  to  which  the  gain  must  be 
94-4  per  cent.  Ransome  obtained  C12  H8  O,0,  2  N05, 
which  represents  an  increase  of  65'4.  Dr.  Gregory 
states  it  to  be  69'5,  which  corresponds  with  that  re- 
quired by  the  formula  which  Gladstone  ascribes 

to  the  most  explosive  gun-cotton,  C^  j"Oa» 

while  the  formula  of  Porrett  and  Teschemaoher, 
C,2  H8  Og,  4  N05,  would  double  the  original  weight  of 
the  cotton.  Schonbein  merely  gives  the  per-centage 
of  carbon,  nitrogen,  hydrogen,  and  oxygen,  from  which 
the  lowest  formula  that  can  be  calculated  corresponds 
nearly  to  C47  H31  088  N10.  In  consequence  of  this  dis- 
agreement between  the  formulae, giving  rise  to  so  marked 
a  difference  in  the  per-centage  increase  of  weight  de- 
duced from  them,  it  was  evident  that  a  careful  deter- 
mination of  the  weight  actually  acquired  by  cotton, 
after  immersion  in  acids,  could  alone  throw  much 
light  on  the  matter,  by  pointing  out  the  formula  upon 
which  most  reliance  was  to  be  placed,  and  from  which 
the  composition  of  the  soluble  variety  might  be  deter- 
mined, provided  that  it  were  indicated  by  a  definite 
and  constant  increase  of  weight.  While  ascertaining 
this  point,  Hadow  was  anxious  likewise  to  discover 
what  strength  and  what  proportions  of  acids  were  cap- 
able of  producing  the  soluble  gun-cotton,  as  well  as 
whether  there  were  more  than  one  such  compound ; 
expecting  that,  if  such  were  the  case,  there  would  be 
always  an  augmentation  of  weight  closely  correspond- 


GUN-COTTON  Preparation. 


331 


ing  to  two  or  more  numbers  from  which  formulae  might 
be  calculated,  or  by  which  at  least  the  results  of  ana- 
lyses might  be  controlled. 

In  the  preparation  of  these  compounds,  nitric  acid 
was  not  used  alone,  since  a  very  slight  difference  in 
strength  produced  a  great  difference  in  the  result. 
HO,  N05  gives  an  insoluble  product,  while  HO,  N05  -4- 
HO  destroys  the  texture  of  the  cotton ;  and  having 
ascertained  that  when  sulphuric  acid  is  used,  no  trace 
of  it  exists  in  any  of  the  compounds,  a  mixture  of  the 
two  was  always  used ;  the  latter  acid  being  advan- 
tageous for  the  purpose  of  increasing  the  bulk  of  the 
mixture,  retaining  the  water  abstracted  from  the  cotton, 
and  preventing  the  solution  of  the  compound,  which 
takes  place  to  a  greater  or  less  extent  in  nitric  acid  per 
se.  The  mixtures  were  likewise  made  in  atomic  pro- 
portions, that  their  formulas  might  be  easily  retained  in 
the  memory,  and  similar  mixtures  be  prepared  from 
acids  of  various  strengths.  After  some  trials,  those 
which  contained  one  equivalent  of  monohydrated  nitric 
acid  with  two  equivalents  of  monohydrated  sulphuric 
acid,  proved  to  be  best ;  and  mixtures  being  made  with 
the  acids  in  this  proportion,  and  from  one  to  five  addi- 
tional equivalents  of  water,  the  fifth  was  found  to  dis- 
integrate the  cotton.  The  results  obtained  from  one 
hundred  of  cotton  were  as  follow  :— 


Insoluble  in  ether  -|-  one- 
eighth  alcohol  except 
the  last,  which  is 
slightly  attacked. 


HO,  N06 
2  (HO,  S03) 

2™6Ns°os3:  s- 

HO,  NO. 

2  (ho,  so3; 

HO.  N05 
2  (HO,  S03) 

2^HQl!S03))"  ^  ^  =  llQ1'  j- Soluble  in  great  measure 


HO  =  177 


3  HO  =  171-7 


4  HO  =  157 


|-Very 


soluble. 


The  interval  between  the  third  and  fourth  appeared 
in  some  degree  to  correspond  to  what  had  been  ex- 
pected. That  between  the  fourth  and  fifth  was  doubtful, 
from  the  loss  of  the  latter,  and  from  its  apparently  con- 
taining an  admixture  of  unchanged  cotton ;  but  on 
trying  fractional  additions  of  water,  a  corresponding 
intermediate  increase  of  weight  was  likewise  produced 
in  the  cotton :  for  example, 

2™6,Ns°cy  }3*  H0  = 16614  {2™6Nso53)}38  ho  =  ico-s 

both  compounds  proving  perfectly  soluble.  It  was 
likewise  found  on  repeating  these  experiments,  that  it 
was  difficult  to  obtain  the  same  increase  of  weight 
unless  the  mixture  corresponded  accurately  in  com- 
position.   The  cotton  in  these  researches  was  thor- 


oughly exsiccated  in  a  current  of  dry  air  at  212°,  and  in 
consequence  of  its  hygroscopic  properties,  was  weighed 
in  the  same  tube  in  which  the  desiccation  took  place. 
At  first  the  gun-cottons  were  likewise  carefully  dried  at 
low  temperatures,  after  thorough  washing  in  distilled 
water;  but  the  results  not  being  found  quite  accu- 
rate, and  a  gradual  loss  of  weight  being  observed  at 
temperatures  below  212°,  the  drying  was  effected  by 
placing  them  in  vacuo  over  sulphuric  acid  for  twenty- 
four  hours,  after  which  they  were  found  not  to  sustain 
the  slightest  diminution  in  weight.  The  acids  were 
also  used  in  large  proportion  to  the  quantity  of  ootton, 
that  the  water  abstracted  might  have  no  appreciable 
effect  in  diluting  the  mixture ;  and  as  a  precaution,  the 
immersion  was  continued  for  several  hours,  although 
the  full  effect  appears  to  be  produced  in  a  very  short 
space  of  time.  It  was,  however,  found  that,  notwith- 
standing these  advantageous  conditions  for  the  produc- 
tion of  definite  compounds,  very  variable  increments  of 
weight  were  acquired  by  the  cotton,  ranging  from  about 
forty  per  cent,  upwards. 

Immersion  in  acids  previously  warmed  was  then 
tried,  but  as  the  cotton  was  found  to  lose  weight 
in  proportion  to  its  duration,  owing  to  a  slow  solu- 
tion even  at  120°,  nothing  could  be  learnt  from  the 
weighing  of  the  compouud ;  in  other  respects,  how- 
ever, the  result  of  the  experiment  with  hot  acids 
proved  curious  and  interesting,  from  the  fact  that 

2^H01SO  )  I  3  H0'  whioh  at  60°  Saye  rise  t0  an  al" 
most  insoluble  compound,  produced  at  130°  one  per- 
fectly soluble  in  ether  -j-  J  alcohol :  the  other  acid 
mixtures,  containing  more  than  three  equivalents  of 
water,  produced  soluble  compounds,  both  at  60°  and 
130°,  but  their  solutions  differed  remarkably  in  one 
respect ;  for  all  soluble  products  formed  at  ordinary 
temperatures,  when  dissolved  in  the  proportion  of  six 
grains  to  the  ounce,  yield  thick  glutinous  solutions, 
while  all  those  which  are  the  result  of  acids  at  the 
temperature  of  130°,  give  perfectly  fluid  ones,  which 
produce,  on  drying,  membranes  far  exceeding  the  for- 
mer in  strength  and  toughness,  and  much  better  adapted 
to  photographic  or  surgical  purposes.  By  far  the 
best  mixture  for  producing  collodion-wool  is  that  re- 
presented by  the  formula  2^HO^SO)l~^  3^ 
which  is  obtained  by  mixing  eighty  parts  by  weight  of 
nitric  acid,  specific  gravity  =  1-424,  with  one  hundred 
parts  by  weight  of  sulphuric  acid,  specific  gravity  =; 
1-833;  as- 


Sulphuric  acid,  specific  gravity,  1-833,   =   2  (HO,  S03   4-   0-33  HO)    =  103-9 

Nitric  acid,  specific  gravity,  1-424   =      (HO,  N05   +   2-84  HO)    =  88-5 

HO,  N06   +   2  (HO,  SO3)  4-     3-5  HO     =  192-4 


These  specific  gravities  are  especially  referred  to,  from 
their  being  those  of  the  acids  most  frequently  met  with 
in  commerce.  Good  collodion-wool  is  also  produced 
by  stronger  acids,  if  there  be  not  less  water  than  that  re- 
quired by  the  formula  |  g  ^  SO  )  1  3  anc^ 
the  temperature  is  raised  to  130° ;  however,  the  stronger 
the  acids,  the  more  liable  is  the  collodion-wool  to  be- 


come partially  insoluble  after  drying.  If  there  be  less 
than  three  additional  equivalents  of  water,  the  products 
are  equally  insoluble  whether  the  aeids  are  employed 
hot  or  cold. 

Finding  that  the  weighing  of  the  product  resulting 
from  the  action  of  warm  acids  could  be  of  no  service 
in  proving  the  existence  of  definite  compounds,  Mr. 
Hardwick's  suggestion  was  tried — the  effect  of  reim- 
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mersing  the  cotton  in  a  portion  of  the  same  cold  aoid 
mixture  with  which  it  had  been  previously  treated, 
noting  at  the  same  time  whether  any  second  increase 
of  weight  was  obtained.  The  results  were  highly 
satisfactory.  For  the  preparation  of  the  highest  com- 
pound, a  mixture  was  made  of  two  volumes  of  the 
strongest  sulphuric  and  one  volume  of  colorless  nitric 
acid,  specific  gravity  =  1-521. 

27'5  grains  of  cotton,  after  some  hours'  immersion, 
weighed  after  washing  and  drying  in  vacuo,  49 '88 
grains,  corresponding  to  a  gain  of  81-34  per  cent.  In 
this  case,  it  was  hardly  expected  that  a  second  immer- 
sion would  cause  an  increase ;  by  experiment  it  was 
found  to  have  sustained  a  slight  loss,  as  it  now  weighed 
49-62,  showing  that  acids  have  a  slight  solvent  power, 
even  at  ordinary  temperatures.  This  increase  of  81-34 
per  cent,  in  weight  does  not  correspond  with  any  of 
the  analyses  hitherto  published,  although  the  greatest 
care  was  taken  to  avoid  error,  on  account  of  the  im- 
portant aid  it  would  afford  in  deducing  a  formula  for 
this  and  other  compounds. 

Another  mixture  agreeing  with  -j  o^HO^SO  } 
-f-  4  HO,  gave  at  the  first  immersion  an  increase  of 
58-7  per  cent. ;  by  a  second  it  was  found  to  have  in- 
creased to  62-9  per  cent.,  thus  fully  answering  expec- 
tatioDS.  A  third  immersion  brought  it  to  sixty-four 
per  cent. 

On  account  of  the  great  difference  observed  between 

the  products  of  j  ^q*$q  }  +  3  HO,  and  the  same 

+  4  HO,  an  intermediate  mixture  was  made.  The 
first  submersion  gave  an  increase  of  67-3  per  cent. ; 
a  second,  70  per  cent.  ;  a  third,  71-4  per  cent. 
Hence  it  was  concluded  that  there  were  at  least 
three  compounds,  of  which,  from  one  hundred  of  cot- 
ton, there  would  be  obtained  quantities  approximat- 
ing to  one  hundred  and  sixty-four,  one  hundred  and 
seventy-two,  and  one  hundred  and  eighty-two  ;  and  it 
is  probable  that  any  acid  mixture  would  produce  such 
a  definite  compound,  were  it  not  diluted  at  the  same 
time  by  the  water  it  abstracts,  which,  when  the  dilution 
exceeds  a  certain  point,  gives  rise  to  a  second  com- 
pound, the  great  mass  of  the  liquid  probably  having 
but  little  influence,  in  consequence  of  the  imperfect 
diffusion  arising  from  the  want  of  perfect  fluidity,  and 
the  adhesion  to  the  fibres  of  the  cotton ;  the  washing 
and  thorough  drying  then  enable  the  original  acid  mix- 
ture to  raise  the  second  compound  to  that  which  would 
have  resulted  in  the  first  instance  had  no  dilution  oc- 
curred. It  is  evident,  also,  that  the  number  of  immer- 
sions required  must  vary,  according  as  the  acid  mix- 
ture is  much  within  or  approaches  near  to  that  state  of 
dilution  which  limits  its  power  of  producing  a  certain 
compound,  a  given  quantity  of  water  having  much  more 
effect  in  one  case  than  in  the  other. 

In  trying  the  effect  of  various  reagents  on  gun-cotton, 
Hadow  ascertained  that  it  could  be  perfectly  restored 
to  the  original  cotton,  without  loss  of  form,  by  means 
of  hydrosulphide  of  potassium,  KS,  HS.  At  Dr. 
Miller's  suggestion,  this  was  made  use  of,  to  effect 
the  analysis  of  the  compounds,  and  to  confirm  the  pre- 
vious results.     An  aqueous  solution  was  first  tried, 


but  found  to  occasion  loss  of  weight,  on  account  of  the 
long  boiling  required ;  an  alcoholic  solution  was,  there- 
fore, prepared,  by  thoroughly  saturating  a  strong  alco- 
holic solution  of  sulphide  of  potassium  and  hydrogen, 
by  transmitting  the  gas  until  it  would  absorb  no  more, 
and  ceased  to  give  a  precipitate  in  sulphate  of  magnesia. 
As,  however,  the  reduction  was  found  to  proceed  easily 
at  ordinary  temperatures,  it  proved  better  to  effect  the 
change  by  continuing  the  immersion  for  twenty-four 
hours,  and  thus  to  avoid  the  risk  of  decomposition  and 
loss  which  prolonged  seething  occasioned.  That  the 
cotton  so  obtained  was  free  from  nitrogen-compounds 
was  proved  by  strongly  heating  it  with  caustic  potassa, 
and  conducting  the  gases  evolved  into  a  solution  of 
litmus  very  faintly  reddened,  when  the  color  remained 
unchanged;  by  the  close  correspondence  in  the  quan- 
tity obtained  from  gun-cotton  with  that  originally  used, 
or  the  restoration  back  to  the  original  weight ;  and  by 
its  possessing  all  the  physical  characters  of  common 
cotton,  which  differs  from  all  products  obtained  from  it 
by  the  action  of  acids  in  its  depolarising  action  on  light, 
and  in  its  far  greater  softness  and  compressibility  when 
wet,  and  also  by  the  action  of  HO,  S03  -f-  HO,  which 
dissolves  the  nitro-compounds,  producing  a  solution 
which  is  not  blackened  below  212°,  while  common  and 
reduced  cotton  are  completely  carbonised  below  that 
temperature. 

Two  combustions  of  the  reduced  cotton  were  made  ; 
one,  in  which  the  determination  of  hydrogen  failed 
in  consequence  of  an  accident,  gave,  in  one  hun- 
dred parts,  44-4  of  carbon ;  another,  made  by  Mr. 
Haedwick,  yielded — 

Found.  Calculated. 

Carbon,   44-86    44-44  =  12  G. 

Hydrogen,   6-64    6-17  =  10  H. 

Oxygen,   48-50    49-39  =  10  0. 

100-00  100-00 

The  other  products  of  the  equivalents  of  K  S,  HS 
are  nitrate  of  potassa — KO,  N03 — and  a  little  ammonia. 
No  trace  of  nitrate  could  be  discovered  in  the  solution, 
which  was  evaporated  to  dryness  with  excess  of  acetic 
acid,  to  expel  the  nitrous  acid.  An  attempt  was  made 
to  turn  the  reaction  of  K  S,  HS  upon  gun-cotton  to 
account  in  effecting  the  determination  of  the  nitrogen 
by  this  means  ;  but  the  results  were  unsatisfactory,  in 
consequence  of  the  co-existence  of  ammonia  and  nitrous 
acid  in  the  liquid.  The  solution  could  not  be  heated 
to  expel  the  former  without  risk  of  loss  in  the  weight 
of  the  reduced  cotton,  neither  could  the  ammonia  be 
retained  by  addition  of  an  acid,  without  escape  of  N02, 
from  the  action  of  sulphide  of  hydrogen  and  nitrous 
acid  on  each  other. 

A  mode  altogether  different  was,  therefore,  adopted, 
which  consisted  in  making  a  solution  of  the  compound 
in  pure  sulphuric  acid,  and,  after  conversion  of  the 
oxides  of  nitrogen  into  nitric  acid,  by  means  of  some 
oxidating  agent,  estimating  its  amount  by  the  method 
of  Pelouze,  depending  on  its  property  of  converting 
proto  into  sesquichloride  of  iron,  and  from  the  amount 
of  the  latter  calculating  the  former.  Before  performing 
this,  the  properties  of  a  solution  of  gun-cotton  in  sul- 
phuric acid  were  examined.  A  portion  immersed  in 
cold  concentrated  sulphuric  acid  soon  dissolves,  with- 
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out  evolution  of  any  gas,  producing  a  clear,  colorless 
liquid;  if  this  be  poured  at  once  into  five  or  six  times  its 
bulk  of  water,  so  that  the  temperature  does  not  rise  be- 
fore dilution  takes  place,  the  clear  menstruum  obtained 
gives  no  evidence  whatever  of  nitric  acid,  or  any  oxide 
of  nitrogen,  even  though  raised  subsequently  to  the 
boiling  point ;  neither  does  it  discolor  a  solution  of 
permanganate  or  chromate  of  potassa.  If,  however, 
tire  original  liquid  in  concentrated  acid  be  diluted  with 
only  once,  or  even  twice  its  bulk  of  water,  a  violent 
effervescence  ensues,  with  abundant  evolution  of  nitrous 
acid — N03 — or  peroxide  of  nitrogen — N04 — together 
with  carbonic  acid.  If,  again,  the  solution  in  strong 
acid  be  heated  before  dilution,  carbonic  acid  is  evolved, 
while  the  oxides  of  nitrogen  are  retained,  provided 
that  the  sulphuric  acid  is  in  different  excess ;  if  it 
now  be  diluted  with  water,  nitric  oxide — N02 — escapes 
with  effervescence.  It  became  necessary,  therefore,  to 
effect  the  complete  conversion  of  the  nitrogen  oxides 
into  nitric  acid.  After  trial  of  various  oxidising  agents, 
the  object  was  successfully  attained  by  the  bichromate 
of  potassa,  which  immediately  peroxidises  N03  and 
N04,  but  is  without  action  on  N02 :  hence  it  was 
necessary  to  use  a  solution  of  gun-cotton  in  pure  sul- 
phuric acid  made  in  the  cold,  which  was  then  added 
to  a  strong  solution  of  bichromate  contained  in  a 
retort ;  the  mixture — which  immediately  acquired  a 
dark-green  tint,  from  reduction  of  the  chromic  acid 
— was  carefully  distilled,  precaution  being  taken  to 
insure  the  entire  expulsion  of  the  nitric  acid,  which 
was  then  estimated,  as  above  stated,  by  Pelouze's 
method. 

The  quantity  of  cotton  in  a  given  sample  of  gun- 
cotton  having  been  determined  by  reduction  by  KS, 
HS,  and  the  nitrogen  by  the  above  method,  it  is  easy 
to  see  whether  the  compound  contains  any  equivalents 
of  N05,  not  displacing  a  like  number  of  equivalents  of 
HO.  The  following  results  of  analysis  leave  no  doubt 
that  it  is  purely  a  substitution-compound  : — ■ 

Compound  A. — Produced  by  action  of  the  strongest 
acids,  and  most  probably  by  repeated  immersion  in 

any  mixture  not  weaker  than  „  ,TT '   _  *■ .  y  4-  3  HO. 

2.  (JiU,  bU3)  J 

Quite  insoluble  in  any  mixture  of  ether  and  alcohol, 

but  soluble  in  acetic  ether.    Highly  explosive. 

I.  27-5  of  pure  cotton  gave,  by  three  hours'  immersion  in 

strongest  acid,  49-88  first  time  ;  49-6  second  time. 

II.  6-85  of  this  gun-cotton  gave,  by  reduction,  3-78  of  cotton. 

III.  6-37  of  gun-cotton,  by  reduction,  gave  3-48  of  cotton. 

IV.  20-50  of  gun-cotton  gave  N06  =  10'84. 

By  analysis. 

By  synthesis.      t  *  \    *    By  calculation. 

'•  III.     CM1I21  Ojo'JXO,. 

Cotton  found,...  55-13  ..  54-6  ..  55-19   54-54 

N04  —  H,   —    . .  —  . .  44-07  ....  45-46 


99-26 


100-00 


The  composition  of  cotton  being  fully  determined  by 
the  analyses  of  Mitscherlich,  Pelouze,  and  Payen, 
to  be  in  the  proportion  of  C12  H10  O10,  the  preceding 
analysis  would  give  rise  to  the  formula, 

c^ko]0^851- 

100  of  cotton  produced  181-34:  by  calculation,  183-3. 


Compound  B.~ Produced  most  probably  by  any 
acids  of  composition  intermediate  between 

2fH°d,^,}+  4  * -{,^1+  *  HO. 


immersions  ; 


That  which  was  examined  was  obtained  by  several 

1  in  {  2°HoS)  }  +  3i  H°-  Jt  i8  6Xpl°- 
sive,  yet  perfectly  soluble  in  ether  -(-  J  alcohol ;  quite 
insoluble  in  acetic  acid. 

I.  27-6  grains  of  cotton  gave,  by  first  immersion  in  the  above 
mixture,  46-2  grains ;  by  the  second  immersion,  47-1 ; 
by  the  third,  47-31. 
II.  By  reduction,  6-08  grains  of  the  compound  gave  3-50  of 
cotton. 

From  synthesis.      By  analysis.  Calculated. 

I.  II.         C3oH22  0  3o8N04 

Cotton  found,          58-34    57-56    57-45 

N04-H   -    ....^fr..- 42-55 


100-00 
846. 


Formula  would  be  {CJ{%0 } 0M  = 
100  of  cotton  produced  171-4;  by  calculation,  174. 

CompoundC- — Produced  by  -|  2(HO^SO)  j'+'^HO. 

Like  the  preceding,  this  compound  is  very  soluble  in 
ether,  but  differs  from  it  in  being  likewise  perfectly 
soluble  in  glacial  acetic  acid.  In  this,  as  in  the  former 
compounds,  the  cotton  fibre  is  quite  uninjured.  It  is 
highly  combustible  rather  than  explosive,  and  burns 
with  a  slow  jet  of  flame  when  rammed  into  a  tube  and 
ignited. 

I.  24-1  grains  of  cotton  weighed,  after  first  immersion,  38-26; 
after  second  immersion,  39-26 ;  after  third  immersion, 
39-53. 

H.  By  reduction,  9-94  grains  of  the  compound  gave  6-00  of 
cotton. 


By  synthesis. 
I. 

Cotton  found   60-96  . . 

NOj— H,   —  .. 


By  analysis.       By  calculation. 

Csa  ^23  ^30 1 

..  60-36    60-67 


100  00 


:801. 


Formula,  {^^Jc^f 
100  of  cotton  produced  164-0:  by  calculation,  164-8. 


Compound  D. — The  existence,  composition,  and 
identity  of  this  compound  with  xyloidin,  are  inferred 
from  the  following  reasons : — 

1st.  There  is  a  compound  lower  than  C,  since 
HO,  N05  ).,„...,  . 
2  (HO  SO 1 )  j  produces,  by  one  immersion, 

an  increase  of  only  fifty-nine  per  cent.,  yet  this  product 
is  perfectly  soluble  ;  if,  however,  C  were  the  last,  all  pro- 
ducts not  attaining  sixty-four  per  cent,  in  their  amount 
of  increase  would  contain  unchanged  cotton,  and  would 
be  only  partially  soluble. 

2nd.  The  product  of  the  action  of  i  J??'  N^  .  \ 

C  2,  (rtU,  b(_>3)  ) 

-f-  5  HO,  in  which  the  texture  of  the  cotton  is  more  or 
less  destroyed,  is  only  partially  soluble  in  ether — cotton, 
apparently  unchanged,  remaining  behind ;  it  thus  ap- 
pears that  the  soluble  portion  is  the  lowest  compound 
obtainable  by  the  actions  of  mixed  acids  on  cotton. 
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3rd.  As  the  next  number  in  the  series,  its  composi- 
tion would  be  C36  -|  g  ^  j-Oaj,  which  exactly  corre- 
sponds with  that  assigned  to  xyloidin ;  and  one  hun- 
dred of  cotton  should  yield  155-5.  The  soluble  portion 
of  these  products  further  corresponds  with  xyloidin  in 
giving  an  opaque  film  on  drying,  and  in  its  solubility 
in  glacial  acetic  acid.  Although  the  xyloidins  of  woody 
fibre  and  starch  agree  in  composition,  they  may  be 
distinguished  by  the  action  of  KS,  HS,  which  reduces 
each  to  its  proximate  constituents,  when  the  usual  re- 
action with  iodine  may  be  obtained  in  the  one  case, 
but  not  in  the  other. 

The  modifications  produced  by  the  action  of  hot  acids 
have  not  yet  been  examined ;  there  is  in  these  cases 
greater  difficulty  of  avoiding  loss  in  washing,  in  conse- 
quence of  their  disintegrated  state,  if  immersed  suffi- 
ciently long  to  obtain  definite  compounds.  It  is  evi- 
dent, however,  that  there  are  at  least  two,  produced 

respectively  by  {  g  ™oS3)  }  +  3  H0' and  +  4  H0> 
since  the  former  becomes  insoluble  after  drying,  while 
the  latter  remains  soluble.  All  the  compounds  soluble 
in  ether  give  transparent  films  on  drying,  except  D. 
The  presence  of  this  last-named  compound  is  one  of 
the  causes  of  opacity  on  the  drying  of  some  collodions  ; 
the  other  causes  are,  water  in  the  alcohol  or  ether,  or 
the  presence  of  acetic  ether.  All  these  compounds 
may  be  prepared  with  mixtures  containing  much  larger 
proportions  of  sulphuric  acid  and  water;  but  these 
have  the  disadvantage  of  rapidly  dissolving  the  com- 
pounds if  used  warm. 

While  endeavoring  to  ascertain  the  state  in  which 
nitrogen  exists  in  these  compounds,  Hadow  was  led  to 
examine  the  action  of  caustic  potassa  on  the  highest 
compound,  with  which,  as  is  well  known,  it  produces  a 
solution  capable  of  reducing  salts  of  silver  to  a  mirror- 
like surface  upon  the  vessel  that  contains  them.  The 
decomposition  of  gun-cotton  by  a  solution  of  potassa 
takes  place  slowly  at  ordinary  temperatures,  hut  almost 
instantly  on  raising  it  to  160°.  Each  portion  then 
immersed  causes  a  considerable  extrication  of  heat,  by 
which  the  temperature  is  soon  raised  to  the  boiling 
point,  and  ammonia  is  evolved  with  effervescence.  In 
making  the  solution  for  examination,  the  temperature 
was  kept  at  150°,  to  avoid  the  formation  of  secondary 
products.  At  this  point  the  gun-cotton  quietly  dis- 
appears without  effervescence,  producing  at  last  a  dark 
viscid  fluid.  This  was  diluted,  neutralized  with  acetic 
acid,  and  precipitated  by  neutral  acetate  of  lead.  The 
filtrate  gave  a  further  abundant  precipitate  with  the 
basic  acetate,  from  which  it  was  at  first  concluded 
that  there  were  two  distinct  acids  present ;  this,  how- 
ever, was  afterwards  found  to  arise  from  the  solubility 
of  the  plumbous  deposit  in  the  acetate  of  potassa  that 
had  been  formed,  from  which  solution  the  basic  acetate 
again  throws  it  down.  The  liquid  filtered  from  both 
precipitates  contained  nitrite  and  nitrate  of  potassa. 
The  lead  precipitates,  after  thorough  washing  on  a 
linen  filter,  were  diffused  through  water,  and  decom- 
posed by  sulphide  of  hydrogen,  during  which  process 
effervescence  occurred,  with  escape  of  N02,  showing 
that,  notwithstanding  the  washings  the  deposits  had 


undergone,  they  still  retained  a  portion  of  nitrate. 
The  brownish  solution  obtained  was  again  precipi- 
tated by  acetate  of  lead,  washed,  and  decomposed  as 
before,  when  a  pale  yellow,  strongly-acid  liquid  was 
obtained,  retaining  the  original  reducing  power  upon 
the  salts  of  silver  unimpaired,  and  capable  of  rapidly 
decomposing  carbonates  with  effervescence.  Its  power 
of  forming  crystalline  salts  was  examined  by  slowly 
evaporating  a  solution  of  the  compound  on  a  slip  of 
glass,  and  viewing  it  under  a  microscope.  The  am- 
monia-salt appearing  to  be  the  most  promising,  the 
liquid  was  neutralized  with  ammonia,  and  allowed  to 
evaporate  in  vacuo.  After  some  time,  little  tufts  of  pris- 
matic crystals  formed.  On  examination,  however,  these 
were  found  to  be  devoid  of  reducing  power,  and  proved 
to  be  oxalate  of  ammonia.  That  the  oxalic  acid  had 
not  been  formed  by  the  subsequent  processes  was 
proved  by  detecting  it  in  the  original  solution  of  gun- 
cotton  in  cold  aqueous  potassa.  The  liquid,  freed  from 
oxalic  acid  by  nitrate  of  lime,  was  found  to  possess 
many  of  the  characteristics  of  saccharic  acid,  such  as 
its  property  of  carrying  down  nitrites  with  its  lead 
salts,  and  its  reducing  power  on  salts  of  silver,  which  is 
manifested  in  both  cases  on  adding  to  the  respective 
menstrua  a  portion  of  a  solution  of  nitrate  of  silver, 
ammonia  sufficient  to  cause  a  clear  liquid,  and  subse- 
quently caustic  potassa,  without  which  in  either  case 
no  mirror-like  deposit  will  take  place  even  on  boiling. 
In  certain  proportions  the  color  of  the  reduced  silver  is 
identical.  Like  the  neutral  saccharates,  the  neutral 
salts  of  this  acid,  which  might  be  termed  pyroxylic 
acid  until  its  identity  with  some  other  is  proved,  like- 
wise give  precipitates  with  salts  of  lime,  baryta,  and 
cadmium.  The  principal  differences  between  the  two 
acids  are,  that  no  crystalline  acid  pyroxalate  of  po- 
tassa could  be  obtained,  the  solution  drying  in  vacuo  to 
a  gummy  mass,  whereas  the  acid  saccharate  is  very 
easily  crystallised;  and  that  the  saccharates  of  the 
above-mentioned  bases  are  far  more  soluble  in  the  heat 
than  in  the  cold,  and  are  visibly  crystalline  under  the 
microscope ;  while  the  pyroxalates  of  lime  and  baryta 
are  but  slightly  soluble  on  warming  the  liquid,  and  that 
of  cadmium  does  not  redissolve  at  all  on  the  mere 
application  of  heat,  though,  like  the  saccharate,  it  is 
readily  soluble  in  an  excess  of  the  salt  of  cadmium. 
The  precipitates,  are  likewise  all  amorphous,  with  the 
exception  of  the  lime  salt,  which  has  the  form  of  little 
nodules.  Hadow  could  not  further  examine  the  pro- 
perties of  this  acid,  or  obtain  a  compound  with  the 
certainty  of  its  being  sufficiently  pure  for  analysis,  in 
consequence  of  the  want  of  crystalline  form  and  the 
obstinacy  with  which  a  portion  of  coloring  matter  is 
retained. — Hadow. 

Collodion. — This  substance,  which  is  formed  by 
dissolving  gun-cotton  in  spirit,  has  of  late  years  been 
extensively  employed  in  the  manner  subsequently  stated, 
under  the  uses  of  gun-cotton.  The  following  are  the 
best  proportions  for  making  it : — 

Parts  l3y  weight. 

Prepared  cotton,   8 

Rectified  ether,   125 

Rectified  alcohol,   8 

Put  the  cotton  with  the  ether  into  a  well-stopped 
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"bottle,  and  agitate  the  mixture  for  some  minutes.  Then 
add  the  alcohol  by  degrees,  and  continue  to  shake  until 
the  whole  of  the  liquid  acquires  a  sirupy  consistence. 
It  may  be  then  passed  through  a  cloth,  the  residue 
strongly  pressed,  and  the  liquid  kept  in  a  well-secured 
bottle. 

Collodion  thus  prepared  possesses  remarkably  ad- 
hesive properties.  A  piece  of  linen  or  cotton  cloth 
covered  with  it,  and  made  to  adhere  by  evaporation  to 
the  palm  of  the  hand,  will  support,  after  a  few  minutes, 
without  yielding,  a  weight  of  from  twenty  to  thirty 
pounds.  Its  adhesive  power  is  so  great,  that  the  cloth 
will  commonly  be  torn  before  it  gives  way.  The  col- 
lodion cannot  be  regarded  as  a  perfect  solution  of  the 
cotton.  It  contains,  suspending  and  floating  in  it,  a 
quantity  of  the  vegetal  fibre  which  has  escaped  the 
solvent  action  of  the  ether.  The  liquid  portion  may  be 
separated  from  these  fibres  by  a  filter,  but  it  is  doubtful 
whether  this  is  an  advantage.  In  the  evaporation  of 
the  liquid,  these  undissolved  fibres,  by  felting  with  each 
other,  appear  to  give  a  greater  degree  of  tenacity  and 
resistance  to  the  exsiccated  mass. 

In  the  preparation  of  collodion  it  is  indispensable  to 
avoid  the  presence  of  water,  as  this  renders  it  less  ad- 
hesive ;  hence  the  ether,  as  well  as  the  alcohol,  should 
be  pure  and  rectified.  The  parts  to  which  the  collodion 
is  applied  should  be  first  thoroughly  dried,  and  no  water 
allowed  to  come  in  contact  with  them  until  all  the  ether 
is  evaporated. 

A  method  for  the  preparation  of  elastic  collodion  is 
given  by  Lauras.    He  prefaces  it  as  follows : — ■ 

The  important  improvement  to  be  made  in  this  com- 
pound, which  hitherto  has  not  been  of  very  frequent 
application  in  therapeutics,  consists  in  giving  efficacy 
to  it,  and  in  preventing  the  sufferings  produced  by  its 
application  on  any  portion  of  the  body,  and  principally 
on  the  articulations,  which  are  much  constricted  after 
having  been  covered  with  it — an  effect  due  to  its  want 
of  suppleness  and  elasticity,  and  which  the  skin  requires 
both  for  stretching  and  contracting. 

By  adopting  the  following  formula,  every  inconveni- 
ence is  obviated,  collodion  becomes  easy  of  employ- 
ment, and  enables  the  patient  to  move  without  suffering 
pain : — 

Sulphuric  acid,  of  specific  gravity  1'847,  three  hun- 
dred grammes;  dry  nitrate  of  potassa,  two  hundred 
grammes.  These  are  both  mixed  together  in  a  stone- 
ware or  porcelain  pot,  and  ten  grammes  of  carded 
cotton  added. 

Leave  in  contact  for  twelve  minutes  ;  withdraw  the 
cotton,  wash  it  with  cold  water  to  remove  the  acid 
which  it  retains,  and  after  two  or  three  rinsings,  immerse 
it  in  water  containing  thirty  grammes  of  carbonate  of 
potassa  in  solution  in  one  hundred  grammes  of  water ; 
plunge  it  again  into  ordinary  water,  agitate  well,  and 
dry  at  a  temperature  of  77°  to  86°. 

The  cotton  thus  prepared  takes  the  name  of  Xyloidin, 
and  may  afterwards  be  mixed  with  the  ether  and  the 
other  substances  which  form  it  into  elastic  collodion. 

Elastic  Collodion. — Xyloidin  eight  grammes,  ordinary 
ether  one  hundred  and  twenty-five  grammes.  Place  in 
a  wide-mouthed  flask,  and  add  alcohol  of  specific 
gravity  -825  eight  grammes.    Agitate,  and  then  make 


a  mixture  composed  of  Venice  turpentine  two  grammes; 
castor  oil  two  grammes;  white  wax  two  grammes;  ether 
six  grammes.  Heat  together  the  first  three  substances, 
add  the  ether,  and  combine  the  two  mixtures. 

Adulteration. — Should  it  be  desired  to  ascertain 
whether  ordinary  carded  cotton  has  not  been  added  to 
sophisticate  the  gun-cotton,  it  may  be  arrived  at  by  the 
following  micro-chemical  process.  A  small  portion  of 
the  cotton  is  impregnated  with  a  solution  of  iodine,  and 
a  drop  of  sulphuric  acid  added,  and  then  submitted  to 
the  lens ;  the  gun-cotton  is  very  feebly  affected  by  this 
treatment,  and  retains  the  yellow  coloration  communi- 
cated by  the  iodine  only  slightly  intensified  after  some 
time,  whilst  under  the  same  treatment  the  fibres  of 
ordinary  cotton  would  quickly  disintegrate,  and  partake 
of  a  lively  violet  hue.  The  intensity  of  the  latter  will 
be  a  comparative  indication  of  the  probable  amount  of 
the  adulterants. 

Uses. — Many  attempts  have  been  made  to  apply 
gun-cotton  to  mining  purposes  on  account  of  its  enor- 
mous explosive  force,  and  the  small  quantity  of  smoke 
which  it  produces ;  but  the  objections  to  its  use  are 
numerous,  the  most  fatal  one  being  its  liability  to 
spontaneous  ignition. 

Gun-cotton  continues  to  be  an  object  of  great  interest 
on  account  of  its  application  to  the  beautiful  art  of 
photography.  When  the  cotton  is  prepared  in  such  a 
way  as  to  burn  slowly,  it  is  not  liable  to  spontaneous 
ignition,  and  it  is  in  this  state  perfectly  soluble  in  ether, 
which  the  more  explosive  cotton  is  not.  If  the  ethereal 
solution  be  poured  on  the  surface  of  cold  water,  a  paper 
is  produced,  which  is  prepared  for  the  use  of  the  photo- 
grapher. This  paper  is  a  very  active  electric,  and  is 
perfectly  soluble  in  ether.  Collodion  has  also  been 
made  use  of  in  surgery,  by  applying  the  ethereal 
solution  to  a  wound,  when  a  thin  delicate  artificial  skin 
is  formed  by  it,  which  perfectly  excludes  the  air. — En- 
cyclopedia Britannica. 

GTJNPOWDEK. — Poudre  a  canon,  French;  Schiess- 
pulver,  German. — The  article  which  bears  this  title  is 
a  singular  mixture  of  nitrate  of  potassa — saltpetre — 
sulphur,  and  charcoal,  and  is  so  well  known  for  its  re- 
markable properties  by  every  one,  that  it  is  unnecessary 
to  enter  into  a  detailed  exposition  of  it.  Regarding  its 
manufacture  and  the  uses  to  which  it  is  devoted,  how- 
ever, in  a  true  light,  its  importance  as  an  agent  of  power, 
which  places  it  side  by  side  with  steam  at  the  present 
day,  cannot  fail  to  render  it  an  object  of  deep  research 
and  inquiry. 

It  might  well  be  said  that  no  other  branch  of  industry 
has,  during  many  years,  decided  the  destinies  of  people 
so  much  as  gunpowder.  Sometimes  favorable  to  the 
progress  of  civilization,  powder  offers  to  the  miner  and 
engineer  a  ready  and  sure  means  of  breaking  r  11  ob- 
stacles which  intercept  their  progress  in  their  labors; 
sometimes,  on  occasions  of  festivity,  it  becomes  in  the 
hands  of  the  artificer  a  symbol  of  joyful  public  rejoic- 
ings ;  and,  finally,  on  occasions  of  civil  strife  and  war- 
fare, it  turns  out  to  be  a  sure  instrument  of  death  and 
massacre  —  spreading  the  devastating  bullet  or  shell 
with  an  effect  which  lays  nations  of  greatness  and 
pomp  level  with  the  dust,  and  raises  others  to  the 
dignity  of  empires. 
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The  invention  of  gunpowder  formed  a  grand  epoch 
in  the  world's  history.  Tomlinson  ascribes  it  to 
Bartiiold  Schwartz,  a  German  monk  and  alche- 
mist, and  the  date  of  the  discovery  is  supposed  to  be 
about  the  year  1320.  The  prior  claims  of  Roger 
Bacon,  whatever  they  be,  are,  however,  unquestion- 
able, as  this  substance  is  described  in  his  writings 
about  the  year  1270,  or  half  a  century  before  the  sup- 
posed discovery  by  Schwartz.  But  even  Bacon 
himself  has  as  little  title  to  the  invention  as  his  im- 
agined rival ;  nor,  indeed,  -when  his  own  description  of 
this  then  wonderful  compound  is  examined,  can  it  be 
perceived  that  he  makes  any  claim  to  be  the  discoverer. 
On  the  contrary,  he  quotes  it  as  a  well-known  sub- 
stance in  common  use  all  over  the  world,  for  making 
squibs  for  the  amusement  of  children — so  pertinacious 
are  vulgar  errors.  Dutens  attempts  to  show  that  the 
claim,  which  certainly  does  not  belong  to  Bacon,  is 
removed  to  Magnus  GrjECUS,  whose  manuscript  he 
quotes,  and  from  which  he  presumes  Bacon  derives 
his  knowledge  of  the  invention  ;  although,  by  his  own 
showing,  Bacon  need  not  have  consulted  an  obscure 
writing  for  an  invention  of  general  notoriety.  In  the 
same  manuscript  are  contained  directions  for  maldng  a 
rocket,  which  are  such  as  to  prove  that  the  nature  of 
this  firework  was  thoroughly  understood.  It  is  even 
remarkable  that  he  recommends  the  charcoal  of  willow 
wood,  which  the  moderns  have  found  by  experience  to 
be  amongst  the  best  for  such  purposes. 

Thus  far  the  date  of  the  origin  of  gunpowder  has 
been  traced,  not  only  beyond  Bacon,  but  beyond  this 
supposed  predecessor,  as  he  himself  professes  to  be  a 
compiler,  not  an  author  of  the  Liber  Ignium,  as  he 
denominates  his  treatise.  If,  in  attempting  to  ascend 
still  higher,  the  evidence  becomes  more  rare  and  ille- 
gible, there  are  still  insuperable  facts  to  prove  that  its 
antiquity  is  far  greater,  however  impossible  it  may  be 
to  approximate  to  the  date  of  the  invention,  much  less 
to  assign  that  which  appears  to  be  buried  amongst 
the  obscurities  of  oriental  learning.  The  question  of 
gunpowder  as  applied  to  artillery  is  a  separate  one ; 
but  there  is  abundant  reason  to  believe  that  this  com- 
pound was  not  only  used  in  some  form  or  other  as  an 
explosive  and  combustible  substance,  but  that  it  was 
applied  even  to  military  purposes — it  may  be,  in  the 
shape  of  rockets  or  other  fireworks,  which,  for  objects 
of  amusement  at  least,  have  been  familiar  to  the  Chinese 
beyond  all  record. 

The  earliest  date  to  which  the  knowledge  of  gun- 
powder can  be  referred,  in  defect  of  a  sufficiently  remote 
acquaintance  with  oriental  history,  is  355  before  Christ, 
although,  from  the  very  nature  of  this  attestation,  it 
follows  that  it  was  then  not  only  known  to  the  Eastern 
nations,  but  that  it  must  have  long  been  so,  since,  even 
at  that  early  period,  it  was  applied  to  warlike  purposes. 
In  the  code  of  Hindoo  laws,  indeed,  where  it  is  men- 
tioned, it  is  referred  to  an  era  which  oriental  antiquaries 
have  considered  as  coincident  with  the  time  of  Moses. 
But  the  evidence  to  which  more  particular  allusion  is 
made,  is  found  in  a  passage  of  the  Life  of  Apollonius 
Tyanwus  by  Philostratus,  the  purport  of  which  is 
that  Alexander  was  unwilling  to  attack  the  Oxydracffi, 
who  lived  between  the  Hyphasis  and  the  Ganges,  be- 


cause they  were  under  the  care  of  the  gods,  and  over- 
threw their  enemies  with  thunder  and  lightning  which 
they  shot  from  their  walls.  The  same  account  is  given 
of  the  repulses  experienced  in  this  country  by  Her- 
cules and  Bacchus. 

The  next  of  these  early  dates,  in  which  also  the 
evidence  is  imperfect,  is  212  before  Christ ;  but  the 
establishment  of  the  proof  of  the  last  would  render  this 
one  more  credible.  In  the  defence  of  Syracuse  by 
Archimedes,  Vitruvius  relates  that  one  of  his 
engines  threw  stones  with  a  great  noise — a  description 
which  does  not  apply  to  any  of  the  mechanical  artillery 
of  the  ancients.  On  a  notice  so  superficial,  however, 
much  stress  must  not  be  laid,  and  here  ends  all  the  in- 
formation respecting  the  earliest  knowledge  of  gun- 
powder. It  seems,  however,  so  decidedly  capable  of 
being  traced  from  the  East,  through  the  intervention  of 
the  Arabs,  that  there  can  be  little  doubt  of  its  oriental 
origin,  and  of  its  being  thence  imported  into  Europe. 
Indeed,  the  military  use  of  rockets  in  the  armies  of 
India  ascends  to  a  very  remote  period. 

Of  the  earliest  date  at  which  it  was  known  in  China, 
their  own  evidence  is  defective ;  but  Uffano,  an  Italian 
author,  affirms  that  not  only  gunpowder,  but  ordnance, 
was  in  use  in  that  nation  in  the  year  85,  and  that  in 
his  day  cannon  were  remaining  from  the  most  ancient 
times  in  some  of  the  maritime  provinces,  made  both  of 
iron  and  of  brass.  Hence  some  writers  presume  that 
the  Chinese  communicated  the  invention  to  the  Indians ; 
whilst  it  has  also  been  said,  but  on  no  sufficient  au- 
thority, that  they  themselves  received  it  from  Tartary 
— a  nation  respecting  which  little  or  nothing  is  known 
and  in  which  one  would  not  be  inclined  to  look  for  an 
early  acquaintance  with  the  arts.  This,  however, 
refers  to  a  date  so  late  as  917  ;  so  that,  if  there  is  any 
dependence  to  be  placed  on  the  Indian  and  Chinese 
hypothesis,  the  Tartars  must  themselves  have  borrowed 
the  invention  from  those  to  whom  they  are  said  to 
have  lent  it. 

There  is  after  this  a  long  blank ;  and  the  first  author 
on  the  subject  is  an  Arabic  writer,  in  the  Escurial  col- 
lection, whose  work,  bearing  date  1249 — about  twenty 
years  before  the  date  of  Bacon's  narrative — is  translated 
by  Casiri.  His  description  is  such  that  it  may  apply 
both  to  rockets  and  to  shells.  In  the  former  case,  it 
only  involves  the  knowledge  of  the  detonating  com- 
pound ;  the  latter,  were  it  proved,  would  show  that 
they  were  also  acquainted  with  the  use  of  ordnance, 
although  it  is  not  impossible  but  that  such  projectiles 
might  have  been  thrown  by  mechanical  artillery. 

As  the  invention  of  gunpowder  has  been  popularly 
ascribed  to  Bacon  and  to  Schwartz,  so  the  use  of 
ordnance  has  been  referred  to  the  time  of  the  battle  of 
Cressy — 1346.  To  pass  over  the  Chinese  hypothesis 
on  this  part  of  the  subject,  it  will  be  found  that  cannon 
were  known  at  least  as  early  as  the  year  1312.  This 
is  derived  from  the  source  quoted  by  Casiri  ;  from 
Arabian  writers  who  in  1312  and  1323  describe  the 
use  of  ordnance ;  whilst,  if  Barbour  is  to  be  trusted, 
Edward  III.  was  also  provided  with  some  pieces 
of  artillery  in  1327,  and  Pere  Daniel  asserts  that 
cannon  were  known  to  the  French  in  1338.  This 
discussion  need  not  be  carried  lower ;  though,  in  favor 
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of  the  oriental  origin  of  the  invention,  it  may  be 
remarked,  that  artillery  was  much  in  use  in  the  Medi- 
terranean when  it  was  still  but  little  used  elsewhere  ; 
as  by  the  Venetians  in  1380  against  Genoa,  and  by 
Alphonso  XI.  in  his  wars  with  the  Moors. — Encyclo- 
pedia Britannica. 

In  the  prolegomena  it  was  stated  that  gunpowder  is 
a  composition  of  definite  quantities  of  sulphur,  saltpetre, 
and  charcoal.  From  time  to  time  various  experiments 
have  been  conducted  with  considerable  care  for  the 
sake  of  determining  the  most  convenient  proportions  of 
the  foregoing  substances;  and,  singularly  enough,  people 
have,  in  almost  every  instance,  fallen  back  upon  the 
recipes  given  by  the  most  ancient  writers  upon  the 
production  of  this  article.  The  knowledge  that  powder 
owes  its  extraordinary  effects  to  the  sudden  transforma- 
tion of  its  solid  constituents  into  permanent  gases,  the 
volume  of  which  is  enlarged  by  the  temperature  re- 
sulting from  the  chemical  action  producing  this  change, 
will  at  once  lead  to  the  conclusion,  that  all  matters 
incapable  of  undergoing  such  a  modification  injure  or 
depreciate,  in  proportion  to  their  quantity,  the  quality 
and  efficacy  of  the  product.  Hence  it  should  always 
be  the  desire  of  the  manufacturer  to  use  the  purest 
materials ;  and,  to  assist  him  in  his  business,  they  will 
be  considered  here. 

Materials. — The  greatest  care  is  requisite  in  the 
preparation  of  pure  ingredients  for  the  manufacture  of 
gunpowder. 

The  principal  saline  impurity  in  saltpetre  is  chloride 
of  sodium — common  salt — which  has  a  very  injurious 
action  upon  gunpowder,  causing  it  to  absorb  moisture, 
whereby  its  power  is  soon  considerably  weakened. 
Saltpetre  containing  more  than  a  three-thousandth  part 
of  chlorides,  is  rejected  as  unfit  for  use. 

The  solubility  of  saltpetre  at  212°  is  about  four- 
teen times  greater  than  it  is  at  ordinary  tempera- 
tures, while  that  of  chloride  of  potassium  is  only  about 
twice  as  great,  and  that  of  chloride  of  sodium  is  but 
slightly  increased.  If,  therefore,  a  solution  containing 
these  three  salts  be  concentrated,  the  greater  quantities 
of  the  chlorides  will  be  deposited  as  the  water  decreases, 
even  before  the  nitrate  of  potassa  exhibits  any  symptom 
of  crystallizing  out.  This  separation  is  effected  in 
practice,  by  placing  a  perforated  iron  ladle  or  dish  on 
the  bottom  of  the  boiler  in  which  the  solution  is  being 
concentrated.  The  chlorides,  as  they  separate  by  the 
evaporation  of  the  water,  deposit  upon  the  dish,  and 
may  from  time  to  time  be  removed.  When  small 
needles  of  nitrate  of  potassa  begin  to  appear,  the  men- 
struum is  run  off  into  the  crystallizing  cooler,  from 
which  tolerably  pure  saltpetre  will  be  obtained,  to  be 
refined  by  a  similar  operation. 

At  Waltham  Abbey  the  refining  of  saltpetre  is  effected 
by  first  decolorizing  its  solution  by  ebullition  with 
newly-burnt  charcoal,  and  then  by  repeated  crystalliza- 
tion. Great  care  must  be  exercised  in  this  process, 
which  will  be  fully  dwelt  upon  under  Potassa. 

Sulphur,  as  employed  for  the  manufacture  of  gun- 
powder, is  generally  in  the  sublimed  state,  or  that 
known  in  common  parlance  as  flowers  of  sulphur. 
These  are  obtained  by  conducting  the  vapor  of  sul- 
phur into  large  chambers,  the  sides  of  which  must 
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be  kept  cool.  The  sulphur  condenses  in  the  form  of 
a  fine  crystalline  lemon-yellow  powder.  When  the 
sides  of  the  chamber  become  heated,  the  sulphur  fuses, 
becomes  limpid,  and  trickles  down  to  the  base  of  the 
chamber.  To  prevent  this,  which,  of  course,  would 
spoil  the  whole  deposit  of  flowers,  as  soon  as  the  walls 
of  the  chamber  get  too  warm,  the  communication 
between  the  latter  and  the  retort  is  closed,  and  another 
one  opened,  leading  into  a  metal  receiver;  the  sulphur 
is  allowed  to  distil  over  into  this  until  the  first  chamber 
has  become  sufficiently  cool,  and  the  flowers  have  been 
collected  from  its  sides,  when  the  vapors  are  again 
passed  into  it. 

The  sublimed  sulphur  sometimes  requires  washing,  in 
order  to  free  it  from  the  sulphuric  acid  which  is  gen- 
erally formed  with  it,  and  which  is  caused  by  the  oxi- 
dation of  the  sulphurous  vapors  by  means  of  the 
common  air  which  pervades  the  condensing  chamber 
previous  to  the  commencement  of  the  distillation  of 
each  charge. 

It  has  been  suggested  that  the  sulphuric  acid  should 
be  removed  by  allowing  the  sulphur  to  remain  between 
damp  cloths  for  some  time  previous  to  use. 

Charcoal. — The  third  principal  constituent  of  gun- 
powder is  charcoal  reduced  to  an  impalpable  state.  This 
constituent  demands  no  less  attention  in  the  selection 
than  the  other  components ;  for  much  of  the  efficiency 
of  the  powder  depends  upon  its  possessing  such  qualities 
as  experience  has  shown  to  be  required.  Even  in  the 
time  of  Magnus  Grjecus,  as  already  mentioned  in  the 
preceding  historical  notice,  the  charcoal  of  willow-wood 
was  preferred,  and  experience  has  fully  proved  that 
the  charcoal  of  the  soft  woods  always  produces  the 
best  results.  Some  time  since,  dogwood  was  adopted, 
as  giving  the  most  friable  charcoal;  but  it  has  since 
been  shown  that  the  woods  of  the  willow,  poplar,  black 
alder,  and  chestnut  trees  afford  equally  suitable  pro- 
ducts. The  hard  woods  are  invariably  rejected,  and 
with  justice  ;  though  the  presence  in  them  of  delete- 
rious salts  is  not  the  only  objection  to  their  use. 

Two  considerations  must  not  be  overlooked  in  choos- 
ing a  proper  charcoal — namely,  the  nature  of  the  wood, 
and  the  manner  in  which  the  carbonization  of  the  same 
is  conducted;  and  each  demands  the  utmost  circum- 
spection in  the  manufacturer  who  is  desirous  of  pro- 
ducing an  article  which  will  yield  the  greatest  possible 
amount  of  force,  and  combine  at  the  same  time  the  qua- 
lity of  inflaming  readily,  as  well  as  that  of  leaving  the 
least  quantity  of  residuary  matter  after  its  ignition. 

There  is  no  doubt,  says  the  writer  of  the  article 
Gunpowder  in  the  Encyclopedia  Britannica,  that 
wood  which  contains  carbonate  of  potassa  or  other 
deliquescent  salts,  is  unfit  for  the  purpose,  and  for 
obvious  causes.  This  is  the  case  in  the  oak,  elm. 
fir,  and  other  trees.  But  there  is  another  reason  for 
the  badness  of  these  kinds  of  charcoal,  which  is  not  so 
obvious,  although  it  is  evidently  connected  with  their 
hardness.  It  appears  to  depend  on  the  small  pro- 
portion of  hydrogen  combined  with  the  carbon  in  these 
charcoals,  compared  to  that  which  exists  in  the  produce 
of  the  softer  woods.  Even  these  can  be  reduced  to  the 
same  state  by  subjecting  them  to  higher  temperatures. 
Thus  the  hydrogen  is  dissipated,  the  charcoal  becoming 
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so  hard  as  to  scratch  steel;  in  which  case,  however 
obtained,  it  is  unfit  for  gunpowder. 

Thus  experience  has  found,  from  time  to  time,  how 
ill-adapted  for  this  manufacture  are  many  of  the  char- 
coals usually  prepared ;  but  such  acquisitions  were  fre- 
quently gained  at  the  expense  of  a  loss  sustained  by 
the  failure  of  some  experiment.  In  later  times,  how- 
ever, scientific  research  clears  the  path  for  the  manu- 
facturer to  some  extent,  so  that  he  who  desires  to  pro- 
gress has  not  to  confide  in  the  results  of  haphazard 
experiments,  the  principles  of  which  may  be  but  ill 
understood,  but  rather  decide  according  to  the  conclu- 
sions drawn  from  the  well-contrived  investigation  on 
the  subject.  Proust  is  one  of  those  who  has  made 
the  materials  and  preparation  of  gunpowder  his  study, 
and  from  them  considerable  information  may  be  gained. 
With  the  view  of  finding  the  best  quality  of  charcoal, 
he  practised  the  following  ready  and  simple  means. 
He  makes  a  mixture  of  twelve  grains  of  the  charcoal 
and  sixty-two  of  nitrate  of  potassa  by  careful  grinding 
in  a  mortar,  and  then  introduces  it  on  a  small  tray  into 
a  copper  tube  two  and  a  half  inches  in  length  by  three 
lines  in  diameter ;  he  primes  on  the  top  of  this  with  a 
little  fowling  powder,  and  when  this  is  done,  the  lower 
part  of  the  tube  is  fitted  in  a  dish  of  cork,  or  other 
light  material,  which  is  floated  on  the  surface  of  water. 
It  is  evident  from  these  arrangements,  analogous  as 
they  are  to  those  under  which  the  powder  is  inflamed, 
that  the  mixture  which  burns  the  more  readily  is  that 
which  is  most  suited  to  the  manufacture.  By  experi- 
ments conducted  in  this  way,  and  with  all  the  precau- 
tions available  under  the  circumstances,  Proust  ob- 
tained the  following  results : — 

Mixture  of  sixty-two  Time  of  the         Weight  of 

grains  of  saltpetre  and  combustion         residue  in 

twelve  of  charcoal.  in  seconds.  (Trains. 

From  hemp  or  hemp  husk,          10    12 

"  stalks  of  asphodel,   10    12 

"  vine  branches,   12    20 

u  pea  stalks,   13    21 

"  pine,   17    30 

"  bourdaine,  20    24 

"  spindle-tree,   21    27 

"  hazle,   23    30 

"  maize  canes   25    38 

"  chestnut-tree,   26    36 

"  walnut-tree,   29    33 

"  maize,   55    43 

u  coal-coke,   50    45 

"  sugar,   70    48 

When  submitted  to  the  same  operation,  he  found 
that  the  charcoal  produced  from  starch,  wheat,  rice, 
gall-nuts,  indigo,  gluten,  gelatin,  albumen,  blood,  and 
skin,  and,  in  fact,  those  derived  from  all  animal  matters, 
would  not  undergo  combustion. 

From  the  foregoing  table  it  is  evident  that  those 
which  precede  the  charcoal  from  hazlewood  rise  in  the 
scale  of  superior  fitness,  whilst  those  beneath  the  latter 
evidently  descend,  and  are  not  well  adapted  for  the 
manufacture. 

Other  experiments  upon  the  same  subject,  founding 
the  comparison  of  the  different  charcoals  upon  the 
volume  of  gas  which  they  yielded  when  ignited  with 
saltpetre,  have  been  conducted  by  French  and  British 
chemists,  and  the  results  are  tabulated  below.  In  each 
case  the  proportions  used  by  the  former  were  sixty 
grains  of  nitrate  of  potassa  to  twelve  of  charcoal ;  but 


in  the  latter  the  calculations  are  made  to  correspond 
with  the  same  standard : — 

™  Proportion  of  er.3  Residue 

Charcoal.  in  *mc  inchJs        in  grainJi 

From  French  hemp  stalks,          62    12 

"    asphodel,                        62    20 

"    vine,                               64    20 

"     pea  stalks,                       62    21 

"     spindle-tree,                     66    28 

"    fir,                                66    30 

"    chestnut,                        66    36 

"    hazle,                            66    33 

"     lamp-black,                      54    44 

"    coke,                             54    45 

"    filbert,                           72    30 

Much  of  the  interest  which  might  otherwise  be  taken 
in  the  foregoing  results  of  the  French  chemists  is  lost, 
on  account  of  the  subjects  being  not  likely  ever  to  enter 
practically,  at  least  to  any  extent,  into  the  manufacture 
under  consideration.  Below  are  given  results  arrived 
at  in  England,  by  operating  upon  the  more  frequently- 
occurring  woods : — 

Proportion  of  gas 

Filbert   72 

Oak,   61-63 

Mahogany,   58 

Elm,   62 

Willow— Salix  Alia,   76-78 

Alder,   74-73 

Dogwood — Rhamnus frangula,   80-82-84 

Oak  bark,   58 

Animal  charcoal,   50-46-42-40 

Coke,   52-48 

Lamp-black,   54-52 

Oak  charcoal  overheated,   54-56 

Willow    "         "    59  64-66 

Tomlinson  attributes  much  of  the  difference  in  the 
latter  table  to  the  method  in  which  the  charcoal  is 
prepared,  rather  than  to  the  substance  itself,  since  he 
considers  that  to  overheat  the  matter  in  its  carboniza- 
tion is  injurious  to  its  power  of  combustion.  This  is 
evidenced  by  the  results  which  the  modified  charcoal 
from  oak  and  willow  afforded ;  and,  in  fact,  several  re- 
searches have  led  to  the  acknowledgment  of  the  same 
fact.  Violette  has  shown  that  the  most  combustible 
charcoal  loses  this  quality  in  proportion  as  the  heat  ap- 
plied in  the  carbonization  is  raised,  till  ultimately,  when 
the  charring  is  made  at  the  fusing  point  of  platinum, 
the  product  obtained  is  so  incombustible  as  to  be  ignited 
with  difficulty  even  when  the  heat  is  2282°.  During 
his  researches  upon  the  carbonization  of  wood  and  the 
application  of  charcoal,  he  examined  with  considerable 
skill  and  acuteness  the  various  products  which  most  of 
the  ordinary  woods  afford  by  charring,  in  reference  to 
their  combustibility  in  air,  and  the  temperature  of  their 
ignition  according  to  the  caloric  applied  in  their  manu- 
facture, and  also  with  regard  to  the  same  kind  of  char- 
coal when  subjected  to  an  increasing  heat  in  close 
vessels ;  the  temperature  at  which  charcoals  decompose 
nitrate  of  potassa,  as  well  when  they  are  the  result  of 
a  standard  degree  of  heat,  as  when  this  degree  has 
been  varied  in  their  manufacture.  To  these  researches 
he  has  coupled  the  estimation  of  the  necessary  caloric 
required  for  sulphur  to  decompose  the  saltpetre,  and 
that  at  which  it  burns  in  air,  and  many  others ;  such  as 
the  thermometric  degree  at  which  powder  is  ignited, 
the  several  mixtures  used  for  the  manufacture  of  powder 
with  regard  to  the  amount  of  their  constituents,  et 
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cetera,  to  which  reference  will  be  made  in  their  respec- 
tive places.  As  the  susceptibility  of  charcoal  taking  fire 
is  a  subject  which,  to  those  who  are  under  the  necessity 
of  storing  it  for  some  time 
in  magazines,  is  highly  in- 
teresting, it  may  be  well 
to  lay  before  the  reader 
the  procedure  of  Vio- 
lette,  for  the  estima- 
tion of  the  degree  of  heat 
at  which  charcoals  enter 
spontaneously  into  com- 
bustion. 

He  adopted  an  appa- 
ratus similar  to  Fig.  246, 
in  which  A  is  a  small  flat  plate- iron  basin,  floating 
upon  a  bath  of  tin  or  pewter,  b,  which  is  heated  by  a  fire 


at  C.  The  pieces  of  charcoal,  prepared  in  pellets  001 
inches  in  length  and  O'OOl  in  thickness,  were  placed 
symmetrically  in  the  basin,  A,  and  the  fire  urged,  thus 
increasing  the  heat  of  the  tin  bath,  and,  consequently, 
that  of  the  small  iron  basin  containing  the  cylinders 
of  charcoal.  The  order  of  their  inflammability  was 
noted  as  each,  in  succession,  gave  indications  of  com- 
bustion by  a  luminous  point  appearing  upon  the  cir- 
cumference of  the  superior  section,  and  which  quickly 
enveloped  the  whole  surface,  and  resulted  in  leaving 
only  the  ash.  In  the  following  table,  the  series  in  the 
column  A  show  the  order  of  the  spontaneous  ignition 
of  the  materials  which  had  been  thoroughly  charred, 
whilst  those  in  B  represent  the  order  with  reference 
to  brown  charcoals,  or  such  as  retained  a  portion  of 
their  constituents,  and,  therefore,  had  only  been  but 
imperfectly  made : — 


The  order  of  tlie 
ignition  of  charcoal. 

1   

2   

3   

4   

7 


Temperature  of  the 
carbonization  of  charcoal. 


10 

it 

12 
13 
21 
22 
23 
24 


500°  " 

270° 

518 

280 

536  • 

290 

—  554 

300 

—  572 

310 

—    590  ' 

320 

—  608 

330 

—  626 

340 

—   644  f 

350 

—    662  | 

432 

—   819  j 

1023 

—  1873-6) 

1300 

—  2372  } 

1500 

— -  2732  ) 

Tlie  order  of  the 
ignition  ol  charcoal. 


Temperature  of  the 
carbonizution  oi  charcoal- 


5    250°  —  482° 

6    230  446 

8    240  464 

14    220  —  428 

15    210  -■  410 

16    190  —  374 

17    170  —  338 

18    200  —  392 

19    180  —  356 

<  20    160  —  320 


From  the  above,  it  may  be  inferred  that  charcoal, 
prepared  at  500°,  is  the  most  liable  to  undergo  sponta- 
neous combustion.  It  is  remarkable  that  the  pheno- 
mena observed  with  regard  to  the  brown  or  torrefied 
woods  in  the  second  column,  before  their  entering  into 
ignition  of  complete  carbonization,  was  effected  first,  as 
indicated  by  the  quantities  of  fumes  which  were  disen- 
gaged from  them  ;  id  est,  they  were  converted  into  a 
charcoal  such  as  that  prepared  at  500°.  As  soon  as 
this  condition  was  attained,  they  underwent  sponta- 
neous ignition.  In  the  second  place,  it  is  easy  to  see 
that  the  inflammability  of  the  charcoals  decreases  in 
proportion  as  the  temperature  of  their  preparation  is 
more  elevated.  To  make  the  examination  more  de- 
finite than  the  comparative  but  necessarily  indeter- 
minate one  above  mentioned,  the  following  process 
was  followed  : — A  porcelain  crucible  was  selected,  and 
about  sixty  grammes  of  saltpetre  fused  in  it.  The  bulb 
of  a  mercurial  thermometer  immersed  in  it,  showed  that 
the  melting  occurred  at  044°.  Gradually  pieces  of  the 
most  inflammable  charcoal,  such  as  those  prepared  at 
500°,  were  projected  into  the  molten  mass,  and  the 
crucible  quickly  inclosed  to  prevent  cooling  by  radia- 
tion ;  on  taking  the  cover  off,  the  particles  of  charcoal 
were  observed  to  be  undergoing  several  commotions, 
but  without  taking  fire,  notwithstanding  that,  by  in- 
creasing the  heat  only  1-8°,  the  matter  burned.  Hence 
it  may  be  stated,  that  charcoal  obtained  at  500°  ignites 
spontaneously  at  645-8°  or  646°.  On  increasing  the 
temperature  of  the  crucible  and  nitrate  of  potassa  by 


regular  increments  of  heat,  it  was  found  that  charcoals 

prepared  at  temperatures  from — 

500°  to  536°  ignited  at  680° 
536  to  662  „  698 

On  raising  the  heat  a  little  above  698°,  the  charcoal 
resulting  at  819°  ignited,  but  the  other  kinds,  produced 
at  a  higher  heat,  refused  to  burn.  As  the  thermo- 
meter ceased  to  indicate  truly  any  higher  heat,  the 
bath  had  to  be  changed  for  one  of  pewter  or  tin. 
Having  introduced  the  more  incombustible  charcoals, 
then  gently  raised  the  temperature  with  a  charcoal 
fire  till  near  the  point  of  redness,  they  began  to  show 
the  first  signs  of  combustion. 

In  the  annexed  table  the  results  are  tabulated  : — ■ 

The  temperature  at  which  The  temperature  at  which 

the  cliarcouls  have 
taken  fire. 


charcoal  has  been 
carbonized. 

260°  = 

500° 

270  — 

518  \ 

280  = 

536  j" 

290  r= 

554  : 

300  — 

572 

310  — 

590 

320  — 

608 

330  — 

626  ' 

340  — 

644 

350  — 

662 

432  — 

819 

1023  — 

1873-61 

1250  — 

2282 

1300  — 

2372 

1500  — 

2732 

Charcoals  made  ~1 

at  temperatures  ! 

which  fuse  pla-  f 

340  to 


340° 
360 


680° 
680 


to  698 


360  to  370   —    698  to  716 


to  1472 


1250   —  2280 


340  GUNPOWDER- 


The  foregoing  determinations  possess  a  peculiar 
interest  for  the  powder  manufacturer,  especially  when  it 
is  understood  that  frequently  charcoal,  produced  at  tem- 
peratures between  500°  and  662°,  are  employed  for  the 
purposes  of  sporting  powder ;  the  black  kinds  obtained 
at  a  higher  heat,  such  as  819°  or  so,  being  reserved  for 
the  article  in  demand  for  the  military  and  mining 
requirements.  Now,  since  the  first  kind  ignites  spon- 
taneously at  680°,  the  origin  of  the  various  explosions 
happening  in  powder  mills  may  be  easily  traced.  The 
increase  of  temperature  by  friction  during  the  grinding, 
more  especially  when  this  is  done  by  metallic  bodies, 
often  reaches  the  preceding  degree,  and,  consequently, 
supplies  the  necessary  conditions  for  inducing  combus- 
tion in  the  mass ;  again,  when  placed  in  the  state  of 
fine  powder  in  the  recipients,  it  condenses  so  much  air 
in  its  pores  that  the  heat,  which  is  a  well-known  result  of 
such  a  condensation,  is  sometimes  elevated  to  the  above 
standard.  Probably  the  compression  referred  to  is  not 
made  without  a  chemical  combination  of  a  part  of  the 
oxygen  with  the  hydrocarbon  in  the  charcoal,  and 
such  slow  combustion,  gathering  greater  force  as  it  pro- 
gresses, may  be  in  the  end  sufficiently  active  to  ignite 
the  whole  mass. 

Violette  further  examined  several  varieties  of  char- 
coal, all  of  which  were  prepared  at  572°  by  both  the 
foregoing  methods ;  they  inflamed  between  680°  and 
716°,  but  in  no  case  did  they  take  fire  at  a  lower  heat 
than  680°.  He  observed  that  the  charcoals  from  light 
woods  generally  ignited  a  little  before  the  product  from 
the  harder  kinds,  with  the  exception  of  one,  which  is 
remai'kable,  namely,  the  charred  product  of  the  fun- 
goid excrescence  of  the  willow  tree  {agaric  de  saule). 
The  latter  was  observed  to  take  fire  in  one  instance  at 
a  temperature  so  low  as  572°,  and  in  every  experiment 
at  608°.  Hence  it  is  the  most  inflammable  of  all  species 
of  charcoal ;  and,  as  the  above-named  investigator  re- 
marks, had  it  been  prepared  at  500°  instead  of  at  572°, 
doubtless  its  spontaneous  combustion  would  take  place 
at  a  lower  temperature  than  even  that  given.  It  may 
well  be  inquired  to  what  may  this  peculiarity  be  attri- 
buted? and,  doubtless,  as  Violette  suggests,  the  or- 
ganic molecular  state  of  the  substance  might  exercise 
some  influence  whereby  its  rapid  ignition  is  induced. 

To  sum  up  these  results,  it  will  be  seen — 

1.  That  the  most  inflammable  of  all  wood  charcoals 
(agaric  de  saule)  takes  place  at  572°. 

2.  That  the  charcoals  from  different  kinds  of  wood, 
when  prepared  at  a  constant  heat  of  572°,  spontane- 
ously ignite  between  698°  and  734°,  according  to  the 
nature  of  the  wood  producing  them ;  but  that  the  pro- 
duct from  the  lighter  burns  quicker  than  that  of  the 
denser  woods. 

3.  That  charcoals  from  the  same  wood,  only  prepared 
at  increasing  temperatures,  spontaneously  undergo 
combustion  at  very  unequal  degrees  of  heat,  as  shown 
in  the  table,  page  50,  ante. 

After  attentively  considering  these  results,  very  little 
doubt  will  remain  as  to  the  best  means  of  carbonizing 
the  wood.  To  a  certainty  the  temperature  of  the  char- 
coal, as  prepared  by  most  of  the  methods  indicated 
under  the  charring  of  wood,  vol.  ii.,  et  seq.,  and  also 
under  acetic  acid,  exceeds  the  limits  laid  down  by 
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Violette;  and,  therefore,  it  follows  that  the  combus- 
tion of  a  powder  made  by  such  materials  will  require 
a  greater  amount  of  caloric  to  induce  its  decomposition 
than  if  the  charring  heat  was  less.  Where  the  process 
by  superheated  steam  or  gases  is  not  adopted,  evidently 
the  choice  should  be  decided  in  favor  of  that  method 
which  furnishes  the  charcoal  at  the  lowest  degree  of 
heat.  There  are  three  methods  in  ordinary  use  by 
which  the  charcoal  for  the  powder  manufacturer  is  pre- 
pared, namely,  the  pit,  the  furnace,  and  the  closed 
retort.  When  pits  are  selected,  they  are  made  smaller 
than  those  described  in  the  foregoing  articles,  and  the 
walls  and  sides,  together  with  the  apertures  for  the 
introduction  of  air,  are  constructed  with  more  care  ; 
the  wood  is  also  arranged  in  them  with  greater  caution, 
and  the  combustion  watched  so  that,  during  the  opera- 
tion, the  whole  may  be  completely  acted  upon,  and  no 
half-burned  material  left.  In  the  general  particulars, 
however,  no  difference  exists  between  the  methods 
already  alluded  to  and  this,  so  that  it  will  be  needless 
to  repeat  the  description.  The  product  amounts  to 
sixteen  or  seventeen  per  cent,  of  the  wood.  If  the 
carbonization  is  effected  in  furnaces,  the  quantity  of  the 
product  will  not  be  so  large  ;  besides  the  consumption 
of  fuel  will  be  greater  than  in  the  preceding  case.  In 
England,  however,  the  charcoal  obtained  by  the  dis- 
tillatory process  in  closed  retorts  is  always  preferred, 
although  a  considerable  expenditure  of  fuel  is  occa- 
sioned in  heating  the  vessels.  The  apparatus  described 
at  vol.  i.,  page  17,  is  the  same  as  used  in  this  ope- 
ration. When  the  process  of  carbonization  is  coming 
to  a  close,  the  pipe  connecting  the  cylinder  with  the 
pyroligneous-acid  receiver  must  be  closed,  and  very  free 
egress  must  be  allowed  for  the  volatile  matter ;  other- 
wise the  charcoal  is  liable  to  injury  by  the  deposition 
of  a  fuliginous  varnish,  and  even  by  its  reception  of, 
and  saturation  with,  condensable  matter. 

Tomlinson,  who  writes  the  excellent  article  Gun- 
powder in  the  Encyclopedia  Britannica,  is  inclined  to 
consider  this  preference  for  distilled  charcoal  a  mistake 
of  the  causa  pro  non  causa.  Pit  charcoal,  being  made 
in  coppice  woods,  is  always  the  produce  of  oak ;  and  it 
is  probable  that  this  wood,  if  charred  in  close  vessels, 
would  be  even  worse  than  it  is  now.  There  is  more 
danger  of  overheating  in  the  retort  than  in  the  pit, 
while  the  wood  is  not  better  burned ;  and  hence,  by  a 
careless  management  of  the  process,  even  the  charcoal 
of  willow  and  alder  may  be  rendered  as  bad  as  that  of 
oak.  Considering  these  various  circumstances,  char- 
coal requires  to  be  submitted  to  three  tests.  It  ought 
to  act  as  little  as  possible  mechanically,  even  on  cop- 
per ;  no  salts  should  be  extracted  from  it  by  treating  it 
with  boiling  distilled  water ;  and  it  ought  to  give  out 
no  smoke  when  heated.  The  latter  test  is  indicative 
of  its  being  thoroughly  burned. 

The  selected  wood,  whatever  its  variety,  should 
always  be  cut  when  in  sap,  and  never  when  dead. 
Wood  of  five  or  six  years'  growth  is  better  suited  for 
the  manufacture  of  the  charcoal  than  older  kinds ;  for, 
generally,  the  latter  contains  more  mineral  matters, 
and,  consequently,  less  carbon  than  the  former ;  and 
the  most  convenient  size  is  branches  from  three-quar- 
ters to  an  inch  in  diameter. 


341 


The  charcoal,  says  Dr.  Uke,  is  considered  by  the 
scientific  manufacturers  to  be  the  ingredient  most 
influential,  by  its  fluctuating  qualities,  upon  the  com- 
position of  gunpowder ;  and,  therefore,  it  ought  always 
to  be  prepared  under  vigilant  and  skilful  superinten- 
dence. If  it  has  been  kept  for  some  time,  or  quenched 
at  first  with  water,  it  is  unsuitable  for  the  purpose. 
Charcoal  extinguished  in  a  close  vessel  by  exclusion  of 
air,  and  afterwards  by  exposure  to  the  atmosphere, 
absorbs  only  from  three  to  four  per  cent,  of  moisture, 
while  red-hot  charcoal  quenched  with  water  may  lose, 
by  drying,  twenty-nine  per  cent.  When  the  latter  sort 
is  used  for  gunpowder,  a  deduction  of  weight  must  be 
made  for  the  water  present.  Charcoal,  however,  which 
has  remained  long  impregnated  with  moisture,  consti- 
tutes a  most  detrimental  ingredient  of  gunpowder. 

Before  entering  upon  the  description  of  the  process 
for  compounding  the  substances  which  constitute  gun- 
powder, it  may  be  well  to  give  a  few  additional  facts 
relative  to  the  circumstances  which  affect  the  mutual 
decomposition  of  those  bodies  as  they  exist  in  this 
article,  and  render  the  phenomena  of  its  explosion 
more  easy  of  comprehension.  Already  some  experi- 
ments of  Proust  have  been  adduced,  which -elicit 
comparative  data  of  the  explosiveness  of  certain  varie- 
ties of  charcoal  when  mixed  intimately  with  saltpetre  ; 
but  they  do  not  afford  any  real  knowledge  as  to  the 
degree  of  heat  required  to  bring  about  such  a  meta- 
morphosis, although  they  indicate  that  some  kinds  of 
charcoal  form  more  inflammable  mixtures  with  nitrate 
of  potassa  than  others.  The  investigation  of  Violette 
upon  the  temperature  at  which  charcoal  decomposes 
this  agent,  is  much  more  definite,  and  consequently 
interesting.  He  found  that  the  degree  of  caloric  which 
occasions  the  combustion  of  charcoal  in  the  air,  is 
much  lower  than  what  is  necessary  to  cause  the  car- 
bonaceous matter  to  decompose  the  oxidising  agent 
which  is  incorporated  with  it  in  the  powder.  To  deter- 
mine this,  he  proceeded  thus : — In  a  small  porcelain 
crucible,  heated  by  a  carcel-lamp,  which  allowed  the 
temperature  to  be  easily  regulated,  nitrate  of  potassa 
was  melted  and  maintained  at  680°,  being  the  degree 
at  which  the  charcoals  burned  in  the  air.  Into  this 
bath  a  small  cylinder  of  charcoal  appended  to  a  pla- 
tinum wire,  or  glass  rod,  is  plunged,  so  that  it  is  all 
submerged;  although  numerous  bubbles  of  gas  were 
disengaged,  yet  the  carbonaceous  mass  did  not  take  fire 
at  this  temperature.  By  raising  the  heat  gradually  to 
716°,  and,  trying  the  experiment  at  this  stage,  the 
effect  was  still  negative,  but  ultimately  it  deflagrated 
after  the  bath  had  been  raised  to  a  higher  degree  of 
heat.  The  fusion  of  lead  and  zinc  showed  the  ther- 
mometric  effect  to  be  above  680° ;  but  it  being  incap- 
able of  melting  antimony,  it  was  evident  that  the  heat 
had  not  reached  819°,  the  fusing  point  of  the  latter 
metal.  It  may  be  concluded,  therefore,  that  all  char- 
coals prepared  between  500°  and  under  to  819°  decom- 
pose nitrate  of  potassa  at  752°,  but  that  such  as  are 
obtained  between  1832°  and  2732°  are  not  affected  at 
the  preceding,  nor  at  much  higher  heat,  since  they  do 
not  even  burn  upon  the  surface  of  the  bath. 

The  same  chemist  determined  the  degree  of  heat  at 
which  sulphur  decomposes  nitrate  of  potassa  in  an 


equally  ingenious  way.  He  found  that  when  sulphur 
was  thrown  upon  the  surface  of  the  bath  of  fused  salt, 
raised  to  the  temperature  of  680°,  it  floated  about, 
melted,  and  inflamed  ;  the  combination,  however,  was 
with  the  oxygen  of  the  air,  and  none  of  the  saltpetre 
had  been  acted  upon.  A  similar  result  was  arrived  at 
when  the  bath  was  at  752°,  or  even  a  few  degrees 
higher;  but  when  it  had  attained  819°,  the  fusing  point 
of  antimony,  deflagration  occurred  by  the  decomposi- 
tion of  the  potassa  salt,  and  the  evolution  of  a  brilliant 
white  light  and  a  considerable  quantity  of  gases.  In 
the  latter  experiments  it  was  necessary  that  the  sul- 
phur, like  the  charcoal  in  the  last-mentioned  examina- 
tion, should  be  immersed  in  the  fluid  bath.  To  do  this, 
Violette  had  a  platinum  crucible  about  the  size  of  a 
pea  constructed,  and  to  this  he  appended  a  platinum 
wire,  which  might  serve  as  a  holder  to  it  when  im- 
mersed, mouth-under,  in  the  bath.  When  0-l  grain  of 
sulphur  was  melted  in  this  tiny  vessel,  and  plunged  into 
the  bath  in  the  manner  shown  in  the  an- 
nexed diagram,  the  effect  was  observed  Fi&-  247- 
with  considerable  accuracy.  Until  the  ^ 
heat  had  reached  the  decomposing  degree,  ^\____^^ 
the  sulphur  was  observed  to  ascend  in  i  \  _  i 
bubbles  of  colorless  vapor  through  the  IKmSI 
transparent  bath,  and  burst  into  a  beauti-  Wp\:':  jH 
ful  blue  flame.  As  soon  as  the  inflam-  S  i\£  \  ;  j 
mation  of  the  sulphur  commenced  within  \  J 
the  fused  saltpetre,  the  white  light  tra-  "-^ 
versed  the  whole  mass  with  the  effect  already  detailed. 

An  observation  of  Violette's  is  worthy  of  notice 
here.  During  his  examinations  of  the  combustion  of 
sulphur  in  nitrate  of  potassa,  he  tried  at  what  tempera- 
ture this  element  burns  in  the  air,  but  found  that  the 
limits  which  are  stated  with  reference  to  it  in  chemical 
treatises  differed,  both  from  one  another  as  well  as  from 
his  results.  Dumas  gives  the  combustion  of  sulphur 
in  air  as  taking  place  at  302° ;  Dalton  states  that  the 
heat  is  500°,  and  Thomson,  561° ;  but  Violette 
affirms  the  melting  point  to  be  exactly  480°.  His 
experiments  were  performed  on  the  surface  of  a  bath  of 
tin ;  contact  of  the  sulphur  and  metal  being  avoided  by 
placing  it  upon  a  thin  pellicle  of  glass,  and  floating  the 
latter  upon  the  hot  metal. 

It  was  also  observed  that  by  sprinkling  a  little  sul- 
phur upon  charcoal  thrown  upoD  the  surface  of  the 
heated  bath,  ignition  took  place  under  the  degree 
at  which  the  most  combustible  charcoal  kindles,  per  se. 
This  occurs  on  account  of  the  heat  developed  by  the 
combustion  of  the  sulphur  at  480°,  and  which  brings 
the  charcoal  to  the  state  of  redness,  and  consequently 
at  which,  when  air  is  supplied,  it  rapidly  inflames. 

Proportions  of  the  Ingredients. — The  progress 
of  improvement  in  determining  the  proportions  of  the 
constituents  of  gunpowder,  has  been  very  gradual.  In 
this  country,  a  long  period  elapsed  before  the  present 
state  of  perfection  was  attained ;  but  this  cannot  well  be 
wondered  at,  when  one  takes  into  consideration  the 
ignorance  which  existed  even  up  to  the  commencement 
of  the  present  century,  not  only  with  regard  to  the 
theoretical  laws  of  science,  but  also  in  respect  of  the 
properties  of  bodies  purely  chemical. 

Such  compounds  as  saltpetre,  sulphur,  and  charcoal 


342 


GUNPOWDEK  Proportions  of  the  Ingredients. 


in  equal  proportions  were  scarcely  fit  for  squibs,  much 
less  for  the  purpose  of  projecting  shot.  Again,  one 
finds  such  mixtures  as  saltpetre  twelve  parts,  with  three 
each  of  charcoal  and  sulphur ;  twenty-seven  of  nitrate 
of  potassa  to  three  of  each  of  the  other  ingredients; 
saltpetre  forty-eight,  sulphur  seven,  and  charcoal  three 
parts;  with  many  others  which now-a-days  appear  equally 
ridiculous.  At  no  very  distant  period,  the  French  com- 
positions were,  saltpetre  fifty,  sulphur  sixteen,  charcoal 
thirty -four  parts;  saltpetre  sixty-seven,  sulphur  thirteen, 
charcoal  twenty ;  and  again,  saltpetre  eighty -four,  sul- 
phur eight,  and  charcoal  eight  parts. 

Baptista  Poiita  was  one  of  the  first  who  en- 
deavored to  ascertain  the  best  relative  quantities  of 
the  constituents,  and  his  proportions,  obtained  in  the 
year  1515,  approached  very  nearly  those  now  em- 
ployed in  France.  The  deductions  of  Guyton  Moe- 
veau,  BeaumiS,  Chaptal,  Proust,  and  Riffault, 
are  represented  below : — 

Dumas  gives  the  proportions,  saltpetre  75,  sulphur 
12-5,  and  charcoal  12-5,  as  the  most  ancient  known, 
and  states,  that  however  these  proportions  have  been 
deviated  from,  either  from  pressing  circumstances  of 
time  or  place,  the  powder  manufacturer  had  in  the 
end  to  fall  back  upon  the  above  mixture  as  offering  the 
best  composition.  This  seems  to  be  the  case,  since  the 
researches  of  the  several  original  chemists  who  have 
taken  up  the  question  give  mixtures  closely  approxi- 
mating to  those  numbers,  as  may  be  seen  from  the 
annexed  table  of  the  mixtures  recommended  by  them. 


Guyton  Morveau,  . 


Saltpetre. 
..76  . 

..77  . 


Sulphur. 

..  9  . 

..  7  . 

..  5  . 

..  5  . 


Charcoal. 

..  15 

. .  17 

. .  15 

..  15 

..  14 

..  13 


BeaumfS   80 

Chaptal,   77  . 

Proust,  78  . 

To  these  may  be  added  the  following : — 

Saltpetre.      Sulphur.  Charcoal. 

Powder  of  Bale,   75-0  ....  10     ....  14 

"        Grenelle,                       76-0           12    12 

"       Killault,                       77-5            7-5   15 

"       Bouchet                       77-0            9-5    13-5 

Of  the  latter  class,  that  of  Bale  is  accounted  the  best 
for  military  and  general  warlike  purposes ;  but,  not- 
withstanding the  superiority  it  possesses  when  recently 
prepared,  if  the  compound  has  to  be  retained  for  a  long 
time  in  magazines  or  to  endure  long  transport,  it  does 
not  answer  so  well  as  the  old  proportions  above  referred 
to.  Theoretically  considered,  this  is,  granting  that  all 
the  materials  possessed  absolute  purity,  the  best  com- 
position ;  for  if  the  nature  of  decomposition  of  powder 
be  attended  to,  and  the  products  of  the  combustion 
examined,  it  will  appear  that  only  carbonic  acid,  nitro- 
gen, and  an  alkaline  sulphide  are  produced.  Hence  it 
may  be  reasonably  inferred  that  the  chemical  symbol 
corresponding  with  this  decomposition,  admitting  of  no 
loss,  would  be, — 


KO,  N05 

Nitrate  of  potussa. 

KS  -f 


+       3C  + 


S  = 


Sulphide  of  potassium.  Carbonic  acid.  Nitrogen. 

— that  is,  one  equivalent  of  saltpetre,  three  of  charcoal, 


and  one  of  sulphur,  by  being  made  into  a  powder, 
affords  one  equivalent  of  sulphide  of  potassium,  three 
of  carbonic  acid,  and  one  of  nitrogen.  Calculating 
from  these  data  the  percentage  quantity  of  each  to  be 
taken,  the  annexed  results  are  obtained : — 

Theoretically.  Practically 

1  Eq.  of  nitrate  of  potassa,         101           74-81  ==  75-0 

1  Eq.  of  sulphur,   16           11-85  =  12-5 

3  Eqs.  of  carbon,   18           13-34  =  12-5 

135       100-00  100-00 

The  difference  between  these  numbers  is  so  minute 
as  to  be  worth  noticing,  even  were  nothing  else  to  be 
taken  into  account ;  but  as  shown  by  the  analysis  of 
several  charcoals,  as  given  under  Fuel,  there  is  always 
more  or  less  hydrogen  present,  which  concurs  to  make 
the  combination  more  complete,  and  in  accordance 
with  theoretical  results.  Another  instance  of  the  accu- 
racy of  the  quantities  taken  for  the  preparation  of 
another  quality  of  powder,  is  the  variety  generally  used 
for  mining  and  blasting  purposes.  The  proportions 
taken  for  this  are  : — 

Saltpetre,  65  ;  sulphur,  20  ;  charcoal,  15 ; 

Numbers  which  closely  correspond  with  the  formula, — 

KO  N05      +      S2      +      4  0      =      KS2  -f 

Nitrate  of  potassa.  Sulphur.  Charcoal.    Bisulphide  of  potassium. 

2  CO      +      2  C02      -f  N 

Carbonic  acid.  Carbonic  acid. 

Centesirnally. 

1  Eq.  of  nitrate  of  potassa,   101  =  64-33 

2  Eqs.  of  sulphur,   32  =  20-44 

4  Eqs.  of  charcoal,   24  =  15-23 

157  100-00 

Sporting  powder  is  another  of  these  compositions 
which  may  be  reduced  to  the  simplicity  and  certainty 
of  a  chemical  formula.  The  usual  quantities  of  the 
materials  taken  in  this  case  are : — 

Saltpetre,  78 ;  sulphur,  10  ;  charcoal,  12 ; 

Numbers  which  may  be  expressed  by  equation,  al- 
though this  is  not  so  simple  as  the  preceding,  owing  to 
there  being  a  slight  excess  of  oxj'gen  over  and  above 
what  the  charcoal  combines  with,  and  the  amount  of 
sulphur  used  being  incapable  of  retaining  all  the  potas- 
sium in  the  state  of  sulphide.  This  will  be  seen  from 
the  formula, — 

8  (KO,  N06)     -f-     6S     +     23  C     =     5  KS  + 
2  (KO,  C02)   +   21  C02  +  N8 

That  is,  eight  equivalents  of  saltpetre,  six  of  sulphur, 
and  twenty-three  of  carbon,  afford  five  equivalents  of 
sulphide  of  potassium,  two  of  carbonate  of  potassa,  and 
twenty-one  of  carbonic  acid  and  eight  of  nitrogen. 
The  truth  of  the  formula  is  proved  in  a  very  striking 
manner  by  the  following  calculation  : — 

Centesirnally  Given 
calculated  formula,  mixture. 

8  Eqs.  of  nitrate  of  potassa,..    808    ..    77-54    ..  78 

6  Eqs.  of  sulphur,   96    ..     9-21    ..  10 

23  Eqs.  of  charcoal— carbon,..    138    ..    13-25    ..  12 

1042        100-00  100 

The  analogy  in  both  the  foregoing  instances  is  suffi- 
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cient  to  show  that  the  powder-maker  has  in  compound- 
ing his  mixtures  an  unfailing  guide,  by  following  which 
he  cannot  get  far  wrong.  A  little  difference  is  occa- 
sioned in  the  foregoing,  in  the  quantity  of  the  calculated 
charcoal  especially ;  but  the  explanation  of  the  presence 
of  hydrogen,  which  takes  up  such  a  large  quantity  of 
oxygen  from  the  nitrate  of  potassa  during  the  explosion 
of  the  powder,  accounts  for  this.  Indeed,  were  it  not 
for  this  excess  of  hydrogen  which  makes  up  for  the 
assumed  amount  of  carbon  in  the  charcoal,  it  would  be 
difficult  to  reduce  the  quantities  of  real  matter  in  the 
substances  within  the  expression  of  a  simple  formula. 
Analyses  show  that  the  quantity  of  carbon  in  the  char- 
coals which  are  usually  incorporated,  varies  from  sixty- 
eight  to  ninety  per  cent.,  and  it  is  evident  that  when 
numerical  quantities  of  the  ingredients,  such  as  ex- 


pressed above  for  the  manufacture  of  the  powder,  are 
strictly  adhered  to,  serious  differences  occur  in  the 
quality  of  the  article,  according  as  the  charcoal  is  more 
or  less  rich  in  carbon.  To  adhere,  therefore,  to  the 
strict  proportions  indicated  by  the  numbers  laid  down, 
and  which  assume  that  the  materials  are  pure,  it 
becomes  absolutely  necessary  to  determine  the  amount 
of  carbon  in  the  charcoal,  and  regulate  the  quantity 
according  to  such  an  estimation ;  otherwise  it  is  not  at 
all  surprising  that  two  powders  prepared  exactly  ac- 
cording to  any  given  recipe,  but  with  different  materials 
of  unknown  qualities,  should  have  very  unequal  effect 
when  exploded. 

The  following  table  shows  the  proportion  of  the 
ingredients  used  by  the  powder-makers  of  different 
nations  : — 


Countries. 

Artillery  Powder, 

Musket  Powder. 

Sporting  Powder. 

Saltpetre. 

Sulphur. 

Charcoal. 

Saltpetre. 

Sulphur. 

Charcoal. 

Saltpetre. 

Sulphur. 

Charcoal. 

England — Government  Mills,  Wal-J 
tham  Abbeyj  j 

75-0 
75-0 

100 
8-0 

15-0 
17-0 

76-5 
78  0 

9-00 
9-25 

14-5 
12-75 

79-7 
78-0 

7-  8 

8-  5 

12-  5 

13-  5 

76-0 

9-5 

14-5 

78-0 

8-5 

13-5 

78'0 

8-0 

14-0 

70-0 

16-0 

17-0 

72-0 

18-0 

17-0 

76-0 

11-0 

13-0 

75-5 

H-3 

13-2 

80-6 

12-6 

ii-'o' 

75-0 

12-5 

12-5 

75-0 

12-5 

12-5 

78-0 

10-0 

12-0 

75-0 

12-5 

12-5 

71-0 
75-0 

11-5 
100 

17-5 
15-0 

|800 

8-7 

11-3 

80-0 

8-0 

12-0 

75-0 

11-5 

13-5 

76-5 

10-8 

12-7 

72-0 

14-0 

14-0 

71-2 

10-8 

18-0 

74-4 

10-6 

15'0 

73-V 

io-V 

15-6 

73-4 

13-3 

13-3 

Holland,  

70-0 

14-0 

16-0 

76-0 

12-0 

12-0 

75-7 

10-7 

13-6 

75-5 

8-2 

16-3 

76:5 

10-5 

13-d 

75-0 

9-0 

16-0 

75-0 

12-0 

13-0 

74-5 

io-7 

ii-8 

76-0 

10-0 

14-0 

76-0 

10-0 

14-0 

76-0 

io'o" 

140 

61-5 
75-7 

15-5 
9-9 

23-0 
14-4 

Several  other  proportions  are  in  use  in  the  countries 
specified  above,  which,  to  some  extent,  vary  from  those 
given.  It  is  reasonable  to  suppose  that  in  choosing 
the  foregoing  numbers,  the  manufacturers  of  the  several 
countries  mentioned  have  conscientiously  selected  the 
numbers  given  as  affording  the  best  results;  still,  as 
there  seems  to  be  no  tabulation  of  the  composition  of 
the  materials,  more  especially  of  the  charcoal,  the 
Editor  believes  that  a  considerable  amount  of  empiricism 
must  be  connected  with  it ;  at  all  events,  the  variation 
in  the  proportions  must  be  attributed  to  the  inequalities 
in  composition  of  the  varieties  used:  for,  had  each 
sought  the  most  appropriate  mixture,  and  employed 
charcoal  of  a  known  per-centage  of  carbon,  doubtless, 
instead  of  the  many  variations,  one  invariable  propor- 
tion would  be  adhered  to  by  all,  and  a  close  analogy 
in  the  explosive  force  of  the  powder  could  be  calculated 
upon.  The  species  of  powder  which  is  used  for  mining 
and  similar  purposes  vary  in  composition  from  the  kinds 
used  for  the  military  and  for  sporting ;  it  has  a  much 
larger  proportion  of  charcoal  than  the  latter,  and  con- 
sequently it  is  less  expensive.  From  the  example  given 
in  the  preceding  of  the  parts  of  such  powder  centesi- 


mally,  and  the  exposition  of  its  decomposition  by  a 
rational  formula,  this  is  shown  to  be  the  case :  besides, 
the  products  of  the  explosion  contain,  with  carbonic 
acid,  a  large  volume  of  carbonic  oxide.  As  will  be 
shown  further  on,  the  volume  of  gases  which  such  a 
powder  affords  is  larger  than  what  results  from  the 
shooting  powder ;  but  still  the  propidsive  effect  is  less 
than  with  the  latter. 

With  reference  to  the  study  required  to  insure  the 
production  of  the  best  possible  compound,  and  to  find  a 
general  recipe,  Violette  submits  a  suggestion  to 
which  the  Editor  subscribes,  as  it  would  contribute 
more  than  anything  else  to  register  the  quality  of  the 
various  powders  and  excite  inquiry;  namely,  that  a 
register  of  the  propelling  powder  should  be  kept 
annually,  and  such  submitted  to  a  competent  party 
for  consideration.  As  to  the  indications  in  the  targets, 
however,  they  are  liable  to  be  affected  by  the  nature  of 
the  piece ;  and,  in  fact,  the  powder  itself,  when  made 
from  precisely  the  same  ingredients  by  two  neighbouring 
establishments,  varies  in  some  measure,  in  consequence 
of  the  dissimilar  manipulations. 

To  ascertain  how  far  the  powders  prepared  from 
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variable  quantities  of  materials  of  the  same  centesimal 
composition  differ  in  their  balistic  effect,  Violette 
prepared  a  number  of  samples  of  fowling  powder,  each 
weighing  about  twenty  kilogrammes,  forty-four  pounds, 
and  submitted  them  to  the  test.  The  following  are  the 
results : — ■ 


No. 

1. 
2. 

3. 
4. 
5. 
6. 
7. 


„  Amount  of  Speed  of  the 
Percentage  composition  of  materials,  carbon  in  one  ball  by  the 
 *  *i  hundred  parts  balistic  pen- 
Saltpetre. 

78  ... 

72  ... 

72  ... 

71  ... 

71  ... 

71  ... 

71  ... 


Sulphur. 

Charcoal. 

of  charcoal. 

ilulum. 

.   10  .. 

  12  ... 

...  68  .... 

357 

.    9  .. 

....  19  ... 

...  68   

350 

.  10  .. 

....  18  ... 

...  68   

355 

.  10  .. 

....  19  ... 

...  68  .... 

361 

.  11  .. 

....  18  ... 

...  68   

363 

.    9  .. 

....  20  ... 

...  68  .... 

,  370 

.  11  .. 

....  18  ... 

...  85  .... 

.  337 

In  this  table  No.  1  is  the  regular  proportion,  and  the 
speed  of  the  ball  with  such,  supposing  all  the  powder 
to  be  consumed,  would  be,  according  to  the  usual  rule, 
three  hundred  and  fifty  metres.  It  is  surprising  to  ob- 
serve that  No.  6  in  the  above  collection,  in  which  the 
saltpetre  is  diminished  by  eight  parts,  and  the  sulphur 
by  one,  and  the  charcoal  increased  by  eight,  is  a 
superior  powder  to  No.  1.  No.  5  also  constitutes  a 
very  good  powder,  but  its  quality  would  be  consider- 
ably deteriorated  by  using,  instead  of  the  charcoal  con- 
taining only  sixty-eight  per  cent,  of  carbon,  one 
yielding  eighty-five  per  cent.,  as  shown  in  the  last. 
This  forms  a  striking  example  of  the  way  in  which  an 
inequality  in  the  per-centage  of  carbon  in  the  powder 
affects  it. 

The  chief  qualities  which  a  good  gunpowder  ought 
to  possess,  are  ready  inflammability,  complete  decom- 
position of  its  constituents,  the  production  of  the 
largest  possible  volume  of  elastic  gases,  and  finally,  that 
of  affording  only  the  smallest  possible  amount  of  residue, 
and  even  that  should  be  of  such  a  nature  as  not  to 
injure  the  gun. 

Inflammability  of  Powder. — From  what  has  been 
stated  in  the  preceding  pages  relative  to  the  degrees  of 
heal  required  to  decompose  the  constituents  of  powder, 
a  good  inference  may  be  drawn  as  to  the  degree  of 
heat  at  which  powder  will  take  fire. 

However,  if  a  small  quantity  of  powder  be  slowly 
heated,  and  the  temperature  be  gradually  raised,  it  will 
be  observed  that  the  sulphur,  which  is  the  most  in- 
flammable constituent,  will  begin  to  burn  with  a 
blueish  flame  at  482°,  or  thereabouts;  and  the  heat 
developed  in  this  partial  combustion  brings  the 
other  constituents  into  that  state  at  which  the  ni- 
trate of  potassa  is  decomposed  by  the  charcoal, 
whilst  the  remainder  of  the  sulphur  adds  to  the 
effect  by  combining  with  the  metal  of  the  oxidising 
agent,  thus — 

KO,  NO0  +  S  -f  3  C  =  KS  -f  3  C02  +  N. 

To  ascertain  whether  the  powders,  as  usually  manu- 
factured, actually  do  ignite  at  the  burning  point  of 
sulphur,  Violette  made  some  examinations  by  plac- 
ing portions  of  the  powder  to  be  tested  on  the 
surface  of  a  bath  of  tin,  in  which  the  bulb  of  a 
thermometer  was  immersed,  the  whole  being  heated 
by  a  small  carcel-lamp :  the  following  results  were 
obtained — 


Temperature  which 
produced  deflagration 

t  *  ^ 

No,  Species  of  Powder.  Powder  in  Pulverized 

angulur  grains.  powder. 

1.  Blasting  powder,   518°    509° 

2.  War  "    528-5  ....  510-5 

3.  Sporting      "     flue,   536     ....  514-8 

4.  do.         "     extra-fine,....  608    518-0 

Of  these  No.  1  was  made  with  black  charcoal,  and  No. 
4  with  brown  or  torrefied  charcoal,  the  inflammability 
of  which  takes  place  at  a  much  lower  degree  of  heat 
than  the  first;  still  it  is  a  matter  of  some  surprise  to  find 
that  the  former,  in  the  shape  of  powder,  burns  at  a  lower 
heat,  excepting  the  variation  in  the  quantity  of  sulphur 
present  in  them  may  influence  the  deflagration.  This 
elemeut  is  present  in  the  four  samples  in  the  following 
ratio,  namely,  20,  12-5,  10,  and  9  per  cent. ;  the  most 
combustible  of  the  powders  having  the  largest  amount 
of  sulphur,  which,  of  all  the  elements,  is  the  most  ready 
to  enter  into  ignition.  It  may  likewise  be  remarked 
that  the  size  of  the  grain  influences,  in  some  measure, 
the  temperature  at  which  the  powder  burns. 

Balistic  or  Propulsive  Effect  of  Gunpov;der.- — The 
force  with  which  a  ball  is  projected,  or  a  rock  fractured, 
is,  as  may  be  easily  understood,  in  proportion  to  the 
volume  of  gases  which  is  produced  when  gunpowder  or 
any  other  modification  of  this  article  is  deflagrated.  In 
case  of  gunpowder,  these  gases  are  principally  carbonic 
acid  and  nitrogen ;  and  where  mining  powder  is  ope- 
rated upon,  carbonic  acid  is  likewise  a  product.  But 
besides  these  it  is  found  that  small  quantities  of  many 
other  products  are  invariably  formed,  among  which  may 
be  mentioned  carbonic  oxide,  sulphurous  acid,  sulphide 
of  hydrogen,  bisulphide  of  carbon,  carbonate  of  potassa, 
cyanide,  and  sulphocyanide  of  potassium  and  aqueous 
vapor.  The  most  important  products  of  a  careful  and 
complete  combustion,  on  a  small  scale,  of  powder  of 
the  above  composition,  have,  however,  been  found  to 
correspond  pretty  closely  to  the  above  theoretical  ex- 
pression. 

The  gases  disengaged  in  the  combustion  of  this 
powder,  would  comprise,  at  32°,  a  volume  three 
hundred  and  twenty-nine  times  as  great  as  that  oc- 
cupied by  the  powder.  The  force  exerted  by  the 
evolution  of  these  gases  is,  however,  mainly  dependent 
upon  their  enormous  expansion  at  the  instant  of  the 
explosion,  by  the  heat  evolved  in  the  action ;  for  it  is 
calculated  that  one  volume  of  powder  of  the  above 
composition  yields,. at  the  moment  of  ignition,  at  least 
two  thousand  times  its  volume  of  gas. 

If  gunpowder  contain  more  carbon  in  proportion  to 
the  nitrate  of  potassa  than  the  quantity  above  stated,  a 
proportionate  amount  of  carbonic  oxide  is  produced  in 
its  explosion  ;  thus  if  six  instead  of  three  equivalents  of 
carbon  be  employed  to  one  equivalent  of  saltpetre, 
the  whole  of  the  oxygen  contained  in  the  latter  would 
theoretically  be  eliminated  as  carbonic  oxide  on  the 
decomposition  of  the  powder,  as  the  following  equation 
shows : — 


KO,  NQ5     -}-    C8    +     S     =  KS 

Kitratc  of  Potassa.        Carbon.        Sulphur.        Sulphide  of  Potassium. 

6  CO         —  N 


+ 


Carbonic  Oxide. 


Nitrogen. 
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Now,  since  the  space  occupied  by  equal  equivalents 
of  carbonic  oxide  and  carbonic  acid  is  the  same,  it  is 
evident  that  a  much  larger  volume  of  gas  would  be 
evolved — calculated  for  a  temperature  of  32°,  and 
ordinary  barometric  pressure — from  the  gunpowder 
which  contained  the  larger  amount  of  charcoal.  But 
it  must  be  borne  in  mind  that  the  amount  of  heat  dis- 
engaged in  the  production  of  carbonic  oxide  is  far  less 
than  that  generated  when  carbonic  acid  is  produced, 
and  that  consequently  the  powder  which  contains  the 
minimum  quantity  of  charcoal  will  yield,  at  the  instant 
of  explosion,  by  far  the  greatest  bulk  of  gas.  That  this 
expansion  of  the  gas  by  heat  is  of  the  utmost  impor- 
tance, is  very  evident  from  what  has  been  already 
stated.  The  fact  that  the  temperature  evolved  by  the 
combustion  of  gunpowder,  estimated  at  2192°,  has  been 
found  to  be  sufficiently  intense  to  fuse  gold,  silver,  and 
other  metals,  and  that  the  expansion  of  gases  increases 
greatly  with  an  augmentation  of  temperature — two  hun- 
dred volumes  of  gas  raised  to  2428°  occupying  the  same 
bulk  as  three  hundred  volumes,  which  are  only  heated 
to  1466,6° — render  the  value  of  a  slight  elevation  of 
temperature  at  the  moment  of  explosion  still  more 
apparent. 

As  it  is  difficult,  nay  impossible,  under  ordinary 
circumstances,  to  gain  a  knowledge  of  the  quality  of 
powder  by  any  method  involving  the  necessity  of  mea- 
suring the  gases  and  caloric  evolved,  a  more  direct 
course  of  experiments  is  resorted  to.  This  method  was 
founded  by  Prodst  partly  upon  the  duration  of  the 
combustion,  coupled  with  the  volume  of  gases  which 
were  eliminated.  The  methods  of  operations  employed 
were  the  same  as  those  already  described  with  regard 
to  the  estimation  of  the  time  required  to  deflagrate 
charcoal  and  nitre,  et  cetera.  The  following  were  his 
results : — 


Ko. 

Saltpetre. 

Sulphur. 

1 

. . . .  60  . . . 

...  10  . 

2.  ,  . 

. . . .  60  . . . 

. . .  10  . 

. ..  10  . 

4 

. . . .  60  . . . 

. . .  10  . 

Time  of       Products  In 
Charcoal,    combustion        gas  in 

in  seconds,    cubic  inches. 

. .  15   6  91 

. .  12   6  91 

..10   6  91 

. .   Sf  7  88 

It  is  presumed  that  these  determinations,  however, 
leave  much  to  be  required,  not  only  in  the  accuracy  of 
the  determinations,  but  with  respect  to  practical  appli- 
cation. 

Tomlinson  adopted  another  method,  which,  on  the 
whole,  is  more  applicable  to  practice — namely,  the  de- 
termination of  the  altitude  of  rockets,  and  which  he 
describes  as  being  less  liable  to  disturbances  from  colla- 
teral causes  than  an}'  practice  with  pieces  of  ordnance. 
The  rockets  were  of  compound  dimensions,  and  were 
all  made  with  the  same  proportions  and  driven  with 
the  same  hand,  so  as  to  insure  all  possible  uniformity; 
the  only  variation  being  in  the  nature  of  the  charcoal. 
The  vertical  elevations  were  taken  by  two  quadrants 
at  the  same  time,  and  all  the  flights  that  deviated  from 
the  perpendicular  were  rejected.  The  mean  vertical 
ascent  made  with  a  great  number  of  these,  in  which  the 
charcoal  was  from  the  willow,  alder,  and  dogwood,  was 
four  hundred  and  eighty  yards  ;  but  between  these  three 
charcoals  the  difference  was  so  great  as  to  give  various 
results,  which  may  be  represented  by  the  following 
numbers : — 

Dogwood  charcoal,   515,  550,  525 

Willow        "    470,  480,  490 

Alder  "    455,  460,  470 

To  the  methods  in  use,  and  recognized  by  the  mili- 
tary and  powder  manufacturers  generally,  reference 
will  be  made  further  on. 

Upon  comparing  the  composition  of  the  powders 
prepared  in  different  countries  for  fire-arms,  they  will 
be  found  to  agree  more  or  less  closely  with  the  cen- 

218 


tesimal  composition  as  above  expressed.  It  must  be 
remembered,  however,  that  the  proportions  have  been 
arrived  at  by  experience,  in  most  cases  long  before  any 
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theory  concerning  the  chemical  composition  or  action 
of  powder  was  advanced.  In  some  cases  the  devia- 
tions from  the  theoretical  numbers  may  be  readily  ex- 
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plained.  Thus  in  the  manufacture  of  the  Waltham 
Abbey  powder,  a  slight  excess  of  charcoal  is  always 
employed  in  order  to  allow  for  the  small  quantity  of 
inorganic  matter  always  associated  with  carbon  in  that 
form ;  while  the  proportion  of  sulphur  is  reduced  as 
much  as  is  compatible  with  the  production  of  a  strong 
powder,  in  consequence  of  the  injurious  action  of  that 
substance,  and  even  of  sulphides  in  the  presence  of 
moisture,  upon  metal. — Abel  and  Bloxam. 

MANUFACTURE. — The  merely  mechanical  part 
of  the  manufacture  of  gunpowder  is  essentially  the 
same  in  principle,  and  differs  only  to  an  immaterial 
extent  in  detail,  whether  in  the  various  gunpowder 
mills  in  Great  Britain,  or  in  those  of  her  continental 
neighbors.  The  Editor  will  trace  the  method  of  manu- 
facturing gunpowder  as  it  is  employed  at  the  Govern- 
ment Mills,  Waltham  Abbey : — 

In  the  first  place,  it  may  be  stated  that  water  is  the 
motive  power  in  most  gunpowder  mills ;  the  necessity 
of  the  presence  of  fire  when  steam  is  made  use  of  is 
attended  with  so  much  danger,  that  this  agent  has  not 
yet  been  introduced  for  the  purpose. 

The  gunpowder  mill  is  represented  in  Fig.  248, 
where  A  is  the  water-wheel;  bb,  two  vertical  bevel 
wheels  fixed  upon  the  axis  of  the  great  wheel,  and 
working  into  C o,  which  turn  the  shafts,  dd;  e  e  are 
two  horizontal  spur-wheels,  fixed  to  the  upper  part  of 
D  D,  and  driving  the  large  wheels,  F  F.  To  the  shafts 
of  these  latter  are  fixed  the  runners,  GG,  which  tra- 
verse the  bed-stone,  H  H  ;  1 1  are  the  curbs  surrounding 
the  bed-stone  to  prevent  the  powder  from  falling  off; 
K  is  the  scraper. —  lire. 

The  materials,  having  been  pulverized  in  the  mill, 
are  apportioned  out,  the  following  being  the  proportions 
at  Waltham  Abbey  : — ■ 

Pounds.    Ounces.  Drachma. 

Saltpetre  31  8   0 

Charcoal,   6  4  13 

Sulphur,   4....  3   3 

42        0  0 

This  quantity  of  the  ingredients,  termed  a  charge,  is 
placed  in  the  mixing  apparatus,  which  consists  of  a 
wooden  cylinder  traversed  in  its  centre  by  an  octagonal 
shaft  provided  with  several  fan-like  arms.  Both  the 
shaft  and  cylinder  are  kept  in  motion,  but  in  different 
directions.  This  latter  arrangement  so  facilitates  the 
commingling,  that  the  homogeneous  powder  is  ready 
for  removal  and  further  manipulation  in  from  five  to 
ten  minutes,  when  it  is  transferred  to  bags  which  are 
pressed,  and  the  mouths  of  which  are  firmly  secured, 
in  order  to  prevent  the  disunion  or  separation  of  the 
ingredients  in  the  order  of  their  density,  during  the 
transport  to  the  incorporating  mill.  It  is  evident  that 
if  the  charges  were  too  lightly  packed,  the  ingredients 
would  be  liable  to  be  separated  in  a  greater  or  less 
degree,  the  saltpetre  finding  its  way  to  the  bottom, 
while  the  sulphur  and  charcoal  would  form  layers 
above;  the  latter,  from  its  light,  pulverulent  state 
escaping,  in  the  form  of  dust,  between  the  fibres  of  the 
cloth  of  which  the  bag  is  formed. 

The  next  process  is  the  incorporation.  The  mixture 
is  spread  out  upon  the  bed  of  the  mill,  distilled  water 
is  added  to  insure  the  intimate  cohesion  of  the  par- 


ticles— the  amount  of  water  required  varying  much 
according  to  the  temperature  and  other  atmospheric 
conditions,  as  also  in  proportion  to  the  degree  of  com- 
minution of  the  constituents — and  the  whole  is  again 
submitted  to  the  action  of  the  mill,  to  insure  the  uni- 
form pressure  and  bruising  of  the  rollers ;  but  in  this 
case  the  motion  is  less  rapid  than  during  the  grinding 
of  the  ingredients.  A  great  degree  of  caution  must  be 
exercised  to  prevent  the  intervention  of  any  hard  or 
silicious  matters.  The  requisite  amount  of  moisture 
must  be  maintained  during  the  operation,  and  for  this 
purpose  water  is  slowly  added  at  suitable  inter- 
vals, till  the  incorporation  is  complete,  which  is  gene- 
rally the  case  at  the  expiration  of  from  three  to  four 
hours. 

The  homogeneous  compound  has  now  the  properties 
of  gunpowder ;  it  indurates  in  a  very  short  period, 
forming  hard  cakes,  which  should  possess  a  dark  greyish- 
black  hue,  and  free  from  specks  of  any  kind ;  it  is  now 
termed  mill- cake.  When  this  has  lost  much  of  its 
moisture,  but  before  it  becomes  completely  dry,  it 
is  passed  between  corrugated  or  channeled  cylinders, 
termed  the  breaJcing-down  mill,  and  is  then  submitted, 
between  copper  plates,  placed  in  strong  boxes,  to  hy- 
draulic pressure  of  about  one  hundred  and  twenty  tons 
per  square  foot,  after  which  it  is  known  as  press-caJce ; 
it  is  now  greatly  altered  in  appearance,  and  apparently 
resembles  slate,  being  in  dense  blackish  cakes,  about 
half  an  inch  in  thickness.  This  powerful  pressure  is 
productive  of  several  advantages  : — 

1.  The  powder  has  a  greatly  augmented  density,  and 
a  given  quantity  of  it  will  evolve,  on  combustion,  a 
far  larger  volume  of  gas,  than  an  equal  bulk  of  powder 
which  has  only  received  the  pressure  of  the  incorporat- 
ing mill. 

2.  From  the  increased  hardness  of  the  powder,  it 
better  resists  atmospheric  action ;  and  besides  this,  it 
is  not  so  liable  to  loss  from  dusting,  caused  by  friction, 
during  its  transport. 

The  powder  has  now  to  be  granulated.  The  ma- 
chine employed  for  this  purpose  at  Waltham  Abbey 
consists  of  a  pair  of  metal  cylinders,  provided  with  large 
teeth,  upon  which,  while  in  revolution,  the  press-cake 
is  allowed  to  fall  in  fragments ;  by  this  means  it 
is  reduced  to  grains  of  various  sizes.  As  these  pass 
from  the  cylinders  or  rollers,  they  are  submitted  suc- 
cessively to  the  action  of  three  sieves  of  graduated 
fineness,  placed  one  over  the  other,  and  jolting  or 
working  continually  backward  and  forward.  The 
powder  retained  by  the  first  sieve  is  subjected  to  the 
action  of  a  second  pair  of  rollers  with  finer  teeth, 
whence  it  again  passes  to,  and  is  sifted  by,  the  upper 
screen.  The  portions  still  too  coarse  to  pass  through, 
are  reduced  by  a  third  still  finer  set  of  rollers.  The 
powder  manufactured  at  Waltham  Abbey  is  distin- 
guished as  L.  G.,  or  large-grain,  F.  G.,  or  fine-grain, 
and  meal-powder,  or  dust.  The  first  variety  is  retained 
by  the  second  sieve ;  the  lowest  sieve  reserves  the  fine 
grain ;  the  dust,  or  meal-powder,  collects  beneath. 
Each  kind  is  collected,  as  it  falls  from  the  screen,  in 
boxes  running  on  wheels  and  rails. 

Various  other  contrivances  belong  to  this  effective 
machine  to  obviate  the  necessity  for  the  attendance  of 
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■workmen,  and,  consequently,  to  prevent  their  injury 
should  any  accident  occur. 

The  granulated  powder  is  next  freed  from  dust  by 
running  it  through  reds,  similar  to  the  bolter  employed 
in  dressing  flour — encased  in  boxes,  and  covered  with 
canvas  or  with  silk,  of  about  fifty-six  meshes  to  the 
inch,  according  as  large  or  fine-grain  powder  is  intro- 
duced. 

The  finest  powder  is  now  glazed  by  subjecting  it,  in 
a  slightly  moist  state,  to  rotary  motion  in  barrels  or 
drums,  similar  to  the  mixing  machine  already  noticed. 
The  velocity  of  rotation  must  be  just  sufficient  to  cause 
the  grains  only  to  roll  over  each  other  slowly,  and  thus 
become  polished  by  attrition.  Blasting-powder  is  occa- 
sionally glazed  with  graphite. 

The  gunpowder  is  finally  dried,  which  is  now  gene- 
rally done  by  means  of  steam-heat ;  sometimes  it  is 
effected  by  transmitting  a  current  of  air,  previously 
heated  in  another  chamber  to  from  130°  to  150°,  over 
the  powder  placed  on  canvas  shelves. 

On  the  Continent,  the  powder  is  chiefly  granulated 
in  drum-sieves,  generally  made  of  perforated  parch- 
ment skins  or  of  copper,  fitting  into  each  other,  and 
fixed  in  a  frame  to  which  rotary  motion  is  communi- 
cated by  proper  machinery.  On  the  uppermost  of 
these  is  placed  a  circular  piece  of  heavy  wood,  as  lig- 
numvita?,  sometimes  loaded  with  lead,  which  travers- 
ing the  surface  of  the  sieve,  gradually  reduces  the  frag- 
ments of  the  powder,  until  they  are  sufficiently  fine  to 
pass  through  the  perforations  or  meshes. 

Properties. — Good  powder,  according  to  Abel  and 
Bloxam,  should  be  perfectly  uniform  in  texture  ;  light 
specks  or  glittering  points  indicate  an  incomplete  mix- 
ture. The  grains  should  be  sufficiently  hard  not  to  be 
easily  crushed  between  the  fingers,  and  not  to  soil 
these  or  a  piece  of  paper  by  mere  contact.  Gunpowder 
should  burn  rapidly,  leaving  only  a  very  slight  residue. 
If  inflamed  upon  white  paper,  it  should  blacken  it 
but  slightly,  and  should  on  no  account  set  fire  to  it. 
Powder  is  inflamed  by  any  burning  substance,  by  an 
electric  spark,  by  red-hot  metal,  or  by  violent  concus- 
sion. It  does  not  ignite,  however,  by  exposure  to  a 
temperature  below  redness.  If  subjected  in  an  atmos- 
phere of  hydrogen  or  carbonic  acid  to  a  gradual  increase 
of  temperature,  the  sulphur  may  be  completely  sepa- 
rated, subliming  upon  the  cool  portion  of  the  vessel. 

It  has  been  proved  that  powder  may  be  inflamed, 
not  only  by  the  concussion  of  hard  bodies,  but  by  that 
of  comparatively  soft  ones,  provided  it  be  sufficiently 
powerful.  Experiment  has  shown  that  powder  placed 
upon  lead,  or  even  upon  wood,  may  be  ignited  by  the 
shock  of  a  leaden  bullet  fired  at  it. 

No  doubt  the  inflammability  of  a  powder  is  greatly 
influenced  by  its  physical  state.  A  fine-grain  powder 
will  burn  much  more  rapidly  than  powder  of  a  larger 
grain.  The  greater  the  density,  the  more  gradual  is 
its  combustion.  Angular  powder  will  burn  more 
speedily  than  the  round-grained,  and  the  inflammability 
of  powder  is  not  only  retarded  by  the  presence  of 
moisture,  but  also  by  the  glazing. 

Powder  in  which  the  theoretical  proportions  are 
exact,  and  in  the  manufacture  pf  which  a  very  inflam- 
mable charcoal  has  been  used,  the  ingredients  having 


been  mixed  without  the  application  of  very  great  pres- 
sure, will  undergo,  when  ignited,  an  almost  instantane- 
ous decomposition.  Such  a  composition,  in  many 
respects,  resembles  the  fulminates ;  the  strain  which  it 
exerts  upon  the  fire-arm  is  far  too  powerful ;  hence  it  is 
not  so  generally  applicable  as  a  more  gradually  disin- 
tegrating mixture. 

Gunpowder  always  attracts  more  or  less  moisture, 
since  charcoal,  however  dense,  absorbs  humidity  from 
the  air ;  though,  of  course,  the  hygroscopic  property  of  ■ 
powder  is  considerably  increased  by  the  use  of  porous 
charcoal  in  its  manufacture,  or  by  the  presence  of  any 
considerable  quantity  of  powder-dust.  Powder,  manu- 
factured with  perfectly  pure  nitrate  of  potassa,  is  found, 
if  preserved  in  dry  stores,  to  absorb  about  0'5  per  cent, 
of  moisture ;  the  amount  naturally  increases  consider- 
ably if  it  is  kept  in  a  damp  situation.  Fine-grain 
powder  is  generally  found  to  absorb  moisture  more 
rapidly  than  the  large-grained. 

The  amount  of  ash  left  upon  the  ignition  of  gun- 
powder varies  according  to  the  purity  of  its  ingredients, 
the  proportions  employed,  and,  more  particularly,  the 
nature  of  the  charcoal  used.  Its  gradual  accumulation 
in  a  fire-arm  is  a  source  of  great  inconvenience,  since 
it  soon  renders  it  foul  and  difficult  to  charge,  thus  j 
limiting  the  number  of  rounds  that  can  be  fired  in 
rapid  succession,  without  cleaning  out  the  instrument. 
This  fouling,  as  it  is  termed,  is  avoided  to  some  extent 
by  the  use  of  a  small  quantity  of  some  fatty  substance, 
which  lubricates  the  barrel,  and,  by  preventing  the  ad- 
hesion of  the  ash,  promotes  its  expulsion  by  the  gases 
as  they  make  their  escape. — Abel  and  Bloxam. 

Bishop  affirms  that  gunpowder  explodes  exactly  at 
the  temperature  of  600°.  When  exposed  to  a  heat 
of  500°,  its  nature  becomes  totally  changed  ;  not  only 
is  the  whole  of  the  moisture  expelled,  but  the  saltpetre 
and  sulphur  are  reduced  to  the  fluid  state.  The  powder 
on  cooling  is  found  to  have  changed  from  blackish-grey 
to  an  intense  black ;  the  grain  has  become  extremely  ; 
indurated,  and  by  exposure  even  to  very  moist  air,  it 
then  suffers  no  alteration  by  imbibing  moisture. 

The  specific  gravity  of  gunpowder,  according  to  Dr. 
Ure,  as  taken  by  him  with  five  different  kinds  in  oil  of 
turpentine,  varied  from  1-793  to  1"80. 

Analysis. — The  following  is  the  ordinary  method 
of  analysing  gunpowder  : — 

The  water  is  first  estimated  by  submitting  a  small 
portion,  say  three  or  four  grammes  of  the  sample  to 
be  examined,  to  a  temperature  of  212°,  in  a  water- 
bath,  until  it  ceases  to  lose  weight.  Some  chemists 
prefer  placing  a  known  quantity  over  sulphuric  acid  in 
vacuo,  but  this  method  takes  much  more  time,  and 
the  former  is  sufficiently  accurate  for  all  ordinary  pur- 
poses. The  loss  after  drying  shows  the  amount  of 
moisture  in  the  sample,  from  which  the  per-centage 
may  be  readily  calculated. 

It  may  be  well  for  the  Editor  to  remark  here,  that 
the  quantity  of  water  should  be  a  mere  trace,  if  any. 
If  it  is  found  to  contain  several  per  cent,  of  water, 
it  may  bo  rendered  again  perfectly  good  by  careful 
exsiccation. 

The  next  step  is  the  determination  of  the  nitrate  of 
potassa,  which  is  effected  by  boiling  the  powder  in 
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which  the  humidity  has  been  determined,  in  about  six 
times  its  weight  of  water ;  the  residuum  is  then  care- 
fully collected  on  a  tared  filter,  washed  with  tepid 
water  until  a  few  drops  of  the  filtrate  when  evaporated 
upon  platinum  foil  give  no  residue;  the  insoluble 
matter  upon  the  filter  being  then  desiccated  at  212°, 
and  weighed,  the  loss  will  indicate  the  amount  of 
nitrate  of  potassa.  The  saltpetre  may  also  be  deter- 
mined by  evaporating  to  dryness  the  filtrate  obtained 
as  above,  fusing  the  residuum  at  a  low  temperature, 
and  then  ascertaining  its  weight.  Both  these  methods 
may  be  employed,  the  one  thus  furnishing  a  check 
upon  the  other. 

Should  the  saltpetre  contain  chloride  of  sodium,  as  it 
ordinarily  does,  the  amount  of  it  may  be  determined  as 
follows : — The  dry  and  weighed  residuum,  procured  as 
just  described,  is  redissolved  in  water,  and  a  little  nitric 
acid  and  a  weak  solution  of  nitrate  of  silver  added, 
when,  if  chlorides  are  present,  a  curdy  precipitate  of 
chloride  of  silver  occurs ;  this  is  collected  on  a  filter, 
edulcorated,  dried,  fused  with  great  care  in  a  porcelain 
crucible,  and  weighed.  One  gramme  of  the  chloride  of 
silver  represents  ■407  chloride  of  sodium,  or  -247  of 
chlorine. 

The  amount  of  sulphur  and  carbon,  respectively,  may 
be  ascertained  by  various  methods. 

One  of  these,  devised  by  Gay-LussAC,  consists  in 
igniting  in  a  platinum  crucible  a  known  quantity — say 
one  gramme — of  the  gunpowder,  with  the  same  weight 
of  carbonate  of  potassa  and  of  nitrate  of  potassa,  and 
four  times  the  quantity  of  common  salt;  by  this  means 
the  sulphur  is  oxidised  into  sulphuric  acid,  and  may  be 
determined  as  under  : — The  fused  mass,  which  should 
be  perfectly  white,  is  dissolved  in  water,  and  acidified  by 
means  of  hydrochloric  acid.  The  solution  is  next  fil- 
tered, and  chloride  of  barium  added  so  long  as  a  deposit 
is  occasioned.  After  some  time,  when  the  precipitate 
has  subsided,  the  whole  is  filtered,  and  the  sulphate  of 
baryta  aspersed  with  hot  water,  until  sulphuric  acid 
causes  no  turbidness  in  a  portion  of  the  washings.  The 
precipitate  is  next  dried,  and  then,  as  much  of  it  as 
is  possible  being  detached  from  the  filter  paper,  the 
latter  is  burned  in  a  platinum  crucible  until  the  whole 
of  its  carbonaceous  matter  is  destroyed;  the  former 
introduced,  heated  to  redness,  and  weighed.  Bach 
116-5  parts  of  sulphate  of  baryta  represent  forty-nine 
parts  of  monohydrated  sulphuric  acid,  and  consequently 
sixteen  of  sulphur. 

The  per  centage  of  moisture,  nitrate  of  potassa,  and 
sulphur  being  calculated,  the  difference  indicates  the 
amount  of  carbon. 

White  Gunpowder. — Augendre  has  described  a 
new  kind  of  gunpowder,  consisting  of  one  part  of  ferro- 
cyanide  of  potassium,  one  part  of  white  sugar,  and  two 
parts  of  chlorate  of  potassa.  These  are  reduced  to 
powder  separately,  and  are  then  mixed  with  the  hand. 
In  experiments  with  small  quantities,  they  may  be 
pounded  together  in  an  agate  mortar.  Not  the  least 
fear  need  be  entertained  of  the  effects  of  the  most 
powerful  friction.  In  preparing  it  on  a  larger  scale, 
the  mixture  is  moistened  with  two  or  three  per  cent, 
of  water,  and  triturated  in  a  bronze  mortar  with  a 
wooden  pestle;  fifteen  minutes'  pounding  suffices  for 
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small  quantities,  as  the  ingredients  do  not  require  such 
intimate  admixture  as  in  the  preparation  of  ordinary 
gunpowder.  The  powder  is  granulated  in  the  usual 
way,  and  dried  in  the  air. 

Gunpowder  thus  prepared  is  white ;  fires  with  the 
greatest  ease,  both  in  the  granular  state,  and  in  that  of 
an  impalpable  powder,  by  contact  with  an  incandescent 
body ;  the  flame  with  which  it  burns  is  greater  than 
that  of  ordinary  powder,  and  it  leaves  less  residue.  As 
taken  from  the  mortar  it  is  perfectly  inflammable,  so 
that  there  never  need  be  any  apprehension  of  its  miss- 
ing fire.  It  must  be  exceedingly  dry  for  a  violent  blow  of 
iron  to  explode  it ;  friction  between  two  polished  bodies 
never  produces  this  effect,  nor  does  striking  wood  upon 
wood,  or  wood  upon  metal.  It  is  formed  of  substances, 
the  composition  of  which  is  well  determined  and  fixed, 
and  it  can,  therefore,  always  be  obtained  of  the  same 
strength.  The  materials  are  unalterable  by  the  action 
of  dry  or  humid  air,  so  that  they  can  be  kept  for  any 
length  of  time,  which  cannot  be  done  with  the  charcoal 
used  for  the  ordinary  article.  The  manufacture  requir- 
ing less  time,  a  fortress  might,  in  case  of  necessity,  be 
provided  with  the  several  constituents  in  powder,  and 
the  mixture  made  when  required,  by  which  means  the 
danger  attendant  upon  large  deposits  of  gunpowder 
would  be  avoided.  The  force  is  much  greater,  so  that 
there  is  space  for  a  larger  number  of  charges  in  the 
artillery  caissons.  The  dust  having  the  same  effect  as 
the  grain,  each  constituent  might  separately  be  reduced 
to  a  very  fine  powder,  and  the  whole  commingled  in  a 
leather  barrel. 

But  though  possessed  of  all  these  superiorities  over 
common  gunpowder,  it  is  not  free  from  serious  disad- 
vantages, one  of  which  is,  that  it  oxidises  iron  barrels 
very  much,  and  its  use  is  consequently  limited  to  bronze 
ones,  and  to  the  filling  of  hollow  projectiles.  It  is  more 
easily  inflamed  than  common  gunpowder,  but  not  so 
readily  as  the  other  compounds  of  chlorate  of  potassa 
which  have  been  prepared  for  the  same  purposes. 

AuOrENDRE  directs  attention  to  the  circumstance, 
readily  conceivable  from  the  behavior  of  chlorate  of 
potassa  towards  several  other  substances,  that  the 
greatest  care  should  be  taken  to  avoid  introducing  into 
the  mixture  any  charcoal  or  sulphur,  or  mixing  with  it 
any  ordinary  gunpowder. 

The  proving  of  gunpowder,  and  many  other  subjects 
connected  with  the  present  article,  are  not  of  a  suffi- 
ciently chemical  nature  to  be  treated  of  here. 

Statistics. — Gunpowder  is  always  packed  in  strong 
oak  barrels,  containing  from  eight  to  one  hundred 
pounds  each,  the  latter  being  the  maximum  weight 
allowed  by  Government  to  be  contained  in  a  single 
package.  When  for  sporting  purposes,  it  is  in  canis- 
ters and  strong  papers. 

Owing  to  gunpowder  being  entirely  free  from  duty, 
the  returns  of  the  Board  of  Trade  can  scarcely  be 
expected  to  give  even  an  approximation  to  the  amount 
of  imports  and  exports.  Indeed,  the  import  returns 
during  the  years  1850  to  1853  inclusive  are  entirely 
blank,  while,  for  1854,  they  are  registered  as  one 
hundredweight,  and  in  1855,  11,851  hundredweights. 
During  the  years  1850-55  inclusive,  there  were  no  re- 
turns of  exports. 
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GUTTA-PERCHA. — This  valuable  substance,  the 
name  of  which  is  the  same  in  all  languages,  and  which 
was  unknown  in  Europe  previous  to  the  year  1843,  is  the 
inspissated  juice  of  a  tree  which  grows  in  the  Malayan 
forests  and  the  islands  of  the  Eastern  Archipelago.  In 
its  origin,  character,  and  composition,  it  is  analogous  to 
caoutchouc,  but  wants  the  peculiar  elasticity  of  that 
substance ;  on  the  other  hand,  it  possesses  special  and 
distinct  properties,  which  render  it  applicable  to  an  ex- 
traordinary variety  of  important  uses,  and  which,  within 
the  short  time  that  has  elapsed  since  its  introduction 
into  Europe,  have  given  a  remarkable  development  to 
its  manufacture. 

It  may  not  be  out  of  place,  even  in  a  scientific  work, 
to  correct  an  erroneous  mode  of  pronouncing  the  name 
of  this  substance,  which  has  become  very  general.  The 
name  is  a  pure  Malayan  one,  and  not  Latin,  as  might 
be  supposed  from  a  mere  coincidence  in  the  spelling — 
gutta  meaning  in  the  Malay  language  the  gum  or  con- 
crete juice  of  a  plant,  and  percha  the  particular  tree 
from  which  the  juice  is  procured.  Dr.  Montgomerie, 
its  discoverer,  states  that  the  ch  is  not  pronounced  hard 
like  a  k,  but  like  the  ch  in  the  English  name  of  the  fish 
perch;  and  that  if  a  European  were  to  inquire  of  a 
Malay  for  gutta  perha,  he  would  be  told  the  thing  was 
unknown,  when  perhaps  plenty  of  the  gutta-pereha 
might  be  procurable  by  pronouncing  the  name  pro- 
perly. He  adds,  that  had  he  thought  there  was  a  pro- 
bability of  the  name  being  mispronounced,  he  might 
have  used  the  uncouth  orthography  pertsha,  but  then 
it  would  have  run  the  risk  of  being  taken  for  a  Russian 
or  Polish  appellation. 

Historical  Notice. — It  appears  that  this  sub- 
stance, though  only  of  recent  introduction  into  com- 
merce, was  brought  into  England  in  the  days  of  Trades- 
cant,  as  a  curious  product,  under  the  name  of  mazer 
wood;  and  subsequently  it  was  frequently  brought  from 
China  and  other  parts  of  the  East,  under  the  designa- 
tion of  india-rubber,  in  the  form  of  elastic  sticks,  whips, 
and  other  trifling  articles.  The  products  of  the  East 
Indies,  shown  by  the  Honourable  East  India  Company 
at  the  Great  Exhibition,  proved  that  the  natives  of  the 
country  in  which  the  gutta-percha  tree  grows,  knew 
also  how  to  appropriate  it  to  the  manufacture  of  dif- 
ferent kinds  of  vases,  and  that  European  industry  and 
the  wants  of  an  advanced  civilization  have  only  de- 
veloped its  application  to  a  greater  variety  of  uses  than 
were  known  or  required  in  the  countries  to  which  it 
belongs. 

The  merit  of  first  appreciating  its  value  and  making 
it  known  in  Europe,  is  claimed  by  two  individuals, 
who  seem  to  have  endeavored  about  the  same  time, 
and  quite  independently  of  each  other,  to  bring  it  into 
public  notice,  namely,  Dr.  William  Montgomerie,  a 
Scotchman,  for  some  years  assistant-surgeon  to  the 
Residency  at  Singapore,  on  the  Malay  peninsula ; 
and  Sir  Joze  d'Almeida,  who  had  been  for  many 
years  resident  in  the  same  settlement.  This  last- 
named  gentleman  came  over  to  England  in  the  begin- 
ning of  the  year  1843,  bringing  several  samples  of  the 
gutta-percha  with  him  ;  and,  among  other  channels  of 
communication  with  the  scientific  world,  had  the  honor 
of  presenting  specimens  to  the  Royal  Asiatic  Society, 
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for  which  he  received  their  letter  of  acknowledgment 
and  thanks.  On  the  whole,  however,  the  merit  of  pri- 
ority of  discovery  seems,  by  general  assent,  to  be 
assigned  to  Dr.  Montgomerie,  who,  in  point  of  fact, 
was  not  only  the  first  European  who  discovered  the 
value  of  the  product,  but  the  first  who  exerted  himself 
actively  and  successfully  to  bring  it  into  general  use. 
Before  the  attention  of  this  gentleman  was  directed  to 
it,  it  was  not  only  quite  unknown  to  Europeans  in 
general,  but  was  known  as  an  article  of  value  only  to 
a  few  of  the  inhabitants  even  of  those  localities  in 
which  it  is  produced,  and  was  applied  by  the  natives 
to  very  trifling  uses ;  being  chiefly  employed  to  make 
handles  for  parangs  or  wood-choppers,  as  a  substitute 
for  wood  or  buffalo-horn. 

The  valuable  qualities  of  the  substance  were  no 
sooner  publicly  announced  than  it  came  into  general 
demand.  The  immediate  effect  of  its  discovery  may 
be  compared  to  that  of  the  gold-fields  in  California  and 
Australia ;  and  perhaps  no  substance  except  the  pre- 
cious metals  has  been  more  eagerly  sought  after  or 
more  highly  appreciated.  Its  singular  adaptation  for 
an  infinite  variety  of  purposes  was  quickly  recognized, 
and  an  extensive  trade  in  it  sprang  up  almost  im- 
mediately. In  the  year  1844,  previous  to  which 
its  very  name  was  unknown  to  European  commerce, 
two  hundredweight  of  it  were  shipped  experimentally 
from  Singapore.  In  1845  the  exportation  of  it  from 
that  port  rose  to  one  hundred  and  sixty-nine  piculs 
— a  picul  being  equivalent  to  133'3  pounds ;  in  1846, 
to  five  thousand  three  hundred  and  sixty-four  piculs  : 
in  1847,  to  nine  thousand  two  hundred  and  ninety-six ; 
in  1848,  to  twelve  thousand.  In  the  first  four  and  a 
half  years  of  the  trade,  twenty-one  thousand  five 
hundred  and  ninety  eight  piculs  of  gutta-percha,  valued 
at  two  hundred  and  seventy-four  thousand  one  hundred 
and  ninety  dollars,  were  shipped  at  Singapore ;  the 
whole  of  which  was  sent  to  England,  with  the  excep- 
tion of  fifteen  piculs  to  Mauritius,  four  hundred  and 
seventy  to  the  Continent  of  Europe,  and  nine  hundred 
and  twenty-two  to  the  United  States. 

The  knowledge  of  the  article,  stirring  the  avidity  of 
gatherers,  gradually  spread  from  Singapore,  Northward, 
as  far  as  Penang ;  Southward,  along  the  East  coast  of 
Sumatra  to  Java  ;  Eastward,  to  Borneo,  where  it  was 
found  not  only  at  Sarawak,  but  also  at  Brune'  and 
Pontianak  on  the  West  coast,  and  at  Reti  and  Passir 
on  the  East. 

This  eager  demand  for  the  precious  gum,  animated 
by  the  thirst  for  immediate  gain,  was  productive  of  a 
reckless  destruction  of  the  valuable  trees  that  produced 
it.  Instead  of  simply  tapping  the  trees  to  obtain  the 
juice,  as  is  practised  in  the  case  of  caoutchouc,  the 
monarchs  of  the  forest  were  felled  to  the  ground ;  a 
magnificent  tree  of  fifty  or  one  hundred  years'  growth 
was  cut  down,  the  bark  stripped  off,  and  the  milky 
juice  collected  and  poured  into  a  trough  formed  by  the 
hollow  stem  of  the  plantain  leaf ;  and  some  idea  may 
be  formed  of  the  havoc  thus  made  to  procure  the  large 
supplies  which  were  imported  into  Singapore,  when  it 
is  stated,  that  on  an  average  not  more  than  twenty  or 
thirty  pounds  were  procured  from  one  tree.  The 
result  was,  that  in  the  course  of  three  and  a  half  years, 
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two  hundred  and  seventy  thousand  trees  were  felled, 
in  order  to  get  at  the  gum.  It  was,  therefore,  appre- 
hended that  the  tree,  although  at  first  sufficiently  plen- 
tiful, would  soon  become  difficult  to  be  procured  ;  and 
this  would  undoubtedly  have  been  the  case,  had  not 
the  Gutta  Percha  Company,  subsequently  formed  in 
England,  acted  with  a  wise  precaution,  and  embarked 
a  considerable  capital  in  seeking  to  promote  the  tap- 
ping, instead  of  the  felling  of  the  trees. 

Tub  Gutta-Percha  Tree.— For  some  years  after 
the  introduction  of  gutta-percha,  the  character  of  the 
tree  which  produces  it  remained  a  mystery.  At  length 
from  specimens  which  were  sent  home  by  Dr.  Oxley, 
in  1847,  Sir  W.  J.  Hooker  was  enabled  to  refer  the 
plant  to  Dr.  Wright's  new  genus  of  sapotacem,  called 
by  him  isonandra ;  and  accordingly  he  proposed  to 
designate  the  gutta-percha  plant  isonandra  gutta — the 
name  by  which  it  is  now  known.  The  tree  is  from 
forty  to  seventy  feet  high,  and  from  two  to  four  or  even  six 
feet  iu  diameter.  It  is  found  all  up  the  Malayan  penin- 
sula, as  far  as  Penang,  and  its  favorite  localities  are 
the  alluvial  tracts  on  the  foot  of  hills,  where  it  forms 
the  principal  portion  of  the  jungle.  In  its  general 
aspect,  says  Dr.  Oxley,  it  resembles  the  Durian — 
Durio  Zibethmus,  Linnaeus — so  much  so  as  to  strike 
the  most  superficial  observer.  The  trunk  is  straight ; 
the  leaves  alternate  ;  their  upper  surface  of  a  pale  green, 
and  their  under  covered  with  a  close,  short,  reddish- 
brown  hair.  The  flowers  are  axillary,  from  one  to 
three  in  the  axils,  supported  on  short  curved  pedicels, 
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and  numerous  along  the  extremities  of  the  branches. 
The  wood  is  described  by  Hooker  as  peculiarly  soft, 
fibrous,  and  spongy,  pale-colored,  and  traversed  by 
longitudinal  receptacles  of  reservoirs  filled  with  the 
gum.  forming  ebony-black  lines.  Fig.  249  is  a  portion 
of  a  branch  of  the  gutta-percha  tree,  exhibiting  also  the 
leaves,  flowers,  and  fruit. 


There  is  no  doubt  that  these  are  the  characteristics 
of  the  tree  from  which  the  substance  known  as  gutta- 
percha is  obtained ;  but  Seeman  states  that  the  gum 
termed  by  the  Malays  gutta-percha,  is  not  the  produce 
of  the  isonandra  gutta,  but  that  of  a  botanically-un- 
known  tree,  a  species  of  ficus,  and  that  the  substance 
which  has  been  improperly  termed  gutta-percha  by  Dr. 
Montgomerie,  and  must  now  continue  to  be  so  called, 
is  really  the  gutta-taban.  It  must  ever  be  an  object  of 
regret,  he  remarks,  that  on  the  first  introduction  of  the 
tahan  gum,  its  real  name  was  not  promulgated.  The 
name,  however,  is  now  fixed  beyond  recall;  and,  to 
prevent  misunderstanding,  the  reader  has  only  to  bear 
in  mind  that  the  substance  known  in  Europe  as  gutta- 
percha, though  stated  by  Seeman  to  be  the  gutta-taban 
of  the  Malays,  is  really  the  produce  of  isonandra  gutta 
above-described. 

Extraction  and  Inspissation  op  the  Gdm. — 
The  sap  or  gutta  circulates  between  the  bark  and  body, 
in  vessels,  of  which  the  course  is  well  marked  by  black 
longitudinal  lines  upon  the  wood.  To  obtain  the  juice, 
it  was  formerly  the  practice,  as  already  stated,  to  cut 
down  the  full-grown  tree  close  to  the  root ;  rings  were 
then  made  in  the  bark  at  distances  of  about  twelve  to 
eighteen  inches  apart,  and  a  cocoa-nut  shell,  spathe  of 
a  palm,  or  such  like  receptacle,  was  placed  under  the 
fallen  trunk,  to  receive  the  milky  sap  that  immediately 
exuded  upon  every  fresh  incision.  The  quantity  of 
gutta  obtained  from  each  tree  so  destroyed  varied  from 
five  to  twenty  catties ;  so  that  taking  the  average  of  ten 
catties,  it  would  require  the  destruction  of  ten  trees  to 
produce  one  picul,  or  one  hundred  and  thirty-five  pounds 
of  gutta. 

Fortunately,  experience  has  now  taught  the  natives 
that  the  milky  juice  may  he  collected  by  cutting  notches 
here  and  there  in  the  trunk  of  the  living  tree,  and  that 
in  this  way  it  may  be  preserved  for  future  tappings. 
This  more  economical  method  is  rapidly  gaining  ground ; 
and,  considering  the  vast  extent  of  territory  occupied  by 
the  tree  in  its  several  varieties,  and  that  European  in- 
dustry is  now  so  deeply  interested  in  its  culture  and 
preservation,  there  is  little  danger  of  the  supply  becom- 
ing exhausted. 

The  sap  coagulates  in  a  few  minutes  after  it  is  col- 
lected ;  but  before  the  crude  gum  becomes  quite  hard, 
it  is  kneaded  by  hand  into  compact  oblong  masses, 
from  seven  to  twelve  inches  in  length,  by  four  or  five 
in  thickness.  This  part  of  the  work  is  mostly  performed 
by  women,  as  represented  in  the  annexed  engraving — 
Fig.  250 — which  exhibits  not  only  the  ordinary  appear- 
ance of  the  native  Malays,  but  the  character  of  the 
internal  forest  scenery  of  the  tropical  regions  which 
they  inhabit. 

Dr.  Oxley's  account  differs  somewhat  from  the  pre- 
ceding. He  states  that  the  sap,  instead  of  coagulating 
and  being  made  up  into  blocks  on  the  spot,  is  collected 
in  bamboos,  taken  by  the  natives  to  their  houses,  and 
boiled,  in  order  to  drive  off  the  watery  particles  and 
inspissate  it  to  the  consistence  it  finally  assumes.  He 
adds,  however,  that  although  the  process  of  boiling 
appears  necessary  when  the  gutta  is  collected  in  large 
quantities ;  yet,  if  a  tree  be  freshly  wounded,  a  small 
quantity  allowed  to  exude,  and  it  be  collected  and 
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moulded  in  the  hand,  it  will  consolidate  perfectly  in  a 
few  minutes,  and  have  all  the  appearance  of  the  pre- 
pared article.    The  apparent  discrepancy  between  the 


Fig.  250. 


two  statements  may  perhaps  be  explained  by  the  fact, 
that  Dr.  Oxley's  account  was  written  when  the  trees 
were  uniformly  felled  to  procure  the  juice,  and  when 
the  latter  was,  therefore,  collected  in  considerable  quan- 
tities at  a  time,  which  rendered  boiling  necessary; 
whereas,  when  slowly  collected  in  smaller  portions 
from  a  number  of  living  trees,  the  watery  ingredient 
will  evaporate  as  the  juice  exudes,  and,  with  the  assist- 
ance of  kneading  or  moulding  by  the  hand,  that  con- 
solidation will  take  place  to  which  Dr.  Oxley  alludes 
as  occurring  in  the  case  of  small  quantities. 

Properties. — Gutta-percha,  when  quite  pure,  is  of 
a  greyish-white,  but,  as  brought  to  market,  it  is  more 
ordinarily  found  of  a  reddish-brown  hue,  arising  from 
chips  of  bark  that  fall  into  the  sap  in  the  act  of  making 
the  incisions,  and  which  tinge  it.  It  may  be  readily 
obtained  in  a  pure  state  by  dissolving  the  crude  gutta 
in  sulphide  of  carbon,  filtering  the  turbid  and  brown 
solution  under  a  hell-glass,  and  evaporating  the  filtrate 
by  simple  exposure  to  the  air  in  a  flat  porcelain  dish. 
After  desiccation,  the  thin  plate  or  cake  of  purified  gutta 
is  easily  detached  from  the  vessel  by  covering  it  for  a 
few  minutes  with  cold  water,  which  destroys  the  adhe- 
sion. Nearly  the  whole  of  the  extraneous  tinctorial 
matter  remains  on  the  filter,  with  a  portion  of  the  un- 
dissolved substance. 

Thus  fobruated,  the  gutta  is  almost  white,  is  semi- 
translucent  in  thin  leaves,  but  opaque  in  thicker  plates ; 
it  is  greasy  to  the  touch,  and  has  a  peculiar  leathery 


smell,  somewhat  similar  to  that  of  india-rubber.  Its 
specific  gravity,  as  determined  by  Dr.  A.  Adriani, 
was  0'999  at  68°,  when  subjected  to  the  action  of  an 
air-pump  to  remove  the  adhering  water-bubbles;  with- 
out this  precaution,  it  was  only  0-728.  A  specimen 
of  gutta-percha  mechanically  purified,  and  shaped  in 
cakes,  was  found  to  have  a  specific  gravity  of  0-966°. 
The  average  density  of  the  commercial  article  is  0'975°. 
The  great  variations  in  its  density  under  different  treat- 
ment imply  a  peculiar  porosity  in  its  structure,  which 
was  experimentally  verified  by  Pa  yen.  Having  placed 
a  drop  of  its  solution  in  bisulphide  of  carbon  on  a 
slip  of  glass,  and  allowed  it  to  evaporate  in  the  manner 
above-described,  so  as  to  obtain  a  thin  film  of  the  sub- 
stance in  a  state  of  purity,  he  observed  with  the  micro- 
scope numerous  small  holes  or  cavities,  which  were 
rendered  still  more  visible  by  a  drop  of  water ;  the 
liquid  gradually  insinuating  itself,  and  rendering  the 
film  more  opaque,  while  the  cavities  were  observed,  by 
means  of  the  lens,  to  be  enlarged.  Similar  results  were 
obtained  by  keeping  immersed  in  water  for  a  consider- 
able time,  thin  transparent  laminse,  obtained  by  the 
evaporation  by  heat  of  a  solution  of  gutta-percha. 

It  was  these  observations  which  led  this  eminent  che- 
mist to  conclude  that  the  common  commercial  gutta- 
percha, retaining,  in  consequence  of  its  porosity,  a  great 
many  minute  particles  of  air,  owed  to  this  circumstance 
its  appearance  of  possessing  a  less  density  than  that 
of  water.  In  fact,  on  stretching  gutta-percha  under 
strong  pressure,  and  immediately  cutting  the  strips 
thus  produced  into  very  small  pieces  under  water,  the 
greater  part  of  the  fragments  fell  to  the  bottom  of  the 
vessel — some  immediately,  others  absorbing  a  certain 
quantity  of  moisture.  The  same  result  was  also  obtained 
by  keeping  very  thin  leaves  of  gutta-percha,  prepared 
by  different  methods,  immersed  in  water  deprived  of 
air ;  their  pores  being  gradually  filled  with  the  liquid, 
they  became  heavier  than  it,  and  then  ceased  to  float. 
Gutta-percha  is  also  heavier  in  proportion  to  the  length 
of  time  it  has  been  exposed  to  the  air,  particularly  in 
thin  leaves. 

The  porosity  of  gutta-percha,  which  allows  a  slow 
transudation  of  liquids  through  its  mass,  is  the  principal 
drawback  to  its  use  when  formed  into  bottles  or  other 
vessels  for  holding  chemical  fluids.  This  porous  struc- 
ture becomes  changed  into  a  fibrous  texture  when  it  is 
drawn  out  so  as  to  double  its  length ;  then,  retaining 
little  extensibility,  it  supports,  without  breaking,  the 
action  of  a  force  equal  to  double  that  required  for  its 
elongation  in  the  first  instance. 

Gutta-percha  is  a  bad  conductor  of  both  electricity 
and  heat.  When  rubbed  it  becomes  negatively  electric, 
and  if  dry,  is  an  insidator  equal  in  efficiency  to  shell-lac. 
Hence,  among  many  other  important  applications,  which 
will  be  noticed  afterwards,  its  extensive  employment  in 
the  covering  of  wires  for  the  submarine  telegraph.  • 

But  the  great  peculiarity  of  this  substance,  and  that 
which  makes  it  so  eminently  useful  for  many-purposes, 
is  the  effect  of  heat  upon  it,  applied  either  directly,  or 
through  the  medium  of  boiling  water.  At  ordinary 
temperatures  it  is  a  tough  inelastic  substance,  and  cold 
water  has  no  effect  upon  it ;  from  32°  to  77°  it  possesses 
about  as  much  tenacity  as  thick  leather,  with  rather 
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less  flexibility ;  towards  120°  it  softens,  and  becomes 
sensibly  doughy,  although  still  very  tough  ;  and  when 
raised  above  150°,  either  by  exposing  it  to  the  fire  or  by 
immersing  it  in  hot  water,  it  becomes  soft  and  plastic, 
so  as  to  be  capable  of  being  moulded  to  any  required 
shape  or  form,  which  it  retains  upon  cooling.  Its 
ductility  is  such  that,  at  a  temperature  of  from  150°  to 
240°,  it  is  readily  extended  into  thin  sheets,  or  drawn 
into  threads  or  tubes ;  its  flexibility  and  ductility  dim- 
inish as  the  temperature  becomes  lower.  It  does  not 
possess,  at  any  temperature,  the  peculiar  elastic  exten- 
sibility which  characterizes  caoutchouc.  When  cold, 
it  again  becomes  hard,  and  possessed  of  extraordinary 
tenacity. 

It  melts  at  248°,  and  may  be  made  to  boil  without 
acquiring  a  sensible  color ;  the  transparent  fluid  gives 
abundant  vapors,  which  are  condensable  into  a  nearly 
colorless  oily  liquid.  The  portions  last  distilled  have  a 
brownish-orange  hue,  and  a  thin  layer  of  carbonaceous 
deposit  remains  adherent  to  the  sides  of  the  vessel. 
Heated  beyond  this  point,  it  is  decomposed,  yielding 
inflammable  products ;  a  strip  of  it  cut  off  burns  with  a 
bright  flame,  emitting  sparks,  and  dropping  a  black 
residuum  in  the  manner  of  sealing-wax,  which  in  its 
combustion  it  very  much  resembles. 

Common  gutta-percha  is  perfectly  insoluble  in  water 
at  any  temperature;  it  effectually  resists  damp,  and 
hence  its  valuable  applications  as  a  waterproofing 
material,  and  as  a  substitute  for  leather  in  soling  boots 
and  shoes.  It  likewise  withstands  the  various  .influ- 
ences which  excite  fermentation,  but  experiences  a 
sort  of  doughy  fusion  when  exposed  to  the  direct  ac- 
tion of  the  solar  rays  in  summer.  Soda  and  potassa, 
even  when  caustic  and  concentrated,  ammonia,  saline 
solutions  of  all  kinds,  water  containing  carbonic  acid, 
the  various  vegetal  and  mineral  acids,  do  not  act  upon 
it.  It  is  not  affected  by  fermented  liquors,  such  as 
wines,  beer,  et  cetera;  even  alcohol  scarcely  dissolves 
a  trace  of  it.  Olive-oil  has  no  action  upon  it  when  cold, 
but  when  hot,  it  dissolves  a  small  portion  of  it,  which 
is  again  precipitated  on  cooling. 

Concentrated  nitric  acid  attacks  gutta-percha  rapidly 
with  effervescence,  and  an  abundant  evolution  of  fumes 
of  nitrous  acid ;  the  gutta  is  disintegrated,  and  colored 
of  a  brownish- orange  red;  it  becomes  doughy,  and 
afterwards  solidifies  by  degrees,  but  remains  friable. 
Concentrated  sulphuric  acid  produces  the  same  effect 
more  gradually,  rendering  it  brown,  and  causing  its  dis- 
integration, with  a  sensible  evolution  of  sulphurous  acid. 
Miller  affirms  that  hydrochloric  and  dilute  hydro- 
fluoric acids  have  no  action  upon  it ;  hence  it  is  em- 
ployed in  the  preparation  of  bottles  and  vessels  used 
for  containing  these  liquids ;  but  Payen  states  that 
hydrochloric  acid,  in  its  saturated  solution  in  water  at 
a  temperature  of  68°,  attacks  gutta-percha  slowly,  and 
gives  it  a  more  or  less  deep-brown  color,  at  length 
rendering  it  brittle. 

The  same  chemist  remarks  that,  in  the  cold,  and  even 
by  heat,  not  more  than  0'15  to  0'22  of  the  gutta-percha  ) 
is  dissolved  by  anhydrous  alcohol  or  ether ;  but  Arppe 
states  that  thirteen  per  cent,  of  gutta-percha  is  dissolved 
by  alcohol,  and  that,  separated  from  mechanical  admix- 
tures, it  is  soluble  in  ether  which  is  free  from  alcohol, 


whereas,  if  it  has  been  previously  treated  with  alcohol, 
it  does  not  dissolve  in  ether.  This  observation,  which 
seems  to  have  been  overlooked  by  M.  Payen  and  other 
chemists,  has  an  important  bearing  on  the  analysis  of 
gutta-percha. 

Benzol  and  oil  of  turpentine  dissolve  gutta-percha 
partially  when  cold,  but  almost  completely  by  heat.  One 
part  of  the  gutta  requires  for  its  solution  from  four  to 
six  parts  of  oil  of  turpentine.  Bisulphide  of  carbon  and 
chloroform  dissolve  it  cold,  and  by  either  of  these 
solvents  it  may  be  obtained  pure  in  the  manner  already 
described. 

Elementary  Composition. — Gutta-percha  is,  like 
caoutchouc,  a  carbide  of  hydrogen,  and  nearly  isomeric 
with  that  substance,  as  the  following  analyses  will 
show : — 

Gutta-percha.  Caoutchouc. 

Carbon,   86-36    87-2 

Hydrogen   12-15    12-8 

Oxygen,   1-49    — 

100-00  100-0 

It  is  a  question  indeed  whether  the  elementary  com- 
position of  the  two  substances  is  not  precisely  the  same, 
the  small  quantity  of  oxygen  detected  by  Dr.  Mac- 
lagan  in  gutta-percha  being  probably  derived  from 
the  air  during  the  process  of  purification.  Its  acknow- 
ledged porosity,  and  the  difference  in  its  specific  gravity 
under  different  conditions,  are  facts  which  afford  a 
strong  presumption  in  favor  of  this  view. 

But  like  other  isomeric  substances,  gutta-percha 
and  caoutchouc,  though  strikingly  similar  in  many  of 
their  properties,  and  more  especially  in  their  resistance 
to  the  action  of  most  chemical  agents,  differ  consider- 
ably in  other  respects,  and  this  must  be  attributed  to 
the  different  grouping  of  their  elementary  constituents, 
if  not  to  the  actual  presence  of  oxygen  as  one  of  the 
essential  ingredients  of  gutta-percha. 

Professor  Page  states  that  gutta-percha,  when  rolled 
into  thin  sheets  or  drawn  into  ropes,  comports  itself 
like  a  fibrous  substance,  which  is  not  the  case  with 
caoutchouc.  A  strip  cut  from  a  thin  sheet  of  gutta- 
percha may  be  stretched  considerably  in  one  direction, 
that  is,  in  a  line  with  the  fibre,  but  any  attempt  to 
stretch  it  across  this  is  followed  at  once  by  a  rup- 
ture. It  is  not  so  with  a  sheet  of  caoutchouc,  which 
will  stretch  equally  well  in  all  directions.  On  exami- 
nation of  sheets  of  these  two  substances — so  far  believed 
to  be  isomerical — a  marked  difference  of  texture  is  at 
once  perceived.  The  caoutchouc  gives  little  or  no 
change  of  color,  while  the  gutta-percha  exhibits  a 
beautiful  spectacle.  It  appears  to  be  built  up  of  prisms 
of  every  variety  of  hue,  and,  as  it  were,  fused  into 
each  other.  Professor  Page  states  that  it  resembles 
more  nearly  some  specimens  of  ice  which  he  had  ex- 
amined, than  anything  else.  The  caoutchouc  and 
gutta-percha  must  be  kept  under  considerable  tension 
during  the  examination. 

Proximate  Principles. — Payen  states  that  puri- 
fied gutta-percha  is  formed  of  three  proximate  princi- 
ples, very  different  from  each  other  as. regards  their 
properties,  but  isomerical  as  regards  their  elementary 
composition,  and  also  isomerical  with  purified  caout- 
chouc, being  all  of  them  carbides  of  hydrogen,  and 
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each  represented  by  the  formula  C8  H7.  These  three 
proximate  principles,  which  he  terms  gutta,  albane,  and 
fluavile,  he  describes  as  being  found  in  gutta-percha  in 
the  following  variable  proportions  : — 

Ccnteslmally, 

Gutta,   78  to  82 

Albane, ,   16  to  14 

Fluavile,   6  to  4 

100  100 

Pa  yen  commenced  his  experiments  by  submitting 
the  gutta-percha  to  the  action  of  alcohol.  Reduced 
to  thin  leaves,  it  was  treated,  in  a  close  vessel,  with 
fifteen  to  twenty  volumes  of  cold  anhydrous  alcohol ; 
the  heat  was  raised  slowly,  by  means  of  the  water- 
bath,  to  the  point  of  ebullition,  172°,  and  kept  at  this 
temperature  during  several  hours;  the  liquid  was 
then  filtered  whilst  boiling,  and  left  in  a  closed  -flask, 
when  it  was  found,  at  the  end  of  from  twelve  to 
thirty-six  hours,  to  begin  to  deposit  on  the  sides  of 
the  vessel,  and  on  the  surface  of  the  solution,  white 
opaline  granules,  distant  from  one  another,  but  some 
of  them  in  groups ;  their  size  gradually  increasing 
for  some  days.  These  granules,  carefully  examined 
under  the  microscope,  were  found  to  have  the  form 
of  spherules  truncated  by  the  sides  of  the  vessel. 
Their  surface  was  either  smooth  or  bristling  with 
very  small,  transparent,  elongated,  lamellated  crys- 
tals. Some  superficial  fissures  appeared  to  indicate 
that  these  spherules  were  formed  of  a  sort  of  trans- 
parent yellow  nucleus,  covered  with  a  wdvite  pellicle  ; 
and  Payen  ascertained  on  examination  that  such  was 
really  their  singular  crystalline  structure,  of  which 
perhaps  no  other  example  is  known.  He  found  also 
that  cold  anhydrous  alcohol  dissolved  the  whole  of 
the  yellow  internal  spheroidal  substance,  while  the 
superficial  pellicles,  in  the  interior  of  which  the  alcohol 
had  then  substituted  itself  for  the  solid  yellow  globules, 
appeared  consequently  whiter  and  more  transparent. 
The  alcoholic  solution,  which  had  been  for  some  days 
depositing  this  complex  spheroidal  crystallization,  was 
again  capable  of  taking  by  heat  a  further  portion  of  the 
two  proximate  principles  remaining  in  the  substance, 
allowing  a  fresh  quantity  to  crystallize  on  cooling,  and 
thus  to  be  developed  respectively  in  the  white  pellicle 
and  yellow  nucleus.  The  extraction  was  completed 
by  returning  the  boiling  alcohol  several  times  upon 
the  gutta-percha  till  nothing  more  was  dissolved. 

The  solid  substance,  which  entirely  resisted  the 
action  of  the  alcohol,  possessed,  with  some  modifications, 
the  principal  properties  of  crude  gutta-percha ;  and 
this  is  what  Payen  termed  pure  gutta,  or  simply 
gutta.  Of  the  two  other  organic  principles  developed 
by  the  method  which  he  adopted,  the  white  crystalline 
resin  which  covered  the  spherules  was  what  he  called 
albane ;  and  the  yellow  resin,  which  was  much  more 
soluble  in  cold  alcohol  than  the  other,  was  the  sub- 
stance which  he  termed  fluavile.  The  commercial 
varieties  which  he  examined  gave  him  the  propor- 
tions above  stated ;  their  special  properties  were  as 
follow : — 

1.  Pure  Gutta. — It  will  be  seen  that  the  most  abun- 
dant of  the  three  principles  distinguished  by  Payen 
is  the  so-called  pure  gutta,  or  that  portion  insoluble  in 
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alcohol,  and  which  is  described  by  the  same  chemisl 
as  being  insoluble  in  ether.  M.  Payen  probably 
failed  to  effect  its  solution,  from  the  circumstance  that 
he  employed  the  same  gutta  which  had  previously  been 
treated  with  alcohol;  in  that  case,  according  to  M. 
Arppe,  it  is  not  dissolved  by  ether. 

Payen  describes  his  pure  gutta  as  presenting  the 
principal  properties  of  the  commercial  substance.  It 
is  white,  transparent  at  a  temperature  of  212°,  when 
all  its  parts  are  melted  together  ;  opaque  or  semi-trans- 
parent when  cold,  from  its  then  acquiring  a  structure 
which  causes  the  interposition  of  air,  or  of  a  liquid 
possessing  a  different  refraction  from  its  own.  He  states 
that  this  structure  appears  still  more  distinct  than  in 
the  natural  substance  containing  all  these  principles. 
In  thin  sheets,  and  at  a  temperature  of  50°  to  86°,  it  is 
supple,  tough,  extensible,  but  not  very  elastic.  At 
112°  it  softens  and  turns  back  upon  itself,  and  becomes 
more  and  more  adhesive  and  translucent  in  proportion 
to  the  elevation  of  temperature,  undergoing  a  sort  of 
doughy  fusion,  which  becomes  more  distinct  towards 
212°  to  230°.  Heated  beyond  this  point,  it  melts,  boils, 
and  distils,  furnishing  a  pyrogenous  oil,  and  eliminates 
carbides  of  hydrogen.  Its  behavior  with  acids,  alcohol, 
and  oils,  chloroform  and  bisulphide  of  carbon,  is  the 
same  as  the  commercial  article. 

After  the  extraction,  by  means  of  ether,  of  the  two 
resins  contained  in  the  thin  leaves  of  white  or  purified 
gutta-percha,  leaving  the  last  portion  of  ether  with 
which  they  were  impregnated  to  evaporate  in  the  open 
air,  these  leaves,  inclosed  in  a  flask,  experienced,  after 
remaining  there  for  two  months  at  a  temperature  of 
from  68°  to  82°,  an  alteration  which  appeared  to  depend 
on  their  porosity,  the  action  of  the  air,  and  perhaps  the 
ether  retained  in  their  pores.  However  it  be,  these 
leaves  had  then  acquired  new  properties ;  they  were 
brittle;  exhaled  a  very  distinct  sharp  odor;  brought 
into  contact  with  an  excess  of  anhydrous  ether,  they 
were  partially  dissolved ;  the  soluble  portion  obtained 
by  the  evaporation  of  the  ether,  and  exsiccation  at 
194°,  was  glutinous  and  translucent ;  it  became  opaque 
and  hard  by  cooling  down  to  14°. 

The  same  chemist  states  as  a  fact  which  he  had 
personally  ascertained,  that  thin  leaves,  exposed  for 
eight  consecutive  days  to  the  action  of  the  sun  in  moist 
air,  were  discolored,  and  that  their  substance  had  be- 
come in  great  part  soluble  in  ether. 

2.  Albane. — The  albane,  or  crystalline  white  resin, 
presents  itself  as  a  light  pulverulent  mass,  apparently 
opaque,  which,  under  the  microscope,  exhibits  thin 
transparent  lamellar  crystals.  From  32°  to  212°  it  does 
not  experience  any  sensible  change  ;  its  fusion  com- 
mences at  320° ;  at  347°  to  356°  it  acquires  an  oleifonn 
fluidity  and  complete  transparency,  without  any  notice- 
able color;  it  solidifies  on  cooling,  shrinks,  which  causes 
it  to  split,  and  remains  transparent  and  a  little  heavier 
than  water. 

The  crystalline  resin  is  not  attacked  or  readily  mois- 
tened by  either  cold  or  boiling  water ;  or  by  hot  or 
cold  caustic  alkaline  solutions,  ammonia,  and  the  vari- 
ous dilute  acids.  Monohydratcd  sulphuric  and  nitric 
acids  attack  it  rapidly,  producing  similar  phenomena 
to  those  observed  in  their  action  upon  pure  gutta. 
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Hydrochloric  acid,  on  the  contrary,  does  not  act  upon 
the  white  resin. 

3.  Fluavile  or  yellow  resin. — This  amorphous  trans- 
parent resin,  of  a  lemon  or  orange  color,  according  to 
its  thickness,  is  a  little  heavier  than  water,  solid,  and 
even  hard  and  brittle  at  32° ;  it  gradually  becomes  more 
flexible  in  proportion  as  the  temperature  is  raised ;  at 
122°  it  becomes  pasty  ;  it  does  not  become  completely 
fluid  below  212°  to  230°.  Heated  beyond  this  point 
it  boils,  but  then  gradually  undergoes  considerable 
alteration,  becomes  brown,  and  evolves  acid  fumes  and 
carbides  of  hydrogen.  It  strongly  retains  the  alcohol 
in  which  it  has  been  dissolved ;  but  is  separated  from 
it  by  heating  in  vacuo  to  212°,  until  bubbling  entirely 
ceases. 

This  resin  is  soluble  in  the  cold  in  alcohol,  ether, 
benzol,  turpentine,  bisulphide  of  carbon,  and  chloro- 
form :  all  these  liquids,  when  evaporated,  leave  as 
residue  the  amorphous  resin.  Dilute  acids,  concen- 
trated alkaline  solutions,  and  ammonia,  do  not  attack 
the  yellow  resin.  Monohydrated  sulphuric  and  nitric 
acids  act  upon  it  rapidly,  producing  phenomena  ana- 
logous to  those  exhibited  with  the  other  two  principles. 
Hydrochloric  acid,  even  in  its  saturated  solution  at 
68°,  is  without  action  upon  it.  But  the  most  remark- 
able character  of  this  resin  is  the  power  of  forming, 
under  the  circumstances  already  indicated,  those  glo- 
bose crystals  covered  with  a  white  pellicle  of  another 
resin,  and  presenting  in  their  complex  form  the  appear- 
ance of  opaline  spherules. 

Manufacturing  Processes.— It  has  been  stated 
that  the  gutta-percha,  after  its  extraction  from  the  tree 
in  the  form  of  a  milky  juice,  is  first  allowed  to  coagulate, 
and  then  made  up  into  lumps  or  blocks  of  some  pounds' 
weight.  These,  as  they  arrive  in  Europe,  are  far  from 
being  pure,  for  besides  containing  chips  of  bark,  leaves, 
and  other  adventitious  substances  which  fall  accidentally 
among  the  juice,  the  natives  make  no  scruple  of  in- 
troducing stones,  earth,  and  other  rubbish,  to  increase 
the  weight  of  the  blocks.  The  first  and  most  essential 
process  in  the  manufacture  of  gutta  percha  is,  therefore, 
its  purification  ;  and  in  fact,  ever  since  its  introduction 
into  Europe,  gutta-percha  hasfound  everything  provided 
for  the  purpose  of  cleansing  it,  being  worked  by  pro- 
cesses and  instruments  very  similar  to  those  which  had 
been  previously  employed  in  the  purification  of  india- 
rubber.  It  is  also  vulcanized,  and  cut  or  moulded  into 
different  shapes,  in  much  the  same  manner.  The  general 
nature  of  the  operations  may  be  briefly  described  as 
follows  :— The  blocks  of  gutta-percha  being  first  cut  into 
slices  by  revolving  knives,  are  softened  by  means  of 
hot  water,  and  then  divided  and  torn  into  shreds  by  the 
same  machine  that  is  used  for  india-rubber,  which 
serves  also  to  knead  the  gutta-percha  in  such  a  manner 
that  the  crushed  stones  and  earth  may  be  separated 
from  it  on  being  diluted  in  the  water ;  it  is  then  dried, 
and  submitted,  by  means  of  a  powerful  machine,  to  a 
mastication  similar  to  that  which  caoutchouc  is  made  to 
undergo ;  and  when,  after  some  hours  of  kneading,  the 
mass  has  become  homogeneous  and  sufficiently  softened, 
it  is  extended  by  the  drawing-mill  into  cylindrical  cords, 
moulded  into  tubes  of  various  diameters,  or  spread  out 
by  means  of  the  flattening  machine  into  sheets  of  dif- 


ferent thicknesses,  which  are  finally  divided  into  bands 
or  slivers,  and  from  these  are  cut  out  with  a  nipping 
tool  the  pieces  which  are  required  to  be  employed  in 
different  uses. 

These  various  operations,  together  with  the  vulcani- 
zation of  gutta-percha,  will  now  be  described  succes- 
sively and  in  detail — premising  that  in  this  country  the 
manufacture  is  confined  to  two  or  three  companies, 
which  work  the  various  patents  secured  from  time  to 
time  by  Mr.  Hancock  and  others.  A  simple  de- 
scription of  the  manufacture,  as  conducted  by  the 
London  Gutta-Percha  Company,  will,  therefore,  em- 
brace all  that  is  really  important  in  the  different 
operations. 

Purification. — The  Cutting  Machine. — When  a 
visitor  enters  the  works  of  the  Gutta-Percha  Company, 
he  observes  in  the  yard  or  court  the  imported  blocks  of 
the  raw  material  piled  in  great  heaps.  These  blocks, 
when  they  are  required  for  use,  are  first  taken  from  the 
heaps  to  the  cutting  or  slicing  machine,  which  is  a  large 
solid  vertical  disc  of 
iron,  armed  on  one  Fis.  25i. 

side  with  sharp  knife-  ^ 
edges,  and  revolving 
at  the  rate  of  two 
hundred  turns  per 
minute  against  the 
extremity  of  a  slop- 
ing iron  table.  The 
block  of  gutta-percha  Hu 
being  brought  to  the 
edge  of  .the  table,  is 
rapidly  caught  by  the 
knives,  and  literally 
reduced  to  shavings, 
which  fall  into  a 
receptacle  beneath. 
Fig.  251  is  a  side  elevation  of  this  machine,  and 
Fig.  252  a  front  elevation  of  the  disc,  with  part  of 
the  frame.  The  revolving  disc,  B,  is  a  circular  iron 
plate,  of  about  five  feet  diameter,  into  three  slots  in 

Fig.  252. 


which  are  inserted  three  radial  knives,  b,  i\  IP,  in  a 
similar  manner  to  the  iron  of  an  ordinary  plane  or 
spoke-shave.  Supported  by  the  frame  af  is  the  shaft 
D,  to  one  end  of  which  the  plate  B  is  attached,  and  to 
the  other  the  strap-pulleys  E  e',  by  one  of  which  motion 
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is  communicated  to  the  shaft  from  a  steam-engine,  or 
any  other  convenient  first  mover,  c  is  an  inclined 
shoot,  down  which  the  lumps  of  crude  gutta  are  dropped 
against  the  knives  of  the  revolving  disc,  and  are  cut 
into  slices  of  a  thickness  corresponding  to  the  degree  of 
projection  given  to  the  knives. 

The  knives  are  represented  in  Fig.  252  as  being 
straight,  but  Mr.  Hancock,  the  patentee,  states  in  his 


Fig.  253. 


specification,  that  where  the  gutta-percha  to  be  cut 
happens  to  be  of  a  more  than  usually  hard  or  intractable 
character,  he  finds  it  advantageous  to  substitute  knives 
of  a  curved  or  reaping-hook  form,  on  account  of  their 
more  gradual  mode  of  action.    The  machine,  which  is 

Fig.  254. 


put  in  motion  at  the  Gutta-Percha  Company's  works 
through  the  agency  of  two  fifty  horse-power  engines,  is 
represented  as  in  operation  in  Fig.  253 ;  and  it  may 
be  remarked,  in  passing,  that  the  stones  and  other 


adulterative  materials  which  the  cupidity  of  the 
Malay  gatherers  has  added  to  the  mass,  are  often  dis- 
covered by  this  process,  very  much  to  the  injury  of 
the  cutters. 

First  Boiling  and  Teasing. — Having  been  reduced  to 
shavings,  the  gutta-percha  must  nextbe  perfectly  cleansed 
of  the  dirt,  leaves,  and  other  extraneous  matter.  This 
is  effected  by  throwing  the  shavings  -into  a  large  tank 
containing  water,  as  shown  in  Fig.  254,  to  which  the 
waste  steam  of  the  engine  is  conveyed,  for  the  purpose 
of  boiling.  This  process  softens  the  whole  into  a  fluid 
mass,  and  separates  the  more  considerable  impurities, 
which,  by  the  agitation  of  the  boiling,  sink  to  the  bottom. 
The  greater  part  of  the  rubbish  having  thus  subsided, 
the  partially-purified  gum  is  collected  into  one  mass, 
and  carried  to  what  is  called  the  teaser — a  sort  of  large 
circular  box,  containing  a  cylinder  or  drum  covered  with 
rows  of  bent  jagged  teeth.  Two  of  these  machines  are 
represented  in  the  same  figure.  Revolving  at  the  rate 
of  about  eight  hundred  turns  in  a  minute,  the  teaser 
quickly  tears  the  mass  into  shreds,  which  fall  into  a  vat 
of  water  beneath.  Here  the  gutta-percha,  being  in  its 
naturally  porous  state  lighter  than  water,  floats  upon 
the  surface,  while  the  impurities  disengaged  from  it  by 
the  action  of  the  teaser  fall  to  the  bottom.  The  gutta- 
percha is  now  cleansed  from  all  impurities ;  it  has  a 
crisp  and  fresh-looking  appearance,  and  is  ready  for  the 
next  operation,  which  consists  in  working  and  kneading 
it  into  a  homogeneous  mass. 

Second  Boiling  and  Kneading. — The  operation  of 
teasing  is  followed  by  a  second  boiling,  which  has  the 
effect  of  blending  the  fragments  of  the  now  purified 
substance  into  a  warm  soft  mass,  and  in  this  state  it  is 
introduced  into  the  kneaders  or  masticators,  which  are 
thick,  strong,  circular  iron  boxes,  about  three  feet  long 
and  a  foot  and  a  half  deep,  containing  revolving  cylin- 
ders armed  with  cogs  or  pins  on  their  surface.  The 
cylinders  and  their  containing  boxes  are  of  cast-iron, 
and  are  heated  by  steam.  The  gutta-percha,  when 
introduced,  is  thus  kept  in  a  soft  state,  and  being 
carried  round  by  the  action  of  the  revolving  cylinders, 
it  is  forcibly  squeezed  against  the  sides  of  the  box ; 
while,  by  the  action  of  the  cogs  or  pins,  every  air- 
bubble  is  expelled,  and  the  whole  is  brought  to  a 
perfectly  homogeneous  mass  of  uniform  consistency, 
without  a  particle  of  water  in  its  composition. 

In  April,  1853,  a  patent  was  taken  by  Mr.  Nickels 
for  using  two  rollers  with  screws  on  their  surfaces,  in 
place  of  teeth  or  projections,  for  masticating  or  knead- 
ing. The  rollers  work  parallel,  and  nearly  up  to  each 
other ;  and  in  each  of  the  threads  of  the  screw-rollers 
there  are  notches,  which  the  patentee  prefers  to  be 
made  in  a  diagonal  direction.  This  form  of  machine 
is  considered  the  most  effective,  and  is  now  most  com- 
monly used. 

Rolling  into  Sheets. — In  the  state  in  which  the 
gutta-percha  comes  from  the  kneading  or  masticating 
machine,  it  is  ready  for  being  manufactured  into  diller- 
ent  shapes,  and,  with  this  view,  it  is  now  rolled  into 
sheets,  or  pressed  out  into  tubes.  The  first  operation 
is  required  to  prepare  it  for  its  subsequent  conversion 
to  most  of  the  useful  and  ornamental  purposes  to  which 
it  is  applied ;  and,  with  this  view,  the  kneaded  mass  is 
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carried  to  the  rolling  machine  represented  in  Fig.  255. 
This  apparatus  is  similar  to  that  employed  in  paper- 
mills,  the  gutta-percha,  like  the  soft  paper,  passing  on 


Pig.  255. 


an  endless  band  between  steel  cylinders  placed  at  the 
requisite  distances  apart,  according  to  the  thickness  of 
the  sheet  required.  By  means  of  screws  the  cylinders 
can  readily  be  adjusted  to  produce  with  equal  ease  the 
stoutest  driving  band,  or  the  thinnest  gutta-percha 
tissue,  so  successfully  employed  as  a  substitute  for  oiled 
silk,  hydropathic  bandages,  ct  cetera.  After  passing 
between  the  rollers  in  a  soft  and  impressible  state,  the 
sheet  performs  a  long  journey  on  the  endless  band,  in 
the  course  of  which  it  gradually  cools  and  hardens,  and 
finally  appears  at  the  other  end  a  smooth,  firm,  flat 
sheet,  which  admits  of  being  received  and  wound  on  a 
drum  till  the  requisite  length  has  been  worked  off.  If, 
however,  the  sheet  be  too  thick  to  cool  sufficiently  by 
merely  travelling  the  prescribed  distance,  it  is  ven- 
tilated, as  it  passes  along,  by  a  series  of  fans  like  those 
of  a  winnowing  machine. 

Drawing  Ribands  and  Cord. — When  the  material 
is  required  to  be  in  bands  or  strips,  it  is  generally  cut 
into  that  form,  while  being  rolled  into  sheets,  by  a  series 
of  knives  so  placed  as  to  divide  the  sheet  while  yet 
plastic  into  any  number  of  bands  of  the  required  width, 
just  before  quitting  the  rolling  machine.  The  knives 
are  set  upright  in  a  frame,  edge  foremost,  at  the  requi- 
site distances  from  each  other,  and,  without  interrupt- 
ing the  progress  of  the  sheet,  they  slice  it  into  bands, 
which,  as  before,  are  made  to  travel  till  they  cool,  and 
are  then  wound  upon  a  drum. 

In  1847,  an  ingenious  machine  was  patented  by  Mr. 
Charles  Hancock  for  cutting  gutta-percha  into  nar- 
row ribands,  and  manufacturing  it  into  thread  or  cord 
of  any  required  shape.  A  front  elevation  of  as  much 
of  this  machine  as  is  necessary  to  understand  its  con- 
struction, is  given  in  Fig.  25G,  in  which  x  y  are  two 
grooved  rollers,  made  of  steel  or  iron,  and  mounted  in 
suitable  framework.  The  grooves  of  each  roller  are 
semicircular,  so  that  when  the  grooves  of  one  roller 
are  brought  opposite  to  those  of  the  other,  they  form 
together  a  series  of  circular  holes,  as  shown  in  the 


figure,  at  the  line  of  contact  between  the  two  rollers. 
The  under  roller  is  flanged  at  both  ends,  and  the  two 
ends  of  the  upper  roller  are  made  to  .fit  inside  of  these 
flanges,  in  order  to  keep  the  cutting  edges  from  shifting 
or  being  damaged.  From  the  prime  mover,  motion  is 
communicated  to  the  toothed  wheel,  z,  on  the  shaft  of 
the  roller  x,  and 
thence  through  the  Fis- 236- 

wheels  T  and  u,  to 
the  roller  y.  To  cut 
thin  sheets  of  gutta- 
percha with  this  ma- 
chine into  narrow 
strips  or  ribands,  the 
material  is  passed 
through  it  cold,  and 
only  the  cutting  edges 
are  brought  into  ope- 
ration. To  make 
round  thread  or  cord 
by  means  of  it,  a  sheet 
of  gutta-percha,  of  a 
thickness  equal  to  the  diameter  of  the  holes  formed  by 
the  grooves  of  tire  rollers,  is  passed  through  it  at  a  tem- 
perature of  about  200°,  by  supplying  the  material  from 
a  feeding  chamber,  heated  to  that  degree  by  steam  or 
otherwise ;  and  the  threads  or  cords,  after  passing  be- 
tween the  rollers,  are  received  in  a  tank  of  cold  water, 
from  which  they  are  wound  on  reels  or  drums,  conve- 
niently placed  for  the  purpose.  Or,  by  another  method, 
the  gutta-percha  is  employed  in  a  plastic  state,  and 
passed  towards  the  machine  under  a  gauge,  after  the 
manner  employed  in  the  caoutchouc  manufacture. 

Should  it  be  desired  to  produce  cord  of  a  semicir- 
cular section,  the  lower  grooved  roller  is  replaced  by  a 
plain  roller ;  or  should  cord  of  a  form  neither  circular 
nor  semicircular,  but  square,  triangular,  hexagonal,  or 
of  any  other  angular  form  be  required,  two  cylinders 
are  employed,  grooved  in  such  a  manner  as  to  produce 
the  desired  shape. 

Cord  and  thread  are  likewise  manufactured  by  means 
of  a  stamp,  bearing  a  number  of  close  parallel  sharp 
edges,  which  are  brought  down  upon  a  sheet  of  gutta- 
percha so  as  to  cut  it  nearly  through  in  a  series  of  cor- 
responding parallel  lines.  The  narrow  slips  are  then 
severally  torn  off,  and  polished  up  by  hand  for  use. 

Cutting,  Shaping,  and  Moulding. — Besides  the 
operations  above-mentioned,  the  gutta-percha,  when 
formed  into  sheets,  admits  of  an  infinite  variety  of 
applications.  Softened  by  boiling  water  or  steam,  it 
may  be  shaped  into  any  required  form  by  the  hand, 
the  knife,  the  mould,  and  the  press.  The  numerous 
workshops  in  the  establishment  of  the  Gutta-Percha 
Company  are  crowded  with  men  and  boys  engaged  in 
various  operations.  One  apartment  is  occupied  as  the 
cutting  and  stamping  room,  and  here  the  paper-cutting 
machine,  invented  by  Mr.  Wilson,  is  brought  into 
extensive  use,  while  moulds  of  every  description  are 
being  employed  to  produce  the  different  articles.  If 
shoe-soles  are  required,  the  cutting  machine  is  brought 
down  upon  a .  pile  of  stout  broad  bands,  dividing  a 
dozen  of  them  at  one  operation  into  rectangular  pieces, 
w  hich  are  afterwards  cut  en  masse  into  the  required 
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shape  by  means  of  a  sharp-edged  frame.  In  one  place 
are  seen  revolving  tables,  bearing  inverted  iron  moulds, 
from  which  workmen  are  turning  out  buckets,  bowls, 
bottles,  and  mariners'  hats,  while  others  are  moulding 
bosses  for  flax-mills,  rings,  whips,  et  cetera.  In  one 
apartment  cisterns  and  trunks  for  emigrants  are  being 
lined ;  in  another,  ornamental  mouldings,  medallions, 
pen-trays,  ink-stands,  picture-frames,  and  other  fancy 
articles,  are  stamped  from  electrotype  copper  dies  or 
wooden  moulds.  For  the  stamping  or  moulding,  the 
sheets  are  cut  into  pieces,  and  each  piece  is  warmed 
sufficiently  to  take  the  impress  of  the  die. 

Gutta-Peeciia  Tubing. — Perhaps  the  most  im- 
portant use  to  which  gutta-percha  has  been  applied  is 
that  of  tubing,  in  which  form  it  is  extensively  used  for 
pump-barrels,  ship-pumps,  feed-pipes  for  locomotive 
engines,  siphons  for  mines,  suction  or  ejection  pipes  for 
fire,  garden,  and  washing  engines  ;  and,  being  unaffected 
by  acids,  it  is  also  available  in  this  form  for  bleaching 
with  chlorine  and  other  chemical  purposes.  Accord- 
ingly, while  the  process  of  sheet-rolling,  already  de- 
scribed, forms  the  basis  of  a  large  department  of  the 
manufacture,  the  making  of  tubes  constitutes  another 
important  and  distinct  department — the  tubes  being 
formed  directly  from  a  softened  mass  of  the  purified 
material,  which  has  passed  through  the  kneading  or 
masticating  machine.   The  process,  while  highly  inge- 


nious, is  exceedingly  simple.  The  softened  material  is 
forced  by  a  piston  through  a  steel  cylinder,  terminat- 
ing in  a  mould  that  consists  of  a  solid  circular  piece  of 
metal  set  within  an  iron  tube,  the  space  between  the 
two  being  the  thickness  required.  The  gutta-percha 
thus  leaves  the  mould  in  a  tubular  shape,  but  would  im- 
mediately collapse  unless  subjected,  until  it  cools,  to 
an  even  pressure  both  within  and  without.  To  accom. 
plish  this,  it  is  received  from  the  mould  into  a  canal  of 
water  about  fifty  feet  in  length,  along  which  it  travels, 
being  wound  off  upon  a  drum  at  the  other  end.  The 
water,  filling  the  interior,  and  pressing  equally  upon 
the  outside  of  the  tube,  preserves  it  in  perfect  shape 
while  it  speedily  cools  it  into  hardness.  The  feeding 
cylinder  is  so  contrived  as  to  admit  of  being  constantly 
replenished  with  new  material,  so  that  a  tube  of  one 
thousand  feet  has  been  manufactured  without  a  single 
break,  being  the  longest  ever  made  in  one  piece  of  any 
substance  whatever. 

Coating  Telegraph  Wires. — Another  application 
of  gutta-percha,  which  may  vie  in  importance  with  that 
of  tubing,  though  not  of  such  varied  usefulness,  is  that 
of  covering  wires  for  telegraphic  purposes.  In  this 
respect  its  high  insulating  power,  combined  with  its 
flexibility  and  imperviousness  to  water,  render  it  of 
essential  service ;  and,  indeed,  it  may  be  doxibted 
whether  the  submarine  lines  of  telegraph,  uniting  dif- 


Fig.  257, 


ferent  nations,  islands,  and  continents,  could  have 
existed  at  this  day  without  the  valuable  assistance  ren- 
dered by  gutta-percha.  Its  introduction  into  Europe, 
contemporaneously  with  the  inauguration  of  these  mag- 
nificent projects,  by  which  the  earth  is  being  girdled 
with  wires  of  living  intelligence,  can  scarcely  be  re- 


garded otherwise  than  as  an  express  dispensation  of 
an  overruling  Providence  to  advance  the  progress  of 
civilization  and  human  happiness.  A  good  piece  of 
gutta-percha,  says  Dr.  Faraday,  will  insulate  as  well 
as  an  equal  piece  of  shell-lac,  whether  it  be  in  the  form 
of  a  sheet,  a  rod,  or  filament ;  but  being  tough  and 
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flexible  when  cold,  as  well  as  soft  when  hot,  it  will 
serve  better  than  shell-lac  in  many  cases  where  the 
brittleness  of  the  latter  is  an  inconvenience. 

A  thin  coating  of  gutta-percha  may  be  communi- 
cated to  a  wire  by  drawing  it  through  a  glass  or  metal 
tube,  filled  with  gutta-percha  in  solution,  or  rendered 
fluid  by  heat;  but  for  the  conducting  wires  of  the 
electric  telegraph,  whether  intended  to  be  buried  in  the 
earth,  or  to  form  the  core  of  a  submarine  telegraph 
cable,  the  coating,  to  insure  perfect  insulation,  must 
possess  considerable  thickness,  varying  from  one-six- 
teenth to  upwards  of  one-eighth  of  an  inch. 

Accordingly,  telegraph  wires  are  now  coated  in  much 
the  same  maimer,  and  by  mechanism  much  the  same 
in  principle,  as  that  employed  for  moulding  tubes. 
This  will  be  seen  from  the  preceding  woodcut,  Fig.  257, 
which  exhibits  in  actual  operation  the  machinery  em- 
ployed by  the  Gutta-Percha  Company  for  coating  the 
wires  of  the  great  Atlantic  cable.  The  central  con- 
ducting wire  of  this  cable  is  a  strand  made  up  of  seven 
wires  of  the  purest  copper  of  the  gauge  known  in  the 
trade  as  No.  22 ;  it  is  about  the  sixteenth  of  an  inch 
in  diameter,  and  is  formed  of  one  straightly-drawn 
wire,  with  six  others  twisted  round  it.  This  strand 
received  a  coating  of  three  separate  layers  of  refined 
gutta-percha,  which  together  bring  its  diameter  up  to 
about  three-eighths  of  an  inch.  The  gutta-percha  em- 
ployed for  this  great  work  was  prepared  with  the  utmost 
possible  care.  Lumps  of  the  crude  substance  were 
first  rasped  down  by  a  revolving  toothed  cylinder,  placed 
within  a  strong  hollow  case.  The  raspings  were  then 
passed  between  rollers,  macerated  in  hot  water,  and 
well  agitated.  They  were  next  washed  in  cold  water, 
and  then,  by  means  of  a  hydraulic  apparatus,  driven  at 
a  boiling  water  temperature  through  wire-gauze  sieves, 
attached  to  the  bottom  of  hollow  vertical  cylinders. 
Emerging  from  the  sieves  in  plastic  masses  of  exceed- 
ing purity,  the  gutta-percha  was  then  submitted  to  the 
powerful  action  of  the  masticators  already  described, 
to  expel  from  the  purified  substance  the  last  traces  of 
water,  and  to  render  it  sound,  compact,  and  homoge- 
neous throughout.  When  thoroughly  masticated  and 
kneaded,  it  was  then  introduced  into  the  horizontal 
cylinders,  shown  in  the  drawing ;  and  through  these, 
which  were  heated  by  steam  to  keep  the  gutta-percha 
in  a  uniformly  soft  and  plastic  state,  it  was  squeezed 
by  means  of  screw  pistons,  worked  down  slowly  but 
resistlessly  by  the  machinery.  Under  this  pressure 
the  gutta-percha  emerged,  as  in  tube-moulding,  through 
a  die,  which  received  the  termination  of  two  cylinders, 
and  which  at  the  same  time  had  the  strand  of  copper 
wire  moving  along  through  its  centre,  instead  of  being 
stationary  like  the  mandril  in  tube-moulding.  The 
strands  were  drawn  forward  between  the  cylinders  and 
through  the  die  by  a  revolving  drum.  They  entered 
the  die  in  the  form  of  bright  copper  wire,  and  issued 
from  it  like  brown  tubes  or  cords  of  gutta-percha.  Six 
of  these  strands  are  represented  in  the  drawing  as 
being  coated  together,  ranging  along  side  by  side ; 
and  this  operation  was  repeated  a  second  and  third 
time,  to  produce  what  is  termed  the  core  of  the  Atlan- 
tic cable. 

Patent  Moulding. — In  March,  1855,  a  patent  was 


taken  by  Mr.  Charles  Goodyear  for  ingeniously  ex- 
tending the  principle  of  the  apparatus  above-described 
to  moulding  of  every  description ;  in  other  words,  the 
machine  which  he  employs  is  constructed  in  a  similar 
manner  to  those  now  employed  for  coating  telegraph 
wires,  and  for  moulding  tubes.  Like  these,  it  consists  of 
a  cylinder  or  barrel, into  which  the  gutta-percha  is  intro- 
duced, and  into  the  cylinder  or  barrel  a  piston  works, 
being  operated  on  by  a  screw  or  rack-and-pinion,  or 
otherwise.  In  this  case,  also,  the  cylinder  is  enveloped 
in  a  steam-jacket  to  keep  the  contained  material  at  a 
suitable  temperature,  and  in  the  end  of  the  cylinder  is 
formed  a  nozzle  or  orifice,  through  which  the  contents 
are  forced  into  the  mould  by  the  motion  of  the  piston. 
The  moulds  are  constructed  of  two  or  more  pieces,  of 
metal,  which  are  held  together  with  bolts  and  nuts;  they 
are  formed  with  a  suitable  interior  configuration  for 
producing  the  article  desired ;  and  there  are  two  or 
more  passages  which  lead  into  the  cavity,  the  largest 
of  which  is  for  the  purpose  of  allowing  the  plastic  sub- 
stance to  pass  into  the  mould,  and  the  others  for  allow- 
ing the  air  contained  in  the  mould  to  escape.  When 
the  piston  advances,  it  forces  the  gutta-percha  from  the 
barrel  or  cylinder  into  the  mould,  until  it  begins  to 
escape  from  the  air  orifices.  The  piston  is  then  arrested, 
and  the  mould,  when  removed  and  emptied,  is  ready 
to  be  again  filled. 

Vulcanized  Gutta-Peeciia. — Among  other  pro- 
perties in  which  gutta-percha  strikingly  resembles 
caoutchouc,  is  the  change  which  it  undergoes  when 
intimately  mixed  with  sulphur  or  its  compounds,  and 
afterwards  submitted  to  a  somewhat  elevated  tempera- 
ture in  close  vessels.  By  this  vulcanizing  treatment, 
as  the  process  is  termed,  it  is  rendered,  like  caoutchouc, 
less  readily  affected  by  changes  of  temperature,  and 
more  permanently  soft  and  elastic,  so  as  to  be  better 
fitted  for  bands  and  other  purposes.  To  effect  this 
remarkable  modification,  it  is  subjected  to  precisely  the 
same  methods  of  treatment  as  caoutchouc,  and,  indeed, 
it  is  frequently  combined  with  that  substance  to  give 
it  the  pliancy  and  elasticity  required  for  some  of  its 
applications.  Accordingly,  most  of  the  patents  which 
have  been  taken  in  connection  with  this  subject,  are 
not  confined  to  gutta-percha,  but  embrace  also  caout- 
chouc and  various  combinations  of  these  with  each 
other,  as  well  as  with  other  substances. 

In  Vol.  I.,  pages  448  and  449,  of  this  work,  there  are 
two  methods  described  of  vulcanizing  caoutchouc — one 
of  which  consists  in  kneading  it  with  sulphur  or  its 
compounds ;  the  other,  in  immersing  it  in  liquid  com- 
pounds which  hold  sulphur  in  combination,  and  after- 
wards, in  both  cases,  exposing  it  to  the  requisite  heat. 
Gutta-percha  may  likewise  he  vulcanized  by  either  of 
these  methods,  or  by  exposing  it  to  the  action  of  a 
mixture  of  steam  and  sulphurous  vapors  in  Hancock's 
apparatus,  which  was  patented  in  1847,  and  is  figured 
and  described  at  the  pages  above  referred  to. 

In  March,  1846,  Mr.  Alexander  Parkes  of  Bir- 
mingham obtained  a  patent  for  vulcanizing  caoutchouc 
and  gutta-percha,  by  dissolving  it  in  bisulphide  of  carbon, 
coal-naphtha,  turpentine,  or  any  other  suitable  solvent ; 
preferring,  however,  the  bisulphide  of  carbon  for  the 
purpose,  along  with  chloride  of  sulphur.    The  caout- 
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chouo  or  gutta-percha,  when  taken  out  of  the  solution, 
is  suspended  in  a  drying-room  or  stove,  heated  to  about 
80°;  and,  when  the  solvent  has  evaporated,  the  gutta- 
percha is  well  washed  in  water,  or  boiled  for  one  hour 
in  a  solution  of  caustic  potassa  or  soda,  containing  one 
pound  of  the  alkali  to  a  gallon  of  water.  The  gutta- 
percha being  then  dried,  is  ready  for  use. 

Mr.  Hancock,  in  the  specification  of  his  first  patent, 
of  November,  1846,  recommended  the  sulphurizing  of 
gutta-percha  by  means  of  sulphides,  such  as  orpiment 
or  liver  of  sulphur,  in  preference  to  sulphur  itself;  and 
in  that  specification  he  stated,  that  though  a  portion 
of  sulphur  might  be  used  in  place  of  an  equal  portion 
of  sulphide,  yet  he  considered  the  use  of  sulphur  to  be 
altogether  objectionable,  because  of  its  offensive  smell 
and  tendency  to  efflorescence.  Subsequently,  however, 
he  ascertained,  as  stated  in  the  specification  of  his 
second  patent,  of  date  February,  1847,  that  if  a  very 
minute  portion  of  sulphur  be  used  along  with  a  sul- 
phide, a  better  result  is  obtained  from  a  combination 
of  the  two  than  from  either  substance  alone.  The 
proportions  which  he  found  best  in  practice  were  six 
part3  of  sulphide  of  antimony,  sulphide  of  calcium, 
or  some  other  analogous  sulphide,  and  one  part  of  sul- 
phur, to  every  forty-eight  parts  of  gutta-percha.  When 
the  mixture  of  these  materials  has  been  effected,  he 
places  the  compound  in  a  boiler,  and  raises  it,  under 
pressure,  to  a  temperature  of  260°  to  300°,  in  which 
state  he  leaves  it  for  a  period  varying  from  half  an 
hour  to  two  hours,  according  to  the  thickness  of  the 
materials ;  by  which  time  it  becomes  completely  vul- 
canized, or,  in  other  words,  inelallo-thionized. 

In  August,  1851,  a  patent  was  taken  by  Mr.  Stephen 
Moulton,  for  applying  to  gutta-percha  his  process  for 
vulcanizing  caoutchouc  with  hyposulphite  of  lead,  to 
which  allusion  has  been  made  in  the  article  Caout- 
chouc, Vol.  I.,  p.  450.  The  same  process  is  ap- 
plied to  a  combination  of  equal  parts  of  gutta-percha 
and  caoutchouc,  as  to  either  of  these  alone ;  and  when 
it  is  desired  to  produce  a  hard-cured  gutta-percha,  or 
a  hard  composition  of  gutta-percha  and  caoutchouc, 
described  by  the  patentee  as  similar  to  horn  or  ivory, 
he  adds  from  two  to  twelve  ounces  of  calcined  mag- 
nesia to  each  pound  of  gutta-percha  composition,  alone 
or  combined  with  caoutchouc.  The  whole  is  then 
exposed  in  a  close  vessel  to  steam  or  dry  heat  of  from 
250°  to  300°,  for  a  period  of  time  which  will  vary  from 
two  to  ten  hours,  according  to  the  thickness  of  the 
material  and  the  quantity  of  goods  introduced  in  one 
mass.  The  patentee  adds,  that  after  the  gutta-percha 
goods,  whether  in  the  form  of  coated  cloth,  sheet  gum, 
moulded,  or  any  other  article,  have  undergone  this 
process,  which  he  terms  curing,  they  will  be  found  not 
only  impermeable  to  wet,  but  extremely  tenacious, 
possessing  the  elastic  property  of  the  cured  caoutchouc, 
and  also  unaffected  by  changes  of  temperature. 

In  December,  1856,  a  patent  was  taken  by  Mr. 
Emory  Rider  of  London,  for  improvements  in  the 
method  of  vulcanizing  gutta-percha ;  the  principal 
novelty  of  which  consists  in  the  addition  of  one  part  of 
sulphur,  or  an  equivalent  thereof  in  some  of  its  com- 
pounds, and  one  part  of  litharge,  to  sixty-six  parts  of 
the  gutta-percha,  prior  to  the  exposure  of  the  latter  to 


a  temperature  of  235°  to  245°,  for  the  purpose  of 
expelling  the  volatilizable  ingredients.  The  sulphur 
or  hyposulphite  of  lead  or  zinc,  or  the  artificial  sulphide 
of  lead,  or  other  compound  of  sulphur  employed  for  this 
purpose,  is  first  mixed  with  the  gutta-percha,  and  then 
thoroughly  incorporated  by  passing  the  mixture  re- 
peatedly between  metallic  rollers  heated  to  a  tempera- 
ture sufficient  to  make  the  gutta-percha  very  soft,  and 
easily  kneaded  or  worked.  The  mode  of  effecting  this, 
which  Mr.  Rider  states  that  he  has  found  to  be  most 
beneficial  in  practice,  is  by  the  employment  of  a  ma- 
chine in  which  the  rollers  work  at  different  degrees  of 
speed,  and  produce  a  teasing  or  grinding  action,  which 
he  regards  as  of  considerable  importance  in  working 
the  material.  After  being  thoroughly  incorporated 
and  ground,  the  material  is  placed  in  a  strong  metal 
vessel,  which  is  filled  to  about  one-third  of  its  capacity, 
so  as  to  leave  ample  room  for  the  swelling  or  expan- 
sion of  the  compound  under  the  action  of  heat.  It  is 
then  exposed  to  a  temperature  of  about  235°  to  245° 
for  about  three  hours,  and  for  this  purpose  the  paten- 
tee prefers  steam-heat,  by  which  he  is  enabled  to 
subject  the  gum  under  treatment  to  a  greater  pressure, 
and  to  obtain  a  more  regular  degree  of  heat  than  by 
other  means.  He  adds,  that  the  gutta-percha,  having 
undergone  this  preliminary  heating,  may  be  vulcanized 
by  the  application  of  a  much  lower  degree  of  heat  than 
has  been  ordinarily  used  in  that  process,  and  that  he 
has  found  a  temperature  of  255°  to  265°  to  be  sufficient 
to  effect  the  change. 

Renovation  of  Vulcanized  Gutta-Perciia. — 
The  fact  that  caoutchouc  or  gutta-percha,  or  com- 
pounds of  these  substances  which  have  undergone  the 
change  produced  by  the  vulcanizing  process,  can  in 
that  state  be  only  very  partially  acted  on  by  solvents, 
and  with  difficulty  wrought  by  any  of  the  usual  means 
employed  when  operating  upon  the  natural  substance, 
renders  it  necessary  to  mould  and  finish  the  articles 
before  they  are  submitted  to  this  process,  or  to  vulca- 
nize them  in  the  moulds,  having  previously  mixed  the 
gutta-percha  with  the  sulphur  in  the  kneading  or 
masticating  machine.  By  the  process  of  vulcanizing, 
properly  so  called,  is  meant  the  subsequent  heating, 
which  can  be  applied  in  the  act  of  moulding,  when  the 
articles  require  to  be  submitted  to  that  operation. 

But  that  very  circumstance  which  renders  it  impos- 
sible to  shape  or  manufacture  gutta-percha  into  new 
forms  after  it  has  passed  through  the  vulcanizing  pro- 
cess— namely,  the  difficulty  of  acting  on  the  vulcanized 
material  either  by  means  of  heat  or  the  usual  solvents 
— must  entail  a  considerable  loss  in  the  shape  of  waste, 
unless  it  be  possible  by  some  expedient  to  renovate  the 
vulcanized  gum,  and  restore  it  to  its  original  state.  It 
was  stated  in  the  article  Caoutchouc,  Vol.  I.,  p.  448, 
that  the  separation  of  the  sulphur  from  that  substance 
presented  so  many  difficulties  that  it  had  not  yet  been 
accomplished.  It  may  here  be  remarked,  however, 
that  several  attempts  have  been  made  to  effect  this 
desirable  object,  and  that,  so  early  as  in  1846,  Mr. 
Parkes  proposed  and  patented  a  method  which  is  at- 
tended with  partial  success.  According  to  this  method, 
eight  or  ten  pounds  of  the  waste-cuttings,  or  old  and 
worn  articles,  either  of  caoutchouc  or  gutta-percha,  are 
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boiled  in  twenty  pounds  of  the  chloride  of  calcium,  for 
a  longer  or  shorter  period  according  to  the  thickness  or 
bulk  of  the  substance,  until,  by  testing  a  few  of  the 
pieces,  it  is  found  to  be  in  a  state  to  be  readily  united 
by  pressure.  It  is  then  removed  from  the  bleaching 
liquor,  and  washed,  first  in  a  hot  alkaline  water,  and 
afterwards  in  pure  water,  also  hot,  when  he  states  that 
the  substance  may  be  re-manufactured,  and  again  sub- 
mitted to  either  of  the  vulcanizing  processes  already 
described. 

In  January,  1856,  a  patent  was  granted  to  Mr.  Na- 
thaniel Shattswell  Dodge,  for  a  method  which  is 
stated  to  be  more  effective,  and  by  which,  in  the  words 
of  the  patentee,  scraps  or  waste  pieces  of  vulcanized 
india-rubber,  or  vulcanized  gutta-percha — such,  for  ex- 
ample, as  old  shoes,  railway-buffers,  carriage-springs,  et 
cetera — may  be  rendered  fit  to  be  re- used  or  worked  up 
into  useful  articles  or  fabrics,  without  requiring  to  be 
re-vulcanized.  For  this  purpose,  the  material  to  be 
treated,  if  existing  in  large  pieces,  is  reduced  into 
smaller  ones,  and  is  then  placed  in  a  vessel  capable  of 
being  hermetically  closed  or  made  air-tight.  To  this 
material  is  now  added  pure  alcohol — alcohol  ahsolutus 
— and  bisulphide  of  carbon,  in  the  proportion  of  a  quar- 
ter of  a  pound  of  the  former  and  ten  pounds  of  the 
latter  to  one  hundred  pounds  of  the  material,  the  alco- 
hol and  the  bisulphide  being  previously  mixed  together, 
and  then  poured  over  the  material  to  be  treated.  The 
vessel  containing  the  ingredients  is  then  closed  air- 
tight, and  allowed  to  remain  so  for  about  two  hours, 
more  or  less,  at  the  expiration  of  which  time  the  cover 
may  be  removed,  when  the  whole,  says  the  patentee, 
is  found  to  be  in  a  soft,  plastic,  or  gummy  state,  and 
ready  to  be  ground  in  the  ordinary  way  of  grinding 
such  gums,  for  the  purpose  of  manufacturing  it  into 
various  useful  or  ornamental  articles  without  repeating 
the  process  of  vulcanizing.  By  adding  a  larger  propor- 
tion of  the  alcohol  and  bisulphide  of  carbon,  the  gums 
may  be  reduced  to  a  liquid  state.  The  relative  propor- 
tions of  the  two  may,  however,  be  varied  according  to 
circumstances,  and  the  effect  which  it  is  desired  to 
produce. 

Various  Compounds  of  Gutta-Percha. — In  ad- 
dition to  that  combination  of  gutta-percha  with  sulphur 
or  its  compounds,  which,  with  the  subsequent  exp..jure 
of  the  material  to  a  high  temperature,  constitutes  the 
process  of  vulcanizing,  a  great  variety  of  patents  have 
been  taken  for  combining  this  substance  with  other 
materials  to  render  it  softer  or  harder,  more  or  less 
elastic,  or  more  durable,  and  so  to  fit  it  for  one  or  other 
of  the  almost  innumerable  purposes  to  which  it  has 
been  proposed  to  apply  it.  To  enumerate  the  whole 
of  these  patents  in  detail,  so  as  to  describe  with  pre- 
cision the  various  processes  and  applications  proposed, 
would  both  exhaust  the  patience  of  the  reader  and  ex- 
ceed the  limits  of  this  work.  It  is  necessary,  however, 
to  give  an  abstract  of  the  most  important  of  these 
patented  compounds  and  processes,  to  prepare  the 
reader  for  a  subsequent  enumeration  of  the  wonderful 
variety  of  uses  to  which  this  valuable  substance  has 
already  been  rendered  subservient ;  and,  in  doing  so, 
the  Editor  conceives  that  the  best  arrangement  he  can 
adopt  is  to  follow  the  order  of  dates  : — 


Mr.  Hancock's  patent  for  January,  1846 — the  first 
patent  taken  on  the  subject — embraced  a  claim  for 
making  a  compound  elastic  water-repelling  substance, 
for  manufacturing  purposes,  by  mixing  gutta-percha 
with  jintawan,  a  somewhat  similar  material  then 
recently  imported  from  the  East  Indies,  and  also 
with  caoutchouc,  or  with  both,  in  proportions  vary- 
ing according  to  the  softness,  stiffness,  pliancy,  or  ex- 
tensibility which  it  was  proposed  to  give  to  the  com- 
pound. '  He  states  in  his  specification,  that  a  good 
composition  for  bands  or  tape  is  formed  by  combining 
fifty  parts  of  gutta-pereha,  twenty-four  parts  of  jinta- 
wan, twenty  of  caoutchouc,  and  six  of  orpiment.  These 
are  incorporated  together  in  the  masticating  machine, 
and  the  combination  is  facilitated  by  moistening  the 
mass  with  rectified  oil  of  turpentine,  or  some  other 
solvent.  The  orpimented  or  sulphurised  compound  is 
then  exposed  to  a  heat  of  from  300°  to  340°,  for  a 
period  varying  according  as  the  temperature  is  higher 
or  lower.  With  a  heat  of  300°  about  sixty  minutes 
are  required ;  while  fifteen  minutes  are  sufficient  for  a 
temperature  of  340°.  The  required  heat  may  be  ob- 
tained either  by  means  of  high-pressure  steam,  or  of 
water  heated  under  pressure,  or  of  hot  air. 

Another  claim  embraced  in  Mr.  Hancock's  first 
patent  consisted  in  a  method  of  improving  gutta-percha 
in  softness  and  pliancy,  as  also  its  combinations  with 
caoutchouc  and  jintawan,  supposing  the  substance, 
whether  single  or  compound,  to  have  been  previously 
sulphurised.  For  this  purpose,  he  subjects  the  article, 
whether  in  the  state  of  blocks,  sheets,  threads,  or  any 
other  form,  to  the  action  of  sulphurous  acid,  either  by 
exposing  it  to  the  acid  in  the  state  of  vapor,  or  by 
steeping  it  in  water  impregnated  with  the  acid,  or  by 
spi'eading  over  the  article  a  paste  made  of  sulphuric 
acid  and  ivory,  or  bone-dust,  or  animal  charcoal,  and 
then  placing  it  in  a  steam-heated  vessel  or  chamber. 

Another  method  of  producing  the  same  effect — 
claimed  also  in  the  same  patent — consists  in  adding  to 
the  gutta-percha  and  its  compounds  when  passing 
through  the  masticating  machine,  and  whether  they 
are  mixed  or  not  with  orpiment  or  any  other  sulphide, 
about  ten  per  cent,  of  vegetal  wax  or  tallow. 

In  October,  1847,  a  patent  was  taken  by  Mr.  Thomas 
Forster,  for  combining  gutta-percha  with  animal  char- 
coal, hydrate  or  milk  of  sulphur,  ground  whalebone, 
fragrant  essential  oils,  musk,  tonquin  beans,  orris  root, 
or  gum-benzoin,  and  for  applying  all  or  either  of  these 
ingredients,  alone  or  in  combination  with  caoutchouc 
or  other  matters,  to  fabrics  or  leather  for  clothing, 
lining  for  railway  carriages,  cart  and  rick  covers,  wrap- 
pers for  goods,  et  cetera.  For  this  purpose  the  gutta- 
percha is  first  cleansed  or  purified,  and  then  put  into  a 
hot  mastrating  pan  with  one  or  more  of  the  substances 
above-mentioned,  in  the  proportion  of  four  parts  of  the 
gutta-pereha  to  one  of  animal  charcoal;  or  four  of 
gutta-percha,  two  of  india-rubber,  and  two  of  animal 
charcoal.  The  latter  should  be  of  the  finest  descrip- 
tion, and  carefully  sifted  through  a  very  fine  sieve. 
When  these  matters  arc  thoroughly  incorporated,  a 
portion  of  any  solvent  is  to  bo  added — by  preference, 
oil  of  coal — in  such  proportions  as  are  needful  for  the 
particular  fabric  to  be  coated.    The  patentee  found 


GUTTA-PERCHA 


equal  weights  of  each  to  be  good  proportions.  When 
the  gutta-percha  and  solvents  are  well  combined  by 
heating  them  in  a  vessel  enveloped  in  a  steam-jacket, 
and  are  in  a  fit  state  to  be  spread  upon  the  fabrics,  Mr. 
Forster  adds  orris  root  or  other  perfumes  in  such 
proportions  as  are  necessary  to  give  the  goods  the 
desired  scent ;  but  if  caoutchouc  is  a  component  part 
of  the  compound,  he  says  it  is  best  to  use  orris  root, 
tonquin  beans,  musk,  or  gum-benzoin  only,  as  the  fra- 
grant essential  oils  are  apt  to  act  injuriously  upon  the 
rubber  in  the  course  of  time.  For  coarse  goods,  such  as 
carriage  covers  and  the  like,  he  takes  gutta-percha  four 
parts,  ground  whalebone  and  hydrate  of  sulphur,  each 
one  part,  and  one-sixteenth  part  of  any  mineral  pre- 
servative of  vegetal  matter — by  preference,  arsenic — 
works  the  whole  in  a  mastrating  pan,  and  afterwards 
spreads  it  upon  the  fabrics,  with  or  without  a  solvent. 
If  the  fabrics  are  required  to  be  of  any  particular  tint, 
he  adds  to  any  of  the  above  compositions  the  color 
necessary  to  produce  it. 

In  forming  such  articles  as  are  required  to  resist 
moisture,  as  buttons,  tea-trays,  military  ornaments,  et 
cetera,  he  first  saturates  the  fabrics  with  any  water-repel- 
lent matter,  preferring  for  this  purpose  boiled  linseed  oil, 
dries  them  thoroughly  in  a  stove,  and  then  coats  them 
with  the  first-mentioned  composition  of  gutta-percha. 
In  making  panels  for  carriages,  doors,  boxes,  et  cetera, 
he  uses  staves  of  wood,  deal  as  the  cheapest,  and  coats 
them  with  any  of  his  gutta-percha  compositions,  using 
one  part  of  the  composition  to.  two  of  the  solvent. 
When  the  solvent  has  thoroughly  dried,  he  takes  pieces 
of  the  required  size  and  heats  them,  lays  one  upon  the 
other,  taking  care  to  reverse  the  grain  of  the  wood,  and 
then  presses  the  whole  while  hot,  keeping  the  pressure 
upon  them  till  cold. 

The  compositions  he  prefers  for  moulding  without 
fabrics  are — gutta-percha  four  parts,  bone-charcoal 
two  parts,  and  one-sixteenth  part  of  arsenious  acid ;  or, 
gutta-percha  four  parts,  ground  whalebone  or  the  rasp- 
ing of  horns  and  hoofs  two  parts..  If  a  hard  composi- 
tion of  a  light  color  is  required,  he  uses  gutta-percha 
three  parts,  ivory  or  bone-dust  one  part,  and  Cornish 
clay  a  half  part.  He  states  that  a  large  quantity  of 
animal  charcoal  or  bone-dust  will  make  these  composi- 
tions much  harder  at  the  expense  of  their  toughness. 
The  articles  he  makes  directly  from  these  solid  com- 
positions are  carriage  and  other  wheels,  ornamental 
leaves  and  scrolls  for  furniture,  military  and  other  orna- 
ments for  harness,  trays,  frames,  cornices,  leaves,  and 
flowers.  The  quantity  of  perfumes  to  be  used  in  any 
of  these  compositions  must  depend  upon  the  purity  of 
the  material.  He  finds,  however,  that  of  orris  root 
half  a  pound  to  every  five  pounds  of  the  composition 
is  necessary;  of  benzoin,  tvue^ ounces  to  every  five 
pounds ;  of  the  essential  oils,  about  half  an  ounce  to 
five  pounds. 

To  finish  the  surfaces  of  fabrics  or  leather  prepared 
with  gutta-percha  or  its  combinations,  he  coats  them 
with  transparent  colors,  made  by  combining  the  colors 
with  oils  or  varnishes.  His  mode  of  operating  is  as 
follows: — Suppose  the  fabric  is  coated  with  gutta- 
percha, and  animal  charcoal  or  lamp-black,  the  color 
would  be  a  dull  black  ;  to  improve  upon  this,  he  takes 
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ten  pounds  of  linseed  oil  and  twenty  ounces  of  Prussian 
blue,  grinds  and  mixes,  boils  the  whole  gently  until  it 
is  as  thick  as  treacle,  which  is  readily  seen  by  trying  a 
drop  on  a  bit  of  glass,  and  when  cold  it  will  be  found 
to  be  a  brown  transparent  varnish.  Apply  a  thin  coat 
to  the  surface  of  the  cloth,  it  will  be  dry  in  a  few  hours, 
and  in  drying  will  absorb  oxygen  and  become  blue, 
thus  giving  the  cloth  the  fine  color  of  black  enamelled 
leather. 

If  other  colors  are  required — as  red,  for  example — 
the  fabric  should  be  coated  with  gutta-percha  and  ver- 
milion. Take  one  pound  of  any  oil-varnish,  or  pale 
linseed,  nut,  or  poppy  oil,  previously  made  drying  by 
any  of  the  ordinary  methods,  and  three  ounces  of  crim- 
son lake  ;  grind  them  well  together,  and  coat  the  fabric 
with  a  thin  layer.  If  the  fabric  has  been  embossed  or 
corked  to  imitate  morocco  leather,  the  result  will  not 
be  a  bad  imitation  of  that  article.  Of  course,  any  tinge 
may  be  produced  by  a  similar  process. 

In  July,  1848,  Mr.  Anthony  Lorimer  obtained  a 
patent  for  improvements  in  the  means  of  purifying 
gutta-percha,  and  for  new  combinations  of  that  sub- 
stance with  other  materials.  The  first  part  of  the 
method  claimed  consists  in  a  somewhat  intricate 
system  of  knives  and  other  machinery  for  slicing  and 
kneading  the  gutta-percha ;  the  second  consists  in  com- 
bining it  with  burned  clay,  burned  flint,  broken  articles 
of  porcelain  and  earthenware,  marble,  Portland,  Cor- 
nish, and  other  stones,  all  crushed  and  sifted ;  also,  the 
oxides  of  zinc  and  copper,  the  hydrate  and  oxalate  of 
lime ;  also  a  compound  of  lime  slacked  with  oxalic  acid 
dissolved  in  water.  He  uses  about  three  pounds  of  acid 
to  a  bushel  of  lime,  the  acid  being  first  dissolved  in  a 
quantity  of  water  suitable  for  slacking  that  proportion  of 
lime.  For  making  soles  for  boots  and  shoes,  the  great 
object  is  to  incorporate  as  much  of  either  of  the  above 
matters,  or  mixtures  thereof,  as  the  gutta-percha  will 
take  up,  and  retain  a  flexible  and  adhesive  character ; 
but  in  cases  where  the  compounds  are  to  be  subjected 
to  strain,  such  as  straps  and  bands,  then  smaller  quan- 
tities of  these  substances  must  be  combined  with  tho 
gutta-percha.  The  gutta-percha  compounds  so  pro- 
duced may  be  moulded  into  any  desired  form,  or 
pressed  into  sheets  between  rollers. 

In  November,  1854,  a  patent  was  taken  by  Henri 
Jules  Duvivier  and  Henri  Chaudet  of  Paris,  for  a 
method  of  treating  gutta-percha  with  the  chloride,  bro- 
mide, iodide,  or  fluoride  of  sulphur,  or  with  the  corre- 
sponding compounds  of  phosphorus,  boron,  silicon,  and 
arsenic,  or  the  bichlorides  of  tin  and  antimony ;  but 
of  these  substances  the  patentees  prefer  to  employ  the 
chloride  of  sulphur,  although  they  allege  that  results 
similar  to  those  obtained  by  the  use  of  that  compound 
may  be  obtained  by  the  use  of  any  of  the  other  com- 
pounds above-mentioned.  The  process  which  they 
adopt  for  applying  these  substances  is  merely  a  modi- 
fication of  that  vulcanizing  process  originally  patented 
by  Mr.  Parkes.  The  gutta-percha  is  dissolved  in 
bisulphide  of  carbon,  the  solution  being  made  in  a  close 
vessel,  and  at  a  temperature  of  86°.  This  menstruum, 
when  purified  by  deposition,  is  evaporated  to  dryness, 
and  another  clear  solution  is  made,  to  which  from  two 
to  fifteen  per  cent,  or  more  of  chloride  of  sulphur, 
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diluted  with  bisulphide  of  carbon,  is  added  and  well 
mixed ;  or  if  any  of  the  other  substances  before  men- 
tioned are  employed  in  place  of  chloride  of  sulphur, 
then  from  fifteen  to  fifty  per  cent,  should  be  employed. 
The  patentees  make  the  following  interesting  state- 
ments with  reference  to  the  properties  of  the  resulting 
compounds,  according  to  the  proportions  in  which  the 
ingredients  are  mixed  : — 

1.  By  mixing  only  two  per  cent,  of  chloride  of  sul- 
phur, or  only  fifteen  per  cent,  of  the  other  substances, 
with  the  sirupy  solution  of  gutta-percha,  a  compound  is 
obtained  which  does  not  materially  differ  from  gutta- 
percha in  its  properties. 

2.  When  more  than  two  per  cent,  of  chloride  of  sul- 
phur is  employed,  the  compound  can  be  extended  when 
heated  to  100°  or  120°,  and  it  remains  extended  when 
cooled,  but  retakes  its  original  form  when  again  heated ; 
and  at  about  212°  it  agglutinates. 

3.  When  five  per  cent,  of  chloride  of  sulphur  is  added, 
the  compound  only  differs  from  that  just  described  in 
being  less  softened  by  heat,  and  in  being  slightly  elastic 
when  cold. 

4.  When  ten  per  cent,  of  chloride  of  sulphur  is  added, 
the  properties  of  the  gutta-percha  are  quite  changed, 
and  the  compound  is  unaltered  bv  a  temperature  of 
212°. 

5.  When  above  fifteen  per  cent,  of  chloride  of  sul- 
phur is  added,  the  compound  becomes  horny  and  harder 
as  the  quantity  of  chloride  of  sulphur  increases. 

Articles  may  be  formed  from  these  compounds  by 
pouring  them  as  soon  as  mixed  into  metal  or  other 
suitable  moidds,  and  there  allowing  them  to  set.  In 
the  same  way  the  patentees  cast  blocks  of  elastic  gutta- 
percha, which  are  afterwards  cut  up  into  pieces  of  a 
suitable  size  for  rubbing  out  pencil  marks.  The  com- 
pounds may  also  be  used  for  glueing  or  attaching  one 
substance  to  another,  in  which  case  they  should  be 
applied  in  a  fluid  state,  and  the  two  surfaces  to  be 
attached  should  be  held  together  until  the  cement  is 
quite  hard.  When  attaching  leather  by  this  cement, 
the  surface  of  the  leather  should  be  made  rough.  Or 
the  process  may  be  varied  by  first  coating  the  surfaces 
to  be  attached  with  untransformed  gutta-percha,  and 
then  wetting  the  surfaces  with  a  solution  of  two  to  ten 
parts  of  chloride  of  sulphur  in  one  hundred  parts  of  bi- 
sulphide of  carbon,  and  pressing  the  surfaces  together 
till  hard. 

In  a  similar  manner,  articles  may  be  coated  with 
transformed  gutta-percha,  by  dipping  them  first  into  a 
sirupy  solution  of  gutta-percha  in  bisulphide  of  carbon, 
and  afterwards  plunging  them  into  a  bath  consisting  of 
two  to  ten  parts  of  chloride  of  sulphur  dissolved  in 
one  hundred  parts  of  bichloride  of  carbon. 

When  it  is  desired  that  the  gutta-percha  should  pene- 
trate, in  place  of  remaining  as  a  coating  on  the  surface 
of  the  article,  as  is  sometimes  desirable  when  treating 
sheets  of  fabric,  wood,  leather,  and  similar  materials ; 
then,  in  place  of  simply  dipping  the  article  in  the 
solution  of  gutta-percha,  it  is  allowed  to  soak  therein 
for  twenty-four  to  thirty-six  hours,  and  is  moderately 
heated,  passed  between  rollers,  and  afterwards  dipped 
into  a  solution  of  ten  parts  of  chloride  of  sulphur  m  one 
hundred  pai-ts  of  bisulphide  of  carbon. 
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If  the  articles  subjected  to  these  processes  are  of 
such  a  nature  that  they  would  be  damaged  by  the  acid 
vapors  formed  during  the  operation,  the  patentees  state 
that  carbonate  of  soda  should  be  mixed  with  the  solution 
of  gutta-percha,  in  quantity  sufficient  to  neutralize  the 
acid  formed. 

In  June,  1855,  a  patent  was  taken  by  P.  Augustin 
Godefroy  for  mixing  cocoa-nut  shells  in  a  finely- 
ground  or  comminuted  state  with  gutta-percha  in  the 
process  of  its  manufacture,  by  which  it  is  alleged  that 
the  following  advantages  are  obtained : — 1.  Consider- 
able economy  in  the  manufacture ;  2.  Greater  dura- 
bility in  the  product,  especially  when  applied  to  the 
manufacture  of  boot-soles,  clogs,  goloshes,  and  other 
articles  exposed  to  much  wear ;  and  3.  Greater  elas- 
ticity, with  the  power  of  resisting  a  higher  temperature 
than  ordinary  gutta-percha.  By  grinding  machinery 
fitted  for  the  purpose,  the  patentee  reduces  the  cocoa-nut 
shells  to  powder  of  three  degrees  of  fineness.  The  first, 
or  finest  quality,  he  employs  for  mixing  with  gutta- 
percha intended  for  tubing,  for  an  insulating  coating  to 
telegraph  wires,  and  such  like  purposes;  the  second  or 
coarser,  for  driving-bands,  boot-soles,  ornamental  mould- 
ings, et  cetera;  the  third,  or  coarsest  quality,  for  lining 
ships,  for  hut  linings,  for  covering  floors  and  walls,  and 
other  similar  purposes.  The  Editor  can  see  no  ob- 
jection to  a  little  adulteration  of  the  gutta-percha  for 
the  latter  two  modes  of  its  application ;  perhaps  the 
admixture  of  cocoa-nut  shell  might  even,  in  some 
respects,  increase  its  adaptation  for  these  and  other 
purposes ;  but  he  doubts  how  far  the  same  admixture 
would  improve  the  quality  of  gutta-percha  as  an  insu- 
lator of  electricity,  or  as  an  admixture  in  the  composi- 
tion of  tubes  intended  to  resist  acids,  and  to  be  imperme- 
able to  moisture. 

A  communicated  patent,  dated  November  27,  1855, 
was  taken  for  improvements  in  the  manufacture  of 
india-rubber  and  gutta-percha,  by  mixing  with  these 
materials  calcined  shells,  or  other  cheap  substances  of 
a  like  nature,  so  that  when  afterwards  vulcanized  and 
rendered  hard  by  being  subjected  to  a  high  degree  of 
heat,  the  material  may  be  applicable  to  the  manufacture 
of  bobbins,  cylinders,  rollers,  racks,  ratchet-wheels,  and 
other  parts  of  spinning  machines.  Though  gutta-percha 
is  embraced  in  the  patent,  india-rubber  seems  to  be  the 
substance  to  which  the  admixture  of  calcined  shells  is 
considered  most  applicable. 

In  August,  1856,  a  patent  was  taken  by  Mr.  Charles 
Goodyear  for  an  improvement  in  combining  gutta- 
percha with  asphalte  or  pitch.  The  method  previously 
in  use  was,  to  combine  gutta-percha  and  asphalte  by 
masticating  the  two  together,  in  the  same  manner  as 
gutta-percha  and  india-rubber  are  combined  in  the 
kneading  machine.  Mr.  Goodyear's  improvement 
consists  in  effecting  the  combination  by  the  aid  of  hot 
water,  by  which  the  two  matters  are  softened,  and  made 
comparatively  fluid.  For  this  purpose  a  close  vessel  is 
used,  into  which  the  substances  are  introduced,  mixed 
with  a  quantity  of  water,  and  the  temperature  is  raised 
to  such  a  degree  as  to  melt  both ;  after  which  they  are 
to  be  well  stirred,  to  blend  them  together.  He  con- 
siders that  this  melting  of  them  together  effects  the 
most  perfect  combination.     And  having  been  thus 
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thoroughly  blended  in  a  fluid  state,  they  may,  when 
desired,  be  further  combined  with  sulphur,  also  with 
india-rubber  and  other  matters;  and  the  various  com- 
pounds thus  produced  are,  when  required,  subjected  to 
high  temperatures,  in  order  to  produce  the  change 
which  is  known  as  vulcanizing. 

Waterproofing  and  Deodorizing. — Mr.  Han- 
cock's patent  of  January,  1846,  embraced  a  method  of 
producing  Tarnishes  which  might  be  applied  to  the 
waterproofing  of  leather  or  cloths;  and  by  applying  them 
either  alone  or  mixed  with  coloring  matters  to  gutta- 
percha or  its  compounds,  or  to  articles  made  from  them, 
they  might  have  a  fine  glossy  exterior  given  to  them, 
and  the  smell  of  any  ingredients  which  might  have 
been  mixed  up  with  them,  such  as  that  of  the  sul- 
phur in  vulcanizing,  would  be  effectually  removed. 
For  this  purpose  he  mixed  gutta-percha  and  caout- 
chouc, or  gutta-percha  and  jintawan—  using  the  sub- 
stances indifferently,  so  far  as  regards  the  proportion 
one  bears  to  the  other — with  sulphur  or  orpiment,  or 
other  sulphide,  in  the  proportions  that  are  usually  em- 
ployed for  vulcanizing,  with  about  eight  to  ten  parts  of 
animal  or  vegetal  wax,  or  animal  or  vegetal  fatty 
matter,  and  then  dissolved  in  rectified  spirits  of  turpen- 
tine, and  evaporated.  He  adds  that  these  varnishes, 
mixed  with  colors,  may  be  used  for  the  purpose  of 
painting  or  printing  cloth,  leather,  or  any  other  fabric, 
and  will  he  found  very  useful  as  waterproof  cements, 
particularly  in  combining  gutta-percha  and  its  com- 
pounds with  silk,  cotton,  and  other  textile  fabrics. 

In  November,  1853,  a  patent  was  taken  by  Mr. 
Joseph  Fry  for  improvements  in  preparing  solvents 
for  india-rubber  and  gutta-percha,  and  in  rendering 
waterproof  fabrics  free  from  smell.  With  reference  to 
the  first  claim,  it  is  stated  in  the  specification,  that 
previously  the  solvents  employed  for  india-rubber  and 
gutta-percha  had  been  distilled  and  rectified  before 
their  application  ;  but  it  had  been  found  by  the  patentee 
that  these  solvents  are  improved  if  india-rubber  or 
gutta-percha  be  combined  with  the  solvents  before  dis- 
tilling them,  or  be  present  in  a  certain  proportion 
during  that  operation.  The  solvents  usually  employed 
for  waterproofing  purposes  are  turpentine  and  coal-naph- 
tha, or  coal-oil.  In  proceeding  to  distil  one  or  other  of 
these,  he  introduced  into  the  still,  along  with  tho  sol- 
vent, from  four  to  six  ounces  of  the  india-rubber  or 
gutta-percha  to  each  gallon  of  the  liquid;  and  he  affirms 
that  the  product  distilled  over  is  materially  improved 
for  the  purpose  of  its  subsequent  use  in  dissolving  larger 
quantities  of  the  same  substances,  while  the  residue  in 
the  still  will  be  found  useful  for  fabricating  common  or 
inferior  articles,  and  for  waterproofing  coarser  and 
lower-class  cloths.  Or,  by  another  method,  the  crude 
solvent  might  be  first  distilled  without  india-rubber  or 
gutta-percha  being  present,  and  afterwards  be  combined 
with  india-rubber  or  gutta-percha,  and  again  distilled 
or  rectified.  The  latter  mode  of  treatment  is  regarded 
by  the  patentee  as  producing  the  best  result. 

The  second  part  of  the  claim,  which  has  for  its  object 
the' removal  of  the  odor  of  articles  fabricated  of  india- 
rubber  or  gutta-percha  in  which  solvents  have  been 
used,  consists  in  subjecting  the  waterproof  cloths, 
whether  before  or  after  being  made  up  into  garments  or 


other  articles,  to  the  action  of  steam  in  a  close  chamber 
or  steam-chest;  and  for  this  purpose  the  patentee  does 
not  find  it  necessary  to  employ  steam  of  a  much  higher 
pressure  than  that  of  the  atmosphere.  A  longer  or 
shorter  time  is  required  to  remove  the  odor  of  the 
solvent,  according  to  the  amount  of  it  that  has  been 
present. 

Decoloring  Gutta-Percha. — In  February,  1853, 
a  patent  was  taken  by  Dr.  Normandy  for  decolor- 
ing gutta-percha  by  means  of  animal  charcoal,  em- 
bracing also  a  novel  method  of  forming  it  into  sheets 
and  balloons.  The  gutta-percha  to  be  operated  upon 
by  this  process  is  previously  purified  as  much  as  pos- 
sible by  cutting,  and  pressing  or  kneading  it  in  hot  water. 
It  is  then  exposed  at  a  gentle  heat  to  the  action  of  some 
volatile  solvent,  such  as  essence  of  turpentine  or  benzol, 
but  preferably  of  bisulphide  of  carbon,  in  which  latter 
case  no  heat  should  be  applied.  One  part  by  weight  of 
gutta-percha  dissolved  in  about  twenty  parts  of  solvent, 
yields  a  brown,  turbid,  sirupy  mass,  which  is  clarified 
and  partly  decolored  by  first  allowing  it  to  stand  till 
the  heaviest  particles  subside.  The  supernatant  liquid, 
still  much  colored,  is  thoroughly  purified  by  filtration 
through  animal  charcoal ;  it  is  then  put  into  a  still 
provided  with  a  refrigerator,  and  if  it  be  desired  to 
obtain  the  gutta-percha  in  a  solid  state,  the  distil- 
lation is  continued  to  dryness.  But  to  obtain  sheets, 
or  to  make  balloons,  shades,  and  various  other  forms 
of  gutta-percha,  the  patentee  proceeds  as  follows: — 
He  takes  the  purified  solution  of  gutta-percha  in  bi- 
sulphide of  carbon,  and  pours  a  certain  quantity  of  it 
into  a  vessel — for  example,  a  glass  cylinder  stopped  at 
one  end.  He  then  inclines  the  vessel,  and  turns  it  in 
every  direction,  until  its  sides  are  completely  and 
evenly  coated  over  internally  by  the  solution,  and  then 
allows  the  excess  of  liquid  to  drain  off,  by  holding  the 
glass  cylinder  with  its  mouth  downwards.  In  a  short 
time  the  bisulphide  of  carbon  volatilizes  completely, 
leaving  the  inside  of  the  glass  covered  with  a  film  or 
thin  lining  of  gutta  percha,  which  loosens  by  its  con- 
traction in  drying,  and  may  then  be  readily  extracted. 
Care  must  be  taken,  however,  not  to  touch  the  cylinder 
with  a  warm  hand,  for  the  gutta-percha  will  adhere  to 
the  glass  at  the  points  which  have  been  thus  warmed. 
If  the  part  which  was  in  contact  with  the  bottom,  or 
closed  part  of  the  cylinder,  be  now  cut  off,  a  cylinder 
of  gutta-percha,  open  at  both  ends,  is  obtained,  and 
this  being  cut  longitudinally,  will  form  a  sheet.  Thin 
semi-transparent  balloons,  or  almost  any  other  form, 
may  be  produced  in  the  same  way,  since  the  solution 
of  gutta-percha  will  necessarily  take  the  form  of  the 
vessel  into  which  it  is  poured.  When,  however,  the 
gutta-percha  membrane  has  to  be  removed  through  a 
small  aperture — which  happens  when  the  sirupy  liquid 
has  been  poured  into  a  bottle,  or  glass  balloon,  or  mat 
rass — some  contrivance  must  be  resorted  to,  as  that  of 
introducing  into  the  vessel  a  tube,  by  means  of  which 
the  air  in  the  vessel  can  be  sucked  out,  either  by 
the  mouth,  or  with  a  sj'ringe  ;  the  gutta-percha  mem- 
brane will  thus  be  made  to  collapse  and  recede  from 
the  sides  of  the  vessel,  after  which  it  may  be  easily 
removed.  It  is  evident  that  the  more  viscid  the  solu- 
tion, the  thicker  will  be  the  membrane  obtained. 
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Dyeing  of  Gutta-Peecha,  and  its  Combina- 
tions.— A  method  of  coloring  articles  formed  of  gutta- 
percha, or  coated  with  a  varnish  of  that  substance,  has 
been  just  stated,  in  connection  with  Mr.  Hancock's 
method  of  waterproofing  and  deodorizing.  It  is  obvious 
that  the  same  varnish  which  excludes  moisture,  and 
confines  the  odor  of  the  solvent,  may  be  mixed  with 
colors,  and  will  thus  form  a  pigment  of  any  required 
tint.  This  process  may  be  termed  painting,  or  color- 
varnishing  ;  but  in  Mr.  Pakkes'  patent  for  March, 
1846,  was  embraced  a  claim  for  dyeing  caoutchouc  or 
gutta-percha,  alone  or  in  combination,  and  afterwards, 
when  desired,  treating  those  matters  by  vulcanizing 
agents,  either  in  solution,  or  by  the  dry  method.  To 
dye  caoutchouc,  or  gutta-percha,  or  their  compounds, 
he  boils  them  from  a  quarter  to  half  an  hour  in  the 
following  preparations : — 

Black. — One  pound  of  sulphate  of  copper  dissolved 
in  one  gallon  of  water,  with  one  pound  of  caustic  am- 
monia, or  chloride  of  ammonium.  Or — one  pound  of 
sulphate  or  bisulphate  of  potassa,  and  half  a  pound  of 
sulphate  of  copper,  with  one  gallon  of  water. 

Green. — One  pound  of  chloride  of  ammonium,  half  a 
pound  of  sulphate  of  copper,  two  pounds  of  caustic 
lime,  and  one  gallon  of  water. 

Purplish. — One  pound  of  sulphate  or  bisulphate  of 
potassa,  one  quarter  of  a  pound  of  sulphate  of  copper, 
and  one  quarter  of  a  pound  of  sulphate  of  indigo.  Of 
course,  the  depth  of  color  may  be  varied  by  varying 
the  proportions  of  the  ingredients. 

Or  the  following  colors  may  be  applied  directly: — 

Blue. — Victoria  blue  and  ultramarine. 

lied. — Vermilion,  carmine,  or  rose-lake. 

Green. — Brunswick  green,  or  acetate  of  copper. 

Yellow. — Chrome  yellow,  or  oxide  of  uranium. 

White. — The  color  known  as  satin  white.  Mr. 
Parkes  prefers  generally  to  use  this  as  a  ground  for 
the  hues  above-mentioned.  The  coloring  processes 
must  precede  the  vulcanising  of  the  material. 

Metallizing.— In  Mr.  Hancock's  patent  of  Feb- 
ruary, 1847,  was  embraced  a  method  of  improving  the 
quality  of  gutta-percha,  both  in  its  natural  and  vulcanized 
state,  by  exposing  it  for  a  minute  or  two  to  the  action 
of  binoxide  of  nitrogen,  obtained  by  the  usual  method 
of  dissolving  a  metal,  such  as  zinc,  copper,  or  mercury, 
in  nitric  acid,  or  by  immersing  it  in  a  boiling  and  con- 
centrated solution  of  chloride  of  zinc,  for  a  period 
varying  from  one  to  five  minutes,  according  to  the 
strength  of  the  solution.  In  either  case,  the  materials 
are  afterwards  well  washed  in  some  alkaline  solution, 
or  in  soft  water.  Gutta-percha  which  has  been  thus 
treated,  and  whether  vulcanized  or  not,  is  stated  by  the 
patentee  to  become  exceedingly  smooth  to  the  touch, 
and  of  a  lustre  approaching  to  metallic. 

Substitutes  fob  Gutta-Percha. — In  December, 
1853,  a  patent  was  granted  to  Stanislas  T.  M.  Sorel, 
of  Paris  and  London,  for  certain  improved  compositions 
to  be  employed  as  substitutes  for  caoutchouc  and  gutta- 
percha. These  compositions,  though  termed  substitutes, 
are  simply  combinations  of  gutta-percha  with  other 
bodies,  resembling  in  most  cases  those  already  men- 
tioned as  patented  by  other  individuals  for  the  same 
purpose.    This  will  be  at  once  seen  from  the  following 


ingredients  and  proportions  employed  for  his  principal 
mixture : — 

Parts  by  weight. 


Colophony,  2 

Pitch  or  ljitumen,   2 

Resin  oil,   8 

Hydrated  lime,  C 

Water,   3 

Pipe-clay,  or  other  like  argillaceous  earths,  10 

Gutta-percha,  12 
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The  patentee  prepares  the  composition  in  a  copper, 
heated  by  any  suitable  means.  He  first  introduces 
into  the  vessel  colophony,  bitumen,  or  pitch,  and  resin 
oil,  and  agitates  the  mixture  with  a  stick,  or  spatula, 
until  the  former  two  are  dissolved.  He  then  adds 
slacked  and  broken  hydrate  of  lime  of  the  consistence 
of  molasses,  continuing  to  agitate  and  heat  the  mix- 
ture, and  when  the  latter  is  completely  liquefied  he 
introduces  the  gutta-percha,  cut  into  small  pieces. 
The  agitation  is  continued  till  the  gutta-percha  is  dis- 
solved, when  argil  is  introduced,  either  powdered  or 
mixed  with  water,  and  well  incorporated  with  the  mix- 
ture. An  excess  of  water  is  then  added,  and  the 
whole  is  heated  to  ebullition.  The  matter  is  now 
separated  and  kneaded  in  water,  then  withdrawn  from 
the  copper  and  again  heated,  and  passed  several  times 
between  the  rollers  of  a  rolling  machine  to  render  it 
homogeneous,  when  it  is  ready  to  be  employed. 

The  colophony  may  be  replaced  by  other  resins,  as 
burgundy  pitch,  or  gum-copal.  The  argillaceous  earth 
may  be  entirely  suppressed  in  the  composition.  To 
render  the  latter  more  tenacious,  he  increases  the  quan- 
tity of  gutta-percha ;  and  to  augment  still  more  its 
tenacity,  and  render  it  a  little  elastic,  he  adds  a  small 
quantity  of  natural  or  vulcanized  caoutchouc,  cut  up, 
like  the  gutta-percha,  into  small  pieces.  To  render 
the  composition  more  completely  waterproof,  he  adds 
about  five  per  cent,  of  bees'  wax  or  stearic  acid.  It 
may  be  colored  with  smoke-black,  or  other  coloring 
matters. 

Subjoined  are  three  combinations,  in  the  first  of 
which  the  colophony  is  replaced  by  pitch ;  in  the 
second,  both  the  resin  and  resin  oil  are  superseded; 
and  in  the  third,  pitch  is  replaced  by  coal-tar  from  tire 
gas-works : — 


I. 

II. 

m 

Pitch  

..  12  . 

'..  12 

Slacked  hydrate  of  lime, 

6  . 

6  i 

..  6 

..  16  . 

..  16 

34 

34 

34 

Argil  may  be  added  to  the  above  three  compositions. 
They  are  stated  by  the  patentee  to  be  applicable  for 
replacing  caoutchouc  and  gutta-percha  in  their  prin- 
cipal applications,  and  especially  for  waterproofing 
stuffs,  and  the  manufacture  of  tubing,  of  driving-straps, 
waterproof  boots  and  shoes,  bobbins  and  cylinders  for 
spinning  machinery,  capsules  for  stopping  bottles,  and 
other  like  articles.  They  may  likewise  be  moulded 
for  making  vases,  and  other  ornamental  articles.  For 
giving  the  composition  greater  tenacity,  fibrous  mate- 
rials, such  as  cotton,  wool,  hemp,  cow  hair,  and  leather 
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waste,  may  be  added.  When  properly  rolled  into  sheets, 
it  may  be  lined  or  covered  with  thin  sheets  of  natural 
or  vulcanized  caoutchouc  by  means  of  a  rolling 
machine,  or  by  sticking. them  together  with  a  solution 
of  caoutchouc  or  gutta-percha,  or  any  other  suitable 
adhesive  agent.  These  double  sheets  may  be  em- 
ployed for  the  upper  leathers  of  waterproof  boots  and 
shoes.  The  soles  may  be  either  of  waterproofed 
leather,  of  gutta-percha,  or  of  wood. 

Adulterations. — From  the  list  of  patents  which 
have  been  given  for  mixing  or  combining  gutta-percha 
with  other  substances,  including  caoutchouc,  pitch, 
pipe-clay,  vegetal  wax,  calcined  bones,  coal-tar,  lime, 
sulphur,  cocoa-nut  shell,  Portland  stone,  and  an  almost 
infinite  variety  of  other  materials,  all  of  which  are 
assumed  by  the  respective  patentees  to  peculiarly 
adapt  the  resulting  compound  for  certain  specified 
applications,  it  may  seem  unreasonable  to  brand  as 
adulterations  the  admixture  of  ingredients  which  are 
added  by  legal  sanction  for  certain  avowed  purposes. 
On  this  extreme  principle  even  the  process  of  vulcan- 
izing, which  imparts  to  caoutchouc  and  gutta-percha 
more  than  half  their  value,  would  be  a  sophistication ; 
for  it  presupposes  the  admixture  of  the  article  with 
sulphur,  or  some  of  its  compounds.  Allowing,  there- 
fore, that  gutta-percha  may  be  too  often  adulterated, 
and  deteriorated  for  all  practical  uses,  under  patent 
authority,  while,  on  the  other  hand,  the  fact  is  undeni- 
able that  by  certain  admixtures  and  combinations  the 
qualities  of  the  compound  are  improved  for  certain 
purposes,  the  Editor  will  confine  himself  to  those  adul- 
terations which  are  practised  by  the  native  Malays  and 
Chinese  traders,  and  in  consequence  of  which  an  im- 
pure or  inferior  article  is  palmed  on  the  European  im- 
porter. 

The  fact  that  the  native  Malays  often  introduce 
stones,  earth,  and  other  impurities,  into  the  blocks  of 
gutta,  to  increase  their  weight,  has  been  already 
noticed,  and  may  also  be  left  out  of  consideration,  as 
these  impurities  are  often  too  easily  detected,  to  the 
injury  of  the  machinery  of  the  manufacturer.  Such 
impurities  are  also  readily  eliminated  in  the  process 
of  purification.  But  the  case  is  otherwise,  when,  as 
frequently  happens,  the  gutta-percha  is  mixed  with 
other  gums  of  an  inferior  character.  The  chief  trade 
in  the  article  is  carried  on  by  the  Chinese,  who  adul- 
terate it  with  the  valueless  juice  of  a  tree  called 
Getah  Malabedya,  which  they  import  from  Palem- 
bang.  By  this  admixture  various  sorts  of  gutta- 
percha are  obtained,  which  differ  considerably  in  price. 
Among  several  samples  examined  by  M.  Adriani, 
one  was  in  cakes  of  five  to  six  inches  thick,  and  was 
darker  on  the  outside  than  in  the  interior;  another 
was  of  a  very  loose  structure,  and  was  much  contami- 
nated with  small  stones,  but  agreed  in  color,  which 
was  in  general  a  flesh-red,  with  the  former ;  a  third 
sample  was  white,  slightly  inclined  to  brown.  This 
last  piece  had  been  removed  as  an  impurity  from  a  large 
block  of  gutta-percha,  but  was  found  to  be  in  quality  per- 
fectly equal  to  the  best  gutta,  and  was  afterwards  rolled 
out  in  the  manufactory  of  Munnich,  Becke,  and  Co., 
into  sheets  of  the  thickness  of  paper,  for  address  cards 
for  that  firm.    The  same  chemist  obtained  a  sample  of 


the  Getah  Malabeoya,  imported  from  Palembang,  and 
also  a  sample  of  gutta-percha  adulterated  with  that 
substance.  The  getah,  which  seemed  to  be  also  an 
inspissated  milky  juice,  was  imported  in  the  form  of 
plates,  of  about  an  inch  in  thickness,  of  a  greyish  color, 
somewhat  clammy  to  the  touch,  and  brittle  when 
dried.  When  cut,  it  was  found  of  a  dirty  white  color, 
and  contained  many  impurities.  Like  gutta-percha,  it 
was  dissolved  by  chloroform.  The  vessel  in  which  it 
was  contained  emitted,  on  being  opened,  a  disagreeable 
acid  smell.  Treated  like  gutta-percha,  and  purified  by 
hot  water,  it  was  much  darker  than  the  raw  substance, 
and  often  quite  black  ;  the  smell  was  equally  offensive, 
and  its  consistency  similar  to  that  of  wax  or  glaziers' 
putty.  The  gutta-percha  adulterated  with  the  getah 
was  of  a  loose  texture,  of  a  more  greyish  color,  and  of 
a  smell  different  from  that  of  genuine  gutta.  In  warm 
water  the  getah  became  soft  and  sticky ;  treated  with 
boiling  water,  it  formed  a  neutral  milky  liquid,  which 
was  precipitated  by  alcohol.  When  boiled  with  alcohol 
it  became  glutinous,  the  alcohol  extracting  a  white  fat, 
resembling  wax  and  resin;  ether  extracted  also  resin. 
Being  dissolved  in  chloroform  and  filtered,  a  black 
coloring  substance  remained  behind,  which  could  not 
be  dissolved  by  the  usual  solvents,  and  was  burnt 
without  leaving  a  residue.  It  appeared  to  be  nothing 
else  but  soot.  The  getah  melts  at  170°,  and  becomes 
decomposed  only  at  a  much  higher  temperature,  when 
dark- colored  oils  are  distilled  off. 

Uses  and  Applications. — From  several  processes 
described  in  connection  with  the  manufacture  of  gutta- 
percha, and  from  the  list  of  patents  enumerated  under 
the  head  of  its  combinations,  et  cetera,  the  reader  will 
have  seen  that  the  substance  admits  of  a  vast  variety  of 
applications  ;  and,  indeed,  the  mere  consideration  of  its 
singular  and  valuable  properties  is  sufficient  to  show 
that  the  only  bar  to  its  almost  indefinite  extension  into 
the  arts  and  uses  of  life  is  the  considerable  price  of  the 
article,  arising  from  its  necessarily  limited  supply  com- 
pared with  the  great  demand  for  it.  Its  chemical  and 
other  properties  have  been  already  stated,  but  in  now 
proceeding  to  give  a  more  extended  list  of  its  applica- 
tions, it  may  not  be  out  of  place  to  remark  that  these 
will  be  found  chiefly  to  depend  on  the  following  pecu- 
liarities : — 

1.  Its  capacity  of  being  moulded  by  gentle  heat  and 
pressure  into  any  required  form,  and  of  retaining  this 
impressed  form  when  cold,  with  extreme  tenacity. 

2.  Its  pliability  at  common  temperatures. 

3.  Its  impermeability  to  water  and  other  fluids. 

4.  Its  power  of  resisting  not  only  the  solvent  action 
of  common  liquids,  but  even  the  corrosive  action  of 
most  acids,  of  caustic  alkalies,  and  alcoholic  liquors. 

5.  Its  valuable  property  as  an  insulator  or  non-con- 
ductor of  electricity,  in  which  respect  it  ranks  second 
to  no  other  known  substance. 

6.  Its  singular  acoustic  properties,  as  a  conductor  of 
sound. 

7.  Its  capacity  of  combining  with  sulphur  or  its  com- 
pounds, and  being  vulcanized  like  caoutchouc,  so  as  to 
be  unaffected  by  considerable  changes  of  temperature. 

8.  Its  aptitude  for  uniting  with  various  other  sub- 
stances in  any  required  proportion,  so  as  to  produce 
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compounds  combining  remarkable  hardness  with  a  cer- 
tain amount  of  elasticity. 

9.  Its  power  of  receiving  and  retaining  the  sharpest 
and  finest  impressions  from  the  die  or  mould. 

10.  Its  great  durability  at  common  temperatures,  and 
under  almost  all  agencies. 

To  these  properties,  separately  or  conjointly,  may  be 
traced  its  peculiar  fitness  for  the  following  applica- 
tions, namely :  For  a  protection  to  underground  and 
submarine  telegraph-wires — a  purpose  for  which  it  is 
not  less  fitted  by  its  pliancy  and  its  resistance  to  mois- 
ture than  by  its  high  insulating  power ;  for  replacing 
the  cylinder  or  disc  of  electrical  machines ;  for  insulat- 
ing handles  and  other  electrical  apparatus ;  for  tubes  to 
convey  not  only  cold  water,  but  acids,  alkalies,  and  other 
corrosive  liquids ;  for  bath-cisterns,  buckets,  bottles,  or 
other  vessels ;  for  lining  acid  and  alkali  cisterns  formed 
of  wood ;  baths  for  photographic  purposes,  and  different 
laboratory  apparatus ;  sieves  and  pumps  for  acid  and 
alkaline  liquors ;  funnels,  siphons,  valves,  and  stop- 
cocks for  corrosive  solutions ;  conversation  tubes  for 
mines,  ships,  warehouses,  or  railways ;  stethoscopes  and 
other  surgical  instruments ;  driving-bands  for  all  kinds 
of  machinery;  rollers,  bobbins,  et  cetera;  boot  and  shoe- 
soles —  one  of  its  most  extensive  applications;  water- 
proof clogs  for  dyers  or  maltmen ;  horse-trappings ; 
waterproof  cases  for  charts,  maps,  arms,  and  such  like ; 
noiseless  rings  for  bed  and  window  curtains ;  cords  for 
window-sashes  and  blinds  ;  clothes-lines ;  whips ;  wa- 
terproof portmanteaus;  hats  for  miners,  sailors,  carriers, 
et  cetera;  moulded  objects  of  every  description,  as  fancy 
baskets,  bread-trays,  ink-stands,  watch-stands,  clock- 
cases,  medals,  picture-frames,  buttons,  flower-pots,  and 
various  similar  applications. 

The  author  of  the  Jury  Report  on  the  manufactures 
from  gutta-percha  in  the  Great  Exhibition,  says : — It 
is  especially  in  the  fabrication  of  articles  for  maritime 
use  that  gutta-percha — resisting,  as  it  does,  the  action 
of  water,  and  especially  of  brine — appears  to  be  the 
best  adapted.  Buoys  of  every  description  for  anchors, 
nets,  et  cetera,  have  been  made  of  it ;  sailors'  hats,  speak- 
ing trumpets,  and  the  like.  It  may  be  added  that  even 
fish-nets  are  formed  of  gutta-percha  cord.  It  will  be 
seen  from  the  preceding  enumeration  of  uses,  that  the 
decorative  art  has  also  taken  large  advantage  of  the 
plastic  properties  of  gutta-percha.  Various  articles  of 
furniture,  the  prices  of  which  are  so  much  enhanced  by 
carving,  are  capable  of  being  reproduced  by  means  of 
pressure,  and  thus  multiplied  at  a  comparatively  low 
price.  Writing-tables,  work-baskets,  et  cetera,  can  be 
produced  in  gutta-percha,  and  thus  made  to  combine  the 
threefold  advantage  of  lowness  of  price,  elegance  of 
form,  and  absence  of  fragility.  In  the  London  Gutta- 
percha Company's  Works  are  made  every  day  a  great 
quantity  of  mouldings,  friezes,  panels,  leaves,  and 
articles  of  every  description.  These,  combined  by  the 
decorator,  and  covered  with  gilding,  which  gutta-percha 
takes  in  perfection,  are,  in  the  manufacture  of  picture- 
frames,  and  in  the  decoration  of  furniture,  capable  of 
superseding  the  carving  upon  wood,  which  is  so  costly, 
or  papier-mache'  and  carton-pierre,  which  present  the 
defect  of  great  fragility. 

Bronze  articles  have  also  been  reproduced  in  a  feli- 


citous manner.  At  the  Great  Exhibition,  the  West 
Ham  Gutta-Percha  Company,  represented  by  Mr. 
Hancock,  exhibited,  among  various  other  objects, 
a  beautiful  group  representing  a  boar-hunt,  covered 
with  a  metallic  coating  in  imitation  of  bronze.  The 
author  of  the  Jury  Report  remarks,  that  the  clear- 
ness of  the  edges  and  the  purity  of  the  forms  which 
gutta-percha  receives  in  the  mould,  make  it  easy 
to  understand  how  this  substance  has  been  found 
capable  of  being  used  for  making  galvano-plastic 
moulds,  and  how  some  experiments  have  been  tried 
for  the  purpose  of  substituting  gutta-percha  in  the 
process  of  stereotyping,  for  the  metal  with  which  at 
the  present  day  the  pages  of  illustrated  books  are  mul- 
tiplied. Stereotype  plates  of  gutta-percha,  with  speci- 
men impressions,  were  actually  exhibited  by  the  Lon- 
don Gutta-Percha  Company,  in  connection  with  a  large 
unfinished  machine,  intended  for  printing  therewith  on 
endless  paper,  which  was  also  to  be  cut  and  folded 
before  leaving  the  machine,  the  gutta-percha  t3'pes  not 
requiring  the  paper  to  be  damped.  It  does  not  appear, 
however,  that  this  application  of  gutta-percha  has  been 
brought  into  general  use.  Moulded  into  the  form  of  a 
jawbone,  it  has  been  found  capable  of  holding  together 
artificial  teeth,  and  thus  advantageously  superseding 
those  settings  in  gold  which  were  so  costly,  and  which, 
on  account  of  their  absolute  rigidity,  presented  much 
inconvenience.  The  solution  of  gutta-percha  in  oil  of 
tar  and  other  solvents,  which,  by  their  evaporation, 
leave  the  gutta  uninjured,  can  be  made  use  of  to  obtain 
sheets  of  extreme  thinness,  which  have  begun  to  be 
extensively  used  in  surgery.  But,  apart  from  its  use 
as  a  covering  for  submarine  telegraph  wires,  and  its 
common  application  as  a  substitute  for  leather  soles,  it 
is  more  especially  to  the  manufacture  of  tubes  and 
chemical  utensils  for  the  conveyance  and  conservation 
of  acids,  et  cetera,  that  gutta-percha  seems  calculated 
to  render  the  greatest  services. 

Statistics. — The  imports  of  gutta-percha  into  the 
United  Kingdom  in  1850,  amounted  to  one  thousand 
two  hundred  and  fifty  tons.  The  prices  vary,  accord- 
ing to  the  supply  and  demand,  from  fourpence  to  one 
shilling  and  fourpence  per  pound — average,  eightpence 
— showing  the  aggregate  value  of  the  above  imports  to 
be  equivalent  to  ninety-two  thousand  five  hundred  and 
fifty  pounds  sterling.  The  article  is  manufactured  in 
London,  Manchester,  and  Liverpool. 

HYDROCYANIC  ACID. — Acide  prussique,  French  ; 
Berlinerblausaure,  Hydrocyansaure,  German ;  Acidum- 
hydrocyanicum  vel  Borussicum,  Latin. — This  impor- 
tant compound — which,  from  its  animal  origin,  has  also 
been  named  zootic  acid,  and  the  poisonous  properties 
of  which  are,  unfortunately,  so  well  known — was  first 
isolated  by  Scheele.  Diesbach  and  Dippel,  in 
1704,  discovered  Prussian  blue.  Forty-eight  years 
afterwards,  Macquer  found  that  lime-water  resolved 
this  substance  into  calx  of  iron — sesquioxide — and  a 
combustible  coloring  matter,  which  he  could  not  separate, 
but  which  combined  with  potassa,  forming phlogisticatcd 
potassa — ferrocyanide  of  potassium.  Guyton  Mok- 
veau  concluded  in  1772  that  this  principle  had  acid 
properties.  In  the  year  1782,  Scheele  succeeded  in 
preparing  the  aqueous  solution  of  prussic  acid,  which 
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he  said  was  composed  of  ammonia,  acid  of  air,  and 
phlogiston.  Berthollet,  in  1787,  described  it,  in 
similar  terms,  as  consisting  of  carbon,  hydrogen,  and 
nitrogen.  Proust  and  Ittner  discovered  several  of 
its  compounds,  and  the  latter  is  said  to  have  procured 
anhydrous  hydrocyanic  acid  by  the  action  of  hydro- 
chloric acid  upon  cyanide  of  mercury,  but,  being  unable 
to  condense  the  vapor,  he  pronounced  it  to  be  a  per- 
manent gas.  Gay-Lussac,  however,  in  1811,  effected 
its  liquefaction,  determined  the  relative  proportions  of 
its  ultimate  elements,  and  led  the  way  to  the  intimate 
knowledge  and  useful  application  of  many  of  its  com- 
pounds. 

Sources  and  Preparation. — Hydrocyanic  acid 
exists,  ready-formed,  in  many  vegetal  substances ;  and  is 
generated  in  many  others,  in  which  it  was  formerly 
believed  to  pre-exist,  by  the  various  methods  which 
were  devised  for  its  extraction.  The  kernels  of  bitter 
almonds,  plums,  peaches,  apricots,  and  cherries,  the 
leaves  and  more  tender  branches  of  the  peach,  the 
leaves  of  the  Portugal  and  cherry  laurel,  and  many 
portions  of  other  vegetals  belonging  to  the  sub-orders 
Pomem  and  Amygdalm,  when  steeped  in  water  for  a 
considerable  time  and  then  distilled,  yield  hydrocyanic 
acid.  According  to  several  authorities,  amongst  whom 
are  Liebig  and  Wohler,  the  formation  of  the  hydro- 
cyanic acid  during  the  immersion  of  the  vegetal  sub- 
stances in  water,  is  caused  by  the  action  of  the  emulsin 
upon  the  amygdalm — both  of  which  they  contain — as  a 
ferment,  decomposing  the  latter  into  grape-sugar,  bitter 
almond  oil,  and  hydrocyanic  acid — the  latter  two  passing 
over  in  the  subsequent  distillation. 

It  is  now  generally  received  that  it  is  only  in  the 
more  moist  of  such  vegetal  structures  that  the  acid  is 
ready -formed.  There  have  been  adverse  opinions  with 
regard  to  its  presence  in  the  leaves  of  the  cherry  laurel; 
Guibourt  and  Lepage  maintaining  that  it  is  formed 
during  their  immersion,  while  Winckler  holds  that 
bitter  almond  oil  containing  hydrocyanic  acid  does 
really  exist  in  the  fresh  leaves  in  minute  quantity,  which 
he  believes  varies  with  the  amount  of  water  present, 
disappearing  entirely  when  the  leaves  are  exsiccated. 

Hydrocyanic  acid  is  produced  in  many  ways.  Ac- 
cording to  Fownes,  when  nitrogen  gas  is  passed  over 
a  mixture  of  equal  parts  of  pure  sugar,  charcoal,  and 
carbonate  of  potassa  in  a  porcelain  tube  at  a  red  heat, 
carbonic  oxide,  and  subsequently  nitrogen,  pass  off; 
cyanide  of  potassium  and  a  carbonaceous  mass  remain- 
ing. When  Erdmann  and  Marchand  repeated  this 
process  with  pure  materials,  and  at  a  moderate  red 
heat,  no  cyanide  was  formed ;  and  even  when  the  tem- 
perature was  raised  to  such  a  degree  that  vapors  of 
potassium  were  carried  off  with  the  carbonic  oxide, 
they  could  discern  doubtful  traces  only  :  on  employing 
carbonate  of  potassa  containing  sulphate,  the  presence  of 
sulphocyanide  of  the  alkali  was  evident.  Wohler 
states  that  the  production  of  cyanide  of  potassium  from 
sugar-charcoal,  carbonate  of  potassa,  and  nitrogen,  is 
indubitably  ascertained,  but  it  is  required  that  the 
nitrogen  should  be  at  a  red  heat,  and  that  the  tem- 
perature of  the  tube  and  its  contents  should  be  such  that 
potassium  is  volatilized. 

Deseosses  has  observed,  that  when  nitrogen  gas  is 


passed  through  a  mixture  of  viood-charcoal  and  carbo- 
nate of  potassa,  heated  to  redness,  a  small  quantity  of 
cyanide  is  generated ;  but  as  wood  contains  albuminous 
matter,  and  its  charcoal  is  not  entirely  free  from  it,  the 
nitrogen  might  either  wholly  or  in  part  emanate  thence. 

Gmelin,  citing  the  experiments  of  Rieken, — in 
which  carbonate  of  potassa  mixed  with  charcoal  ob- 
tained from  the  purest  white  sugar,  and  heated  in  a 
current  of  nitrogen  gas,  at  a  temperature  sufficiently 
high  to  reduce  potassium,  was  completely  converted 
into  cyanide  of  the  alkali-metal ;  in  one  case  so  effectu- 
ally that  the  cyanide  did  not  even  effervesce  with 
acids — and  taking  into  consideration  the  fact,  that  when 
a  mixture  of  potassium  or  antimonide  of  potassium 
with  charcoal  is  heated  to  full  redness  in  a  current  of 
nitrogen,  not  a  trace  of  cyanide  of  potassium  can  be 
detected, — concludes  that  this  formation  of  cyanogen 
requires  not  only  the  presence  of  free  potassium,  but  at 
the  same  time  a  temperature  high  enough  to  separate 
potassium  from  its  oxide. 

When  blood,  hoofs,  horns,  and  many  animal  tissues 
are  ignited  with  carbonate  of  potassa;  when  blood, 
fats,  sugar,  gum,  starch,  and  many  organic  bodies,  both 
nitrogenous  and  free  from  that  element,  are  subjected 
to  distillation  with  nitric  acid ;  and  in  many  other 
instances,  and  by  other  means,  is  hydrocyanic  acid  pro- 
duced. Pereira  mentions  the  statement  that  cheese, 
when  exposed  to  the  action  of  water  and  the  sun,  dis- 
engages ammonia,  and  when  treated  in  this  state  with 
alcohol,  yields  traces  of  hydrocyanic  acid. 

Examples  of  the  formation  of  hydrocyanic  acid  having 
been  given,  it  now  remains  to  pass  on  to  its  preparation. 
Many  methods  having  this  object  in  view  have  been 
devised  ;  some  intended  to  produce  the  acid  anhydrous, 
others,  in  a  dilute  state.  The  former  modes  will  first 
be  noticed,  commencing  with  that  of  Gay-Lussac, 
which  is  as  under :' — 

Into  a  perfectly  clean  tubulated  glass  retort,  intro- 
duce a  quantity  of  finely-powdered  cyanide  of  mercury, 
and  then  add  rather  less  than  the  same  weight  of 
hydrochloric  acid,  having  a  specific  gravity  of  about 
1-2.  Next  adapt  to  the  beak  of  the  retort,  in  a  hori- 
zontal position,  a  glass  tube,  about  half  an  inch  in 
diameter,  and  two  feet  in  length.  One  third  of  this,  at 
the  end  next  the  retort,  is  filled  with  pieces  of  marble, 
for  the  purpose  of  retaining  any  hydrochloric  acid 
which  may  pass  off  with  the  hydrocyanic  acid.  To 
the  remainder  of  the  tube  fragments  of  fused  chloride 
of  calcium  are  supplied, ,  which  absorb  the  aqueous 
vapor.  To  the  outer  extremity  of  this  purification 
tube  is  adapted  a  small  receiver,  surrounded  with  a 
freezing  mixture.  The  hydrocyanic  acid  is  expelled 
by  means  of  heat;  but  it  is  advisable  not  to  raise  this 
very  high,  as,  in  that  case,  too  much  hydrochloric  acid 
might  be  evolved,  and  not  only  is  this  a  source  of  incon- 
venience, but,  by  the  disengagement  of  much  carbonic 
acid  from  the  marble,  hydrocyanic  acid  may  be  carried 
off.  The  use  of  too  large  a  quantity  of  hydrochloric 
acid  is,  for  the  same  reason,  to  be  avoided.  The  re- 
action in  this  case  is  thus  represented  : — 

HgCy     +      HC1      =      HgCl     +     H  Cy 

Cyanide  of  Hydrochloric  'chloride  of'  IlydrocvriHic 

mercury.  acid.  mercury.  acid. 
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By  Vauquelin's  process  the  cyanide  of  mercury  is 
carefully  placed  in  a  long  glass  tube,  terminating,  at  one 
extremity,  in  a  small  receiver  surrounded  by  a  freezing 
mixture,  and  having  attached  to  the  other  end  a  proper 
apparatus  for  the  supply  of  pure  dry  sulphide  of  hydro- 
gen; this  gas,  on  passing  over  the  metallic  cyanide, 
liberates  its  acid,  and  unites  with  the  mercury  to  form 
sulphide ;  thus : — 


HgCy 


H  Cy 


The  whole  of  the  cyanide  of  mercury  may  be  de- 
composed by  gently  heating  the  tube,  while  the  gas  is 
still  passing  through  it;  but  it  is  better  to  leave  a  little 
of  the  metallic  cyanide  undecomposed,  the  product  of 
the  operation  being  thus  preserved  from  contamination 
with  the  sulphide  of  hydrogen. 

The  last  mode  of  procedure  which  it  will  be  requisite 
to  describe  here  is  that  of  Trautwein.  Fifteen  parts 
of  finely-powdered  ferrocyanide  of  potassium  are  dis- 
tilled at  a  gentle  heat  with  nine  parts  of  sulphuric  acid, 
previously  diluted  with  an  equal  weight  of  water  ;  the 
distillate  is  collected  in  a  well-cooled  receiver,  contain- 
ing five  parts  of  pure  chloride  of  calcium,  broken  into 
small  pieces.  When  the  hydrocyanic  acid  has  ac- 
cumulated in  sufficient  quantity  to  cover  the  chloride  of 
calcium,  it  is  poured  off  into  a  well-stoppered  glass 
vessel.  The  cyanide  of  potassium  of  the  ferrocj-anide 
is  decomposed  as  in  the  former  two  processes  ;  thus — 

K  Cy      +    HO,  S03  =    KO,  S03     +       H  Cy  ' 

Cynnldo  of  Sulphuric  Sulpliutc  of  Ilj-droeynuic 

1'otnBfiura  acid.  pottissa.  acid. 

For  medical  purposes,  hydrocyanic  acid  is  always 
employed  in  a  dilute  state,  and  as  the  means  for  directly 
obtaining  this  are  preferable  and  more  certain  than 
that  of  letting  down  the  anhydrous  acid  with  water, 
many  have  been  devised.  The  London  College  directs 
that  seven  drachms  of  sulphuric  acid  be  mixed 
with  four  fluid  ounces  of  water,  aud  when  cooled  put 
into  a  retort ;  next  two  ounces  of  ferrocyanide  of 
potassium  are  dissolved  in  ten  ounces  of  water,  and 
added.  Eight  fluid  ounces  of  water  are  then  placed  in 
a  cooled  receiver,  and  heat  being  applied  to  the  retort, 
six  fluid  ounces  of  acid  are  distilled  over.  Lastly,  to 
this  dilute  acid  are  added  six  more  fluid  ounces  of 
water,  or  so  much  that  one  hundred  grains  of  the  acid 
are  entirely  thrown  down  by  J  2"59  grains  of  nitrate  of 
silver.  Hence,  it  contains  two,  or,  more  exactly,  1-92 
per  cent,  of  real  hydrocyanic  acid. 

The  dilute  acid  of  the  Edinburgh  College  contains, 
according  to  Squire,  3-98,  or,  according  to  Dr.  Chris- 
tison,  3'3  per  cent,  of  anhydrous  acid.  The  Dublin 
College  has  not  fixed  the  strength  of  the  acid  prescribed 
in  its  Pharmacopoeia.  Squire  represents  it  to  contain 
rather  more  than  two  per  cent,  of  dry  acid. 

Everett,  in  1835,  proposed  an  entirely  different 
plan  for  at  once  preparing  the  dilute  acid.  Dr.  Pereira 
characterises  it  as  yielding  an  acid  of  uniform  strength, 
and  as  being  available  when  the  acid  is  required  for 
immediate  use.  It  consists  in  decomposing  forty  grains 
of  cyanide  of  silver,  with  forty  minims  of  dilute  hydro- 


chloric acid — specific  gravity  1-129 — made  up  to  a 
fluid  ounce  with  water. 

Dr.  Clarke  has  suggested  another  process  : — ■ 
Eight  and  a  quarter  parts  of  cyanide  of  potassium 
are  dissolved  in  one  hundred  of  water,  and  to  this  solu- 
tion is  added  another  of  eighteen  and  a  half  drachms 
of  crystallized  tartaric  acid  in  twenty  of  water.  Bitar- 
trate  of  potassa  is  thus  precipitated,  while  the  super- 
natant fluid  contains  about  2-8  per  cent,  of  hydrocyanic 
acid,  together  with  traces  of  hitartrate  of  potassa  held 
in  solution. 

Again,  a  known  quantity  of  cyanide  of  mercury  is 
dissolved  in  water,  and  a  stream  of  sulphide  of  hy- 
drogen passed  through  the  menstruum,  which  is  then 
removed  from  the  metallic  sulphide  hy  filtration.  Vau- 
quelin  directs  that  the  excess  of  sulphide  of  hydrogen 
should  he  thrown  down  from  the  solution  hy  means  of 
carbonate  of  lead.  According  to  Brande,  it  is  difficult 
to  obtain  a  clear  and  colorless  solution  hy  this  process 
without  the  addition  of  a  drop  or  two  of  hydrochloric 
acid. 

Composition. — It  has  already  been  stated  in  the 
introductory  portion  of  the  present  article,  that  Ber- 
tiiollet  ascertained  that  the  ultimate  elements  of 
hydrocyanic  acid  were  carbon,  hydrogen,  and  nitro- 
gen. Gay-Lussac,  in  1825,  verified  this,  and,  suc- 
ceeding in  obtaining  the  acid  in  an  anhydrous  state, 
determined  the  relative  proportions  of  its  constituents, 
with  the  following  results  : — ■ 

At.  weight  Centcsimally. 

2  Eqs.  Carbon,   12    ....  44-45 

1  Eq.  Hydrogen,   1    3-70 

1  Eq.  Nitrogen,   14    ....  51-85 

1  Eq.  Hydrocyanic  acid,          27  100-00 

Symbol :— C2  H  N  =  H  Cy. 

Properties. — At  ordinary  temperatures,  anhydrous 
hydrocyanic  acid  is  a  clear,  limpid  fluid,  possessing  a 
strong  penetrating  odor — similar  to  that  evolved  when 
bitter  almonds  are  bruised — and  an  acrid,  somewhat 
bitter  taste.  It  faintly  reddens  blue  litmus  paper,  but 
the  tinge  disappears  as  the  acid  evaporates  in  the  air. 
It  is  so  volatile,  that  when  a  drop  is  placed  upon  a 
glass  plate,  it  freezes  by  the  rapidity  of  its  own  evapo- 
ration. With  water  or  alcohol  it  unites  in  any  degree. 
Its  specific  gravity  at  45°  is  0-705,  and  at  64°  0-G96. 
It  boils  at  79°  or  80°.  It  congeals  at  5°  into  a  fibrous 
mass,  having  a  great  resemblance  to  crystallized  nitrate 
of  ammonia.  Sciiultz  states  that  the  perfectly  anhy- 
drous acid  is  still  fluid  under  0°,  and  that  the  solidi  - 
fication  at  5°  is  owing  to  the  presence  of  water. 

Hydrocyanic  acid  is  decomposed  with  facility  under 
the  influence  of  light,  ammonia  being  generated,  and  a 
brown  substance,  not  hitherto  examined,  deposited ; 
this  transformation  is  prevented  by  the  presence  of  a 
small  quantity  of  a  mineral  acid.  Concentrated  sul- 
phuric, nitric,  and  hydrochloric  acids  decompose  it, 
when  water  is  present,  into  formic  acid  and  oxide  of 
ammonium,  the  elements  of  which  it  contains  : — 

C2  H  N     +     4  HO     =      C2  H03  -f 

Uydroeyanic  acid.  Water.  Formic  acid. 

N  H4  O 
,  , 

Oxide  of  ammonium 
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According  to  Pelodze  and  Geigek,  the  same  de- 
composition of  hydrocyanic  acid  into  formic  acid  and 
ammonia  is  produced  by  the  action  of  the  fixed  alkalies 
at  elevated  temperatures,  probably  in  consequence  of 
the  predisposing  affinity  of  the  latter  for  formic  acid : — 
C2  H  N       -f-       KO       +       i  HO  =r 

Hydrocyanic  acid.  rotassti,  Water. 

KO,  C2  HO,        +       N  H4  0 


Formiate  of  notassu. 


Liebis  has  found  that  when  hydrocyanic  acid  is 
mixed  with  sulphide  of  ammonium,  and  the  liquid 
heated  till  its  color  is  destroyed,  sulphocyanide  of  am- 
monium is  formed,  and  this,  giving  immediately  a 
blood-red  hue  with  salts  of  sesquioxide  of  iron,  forms 
the  basis  of  a  most  delicate  test  for  the  acid,  which  is 
said  to  be  distinctly  recognizable,  even  when  only  the 
three  thousand  nine  hundred  and  thirtieth  part  of  a 
grain  is  present  in  the  solution. 

With  nitrate  of  silver,  hydrocyanic  acid  gives  a  pre- 
cipitate, soluble,  on  boiling,  in  nitric  acid ;  when  with 
potassa,  then  a  mixture  of  a  proto-  and  sesqui-salt  of 
iron,  and,  subsequently,  an  excess  of  hydrochloric 
acid  are  added  to  it,  whether  it  is  in  the  dilute  or  an- 
hydrous state,  Prussian  blue  is  formed. 

Both  the  anhydrous  acid  and  its  vapor  are  readily 
combustible,  burning  with  a  ruddy  flame.  The  vapor, 
according  to  Gay-Lussac,  has  a  density  of  0-9476 ; 
when  mixed  with  oxygen,  it  may  be  exploded  by  the 
electric  spark,  each  volume  of  the  former  requiring  for 
perfect  combustion  five  of  the  latter.  The  products 
of  this  metamorphosis  are — two  volumes  of  carbonic 
acid,  one  of  nitrogen,  and  one  of  water : — 


C„  Hn 


Hydrocyanic  acid. 

2C02  + 


no 


Carbonic  acid.  Nitrogen.  Witter. 

The  vapor  mixed  with  hydrogen  is,  according  to 
Gay-Lussac,  but  imperfectly  decomposed  by  a  succes- 
sion of  electric  sparks,  the  gaseous  compound  depositing 
a  small  quantity  of  charcoal,  and  perceptibly  increasing 
in  volume.  Gmelin  remarks,  that  this  expansion  is  not 
very  easy  to  account  for,  unless  it  be  due  to  the  forma- 
tion of  carbonic  oxide,  or  hydrogen  arising  from  the 
presence  of  water. 

Potassium  heated  in  the  vapor  of  the  acid  unites 
with  the  cyanogen  and  liberates  hydrogen. 

According  to  Gay-Lussac,  hydrocyanic  acid  and 
hydrogen  slowly  produce,  with  oxide  of  copper,  gaseous 
cyanogen  and  water,  subcyanide  of  the  metal  probably 
being  formed : — 


2  H  Cy      +      2  Cu  0      =      Cu„  C3 


+ 


Hydrocyanic  acid. 


Oxide  of  copper. 

2  HO  + 


Sultcyanido  of  copper. 

Cy 


Water.  Cyanogen. 

The  same  authority  asserts,  that  binoxide  of  manga- 
nese will  absorb  a  mixture  of  hydrocyanic  vapor  with 
hydrogen  gas,  without  separation  of  cyanogen. 

Physiological  Effects,  et  cetera. — Although  any 
notice,  however  brief,  of  the  physiological  effects  of 
hydrocyanic  acid  may  appear  to  be  irrelevant  here,  as 
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belonging  more  properly  to  medicine,  yet  the  Editor 
conceives  that,  without  alluding  to  it,  the  article  would 
not  be  complete,  and  it  may  have  its  uses.  For  most 
of  the  information  on  the  subject  he  is  indebted  to  Dr. 
Pereika. 

Hydrocyanic  acid  is  poisonous  to  the  vegetal  as  well 
as  to  the  animal  kingdom.  When  the  stems  of  plants, 
possessing  irritability,  are  immersed  in  the  acid,  they 
lose  this  property.  It  prevents  the  milk  of  lactescent 
plants  from  leaving  its  cellsr  and  deprives  seeds  of  their 
germinating  power. 

Experiments  have  been  made  on  animals  generally, 
from  the  mammalia  down  to  the  infusoria,  with  hydro- 
cyanic acid.  The  effects  appear  to  have  been  similar 
in  nearly  every  instance,  the  animals  being  convulsed, 
and  losing  sensation  and  voluntary  motion. 

According  to  Gray,  however,  some  larvoe  of  the 
musca  remained  uninjured  after  two  or  three  days' 
immersion  in  the  acid. 

Rabbits,  dogs,  et  cetera,  are  deprived  of  life  by  it  in 
a  few  seconds,  whether  it  is  administered  to  them  inter- 
nally in  the  fluid  form,  or  inhaled  in  the  state  of  vapor. 
Even  when  a  drop  is  placed  on  the  throat  or  eye  of  a 
dog,  death  occurs  in  a  very  few  moments. 

It  was  first  introduced  into  medicine  about  the  year 
1806  by  the  Italian  practitioners,  Borda,  Brugna- 
telli,  and  Rasori.  Its  use  in  England  was  much 
furthered  by  the  investigations  of  Drs.  A.  T.  Thomson 
and  Elliotson  in  1820  and  the  subsequent  year.  It 
has  been  tried  as  a  remedial  agent  in  many  affections 
of  the  pulmonary  organs,  in  derangements  of  the  ner- 
vous system,  in  hydrophobia,  as  an  anodyne,  and  as  an 
anthelmintic,  with  questionable  success ;  and  it  is  now 
employed  only  for  alleviating  disorders  of  the  stomach. 
The  dose  of  course  varies  with  the  kind  of  acid  em- 
ployed. Of  the  acid  prepared  according  to  the  London 
Pharmacopoeia,  two  to  seven  minims  may  be  adminis- 
tered. One  to  four  minims  of  the  acid  of  the  Edin- 
burgh College,  or  one  to  five  minims  of  the  Dublin 
preparation,  are  accounted  a  dose. 

When  given  in  medicinal  doses,  cautiously  increased, 
the  following  effects  may,  according  to  Dr.  Pereira, 
be  observed: — A  bitter,  but  peculiar  taste;  increased 
secretion  of  saliva  ;  irritation  in  the  throat ;  frequently 
nausea;  disordered  and  laborious  respiration,  some- 
times quick,  at  others  slow  and  deep  ;  pain  in  the  head, 
giddiness,  obscured  vision,  and  sleepiness.  In  some 
instances  faintness  is  experienced. 

When  administered  in  poisonous  doses  of  moderate 
quantity,  a  remarkably  bitter  taste  is  experienced  im- 
mediately after  swallowing  the  acid  ;  this  is  soon  fol- 
lowed by  a  sensation  of  faintness  and  giddiness,  with 
salivation,  and  is  succeeded  by  tetanic  convulsions  and 
insensibility ;  the  respiration  is  difficult  and  spasmodic ; 
the  odor  of  the  acid  may  be  recognized  in  the  breath  ; 
the  pupils  are  usually  dilated,  though  sometimes  con- 
tracted ;  the  pulse  is  small  and  imperceptible.  When 
recovery  takes  place  it  is  usually  very  rapid,  and  the 
whole  period  of  suffering  seldom  exceeds  half  an  hour, 
though  there  have  been  exceptions,  in  which  the  symp- 
toms have  extended  over  several  hours. 

When  hydrocyanic  acid  is  taken  into  the  human 
system  in  immoderate  quantity,  death  supervenes  so 
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speedily  that  the  symptoms  have  scarcely  been  observed. 
They  are  probably  similar  to  those  noticed  in  animals, 
videlicet,  imperceptible  pulse,  breathing  not  obvious ; 
or  there  may  be  two  or  three  deep,  hurried  inspira- 
tions, insensibility,  and  death.  Convulsions  may  or 
may  not  be  present. 

The  great  variation  in  the  strength  of  the  acid  ren- 
ders uncertain  three  points  of  inquiry,  each  in  itself 
interesting ;  namely,  the  quantity  required  to  produce 
death,  the  time  at  which  it  begins  to  operate,  and  the 
period  at  which  it  proves  fatal.  Peculiarities  not  known 
or  understood  also  affect  the  result.  Very  strong  acid, 
in  large  doses,  begins  to  operate  very  speedily,  espe- 
cially if  its  vapor  be  inhaled.  The  diluted  acid,  on  the 
other  hand,  sometimes  does  not  produce  any  obvious 
effeci  for  several  minutes,  and  death  may  not  occur  for 
nearly  half  an  hour. — Pereira. 

The  mode  in  which  hydrocyanic  acid  acts  on  the 
human  frame  is  not  without  interest.  Dr.  Chkistison 
cites  the  case  of  Eobiquet,  whose  fingers  were  be- 
numbed several  days  in  consequence  of  their  being 
exposed  to  the  vapor  of  the  acid.  Hence  it  appears 
that  the  acid  acts  locally  on  the  nerves.  From  the 
odor  of  the  acid  being  exhaled  from  animals  poisoned 
by  it,  and  from  the  detection  of  it  by  Kriiher  in  the 
blood,  it  is  clear  that  the  poison  is  absorbed ;  but  phy- 
siologists differ  as  to  whether  the  remote  effects  pro- 
duced by  it  are  due  to  absorption.  Dr.  Pereira  sums 
up  the  arguments  which  have  been  adduced  in  favor  of 
this  theory,  as  follow  : — 

Firstly :  The  acid  produces  no  remote  effects  when 
applied  either  to  the  nerves  or  brain.  Secondly :  When 
applied  to  the  tongue  or  stomach,  it  acts  as  an  ener- 
getic poison,  although  the  nerves  of  these  parts  were 
previously  divided.  Thirdly  :  That  if  the  acid  be  ap- 
plied to  a  part  where  circulation  is  arrested,  the  opera- 
tion of  the  poison  is  prevented.  Fourthly:  The  activity 
of  the  acid  is  in  proportion  to  the  absorbing  powers  of 
the  part  with  which  it  is  placed  in  contact.  Fifthly :  A 
sufficient  time  always  elapses  between  its  application  to 
the  body  and  the  first  symptom  of  its  action,  to  admit 
of  its  operation  by  absorption. 

The  principal  antidotes  in  cases  of  poisoning  by  hy- 
drocyanic acid  are  chlorine,  ammonia,  cold  affusion, 
and  respiration  by  artificial  means.  Though  the  latter 
should  on  no  account  be  omitted,  yet  the  first  two  are 
universally  admitted  to  be  the  most  efficacious.  Chlo- 
rine is  given  in  various  forms,  as  in  very  dilute  aqueous 
solution,  of  which  one  or  two  teaspoonfuls  may  be  ad- 
ministered at  intervals.  Or  a  weak  solution  of  chlor- 
oxide  of  calcium — bleaching  powder — or  of  chloroxide 
of  sodium  may  be  substituted  for  chlorine  water.  Chlo- 
rine gas  largely  diluted  with  common  air  may  be  care- 
fully inspired  by  the  patient.  Ammonia  is  employed 
in  the  ordinary  fluid  state,  largely  emasculated;  but 
much  has  been  said  in  favor  of  the  inhalation  of  the 
vapor  of  ammonia  or  its  carbonate,  as  the  preferable 
way  of  employing  the  volatile  alkali. 

Adulteration. — It  cannot  be  positively  affirmed 
that  hydrocyanic  acid  is  intentionally  adulterated, 
though  there  is  considerable  reason  to  believe  that  it 
is  often  sold  in  too  dilute  a  state.  But,  amongst  all 
the  methods  for  its  preparation)  there  are  none  by 


which  it  can  be  prepared  absolutely  pure  without  the 
use  of  the  utmost  precautions  in  every  stage  of  the 
process.  Hence,  when  due  care  is  wanting,  deteriorat- 
ing substances  often  find  their  way  from  the  retort  to 
the  receiver  in  considerable  quantity.  Again,  however 
careful  may  have  been  its  production,  it  is  liable  to  de- 
composition if  not  properly  preserved ;  this  is  especially 
the  case  when,  from  recklessness  in  its  preparation,  it 
contains  foreign  principles ;  for  these,  by  their  action 
on  one  another,  on  the  acid  itself,  or  from  spontaneous 
decomposition,  may  give  rise  to  a  multiplicity  of  pro- 
ducts, till  ultimately  the  acid  has  completely  disap- 
peared, and  there  remains  instead  an  olla  podrida 
worthless  to  the  owner,  and  which,  if  administered  as 
a  remedial  agent,  might  be  productive  of  the  worst 
consequences. 

Pure  hydrocyanic  acid  is  entirely  volatilized  by  heat. 
Should  a  residue  be  left  when  it  is  carefully  evaporated, 
it  may  consist  of  bitartrate  of  potassa,  oxide  of  lead, 
cyanide  of  mercury,  or  of  other  substances  according  to 
the  mode  by  which  it  is  produced.  Thus,  the  acid 
made  by  Clarke's  method  often  contains  a  portion  of 
the  first-named  salt ;  while  that  prepared  according  to 
the  directions  of  Vauquelin  may  be  contaminated 
with  the  latter  substances. 

The  stronger  acids,  as  sulphuric  or  hydrochloric, 
are  frequently  present.  In  this  case,  litmus  paper  is 
strongly  and  permanently  reddened ;  and  when  a  mix- 
ture of  cyanide  of  mercury  with  iodide  of  potassium — 
formed  by  commingling  the  concentrated  solutions  of 
these  salts,  when  the  double  compound  falls  in  white 
crystalline  plates — is  added  to  the  suspected  acid,  the 
beautifid  red  iodide  of  mercury  is  deposited.  This  test 
occasions  no  change  if  the  hydrocyanic  acid  be  pure. 

Sulphuric  acid  may  be  detected  by  the  addition  of 
chloride  of  barium,  which  occasions  a  white  precipitate, 
insoluble  in  nitric  or  hydrochloric  acid. 

Nitrate  of  silver  causes  a  precipitate  of  cyanide  of 
silver;  and  should  hydrochloric  acid  be  present,  of  chlo- 
ride of  silver.  The  former — cyanide — is  dissolved  on 
the  addition  of  boiling  concentrated  nitric  acid,  while 
the  latter  remains  as  a  white  curdy  deposit. 

Hydrocyanic  acid  containing  ammonia  soon  acquires 
a  brown  color.  When  treated  with  a  strong  solution 
of  potassa  in  the  cold,  ammonia  is  evolved,  and  may 
be  recognized  by  the  smell,  and  by  the  white  vapors 
which  are  observable  when  a  glass  stirrer  moistened 
with  hydrochloric  acid  is  placed  in  immediate  contiguity 
with  it. 

The  acid  prepared  by  Vauquelin's  process  fre- 
quently contains  lead.  This  may  be  detected  by  pass- 
ing a  stream  of  sulphide  of  hydrogen  through  the  acid ; 
if  lead  is  present  in  large  quantity,  a  brownish-black 
deposit  is  speedily  formed ;  when  the  amount  is  small, 
a  brownish  coloration  only  is  occasioned.  Sulphuric 
acid  will  likewise  throw  down  a  white  precipitate  of 
sulphate  of  lead. 

Vauquelin's  acid  may  also  hold  cyanide  of  mercury 
in  solution,  if  the  current  of  sulphide  of  hydrogen  were 
not  long  enough  continued  in  its  preparation.  It  is 
detected  by  saturating  the  acid  with  this  gas,  when  the 
brown  sulphide  of  mercury  is  formed. 

When  the  hydrocyanic  acid  has  been  prepared,  by 
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distilling  a  metallic  cyanide  with  sulphuric  or  hydro- 
chloric acid,  formic  acid  may  be  retained  in  solution. 
This  acid  reddens  litmus  more  strongly  and  perma- 
nently than  does  the  pure  hydrocyanic  acid.  On  dis- 
solving suboxide  of  mercury  in  the  acid,  and  heating 
the  menstruum,  the  mercury  is  reduced,  producing  a 
grey  cloudiness,  from  which,  when  deposited,  globules 
of  metallic  mercury  may  be  elicited  by  friction.  Ac- 
cording to  Geiger,  if  the  greater  part  of  the  fluid  be 
gently  evaporated,  the  residue  reduces  suboxide  of 
mercury  with  effervescence. 

Should  hydrosulphocyanic  acid  be  present  in  hydro- 
cyanic acid,  it  may  immediately  be  discovered,  by 
adding  a  salt  of  sesquioxide  of  iron,  when  a  fine  blood- 
red  color,  more  or  less  deep,  appears. 

Detection  and  Determination. — The  detection 
of  hydrocyanic  acid  is  oftentimes  of  the  greatest  impor- 
tance, especially  in  cases  of  poisoning.  Of  late  years, 
chemistry  has,  in  this  respect,  given  evidence  most 
important  and  incontrovertible. 

In  many  instances,  hydrocyanic  acid  may  be  recog- 
nized by  its  odor,  even  when  in  a  dilute  state,  when 
surrounded  by  decaying  organic  matter,  or  when  itself 
partially  decomposed.  According  to  Orpila,  this  test 
is  the  most  delicate  one,  since,  he  says,  it  gives  very 
marked  indications  when  those  afforded  by  the  liquid 
reagents  are  only  slight.  This  statement,  however, 
must  be  received  carefully,  as  much  is  necessarily 
dependent  on  the  nature  of  the  mixture  containing  or 
supposed  to  contain  the  acid. 

The  reaction  of  caustic  potassa,proto-  and  sesquioxide 
of  iron,  and  hydrochloric  acid,  upon  a  fluid  containing 
hydrocyanic  acid,  is  a  valuable  means  of  detecting  the 
latter.  The  mixture  under  examination  is  saturated 
with  caustic  potassa,  and  a  solution  of  a  proto-  and 
sesquisalt  of  iron  is  added.  The  precipitate  thus 
formed  may  vary  in  color,  according  to  the  quantity  of 
potassa  or  of  the  salts  of  iron  present ;  sometimes  being 
yellowish,  at  others  blue,  and  again,  partaking  of  both 
hues,  being  green.  Whatever  be  the  tint,  it  is  imme- 
diately changed  to  that  of  Prussian  blue,  on  the  addi- 
tion of  a  little  hydrochloric  acid.  Care  must  be  taken 
not  to  employ  too  much  potassa,  which  would  prevent 
the  development  of  the  Prussian  blue. 

Nitrate  of  silver  also  indicates  with  great  delicacy 
the  presence  of  hydrocyanic  acid,  causing  a  white  floc- 
culent  precipitate,  soluble  in  boiling  concentrated  nitric 
acid.  The  latter  property  distinguishes  it  from  the 
chloride  of  silver,  which  it  much  resembles.  Should 
further  proof  be  required  that  the  deposited  compound 
is  the  cyanide,  it  may  be  carefully  dried,  introduced 
into  a  glass  tube,  and  heated  in  the  flame  of  a  spirit 
lamp.  Cyanogen  gas  is  evolved,  and  this  is  readily 
combustible,  burning  with  a  purplish  flame. 

The  discovery  of  Lierig,  that  when  hydrocyanic 
acid  was  mixed  with  sulphide  of  ammonium,  and  sub- 
jected to  a  moderate  degree  of  heat,  a  compound — 
sulphocyanide  of  ammonium — was  formed,  which  pos- 
sessed the  property  of  giving  an  intense  blood-red  color 
with  the  sesquisalts  of  iron,  afforded  a  test  for  hydro- 
cyanic acid,  which  is  equal,  if  not  superior,  to  any  at 
present  known.  Dr.  Pereira  remarks : — When  the 
acid  is  in  small  quantity,  and  mixed  with  solids  or 


fluids,  partially  decomposed,  then  a  modification  of  this 
test  will  enable  one  to  detect  a  quantity  of  the  poison 
which,  from  its  minuteness,  and  from  the  absence  of 
the  usual  odor,  might  otherwise  escape  notice.  This 
slightly  varied  method  is  as  follows : — Introduce  the 
poisoned  liquid  or  solid  into  a  beaker  or  other  similar 
vessel,  which  it  should  fill  to  within  half  an  inch  of  the 
brim.  Place  upon  a  large  watch-glass,  which  fits  with 
tolerable  accuracy  to  the  beaker,  two  or  three  drops  of 
sulphide  of  ammonium,  containing  an  excess  of  sulphur, 
and  invert  it  over  the  liquid.  In  three  or  four  minutes, 
the  watch-glass  may  be  removed,  and  the  moistened 
spot  dried,  with  care  and  very  gently,  over  a  spirit- 
lamp  or  sand-bath.  A  white  film  remains,  which  may 
be  either  sulphur — resulting  from  the  evaporation  of 
the  sulphide  of  ammonium — or  sulphocyanide  of  am- 
monium, formed  by  the  action  of  Iwdroeyanie  acid,  in 
the  suspected  liquid,  upon  the  sulphide  of  the  volatile 
alkali.  In  the  latter  case,  the  film  will  have  a  crystal- 
line character,  which,  if  not  visible  to  the  unassisted 
eye,  may  be  detected  by  means  of  a  microscope. 
Further,  the  film,  if  of  sulphur  merely,  is  not  affected 
when  moistened  with  water,  and  treated  with  a  drop  of 
sesquichloride  of  iron ;  whereas,  when  it  consists  of 
sulphocyanide  of  ammonium,  the  ferruginous  sesquisalt 
immediately  occasions  a  blood-red  color,  which  is  dis- 
charged upon  the  addition  of  a  few  drops  of  a  solution 
of  chloride  of  mercury.  Should  the  film  upon  the 
watch-glass  have  a  yellowish  color,  it  is  probably  sul- 
phide of  ammonium,  in  which  case  the  iron  salt  will 
give  a  black  precipitate  of  sulphide  of  iron,  thus  show- 
ing that  the  evaporation  has  not  been  sufficient. 

It  should  be  observed,  that  both  the  Prussian  blue 
and  the  nitrate  of  silver  tests  should  be  applied, 
when  the  suspected  substance,  as  in  cases  of  poisoning, 
contains  foreign  matters  upon  a  distillate.  Thus,  if 
the  contents  of  a  stomach  are  under  examination,  they 
are  introduced  into  a  tubulated  retort,  and  one-half 
distilled  by  means  of  a  vapor  or  water-bath.  Should 
the  substance  be  alkaline — soon  known  by  applying 
red  litmus  paper,  which  is  at  once  colored  blue — it 
may  be  owing  to  the  generation  of  ammonia  by  putre- 
factive decomposition,  and  it  is  advisable  to  introduce  a 
few  drops  of  sulphuric  acid  into  the  retort  along  with 
the  matters  to  be  distilled. 

It  has  been  suggested  that  hydrocyanic  acid  may  be 
formed  during  the  distillation  of  organic  matters.  Dr. 
Christison  rightly  remarks  that  this  objection  appears 
only  to  rest  on  conjecture  or  presumption.  The  Editor 
would  advise  in  all  cases  of  importance,  that  the  sul- 
phur test,  as  modified  by  Dr.  Pereira,  and  given 
above,  should  be  first  resorted  to,  and  then  the  other 
tests  may  be  proceeded  with  upon  the  original  sub- 
stance or  a  distillate  from  it,  as  its  nature  may  render 
advisable,  without  risk  of  error. 

The  determination  of  hydrocyanic  acid,  which  now 
presents  itself  to  notice,  is  often  of  considerable  impor- 
tance, but  never  more  so  than  when  it  is  required  to 
know  the  strength  of  an  acid  for  medicinal  purposes. 
Formerly,  the  density  and  the  strength  of  the  acid 
were  supposed  to  be  proportional,  and  Dr.  Ure  con- 
structed a  table  of  specific  gravities  and  corresponding 
strengths;  but  it  has  since  appeared  that  these  are 
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fallacious.  He  subsequently  proposed  the  following 
method : — Weigh  out  a  portion  of  the  hydrocyanic 
acid,  and  add,  by  degrees,  a  known  quantity  of  red 
oxide  of  mercury,  agitating  the  menstruum  after  each 
addition,  till  it  is  no  longer  dissolved,  and  the  odor  of 
the  acid  has  disappeared.  By  weighing  the  remaining 
oxide,  the  quantity  employed  is  known,  and  since  one 
hundred  and  eight  parts  of  oxide  require  twenty-seven 
of  anhydrous  hydrocyanic  acid  for  its  liquefaction,  the 
proportion  of  the  latter  is  readily  calculated.  But 
Duflos  has  shown  that  the  cyanide  of  mercury  first 
formed  is  capable  of  taking  up  more  oxide,  even  at 
ordinary  temperatures,  so  that  this  method  gives  too 
much  acid,  especially  if  the  liquid  is  not  kept  quite 
cool,  and  the  addition  of  oxide  stopped  as  soon  as  the 
odor  of  hydrocyanic  acid  has  disappeared.  Care,  too, 
must  be  taken  that  the  acid  is  perfectly  free  from 
hydrochloric  acid,  which  also  dissolves  the  protoxide 
of  mercury.  In  this  case,  Geoghegan  neutralizes 
the  hydrochloric  acid  with  carbonate  of  lime  before 
adding  the  oxide. 

The  last-mentioned  chemist  has  directed,  for  the 
estimation  of  prussic  acid,  that  nitrate  of  silver  mixed 
with  a  small  quantity  of  ammonia — so  that  the  liquid 
after  precipitation  may  be  rather  acid  than  alkaline — 
should  be  dropped  into  a  known  quantity  of  the  acid, 
as  long  as  a  precipitate  is  produced.  This  is  collected 
on  a  previously  dried  and  tared  filter,  well  edulcorated, 
dried  at  212°,  and  weighed.  One  hundred  and  thirty- 
five  parts  of  cyanide  of  mercury  represent  twenty- 
seven  of  the  anhydrous  acid. 

Perhaps  the  most  elegant  mode  of  determining 
hydrocyanic  acid  is  that  last  suggested  by  Liebig,  and 
based  upon  the  property  of  cyanide  of  potassium  of 
dissolving  chloride  of  silver,  so  as  to  produce  a  double 
cyanide  containing  an  equivalent  each  of  the  cyanides 
of  silver  and  potassium.  The  hydrocyanic  acid  is 
supersaturated  with  potassa,  and  mixed  with  a  few 
drops  of  a  solution  of  chloride  of  sodium ;  nitrate  of 
silver  is  then  added,  until  a  permanent  precipitate  is 
produced.  The  proportion  of  the  silver  in  the  dissolved 
nitrate  being  known,  the  amount  of  hydrocyanic  acid 
is  readily  calculated,  since  it  is  in  the  exact  proportion 
of  two  equivalents  to  one  of  the  silver  consumed :  thus 
supposing  eighty-five  grains  of  nitrate  to  have  been 
used,  which  are  equivalent  to  fifty-four  of  the  metal, 
half  the  latter  number — twenty-seven — will  be  the 
number  of  grains  of  anhydrous  hydrocyanic  acid  pre- 
sent in  the  weighed  portion  operated  upon.  This  nice 
method  is  also  applicable  for  the  estimation  of  the  acid 
in  cherry-laurel  water,  et  cetera. 

INK. — Encre,  French;  Tinte,  German;  Atramen- 
tum,  Latin. — Ink,  according  to  the  purposes  for  which 
it  is  intended,  is  found  in  different  forms.  Writing 
ink,  which  is  of  various  colors,  is  liquid,  and  may  be 
either  a  clear  fluid,  as  ordinary  red  ink,  or  may  consist 
of  a  finely-divided  precipitate  equally  ditl'used  through 
the  menstruum,  as  in  common  black  ink.  Printing  ink 
is  likewise  of  divers  hues,  but  has  a  pasty  consistence. 
The  form  of  ink  known  as  Indian,  which  is  employed 
more  especially  as  a  water-color,  is  in  solid  cakes. 

The  present  subject  will  be  treated  of  in  the  follow- 
ing order : — 


1.  Writing  inks,  which  are  either  colored,  as  black, 
red,  blue,  green,  and  violet;  or  sympathetic — that  is, 
those  which  are  colorless  when  committed  to  paper,  as 
also  when  dried,  but,  by  the  application  of  heat,  mois- 
ture, or  of  some  compound  which  may  be  said  to  act 
as  a  mordant,  they  become  visible,  and  are  then  either 
permanent  or  fugitive ;  in  the  latter  case,  the  tint 
being  generally  caused  to  reappear  by  again  applying 
the  suitable  means. 

Besides  these  may  be  noticed  the  lithographic  trans- 
fer inks,  some  kinds  of  which  are  used  with  the  pen, 
and  must  consequently  be  included  under  this  first 
class. 

2.  Printing  Inks. — These,  in  all  their  numerous 
diversities  of  color  and  consistence,  will  be  considered 
with  reference  to  the  purposes  to  which  they  are 
applied,  as  for  letterpress,  lithographic,  and  copperplate 
printing. 

WRITING  INKS.— There  are  few  chemical  pre- 
parations, perhaps  none,  of  which  the  benefit  in 
civilized  life  is  so  great,  or  of  which  the  use  is  so 
widely  extended,  as  that  of  common  writing  ink ; 
consequently,  there  is  no  compound  the  quality  of 
which  it  is  so  necessary  to  inquire  into  ;  and  yet  there 
is  perhaps  no  subject  which,  up  to  a  comparatively 
recent  period,  has  been  more  neglected  by  chemists. 

Before  Lewis,  towards  the  close  of  the  last  century, 
directed  his  attention  to  the  subject,  no  author  appears 
to  have  particularly  applied  himself  to  inquire  into  the 
theory  of  the  composition  of  ink,  or  to  bring  it  to  per- 
fection. All  that  is  to  be  found  in  the  works  of 
previous  writers,  consists  merely  of  formula;  for  various 
kinds  of  ink,  which,  being  composed  without  any 
attention  to  chemical  laws,  were  more  or  less  defective ; 
so  that  it  may  be  truly  said,  that  until  the  time  of 
Lewis,  the  preparation  of  writing  fluids,  the  properties 
of  which  it  is  so  essential  to  attend  to,  was  left  entirely 
to  chance,  or  to  empirical  prescriptions. 

It  is  indeed  true,  that  some  good  kinds  of  ink  have 
been  discovered  by  accident ;  but  those  who  devised 
them  kept  their  composition  secret,  so  that  the  public 
were  either  obliged  to  purchase  those  inks  from  the 
inventors,  or  to  make  use  of  such  as  were  inferior  in 
quality,  and  more  or  less  perishable. 

Ordinary  black  writing  ink  is  now  made  from  galls, 
sulphate  of  iron,  green  copperas,  and  gum.  Other 
substances  may  be  and  often  are  employed,  but  those 
just  named  are  the  only  requisite,  and  the  best 
materials. 

The  ancient  inks,  according  to  the  opinions  of  most 
writers,  were  similar  to  the  Indian  or  Chinese  ink  of 
the  present  day.  Pliny  and  Vitruvius  allude  to  it 
as  a  combination  of  soot  or  lamp-black,  with  glue  or 
gum ;  Dioscorides  even  mentions  the  proportions 
of  three  of  the  former  to  one  of  the  latter.  To  these, 
according  to  some  authors,  the  liquor  extracted  from 
the  cuttle-fish  was  added.  When  this  could  not  be 
obtained,  or  from  other  causes,  it  is  evident  that  some  of 
the  modern  sulphurized  ingredients  were  added  by  the 
ancients;  many  Greek  and  Roman  manuscripts  erased  by 
the  monks  having  been  found  to  retain  as  much  of  the 
vitriolic  principle  as  to  become  again  legible  on  the  ap- 
plication of  chemical  tests. — Encyclopedia  Britannica. 
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Still,  very  little  really  definite  knowledge  of  ancient 
writing  inks  can  bo  obtained,  and  tbe  Editor  will  there- 
fore confine  his  attention  to  the  modern  ones. 

Dr.  Lewis,  already  mentioned,  found  that  equal 
weights  of  galls  and  sulphate  of  iron  gave  an  ink, 
which,  although  of  a  good  color  when  used,  subsequently 
became  yellowish-brown  ;  that  as  the  quantity  of  sul- 
phate was  increased,  the  inks  were  less  durable  in 
color,  and  that  those  in  which  the  galls  predominated, 
were  most  persistent.  The  proportions  which  he 
deemed  best  were  : — ■ 


Powdered  sulphate  of  iron,  1  ounce. 

Ground  logwood  1  " 

Bruised  galls,  3  " 

Gum-arabic,  1  " 

White  wine,  or  acetic  acid  1  quart. 


He  found  that,  although  water  answered  for  all 
ordinary  purposes,  white  wine  gave  a  deeper-colored 
product,  and  the  ink  made  with  acetic  acid  was  still 
blacker.  Alcohol  was  injurious  to  the  hue,  causing  a 
deposition  of  the  tinctorial  precipitate.  A  decoction 
of  logwood,  substituted  for  water,  improved  the  black 
both  in  richness  and  depth  of  tint.  He  directs  the 
materials  to  be  put  into  a  glass,  earthenware,  or  other 
non-metallic  vessel,  and  the  mixture  agitated  four  or 
five  times  every  day.  In  ten  or  twelve  days  it  is  ready 
for  use — if  placed  in  a  warm  situation,  considerably 
earlier ;  but  if  the  ink  is  allowed  to  remain  on  the 
materiel,  it  continues  to  improve  for  a  lengthened 
period.  When  decanted,  it  may  be  kept  in  good 
order  with  greater  certainty,  if  a  few  broken — not 
bruised — galls,  and  two  or  three  fragments  of  iron,  are 
placed  in  it. 

Lewis  preferred  distilled  or  rain  water  in  making 
ink,  but  spring  water  containing  calcareous  salts  is 
better  adapted  for  the  purpose.  Some  remarks  on  this 
subject,  extracted  from  Napier,  have  been  inserted  in 
the  article  Dyeing. — See  Vol.  I.,  page  584. 

Eibaucourt,  who  devoted  much  attention  to  the 
manufacture  of  inks,  and  published  an  extended  paper 
in  the  Annales  cle  Chimie,  in  the  year  1798,  observes : — 
None  of  the  ingredients  of  ink  should  be  in  excess.  If 
there  be  a  deficiency  of  galls,  a  portion  of  the  sulphate 
of  iron  will  not  be  decomposed ;  if,  on  the  contrary, 
the  galls  are  in  excess,  the  ferrous  sulphate  will  take 
as  much  as  it  can  decompose,  but  the  remainder  will 
be  nearly  in  the  state  of  decoction  of  galls,  subject  to 
change  by  becoming  mouldy,  or  undergoing  a  trans- 
mutation after  the  ink  has  been  used,  destroying  the 
legibility  of  the  writing  much  more  completely  than 
would  be  the  case  were  the  sulphate  of  iron  present 
in  too  large  quantity.  He  further  considers  it  doubtful 
whether  the  principles  of  galls  are  extracted  by  mere 
maceration,  and  says  that  inks  thus  made  -always  flow 
pale  from  the  pen,  and  are  never  of  so  deep  a  black  as 
those  in  the  manufacture  of  which  the  galls  have  been 
subjected  to  a  long-continued  boiling.  The  following 
recipe  was  devised  by  Ribaucourt,  as  affording  a  good 
writing  fluid : — 

Boil  eight  ounces  of  coarsely-pulverized  Aleppo  galls 
and  four  ounces  of  thin  logwood  chips  in  twelve  pounds 
of  water  for  one  hour,  or  until  half  the  liquid  is  evapo- 
rated.   Pass  the  decoction  through  a  hair-sieve  or 


linen  cloth,  and  then  add  four  ounces  of  sulphate  of 
iron,  three  ounces  of  gum-arabic,  one  ounce  of  sulphate 
of  copper,  and  one  ounce  of  sugar-candy.  Agitate  the 
mixture  till  the  whole  is  dissolved,  and  leave  it  at  rest 
for  twenty-four  hours ;  then  decant  the  ink,  and  pre- 
serve it  in  well-stopped  stoneware  or  glass  bottles. 

In  making  good  writing  ink,  remarks  Professor 
Brande,  the  great  object  is  to  regulate  the  proportion 
of  sulphate  of  iron  to  the  galls.  If  the  former  be  in 
excess,  although  the  ink  may  at  first  appear  black,  it 
becomes  subsequently  brown  and  yellow.  Hence, 
some  time  should  elapse  before  ink  is  used,  after  the 
ingredients  are  put  together,  in  order  to  be  tested  from 
time  to  time,  and  the  combinations  perfectly  regulated. 
The  gum  is  added  to  retain  the  coloring  matter  in  sus- 
pension, to  prevent  too  great  fluidity  in  the  writing, 
and  to  protect  the  organic  matter  from  decomposition. 

If  the  paper  has  been  made  from  inferior  rags, 
bleached  by  an  excess  of  chlorine,  ink  deposited  upon 
it,  however  good,  will  be  ultimately  discolored.  An 
excellent  product  is  obtained  as  follows  : — 

Boil  six  ounces  of  finely-bruised  Aleppo  galls  in  six 
pints  of  water ;  rhen  add  four  ounces  of  clean  and  well 
crystallized  sulphate  of  iron,  and  four  ounces  of  gum- 
arabic.  Keep  the  whole  in  a  wooden  or  glass  vessel, 
occasionally  shaken.  In  two  months,  strain,  and  pour 
off  the  ink  into  glass  bottles. — Brande. 

Dr.  Ure  directs  that  twelve  pounds  of  bruised  galls 
be  put  into  a  cylindrical  copper,  of  a  depth  equal  to  its 
diameter,  and  boiled,  during  three  hours,  with  niue 
gallons  of  water,  taking  care  to  replace  at  intervals 
what  may  be  dissipated  by  evaporation.  The  decoc- 
tion is  then  to  be  emptied  into  a  tub,  allowed  to  settle, 
and  the  superstratum  of  liquid  having  been  drawn  off, 
the  marc  is  to  be  drained.  Some  recommend  the 
addition  of  a  little  bullock's  blood  or  white  of  egg,  to 
remove  a  portion  of  the  tannin ;  but  this  abstraction, 
says  Ure,  tends  to  lessen  the  product,  and  will  seldom 
be  practised  by  the  manufacturer  intent  upon  a  large 
return  for  his  capital.  Five  pounds  of  gum-senegal  are 
next  dissolved  in  a  small  quantity  of  hot  water,  and  the 
mucilage  thus  formed,  being  filtered,  is  added  to  the 
clear  decoction.  Five  pounds  of  sulphate  of  iron  are 
now  dissolved  in  as  small  a  quantity  of  water  as  possible, 
and  added.  The  color  darkens  by  degrees,  in  conse- 
quence of  the  oxidation  of  the  iron,  on  exposing  the 
ink  to  the  action  of  the  air ;  when  a  moderately  deep 
tint  has  been  obtained,  it  should  be  drawn  ofT  clear  into 
bottles,  and  well  corked  up.  Dr.  Ure  prefers  digesting, 
rather  than  boiling,  the  galls. 

The  following  prescription  is  given  in  the  seventh 
volume  of  the  Pharmaceutical  Journal: — 

Galls,  bruised,   2  pounds. 

Sulphate  of  iron,   5  " 

Gum-arabic,   4  " 

Water,   12  gallons. 

Creosote   2  drachms. 

Boil  the  galls  in  three-fourths  of  the  water  for  an  hour, 
then  strain..  Liquefy  the  gum  in  twice  its  weight  of 
hot  water,  and  add  it  to  the  decoction.  Dissolve  the 
copperas  in  the  remainder  of  the  water,  mix  the  liquors 
together,  and  finally  stir  in  the  creosote.  It  is  very 
evident  that  in  this  recipe  there  is  a  great  deficiency  of 
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galls ;  otherwise,  the  quantity  of  sulphate  of  iron  should 
be  considerably  reduced.  The  creosote  is  added  as  a 
preventive  of  mould,  for  which  it  is  most  efficient. 
Booth  gives  the  following  formula : — For  superior 
black  ink,  take  twelve  pounds  Aleppo  galls,  four  pounds 
sulphate  of  iron,  three  and  a  half  pounds  of  gum,  and 
eighteen  gallons  of  water.  For  a  fine  exchequer  ink, 
forty  pounds  of  Aleppo  galls,  nine  pounds  of  sulphate 
of  iron,  ten  pounds  of  gum,  and  forty-five  gallons  of 
water.  In  both  these  cases,  it  is  directed  that  the 
bruised  galls  be  exhausted  by  three  consecutive  boilings, 
each  time  diminishing  the  quantity  of  water,  and  sup- 
plying, by  fresh  addition,  any  loss  by  evaporation. 
The  copperas  and  gum  in  solution  are  added  to  the 
strained  decoction  of  galls,  whilst  both  are  yet  warm, 
and  the  whole  is  allowed  to  repose  for  several  weeks, 
when  the  fluid  is  drawn  off  from  the  sediment.  A  few 
cloves,  or  some  drops  of  creosote  are  added,  to  prevent 
any  parasitic  growth. 

Reid  gave,  in  the  Philosophical  Transactions  of 
1827,  among  many  valuable  observations  which  will 
subsequently  be  noticed  in  this  article,  the  following 
proportions : — 

Galls,  bruised,  1  pound. 

Sulphate  of  iron,  3  ounces,  64  grains. 

Gum,  3  ounces,  64  grains. 

Water,  3  quarts. 

The  galls  are  to  be  boiled  with  three  pints  of  water  till 
a  quart  of  decoction  remains  ;  it  is  then  poured  off,  the 
remainder  of  the  water  added,  and  ebullition  continued 
until  again  a  quart  only  is  left.  The  two  menstrua  are 
then  mixed,  and  the  other  ingredients  dissolved  in 
them;  the  whole  is  allowed  to  rest  for  twenty-four 
houis,  when  the  fluid  ink  is  poured  off,  and  retained  for 
use. 

By  another  method,  Reid  makes  the  decoction  of 
galls  as  above  directed,  aud  exposes  it  freely  to  the  air 
for  ten  days,  agitating  it  two  or  three  times  each  day. 
By  this  means  much  of  the  tannin  is  converted  into 
gallic  acid.  To  each  quart  of  the  decoction,  add  three 
and  a  half  pints  of  water,  nine  ounces  of  sulphate  of 
iron,  and  the  same  quantity  of  gum.  The  deposit 
which  forms  may,  after  three  days,  be  separated,  when 
the  ink  is  fit  for  use. 

Again,  one  pound  of  galls  is  exhausted  as  first 
directed,  and  the  tannin  of  the  decoction  changed,  by 
exposure,  into  gallic  acid,  as  in  the  last  instance.  The 
menstruum  is  then  mixed  with  a  saturated  solution  of 
logwood,  freshly  made  by  boiling  a  pound  and  a  half 
of  the  chips  in  five  quarts  of  water,  till  the  quantity  is 
reduced  to  seven  pints;  eighteen  ounces  of  sulphate  of 
iron,  and  as  many  of  gum,  are  dissolved  in  this  mixed 
liquid  ;  the  whole  is  allowed  to  stand  for  two  or  three 
days,  and  the  ink  is  then  decanted  from  the  sediment. 

An  attempt  was  formerly  made  to  prepare  ink  by 
macerating  iron  filings  in  an  infusion  of  galls ;  but 
though  the  resulting  liquid  was  of  the  required  hue, 
the  writing  produced  with  it  was  totally  devoid  of  per- 
manency, and  was  readily  washed  from  the  paper. 

Japan  ink  is  made  as  other  inks,  but  the  sulphate  of 
iron  is  oxidised  by  roasting.  This  ink  is  intensely 
black  when  written  with,  but  the  color,does  not  retain 
its  depth  or  lustre.    Besides  these  disadvantages,  it 


clogs  the  pen,  and  is,  altogether,  far  from  being  worthy 
of  recommendation. 

Before  giving  the  formulae  for,  or  notices  of,  inks 
prepared  from  other  than  the  ordinary  ingredients,  it 
may  be  well  to  introduce  here  some  remarks  from  a 
paper  presented  by  Dr.  Bostook,  in  the  year  1830,  to 
the  Society  of  Arts,  which,  though  containing  per- 
haps a  few  slight  inaccuracies,  is  indicative  of  no  small 
amount  of  research ;  and  embodying,  as  it  does  to  a 
great  extent,  the  Editor's  views,  he  does  not  consider 
any  apology  for  its  length  to  be  requisite.  Dr.  Bos- 
TOCK  says  : — ■ 

When  the  sulphate  of  iron  and  the  infusion  of  galls 
are  mixed,  for  the  purpose  of  forming  ink,  it  may  be 
presumed  that  the  metallic  oxide  enters  into  combina- 
tion with  at  least  four  proximate  vegetal  principles, 
which  constitute  the  bulk  of  the  soluble  portion  of 
galls,  namely,  gallic  and  tannic  acids,  mucilage,  and 
extractive  matter.  Two  of  these,  the  gallic  acid  and 
tannin,  are  more  especially  necessary  to  the  constitu- 
tion of  ink,  which  is  considered  by  some  of  the  best 
chemists  to  be  essentially  a  tanno-gallate  of  iron.  It  is 
also  laid  down,  that  the  sesquioxide  of  iron  alone  pos- 
sesses the  property  of  forming  the  compound  which 
constitutes  black  ink,  and  that  the  substance  of  the 
latter  is  mechanically  suspended,  rather  than  dissolved 
in  it. 

Ink,  as  it  is  usually  prepared,  is  disposed  to  undergo 
certain  changes,  which  considerably  impair  its  value ; 
of  these  the  three  following  are  the  most  important : — 
its  tendency  to  moulding ;  the  liability  of  the  black 
matter  to  separate  from  the  fluid,  the  ink  then  becom- 
ing what  is  termed  ropy;  and  its  loss  of  color,  the 
black  first  changing  to  brown,  and  at  length  almost 
entirely  disappearing. 

Besides  these,  there  are  objects  of  minor  importance 
to  be  attended  to  in  the  formation  of  ink.  Its  con- 
sistence should  be  such  that  it  will  easily  flow  from  the 
pen,  without  being  so  fluid  as  to  blur  the  paper,  or  so 
adhesive  as  to  clog  the  pen,  and  to  be  long  in  drying. 
The  shade  of  color  is  not  to  be  disregarded ;  a  black, 
approaching  to  blue,  is  generally  preferred  to  a  browner 
ink ;  and  a  degree  of  lustre  or  glossiness,  if  compatible 
with  the  due  spissitude  of  the  fluid,  tends  to  render  the 
characters  more  legible  and  beautiful. 

With  respect  to  the  chemical  constitution  of  ink, 
Dr.  Bostock  remarks  that  although,  as  usually  pre- 
pared, it  is  a  combination  of  the  metallic  salt  or  oxide 
with  tannic  and  gallic  acids,  mucilage,  and  extractive 
matter ;  yet  the  last  three  of  them,  so  far  from  being 
essential,  are,  without  doubt,  the  principal  cause  of  the 
difficulty  which  is  encountered  in  the  formation  of  a 
perfect  and  durable  ink.  He  illustrated  this  point  by 
a  series  of  experiments.  Having  prepared  an  infusion 
of  galls,  a  portion  of  it  was  exposed  to  the  atmosphere 
in  a  shallow  capsule,  until  it  was  covered  with  a  thick 
stratum  of  mould ;  this  being  removed  by  filtration, 
and  the  proper  proportion  of  sulphate  of  iron  added  to 
the  clear  fluid,  a  compound  was  formed  of  a  deep  black 
hue,  which  showed  no  further  tendency  to  foul,  and 
which  remained  for  a  long  time  without  undergoing 
any  further  alteration. 

Another  portion  of  the  same  infusion  of  galls  had  a 
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solution  of  isinglass  added  to  it,  until  a  precipitate  was 
no  longer  occasioned ;  by  adding  sulphate  of  iron  to 
the  filtered  liquid,  a  black  compound  was  produced, 
which,  although  paler  than  that  made  from  the  entire 
fluid,  appeared  to  be  a  perfect  and  durable  ink. 

Lastly,  a  portion  of  the  infusion  of  galls  was  sub- 
jected to  continued  ebullition,  by  which  means  part  of 
ita  contents  became  insoluble;  the  menstruum  was 
filtered,  and  sulphate  of  iron  added  to  the  filtrate,  pro- 
ducing a  good  and  permanent  ink. 

Dr.  Bostock  presumes  that  the  three  causes  of  de- 
terioration in  writing  fluids,  the  fungoid  growth,  the 
subsidence  of  the  black  compound,  and  the  loss  of  color, 
are  dependent  upon  the  operation  of  different  proxi- 
mate principles :  the  first  change  he  ascribes  to  the 
mucilage ;  the  second  to  the  extractive  matter,  from 
the  property  which  it  possesses  of  forming  insoluble 
compounds  with  metallic  oxides  ;  the  third  he  believes 
to  be  owing  to  the  tannic  acid,  which  probably,  in  the 
first  instance,  forms  a  triple  compound  with  the  gallic 
acid  and  the  iron,  and  that,  in  consequence  of  the  de- 
composition of  the  tannin,  this  body  is  subsequently 
destroyed.  Owing  to  the  difficulty,  if  not  impossibility 
of  depriving  the  infusion  of  galls  of  any  one  of  its  ingre- 
dients, without,  in  some  degree,  affecting  the  others, 
the  last-named  authority  was  unable  to  obtain  any  re- 
sults which  could  be  considered  decisive ;  but  experi- 
ments led  him  to  conclude  that,  in  proportion  as  ink 
consists  merely  of  the  gallate  of  iron,  it  is  less  liable  to 
decomposition,  or  to  experience  any  kind  of  metamor- 
phosis. 

Dr.  Bostock's  summary  is  as  follows : — In  order  to 
procure  an  ink  which  may  be  little  disposed  either  to 
mould  or  to  deposit  its  contents,  and  which,  at  the 
same  time,  may  possess  a  deep  black  hue  not  liable  to 
fade,  the  galls  should  be  macerated  for  some  hours  in 
hot  water,  and  the  fluid  filtered  ;  the  filtrate  should  be 
then  exposed  for  about  fourteen  days  to  a  warm  atmo- 
sphere, when  any  fungoid  growth  that  may  be  observed 
must  be  removed.  A  solution  of  sulphate  of  iron  is 
to  be  employed  which  has  been  boiled,  or  exposed 
for  some  time  to  the  air,  and  in  which  there  is  conse- 
quently an  admixture  of  sesquioxide  of  iron.  If  the 
infusion  of  galls  be  made  considerably  stronger  than  is 
generally  directed,  the  ink  formed  in  this  manner  will 
not  necessarily  require  the  addition  of  a  mucilaginous 
substance  to  render  it  of  a  proper  consistence. 

Dr.  Bostock  adds  further,  in  the  Transactions  of  the 
Society  of  Arts,  that  one  of  the  best  fluids  for  diluting 
ink,  if  it  be,  in  the  first  instance,  too  thick  for  use,  or 
if  it  afterwards  become  so  by  evaporation,  is  a  strong 
decoction  of  coffee,  which  does  not  appear  to  occasion 
the  decomposition  of  the  ink,  while  it  improves  its  hue, 
and  gives  it  an  additional  lustre. 

The  black  color  produced  by  galls  in  union  with  sul- 
phate of  iron,  although  faulty  from  its  disposition  to 
precipitate  and  decompose,  was,  from  its  being  the  only 
known  method  of  making  a  black  tinctorial  solution, 
the  sole  article  used  during  a  very  considerable  period 
for  atramental  purposes.  To  those  whose  chief  em- 
ployment consisted  in  writing,  copying,  et  cetera,  the 
least  defect  in  the  ink  caused  a  more  or  less  serious 
addition  to  their  labor,  and  the  improvements  made  in 


this  fluid  may,  therefore,  be  considered  as  real  and 
valuable  benefits. 

A  semi-colored  solution,  such  as  were  the  old  fcrro- 
gallic  inks,  requiring  the  addition  of  gum  to  prevent  the 
deposition  of  the  tinctorial  matter,  was  especially  liable 
to  thicken,  and  flow  tardily  from  the  pen  :  this  in  sultry 
weather,  when  evaporation  is  rapid,  became  especially 
irksome.  The  introduction  of  the  steel  pen  made  these 
imperfections  more  manifest,  causing  a  greater  liability 
in  the  ink  to  concrete  and  deposit  its  coloring  matter. 

Writing  inks  were  in  this  state  when  the  improve- 
ments introduced  by  Mr.  Henry  Stephens  of  Lon- 
don first  appeared.  This  gentleman,  applying  the 
knowledge  of  chemistry  which  he  obtained  in  his 
studies  for  the  medical  profession,  to  which  he  once 
belonged,  engaged  in  extensive  and  successful  re- 
searches upon  atramental  fluids. 

The  first  improvement  introduced  by  him  consisted  of 
a  blue  liquid,  which  had  the  startling  novelty  of  becom- 
ing intensely  black  in  a  few  hours  after  its  deposition  on 
the  paper.  It  had  the  great  recommendation  of  perfect 
fluidity,  and  the  ease  with  which  it  was  transferred  from 
pen  to  paper,  coupled  with  its  ready  but  tenacious  com- 
bination with  the  latter,  were,  at  that  time,  considered 
really  remarkable.  This  now  celebrated  writing  fluid  is 
a  tanno-gallate  of  iron  dissolved  in  sulphate  of  indigo  ; 
the  common  ferro-gallic  writing  inks  consist  of  a  liquid 
in  wdiich  the  tinctorial  matter  is  suspended  by  means 
of  gum,  while  in  this  the  color  is  in  complete  solution. 

Runge,  after  endeavoring  for  a  long  time  to  find  a 
black  fluid  possessing  the  properties  of  forming  no  de- 
posit, of  adhering  strongly  to  the  paper,  of  being  unaf- 
fected by  acids,  and,  lastly,  of  neither  acting  nor  being 
acted  upon  by  steel  pens,  succeeded  after  many  experi- 
ments. The  composition  has  the  advantages  of  being 
very  simple  and  exceedingly  cheap.  It  is  prepared  by 
adding  one  part  of  chromate  of  potassa  to  one  thousand 
parts  of  a  saturated  solution  of  logwood,  made  by  boil- 
ing twenty-two  pounds  of  logwood  in  a  sufficient  quan- 
tity of  water  to  give  fourteen  gallons  of  decoction  ;  to 
this  menstruum,  when  cold,  the  chromate  is  gradually 
added,  and  the  mixture  well  stirred.  The  addition  of 
gum  is  injurious.  In  the  preparation  of  this  ink,  it 
must  be  remembered  that  the  chromate,  not  the  bichro- 
mate, of  potassa  is  employed,  and  great  care  is  requi- 
site to  insure  the  due  adjustment  of  the  relative  pro- 
portions of  the  ingredients  used.  The  best  way  is  to 
make  the  decoction  of  logwood,  and  gradually  add  to  it, 
well  stirring  the  mixture,  as  much  solution  of  chromate 
as  will  give  the  desired  shade. 

It  appears  astonishing,  says  Runge,  what  a  small 
quantity  of  chromate  of  potassa  is  required  to  convert 
a  large  amount  of  decoction  of  logwood  into  a  black 
writing  fluid ;  the  fact  is,  however,  certain,  and  care 
must  be  taken  not  to  allow  the  proportion  of  chrome 
salt  to  exceed  one  part  for  one  thousand  parts  of  decoc- 
tion of  logwood,  as  a  larger  quantity  exercises  a  preju- 
dicial effect  in  destroying  the  tinctorial  matter  of  the 
liquid,  whilst,  in  the  proportion  above  mentioned,  a 
deep  blue-black  writing  ink  is  formed,  which,  unlike 
the  ink  made  with  tanno-gallate  of  iron,  is  perfectly 
fluid,  forming  no  deposit.  This  fluid  possesses  another 
advantage ;  the  paper  wdiich  has  been  written  upon 
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■with  it  may  be  washed  with  a  sponge,  or  be  left  twenty- 
four  hours  under  water,  without  the  marks  being  erased. 
Weak  acids  do  not  destroy  the  writing,  nor  do  they 
even  change  the  shade,  whilst  that  made  from  galls  is 
effaced,  and  the  ink  made  with  logwood  and  sulphate 
of  iron  is  turned  red. 

It  is  especially  necessary,  in  using  this  atramental 
fluid,  that  the  steel  pens  should  be  well  cleansed  from 
the  greasy  matter  with  which,  when  new,  they  are 
always  coated.  This  may  either  be  done  in  the  usual 
way,  by  moistening  them  with  saliva,  and  subsequently 
washing  them  with  water ;  or,  preferably,  by  applying 
to  them  an  alkaline  solution.  Runge  used  this  ink  for 
two  years  without  his  steel  pens  being  in  the  least 
affected,  either  by  being  crusted,  or  clogged  with  solid 
matter,  or  by  becoming  rusty. 

Professor  Traill  has  proposed  a  formula  for  ink  as 
follows : — Gluten,  obtained  in  the  ordinary  way,  is  kept 
from  twenty-four  to  thirty-six  hours  in  water,  and  is 
then  digested  in  acetic  acid  having  the  specific  gravity 
1-033  or  1-034,  in  the  proportion  of  three  parts  of 
gluten  to  twenty  parts  of  the  acid.  By  the  aid  of  a 
gentle  heat,  a  greyish-white,  saponaceous  fluid,  which 
may  be  kept  for  some  time,  is  obtained.  From  eight 
to  twelve  grains  of  the  finest  lamp-black,  and  two  grains 
of  indigo,  form  the  coloring  matter  for  each  fluid  ounce 
of  the  vehicle,  with  which  it  must  be  thoroughly  in- 
corporated. An  agreeable  aroma  may  be  communi- 
cated by  digesting  bruised  cloves,  pimento,  or  cinna- 
mon, in  a  portion  of  the  original  acid.  This  ink  may 
be  used  with  a  steel  pen,  but  should  not  be  left  in  it, 
and  the  pen  should  be  washed  after  use ;  it  is  not  cal- 
culated for  writing  on  parchment. — Edinburgh  Philo- 
sophical Transactions. 

Mr.  Henry  Stephens  has  invented  an  indelible 
carbon  ink,  which,  if  at  all  equalled,  is  certainly  not 
surpassed.    His  process  is  as  follows : — 

Take  common  carbonated  alkali,  or  the  potassa  or 
soda  of  commerce,  or  ammonia,  or  some  other  alkaline 
compound,  and  mix  it  with  resinous  matter, — as  shell- 
lac  or  common  resin, — in  about  equal  proportions ;  then 
add  water  according  to  the  required  strength  of  the 
solution,  and  boil  the  whole  until  the  resinous  substance, 
or  the  greater  portion  of  it,  has  dissolved ;  next  mix 
the  necessary  quantity  of  fine  lamp-black  with  this 
solution.  A  black  liquid  will  thus  be  produced,  which 
may  be  mixed  with  other  suitable  colored  solutions,  to 
form  an  indelible  ink.  Such  tinctorial  matter  as  is 
soluble  in  alkali,  will  best  assimilate  with  this  com- 
position. 

A  recipe  for  an  indelible  carbon  ink,  published  in 
the  year  18-15,  by  Herberger,  is  perfectly  identical 
with  that  of  Dr.  Traill  just  given. 

Dr.  Normandy  has  suggested  an  indelible  writing 
ink,  which  cannot  be  obliterated  or  defaced  by  any 
known  chemical  agent.  Twenty-four  pounds  of  Frank- 
fort black  must  be  ground  with  mucilage — formed  by 
adding  twenty  pounds  of  gum  to  sixty  gallons  of  water 
— and  the  mixture  strained  through  a  coarse  flannel, 
or  passed  through  a  funnel  the  tube  of  which  is  closed 
by  a  sponge ;  four  pounds  of  oxalic  acid  are  then  added, 
together  with  as  much  decoction  of  cochineal  and  sul- 
phate of  ir.digo  as  will  give  the  required  shade. 


Many  substitutes  for  galls,  in  the  manufacture  of  ink, 
have  been  suggested — principally  for  the  sake  of  eco- 
nomy. Those  of  Dr.  Normandy  and  M.  Girond  are 
most  worthy  of  notice.  The  former  chemist  employs 
sumach,  elm  wood,  elder,  chestnut,  beech,  willow,  oak, 
plum,  sycamore,  cherry,  poplar  wood,  catechu,  or  any 
other  ligneous  matter  or  berry,  or  extract  of  vegetal 
substances,  containing  gallic  acid  and  tannin,  or  either 
of  these  principles.  In  making  ink  by  this  method, 
which  is  patented,  the  bark,  wood,  or  berry,  as  the 
case  may  be,  is  reduced  to  powder,  and  boiled  with 
water  until  a  sufficiently  strong  decoction  has  been  ob- 
tained. The  quantity  of  water  must  vary,  of  course, 
according  to  the  sort  of  vegetal  substance  employed : 
thus  sumach  will  demand  more  water  than  catechu,  on 
account  of  the  latter  being  almost  wholly  soluble.  To 
the  menstruum  is  added  a  certain  amount  of  logwood, 
of  acetate  and  hydrate  of  protoxide  of  copper,  of  sul- 
phate of  alumina  and  potassa,  and  of  sulphate  of  pro- 
toxide of  iron,  in  quantities  which  must  be  regulated 
according  to  the  nature  of  the  organic  matter  first  made 
use  of.  Gum-arabic  or  a  superior  quality  of  gum- 
senegal  is  now  added,  in  the  proportion  of  eighty 
pounds  or  thereabouts  for  each  three  hundred  and  forty 
gallons  of  liquid  ;  also  a  variable  amount  of  sulphate. 
As  the  quantity  of  the  ingredients  must  be  regulated 
by  the  shade  of  the  tint  intended  to  be  produced, 
it  is  impossible  to  indicate  absolutely  the  propor- 
tions in  which  they  are  to  be  employed;  this  must 
be  decided  by  the  taste  and  fancy  of  the  manipulator. 
Supposing,  however,  that  a  blue-black  is  desired,  and 
that  sumach  is  the  vegetal  substance  to  which  prefer- 
ence is  given,  the  annexed  are  the  proportions  for  two 
hundred  and  forty  gallons  of  the  ink : — Sumach,  from 
forty-eight  to  sixty  bushels  ;  logwood,  about  two  hun- 
dredweight— the  quantity  slightly  varying,  according 
as  new  or  old  chip  is  taken  ;  gum-arabic,  from  eighty 
to  one  hundred  and  twelve  pounds ;  protosulphate  of 
iron,  one  hundredweight ;  acetate  and  hydrate  of  pro- 
toxide of  copper,  four  pounds ;  sulphate  of  alumina  and 
potassa,  thirty-seven  pounds;  sulphate  of  indigo,  six 
pounds  or  more,  according  to  the  required  intensity  of 
the  blue.  Were  catechu  to  be  employed  in  this  case, 
instead  of  sumach,  one  hundredweight  would  be  re- 
quired, the  proportions  of  the  other  materials  remain- 
ing the  same. 

The  obstacles  which  have  hitherto  prevented  the  use 
of  the  above-named  astringent  vegetal  substances  in- 
stead of  galls,  are  the  variously-colored  precipitates 
which  they  afford  with  salts  of  iron,  some  being  quite 
green,  others  brown,  while  decoction  of  galls  yields 
with  sulphate  of  iron  a  dark  purple.  These  hues  may, 
however,  be  altered  at  will,  by  the  use  of  sulphate  of 
indigo  in  different  proportions,  from  dark-blue  to  the 
most  intense  black,  applicable  to  dyeing,  staining,  or 
writing,  and  which  may  be  employed  with  every  de- 
scription of  pen. 

The  substitute  for  galls,  patented  by  Girond  in  1825, 
is  denominated  by  him,  damajavag,  and  consists  of  an 
extract  from  the  shell,  wood,  or  sap  of  the  chestnut 
tree. 

One  hundredweight  of  chestnut  shells,  broken  into 
fragments,  is  to  be  immersed  in  from  one  hundred  and 
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eighty  to  two  hundred  gallons  of  water,  in  a  vessel  of 
copper  or  other  material  except  iron;  and  after  having 
been  allowed  to  soak  for  about  twelve  hours,  heat  is 
applied,  and  ebullition  maintained  for  about  twelve 
hours.  If  the  wood  of  the  chestnut  tree  is  employed, 
it  is  cut  into  small  pieces  or  thin  shavings,  and  treated 
in  the  same  way. 

The  extract  is  drawn  off  from  the  boiler  at  the  end 
of  the  time  specified,  and  filtered  through  a  fine  sieve 
or  cloth,  after  which  the  water  is  evaporated  from  it 
until  it  becomes  of  a  pasty  consistence,  when  it  may  be 
cut  into  cakes  of  any  convenient  size,  and  dried  in  an 
oven  at  a  low  temperature  till  hard,  at  which  time  it  is 
ready  for  use. 

In  making  ink  with  this  substitute,  it  is  merely  neces- 
sary to  reduce  it  to  a  coarse  powder,  and  use  it  as  galls. 

One  hundredweight  of  chestnut  shells  yields  eight  or 
ten  pounds  of  the  dry  extract. 

Scott,  id  the  year  1840,  patented  the  following 
method  for  the  manufacture  of  ink : — ■ 

Take  forty-eight  pounds  of  logwood  chips,  and  let 
them  be  saturated  two  days  in  soft  water ;  then  boil 
them  in  a  closely-covered  iron  caldron,  with  eighty 
gallons  of  the  last-named  liquid,  for  one  hour  and  a 
half,  when  the  wood  must  be  taken  out,  and  forty-eight 
pounds  of  the  best  Aleppo  galls  added  to  the  men- 
struum, which  must  be  boiled  for  half  an  hour,  and 
subsequently  allowed  to  remain  in  the  vessel  for  twenty- 
four  hours,  during  which  time  it  must  be  frequently 
agitated.  When  the  principles  of  the  galls  have  been 
sufficiently  extracted,  draw  off  the  clear  fluid  into  a  vat, 
and  add  forty  pounds  of  pulverized  sulphate  of  iron  ; 
let  these  ingredients  remain  for  a  week,  during  which 
time  they  should  be  daily  agitated ;  then  pour  in  four 
gallons  of  vinegar.  Next  take  seven  and  a  half  pounds 
of  the  best  picked  gum-arabic,  and  dissolve  it  in  suffi- 
cient water  to  form  a  good  mucilage,  which  must  be 
well  strained,  and  then  by  degrees  be  mixed  with  the 
fluid;  let  these  stand  a  few  days  longer,  then  add 
twenty  ounces  of  concentrated  nitrate  of  iron.  When 
the  menstruum  has  attained  a  sufficient  depth  of  color, 
it  is  carefully  decanted  from  the  sediment,  and  the 
following  substances,  each  separately  prepared  and 
ground,  added  to  it : — 

First,  grind  half  a  pound  of  Spanish  indigo  by  means 
of  a  muller  and  stone,  till  it  is  very  fine,  occasionally 
adding  portions  of  the  ink  until  it  is  made  into  an  easily 
soluble  paste ;  then  take  five  pounds  of  well-washed  and 
purified  Prussian  blue,  which  must  be  prepared  as  the 
indigo,  except  that  distilled  water  must  be  employed 
instead  of  the  partially-prepared  writing  fluid.  Next 
take  four  ounces  of  gas-black, — that  is,  the  carbon  col- 
lected from  the  smoke  of  gas-burners  on  glass  surfaces 
— and  grind  it  with  one  ounce  of  the  nitrate  of  iron. 
These  several  substances  are  allowed  to  remain  for  a 
few  hours  unmixed,  when  the  whole  may  be  incor- 
porated with  the  fluid,  which  is  daily  agitated  for  a 
week.  The  clear  ink,  in  quantity  about  eighty  gallons, 
is  then  poured  off  for  use. 

The  Kev.  J.  B.  Reade  of  Aylesbury  took  out  pa- 
tents in  the  year  1847  for  various  writing,  marking, 
and  printing  inks.  The  first  only  will  be  here  noticed ; 
the  second  and  third  will  be  described  in  their  proper 
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places  in  the  subsequent  part  of  the  article.  The  only 
black  writing  ink  which  he  has  devised,  is  made  by 
mixing  soluble  Prussian  blue  of  a  good  quality — pre- 
pared by  Mr.  Eeade's  own  patent,  and  described  in 
the  manufacture  of  his  blue  ink — with  ordinary  gall 
ink.  This  addition  of  Prussian  blue  makes  the  ink, 
which  was  already  unaffected  by  alkalies,  equally  proof 
against  acids,  and  a  writing  fluid  is  thus  obtained  which 
cannot,  according  to  the  patentee,  be  erased  from  paper 
by  any  common  method  of  obliteration  without  de- 
stroying the  tissue. 

Two  or  three  black  inks  now  remain  to  be  noticed, 
which,  from  the  nature  of  the  ingredients,  can  hardly 
be  classed  with  the  common  varieties,  and  have,  on 
that  account,  been  reserved  for  description  to  the  last. 
The  first,  and  not  the  least  important,  of  these  is  Ber- 
zelius'  indelible  ink,  prepared  from  the  metal  vana- 
dium. Vanadic  acid,  when  combined  with  ammonia, 
thus  forming  a  vanadate  of  the  volatile  alkali,  and 
mixed  with  an  infusion  of  galls,  forms  a  black  fluid, 
which,  according  to  the  inventor,  is  the  best  writing 
ink  that  can  be  used.  The  quantity  of  salt  neces- 
sary for  a  perfectly  black  ink  is  so  small,  that,  to 
use  the  great  chemist's  own  expression,  it  will  not  be 
worth  considering  when  vanadium  is  more  generally 
known.  The  writing  obtained  with  this  ink  is  perfectly 
black.  Acids  do  not  obliterate  it,  though  they  cause 
the  color  to  become  blue.  Alkalies,  when  diluted  so 
as  not  to  act  upon  the  paper,  do  not  dissolve  it.  Chlo- 
rine, though  it  destroys  the  black  color,  does  not  efface 
the  writing,  even  when  water  is  suffered  to  run  over  it. 
Though  this  ink  cannot  be  said  to  be  absolutely  inde- 
lible, yet  it  strongly  resists  reagents  which  cause  com- 
mon ink  to  disappear.  It  has  also  the  advantage  of 
being  a  solution,  and  not  merely  a  precipitate  suspended 
in  a  fluid  by  means  of  gum,  so  that  it  flows  more 
freely  from  the  pen. 

Coathupe  has  given  a  formula  for  an  ink  capable 
of  resisting  the  action  of  all  the  substances  usually  em- 
ployed for  effacing  writing.  It  is  prepared  as  follows  : 
— Boil,  in  a  loosely-covered  tin  vessel,  two  ounces  of 
shell-lac  and  one  ounce  of  borax  with  eighteen  ounces 
of  distilled  or  rain  water,  stirring  them  occasionally 
until  the  whole  is  perfectly  homogeneous ;  filter  the 
mixture,  when  cold,  through  bibulous  paper,  and  mix 
the  filtrate — in  quantity  about  nineteen  ounces — with 
one  ounce  of  mucilage  of  gum-arabic,  made  by  dissolv- 
ing the  gum  in  double  its  weight  of  water,  and  add 
pulverized  indigo  and  lamp-black  ad  libitum.  Seetho 
the  whole  again  in  a  covered  vessel,  and  agitate  the 
menstruum  thoroughly  in  order  to  effect  the  complete 
solution  of  the  gum  and  the  admixture  of  the  coloring 
matters.  This  agitation  is  continued  during  the  cooling 
of  the  fluid,  after  which  it  is  allowed  to  repose  for  a  few 
hours,  so  as  to  permit  the  deposition  of  the  excess  of 
indigo  and  carbon,  when  it  is  decanted  and  bottled  for 
use. 

An  indelible  safety  ink,  patented  by  Whitfield  in 
1837,  is  prepared  in  the  following  manner:  —  Four 
gallons  of  linseed  oil ;  two  of  cocoa-nut  oil ;  one  gallon 
of  good  molasses ;  five  pounds  of  loaf  sugar ;  two  pounds 
each  of  ground  sacre  seed,  ground  cotton  seed,  Venice 
turpentine,  ivory  black,  Antwerp  black,  finely-powdered 
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burnt  horns,  tartar,  pulverized  gum-kino,  and  anaear- 
diurn  nuts ;  four  pounds  each  of  very  finely -powdered 
charcoal,  dried  bullocks'  blood,  and  gum-arabic ;  one 
pound  each  of  solution  of  caoutchouc,  parchment-shav- 
ings, powdered  seed-lac,  and  Indian  borax ;  and  three 
pounds  each  of  Aleppo  galls,  pomegranate  peel,  fine 
glue,  and  walnut  skins,  all  in  fine  powder, — are  mixed 
and  boiled  in  a  large  iron  caldron.  On  the  commence- 
ment of  ebullition,  the  mixture  is  ignited  with  a  bar  of 
red-hot  iron,  and  the  smoke  which  is  liberated  is  re- 
ceived into  a  capacious  inverted  cone  made  of  the  best 
sheet-iron.  As  soon  as  the  whole  of  the  oil  is  con- 
sumed, the  carbon  which  adheres  to  the  cone  is  col- 
lected and  carefully  preserved.  The  residuum  is  then 
removed  from  the  boiler,  and  rubbed  down  on  a  stone 
slab  to  an  impalpable  powder.  One  pound  of  the  car- 
bon collected  in  the  cone,  and  a  similar  quantity  of  the 
prepared  residuum,  are  then  mixed  with  a  quart  of  the 
best  French  vinegar,  two  gallons  of  hot  water,  and  four 
ounces  of  gum-lac,  and  these  ingredients  are  then  boiled 
for  ten  minutes,  when  one  pound  of  Aleppo  galls  in  fine 
powder,  and  two  pounds  of  logwood  chips  are  added. 
The  mixture  is  stirred  until  cold,  and  is  then  poured 
into  large  flat  pans,  and  exposed  to  the  atmosphere  for 
three  weeks. 

Whatever  may  be  the  qualities  of  this  ink  when 
manufactured,  it  is  certainly  prepared  in  a  singular 
manner.  A  mere  tyro  in  chemical  science  will  at  once 
perceive  that  the  materials  are  selected  and  propor- 
tioned so  as  to  form  a  rare  olla  podrida,  while  the  sub- 
sequent treatment  of  them  is,  to  say  the  very  least  of 
it,  wasteful  in  the  extreme. 

Copying  iuks,  or  inks  which,  after  having  been  trans- 
ferred from  pen  to  paper,  and  having  become  dry,  will 
communicate  a  portion  of  their  substance  to  a  sheet  of 
damped  paper  strongly  compressed  upon  them,  thus 
furnishing  two,  and,  in  some  instances — by  renewed 
application,  with  pressure,  of  clean  moistened  paper — 
even  a  third  or  fourth  copy  of  the,  same  manuscript,  are 
generally  prepared  by  adding  a  .modicum  of  sugar  or 
sugar-candy,  with  an  increased, amount  of  gum,  to  the 
ordinary  ferro-gallic  inks. 

Red  Ink. — The  red  inks  at  present  in  common  use 
are  of  two  kinds,  of  which,  however,  there  are  some 
modifications. 

The  first  variety  is  prepared  'by  making  a  solution 
of  the  tinctorial  matter  of  Brazil-wood  in  acetic  acid, 
the  color  being  raised  by  means  of  alum. 

Booth  gives  the  following  formula  for  a  red  ink  : — 
Brazil-wood,  two  ounces ;  chloride  of  tin,  half  a  drachm  ; 
gum-arabic,  one  drachm ;  water,  thirty-two  ounces. 
These  ingredients  are  subjected  to  continuous  ebulli- 
tion, until  the  quantity  of  fluid  amounts  to  only  sixteen 
ounces. 

Heusler's  recipe  is  here  given ; — Boil  two  ounces 
of  Brazil-wood,  half  an  ounce  of  pulverized  alum,  and 
the  same  quantity  of  crystals  of  bitartrate  of  potassa  in 
sixteen  ounces  of  distilled  water,  until  the  fluid  is 
reduced  to  one-half.  Strain  the  liquor,  dissolve  in  it 
half  an  ounce  of  gum-arabic,  then  mix  with  it  a  tincture 
made  by  digesting  a  drachm  and  a  half  of  cochineal  in 
one  and  a  half  ounce  of  alcohol  of  specific  gravity 
0'839. 


Red  inks  of  the  second  class  are  prepared  from 
cochineal  or  carmin ;  the  most  common  modification 
is  a  simple  solution  of  the  latter  in  an  excess  of 
ammonia,  the  proportions  being  varied  according  to 
the  depth  of  color  required.  Such  ink  is  extremely 
fugitive. 

The  following  recipe  is  given  in  the  Pharmaceutical 
Journal: — Place  in  a  porcelain  vessel  twelve  grains 
of  pure  carmin,  and  pour  thereon  three  ounces  of  solu- 
tion of  ammonia ;  heat  over  a  spirit-lamp  for  a  space 
of  from  five  to  eight  minutes,  carefully  regulating  the 
temperature  so  that  ebullition  shall  not  occur,  and  to 
the  solution  thus  formed,  add,  continually  stirring, 
eighteen  grains  of  powdered  gum-arabic.  When  this  is 
liquefied,  the  ink  is  ready  for  use.  Drop  lake  may  be 
substituted  for  the  carmin,  as  being  more  economical. 

According  to  Oiime,  a  good  red  ink  may  be  made 
by  macerating,  for  two  days,  six  drachms  of  powdered 
cochineal,  and  one  ounce  and  a  half  of  pure  carbonate 
of  potassa,  with  sixteen  ounces  of  water.  Four  and  a 
half  ounces  of  bitartrate  of  potassa  and  three  drachms 
of  alum  are  then  to  be  added,  and  the  fluid  heated  as 
long  as  carbonic  acid  is  evolved.  After  the  liquid  has 
been  filtered,  the  contents  of  the  filter  are  to  be  washed 
in  one  ounce  and  a  half  of  water,  and  one  ounce  of 
alcohol  is  then  added  to  the  resulting  fluid,  as  an  anti- 
septic. For  most  purposes,  six  drachms  of  gum-arabic 
should  be  dissolved  in  each  sixteen  ounces  of  this  ink  ; 
but  when  used  as  a  tinctorial  agent  in  confectionery, 
for  which  it  is  well  fitted,  the  addition  of  gum  is 
unnecessary. 

Mr.  Stephens  obtains  an  excellent  red  ink  from 
cochineal  by  the  following  method : — Add  to  a  quan- 
tity of  common  carbonate  of  potassa,  soda,  or  am- 
monia, twice  its  weight  of  crude  argol  in  powder. 
When  the  effervescence  caused  by  the  combination  of 
the  tartaric  acid  of  the  argol  with  the  alkaline  base, 
thereby  expelling  the  carbonic  acid,  has  ceased,  decant 
or  filter  the  solution  from  the  insoluble  matter  ;  to  this 
is  added,  by  measure,  half  its  quantity  of  oxalate  of 
alumina,  prepared  by  dissolving  damp,  newly-precipi- 
tated alumina  in  as  small  a  quantity  as  possible  of  a 
concentrated  solution  of  oxalic  acid.  The  mixture 
thus  prepared  is  next  colored,  when  cold,  with  bruised 
or  powdered  cochineal,  and  after  standing  for  forty- 
eight  hours  is  strained,  when  it  is  fit  for  use. 

The  Rev.  J.  B.  Reade  took  out  a  patent  for  a  red 
ink  in  the  year  1847.  Subjoined  is  his  mode  of  pre- 
paring it : — Cochineal  is  first  boiled  in  successive  quan- 
tities of  pure  water,  till  it  ceases,  or  nearly  so,  to  afford 
tinctorial  matter.  It  is  then  subjected  to  ebullition 
with  dilute  ammonia,  which  dissolves  the  remainder  of 
the  tint-giving  principle,  leaving  the  animal  matter 
nearly  white.  These  aqueous  and  ammoniacal  decoc- 
tions are  then  mixed  in  an  earthenware  vessel,  and 
the  coloring  matter  is  then  thrown  down  by  means  of 
the  double  chloride  of  ammonium  and  tin.  The  com- 
pound thus  formed  is  subsequently  boiled  in  ammonia, 
and  iodide  of  tin  is  then  added,  till  the  required 
degree  of  brilliancy  of  hue  is  obtained  ;  this  completes 
the  process,  the  degree  of  body  required  in  the  ink 
being  given  by  an  ad  libitum  addition  of  water.  This 
ink,  says  the  patentee,  is  greatly  superior  to  the  com- 
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mon  solutions  from  peach  and  Brazil-wood,  not  only  in 
permanent  richness  of  color,  but  also  in  its  freedom 
from  acid,  and  consequent  fitness  for  use  with  steel 
pens. 

Blue  Ink. — There  appears  to  have  been  no  true 
ink  of  a  persistent  blue  color,  until  Mr.  Stephens 
introduced  his  unchangeable  blue  writing  fluid. 

Reflecting  upon  the  durable  nature  of  Prussian  blue, 
as  well  as  upon  its  beautiful  and  strong  contrast  to 
white  paper,  Mr.  Stephens  was  led  into  an  investiga- 
tion of  the  means  of  dissolving  it,  so  as  to  adapt  it  to 
atramentation,  while,  at  the  same  time,  it  might  be 
made  serviceable  to  the  dyer;  and  oxalic  acid  was 
found  to  answer  the  purpose.  The  ink  is  prepared  as 
follows : — Take  Prussian  blue— whether  it  is  that  of 
commerce,  or  purposely  prepared  by  a  combination  of 
a  sesquisalt  of  iron  with  ferrocyanide  of  potassium,  is 
immaterial — put  it  into  an  earthen  vessel,  and  pour 
upon  it  as  much  strong  acid  as  will  cover  it.  Hydro- 
chloric, nitric,  and  sulphuric  acids  are  equally  of 
service ;  but  if  the  latter  be  used,  it  should  be  diluted 
with  a  quantity  of  water  equal  to  its  own  bulk.  The 
Prussian  blue  is  allowed  to  remain  in  the  acid  from 
twenty-four  to  forty-eight  hours,  or  even  for  a  more 
extended  period ;  the  mixture  is  then  diluted  with  much 
water,  at  the  same  time  agitating  it,  for  the  purpose 
of  washing  from  it  the  salts  of  iron.  When  in  this 
state  of  dilution,  it  is  permitted  to  rest  until  all  the 
color  has  subsided,  at  which  time  the  supernatant 
liquid  is  siphoned  off,  and  a  further  quantity  of  water 
added.  This  process  is  repeated  until  ferrocyanide  of 
potassium  no  longer  evinces  the  presence  of  iron  by 
giving  a  blue  precipitate ;  and  also  until  the  menstruum 
ceases  to  redden  blue  litmus  paper,  thus  proving  that 
the  acid  has  been  entirely  removed.  The  product  is 
then  placed  upon  a  filter,  and  suffered  to  remain  until 
all  the  liquid  has  drained  away.  The  Prussian  blue, 
by  this  treatment,  has  lost  a  considerable  proportion  of 
its  iron,  and  is  now  more  readily  acted  upon  and  dis- 
solved than  in  any  other  condition.  After  being  gently 
dried,  oxalic  acid  is  added  to,  and  carefully  mixed  with, 
the  Prussian  blue;  cold  distilled  water  is  then  poured, 
in  small  portions  at  a  time,  over  the  whole,  making  it 
into  a  dense  or  dilute  solution,  according  to  the  depth 
of  color  required.  The  amount  of  oxalic  acid  may  be 
varied  according  to  the  quantity  of  water  used.  It  will 
be  found  that  Prussian  blue  which  has  undergone  the 
process  of  digestion  just  described,  requires  but  a  small 
modicum  of  acid  to  dissolve  it.  For  a  concentrated 
solution,  six  parts  of  Prussian  blue — weighed  before  the 
treatment  with  acid — will,  after  the  operation,  be  taken 
up  by  one  part  of  oxalic  acid,  and  a  proportional 
amount  of  water.  Prussian  blue,  in  its  ordinary  state, 
will  require  two  or  three  times  its  weight  of  oxalic  acid; 
and  even  then,  it  will  be  liable  to  precipitation  after 
standing ;  when  deprived  of  a  portion  of  its  iron  in  the 
first  place,  by  means  of  acid,  it  remains  a  permanent 
solution. 

The  comparative  durability  of  the  ordinary  black 
ferrogallic  ink  and  that  made  from  the  sesquiferro- 
cyanide  of  iron — Prussian  blue — may  be  judged  of  by 
the  following : — 

Black  ink  is  a  combination  of  a  protosalt  of  iron 


with  the  active  principles  of  galls ;  the  tannogallate  of 
iron  thus  produced  is  good  whilst  the  metal  remains  as 
protoxide ;  but,  as  soon  as  the  salt  has  passed  into  a 
higher  state  of  oxidation,  the  ink  has  a  tendency  to 
decay;  and  as  still  more  oxygen  is  attracted  and  com- 
bined, the  vegetal  matter  is  decomposed,  until  eventu- 
ally there  remains  on  the  paper  only  oxide  of  iron  of  a 
reddish-brown  hue,  similar  to  that  produced  when  the 
ink  is  acted  upon  by  chlorine.  If  the  writing  is  kept 
from  the  air,  and  all  damp  is  excluded,  the  color  of  the 
ink  will  be  unaffected  for  many  years ;  but  should  the 
manuscript  be  placed  in  a  damp  position,  the  iron  soon 
passes  into  the  state  of  sesquioxide,  and  the  vegetal 
portion  of  the  ink  becomes  extinct. 

The  ink  from  Prussian  blue  has  a  reversed  principle 
as  regards  its  permanence.  While  the  iron  is  in  its 
normal  degree  of  oxidation,  the  color  is  only  partially 
developed,  and  it  is  not  until  the  iron  is  further  oxi- 
dised by  means  of  an  acid,  or  by  exposure  to  the 
atmosphere,  that  the  fine  deep  hue  is  fully  developed. 
It  is  here  that  the  uniform  well-known  tendency  of  the 
lower  oxides  of  iron  to  absorb  oxygen,  instead  of  being 
an  evil,  is  of  positive  service.  As  the  state  of  sesqui- 
oxide is  the  true  condition  in  which  iron  combines  with 
ferrocyanogen  to  give  Prussian  blue,  and  as  the  in- 
herent disposition  of  the  iron  is  to  assume  this  form,  it 
is  clear  that  the  tendency  of  the  elements  is  to  be 
permanent.  As  a  further  proof  of  this,  if  writing 
executed  with  Prussian  blue  ink  be  exposed  for  a 
longer  or  shorter  period  to  the  action  of  strong  light,  a 
deoxidation  of  the  iron  occurs,  and  the  color  is  to  all 
appearance  faded ;  but,  on  removing  it  from  the  in- 
fluence of  light,  the  iron  reassumes  the  state  of  sesqui- 
oxide, and  the  color  again  becomes  dark :  this  change 
may  be  repeatedly  effected  in  the  same  manuscript, 
with  an  unvarying  result.  This  repeated  deoxidation 
by  light,  and  the  reverse  action  from  want  of  solar  or 
other  rays,  is  generally  known  and  well  exemplified  in 
the  case  of  articles  of  external  dress  dyed  with  Prus- 
sian blue,  which,  being  worn — and  consequently  ex- 
posed to  the  influence  of  strong  light,  not  the  less 
powerful  because  coming  from  its  primary  source,  the 
sun — become  pale,  and  lose  that  brilliancy  for  which 
Prussian  blue,  as  a  tinctorial  substance,  is  so  cele- 
brated ;  but  when  these  habiliments  are  again  brought 
out,  after  being  exposed  for  some  time  to  darkness,  the 
color  is  revivified  as  by  magic,  and  is  again  equal  to 
new. 

On  adding  a  solution  of  ferrocyanide  of  potassium  to 
ordinary  black  ink,  a  blue  hue  results ;  the  affinity  of 
the  iron  for  the  ferrocyanogen  being  so  much  stronger 
than  that  which  it  has  for  the  tannic  and  gallic  acids, 
the  latter  are  displaced,  thereby  showing  the  greater 
force  of  combination  in  the  blue,  over  that  in  the  black 
ink.  Many  acids  are  destructive  of  the  color  of  the 
latter,  but  the  sesquiferrocyanide  of  iron  is  unaffected 
by  any.  Even  chlorine  has  no  action  upon  it,  except 
that  it  perhaps  deepens  the  shade  a  little.  Of  excess 
of  moisture  and  light,  and  of  the  thousand  and  one 
physical  causes  which  operate  destructively  upon  black 
ink,  only  one  affects  the  preparation  of  Prussian  blue — 
light,  and  the  action  of  this,  as  has  been  seen,  is  far 
from  being  permanent. 
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The  Rev.  J.  B.  Reade  has  also  patented  a  blue  ink, 
■which  is  manufactured  as  under  : — 

A  solution  of  iodide  of  iron  having  been  carefully  pre- 
pared according  to  the  usual  method,  a  proportion  of 
iodiue  amounting  to  half  the  weight  already  employed,  is 
dissolved  therein,  and  the  mixture  is  then  poured  into  a 
semi-saturated  solution  of  ferrocyanide  of  potassium, 
employing  of  this  salt  a  quantity  about  equal  to  that 
of  the  whole  of  the  iodine  used  in  the  first-mentioned 
menstruum.  A  decomposition  of  the  materials  thus 
brought  together  immediately  takes  place,  the  ferrocy- 
anogen  of  the  potassium  salt  combining  with  the  iron, 
and  falling  down  in  a  solid  form ;  while  the  potassium 
and  iodine  unite  to  form  an  iodide  of  the  alkali-metal, 
which  remains  in  solution,  together  with  a  slight  ex- 
cess of  iodide  of  iron.  The  whole  is  placed  on  a  filter ; 
the  retained  deposit,  caused  by  the  union  of  the  iron 
with  the  ferrocyanogen,  and  which  is  nothing  more 
or  less  than  Prussian  blue  in  a  soluble  state,  is  well 
washed  with,  and  is  finally  dissolved  in  water,  which 
forms  the  blue  ink  desired. 

Dr.  Normandy  has  proposed  a  blue  ink,  which  is 
made  by  operating  upon  Chinese  blue,  or  ferrocyanide  of 
iron.  Three  drachms  of  the  ferrocyanide  are  macerated 
in  seven  ounces  of  water,  with  one  drachm  of  binoxa- 
late  of  potassa,  adding  one  drachm  of  gum-arabic. 
A  solution  of  tin  may  be  added  to  these  ingredients ; 
the  binoxalate  of  potassa  may  also  bo  substituted  by  an 
equivalent  proportion  of  oxalic  acid. 

Oiime  recommends  the  following  formula  for  blue 
ink : — Dissolve  one  scruple  of  iron  in  nitrohydrochloric 
acid — aqua  regia — filter  the  solution,  and  dilute  it  with 
sufficient  water  to  make  eight  ounces,  which  is  mixed 
with  four  drachms  of  ferrocyanide  of  potassium,  pre- 
viously dissolved  in  eight  ounces  of  water.  The  re- 
sulting subsidence  is  collected  on  a  filter,  and  after  the 
fluid  has,  as  far  as  possible,  been  removed,  the  precipi- 
tate is  edulcorated  with  pure  water,  until  the  latter 
passes  through,  having  an  azure  tint.  As  soon  as  this 
occurs,  the  funnel  and  its  contents  are  placed  over  a 
clean  vessel,  the  filter  pierced,  and  the  blue  compound 
washed  with  twenty-four  ounces,  by  weight,  of  water. 
This  latter  menstruum  constitutes  the  blue  ink,  the 
formation  of  which  depends  on  the  property  of  the  pre- 
cipitate to  dissolve  in  pure  water,  and  not  in  solutions 
of  other  salts. 

Purple  Ink.  —  To  produce  a  purple-colored  ink, 
called  the  King  of  Purples,  Dr.  Normandy  recommends 
the  following  method: — To  twelve  pounds  of  Cam- 
peachy  logwood,  add  as  many  gallons  of  boiling  water ; 
pour  the  infusion  through  a  funnel  with  a  strainer 
made  of  coarse  flannel,  on  one  pound 'of  hydrate  or 
acetate  of  copper — verdigris — finely  powdered  ;  at  the 
bottom  of  the  funnel  a  sponge  is  placed ;  then  add  im- 
mediately fourteen  pounds  of  alum,  and  for  each  seven- 
teen gallons  of  liquid,  add  four  pounds  of  gum-arabic  or 
Senegal ;  let  these  remain  for  three  or  four  days,  and  a 
beautiful  purple  will  be  produced. 

Green  Ink. — Klaprotii  directs  for  the  preparation 
of  green  fnk,  that  two  parts  of  acetate  of  copper  and 
one  of  bitartrate  of  potassa  be  boiled  in  eight  parts  of 
water,  till  the  solution  be  reduced  to  half  the  bulk.  It 
is  then  filtered  through  cloth,  and  after  cooling,  bottled. 


Winckler  has  given  the  following  recipe  for  a  green 
ink : — Dissolve  one  hundred  and  eighty  grains  of  bichro- 
mate of  potassa  in  one  fluid  ounce  of  water ;  add  to 
the  menstruum,  while  warm,  half  an  ounce  of  spirit  of 
wine ;  then  decompose  the  mixture  with  concentrated 
sulphuric  acid  until  it  assumes  a  brown  color.  The 
liquor  is  now  evaporated  till  it  is  reduced  in  quantity  to 
one-half,  when  it  is  diluted  with  two  ounces  of  distilled 
water,  filtered,  mixed  with  half  an  ounce  of  alcohol, 
subsequently  with  a  few  drops  of  strong  sulphuric  acid, 
and  then  allowed  to  rest  till,  after  some  time,  it  assumes 
a  beautiful  green  color.  It  is  finally  adapted  for  use 
by  the  addition  of  a  small  quantity  of  gum-arabic. 

Ohme  has  devised  a  green  ink,  made  by  triturating 
one  drachm  of  gamboge  with  one  ounce  of  the  blue  ink 
invented  by  him,  and  previously  noticed ;  but  it  is  of 
little  value. 

Yellow  Ink. — Yellow  ink,  according  to  Dr.  "Ore, 
is  prepared  by  dissolving  three  parts  of  alum  in  one 
hundred  parts  of  water,  adding  twenty- five  parts  of 
bruised  Persian  or  Avignon  berries,  boiling  the  mix- 
ture for  an  hour,  filtering  the  liquor,  and  dissolving  in 
it  four  parts  of  gum-arabic. 

An  extemporaneous  yellow  ink  may  be  made  by 
dissolving  gamboge  in  water,  but  it  is  by  no  means 
permanent. 

Gold  and  Silver  Inks. — Gold  ink  is  prepared  as 
follows  : — Grind  upon  a  porphyry  slab  with  a  muller, 
gold  leaf  and  fine  white  honey,  till  the  former  is 
reduced  to  an  impalpable  powder.  The  paste  is 
then  carefully  collected  and  diffused  through  water, 
which  dissolves  the  honey,  causing  the  deposition  of 
the  precious  metal ;  the  water  must  now  be  decanted, 
and  the  sediment  edulcorated  to  free  it  from  the  sac- 
charine matter.  The  powder  exsiccated  is  very  bril- 
liant, and  when  required  for  use  is  suspended  in  muci- 
lage of  gum-arabic.  After  the  writing  executed  with 
this  ink  is  dry,  it  should  be  burnished  with  ivory. 

Silver  ink  is  prepared  in  the  same  manner,  by  sub- 
stituting this  metal,  in  leaf,  for  the  gold. — Ure. 

Indian  or  Chinese  Ink  consists  essentially  of  lamp- 
black formed  into  cakes  by  means  of  some  glutinous  or 
adhesive  substance,  such  as  gum-water.  The  lamp- 
black is  said  to  he  made  in  China  by  collecting  the 
smoke  of  the  oil  of  sesame" ;  and  M.  Merimee  states 
that  the  Chinese  do  not  use  glue  in  the  fabrication  of 
their  ink,  but  certain  vegetable  juices,  which  render  it 
more  brilliant  and  more  indelible  upon  paper.  Dr. 
Ure  remarks,  that  when  the  best  lamp-black  is  levi- 
gated with  the  purest  gelatin  or  solution  of  glue,  it 
forms,  no  doubt,  an  ink  of  a  good  color,  but  wants  the 
shining  fracture,  and  is  not  so  permanent  on  paper  as 
good  China  ink.  In  the  latter  has  been  detected  about 
two  per  cent,  of  camphor,  which  is  supposed  to  improve 
it.  On  the  other  hand,  Proust  says  that  lamp-black, 
purified  by  potash  lie,  when  mixed  with  a  solution  of 
refined  glue,  and  dried,  formed  an  ink  which  was  pre- 
ferred by  artists  to  that  of  China.  A  good  Indian  ink 
may  be  made  with  ivory  black,  ground  to  a  fine  pow- 
der, made  into  a  paste  with  weak  gum-arabic  water, 
and  then  formed  into  cakes. 

Marking  Ink. — The  fluids  for  writing  on  linen  now 
known  are  widely  different  from  those  in  vogue  even 
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a  few  years  ago.  The  latter  always  required  a  prepa- 
ration of  the  tissue,  previous  to  their  application.  The 
formula?  for  a  few  of  these  are  given,  not  so  much  on 
account  of  the  likelihood  of  their  being  again  useful,  as 
to  give  an  insight  into  their  composition,  thereby 
showing  what  science  has  accomplished  even  in  such  a 
limited  sphere. 

Marking  inks  are  of  two  kinds  :  the  first  of  these  is 
applied  with  the  pen,  the  second  with  types. 

One  of  the  older  marking  inks,  in  using  which  the 
linen  required  to  he  pounced  or  prepared,  is  as  under : — 
Dissolve  one  hundred  grains  of  nitrate  of  silver,  two 
drachms  of  gum-arabic,  and  one  scruple  of  sap  green 
in  one  ounce  of  distilled  water.  The  linen  is  to  be 
wetted  before  applying  this,  with  a  pounce,  consisting 
of  a  solution  of  one  ounce  of  carbonate  of  soda  in  eight 
of  distilled  water. 

Gray  directs  that  the  ink  be  composed  of  two 
drachms  of  nitrate  of  silver,  six  drachms  of  water,  and 
two  of  mucilage,  while  one  ounce  of  carbonate  of  soda 
in  sixteen  of  water,  together  with  a  little  sap  green, 
form  the  pounce.  Another  ink  is  a  solution  of  one 
drachm  of  nitrate  of  silver,  one  of  mucilage,  in  five 
drachms  of  distilled  water,  tinged  slightly  by  means  of 
sap  green.  The  pounce  consists  of,  carbonate  of  soda, 
one  ounce  ;  gum-arabic,  one  ounce ;  water,  six  ounces. 

A  form  of  ink  known  as  Italian  is  merely  terchloride 
of  gold,  the  cloth  being  moistened  before  its  application 
with  a  solution  of  chloride  of  tin. 

The  modern  marking  inks  do  not  require  the  pouncing 
of  the  linen  previous  to  its  being  written  upon ;  but 
instead,  a  hot  iron  is  passed  over  the  marks,  or  the 
cloth  is  held  near  the  fire,  till  the  color  has  been  pro- 
perly developed. 

Redwood  gives  the  following  as  the  requisite  pro- 
perties of  marking  ink  : — 

1.  That  it  shall  flow  freely  from  the  pen,  and  form  a 
well-defined  mark,  without  running  or  blotting. 

2.  That  it  shall  not  require  the  application  of  a  very 
strong  or  long-continued  heat,  by  holding  the  article 
that  has  been  written  on  to  the  fire,  or  by  passing  a  hot 
iron  over  it,  to  develop  the  required  hue. 

3.  That  the  marks  produced  by  it,  when  brought 
out  by  heat  or  by  exposure  to  light,  shall  be  perfectly 
black. 

4.  That  it  shall  not  injure  the  texture  of  the  finest 
cambric. 

Subjoined  is  a  very  common  formula  for  this  kind  of 
ink  : — 

Six  drachms  of  nitrate  of  silver  are  dissolved  in  three 
ounces  of  distilled  water,  and  as  much  ammonia  is 
added  as  will  liquefy  the  precipitate  which  it  at  first 
occasions.  A  little  sap-green,  ivory-black,  Indian  ink 
or  indigo,  diffused  through  four  drachms  of  mucilage  of 
gum-arabic,  form  the  temporary  tinctorial  matter,  and 
water  is  added  to  make  up  the  quantity  to  four  ounces. 

Many  marking  inks,  although  black  when  first  applied 
to  the  linen,  become  gradually  washed  out,  and  a  yel- 
lowish stain  only  remains.  Jules  Guiller  has  given 
three  recipes  for  marking  ink,  which  he  believes  to  be 
free  from  these  and  some  other  prevalent  evils.  They 
are  as  under  : — 

For  the  first  ink,  twenty-two  parts  of  carbonate  of 
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soda  are  dissolved  in  eighty-five  of  distilled  water,  and 
twenty  parts  of  pulverized  gum-arabic  are  diffused 
through  the  menstruum.  Eleven  parts  of  nitrate  of 
silver  are  then  liquefied  in  twenty  parts  of  ammonia, 
and  this  is  commingled  with  the  alkaline  solution. 
The  mixed  fluids  are  next  warmed  in  a  flask,  by  which 
they  become  greyish-black,  and  partly  coagulated  ; 
subsequently,  brown  and  clear ;  then,  when  ebullition 
commences,  very  dark,  and  of  such  a  consistence  that 
it  will  flow  readily  from  the  pen.  This  ink,  and  that 
prepared  from  the  next  formula,  have  the  advantages 
that  no  precipitates  are  formed  in  them,  and  that  they 
inspissate  by  boiling,  whereby  their  color  becomes 
darker.    For  the  second  ink  take, — ■ 

Parts. 


Nitrate  of  silver,   5 

Distilled  water,   12 

Powdered  gum-arabic,   5 

Carbonate  of  soda,   7 

Ammonia,   10 


Treat  these  ingredients  in  the  manner  last  described, 
and  heat  the  resulting  mixture  in  a  flask  until  it  has 
acquired  a  very  dark  tint,  which  is  generally  the  case 
when  its  volume  has  diminished,  by  evaporation,  about 
five  per  cent.  By  continuing  the  evaporation  too  long, 
a  precipitate  is  occasioned  in  consequence  of  the  loss 
of  volatile  alkali.  The  ink  prepared  in  this  manner  is 
distinguished  by  producing  very  black  characters  upon 
linen,  and  is  very  suitable  for  marking  with  stamps  or 
stencil-plates. 

According  to  the  third  prescription,  twenty-two  parts 
of  carbonate  of  soda  are  dissolved  in  twenty-five  of 
distilled  water;  as  also  seventeen  parts  of  nitrate  of 
silver  in  forty-two  parts  of  ammonia.  Twenty  parts  of 
gum  are  then  liquefied  in  sixty  parts  of  water,  and 
mixed  with  the  soda  solution,  and  afterwards  with  that 
of  nitrate  of  silver,  and  lastly,  thirty-three  parts  of 
sulphate  of  copper  are  added. 

The  large  quantity  of  ammonia  in  this  ink,  says 
Guiller,  is  accounted  for  by  the  presence  of  the 
cupreous  salt.  The  latter  might  be  replaced  by  nitrate 
of  silver,  but  a  much  larger  amount  of  this  would  be 
required  to  render  the  ink  as  dark  as  it  is  with  the 
sulphate  of  copper.  Whilst  other  marking  inks  have  a 
dark-brown  color,  this  ink  possesses  a  rich  blue.  The 
proportions  of  the  ingredients  in  these  inks  can  be 
altered  according  to  the  consistency  required,  the  uses 
to  which  they  are  to  be  applied,  or  the  description  and 
quality  of  the  textile  fabric  on  which  they  will  he 
deposited. 

Redwood's  ink,  which  answers  all  the  conditions — 
given  above — that  a  marking  ink  ought  to  possess,  is 
prepared  in  the  following  manner  : — 

Dissolve  one  ounce  of  nitrate  of  silver,  and  one  and 
a  half  of  crystallized  carbonate  of  soda  in  separate 
portions  of  distilled  water,  and  mix  the  solutions ;  col- 
lect the  resulting  precipitate  on  a  filter,  edulcorate  it 
well  with  distilled  water,  and  introduce  it,'  while  still 
moist,  into  a  Wedgwood- ware  mortar ;  add  eight  scruples 
of  tartaric  acid,  and  triturate  the  whole  until  efferves- 
cence has  ceased :  next  add  a  sufficient  quantity  of 
ammonia  to  dissolve  the  tartrate  of  silver ;  mix  in  four 
fluid  drachms  of  archil,  four  drachms  of  white  sugar, 
and  twelve  of  finely-powdered  gum-arabic ;  and  pour 


382  INK  Writing  Inks — Sympathetic  Ink. 


in  as  much  distilled  water  as  will  make  six  ounces  of 
mixture. 

The  essential  distinction  between  this  and  ordinary 
inks  is  the  use  of  tartrate  instead  of  nitrate  of  silver. 

Long  after  Redwood  had  published  his  formula, 
generously  laying  his  invention  open  for  public  use,  the 
Rev.  J.  B.  Reade  devised  and  patented  two  inks,  the 
principle  of  which  was  identical  with  that  of  Redwood. 
Happening  to  meet  with  an  ink  made  according  to 
Redwood's  recipe,  he  threatened  the  manufacturer 
with  legal  proceedings  ;  but  was  prevented  doing 
so  by  Redwood's  showing  with  whom  the  invention 
originated.  As  other  compounds  are  implied  in  Mr. 
Reade's  inks,  the  formula  for  each  is  appended : — 

The  first  of  these,  which  may  be  used  with  steel  pens, 
and  which  is  most  readily  developed  on  the  applica- 
tion of  heat,  is  prepared  in  the  subjoined  manner : — 
Nitrate  of  silver  is  triturated  in  a  mortar  with  an 
equivalent  of  desiccated  tartaric  acid.  Water  is  then 
added,  which  causes  the  separation  of  crystals  of  tar- 
trate of  silver,  nitric  acid  being  set  free.  The  latter  is 
neutralized  carefully  by  adding  ammonia,  which  also 
dissolves  the  metallic  tartrate.  Gum,  tinctorial  matter, 
and  water  are  subsequently  added  in  quantities  which 
may  be  varied  at  pleasure. 

By  this  process,  remarks  the  patentee,  the  nitric  acid, 
which  is  essential  to  a  good  marking  ink,  is  retained, 
and  the  tartrate  of  silver  formed  is  soluble  in  half  the 
quantity  of  ammonia  ordinarily  required  when  nitrate 
of  silver  is  the  basis  of  the  ink. 

The  second  of  the  inks  under  this  patent  is  made  as 
follows : — 

To  a  portion  of  ink  formed  by  the  process  last  de- 
scribed, is  added  an  ammoniacal  solution  of  an  oxide, 
or  salt  of  gold.  The  patentee  has  employed  for  this 
purpose  the  purple  of  Cassius— formed  by  precipitating 
a  solution  of  the  terchloride  or  other  salt  of  gold  by 
means  of  a  tin  salt — sulphide  of  gold,  the  iodide  of  gold 
and  ammonia,  and  also  the  teriodide  of  gold  and  am- 
monia. The  last  two  compounds,  which  Mr.  Reade 
considers  to  be  new,  he  obtains  by  dissolving  iodine  in 
ammonia  with  application  of  heat ;  this  operation  must 
be  conducted  with  great  caution,  in  order  to  prevent 
the  formation  of  that  explosive  compound,  teriodide  of 
nitrogen.  The  iodine  solution  thus  obtained  is  a  valu- 
able solvent  for  gold.  If  this  metal,  in  leaf,  be  placed 
upon  it  without  the  addition  of  water,  a  black  deposi- 
tion of  gold  is  formed,  which  immediately  dissolves ; 
but,  if  the  menstruum  be  diluted,  the  oxidation  pro- 
ceeds less  rapidly,  and  the  gold  leaf  assumes  before 
solution,  not  a  black,  but  a  fine  purple  color.  This 
salt  of  gold  crystallizes  in  four-sided  prisms,  soluble  in 
water.  A  few  drops  of  this  solution  placed  on  a 
slip  of  glass,  generally  form  arborescent,  microscopic 
crystals,  from  which,  by  application  of  heat,  the  iodine 
and  ammonia  are  volatilized,  and  arborescent  me- 
tallic gold*  alone  remains.  If  the  heat  be  applied  but 
moderately,  only  one  equivalent  of  iodine  is  dispelled, 
and  white  crystals  of  iodide  of  ammonium  and  gold 
are  left. 

A  purple-red  marking  ink  consists  of  a  solution  of 
one  drachm  of  bichloride  of  platinum  in  two  ounces  of 
distilled  water.    Before  writing  with  it,  prepare  the 


linen  with  a  pounce  made  by  liquefying  three  drachms 
of  carbonate  of  soda  and  three  drachms  of  gum-arabic 
in  an  ounce  and  a  half  of  water. 

Sympathetic  Ink. — By  sympathetic  ink  is  meant 
a  fluid  which,  being  employed  in  writing,  does  not 
leave  a  trace  of  color  upon  the  paper,  but  which,  when 
exposed  to  moisture  or  heat,  or  when  washed  over  with 
some  vegetal  or  mineral  solution,  or  subjected  to  some 
other  agency  according  to  its  nature  and  chemical 
characteristics,  becomes  visible,  the  characters  being 
then  developed  in  a  more  or  less  apparent  manner. 

Ovid  mentions  the  method  of  writing  with  new 
milk,  the  characters  being  subsequently  developed, 
even  after  the  lapse  of  some  time,  by  coal-dust  or 
soot.  The  same  means  are  proposed  by  Atjsonius. 
It  may  be  easily  perceived  that  instead  of  milk,  any 
other  colorless  and  glutinous  juice  might  be  employed, 
as  it  would  equally  retain  the  black  powder  sprinkled 
upon  it.  Pliny,  perceiving  this,  recommends  the 
milky  sap  of  certain  plants. 

Of  all  sympathetic  inks,  none,  perhaps,  is  more 
remarkable  than  a  solution  of  acetate  of  lead.  The 
delineations  made  by  this  menstruum  are  rendered  in- 
tensely black  by  means  of  sulphide  of  hydrogen — known 
also  as  hydrosulphuric  acid,  and  as  sulphuretted  hydro- 
gen— whether  it  be  in  a  gaseous  or  liquid  state.  This 
effect,  remarks  Bergmann,  presented  itself,  perhaps 
accidentally,  to  some  chemist ;  but  the  discovery  is  not 
of  great  antiquity.  The  first  person  who  gave  a  receipt 
for  preparing  this  ink,  as  far  as  the  historian  just  quoted 
could  learn,  was  Peter  Borel.  In  a  work  by  him, 
printed  in  1653,  and  again  in  1657  at  Paris,  of  which 
there  were  several  subsequent  editions,  it  is  called  a 
magnetic  water  which  acts  at  a  distance.  In  these  days, 
phenomena,  the  causes  of  which  were  unknown,  and 
particularly  those  which  seemed  to  occur  without  any 
visible  agency,  were  ascribed  to  magnetic  effluvia. 
Others  concealed  their  ignorance  under  what  they 
called  sympathy.  The  recipe  for  making  these  liquids, 
under  the  name  of  sympathetic  ink,  is  first  given  by 
Lb  Mort,  and  that  cognomen  has  not  only  been  re- 
tained with  reference  to  a  solution  of  acetate  of  lead, 
but  has  also  been  applied  to  other  fluids  when  employed 
for  the  same  purposes. 

Another  and  more  beautiful  sympathetic  ink  is  that 
prepared  from  cobalt,  the  writing  of  which  disappears 
in  the  cold,  but  appears  again  of  a  rich  green  color,  as 
often  as  one  chooses,  after  being  exposed  to  a  moderate 
degree  of  heat.  This  invention  is  generally  ascribed, 
writes  Bergmann,  to  the  French  chemist  Hellot. 
He  was,  indeed,  the  first  person  who,  after  experiment- 
ing with  it,  made  it  public,  but  he  was  not  the  dis- 
coverer ;  he  acknowledges  that  a  German  artist  of 
Stolberg  first  showed  him  a  reddish  salt,  which,  when 
exposed  to  heat,  became  blue,  and  which,  he  assured 
him,  was  made  out  of  Schneeberg  cobalt  with  aqua 
regia — nitro-hydrochloric  acid ;  but,  if  it  be  true  that 
Theophrastus  Paracelsus  could  represent  a  garden 
in  winter  by  this  invention,  it  must  unquestionably  be 
older. 

The  development  of  chemistry  in  modern  times,  and 
the  consequent  discovery  of  an  immense  number  of  che- 
mical compounds,  have  given  rise  to  an  almost  infinite 
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variety  of  sympathetic  inks.  Some  of  the  principal 
ones  will  be  described : — 

Black, — write  with  a  solution  of  acetate  of  lead,  or 
ternitrate  of  bismuth,  and  wash  the  writing  over  with 
an  aqueous  solution  of  sulphide  of  hydrogen,  which 
causes  the  formation  of  sulphide  of  lead  in  the  first  in- 
stance, and  of  tersulphide  of  bismuth  in  the  latter  ease. 
Or  chloride  of  mercury  may  be  used  as  the  ink,  to  be 
developed  by  being  placed  in  contact  with  chloride  of 
tin ;  metallic  mercury,  iu  a  minute  state  of  division, 
being  thus  thrown  down.  A  sympathetic  ink,  identical 
with  common  black  writing  fluid,  consists  of  a  solution 
of  sulphate  of  iron  ;  tincture  or  decoction  of  galls  being 
employed  as  the  mordant. 

Blue, — employ  nitrate  of  cobalt  as  the  ink,  with 
oxalic  acid  as  a  mordant — in  this  case  oxalate  of  cobalt 
is  formed  ;  or  sulphate  of  iron  may  be  used  for  writing, 
which  is  to  be  washed  over  with  ferrocyanide  of  potas- 
sium. 

Yellow, — use  chloride  of  antimony  as  the  ink,  and 
moisten  the  writing  with  decoction  of  galls ;  or  inscribe 
the  characters  with  subacetate  of  lead,  and  develop 
them  by  means  of  hydriodic  acid.  A  dilute  solution  of 
chloride  of  copper  forms  a  beautiful  sympathetic  ink, 
which  is  invisible  until  gently  heated,  when  the  letters 
assume  a  fine  yellow  color,  which  disappears  as  the 
paper  cools. 

Green  sympathetic  ink  consists  simply  of  a  solution 
of  chloride  of  cobalt,  with  a  small  quantity  of  a  salt  of 
nickel.  Writing  done  with  the  colorless  arseniate  of 
potassa,  and  washed  over  with  nitrate  of  copper,  be- 
comes beautifully  green. 

Purple  is  produced  by  edulcorating,  with  chloride  of 
tin,  writing  executed  with  chloride  of  gold,  the  purple 
of  Cassius  being  in  this  case  formed. 

The  substances  which  may  be  employed  as  sympa- 
thetic inks,  either  per  se  or  in  conjunction  with  others, 
are  exceedingly  numerous ;  but  they  are  so  generally 
known  that  it  is  needless  to  describe  them. 

Lithographic  Writing  Ink. — There  are  two 
kinds  of  ink  used  in  lithography, — that  which  is  em- 
ployed by  the  lithographic  writer  in  tracing  an  inscrip- 
tion or  design  on  paper  with  a  view  to  its  subsequent 
transference  to  the  stone ;  and  that  which  is  employed 
in  taking  impressions  on  paper  from  engraved  plates 
with  a  view  to  the  same  object.  The  composition  of  the 
latter  will  be  stated  under  Printing  Inks.  The  writing 
ink  is  composed  of  ingredients  mixed  in  the  following 
proportions  : — For  one  and  a  half  ounce  of  shellac,  take 
two  ounces  of  soap,  three  ounces  of  white  wax,  and 
about  one  ounce  of  tallow;  add  about  three  table- 
spoonfuls  of  a  strong  solution  of  gum-sandarach,  and 
when  ready  color  with  lamp-black. 

PRINTING  INKS.— Encre  d'imprimerie,  French ; 
BucMruclcerfarbe,  German. — Printing  ink,  though  of 
greater  importance  than  that  used  for  writing,  has  not 
engaged  the  attention  of  scientific  men  to  any  extent, 
and  few  works  have  been  published  respecting  it.  No 
printers  of  the  present  day  make  their  own  ink,  although 
many  add  ingredients  which  they  believe  to  improve 
the  color  or  quality.  It  is  an  especial  business,  and  de- 
mands considerable  capital.  Every  manufacturer  has 
his  own  secrets,  both  as  to  material  and  process ;  and 


by  long  experience  alone  can  printing-ink  makers  so 
select  and  apportion  the  various  ingredients  as  to  adapt 
it  to  its  numerous  requirements. 

The  commonest  book-ink  costs  eighteenpence  per 
pound,  while  the  usual  qualities  are  from  two  shillings 
and  sixpence  to  four  shillings  ;  black  ink  for  superior 
work  is  worth  five  to  six  shillings,  while  for  the  finest 
carmine  ink  as  much  as  thirty  shillings  per  pound 
is  paid.  In  the  latter  case,  the  value  of  the  tinctorial 
matter  enhances  the  cost ;  but,  when  the  care  and 
labor  required  in  the  preparation  are  taken  into  consi- 
deration, it  is  evident  that  it  is  not  the  mere  value  of 
the  ingredients  which  fixes  its  price. 

Properties. — Printing  ink,  as  every  one  must  be 
aware,  is  a  very  different  composition  from  that  used 
for  writing.  It  is  a  soft,  glossy  compound,  having  a 
certain  amount  of  adhesiveness,  and  becoming,  by  ex- 
posure in  thin  layers,  perfectly  hard  and  firm.  Besides 
these  properties,  which  always  belong  to  it,  it  possesses 
other  and  varying  attributes  according  to  the  numerous 
purposes  to  which  it  is  applied.  Its  preparation  de- 
mands not  only  a  tolerable  proportion  of  scientific 
knowledge,  but  also  very  careful  manipulation ;  and 
manufacturers  have  found  that,  to  produce  it  of  good 
quality,  both  experience  and  deep  study  are  requisite. 
The  very  important  use  for  which  it  is  designed— 
the  registering  in  a  permanent  manner  the  productions 
of  the  mind — indicates  some  of  the  properties  it  ought 
to  possess.  The  most  valuable  of  these  is  durability, 
or  the  capacity  to  resist  successfully  the  obliterating 
influence  of  time ;  and  it  ought,  at  the  same  time,  to 
have  brightness  and  depth  of  tint.  It  must  be  a  mut- 
able preparation,  passing  from  the  soft  adhesive  state 
to  that  of  a  perfectly  hard  and  dry  substance,  and  this 
change  of  condition  must  have  a  certain  rate  of  pro- 
gress, and  be  to  some  extent  under  control.  When 
prepared,  some  time  generally  elapses  before  it  is  used, 
and  during  this  period  it  ought  not  to  alter  in  the 
slightest  degree ;  in  fact,  when  the  air  is  excluded 
from  it,  it  should  keep  for  almost  any  length  of  time. 
During  its  application  to  the  types,  its  solidification 
ought  to  be  as  slow  as  possible,  and  unaccompanied  by 
the  emission  of  any  unpleasant  or  deleterious  odor.  It 
ought  not  to  affect  the  soft,  elastic  rollers  which  are 
employed  to  convey  it  to  the  type  or  woodcut  form, 
and  which,  unless  the  ink  be  a  perfectly  innocuous 
preparation,  are  liable  to  considerable  injury.  The 
change  of  state  should  not  be  accompanied  by  tho 
deposition  of  consolidated  matter  in  the  ink,  as  this 
impedes  the  workman,  and  proves  a  loss  to  the 
printer. 

The  trying  circumstances,  as  regards  the  quality  of 
printing  ink,  do  not  end  here.  Having  been  applied, 
its  action  must  be  confined  to  a  very  slight  penetration 
into  the  paper, — just  sufficient  to  prevent  its  detach- 
ment without  materially  injuring  the  surface  of  the 
latter.  It  ought  to  dry  up,  in  a  very  short  space  of 
time,  to  a  hard,  inodorous,  unalterable  solid. 

Printing  ink  should,  moreover,  have  an  oleaginous 
character;  it  ought  to  be  very  glossy,  and  perfectly 
free  from  any  granular  appearance.  If,  on  the  extrac- 
tion of  a  small  portion  from  a  mass,  it  leaves  but  a  short 
thread  suspended,  it  is  considered  good ;  but  the  best 
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test  of  its  consistency  is  the  adhesion  it  shows  upon 
pressing  the  finger  against  a  quantity  of  it. 

Materials. — The  ingredients  of  ordinary  printing 
ink  are  burnt  linseed  oil,  resin,  and  occasionally  soap, 
with  various  coloring  matters.  A  slight  notice  of  these 
is  required. 

Linseed  Oil. — The  best  quality  of  oil  is  used,  and 
this  is  purified  by  digesting  it  in  partially-diluted  sul- 
phuric acid  for  some  hours,  at  a  temperature  of  about 
212°,  allowing  the  impurities  to  subside,  and  then  wash- 
ing away  the  acid  with  repeated  additions  of  hot  water. 
The  oil  after  this  treatment  is  pale  and  turbid,  and,  if 
the  edulcoration  is  complete,  there  is  scarcely  any  odor. 
By  rest  the  oil  clarifies,  and  has  then  a  pale  lemon 
color.  It  now  dries  much  more  rapidly  than  before. 
For  an  experiment,  four  drops  of  oil  were  exposed  on 
a  slip  of  glass :  the  first  was  ordinary  Baltic  linseed 
oil ;  the  second  was  East  India  oil ;  the  third  and  fourth 
were  two  distinct  oils  which  had  been  purified  by 
means  of  sulphuric  acid.  In  the  course  of  a  fortnight, 
the  first  was  colorless  and  rather  viscid,  but  no  skin  or 
pellicle  had  formed  on  its  surface ;  the  second  was 
colorless,  but  had  no  apparent  viscidity ;  the  third  and 
fourth  were  not  only  colorless,  but  a  tenacious  film 
covered  the  surface  of  each. 

The  purified  oil  is  now  partially  resinifled  by  heat. 
"For  this  purpose  it  is  introduced  into  large  cast-iron 
pots,  and  boiled  until  inflammable  vapors  are  freely 
evolved.  These  are  ignited,  and  allowed  to  burn  for  a 
few  minutes,  after  which  they  are  extinguished  by 
placing  a  tight  cover  over  the  boiler.  Ebullition  of  the 
oil  is  continued  until,  on  cooling,  a  firm  skin  forms  on 
its  surface,  known  by  placing  a  drop  on  a  slate  or 
other  smooth  cold  material. 

According  to  Savage, — who  has  written  at  consi- 
derable length  on  this  subject,  and  whose  inks  gained 
the  large  medal  of  the  Society  for  the  Encouragement 
of  Arts, — the  linseed  oil  cannot  bo  brought,  however 
long  boiled,  unless  inflamed,  into  a  proper  state  for 
making  printing  ink.  Certain  it  is,  that  by  the  ebullition 
and  ignition  just  noticed,  the  original  character  of  the 
oil  is  totally  altered ;  it  is  at  first  turbid,  but  clarifies 
when  allowed  to  repose  ;  it  is  now  viscid  and  more  or 
less  adhesive;  it  penetrates  paper  with  difficulty;  it  dries 
much  faster  than  when  unburnt ;  and  it  has  now  a  pyro- 
genous  and  not  unpleasant  odor,  which  soon  passes  off 
from  a  thin  layer  exposed  to  the  air.  Fragments  of 
slightly  charred  bread  are  by  some  added  to  the  boiling 
oil,  but  no  marked  benefit  arises  from  such  a  procedure. 

Other  drying  oils  besides  linseed  are  occasionally 
used,  but  their  cost  or  other  considerations  prevent 
their  general  adoption.  Resin  oil  is  indeed  pretty 
largely  employed  by  some  makers;  but,  apart  from 
other  disadvantages,  its  disagreeable  and  permanent 
smell  prevents  its  entering  into  other  ink  than  that  in- 
tended for  temporary  or  common  printing,  as  news- 
papers, placards,  et  cetera. 

Resin  is  an  article  of  considerable  importance  in  the 
manufacture  of  printing  ink,  since,  when  dissolved  in 
the  oil — after  the  latter  has  undergone  ebullition  and 
inflammation — it  communicates  body  to  the  fluid,  and 
the  compound  bears  a  great  resemblance  to  Canadian 
balsam.    For  many  inks,  the  quality  of  the  common 
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black  resin  is  sufficiently  good ;  but  some  require  the 
pale,  clear,  transparent  resin,  obtained  by  remelting 
and  clarifying  the  residue  of  the  distillation  of  turpen- 
tine with  water. 

The  Coloring  Matters  of  printing  ink  demand 
great  attention,  as  much  of  the  beauty  of  the  typo- 
graphy depends  upon  them. 

Black. — The  universal  ingredient  for  this  color  is 
lamp-black.  There  are  vast  buildings,  as  a  writer  in  the 
Encyclopedia  Britannica  remarks,  appropriated  to  the 
sole  purpose  of  burning  oil,  naphtha,  spirit,  coal-gas,  et 
cetera,  to  produce  this  black,  which  is  collected  from  the 
sides  and  ceilings  of  the  chambers.  It  is  imported  from 
Germany  and  many  other  countries,  and  no  expense  is 
spared  to  get  the  most  superior  quality. 

Other  black  substances  are  occasionally  employed. 
Charcoal  from  various  sources,  when  reduced  to  an 
impalpable  powder,  and  mixed  with  the  other  ingredi- 
ents, furnishes  a  deep  blue-black  ink  that  dries  rapidly. 
Carbonized  vine-stalks,  wine-lies,  woods  of  various 
kinds — in  fact,  carbonized  lignin  from  any  source, 
when  ground  sufficiently  fine — sometimes  a  tedious 
and  costly  operation — answer  well ;  as  also  does  bone- 
black.  The  brown  tint  possessed  by  lamp-black  is  not 
unfrequently  neutralized  by  the  addition  of  blue  com- 
pounds, as  indigo,  Prussian  blue,  et  cetera. 

For  red  ink,  carmin,  lake,  vermilion,  red  lead  — 
Pb3  04 — Indian  and  Venetian  red,  are  employed. 

A  blue  color  is  supplied  by  Prussian  blue,  indigo, 
Antwerp  blue,  et  cetera. 

Chromate  and  bichromate  of  lead — known  respec- 
tively as  lemon  and  orange  chrome,  or  as  chrome  yellow 
and  chrome  red — yellow  ochre,  gamboge,  and  other 
pigments,  furnish  a  yellow  hue. 

Green  is  obtained  by  means  of  arseniate  of  copper, 
or  by  a  union  of  blue  and  yellow  colors. 

For  brown,  burnt  sienna,  umber,  sepia,  and  mixtures 
of  red  with  black,  are  employed. 

Preparation. — In  the  manufacture  of  printing  ink, 
the  resin  is  dissolved  in  the  burnt  oil,  in  cast-iron  pots 
or  boilers,  and  the  varnish,  thus  prepared,  is  intro- 
duced into  what  is  termed  the  mixing  vessel,  which  is 
cylindrical,  and  in  the  centre  of  which,  bars  or  rods  of 
iron,  attached  to  a  perpendicular  shaft,  revolve  in  a 
horizontal  position.  The  black  or  other  coloring  mat- 
ter is  then  added  to  the  hot  varnish,  and  the  whole, 
when  thoroughly  mixed,  is  drawn  off  through  an  open- 
ing in  the  base  of  the  vessel.  The  palp  is  next  very 
carefully  ground,  by  being  passed  between  hard  stones 
of  a  very  fine  texture,  driven  by  heavy  machinery, 
the  motive  power  being  steam.  Sometimes  a  second 
grinding  is  requisite,  but  this  may  generally  be  avoided 
by  taking  care  that  the  varnish  of  resin  and  oil  is  clear 
and  free  from  gritty  particles,  and  that  the  black  is  in 
an  impalpable  state. 

The  proportions  and  conditions  of  the  various  in- 
gredients vary  considerably,  and  great  experience  is 
required  before  an  ink  can  be  prepared  to  suit  any  one 
purpose.  The  oil  has  to  be  rendered  more  viscid,  by 
burning,  in  some  cases  than  in  others ;  sometimes  the 
quantity  or  kind  of  resin  requires  to  be  varied;  or, 
perhaps,  different  proportions  of  color  are  -requisite. 
Newspapers  printed  by  steam-power  require  an  ink  of 


INK  -Printing  Inks — Preparation. 


385 


less  substance  than  that  employed  for  book-work, 
which  must  be  tolerably  stiff.  For  woodcuts,  the  ink 
must  not  only  be  stiff,  but  very  fine.  The  qualities  of 
the  material  to  which  the  ink  is  applied,  furnish  an 
additional  guide  in  this  matter :  thin  paper  must  have 
a  soft  ink,  which  works  clearly,  and  is  not  too.  ad- 
hesive. A  fine  stout  paper,  on  the  other  hand,  will 
bear  a  stiffer  and  more  glutinous  ink;  and  as  resin 
supplies  these  properties,  so  does  it  in  a  great  measure 
communicate  brilliancy,  and  the  most  perfect  and 
splendid  effects  are  by  these  means  produced. 

Ure  gives  the  following  directions  for  making  print- 
ing ink : — 

To  one  and  a  half  gallon  of  linseed  oil,  burnt  and 
boiled,  as  above  described,  till  a  portion,  extracted 
from,  the  pot  by  means  of  a  pallet-knife  and  cooled, 
draws  out  between  the  fingers  into  strings  of  about 
half  an  inch  in  length— add  gradually  six  pounds  of 
resin.  When  this  has  dissolved,  twenty-eight  ounces 
of  dry  brown  soap  of  the  best  quality,  cut  into  slices, 
are  introduced  cautiously,  for  the  combined  water 
causes  a  violent  intumescence.  Both  the  resin  and 
soap  are  well  stirred  in,  and  the  whole  is  then  ignited 
for  a  few  moments,  in  order  to  complete  the  admixture 
of  the  constituents.  Two  and  a  half  ounces  each  of 
ground  indigo  and  Prussian  blue,  together  with  four 
pounds  of  the  best  mineral  lamp-black,  and  three  and 
a  half  pounds  of  good  vegetal  lamp-black,  are  placed  in 
an  earthenware  pan,  sufficiently  large  to  contain  the 
whole  of  the  ink,  and  the  warm  varnish  is  then  added 
by  degrees,  carefully  stirring,  to  produce  complete  in- 
corporation of  all  the  ingredients ;  and  the  mixture  is, 
finally,  ground  into  a  smooth  uniform  paste. 

The  two  succeeding  recipes  are  from  the  Encyclo- 
pedia Britannica,  the  first  being  that  used  by  Baskeu- 
ville  and  Bulmer,  and  giving  excellent  results : — 

1.  Dissolve  a  small  quantity  of  black  or  amber  resin 
in  three  gallons  of  fine  old  linseed  oil,  which  has  been 
boiled  to  a  thick  varnish,  and  cooled  in  small  quanti- 
ties ;  allow  the  mixture  to  stand  for  some  months,  so 
that  all  impurities  may  subside,  then  mix  with  the 
best  lamp-black,  and  grind  carefully. 

2.  One  hundred  pounds  of  nut  or  linseed  oil  are  re- 
duced by  boiling  and  burning  to  one-eighth  its  bulk, 
and  to  the  consistence  of  a  sirup ;  two  pounds  of  coarse 
bread  and  several  onions  (!)  being  thrown  in  to  purify  it 
from  grease.  Thirty  or  thirty-five  pounds  of  turpentine 
are  boiled  apart,  until,  when  the  residue  is  cooled  on 
paper,  it  breaks  clean,  without  pulverizing.  The  former 
is  poured  nearly  cold  into  the  latter,  and  well  mixed. 
The  compound  is  then  boiled  again,  a  sufficient  quan- 
tity of  lamp-black  is  incorporated,  and  when  the  ink  is 
well  ground,  it  is  ready  for  use. 

One  pound  of  printing  ink  may  be  made  by  the  sub- 
joined recipe  of  Savage  : — 

Balsam  of  copaiba,  nine  ounces ;  lamp-black,  three 
ounces ;  indigo  and  Prussian  blue,  ground  together  in 
equal  proportions,  one  and  a  quarter  ounce ;  Indian 
red,  three-fourths  of  an  ounce ;  dry,  yellow  turpentine 
soap,  three  ounces :  this  mixture  is  to  be  ground,  by 
means  of  a  slab  and  muller,  to  an  impalpable  smooth- 
ness. It  is  stated  that  this  ink  possesses  a  beautiful 
color,  but  appears  to  work  foul. 
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John  Bird  took  but  a  patent  for  substituting  a 
mineral  found  in  Merionethshire  and  other  localities, 
instead  of  lamp-black.  The  mineral  is  freed  from 
debris  by  washing,  when  it  becomes  a  very  black  paste; 
and  subsequently,  on  drying,  a  fine,  black,  impalpable 
powder,  composed  of — 

Ccntcsimally. 

Silicic  acid,   46-00 

Alumina,   42-00 

Carbonaceous  matter,   12-00 

100-00 

The  preparation  of  printing  ink  with  this  pigment  is, 
in  other  respects,  according  to  ordinary  methods. 

A  patent  was  granted  in  1854  to  Thomas  de  la 
Rue,  by  which  glycerin  is  employed  as  a  vehicle  for 
making  a  fugitive  ink,  peculiarly  applicable  for  the 
printing  of  bankers'  cheques  and  other  similar  docu- 
ments. For  this  purpose  he  precipitates  logwood  and 
vegetal  substances,  suitable  for  producing  coloring 
matters,  and  grinds  them  up  with  ghycerin  to  the 
consistency  of  ordinary  printing  ink. 

The  Rev.  J.  B.  Reade's  patents  for  printing  ink 
are  as  under : — 

He  describes  two  blue  printing  inks :  the  one  is 
made  by  taking  the  soluble  Prussian  blue  obtained  in 
the  manufacture  of  his  blue  writing  ink,  and  rubbing 
it  up  with  oil ;  or,  by  triturating  with  oil  the  residue 
obtained  by  evaporating  his  blue  ink. 

For  the  second  blue  ink,  he  prepares  the  soluble 
Prussian  blue  with  bromine  instead  of  iodine,  and  dif- 
fuses it  in  oil. 

His  first  black  printing  ink  is  made  in  like  manner 
from  his  black  writing  fluid. 

A  second  black  printing  ink  is  made  by  boiling  chips 
of  logwood — for  which  an  extract  of  logwood  may  be 
substituted — or  other  dyewoods  containing  coloring 
matter  and  tannin,  with  as  much  proto-  or  persalt  of 
iron  or  of  copper,  as  will  be  equal  to  about  twice  the 
weight  of  the  tannin  contained  in  the  wood  or  extract 
employed ;  a  black  or  bluish-black  precipitate  is  thus 
obtained,  the  blueness  of  which  is  diminished,  as  re- 
quired by  the  addition  of  a  greater  or  less  quantity  of 
bichromate  of  potassa.  The  whole  is  finally  triturated 
with  oil;  a  little  lamp-black,  or  other  black  coloring 
matter  usually  employed  in  the  manufacture  of  printing 
inks,  being  added. 

Lithographic  Printing  Ink. — The  composition 
of  lithographic  writing  ink  has  been  already  given. 
That  which  is  employed  to  take  impressions  on  paper 
from  engraved  plates,  with  a  view  to  their  transference 
to  the  stone,  may  be  composed  as  follows  : — Tallow, 
wax,  and  soap,  of  each  four  ounces;  shellac,  three 
ounces ;  gum-mastic,  two  and  a  half  ounces  ;  black 
pitch,  one  ounce  and  a  half ;  to  which  add  lamp-black 
to  color. 

The  Editor  cannot  conclude  the  present  article  with- 
out expressing  his  thanks  to  Mr.  Henry  Stephens, 
for  his  kindness  in  supplying  him  with  information 
respecting  writing  inks;  and  also  to  Messrs.  Benja- 
min Smith  and  Son — who  make  the  ink  with  which 
this  work  is  printed,  and  who  have  a  world-wide  fame 
for  the  excellence  of  their  productions — for  similar 
favors  with  regard  to  printing  ink. 

3  C 


386 


IODINE  Its  Sources. 


IODINE, — lode,  French ;  loci,  German ;  Iodium, 
Latin. — This  body  is  one  of  those  which  chemists 
designate  elements,  from  the  circumstance,  that  by  no 
means  or  agency  at  their  disposal  are  they  enabled  to 
extract  any  other  form  of  matter  from  it.  It  may  be 
regarded  as  a  new  substance,  being  discovered  by  M. 
Couetois,  manufacturer  of  saltpetre — nitrate  of  potassa 
— in  Paris,  in  the  year  1812-13 ;  and  of  all  the  simple 
bodies  which  have  attracted  the  attention  of  chemists, 
iodine  seems  to  be  the  most  interesting,  as,  since  its 
isolation,  it  has  never  ceased  to  present  wide  fields  of 
investigation  to  the  chemist  and  physician ;  many  of 
these  have  been  diligently  explored  and  cultivated, 
but  still  sufficient  remain  untrodden  to  keep  alive  that 
scientific  interest  with  which  iodine  has  been  invested 
from  the  date  of  its  discovery.  It  is  well  known  that 
chemistry  has  extended  her  domain  of  research  princi- 
pally during  the  last  forty  years ;  but  even  anterior  to 
that  period,  chemical  knowledge  was  so  far  advanced 
that  the  discovery  of  iodine  might  have  been  expected 
to  take  place  long  before  its  announcement  by  Coue- 
tois. That  this  should  not  have  been  the  case  is  the 
more  surprising,  when  the  wide  range  of  its  distribution 
is  considered,  and  its  presence,  particularly  in  reagents 
which  the  chemists  of  1800,  and  their  predecessors, 
were  in  the  habit  of  using  and  preparing  in  a  state  of 
comparative  purity;  moreover,  its  characteristic  ap- 
pearance in  the  form  of  vapor,  its  odor,  and  the  remark- 
able reactions  which  it  produces,  render  the  circum- 
stance of  its  having  escaped  observation  the  more 
striking.  The  discovery  of  iodine  is  interesting,  inas- 
much as  it  was  not  a  result  arrived  at  by  unguided 
experiment,  as  in  the  case  of  many  bodies  which  might 
be  cited,  but  of  patient  research.  The  multiplied  un- 
successful attempts  of  Couktois  to  isolate  it  would  be 
tedious  to  relate  ;  but  some  idea  may  be  formed  of  his 
numerous  experiments  and  failures,  from  the  first  ob- 
servation he  made  relative  to  the  destruction  of  his 
copper  pans  employed  in  the  decomposition  of  nitrate 
of  lime  with  the  alkaline  lie  of  the  varec  or  kelp,  till 
he  succeeded  in  tracing  the  effect  to  the  cause,  and  in 
preparing  iodine  in  a  very  pure  state  from  the  mother 
waters  of  his  various  processes.  This  discovery  was 
made,  as  already  stated,  in  1812,  and  was  announced 
by  M.  Clement  Desoemes  at  the  meeting  of  the 
Institute  on  the  29th  November,  1813.  At  this  period 
iodine  was  anxiously  sought  after  and  studied  by  the 
celebrities  of  the  day.  By  degrees  it  came  to  be 
known  that  other  substances  besides  the  ashes  of  sea- 
plants  contained  it,  and  since  then  numerous  researches 
have  shown  that  iodine  is  one  of  the  most  widely- 
disseminated  elements,  although,  it  may  be  remarked, 
that  its  aggregate  amount  is  comparatively  small.  In 
the  mineral  kingdom  it  is  met  with,  combined  with 
silver  and  mercury,  in  ores  from  Mexico ;  in  Silesian 
galmei  it  is  found  combined  with  zinc ;  and  it  has 
been  detected  in  species  of  lead  ore  from  South 
America ;  it  is  contained  as  iodide  of  potassium  or 
sodium  in  the  nitrate  of  soda  from  Chili,  and  has 
been  detected  similarly  combined  in  the  rock-salt  of 
Hall  in  the  Tyrol.  Many  springs  have  been  found  to 
yield  quantities  of  iodine,  united,  doubtless,  with  the 
alkali  metals,  potassium  and  sodium,  and  with  mag- 


nesium ;  of  this  description  are  the  waters  of  Bex, 
Siilze  in  Mecklenburg,  Rolberg  in  Pomerania,  Salzuf- 
feln  in  Konigsbronn,  near  Unna,  Rehme,  near  Minden 
Schouebeck,  Halle  in  Saxony,  Durrenberg  and  Kbsen, 
Artern  and  Salzungen,  Schonalkalden,  Salzhausen  and 
Kreuznach,  Bolechow  and  Drochobycz  in  Galieia, 
Kenahwa  in  North  America,  Guaca  in  the  province  of 
Antioquia  in  New  Granada.  Its  presence  has  likewise 
been  proved  in  the  following  mineral  waters ;  namely, 
in  the  thermal  spring  of  Albano,  in  one  near  Sales 
in  Piedmont,  in  several  salt  springs  near  Ascoli,  in  the 
hepatic  waters  of  Castel  Nuovo  dAsti,  in  the  hot 
spring  of  Aix  in  Savoy,  in  the  Bonnington  water  near 
Leith,  in  Bath  water,  in  the  water  from  Marienbad  in 
Bohemia,  and  also  in  the  waters  from  Carlsbad,  fieil- 
brunn,  and  Kunzig  in  Bavaria ;  in  the  medicinal  waters 
of  Hall  in  Austria,  used  for  the  cure  of  goitre ;  in 
the  hepatic  water  of  Trutkawiec,  and  in  the  alkaline 
waters  of  Iwonicz  in  Galieia.  Besides  these,  later 
investigations  have  proved  its  presence  in  several  other 
waters  of  every  description.  A  vast  amount  of  iodine 
exists  in  the  ocean ;  but,  from  the  minute  centesimal 
proportion  in  which  it  is  present,  Davy,  Gaultiee, 
Fyfe,  and  others,  failed  to  detect  it.  In  the  plants 
which  grow  in  the  sea,  as  well  as  on  its  shores,  the 
iodine  is,  so  to  speak,  concentrated,  and  consequently, 
when  the  ashes  of  these  are  submitted  to  the  usual  tests 
for  its  detection,  its  presence  is  readily  manifested. 
The  following  plants  were  found  by  Saephati  to  con- 
tain iodine  in  the  quantities  mentioned : — 


Per  Cent. 

Fucus  fllum,   0-0894 

"    digitatus,   0-1350 

"     saccharinus,   0-2300 

11     nodosus,   — 

"    vesiculosus,   0-001 

"     saccatus   0-124 

Lorcus  siliquosus,   0*142 


Davy,  Gaultiee,  and  Fyfe  found  iodine  in  the 
following: — Fucus  cartilagineus,  membranaceus,  rubens, 
and  palmatus ;  according  to  Saephati,  it  is  contained 
in  SphKrococcus  crispus ;  he  found  it  also  in  Viva 
Lima,  pavonia,  umbelicalis ;  likewise  in  Lactuca  and 
Zostera  marina.  Lichen  confinis,  Statice  armeria,  and 
Grimmia  maritirna,  growing  upon  rocks  on  which 
sea-water  has  been  blown  by  the  wind,  have  yielded 
this  element ;  but  Ramelina  scopidorum,  growing  in  the 
same  situation,  gave  no  indication  to  Dickie  of  the 
presence  of  iodine.  Pilot  marina!  contains  it ;  and  it 
is  obtained  in  large  quantities  from  the  ashes  of  various 
species  of  Fucus,  Viva,  and  other  sea-plants,  which 
constitute  the  varec  of  Bretagne,  and  the  help  of  the 
Scotch  and  Irish.  The  ashes  of  several  shore-plants, 
such  as  the  different  kinds  of  salsola,  and  such  as  are 
used  for  producing  the  barilla  of  Spain  and  the  Sicilian 
soda,  contain  very  little  or  no  iodine. 

The  marine  animals  which  yield  iodine  are  : — The 
Common  sponge,  the  Horse  sponge,  Lapis  spongiarum, 
Spongia  oculata,  Flusira  foliacea,  various  species  of 
Sertularia  and  Tubularia,  various  kinds  of  Rhizostoma 
and  Cyana,  Asterias  rubens,  Crognon  vulgaris,  Mytilus 
edulis;  oysters  contain  it,  and  likewise  various  species 
of  Dorus  and  Venus.  It  is  found  in  cod-liver  oil ;  and 
the  oil  from  the  liver  of  the  Raja  clavata  and  Raja 
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halis  give  indications  of  its  presence;  and  from  the 
statements  of  Jonas,  it  appears  that  traces  of  it 
are  afforded  by  Scotch  salt  herrings.  Besides  these, 
many  other  substances  of  the  animal  and  vegetable 
kingdom  contain  small  traces  of  this  element.  Lately 
it  has  been  detected  in  the  ashes  of  various  coals  and 
shaly  matters ;  and  from  the  researches  of  M.  Ciiatin 
and  others,  it  has  transpired  that  rain  water,  dew,  air, 
rose  leaves,  et  cetera,  give  to  properly-regulated  experi- 
ments appreciable  traces  of  iodine. 

Properties. — M.  Gay-Lussac  was  the  first  who 
investigated  and  discovered  the  general  properties  of 
this  element,  being  succeeded  by  Sir  Humphrey  Davy, 
Vauquelin,  and  several  others.  To  prepare  iodine, 
varec  or  kelp  is  exhausted  with  hot  water,  which  dis- 
solves about  one  half  of  this  substance ;  the  liquid  is 
filtered  and  concentrated,  and  the  chief  part  of  the  chlo- 
ride of  sodium,  sulphate  of  soda,  chloride  of  potassium, 
and  other  salts,  is  crystallized  out,  leaving  a  mother- 
liquor  which,  besides  the  iodide  of  sodium,  retains  other 
bodies  in  solution,  such  as  sulphide  of  sodium,  hyposul- 
phate  of  soda,  and  traces  of  those  already  mentioned. 
This  liquid  is  treated  with  sulphuric  acid  in  a  retort, 
when  the  more  unstable  compounds  are  decomposed, 
and  sulphates  of  the  bases  produced ;  and  on  the  appli- 
cation of  a  gentle  heat,  the  iodine  passes  over  into  the 
condenser.  In  this  state  it  is  rarely  pure,  but  is  con- 
taminated with  chlorine,  sulphur,  and  saline  matters ;  it 
may  be  purified  from  these,  however,  by  washing  with 
water,  filtering,  and  pressing  between  folds  of  bibulous 
paper,  then  subliming  it  a  second  time.  A  better 
method  is  to  dissolve  the  iodine  in  alcohol,  filter  from 
any  residue,  and  precipitate  with  water.  The  deposit 
collected  and  dried  in  the  usual  way,  is  pure  iodine. 

So  prepared,  it  presents  a  bluish-black  appearance, 
and  a  metallic  lustre  very  similar  to  that  of  black- 
lead  or  specular  iron  ore.  It  is  generally  obtained  in 
crystals,  which  are  modifications  of  an  elongated  octa- 
hedron with  a  rhomboidal  base,  the  primary  form  be- 


Fig.  25a 


Fig.  259.        Fig.  260.        Fig.  261. 


longing  to  the  right  prismatic  system.  See  Tigs.  258, 
259,  260,  261,  262,  and  263.  The  finest  crystals  are 
obtained  from  its  solution  in  ether,  or  one  of  hydriodic 
acid  exposed  to  the  air.  .  By  sublimation  it  is  obtained 
in  laminee,  or  broad  oblique  tables,  which,  when  thin, 
transmit  light  of  a  red  color,  according  to  Gmelin  ; 
but  Payen  states  that  the  crystals  which  form  under 
the  microscope,  and  do  not  exceed  in  thickness  the 
two-thousandth  of  a  millimetre,  or  '000787  of  an  inch, 
are  without  transluccncy.  Iodine  fuses  at  224-6°,  and 
boils  between  347°  and  356°,  giving  off  violet  vapors, 
which  condense  upon  a  cold  surface,  producing  crystals. 
At  ordinary  temperatures  it  is  subject  to  spontaneous 


evaporation  in  very  small  quantity,  but  which  is  in- 
creased when  the  air  is  loaded  with  moisture.  When 
in  a  thin  stratum,  the  vapor  of  iodine  presents  a  beautiful 
rich  violet  shade  from  which  its  name  is  derived ;  but 
if  examined  in  layers  a  few  inches  thick,  it  no  longer 
presents  this  appearance,  but  rather  a  black  mass, 
impervious  to  diffused  day  or  candle  light.  Vapor  of 
iodine  is  the  heaviest  of  all  known  gases,  being,  ac- 
cording to  the  investigations  of  Dumas,  of  specific 
gravity  8-717,  and  by  calculation  from  its  atomic 
weight,  8-7077.  Alcohol  and  ether  dissolve  it  in  all 
proportions,  producing  dark  reddish-brown  liquids ; 
water  takes  up  only  one  seven-thousandth  of  its 
weight  of  this  element.  The  solvent  action  is  in- 
creased, however,  when  there  are  other  salts  dissolved 
in  the  liquid,  such  as  nitrates  or  chlorides.  In  either 
case  a  brownish  liquid  is  formed,  which,  by  long  ex- 
posure, disappears,  the  iodine  being  transformed  into 
iodic  and  hydriodic  acids.  It  is  capable  of  uniting  with 
most  of  the  non-metallic  elements,  producing  with  some 
— such  as  nitrogen — highly  explosive  compounds ;  and 
with  others — oxygen  and  hydrogen — acids  which  are 
capable  of  neutralizing  bases,  and  thus  forming  salts, 
many  of  which  are  very  important.  The  mineral  acids, 
chlorine  and  several  other  bodies,  are  capable  of  dis- 
placing and  reducing  these  compounds  of  iodine,  and  of 
setting  the  latter  free  when  it  colors  the  liquid  brownish- 
red.  A  characteristic  and  remarkable  property  of 
iodine  discovered  by  MM.  Colin  and  Gaultier  de 
Claubry,  is  the  blue  coloration  it  affords  when  brought 
in  contact  with  starch-paste  disseminated  in  water. 
This  is  so  delicate  and  characteristic,  that  it  still 
remains  the  test  for  iodine  in  all  investigations,  affording, 
according  to  Stromeyer,  a  perceptibly  blue  tinge 
when  not  more  than  one  four  hundred  and  fifty-thou- 
sandth part  of  iodine  is  contained  in  the  liquid.  Ker- 
sting  has  latterly  discovered  that,  by  the  use  of  a  pal- 
ladium salt,  so  small  a  quantity  as  the  millionth- part  of 
iodine  may  be  detected  in  a  liquid.  This  subject  will 
be  referred  to  further  on.  The  starch 
test  should  be  applied  with  some  caution, 
however,  as  a  large  excess  of  the  amyla- 
ceous substance  causes  the  blue  colora- 
tion to  vanish.  Heat  also  destroys  it; 
and  hence,'  in  testing  for  iodine,  the 
liquids  must  be  cold.  This  reaction  is 
not  produced  by  iodine  when  combined 
with  other  bodies ;  and,  consequently, 
when  such  combinations  of  iodine  are  to 
be  examined,  they  should  be  decomposed 
by  some  strong  mineral  acid — sulphuric  or  nitric,  which 
contains  a  little  nitrous  acid. 

Iodine  is  a  most  valuable  therapeutic  agent,  and,  as 
such,  was  first  brought  into  notice  by  Coindet,  a  dis- 
tinguished physician  of  Geneva,  who  found  it  a  most 
effectual  remedy  for  goitre.  Its  application  is  very 
frequent,  more  especially  in  diseases  of  the  skin,  and 
for  eradicating  glandular  enlargements,  indurations, 
thickening  of  membranes  and  tumours,  as  well  as  in 
several  other  ailments.  When  applied  to  the  skin,  the 
cuticle  becomes  colored  of  an  orange  yellow,  but  this 
disappears  after  a  short  time.  Iodine,  in  considerable 
doses,  acts  as  an  irritant  poison,  although  to  be  fatal 
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it  must  be  exhibited  in  large  quantities.  In  the  event 
of  poisoning  by  this  element,  the  pump  and  copious  liba- 
tions of  amylaceous  liquids  should  be  resorted  to. 

Manufacture. — The  atomic  weight  of  iodine  has 
been  estimated  by  Berzelius  as  126;  its  chemical 
symbol  is  I. 

Iodine  has  been  a  subject  of  manufacturing  industry 
almost  from  the  time  of  its  discovery ;  and  the  first  to 
prepare  it  on  the  large  scale  was  the  discoverer,  but 
more  as  a  dernier  ressort,  than  for  the  sake  of  the  ad- 
vantages which  it  then  offered.  It  has  been  stated  in 
the  foregoing,  that  Courtois  was  actively  engaged  in 
the  manufacture  of  saltpetre,  in  which  business  he  had 
invested  the  whole  of  his  money ;  but  on  the  throwing 
open  of  the  French  ports  for  foreign  products,  immense 
quantities  of  nitrate  of  potassa  arrived  from  India,  which 
at  once  superseded  the  old  nitre  beds,  and  by  so  doing 
ruined  Courtois.  In  this  dilemma  he  tried  to  extri- 
cate himself  by  manufacturing  iodine;  but  the  consump- 
tion of  the  article  being  at  this  time  very  limited,  and 
the  process  of  its  manufacture  being  circuitous,  rendered 
the  enterprise  an  unsuccessful  one.  It  was  prosecuted, 
however,  after  Courtois  by  MM.  Cournerie  of  Cher- 
bourg, in  the  North-East  of  France,  who  are  the  oldest 
manufacturers  after  the  discoverer.  With  its  extended 
application,  as  well  in  medicine  as  in  printing,  and 
latterly  in  photography,  others  were  induced  to  turn 
their  attention  to  the  subject,  and  now  several  manu- 
facturers of  the  article  may  be  found,  among  whom 
may  bo  mentioned  Mr.  Whitelaw  of  Glasgow,  and 
Mr.  John  Ward  of  the  county  Donegal,  Ireland. 

The  course  pursued  in  its  manufacture  is  simple. 
The  several  fiici  and  algm  which  contain  it,  are  col- 
lected by  inhabitants  of  places  adjacent  to  the  sea-shore, 
and  dried  in  the  air,  after  which  shallow  rectangular 

Fig.  264. 


pits  are  dug  wherein  the  dried  material  is  burned. 
The  semi-vitrified  ash  that  remains  is  broken  up  by 
sprinkling  a  little  water  upon  it  whilst  hot.  This  is 
the  help  of  the  Scotch  and  Irish,  and  is  the  same  as 
the  varec  of  the  Continental  producers ;  it  is  pur- 
chased by  the  several  manufacturers,  in  order  to  ex- 
tract from  it  the  iodine  and  other  salts.  For  this 
purpose  it  is  reduced  to  a  coarse  powder,  which 
is  placed  in  rectangular  filters,  having  an  inner  per- 
forated bottom  of  sheet-iron.  These  are  arranged 
two  and  two,  to  the  number  of  six  pairs,  so  that  whilst 
the  one  is  being  filled,  the  other  is  working.  Water 
is  let  in  upon  the  powder  at  the  furthest  end,  till  it  has 
risen  a  few  inches  above  the  solid  matter  ;  and  after 
allowing  it  to  remain  for  a  short  time,  the  tap  in  the 
false  bottom  is  opened,  and  the  liquor  drawn  off  as  it 
slowly  percolates  through  the  mass. 

From  the  receptacle  in  which  the  solution  collects, 
it  is  raised  by  means  of  a  pump  to  the  second  pair  of 
filters,  where  it  is  allowed  to  act  upon  the  powdered 
material  as  in  the  preceding  instance.  In  the  same 
manner  the  lie  which  is  run  off  from  each  pair  of  filters 
is  pumped  on  to  the  next  pair,  the  matter  in  which  it 
partly  exhausts ;  thence  it  is  removed  to  the  others, 
and  so  on,  till  it  has  traversed  the  entire  range.  The 
solution  thus  obtained  has  a  density  of  1'257,  and 
contains,  for  the  most  part,  chlorides  of  sodium  and 
potassium,  with  the  iodides  and  bromides  of  these 
alkalies.  After  drawing  off  this  first  solution,  the 
washing  of  the  residuary  mass  in  the  filters  is  con- 
tinued, using  only  as  much  water  for  this  purpose  as 
will  afford  a  lie  of  1  '145  density.  This  is  added  to  the 
other  liquor,  and  the  whole  is  evaporated  in  a  series  of 
three  boilers,  so  disposed  that  the  cold  liquor  flows 
into  the  first  of  the  series,  thence  to  the  second,  and  is 

Fig.  265. 


finally  concentrated  in  the  third,  which  is  directly  over 
the  fire.  Fig.  265  gives  a  longitudinal  sectional  view 
of  the  deposition  of  the  evaporating  pans,  and  Fig.  264 
a  transverse  one. 

In  the  former  of  these,  the  pans  are  indicated  by  A,  B, 
c,  E,  and  F,  the  latter  being  situated  over  the  fire,  D, 
the  flue  from  which  passes  under  each  in  succession. 
After  the  evaporation  has  reduced  the  liquid  to  a 
density  of  60°  Twaddell,  or  1-30  specific  gravity,  the 
chloride  of  sodium  and  sulphate  of  soda  crystallize  out 
in  the  heat,  and  are  separated  by  a  ladle,  and  thrown 
into  an  inclined  drainer,  c — Fig.  264 — the  drainings 
returning  to  the  pan.  When  no  more  salt  is  deposited 
at  this  density,  the  fire  is  slackened,  and  the  contents 
of  the  boiler  allowed  to  repose  for  some  time  previous 
to  siphoning  off  into  wooden  crystallizers  lined  with 
lead.  By  this  a  further  quantity  of  chloride  is  sepa- 
rated in  the  pan,  and  the  sulphates  which  are  still 
retained  are  deposited  in  the  coolers  as  incrustations 
on  the  sides  and  bottom.  After  removing  these,  and 
permitting  the  menstruum  to  repose  for  some  time 


longer,  a  crop  of  crystals  of  chloride  of  potassium  is 
obtained.  The  period  allowed  for  the  formation  of  the 
latter  deposit  extends  to  about  five  days,  at  the  ter- 
mination of  which,  the  chloride  of  potassium  is  found 
in  large  crystals  at  the  bottom  of  the  vessel.  The 
mother-liquor  is  again  pumped  hack  into  the  evapora- 
tors, and  reduced  to  68°  Twaddell,  at  which  degree, 
sulphate  of  soda,  chloride  of  sodium,  and  carbonate  of 
soda  deposit.  It  is  customary  to  add  sulphuric  acid  to 
the  liquid  in  the  first  stages,  to  neutralize  the  carbonate 
of  soda;  the  quantity  of  the  latter  which  the  kelp  affords 
— about  two  per  cent. — being  thought  too  small  to  be 
separated  from  the  other  salts.  When  this  is  done, 
only  sulphate  of  soda  and  chloride  of  sodium  separate 
after  the  second  concentration.  The  crystalline  mass  is 
then  removed,  and  the  liquor  left  to  part  with  a  further 
quantity  of  chloride  of  potassium,  as  in  the  preceding 
case.  At  this  stage  the  mother-liquor  is  retained  for 
further  treatment,  which  will  be  presently  described. 
The  semi-exhausted  mass  is  further  treated  with  water 
fractionally,  till  the  solution  marks  1'073;  and  the 
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liquor  is  treated  in  the  same  manner  as  the  first,  only 
in  a  separate  set  of  evaporators.  As  this  contains 
more  alkaline  sulphates  than  the  forementioned,  and 
less  chlorides,  the  crystallizations  are  effected  much 
more  readily,  and  when  brought  to  about  the  same 
degree  of  concentration,  the  mother-lie,  after  the 
crystals  have  been  deposited,  is  added  to  that  from  the 
first  affusions.    Finally,  the  washings  of  the  residuary 

Fig. 


mass  are  continued  till  the  whole  of  the  soluble  matters 
are  removed ;  these  weak  solutions  are  advantageously 
used  to  exhaust  fresh  portions  of  the  kelp. 

The  kelp  may  be  economically  edulcorated  by  an 
arrangement  such  as  that  represented  in  Fig.  26G, 
in  which  the  parts,  A,  B,  c,  D,  and  E,  are  a  number  of 
rectangular  plate-iron  boxes,  placed  in  gradation  one 
step  above  another.    Only  five  are  represented  in  the 


figure,  but,  if  need  be,  a  greater  number  may  be  em- 
ployed.   The  last  of  these  vases  is  a  cast-iron  wagon 
of  double  the  size  of  the  others,  at  the  level  of  the 
rim  of  which  a  cast-iron  plate,  K,  is  placed  in  an  in- 
clined position,  so  that  any  liquid  falling  upon  it  may 
flow  into  the  tank.     By  means  of  a  pipe  connected 
with  A,  at  about  six  inches  from  its  bottom,  and  which 
rises  to  the  level  of  the  next  vessel,  the  liquid  in  A 
may  be  drawn  over  into  B,  which  is  similarly  con- 
nected with  the  next,  c,  and  so  on  to  the  vat,  F,  which, 
also  by  means  of  stopcocks,  yields  its  contents  to  a  series 
of  plate-iron  pans  placed  in  gradation,  like  the  others. 
The  kelp  or  Varec  to  be  exhausted  is  put  in  small 
pieces  into  baskets  of  plate-iron,  perforated  in  the 
manner  of  a  skimmer,  which  are  then  introduced  into 
the  vats  filled  with  water,  by  two  men,  who  lift  them  by 
a  wooden  pole  which  passes  through  rings  in  the  rim  of 
the  cylinder.    After  remaining  in  the  first  vat  for  the 
space  of  half  an  hour,  they  are  transferred  to  the  next 
vat,  and  their  place  replenished  with  two  others, 
charged  with  fresh  material.    The  same  process  takes 
place  every  half  hour  till  the  top  wagon,  A,  contains 
two  pair,  at  which  stage  those  which  have  remained 
in  it  during  an  hour  are  taken  out,  and  placed  upon  the 
inclined  plate,  K,  to  drain.    At  each  succeeding  half 
hour  the  transferring  and  charging  takes  place  as  be- 
fore, the  exhausted  matter  in  the  drained  hampers 
being  carried  to  the  waste-heap.     From  the  time, 
however,  that  the  latter  takes  place,  a  portion  of  water, 
about  double  the  volume  of  the  perforated  cylinder,  is 
drawn  off  from  the  lower,  and  its  place  supplied  from 
the  next  above  it;  the  others  in  succession  borrow 
from  their  superiors  to  the  top  one,  which  is  replen- 
ished with  water  from  the  tank  pipe.    In  this  way, 
rapid  and  perfect  exhaustion  is  insured,  whilst  the 
liquor  which  is  drawn  from  E  to  the  settlers,  F  F,  has 
always  a  uniform  strength.    After  the  matter  which 
had  been  retained  mechanically  in  the  liquid  has  de- 
posited in  F  F,  the  lie  is  drawn  off  to  the  first  of  the 
evaporating  pans  which  have  been  already  mentioned, 
for  concentrating  the  solution,  in  order  to  remove 
the  sulphates  and  chlorides  contained  in  it  before 
recovering  the  iodine.     Sometimes  at  this  stage, 
especially  when  the  ebullition  has  been  quickly  carried 
on,  the  chlorides  and  other  salts  which  separate  are  in 
such  small  crystals,  that  they  pass  through  the  skim- 


mer, and  cannot  be  removed  from  the  solution ;  hence, 
when  the  alkaline  salts  in  kelp  are  procured  for  useful 
applications,  there  is  considerable  difficulty  in  their 
subsequent  purification,  for  the  sulphates  and  chlorides 
deposit  promiscuously  in  the  crystallizing  pans.  In 
order  to  have  the  separation  as  perfect  as  possible, 
Payen  recommends  a  boiler  such  as  that  depicted  in 
the  drawing— Fig.  267— and  indicated  by  A,  having  a 
fire  beneath  at  B,  and  at  the  side  an  inclined  case,  F, 
from  which  the  crystals  are  permitted  to  drain  into 
the  pan.     A  hemispherical  vessel,  c,  of  plate-iron, 
perforated    at    the  pj 
sides,  and  resting  on 
the  walls  of  the  pan, 
A,  is  placed  in  the 
liquid  when  near  the 
point  of  ebullition. 
This  vessel  can  be 
lifted  out  when  ne- 
cessary,  by  means 
of  a  chain,  passing 
over   pulleys,  and 
attached  to  the  ba- 
sin at  one  end 
by  branching 
chains,  the  other 
being  equipoised  by  a  weight.    Ebullition  of  the  con- 
tents of  A  soon  takes  place,  and  the  liquid  being  put 
into  violent  commotion,  carries  the  small  crystals  about ; 
but  as  they  gravitate,  they  fall  in  the  centre,  owing  to 
the  absence  of  an  upward  current,  and  are  received  in 
the  vessel,  c,  in  which  they  are  easily  removed. 

Whatever  course  is  pursued  to  separate  the  mother- 
liquor  from  the  salts,  it  generally  happens  that,  in  ad- 
dition to  the  alkaline  iodides  and  bromides,  sulphide 
of  sodium,  hyposulphite  of  soda,  with  notable  quantities 
of  chlorides,  are  present  in  the  solution,  and  which, 
owing  to  their  solubility,  cannot  be  removed.  To  ob- 
tain the  iodine,  the  Scotch  manufacturers  add  to  the 
liquid  a  seventh  of  its  volume  of  strong  sulphuric  acid, 
specific  gravity  1-845,  and,  having  agitated  the  whole, 
leave  it  to  repose  from  thirty-six  to  forty-eight  hours. 
During  this  period  the  sulphurous  compounds  are  de- 
composed, sulphates  being  produced,  whilst  sulphide  of 
hydrogen  and  sulphurous  acid  pass  off,  and  sulphur 
becomes  precipitated.    At  the  end  of  this  time  the 
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liquor  is  put  into  a  retort  which  is  adapted  to  a  series 
of  receivers,  and  heated  to  140°.  Having  reached  this 
temperature,  a  quantity  of  dry  powdered  binoxide  of 
manganese  is  introduced  through  a  tubulure  in  the 
head  of  the  still,  and  the  expulsion  of  the  iodine  effected 
at  a  temperature  bordering  on  ebullition. 

The  chemical  change  which  takes  place  in  the  course 
of  the  decomposition  of  the  iodides  by  the  sulphuric 
acid  and  binoxide  of  manganese,  may  be  indicated 
thus : — 


Nal 


+ 


+ 


Mn  0.,  = 


Iodide  of  sodium. 


NaO,  S03  + 


MnO 


+ 


Binoxide  of  manganese. 

HO      +  I 


Sulphate  of  soda.     Protoxide  of  manganese. 


In  this  equation  the  oxj'gen  from  the  manganese  is 
represented  as  displacing  the  iodine,  whilst  the  soda 
that  is  produced  enters  into  combination  with  the  sul- 
phuric acid.  Or  it  may  be  assumed  that  the  binoxide 
of  manganese,  by  acting  upon  the  chlorides  present 
tinder  the  influence  of  the  excess  of  sulphuric  acid, 
liberates  chlorine,  which  in  turn  displaces  the  iodine 
thus  : — 

FIRST  DECOMPOSITION. 

Na  CI      +         Mu  Oa       +         2  (HO,  SOs)  = 

Chloride  of  sodium.       Binoxide  of  manganese. 

NaO,  S03        -f        MnO,  S03 


Sulphate  of  soda.  Sulphate  of  manganese.  Chlorine. 

SECOND  DECOMPOSITION. 

Nal      -f      CI      =      Na  Gl      -f  I 

Iodide  of  sodium.         Chlorine.  Salt.  Iodine. 

The  distillatory  apparatus  employed  is  shown  in 
Fig.  268,  in  which  A  is  the  still  placed  on  an  enclosed 
sand-bath  over  the  fire,  the  door  of  which  is  shown  at  B. 
The  head  or  capital  of  the  retort  is  usually  of  lead,  and  is 
furnished  with  two  apertures,  a  and  b,  which  are  closed 

Fig.  208. 


with  stoppers.  To  the  neck  of  the  retort  a  series  of  sphe- 
rical glass  condensers,  D  D,  are  adapted,  each  of  which 
has  two  apertures  in  its  axis,  one  of  which  is  drawn  out 
so  as  to  connect  it  to  the  next,  as  shown  in  the  drawing. 


After  charging  the  retort,  as  already  directed,  with  the 
liquor,  and  raising  the  temperature  to  about  140°,  the 
peroxide  of  manganese  is  added  in  small  portions  through 
the  stopper,  a,  and  the  temperature  raised  nearly  to  boil- 
ing; all  the  orifices  and  joinings  being  previously  secured 
with  the  stoppers  and  pipe-clay,  or  other  luting.  The 
iodine  passes  over,  and  is  collected  in  flakes  in  the  re- 
ceivers. The  process  is  examined  from  time  to  time  by 
opening  the  stopper  b,  and  when  the  passage  of  iodine 
vapors  slackens,  more  manganese — and  acid,  if  neces- 
sary— are  introduced  through  the  stoppered  aperture  a, 
and  the  operation  conducted  till  the  whole  of  the  iodine 
has  separated.  Such  is  the  method  pursued  by  Mr. 
Whitelaw  of  Glasgow,  with  this  slight  difference : 
he  adds  only  an  eighth  part  of  sulphuric  acid  gradually 
to  the  liquor  in  a  leaden  boiler,  and  allows  the  sulphate 
of  soda  to  crystallize  out  before  introducing  it  into  the 
still.  It  is  important  to  retain  the  temperature  at  which 
the  distillation  proceeds  at  212°,  or  nearly  so,  for  at 
higher  heats  the  iodine  is  liable  to  pass  over  as  chloride. 

Sometimes,  when  the  process  is  conducted  in  the 
manner  described  above,  cyanide  of  iodine  is  produced, 
and  is  found  in  the  third  receiver  in  white  needle- 
shaped  crystals.  The  residue  in  the  retort  still  retains 
some  iodine  in  the  form  of  iodide  of  lead  and  sodium. 
This  can  be  recovered  by  the  method  proposed  by 
Soubeiran  ;  namely,  the  addition  of  sulphate  of  cop- 
per, by  which  an  iodide  of  copper  is  formed.  The 
precipitate  is  filtered,  and  the  filtrate,  which  still  retains 
some  iodine,  treated  with  a  further  quantity  of  the  cu- 
preous salt  and  iron  filings,  when  another  interchange 
takes  place,  and  a  further  precipitation  of  iodide  of 
copper  occurs.  The  first  of  these  changes  may  be 
expressed  thus : — 


Na  I 


+ 


Pb  I  + 

Iodide  of  lead. 


2  (Cu  0,  S03)  = 


Iodide  of  sodium.  Iodide  of  lead.  Sulphate  of  copper. 

Na  0,  S03     +     Pb  0,  S03     +        Cu2  I      +  I 


Sulphate  of  soda. 


Sulphate  of  lead. 


Subiodide  of  copper. 


And  the  second,  by 
I  +  2  (Cu  0,  S03)  +  2  Fe  =  2  (Fe  0,  S03)  +  Cu2 1. 

The  proper  period  for  arresting  the  addition  of  the 
cupreous  salt  and  filings  in  the  latter  case,  is  when  the 
characteristic  smell  of  iodine  disappears.  No  time 
should  be  lost  in  removing  the  precipitate  from  the 
ferruginous  salt  and  filings  by  washing  and  decanting 
from  the  fragments  of  iron,  and  subsequently  filtering 
through  a  cloth.  Both  portions  of  iodine  are  desiccated 
at  a  gentle  heat,  and  the  dry  compound  mixed  with 
twice  or  three  times  its  weight  of  peroxide  of  manga- 
nese, and  as  much  strong  sulphuric  acid  as  will  form 
it  into  a  paste,  and  the  mixture  strongly  heated  in  a 
subliming  apparatus,  when  iodine  passes  off  and  is  re- 
ceived in  appropriate  vessels  :  thus — ■ 


Cu„I 


+ 


2  Mn  0„ 


+ 


Subiodide  of  copper. 

2  (Cu  0  S03) 

Sulphate  of  copper. 


Binoxide  of  manganese. 

+       2  Mn  0,  S03 


Sulphate  of  manganese, 


The  use  of  sulphuric  acid  may  be  dispensed  with  in 
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the  above  process,  but  the  heat  must  be  much  more 
elevated  when  that  agent  is  not  employed.  In  this 
ease,  the  binoxide  of  manganese  is  decomposed  into 
sesquioxide  of  manganese  and  oxygen,  which  displaces 
the  iodine  combined  with  the  copper,  as  shown  in  the 
annexed  equation: — 

Cu2  1+4  Mn  0.2=2  Mn2  03  -f- 

Subloilide  of  copper.      Binoxide  of  manganese.     Scmiuioxide  of  manganese. 

2  Cu  O         +  I. 


Oxido  of  copper.  Iodiuc. 

According  to  Soubeiran,  this  method  is  very  econo- 
mical, and  affords  as  much  as  one  per  cent,  of  the 
mother-liquor  operated  upon. 

At  the  Cherbourg  Works  the  mother-waters  are 
treated  in  slight  excess  with  sulphuric  acid,  and  the 
solution  is  afterwards  boiled  for  some  time ;  during  this 
operation  the  sulphides,  hyposulphites,  and  sulphites 
are  decomposed,  sulphurous  acid,  et  cetera,  being  elimi- 
nated, and  sulphur  precipitated.  Some  time  is  now  al- 
lowed, in  order  that  the  solution  may  clarify,  and  when 
this  is  effected,  the  supernatant  fluid  is  drawn  off  from 
the  precipitate  and  diluted  till  it  marks  40°  Twaddell, 
and  then  chlorine  passed  into  it  to  saturation  from  a 
generating  apparatus,  such  as  that  shown  in  Fig.  269. 
The  chlorine  passes  off  from  the  stills,  A,  B,  where  bin- 
oxide  of  manganese  and  hydrochloric  acid  are  made  to 
act  upon  one  another,  or 
Fis-  269.  chloride  of  sodium,  sul- 

phuric acid,  and  binoxide 
of  manganese,  and  pro- 
ceeds by  the  conduit,  E, 
into  the  vat,  where  it  libe- 
rates the  iodine  from  its 
combination  in  the  mo- 
ther-liquor. The  end  of 
this  operation  is  the  de- 
composition of  the  iodide 
present,  or  rather  of  the 
hydriodic  acid,  and  the 
evolution  of  the  iodine 
by  the  substitution  of 
the  chlorine ;  the  iodine, 
being  only  slightly  soluble,  precipitates.  In  transmitting 
the  chlorine  through  the  liquid,  it  is  necessary  to  guard 
against  two  evils :  the  first  arising  from  the  use  of  this 
agent  in  insufficient  quantity,  for  in  this  case  the  iodine 
compound  remains  in  part  undecomposed ;  the  second, 
produced  by  an  excess  of  the  gas,  owing  to  the  forma- 
tion of  chloride  of  iodine,  which  passes  off  in  vapor, 
and  is  lost.  Hence,  to  determine  the  exact  point,  it  is 
necessary  to  test  a  part  of  the  liquid  as  well  with  chlorine 
as  with  a  solution  of  iodide  of  potassium,  to  prove,  on 
the  one  hand,  if  there  remains  any  further  portion  of  the 
salt  unacted  upon ;  and  on  the  other,  if  the  agent  be 
present  in  excess.  Should  the  latter  be  the  case,  a 
further  addition  of  mother -liquor  is  made  to  combine 
with  the  free  chlorine.  When  the  decomposition  is 
complete,  the  contents  of  the  vessel  are  allowed  to 
settle,  and  after  a  time  the  clear  liquor  containing  chlo- 
rides and  sulphates  is  drawn  off  from  the  iodine.  The 
latter  is  repeatedly  washed  by  deeantation,  till  the 
washing  gives  -no  indication  by  the  hydrometer  of  the 


presence  of  salts.  The  iodine  is  afterwards  put  and  left 
to  drain  in  a  conical  vase  of  pottery- ware,  the  bottom 
of  which  is  perforated  and  rests  upon  a  jar  of  freestone ; 
it  is  then  dried  upon  sheets  of  filtering-paper  laid  upon 
well-dried  cinders,  or  upon  porous  tiles. 

Fig.  270 


The  next  step  is  the  purification  by  a  process  of 
sublimation  in  an  apparatus  like  that  shown  in  Fig. 
270.  The  iodine  is  introduced  into  the  retorts,  A  A, 
which  form  a  gallery  of  two  rows,  to  the  number  of 
six;  they  are  immersed  in  the  sand  of  the  cast-iron 
case,  B  B,  which  is  heated  by  the  fire,  c.  Into  each  of 
these  about  forty-five  pounds  of  the  crude  iodine  are 
introduced ;  they  are  then  wholly  buried  in  the  sand, 
the  neck  as  well  as  the  body  of  the  retort.  This  pre- 
caution seems  necessary,  to  prevent  the  condensation 
of  the  iodine  vapors  in  the  neck,  and  the  obstruction  of 
the  passage  which  would  ensue.  That  this  may  be 
guarded  against  as  much  as  possible,  the  necks  of  the 
retorts  are  short,  and  the  receivers  placed  in  connection 
with  them  as  close  to  the  sand-bath  as  possible.  An 
elliptical  cistern,  D  D,  is  used  for  this  purpose,  the  beak 
of  the  retort  entering  at  the  side.  It  is  furnished  witli 
a  movable  cover,  E,  to  facilitate  the  removal  of  the 
iodine ;  it  has  likewise  a  perforated  plate  at  the  bottom, 
H,  to  allow  any  water  which  may  condense  to  drain  off. 
A  tubulure,  F,  at  the  opposite  side  to  that  which  re- 
ceives the  beak  of  the  retort,  allows  the  vapor  of  water 
to  pass  off  by  the  pipe,  F  G,  out  of  the  range  of  the 
operation.  In  this  way  the  iodine  is  obtained  in  fine 
large  crystals. 

When  the  bromine  which  is  present  is  to  be  reco- 
vered, the  liquor  drawn  off  from  the  precipitate  is  eva- 
porated to  dryness,  the  residue  compounded  with  sul- 
phuric acid  and  binoxide  of  manganese,  and  distilled 
from  a  leaden  vessel.  Bromine  passes  over,  and  is 
received  in  strong  sulphuric  acid,  in  which  it  sinks,  and 
is  thus  prevented  from  fuming,  and  injuring  the  health 
of  the  workmen. 

Improved  Processes. — Barruel's  process  resem- 
bles the  last  in  some  of  its  operations.  The  remaining 
mother-liquor  is  evaporated  to  dryness,  the  residue 
mixed  with  about  one-tenth  of  its  weight  of  binoxide 
of  manganese,  and  then  heated  to  about  incipient  red- 
ness, the  mixture  being  kept  stirred  all  the  time.  The 
heat  is  continued  till  the  sulphides  and  hyposulphites 
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are  thoroughly  oxidised,  which  is  known  by  treating  a 
sample  of  the  substance  with  sulphuric  acid,  and  ob- 
serving if  sulphide  of  hydrogen  be  evolved.  In  this 
operation  the  heat  should  not  be  raised  to  such  a  degree 
as  would  cause  the  evolution  of  iodine,  of  which  the 
characteristic  violet  vapor  would  be  an  indication. 
Water  is  added  to  the  mass,  and  the  sulphates  and 
iodide  of  sodium  are  washed  out ;  using  only  as  much 
water,  however,  as  will  afford  a  solution  of  36°  Beaume. 
Chlorine  gas  is  now  passed  through  the  nitrate,  and  the 
iodine  which  is  precipitated  purified,  as  described  in  the 
preceding  method. 

In  order  to  avoid  the  loss  of  iodine  consequent  upon 
the  burning  of  the  plants  for  the  production  of  kelp, 
Dr.  Kemp  suggests  a  method  whereby  the  iodine  may 
be  extracted,  and  the  burning — as  in  the  production  of 
kelp,  by  which,  doubtless,  much  iodine  is  dispersed — 
dispensed  with.  His  suggestion  is  to  crush  the  roots 
which  contain  the  largest  proportion  of  iodine,  and  to 
set  them  by  in  a  heap,  tank,  or  any  convenient  ves- 
sels, for  a  few  days,  and  after  the  fermentation  which 
ensues  has  subsided,  to  extract  the  soluble  salts,  among 
which  will  be  the  chief  portion  of  the  iodides,  with  cold 
water  slightly  acidulated  with  ordinary  hydrochloric 
acid.  This  liquid  is  to  be  then  treated  with  chloroxide 
of  calcium — bleaching  powder — in  slight  excess,  so  as 
to  liberate  the  iodine,  and  the  latter  precipitated  by 
adding  to  the  liquid  a  sufficient  quantity  of  amido- 
acetate  of  lead — prepared  by  adding  a  solution  of  tri- 
basic  acetate  of  lead  to  well-washed  potato  starch — 
by  which  the  whole  of  the  iodine  is  carried  down. 
The  precipitate  may  be  washed  and  dried,  and  hi  the 
hands  of  the  manufacturer  the  iodine  may  be  removed 
from  it  by  adding  a  solution  of  sulphide  of  potassium, 
which  precipitates  sulphide  of  lead,  leaving  iodide  of 
potassium  in  the  liquid.  After  filtration  the  liquid  may 
be  concentrated,  and  the  iodine  extracted  by  one  or 
other  of  the  processes  mentioned.  The  fluids  from 
which  the  precipitated  compound  of  iodine  and  amido- 
acetate  of  lead  is  separated,  may  be  useful  in  an  agri- 
cultural point  of  view,  either  for  mixing  in  the  compost 
heap,  or  with  other  liquids  in  the  manure  tank.  The 
cakes  of  cellular  tissue  which  result  from  the  pressure 
of  the  material  after  fermentation,  may  be  dried  and 
used  as  fuel ;  the  ashes  being  preserved,  on  account  of 
the  portion  of  iodine  they  still  retain,  as  well  as  for  the 
other  salts,  which  are  valuable,  both  in  an  agricultural 
and  manufacturing  point  of  view. 

Professor  Bechi  has  indicated  a  process  by  which 
iodine  may  be  economically  obtained  from  river  and 
other  waters  containing  it  in  small  proportion.  His 
method  of  procedure  is,  to  treat  the  waters  with  a  mix- 
ture of  one  part  of  sulphuric  acid  and  two  of  nitric, 
and  to  pass  the  acidulated  liquor  into  a  tank  or  vat, 
having  a  funnel-shaped  bottom,  and  filled  with  lamp- 
black that  has  been  heated  to  redness,  or  well-made 
ivory-black.  The  acids  have  the  effect  of  removing 
the  bases  from  the  iodine,  and  on  transmitting  the 
solution  through  the  charcoal,  the  latter  is  retained. 
When  the  lamp-black  is  charged  with  the  iodine,  and 
it  is  desired  to  obtain  it,  a  solution  of  potassa  is  added, 
or  what  is  better,  the  carbonaceous  matter  is  mixed 
with  hydrated  protoxide  of  iron  in  a  tub.    After  a 


while  the  iodine  is  taken  up,  and  an  iodide  of  potas- 
sium or  of  iron  produced.  When  the  action  has  been 
sufficiently  completed,  water  is  allowed  to  flow  upon  the 
mass  to  dissolve  these  salts,  the  solution  being  drained 
off  in  another  funnel-shaped  vessel,  which  is  stopped 
in  the  tube  part  with  sponge  or  other  porous  material. 
The  liquor  is  evaporated  to  dryness ;  and,  in  case  of  po- 
tassa being  used,  the  iodide  and  iodate  are  decomposed 
by  sulphuric  acid  and  binoxide  of  manganese  in  the 
manner  described  in  the  foregoing.  The  iodide  of  iron 
may  be  operated  upon  in  the  same  way ;  or,  if  it  be 
thought  better  to  dispense  with  the  evaporations,  a  sul- 
phate of  copper  solution  may  be  added,  and  the  preci- 
pitate of  subiodide  of  copper,  which  falls  after  filtration 
and  washing,  distilled  with  sulphuric  acid  and  binoxide 
of  manganese,  et  cetera. 

In  a  paper  by  Scho'nbein — see  Chemical  Gazette, 
vol.  viii. ,  p.  1 66 — several  substances  are  described  which 
are  able  to  decompose  the  alkaline  iodides,  so  as  to 
liberate  the  non-metallic  element  in  the  dry  way.  Such 
are  the  metallic  oxides  and  acids,  containing  two,  three, 
and  five  equivalents  of  oxygen ;  but  many  seem  to  exer- 
cise an  unequal  degree  of  power  in  effecting  this  change. 
The  most  remarkable  are  arsenious  acid,  chromic  acid, 
sesquioxide  of  iron,  and  protoxide  of  copper ;  but  there 
is  danger  in  employing  the  first  of  these,  lest  a  portion 
of  the  poison  might  be  driven  off  by  an  increased  tem- 
perature with  the  iodine,  and  thus  render  its  application 
dangerous  as  a  therapeutic  agent.  When  three  parts 
of  bichromate  of  potassa  are  ground  and  mixed  with 
two  of  iodide  of  potassium,  and  the  mixture  is  submitted 
to  dry  distillation  in  a  stoneware  retort,  the  whole  of 
the  iodine  is  set  free,  leaving  in  the  vessel  a  greenish 
mass,  which  is  a  mixture  of  chromate  of  potassa  and 
sesquioxide  of  chromium.  The  decomposition  is  re- 
presented by  the  following  equation : — 

5  (KO,  2  Cr  03)      -f      3  KI     =      8  (KO,  Cr  03)  -f 
,  ,       ,  .  ,      ,  .  , 

Bichromate  of  potassa.        Iodide  of  potassium.        Cliromate  of  potassa. 
Cr2  03  +  3  1 

Sesquioxide  of  chromium.  Iodine. 

The  iodine  which  is  thus  produced  is  very  pure,  and 
no  loss  either  of  it  or  the  reagent  is  experienced ;  for 
the  chromate,  which  is  a  residuary  product  of  the  dis- 
tillation, is  a  valuable  salt,  and  applicable  for  many 
purposes ;  whilst  the  green  sesquioxide  left  after  wash- 
ing away  the  former,  may  be  employed  as  a  pigment 
in  painting  upon  porcelain,  et  cetera;  or  by  fusing 
it  with  an  alkaline  nitrate  and  carbonate,  it  may  be 
reconverted  into  a  bichromate  of  the  alkali,  which 
may  be  employed  to  decompose  a  fresh  portion  of 
iodide. 

Iodine  is  also  set  free  when  anhydrous  sesquichloride 
of  iron  is  mixed  with  iodide  of  potassium,  even  at  ordi- 
nary temperatures ;  and,  on  the  application  of  heat,  it 
passes  off  in  dense  vapors,  which  may  be  received  in 
the  usual  manner.  The  change  of  the  substances  in 
this  instance  is  due  to  the  reduction  of  the  ferruginous 
sesquisalt  to  that  of  a  protosalt;  the  liberated  equivalent 
of  chlorine  assimilating  with  the  potassium,  and  thus 
setting  the  iodine  free  : — 
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Fe2  CI, 


+ 


KI  = 


2Fe  CI 


+ 


Sesquichloride  of  iron.         Iodide  of  potassium. 

K  CI  + 


Trotochlorido  of  iron. 

i 


Chloride  of  potassium. 


Sesquisulphate  of  iron  may  be  advantageously  sub- 
stituted for  the  preceding  salt ;  for,  when  an  alkaline 
iodide  is  moderately  heated  with  it,  dense  vapors  of 
iodine  are  liberated,  quite  free  from  sulphurous  acid  or 
other  impregnation.  Hence,  by  employing  sesquioxide 
of  iron  and  iodide  of  potassium  in  equivalent  proportions, 
and  adding  to  the  mixture  three  equivalents  of  sulphuric 
acid,  so  diluted  as  not  to  be  able  by  itself  to  liberate 
iodine,  then  moderately  heating — the  whole  of  the  iodine 
passes  over  into  the  receiver,  and  the  residuary 
matter  is  composed  only  of  sulphates  of  potassa  and 
of  iron,  as  may  be  seen  by  the  subjoined  formula 
representing  the  interchange  which  takes  place : — ■ 


A — Fig.  271 — and  covered  with  moist  quartz,  sand,  or 
powdered  glass,  and  heat  applied,  decomposition  of 
iodide  of  phosphorus,  which  is  at  first  formed,  takes 
place,  as  it  comes  in  contact  with  the  thin  stratum  of 
moisture,  and  hydriodie  and  phosphorous  acid  are  pro- 
duced ;  the  former  being  volatile,  may  be  conducted  by 

Fig. 271. 


Fe„  0, 


+ 


KI 


Sesquioxido  of  iron. 

2  (FoO,  S03) 
,  •  , 

Frotosulpliatc  of  iron. 


+   3  (HO,  S03)  = 

Iodide  of  potnsBium.          Sulphuric  ncid. 

+        KO,  S03         -f  I 

Iodine. 


Sulphate  of  potassa. 


Combinations  op  Iodine. — Allusion  has  already 
been  made  to  the  compounds  which  iodine  forms  with 
some  of  the  other  elements ;  and  a  short  description  of 
the  more  important  and  useful  products  formed  by  com- 
bining this  element  with  others,  both  of  a  metallic  and 
non-metallic  nature,  will  now  be  given. 

All  the  non-metallic  elementary  bodies,  with  the 
exception  of  fluorine,  are  capable  of  entering  into  com- 
bination with  iodine,  either  in  single  or  multiple  pro- 
portions, and  many  of  these  compounds  are  so  persistent 
as  to  offer  considerable  resistance  to  opposing  affinities 
before  being  resolved  into  their  elements.  Like  chlorine, 
sulphur,  phosphorus,  et  cetera,  iodine  constitutes  with 
hydrogen  and  oxygen  acid  compounds  which,  in  their 
general  characteristics,  are  analogous  in  every  respect. 
With  nitrogen  and  ammonia  it  affords  a  compound 
which  is  eminently  explosive,  but  with  the  other  simple 
bodies  its  combinations  offer  little  interest  beyond  the 
precincts  of  the  laboratory.  Many  of  its  compounds 
with  the  metals  are  very  valuable,  as  well  in  medicine 
as  in  many  branches  of  industrial  art ;  and  to  the 
chemist  they  are  in  frequent  demand  as  effective  re- 
agents both  for  ascertaining  the  presence  and  esti- 
mating the  proportion  of  numerous  bodies.  Of  these, 
however,  reference  will  be  made  only  to  those  of  alkali 
metals,  iron,  silver,  mercury,  and  a  few  others. 

Iodide  of  Hydrogen— Hydriodie  Acid—Iodhy- 
dric  Acid. — Next  to  oxygen,  chlorine,  bromine,  and 
fluorine,  iodine  manifests  the  greatest  affinity  for  hy- 
drogen ;  consequently,  it  abstracts  this  element  from  its 
combinations  of  phosphide  of  hydrogen,  sulphide  of 
hydrogen,  ammonia,  as  well  as  from  alcohol,  ether,  and 
volatile  oils;  in  each  instance  hydriodie  acid  results. 
A  similar  metamorphosis  with  regard  to  the  iodine 
takes  place  when  it  is  mixed  with  water  in  the  pre- 
sence of  a  body  capable  of  abstracting  oxygen  from  the 
latter ;  and  by  this  means  hydriodie  acid  is  sometimes 
prepared.  Thus,  when  a  mixture  of  nine  parts  of 
iodine  and  one  of  phosphorus  is  introduced  into  a  tube, 


a  tube,  B,  to  the  receiver,  c,  in  which  it  may  bo  col- 
lected. The  change  of  elements  in  the  reaction  alluded 
to  may  be  expressed  thus  : — 

FI3  +  G  HO  =:  3  HO,  P03  +  3  HI. 

Only  a  slight  heat  should  be  applied  to  produce  this  de- 
composition, for,  if  the  temperature  be  elevated,  some 
terhydride  of  phosphorus  is  apt  to  form  and  pass  over 
into  the  receiver,  and  contaminate  the  hydriodie  acid. 
Another  method  is  to  compound  one  part  of  phosphorus, 
fourteen  of  iodide  of  potassium,  and  twenty  of  iodine, 
with  a  little  water,  and  submit  the  mixture  to  heat  in 
a  retort  or  distillatory  vessel  fitted  up  on  the  principle 
of  the  apparatus  in  the  preceding  figure.  When  the 
evolution  in  this  case  becomes  too  rapid,  the  retort 
should  be  cooled  by  plunging  it  in  cold  water ;  and, 
on  the  other  hand,  when  it  slackens,  the  heat  must  be 
reapplied. 

Several  modes  may  be  adopted  for  preparing  this 
acid  in  the  liquid  state :  thus,  iodide  of  barium  or  of 
lead  may  be  decomposed  by  an  equivalent  proportion 
of  sidphuric  acid,  and  the  liquid,  after  filtering  off  the 
insoluble  precipitate  of  sulphate  of  baryta  or  of  lead, 
concentrated ;  this  product  will  be  aqueous  hydriodie 
acid.  Iodine  is  diffused  in  water,  and  sulphide  of 
hydrogen  transmitted  through  it,  when  decomposition 
of  the  latter  takes  place,  sulphur  being  precipitated, 
and  hydriodie  acid  produced.  A  difficulty  is,  however, 
experienced  in  this  process,  notwithstanding  its  being 
effectual— namely,  the  evisceration  of  a  portion  of 
iodine  by  the  depositing  sulphur,  by  which  the  whole  of 
the  former  cannot  be  conveniently  transformed  in  its 
hydracid.  Dumas  proposes  to  remedy  this  defect  by 
merely  saturating  a  given  volume  of  water  with  iodine, 
and,  after  allowing  the  insoluble  portion  to  subside, 
and  decanting  the  brownish  fluid,  he  directs  that  the 
sulphide  of  hydrogen  should  be  passed  through  it  till  it 
becomes  colorless.  The  deposited  sulphur  is  then 
filtered,  and  the  filtrate  again  charged  with  the  iodine, 
and  the  portion  which  dissolves  again  acted  upon  as 
before.    In  this  way  the  whole  of  the  iodine  may  be 
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converted  into  the  acid ;  for  at  each  succeeding  satura- 
tion, in  consequence  of  the  portion  of  hydriodic  acid 
that  is  formed,  the  liquid  acquires  the  property  of  dis- 
solving a  larger  quantity  of  the  iodine.  The  process 
is  troublesome,  however,  from  the  repeated  nitrations 
and  solutions.  Hydriodic  acid  might  be  obtained  with 
considerable  facility  by  passing  the  gas  through  a  solu- 
tion of  iodine  in  alcohol,  were  it  not  that  some  sulphide 
of  carbon  would  be  produced  by  the  action  of  the 
sulphur  on  the  spirit,  and  which  could  not  be  conve- 
niently removed. 

Hydriodic  acid,  prepared  according  to  the  first  of 
these  methods,  is  a  colorless  gas,  soluble  in  water, 
and  capable  of  strongly  reddening  litmus ;  it  has  an  acerb 
taste  and  very  pungent  odor,  somewhat  similar  to 
hydrochloric  acid.  When  allowed  to  escape  into  the 
air,  it  produces  dense  white  vapors,  which  are  very 
suffocating  when  inhaled.  Its  density  is  4'3757, 
according  to  Thomson,  but  Gay-Lussac  gives  it 
4-4429,  air  being  taken  as  unity  ;  it  is  neither  a  com- 
bustible body  nor  a  supporter  of  combustion.  Steam, 
sulphurous  acid,  chlorine,  bromine,  and  a  few  other 
bodies,  are  capable  of  decomposing  hydriodic  acid  with 
the  separation  of  iodine  in  every  instance.  The  gas  is 
composed  of  half  a  volume  of  iodine  and  half  a  volume 
of  hydrogen.  In  the  liquid  state  hydriodic  acid  is  color- 
less, and  of  a  specific  gravity  1-700.  It  is  highly  acrid, 
and  possesses  an  odor  similar  to  that  of  the  gas.  Upon 
exposure  it  gradually  suffers  decomposition,  being 
converted  into  hydriodous  acid  with  the  evolution  of 
hydrogen  ;  but,  with  prolonged  contact  with  the  air, 
the  oxidised  portion  reacts  upon  the  remainder,  and 
causes  the  liberation  of  the  iodine,  which  separates  in 
fine  lamellar  crystals. 

Sulphuric  acid,  when  concentrated,  sets  free  the 
iodine,  a  portion  of  the  agent  being  at  the  same  time 
broken  up  into  sulphurous  acid  and  oxygen.  Hydriodic 
acid  has  been  solidified  by  Faraday  at  a  temperature 
of  — 59-8°  Fahr.  In  this  state  it  is  perfectly  transpa- 
rent and  colorless,  but  intersected  with  fissures  like  ice. 
The  tension  of  the  vapor  at  0°  is  2-9  atmospheres. 

This  acid  is  capable  of  decomposing  the  oxides  of 
most  of  the  metals  affording  metallic  iodides  and  water. 
Its  symbol  is  HI,  and  its  atomic  weight  127. 

Iodine  forms,  with  oxygen,  compounds  of  various 
degrees  of  oxidation,  the  lowest  being  iodic  oxide — 10, 
and  iodous  acid — 102 ;  the  highest  iodic  acid — 106,  and 
periodic  acid — 107.  The  latter  three  constitute  salts 
with  the  metallic  bases,  which  are  called  iodites,  iodates, 
and  hyperiodates  respectively.  To  enter  into  a  de- 
scription of  the  processes  by  which  they  are  prepared, 
would  not  be  warranted  by  the  uses  which  they  serve 
— namely,  of  forming  the  links  of  analogy  between 
iodine  and  chlorine,  bromine,  et  cetera. 

With  sulphur,  phosphorus,  chlorine,  and  bromine, 
it  produces  several  compounds,  which  are  very  interest- 
ing to  the  chemical  student.  The  combination  of 
iodine  with  nitrogen  is  remarkable,  in  being  analogous 
to  the  chloride  of  this  element,  although  the  explosion 
which  it  produces  is  much  less  violent. 

Iodide  of  Nitrogen. — If  dry  iodine  and  ammonia  are 
brought  together  in  close  vessels,  they  form  a  brownish 
liquid,  which  is  simply  a  combination  of  the  two  sub- 


stances, and  which  may  be  represented  by  the  formula 
3  (NH3)  I2.  When,  however,  the  iodine  is  digested  with 
a  strong  solution  of  pure  ammonia,  the  compound  in 
question  falls  as  a  black  powder.  The  same  change 
takes  place  when  carbonate  of  ammouia  is  substituted 
for  the  caustic  alkali,  or  chloride  of  iodine  for  the  pure 
element.  To  favor  the  reaction  in  this  case,  the  mix- 
ture of  the  ingredients  should  be  effected  with  a  gentle 
abrasion  in  a  mortar.  The  powder  should  be  washed 
on  a  filter  with  water,  to  remove  the  excess  of  ammonia 
and  the  iodide  of  ammonium  which  forms.  Another 
method  for  preparing  the  compound  with  equal  facility, 
but  without  incurring  the  risk  of  spontaneous  explosion, 
is  to  dissolve  the  iodine  in  alcohol  54-5°  Twaddell,  and, 
after  decanting  the  tincture,  saturating  it  with  a  strong 
solution  of  caustic  ammonia.  After  briskly  agitating, 
the  mixture  is  diluted  with  water  upon  which  the  iodide 
of  nitrogen  precipitates,  and  may  be  washed  in  the  cold 
with  this  liquid  either  by  subsidence  and  decantation, 
or  on  the  filter.  The  iodide  thus  produced  is  not  spon- 
taneously decomposed :  but  Serullas  remarks,  that  if 
the  iodine  be  precipitated  from  the  alcoholic  solution 
by  water,  and  the  solid  thus  recovered  treated  with 
ammonia,  a  compound  results  which  is  very  apt  to 
explode  even  during  the  preparation.  Subsequently  to 
the  affusion,  the  compound  is  dried  carefully  upon  bibu- 
lous paper  at  the  ordinary  temperature.  In  performing 
this  operation,  care  should  be  taken  to  divide  the  mass 
into  small  portions,  which  ought  to  be  placed  at  a 
distance  from  one  another,  in  order  to  preclude  the 
possibility  of  an  explosion  of  any  considerable  quantities 
of  the  salt. 

Millon  states  that  it  may  be  desiccated  with  safety 
in  a  bell  surcharged  with  ammoniacal  gas,  and  no  de- 
composition occurs  even  after  lengthened  exposure,  pro- 
vided the  atmosphere  is  one  of  ammonia. 

The  slightest  cause  is  adequate  to  decompose  the 
iodide  of  nitrogen  with  a  violent  explosion,  and  the 
evolution  of  a  violet  light  which  is  visible  in  the  dark. 
The  feather  of  a  quill  drawn  over  the  powder  is  suffi- 
cient to  produce  this  effect,  and  if  contained  in  a  dish 
in  moderate  quantity,  the  force  is  such  as  to  shatter  it 
in  pieces.  Even  if  rubbed  strongly  under  water,  an 
explosion  takes  place ;  but  the  causes  which  determine 
this  change  in  the  air  are  incapable  to  effect  the  de- 
composition when  it  is  mixed  with  large  quantities  of 
water.  It  is  not  liable  to  explode  by  mere  contact  with 
oils  and  fats,  like  the  chloride  of  nitrogen.  The  pro- 
ducts of  the  decomposition  of  this  peculiar  salt,  so  far 
as  they  have  been  examined,  seem  to  be  pure  nitrogen, 
finely  divided  iodine,  and  hydriodic  acid;  but  some  assert 
that  iodide  of  ammonium  is  produced.  Makoiiand 
found  that  traces  of  the  latter  salt  were  formed  upon 
the  sides  of  a  glass  jar,  in  which  portions  of  the  nitro- 
genous compounds  had '  been  successively  exploded. 
Water  gradually  dissolves  the  iodide  of  nitrogen  with 
the  formation  of  iodide  and  iodate  of  ammonia,  free 
iodine,  and  the  evolution  of  small  quantities  of  nitrogen. 
By  the  action  of  heat,  or  sulphuric  or  nitric  acid,  the 
action  is  considerably  expedited.  Sulphide  of  hydrogen 
effects  an  immediate  decomposition  of  this  compound, 
the  products  being  iodide  of  ammonium,  hydriodic  acid, 
and  sulphur ;  the  alkalies,  lime,  et  cetera,  operate  in  a 
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similar  way  with  the  liberation  of  ammonia,  and  the 
formation  of  an  alkaline  iodide  and  iodate. 

Composition  of  Iodide  of  Nitrogen.- — The  composi- 
tion of  this  body  is  as  yet  somewhat  doubtful,  being 
regarded  in  the  several  lights  of  iodide  of  nitrogen — 
NI3,  iodide  of  amidogen — NH2 1,  or  as  a  mixture  of  the 
former  of  these  with  an  equivalent  of  ammonia.  The 
following  are  the  data  furnished  by  the  calculation's  of 
the  investigators  whose  names  are  attached : — 

GAY-I.USSAC. 
A 

Centesimally. 

1  Eq.  of  Nitrogen   14         =  3-57 

3  Eqs.  of  Iodine   378  ==  96-43 

392  =  100-00 

1  Eq.  of  Nitrogen   14         =  10 

1  Eq.  of  Iodine   126         =  90 

140  =  100 

MILI.OX. 

lEq.ofAmidogen{l^^=l*  =  ™ 

1  Eq.  of  Iodine             =         126  =  88-73 

142  =  100-00 

According  to  the  recent  analysis  of  Bunsen,  how- 
ever, it  appears  that  the  composition  of  the  compound 
is  NI3,  NH3,  but  that  another  compound  of  these  ele- 
ments exists,  presenting  the  composition  indicated  by 
the  formula  4  (NI3),  NH3,  and  which  results  from  the 
precipitation  of  an  aqueous  solution  of  chloride  of  iodine 
by  ammonia.  In  either  case  he  regards  these  iodides 
as  ammonia  compounds,  in  which  the  hydrogen  is  en- 
tirely replaced  by  iodine,  and  which  unite  with  an 
equivalent  of  undecomposed  ammonia,  as  expressed  by 
the  formula?.  He  gives  the  equation  representing  the 
formation  of  this  explosive  body  by  the  mutual  action 
of  iodine  and  ammonia,  thus — 

2NHa      +       T0      —       (NH3  NI3)    -f   3  HI 

Ammonia.  Iodine.  Explosive  compound.     Hydriodic  acid 

And  by  the  effects  of  ammonia  upon  chloride  of  iodine, 
thus — 

2NH3      +      3IC1     =     (NH3NI3)     -f    3  HOI 

Ammonia.  ChloHde  ofiodino.      Explosive  compound.    Hydrochloric  acid. 

Combination  of  Iodine  with  Metals. — With  most  of 
the  metals  iodine  enters  into  combination,  producing 
metallic  iodides,  but,  in  forming  such,  very  diverse 
phenomena  are  exhibited;  some  are  produced  in- 
stantaneously, on  account  of  the  force  of  the  affinity 
which  exists  between  the  elements,  whilst  others  require 
very  careful  and  circuitous  manipulations,  in  order  to 
effect  the  union  of  both  substances. 

Only  a  few  of  these  combinations  have  been  brought 
into  use  in  the  arts  and  sciences,  consequently  it  will 
be  unnecessary  to  pursue  their  description  beyond  those 
compounds  which  are  available  in  medicine,  photo- 
graphy, et  cetera.  Such  are  the  alkaline  iodides,  iodides 
of  iron,  of  mercury,  and  of  silver,  with  a  few  others. 

Iodide  of  Ammonia. — When  dry  ammoniacal  gas 
and  iodine  are  brought  in  contact,  combination  takes 
place,  and  a  heavy  blackish-brown,  very  tenacious 


liquid  is  produced ;  the  same  compound  is  obtained  on 
gently  heating  equal  weights  of  sesquicarbonate  of  am- 
monia and  iodine  in  a  retort  or  porcelain  tube,  water 
and  carbonic  acid  being  formed.  The  change  may  he 
expressed  thus — 

2  NH40,  3  CO.J  +  2  I   =   2  NH3  I  +  2  IIO  +3  C02 

Sesquicarbonate  of       Iodine.     Iodide  of  ammonia.    Water  /  Carbonic  acid, 
ammonia. 

The  compound  is  easily  decomposed  in  part  when 
heated,  ammonia  being  set  free ;  the  chief  portion  of 
the  iodine  salt,  however,  sublimes  in  violet-colored 
vapors.  It  indicates  the  presence  of  ammonia  and 
iodine.  Its  composition,  according  to  Millon  and 
Bineatj,  is — 

MILI.ON. 

At.  weight  Centesimally. 

1  Eq.  of  Ammonia   17    =  11-89 

1  Eq.  of  Iodine   126   =  88-11 

NH3I,   143   =  100-00 

BINEAU. 

At.  weight  Centesimally. 

3  Eqs.  of  Ammonia,   51    =  18-02 

2  Eqs.  of  Iodine,   232   =  81-28 

3  NH3  21,   283   =  100-00 

Iodide  of  Ammonium. — The  compound  which  is 
met  with  in  commerce,  and  intended  chiefly  for  the 
photographer,  is  prepared  by  neutralizing  a  solution  of 
ammonia  with  hydriodic  acid  gas,  and  subsequently 
decomposing  any  iodate  of  the  alkali,  by  transmitting  a 
slight  excess  of  sulphide  of  hydrogen  through  the  liquid, 
evaporating  the  liquor  in  a  water-bath,  and  afterwards 
filtering  off  any  deposited  sulphur.  When  the  eva- 
poration is  conducted  carefully  under  thebell  jar  of  an 
air-pump,  the  salt  crystallizes  in  cubes  and  is  colorless ; 
but  if  exposed  to  the  air,  it  readily  deliquesces,  and 
turns  brown,  owing  to  a  portion  of  the  iodine  being  set 
free.  It  may  be  prepared  likewise  by  bringing  am- 
moniacal and  hydriodic  acid  gases  in  contact,  or  by 
decomposing  iodide  of  iron  by  carbonate  of  ammonia, 
filtering  off  the  ferruginous  precipitate,  and  evaporating 
the  solution  till  the  iodide  crystallizes. 

The  iodide  of  ammonium  thus  prepared  is  a  very 
deliquescent  salt,  very  soluble  in  water  and  alcohol. 
By  keeping,  even  in  diffused  daylight  when  out  of  con- 
tact with  air,  it  decomposes,  turning  brownish-yellow, 
ammonia  being  evolved.  It  may  be  represented  as 
NH4  I,  or  NH3  HI,  and  its  per  centage  composition 
as — 

At.  weight.         Per  cent. 

1  Eq.  of  Ammonium,   18   =  12-50 

1  Eq.  of  Iodine,   126   =  87-50 

NH4I,   144   =  100-00 

Iodide  of  Potassium. — This  salt  is  one  of  the  most 
valuable  compounds  of  iodine ;  its  importance  is  de- 
rived from  its  medicinal  effects  chiefly ;  but  as  a  reagent 
in  the  laboratory  and  in  photography  it  is,  especially 
for  the  latter,  in  general  use.  There  are  several  recipes 
for  preparing  it,  the  most  appropriate  of  which  will  be 
here  noticed. 

When  potassium  a*id  iodine,  or  iodine  vapor,  are 
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brought  together,  rapid  combination  takes  place  with 
a  considerable  rise  of  temperature,  and  the  evolution  of 
a  violet  light.  If  the  combination  be  aided  by  heat,  the 
union  of  the  two  elements  is  often  attended  with  a 
violent  explosion.    The  result  is  iodide  of  potassium. 

To  prepare  this  body  with  materials  which  are 
more  easily  obtained,  and  at  less  expense  and  trouble 
than  potassium,  other  processes  are  adopted.  The 
simplest  of  these  appears  to  be  the  following : — Pow- 
dered iodine  is  agitated  with  a  solution  of  caustic 
potassa  as  long  as  the  former  dissolves.  Its  point  of 
saturation  is  known  by  the  liquid  acquiring  a  brownish 
tint.  When  this  happens,  any  excess  of  iodine  is  re- 
moved by  subsidence  and  decantation  of  the  liquor,  or 
it  is  acted  upon  by  a  proportionate  quantity  of  the 
alkaline  lie.  By  evaporation  there  is  obtained  a  white 
residuary  mass,  consisting  of  iodide  and  iodate;  the 
latter  is  decomposed  by  heating  the  mass  gently  for 
some  time,  when  iodide  of  potassium  only  remains. 
There  is  need,  however,  of  giving  particular  attention 
to  this  part  of  the  operation ;  for  if  the  temperature  be 
too  elevated,  some  loss  of  iodide  of  potassium  by  vola- 
tilization is  sustained ;  and,  on  the  other  hand,  if  too 
low,  portions  of  iodate  remain  undecomposed  and  con- 
taminate the  salt.  To  avoid  this,  Orfila,  and  latterly 
Scanlan,  recommend  to  mix  the  dry  residue  with 
charcoal-powder  before  submitting  it  to  the  action  of 
the  heat;  this  has  the  effect  of  bringing  about  a 
more  perfect  decomposition,  and  at  a  lower  tempera- 
ture, than  could  be  effected  without  it.  No  iodine  is 
liberated,  and  the  whole  of  the  oxygen  of  the  iodate  is 
taken  up  by  the  carbon,  which  is  thereby  converted  into 
carbonic  acid.  After  heating,  the  mass  is  exhausted 
with  water,  which  dissolves  out  the  iodide.  Alcohol 
may  be  substituted  with  advantage  when  a  very  pure 
product  is  desired,  for  this  takes  up  only  the  iodide 
and  leaves  the  carbonate  of  potassa,  which  is  nearly 
always  present.  By  distillation  the  spirit  may  be  re- 
moved, and  the  iodide  crystallized  from  the  concen- 
trated alcoholic  solution,  or  from  water.  If  the  residue, 
after  the  first  evaporation,  be  treated  with  alcohol  only, 
the  iodide  of  potassium  dissolves,  the  iodate  and  any 
carbonate  which  might  have  been  present  in  the  alka- 
line liquor  remaining  behind.  This  residuary  salt  may 
be  afterwards  heated  with  charcoal,  and  the  iodide  to 
which  it  is  reduced  extracted  as  above.  In  both  cases 
the  changes  which  occur  may  be  thus  symbolized : — 

6K0  +  I0  =  5KI  +  KO,  IOs; 

the  final  product  by  the  application  of  the  heat  be- 
coming iodide  of  potassium,  thus : — 

KO,  I06  =  KI  +  06;  or,  KO,  I06  +  C3  =  Id  -f  3  C02. 

The  method  of  saturating  a  solution  of  potassa,  or  of 
carbonate  of  potassa,  with  hydriodic  acid,  offers  very 
good  results,  were  it  not  that  the  preliminary  operation 
involved  in  the  preparation  of  the  hydriodic  acid  renders 
the  course  rather  circuitous.  By  forming  an  iodide  of 
zinc,  as  recommended  by  le  Royer  and  Dumas,  the 
operation  is  shortened  and  simplified.  Zinc  turnings, 
water,  and  iodine  are  agitated  together  in  a  close  vessel, 
and  the  .metallic  salt  which  is  thus  produced  is  after- 
wards decomposed  by  addition  of  carbonate  of  potassa 


to  the  liquid  as  long  as  a  precipitate  appears.  The 
carbonate  of  zinc  is  filtered,  and  the  solution  evaporated 
to  the  crystallizing  point.  This  method  is  objected  to 
on  account  of  the  difficulty  which  is  experienced  in 
removing  the  last  traces  of  iodide  of  zinc.  In  order  to 
obtain  a  pure  salt  by  this  process,  Girault  gradually 
pours  the  cold  solution  of  the  iodide  of  zinc  into  a  boil- 
ing hot  one  of  carbonate  of  potassa  as  long  as  there  is 
any  effervescence  observed ;  cold  water  is  then  added  to 
the  mixture,  and  the  whole  filtered,  and  the  carbonate 
of  zinc  washed  twice  with  water.  The  trace  of  zinc 
still  held  in  solution  is  removed  by  the  cautious  addi- 
tion of  carbonate  of  potassa,  the  precipitate  filtered,  and 
the  liquid  concentrated  and  set  by  to  crystallize.  By 
many  iron  is  substituted  for  the  zinc,  but  the  further 
steps  in  the  process  are  decidedly  the  same.  Two  parts 
of  iodine,  one  of  iron,  and  ten  of  water  are  agitated 
together  in  a  close  vessel  till  the  liquid  loses  its  brown 
color;  as  soon  as  this  happens,  the  liquid  is  filtered, 
and  precipitated  by  a  solution  of  caustic  or  of  carbonate 
of  potassa  heated  to  the  seething  point.  Care  must  be 
taken  that  the  air  is  aB  much  as  possible  excluded  dur- 
ing the  production  of  the  iodide  of  iron,  so  as  to  prevent 
the  formation  of  a  basic  iodide  of  this  metal,  which 
could  be  decomposed  only  by  an  excess  of  alkali. 

The  Dublin  college  directs  the  conversion  of  the  iodine 
into  hydriodic  acid  by  sulphide  of  hydrogen,  and  the 
neutralization  of  this  product  either  by  potassa  or  car- 
bonate of  this  alkali.  Taddie  employs  an  alcoholic  solu- 
tion of  iodine,  or  iodine  diffused  in  water,  and  adds  to  it 
an  aqueous  or  alcoholic  solution  of  sulphide  of  potassium 
till  the  whole  becomes  colorless.  Sulphur  which  sepa- 
rates in  this  operation  is  removed  by  nitration,  and  the 
liquid  evaporated  to  obtain  the  salt  in  a  crystalline  state. 
It  may  be  observed  that  in  this  process,  when  alcohol 
is  employed,  the  iodide  of  potassium  is  always  more  or 
less  of  a  brown  color.  Further,  when  the  sulphide  of 
potassium  is  present  in  excess  the  liquid  becomes  cloudy, 
to  remove  which  a  greater  quantity  of  iodine  must  be 
added.  Notwithstanding  these  precautions,  it  appears, 
that  the  iodide  of  the  alkali  produced  is,  to  some  ex- 
tent, impregnated  with  sulphur,;  for  upon  heating,  it 
turns  grey,  and  evolves  sulphide  of  hydrogen.  The 
process  recommended  by  Stephani  is  merely  the  old 
one  of  Turner,  mentioned  above,  modified.  Into  a 
bath  of  the  caustic  alkali,  iodine  is  introduced  in  small 
portions  at  a  time  until  the  liquid  begins  to  be  tinged. 
The  weight  of  iodine  necessary  to  effect  this  is  found 
by  having  a  determined  quantity  of  iodine  to  begin  with, 
and  weighing  what  remains.  After  the  point  of  inci- 
pient coloration  is  observed,  as  much  more  iodine  as  is 
already  contained  in  the  liquid  is  to  be  added,  and  the 
whole  agitated  until  it  dissolves.  Iodide  of  potassium 
and  iodate  of  potassa  are  thus  produced,  and  by  treating 
the  liquor  with  sulphide  of  sodium,  prepared  by  satu- 
rating a  solution  of  an  equal  quantity  of  alkali  to  that  to 
which  the  iodine  was  added  with  sulphide  of  hydrogen ; 
both  liquors  are  mixed  and  left  to  repose,  when,  by 
mutual  decomposition,  the  contents  of  the  vessel  become 
muddy  in  consequence  of  the  deposition  of  sulphur ; 
after  a  short  interval  this  sulphur  falls  to  the  bottom, 
when  the  whole  is  passed  through  a  filter,  and  the  per- 
colating liquid  concentrated  so  as  to  obtain  the  salt. 
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Stephani  states  that  very  beautiful  transparent  crys- 
tals are  obtained  in  this  way,  and  which  are  quite 
different  in  this  respect  from  the  salt  met  with  in  the 
market. 

Iodide  of  potassium  crystallizes  from  its  aqueous 
solution  in  the  form  of  cubes,  parallelopipeds,  pyra- 
mids, or  octahedrons ;  and,  according  to  Kane,  some- 
times in  forms  belonging  to  the  square  prismatic 
system.  The  crystals  are  soluble  in  about  three- 
fourths  of  their  weight  of  water  at  ordinary  tempera- 
tures, and  in  six  parts  of  alcohol  of  0'85  specific 
gravity.  By  this  solution  in  water  the  temperature 
is  reduced  about  75'2°.  The  boiling  point  of  the 
saturated  solution  is  about  248°.  The  salt  melts  at  a 
temperature  below  redness,  and  forms  pearly  crystals 
on  cooling ;  if  air  be  admitted  to  it  whilst  in  a  state  of 
fusion,  a  portion  volatilizes  undecomposed.  Schindler 
found,  when  performing  the  experiment  in  glass  tubes, 
that  the  volatilization  does  not  take  place  below  the 
fusing  point  of  the  glass.  Chlorine,  sulphurous  acid, 
sulphuric  and  nitric  acids,  are  capable  of  decomposing 
iodide  of  potassium,  yielding  iodine  in  the  free  state ; 
or,  in  the  case  of  sulphuric  acid  when  diluted,  hydriodic 
acid,  as  noticed  under  the  manufacture  of  iodine.  Ac- 
cording to  Gay-Lussao,  it  may  be  represented  by  EI, 
being  composed  of — ■ 

Contosiutally. 

1  Eq.  of  Potassium,   39    =  23-63 

1  Eq.  of  Iodine,   126    =  76-37 


1  Eq.  of  Iodide  of  potassium,.,.  165 


100-00 


The  iodide  of  potassium  is  liable  to  much  adultera- 
tion, as  well  from  the  nature  of  the  processes  fol- 
lowed in  its  manufacture,  as  from  intentional  addi- 
tions of  other  bodies  of  less  value.  Those  bodies, 
the  presence  of  which  is  consequent  upon  the  method 
of  manufacture,  are  carbonate  of  potassa,  chloride 
of  potassium,  sulphate  of  potassa,  iodate  of  potassa, 
and,  under  particular  circumstances,  traces  of  a  sub- 
stance known  as  xanthatc  of  potassa.  Carbonate  of 
potassa,  derived  from  the  imperfect  neutralization  of 
the  iodide  or  hydriodic  acid,  in  the  first  instance, 
may  be  discovered  by  the  effervescence  which  suc- 
ceeds the  addition  of  hydrochloric  acid  to  a  portion  of 
the  salt,  and  also  by  its  solution  giving  a  precipitate 
with  lime  water;  this  impurity  remains  undissolved 
when  the  salt  is  treated  with  alcohol.  Traces  of  alka- 
line chlorides  may  be  derived  from  its  being  contained 
in  the  alkali  taken  to  prepare  the  salt.  Their  presence 
is  detected  by  its  giving  a  precipitate  with  nitrate  of 
silver,  which  is  soluble  in  ammonia,  and  is  reprecipitated 
from  this  solvent  in  the  state  of  white  chloride  of  silver 
by  nitric  or  sulphuric  acids.  Sulphuric  acid  is  detected 
by  adding  to  a  weak  acid  solution  a  few  drops  of  chloride 
of  barium.  Alkaline  sulphates  are  also  left  undissolved 
when  a  portion  of  the  sample  is  treated  with  alcohol. 
Xanthate  of  potassa  is  produced  when  the  iodide  is 
prepared  by  the  action  of  sulphide  of  potassium  or  of 
barium  upon  iodine  dissolved  in  alcohol.  When  this 
body  is  present,  the  taste  of  the  salt  is  like  that  of 
asafcetida ;  it  turns  greyish-brown  on  being  heated, 
and  evolves  sulphurous  acid ;  when  the  heated  residue 
is  treated  with  water,  a  substance  remains  undissolved 


which  is  composed  chiefly  of  carbon,  but  traces  of  sul- 
phates are  found  in  the  solution.  Iodate  of  potassa  is 
detected  by  adding  a  weak  acid,  by  which  hydriodic 
acid  is  liberated ;  this  effected,  the  liberated  hydracid 
exercises  a  deoxidizing  effect  upon  the  iodate,  its  hy- 
drogen combining  with  the  oxygen  of  the  iodic  acid  of 
the  latter,  and  setting  the  iodine  free.    Thus — 


KO,  I06  +   6  HI 


£1  +   6  HO   +  IG. 


Such  disengagement  of  iodine  is  indicative  of  the  pre- 
sence, not  only  of  an  iodate,  but  likewise  of  any  other 
of  the  higher  oxygen  acids.  Exclusive  of  the  substances 
mentioned,  and  which  are  never  contained  in  greater 
proportion  than  one  to  two  per  cent.,  adulteration  of 
this  salt  has  been  known  and  detected  to  the  extent  of 
seventy  and  eighty  per  cent. 

Besides  the  process,  which  will  be  detailed  at  the 
end  of  this  article,  for  the  analysis  and  determination 
of  iodine,  as  well  in  the  commercial  article  as  in  the 
iodides  of  the  metals,  a  simple  process,  applicable  for 
the  estimation  of  the  amount  of  iodide  in  the  alkaline 
salts,  may  be  here  mentioned.  It  is  founded  upon 
the  behavior  of  the  alkaline  iodides  with  chloride  of 
mercury,  whereby  an  equivalent  of  either  the  potas- 
sium or  sodium  salt  precipitates  exactly  an  equivalent 
of  chloride  of  mercury  in  the  form  of  iodide.  The  in- 
soluble compound  thus  formed  is,  however,  redissolved 
by  a  second  equivalent  of  the  alkaline  salt,  in  conse- 
quence of  the  production  of  a  soluble  double  iodide  of 
mercury  and  potassium.  The  reactions  may  be  ex- 
pressed thus: — 

+     HgCl    =    Hgl     -f-  KC1 

Chloride  of 
pjLQS6ium. 


And  secondly — 
Hgl  + 

Iedidu  of 
mercury. 


Hgl,  KI 

Soluble  double  iodide  of 
morally  tuid  potassium. 


To  test  the  salt,  two  equivalents — 330  parts — and  one 
equivalent  of  chloride  of  mercury — 135-5  parts — or 
any  less  weight  of  each,  provided  this  ratio  is  retained, 
are  weighed  and  dissolved  la  equal  measures  of  water, 
say  one  thousand  grains.  To  the  solution  of  the  iodide 
the  mercurial  liquor  is  to  be  added  till  a  permanent 
precipitate  appears.  Should  it  happen  that  no  tur- 
bidness  arises,  even  when  the  whole  of  the  latter  liquor 
has  been  added,  it  is  a  proof  that  no  adulterant  exists 
in  it ;  but  if  a  precipitate  should  occur  when  only  the 
one-half  or  one-fourth  of  the  mercurial  liquor  has  been 
poured  in,  it  is  evident  that  the  iodide  must  be  adul- 
terated with  one-half  or  one-fourth  of  some  spurious 
matter.  When  iodide  of  sodium  is  to  be  tested  in  this 
way,  it  will  be  clear  that  the  weight  of  the  salt  to  be 
taken  will  differ  from  that  specified  for  the  potassium 
salt,  in  proportion  as  its  equivalent  weight  is  less ;  that 
is,  only  two  hundred  and  ninety-eight  grains  are  re- 
quired. 

Iodide  of  potassium  is  used  in  the  laboratory  as 
an  agent  for  producing  metallic  iodides,  and  by  the 
photographers  largely,  in  preparing  the  silver  baths 
wherein  the  plates  are  immersed ;  its  chief  application 
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is  in  the  latter  art,  and  in  medicine.  Its  medicinal 
properties  are,  in  a  great  measure,  similar  to  those  of 
iodine  itself.  For  further  information  on  its  physiolo- 
gical properties,  the  reader  is  recommended  to  consult 
the  able  work  of  the  late  Dr.  Pereira. 

Iodide  of  Sodium. — The  description  given  for  the 
obtaining  of  the  preceding  iodide  will  fully  answer  for 
the  manufacture  of  this  compound.  The  crystals,  how- 
ever, retain  four  equivalents  of  water  when  they  form 
in  an  aqueous  solution  of  the  salt ;  they  are  larger  than 
those  of  iodide  of  potassium,  and  present  the  appear- 
ance of  oblique  rhombic  prisms ;  they  melt  in  their 
water  of  crystallization  when  heated,  giving  the  an- 
hydrous salt ;  if  the  temperature  be  maintained,  they 
dissolve  in  06  parts  of  cold  water.  According  to 
Mitscherlich,  it  is  composed  of — 

Centesimally. 

I  "  Tl 

Theory.  Mitscherlich. 

1  Eq.  of  Iodide  of  sodium  =  149  ==  80-21  =  80-6 
4  Eqs.  of  Water  =     36  =  19-79   =  19-4 

182       100-00  100-0 
Symbol,  Na  I,  4  HO. 

Iodide  of  Iron. — This  salt,  as  already  intimated,  is  pre- 
pared by  agitating  water  and  iron  turnings,  or  fine  wire, 
and  iodine  together,  taking  the  precaution  to  retain  the 
presence  of  an  excess  of  the  metal.  The  iodine  attacks 
the  metal,  and  combines  with  it,  forming  a  soluble  iodide 
of  iron.  The  compound,  though  readily  prepared  in  the 
state  of  solution,  is  more  difficult  to  obtain  as  a  solid, 
owing  to  its  tendency  to  decompose,  yielding  free  iodine 
and  a  basic  iodide,  which  is  but  sparingly  soluble. 
During  the  concentration  of  the  solution  of  iodide  of 
iron  this  change  occurs,  unless  it  be  guarded  against 
by  the  evaporation  being  conducted  in  an  iron  vessel, 
or  in  contact  with  iron  wire,  which  prevents  the  oxida- 
tion of  that  portion  of  the  salt  which  is  already  formed. 
Carefully  concentrated  thus,  the  compound  may  be 
obtained,  on  cooling,  in  the  state  of  a  crystalline  mass; 
but  in  this  condition  it  cannot  be  long  preserved,  espe- 
cially when  air  has  contact  with  it,  iodine  being  set  free, 
as  just  indicated,  and  an  oxide  of  iron  mixed  with 
iodide  remaining.  This  salt  is  of  no  very  great  im- 
portance ;  it  is  sometimes  employed  in  medicine,  with 
other  substances ;  it  is  also  occasionally  used  as  a 
-  photographic  agent.  Its  symbol  is  Fe  I,  and  the 
atomic  weight,  154. 

Iodide  of  Mercury. — Mercury  is  capable  of  form- 
ing several  combinations  with  iodine,  but  that  which 
will  be  noticed  more  particularly  here,  is  the  iodide 
or  protiodide  of  the  metal.  If  two  equivalents  of 
mercury  and  one  of  iodine  are  triturated  together  in  a 
convenient  vessel,  moistening  the  whole  with  alcohol, 
a  subiodide  of  mercury  is  obtained  in  the  form  of  a 
greenish  powder ;  the  same  compound  is  formed  when 
a  solution  of  subnitrate  of  mercury  is  precipitated  with 
one  of  iodide  of  potassium.  The  resulting  mass  is  com- 
posed according  to  the  formula  Hg2 1. 

If  iodine  be  added  to  the  solution  of  iodide  of  potas- 
sium, and  the  brownish  liquid  which  results  be  mixed 
with  a  solution  of  subnitrate  of  mercury,  a  precipitate 
falls  which  differs  in  composition  from  the  foregoing.  It 
may  also  be  procured  by  adding  the  iodide  .of  potassium 


to  an  acid  solution  of  the  mercurial  salt,  but  the  first 
is  the  surer  method.  It  forms  a  yellow  powder,  which 
is  apt  to  vary  in  its  composition,  according  to  the  con- 
ditions in  which  the  two  salts  are  brought  together. 
When  treated  with  an  acid,  a  red  salt — the  iodide — 
deposits.  According  to  Boullay,  this  compound  is 
composed  of  four  equivalents  of  mercury  and  three  of 
iodine,  and  is  represented  by  the  symbol  Hg4  I3.  The 
most  remarkable  of  the  mercurial  compounds  with 
iodine,  owing  to  its  fine  scarlet  hue,  is  that  which 
is  thrown  down  when  dissolved  chloride  of  mercury 
— corrosive  sublimate,  Hg  CI — is  added  to  iodide 
of  potassium.  If  the  iodide  of  potassium  has  been 
added  only  sparingly,  the  tinge  will  be  duller,  in  conse- 
quence of  a  portion  of  chloride  of  mercury  being  carried 
down ;  on  addition  of  a  further  quantity  of  the  re- 
agent, however,  this  is  displaced,  and  the  whole  of  the 
quicksilver  is  converted  into  the  brilliant-colored  pre- 
cipitate. The  operator  should  guard  against  the  op- 
posite extreme  of  using  too  great  an  excess  of  the 
iodide,  which  would  have  the  effect  of  redissolving  it, 
and  producing  a  soluble  double  iodide  of  mercury  and 
of  potassium. 

The  red  iodide  of  mercury  may  likewise  he  obtained 
by  triturating  iodine  and  the  metal  together  in  the  ratio 
of  their  equivalents,  alcohol  being  added.  This,  how- 
ever, should  be  done  with  only  small  portions  at  a 
time,  for,  when  large  quantities  are  operated  upon,  the 
temperature  becomes  so  elevated  as  to  volatilize  much 
of  the  iodine.  A  duller-tinted  compound  is  produced 
in  this  way,  than  that  which  results  from  precipitation 
with  iodide  of  potassium  or  hydriodic  acid. 

When  the  iodide  of  mercury  thus  prepared  is  heated, 
it  fuses,  and  a  dark  yellow  mass  remains,  which,  on 
solidifying,  retains  the  yellow  hue.  As  the  tempera- 
ture lowers,  however,  the  original  color  is  regained. 
The  composition  in  both  cases  remains  unaltered,  con- 
sequently the  dimorphous  effect  must  be  attributed  to 
a  molecular  arrangement  which  is  produced  by  the 
increased  heat.  Iodide  of  mercury  is  slightly  soluble 
in  water,  alcohol,  and  ether,  but  hydrochloric  acid,  and 
various  alkaline  salts,  dissolve  it  completely,  producing 
soluble  double  salts  with  it.    Its  composition  is — 

Ccntesimnlly. 

1  Eq.  of  Mercury,   100   44-25 

1  Eq.  of  Iodine,   126   55-75 

1  Eq.  of  Iodide  of  mercury,         226  100-00 

agreeing  with  the  formula  Hg  I. 

Iodide  of  mercury  might  be  used  as  a  pigment. 
It  has  been  stated  by  several  French  chemists,  that  its 
emploj'ment  was  contemplated  some  few  years  ago  by 
English  dyers  and  printers,  for  giving  a  bright  color  to 
cloths,  but  the  Editor  has  not  been  able  to  learn  any- 
thing of  its  application  in  this  way. 

Iodide  of  Silver. — This  salt  is  easily  prepared  by 
adding  to  a  solution  of  a  soluble  silver  salt,  an  aqueous 
one  of  hydriodic  acid,  or  of  a  soluble  iodide.  It  forms 
a  yellowish-white  precipitate,  which,  when  dried  and 
heated,  fuses  to  a  reddish  liquid  mass,  but  changes  to 
a  dirty  yellow. 

The  same  salt  is  formed  when  iodine  is  made  to  act 
upon  silver  foil ;  or,  according  to  M.  St.  Claire  De- 
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ville,  when  concentrated  hydriodic  acid  is  poured 
upon  the  metal,  hydrogen  being  abundantly  eliminated. 
It  is  found  native,  as  specified  in  the  beginning  of  this 
article.  Iodide  of  silver  is  soluble  in  an  excess  of  the 
alkaline  iodide  to  some  extent,  but  is  only  sparingly 
dissolved  by  water ;  it  is  not  dissolved  wholly  by  am- 
monia, like  the  chloride  of  this  metal.  In  the  presence 
of  moisture,  chlorine  decomposes  the  iodide  of  silver, 
yielding  a  chloride  of  the  metal  and  free  iodine,  which 
may  be  expelled  by  slightly  raising  the  temperature. 
This  reaction  does  not  take  place  at  a  high  tempera- 
ture, as  ascertained  by  M.  St.  Clause  Deville,  but, 
in  fact,  hydriodic  acid  is  capable  of  expelling  hydro- 
chloric acid  from  chloride  of  silver,  and  producing  an 
iodide  instead,  contrary  to  the  received  opinion  of  the 
force  of  the  affinity  of  these  elements.  He  also  found 
that  on  making  a  mixture  of  hydrochloric  and  hydrio- 
dic acids,  and  adding  it  to  a  solution  of  a  soluble  silver 
salt,  only  iodide  of  silver  was  produced.  Chlorides  of 
potassium  and  of  sodium,  dissolved  in  a  small  quantity 
of  water,  dissolve  iodide  of  silver  freely.  Strong  nitric 
and  sulphuric  acids  are  capable  of  liberating  iodine 
from  the  iodide  of  silver,  a  nitrate  or  sulphate  of  the 
oxide  of  the  metal  being  formed ;  this  does  not  happen, 
however,  when  water  is  present,  or  the  diluted  acids 
are  employed.    Iodide  of  silver  contains — 

Centcsimnlly 

1  Eq.  of  Silver,   . .  108    46-15 

1  Eq.  of  Iodine,   12G    53-85 

1  Eq.  of  Iodide  of  silver          234  100-00 

consequently,  its  formula  is  Ag  I. 

The  chief  use  which  is  made  of  this  body  is  in 
Photography,  and  the  various  other  systems  in  use  for 
taking  impressions  of  objects  by  the  influence  of  light. 
As,  however,  in  a  future  article  this  beautiful  and  very 
interesting  art  will  be  fully  discussed,  the  action  of 
light  upon  the  salt  in  question  will  not  be  further 
pursued  here. 

Estimation  of  Iodine  when  uncomhined  and  in  com- 
bination.— The  minute  proportion  of  this  element,  which 
has  often  to  be  sought  in  plants,  bituminous  and  other 
shales,  waters,  and  even  in  the  air,  has  taxed  the  in- 
ventive powers  and  researches  of  chemists  for  methods, 
of  which  the  accuracy  might  be  commensurate  with 
the  evident  difficulty  of  the  task  undertaken.  Fortu- 
nately, iodine  comports  itself  with  a  few  bodies  in 
such  a  characteristic  way,  offering  indications  so 
marked  as  not  to  be  surpassed  in  this  respect  by  any 
other  substance  known.  These  are  starch,  silver,  and 
palladium ;  and  by  proper  modifications  in  the  applica- 
tions of  only  these  three  bodies,  the  methods  for  the 
estimation  of  iodine,  as  well  when  free  as  when  com- 
bined, are  not  exceeded  by  any  other  class,  either  in 
their  accuracy  or  extent. 

Some  of  these  methods  are  of  recent  invention,  whilst 
others  date  from  the  first  researches  made  upon  this  ele- 
ment by  Gay-Lussac  and  others.  Iodine  in  quantita- 
tive determinations  is  never  weighed  alone,  but  in  com- 
bination with  another  body,  with  which  it  is  chemically 
united — silver  or  palladium.  These  offer  the  greatest 
security  for  accurate  results,  since  they  produce  com- 
pounds with  the  iodine  which  are  unaffected  by  most 


other  substances.  As  a  preliminary  to  the  estimation 
either  by  silver  or  palladium,  it  is  necessary  to  convert 
the  iodine  into  hydriodic  acid  or  into  an  alkaline  iodide ; 
and  for  this  purpose  a  sample  is  weighed,  and  treated  by 
any  of  the  convenient  methods  already  detailed  for  the 
production  of  hydriodic  acid  or  iodides  of  the  alkalies. 
If  the  iodine  is  mixed  with  potassa  sparingly,  and  the 
brownish  liquid  treated  with  sulphide  of  hydrogen  till 
it  becomes  colorless,  iodide  of  potassium  results  ;  but 
in  adopting  this  process,  the  last  traces  of  the  sulphide 
of  hydrogen  must  be  expelled,  so  as  they  may  not  in- 
terfere with  the  subsequent  precipitation  with  nitrate 
of  silver.  A  solution  of  the  latter  salt  with  a  little 
nitric  acid  is  then  added  as  long  as  any  precipitate  is 
formed.  By  placing  the  beaker  in  a  warm  situation,  the 
yellow  iodide  of  silver  falls,  and  the  supernatant  clear 
liquid  may  be  decanted;  the  residue  in  the  beaker  may 
be  washed  either  by  adding  water  to  it,  agitating,  and 
after  it  has  subsided  pouring  off  the  clear  solution,  or 
it  may  be  thrown  upon  a  filter,  washed  thoroughly, 
and  dried  in  the  water-bath.  The  bulk  of  the  precipi- 
tate is  detached  from  the  filter,  and  introduced  into  a 
porcelain  crucible ;  the  paper  being  burned  on  the 
lid  at  as  low  a  temperature  as  possible,  and  the  ashes 
added  to  the  matter  in  the  vessel.  Subsequently,  the 
whole  is  heated  to  a  low  red  heat,  and  when  cold, 
weighed.  From  the  weight  of  the  substance,  minus 
that  of  the  filter-ash,  that  of  the  iodine  is  calculated — ■ 
234  parts  of  iodide  of  silver  being  equivalent  to  126 
parts  of  iodine. 

In  conducting  this  operation,  it  would  be  better  to 
wash  the  precipitate  by  decantation,  and  afterwards  to 
transfer  it  into  the  crucible,  evaporating  the  water  from 
the  latter  in  the  bath,  and  finally  slightly  heating  over 
the  lamp  and  weighing.  No  loss  would  be  incurred  in 
this  by  reduction  of  any  part  of  the  compound,  as  is 
done  when  a  filter  is  employed.  In  either  case,  how- 
ever, the  results  are  very  accurate.  When  a  palladium 
salt  is  at  hand,  the  mode  introduced  by  Lassaigne  is 
still  better,  and  is  now  almost  in  every  instance  pre- 
ferred to  that  just  described.  It  is  the  more  certain 
and  convenient,  as  it  offers  a  means  of  determining  the 
iodine,  even  in  the  presence  of  chlorine  and  bromine, 
which  the  use  of  silver  does  not.  The  following  is  the 
method: — The  liquid  containing  a  weighed  portion  of 
the  iodide  under  examination,  or  of  the  iodine  converted 
into  an  iodide  or  hydriodic  acid,  is  to  be  slightly  acidu- 
lated with  hydrochloric  acid,  and  a  solution  of  the 
protochloride  of  palladium  added  as  long  as  a  precipi- 
tate continues  to  form ;  the  vessel  is  then  placed  in  a 
warm  situation  for  twenty-four  or  forty-eight  hours,  at 
the  end  of  which  time  the  clear  liquid  is  passed  through 
a  filter,  and  the  russet-black  precipitate  collected ;  it  is 
washed  with  warm  water,  and  subsequently  dried  till 
the  weight  remains  constant,  and  the  iodine  calculated 
from  the  quantity  of  iodide  of  palladium  thus  found. 
As  it  is  somewhat  difficult  and  tedious  to  dry  the  pre- 
cipitate when  washed  with  water,  it  would  be  well  to 
pour  some  alcohol  upon  the  filter,  after  all  the  impurities 
have  been  first  removed  by  the  hot  water,  and  after 
the  spirit  has  passed  through,  to  replace  it  with  a  little 
ether.  When  exposed  to  heat,  the  volatile  liquid  will 
readily  escape,  leaving  the  mass  quite  dry.  Fkesenius 
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recommends  to  exsiccate  the  compound  in  vacuo  over 
sulphuric  acid.  As  the  iodide  of  palladium  is  decom- 
posed into  iodine  and  metal  by  heat,  the  weight  of  the 
compound  is  taken  after  driving  off  all  moisture  by  long 
exposure  to  a  low  temperature,  or  as  above  described ; 
and  as  this  is  done  in  contact  with  the  filter,  the  latter 
ought  to  be  tared  before  collecting  the  salt,  and  after  being 
exposed  some  hours  to  a  htat  of  a  water-bath.  One 
hundred  and  seventy-nine  parts  of  the  dried  salt — pal- 
ladium 53  -\-  iodine  126 — contains  one  hundred  and 
twenty-six  of  iodine.  According  to  Eosi5,  the  iodide 
after  desiccation  may  be  heated  in  the  usual  way  in  a 
platinum  or  porcelain  crucible,  and  from  the  weight  of 
the  palladium  which  is  left,  the  iodine  calculated.  LAS- 
saigne  found  that  the  jouJo'u'o"*11  Part  °f  iodide  of  po- 
tassium could  be  determined  in  a  liquid  by  this  means, 
and  the  modifications,  to  which  reference  will  be  made 
presently,  show  that  this  is  fully  corroborated. 

Upon  the  reaction  of  chloride  of  palladium  with  hy- 
driodic  acid  or  a  soluble  iodide,  Kersting  has  founded 
a  volumetrical  method  of  analysis  for  determining  this 
element.  He  prepares  for  the  purpose  a  number  of 
test  liquors  with  pure  iodide  of  potassium  and  proto- 
chloride  of  palladium ;  the  iodide  of  potassium  solution 
is  made  of  such  a  strength  as  to  contain  one  part  of 
iodine  in  a  thousand  of  the  liquid.  This  is  done  by 
dissolving  13-1  parts  of  the  ignited  salt  in  ten  thousand 
parts  of  distilled  water. 

The  palladium  test  liquor  is  prepared  by  dissolving 
one  part  of  the  metal  in  nitrohydrochloric  acid  with 
the  aid  of  heat,  evaporating  the  solution  to  dryness  in 
a  water-bath,  and  adding  to  the  residue  fifty  parts  of 
concentrated  hydrochloric  acid  and  two  thousand  parts 
of  water,  agitating  the  whole,  and  then  allowing  it  to 
rest,  to  part  with  any  insoluble  matter.  The  value  of 
this  liquid  is  to  be  ascertained  by  adding  to  a  given 
volume  of  it  the  iodide  of  potassium  solution  in  succes- 
sive portions,  till  the  whole  of  the  metal  is  thrown 
down.  If  the  iodide  test  liquor  be  poured  from  a 
burette  holding  one  thousand  grains  of  water,  and 
divided  into  one  hundred  divisions,  the  amount  of 
palladium  in  the  volume  of  solution  operated  upon 
may  be  readily  ascertained  from  the  number  of  mea- 
sures of  the  other  added,  since  each  division  contains 
exactly  O'l  grain  of  iodine,  which  is  equivalent  to  0'042 
of  palladium,  since  126  :  0"!  ::  53  :  0-042. 

Having  thus  ascertained  the  quantity  of  materials  in 
the  two  test  liquors,  the  iodide  to  be  examined  is  dis- 
solved in  water,  if  it  admits  of  this  treatment ;  a  certain 
measure  is  then  taken  and  operated  upon  qualitatively, 
as  it  were,  in  order  to  arrive  at  a  knowledge  of  the 
probable  quantity  of  iodine  contained  in  it.  For  this 
purpose  a  number  of  measures  of  the  palladium  liquid 
is  taken  in  a  flask  and  heated  in  the  water-bath ;  the 
measures  of  the  liquid  under  examination  are  diluted 
till  the  ten  make  one  hundred  or  a  thousand  grains. 
After  the  palladium  solution  is  warmed,  the  other  is 
dropped  in  from  the  burette  in  portions,  taking  care 
not  to  add  too  much  at  once,  and  also  to  shake  the 
flask  after  each  addition.  The  precipitate  readily  falls, 
and  by  drawing  off,  by  means  of  a  pipette,  two  portions 
of  the  liquid  into  two  tall  narrow  foot-glasses,  and  add- 
ing to  one  a  few  drops  from  the  burette  and  comparing 


it  with  the  other,  it  will  be  readily  ascertained  whether 
the  whole  of  the  palladium  has  been  thrown  down.  If 
not,  a  further  addition  is  to  be  made  to  the  solution 
in  the  flask,  to  which  the  portions  taken  out  for  trial- 
tests  must  be  put,  and  the  whole  left  for  a  short  time 
in  the  bath,  heated  as  before  from  140°  to  212°,  and  as 
soon  as  the  solid  has  settled  to  the  bottom,  a  similar 
trial-test  made.  It  is  needless  to  say,  that  as  the  precise 
point  is  approached,  the  solution  of  iodide  of  potassium 
must  be  added  more  sparingly,  and,  when  gained,  the 
two  liquids  ought  to  be  tested  with  the  iodide  of  potas- 
sium and  with  the  palladium  liquor,  using  the  former  in 
one  of  the  test-glasses,  and  the  latter  in  the  other.  If  no 
indication  is  obtained,  it  is  proof  that  the  whole  of  the 
palladium  has  been  precipitated.  Should,  however,  an 
excess  of  the  iodide  be  added,  the  operator  ought  to 
introduce  a  few  measures  of  the  palladium  test,  and 
proceed  more  carefully  in  the  precipitation  till  the  de- 
sired point  is  attained.  From  the  number  of  measures 
of  the  metallic  solution  operated  upon,  it  is  easy  to 
ascertain  the  iodine,  calculating  from  the  data  given  in 
the  preceding.  A  second  test  may  now  be  performed, 
employing  a  given  number  of  measures  of  the  solution 
containing  the  iodine,  and  adding  the  other  test  solu- 
tion till  there  is  no  further  separation  of  iodide  of  pal- 
ladium, in  order  to  arrive  at  the  true  amount  of  iodine 
with  greater  certainty. 

If  the  iodide  under  examination  should  be  insoluble  in 
water,  or  not  well  adapted  for  immediate  solution,  on 
account  of  admixture  with  foreign  substances,  it  must 
be  distilled  from  a  small  retort,  with  the  neck  turned 
upwards,  with  sulphuric  acid,  using  for  this  purpose 
about  twenty  measures  of  the  burette  of  strong  acid,  free 
from  iodine,  and  from  twenty  to  a  hundred  measures 
of  water.  The  distillation  must  be  continued  till  fumes 
of  hydrated  sulphuric  acid  begin  to  be  evolved.  Should 
the  distillate  contain  free  iodine  and  hydriodic  acid,  a 
few  drops  of  starch  paste,  prepared  by  boiling  one  part 
of  starch  with  one-tenth  part  of  strong  sulphuric  acid 
in  twenty-four  of  water,  and  then  sulphurous  acid,  till 
the- blue  coloration  occasioned  by  the  free  iodine  and 
starch  disappears,  or  is  on  the  point  of  disappearing ; 
on  the  other  hand,  if  the  substance  distilled  with  the 
acid  contains  organic  matter,  causing,  during  the  opera- 
tion, an  evolution  of  sulphurous  acid,  which  condenses 
in  the  receiver,  a  few  drops  of  the  paste  must  be  intro- 
duced, and  then  a  solution  of  bleaching  powder,  till  a 
faint  bluish  tinge  begins  to  appear.  This  is  an  indi- 
cation that  the  whole  of  the  sulphurous  acid  has  been 
converted  into  sulphuric  acid;  it  is  necessary,  how- 
ever, to  destroy  the  azure  tinge  in  the  liquor  by  a  few 
drops  of  solution  of  the  sulphurous  acid.  After  this, 
the  testing  with  the  palladium  liquor  is  proceeded  with 
in  the  manner  detailed. 

According  to  Kersting,  dilute  hydrochloric,  sul- 
phuric, nitric,  phosphoric,  and  acetic  acids,  and  also  the 
neutral  salts  of  those  acids  with  the  alkalies,  have  no 
influence  upon  this  method ;  neither  have  chloride  of 
calcium  or  of  zinc,  acetate  of  lead,  sugar,  uric  acid, 
and  the  distillate  of  urine  with  sulphuric  acid,  alcohol, 
ether,  starch  paste,  oil  of  lemons,  and  bromide  of 
sodium,  in  the  presence  of  acetic  acid.  The  test  is 
interfered  with,  however,  by  the  presence  of  alkaline 
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bromides  with  free  mineral  acids,  especially  upon  heat- 
ing; free  alkalies,  free  chlorine,  bromine,  iodine,  and 
cyanogen  ;  large  quantities  of  nitric  acid  at  a  high  tem- 
perature, and  sulphurous  acid ;  for  all  these  bodies 
prevent  the  precipitation  of  the  iodide  of  palladium. 

Keksting  has  devised  another  mode,  which  is  in  ap- 
plication less  complex  than  the  foregoing,  and  affords, 
when  none  of  those  substances  which  interfere  with 
tlie  reaction  are  present,  very  trustworthy  results.  It 
is  founded  upon  the  behavior  of  chloride  of  mercury 
with  a  metallic  iodide,  tinged  blue  by  the  addition 
of  a  little  starch  paste  and  bromine  water,  in  which 
case  coloration  is  perceived  as  long  as  any  of  the 
iodide  remains  undecomposed  by  the  mercurial  salt, 
but  by  the  decomposition  of  the  last  traces  the  blueness 
disappears.  A  test  liquor,  containing  a  certain  known 
weight  of  chloride  of  mercury  in  a  given  volume  of  it, 
is  prepared  as  in  the  preceding  case,  and  the  iodide  to 
be  examined  is  dissolved,  and  the  liquor  so  diluted  that 
it  will  contain  about  one  part  of  iodine  in  a  thousand, 
being  previously  blued  by  a  little  bromine  water  and 
starch  paste,  as  previously  mentioned.  By  adding  the 
test  liquor  to  this  solution,  iodide  of  mercury  and  chlo- 
ride of  the  metal,  in  combination  with  the  iodide,  will 
be  formed ;  but  in  consequence  of  the  solutions  being 
so  diluted,  the  mercurial  iodide  dissolves,  and  so  does 
not  prevent  the  observation  of  the  blue  shade.  When 
this  disappears,  the  number  of  measures  of  test  liquor 
required  are  read  off,  and  from  them  the  iodine  is  cal- 
culated. 135-5  parts  of  chloride  of  mercury  are  equiva- 
lent to  126  of  iodine,  and  so  in  this  proportion  will  any 
weight  of  the  former  salt  in  the  solution  added  to  de- 
stroy the  color,  be  to  its  equivalent  of  iodine.  When 
chlorides  and  bromides  are  present,  also  free  mineral 
acids,  acetic  acid,  and  the  acetates,  the  results  afforded 
by  this  method  are  not  exact. 

Dr.  Fkedeeick  Penny  has  published  a  process  for 
testing  the  quantity  of  iodine  in  iodides,  volumetrically, 
by  means  of  bichromate  of  potassa,  which  gives  rise  to 
the  annexed  reaction  :— 


3  K  I    -f     K  0,  2  Cr  03   +    7  H  CI 

Iodide  of  Bichromate  of  Hydroclilori 

.lotassium.  potassa.  acid. 

+    Cr2Cl3    +  7  HO    +  I 


4K  CI 


llydroclilorio  Clilorido  of 

acid.  potassium. 


When  heat  is  not  applied,  this  is  the  only  reaction 
which  takes  place,  and  by  it  three  equivalents  of  iodine 
are  set  free  by  one  of  the  bichromate  of  potassa.  The 
manipulations  are  as  follow : — Ten  grains  of  pure 
bichromate  of  potassa  are  dissolved  in  about  seventy 
measures  of  the  burette,  holding  one  thousand  grains 
of  water  up  to  zero  on  the  divided  scale,  and  the  re- 
mainder up  to  0,  filled  with  strong  cold  hydrochloric 
acid.  The  liquor  is  agitated  and  set  aside.  A  weighed 
quantity  of  the  salt  to  be  examined  is  taken  and  dis- 
solved in  like  manner  in  about  a  thousand  grains  of 
water,  and  to  this  the  liquor  from  the  burette  is  added 
cautiously  till  the  whole  of  the  iodine  is  precipitated. 
This  is  ascertained  by  letting  a  drop  from  the  end  of 
the  glass-stirrer  fall  upon  another  of  a  freshly-prepared 
solution  of  protochloride  of  iron,  mixed  with  sulpho- 
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cyanide  of  potassium,  and  observing  if  a  red  coloration 
be  produced.  The  bichromate  solution  is  carefully 
added,  stirring  after  each  addition  till  this  result  is 
arrived  at,  and  then  the  number  of  measures  read  off. 
Knowing  that  every  ten  divisions  of  the  test  solution 
contains  one  grain  of  the  bichromate,  and  that  their 
quantity  effects  the  liberation  of  2-437  grains  of  iodine 
from  the  sample,  it  is  easy  to  estimate  the  weight  of 
iodine  in  the  quantity  operated  upon  by  the  proportion : 


10  :  2-437  : 


-the  iodine. 


Before  leaving  this  part  of  the  subject,  which  must 
be  interesting  to  every  chemical  student,  it  may  be 
well  to  lay  Bunsen's  volumetrical  method  before  the 
reader.  It  is  founded  on  the  behavior  of  sulphurous 
acid  with  iodine,  which,  in  the  presence  of  water,  con- 
verts the  iodine  into  hydriodic  acid  : — 

I    +    HO  + 


This  reaction  is  one  among  the  many  that  the  chemist 
and  manufacturer  encounter,  and  which  at  first  sight 
appears  inconsistent,  since  the  converse  can  be  effected 
as  freely,  namely : — ■ 


Hj-driodic     Iodine.  Sulphurous 
uciu.  acid.  acid. 

The  state  in  which  the  substances  are  presented  to  one 
another  has  a  great  influence  upon  the  nature  of  the 
change,  and,  consequently,  demands  careful  study.  In 
this  case,  the  one  or  other  of  these  reactions  which 
result,  is  dependent  upon  the  state  of  concentration  of 
the  materials  which  are  taken  to  produce  the  effect. 
By  careful  experiments,  Bunsen  found  that  the  first 
reaction  only  is  produced  when  a  solution  of  sulphur- 
ous acid,  containing  0-04  to  0'05  of  real  acid,  is  brought 
into  contact  with  iodine ;  hence,  when  this  condition  is 
supplied,  one  equivalent  of  sulphurous  acid  is  converted 
into  sulphuric  acid  by  an  equivalent  of  iodine. 

This  comportment  suggests,  that  when  an  unknown 
quantity  of  iodine  is  mixed  with  an  excess  of  sulphurous 
acid  of  the  above  strength,  by  testing  how  much  of 
the  reagent  remains  in  excess  after  the  former  sub- 
stance has  disappeared,  the  difference  will  afford  data 
for  calculating  the  quantity  of  iodine  present.  By 
means  of  a  solution  containing  a  known  amount  of 
iodine,  the  latter  part  of  the  reaction  is  performed. 

Standard  solutions  of  sulphurous  acid,  of  the  fore- 
mentioned  strength,  also  one  of  iodine,  one  of  iodide  of 
potassium,  and  some  starch  paste,  are  required  for 
performing  the  analysis  by  this  method.  The  iodine 
test  liquor  is  prepared  by  dissolving  five  grammes  of 
the  purest  iodine  in  a  concentrated  solution  of  pure 
iodide  of  potassium,  in  a  flask  holding  twenty  thousand 
grains  measure — twenty  measures  of  burette — up  to  a 
certain  mark,  and  diluting  the  liquor  with  distilled 
water  till  this  mark  is  reached.  A  perfect  homogene- 
ousness  of  the  liquid  should  be  effected  by  agitation, 
and  care  taken  that  it  does  not  show  any  brown  tinge. 
As  each  hundred  divisions  of  the  burette  of  this  liquid 
contains  0-25—2000  :  5  : :  100  :  0-25— it  is  evident  that 

3  e 


402 


IODINE  Estimation  of 


Iodine— Bunsen's  Method. 


each  division  will  contain  a  quantity  of  iodine  equal  to 
•0025  of  a  gramme.  Lest  impurities  might  be  con- 
tained in  it,  it  is  necessary  to  subject  it  to  a  corro- 
borative test  to  be  certain  of  its  value. 

A  sulphurous  acid  test  liquor  is  prepared  by  saturat- 
ing distilled  water  with  sulphurous  acid  at  the  common 
temperature ;  this  liquid  should  be  kept  in  well-stop- 
pered bottles  inverted  in  water.  From  seventy  to 
eighty  divisions  of  this  saturated  liquor  should  be  added 
to  every  hundred  burette  measures  of  distilled  water. 

The  iodide  of  potassium  test  liquor  is  prepared  by 
dissolving  one  part  of  pure  iodide  of  potassium  in  ten 
parts  water  ;  it  should  form  a  colorless  liquid,  and  give 
no  tinge  even  on  the  addition  of  hydrochloric  acid. 

It  is  necessary  to  prepare  the  starch  paste  fresh  for 
each  testing.  Before  proceeding  to  operate  upon  sam- 
ples of  unknown  composition,  it  is  requisite  to  find  the 
relative  proportion  between  the  iodine  and  sulphurous 
acid  solutions ;  and  also  what  quantity  of  the  respec- 
tive agents  is  present  in  a  given  volume  of  them.  To 
effect  this,  it  is  required,  in  the  first  instance,  to  mea- 
sure off  two  burette  measures,  that  is,  two  hundred 
burette  divisions  of  the  diluted  sulphurous  acid  solu- 
tion, and  add  thereto  six  or  eight  divisions  of  starch 
paste ;  then  a  solution  of  the  iodine  is  dropped  in  from 
the  burette,  and  the  flask  agitated  till  there  is  a  slight 
excess  of  the  iodine,  and  the  starch  acquires  in  conse- 
quence a  persistent  blue  color. 

Operating  in  this  way,  and  supposing  that,  to  con- 
vert the  two  hundred  divisions  of  sulphurous  acid  into 
sulphuric,  one  hundred  and  eight  of  the  iodine  liquor 
were  required,  it  is  evident  that  these  numbers  will 
stand  in  the  same  relation  to  one  another  when  the 
iodine  is  to  be  determined,  as  when  it  is  wished  to 
estimate  the  sulphurous  acid.  The  next  step  is  to  find 
how  much  pure  iodine  is  contained  in  each  degree  or 
burette  division  of  the  iodine  test  solution,  and  likewise 
its  effect  upou  the  sulphurous  acid.  This.isdone  by 
weighing  oft'0'40  gramme  of  dry  and  pure  bichromate 
of  potassa,  and  treating  it  in  a  small  retort  with  con- 
centrated hydrochloric  acid,  and  conducting  the  evolved 
chlorine  into  a  solution  of  iodide  of  potassium.  For 
this  end  the  bichromate  and  acid  are  put  into  a  flask, 
to  which  a  tubulure  and  tube  are  adapted,  and  secured 
by  passing  a  tube  of  caoutchouc  over  the  neck,  cork, 
and  portion  of  the  tube ;  a  small  glass  bulb,  with  its 
long  neck  closed  by  the  blowpipe,  is  put  into  the  end 
of  the  eduction  tube,  and  then  introduced  into  an  in- 
verted retort,  containing  the  solution  of  iodide  of  potas- 
sium. Heat  is  applied  by  means  of  a  lamp,  and, 
after  a  few  minutes'  ebullition  of  the  contents  of  the 
flank,  the  whole  of  the  chlorine  will  have  passed  over. 
There  will  be  liberated  from  the  iodide  of  potassium, 
by  the  chlorine  evolved  from  the  quantity  of  bichro- 
mate operated  upon,  T024  of  iodine — that  is,  an 
amount  proportionate  to  three  equivalents  of  iodine  for 
one  of  the  former  salt,  as  stated  at  page  400.  To  the 
solution  containing  the  mixture  of  iodine  and  iodide  of 
potassium,  the  diluted  sulphurous  acid  liquid  must 
be  added  from  the  burette  till  the  brown  color  of  the 
fluid  has  completely  disappeared,  and  the  quantity  is 
noted,  which,  for  example's  sake,  may  be  taken  at  sixteen 
hundred  divisions.    It  is  needless  to  say  that  there  has 


been  an  excess  of  the  acid  employed  on  this  occasion, 
and  which  is  to  be  determined  in  the  next  operation, 
by  introducing  a  little  starch  paste,  and  as  much  of  the 
standard  iodine  solution  as  is  requisite  to  communicate 
a  blue  color  to  the  fluid.  If  for  this  purpose  twenty 
divisions  of  the  burette  are  taken;  from  the  following 
calculation,  founded  upon  the  preceding  tests,  the 
value  of  the  solution  as  to  the  iodine  it  contains,  and 
the  sulphurous  acid  it  changes  into  sulphuric,  is  arrived 
at.  As  by  the  previous  experiment  it  was  found  that 
fifty-four  divisions  of  the  iodised  solution  were  neces- 
sary to  oxidise  two  hundred  of  the  sulphurous  acid 
liquor,  it  follows  that  four  hundred  and  thirty-two  of 
the  former  will  be  required  to  oxidise  the  one  thousand 
six  hundred  measures  taken  of  the  latter  ;  but,  as  the 
experiment  shows  that  the  iodine  liberated  from  the 
iodide  of  potassium  is  equivalent  to  this  volume  of 
test  liquor,  minus  the  twenty  divisions  required  for 
the  excess — that  is,  432  —  20  =:  412  divisions,  corre- 
sponding to  1-024  of  iodine — it  is  evident  that  each 
burette  division  of  the  iodised  test  liquor  contains 
•00248  of  a  gramme  of  iodine.  Of  course,  each  de- 
gree of  the  entire  quantity  of  the  test  liquor  possesses 
this  value. 

To  test  the  iodine  in  a  sample  submitted,  a  portion 
is  to  be  weighed  off  in  a  flask,  and  dissolved  in  iodide 
of  potassium  of  the  strength  specified  in  the  foregoing, 
using  about  ten  divisions  of  the  burette  for  each  one- 
tenth  of  a  gramme  of  the  iodine.  The  dilute  sulphurous 
acid  liquor  must  now  be  added  in  measured  quantities 
from  the  burette,  till  all  color  in  the  solution  disap- 
pears ;  the  quantity  thus  used  is  noted ;  a  few  divisions 
of  starch  paste  are  stirred  with  the  menstruum,  and 
the  iodine  test  liquor  carefully  dropped  in,  stirring  well 
after  each  addition  till  the  blue  iodide  of  starch  appears. 
The  volume  of  sulphurous  acid  and  the  number  of  divi- 
sions of  the  iodised  test  liquor  which  are  required  to 
oxidise  the  excess  of  the  acid  above  what  was  neces- 
sary to  convert  the  iodine  in  the  sample  to  hydriodic 
acid  being  known,  it  is  easy  to  find, by  the  following  mode 
of  calculation,  the  proportion  of  iodine  in  the  sample. 
Thus,  supposing  that  a  thousand  divisions  of  the  acid 
solution  were  taken  in  the  first  instance,  and  that  to 
oxidise  the  excess  which  remained  of  this,  ten  divisions 
of  the  iodine  liquor  were  required,  it  follows  that  the 
weight  of  the  sample  taken,  supposing  it  a  gramme, 
contained  0"6448  of  iodine,  and,  consequently,  64-48  per 
cent. ;  for,  as  found  by  the  foregoing  experiments,  fifty- 
four  divisions  of  the  iodine  liquor  were  equivalent  to  the 
oxidation  of  two  hundred  of  the  sulphurous  one ;  hence 
200  :  54  : :  1000  :  270,  and  270  — 10  =  260  X  -00248— 
the  amount  of  iodine  in  each  division — gives  0'6448, 
as  stated. 

For  the  detection  of  the  grosser  adulterations  of 
iodine,  which  are  mentioned  as  being  practised,  although 
they  have  not  come  within  the  range  of  the  Editor's 
experience — such  as  plumbago,  sulphide  of  antimony, 
and  the  like — a  rough  estimate  may  be  formed  of  the 
amount,  by  heating  a  weighed  sample  of  iodine  in  a 
porcelain  crucible  to  redness,  till  the  whole  of  this  ele- 
ment is  volatilized,  and  weighing  the  fixed  residue. 
This,  though  not  so  precise  as  those  other  methods 
which  have  been  detailed,  does  not  require  that  accu- 
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racy  of  manipulation  which  is  presupposed  to  be  pos- 
sessed in  the  other  instances. 

When  small  quantities  of  iodine  have  to  he  found — as, 
for  instance,  in  the  ashes  of  plants,  the  residuary  matter 
left  after  the  evaporation  of  spring  or  river  waters,  and 
the  like — the  methods  by  which  they  are  to  be  detected 
must  evidently  insure  all  possible  accuracy,  if  the  inves- 
tigator is  anxious  to  arrive  at  the  truth.  For  a  long 
time  the  tests  known,  such  as  decomposition  of  the 
iodide  by  sulphuric  acid,  and  addition  of  starch  paste, 
were  found  insufficient  to  determine  the  minute  traces 
of  iodine  which,  as  appears  by  late  researches,  are  con- 
tained in  several  bodies.  Without  entering  upon  the 
general  description  of  all  the  tests  proposed,  a  few  of 
the  more  remarkable  may  be  briefly  noticed. 

At  the  head  of  investigations  of  this  kind  stands  the 
test  of  Price,  detailed  in  the  Transactions  of  the  Che- 
mical Society  for  1851.  It  consists  in  operating  upon 
the  solution  which  is  supposed  to  contain  the  iodide  with 
hydrochloric  acid  and  starch  paste,  and  then  adding  a 
few  drops  of  a  solution  of  nitrite  of  potassa,  when  a 
blue  coloration  from  the  iodide  of  starch  makes  its  ap- 
pearance. The  hydrochloric  acid  liberates  the  iodine 
from  its  basic  combination,  and  is  retained  in  the  liquid 
in  the  form  of  hydriodic  acid ;  this  body  is  decomposed 
by  the  nitrite,  the  acid  of  which  is  set  free  by  the  ex- 
cess of  hydrochloric  acid — the  hydrogen  being  converted 
to  water,  and  the  iodine  liberated.  When  much  iodide 
is  present,  the  color  of  the  liquid  is  dark  blue,  and  ap- 
pears immediately;  but  when  only  a  small  quantity 
is  contained  in  the  substance  operated  upon,  the  shade 
is  lighter,  and  a  few  seconds  elapse  before  its  appear- 
ance. This  chemist  states  that  he  has  detected  iodine 
in  a  solution  containing  not  more  than  the  four-mil- 
lionth part  of  it,  and  that  there  is  no  difficulty  in  ascer- 
taining the  presence  of  iodine  in  cod-liver  oil,  and  in 
the  mother-liquor  from  a  few  pounds  of  sea-water,  by 
its  aid. 

M.  Grange's  method  is  analogous  to  that  just  de- 
scribed, only  that  he  directs  the  transmission  of  a  few 
bubbles  of  fuming  hyponitric  acid  through  the  solution 
to  be  tested,  and  already  impregnated  with  starch  paste ; 
the  reaction  is  instantaneous ;  and  when  the  iodine 
forms  about  the  five-millionth  part  of  the  fluid,  a  pale 
lose  color,  inclining  to  violet,  is  produced.  Yv'ith  a 
larger  proportion,  say  the  one  three  hundred  thousandth, 
this  chemist  asserts  that  the  characteristic  blue  appeared ; 
but  when  only  the  one-millionth  of  iodine  is  present,  he 
states  that  no  satisfactory  results  can  be  attained  by  this 
test  per  se.  Coupling  it,  however,  with  another  method 
published  by  Rabourdin,  founded  upon  the  property 
of  chloroform,  of  dissolving  iodine,  and  becoming  red- 
dish-coloured thereby,  it  can  be  rendered  so  accurate 
as  to  satisfy  the  minutest  inquiry.  Should  a  por- 
tion of  the  fluid  afford  no  indication  with  starch  paste 
and  hyponitric  acid,  the  latter  is  to  be  transmitted 
through  the  bulk  of  the  solution  at  hand,  till  it  mani- 
fests an  acid  reaction ;  a  small  quantity  of  chloro- 
form is  agitated  with  it,  and  then  drawn  off  with  a 
pipette ;  the  reddish  color  is  removed  by  the  addition 
of  a  little  potassa,  and  the  aqueous  solution  then 
decanted.  The  hyponitric  test  is  then  applied,  when  it 
does  not  fail  to  produce  the  characteristic  blue  color. 


In  this  way,  the  one-five  millionth  of  iodine  is  easily 
detected.  Grange  found  that  bromides  do  not  inter- 
fere with  the  accuracy  of  these  reactions,  for  they  arc 
not  decomposed  by  the  hyponitric  acid. 

M.  Moride  has  proposed  a  substitute  for  the  chloro- 
form in  the  preceding  method,  which  offers  advantages 
in  giving  a  solution  which  is  more  highly  colored  than 
the  chloroform  becomes  under  similar  circumstances. 
According  to  this  chemist,  wherever  iodine  is  indi- 
cated by  starch  paste,  it  may  be  proved  also  by  the  em- 
ployment of  benzine  more  satisfactorily.  This  agent 
is  rendered  more  valuable  from  the  fact,  that  the  water 
which  is  present,  or  which  may  be  used  to  wash  it, 
carries  away  any  bromine  or  chlorine,  thus  leaving  the 
iodine  isolated. 

Chlorine,  though  capable  of  setting  iodine  free  from 
its  combinations  in  aqueous  solutions,  is  now  rarely  em- 
ployed to  detect  iodine,  since  an  excess  of  the  agent  con- 
verts the  iodine  into  a  colorless  combination  of  chloride 
of  this  element.  Bromine  comports  itself  differently, 
for  although  it  is  capable  of  liberating  it,  still  none  of 
the  iodine  is  redissolved.  De  Lucca  has  made  this 
behavior  the  basis  of  a  method  for  the  analysis  of 
iodides  by  means  of  a  standard  solution  of  bromide, 
coupled  with  the  use  of  sulphide  of  carbon,  which  takes 
up  the  iodine  as  it  is  liberated  by  the  bromine  liquor. 
From  the  volume  of  the  latter  which  is  expended  in 
setting  free  the  whole  of  the  iodine — ascertained  by  the 
sulphide  of  carbon  being  colorless  when  drawn  off  with 
the  pipette — its  quantity  is  found. 

To  show  that  iodine  is  contained  in  the  air,  et  cetera, 
modifications  of  the  processes  above  described  have 
been  successfully  employed  by  Ciiatin,  Herapath, 
and  others ;  but  to  enter  into  further  details  upon  this 
subject,  although  highly  interesting,  appears  unneces- 
sary. 

IKON.  —  Fer,  French ;  Eisen,  German  ;  Ferrum, 
Latin. — Iron  is  a  metal  of  a  bluish-grey  color,  bnt 
acquiring  a  brilliant  surface  by  polishing ;  its  fracture 
is  fibrous,  and  it  is  the  hardest  and  toughest  of  all 
the  ductile  metals ;  it  cannot  be  hammered  into  very 
thin  plates,  but  may  be  rolled  into  thin  sheets,  and 
drawn  into  very  fine  wire. 

The  iron  of  commerce  is  seldom  or  never  pure,  con- 
taining small  portions  of  carbon,  sulphur,  silicium, 
phosphorus,  arsenic,  et  cetera ;  its  density  varies  a  little 
according  to  its  purity  and  the  mode  of  its  manufac- 
ture. Purified  by  fusion  with  smithy  scales,  it  gave  in 
some  experiments  a  specific  gravity  of  7'8439,  which 
is  increased  by  rolling  and  drawing  into  wire.  Pure 
soft  bar-iron,  containing  only  a  trace  of  carbon,  has  a 
density  of  7'79  ;  that  of  ordinary  bar-iron  is  7'788. 

When  iron  is  subjected  to  a  red  heat,  it  softens  and 
becomes  tough,  a  circumstance  which  adds  much  to  its 
value  in  the  manufacturing  arts ;  and  its  property  of 
welding  at  a  white  heat,  gives  a  facility  in  working  it 
which  no  other  metal  possesses.  When  heated  above 
the  welding  point,  it  crumbles  under  the  strokes  of  the 
hammer. 

The  melting  point  of  iron  has  been  variously  given  as 
1550°  C.— Pouillet;  1587°-  Daniell ;  6346°  C.  or  175° 
Wedgwood — Morveau;  158°  Wedgwood — Mackenzie. 
Any  impurity  in  the  metal  makes  it  more  easily  fused, 
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and  might  account  for  small  discrepancies  in  the  melt- 
ing point ;  but  the  remarkable  differences  shown  in  the 
above  results  enable  us  to  appreciate  the  great  diffi- 
culty of  obtaining  accurate  measurements  of  very  high 
temperatures. 

Iron  is  attracted  by  the  magnet,  and  is  itself  easily 
rendered  magnetic,  but  does  not  retain  this  property 
except  when  converted  into  steel. 

Historical  Notice. — Iron,  wherever  known,  has 
universally  taken  the  lead  amongst  the  metals  in  point 
of  usefulness,  and  its  possession  by  any  people  has 
invariably  proved  the  means  of  advancing  them  in  the 
arts  of  civilized  life,  and  of  raising  them  in  the  scale  of 
nations.  It  is  strange  that,  notwithstanding  the  diffi- 
culties in  its  manufacture,  iron  is  amongst  the  first 
metals  mentioned  in  history.  Moses  tells  us  that 
Tubalcain,  the  great-grandson  of  Cain,  Adam's  son, 
was  an  instructor  of  every  artificer  in  brass  and  iron, 
that  iron  furnaces  were  in  use  in  ancient  Egypt,  and 
that  the  hills  of  Palestine  produced  ferruginous  ores. 
Job  says, — Iron  is  taken  out  of  the  earth; — and 
throughout  the  whole  sacred  volume  this  metal  is  re- 
ferred to  as  being  in  common  use,  both  for  weapons  ot 
war  and  manufacturing  instruments. 

Homer  mentions  a  mass  of  iron  as  one  of  the  prizes 
at  the  funeral  games  given  by  Achilles  in  honor  of 
Patroclus,  a  circumstance  showing  the  great  value 
attached  to  it  in  ancient  times,  when  it  was  so  much 
less  common  than  at  the  present  day : — 

Then  hurl'd  the  hero,  thundering  on  the  ground, 

A  mass  of  iron — an  enormous  round — 

Whose  weight  and  size  the  circling  Greeks  admire, 

Kude  from  the  furnace,  and  but  shaped  by  fire. 

***** 

Who  furthest  hurls  it  takes  it  as  his  prize. 

If  he  he  one  enriched  with  large  domain 

Of  downs  for  flocks,  and  arable  for  grain, 

Small  stock  of  iron  needs  that  man  provide  ; 

His  hinds  and  swains  whole  years  shall  be  supplied 

From  hence  ;  nor  ask  the  neighboring  city's  aid 

Tor  ploughshares,  wheels,  and  all  the  rural  trade. 

There  are  also  notices  in  Homer  and  Hesiod  of  the 
methods  of  reducing  and  forging  iron ;  but  cast-iron 
was  then  unknown,  an  imperfectly  malleable  iron  being 
produced  at  once  from  the  ores  in  the  furnace.  It  is 
conjectured  that  the  Greeks  obtained  most  of  their 
iron  through  the  Phoenicians,  from  the  shores  of  the 
Black  Sea  and  of  Laconia.  Diodorus  Siculus  refers 
to  the  Island  of  Elba  as  yielding  ores  of  iron,  which 
the  natives  were  accustomed  to  dig  and  cut  out  of  the 
ground,  subsequently  melting  the  mass  to  obtain  the 
metal.  Pliny  in  his  Natural  History  enters  at  great 
length  upon  the  manufacture  of  iron  ;  he  says  the  ores 
are  to  be  found  almost  in  every  country,  and  that  they 
are  easily  discovered  by  the  color  of  the  earth  which 
breedeth  the  iron,  and  that  they  are  tried  by  fire  like 
other  veins  of  metal.  He  speaks  of  it  also  as  being 
applied  to  all  the  uses  for  which  it  is  commonly  em- 
ployed in  the  present  day.  It  is  remarkable,  however, 
that  although  in  all  the  Latin  writers,  ferrum,  iron,  is 
the  most  common  name  for  a  sword,  the  weapons  and 
cutting  instruments  discovered  in  the  ruins  of  Pompeii 
and  Herculaneum  are  almost  invariably  found  to  be 
made  of  bronze.  > 

The  furnaces  which  were  first  employed  for  smelting 


iron  were  probably  simple  conical  structures,  with  small 
openings  below  for  the  admission  of  air,  and  a  large  one 
above  for  the  escape  of  the  products  of  combustion, 
erected  on  high  grounds  that  the  wind  might  assist 
combustion.  Similar  rude  furnaces,  known  as  air- 
bloomeries,  are  still  used  in  some  countries  at  the  pre- 
sent day.  Successive  layers  of  ore  and  charcoal  being 
placed  over  the  fire,  the  heat  would  be  regulated  by 
opening  and  closing  the  apertures.  Subsequently,  an 
artificial  blast  would  be  introduced,  and  the  advantages 
of  this  appear  to  have  been  known  at  a  very  early 
period ;  for  Homer  represents  HEPiiiESTUs  as  throw- 
ing the  materials  from  which  the  shield  of  Achilles 
was  to  be  forged,  into  a  furnace  urged  by  twenty  pair 
of  bellows.  This  blast-bloomery  would  ultimately  be 
developed  into  the  Catalan  forge,  in  which  malleable 
iron  is  produced  directly  from  the  ore  by  heating  it  in 
contact  with  carbon — a  process  still  adopted  in  some 
places  where  wood  is  abundant  for  making  charcoal, 
as  in  the  Pyrenees,  in  Corsica,  and  some  parts  of  Spain. 
Finally,  it  assumed  the  form  of  the  blast-furnace,  now 
in  general  use,  and  which,  by  completely  fusing  the 
ore  in  contact  with  the  fuel,  results  in  producing  cast- 
iron — a  compound  of  the  pure  metal  with  carbon. 

The  transformation  of  the  blast-bloomery  into  the 
blast-furnace  is  supposed  to  have  taken  place  in  the 
early  part  of  the  sixteenth  century ;  for  proof  exists 
that  in  the  seventeenth  the  art  of  casting  had  arrived 
at  considerable  perfection.  The  more  efficient  opera- 
tion of  the  blast-furnace  allowed  the  reduction  of  the 
heaps  of  scoria?,  which  had  been  gradually  accumulat- 
ing during  the  period  that  the  blast-bloomeries  had  been 
in  operation.  In  the  Forest  of  Dean  in  Monmouth- 
shire, in  Yorkshire,  and  other  counties,  these  were 
found  in  immense  beds,  among  which  were  discovered 
Roman  coins  and  other  specimens,  inscribed  to  the 
god  who  presided  over  iron.  There  is  ample  evidence 
of  the  industry  of  the  Romans  in  working  the  iron 
mines  of  Britain,  until  their  final  abandonment  of  the 
island  about  a.d.  409.  It  is  supposed,  also,  that  the 
Danes,  during  their  occupation  of  England,  carried  on 
the  smelting  of  iron  extensively,  and  hence  many  of 
the  heaps  above-mentioned  are  called  in  certain  lo- 
calities Danes'  cinders.  A  portion,  only,  of  the  ore 
was  reduced  by  the  imperfect  methods  of  smelting  then 
known ;  and,  in  the  Dean  Forest  alone,  it  is  computed 
that  twenty  furnaces,  for  a  period  of  nearly  two  hun- 
dred years,  were  supplied  chiefly  with  the  bloomery 
cinders  as  a  substitute  for  iron  ore. 

Up  to  the  beginning  of  the  seventeenth  century, 
charcoal  was  the  only  material  employed  in  smelting 
operations.  An  enterprising  ironmaster  in  Worcester- 
shire, named  Dudley,  was  the  first  who  attempted  the 
operation  with  pit-coal,  and  the  trial  was  so  successful, 
that  about  the  year  1620  he  applied  for  a  patent  for 
his  invention,  which  was  granted  for  thirty-one  years. 
For  some  time  he  succeeded  in  producing  considerable 
supplies  of  iron,  which  could  be  sold  with  good  profit 
at  a  much  reduced  price ;  but  this  very  success  was 
the  cause  of  his  ruin,  by  exciting  the  animosity  of  his 
rivals,  from  whom  he  encountered  incessant  opposition, 
and,  by  combinations  among  masters  and  men,  he  was 
ultimately  turned  out  of  his  works.    With  Dudley 
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died  for  a  time  the  art  of  making  iron  with  pit-ooal ; 
but  the  rapid  destruction  of  the  forests,  not  only  to 
supply  the  great  consumption  of  the  Mast  furnaces,  hut 
also  the  wants  of  a  constantly  increasing  population, 
induced  at  length  special  enactments  prohibiting  the 
cutting  down  of  timber  for  the  use  of  the  ironworks. 
The  first  effect  of  this  prohibition  was  greatly  to  reduce 
the  number  of  furnaces;  so  much  so,  that  in  1740  the 
annual  production,  which  had  previously  amounted  to 
one  hundred  and  eighty  thousand  tons,  was  diminished 
to  seventeen  thousand  three  hundred  and  fifty  tons. 

The  change  from  charcoal  to  coke  as  fuel  necessi- 
tated a  more  powerful  blast,  and  a  longer  subjection  of 
the  materials  to  the  heat.  The  latter  was  effected  by 
an  enlargement  of  the  height  of  the  furnace,  and  the 
former  by  the  introduction  of  large  cylinders,  with 
closely  fitting  pistons,  instead  of  the  common  forge- 
bellows.  The  earliest  blowing  cylinders  of  any  mag- 
nitude are  supposed  to  have  been  those  erected  by 
Smeaton  at  the  Carron  Ironworks  in  1760.  These 
improvements  speedily  effected  an  astonishing  increase 
in  the  production  of  iron.  About  the  year  1780,  the 
furnaces  still  worked  with  charcoal  produced  only 
eleven  tons  of  iron  weekly,  while  those  in  which  coke 
and  coal  were  used  averaged  a  weekly  product  of 
seventeen  and  a  half  tons.  Dr.  Ure  gives  the  quantity 
of  cast-iron  produced  in  1788  as  follows : — 


Tons. 

By  means  of  coal,   48,800 

By  means  of  charcoal,   13,100 


Constituting  a  total  quantity,   61,900 


In  1796  the  wood-charcoal  process  was  all  but  en- 
tirely given  up,  and  the  gross  produce  of  one  hundred 
and  twenty-one  blast  furnaces  was  one  hundred  and 
twenty-four  thousand  eight  hundred  and  seventy-nine 
tons,  being  near  to  twenty  tons  weekly  for  each  furnace ; 
and  in  ten  years  after  this,  1806,  there  were  two  hun- 
dred and  twenty-seven  blast  furnaces  in  this  country, 
one  hundred  and  fifty-nine  of  which  were  in  active 
blast  at  once,  and  produced  two  hundred  and  fifty 
thousand  tons  of  iron. 

The  blast  furnaces  were  distributed  as  follows  : — 


In  the  principality  of  Wales,   52 

In  Staffordshire,   42 

In  Shropshire,   42 

In  Derbyshire,   17 

In  Yorkshire,   28 

In  the  counties  of  Gloucester,  Monmouth,)' 
Leicester,  Lancaster,  Cumberland,  and  L  18 

Northumberland,  V 

Scotland, ,   28 
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Nearly  simultaneous  with  the  earliest  improvements  in 
the  manufacture  of  cast-iron  by  means  of  pit-coal,  were 
others  of  an  equally  important  kind  for  converting  the 
oast-iron  into  malleable  or  bar-iron.  Hitherto  this  had 
been  effected  by  means  of  wood  charcoal  in  what  are 
termed  refiners,  as  is  still  practised  in  the  South  of 
France ;  but  owing  to  the  scarcity  of  wood  fuel  in  this 
country,  the  charcoal  was  mixed  up  with  coke  for  the 
refining  operation;  the  iron  produced  from  this  was 
hard  and  of  an  inferior  quality,  and  much  time  was 
required  for  the  conversion  of  a  ton  of  cast  into  malle- 


able iron.  England  was  therefore  greatly  indebted 
to  Sweden  and  Russia  for  iron  of  good  quality,  and  not 
less  than  seventy  thousand  tons  annuall}'  were  imported 
from  these  countries.  In  1783,  Mr.  Richard  Cort, 
after  many  trials,  succeeded  in  converting  cast-iron  into 
malleable  iron,  by  the  use  of  pit-coal  in  a  reverberatory, 
instead  of  a  blast  furnace,  and  thus  introduced  what  is 
known  as  the  puddling  process.  For  some  time  much 
difficulty  was  experienced  in  puddling,  from  the  loss  of 
iron,  and  irregularity  in  the  quality  of  the  metal  pro- 
duced and  the  fuel  used.  To  avoid  this,  the  iron  was 
subjected  for  a  short  period  to  a  process  of  refining 
with  the  blast  and  coke  fuel,  previous  to  being  trans- 
ferred to  the  puddling  operations  in  the  reverberatory 
furnace.  The  original  puddling  furnace,  patented  by 
Mr.  Cort  in  1784,  says  Mushet,  is  now,  without  the 
intervention  of  the  refining,  producing  tens  of  thou- 
sands of  railway  bars  all  over  the  world.  This  inven- 
tion placed  England  in  an  independent  position  as 
respects  iron,  and  so  facilitated  the  manufacture  of 
malleable  metal,  that  before  many  years  one  work 
could  turn  out  annually  as  much  bar-iron  as  was  made 
previously  by  the  whole  iron  trade  of  the  kingdom. 
Notwithstanding  the  value  of  these  improvements,  Mr. 
Cort  did  not  benefit  by  his  inventions.  After  spend- 
ing thousands  in  experimenting,  and  giving  to  the 
world  his  results,  those  who  were  the  gainers  repu- 
diated his  claims  while  they  adopted  his  processes, 
leaving  him  to  drag  out  the  rest  of  his  days  in  poverty ; 
and  it  was  only  in  the  course  of  last  year  that  the 
Government  granted  a  small  acknowledgment  of  fifty 
pounds  per  year  to  the  widow  of  the  great  benefactor 
of  his  country,  while  the  children  and  grandchildren 
have  been  appealing  to  the  sympathy  and  charity  of 
the  ironmasters,  for  what  they  should  have  received 
through  their  father  as  a  right. 

The  general  introduction  of  the  steam-engine,  as  im- 
proved by  Watt,  contributed  also  to  initiate  a  new 
era  in  the  history  of  the  iron  trade,  as  in  almost  every 
branch  of  industry.  Its  application  to  pumping  en- 
abled the  mines  to  he  sunk  to  a  greater  depth,  and 
accelerated  the  process  of  raising  the  coal  and  ores ; 
by  employing  it  as  the  motive  power  for  urging  the 
blast,  refractory  ores  were  reduced  with  facility,  and 
the  processes  of  rolling,  forging,  et  cetera,  were  now 
effected  with  a  rapidity  previously  unknown. 

Lastly,  the  discovery  of  the  hot-blast  process,  for 
which  a  patent  was  taken  by  Mr.  Neilson  of  Glasgow 
in  1824,  and  by  which  three  or  four  times  the  quantity 
of  iron  can  be  produced  with  little  more  than  one-third 
of  the  fuel  that  was  required  with  the  cold-blast, 
effected  another  complete  revolution  in  the  iron  trade, 
and  may  be  regarded  as  marking  the  last  era  in  the 
history  of  this  all-important  metal.  The  high  expecta- 
tions at  first  formed  from  Bessesier's  new  and  re- 
markable refining  process,  of  which  an  account  will  be 
given,  have  not  yet  been  realized. 

Sources. — In  admirable  harmony  with  the  univer- 
sal application  and  innumerable  uses  of  iron,  is  its 
almost  universal  presence  in  nature.  It  is  by  far  the 
most  widely  diffused  of  all  the  metals ;  there  being 
few  substances  in  the  material  world  that  do  not  con- 
tain it  in  greater  or  less  amount ;  and  yet  the  variety 
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of  ores  from  which  the  metal  is  manufactured  is  very- 
limited. 

Native  Iron. — For  a  long  time  native  iron  was 
unknown,  and  its  existence  in  nature  questioned;  it 
has  been  found,  however,  in  several  localities  both  on 
the  Continent  of  Europe  and  in  America.  In  this 
country  it  has  been  met  with  in  minute  quantity  in  trap 
rocks,  but  on  all  occasions  it  is  found  only  in  small  por- 
tions, and  is  considered  more  in  the  light  of  a  chemical 
or  mineralogical  curiosity  than  as  a  useful  source  of 
the  metal.  Native  iron  is  almost  pure  white,  more- 
resembling  silver  than  ordinary  iron,  is  generally  softer 
and  less  dense,  and,  unlike  meteoric  iron,  contains 
no  nickel.  A  mass  was  found  with  magnetite  at 
Grass  Eamsdorf,  not  far  from  Saalfield  in  Thuringia, 
which,  according  to  Klaproth,  consisted  of : — 

Centesimally. 

Iron,   92-5 

Lead,   6-0 

Copper,   1-5 

100-0 

It  is  said,  however,,  to  be  found  in  considerable 
quantity  in  Liberia.  The  natives  use  it  for  instru- 
ments ;  it  is  soft  and  flexible,  and  can  be  easily  cut 
with  a  chisel.    An  analysis  of  this  gave  :— 

Iron,  ,          98-87   98-40 

Silica,   1-63  ......  1-60 

100-00.  100-00 

This  is  the  purest  yet  described  from  any  locality.  In 
1786,  a  mass  of  native  iron,  weighing  upwards  of  thir- 
teen tons,  was  found  in  South  America,  a  sample  of 
which  was  sent  to  the  British  Museum.  It  is  described 
as  being  soft  and  compact,  although  the  interna]  part 
of  the  mass  is  full  of  cavities ;  it  had  every  appearance 
of  having  been  in  a  fused  state,  and  was  considered  the 
product  of  a  volcanic  irruption.  No,  analysis  of  this 
sample  has  been  made. 

Small  quantities  of  native  iron  have  been  obtained  in 
the  immediate  vicinity  of  a  coal  seam  which  had  been 
spontaneously  ignited,,  and  was  doubtless  the  result  of 
reduction  by  the  coal ;:  samples  of  this  sort  are  exces- 
sively hard  and  fme-grained,  and  give  a  fracture 
resembling  cast-steel,  from  which  circumstance  it  has 
been  named  native  steel  or  steely  iron.  A  mass  of  this 
mineral,  weighing  sixteen  pounds  six  ounces,  was  dis- 
covered some  years  since  near  Nexy,  in  the  department 
of  the  Allier. 

Meteoric  Iron.  — »Large  masses  of  metallic  iron  have 
been  discovered  from  time  to  time,  in  different  parts  of 
the  globe,  embedded  in  the  soil  and  also  lying  upon 
the  surface ;  others  of  a  similar  kind  have  been  known 
to  fall  from  the  atmosphere,  and  are  hence  termed 
meteorites.  These  masses  are  generally  covered  over 
with  a  kind  of  black  enamel,  which  protects  the  metal 
from  the  action  of  the  atmosphere.  The  iron  forms 
usually  a  sort  of  network  round  a  crystallized  metallic 
mineral  of  a  complicated  composition.  These  meteoric 
masses  are  sometimes  so  large,  and  the  metal  which 
they  contain  so  pure,  as  to  furnish  the  inhabitants  of 
the  neighborhood  with  ample  material  for  knives  and 
spearheads.    When  examined  chemically,  there  seems 


a  considerable  similarity  in  the  composition  of  different 
specimens,  although  some  of  them  contain  ingredients 
which  others  do  not.  In  the  following  table  this  simi- 
larity is  very  apparent,  although  the  samples  were 
obtained  from  localities  widely  apart : — 


No, 

Iron. 

Nickel. 

Cobalt. 

Copper 
and  tin. 

Manganese. 

Phosphorus. 

1 

92-47 

5-67 

0-23 

2 

93-77 

3-81 

0-21 

3, 

88-04 

10-73 

0-45 

0-66 

0*13 

4 

88-23 

8-52 

0-76 

5 

66-56 

24-70 

6 

83-57 

12-66 

7 

89-78 

8-88 

6-67 

8 

85-61 

12-27 

0-89 

9 

90-88 

8-45 

0-66 

10 

88-98 

10-35 

0-56 

0-11 

11 

85-00 

13-01 

1-42 

0-57 

12 

86-64 

13-04 

0-27 

0-05 

These  are  but  a  few  of  many  analyses  that  have  been 
given,  all  showing  a  remarkable  sameness  in  composi- 
tion. Besides  these  ingredients,  the  meteoric  mass  is 
sometimes  found  to  contain  silica,  alumina,  lime,  po- 
tassa,  chromium,  magnesia,  soda,  arsenic,  carbon,  sul- 
phur, chlorine,  et  cetera. 

Protoxide  of  Iron. — This  oxide  has  never  been  found 
in  nature  except  in  combination  with  other  matters, 
forming  distinct  minerals.  Its  great  tendency  to  com- 
bine with  more  oxygen,. obtained  either  from  the  air  or 
other  substances,  prevents  it  existing  as  protoxide  for 
any  length  of  time,  unless  it  is  entirely  excluded  from 
the  presence  of  oxygen.  This  compound  may  be  pre- 
pared by  precipitating  a  solution  of  protosulphate-  of 
iron,  by  a  caustic  alkali,  and  carefully  filtering ;  but  it 
is  impossible  to  obtain  it  in  the  dry  state  by  this  me- 
thod, from  its  affinity  for  oxygen.  It  may  be  said  that 
protoxide  of  iron  does  not  exist  in  a  separate  state  in 
nature ;  its  composition  is — ■ 

Centesimally. 

Oxygen,   8    22  86 

Iron   .......    27   77-14 

35.  100-00. 

Magnetic  Oxide  of  Iron —When  the  protoxide  com- 
bines with  more  oxygen,  it  does  not  pass  at  once  into 
the  highest  state  of  oxidation,  but  into  a  mixture  of 
protoxide  and  sesquioxide,,  which  is  permanent  and 
magnetic,  and  is  hence  termed  magnetic  oxide.  This 
compound,  when  found  as  a  mineral,  has  a  black  color, 
and  is  hard.  It  exists,  abundantly  in  nature  in  different 
rocks ;.  in  granite,  mica-slate,  clay-slate,  syenite,  horn- 
blende, chlorite,  and  also  in  some  of  the  limestone 
formations.  Much  of  it  is  found  in  the  Island  of  Elba, 
and  it  has  been  obtained  from  that  island  for  making  iron 
from  the  earliest  times.  It  also  abounds  in  the  United 
States  of  America ;  and  mostly  all  the  Swedish  iron 
is  manufactured  from  the  magnetic  oxide.  This  ore 
occurs  in  crystallines,  of  which  the  primitive  is  a 
cube  :•  its  general  forms  are  the  octahedron  and  dode- 
cahedron. Its  density  varies  from  5-00  to  5-10;  it 
fuses  before  the  blowpipe  with  difficulty.  In  powder 
it  is  perfectly  soluble  in  warm  hydrochloric  acid.  Its 
chemical  composition  is — 
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Centcsimnlly, 

3  Eqs.  iron,   81    71-68 

i  Eqs.  oxygen,   32    28-32 

lEq.  magnetic  oxide, . .  113    100-00 

corresponding  to  the  formula  Fe3  04,  or  Fe2  03  -f-  Fe  O. 
Tlie  last  is  considered  to  be  the  true  formula,  express- 
ing a  combination  of  one  equivalent  of  sesquioxide  and 
one  of  protoxide.  The  analyses  obtained  of  magnetip 
oxide  of  iron  give — 

Iron,   71-86    71-91 

Oxygen,   28-14    28-09 

100-00  100-00 

Specular  Iron  Ore — Red  Hematite. .—This  is  a  sesqui- 
oxide of  iron  existing  in  great  abundance,  and  found 
in  a  variety  of  shapes,  both  massive  and  in  crystals. 
The  following  are  a  few  of  the  crystalline  forms  in  which 
it  is  found — Figs.  272,  273,  274.    The  crystals  are  of 

Fig.  272.  Fig.  273.  Fig.  274. 


a  dark  steel-grey  color,  but  leave  a  reddish-brown 
streak  upon  a  stone  or  any  hard  substance  ;  they  have 
a  specific  gravity  varying  from  4-8  to  5'3 ;  and  are  a 
pure  sesquioxide,  composed  as  follows : — 


2  Eqs.  iron,   54 

3  Eqs,  oxygen,   24 

78 


Contcsimnlly. 

.  69-34 
.  30-G6 


100-00 


This  same  oxide  exists  in  a  variety  of  other  forms, 
such  as  a  fibrous  mass,  with  tho  fibres  radiating  from 
a  centre,  in  which  state  it  is  termed  the  red  hematite 
or  fibrous  iron  ore.  When  the  ore  is  an  amorphous 
mass,  it  is  termed  compact  iron  ore;  when  mixed  with 
clay  and  other  earthy  matters,  red  ochre  ;  when  hard, 
and  combined  with  silica,  jaspery  ore ;  when  in  scales 
of  a  black  metallic  lustre,  it  is  known  as  micaceous 
iron  ore  or  iron  glance. 

This  ore  occurs  both  in  the  primitive  and  secondary 
rock ;  it  abounds  in  the  Island  of  Elba,  Norway, 
Sweden,  and  Switzerland.  Fine  specimens  are  met 
with  in  the  fissures  of  rocks  in  the  volcanic  districts. 
The  red  hematite,  found  in  masses,  having  an  unctuous 
feel,  and  readily  soiling  the  fingers  and  everything  with 
which  it  comes  into  contact,  exists  in  many  parts  of 
England,  particularly  in  Cornwall  and  Ulverston.  This 
variety  has  generally  from  eight  to  ten  per  cent,  of 


silica.  It  is  wrought  in  great  quantities  along  with 
poorer  kinds  of  iron,  and  produces  a  strong  metal. 
When  subjected  to  a  high  heat  alone,  such  as  the 
jet  of  the  blowpipe,  it  yields  a  portion  of  its  oxygen, 
and  is  converted  into  the  magnetic  oxide.  It  is  very 
slowly  soluble  in  hydrochloric  acid.  The  following  are 
several  analyses  of  this  ore  from  different  localities : — 

Iron,          70-42     70-27     69-85     69.22     69-  68-96 

Oxygen,.,  29-58     29-73     30-15     30.78     31-  31-04 

100-00    100-00    100-00   100-00   100-  100-00 

Another  form  of  the  same  oxide,  in  combination 
with  water,  is  very  abundant  as  a  mineral  known  as 
brown  iron  ore.  It  has  a  brownish  color,  produces  a 
yellow  streak,  and,  when  crushed,  a  yellow  powder ; 
it  is  thus  easily  distinguished  from  the  anhydrous  oxide, 
which  yields  a  red-brown  powder.  It  is  of  lower 
specific  gravity  than  the  red,  varying  in  density  from 
3-8  to  4-2.  It  usually  occurs  in  a  massive  state, 
and  is  composed  of— 

Centesimolly. 

4  Eqs.  iron   108    59-0 

6  Eqs.  oxygen   48    26-3 

3  Eqs.  water   27    14-7 

183  100-0 

This  corresponds  to  the  formula  which  is  always 
given  for  the  ore,  2  Fe2  Os  +  3  HO.  The  following 
are  the  results  of  three  analyses  : — 

Peroxide  of  iron,..  80-25  ..  90-53  ..  86-34 

Water,   15-00  ..  9-47  ..  11-66 

Silica,   3-75  ..      —  ..  2-00 

Loss,   1-00  . .      —  . .  — 

100-00       100-00  100-00 

Brown  iron  ore  is  found  both  in  amorphous  masses, 
and  in  crystals  of  a  variety  of  forms,  according  as  the 
ore  may  have  been  produced  either  by  the  decomposi- 
tion of  iron  pyrites,  or  substitution  and  oxidatien  of 
carbonate  of  iron.  It  also  occurs  in  small  rounded 
pieces,  either  loose  or  conglomerated,  in  which  state 
it  is  known  as  pea  iron  ore.  When  mixed  with  clay 
and  other  earthy  matters,  and  of  a  soft  texture,  in 
which  state  it  is  found  in  great  beds,  it  is  termed 
yellow  ochre.  It  exists  in  great  quantities  in  Nor- 
mandy, Berry,  Lorraine,  Burgundy,  and  constitutes 
the  principal  supply  of  ore  for  many  of  the  French 
ironworks. 

Bog  Iron  Ore. — This  ore  is  amorphous,  having  a 
vitreous  lustre,  yellowish  and  dark-brown  in  color  ;  it 
is  of  very  recent  formation,  and  is  produced  from  the 
decomposition  of  certain  rocks  over  which  water  passes; 
it  is  therefore  always  found  in  low  marshy  places,  and 
hence  its  name.  The  following  are  the  results  of  ana- 
lyses of  this  ore  from  different  localities : — 


Sesquioxide  of  iron,   78-57   43-4    66-0 

Protoxide  of  iron,   —    —     

Lime  and  magnesia,   —    —     

Oxide  of  manganese,   —                15-0    1-5 

Phosphoric  acid,   —                  —    8-0 

"Water  and  organic  matters,   21-43               15-0    23-0 

Silica,   —    23-0  — 

Alumina,   —    3-2    


100  00 


99-6 


.  66-33    51-0 

.    3-60    — 

I    0-75  — 

.    0-12    10-99 

.  26-40    28-80 

.    2-80    9-20 

.     —    0-41 

100-00  100-40 


70-05 

2-43 
1-78 

0-  34 
15-87 

8-03 

1-  50 


100-00 
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IROX—— Pyrites. 


Iron  Pyrites.— The  affinity  between  iron  and 
sulphur  is  equal  to  that  between  iron  and  oxygen, 
varying  according  to  the  circumstances  in  which  they 
are  placed  ;  under  one  condition,  oxygen  will  take  the 
iron  from  the  sulphur,  and  again,  under  other  circum- 
stances, iron  will  leave  the  oxygen  for  the  sulphur. 
That  these  conditions  may  have  determined  the  differ- 
ent combinations  in  nature  is  a  probable  hypothesis. 
Sulphur  and  iron  are  combined  in  a  great  variety  of 
proportions,  and  give  rise  to  an  important  series  of 
minerals,  the  most  abundant  being  what  is  termed 
iron  pyrites  or  bisulphide  of  iron.  This  mineral  varies 
in  tint,  according  to  its  exposure,  from  a  yellow  bronze 
to  a  silver  white ;  the  high  bronze  yellow  hue  may 
be  familiar  to  every  one  in  what  is  termed  the  sul- 
phur in  coal,  which  is  iron  pyrites ;  it  has  a  metallic 
lustre,  and  is  very  hard,  being  capable  of  striking  fire 
with  steel,  and  therefore  occasionally  termed  firestone ; 
it  is  very  brittle,  and  has  a  specific  gravity  of  from  4'8 
to  5'1.  It  occurs  in  beautiful  cubical  and  octahedral 
crystalSj.some  of  which  are  represented  by  the  follow- 
ing figures. 

Different  localities  are  known  to  give  pyrites  with  a 
certain  definite  form  of  crystal  peculiar  to  each,  as  for 


Fig.  275.  Fig.  276.  Fig.  277. 


instance,  the  Island  of  Elba,  which  yields  pyrites  in 
crystals  extremely  large,  and  often  of  a  pentagonal 
dodecahedron  form,  while  some  of  the  Cornish  mines 
abound  more  in  cubical  crystals.  A  familiar  instance 
of  this  form  is  seen  in  the  common  slate,  and  is  popu- 
larly termed,  slate  diamond ;  these  are  true  cubes  of 
iron  pyrites.    The  composition  of  this  mineral  is : — 

Per  cent. 

1  Eq.   of  iron,   27    45-76 

2  Eqs.  of  sulphur,   32    54-24 

59  100-00 

expressed  by  the  formula  Fe  S  . 

The  various  analyses  of  this  mineral  have  given  a 
composition  which  exhibits  the  following  relations  to 
the  theoretical  numbers  above  indicated  : — 

Iron,   47-85           46  08           46-53   46-5  - 

Sulphur,...  52-15   53-92    53-39    53-5 

100-00  100-00  99-92  100-0 
Pyrites  is  very  widely  diffused  through  rocks.  It 
has  not  yet  been  used  as  a  source  of  supply  for  the 
manufacture  of  iron,  but  is  most  extensively  employed 
for  the  making  of  sulphuric  acid  and  alum — see  Vol. 
I.,  p.  156.  The  residue  of  the  heaps  in  making  acid 
or  alurn  is  a  sesquioxide  of  iron,  with  some  remaining 
sulphur  and  earths,  and  is  used  as  a  coarse  pigment 
for  out-door  purposes,  under  the  name  of  colcothar  or 
purple  brown. 

There  is  a  certain  kind  of  pyrites  very  common 


in  the  mineral  districts,  and  found  in  round  and 
sometimes  curiously-shaped  nodules  in  clay,  which 
when  broken  has  a  radiated  appearance  of  fibres  pro- 
ceeding from  the  centre,  or  sometimes  from  various 
centres,  and  is  often  either  compact  or  granular.  This 
sort  is  termed  white  pyrites,  it  being  lighter  in  the  color. 
It  is  also  termed  cockscomb  pyrites,  from  its  radiations. 
It  has  a  density  varying  from  4'C9  to  4-90.  When 
analysed  it  is  found  to  have  the  same  composition  as 
the  other  sort,  but  is  much  more  liable  to  spontaneous 
decomposition.  When  exposed  to  a  damp  atmo- 
sphere, it  often  crumbles  to  pieces ;  the  sulphur  is  oxi- 
dised and  converted  into  sulphuric  acid,  which  com- 
bines with  the  iron  to  form  sulphate  of  iron  or  cop- 
peras, and  appears  as  an  efflorescence  of  minute  crys- 
tals on  the  surface  of  the  mineral.  This  sort  of  pyrites 
is  very  plentiful  in  Anglesea  and  several  of  the  copper 
mines  of  this  country.  White  iron  pyrites  is  more 
liable  to  be  impure  than  the  ordinary  kind,  and  when 
found  in  mines  of  other  metallic  ores,  it  is  often  im- 
pregnated with  some  of  the  other  metals.  That  of 
Anglesea  often  contains  both  copper  and  zinc,  and 
frequently  small  portions  of  silicious  and  argillaceous 
matter.   A  specimen  analysed  by  Berzelius  gave  : — 


Iron,   45-07 

Sulphur,   53-35 

Manganese,   -70 

Silica,   -80 

Loss,   -08 


100-00 

Magnetic  Iron  Pyrites. — This  is  a  sulphide  distinct 
from  the  common  pyrites.  It  is  found  mostly  in  masses 
filling  up  fissures  of  rocks,  is  seldom  crystallized,  and 
is  not  very  abundant.  Occasionally  it  is  met  with  as- 
sociated with  common  pyrites,  but  is  distinguished  from 
the  latter  by  being  of  a  deeper  color,  and  also,  as  its 
name  implies,  magnetic.  It  has  a  density  of  4-6,  and 
is  composed  of — 

CentesimaUy. 

7  Eqs.  of  iron   189    59-63 

8  Eqs.  of  sulphur,   128    40-37 

317  10000 
represented  by  the  formula,  Fe  S2  -J-  6  (Fe  S),  which  ex- 
presses a  combination  of  bi-  and  proto-  sulphide  of  iron. 

The  following  are  several  analyses  of  this  mineral 
which  agree  with  the  formula — 

Iron,   59-29  . .  56-38  . .  59-61  . .  59-72  . .  59-8 

Sulphur,....  40-71  ..  43-62  ..  40-43  ..  40-32  ..  40-2 

100-00     100-00     100-04     100-04  100-0 

Another  iron  pyrites  is  also  found,  which  differs 
little  from  the  common,  except  in  the  form  of  crystal; 
generally,  however,  it  has  a  little  of  another  matter  in 
it,  which  is  present  more  as  an  impurity  than  as  form- 
ing a  part  of  its  constitution.  This  mineral  is  known 
as  marcasite,  and  its  composition  by  analyses  is — 

Iron,              45-07    45-60    45-66 

Sulphur,         53-35    53-05    54-34 

Manganese,..    0-70    —    — 

Copper,   — ;    1-41    . — 

Arsenic,  ....     —    0-93    — 

Silica,              0-80    —    — 

Loss,               0-08   —    _ 

100-00  100-99  100-00 
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Arsenical  Iron  Pyrites — Mispickel. — This  min- 
eral is  met  with  abundantly  in  Cornwall  and  upon  the 
Continent.  It  is  often  associated  with  other  metals, 
as  tin.  It  is  found  in  crystals,  but  more  generally  as 
an  amorphous  mass.  It  has  a  grey,  silver-white  color 
and  metallic  lustre,  is  very  hard,  and  has  a  specific 
gravity  of  from  57  to  6-2.  It  is  easily  known  from 
the  strong  smell  of  garlic  it  emits  when  struck  by  the 
hammer  or  rubbed  on  anything  hard  or  heated.  It  is 
a  combination  of  sulphur,  iron,  and  arsenic,  and  is 
composed  of — 


2  Eqs.  of  Iron,   54 

2  Eqs.  of  Sulphur,   32 

1  Eq.   of  Arsenic,   75 

161 


Centesimal!}-. 

. . .  33-5 
. ..  20-0 
. ..  4(3-5 


100-0 


agreeing  with  the  formula  Fe  S2  -j-  Fe  As. 

Another  variety  of  arsenical  pyrites  is  known  under 
the  technical  name  Danaite,  differing  from  the  above 
in  having  cobalt  as  a  constituent.  Its  analysis  from 
different  localities  does  not  vary  much,  as  the  following- 
two  examples  show : — 


  26-54  ... 

 33-28 

  8-31  ... 

, . . .  6-52 

Sulphur  

  17-57  ... 

....  18-02 

  47-55  ... 

....  41-86 

•32 

100-00 

100-00 

Besides  the  few  which  have  been  described,  there 
are  several  other  sulphides  of  iron  well  known  to 
mineralogists,  either  from  their  peculiar  form  of  crystal 
or  the  state  in  which  they  are  found  combined.  There 
are  likewise  a  great  variety  of  other  minerals,  being 
combinations  of  iron  with  other  metals,  as  cobalt, 
nickel,  et  cetera;  also  with  other  matters,  forming 
arseniates,  silicates,  and  the  like,  some  of  which  will 
be  noticed  in  another  part  of  this  article.  Amongft 
these  may  be  specified  copper  pyrites,  composed 
of  copper,  iron,  and  sulphur,  but  which  is  never 
wrought  for  the  iron  it  contains,  although  yielding 
more  of  it  than  the  ore  which  is  generally  worked  for 
that  metal. 

Carbonate  of  Iron.— This  is  the  most  common 
ore  of  this  country,  from  which  the  greater  part  of  the 
iron  is  manufactured,  and  of  which  there  are  several 
varieties.  The  true  carbonate,  or  spathose  iron  ore, 
often  occurs  crystalline,  generally  in  well-shaped  six- 
sided  prisms,  and  rhombohedrons,  similar  to  carbonate 
of  lime ;  although  more  generally  the  ore  is  obtained  in 
a  massive  state,  with  a  foliated  structure.  It  is  mostly 
of  a  light-brown  or  grey  color,  having  a  pearly  lustre, 
varies  in  specific  gravity  from  3-0  to  3'85,  and  is  com- 
posed of — 

Centesinially. 

1  Eq,  protoxide  iron,   35    61-4 

1  Eq.  carbonic  acid,   22    38-6 

57  100-0 
It  is,  therefore,  represented  by  the  formula  Fe  O,  C02. 

This  mineral,  however,  often  contains  small  por- 
tions of  manganese  and  earthy  matters,  as  the  fol- 
lowing analyses  of  samples  from  different  localities  will 
show: — 
vol.  n. 


Oxide  of  iron, ... .  53-06    49-61 

Carbonic  acid,....  38-41    38-44 

Manganese,   4-20    0-10 

Magnesia,   2-26    5-18 

Lime,   1-12    6-67 

Silica,   0-48    — 

Loss,   -47    — 


59-63 
38-04 
1-89 

1-20 


100-00 


100-00 


The  most  of  the  ores  from  which  British  iron  is  made 
consist  of  a  carbonate  found  in  beds  in  the  coal  forma- 
tion, often  alternating  with  the  seams  from  which  the  coal 
is  taken.  This  circumstance  gives  great  facility  to  the 
manufacture  of  iron  in  this  country,  and  is  at  once  the 
cause  of  the  superiority  and  cheapness  of  the  metal. 
The  great  deposits  of  this  kind  of  iron  ore  in  Britain 
are  those  of  Dudley  in  England,  those  of  Wales,  and 
of  Lanarkshire  and  Ayrshire  in  Scotland.  These  oj-es 
are  always  massive,  and  generally  contain  several  im- 
purities, which,  if  not  extracted,  affect  more  or  less 
the  quality  of  the  iron.  They  may  be  divided  into 
two  sorts : — 

The  first  is  the  argillaceous  or  clay-hand  ores  which 
contain  a  considerable  quantity  of  earthy  matter  or 
clay,  and  these,  when  wrought  by  themselves,  yield 
a  weak  and  inferior  quality  of  iron.  They  have  a 
dark-grey  color, '  nearly  black,  and  a  specific  gravity 
varying  from  3-17  "to  3'41.  The  following  analyses 
give  a  fair  average  of  their  composition  taken  from 
different  districts: — 


Protoxide  of  iron,    32-22    38-80 


Carbonic  acid   32-53 

Manganese,   — 

Lime,   8-62 

Magnesia,   5-19 

Silica,   9-56 

Alumina,   5-34 

Sesquioxideofiron,  1*16 

Carbon,   2-13 

Sulphur   0-62 

Loss,   2-63 

100-00 


30-76 
0-07 

5-  30 

6-  70 
10-8? 

6-20 

0-  33 

1-  87 
0-16 


35-0 
25-5 

0-  3 

1-  G 
2G-5 
11-8 


101-06 


100-7 


Black-band. — .The  second  variety  of  this  kind  of  ore, 
which  is  known  as  black-band,  was  for  a  long  time 
unknown,  and  was  first  pointed  out  by  the  late  D. 
Mushet.  It  differs  from  the  clay-band  in  having 
less  earthy  matters,  and  being  much  blacker  in  color. 
Some  kinds  of  this  ore  have  a  homogeneous  appearance, 
while  others  have  coaly  seams  running  between,  and 
round  light-brownish  matter,  stratified  or  in  nodules ; 
the  whole  mass  or  seam  of  this  sort  being  of  a  mixed 
brown  and  black.  The  following  analyses  of  a  few 
samples  of  black-band  exhibits  the  difference  between 
it  and  the  clay-band  or  argillaceous  carbonate : — 


Protoxide  of  iron,.. ..  49-4    49-6 

Carbonic  acid,   35-2   30-4 


Magnesia, .... 

Alumina,  

Lime,  

Silica,  

Coaly  maiLcr, . 
Loss, .......... 


4-0 


9-6 


46-6 
30-1 


300-0 


9-6 
0-5 


100-0 


.  6-3 

.  5-4 

.  8-4 

.  3-2 

100-0 


This  class  of  ore  is  exceedingly  valuable  to  the 
manufacturer,  as  the  presence  of  the  coal  assists  in  some 
of  the  preliminary  operations.    These  two  ores,  the 

3  p 
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black  and  clay  band,  are  generally  wrought  together, 
and  give  iron  of  excellent  quality. 

A  most  valuable  addition  to  our  knowledge  of  the 
iron  ores  of  the  Northern  and  North  Midland  Counties 
of  England  has  been  recently  given  to  the  world,  in  the 
Memoirs  of  the  Geological  Survey  of  Or  eat  Britain. 
These  are  to  be  further  extended,  and  the  completion 


of  the  work  will  be  hailed  as  a  great  boon  by  chemists 
and  iron  manufacturers.  At  the  same  time,  unless 
these  analyses  of  the  ores  be  followed  up  by  a  similar 
investigation  into  the  flux  and  fuel  used,  and  the  iron 
produced  from  the  ores,  the  directors  of  the  Museum 
of  Practical  Geology  will  only  tantalise  the  manufac- 
turers by  an  unfinished  work : — ■ 


Sesquioxide  of  iron,. . 

Protoxide  of  iron,  

Protoxide  of  mangane: 

Silica,  

Alumina,  

Lime,  

Magnesia,  

Carbonic  acid,  

Phosphoric  acid,  

Sulphuric  acid,  

Bisulphide  of  iron, . . . 

Water,  

Organic  matter,  

Potash,  


T. 


49-57 
10-77 
3-06 
6-64 
•84 
5-69 
1-21 
14-49 
•01 
trace 
•03 
8-44 
trace 
•05 


100-80 


49-47 

2-  42 
4-93 

•OS 

3-  47 
3-15 

37-71 
trace 
trace 


trace 


100-29 


95-16 

0-24 
5-60 
■08 
■07 


trace 
trace 
trace 


90-55 

0-  10 
7-05 

1-  43 
•71 
•06 

trace 
trace 
•06 


99-86 


8G-50 

0-  21 
6-18 

•30 
2-77 

1-  46 

2-  96 
trace 

•11 


100-49 


94-23 

•23 
4-90 
•63 
•05 

trace 

trace 
•09 
•03 
•56 


100-50 


VII. 


1-  77 

35-38 
■94 

19-13 
7-63 
3-35 

2-  33 
25-41 

•48 
trace 
•18 
1-85 
•23 
•78 


99-40 


VIII. 


1-45 
36-14 

1-  31 
17-37 

6-74 

2-  70 
2-17 

26-57 
•34 

trace 
■10 

1-  77 

2-  40 
•65 


99-71 


IX. 


2-39 
41-77 

1-  13 
8-93 
4-79 

2-  55 

3-  85 
31-39 

•75 
trace 
trace 
1-70 
■86 
•'43 


100-34 


x. 


1-  69 
39-38 

•95 
12-16 
6-42 

2-  26 

3-  89 
29-38 

•47 
trace 
trace 
2-09 
•54 
•37 


'.18-80 


XI. 


1-30 
39-87 

1-  38 
13-50 

6-13 

2-  12 
2-77 

28-47 
•69 

trace 
•05 
1-80 
•83 
•18 


99-09 


xn. 


XIII. 


XIV. 


XV. 


XVI. 


XVII. 


XVIII. 


XIX. 


XX. 


XXI. 


Peroxide  of  iron,  

Protoxide  of  iron,  

Protoxide  of  manganese, 

Silica,  

Alumina,  

Lime,  

Magnesia,  

Carbonic  acid,  

Phosphoric  acid  

Sulphuric  acid  

Bisulphide  of  iron,  

Water,  

Organic  matter,  

Potash,  

Titanic  acid,  


•79 
33-72 
1-01 
16  02 
6-41 
3-99 
5-49 
28-14 
•41 
trace 
•13 
1-44 
•36 
•47 


98-88 


1-49 
37-99 

1-  51 
10-04 

5-57 
4-59 
3-37 
29-92 
•80 
trace 
■06 

2-  21 
1-42 

•55 


2-  18 
35-74 

1-  23 
16-06 

7-09 

3-  01 

2-  96 
26-74 

•6G 
trace 
•05 
2-17 
•76 
•60 


99-31 


2-  16 
33-56 

•96 
17-13 
8-49 

3-  17 
3-06 

25-63 
•76 
trace 
•26 
2-25 
1-57 
•74 


99-77 


1-47 
38-97 
1-09 
11-90 
5-93 
1-62 
4-82 
30-14 
•48 
trace 
■05 
1-66 
•30 
•67 


99-10 


1-42 
2827 

1-  02 
3-55 

2-  31 
13-94 

9-27 
37-61 
•74 
trace 
•04 
•90 
•92 
•10 


100-15 


2-30 
40-01 

1-  26 
11-19 

5-91 

2-  78 
2-85 

29-72 
•34 
trace 
■09 
1-57 
1-38 
■34 


99-74 


2-69 
33-31 
2-18 
17-21 
8-35 
2-32 
2-44 
24-83 
■62 
trace 
•13 
2-57 
1-85 
•49 


99-52 


3-49 
39-55 

1-  50 
10-22 

5-05 
3-38 

2-  88 
28-63 

1-12 
trace 

•05 
1-75 
1-14 

•68 


99-84 


3-60 
39-92 
•95 
8-62 
7-96 
7-44 
3-82 
22-85 

1-  86 
trace 

•11 

2-  97 
trace 

•27 
•03 

100-37 


Overmann  has  the  following  remarks  on  the  clay- 
band  of  America : — ■ 

The  compact  carbonate  of  iron,  sphcrosiderite,  argil- 
laceous iron  ore,  has  no  relation  externally  with  the 
sparry  variety;  it  comprehends  most  of  the  elay 
ironstones  of  the  coal  measures,  particularly  those 
which  occur  in  flattened  spheroidal  masses,  varying  in 
size  from  the  dimensions  of  a  small  bean  to  pieces 
weighing  a  ton.  The  color  of  this  ore  is  commonly  a 
dirty  blue  or  grey-brown,  reddish-brown,  and  yellowish- 
brown  ;  fracture  close-grained,  hard,  streaked  white  or 
brown,  blackens  before  the  blowpipe,  and  if  calcined,  is 
attracted  by  the  magnet.  This  carbonate  of  iron, 
though  belonging  to  the  coal  formation,  is  found  in 
various  places  in  the  tertiary  strata.  It  is  the  principal 
ore  from  which  iron  is  smelted  in  England  and  Scot- 
land, and  yields  usually  from  thirty  to  thirty-three  per 
cent,  of  iron.  It  is  largely  distributed  over  the  United 
States— Pennsylvania  abounds  in  it.  It  exists  in  Mary- 
land, Virginia,  Ohio,  Illinois,  North  Carolina,  and  Ken- 
tucky. The  difficulty  of  working  this  kind  of  ore  in  the 
blast  furnace,  may  be  assigned  as  the  reason  why  it  is 
not  more  generally  employed.  England  and  Scotland 
use  it  extensively,  and  work  scarcely  any  other  kind. 


Valuation  of  Iron  Ores. — The  value  of  the  ore 
depends  upon  two  conditions : — first,  the  quantity  of 
iron  it  contains,  and,  second,  the  amount  of  impurities 
or  matrix.  The  character  and  properties  of  the  impu- 
rities, and  the  extent  to  which  they  will  interfere  with 
the  quality  of  the  iron  when  manufactured,  must  also 
be  considered.  To  ascertain  these  points,  the  ore  must 
be  subjected  to  testing  or  assaying.  There  are  two 
methods  of  assaying,  termed  respectively  the  wet  and 
dry. 

Wet  Metliod. — What  is  termed  the  wot  assay  is  the 
most  accurate,  and  may  be  performed  by  any  ordinary 
operative,  after  a  short  experience.  Although,  in  the 
first  instance,  the  operator  wishes  only  to  ascertain 
the  quantity  of  iron  in  the  ore,  still,  that  being  only 
a  part  of  the  process  for  obtaining  the  whole  of  the 
ingredients,  it  will  be  better  to  describe  here  the  com- 
plete analysis  required  for  practical  purposes.  The 
mineral  being  ground,  weigh  fifty  grains  and  put  them 
into  a  flask  or  beaker;  add  pretty  strong  aqua  regia, 
and  then  digest  the  whole  on  a  sand-bath  at  a  boil- 
ing heat  for  fifteen  or  twenty  minutes ;  remove  the 
vessel  from  the  heat,  and  add  a  little  water;  after 
allowing  it  to  stand  several  minutes,  decant  the  clear 
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solution ;  add  to  the  undissolved  residue  as  much  acid 
and  water  as  at  first,  and  repeat  the  digestion ;  then 
put  the  two  solutions  together,  pour  the  whole  into  a 
porcelain  basin,  and  evaporate  to  dryness;  next  add 
two  ounces  hydrochloric  acid,  and  two  ounces  water, 
digest  for  ten  minutes,  and  pour  the  whole  upon  a 
paper  filter,  taking  care  not  to  lose  any  of  the  liquid ; 
wash  the  residue  upon  the  filter  till  the  liquor  passing 
through  is  free  of  acid ;  dry  the  filter,  heat  the  contents 
in  a  crucible  to  redness,  and  then  weigh.  This  gives 
the  insoluble  matter.  The  filtrate  is  now  carefully 
divided  into  two  equal  proportions;  to  the  one  is  added 
caustic  ammonia  in  excess,  and  then  filtered ;  the  con- 
tents of  the  filter  are  well  washed,  and  then  dried; 
the  liquid  filtered  through  with  the  washing  is  to  be 
kept.  To  the  other  half  of  the  solution  add  caustic 
potassa  till  the  iron  is  precipitated,  then  add  a  consi- 
derable excess,  and  boil  the  whole  for  ten  minutes, 
filter  while  hot,  and  wash  the  precipitate  with  warm 
water  till  the  alkali  is  all  removed ;  the  iron  precipitate 
is  then  dried.  These  two  iron  precipitates  are  now 
heated  to  redness  in  a  crucible,  and  weighed  separately ; 
the  weight  of  the  one  obtained  by  potassa  will  be  that 
of  the  sesquioxide  of  iron ;  the  weight  of  the  other  will 
be  the  sesquioxide  of  iron  and  alumina,  if  any  of  that 
substance  has  been  dissolved ;  the  difference  of  weight 
will  therefore  indicate  the  alumina,  which  is  noted 
down.  The  quantity  of  iron  which  the  sesquioxide 
contains  is  known  by  calculating  their  equivalents, 
which  are  as  ten  to  seven: — thus,  if  the  sesquioxide 
obtained  be  12-5  grains,  then  10  :  7  : :  12-5  :  875, 
and  this  being  in  twenty-five  grains,  will  make  the  per 
centage  of  the  ore  thirty-five. 

To  the  solution  filtered  from  the  precipitate  by  am- 
monia, there  is  added  oxalate  of  ammonia,  so  long  as  a 
precipitate  is  formed,  if  there  be  any;  this  iB  stirred 
well,  and  after  heating  the  solution  it  is  again  filtered, 
and  the  precipitate  washed  and  dried.  This  is  the 
lime  in  the  state  of  oxalate,  which  is  converted  into 
carbonate  of  lime  by  subjecting  it  to  red  heat  in  a 
crucible,  and  then  weighed.  As  the  carbonate  is  the 
condition  in  which  the  lime  would  exist  in  the  mineral, 
no  calculation  is  required.  To  the  solution  filtered 
from  the  lime  is  added  a  little  solution  of  phosphate  of 
soda;  the  mixture  is  well-stirred  for  seven  or  ten 
minutes,  and  then  allowed  to  stand  for  an  hour ;  if  a 
precipitate  is  formed,  it  is  filtered,  well  washed,  dried, 
and  burned  at  a  red  heat ;  this  precipitate  is  the  phos- 
phate of  magnesia.  When  burned  and  washed,  the 
quantity  of  magnesia  present  in  the  mineral  is  known 
from  the  fact,  that  every  237  parts  of  the  precipitate 
are  equal  to  85'4  magnesia. 

When  the  ore  is  to  be  tested  for  sulphur,  it  is  better  to 
take  a  separate  portion  of  the  mineral — say  twenty-five 
grains — and  digest  in  two  parts  hydrochloric  and  one 
nitric  acid,  for  half  an  hour,  then  dilute  and  filter,  and 
add  to  the  filtered  solution  chloride  of  barium — allow 
it  to  stand  for  an  hour ;  any  precipitate  formed  is  sul- 
phate of  baryta,  which  is  obtained  by  filtering,  washing, 
and  then  drying  and  burning ;  every  one  hundred  and 
sixteen  parts  of  this  precipitate  is  equal  to  sixteen  parts 
of  sulphur-  If  only  the  quantity  of  iron  be  required, 
then  the  operator  need  go  no  further  than  the  first 


precipitate,  but  he  will  have  to  take  potassa  onhy,  and 
proceed  as  directed  above. 

The  preceding  method  is  applicable  to  any  of  the 
ordinary  classes  of  iron  ore,  such  as  the  hematite, 
brown  oxide,  magnetic,  el  cetera.  Sulphides  are  never 
used  for  the  manufacture  of  the  metal ;  but  even  these, 
such  as  the  common  pyrites,  may  also  be  tested  in  the 
same  way. 

A  few  years  ago  Professor  FucilS  recommended,  for 
ascertaining  the  value  of  iron  ores,  the  following  process, 
founded  upon  the  fact  that  copper  reduces  sesquioxide  of 
iron  to  the  state  of  protoxide : — Take  fifty  grains  of  the 
powdered  ore  to  be  operated  upon,  and  digest  in  strong 
hydrochloric  acid  till  all  the  iron  is  dissolved — say  about 
half  an  hour ;  then  add  by  degrees  about  twenty-five 
grains  of  chlorate  of  potassa  to  oxidise  the  iron — 
neither  nitric  acid  nor  nitrate  must  be  used  for  this 
purpose.  When  the  iron  is  oxidised,  the  solution  is 
brought  to  boil,  then  a  clean  slip  of  pure  copper  is 
added,  which  must  have  been  previously  weighed,  and 
the  solution  is  kept  in  ebullition  to  prevent  access  of  air. 
After  ten  minutes'  boiling,  and  previous  to  removing 
the  undissolved  copper  from  the  solution,  hot  water  is 
to  be  added  till  the  vessel  is  quite  full ;  this  is  to  be 
poured  off,  and  the  vessel  again  filled  with  fresh  hot 
water.  The  copper,  which  is  generally  covered  with 
a  brownish  coating,  is  then  carefully  washed  in  cold 
water,  dried  at  a  gentle  heat,  and  finally  weighed ;  every 
four  grains  of  copper  dissolved  indicates  five  grains  of 
sesquioxide  of  iron  present  in  solution ;  the  quantity  of 
metallic  iron  may  then  be  calculated  as  already  stated. 

The  advantages  of  a  process  of  this  kind  are  not  only 
that  it  is  simple  and  easy  to  perform,  but  the  presence 
of  any  of  the  earthy  matters,  as  silica,  lime,  alumina, 
or  other  metals,  does  not  interfere  with  it ;  only,  if  the 
ore  contains  arsenic,  this  process  will  not  answer. 
Much  care  must  be  taken  not  to  prolong  the  operation, 
as  copper  is  dissolved  by  the  acid  present  in  small 
quantity,  and  in  that  case  the  results  cannot  be  relied 
on ;  yet  many  are  able  from  experience  to  perform  the 
analysis  in  this  way  with  great  accuracy. 

Another  simple  process  for  testing  the  quantity  of 
iron  in  an  ore,  based  upon  the  reaction  of  the  protosalts 
of  iron  upon  permanganate  of  potassa,  has  been  pro- 
posed by  Marguekitte  : — When  a  solution  of  per- 
manganate of  potassa  is  poured  into  a  very  dilute  acid 
solution  of  protosalt  of  iron,  the  protosalt  becomes  con- 
verted into  the  sesquioxide  at  the  expense  of  the  oxy- 
gen of  the  permanganate,  decoloring  the  solution.  As 
long  as  any  protosalt  of  iron  remains,  it  is  immedi- 
ately decomposed  in  proportion  as  the  solution  of  the 
permanganate  is  gradually  poured  into  it,  the  liquor 
assuming  a  very  pale  yellow  color,  due  to  the  sesqui- 
oxide of  iron  produced ;  but  as  soon  as  all  the  iron  is 
oxidised,  one  single  drop  of  permanganate  suffices  to 
impart  a  distinct  pink  color  to  the  liquor,  which  indi- 
cates that  the  experiment  is  finished. 

Permanganate  of  potassa  is  prepared  as  follows : — 

Tarts. 

Binoside  of  manganese,   2 

Chlorate  of  potassa   1 

Caustic  potassa,   3 

Mix  the  whole  thoroughly,  introduce  the  mixture  into 
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a  Hessian  crucible,  and  keep  it  at  a  low  red  heat 
for  about  two  hours.  The  mass,  which  is  of  a  dark- 
green  color,  is  then  reduced  to  coarse  powder,  and 
mixed  with  three  or  four  times  its  weight  of  water; 
after  stirring  the  whole,  nitric  acid,  diluted  with  half  its 
weight  of  water,  is  gradually  added  until  the  liquor 
assumes  a  fine  violet  color ;  it  is  then  filtered  through 
pounded  glass  or  asbestos,  and  preserved  in  a  glass- 
stoppered  phial.  The  reason  of  filtering  through  asbes- 
tos or  glass  is  because  contact  with  organic  matter, 
such  as  paper  or  linen,  decomposes  the  permanganate. 
The  salt  is  very  stable,  and  may  he  preserved  for  a 
long  time  without  alteration,  provided  always  that  it 
be  kept  in  a  glass-stoppered  bottle,  and  contact  with 
dust  or  any  organic  matter  carefully  avoided. 

To  make  the  permanganate  of  the  proper  strength, 
dissolve  twenty-five  grains  of  pianoforte  wire — which 
may  be  considered  pure  iron — in  about  1'500  grains  by 
measure  of  pure  hydrochloric  acid.  When  dissolved, 
and  the  disengagement  of  hydrogen  gas  has  ceased, 
dilute  the  solution  with  about  one  pint  and  a  half  of 
water.  It  is  necessary  to  dilute  the  solution  to  this 
extent,  and  to  operate  in  the  cold,  in  order  to  guard 
against  the  excess  of  hydrochloric  acid  reacting  upon 
the  permanganate  and  disengaging  chlorine ;  one  thou- 
sand grains-measure  of  the  solution  of  permanganate  of 
potassa,  prepared  as  before  described,  being  introduced 
into  an  alkalimeter,  it  must  now  be  gradually  poured 
therefrom  carefully,  drop  by  drop,  into  the  hydrochloric 
acid  solution  of  iron  just  alluded  to,  stirring  the  liquor 
all  the  time  in  order  to  insure  complete  action,  exactly 
as  in  alkalimetry. 

On  adding  the  solution  of  permanganate  of  potassa, 
the  operator  will  perceive  that,  at  first,  it  is  decolored 
as  fast  as  it  is  poured  in ;  but  the  rapidity  of  action 
gradually  diminishes,  and,  at  last,  it  imparts  to  the 
liquor  a  pinkish  tint,  which  indicates  that  the  whole 
of  the  iron  in  the  liquor  is  oxidised.  The  number  of 
divisions  which  have  -been  required  to  obtain  that 
result  is  carefully  observed ;  and  supposing,  for  ex- 
ample, that  fifty  divisions  of  the  alkalimeter  have  been 
required  to  oxidise  the  twenty-five  grains  of  pianoforte- 
wire  employed,  it  is  evident  that  each  division  of  the 
permanganate  of  potassa  test-liquors  represents  half  a 
grain  of  metallic  iron. 

But  whatever  may  he  the  strength  of  the  solution 
of  permanganate,  it  is  always  easy  to  adjust  it  to 
any  desired  standard;  if  too  weak,  by  concentrating 
it  by  evaporation  at  a  gentle  heat ;  if  too  strong,  by 
diluting  it  with:  a  suitable  quantity  of  water,  so  that  it 
may  he  broughteas  near  as  possible  to  such  a  strength 
that  one  measure  of  the  alkalimeter  may  indicate  half 
a  grain  of  metallic  iron. 

Take  twenty  grains  of  the  iron  ore  and  reduce  them 
to  very  fine  powder  by  levigation ;  put  them  into  a 
flask  capable  of  holding  about  a  quart  of  water,  and 
pour  into  it  about  one  thousand  grains-measure  of 
pure  and  fuming  hydrochloric  acid.  The  mixture  is 
now  moderately  boiled  until  the  ore  has  dissolved. 
Water  is  then  poured  in,  so  as  to  fill  up  about  one-third 
of  the  flask;  and  the  salt  of  iron  is  brought  entirely 
to  the  state  of  protosalt,  by  adding  about  one  hundred 
grains  of  pure  zinc,  or  about  sixty  grains  of  sulphite 


of  soda.  After  boiling  for  a  few  minutes,  and  as  soon 
as  the  liquor  no  longer  evolves  an  odor  of  sulphurous 
acid,  and  has  become  greenish  or  almost  colorless,  all 
the  iron  has  passed  into  the  state  of  protosalt.  The 
solution  is  then  diluted  with  a  fresh  quantity  of  water, 
so  as  almost  to  fill  the  flask,  and  the  test -liquor  of  the 
permanganate  of  potassa  is  poured  in,  drop  by  drop, 
until  the  characteristic  pink  color  is  produced.  Tho 
operator  then  reads  off  the  number  of  divisions  em- 
ployed. 

Let  it  be  supposed,  for  example,  that  the  test-liquor 
is  of  such  a  strength  that  each  division  represents  half  a 
grain  of  pure  iron,  and  that  twenty-two  divisions  have 
been  required  to  oxidise  the  metal  contained  in  the 
twenty  grains  of  ore  operated  upon.  It  is  evident  that 
these  twenty  grains  contain  eleven  grains,  and  conse- 
quently fifty-five  per  cent,  of  iron. 

This  process  is  obviously  much  more  rapid  than  any 
of  those  previously  described,  and  the  presence  of  any 
other  metal  or  earth  does  not  interfere  with  the  results 
— except  two,  namely,  arsenic  and  copper  Should' 
either  of  these  be  present,  they  may  be  separated,  pre- 
vious to  applying  the  test,  by  a  bar  of  zinc,  which  pre- 
cipitates them.  Then  filter  the  solution,  and  proceed 
as  described. 

The  Dry  Method. — By  the  preceding  methods,  it  will 
he  observed  that  it  is  the  quantity  of  pure  metal  that  is 
estimated ;  whereas,  by  the  process  of  smelting,  the  metal 
is  not  obtained  pure.  Some  metallurgists  prefer  using 
a  process  more  analogous  to  the  smelting  operations  for 
testing  the  value  of  the  ore  and  the  quality  of  the  iron, 
and  for  this  purpose  practise  what  is  termed  the  dry 
assay ;  this  is  performed  by  taking  a  sample  of  the  ore 
and  fusing  it  in  a  crucible,  to  obtain  the  iron  in  the 
metallic  state.  It  will  have  been  observed,  that  the 
ores  generally  contain  small  portions  of  silica,  alumina, 
et  cetera.  Such  matters  are  by  themselves  infusible; 
but  at  a  high  temperature  they  combine  with  the  oxide 
of  iron,  and  form  a  fusible  compound ;  so  that  were  the 
ore  put  into  a  crucible  alone  and  fused,  iron  would 
not  be  obtained,  but  a  combination  of  oxide  of  iron. 
It  is  necessary,  therefore,  to  mix  with  the  ore  some 
matters  that  will  combine  with  the  substances  named, 
and  set  the  iron  free.  Such  are  termed  fluxes  and  re- 
ducing agents  ;  but  even  by  the  aid  of  these,  the  opera- 
tion of  assaying  by  the  former  requires  great  care,  and 
necessarily  a  very  high  heat,  the  apparatus  and  opera- 
tions for  which  are  as  follow. 

The  common  assay  furnace  is  of  a  very  simple  form. 
It  is  generally  constructed  upon  the  floor  of  the  room, 
close  to  where  there  is  a  chimney,  so  as  to  insure 
a  good  draught.  The  following  sectional  sketch — 
Fig.  278 — will  give  the  best  idea  of  its  construction. 
A  is  the  fire-place  containing  two  crucibles ;  B,  the 
chimney ;  c,  ashpit  open  from  the  front  for  the  admis- 
sion of  air ;  d,  the  grate  bars ;  e  f,  cover  for  fire ;  G, 
damper  for  regulating  heat. 

The  grate  bare  are  loose  pieces  of  bar-iron  half  an 
inch  square,  leaving  an  intervening  space  of  the  same 
size,  and  laid  loose,  so  that  they  may  be  removed  and 
the  fire-place  cleaned  out,  as  the  coals  and  bricks  are  apt 
to  cake  and  choke  up  the  fire-place.  The  latter  should 
be  lined  with  the  best  fire-brick  built  in  with  fire-clay. 
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and  should  be  from  sixteen  to  eighteen  inches  square, 
and  from  twenty-four  to  thirty  inches  deep.  The  fire 
is  fed  from  the  top,  which  is  covered  by  a  fire-clay 


Fig.  278. 


tile,  furnished  with  a  rim  of  iron.  The  whole  furnace 
should  be  strapped  round  with  belts  of  iron,  to  prevent 
its  splitting  or  falling  to  pieces  by  the  expansion ;  or 
a  very  common  method,  and  the  most  secure,  is  to  fit 
them  round  with  a  cast-iron  casing,  which  is  a  great 
preventive  against  the  furnace  rending  and  admitting 
currents  of  air.  The  most  suitable  fuel  is  a  mixture  of 
coal  and  coke.  The  furnace  should  be  at  a  good  heat 
before  the  crucibles  are  put  into  it.  Some  assayers 
place  a  small  piece  of  tile  or  brick  upon  the  bars  on 
which  the  crucibles  stand,  while  others  embed  them  in 
the  fire,  which  is  the  best  method  for  obtaining  an 
equal  heat  round  the  crucible.  In  a  furnace  of  the  size 
stated,  two  or  three  crucibles  may  be  placed  in  the  fire 
at  a  time,  and  this  is  often  recommended;  but  the 
Editor  prefers  to  use  only  one  at  a  time,  as  giving  the 
most  certain  results,  though  requiring  a  little  longer 
for  the  operation.  The  most  refractory  kind  of  cruci- 
bles should  bo  used ;  those  termed  the  Cornish  and 
Hessian  answer  very  well.  A  good  assortment  of  them, 
laid  in  a  warm  place,  should  be  kept  on  hand  by  the 
assayer.  Covers  are  also  prepared  for  them,  by  baking 
a  piece  of  fire-clay  into  the  required  shape  and  size. 

For  the  purpose  of  inserting  or  removing  the  crucibles 
from  the  furnace,  a  number  of  different-shaped  tongs  are 
wanted.  There  are  also  required  the  following  fluxes 
and  reagents — pounded  charcoal,  slaked  lime,  potassa 
and  soda,  tartar,  borax,  and  ground  glass.  If  the  assayer 
has  a  knowledge  of  chemical  operations,  he  will,  before 
making  an  assay,  ascertain  by  means  of  tests,  as  already 
referred  to,  an  approximate  idea  of  the  quantity  of  lime, 
silica,  and  alumina  present,  so  as  to  regulate  his  fluxes; 
but  it  often  happens  that  the  assayer  is  ignorant  of  this, 
and  he  consequently  judges  of  the  quality  of  the  ore 
and  the  fluxes  to  be  used  by  the  appearance  of  the  ore 
when  ground  and  burned.  -  The  assay  is  then  proceeded 
with,  by  first  taking  a  sample  of  the  ore  and  grinding 
it  fine  in  an  iron  mortar,  weighing  out  two  hundred 
grains,  and  placing  it,  mixed  with  an  equal  quantity 
of  dry  slaked  lime  and  fifty  grains  of  powdered  char- 


coal, upon  a  clean  piece  of  glazed  paper ;  but  if  the 
ore  be  a  refractory  one,  a  little  carbonate  of  soda  or 
potassa  may  also  be  added. 

The  crucible  should  be  previously  prepared  by  filling 
it  with  pounded  charcoal,  moistened  with  water ;  this 
should  be  pressed  into  the  crucible,  and  dried.  A 
hole  is  scooped  out  in  the  centre  of  the  charcoal,  so 
as  to  leave  about  one  quarter  of  an  inch  of  charcoal  all 
round.  The  mixed  ore  and  flux  are  put  into  this  cavity ; 
the  crucible  is  covered  and  luted  with  clay,  aud  then 
placed  in  the  centre  of  the  furnace,  the  fire  of  which 
should  have  been  allowed  to  burn  low.  When  the 
crucible  is  properly  embedded,  coal  and  coke  are 
packed  all  round  and  over  it,  filling  the  furnace  nearly 
to  the  top;  the  crucible  being  as  nearly  as  possible 
in  the  centre  of  the  fire.  For  a  time  the  fire  is  allowed 
to  burn  slowly,  so  as  to  drive  off  all  damp  from  the  ore 
and  crucible.  After  a  while  the  fire  is  covered,  and 
the  heat  raised  to  the  highest  pitch  and  continued  for 
about  half  an  hour,  when  the  cover  of  the  furnace  is 
removed,  and  a  portion  of  the  fire  is  taken  out  from  the 
top,  to  expose  the  crucible,  which  is  then  withdrawn 
by  a  pair  of  tongs,  giving  it  a  gentle  tap  upon  the  floor, 
to  shake  down  any  particles  of  fused  metal.  When 
cool,  the  lid  is  taken  off  and  the  contents  examined. 
For  this  purpose  the  crucible  is  generally  broken ;  if 
the  temperature  has  been  sufficient,  a  small  button  of 
metallic  iron  will  be  found  under  the  slag ;  if  the  heat 
has  not  been  high  enough,  or  a  proper  supply  of  flux 
has  been  wanting,  the  slag  is  full  of  small  metallic  beads, 
or  the  whole  forms  an  agglutinated  mass ;  in  the  latter 
case,  the  only  remedy  is  to  repeat  the  operation.  If 
the  process  is  successful,  the  small  button  of  iron  is 
carefully  detached  and  hammered,  to  drive  off  any 
scoria  adhering.  The  success  of  the  whole  operation 
is  judged  of  by  the  appearance  of  the  slag;  it  should 
be  a  greenish  or  greyish  glass.  This  should  be  ground 
fine  and  spread  upon  paper,  and  a  magnet  drawn  over 
it  to  detect  any  little  prill  of  iron  which  may  have  re- 
mained in  the  slag.  The  whole  iron  is  then  weighed 
and  the  per-ceutage  calculated.  Iron  thus  obtained  is 
not  perfectly  pure,  but  in  general  it  is  as  pure  as  cast- 
iron,  and  may  therefore  be  taken  as  the  true  valuation, 
if  cast-iron  is  to  be  made  from  the  same  ore. 

Mushet,  in  his  work  upon  iron  and  steel,  enters 
extensively  into  the  assaying  of  different  ores  by  the 
furnace ;  he  arranges  the  ores  for  assay  into  three  classes 
— argillaceous,  calcareous,  and  silicious — according  to 
the  earthy  matters  that  prevail,  so  that  there  may  be  a 
proper  distribution  of  flux,  and  each  class  is  divided 
into  two  varieties,  as  follows  : — 


Argillaceous 
ore,  


First  Average  Second  Avernfre 

variety.         proportion-         "  variety.  proportion. 

Clay,   9    Clay,   10 

Lime,   6    Silica,   7 

Silica,  3    Lime,   3 


18 


20 


For  every  four  ounces  troy  of  this  class  of  ore,  he 
recommends  as  flux  the  following  ingredients  well 
mixed : — 


Bottle-glass,   4 

Chalk,   3  . 

Charcoal,   0*50. 


4. 
4' 

0-75 
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Second  class  of  ores 


Average 
•proportion. 


Calcareous  in 
ore.  


First 
variety, 

-i  Clay,   6  . 

"  (  Sirica,   4  . 

24 


Second  Average 
variety,  proportion. 

Lime,   10 

Silica,   6 

Clay,   4 

20 


The  flux  recommended  for  this  class  is- 


Bottle-glass,   5 

Chalk,   1-50 

Charcoal,   0-75 


Third  class  of  iron  ores  is — 


First 
variety. 

Silicious  iron  j\SillC£l'  ' 
<  Lime,  . 

ore> (Clay,.. 


Average 
proportion. 

..  12  .... 


5 
25 


Second 
variety. 

Silica, . 
Clay,. 


4 

2 

0-50 


Average 
proportion. 

...  10 

...  7 


Lime, . 


5 
22 


Flux  recommended  for  four  ounces  of  ore: — 


Bottle-glass   3-50 

Chalk,   3 

Charcoal,   0-75 


3-50 
2-50 
0'50 


For  hematite  and  such  like  ores  that  contain  small 
portions  of  silica,  the  best  flux  for  four  ounces  is — 

Ounces. 

Chalk,  1-50  to  2- 

Charcoal,   0-50 

Many  assayers  use  slaked  lime  alone;  others  add 
with  the  lime  small  portions  of  the  alkaline  carbonates, 
or  borax,  which  often  facilitate  the  fusion,  especially 
with  such  ores  as  contain  much  silica  and  alumina,  and 
are,  consequently,  very  refractory. 

The  button  of  iron  obtained  in  the  assay  is  subjected 
to  the  following  test : — It  is  placed  between  a  fold  of 
thin  tin-plate,  to  prevent  it  flying  away  on  being  struck, 
it  is  then  hammered  upon  an  anvil  and  broken ;  if  the 
button  flattens  before  breaking,  and  the  fracture  have 
a  greyish  appearance,  .the  quality  is  considered  good ; 

279. 


but  should  it  split  on  the  first  blow  of  the  hammer,  and  I  good,  and  the  ore  is  judged  unfit  for  the  best  quality 
show  a  crystalline  fracture,  white  in  color,,  it  is  not  I  of  iron. 
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Manufacturing  Operations. — Iron  is  produced 
for  the  purposes  of  the  arts  in  three  different  states — 
as  crude  or  cast-iron,  steel,  and  malleable  or  bar-iron. 
These  three  modifications  are  the  results  of  several  and 
separate  operations,  undertaken  for  the  express  purpose 
of  obtaining  the  quality  of  iron  desired;  although,  when 
each  is  tested  separately,  they  are  found  to  differ  only 
in  the  quantity  of  carbon  or  charcoal  in  their  compo- 
sition. Malleable  iron  is  the  purest,  and  has  very  little 
carbon  in  it ;  to  have  it  quite  pure  is  the  aim  of  the 
manufacturer,  but  this  is  never  accomplished  in  prac- 
tice. Steel  contains  more  carbon  than  bar-iron,  and 
cast-iron  generally  more  than  steel;  but  there  is  no 
fixed  proportion  of  that  ingredient  in  either  by  which 
a  line  may  be  drawn  between  them ;  they  seem  to 
merge  into  one  another,  so  that  some  kinds  of  steel 
may  be  called  cast-iron,  and  some  cast-iron  may  be 
considered  steel.  The  difference  is  often  more  de- 
pendent upon  the  mode  in  which  the  carbon  is  com- 
bined with  the  iron,  than  on  the  exact  quantity  present. 
Ordinary  crude  or  cast-iron  contains,  also,  other  impuri- 
ties, as  silica,  which  render  it  very  inferior;  and  the 
variable  amount  of  silica  and  carbon  found  in  different 
kinds,  gives  rise  to  a  great  variety  of  qualities  of  cast- 
iron,  distinguished  by  technical  names,  such  as  grey, 
mottled,  white,  silver,  et  cetera. 

The  manufacturing  operations  succeed  each  other  in 
the  following  order: — 1.  The  calcination  of  the  ores, 
by  which  the  carbonaceous  and  volatile  matters  are 
burned  off,  and  the  whole  reduced  in  bulk  to  prepare 
them  for  the  smelting  furnace ;  2.  The  extraction  or 
reduction  of  the  metal  in  the  form  of  cast-iron  by 
smelting ;  3.  The  conversion  of  the  cast-iron  into  mal- 
leable or  wrought  iron  by  puddling  and  rolling ;  and  4. 
The  reconversion  of  the  comparatively  pure  malleable 
iron  into  that  particular  carbide  which  is  known  as  steel. 

Calcination  of  the  Ores. — The  carbonated 
ores  of  this  country  are  generally  prepared  for  the 
blast  furnace  by  a  process  of  calcination  which  burns 
away  all  volatile  matters,  and  concentrates  the  metal. 
For  this  purpose  the  ores  are  accumulated  in  large 
heaps,  generally  in  an  open  field,  and  mixed  with  car- 
bonaceous matters,  such  as  small  coal.  Some  of  the 
black  bands  have  sufficient  coal  in  their  composition  to 
effect  their  calcination.  After  a  heap  of  several  hun- 
dred tons  is  collected,  a  fire  is  kindled  at  the  windward 
end,  which  gradually  passes  on  through  the  whole  mass 
and  burns  for  several  days,  producing  a  very  high  heat, 
often  sufficient  to  reduce  and  fuse  some  of  the  metal, 
which,  however,  is  not  desirable. 

The  black-band  iron  ore,  of  the  average  of  thirty- 
three  per  cent,  of  iron,  will  contain,  after  calcination, 
an  average  of  seventy  per  cent,  of  iron.  The  clay- 
band  of  thirty  per  cent,  of  metal  in  the  ore,  will,  when 
properly  calcined,  contain  about  fifty-four  per  cent., 
sb  that  by  this  means  a  great  saving  is  effected  in  the 
amount  of  fuel  required  for  the  subsequent  operation  of 
smelting. 

Instead  of  roasting  the  ore  in  open  heaps,  the  same 
operation  is  sometimes  performed  in  kilns,  similar  to 
those  used  for  burning  lime.  In  some  districts,  this 
method  is  found  more  convenient  than  large  open 
heaps,  covering  often  several  hundred  square  yards. 


Smelting  the  Ores. — The  next  operation  is  the 
smelting  or  reduction  of  the  calcined  ore,  and  the  first 
subject  which  falls  to  be  considered  under  this  head  i3 
the  form  and  materiel  of  the  furnace. 

The  structure  of  the  blast  furnace  varies  consider- 
ably in  different  localities,  according  to  the  views  of  the 
smelter  and  the  character  of  the  ore  and  fuel,  but  in 
their  general  features  there  is  much  sameness.  Draw- 
ings will  be  given  of  a  few  of  the  forms  adopted  at 
different  times  and  in  different  places;  but  to  enable 
the  reader  to  understand  the  references  to  particular 
parts,  it  may  be  well  to  introduce,  in  the  first  place, 
an  external  and  sectional  view  of  a  blast  furnace  of 
modern  construction.  The  former  is  shown  in  Fig. 
279,  including  the  sand-bed  in  which  the  metal  flows, 
to  form  the  pigs  of  cast-iron  as  they  are  taken  to  market. 
Fig.  280  is  a  section  of  a  similar  furnace,  consisting  of 
two  courses  of  fire-brick,  mm  mm;  between  these  is  a 


Fig.  2SO. 


casing,  1 1,  of  pieces  of  brick,  scoria,  and  sand.  Over 
the  whole  is  the  external  coating  of  thick  masonry,  n  n, 
formed  either  of  ordinary  bricks  or  of  stone,  as  is  most 
convenient.  The  inside  lining  of  fire-bricks  is  techni- 
cally termed  the  shirt  of  the  furnace ;  the  part  extend- 
ing from  the  cross  line  at  B,  and  running  down  into  the 
crucible  portion  at  E,  is  composed  of  fire-stone  ;  occa- 
sionally fire-bricks  of  the  most  refractory  sort  are  used 
for  this  part  also.  The  small  part  at  E  is  termed  the 
hearth ;  the  bottom  is  formed  of  a  large  fire-stone, 
supported  by  a  mass  of  mason-work,  having  air-chan- 
nels, as  seen  at  N,  while  open  arches  or  galleries,  ppp, 
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are  made  below,  one  intersecting  another  at  right  angles, 
to  keep  the  whole  erection  dry.  d  is  the  chimney 
surrounded  by  a  gangway,  with  openings  to  admit  the 
barrow,  by  which  the  furnaceman  introduces  the  ore, 
flux,  and  fuel,  c  is  the  throat  or  trunnel  hole  of  the 
furnace;  A  is  called  the  cone  or  body;  B  the  boshes; 
HH  are  arches  leading  through  from  one  tuyere-hole 
to  another,  for  convenience  in  attending  upon  the 
furnace.  One  of  the  stones  composing  the  hearth,  as 
shown  at  r,  does  not  reach  the  base,  but  is  supported  by 
a  strong  bearer  of  iron  built  into  the  masonry,  on  which 
rests  a  block  of  sandstone  called  the  tymjp.  Below, 
and  a  little  in  advanoe,  is  placed  what  is  termed  the 
damstone,  a.  The  sides  of  the  hearth  are  perforated 
a  little  above  the  level  of  the  tymp  with  holes,  c  o,  for 
the  admission  of  the  discharging  orifices  of  the  blowing 
apparatus,  termed  tuyeres;  the  arrangements  of  which 
will  be  shown  in  a  future  figure. 

The  preceding  details  will  enable  the  reader  to  ap- 
preciate the  points  of  resemblance  and  of  difference  in 
the  following  furnaces. 

Fig.  281  represents  a  furnace  which  at  one  time  was 
very  common  in  Europe,  and  some  specimens  of  which 

Fig.  281. 


still  exist  in  Spain  and  Hungary.  It  is  exactly  in  the 
form  of  two  crucibles,  the  one  inverted  over  the  other. 
This  furnace  measures  from  ten  to  sixteen  feet  in  height, 
two  feet  wide  at  bottom  and  top,  and  five  feet  in  the 
centre ;  two  tuyeres  are  seen  at  a  a,  which  admit  the 
nozzles  of  two  pair  of  bellows ;  in  the  front  is  an 
opening  about  two  feet  square,  which,  while  in  work, 
is  built  up  with  brick.  After  the  furnace  is  heated  suffi- 
ciently to  permit  the  descent  of  the  partially-fused  metal, 
it  is  charged  with  the  ore  and  charcoal  fuel,  and  this 
is  continued  till,  from  the  quantity  of  ore  put  in,  the 
reduced  metal  would  be  up  to  near  the  tuyeres.  The 
blast  is  then  stopped,  the  front  part,  or  breast  wall, 
built  up  with  brick,  is  removed,  and  the  iron,  which 
exists  in  a  solid  mass,  is  loosened  and  removed  by  crow- 
bars, and  then  carried  to  the  forge  hammers  and  wrought 
up  into  bar-iron.  The  front  is  again  built  up,  and  the 
smelting  operations  renewed.    From  the  state  in  which 


the  iron  is  obtained,  this  furnace  has  been  named  the 
salamander  furnace. 

Fig.  282  represents  what  is  termed  the  blue  oven. 
This  kind  of  furnace  is  in  common  use  in  Germany, 
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and  approaches  near  to  our  ordinary  blast-furnace  in 
the  internal  si  ipe ;  its  height  is  from  twenty  to  twenty- 
five  feet ;  a  i  dicates  the  tuyere  holes ;  it  is  also  fur- 
nished with  £,  breast,  which  can  be  removed ;  at  the 
bottom,  however,  is  a  small  hole,  to  let  out  the  fluid 
metal;  and  a  little  above  this,  another  to  enable  the 
scoria  to  be  taken  out.  The  bottom  of  the  furnace  is 
made  to  slope  to  the  tap-hole.  The  fuel  used  is  char- 
coal. This  is  considered  an  excellent  furnace  for  spar- 
iron  ore,  and  yields  a  good  steel-iron. 

The  form  of  furnace  used  in  the  Hartz  mountains  is 
shown  in  Figs.  283  and  284.    It  is  constructed  of  very 
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heavy  masonry.  The  crucible  portion,  c,  is  very  high  and 
narrow,  while  the  boshes,  b,  are  exceedingly  flat,  to  allow 
of  a  very  large  body  of  coal  and  ore ;  the  ores  in  that 
locality  being  very  refractory,  composed  mostly  of  red 
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and  brown  hematites  and  carbonates.  The  metal  is 
let  out  from  time  to  time  in  a  fluid  state,  and  is  cele- 
brated for  its  superior  quality  over  most  other  irons. 


Fig.  281. 


This  form  of  furnace  is  used  in  Prussia  and  other 
localities  for  smelting  bog-iron  ores.  It  differs  mate- 
rially from  all  the  other  blast  furnaces  in  its  inter- 
nal shape ;  the  hearth  or  crucible  part,  however,  re- 
sembles that  of  the  one  last  described.  The  height 
of  the  furnace  is  about  thirty  feet ;  the  crucible  portion 
at  the  bottom  is  slightly  tapered,  its  length  being  about 
six  feet,  and  one  and  a  half  feet  wide.  Iron  of  very 
good  quality  is  made  from  the  bog-ore  in  this  furnace, 
the  fuel  being  charcoal. 

Fig.  285  exhibits  the  structure  of  a  furnace  used  in 
Styria  for  the  smelting  of  sparry  iron  ore.    The  total 
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height  is  about  thirty-four  feet ;  the  boshes,  b,  are 
about  nine  feet,  and  the  top  and  bottom  about  two 
feet  six  inches  diameter.  The  blast  is  produced  by 
square  wooden  bellows,  driven  by  water  wheels.  The 

VOL.  IT. 


iron  is  tapped  out  at  intervals  in  quantities  of  from  two 
to  three  hundred  pounds  weight.  Charcoal  is  used  a3 
the  fuel,  and  the  best  quality  of  metal  is  produced  in 
these  furnaces. 

Fig.  28G  represents  the  old  blast  furnaces  of  Sweden, 
which  were  known  to  have  produced  good  iron,  but  in 
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small  quantity,  not  exceeding  three  tons  per  week.  At 
the  present  time  the  furnaces  of  Sweden  are  similar  to 
those  used  in  England. 
Fig.  287  shows  the  interior  of  a  furnace  used  in 

Fig.  287. 
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different  parts  of  Germany,  which  is  a  very  close  ap- 
proximation to  the  most  improved  furnaces  of  this 
country. 

Fig.  288  is  a  blast  furnace  in  Silesia.  It  is  twenty- 
seven  feet  high,  and  is  blown  with  hot-blast  heated 
at  the  top  of  the  furnace.    The  crucible  portion  re- 
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eembles  some  of  those  already  given ;  it  is  seventeen 
inches  wide  at  bottom,  and  twenty-eight  inches  at  top ; 
the  boshes  are  nine  feet  in  diameter,  the  mouth  or  top 
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three  feet.  The  tuyeres  are  fifteen  inches  above  the 
bottom  stone.  The  ore  used  is  the  hydrated  oxide  of 
iron,  and  the  fuel  pinewood  charcoal.  This  furnace  is 
remarkable  for  the  small  amount  of  fuel  required,  and 
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the  production  of  a  very  fluid  metal,  excellent  for  fine 
castings,  and  much  used  for  the  manufacture  of  the 
celebrated  Berlin  castings. 


Fig.  289  is  a  charcoal  blast  furnace  at  New  York;  it 
is  forty  feet  in  height,  and  nine  feet  in  width  at  the 
boshes ;  its  hearth  is  six  feet  six  inches  high,  and  one 
foot  nine  inches  wide.  The  ores  wrought  are  mostly 
the  magnetic  oxide  and  brown  hematite,  with  a  small 
quantity  of  bog-iron  ore.  It  produces  a  good  quality  of 
grey  iron,  very  fusible.  Two  tons  seven  hundred- 
weights of  ore,  and  one  hundred  and  twenty  bushels 
of  charcoal,  are  required  to  produce  one  ton  of  cast- 
iron. 

Fig.  290  is  another  charcoal  furnace,  representing 
those  in  use  at  Pennsylvania  in  America.  The  height 
of  this  furnace,  says  0  veemann,  is  thirty-two  feet,  width 


Fig.  290. 


of  boshes  nine  feet  six  inches,  hearth  five  feet  high,  two 
feet  in  width  at  the  bottom,  and  two  and  a  quarter  feet 
at  top.  The  rich  hydrates,  pipe  ores,  fossil  ores,  et 
cetera,  are  generally  used.  Two  tons  and  a  half  of  ore 
produce,  on  an  average,  one  ton  of  metal ;  for  each  ton 
one  hundred  and  eighty  bushels  of  charcoal  are  required. 
The  furnaces  in  operation  at  the  oldest  establishments 
West  of  the  Alleghany  mountains,  such,  for  instance,  as 
the  Dover  furnaces  at  the  Cumberland  river,  Tennessee, 
are  almost  a  true  copy  of  those  in  use  in  Eastern  Penn- 
sylvania ;  both  require  the  same  amount  of  fuel,  and 
both  yield  similar  results.  Going  further  West,  there 
is  a  greater  amount  of  coal  used  to  produce  a  given 
amount  of  iron.  For  instance,  at  the  Alleghany  and 
Ohio  furnaces,  as  far  down  as  Hanging  Rock  and  Ports- 
mouth, one  hundred  and  seventy  to  one  hundred  and 
eighty  bushels  of  charcoal  are  considered  sufficient  to 
make  a  ton  of  iron,  while  in  Kentucky  and  Ten- 
nessee from  two  hundred  to  two  hundred  and  fifty 
bushels  of  charcoal  are  required  to  produce  the  same 
amount. 

Such  are  a  few  of  the  different  sorts  of  furnaces, 
fitted  up  as  circumstances  and  locality  have  suggested, 
— all  of  them  possessing  certain  qualities  suitable  to 
the  conditions  in  which  the  work  is  conducted,  and 
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showing,  what  has  been  already  stated,  that  the  kind 
of  fuel  and  ore  often  necessitates  modifications  in  the 
furnace. 

The  furnaces  at  present  in  use  in  this  country  vary 
a  little  in  their  structure,  according  to  the  fancy  of 
the  builder,  their  early  or  recent  construction,  and 
whether  originally  intended  for  the  cold  or  hot  blast. 
A  view  of  the  general  structure  of  the  modern  furnace 
has  been  already  given — page  415.  Mr.  J.  J.  Griffin, 
in  a  series  of  interesting  models  of  manufacturing  ap- 
paratus for  lectures,  exhibits  one  of  a  blast  furnace, 
similar  to  those  employed  in  the  neighborhood  of  Glas- 
gow, where  the  hot  blast  is  used.  This  is  represented 
in  Fig.  291,  and  will  be  seen  to  differ  a  little  from  any 
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of  the  preceding,  in  having  the  body  of  the  furnace 
more  of  a  cylindrical  shape. 

The  interior  dimensions  and  measurement  of  two 


well-going  furnaces,  of  the  average  size  and  struc- 
ture used  in  this  country,  are  thus  tabulated  by  Dr. 
Ure:— 

No.  1.  No.  2. 
Foot.  Feet 


Height  from  the  hearth  to  the  throat 

or  month,   45-0  ..  49-0 

Height  of  the  crucible  or  hearth,   G'5  ..  6'0 

Height  of  the  boshe8,   8-0  . .  7-0 

Height  of  the  cone,   30-5  . .  36-0 

Height  of  the  chimney  or  mouth,   8*0  . .  12*5 

Width  of  the  bottom  of  the  hearth,. ...  2-5  ..  2-0 

Width  at  its  upper  end,   3-0  . .  2-5 

Width  of  the  boshes,   12-5  ..  13-5 

Width  at  one-third  of  the  belly,   12-0  ..  11-5 

Width  at  two-thirds  of  the  belly,   8-5  . .  9-5 

Width  at  mouth,   4-5  . .  3-5 

Inclination  of  the  boshes,   59°  . .  52° 


Materiel  of  the  Furnace. — The  bottom  or  hearth, 
which  may  be  considered  the  crucible  portion,  or  the 
part  where  the  fused  matters  collect,  is  generally  com- 
posed of  a  silicious  stone  found  in  the  coal  measures, 
termed  millstone-grit,  or  fire  stone,  from  its  refractory 
character.  The  upper  portion  of  the  chamber  is  lined 
with  fire  brick. 

The  fire  clay  for  making  the  bricks  which  line  the 
furnace,  and  which  is  generally  found  in  the  same  mine 
with  the  ironstone,  varies  very  considerably  in  composi- 
tion in  different  localities,  having  properties  more  or 
less  suitable  for  the  purpose,  according  to  the  absence 
of  oxides,  and  the  quantity  of  silica  and  alumina.  Tay- 
lor, in  his  analysis  of  the  rocks  of  the  coal-measures 
at  the  Hartley  pit,  gives  the  following : — 


mnu.  onuic.  ocmsi. 

Silica,   62-14  . .  63-89  . .  58-99  . .  56-51 

Alumina   31-07  . .  33-49  . .  26-19  . .  31-89 

Oxide  of  iron,   2-24  ..    —  ..  10-25  ..  7-04 

Lime,   0-74  ..    2-01  ..    0-67  ..  1-69 

Magnesia   0-83  ..    0-61  ..    1-54  ..  0-85 

Potassa,   2-45  ..    —  ..    2-34  ..  1-38 

Soda,   —     . .    —  . .  —  . .  0-61 

Loss,   0-53  ..  —  ..    0-02  ..  003 


110-00     100-00     100-00  100-00 

Dr.  Richardson  gives  the  subjoined  analysis  of 
the  principal  fire  clays  in  the  neighborhood  of  New- 
castle : — 


Silica   51-10 

Alumina,   31-35 

Oxide  of  iron,   4-63 

Lime,   1-46 

Magnesia,   1-54 

Water,  and  organic  matter, . .  10-47 


100-55 


....  47-55  ....  48-55  ....  51-11 

  29-50  ....  30-25    30-40 

....    9-13  ....    4-06   4-91 

....    1-34            1-66  ....  1-76 

....    0-71             1-91  ....  trace 

 12-01   10-67  ....  12-29 


100-24  97-10  100-47 


71-28  .. 

..  83-29  .. 

..  69-25 

17-75  .. 

..    8-10  .. 

..  17-90 

J-2-43  •• 

..    1-88  .. 

. .  2-97 

2-30 

•'j-2-99  .. 

. .  1-30 

6-94  .. 

3-64  .. 

. .  7.58 

100-70 

99-90 

98-90 

Stourbridge  has  been  long  celebrated  for  its  fire 
clay,  which  is  admirably  fitted  for  making  crucibles 
and  lining  furnaces.    The  composition  of  various  qua- 


lities of  this  clay  as  given  by  different  analysts,  along 
with  fire  clays  from  several  other  localities,  is  shown 
in  the  following  table  : — 


Silica,  

Alumina,  

Oxide  of  iron,  . . 

Lime,  

Magnesia  


Stourbridge 

Monmouth. 

Pembroke. 

Govan. 

Bcrtliier. 

8nlvctt. 

Cowper. 

Cowper. 

Penny. 

Penny. 

.  63-7  .. 

  45-25  ... 

...  63-3  .. 

 75-3  ... 

...  88-43  ... 

. ..  60-2 

 59-7 

..  20-7  .. 

....  28-77  ... 

. ..  25-3  .. 

....  16-8  ... 

. ..    6-90  ... 

..  37-7 

  37-5 

.    4-0  .. 

  7-72  ... 

...    1-8  .. 

....    1-0  ... 

. ..    1-50  .. . 

. .  1-0 

  2-3 

....    0-47  ... 

. ..    1-5  .. 

...    0-9  ... 

, ,    3-40  . . . 

..  1-0 

,  ,  ,  ,  1-0 

.  10-3  .. 

....  17-34  ... 

. ..  10-3  .. 

....    6-0  ... 
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For  the  sake  of  comparison,  analyses  of  a  few  fire 
clays  from  different  localities  on  the  Continent  are  here 
added : — 


Beaufoy's 

dep  ck'a 

Schlcrdorf 

Gross. 

Almorode. 

Ardennes. 

near  l'nssau. 

Worthier. 

Salvclnl. 

Bcrtbicr. 

Salvetal. 

.  47-50 

.    520  . 

.  45-79 

,  34-9  . 

.    34-37  . 

.    27-0  . 

.  28-10 

Oxide  of  iron, . 

.    3-0  . 

1-24  . 

.      2-0  . 

.  6-55 

.      0-50  . 

.  2-00 

.      1-00  . 

Water,  

..  15-2  . 

.    14-43  . 

'.    19-0  ! 

'.  17-00 

In  making  the  bricks  from  these  clays,  they  lose  the 
water  and  become  anhydrous  ;  so  that  the  character  of 
the  compound  is  thus  considerably  altered.  Fire  clay 
is  also  used  as  mortar  for  the  inside  lining  of  the  fur- 
nace, which  is  subject  to  high  heat.  The  outside  work 
of  the  furnace  is  constructed  either  of  common  brick 
or  stone,  according  as  the  one  or  the  other  is  most 
easily  procured  in  the  locality. 

The  Blast. — Having  described  the  various  forms 
of  furnaces,  it  will  now  be  necessary  to  refer  briefly  to 
the  mode  of  producing  the  blast.  It  has  been  stated 
that  in  olden  times  the  pit  furnaces,  or  bloomeries,  as 
they  were  termed,  were  often  made  on  the  face  of  a 
declivity,  having  a  frontage  to  the  sea-breeze,  with  a 
proper  construction  for  admitting  the  air ;  but  that, 
by-and-by,  bellows  were  used  of  various  forms,  accord- 
ing to  the  state  of  the  arts ;  and  that  in  the  last  cen- 
tury an  improvement  was  effected,  which  completely 
revolutionized  the  smelting  operations  by  the  introduc- 
tion of  what  is  termed  the  cylinder  blast,  or  blowing 
machine.  This  is  made  somewhat  similar  to  the  cylin- 
der of  a  steam-engine,  as  shown  in  the  annexed  draw- 
ing—Fig. 292. 

The  cylinder  is  made  of  cast-iron,  accurately  turned 
inside,  and  fitted  with  a  piston,  made  air-tight  either 
by  packing  with  hemp  or  gutta-percha,  or  by  a  metallic 
spring.  It  is  closed  at  both  ends;  but  the  cover  is 
provided  with  an  aperture  for  the  piston-rod,  stuffed 

Fig.  292. 


with  leather  or  other  suitable  material  to  prevent  the 
air  from  passing  through.  In  the  figure  the  piston 
is  being  forced  down ;  the  valve  at  a'"  is  open  to  admit 


the  air  from  the  external  atmosphere ;  while  the 
valve,  a,  is  shut  to  prevent  it  being  pressed  out ;  and 
the  valve,  a',  is  open  to  allow  the  pressed  air  to  pass 
into  the  chamber,  B ;  while  the  valve,  a",  is  shut  to  pre- 
vent the  pressed  air  returning  to  the  upper  portion  of 
the  cylinder.  When  the  piston  returns  upwards,  the 
conditions  are  reversed;  the  valves,  vi"  and  o',  are  shut, 
and  a  and  a"  are  open ;  from  the  chamber,  B,  is  a  pipe, 
o,  which  conveys  the  blast  to  the  tuyeres  opening  into 
the  furnace. 

To  prevent  the  fusion  of  the  nozzles  of  the  pipes 
conveying  the  blast,  the  tuyeres  are  made  of  a  hollow 

Fig.  293. 


mass  of  cast-iron  of  a  conical  shape,  through  which 
flows  a  current  of  cold  water.  The  nozzle  of  the  pipe 
is  connected  with  the  main  pipe  by  leather  bands  or 
rings. 

The  tuyeres  are  generally  three  in  number,  entering 
the  blast  furnaces  in  three  different  parts.  Care  is 
taken,  however,  that  although  at  the  same  level,  they 
are  not  placed  in  such  a  position  that  the  different 
currents  should  come  into  contact  with  each  other  in 
the  furnace.  The  drawing — Fig.  293 — will  illustrate 
their  position. 

When  cold-blast  is  applied,  the  air  passes  directly  to 
the  blast  furnace ;  but  when  hot-blast  is  used,  the  air 
is  made  to  circulate  through  pipes  fitted  into  a  large 
chamber  furnace,  by  which  the  air  is  heated  to  several 
hundred  degrees,  and  then  admitted  to  the  blast  fur- 
nace. Fig.  294  will  give  an  idea  of  the  mode  of 
heating  the  air  in  its  passage  from  the  blowing  ma- 
chine to  the  blast  furnace. 

The  chamber  in  which  the  air  is  condensed  by  the 
blowing  cylinder  is  large,  and  a  considerable  quantity 
of  air  is  pressed  into  it,  so  that  the  blast  entering  the 
tuyeres  is  continuous.  The  pressure  at  which  the 
air  is  thrown  into  the  furnace  varies,  and  Bmelters 
work  with  diflerent  pressures,  according  to  the  naturo 
of  the  fuel  employed  and  the  season  of  the  year.  In 
summer  a  larger  quantity  is  injected  than  in  winter, 
owing  to  the  air  containing  less  oxygen  in  a  given 
bulk  in  warm  than  in  cold  weather.  The  moisture 
of  the  air  also  affects  the  action  of  the  blast — all  which 
circumstances,  even  where  the  greatest  care  is  taken, 
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are  found  to  cause  considerable  variation  in  the  work- 
ing of  the  furnace.   The  special  effects  produced  by 


Fig.  294. 


the  nature  and  quality  of  the  blast  will  be  considered 
afterwards. 

Having  given  a  brief  outline  of  the  different  forms 
of  blast  furnace  and  the  blowing  machine,  it  may 
be  necessary  further  to  mention  in  reference  to  the 
furnace,  that  when  newly  built,  great  care  is  required 
in  bringing  it  to  a  heat.  If  the  heat  be  raised 
too  rapidly,  the  furnace  is  apt  to  crack  and  become 
damaged.  A  small  fire  is,  therefore,  kindled  in  the  first 
place,  and  gradually  increased  till  the  whole  building  is 
quite  dry,  by  which  time  the  fire  in  the  furnace  will  be 
at  the  height  of  the  boshes,  requiring  for  this  several 
days ;  then  small  quantities  of  ore  are  mixed  with  the 
fuel,  and  this  is  continued  until  the  first  portions  of  the 
ore  have  sunk  to  near  the  tuyeres,  when  the  furnace 
may  be  said  to  begin  its  work. 

The  Fuel. — The  fuel  employed  in  the  blast  furnace 
is  either  charcoal,  coke,  or  coal.  It  has  been  shown 
that  the  first  was  almost  exclusively  used  until  the 
second  half  of  the  last  century,  when  the  introduction 
of  the  cylinder  blowing  machine,  along  with  the  steam- 
engine,  permitted  pit-coal  to  be  most  advantageous. 
It  is  true  that,  when  this  change  was  introduced, 
considerable  difficulties  were  experienced  in  working 
the  rich  oxide  ores  ;  they  fused  too  easily,  and  passed 
down  into  the  mass  of  melted  iron  before  the  whole 
of  the  oxide  was  reduced  to  the  metallic  state.  Experi- 
ence, therefore,  taught  the  smelter  to  use  these  rich 
ores  in  small  quantities  only,  mixing  with  them  the 
earthy  and  carbonated  ores ;  and  a  more  judicious 
apportioning  of  the  flux  has  latterly  enabled  him  more 
completely  to  overcome  the  difficulty. 

The  nature  and  qualities  of  different  kinds  of  fuel 
have  been  fully  discussed  in  a  separate  article  de- 
voted to  that  subject,  to  which  the  reader  is  re- 
ferred for  some  important  information  in  connec- 
tion with  its  application  to  the  smelting  of  iron 
ores.      It  is  of  the  utmost  importance  that  the 


metallurgist  should  have  a  thorough  understanding  of 
the  nature  and  value  of  his  fuel,  otherwise  he  will 
be  always  liable  to  variations  in  the  production  of  his 
furnace.  There  is  first  to  be  considered  the  intensity 
of  the  heat  to  be  obtained  from  a  given  bulk  of  fuel. 
This  will  be  modified  to  a  certain  extent  by  the  nature 
of  the  blast  and  the  shape  of  the  furnace ;  but  coals 
that  have  much  volatile  matter  in  them  lose  this  at 
a  low  heat,  before  the  caloric  which  it  would  supply 
can  act  upon  the  lime  employed  as  flux.  Such  coals 
are  considered  weak  for  smelting.  Fuel  containing 
much  ash  is  also  proportionally  weak.  The  quality  of 
the  ash  must  likewise  be  considered  with  a  view  to  the 
question,  whether  it  contains  ingredients  deleterious  to 
the  iron ;  and  also,  whether  the  coal  or  coke  contains  any 
impurity,  such  as  sulphur,  which,  though  not  remaining 
in  the  ash,  may  yet  combine  injuriously  with  the  iron. 
When  charcoal  is  the  fuel,  the  only  care  of  the  smelter 
is  economy,  as  far  as  consistent  with  the  production  of 
slags  free  from  iron  ;  for  the  ash  or  incombustible  por- 
tion of  charcoal  is  so  small,  and  generally  of  such  a 
character,  as  to  be  easily  fused  and  taken  up  by  the 
earths  of  the  ore,  so  that  there  is  little  risk  of  any 
deterioration  of  the  iron  from  this  cause.  Indeed  the 
ash  of  charcoal  is  generally  composed  of  such  matters 
as  form  the  best  class  of  flux  for  the  silica.  In  slags 
from  the  iron  smelted  with  charcoal,  there  is  generally 
nothing  present  but  the  pure  silicate  of  lime,  with  a 
little  potassa  or  other  alkali,  which  may  have  been  pre- 
sent in  the  ash  of  the  charcoal.  With  coal  and  coke, 
however,  the  results  are  different.  It  will  be  seen  from 
the  analysis  of  coal,  given  under  Fuel,  that  much  of  it 
contains  small  quantities  of  sulphur  in  the  form  of  iron 
pyrites.  Whether  the  coal  he  used  raw  or  coked,  the 
sulphur  and  the  iron  remain  united,  the  sulphur  being 
often  amongst  the  last  matters  expelled  by  combustion, 
and  only  when  the  heat  of  the  combustion  is  lower 
than  will  fuse  the  sulphide  of  iron ;  but,  if  higher,  these 
will  fuse  together,  and  flow  by  their  weight  through 
the  burning  fuel,  and,  in  the  blast  furnace,  would  mix 
with  the  iron ;  consequently,  the  presence  of  sulphur 
in  the  fuel  is  highly  injurious,  and  ought  to  he  carefully 
avoided.  The  ash  of  some  coals  being  also  consider- 
able in  quantity,  constitutes  a  great  proportion  of 
the  materials  entering  into  combination  in  the  furnace, 
either  as  scoria  or  with  the  metal:  When  fuel  con- 
tains sulphur,  or,  as  is  often  the  case,  the  ore  contains 
small  portions  of  sulphur,  a  large  excess  of  lime  has  to 
be  added,  which,  when  sulphide  of  iron  is  present  and 
brought  into  contact,  decomposes  it,  forming  a  sulphide 
of  calcium,  which  is  found  in  the  slags  or  scoria.  Yet, 
notwithstanding  these  reactions,  the  iron  produced  from 
coke  and  coal  is  seldom  free  from  a  small  portion  of 
sulphur,  and  is  inferior  to  that  made  by  charcoal. 

Many  processes  have  been  tried  to  free  the  coke 
used  for  smelting  purposes  from  sulphur.  Mr.  Cal- 
vert recently  proposed  to  apply  small  portions  of 
chloride  of  sodium  to  the  coke  in  the  process  of  manu- 
facture, by  which  means  the  fuel  was  made  more 
suitable  for  the  iron  being  freed  from  its  sulphur, 
and  in  several  experiments  the  iron  made  from  this 
prepared  coke  was  found  much  superior  to  the  ordi- 
nary quality ;  but  the  process  has  not  yet  been  very 
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extensively  adopted.  Small  portions  ot  chloride  of 
sodium  have  also  been  applied  directly  to  the  blast 
furnace,  being  injected  by  the  blast,  with  results  less  or 
more  favorable  in  different  localities  where  tried.  Car- 
bonates of  potassa  and  soda  in  small  quantity,  mixed 
with  slaked  lime,  have  also  been  injected  into  the  fur- 
nace for  the  same  object ;  but  nothing  as  yet  of  any 
real  practical  value  has  been  adopted  to  free  the  iron 
from  the  sulphur  which  may  have  combined  with  it 
from  either  the  fuel  or  ore.  It  is  true  that  its  de- 
teriorating influence  is  generally  considered  by  the 
smelter  to  be  greater  than  that  of  any  other  impurity ; 
but  this  effect  is  probably  exaggerated,  as  there  are 
other  impurities  common  to  cast-iron,  which  are  as 
injurious  to  the  quality,  and  are  present  in  greater 
proportion  than  the  sulphur ;  some  of  these  will  be 
considered  in  a  subsequent  part  of  this  article. 

In  a  paper  which  was  read  by  Mr.  Fairbairn  before 
the  Society  of  Civil  Engineers,  the  chemical  action  of 
the  chloride  of  sodium  added  to  the  coke  was  thus 
described : — When  coal  was  first  subjected  to  heat  in 
a  coke  oven,  the  bisulphide  of  iron  contained  in  the  coal 
was  decomposed  into  sulphur,  which  latter  was  distilled 
or  burned,  and  also  into  protosulphide  of  iron,  which 
remained  in  the  mass,  and  was  acted  upon  by  the  chlo- 
ride of  sodium,  as  it  was  volatilized  at  a  red  heat ;  thus 
chloride  of  iron  and  protosulphide  of  sodium  were  pro- 
duced. Then  a  second  chemical  reaction  ensued :  the 
protochloride  of  iron  was  decomposed  into  a  subehlo- 
ride  of  iron,  and  the  chlorine  gas,  thus  liberated,  re- 
acted on  the  sulphide  of  sodium,  giving  rise  to  chloride 
of  sodium  and  to  chloride  of  sulphur,  which  latter  was 
disengaged — so  that  the  prepared  coke  contained  less 
sulphur  than  the  ordinary  coke ;  but  admitting  even 
that  a  small  portion  remained,  it  would  be  in  the  state 
of  sulphide  of  sodium,  which  would  not  yield  any  of 
its  sulphur  during  combustion,  but  passed  into  the 
cinders  of  the  blast  furnace  or  of  the  cupola,  and  the 
sulphur,  thus  fixed,  did  not  enter  into  combination 
with  the  iron,  preventing  crystallization  during  the 
process  of  smelting,  and  giving  greater  tenacity  and 
closeness  of  texture  both  to  the  cast  and  to  the  malle- 
able iron. 

The  Flux. — It  will  be  seen,  by  referring  to  the 
different  qualities  of  the  ores  of  iron,  that  mostly  all  of 
them  contain  small  quantities  of  other  matters ;  and 
that  when  these  are  silica  and  alumina,  which  are  the 
most  common,  either  separately  or  together,  they  are 
infusible  in  the  blast  furnace ;  but  at  a  temperature  be- 
low that  of  melting  iron,  they  will  combine  with  the 
oxides  of  other  metals,  and  form  with  them  combina- 
tions that  are  fusible.  The  oxides  of  iron  combine 
readily  with  silica,  and  form  a  silicate  of  iron  which  is 
very  easily  fused.  If,  then,  a  mixture  of  iron  ore  and 
coal  be  put  into  the  blast  furnace,  the  reactions  may 
be  represented  as  somewhat  like  the  following.  Sup- 
pose a  mixture  is  taken  of  clay  and  black  band,  com- 
posed as  under : — 

Oxide  of  iron,   80 

Alumina,   13 

Silica,   7 

When  these  materials  reach  a  temperature  in  the  fur- 
nace sufficiently  high  to  fuse  a  compound  silicate  of 


alumina  and  oxide  of  iron,  the  silica  and  alumina  pre- 
sent will  take  up  the  required  proportion  of  oxide 
of  iron,  and  only  the  remainder  of  the  iron  will  be 
reduced  as  metal,  the  silicates  forming  scoria;  and 
thus  a  great  quantity  of  the  iron  will  be  lost,  varying 
according  to  the  quantity  of  silica  present  in  the  ore. 
By  a  mixture  of  the  iron  ores  above-mentioned,  nearly 
one-third  of  the  whole  iron  would  be  lost. 

The  object  of  the  smelter  is  to  obtain  all  the  iron 
that  exists  in  the  ore.  In  order  to  effect  this,  it  is 
necessary  to  put  into  the  furnace,  along  with  the  ore, 
some  matter  that  will  combine  with  the  silica  in  pre- 
ference to  the  oxide  of  iron,  and  leave  the  latter  to 
be  reduced  by  the  carbon.  This  must  be  some  ingre- 
dient which  can  be  procured  in  abundance  at  little  ex- 
pense, that  it  may  not  materially  enhance  the  cost  of 
producing  the  iron.  The  substance  which  best  fulfils 
these  conditions  is  limestone.  Accordingly,  in  the 
smelting  of  iron  on  the  large  scale,  lime  is  the  only 
flux  used ;  and  fortunately  it  is  generally  found  in 
abundance  along  with  the  ore,  as  the  lowest  bed  of  the 
coal  formation  in  this  country  usually  rests  upon  lime- 
stone. Thus,  not  only  the  ore,  but  the  flux,  and  even 
the  fuel  itself,  the  blocks  of  refractory  stone  necessary 
for  constructing  the  furnace,  and  the  clay  of  which  the 
fire  bricks  are  composed,  are  often  all  found  together 
—a  provision  calculated  to  excite  the  admiration  of 
even  the  most  unreflecting. 

When  lime  and  silica  are  subjected  .to  a  high  tem- 
perature the}'  combine  easily,  and  form  a  fusible  com- 
pound. The  proportions  in  which  lime  and  silica 
unite  are  various ;  but  the  heat  required  for  their  fusion 
differs  according  to  the  amount  of  lime  present.  If 
there  is  but  a  small  quantity  of  lime  compared  with  the 
silica,  it  requires  a  much  higher  temperature  to  fuse 
than  if  the  former  was  in  greater  quantity  than  the 
latter.  Taking  the  equivalent  of  silica  at  4G,  then  the 
weights  which  will  be  required  to  form  a  protosilicate 
with  the  following  bases,  are — 


Slaked  lime,   45 

Limestone,   58 

Fluor  spar,   39 

Carbonate  of  magnesia,   34 

Carbonate  of  potassa,   69 

Carbonate  of  soda,   53 

Protoxide  of  iron,   36 

Sesquioxide  of  iron   40 


When  alumina  is  combined  with  the  silica,  forming 
a  natural  clay,  a  much  more  compact  and  fusible  com- 
pound is  formed  with  the  lime  than  when  the  silica  is 
alone.  Indeed,  it  has  been  observed  as  a  general  prin- 
ciple, that  the  point  of  fusion  is  materially  affected  by 
the  relation  and  number  of  bases  the  whole  materials 
contain :  thus,  a  more  liquid  scoria  is  obtained  by 
the  addition  of  a  limestone  containing  magnesia  than 
with  a  pure  limestone.  But  experience  is  against  the 
use  of  a  magnesian  limestone,  because  it  deteriorates 
the  iron  produced,  while  the  purity  of  the  metal  is  the 
primary  consideration.  That  which  contains  much 
silica  should  also  be  used  sparingly,  as  silica  combines 
with  the  iron  and  injures  its  quality. 

The  purest  limestones  are  the  most  suitable  for  flux. 
Common  marble  is  nearly  a  pure  carbonate  of  lime ; 
but  is  too  rare  and  expensive  to  be  used  as  a  flux. 
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Chalk  is  another  very  pure  carbonate,  and  forms  a 
most  excellent  flux,  but  is  seldom  used  in  large 
operations. 

Oolite  limestone,  which  derives  its  name  from  its 
being  composed  of  small  round  grains  like  the  roe  of  a 
fish,  is  another  excellent  and  pure  carbonate  of  lime. 

Compact  limestone,  grey  limestone,  mountain  lime- 
stone, et  cetera,  are  very  abundant,  and  are  found  of 
a  great  variety  of  colors,  but  never  so  white  as  the 
preceding,  as  they  often  contain  carbon  and  oxide  of 
iron,  which  are  not  detrimental  as  a  flux. 


There  is  another  family  of  limestones  termed  the 
swinestone,  and  bituminous  limestone;  or  sometimes 
stinkstone  or  fetid  limestone,  from  its  giving  out  an 
offensive  smell  when  rubbed  against  any  hard  substance. 
This  mineral  is  dark  in  the  color,  owing  to  the  car- 
bonaceous matters  combined  with  it,  and  very  hard ; 
but  when  burned  it  is  white,  and  forms  an  excellent 
pure  lime  and  a  good  flux. 

The  following  analyses  of  different  limestones  used  as 
flux,  selected  from  various  sources,  will  give  the  reader 
the  best  idea  of  their  variety: — 


Calcareous 
6pm-  from 
ADdraasberg. 

Carbonate  of  lime,   99-54 

Carbonate  of  magnesia,   — 

Protoxide  of  iron,    

Protoxide  of  manganese,   — 

Silica,     ][ 

Alumina,     ' ' 

Oxide  of  iron,  "» 

Oxide  of  manganese,  j 

Water,   0*10 


CONTINENTAL  LIMESTONES. 


Coarse-grained 
limestone 
from  Paris. 


0-36 


{::;:  !? 


100-00    100-0 


White  granular 

limcstono 
from  Drehbuch. 

.  .  96-30  ... 
..       2-42  ... 

. .  0-72  ... 
..      0-40  ... 


trace. 


1-20 


101-04 


Chalk 
from 
Bougival. 

95-50  . 
0-80  . 
0-80  . 


1-70 
1-20 


100-00 


Yellowish-grey  Shell-limestone, 

limestone  Muscholkalk, 
from  near  Lyon,    from  liollenhagen. 


94-0 
1-6 


83-83 
1-76 

10-68 

0-  03 

1-  73 

0-  06 

1-  93 


. .  100-00 


SUTHERLANDSHIEE. 


Assynt. 

Oxide  of  iron  and  alumina 

Alkaline  salts,  

. .  . .  -20 

100-00 

STIRLINGSHIRE. 

.  93-32  .. 

...  97-80 

Carbonate  of  magnesia, . . . 

Sesquioxide  of  iron,  

Carbonaceous  matter, 

.    2-79  .. 
.    0-28  .. 
.    1-36  .. 

. . .  0-63 
. . .  0-64 
. , .  1-92 

.  2-25 

100-00 

100-99 

AltGYLESIIIRE. 


Carbonate  of  lime,  

Carbonate  of  magnesia,,. . 
Alumina  and  oxide  of  iro 

Silicious  matter,  , 

Loss.  


Ardour. 

Contyre. 

Ban. 

.  90-14 

..  89-15 

.  98-05 

.  90-96 

0-31 

. .  2-56 

.  0-44 

.  0-62 

,  0-51 

. .  0-51 

.  0-29 

.  1-81 

9-08 

. .  7-48 

.    1-27  . 

.  6-40 

. .  0-30 

.  0-21 

100-04 

..100-00 

.100-05  . 

.100-00 

INVERNESS-SmKE. 


Beauly. 


Carbonate  of  lime,               93-82    94-10 

Carbonate  of  magnesia,          1-64    1-00 

Alumina  and  oxide  of  iron,    0-99    2-16 

Silicious  matter,                    3-55    2-74 


100-00 


100-00 


NORFOLKSHIRE. 


Carbonate  of  magnesia,. . . . 
Oxide  of  iron  and  alumina, 

Clay,  

Loss,  


62-95  . 

. .    81-55  . 

. .    69-90  . 

. .    47-90  . 

. .  88-40 

. .    trace.  . 

. .     5-85  . 

7-40  '. 

. .     4-65  . 

. .     6-45  . 

. .    trace.  . 

.' '.  4-55 

29-35  . 

. .    14-15  . 

. .    17-45  . 

. .      8-22  . 

. .  5-25 

•30  . 

■35  . 

. .     3-88  . 

..  1-80 

100-00 

100-35 

100-00 

100-00 

100-00 

NORTHUMBERLANDSIIIRE. 


Carbonate  of  magnesia, . 

Silica,  

Loss,  


Hastington. 

Kirklieaton. 

Belsay. 

97-5  . 

. . .    93-1    . . 

.  95-6 

•6  . 

. .     4-4    . . 

.  1-4 

1-3  . 

. .     2-2    .. . 

.  30 

■6  . 

..    .  -3  ... 

100-0 

100-0 

100-0 

Allcrwash. 

Dryburn. 

Oxford. 

98-39  . 

. .  99- 

.  96-2 

2-40    '. '. 

1- 

.  3-6 
■2 

100-79 

100- 

100-0 

CTJMBERLANDSIIIRE. 


'Carbonate  of  lime,  

Carbonate  of  magnesia,  

Sulphate  of  lime,  

Phosphate  of  lime,  

Alumina  and  oxide  of  iron,.. 
Silica,  


Cockemiouth. 

Brampton. 

Kelhead 

..  94-86  . 

94-56  . 

.  95-95 

..    1-26  . 

2-32  . 

.  0-54 

..    0-23  . 

0-32  . 

.  0-24 

0-33  . 

..    0-73  . 

1-18  . 

1-21 

1-29  . 

2-06 

100-00 

100-00 

100-00 

^  Many  of  the  preceding  analyses  indicate  small  quan- 
tities of  magnesia,  which,  when  only  a  small  per- 
centage is  present,  may  be  used  freely ;  but  where  it 
exceeds  six  per  cent.,  it  is  better  not  to  employ  such 
limestones  if  others  can  be  obtained;  for  although* 
fluxing  more  easily  than  pure  lime,  they  are  considered 
to  deteriorate  the  iron.  The  following  are  a  few  ana- 
lyses of  what  are  termed  the  magnesian  limestone, 
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which,  for  reasons  already  stated,  ought  to  be  avoided 
as  a  flux : — 

English.  Scotch.  Foreign. 

Carbonate  of  lime,   54-50          53-09   55-36 

Carbonate  of  magnesia,  ...  44-93           43-49   41-30 

OxiJe  of  iron,   0-33   0-96   2-00 

Silica,   0-24          2-46  ....  0-50 

Loss   —   ....    —  ....  0-84 

100-00       100-00  100-00 

Limestone  also  often  contains  much  more  silica  than 
is  shown  in  any  of  the  above  analyses ;  this  is  likewise 
a  deleterious  matter,  as  it  combines  with  the  iron  and 
makes  it  very  weak ;  consequently,  limestone  should 
all  be  tested  previous  to  using  it  as  a  flux,  which  may 
be  done  easily.  Good  limestone  should  effervesce  with 
great  violence  when  put  into  dilute  hydrochloric  acid ; 
magnesian  limestone  produces  less  effervescence.  The 
best  method  of  testing  is  to  take  twenty-five  grains  of 
the  limestone  ground  and  dried,  and  digest  in  a  small 
glass  flask  with  dilute  hydrochloric  acid  till  all  efferves- 
cence ceases;  the  solution  is  then  filtered,  and  that 
which  remains  upon  the  filter  may  be  regarded  as  silica  ; 
this  is  to  be  dried  and  weighed.  To  the  filtered  solu- 
tion add  ammonia  to  neutralize  the  acid  ;  this  will  pre- 
cipitate the  iron  and  any  alumina  in  solution,  but  when 
these  are  in  minute  quantity  the  solution  need  not  be 
filtered,  as  the  presence  of  iron  is  as  useful  as  lime.  In 
this  case,  add,  immediately  after  the  ammonia,  oxalate 
of  ammonia,  so  long  as  a  precipitate  is  formed  ;  warm 
the  solution,  and  after  about  thirty  minutes,  filter  and 
wash  ;  this  when  dried  and  burned  at  a  red  heat,  gives 
the  quantity  of  carbonate  of  lime.  To  the  filtrate  add 
a  solution  of  phosphate  of  soda,  which  precipitates  the 
magnesia,  if  any  be  present,  as  phosphate.  This, 
after  being  filtered,  dried,  and  burned,  contains  in 
every  one  hundred  parts,  36'5  magnesia,  equal  to  76'7 
of  carbonate  of  magnesia — the  condition  in  which  it 
exists  in  the  mineral.  Thus  the  quality  of  the  lime  for 
fluxing  can  be  easily  ascertained ;  of  course,  as  only 
twenty-five  grains  are  used  in  this  test,  the  results 
must  be  multiplied  by  four  to  get  the  per-centage. 

Proportions  of  the  Charge. — It  has  been  stated  that, 
in  the  assaying  process,  the  iron  is  reduced  from  its  ore 
by  putting  the  mixed  materials  into  a  crucible,  which 
is  placed  in  the  centre  of  the  fire,  so  that  the  heat  is 
applied  to  it  externally.  A  blast  furnace  differs  from 
a  crucible,  in  so  far  as  not  only  the  ore  and  flux,  but 
likewise  the  whole  of  the  fuel,  is  thrown  into  it.  For 
this  purpose,  men  are  constantly  employed  in  wheeling 
the  materials  to  the  furnace  in  barrows  made  of  sheet- 
iron,  which  are  raised  up  by  machinery  to  the  platform 
round  the  mouth  of  the  furnace,  and  their  contents  dis- 
charged into  it,  care  being  taken  to  keep  the  furnace 
full.  Where  the  ore  is  a  mixture  of  clay  and  black- 
band  with  coal  as  fuel,  the  charge  is  generally  about 
the  following  proportions : — 

Hundred  weights. 

Calcined  black -band,   4*5 

Calcined  clay-band,   4-5 

Limestone,  1-5  to  2-0 

Coal,   10-0 

These  are  all  mixed  roughly  and  put  into  the  barrows. 
Sometimes  the  very  large  pieces  of  coal  are  broken 


into  smaller  ones  ;  some  smelters  also  break  the  lime- 
stone into  small  pieces  of  the  size  used  for  macada- 
mizing roads  ;  others  think  this  unnecessary,  from  the 
fact  that  the  limestone,  when  put  into  the  furnace, 
very  soon  flies  to  pieces  by  the  heat,  and  thus  saves  the 
labor  of  breaking  by  hand.  Dr.  Ure  gives  the  fol- 
lowing as  the  practice  in  Staffordshire  : — As  soon  as  the 
furnace  gets  into  a  regular  heat,  the  working  consists 
simply  in  charging  it  at  the  opening  in  the  throat 
whenever  there  is  a  sufficient  empty  space,  the  only 
rule  being  to  keep  the  furnace  sufficiently  full.  The 
coke  is  measured  in  a  basket,  thirteen  of  which  go  to 
the  ton.  In  twenty-four  hours  there  are  thrown  into 
a  furnace,  such  as  Fig.  280,  fourteen  and  a  half  tons 
of  coke,  sixteen  tons  of  roasted  ore,  and  six  and  three- 
quarter  tons  of  limestone,  from  which  about  seven  tons 
of  pig-iron  are  produced.  But  the  exact  proportions 
of  the  materials  put  into  the  blast  furnace  differ  in 
every  locality,  and  with  every  change  of  ore  or  coal. 

Reactions  in  the  Furnace. — The  changes  produced 
in  the  materials  put  into  the  furnace  in  their  descent 
from  the  mouth  to  the  hearth,  where  they  are  separated 
as  iron  and  scoria,  must  be,  to  a  certain  extent,  matter 
of  speculation.  It  has  been  shown  that  the  ores  con- 
tain oxide  of  iron  and  silica,  mixed  with  clay.  A 
portion  of  these  substances  is  often  in  a  state  of  com- 
bination produced  by  the  roasting  operation.  The 
lime  is  put  in  as  a  carbonate,  which  will  not  combine 
with  the  silica  until  the  carbonic  acid  in  union  with 
the  lime  be  driven  off,  and  this  does  not  take  place 
till  the  limestone  has  descended  to  a  considerable 
depth  to  experience  the  requisite  heat.  When  lime 
and  silica  and  oxide  of  iron  are  together,  their  com- 
bination depends  upon  the  temperature  to  which  they 
are  exposed.  The  probability  is,  that  the  silicate  of 
iron  is  the  first  compound  formed,  as  it  melts  at  a 
comparatively  low  degree  of  heat,  and  then  in  a  melted 
state  it  trickles  down,  until  it  comes  to  a  temperature 
sufficiently  high  to  allow  a  simultaneous  reaction  of  all 
the  materials.  From  the  results  of  analyses  of  cast- 
iron,  it  appears  that  a  considerable  portion  of  silicate  of 
iron  passes  through  the  furnace  without  being  decom- 
posed, and  mixes  with  the  iron,  rendering  the  metal 
impure.  The  scoria  floats  upon  the  surface  of  the 
metal,  and  as  it  accumulates,  the  furnace-man  allows 
it  to  flow  out  by  a  hole  in  the  side  of  the  furnace,  into 
large  beds,  where  it  is  broken  up  for  removal ;  or  it  is 
cast  into  large  blocks  and  employed  for  building  walls 
or  any  rough  purpose.  Every  twelve  hours  the  fur- 
nace is  tapped;  that  is,  the  metal  is  let  out  into  sand 
moulds  of  various  shapes,  but  generally  of  a  long  semi- 
circular form,  known  technically  as  pigs. — See  Fig.  279. 

The  whole  process  of  the  action  of  the  furnace  is 
given  by  Truran  as  follows : — 

The  changes  which  occur  in  the  descending  ore 
commence  with  the  unealcined  ores  in  the  throat  of 
the  furnace ;  they  lose  their  moisture  and  volatile  gases 
before  they  reach  the  level  of  the  boshes,  absorbing 
from  the  fuel  the  necessary  caloric  for  calcination. 
Below  this  the  ore  is  gradually  converted  from  a  sesqui- 
oxide  to  a  magnetic  oxide,  or,  as  sometimes  occurs,  into 
metallic  iron ;  having  combined  with  a  portion  of  the 
.  carbon  from  the  fuel,  to  form  the  fusible  carbide  of 
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iron.  From  the  bottom  of  the  boshes  to  the  level  of 
the  tuyeres,  the  reduction  of  the  ore  and  flux  into  a 
liquid  mass  is  completed.  The  fusion  of  the  ore  and 
flux  occurs  at  a  height  of  eight  or  ten  inches  above  the 
tuyere,  from  whence  it  descends  into  the  hearth.  Here 
the  metal,  from  its  greater  specific  gravity,  falls  to  the 
bottom,  freed  more  or  less  from  the  fluid  cinder  which 
floats  on  the  surface,  and  protects  it  from  the  oxidising 
influence  of  the  blast. 

Oases  Evolved. — The  gases  passing  through  and 
escaping  from  the  blast  furnace  have  been  the  subject 
of  several  investigations  by  the  most  eminent  chemists. 
They  were  obtained  by  inserting  into  the  furnace  the 
end  of  a  wrought-iron  pipe  through  which  the  gases 
escaped,  and  were  conducted  by  a  leaden  tube  attached 
to  the  external  extremity  of  the  iron  pipe  into  a  pneu- 
matic apparatus,  where  they  were  subjected  to  analysis. 


The  following  are  the  results  obtained  by  Bunsen  of 
Heidelberg,  the  fuel  used  being  charcoal ;  the  propor- 
tion of  the  gases  is  given  in  volume  : — 


Height 

Light 

above 

Kitrogen. 

Carbonic 

Carbonic 

carbide  of 

Hydrogen. 

tuyeres. 

acid. 

oxide. 

hydrogen. 

Feet 

17| 

. .  62-34  . . 

..   8-77  .. 

. .  24-20  . . 

..  3-36  .. 

.  1-33 

16j  .. 

..'02-25  .. 

..  11-14  .. 

. .  22-24  . . 

. .  3-10  . . 

.  1-27 

iiv. 

. .  66-29  . . 

..    3-22  .. 

.  25-77  . 

. .  4-04  . . 

.  1-58 

. .  62-47  . . 

. .    3-44  . . 

. .  30-08  . 

. .  2-24  . . 

.  1-77 

hi  .. 

. .  63-89  . . 

..  3-60.. 

.  29-27  . 

. .  1-07  . . 

.  2-17 

. .  61-45  . . 

. .    7-57  . . 

.  26-99  . . 

. .  3-84  . . 

.  0-15 

8|  .. 

. .  64-58  . . 

. .    5-97  . . 

.  26-51  . 

. .  1-88  . . 

. .  1-06 

Subjoined  are  the  results  of  a  similar  experiment 
at  Alfreton  by  Messrs.  Playfair  and  Bunsen.  In 
this  table  the  measurement  is  taken  from  the  mouth 
or  top  of  the  furnace  downward,  extending  to  a  depth 
of  between  one  and  two  feet  above  the  tuyeres  : — 


Feet 

Carbonic 

Carbonic 

Carbide  of 

Hydrogen. 

defiant 

from  top. 

Kitrogen. 

acid. 

oxide. 

hydrogen. 

gas. 

5    .  , , 

...  53-35  .... 

..  ..    7-77  .... 

....  25-97  ... 

....  3-75  .... 

...    6-73  .... 

,   ,  0-43 

*  

...  54-77  .... 

. ...  9-42  

....  20-24  ... 

  8-23   

...  6-49   

...  0-85 

11 

...  52-57  .... 

. ...    9-41  .... 

....  23-16  ... 

....  4-57  .... 

...    9-33  .... 

...  0-95 

14 

...  50-95  .... 

  9-10   

....  19-32  .... 

....  6-64  .... 

...  12-42  .... 

...  1-57 

17   

. ..  55-49  .... 

. ...  12-43  .... 

....  18-77  .... 

....  4-31   

...  7-62   

...  1-38 

20   

.  . .  60-46   

. ...  10-83  .... 

....  19-43  ... 

....  4-40  .... 

...    4-83  .... 

. ...    8-19  .... 

....  1-64  

...  4-92  

24 

. ..  56-75  .... 

...  10-08  .... 

...  5-65   

34 

. ..  58-05  .... 

...    0-00  .... 

....  37-43  .... 

...  3-18  

Cyanogen. 

.  trace, 

,  trace. 
.  trace. 
.  1-34 


The  annexed  table  exhibits  the  relative  proportion 
of  oxygen  and  nitrogen  at  the  different  depths  stated : 

Feet.  Oxygen.  Nitrogen. 

5    24-9    79-2 

8    23-6    79-2 

11    24-6    79-2 

14    19-5    79-2 

17    25-7    79-2 

20    23-7    79-2 

23    28-2    79-2 

24    27-7    79-2 

34    27-8    79-2 

Overmann  tabulates  as  follows  the  per  centage  of 
the  different  gases  given  off  from  a  coke  furnace : — - 

Abovo 

the  Carbonic  Carbonio 

tuyeres.    Kitrogen.  acid.  oxide.         Hydrogen.  Total. 

2    ..  61-07   0-68          36-84    1-41  100-00 

17J  ..  64-66    0-57          33-39    1-38  100-00 

28    ..  63-59    2-77  31-83   1-81  100-00 

31    . .  60-70  ....  11-58  ....  25-24  ....  2-48   100-00 

The  subjoined  results  are  those  obtained  by  Dr. 
Schafhaeutl  from  the  Ystalyfera  anthracite  fur- 
naces : — ■ 


Carbonic  acid. . . 
Carbonic  oxide, 
Hydrogen,  


of  hydrogen, . 


Taken  off  one 

Taken  off  sixteen 

foot  below  the 

feet  below  the 

coal  and  ore  in 

surface  of  fho  coal 

tile  furnace. 

and  ore  in  furnace. 

..    9-546  .. 

,   ,  00-136 

..  12-012  .. 

18-974 

..  21-278  .. 

27-834 

. .  2-548 

3-212 

) 

*>■  0-111 

40.-IUA 

100-000 

100-000 

In  Bdnsen's  and  Playfair's  elaborate  report  to 
the  British  Association  for  1845,  upon  the  theory 

VOL.  IT. 


of  the  blast  furnace  deduced  from  the  examination 
of  the  gases,  they  conclude  that  the  evolution  of 
carbonic  acid  is  owing  to  the  reduction  of  the  ore; 
and  that  the  process  of  reduction  takes  place  only 
in  the  boshes.  The  average  proportion  of  the  mixed 
gases  must  be  somewhere  between  the  following  num- 
bers : — 

Nitrogen,   60-907    57-878 

Carbonic  acid,   8-370    9-823 

Carbonic  oxide,   26-846    24-042 

Light  carbide  of  hydrogen   2-536    2-743 

Hydrogen,   1-126    4-972 

Olefiant  gas,  : . . .    0-112    0-392 

Sulphide  of  hydrogen,   0  045    0-035 

Ammonia   0-058    0-115 


100-000 


100-000 


This  mixture  of  gases  contains : — - 

First.  The  products  of  distillation  of  the  coal. 

Second.  The  products  of  its  combustion. 

Third.  The  carbonic  acid  generated  during  the  re- 
duction of  the  ore,  and  expelled  from  the  limestone. 

Waste  Products. —  Cyanogen. — Another  object 
of  inquiry  into  the  gaseous  products  of  the  blast  fur- 
nace, besides  the  chemical  reactions  going  on  within, 
was  to  find  if  there  could  be  any  application  of  the 
products,  and  of  the  great  quantity  of  heat  given  out 
at  the  mouth  of  the  furnace.  It  will  be  observed  in 
the  analyses  of  the  gases  from  the  Alfreton  furnace  by 
Messrs.  Bunsen  and  Playfair,  that  cyanogen  was 
detected  at  the  lower  portion  of  the  furnace.  They 
found  in  their  experiments  that  when  they  withdrew 
the  iron  tube  from  this  part  of  the  furnace,  it  was  in- 
crusted  with  melted  cyanide  of  potassium,  which 
speedily  deliquesced  in  the  air.  This  led  to  inquiry 
as  to  the  source  of  the  potassium ;  and  by  very  care- 
ful analyses  of  the  ore  and  coal,  these  were  found 

3  H 
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to  contain  small  portions  of  alkali.  The  calcined  ore 
gave— 

Sesquioxide  of  iron,   60-242 

Silica    25-775 

Alumina,   6-583 

Lime,   3-510 

Magnesia,   3-188 

Potassa  -743 

Manganese,   traces. 

100-000 

And  the  coal — 

Carbon,   74  98 

Hydrogen   4-73 

Oxygen,   10-01 

Nitrogen   0-18 

"Water,   7-49 

Silicates,   2-61 

Potassa,   0-07 

100-00 

The  presence  of  potassa  is  likewise  shown  in  the 
table  of  the  analyses  of  the  North  and  North  Midland 
ores  given  at  page  410. 

The  formation  of  cyanogen  gas  by  the  direct  com- 
bination of  the  nitrogen  of  the  air  with  carbon  at  a  high 
heat  had  been,  previously  to  these  experiments,  pointed 
out  by  Dr.  Fownes  and  Mr.  James  Young.  The  pro- 
duction of  cyanide  of  potassium  in  the  blast  furnace, 
and  the  value  of  it  as  a  product,  were  then  calculated. 
The  mixed  gases,  as  already  seen,  possessed  the  follow- 
ing composition: — 

Nitrogen   58-05 

Carbonic  oxide,   37-43 

Hydrogen,   3-18 

Cyanogen,   1-34 

100-00 

Every  219-33  cubic  inches  of  gas  must  contain 
1192-97  grains  of  carbon,  corresponding  to  1774-79 
grains  of  coal.  Hence,  out  of  100  parts  of  coal,  at 
least  0-778  of  cyanide  of  potassium  is  generated; 
and  as  31,200  pounds  of  coal  are  consumed  every 
twenty-four  hours  in  the  furnace,  it  is  obvious  that  at 
least  224~7  pounds  of  cyanide  of  potassium  are  gene- 
rated daily  in  the  Alfreton  furnace,  and  hitherto  have 
been  altogether  lost. 

Ammonia. — Another  product  obtained  from  the  fur- 
naces is  ammonia.  This  substance,  which  is  present 
in  the  gases  of  blast  furnaces  fed  with  coal,  but  never 
found  in  those  furnaces  fed  with  charcoal,  is  often  in 
such  abundance  as  to  be  sensible  to  the  smell  in  the 
gases  collected  from  the  deeper  parts  of  the  furnace. 
Bunsen  and  Playfair  remark  that  the  ammonia  may 
be  obtained  in  the  form  of  chloride  of  ammonium, 
if  the  gas,  previous  to  its  application  as  fuel,  be  con- 
ducted through  a  chamber  containing  hydrochloric  acid. 
The  advantage  of  its  collection  is,  that  without  any 
further  consumption  of  fuel,  or  any  considerable  ex- 
penditure of  labor,  a  valuable  commercial  ingredient 
would  be  economized.  The  furnace  coal  of  Alfreton 
was  subjected  to  trials  to  ascertain  the  quantity  of 
ammonia  which  might  be  produced  by  distillation,  and 
the  mean  results  gave  0-769  per  cent. ;  and  hence,  the 
conclusions  drawn  were,  that  as  two  hundred  and 
eighty  hundredweight  of  coal  were  consumed  in  the 


furnace  every  twenty-four  hours,  not  less  than  two 
hundredweight  of  sal-ammoniac  might  be  obtained  as 
a  subsidiary  product,  without  increasing  the  cost  of 
manufacture,  or  in  the  slightest  degree  disturbing  the 
process  of  smelting. 

Application  of  the  Waste  Heat. — The  great  value 
of  the  investigation  into  the  gases  evolved  from  blast 
furnaces,  was  the  economizing  of  the  fuel,  and  the 
experiments  proved  the  combustibility  of  the  entire 
column  of  gas,  from  a  depth  of  twenty-four  feet  to 
the  mouth  of  the  furnace  ;  hence  the  gas  collected  at 
any  point  to  this  depth  is  capable  of  being  applied  as 
fuel.  It  was  found  that  at  the  Alfreton  furnaces  there 
was  at  least  81-54  per  cent,  of  valuable  fuel  lost; 
and,  as  about  fourteen  tons  of  coal  were  used  every 
twenty-four  hours,  it  followed  that  11-4  tons  of  coal 
were  lost,  by  escaping  at  the  mouth  of  the  furnace  in 
the  form  of  gas  capable  of  being  used  as  excellent  fuel. 
It  was  also  proved,  that  by  the  combustion  of  these 
gases,  a  temperature  could  be  obtained  equal  to  what 
would  melt  iron. 

After  the  application  of  the  hot-blast  to  the  furnace, 
several  manufacturers  tried  to  heat  the  air  or  blast  by 
the  waste  heat  of  the  furnace ;  adopting  several  methods 
of  causing  the  air  of  the  blast  to  pass  through  pipes 
ranged  around  the  trunnel  head,  or  coiled  round  the 
interior  of  the  furnace  so  as  to  be  heated  by  the  ignited 
materials  themselves,  or  built  into  the  masonry  so  as 
to  receive  heat  by  transmission  :  these  plans  were,  after 
various  trials,  abandoned.  Other  expedients  were 
adopted,  such  as  covering  the  top  of  the  blast  furnace, 
except  during  charging,  and  carrying  the  gases  to  a 
reservoir  or  gasometer,  from  which  they  were  pumped 
into  a  gas  furnace  for  heating  the  blast;  but  from 
several  practical  difficulties  these  plans  also  were  aban- 
doned. 

In  1848  Mr.  Palmer  Budd  adopted  a  more  suc- 
cessful mode  of  applying  the  waste  heat  of  the  blast 
furnace ;  part  of  his  success  lay  in  not  making  his 
apparatus  a  portion  of  the  furnace,  nor  burning  the 
gases ;  hence  the  operations  did  not  interfere  in  any 
way  with  those  of  the  blast  furnace.  Three  or  four 
horizontal  flues,  of  about  twelve  inches  diameter,  are 
constructed  about  three  feet  below  the  lop  of  the  fur- 
nace, and  lead  into  an  adjoining  chamber  or  stove 
provided  with  a  stalk,  which  creates  the  draught.  Into 
this  stove  he  draws  as  much  of  the  gaseous  escape  as 
he  requires,  the  supply  being  regulated  by  means  of  a 
damper.  The  quantity  required  to  heat  the  blast  for  a 
furnace,  he  considers  to  be  only  about  one-sixth  of  that 
which  passes  off  from  the  trunnel  head.  He  does  not 
burn  the  gases,  but  allows  them  to  pass  hot  through 
the  stove  or  furnace  for  heating  the  blast ;  they  enter 
at  a  temperature  of  about  1800°  Fahr.,  and  leave  it  at 
a  temperature  of  about  800°,  the  heat  required  for  the 
blast  being  about  600°;  and  thus  the  mere  passage  of 
these  heated  gases  through  the  stove  serves  his  purpose. 

Mr.  Budd  says  that  his  plan  has  several  great  ad- 
vantages ;  it  requires  no  coal  or  labor,  the  blast  is  better 
and  more  regularly  heated,  and  the  apparatus  more 
durable.  Besides  the  heating  of  the  blast,  the  same 
ingenious  manufacturer  applied  these  heated  gases  to 
his  steam-boilers,  and  states  that  the  saving  effected  by 
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the  application  to  one  boiler  was  equal  to  three  hun- 
dred and  fifty  pounds  sterling  per  year,  and  the  total 
saving  in  his  works  by  doing  away  with  the  use  of  coal 
in  all  the  boilers,  fire-bars,  et  cetera,  would  at  full  worth 
exceed  two  thousand  pounds  sterling  per  annum. 

Notwithstanding  these  practical  results,  the  improve- 
ments recommended  have  not  been  generally  adopted. 
Teuean,  while  acknowledging  that  the  gases  escaping 
from  certain  blast  furnaces,  may,  with  proper  manage- 
ment, be  made  to  yield  eighty-two  per  cent,  of  the  caloric 
evolved  during  the  imperfect  combustion  of  the  fuel, 
dissents  from  the  generally-received  opinion,  that  a 
sufficiently  intense  heat  can  be  maintained  by  their 
combustion  for  the  purposes  of  the  forge,  or  for  the 
rapid  generation  of  steam.  Although  the  actual  heat 
evolved  be  ample  for  generating  steam  and  for  heating 
the  blast,  still,  owing  to  its  dissemination  through  such 
a  large  volume  of  gas,  the  quantity  of  heat  in  contact 
with  the  plate-iron  is  small,  and  the  evaporating  power 
is  much  slower  than  with  coal  fires. 

At  three  several  experiments  made  at  the  Dowlais 
Works,  the  temperature  obtained  rarely  went  above  a 
dull  red  heat,  and  the  evaporating  power  of  the  boiler, 
as  compared  with  a  coal  fire,  was  reduced  nearly  two- 
thirds.  At  the  Ebbu  Vale,  Aberychan,  Sirhowy, 
Aberdare,  Ystalyfera,  and  other  establishments  using 
the  gas,  the  number  of  boilers  now  in  use  is  nearly 
twice  as  many  as  formerly  sufficed  with  coal  fires  only. 

After  a  careful  examination  of  the  various  modes  of 
collecting  the  gases  adopted  in  this  country  and  on  the 
Continent,  and  having  witnessed  the  alterations  pro- 
duced on  the  operations  of  the  blast  furnace  by  each, 
Tedean  gives  it  as  his  opinion  that  it  is  neither  expe- 
dient nor  profitable  to  control  the  escape  of  the  gases ; 
and  that  where  the  consumption  of  coal  is  proportioned 
to  the  requirements  of  the  case,  not  one  particle  of  gas, 
or  one  unit  of  heat,  can  be  withdrawn  from  a  furnace, 
without  disturbing  the  equilibrium  of  the  smelting. 
This  opinion  is  at  variance  with  the  statements  of 
Continental  chemists,  but  it  must  be  remembered  that 
their  estimates  of  the  commercial  value  of  the  products 
of  combustion  have  invariably  been  drawn  from  theo- 
retical calculations,  and  are  based  on  the  assumption 
that  they  may  be  withdrawn  in  quantity  without  affect- 
ing the  smelting.  But  the  fact*  of  their  withdrawal 
occasioning  an  alteration  in  the  economy  of  the  fur- 
nace, has  been  established  in  practice ;  and,  on  the 
whole,  the  brilliant  anticipations  formed  of  the  value 
of  these  gases  for  heating  purposes  have  not  been 
realized.  The  obtaining  of  the  iron  being  the  primary 
object  in  all  the  operations  of  the  blast  furnace,  what- 
ever improvements  or  alterations  are  made  must  in  no 
way  interfere  with  either  the  quality  or  quantity  of  the 
metal  produced,  and  every  alteration  affecting  this  must 
be  adopted  with  great  caution.  At  the  same  time,  the 
practical  observations  above-mentioned  are  of  the 
highest  importance,  and  should  stimulate  to  further 
inquiry. 

\  State  of  the  Blast.' — In  connection  with  the 
gases  evolved  in  the  working  of  the  blast  furnace,  this 
may  be  the  proper  place  to  consider  the  state  of  the 
blast  as  it  is  allowed  to  enter  into  the  furnace.  It  has 
been  seen  from  the  analyses  of  the  gases  passing  through 


the  furnace,  that,  however  great  the  quantity  of  air  ad- 
mitted, it  was  all  consumed,  no  oxygen  passing  through 
uncombined ;  but  it  has  likewise  been  shown  that  it  is 
not  all  profitably  consumed,  which  is  a  desideratum. 
There  is  a  general  opinion  amongst  practical  men,  that 
the  furnace  works  best  and  produces  the  largest  casts, 
and  frequently  the  best  iron,  in  dry  frosty  weather,  and 
the  opposite  when  the  weather  is  warm  and  moist.  The 
irregularity  of  the  working  of  the  furnace  from  these 
supposed  causes,  led  Mr.  John  Haet,  a  few  years 
ago,  to  institute  a  series  of  experiments  upon  this  sub- 
ject. He  ascribes  some  of  the  irregularities  to  differ- 
ences in  the  atmospheric  pressure ;  thus  the  range 
of  the  barometer  in  this  country  being  about  three 
inches,  or  rather  more  than  one-tenth  of  the  mean 
pressure,  this  change  of  density  would  produce  a 
difference  of  one-tenth  in  the  bulk  of  the  air;  and, 
therefore,  between  a  severe  frost  with  the  thermo- 
meter at  20°,  and  sultry  weather  with  the  thermometer 
at  70°,  the  difference  would  be  50° ;  and  as  atmospheric 
air  dilates  or  contracts  one  four  hundred  and  eighty- 
fifth  part  for  every  degree,  this  difference  in  tempera- 
ture would  produce  a  variation  of  rather  more  than 
one-tenth  in  the  mass  or  bulk  of  the  air ;  so  that,  if 
during  severe  frost  the  barometer  stood  at  thirty-one 
inches,  while  during  sultry  weather  it  stood  at  twenty- 
eight  inches,  the  combined  effects  of  the  difference  in 
temperature  and  pressure  would  amount  to  a  total 
variation  of  one-fifth  in  the  bulk  of  the  blast,  which 
would  be  nearly  equivalent  to  a  careless  furnaceman 
putting  into  his  furnace  ninety  pounds  of  coal  instead 
of  one  hundred,  during  a  whole  easting.  Indeed,  the 
difference  from  temperature  and  pressure  amounts  to 
something  like  an  irregular  charging  of  the  furnace  with 
ninety  pounds  up  to  one  hundred  and  twelve  pounds 
indiscriminately,  instead  of  one  hundred  pounds  regu- 
larly. 

There  is  still  another  source  of  irregularity,  occa- 
sioned also  by  the  barometric  changes  in  the  density  of 
the  air,  when  the  power  employed  is  the  double-stroke 
condensing  steam-engine  having  neither  fly-wheel  nor 
governor  to  regulate  its  speed,  and  whose  motion  is 
only  contracted  by  the  resistance  of  the  blast.  As  the 
fireman  keeps  up  his  steam  to  the  regular  pressure  in- 
dicated by  the  steam  gauge,  without  any  reference  to 
the  pressure  of  the  air,  whether  it  can  support  twenty- 
eight  or  thirty-one  inches  of  mercury ;  and  as  the  steam 
must  always  displace  the  atmosphere,  to  make  room 
for  itself:  therefore  the  difference  of  pressure  upon 
the  steam-loaded  piston  descending  into  a  vacuum, 
will  be  one-tenth  greater  when  the  mercury  is  at  thirty- 
one  than  at  twenty-eight  inches  ;  hence,  if  a  blowing 
engine  works  to  forty  horse-power,  when  the  barometer 
is  at  twenty-eight  inches,  it  will  work  equal  to  a  forty- 
four  horse-power  when  the  mercury  is  at  thirty-one 
inches,  and  of  course  it  will  perform  an  additional 
number  of  strokes.  However,  these  atmospheric 
changes  being  comparatively  slow,  will  affect  the  quan- 
tity more  than  the  quality  of  the  iron. — Hart. 

These  observations  of  Mr.  Haet  are  certainly 
worthy  of  attention ;  the  impression  of  the  effect  of 
moisture  in  the  air  is  still  as  firmly  held  as  ever. 
Taking  the  average  of  five  years,  selected  at  intervals 
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of  the  same  period,  for  twenty-two  yeara'  working,  the 
following  quantities  of  coal  were  consumed  for  every 
ton  of  crude  iron  produced  : — • 

Winter.      Spring.     Summer.  Autumn. 
Cwt.         Cwt,  Cwt  Cwt. 

Foundry  iron  furnace,         49-7  ..  52-2  ..  53-1  ..  55-4 

Forge  iron  furnace,   43-6  . .  44-2  . .  44-6  . .  45-8 

Blast  iron  furnace,   43-2  . .  44-1  . .  50-1  . .  49-5 

In  the  first  or  foundry  furnace,  the  excess  of  autumn 
over  winter  months  is  eleven  per  cent. ;  in  the  forge 
furnace  equal  to  five  per  cent.,  and  in  the  blast  fifteen 
per  cent. 

How  useful  would  a  series  of  meteorological  observa- 
tions have  been  iu  connection  with  these  results  ! 

Advantages  of  the  Hot-Blast. — The  great  practical 
discovery  in  connection  with  the  blast  furnace,  and  one 
which  has  formed  an  era  in  the  iron  trade,  is  the  intro- 
duction of  the  hot-Wast,  which  is  now  all  but  universally 
used  by  the  iron  smelters  in  this  and  other  countries. 
The  advantages  of  hot-blast  are,  an  increased  make  of 
iron,  and  great  economy  in  the  consumpt  of  fuel. 
These  advantages,  however,  are  not  equal  in  all  locali- 
ties, nor  with  all  classes  of  ore  and  coals ;  in  general, 
greater  benefit  has  been  experienced  iu  Scotch  than  in 
English  furnaces,  either  owing  to  the  former  having 
been  working  less  economically  than  the  latter,  previous 
to  the  introduction  of  the  hot-blast — thus  making  the 
saving  appear  greater ;  or  else  the  fuel  used  in  Scotch 
furnaces  being  in  general  weaker  than  the  English,  the 
hot-blast  has  consequently  effected  much  greater  com- 
parative advantages.  So  early  as  July,  1833,  a  com- 
parison of  the  product  of  the  blast  furnaces  in  the 
neighborhood  of  Glasgow,  before  and  after  the  intro- 
duction of  the  hot-blast,  gave  the  following  results  : — 

By  cold-blast — ■ 

TonB.    Cwt  Its 

Consumed  for  each  ton  of  iron,  three 

tons  coke,  equal  to,   6  . .  13  . .  0 

For  the  blowing  engine,   1  ..    0  ..  7 

7      13  7 

using  ten  and  a  half  hundredweight  of  limestone. 
By  hot-blast— 

Tons.     Cwt.  lbs. 

Consumed  for  each  ton  of  iron,  raw 

coal,                                          2  ..  0  ..  0 

For  heatiug  the  air,                            0  ..  8  ..  0 

For  blowing  engine,                          0  ..  11  ..  2 

2       19  2 

using  seven  hundredweight  of  limestone. 

The  economy  in  fuel  is  proportional  to  the  tem- 
perature of  the  air  admitted  into  the  furnace.  This 
saving  of  fuel  was  accompanied  by  an  increased  make 
of  iron  of  upwards  of  one-third,  which  adds  materially 
to  the  advantage  of  using  hot  air. 

How  these  effects  are  produced,  is  a  question  which 


has  not  yet  been  answered  to  the  general  satisfaction 
of  scientific  men.  The  opinion  of  the  chemist  may  be 
stated  thus : — Wherever  a  forced  stream  of  air  is  em- 
ployed for  combustion,  the  resulting  temperature  must 
evidently  he  impaired  by  the  coldness  of  the  air  in- 
jected upon  the  fuel.  There  is  nearly  equal  tempera- 
ture over  the  whole  extent  of  a  fire-place ;  so  that  if 
the  air  and  coal  be  very  eold,  the  portions  of  heat  ab- 
sorbed by  them  might  be  very  considerable,  and  suffi- 
cient to  prevent  the  resulting  temperature  from  rising 
to  a  proper  pitch;  but  if  they  were  very  hot,  they 
would  absorb  less  caloric,  and  would  leave  more  to 
elevate  the  general  temperature.  This  excess  of  tem- 
perature may  produce  in  metallurgical  operations,  a 
play  of  affinities  dormant  at  lower  degrees  of  heat ; 
often  a  few  degrees  is  all  that  is  required  to  modify  the 
state  of  a  fusible  body. 

The  Slags. — Having  entered  at  considerable  length 
upon  the  gaseous  products,  the  state  of  the  blast,  and 
the  theory  of  the  action,  both  mechanical  and  chemi- 
cal, that  takes  place  within  the  furnace,  it  will  now 
be  necessary  to  advert  to  the  fluid  or  solid  products  ; 
namely,  the  slag  or  scoria,  and  the  metal.  The  in- 
trinsic value  of  the  former  is  nothing  to  the  ironmaster; 
the  great  end  of  all  the  operations  is  the  iron ;  but  the 
appearance  and  quality  of  the  slag  is  an  index  to  the 
working  condition  of  the  furnace,  and  the  quality  of  the 
iron.  The  furnace-manager  must  therefore  keep  a 
watchful  eye  on  the  state  of  his  slags,  when  withdrawn 
from  time  to  time.  If  the  furnace  is  yielding  an  iron 
proper  for  casting  into  moulds,  the  slags  have  a  uniform 
vitrification,  and  are  slightly  translucid.  If  the  quan- 
tity of  ore  be  too  much  in  proportion  to  the  other 
matters — an  excess  which  is  sometimes  intentionally 
introduced,  in  order  to  produce  a  grey  pig-iron  fit  for 
fabrication  into  bars — the  slag  is  opaque,  dull,  and  of 
a  greenish-yellow  tint,  with  blue  enamelled  zones. 
When  the  furnace  is  producing  a  white  metal,  which  is 
an  inferior  quality,  the  slags  are  black,  glassy,  full  of 
bubbles,  and  emit  an  odor  of  sulphide  of  hydrogen. 
Such  are  the  three  leading  characteristics  of  the  quality 
of  the  slags;  but  practice  can  detect  the  slightest  ten- 
dency towards  any  of  these  conditions,  so  that  much 
depends  upon  a  careful  furnace-manager. 

The  quality  of  the  slag  becomes,  therefore,  an  im- 
portant consideration  to  the  smelter,  as  anything  that 
will  affect  the  obtaining  of  a  good  slag,  any  want  of 
material  in  its  composition,  will  affect  the  quality  and 
quantity  of  the  iron;  nevertheless,  the  principle  of 
good  slags  does  not  appear  to  depend  so  much  on  any 
particular  composition,  as  on  the  obtaining  of  a  slag 
that  is  perfectly  fusible,  and  capable  of  taking  up  from 
the  ore  all  the  earthy  matters.  The  appended  ana- 
lyses will  show  this  : — 


i.  n.  m.  rv.  v. 

Silica   43-75    38-12    40-4    36-6    55-48 

Alumina,   12-50    16-97    11-2    37-5    19-32 

Lime,   3122    32-77    38-4    20-7    14-57 

Magnesia,   17-15    6-22    5-2    1-5    2-54 

Protoxide  of  manganese  aud  iron,  ....  4-88    5-92    3-8    1*0    4-36 

Sulphur,   —    —    —    2-7    2-43 

Loss   -50    —    1-0    —    1-30 


100-00  100-00  100-00  100-00  100-00 
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The  first  three  are  good  slag,  giving  good  iron; 
the  fourth  was  not  considered  so  by  the  workman,  and 
led  to  a  change  in  the  proportion  of  materials,  produc- 
ing a  white  iron;  the  fifth  is  a  bad  slag,  both  in  color 
and  structure,  yielding  an  inferior  quality  of  iron  of 


the  following  composition: — Iron,  88-9;  carbon,  30 
silicious  matters,  7-4 ;  sulphur,  -7.    The  subjoined 
table  of  analyses  of  slags  from  the  blast  furnace,  is 
from  the  report  made  upon  that  subject  to  the  British 
Association  by  Drs.  Percy  and  Henry  : — 


.  38-05  .. 

..  38-76  . 

..  37-63  . 

..  37-91  . 

..  39-52  . 

..  28-32  . 

..  45-59  . 

..  52-31 

14-11  . 
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Phosphorus,  which  is  a  common  ingredient  in  iron 
ores,  and  is  considered  to  be  very  prejudicial  to  the 
metal  produced,  has  been  carefully  sought  for  in  the 
slags,  and  various  means  have  been  tried  of  causing  it 
to  combine  with  these  in  preference  to  the  metal. 
Ores  containing  phosphorus,  which  may  be  distin- 
guished as  Nos.  1  and  2,  were  smelted  with  hot  and 
cold  blast,  and  the  iron  and  slag  tested  for  phosphorus 
gave  the  following  results : — 

By  hot-blast  the  iron,  No.  1,  contained  0-74 ;  No. 
2,  only  0'G8  per  cent,  phosphorus,  and  the  slag  only  a 
trace.  By  cold-blast  the  iron,  No.  1,  contained  0-81 ; 
No.  2,  only  0-62  phosphorus,  and  the  slag  only  a  trace. 
The  conclusions  derived  from  a  series  of  experiments 
were,  that  ordinary  iron,  such  as  the  bands  and  hema- 
tites, whether  smelted  by  hot  or  cold  blast,  will  give  the 
phosphorus  in  the  iron  with  grey  pig-iron ;  but  if  white 
iron  is  produced,  and  the  slag  contain  protoxide  of  iron, 
some  of  the  phosphorus  may  go  away  in  the  slag.  For 
example,  samples  of  slag  from  white  iron  made  from 
pisolitic  ores,  gave — 

Silica,   41-11    37-84 

Alumina,   13-45    13-20 

Lime,   29-82    20-68 

Protoxide  of  iron,   6-44    20-83 

Magnesia,   4-75    2-93 

Protoxide  of  manganese,  0-66    0-80 

Alkalis,   1-84    1-08 

Phosphoric  acid,   0-15    1-77 

Sulphide  of  calcium,   1-34    0-87 

Loss,   0-44    0-05 


100  00 


100-00 


This  slag  was  considered  bad  by  the  workmen. 

Various  patents  have  been  taken  for  the  application 
of  slags  to  useful  purposes,  especially  to  building.  The 
difficulty  in  the  annealing  and  in  producing  a  com- 


pound from  these  slags  not  capable  of  being  affected 
by  the  air,  combined  with  the  cheapness  of  the  articles 
for  which  it  is  to  be  used  as  a  substitute,  will  operate 
greatly  against  the  profitable  and  general  application  of 
such  substances ;  still,  the  Editor  would  not  wish 
to  discourage  the  prosecution  of  any  scheme  for  uti- 
lizing waste  products  of  manufacture,  as  he  considers 
this  subject  too  much  overlooked  by  manufacturers 
generally. 

The  Metal. — The  next  and  most  important  product 
of  the  blast  furnace  is  the  iron.  It  has  been  seen  that 
this,  unlike  other  metals,  which  must  be  pure  before 
they  can  be  available  for  useful  purposes,  is  practically 
valuable  in  various  states  of  impurity,  or,  perhaps  it 
may  be  better  to  say,  in  various  states  of  combination. 
Pure  iron  is  tough,  malleable,  and  ductile  ;  is  softened 
into  a  sort  of  clayey  or  pasty  consistence  by  intense 
heat,  but  is  not  melted.  In  combination  with  carbon,  it 
assumes  various  degrees  of  hardness,  tenacity,  et  cetera, 
according  to  the  quantity  of  that  element  in  combina- 
tion with  it ;  but  besides  the  carbon,  there  are  also  other 
impurities  affecting  the  quality  of  the  iron,  as  silica, 
phosphorus,  manganese,  and  other  matters  found  in  the 
ore,  fuel,  and  flux.  According  to  the  appearance  it 
presents  in  fracture,  it  is  divided  into  different  qualities, 
as  under : — 

No.  1. — Grey  or  black  and  soft — best  quality  of  cast-iron. 

No.  2  Mottled— a  mixture  of  No.  1  with  No.  3. 

No.  3. — White — an  inferior  iron  for  certain  purposes. 
No.  4. — Silver  iron — a  still  inferior  quality. 

From  the  mere  analysis  of  cast-iron,  it  is  very  diffi- 
cult, if  not  impossible,  to  discriminate  the  line  where 
grey  ceases  and  white  begins,  et  cetera.  The  subjoined 
are  a  few  of  the  results  obtained  by  analyses,  showing 
the  effect  of  different  kinds  of  fuel : — 


Iron, . . 

Carbon. 
Silica, . 


Iron, . . . 
Carbon, 
Silica, .  . 


100-0 


IRON  SMELTED  WITH  CHARCOAL. 


100-0 


100-0 


100-0 


100-0 


  96-77  .... 

.  96-2 

  96-8                 96  0  .. 

. . .    95-3    . . 

....    95-9    . . 

,  , .  96-0 

  2-95  .... 

.  3-5 

  3-1                  3-6  .. 

...     4-2    . . 

  3-6  .. 

3-5 

  0-28   

0-3 

  O-T  n-4 

n-s 

n.K 

n.K 

100-00 

100-0 

100-0  100-0 

100-0 

100-00 

100  0 

IRON  SMELTED  WITH  COKE. 

  92-5  . 

92-2    94-2   

95-3  . 

  3-0 

4-3    2-3   

2-2   

  4-5 

3-5    3-5   

2-5 

100-0 
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Tho  preceding  analyses  were  mostly  made  on  the  Continent  in  different  localities. 


GREY  PIG-IKON  SMELTED  IN  WALES  WITH  COKE. 

Iron,                                      95-15    95-81  ... 

Carbon                                        2-45    2-55  . . . 

Silica,                                      1-62    1-20  ... 

Phosphorus                                 -78    *44  . . . 

  trace   trace. 


100-00 


100-00 


94-84 
1-67 
3-00 
■49 

trace. 

100-00 


IBON  SMELTED  WITH  COAL — SCOTLAND. 


Iron,  

Carbon  free,  

Carbon  combined,.. 
Silica,.. 


93-6 
1-4 
1-2 
1-5 


93-4 
■5 
1-9 
1-2 


Sulphur,   -4    1-4 

Phosphorus   *4    1-2 

Manganese,   *5    '4 

Slag,   1-0    — 

Loss   —    — 


92-3 

1-  8 
•4 

2-  8 
1-4 
1-3 


89-7 
2-5 
•7 
2-2 


2-8 
2-1 


91-6 
1-5 
•3 

1-  8 
•6 
•9 

2-  6 
•6 
•1 


100-0 


100-0 


100-0 


100-0 


100-0 


94-2 
1-6 
•5 
1-1 


1-5 
1-1 


100-0 


The  introduction  and  extension  of  the  hot-hlast  led 
to  a  good  deal  of  valuable  investigation,  both  as  to  the 
chemical  and  mechanical  qualities  of  the  iron  so  pro- 
duced ;  and  the  subject  is  yet  far  from  being  exhausted. 
The  chemical  question  has  been,  whether  that  produced 
by  the  hot  or  by  the  cold  blast  is  the  purest,  and  what 
impurity  prevails  ?  The  following  analyses  of  the  two 
products — cold  and  hot  blast — will  give  a  general  view 
of  the  result  with  certain  kinds  of  ore.  The  experi- 
ments were  made  at  the  Hartz  : — 


Specific 

Specific 

Specific 

Specific 

gravity, 

gravity. 

gravity, 

gravity, 

7  43. 

7-08. 

7100. 

7  077. 

93-29 

.  93-66 

.  91-42 

.  91-98 

Carbon  combined,. 

.    2-78  . 

.    0-48  . 

.    1-44  . 

.  0-95 

1-99  . 

.    3-85  . 

.    2-71  . 

.  3-48 

1-23 

.    1-22  . 

.    1-22  . 

.  1-68 

trace  . 

.   trace  . 

.    trace  . 

.  trace 

trace 

.    trace  . 

0-71  . 

.'    0-79  .' 

.    3-21  . 

'.  1-99 

trace  . 

.    trace  . 

.   trace  . 

.  trace 

100-00 

100  00 

100-00 

100-00 

From  these  analyses  it  appears  that  the  hot-blast  iron 
has  more  silica  than  the  cold-blast. 


The  annexed  analyses,  however,  made  by  Dr.  Thom- 
son and  Mr.  J.  Tennant,  prove  that  the  question  must 
be  further  studied  in  relation  to  many  circumstances 
not  yet  taken  into  consideration : — 

Cold-bidet.  Hot-blast 
Specific  gravity  6-70.          Specific  gravity  7  -06. 

Iron,                         91-95    95-58 

Manganese,                2-03    -83 

Carbon,                      3-85    2-09 

Silica                        1-17    1-08 

Alumina,                     1-65    -42 

Loss,                          -15    — 


100-00 


100-00 


The  mechanical  constitution  of  the  two  products 
does  not  come  so  directly  under  the  consideration  of 
the  chemist.  The  Editor  will,  therefore,  merely  give 
the  results  of  some  experiments  which  were  laid  before 
the  British  Association  a  few  years  ago.  In  the  fol- 
lowing table,  the  second  column  shows  the  force  in 
pounds  necessary  to  crush  a  cylinder,  the  transverse 
section  of  which  is  a  square  inch ;  the  third  column 
gives  the  force  in  pounds,  which  is  required  to  tear 
asunder  the  same  cylinder ;  and  the  ratios  of  these 
forces  are  shown  in  the  fourth  column  : — 


Description  of  motnl. 


Ratio 


Compressive  force  Tensile  force 

per  square  inch  per  square  inch 

in  pounds.  in  pounds. 

No.  3— hot-blast,                   145,435                      21,907    6-638  to  1 

No.  1— hot-blast,                      86,397                        13,434    6-431  to  1 

No.  1— cold-blast,                    93,385                      17,466    5-346  to  1 

Coed  Talon  iron,  No.  2— hot-blast,                      82,734                        16,676    4-961  to  1 

No.  2— cold-blast,                     81,770                        18,955   '. . . .  4-337  to  1 

No.  2— hot-blast,                     108,510                        13,505    8-037  to  1 

No.  2— cold-blast,                    108,375                        16,684    6-376  to  1 

No.  3— hot-blast,                     133,440                        17,755    7-515  to  1 

No.  3— cold  blast,                  115,442                      14,200    8-129  to  1 


Devon  iron, 
Buffery  iron, 


Carron  iron, 


From  this  table  it  appears  that  the  resistance  of  cast- 
iron  to  rupture  by  extension  varies  from  six  to  nine  tons 
upon  the  square  inch ;  while  its  resistance  to  compres- 
sion varies  from  thirty-six  to  sixty-five  tons.  It  further 
appears  that  the  absolute  strength  of  some  kinds  of  iron, 
both  as  regards  their  tenacity  and  their  power  of  resist- 
ing compression,  is  considerably  increased  by  the  hot- 
blast. 

Owing  to  the  very  infusibility  of  pure  iron,  it  would 
be  impossible  to  obtain  it  in  large  quantities,  were  it 
not  for  what  may  be  termed  its  impurities,  especially 


its  combination  with  carbon.  In  this  form  it  is  easily 
fused,  and,  by  processes  afterwards  to  be  described,  the 
pure  or  malleable  iron  may  be  separated  from  the  car- 
bon which  has  served  the  purpose  of  extracting  it  from 
the  ore  and  oxygen. 

Founding. — A  great  quantity  of  the  iron  produced 
by  the  blast  furnaces  is  used  in  the  state  of  cast-iron 
for  a  variety  of  purposes  in  the  arts  and  manufactures. 
The  qualities  employed  for  this  purpose  are  termed 
foundry-iron,  and  include  the  grey  and  mottled  pig- 
iron,  these  kinds  being  more  easily  fused  than  the 
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white,  which  is  known  as  forge-iron.  The  founder 
divides  cast-iron  into  five  classes : — ■ 

No.  1  is  the  best  grey;  it  possesses  the  greatest 
quantity  of  carbon,  and  melts  at  a  lower  degree  of 
heat  than  any  of  the  others ;  it  sets  with  a  smooth 
surface,  is  soft,  and  has  little  sound  when  struck  by 
the  hammer. 

No.  2  is  lighter  in  the  color  than  number  one ;  not 
so  soft  nor  so  fluid  when  melted,  nor  so  smooth  on 
the  surface  when  solidified ;  it  is  closer  in  the  texture, 
and  is  preferable  for  strong  parts  of  machinery. 

No.  3  has  less  carbon  than  the  other  two,  and  is 
still  less  fluid  when  melted ;  has  smaller  grains,  and 
is  smoother  in  the  fracture.  This  is  used  for  very 
strong  machinery  where  it  is  subjected  to  sudden  and 
great  strains,  such  as  heavy  shafts,  wheels,  et  cetera. 

No.  4  is  not  so  much  employed  for  foundry  work ;  it 
is  lighter  in  color,  harder,  and  is  sometimes  employed 
for  foundry  work ;  it  requires  some  experience  to  dis- 
tinguish it  from  number  three,  and  this  can  only  be 
done  comparatively. 

No.  5,  or  what  is  termed  white-iron — sometimes 
silver-iron — is  very  seldom  used  in  the  foundry;  it  is 
very  brittle,  and  does  not  run  into  the  moulds,  being 
difficult  to  keep  in  fusion. 

The  distinguishing  of  these  qualities  is  more  depend- 
ent upon  practical  experience  than  any  theoretical 
description  of  quality.  The  following  practical  direc- 
tions are  given  by  G-kier  : — 

When  cast-iron  is  fractured,  it  exhibits  a  grey  color, 
sometimes  approaching  to  dull-white,  and,  in  other 
cases,  to  dark-grey,  with  spots  nearly  black.  The 
lustre  is  sometimes  metallic,  resembling  freshly-cut  par- 
ticles of  lead  lying  on  the  surface  ;  and,  in  other  cases, 
there  seems  to  be  crystals  in  the  iron  disposed  in  rays. 

When  the  color  is  a  uniform  dark-grey,  the  iron  is 
tough,  provided  there  be  also  metallic  lustre;  but  if 
there  be  no  metallic  lustre,  the  iron,  though  soft,  will 
be  more  easily  crumbled  than  in  the  former  case.  The 
weakest  sort  of  soft  cast-iron  is  where  the  fracture  is  of 
a  dark  hue,  mottled,  and  does  not  shine. 

The  iron  may  be  accounted  hard,  tenacious,  and 
stiff,  when  the  color  of  the  fractiu-e  is  lightish-grey  with 
a  high  metallic  lustre. 

When  the  tint  is  light-grey,  without  metallic  lustre, 
the  iron  is  hard  and  brittle. 

If  the  hue  is  dull-white,  the  iron  is  more  hard  and 
brittle  than  in  the  last  case. 

When  the  fracture  is  greyish-white,  interspersed  with 
small  radiating  crystals,  the  iron  is  of  the  extreme  de- 
gree of  hardness  and  brittleness. 

The  best  way  to  try  the  quality  of  cast-iron  is  to 
strike  its  edge  with  a  hammer.  Should  the  blow  make 
a  slight  impression,  the  iron  must  be  in  some  degree 
malleable,  and,  if  the  specimen  be  uniform,  it  may  be 
regarded  as  good  for  machinery ;  if,  on  the  contrary, 
the  hammer  make  no  impression,  and  fragments  fly 
oif,  the  iron  is  brittle,  and,  consequently,  bad.  The 
soft  cast-iron  yields  readily  to  the  file  after  the  outer 
crust  has  been  removed,  and  is,  in  a  cold  state,  slightly 
malleable. 

The  quality  is  also  easily  judged  when  in  the  melted 
state  from  the  nature  of  the  agitated  aspect  of  its  sur- 


face. The  mass  of  fluid  seems  to  undergo  rapid  cir- 
culation within  itself,  inducing  a  constant  tremor  on  the 
surface,  having  the  appearance  of  ever- varying  net- 
work; when  this  net-work  is  minutely  subdivided  it 
indicates  soft  iron.  If,  on  the  contrary,  the  iron  be 
thrown  up  in  large  convolutions,  the  quality  of  the 
metal  must  be  hard. 

In  founding,  it  is  necessary  to  select  the  class  of  iron 
most  suitable  for  the  kind  of  articles  to  be  cast.  The 
furnaces  used  in  this  operation  are  termed  cupola  fur- 
naces. These  are  also  of  various  construction,  and  are 
generally  urged  by  a  blast  similar  to  that  employed  for 
the  smelting  furnace,  or,  what  is  more  common  in 
foundries,  by  a  fan-blast.  Fig.  295  is  a  front  elevation 
of  an  ordinary  cupola  of  a  large  size ;  Fig.  296  is  a 
vertical  section  in  a  plane  at  right  angles  to  that  of 
Fig.  295 ;  a  is  the  charging  door,  about  two  feet 
square,  by  which  the  pig-iron  and  coke  are  introduced 


Fig.  295.  Fig.  296. 


into  the  furnace  ;  b  is  the  tapping-hole,  fifteen  inches 
square,  at  which  the  melted  metal  is  occasionally 
drawn  from  the  furnace  ;  c  e,  not  seen  in  Fig.  295,  are 
the  tuyere  holes  or  orifices  by  which  the  blast  enters, 
to  afford  a  supply  of  air  capable  of  maintaining  a  suffi- 
ciently intense  heat  in  the  furnace  by  combination 
with  the  fuel.  These  apertures  are  of  considerable 
extent  upwards,  so  as  to  admit  of  the  tuyeres  being  set 
to  any  height  required,  which  is  regulated  by  the 
quantity  of  metal  that  may  be  collected  in  the  furnace  ; 
for,  of  course,  the  tuyeres  must  always  deliver  their  air 
clear  of  the  surface  of  the  metal.  The  tuyeres  are 
knee-pipes  for  delivering  the  blast  into  the  cupola,  into 
which  one  end  is  directed,  while  the  other  extremity 
slides  in  an  upright  pipe  through  which  the  blast  is  con- 
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veyed,  in  the  manner  of  a  telescope-tube,  so  that  the 
tuyere  may  be  set  to  any  height  required.  The  under 
part,  df,  of  the  structure  below  the  charging  door,  is  the 
most  essential  division,  and  is  indeed  that  which  gives 
its  character  to  the  furnace.  The  upper  portion,  fg, 
is  the  chimney,  intended  to  convey  away  the  volatile 
noxious  products  of  the  whole  operation  of  fusion, 
being  sufficiently  long  to  pass  out  through  the  roof  of 
the  foundry.  The  furnace  is  built  entirely  of  fire- 
brick, and  it  will  be  observed  that  the  trunk  is  incased 
in  cast-iron  plates  bolted  together.  The  casing  is  in 
some  instances  cast  in  one  or  two  entire  cylindrical 
pieces,  and  in  other  instances  it  is  made  of  boiler 
plates  rivetted  together.  The  latter  is  undoubtedly 
the  more  durable  material,  as  it  stands  the  alternate 
expansion  and  contraction  with  much  less  injury  to 
itself.  The  chimney  is  simply  bound  with  wrought- 
iron  belts  fastened  round  it  at  regular  intervals.  The 
whole  structure  stands  upon  a  square  base-plate,  of 
which  the  centre  is  cut  out  into  a  circular  aperture ; 
this  plate  is  bedded  upon  a  brick  or  stone  foundation, 
represented  in  the  figures.  As  the  bottom  must  be 
protected  from  the  action  of  the  melted  metal  which 
collects  there,  it  is  laid  over  with  a  bed  of  sand,  mixed 
with  wet  loam  to  give  it  consistency.  This  is  shown 
in  section  at  d,  Fig.  296.  It  is  continued  over  the 
bottom  and  sides  of  the  spout,  b. 

Fig.  297  represents  the  most  approved  form  of  fan 
for  producing  the  blast.  It  consists  of  a  central  spindle, 
upon  which  are  hung  six  arms,  a  a,  meeting  on  an  eye 
at  the  centre,  through  which  the  axle  is  passed,  and 

by  which  they  are 
Fig- 297.  fixed  to  the  axle. 

Upon  each  of  these 
arms  a  square  blade, 
generally  of  sheet- 
iron,  is  firmly  fixed 
by  rivets  or  bolts, 
and  these  blades  con- 
stitute the  propelling 
agents.  To  render 
them  effectual,  they 
are  incased  in  a 
round  box,  dd,  hav- 
ing a  central  open- 
ing, A,  on  each  side 
for  the  admission  of  air,  and  an  opening,  B,  in  the  cir- 
cumference, with  a  short  prolongation,  for  the  expul- 
sion of  the  air.  By  the  rapid  revolution  of  the  blades, 
a  strong  current  of  air  sets  in  at  the  centre,  and  to  pre- 
vent it  from  impinging  against  the  cover,  D,  by  which 
its  progress  would  be  retarded,  a  series  of  cutters,  b  b, 
are  fixed  between  the  cheeks  around  the  dotted  circle, 
which  indicates  the  line  described  by  the  outer  edges 
of  the  revolving  blades.  These  cutters  are  curved, 
and  are  so  placed  that  they  may  receive  the  air  on 
their  interior  edges  in  the  tangents  to  their  curva- 
tures, by  which  precaution  the  air  should  glide  un- 
interruptedly upon  their  interior  surfaces,  and  ought 
to  be  deflected  in  the  direction  of  its  motion,  60  as 
to  join  smoothly  in  with  the  general  current  which  is 
propelled  through  B,  to  the  tuyeres  leading  into  the 
cupola. 


According  to  experience,  the  iron  melted  in  a  cupola 
urged  by  a  fan-blast  improves  more  in  the  operation 
of  melting  than  when  a  cylinder-blast  is  used,  although 
the  latter  has  certain  advantages  which  the  practical 
man  considers  important. 

The  fires  in  the  cupola  furnaces  are  generally 
kindled  by  putting  in  a  quantity  of  wood,  which  is  then 
ignited;  the  usual  fuel,  either  coal  or  coke,  is  after- 
wards introduced,  and  the  blast  applied.  When  a  suffi- 
cient heat  is  raised,  and  the  cupola  is  well  filled  with 
fuel,  quantities  of  pig-iron  are  thrown  in,  which  melts 
in  its  passage  down,  and  finds  its  way  to  the  bottom  or 
hearth  in  the  same  way  as  in  the  blast  furnace.  If  the 
fuel  be  of  good  quality,  having  little  earthy  matter  in 
it  and  no  sulphur,  the  iron  during  this  melting  is  con- 
siderably purified ;  a  portion  of  the  iron  and  silica  in 
the  pigs  is  oxidised,  forming  silicate  of  iron,  which, 
from  its  less  specific  gravity,  floats  upon  the  surface 
of  the  metal,  and  is  separated  as  scoria  or  slag;  the 
remaining  charge  of  iron  is  consequently  much  purer, 
and  makes  a  stronger  metal.  When  the  fuel  contains 
earthy  matter,  this  combines  with  a  portion  of  the  iron, 
also  forming  silicate  and  scoria,  by  which  means  much 
of  the  metal  may  be  lost  without  in  any  way  tending 
to  purify  what  remains.  It  is,  therefore,  a  common 
custom  to  put  into  the  furnace  a  small  portion  of  lime, 
which  acts  as  a  flux  upon  the  silica  of  the  coal  by 
which  the  iron  is  partially  saved.  Coke,  which  is 
seldom  free  from  sulphur,  is  very  generally  used  as  fuel. 
— See  analysis  of  coke,  article  Fuel. — The  sulphur 
has  a  strong  tendency  to  combine  with  the  iron,  and 
often  to  an  extent  sufficient  to  deteriorate  greatly  the 
quality  of  the  metal  in  the  cast,  as  the  sulphide  diffuses 
itself  through  the  body  of  the  iron.  From  analyses 
made  of  pig-iron  before  and  after  being  fused  in  the 
cupola  by  certain  qualities  of  coke,  it  was  found  to 
give  in  the  former  case  only  04  per  cent,  of  sulphur ; 
and  in  the  latter  so  much  as  1-0  per  cent.,  showing  an 
increase  of  six-tenths  of  a  per  cent,  derived  from  the 
fuel.  The  quality  of  the  fuel  for  cupola  furnaces  should, 
therefore,  be  a  primary  consideration  with  the  iron- 
founder.  Wood  charcoal,  being  free  from  sulphur,  is 
employed  with  advantage  where  it  can  be  had  in 
abundance. 

Manufacture  of  Malleable  Iron. — When  pig- 
iron  is  to  be  converted  into  malleable  or  bar-iron,  it  has 
to  undergo  certain  processes  of  purification,  to  separate 
the  metal  from  the  foreign  matters  which  more  or  less 
affect  its  natural  properties  of  malleability  and  ductility. 
Athough  these  foreign  matters  were  essential  to  give 
it  the  necessary  fusibility  for  the  obtaining  of  the  cast- 
iron  from  the  ore,  and  are,  for  the  same  reason,  equally 
essential  for  the  production  of  cast  articles  so  valuable 
in  machinery  and  other  works  of  art,  they  must  be  got 
rid  of  in  that  iron  which  is  to  be  used  for  purposes 
requiring  the  greater  tenacity  and  strength  of  the  pure 
material.  The  operations  of  refining  consist  in  remelt- 
ing  and  blowing  upon  the  iron,  to  burn  out  a  portion 
of  its  impurities,  and  then  subjecting  it  to  a  process  of 
heating  and  hammering,  termed  paddling,  by  which 
means,  partly  chemical  and  partly  mechanical,  the 
foreign  matters  are  eliminated  from  the  metal. 

Refining. — The  first  operation,  or  that  more  generally 
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termed  refining,  is  performed  in  peculiarly-constructed 
furnaces,  called  refineries  or  running-out  fires.  These 
are  composed  of  a  body  of  brick-work,  about  nine  feet 
square,  rising  but  little  above  the  ground,  and  are 
shown  in  Figs.  298  and  299,  the  former  of  which  is  a 
sectional  elevation  and  the  latter  a  plan.  The  hearth,  n, 
is  placed  in  the  middle  of  this,  and  is  of  a  rectangular 
shape,  being  about  three  feet  by  two,  and  about  thirty 
inches  deep ;  it  is  formed  by  the  junction  of  four  cast- 
iron  troughs,  A,  through  which  a  stream  of  cold  water 
is  made  to  circulate  to  prevent  them  from  being  fused 


Fig.  298. 


by  the  heat.  Over  the  hearth,  and  supported  by  iron 
columns,  b,  about  six  feet  high,  is  a  chimney  from  ten  to 
twelve  feet  high,  making  the  total  height  about  twenty 
feet.  The  tuyeres,  /,  are  placed  on  the  longest  sides 
of  the  hearth  at  the  lip  or  edge,  and  are  inclined  towards 
the  bottom  so  as  to  blow  upon  the  bath  of  melted 
metal.  The  noze-pipe  is  incased  similarly  to  that  of 
the  blast  furnace,  and  water  is  made  to  circulate  in  the 
hollow  space  by  cylindrical  tubes,  to  preventjhe  tuyeres 
from  being  burned.  The  supply  of  water  for  this  pur- 
pose is  brought  by  the  pipe,  a,  into  the  reservoirs,  b, 


Fig.  299. 


from  which  it  flows  through  the  pipes,  d,  to  the  nozzles 
of  the  tuyeres,  and  thence  escapes  by  the  tubes,  e', 
into  the  tanks,  f;  from  these  it  is  conveyed  by 
the  siphon-tubes,  e,  into  the  troughs,  A.  The  blast 
arrives  at  the  tuyeres  through  the  mains,  E,  which 
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are  furnished  with  screw-valves  at  c  for  the  purpose 
of  regulating  the  supply.  The  tapping-hole,  o,  is 
placed  at  one  of  the  shorter  sides  of  the  hearth,  and 
by  it  the  melted  metal  and  the  slag  flow  out  into  the 
mould,  M. 

The  operation  begins  by  fdling  the  hearth  or  cru- 
cible portion  of  the  furnace  with  coke ;  upon  this 
are  laid  six  pigs  of  iron  from  the  blast  furnace,  and 
more  coke  is  heaped  upon  them.  The  fire  is  kindled 
at  bottom ;  after  a  little  the  blast  is  let  on,  and,  as 
the  heat  increases,  the  iron  melts  and  flows  to  the 
bottom ;  more  coke  is  added  as  it  burns  away,  to 
preserve  the  metal  in  a  state  of  fusion.  The  iron 
during  this  operation  expands,  heaves  up,  and  evolves 
oxide  of  carbon.  After  about  two  hours  the  metal  is  * 
tapped  out  into  pits  or  beds,  forming  large  plates,  upon 
which  quantities  of  water  are  thrown  with  the  view  of 
rendering  it  brittle.  The  metal  thus  treated  is  very 
white,  and  possesses  in  general  a  fibrous  radiated  tex- 
ture, consequent  on  its  rapid  cooling  ;  it  is  also  full  of 
cells  from  the  escaping  of  gaseous  matters.  In  this 
operation  there  is  formed  a  heavy  black  scoria,  princi- 
pally composed  of  silicate  of  iron  with  other  impurities. 
When  the  iron  is  very  inferior  in  quality,  a  small  por- 
tion of  lime  is  added  to  the  fire  to  take  up  the  earthy 
matters  ;  in  this  case  the  scoria  will  contain  lime.  As 
already  remarked,  in  fusing  iron  in  the  cupola  the  earthy 
matter  in  the  coke  employed  requires  a  little  lime  to 
combine  with  it ;  otherwise,  if  present  in  any  con- 
siderable quantity,  it  will  take  away  much  of  the 
iron.  In  some  places  the  iron  is  run  into  these  re- 
fining furnaces  directly  from  the  blast  furnace,  a 
method  which  saves  the  time  and  fuel  required  to 
remelt  the  pigs ;  but  this  saving  is  attended  with 
certain  disadvantages  which  have  prevented  its  general 
adoption. 

The  change  effected  upon  the  iron  in  this  operation 
is  the  oxidation  and  consequent  separation  of  a  great 
portion  of  the  impurities.  The  following  are  analyses 
of  the  results  : — 

Iron  from  blast  Same  iron  after 

belore  refining.  being  reGneu. 

Iron,                          95-26    98.33 

Carbon,                          2-63    -87 

Silicium,                       1-38    -53 

Aluminium,                      *73    *26 

Phosphorus,                 trace    trace 

Sulphur,                      trace    trace 

100-00  99-99 

The  slag  or  scoria  from  the  refining  of  the  above 
iron  gave — 

Protoxide  of  iron,   70-3 

Silica,   21-5 

Alumina,   7-8 

99-6 

As  a  general  rule,  the  longer  the  blowing  and  con- 
sequent exposure  to  the  oxygen  of  the  blast,  the  greater 
the  deprivation  of  alloys  and  improvement  in  quality  ; 
but  the  process  may  be  unnecessarily  prolonged. — 
Truran. 

A  very  good  criterion  of  the  effect  produced  upon 
the  iron  by  this  process,  is  the  composition  of  the  cinder 
or  slag  from  the  operation.    Berthieb  gives  the  fol- 
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lowing  analyses  of  this  slag  from  two  different  works 
in  different  localities : — 


Dudley, 

Dowlaii. 

Protoxide  of  iron,.. 

..  61-2  .. 

..  61-0 

....  52-0 

..  36-8 

....  42-4 

. .    4-0  .. 

..  1-5 

....  3-3 

Phosphoric  acid, . . 

..    7-2  .. 

100-0 

99-3 

97-7 

The  presence  of  the  phosphoric  acid  in  the  scoria 
is  important,  as  showing  the  use  of  the  operation ;  a 
portion  of  both  the  silica  and  alumina  may  have  been 
in  the  ashes  of  the  fuel,  so  that  this  should  be  strictly 
■  attended  to  in  these  investigations.  The  following  is 
an  analysis  of  refining  cinder  from  a  work  near  Bir- 
mingham : — 


Protoxide  of  iron,   61-28 

Silica,   22-76 

Protoxide  of  manganese,   3-58 

Alumina,   7-30 

Lime,   3-41 

Magnesia,   *76 

Sulphur,   -46 

Loss,   -45 


100-00 

It  is  very  probable  that  several  of  these  matters  have 
been  from  the  fuel.  If  the  fuel  contains  much  silica, 
the  loss  in  iron,  from  this  cause  alone,  will  be  consider- 
able. In  the  above  analysis  the  silica  and  protoxide 
of  iron  appear  as  one  to  three.  The  combined  weight 
of  the  iron  and  cinder  is  always  more  than  the  weight 
of  the  pig-iron  put  in.  Truean  gives,  as  the  result  of 
his  own  experience,  the  following  :— 

Pounds. 

Crude  iron  put  in,   2498 

Produce  .Panned  metal   2240 

ir0duce' \  Cinder,   325 

  2567 

Showing  an  excess  of  weight,   69 

The  principal  portion  of  the  excess,  says  this  authority, 
is  duo  to  the  fixation  of  oxygen  forming  the  protoxide 
of  iron  in  the  cinder,  silica,  and  alumina.  The  remain- 
ing portion  is  composed  of  the  silicious  earths  of  the 
coke  and  stones  composing  the  hearth.  The  increase 
of  weight  by  the  oxygen  in  the  scoria  is  counter- 
balanced by  the  direct  loss  of  carbon ;  so  that  the  in- 
crease is  wholly  from  the  last-named  sources,  the  ash 
of  the  fuel  and  stones  of  the  hearth.  The  loss  of  iron 
in  this  process  varies  according  to  the  quality  of  the 
crude  iron.  Berthier  gave  from  his  results  twelve  to 
seventeen  per  cent,  of  loss ;  in  the  preceding  statement 
of  Truran  the  loss  is  ten  per  cent. 

Puddling. — The  next  process  of  refining  is  termed 
'puddling,  and  is  performed  in  a  reverberatory  furnace 
of  the  shape  shown  in  sectional  elevation  and  plan  in 
Figs.  300  and  301.  The  sole  or  hearth,  D,  is  made 
of  brick  or  cast-iron ;  if  of  the  former,  it  is  arched 
below,  the  bottom  of  the  furnace  being  the  top  of  the 
arch ;  if  of  the  latter,  it  is  a  large  plate  of  cast-iron, 
supported  by  pillars,  and  is  covered  with  a  layer  of 
slag,  which  is  made  to  incline  towards  E,  where  there 
is  a  rapid  fall  to  allow  of  the  escape  of  the  slags  formed 
during  the  process ;  these  are  removed  at  the  opening 
or  floss-hole,  b.    The  length  of  the  hearth  is  about 


six  feet ;  its  breadth  at  the  middle  about  four  feet ;  at 
the  chimney-end  about  two  feet ;  and  from  two  and  a 
half  to  three  feet  at  the  fire-end.    The  fire,  A,  is 


Fig.  300. 


separated  from  the  hearth  by  a  wall  of  fire  brick,  a, 
about  ten  inches  high,  termed  the  bridge.  The  draught 
is  produced  by  a  chimney,  P,  forty  or  fifty  feet  high, 
and  furnished  at  top  with  a  damper,  n,  which  can 
be  raised  or  lowered  by  means  of  a  chain  and  lever. 


Fig.  301. 


The  opening,  c,  which  communicates  with  the  grate,  is 
generally  closed  by  heaping  up  the  fuel.  The  opening, 
B,  into  the  hearth  or  sole  of  the  furnace,  is  that  through 
which  the  workman  introduces  his  iron  bar,  or  paddle, 
during  the  process  of  puddling.  Nearer  the  chimney 
is  another  aperture,  G,  which  is  used  for  cleaning  out 
the  furnace  at  the  end  of  an  operation. 

From  three  and  a  half  to  four  hundredweight  of 
the  fine  metal  obtained  by  the  refining  process  is  put 
into  the  puddling  furnace,  in  pieces  laid  one  upon  an- 
other upon  the  sides  of  the  hearth,  leaving  the  centre 
or  middle  part  free  for  the  operations  of  the  puddler. 
The  furnace  is  then  closed  up,  and  the  fire  pushed  to  a 
high  heat ;  in  about  twenty  minutes  the  metal  begins 
to  melt,  and  falls  off  in  drops  upon  the  sole  of  the  fur- 
nace. The  furnaceman,  by  means  of  a  paddle,  removes 
the  iron  from  the  hottest  parts  to  prevent  its  melting 
too  rapidly.  When  the  whole  of  the  metal  is  reduced 
to  a  pasty  state,  the  temperature  of  the  furnace  is  low- 
ered that  it  may  not  become  more  fluid.  The  furnace- 
man  then  works  about  the  pasty  metal  with  his  paddle, 
during  which  it  swells  up  with  the  discharge  of  gaseous 
matters.  As  this  goes  on,  the  metal  becomes  less 
fusible  as  it  gets  finer,  the  gases  cease  to  escape,  and 
by  the  constant  puddling  or  kneading  with  the  paddle, 
it  becomes  reduced  to  a  sort  of  sandy  consistence. 
During  these  operations,  small  quantities  of  water  are 
thrown  into  the  furnace.  At  this  stage  the  heat  is 
increased,  and  the  particles  of  metal  begin  again  to 
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agglutinate,  and  become,  in  the  language  of  the  work- 
man, heavy.  The  furnaeeman  with  his  paddle  gathers 
a  lump  of  metal  on  the  end  of  it,  as  a  nucleus,  and 
makes  it  roll  about  on  the  surface  of  the  clotted  mass ; 
he  thus  collects  a  hall  of  about  seventy  pounds  in 
weight,  which  is  placed  on  the  side  of  the  hearth  at 
the  hottest  part,  where,  with  a  rake  or  paddle,  termed 
a  dolly,  it  is  squeezed  as  much  as  possible  to  force  out 
any  scoria.  After  the  whole  of  the  metal  is  thus 
formed  into  balls,  the  heat  of  the  furnace  is  still 
augmented  to  facilitate  the  welding.  The  balls  are 
then  lifted  out — by  means  of  tongs,  if  roughing  rollers 
are  to  be  used,  or  with  an  iron  rod,  welded  to  the 
ball,  if  the  hammer  is  to  be  employed. 

The  time  taken  to  puddle  a  charge  is  from  two  to 
two  and  a  half  hours.  The  loss  of  iron  in  this  pro- 
cess varies  considerably,  both  according  to  its  quality, 
and  also  the  expertness  of  the  workman.  The  loss 
is  on  an  average  about  ten  per  cent.  During  this 
operation,  a  considerable  quantity  of  scoria,  which 
sweats  out  from  the  metal,  is  allowed  to  run  off  from 
the  hearth,  and  is  removed.  The  composition  of  this 
scoria  differs  little  from  that  of  the  refining  furnace, 


except  that  a  quantity  of  the  iron  is  found  in  the  state 
of  sesquioxide.  The  following  is  the  analysis  of  two 
samples  of  scoria,  the  one  exposed  in  a  flue  of  a  pud- 
dling furnace  for  some  time,  and  the  other,  called  tap 
cinder,  direct  from  the  furnace : — 

Scoria 

found  in  flue.         Tap  cinder. 

Silica,   29-60    23-86 

Protoxide  of  iron,   48-43    39-83 

Sesquioxide  of  iron,   17*11  ....  23-75 

Protoxide  oi  manganese,   1-13    6-17 

Alumina   1-28  ....  -91 

Lime,   0-47    -28 

Magnesia,   -35    -24 

Phosphoric  acid,   1-34  ....  6*42 

Sulphide  of  iron,   1-61  ....  -62 

101-32  180-02 

Those  results  show  the  impurities  to  be  of  the  same 
kind  as  those  of  the  scoria  given  out  at  the  refining  or 
running-out  furnace. 

The  following  are  analyses  of  refined  or  malleable 
iron  of  different  qualities,  and  from  various  locali- 
ties, exhibiting  the  extent  of  the  effects  produced  by 
refining,  when  compared  with  the  composition  of  crude 
iron : — 


Iron. 

Ctiibon. 

Sulphur. 

rhospnorus. 

Silica. 

Arsenic. 

Copper. 

Manganese. 

Swedish  from  Danemora,  

98-78 

.    0-84  . 

0-12  . 

.    0-02  . 

.  0-07 

..  0-05 

99-73  . 

.    0-24  . 

.  trace.  . . 

0-03  . 

.  trace 

German  very  strong  rod,  

99-13  . 

.    0-66  . 

trace.  . 

.  0-05 

. .  0-29 

German  strong,  Hartz  Mountains, 

98-88  . 

.    0-40  . 

.  trace.  . 

0-01  . 

.  0-32 

. .  0-30 

99-87  . 

.    0-09  . 

.  trace.  . 

0-03  . 

Welsh  puddled  iron,  

98-90  . 

.    0-41  . 

'.    0-40    '. '. 

0-08  . 

! '.  0-04 

In  comparing  these  analyses  with  the  qualities,  it  is 
difficult  to  say  wherein  lies  the  difference.  That  termed 
weak  is  the  purest,  and  the  strong  Swedish  iron  appears 
the  most  impure. 

Calvert  and  Johnston  have  recently  carried  out 
a  series  of  researches,  instituted  for  the  purpose  of 
ascertaining  the  progressive  chemical  changes  effected 
in  the  operation  of  puddling. 

The  material  operated  upon  was  good  cold-blast 
Staffordshire  iron,  No.  3,  rather  grey.  The  puddling 
was  conducted  in  the  usual  manner ;  and  at  intervals 
portions  of  the  iron  were  taken  out  from  the  mass,  and 
subsequently  analysed  so  as  to  ascertain  the  nature  of 
the  changes  produced  at  the  different  stages  of  the 
operation. 

The  following  table  gives  the  quantity  of  the  several 
portions,  so  far  as  regards  the  per  centage  amounts  of 
carbon  and  silicium,  which  embrace  what  are  con- 
sidered the  principal  changes  in  this  process  : — 


Pig-iron  used. 

Time. 

Carbon. 

Silicium 

Iron  as  put  in,  . 

. .  12  o'clock. 

2-275 

.  2-720 

Sample  1 
"      2  . 

12-40     . . 

2-726 

•915 

1-0 

2-905 

.  -197 

"  3 

1-5 

2-444 

•194 

"     4  .. 

1-20      . . 

2-305 

•182 

"     5  .. 

1-35      . . 

1-647 

.  -183 

"     6  .. 

1.40 

1-206 

•103 

"     7  .. 
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These  interesting  results  show  the  value  of  such  in- 
vestigations ;  and  it  is  to  be  hoped  that  similar  experi- 
ments will  be  repeated  again  and  again  under  various 
circumstances,  and  with  a  view  to  all  the  impurities. 


One  thing  worthy  of  notice  is  the  fact,  that,  after  the 
furnace  operations  are  complete,  the  hammering  and 
rolling  seem  to  eliminate  a  great  quantity  both  of  the 
carbon  and  silicium.  The  carbon  in  the  wire-iron  is 
only  one-seventh  of  that  in  the  iron  at  the  end  of  the 
puddling  operations,  and  the  silicium  is  reduced  nearly 
one-half. 

With  regard  to  the  sulphur  and  phosphorus  in  the 
iron  before  and  after  the  puddling,  the  final  results  only 
are  given,  namely : — 

Pig-iron.      Puddled  bars.  Wire-iron. 

Carbon,                2-275  ..  0-296  ..  0-111 

Silicium,               2-720  ..  0-120  ..  0-088 

Phosphorus,          0-645  ..  0-134  ..  0-117 

Sulphur,               0-301  ..  0-139  ..  0-094 

The  following  composition  of  the  slag  produced  in 
these  operations  confirms  the  preceding  results : — 

Silica,   16-53 

Protoxide  of  iron,   66-23 

Sulphide  of  iron,   6-80 

Phosphoric  acid,   3-80 

Protoxide  of  manganese,   4-90 

Alumina   1-04 

Lime,   0-70 

100-00 

Hammering,  Squeezing,  and  Rolling. — The  process 
of  refining  and  toughening  the  iron  after  passing 
through  the  puddling  furnaces,  is  completed  by  me- 
chanical means;  cither  by  subjecting  it  to  the  action  of 
large  hammers,  or  by  pressing  and  drawing  it  between 
rollers,  during  which  operations  a  great  quantity  of 
scoriaceous  matter  is  squeezed  out,  and  the  iron  as- 
sumes a  fibrous  structure,  possessing  the  malleable  aud 
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ductile  qualities  of  wrought-iron.  In  the  first  place, 
the  puddled  balls  are  shingled  or  fashioned  into  oblong 
slabs  or  blooms  by  the  blows  of  a  heavy  forge  hammer, 
termed  the  helve.  The  blooms  are  then  passed  through 
a  series  of  grooved  iron  rollers,  which  reduce  them  to 
the  form  of  long  bars.  These  are  cut  up  into  short 
pieces,  several  of  which  are  fagoted  together  and 
brought  to  a  welding  heat  in  the  balling  furnace,  after 
which  they  are  again  passed  several  times  between 
grooved  rollers,  and  by  this  latter  process  are  made 
into  bars  or  plates,  ready  for  the  shears. 

The  helve  or  shingling  hammer  is  a  ponderous  beam 
of  cast-iron,  A  B— Fig.  302— about  ten  feet  long,  and 
weighing  from  three  to  four  tons.  At  one  extremity,  A,  it 


both  are  now  being  rapidly  superseded  by  steam-ham- 
mers, one  of  the  most  celebrated  of  which  is  that  of 
Nasmyth,  patented  in  1833.    The  hammering  weight 

Fig.  303. 


in  this  macln'ne  is  attached  directly  to  the  lower  end 
of  the  steam  piston-rod,  and  the  percussive  action  of 
the  blows  is  found  to  be  objectionable  in  its  effects 
upon  the  piston  and  rod,  causing  wear  and  serious 
fractures.  To  obviate  this  practical  defect,  Mr.  John 
Condie,  of  the  Govan  Iron-works,  Glasgow,  about  the 
year  1846,  gave  the  subject  much  consideration,  and 

Fig.  304. 
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turns  on  an  axis,  which  rests  on  heavy  plummer  blocks, 
and  to  the  other  is  secured  the  head,  B,  which  is  of 
wrought-iron,  faced  with  steel,  and  weighs  from  seven 
to  eight  hundredweight.    The  anvil,  b,  is  supported  on 
a  massive  block  of  iron,  D.    The  head  is  raised  by  a 
number  of  cams,  a  a,  fixed  to  a  powerful  shaft,  c,  which 
is  turned  by  steam  or  water-power,  assisted  and  regu- 
lated by  a  heavy  fly-wheel.     The  ball  or 
bloom  is  placed  upon  the  anvil,  and  the  head, 
being  lifted  from  eighteen  to  twenty-four 
inches  by  each  cam  as  it  revolves,  makes 
from  seventy-five  to  one  hundred  blows  per 
minute,  by  which  the  scoriie  and  other  im- 
purities are  separated. 

Another  instrument  used  for  preparing  the 
blooms  to  pass  through  the  rollers,  acts  by 
compression  like  a  pair  of  pliers,  and  is 
termed  the  squeezer  or  alligator.  This  ma- 
chine is  represented  in  Fig.  303.  It  acts  by 
means  of  two  powerful  jaws,  A  B,  united  at  C 
like  a  pair  of  shears,  and  having  their  faces  grooved  in 
order  to  hold  fast  the  bloom,  which  is  introduced  between 
them.  A  current  of  water  flows  through  a  cavity  in  the 
lower  jaw  to  keep  it  cool.  The  upper  jaw  alone  moves, 
and  is  worked  by  a  cam  on  the  axis,  E,  of  the  fly- 
wheel, operating  on  the  crank,  D.  This  machine  re- 
quires an  attendant  to  keep  the  bloom  rolling  about 
between  the  jaws,  A  b. 

The  alligator  is  said  to  squeeze  out  the  slag  more 
thoroughly  and  expeditiously  than  the  helve  does ;  but 


the  result  of  his  deliberations  was  the  hammer  deli- 
neated in  Fig.  304.  The  great  difference  between 
Condie's  hammer  and  all  earlier  contrivances,  consists 
in  the  fact  that  the  steam  cylinder  is  movable,  and 
itself  gives  the  blow,  whilst  the  piston  and  its  rod  are 
fixed  to  the  framing.  The  cylinder  is,  therefore,  con- 
structed of  great  strength,  particularly  at  the  lower 
end,  which  is  formed  with  a  dovetail  socket,  to  receive 
the  acting  hammer  face.  This  arrangement  permits 
of  the  replacement  of  the  striking  portion  when  worn. 
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The  first  experimental  Condie  hammer  was  erected  at 
the  Go  van  Iron-works  in  1848,  and  it  has  worked  day 
and  night  since  that  time,  doing  all  sorts  of  puddling 
and  forging  work  in  a  most  successful  manner.  The 
size  of  the  instrument  has  gone  on  increasing  in  quick 
gradations  until  the  climax  of  a  six  and  a  half  tons  dead 
hammering  weight,  with  a  fall  of  seven  feet  six  inches, 
has  heen  reached.  All  the  unprecedentedly  heavy 
shafts  in  the  great  steamer,  the  Leviathan-,  were  forged 
under  Mr.  Condie's  hammers  at  a  time  and  under  cir- 
cumstances when  such  heavy  masses  could  not  have 
heen  shaped  elsewhere.  For  puddling  forges,  hammers 
of  forty  and  fifty  hundredweight  are  now  generally  su- 
perseding the  old-fashioned  helves  and  squeezers. 
Among  the  latter  class  of  machines,  however, 

Fig. 


Brown's  patent  squeezer  is  acknowledged  to  ho  very 
effective.  It  consists  of  a  series  of  massive  rollers,  so 
arranged  that  the  heated  hloom  of  puddled  iron,  heing 
placed  on  the  top  of  the  machine,  is  taken  in  between 
the  two  upper  rollers,  and  is  gradually  compressed 
between  these  and  others  as  it  descends.  At  the 
bottom,  it  falls  upon  an  endless  revolving  chain  ladder, 
by  which  it  is  elevated  and  thrown  on  to  a  platform  in 
front  of  the  rolls  for  drawing  it  out  into  bars. 

The  drawing  rolls  are  represented  in  Fig.  305,  and 
consist  of  two  sets,  A  A  and  B  B.  The  former  are 
called  the  roughing  rolls,  and  serve  to  conclude  the 
refining  process  by  expressing  the  last  portions  of  slag ; 
the  latter  are  termed  the  finishing  rolls,  and  are  differ- 
ently grooved,  according  to  the  section  intended  to  be 
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given  to  the  bar.  They  are  mounted  in  pairs,  one 
above  the  other,  on  massive  iron  bearers,  EE;  the  lower 
rolls  are  driven  direct  by  a  shaft,  d,  from  the  fly-wheel 
of  the  engine,  and  motion  is  communicated  to  the 
upper  rolls  by  strong  toothed  wheels,  C  c  ;  the  distance 
between  them  is  regulated  by  screws,  s  s,  which  work 
through  the  tops  of  the  bearers.  These  are  connected 
at  the  upper  part  by  stout  iron  bars,  f  f,  which  serve 
to  support  the  heavy  tongs  employed  in  lifting  the 
blooms.  Through  the  small  pipes,  g  g,  a  stream  of 
water  is  made  to  play  upon  each  pair  of  rolls,  to  keep 
them  cool,  descending  into  a  channel  beneath  the 
frame,  in  which  the  scale  that  falls  from  the  surface  of 
the  heated  iron,  as  it  passes  between  the  rolls,  is  carried 
away  by  the  water.  The  roughing  rolls  vary  from 
four  to  five  feet  long,  and  are  about  eighteen  inches  in 
diameter. 

The  bloom  on  arriving  at  the  platform  in  front  of 
the  roughing  rolls,  is  still  at  a  bright  heat,  and  is  now 
of  an  oblong  form.  The  workman  immediately  seizes 
it  with  a  pair  of  tongs,  and  forces  it  into  the  largest 
groove  in  the  rolls,  the  first  three  or  four  grooves  being 
roughened  with  teeth,  by  which  it  is  caught,  and  car- 
ried through  without  slipping.  It  is  then  passed  in 
succession  through  the  other  grooves  of  the  same  series, 
until  it  attains  the  required  form  for  railway  bars  or 
other  purposes  to  which  it  is  intended  to  be  applied. 

For  good  bar-iron,  however,  an  additional  process  is 
required.  When  the  blooms  have  been  reduced  by 
the  roughing  rollers  to  the  form  of  long  bars,  they  are 
cut  into  short  lengths,  which  are  welded  together  in 
piles,  and  again  drawn  out  into  bars  in  the  rolling  mill. 
A  great  variety  of  shears  is  used  for  cutting  iron, 
some  driven  by  cams  or  eccentrics,  and  some  by  con- 


necting rods  and  a  crank  on  the  revolving  shaft.  In 
largo  iron-works  it  is  necessary  to  have  two  or  three 
kinds,  some  for  cutting  up  scrap  iron  and  bars  for 
piling,  and  others  for  boiler-plates.  The  shears  em- 
ployed in  cutting  the  bars  for  piling  consist  of  two  jaws, 
Fig.  306,  to  which  are  firmly  bolted  cutting  edges,  a  b, 
of  hardened  steel.   The  lower  blade,  as  in  the  squeezer, 

Pig. 306. 


is  fixed,  but  the  upper  one  moves  on  the  pin,  A,  by  the 
action  of  the  bar,  D,  on  the  lever,  B  A.  Bars  of  consi- 
derable thickness  are  easily  divided  by  the  jaws,  and  a 
number  of  the  short  lengths  thus  produced  are  placed 
together  in  piles  or  fagots,  which  are  raised  to  a 
welding  heat  in  a  reverberatory  furnace,  taking  care 
not  to  expose  them  to  the  oxidising  influence  of  the  air. 
The  experience  of  the  workman  enables  him  to  judge, 
from  the  appearance  of  the  furnace,  when  the  piles  are 
at  a  welding  heat,  so  that,  when  afterwards  compressed 
in  the  rolls,  the  particles  will  unite.  When  he  ascer- 
tains that  this  point  has  been  attained,  the  piles  are  taken 
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out,  one  at  a  time,  and  thrown  to  the  workmen  at  the 
finishing  rolls,  who  pass  them  through  the  grooves  as 
rapidly  as  possible,  so  as  to  elongate  each  pile  into  a  bar 
of  the  required  size,  before  the  iron  has  cooled  down  below 
the  proper  temperature  for  drawing.  The  short  lengths 
which  compose  the  pile  or  fagot  tend  to  produce  a 
fibre  in  the  bar,  which  in  good  iron  is  always  percep- 
tible, however  perfect  the  weld,  and  seems  to  be  neces- 
sary to  give  it  strength  and  toughness. 

Sheet-iron  is  made  by  passing  the  metal  between 
smooth  rollers,  without  grooves,  the  rollers  being 
gradually  screwed  nearer  together  as  the  desired  thick- 
ness is  being  approached. 

The  speed  of  the  different  kinds  of  rolling  mills 
varies  according  to  the  work  they  have  to  perform. 
Those  for  merchant-bars  make  from  sixty  to  seventy 
revolutions  a  minute,  whilst  those  of  large  size  for 
boiler-plates  are  reduced  to  twenty-eight  or  thirty. 
Others,  such  as  the  finishing  and  guide  rollers,  run  at 
from  one  hundred  and  twenty  to  four  hundred  revolu- 
tions a  minute. 

Bessemee's  Process. — The  nature  of  the  changes 
taking  place  in  the  iron  during  the  preceding  refining 
operations  is  obvious,  the  whole  being  simply  a  process 
of  oxidation  of  the  impurities,  which  are  subsequently 
squeezed  out  by  the  pressing  and  rolling.  Since  the 
iuvention  of  puddling  by  Mr.  Gort,  many  improvements 
or  alterations,  both  of  a  chemical  and  mechanical  nature, 
have  been  introduced,  some  of  which  have  done  much 
to  facilitate  the  operations ;  but  all  have  been  merely 
modifications  of  the  same  principle :  the  process  was 
still  essentially  Cort's.  But  during  the  year  1856,  a 
method  was  patented  which  sets  all  previous  plans  and 
modifications  aside,  and,  as  with  the  wand  of  the  magi- 
cian, effects  the  refining  of  the  iron  from  the  crude  pig 
to  malleable  bar  without  either  fuel  or  hammer.  Un- 
fortunately, from  various  experiments  tried,  the  practi- 
cal utility  of  this  beautiful  process  is  still  doubtful. 
Mr.  Bessemer,  the  inventor,  describes  it  in  nearly  the 
following  terms,  in  a  paper  which  was  read  before  the 
British  Association  in  the  year  above-mentioned  : — ■ 

The  assumptions  with  which  he  set  out  were,  that 
crude  iron  contains  about  five  per  cent,  of  carbon ;  that 
carbon  cannot  exist  at  a  white  heat  in  the  presence  of 
oxygen,  without  uniting  therewith,  and  producing  com- 
bustion; that  such  combustion  would  proceed  with  a 
rapidity  dependent  on  the  amount  of  surface  of  carbon 
exposed ;  and,  lastly,  that  the  temperature  which  the 
metal  would  acquire  would  be  also  dependent  on  the 
rapidity  with  which  the  oxygen  and  carbon  were  made 
to  combine,  and  consequently  that  it  was  only  necessary 
to  bring  the  oxygen  and  carbon  together  in  such  a  man- 
ner that  a  vast  surface  should  be  exposed  to  their  mu- 
tual action,  in  order  to  produce  a  temperature  hitherto 
unattainable  in  our  largest  furnaces.  With  a  view  of 
testing  practically  this  theory,  he  constructed  a  cylindri- 
cal vessel  of  three  feet  in  diameter,  and  five  feet  in 
height,  somewhat  like  an  ordinary  cupola  furnace,  the  in- 
terior of  which  was  lined  with  fire-bricks;  and  at  about 
two  inches  from  the  bottom  of  it,  he  inserted  five  tuyere 
pipes,  tl.c  nozzles  of  which  were  formed  of  well-burnt 
fire-clay,  the  orifice  of  each  tuyere  being  about  three- 
eighths  of  an  inch  in  diameter.    At  one  side  of  the  ves- 


sel, about  half-way  up  from  the  bottom,  there  was  a 
hole  made  for  running  in  the  crude  metal,  and  in  the 
opposite  side  there  was  a  tap-hole  stopped  with  loam, 
by  means  of  which  the  iron  could  be  run  out  at  the  end 
of  the  process.  In  practice  this  converting  vessel  might 
be  made  of  any  convenient  size,  but  he  preferred  that 
it  should  not  hold  less  than  one,  or  more  than  five  tons 
of  fluid  iron  at  each  charge.  The  vessel  was  placed  so 
near  to  the  discharge-hole  of  the  blast-furnace  as  to 
allow  the  metal  to  flow  along  a  gutter  into  it ;  a  small 
blast-cylinder  was  employed,  capable  of  compressing  air 
to  about  eight  or  ten  pounds  to  the  square  inch.  A 
communication  having  been  made  between  it  and  the 
tuyeres  before  named,  the  converting  vessel  was  in  a 
condition  to  commence  work. 

It  has  been  stated  that  the  tuyeres  were  situated 
nearly  close  to  the  bottom  of  the  vessel ;  the  molten  mass 
would,  therefore,  rise  some  eighteen  inches  or  two  feet 
above  them.  It  was,  consequently,  necessary,  in  order  to 
prevent  the  metal  from  entering  the  tuyere  holes,  to  turn 
on  the  blast  before  allowing  the  fluid  crude  iron  to  run 
into  the  vessel  from  the  blast-furnace.  This  having 
been  done,  and  the  liquid  run  in,  a  rapid  boiling  up 
of  the  metal  was  heard  going  on  within  the  vessel ;  the 
metal  being  tossed  violently  about  and  dashed  from  side 
to  side,  shaking  the  vessel  by  the  force  with  which  it 
moved.  Flame  then  issued  from  the  throat  of  the  con- 
verting vessel,  accompanied  by  a  few  bright  sparks. 
This  state  of  things  continued  for  about  fifteen  or  twenty 
minutes,  during  which  time  the  oxygen  in  the  atmo- 
spheric air  combined  with  the  carbon  contained  in  the 
iron,  producing  carbonic  acid  gas,  and  at  the  same  time 
evolving  a  powerful  heat.  Now,  as  this  heat  was  gener- 
ated in  the  interior  of,  and  was  diffused  in  innumerable 
fiery  bubbles  through,  the  whole  fluid  mass,  the  vessel 
absorbed  the  greater  part  of  it ;  its  temperature  became 
immensely  increased;  and  by  the  expiry  of  the  fifteen  or 
twenty  minutes  before  named,  that  part  of  the  carbon 
which  appeared  mechanically  mixed  and  diffused 
through  the  crude  iron  was  entirely  consumed.  The 
temperature,  however,  was  so  high,  that  the  chemically- 
combined  carbon  now  began  to  separate  from  the  metal, 
as  was  at  once  indicated  by  an  immense  increase  in  the 
volume  of  flame  rushing  out  of  the  throat  of  the  vessel. 
The  metal  in  the  vessel  now  rose  several  inches  above 
its  natural  level,  and  a  light  frothy  slag  made  its  appear- 
ance, and  was  thrown  out  in  large  foam-like  masses. 
This  violent  eruption  of  cinder  was  generally  found  to 
last  about  five  or  six  minutes,  when  all  further  appear- 
ance of  it  ceased,  a  steady  and  powerful  flame  replacing 
the  shower  of  sparks  and  cinders  which  always  accom- 
panied the  boil.  The  rapid  union  of  carbon  and  oxygen 
which  thus  took  place,  added  still  further  to  the  temper- 
ature of  the  metal,  while  the  diminished  quantity  of  car- 
bon present  allowed  a  part  of  the  oxj'gen  to  combine 
with  the  iron,  which  underwent  a  combustion  and 
was  converted  into  an  oxide.  At  the  excessive  heat 
which  the  metal  had  now  acquired,  the  oxide  as  soon 
as  formed  underwent  fusion,  and  formed  a  powerful  sol- 
vent of  those  earthy  bases  which  were  associated  with 
the  iron.  The  violent  ebullition  which  was  going  on 
mixed  most  intimately  the  scoria  and  metal,  every  part 
of  which  was  thus  brought  in  contact  with  the  fluid 
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oxide,  which  thus  washed  and  cleansed  the  metal  most 
thoroughly  from  the  silica  and  other  earthy  bases  com- 
bined with  the  crude  iron ;  while  the  sulphur  and  other 
volatile  matters  which  cling  so  tenaciously  to  iron  at 
ordinary  temperatures  were  driven  off,  the  sulphur 
combining  with  the  oxygen  and  forming  sulphurous 
acid.  The  loss  in  weight  of  crude  iron  during  its  con- 
version into  an  ingot  of  malleable  iron,  was  found  on  a 
mean  of  four  experiments  to  be  twelve  and  a  half  per 
cent.,  to  which  would  have  to  be  added  the  loss  of  metal 
in  the  finishing  rolls.  This  would  make  the  entire  defi- 
ciency probably  not  less  than  eighteen  per  cent.,  instead 
of  about  twenty-eight  per  cent.,  which  is  the  loss  on 
the  present  system.  A  large  portion  of  this  metal  was, 
however,  recoverable,  by  treating  with  carbonaceous 
gases  the  rich  oxides  thrown  out  of  the  furnace  during 
the  boil.  These  slags  were  found  to  contain  innumer- 
able small  grains  of  metallic  iron,  which  were  mechan- 
ically held  in  suspension  in  the  slags,  and  might  be 
easily  recovered. 

It  has  been  stated,  that  after  the  boil  had  taken  place, 
a  steady  and  powerful  flame  succeeded,  which  con- 
tinued without  any  change  for  about  ten  minutes,  when 
it  rapidly  fell  off.  As  soon  as  this  diminution  of  flame 
is  apparent,  the  workman  will  know  that  the  process  is 
completed,  and  that  the  crude  iron  has  been  converted 
into  pure  malleable  iron,  which  he  will  form  into  in- 
gots of  any  suitable  size  and  shape  by  simply  opening 
the  tap-hole  of  the  converting  vessel  and  allowing  the 
fluid  malleable  iron  to  flow  into  the  iron  ingot  moulds 
placed  there  to  receive  it.  The  masses  of  iron  thus 
formed,  are  found  to  be  perfectly  free  from  any  admix- 
ture of  cinder,  oxide,  or  other  extraneous  matters,  and 
are  far  more  pure,  and  in  a  forwarder  state  of  manu- 
facture, than  a  pile  formed  of  ordinary  puddle  bars. 
And  thus  it  will  be  seen,  says  Mr.  Bessemer,  that  by 
a  single  process,  requiring  no  manipulation  or  particular 
skill,  and  with  only  one  workman,  from  three  to  five 
tons  of  crude  iron  pass  into  the  condition  of  several 
piles  of  malleable  iron  in  from  thirty  to  thirty-five 
minutes,  with  the  expenditure  of  about  one-third  part 
the  blast  now  used  in  a  finery  furnace  with  an  equal 
charge  of  iron,  and  with  the  consumption  of  no  other 
fuel  than  is  contained  in  the  crude  iron. 

To  those  who  are  best  acquainted  with  the  nature  of 
fluid  iron,  it  may  bo  a  matter  of  surprise  that  a  blast  of 
cold  air  forced  into  melted  crude  iron  is  capable  of 
raising  its  temperature  to  such  a  degree  as  to  retain  it 
in  a  perfect  state  of  fluidity  after  it  has  lost  all  its  car- 
bon, and  is  in  the  condition  of  malleable  iron,  which,  in 
the  highest  heat  of  our  forges,  only  becomes  a  pasty 
mass.  But  such  was  the  excessive  temperature  which 
Mr.  Bessemer  was  enabled  to  arrive  at  with  a  properly- 
shaped  converting  vessel  and  a  judicious  distribution  of 
the  blast,  that  the  fluidity  of  the  metal  was  not  only 
retained,  but  so  much  surplus  heat  created,  as  to  re- 
mclt  the  crop  ends,  ingot  runners,  and  other  scrap  that 
was  made  throughout  the  process,  and  thus  to  bring 
them  without  labor  or  fuel  into  ingots  of  a  quality 
equal  to  the  rest  of  the  charge  of  new  metal. 

The  ingots  of  malleable  metal  so  formed,  were  found 
to  have  no  hard  or  steely  parts,  such  as  exist  in  pud- 
dling iron,  requiring  a  great  amount  of  rolling  to  blend 


them  with  the  general  mass;  nor  do  such  ingots  require 
an  excess  of  rolling  to  expel  cinder  from  the  interior  of 
the  mass,  since  none  can  exist  in  the  ingot,  which 
is  pure  and  perfectly  homogeneous  throughout,  and 
hence  requires  only  as  much  rolling  as  is  necessary  for 
the  development  of  fibre. 

One  of  the  most  important  facts  connected  with  Mr. 
Bessemer's  system  was  stated  to  be,  that  all  the  iron 
so  produced  was  of  that  quality  known  as  charcoal  iron : 
not  that  any  charcoal  is  used  in  its  manufacture,  but 
because  the  whole  of  the  processes  following  the 
smelting  of  it  are  conducted  entirely  without  contact 
with  or  the  use  of  any  mineral  fuel ;  the  iron  resulting 
therefrom  being,  in  consequence,  perfectly  free  from 
those  injurious  properties  which  that  description  of 
fuel  never  fails  to  impart  to  iron  that  is  brought 
under  its  influence.  At  the  same  time,  this  system 
of  manufacturing  malleable  iron  was  considered  as 
offering  extraordinary  facility  for  making  large  shafts, 
cranks,  and  other  heavy  masses ;  since  any  weight  of 
metal  that  can  be  founded  in  ordinary  cast-iron  by 
the  means  at  present  in  common  use,  could  thus  be 
founded  in  molten  malleable  iron,  and  be  wrought 
into  the  forms  and  shapes  required,  by  simply  in- 
creasing the  size  and  power  of  the  machinery  to 
the  extent  necessary  to  deal  with  such  large  masses 
of  metal. 

So  far  as  the  principle  of  Mr.  Bessemer's  process 
is  concerned,  it  is  certainly  a  beautiful  application  of 
chemical  knowledge  to  practical  purposes;  but  in  its 
present  probationary  state  it  would  be  premature  to 
venture  more  than  a  congratulation  to  the  inventor 
upon  the  correctness  of  his  inductions,  although  many 
of  the  most  ingenious  theories  have  been  found  inap- 
plicable, from  some  cause  involved  in  the  very  nature 
of  the  operation.  What  could  have  been  more  beau- 
tiful than  Davy's  application  of  zinc  protectors  to  the 
copper  sheathing  of  ships,  or  what  more  completely 
successful  in  accomplishing  the  object  intended;  and 
yet  its  perfect  success  was  the  cause  of  its  being  un- 
suitable. One  evident  defect  in  the  practical  result  of 
the  process,  is  its  failure  to  free  the  iron  from  phospho- 
rus and  sulphur,  which  is  certainly  a  serious  drawback, 
as  shown  by  the  following  analysis  of  iron  refined  by 
this  method : — 

Iron,   98-90 

Carbon,   0-05 

Sulphur,   0-16 

Phosphorus,   1-08 

100-19 

From  the  analyses  of  wrought-iron  which  have  been 
given,  it  will  be  seen  that  its  comparative  weakness  or 
strength  has  no  apparent  relation  to  its  chemical  purity ; 
a  circumstance  suggesting  the  probability  that  there  may 
also  be  mechanical  requirements  in  preparing  malleable 
iron,  which  the  puddling  process  supplies.  Mostly  all 
metals,  when  molted  and  left  to  solidify  undisturbed,  do 
so  in  a  crystalline  form.  The  stirring  and  working  in 
the  puddling  operations  may  prevent  this  crystallization 
in  the  metal,  and  hence  the  tenacious  and  fibrous  charac- 
ter of  wrought-iron.  Time  and  experience  are  required 
to  prove  the  practicability  of  the  best  inventions,  and 
these  often  enable  the  experimenter  to  modify  the  pro- 
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cesses,  so  as  to  overcome  the  collateral  difficulties  that 
arise  in  the  first  applications.  Should  such  difficulties 
exist  in  the  present  case,  Mr.  Bessemer  will  have  the 
sympathy  of  all  men  of  science,  and  their  best  wishes 
for  the  success  of  a  process  at  once  beautiful,  ingeni- 
ous, and  simple.  It  may  be  remarked  here  that  per- 
fectly pure  iron  seems  not  to  be  desirable ;  it  is  very 
malleable  and  ductile,  and  might  do  for  wire,  but  its 
softness  would  be  a  considerable  objection  for  many 
requirements.  The  iron  wanted  must  be  hard  as  well 
as  tough,  and  this  is  the  object  to  be  aimed  at. 

Loss  in  Repining.  —  On  looking  back  upon  the 
refining  operation,  the  quality  of  the  crude  iron  from 
the  blast  furnace,  and  the  state  of  the  malleable  iron 
produced,  there  is  one  circumstance  which  must  strike 
every  reader  with  surprise ;  namely,  the  great  loss  of 
metal  which  takes  place  in  the  refining.  Something  is 
evidently  wanting  in  the  process  to  reduce  this  de- 
ficiency Mr.  Bessemer  gives  the  loss  in  the  com- 
mon process  at  twenty-eight  per  cent. ;  of  course  this 
will  vary  according  to  the  quality  of  the  cast-iron 
used,  but  in  many  localities  the  loss  has  been  found 
to  average  nearer  thirty-three  than  twenty-eight  per 
cent.  The  proportion  of  loss  will  be  more  apparent 
when  stated  thus : — If  pig-iron  having  six  per  cent,  of 
silica  be  refined  with  coke  containing  three  or  four  per 
cent,  of  the  same  substance,  and  if,  as  shown  by  the 
analysis  of  the  cinder,  every  part  of  silica  represents 
three  of  protoxide  of  iron,  consequently  the  gross  loss 
cannot  be  much  less  than  one-third  of  the  pig-iron, 
especially  when  one  takes  into  consideration  the  other 
sources  of  silica  with  which  the  iron  may  be  brought 
into  contact  in  the  process  of  refining  both  in  the  run- 
ning-out and  puddling  furnaces.  Even  in  the  mere 
operation  of  remelting  to  produce  cast-iron  articles  for 
machinery,  the  loss  from  the  formation  of  cinder  is 
very  considerable. 

The  cinder,  however,  although  lost  to  the  manufac- 
turer of  malleable  iron,  is  not  entirely  thrown  away ; 
in  many  places  it  is  collected  and  re-smelted  with  lime 
flux,  by  which  an  inferior  iron  is  obtained.  It  is  also 
often  mixed  in  small  quantities  with  the  ordinary  ores 
in  the  blast  furnace ;  but  their  presence  generally  affects 
the  quality  of  the  iron  produced.  A  patent  was  re- 
cently taken  by  Mr.  Calvert  to  recover  the  iron  from 
rich  cinders;  but  no  good  and  effective  method  has 
yet  been  applied. 

Swedish  Iron. — Notwithstanding  the  facilities  en- 
joyed in  this  country,  and  the  great  improvements  in 
the  manufacture  of  iron,  still  the  qualities  produced  on 
different  parts  of  the  Continent  are  preferred— particu- 
larly those  of  Sweden,  Norway,  and  Russia — and  com- 
mand a  higher  price  in  the  English  market  than  the 
British  best  iron;  but  the  ores  from  which  the  iron 
of  these  countries  is  made  are  much  richer,  the  quantity 
of  iron  produced  is  less,  and  the  fuel  is  of  a  superior 
kind,  namely,  charcoal. 

At  the  smelting  works  of  Sweden  and  Norway, 
the  principal  ores  from  which  the  iron  is  manufac- 
tured are  the  magnetic  oxide,  the  composition  of  which 
has  been  already  given.  According  to  M.  Jars,  the 
smelting  furnaces  of  Sweden  and  Norway  are  about 
thirty  feet  high  from  the  tuyere-hole  to  the  base 


of  the  chimney.  The  time  required  by  the  ore  to  de- 
scend from  the  top  of  the  furnace  to  the  tuyere  is 
very  considerable,  during  which  time  it  is  mixed  up 
with  charcoal  under  the  effects  of  a  constant  and  regu- 
larly increasing  heat;  and  the  ore,  having  little  or  no 
earthy  matters  in  it,  the  iron  is  gradually  reduced  to 
the  metallic  state  by  loss  of  its  oxygen,  and  then  by  an 
increased  heat  it  combines  with  from  three  to  six  per 
cent,  of  carbon,  in  which  state  it  is  more  easily  kept  in 
a  fused  condition.  This  fused  metal  runs  down  into 
the  hearth,  and  is  from  time  to  time  let  out,  as  in 
the  process  of  smelting  in  this  country.  It  is  then 
introduced  into  a  refining  furnace,  which  consists  of 
a  low  quadrangular  stack  of  masonry,  with  a  sloping 
ledge  inside,  just  opposite  the  tuyere-hole,  and  on  this 
the  crude-iron  is  placed  and  covered  with  charcoal, 
to  prevent  the  iron  from  burning  away  by  the  action 
of  the  blast,  which  is  directed  so  as  to  strike  upon  the 
under  surface  of  the  pig,  and  the  latter  is  pushed  for- 
ward from  time  to  time  in  proportion  as  the  lower  part 
is  melted  away  by  the  blast.  When  all  is  fused,  a  man 
with  an  iron  bar  keeps  stirring  and  intermixing,  while 
the  blast  is  continued.  In  a  short  time  jets  of  flame 
arise  from  the  surface  of  the  metal,  and  soon  after  it 
becomes  of  a  thicker  consistence ;  it  is  then  gradually 
solidified,  and  is  removed  from  the  furnace  to  the 
hammer.  How  close  is  this  in  principle  to  Bessemer's 
new  process  ? 

The  scoriae  stirred  into  the  melted  metal,  says  Ber- 
zelids,  consist  of  oxide  of  iron  vitrified  with  silica  and 
other  earthy  substances,  all  of  which  contain  oxygen, 
and  this,  reacting  on  the  carbon  of  the  cast-iron,  sepa- 
rates it  in  the  state  of  inflammable  gas — carbonic  oxide. 
The  best  quality  of  Swedish  bar-iron  was  found  by  the 
above-mentioned  illustrious  chemist  to  contain  half  a  per 
cent,  of  carbon  and  one-tenth  of  a  per  cent,  of  silicium. 

As  already  stated,  much  of  the  superior  quality  of 
the  iron  produced  in  these  countries  depends  more 
upon  the  purity  of  the  ore  and  the  fuel,  than  on  any 
difference  in  the  mode  of  manufacture.  When  coke  or 
mineral  coal  is  used  by  the  same  method,  and  for  the 
same  ores,  the  iron  produced  is  very  inferior ;  and 
when  the  ordinary  ore  of  this  country  is  treated  by  the 
same  process,  even  with  charcoal,  the  iron  produced  is 
not  equal  to  that  made  from  the  best  ore  and  charcoal, 
showing  how  much  depends  upon  the  character  and 
quality  of  the  fuel. 

The  most  celebrated  iron  mine  of  Sweden  is  that  of 
Dannemora,  about  thirty  miles  to  the  North  of  Upsala. 
It  is  imported  into  England,  chiefly  at  Hull,  and  is 
known  as  Oregrund  iron,  from  the  name  of  the  port  at 

Fig.  807. 
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which  it  is  shipped.  Foreign  iron  is  generally  im- 
ported in  bars,  on  which  certain  marks  are  stamped  by 
the  manufacturers.  The  marks  which  distinguish  the 
Swedish  iron  are  shown  in  Fig.  307.  The  different 
qualities  of  the  Oregrund  are  known  as  the  hoop  L — 
so  called  from  being  marked  with  the  letter  L  enclosed 
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in  a  circle  or  hoop — the  G  L,  and  the  double  bullet. 
Inferior  Swedish  iron  is  known  by  the  marks  C  and 
crown,  D  and  crown,  the  steinbuch,  and  the  W  and 
crowns. 

STEEL. — Steel  is  a  compound  of  iron  and  carbon, 
nearly  in  the  proportion  of  five  equivalents  of  carbon 
and  seventy-three  equivalents  of  iron,  giving  the  for- 
mula FeJ3  C5,  and  is  manufactured  from  the  purest 
malleable  or  bar  iron,  such  as  the  charcoal  iron  of 
Sweden  and  Eussia.  It  is  generally  divided  into  four 
qualities — namely,  Damascus  steel,  German  steel,  blis- 
ter steel,  and  cast-steel. 

Damascus  steel  derives  its  name  from  the  city  of 
Damascus  in  Asia,  which,  from  the  earliest  time,  has 
been  famed  for  producing  a  steel  of  remarkably  supe- 
rior quality,  and  eminently  fitted  for  swords  or  scimi- 
tars— hence  Damascus  blades  have  long  been  prover- 
bial. The  surface  of  these  blades  presents  a  variegated 
appearance  of  watering  in  white  and  black  lines.  A 
similar  effect  has  been  given  to  other  steel;  but  the 
quality  of  the  metal  has  never  been  surpassed  in  this 
country.  It  is  of  the  nature  of  cast-steel,  and  is  a 
little  more  highly  charged  with  carbon  than  European 
steel,  but  the  characteristic  quality  of  metal  is  obtained 
by  some  peculiar  mode  of  cooling  and  conducting  the 
operations. 

M.  Bkeant,  who  devoted  much  time  to  the  produc- 
tion of  this  kind  of  steel,  made  some  excellent  blades 
by  mixing  one  hundred  parts  of  soft  iron  with  two 
parts  of  lamp-black,  and  fusing.  This  was  considered 
an  easy  method  of  making  cast-steel  without  the  pre- 
vious cementation  of  the  iron.  A  good  Damascene 
steel  was  also  obtained  by  mixing  one  hundred  parts 
of  the  best  grey  cast-iron  with  an  equal  amount  of  the 
same  iron  reduced  to  filings  and  oxidised,  and  thgn 
fusing  the  two  together.  This  gave  a  metal  remark- 
able for  its  elasticity.  In  making  this  steel,  care  should 
be  taken  to  stir  the  materials  during  their  fusion,  before 
they  are  allowed  to  set.  The  iron  filings  should  be 
as  fully  oxidised  as  possible  before  being  used;  for 
when  the  carbon  is  in  excess,  the  steel  produced  is 
difficult  to  forge,  except  within  a  very  narrow  range  of 
heat,  and  the  proper  temperature  has  to  be  carefully 
watched. 

Indian  steel  is  found  very  difficult  to  work  in  this 
country,  in  consequence  of  our  workmen  not  studying 
the  particular  temperature  at  which  alone  the  steel  will 
forge  easily.  Experience,  says  Uee,  has  taught  that  the 
orbicular  veins  which  are  seen  upon  the  finest  Eastern 
scimitars  are  the  result  of  the  maimer  of  forging  them, 
as  well  as  the  method  of  twisting  the  Damascus  bars. 
If  these  bo  drawn  in  length,  the  veins  will  be  longi- 
tudinal ;  if  they  be  spread  equal  in  all  directions,  the 
stuff  will  have  a  cylindrical  aspect ;  if  they  be  made 
wavy  in  the  two  directions,  undulated  veins  will  be 
produced  like  those  in  the  Oriental  Damascus. 

The  mode  of  manufacturing  steel  in  the  East,  at  the 
present  day,  is  probably  the  same  as  was  practised  in 
the  earliest  age  in  which  there  is  any  reference  in  his- 
tory to  the  use  of  that  article.  The  iron  is  made  from 
the  magnetic  oxide  by  the  means  which  were  formerly 
adopted  in  the  old  bloomeries.  When  about  to  be 
converted  it  is  made  into  small  pieces,  and  packed  in 
vol.  n. 


crucibles  formed  of  clay.  From  one  to  two  pounds  of 
iron  is  put  into  each  crucible  with  about  one-tenth  of 
its  weight  of  chopped  wood,  and  is  then  covered  with 
clay  to  exclude  the  air.  When  the  crucibles  and 
covers  are  dry  and  well  tempered,  about  twenty-four  of 
these  are  built  in  the  form  of  an  arch  within  a  small 
furnace ;  the  whole  are  then  covered  over  with  charcoal, 
the  mass  is  ignited,  and  the  fire  is  kept  up  by  a  blast 
during  from  two  to  three  hours,  when  it  is  allowed 
to  go  down,  and  the  crucibles  are  removed.  When 
cold,  they  are  broken,  and  the  steel  is  obtained  in  the 
form  of  a  cake  at  the  bottom.  This  product  is  known 
as  Indian  steel,  or  wootz,  and  is  said  to  be  superior  to 
the  best  English  steel  for  the  purposes  of  fine  cutlery. 

Blistered  Steel,  oe  Steel  of  Cementation,  is 
largely  manufactured  in  Great  Britain,  particularly  in 
Sheffield.  The  furnace  in  which  the  operation  is  con- 
ducted is  represented  in  Fig.  308.  c  is  the  grate  and 
hearth ;  A  A  are  chests  or  troughs  made  of  the  best 
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fire-clay ;  a  a  are  flues  leading  to  the  chimney  to  assist 
the  draught ;  and  at  the  back  is  a  door  by  which  the 
men  enter  for  the  purpose  of  filling  and  emptying  the 
troughs.  The  whole  is  built  under  a  large  cone  or 
chimney,  from  forty  to  fifty  feet  high,  resembling  the 
dome  of  a  glass-house. 

The  troughs  are  of  various  dimensions,  according  to 
the  size  of  the  furnace  and  the  taste  of  the  manufacturer, 
varying  from  eight  to  sixteen  feet  in  length,  and  from 
two  to  three  feet  in  width,  and  the  depth  generally 
corresponding  to  the  width.  Small  troughs  are  con- 
sidered to  produce  the  most  uniform  quality  of  steel. 
They  are  so  set  in  the  furnace,  that  a  space  is  left 
under  and  round  the  sides,  to  allow  the  flame  of  the 
fire  to  play  all  round  them.  The  troughs  are  charged 
by  laying  first  in  the  bottom  a  layer  of  about  two  inches 
of  fine  charcoal-powder,  mixed  up  with  one-tenth  of 
ashes  and  common  salt,  which  is  technically  called  the 
cement.  Upon  this  are  placed  the  bars  of  iron,  separated 
from  each  other  about  half  an  inch ;  and  upon  these  is 
laid,  to  the  thickness  of  one  inch,  more  of  the  charcoal- 
powder,  and  then  another  layer  of  bars ;  and  so  on  in 
successive  strata,  till  the  trough  is  filled  to  within  a 
few  inches  of  the  mouth ;  the  remaining  space  is  filled 
up  with  old  cement-powder,  and  there  is  then  put  upon 
the  whole  as  a  covering  a  layer  of  damp  sand,  or  fire 
tiles. 

The  furnace  is  now  fired,  and  heated  carefully  till  the 
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temperature  of  the  trough  reaches  about  100°  Wedg- 
wood, which  should  take  from  three  to  four  days.  This 
temperature  must  be  steadily  maintaiued  until  pieces 
of  the  metal,  taken  out  by  proof-holes  at  the  ends  of  the 
troughs,  show  the  process  of  conversion  into  steel  to  be 
complete,  which  requires,  according  to  circumstances, 
from  four  to  eight  days.  A  few  of  the  bars  are  allowed 
to  project  for  this  purpose.  When  the  furnace  is  cooled, 
the  troughs  are  opened  and  the  steel-bars  removed; 
they  are  found  to  be  covered  with  blisters,  and  hence 
the  term  blistered  steel.  This  steel  is  irregular  in  its 
texture,  and  has  more  or  less  of  a  crystalline  appear- 
ance in  proportion  to  the  carbon  absorbed.  It  is  then 
subjected  to  the  operation  of  tilting  under  powerful 
hammers,  by  which  it  is  made  more  uniform,  and  fit  for 
any  useful  process  in  tool-making.  Good  blistered 
steel  should  be  of  a  greyish  color,  and  possess  a  bright 
lustre,  and  should  exhibit  a  coarse  grain  of  a  lamellar 
structure.  That  which  is  of  a  white  color  and  fine- 
grained is  inferior. 

In  the  process  of  conversion  much  depends  upon  the 
degree  of  heat,  and  the  regularity  at  which  the  heat  is 
maintained,  for  producing  a  good  article.  No  small  ex- 
perience is  required  for  properly  conducting  these  opera- 
tions ;  and  even  with  the  most  careful  workmen,  the 
charge  occasionally  proves  bad.  When  the  iron  is 
good,  it  augments  in  weight  during  its  conversion  into 
steel ;  but  bad  iron  increases  very  little.  The  best  iron 
for  making  blistered  steel  is  that  from  Sweden,  although 
some  English  charcoal  iron  has  occasionally  produced 
very  good  steel. 

Shear-Steel. — Shear-steel  is  made  from  blistered 
steel;  and  is  so  called  from  the  circumstance  of  the 
shears  used  for  dressing  woollen  cloth  being  made 
from  it,  although  it  forms  also  the  material  of  many 
other  important  manufacturing  tools.  It  is  prepared 
by  binding  together  with  a  slender  steel  rod  several 
short  lengths  of  blistered  steel,  one  of  which  is  left 
longer  than  the  rest,  or  a  pole  of  iron  is  used  for  a 
handle,  as  shown  in  Fig.  309.  The  fagot  is  then  put 
into  the  hearth  of  the  forge,  and  brought  to  a  welding 


Fig.: 


heat,  a  little  sand  being  sprinkled  over  the  bars,  to 
produce  a  skin  of  scoria  or  glass  over  the  surface,  so  as 
to  protect  them  as  much  as  possible  from  the  air. 
The  fagot,  when  removed  from  the  furnace,  is  placed 
under  a  forge-hammer,  which  unites  all  the  fragments, 
and  closes  up  the  internal  fissures  and  cavities  that 
always  exist  in  blistered  steel.  A  solid  mass  or  bar  is 
thus  produced,  which  is  again  heated,  the  binding  rings 
arc  knocked  off,  and  the  tilt-hammer,  Fig.  310,  comes 
into  operation.  This  machine  is  similar  in  principle  to 
the  shingling  hammer  already  described ;  but  in  shing- 
ling, where  only  a  slow  motion  is  required,  the  hammer 
is  lifted  up  by  means  of  levers  attached  to  a  cam 
revolving  under  the  nose  of  the  helve,  whereas  in  the 
tilt-hammer  the  cogs  of  a  wheel,  B,  are  made  to  act 
upon  the  tail,  D,  of  the  helve,  pressing  it  down,  and 
thus  causing  an  elevation  of  the  head  of  the  hammer 


with  a  greater  rapidity  of  motion,  on  account  of  the 
comparatively  small  arc  described  by  the  tail.  The 
helve  of  the  tilt-hammer  is  made  of  timber  secured  by 

Pig.  310. 
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wrought-iron  rings,  and  the  head,  which  is  also  of  iron, 
falls  from  two  to  four  hundred  times  per  minute  upon 
the  mass  of  steel,  b,  which  is  placed  on  the  solid  anvil, 
a.  The  workman  is  seated  on  a  board  suspended  by 
iron  rods  from  the  ceiling  of  the  mill-house,  whereby 
he  is  enabled,  with  a  slight  motion  of  his  foot,  to 
advance  or  recede,  and  holding  in  his  hand  the  pole,  O, 
Fig.  309,  to  cause  every  part  of  the  welded  pile  to 
receive  the  blows  of  the  hammer  in  quick  succession. 
By  this  operation,  the  steel  is  formed  into  bars  of  about 
an  inch  and  a  half  broad,  and  three-eighths  of  an  inch 
thick ;  all  the  seams  and  fissures,  of  the  blistered  steel 
are  closed,  and  it  is  now  capable  of  being  forged  with 
the  hammer  into  shears,  edge-tools,  and  cutting  instru- 
ments, or  drawn  out  by  rollers  according  to  the  use  for 
which  the  metal  is  to  be  applied. 

During  these  operations,  even  when  great  care  is 
taken,  the  steel  loses  a  portion  of  its  carbon ;  and 
much  attention  is  required  to  prevent  its  being  re- 
converted into  common  iron.  Shear-steel  is  more 
compact,  malleable,  and  ductile  than  blistered  steel, 
and  much  more  easily  wrought  into  shape. 

Cast-Steel  is  much  harder,  and  much  less  malle- 
able and  ductile  than  shear  or  blistered  steel,  but  may 
be  wrought  at  a  certain  temperature  ;  and,  conse- 
quently, great  care  is  required  to  notice  the  particular 
degree  of  heat  required  for  the  working  of  it.  It  is 
made  by  taking  the  most  highly  carbonised  blistered 
steel,  breaking  it  into  convenient  pieces,  packing  them 
into  a  crucible  along  with  a  little  slag  or  broken  glass 
to  protect  from  oxidation,  and  fusing  in  a  wind  fur- 
nace. The  crucibles  for  this  purpose  are  made  of  very 
refractory  clay,  mixed  with  a  small  quantity  of  coke 
dust,  and  kneaded  with  the  naked  feet  during  five  or 
six  hours.  This  is  put  into  a  cylindrical  mould  of  cast- 
iron,  a,  Fig.  311,  which  is  open  at  both  ends,  and  is 
inserted  into  a  sole,  b,  also  of  cast-iron.  In  the  centre 
of  the  sole,  corresponding  with  the  axis  of  the  cylinder, 
is  a  hole  to  receive  the  supporting-rod  of  the  inner  mould, 
c,  which  consists  of  a  block  of  hard  wood.  Through 
the  centre  of  this  block  passes  a  strong  iron  axis,  the 
upper  part  of  which  is  rounded  into  a  knob,  d.  The 
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surface  of  c,  and  the  inner  surface  of  a,  having  heen 
smeared  with  oil,  a  quantity  of  clay  is  put  into  a,  and 
the  block,  c,  is  then  forced  down  by  blows  of  a  ham- 
mer, until  the  lower  end  of  the  axis,  d,  enters  the  hole  in 
the  sole,  b.  The  black  portion  around  c,  shows  a  section 
of  the  crucible  thus  formed.  To  disengage  it  from  the 
mould,  the  interior  block  or  core  is  pulled  out  by 
means  of  the  handle,  d,  and  the  hole  made  in  the 
bottom  of  the  clay  by  the  lower  end  of  the  axis  is  filled 
up.  The  mould,  a,  is  then 
Fig.  311.  Fig.  312.  separated  from  the  sole,  b, 
and  the  disc  of  wood  which 
is  seen  on  the  tip  of  the  iron 
rod,  t,  Fig.  312,  is  placed 
for  a  support  under  the 
exposed  bottom  of  the  cru- 
cible, to  which  it  exactly  fits. 
The  exterior  mould  is  then 
allowed  to  descend  slowly, 
by  which  means  the  clay 
pot  is  left  upon  the  top  of 
the  block  of  wood,  as  shown 
in  the  same  figure.  It  is 
finished  by  hand,  the  top  be- 
ing pressed  slightly  inwards, 
and  made  to  assume  the 
form  represented  in  Fig. 
313.  The  crucibles  are 
about  two  feet  in  height, 
and  weigh  about  twenty-five  pounds.  They  are  placed 
in  short  cylinders  of  clay,  e,  and  the  covers  are  thick 
discs,  /,  of  the  same  material,  slightly  raised  in  the 
centre.  Each  crucible  is  removed  as  soon  as  it  is 
finished  into  a  heated  vault,  where  it  gradually  becomes 
dry,  and  some  hours  before  being  used  the  crucibles 
are  brought  to  a  red  heat,  for  the  purpose  of  annealing 
them. 

The  furnace  employed  for  melting  the  steel  is  simply 
a  square  prismatic  cavity,  of  about  fourteen  inches  on 
each  side,  and  a  depth  of  two  feet.  Iron  bars  are 
placed  to  support  the  fire.  In  most  establishments 
several  of  these  furnaces  are  so  arranged  along  tho 
walls,  that  the  mouth  is  but  a  little  above  the  floor  of 
the  foundry,  for  the  convenience  of  the  men  lifting  out 
and  putting  in  the  crucibles.  The  furnaces  are  also  all 
connected  to  a  chimney,  so  as  to  have  a  strong  draught, 
and  obtain  a  high  temperature.  The  crucible,  with  its 
charge  of  steel,  is  inserted  into  the  cavity  or  fireplace, 
then  packed  all  round  and  over  with  coke,  and  a  cover 
put  on  the  mouth ;  and  in  a  short  time  a  powerful 
heat  is  raised,  by  which  the  steel,  in  the  course  of  from 
three  to  four  hours,  is  melted.  The  crucible  is  then 
removed  from  the  fire,  the  cover  taken  off,  and  the 
steel  poured  into  cast-iron  moulds. 

Cast-steel  is  much  used  for  cutting  and  other  edge- 
tools,  being  very  hard.  If  a  piece  of  polished  iron  be 
placed  in  the  mould  when  tho  steel  is  cast,  the  iron 
and  steel  adhere,  and  may  be  rolled  together.  By  this 
means  many  edge-tools  are  made,  such  as  plane-irons, 
in  which  the  part  forming  the  edge  alone  is  steel ;  so 
that  not  only  a  much  cheaper  article  is  produced,  but 
one  having  the  toughness  of  ordinary  iron,  while  the 
cutting  part  has  the  hardness  of  the  steel. 


Another  method  of  making  steel,  is  by  the  conver- 
sion of  cast-iron  into  what  is  termed  natural  steel. 
Much  of  this  quality  is  prepared  in  Germany,  where 
the  best  cast-iron  is  produced.  As  the  presence  of 
silica  and  earths  in  steel  is  very  hurtful,  it  will  be 
evident  that  only  the  purest  cast-iron  can  be  employed. 
The  best  for  this  purpose  is  that  made  from  spathoso 
iron  ores,  containing  a  small  portion  of  manganese. 
The  iron  to  be  converted  is  east  into  plates ;  a  char- 
coal fire  is  kindled  in  a  hearth,  similar  to  that  used  for 
the  refining  of  iron,  and  the  iron  plates  are  melted  be- 
fore the  blast ;  to  the  fused  mass  is  added  a  quantity 
of  iron  scale  and  rich  scoria,  which  are  considered  to 
assist  in  the  oxidising  of  the  carbon  in  the  iron. 

The  workman  carefully  watches  the  progress  of  the 
operation.  After  a  small  portion  of  the  iron  is  melted, 
it  is  allowed  to  stand  until,  by  the  oxidising  of  its  car- 
bon, it  becomes  solidified  into  a  pasty  consistence ;  a 
little  more  cast-iron  is  melted  into  this,  which  renders 
the  mass  again  fluid ;  after  a  time,  the  whole  assumes 
once  more  its  former  state,  and  this  operation  is  re- 
peated, and  continues  until  from  three  hundred  to 
four  hundred  pounds  of  metal  are  added ;  care  being 
taken  to  allow  the  melting  iron  to  drop  into  the  hearth 
in  the  centre  of  the  charge,  by  which  the  mass  acquires 
the  appearance  of  a  series  of  rings,  the  centre  portion 
being  fluid,  and  the  rings  becoming  more  and  more 
pasty  or  spongy  towards  the  circumference.  After  the 
scoria  is  let  off,  the  whole  mass  of  iron  is  removed 
from  the  hearth  and  cut  into  pieces  in  lines  radiating 
from  the  centre  to  the  circumference ;  these  pieces  are 
drawn  into  bars,  but  from  the  nature  of  the  whole 
operation,  different  qualities  of  steel  will  exist  in  the 
same  bar.  To  remedy  this  defect,  tho  bars  are  made 
red-hot,  and  plunged  into  cold  water,  after  which  the 
refiner  raises  each  bar  by  one  end,  and  brings  it  down 
with  a  slight  force  upon  an  anvil  placed  upon  the  floor, 
by  which  means  the  most  brittle  parts  of  the  steel  break 
off,  and  are  collected ;  after  which  the  remaining  por- 
tion of  the  bar  is  again  brought  down  with  a  much 
harder  stroke,  which  detaches  other  portions  of  the 
bar,  and  thus  the  different  qualities  are  separated. 

The  parts  broken  off  are  examined,  and,  according 
to  certain  appearances  of  the  fracture,  are  subjected  to 
other  manipulations,  to  give  them  density,  which  is 
done  by  welding  together  pieces  of  different  qualities ; 
the  mass  is  afterwards  tested  in  the  same  way  by  the 
refiner  first  heating  it  and  plunging  it  into  cold  water, 
and  then  proceeding  as  before,  repeating  these  opera- 
tions till  a  perfect  uniformity  is  obtained.  The  whole 
process  must  be  watched  carefully,  as  the  metal  gra- 
dually loses  carbon,  and  would  soon  be  reduced  to 
common  iron;  to  prevent  this,  the  metal  is  covered 
during  heating  with  a  mixture  of  clay  and  oxide  of 
iron,  which  forms  a  slag  on  its  surface  protecting  it 
from  the  blast.  These  operations  produce  steel  of  very 
excellent  quality,  but  it  is  at  a  considerable  cost,  both 
of  time  and  material. 

In  those  countries  where  German  steel  is  made,  a 
remarkable  article  is  manufactured  which  deserves 
notice;  it  is  harder  than  the  best  steel,  and  so  brittle 
that  it  cannot  bear  any  bending  when  cold.  This 
article  is  cast-iron.    It  is  derived  from  the  remelted 
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steel-metal.  From  two  hundred  to  two  hundred  and 
fifty  pounds  of  this  metal  are  melted  down  in  the 
bottom  of  the  forge  hearth  ;  a  small  portion  of  it  is  let 
off;  it  should  be  tapped  as  low  at  the  bottom  as 
possible.  This  mass,  which  flows  like  cast-iron  or 
cast-steel,  is  broken  into  small  pieces,  and  pounded 
into  a  flat  piece  of  wrought-iron,  which  has  a  brim 
drawn  up  around  it.  This  piece  serves  as  a  crucible. 
It  is  covered  with  loam,  and  exposed  to  a  heat  which 
will  melt  the  cast-iron,  and  unite  it  firmly  with  the 
wrought-iron.  The  former  then  forms  a  thin  coating 
of  steel  over  the  one  side  of  the  iron,  of  immense 
hardness.  This  does  not  become  soft  even  though  a 
long  time  is  consumed  in  tempering  it.  Wrought-iron 
plates  furnished  with  such  a  coating  of  steel,  are  used 
as  draw-plates  for  wire.  The  holes  for  the  wire  are 
punched  when  it  is  warm,  for,  when  cold,  its  hardness 
is  so  extreme  that  no  drill-bit  can  make  any  impression 
on  it. — Overman. 

New  Processes  for  Making  Steel. — As  may  be  sup- 
posed, a  manufacture  of  such  importance  as  steel  could 
not  fail  to  be  the  subject  of  many  experimental  trials 
and  improvements,  both  in  the  processes  of  cementa- 
tion and  casting ;  and  several  patents  have  been  taken 
out  for  new  processes  and  modifications  of  the  old. 
Some  of  these  have  been  successful,  and  are  included 
in  the  operations  already  described ;  while  others  have 
not  been  sufficiently  economical  or  advantageous  to 
warrant  a  change  from  existing  plans.  A  curious 
and  interesting  process,  considered  in  its  chemical  re- 
actions, was  suggested  several  years  ago  by  Mr.  Mac- 
intosh. His  apparatus  consisted  of  a  furnace  con- 
structed in  the  form  of  a  double  cylinder,  one  sur- 
rounding the  other,  and  containing  the  fire  between 
them ;  the  iron  bars,  to  be  converted  into  steel,  were 
suspended  in  the  internal  cylinder;  and,  when  they 
were  at  a  red  heat,  there  was  passed  through  the  inte- 
rior cylinder  a  current  of  common  coal-gas  which  the 
iron  decomposed,  combining  with  the  carbon  and  be- 
coming steel. 

So  great  is  the  affinity  between  iron  and  carbon  at  a 
high  heat,  that  at  first  sight  the  chemist  is  surprised  to 
find  the  process  not  much  more  perfect  than  it  really 
is ;  for  experience  teaches  that  there  are  many  defects 
in  the  present  modes  of  manufacture,  from  causes  that 
have  not  yet  been  fully  investigated,  but  which  pro- 
duce great  irregularities  in  the  quality  and  economy  of 
the  article.  It  may  be  that  this  same  strong  affinity 
between  the  constituents  of  steel,  and  the  consequent 
ease  with  which  the  carbon  will  combine  with  the  iron 
in  different  proportions,  so  as  to  produce  different  qua- 
lities of  compound,  may  be  the  origin  of  the  evils  felt ; 
and  that  to  produce  good  steel  the  carbon  and  iron 
must  be  combined  in  a  certain  proportion.  To  take 
cast-iron  having  five  per  cent,  of  carbon  in  it,  and  at 
great  expense  and  labor  convert  this,  first  into  malle- 
able iron  by  taking  away  the  carbon,  and  then  into 
steel  by  giving  it  back  the  carbon  with  equal  labor 
and  cost,  seems  a  circuitous  operation.  If  the  dif- 
ference between  cast-iron  and  steel  merely  consist  in 
the  circumstance  that  the  former  contains  more  carbon 
than  the  latter,  it  would  appear  more  consistent  to 
deprive  the  cast-iron  of  just  so  much  carbon  as  would 


leave  exactly  the  required  proportion  for  making  steel. 
Hence  some  such  process  as  Bessemer's  would  seem 
the  true  course. 

Upon  this  principle  is  based  a  patent  of  F.  Uciia- 
tins,  the  specification  of  which  sets  forth  the  object  of 
the  invention  to  be,  to  reduce  the  cost  of  manufacturing 
cast  steel  by  economizing  the  labor  of  the  process. 
To  this  end,  the  inventor  takes  pig-iron  of  the  purest 
quality,  and  melts  it  in  a  suitable  furnace,  and  while  in 
a  molten  state  he  runs  the  metal  into  cold  water,  and 
thereby  reduces  it  into  granulated  iron.  It  is  now  in  a 
suitable  condition  to  undergo  the  process  which  will 
convert  it  into  cast-steel.  This  mode  is  founded  on 
the  well-known  fact,  that  cast-iron  enwrapped  or  sur- 
rounded by  any  oxygenized  materials,  and  subjected  to 
a  cementing  heat  for  a  given  time,  will  yield  up  a  por- 
tion of  its  carbon,  which  will  combine  with  the  oxygen 
driven  off  from  the  surrounding  materials,  and  form 
carbonic  oxide  or  carbonic  acid  gas.  If  this  process  is 
interrupted  before  completion,  a  partially  decarbonized 
iron  will  result,  the  surface  of  which  will  have  been 
converted  into  a  pure  iron,  while  the  interior  parts  re- 
main unchanged  ;  or,  in  other  words,  the  progress  of  the 
decarbonizing  action  will  depend  on  the  amount  of 
metallic  surface  brought  into  contact  with  the  oxygen- 
yielding  material  with  which  the  iron  is  surrounded. 
In  order,  therefore,  to  expedite  this  operation,  the  pig- 
iron  is  reduced,  as  before  mentioned,  to  a  granulated 
state ;  and  further  to  economize  fuel  and  labor,  the 
heat  required  for  effecting  the  decarbonization  of  the 
iron  is  employed  to  reduce  the  metal,  when  sufficiently 
decarbonized,  to  a  molten  state ;  and  thus  by  one  and 
the  same  heating  it  is  converted  into  cast-steel,  which 
only  needs  to  be  forged  to  prepare  it  for  the  market. 
The  granulated  iron  is  mixed  with  about  twenty  per 
cent,  of  roasted  pulverized  sparry  iron  ore  and  four  per 
cent,  of  fire-clay,  and  then  placed  in  fire-clay  crucibles, 
and  subjected  to  heat  in  a  cast-steel  blast-furnace  of  an 
ordinary  construction.  By  thus  subjecting  the  granules  of 
iron  in  presence  of  the  sparry  iron  ore  to  a  melting  heat, 
the  enwrapping  oxides  will  first  effect  a  partial  decar- 
bonization of  the  granulated  iron,  which  decarbonization 
will  be  limited  in  amount  according  to  the  size  of  the 
granules  operated  upon ;  and  by  reason  of  the  continued 
application  of  heat,  the  iron  will  melt  and  separate, 
with  the  assistance  of  the  melting  residues  of  sparry 
iron  ore,  from  the  impurities  with  which  it  was  mixed, 
and  also  bring  down  with  it  a  portion  of  the  iron  con- 
tained in  the  sparry  iron  ore,  thereby  increasing  the 
yield  of  cast-steel  by  about  six  per  cent. 

The  quality  of  the  steel  is  capable  of  being  by  this 
process  considerably  modified.  Thus  the  finer  the  pig- 
iron  is  granulated,  the  softer  will  be  the  steel  made 
therefrom.  The  softer  sorts  of  welding  cast-steel  may 
be  obtained  by  an  addition  of  good  wrought-iron  in  small 
pieces,  and  the  harder  qualities  by  adding  charcoal  in 
various  proportions  to  the  before-mentioned  mixture. 

Case-Habdening. — Thin  films  of  steel  are  formed 
upon  the  surface  of  iron  articles,  such  as  keys,  gun- 
locks,  tools,  et  cetera,  by  a  process  technically  termed 
case-hardening.  The  article  to  be  case-hardened  is 
finished,  or  nearly  so,  in  iron,  and  then  heated  to  a 
bright  red.    When  in  this  state,  it  is  sprinkled  or 
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rubbed  over  with  powdered  yellow  prussiate  of  potassa 
— ferrocyanide  of  potassium.  The  salt  is  decomposed 
by  the  heat  and  iron,  and  the  surface  combines  with 
the  carbon  of  the  salt,  forming  steel ;  or  the  operation 
may  be  performed  by  making  a  strong  solution  of  fer- 
rocyanide of  potassium  in  water,  then  adding  clay  to 
make  a  thin  paste.  The  iron  article  to  be  hardened  is 
coated  over  with  this  paste,  and  dried  slowly  at  a  fire ; 
it  is  then  submitted  to  a  white  heat,  and  afterwards 
plunged  into  water  when  the  heat  has  become  reduced 
to  a  visible  red. 

Tempering-. — One  characteristic  quality  of  steel  is 
its  being  susceptible  of  having  its  hardness  much  in- 
creased by  heating  it  strongly,  and  plunging  it  while 
hot  into  cold  water.  Different  qualities  of  steel  are 
affected  in  different  degrees  by  this  process  of  temper- 
ing. To  know  the  degree  of  heat  which  is  best  fitted 
for  any  particular  quality  of  steel,  requires  much  ex- 
perience. The  practical  test  is  to  draw  a  bar  into  a 
tapered  point,  such  as  a  chisel,  and  temper  it ;  the  thin 
tapered  part  will  be  variously  affected  in  the  process 
by  the  different  rates  of  heat  and  cooling ;  by  breaking 
off  pieces  from  the  point  inwards  the  character  of  the 
grain  will  show  the  difference  of  temperature  which 
has  been  applied;  the  finest  and  closest  grain  being 
considered  the  best.  Such  steel,  then,  is  tempered 
with  due  relation  to  the  test  heat.  The  degree  of 
hardness  depends,  in  a  great  measure,  upon  the  heat  of 
the  steel,  and  the  coldness  of  the  medium  in  which  it 
is  cooled.  To  give  different  effects  different  mediums 
are  used,  such  as  saline  solutions  instead  of  water. 
Mercury  and  oil  are  also  employed.  By  this  temper- 
ing process,  steel  may  be  made  of  any  degree  of  hard- 
ness. The  common  method  is  to  heat  the  steel  and 
harden  it  in  water,  and  then  to  anneal  it,  by  reheating 
to  a  particular  temperature,  such,  for  instance,  as  that 
at  which  tallow  or  oil  will  burn  when  put  on  it ;  or  the 
steel,  being  ground  and  polished,  is  then  reheated,  until 
it  assumes  a  certain  color,  which  indicates  a  certain 
degree  of  hardness.  The  gradations  of  the  hues  are 
a  light  straw,  violet,  blue,  slate,  and  finally  black. 
"With  this  last  color,  the  steel  has  become  as  soft  as  if 
it  never  had  been  hardened. 

Several  explanations  have  been  offered  of  the  changes 
in  constitution  through  which  the  steel  passes  in  the 
operations  of  tempering;  but  none  of  them  are  very 
satisfactory.  It  seems  to  be  probable,  says  Uke,  that 
the  ultimate  molecules  are  thrown  by  the  sudden  cool- 
ing into  a  constrained  state,  so  that  their  poles  are  not 
allowed  to  take  the  position  of  strongest  attraction  and 
greatest  proximity,  and  hence  the  mass  becomes  hard, 
brittle,  and  somewhat  less  dense.  The  more  sudden 
the  cooling  of  ignited  steel,  the  more  unnatural  and 
constrained  will  be  the  distribution  of  its  particles,  and 
also  the  more  refractory,  an  effect  produced  by  plung- 
ing it  into  cold  mercury.  This  excess  of  hardness  is 
removed  in  any  required  degree  by  judicious  annealing 
or  tempering.  The  state  of  the  carbon  present  in  the 
steel  may  also  be  modified  by  the  rate  of  refrigeration, 
as,  Mr.  Karsten  and  M.  Breant  conceive,  happens 
with  cast-iron  and  the  damask  metal.  If  the  uniform 
distribution  and  combination  of  the  carbon  through  the 
mass  determine  the  peculiarity  of  white  cast-iron,  which 


is  a  hard  and  brittle  substance ;  and  if  its  transition  to 
the  dark-grey  and  softer  cast-metal  be  effected  by  a 
partial  formation  of  plumbago  during  slow  cooling, — 
why  may  not  something  similar  be  supposed  to  occur 
with  steel,  an  analogous  compound  ? 

Alloys  of  Steel. — A  few  years  ago,  a  series  of  expe- 
riments were  made  both  in  this  country  and  on  the 
Continent,  to  combine  steel  with  other  metals,  for  the 
production  of  an  alloy  or  superior  quality  of  steel. 
These  experiments  tended  to  show  that  steel,  combined 
with  very  small  quantities  of  platinum,  silver,  rhodium, 
or  iridium,  was  much  increased  in  hardness ;  but  no 
extensive  practical  application  ensued. 

Composition  of  Different  Kinds  of  Steel. — The 
whole  operations  in  the  manufacture  of  iron  and  steel, 
and  their  relation  to  each  other,  form  a  subject  of  great 
interest,  and  one  which  requires  a  thorough  investiga- 
tion— not  confined  to  isolated  experiments,  but  embrac- 
ing both  practical  skill  and  chemical  knowledge.  One 
thing  apparently  essential  to  the  production  of  good 
steel,  is  pure  iron  ;  but  still,  when  the  various  qualities 
of  steel  have  been  analysed,  there  appears  something 
which  suggests  further  inquiry.  The  following  are  a 
few  of  these  analyses  : — ■ 

The  first  was  a  steel  manufactured  from  iron  pro- 
duced from  an  ore  of  carbonate  of  that  metal  and  man- 
ganese ;  it  is  termed  Brescia  steel,  and  is  celebrated 
for  hardness  and  elasticity.  It  is  made  in  Styria,  and 
is  much  used  for  cutlery;  and  gave — 

Centesimally. 


Iron,   98-06 

Carbon,   1-94 

Sulphur,   trace 

Silica,   trace 

Copper,   trace 


100-00 

The  second  was  made  from  common  Swedish  iron, 
smelted  from  magnetic  iron  ore,  which  often  contains 
silica,  titanium,  and  copper ;  it  was  converted  into 
steel  in  England,  and  is  termed  common  English  cast- 
steel.    It  was  composed  of — 


Iron,   97-90 

Carbon,   1'72 

Silica,   0-22 

Arsenic,   0-07 

Copper,   0-07 

Manganese,   0-02 


100-00 

The  third  was  made  from  Dannemora  iron,  smelted 
from  magnetic  iron  ores.  The  steel  was  made  in 
Sheffield,  and  is  called  best  razor  steel.  It  is  uni- 
form and  hard,  very  fusible,  and  will  not  bear  much 
heat.    It  gave — 


Iron,   93-80 

Carbon,   1-43 

Sulphur,   1-00 

Silica,   0-52 

Arsenic,   0-93 

Antimony,   0-12 

Nitrogen,   0-18 

Manganese,   1-92 

Loss   0-10 


100-00 

The  iron  in  the  fourth  was  obtained  from  spathose 
iron  ore,  containing  lime,  copper,  sulphur,  silica,  and 


446 


IKON  True  Composition  of  Steel. 


manganese.  The  steel  was  very  tough,  and  known  as 
Solingen  or  Siegen  steel.  It  is  admirably  suited  for 
swords.    It  gave — 

Iron,   97-88 

Carbon,   1-70 

Sulphur,  «  trace 

Silica,   0-04 

Copper,   0-38 

Tin,   trace 

100-00 

The  fifth  and  sixth  were,  like  the  first,  made  from 
Styrian  iron  which  had  been  smelted  from  a  carbonate 
of  iron  and  manganese.  Fifth  is  a  very  hard  and 
brittle  steel,  and  will  not  take  a  fine  edge.  The  sixth 
is  an  inferior  steel.    They  gave — 

5.  6. 

Iron,   98-87  ....  98-44 

Carbon,   1-13  ....  0-97 

Sulphur,   trace  ....  trace 

Silica,   trace    0  50 

Loss,   —    ....  -09 

100-00  100-00 

In  comparing  the  composition  of  some  of  the  mal- 
leable irons  with  No.  6,  it  would  be  difficult  to  say 
in  what  the  difference  consists,  so  far  as  the  chemical 
composition  is  concerned.  In  wootz,  or  Indian  steel, 
aluminium  is  found.  As  these  different  qualities  of  steel 
have  each  peculiar  properties,  rendering  one  more  suit- 
able for  certain  purposes  than  another,  the  question 
may  be  asked—Do  these  different  properties  depend 
upon  the  different  impurities  ? 

Mr.  O.  Binks,  in  a  series  of  interesting  experiments 
upon  the  manufacture  and  true  composition  of  steel, 
has  advanced  suggestions  of  very  great  importance. 
His  experiments  were  conducted  upon  iron,  submitted 
to  different  reagents,  at  a  full  red  heat,  as  in  case- 
hardening,  or  in  the  cementation-process.  His  results 
were  as  follow : — 

1.  That  a  small  rod  of  iron  packed  in  boxwood  char- 
coal in  a  closed  porcelain  tube,  and  kept  at  a  full  red 
heat  for  twelve  hours,  did  not,  after  being  tempered, 
show  a  hard  steel  surface,  nor  did  it  exhibit,  under 
high  and  different  degrees  of  heat,  the  play  of  colors 
peculiar  to  real  steel.    It  still  remained  malleable  iron  ; 

2.  But  when  atmospheric  air  is  admitted  to  such  an 
arrangement,  in  such  quantity  only  as  still  to  keep  the 
carbon  in  excess,  then,  in  the  first  instance,  the  surface 
of  the  iron,  and,  finally,  if  the  time  of  contact  be  long 
enough,  the  whole  of  the  iron  is  converted  into  steel. 

3.  That  the  application  to  the  iron  of  nitrogen  gas 
does  not  produce  steel. 

4.  That  neither  does  the  application  of  carbonic 
oxide  give  steel. 

5.  That  the  application  to  the  iron  of  a  hydrocarbon 
— as  when  olefiant  gas  is  passed  through  the  tube,  or 
when  the  red-hot  rod  is  dipped  into  oil  containing  no 
nitrogen — does  not  produce  steel ; 

6.  But  that  the  application  of  olefiant  mixed  with 
ammoniacal  gas,  or  the  application  of  gaseous  cyanogen, 
produces  steel,  as  does  also  the  dipping  of  the  hot 
metal  into  a  nitrogenised  oil  or  fat. 

7.  That  the  application  of  ferrocyanide  of  potassium, 
as  has  been  so  long  known,  gives  steel. 


8.  That  equally  with  the  ferrocyanide  does  the  ap- 
plication of  simple  cyanide  of  potassium  result  in  the 
production  of  steel ;  therefore,  it  is  not  to  the  iron 
contained  in  the  ferrocyanide  that  the  steel-making 
property  of  the  latter  salt  is  due. 

9.  That  potassa  applied  to  the  hot  iron,  or  the  keep- 
ing the  hot  iron  in  the  vapor  of  potassium,  does  not 
yield  steel. 

10.  That  with  iron  of  the  kind  that  has  so  far  been 
referred  to  and  used,  id  est,  commercially  pure  wrought 
iron,  containing  no  material  proportion  of  carbon,  the 
application  to  it  of  ammoniacal  gas,  or  of  nitrate  of 
ammonia,  fails  to  produce  steel ; 

11.  But  that  the  application  of  ammoniacal  gas  or 
chloride  of  ammonium  to  iron  containing  a  considerable 
proportion  of  carbon,  ninety-five  to  five,  results  in  its 
conversion  into  steel. 

These  results  tabulated,  and  the  composition  of  the 
reagents  expressed  in  chemical  formula,  will  better 
exhibit  the  inevitable  deductions  to  which  they  lead  : — 

1.  Fe  +  C — in  excess,  every  other  element  ex->  n  n 

eluded,  |  leaves  iron. 

2.  Fe  -j-  C — in  excess  -j-  atmospheric  air,  gives  steel. 

3.  Fe--N — nitrogen,  leaves  iron. 

4.  Fe  -j-  C  O — carbonic  oxide,  leaves  iron. 

5.  Fe  --  H4  C4 — olefiant  gas,  leaves  iron. 

6.  Fe  -j-  H4  C4-in  excess  +  NH3-ammoniacal|gives  stee]_ 

7.  Fe  -f-  N  C2 — cyanogen,  gives  steel. 

8.  Fe  -(-  Ea  Fe  Cy3 — ferrocyanide  of  potassium,. .gives  steel. 

9.  Fe  -f-  K  Cy — cyanide  of  potassium,  gives  steel. 

10.  Fe -j- KO — potassa,  leaves  iron. 

11.  Fe  -{-  K — potassium,  leaves  iron. 

12.  Fe  -j-  NH3 — ammoniacal  gas,  leaves  iron. 

13.  Fe  -f-  N  H4  CI — chloride  of  ammonium,  leaves  iron. 

14.  ^  °  "T"  ^  -f"  N  H3 — ammoniacal  gas,  gives  steel. 

15.  J°      g  -fHEj  CI — chloride  of  ammonium, ..gives  steel. 

The  conclusions  drawn  from  these  experiments  are 
thus  stated  by  the  author : — 

That  the  substances,  by  the  application  of  which  to 
pure  iron  it  is  converted  into  steel,  all  contain  nitrogen 
and  carbon,  or  nitrogen  has  access  to  the  iron  during 
the  operation. 

That  carbon  alone  added  or  applied  to  pure  iron 
does  not  convert  it  into  steel. 

That  nitrogen  alone  so  added  or  applied  does  not 
produce  steel ;  but  that  it  is  essential  that  both  nitro- 
gen and  carbon  should  be  present,  and  that  no  case 
can  be  adduced  of  conversion  in  which  both  of  these 
elements  are  not  present  and  in  contact  with  the  iron. 

That  both  nitrogen  and  carbon  exist  substantially  in 
steel  after  its  conversion;  and  the  presence  of  both  is  the 
real  cause  of  the  distinctive  physical  properties  of  steel 
and  of  iron,  in  which  latter  these  elements  do  not  exist. 

That  presumptively,  but  not  demonstratively,  the 
form  of  combination  is  not  that  of  cyanogen — though 
that  compound  plays  so  important  a  part  in  conversion 
—but  is  that  of  a  triple  alloy  of  iron,  carbon,  and 
nitrogen. 

Lastly,  that  experimental  research  is  yet  required  to 
determine  the  relative  proportions  of  the  elements  when 
their  union  gives  pure  steel. 

The  reader  will  perceive  that  these  investigations  and 
their  results  are  deeply  interesting,  and  throw  an  en- 
tirely new  light  on  the  composition  of  steel.    May  not 
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the  nitrogen  take  the  place  of  that  portion  of  carbon 
■which  is  eliminated  from  the  cast-iron  during  the  pro- 
cess of  its  conversion  ? 

Passive  State  of  Iron. — The  curious  property  which 
iron  exhibits  of  passing  into  what  has  been  termed  the 
passive  state,  may  not  be  entirely  without  its  effects 
upon  the  different  conditions  and  combinations  of  this 
metal.  It  shows,  at  all  events,  that  its  molecules  are 
easily  thrown  into  a  peculiar  condition  in  relation  to 
other  bodies ;  as,  for  instance,  if  a  piece  of  iron  is  put 
into  nitric  acid  of  specific  gravity  1-3  to  1'35,  it  dis- 
solves freely  with  effervescence ;  but  if  a  piece  of  pla- 
tinum wire  be  placed  in  the  acid,  and  then  the  iron  be 
introduced  in  contact  with  the  platinum,  the  acid  will 
not  now  act  upon  the  iron,  even  if  the  platinum  is 
withdrawn.  Another  piece  of  iron  put  into  the  acid  in 
contact  with  the  previous  piece,  will  become  affected  in 
the  same  way ;  and  so  on  with  a  third  or  with  more 
pieces,  so  that  this  simple  contact  effects  some  impor- 
tant change  in  the  molecular  state  of  the  metal.  A 
great  many  other  methods  are  known  of  making  iron 
passive — by  oxidising  one  extremity  in  the  flame  of  a 
lamp ;  by  making  it  the  positive  pole  of  a  battery ;  by 
a  blow ;  by  previous  immersion  in  concentrated  nitric 
acid,  et  cetera.  This  peculiar  condition  can  be  easily 
annulled  by  rubbing  the  piece  of  passive  iron,  or  bring- 
ing it  into  contact  with  active  iron.  These  phenomena 
are  not  yet  satisfactorily  explained,  and  ought  not  to 
be  overlooked  in  any  investigation  into  the  properties  of 
iron,  even  with  reference  to  its  chemical  applications. 


Alloys  op  Iron. — Cast-iron  and  steel,  which  are 
compounds  of  iron  and  carbon,  with  perhaps  nitrogen, 
do  not  properly  fall  under  the  designation  of  alloys, 
which  are  compounds  of  two  or  more  metals. 

Iron  combines,  however,  with  several  other  metals, 
and  forms  alloys,  some  of  which  are  interesting  to  the 
chemical  inquirer ;  but  few  of  them  have  much  prac- 
tical value. 

With  potassium  iron  forms  an  alloy,  which  is  white, 
malleable,  and  so  soft  as  to  take  impressions  from  the 
nails  of  the  hand,  oxidising  easily  in  the  air. 

With  the  metals  of  the  earths  iron  combines,  and 
produces  hard,  white,  and  brittle  alloys  of  no  known 
value ;  but  it  appears  capable  of  taking  up  only  a  small 
quantity  of  these  metals. 

Iron  combines  with  titanium,  which  is  often  found 
with  it  in  the  products  of  the  blast  furnace;  but  it 
seems  incapable  of  taking  up  any  great  quantity  of 
that  metal ;  for,  although  the  two  metals  are  fused  to- 
gether, they  readily  separate,  and  only  a  small  portion 
of  the  titanium  remains  with  the  iron. 

Iron  and  molybdenum  form  an  alloy  of  a  bluish-grey 
color,  hard,  brittle,  fine-grained,  and  magnetic.  When 
formed  of  equal  parts  of  the  two  metals,  this  alloy  is 
fusible  before  the  blowpipe;  but  if  formed  of  two 
parts  of  molybdenum  and  one  part  of  iron,  it  is  not  so. 
The  following  curious  and  interesting  analyses  of  pig- 
iron,  containing  molybdenum  in  quantity  along  with 
other  metals,  are  taken  from  Gmelin's  Handbook  of 
Chemistry : — 


Calcium,  

Magnesia  and  alumina, 

Manganese,  

Iron,  

Cobalt,  

Nickel,  

Copper,  

Silver,  

Molybdenum  

Silica,  

Carbon,  

Arsenic,  

Phosphorus,  

Sulphur,  

Loss  


57-01 
0-67 
3-42 

2-  45 

28-49 
0-87 

3-  52 
0-60 
0-07 


100-00 


73-26 

0-  77 
4-63 

1-  79 

9-13 

1-  42 

6-05 
0-09 

2-  86 


100-00 


0-  01 
74-60 

3-  07 

1-  28 

4-  32 

10-19 
0-39 
0  48 

2-  47 
2-27 
0-92 


100  00 


002 
76-77 
3-25 
1-15 
3-40 

9-97 
0-35 

0-  38 

1-  40 

1-  25 

2-  06 


100-00 


0-12 
73-11 

4-  16 

0-  84 

5-  34 
trace 

5-28 

1-  83 

1-  20 

2-  70 

1-  38 

2-  94 
1-10 


100-00 


0-29 

0-14 
81-14 
2-40 

trace 
7-69 

0-  08 

1-  94 

0-  69 

1-  82 
0-81 
0-62 

2-  38 


100-00 


trace 
trace 

50  to  80 
trace 

1  to  6 

2  to  4 

10  to  30 

trace 

2  to  5 
trace 


I.  Pig-iron  from  the  upper  works  at  Eisleben,  obtained  in  the  fusion  of  bituminous  marl-slate  in  smelting  furnaces ;  fine- 
grained. 
II.  Ditto ;  coarse-grained. 

III.  The  so-called  Magdeburg  meteoric  iron,  containing  slag  mixed  with  bronze,  yellow  copper  cinder,  probably  the  pig-iron 

from  a  copper  furnace  ;  fine-grained  sample. 

IV.  Ditto  ;  coarse-grained  sample. 

V.  The  same  substance,  analysed  by  Wehrle. 

VI.  Pig  of  iron  found  in  the  neighborhood  of  the  Motlichutte  in  the  Hartz. 
VII.  Pig  of  iron  found  underground  at  Sauchstadt. 


Iron  and  manganese  combine  together,  forming  an 
alloy  whiter  and  more  brittle  than  iron ;  and  when  the 
proportion  of  manganese  is  about  twenty-two  per  cent., 
the  alloy  ceases  to  have  magnetic  properties. — Mushet. 

Arsenic  and  iron  combine  and  form  alloys  of  a  white 
color,  hard  and  brittle.  When  fifty-four  parts  of  iron 
filings  and  one  hundred  and  eight  parts  of  arsenic  are 
ignited  together  in  a  close  vessel,  they  combine  into 
an  alloy  which  'does  not  fuse,  but  is  easily  pulverised, 


and  is  composed  of  two  equivalents  of  iron  and  one 
equivalent  of  arsenic. — Gehlen. 

Iron  and  antimony,  when  heated  together,  fuse  into 
a  mass  with  combustion.  When  one  equivalent  of 
antimony  and  three  of  iron  combine,  they  form  a  hard, 
brittle  alloy,  slightly  magnetic,  and  having  a  density 
below  the  mean  given  by  calculation.  The  alloy  of 
one  part  of  iron  and  two  parts  of  antimony  gives  sparks 
when  filed. 
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Iron  and  bismuth  form  a  very  brittle  alloy.  It  is 
attracted  by  the  magnet  when  the  iron  is  only  one- 
fourth  of  the  bismuth. 

Iron  and  zine  combine  with  difficulty,  producing 
alloys  that  are  very  brittle. 

Iron  and  lead  do  not  readily  combine.  When  slag 
containing  lead  and  iron  were  reduced  together,  a  brittle 
alloy  was  formed  of  a  steel-grey  color,  and  magnetic, 
composed  in  one  hundred  parts  of — 

Iron,   96-76 

Lead,.-   13-24 


100-00 


Iron  and  tin  combine  together  in  various  proportions. 
Twenty-two  parts  tin  and  one  part  of  iron  give  an  alloy 
much  harder  than  tin,  and  magnetic.  Two  parts  iron 
and  one  part  tin  give  a  white,  hard,  and  slightly  malle- 
able alloy,  and  difficult  to  fuse.  In  recovering  the 
mercury  used  in  silvering  glass,  an  alloy  of  tin  and  iron 
is  obtained,  having  the  following  properties  : — Specific 
gravity,  8 -733;  brittle,  and  fuses  at  a  white  heat; 
when  in  powder,  and  put  into  the  flame  of  a  candle,  it 
burns  with  emission  of  sparks  and  a  white  smoke ;  and 
does  not  rust  when  moistened  with  water  and  exposed 
to  the  air ;  it  is  composed  of — 


Iron, 
Tin, . 


57-86    57-D 

42-14    42-1 


100-00 


100-00 


being  equivalent  to  Fe8  Sn. 


Nickel  and  iron  combine  and  form  a  very  hard 
alloy,  which  is  that  found  in  meteoric  stones.  Cobalt, 
copper,  silver,  gold,  platinum,  palladium,  and  other 
more  rare  metals,  all  combine  in  small  proportions 
with  iron,  producing  alloys  of  no  known  value  in  the 
arts. 

Statistics. — The  following  table  from  a  paper  by 
Mr.  Kenyon  Blackwell,  on  the  Iron  Industry  of 
Great  Britain,  which  was  read  before  the  Society  of 
Arts  a  few  years  ago,  gives  the  estimated  production 
of  crude  iron  in  the  principal  countries  of  Europe  at 
that  period : — 


Great  Britain,   3,000,000 

France,   750,000 

United  States,   750,000 

Prussia   300,000 

Austria,   250,000 

Belgium,   200,000 

Russia,   200,000 

Sweden,   150,000 

Various  German  States   100,000 

Other  countries   300,000 


6,000,000 


It  will  be  seen,  therefore,  that  Great  Britain  produces 
as  much  crude  iron  as  all  the  other  countries  put  to- 
gether. The  subjoined  statement,  extracted  from  the 
Mining  Records,  published  under  the  direction  of  Mr. 
R.  Hunt,  in  connection  with  the  Museum  of  Practical 
Geology  in  London,  gives  the  state  of  the  manufacture 
in  Great  Britain  in  1854 : — 


Counties.  Number  of  works. 

England  : — 

Northumberland,  Durham,  and  Yorkshire,                    37  ... 

Derbyshire,                                                         13  ... 

Lancashire  and  Cumberland;                                      2  ... 

Staffordshire                                                        72  ... 

Shropshire,                                                          13  ... 

Gloucestershire                                                          4  ... 

Wales  : — 

Flintshire,  Denbighshire,                                          7  ... 

Glamorganshire — anthracite  district,                            14  ... 

Glamorganshire  and  Monmouthshire — bituminous  disO 
trict, ..•••.■••••••«..•«••(•.•••••••••••«..•.•.  \ 

Scotland  : — 

Ayrshire,                                                             9  ... 

Lanarkshire,                                                            13  ... 

Olher  counties,                                                     10  ... 


Number  of 
furnaces  in  blast. 


228 


106 

33 
5 
203 

34 
7 

11 

35 

134 


41 
88 
27 


724 


80    348,444 

25    127,500 

3    20,000 

16C    847,000 

28    124,800 

5    21,990 

9    32,000 

21   ) 

100   S-750,000 


30    249,600 

72    468,000 

16    79,040 


555 


3,069,874 


The  importance  which  Scotland  has  assumed  in  re- 
ference to  the  iron  manufacture,  as  shown  in  the  pre- 
ceding table,  is  well  worthy  of  notice.  This  appears 
still  more  strikingly  in  the  following  statement  given  by 
Tuukan  for  1855  :— 


District.  of 

furnaces. 

South  Wales,   169  . 

Do.,  anthracite,..  37  . 
Dean  Forest,  North  Wales,  \  „, 

and  Lancashire,  j  ' 

South  Staffordshire   169  . 

North  Staffordshire   19  . 

Derbyshire,   30  . 

Shropshire,   34  . 

Yorkshire,   31  . 

Northumberland,   79  . 

Scotland,   145  . 


Mean  weekly 

produce  of 
eueli  liiraaco. 

. ..  118  ... 
...    72  ... 


67 

108 
104 
101 
86 
72 
132 
145 


Total, . 


746  ....  113 


Annual  produc- 
tion of  emtio 
iron  in  tons. 

..  1,042,776 
..  139,880 

. .  115,460 

. .  948,520 

. .  102,900 

. .  158,080 

, .  151,720 

. .  116,480 

. .  541,320 

. .  1,082,640 

..  4,399,836 


Sheffield  and  its  neighborhood  is  the  great  seat  of 
the  steel  manufacture.  The  annual  quantity  of  steel 
produced  during  the  last  five  years,  says  Tomlinson, 
varies  from  sixteen  thousand  to  seventeen  thousand 
tons  from  foreign  iron,  and  from  one  thousand  five  hun- 
dred to  two  thousand  tons  from  iron  of  British  manu- 
facture. The  number  of  converting  furnaces  is  upwards 
of  one  hundred  and  twenty,  each  of  which  is  capable 
of  converting  weekly  six  tons  of  iron ;  the  coal  con- 
sumed in  the  process  is  about  equal  to  the  weight  of 
steel  produced. 

The  cost  of  converting  cast  into  malleable  iron  ave- 
rages about  three  pounds  per  ton.  Mr.  Tktjkan  states 
that  the  conversion  of  Scotch  pig-iron  into  bars  is  largely 
pushed  in  Wales ;  and  that  the  bars  so  manufactured, 
after  paying  freight  from  and  to  Glasgow,  undersell  the 
produce  of  local  manufactories  of  bar  oi'  malleable  iron. 
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About  three-tenths  of  the  quantity  of  iron  produced, 
says  Macculloch,  is  used  in  the  state  of  pig  or  cast- 
iron,  and  is  consumed  principally  in  Great  Britain  and 
Ireland.  The  exports  of  pig-iron,  however,  amounted 
in  1850  to  about  one  hundred  and  forty-two  thousand 
tons,  sent  principally  to  the  United  States,  Holland, 
Prussia,  France,  and  British  North  America.  The 
other  seven-tenths  are  converted  into  wrought-iron, 
being  formed  into  bars,  bolts,  rods,  et  cetera.  The 
exports  of  bar-iron  amounted  in  1850  to  nearly  four 
hundred  and  forty-three  thousand  tons ;  and,  during 
the  same  year,  the  exports  of  all  sorts  of  iron  reached 
the  prodigious  amount  of  seven  hundred  and  eighty- 
three  thousand  four  hundred  and  twenty-three  tons, 
which,  at  seven  pounds  a  ton,  would  be  worth  five 
million  four  hundred  and  eighty-three  thousand  nine 
hundred  pounds  sterling.  And  their  declared  value 
did  in  fact  amount,  in  1850,  to  five  million  three  hun- 
dred and  fifty  thousand  and  fifty-six  pounds  sterling. 

SALTS  OF  IRON. — It  has  been  shown  that  iron  is 
susceptible  of  two  definite  degrees  of  oxidisation,  form- 
ing a  protoxide — Fe  0 — and  a  sesquioxide — Fe2  03. 
Both  these  oxides  are  salifiable,  giving  rise  to  ferrous 
and  ferric  salts.  The  most  important  is  the  native 
protocarbonate,  which  constitutes  the  principal  source 
of  British  iron,  and  has,  therefore,  been  fully  described 
in  treating  of  the  ores  of  this  metal. 

Protonitrate — Fe  0,  N05 — is  formed  when  very 
dilute  nitric  acid  is  digested  upon  iron  filings;  but  is  a 
very  unstable  compound,  and  passes  into  pernitrate  by 
exposure  to  the  air.  The  latter  is  a  deep-red  liquid, 
occasionally  used  in  dyeing. 

Protochloride — Fe  CI — results  from  transmitting  dry 
hydrochloric  acid  gas  over  iron  at  a  red  heat,  when 
hydrogen  gas  is  evolved,  and  the  surface  of  the  iron  is 
covered  with  a  white  crystalline  protochloride.  Also, 
by  acting  with  hydrochloric  acid  on  iron,  evaporating 
to  dryness,  and  heating  to  redness  in  a  tube  without 
exposure  to  the  air.  It  dissolves  freely  in  water,  yield- 
ing a  pale-green  solution,  from  which  rhomboidal  prisms 
of  the  same  color  are  obtained  by  evaporation.  The 
aqueous  solution  absorbs  oxygen  from  the  air,  and 
becomes  yellow  from  the  formation  of  sesquichloride. 

Sesquichloride — Fe2  Cl3 — is  formed  by  the  com- 
bustion of  iron  wire  in  dry  chlorine  gas,  or  by  trans- 
mitting that  gas  over  iron  moderately  heated,  when 
it  is  obtained  in  small  iridescent  plates  of  a  red 
color,  which  deliquesce  readily,  and  dissolve  in  water, 
alcohol,  and  ether.  The  readiest  mode  of  obtaining  it 
in  solution,  is  to  dissolve  sesquioxide  of  iron  in  hydro- 
chloric acid. 

But  the  only  salts  of  iron  of  great  commercial  im- 
portance are  the  protosulphate  or  green  vitriol,  and 
the  double  haloid  salt,  the  ferrocyanide  of  iron,  better 
known  as  prussian  blue.  To  these  the  Editor  will, 
therefore,  confine  his  attention  in  what  follows ;  but,  in 
connection  with  the  latter,  it  will  be  necessary  to 
describe  the  preparation  of  another  important  salt, 
in  which  iron  occurs  as  an  element,  the  sesquiferro- 
cyanide  of  potassium,  known  commercially  as  prussiate 
ofpotassa. 

Protosulphate  op  Ikon.— Syn.  Green  Vitriol, 
Copperas ;   Couperose  verte,  French ;  Eisenvitriol, 
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Scliwefelsaures  Eisenoxydul,  German.  —  This  salt, 
which  has  many  important  applications,  is  usually 
formed  for  medicinal  and  chemical  purposes  by  dis- 
solving iron  filings  or  turnings  in  dilute  sulphuric  acid, 
filtering  and  evaporating  the  solution,  and  setting  it 
aside  to  crystallize.  The  crystals  are  sea-green,  tran- 
sparent, rhomboidal  prisms,  and  have  a  strong  styptic 
inky  taste.  Exposed  to  dry  air,  they  effloresce;  in 
moist  air,  the  salt  gradually  absorbs  oxygen,  and  is 
partly  converted  into  a  sesquisulphate,  becoming  of  a 
rusty  or  reddish  color,  whence  the  French  term  cou- 
perose, corrupted  into  the  English  name  copperas. 
Bonsdorff  has  shown,  that  when  perfectly  pure  it 
does  not  change  vegetal  blues,  though  generally  stated 
to  do  so,  the  reddening  effect  being  only  produced 
when  some  of  the  iron  of  the  protoxide  passes  into 
a  higher  state  of  oxidation.  It  is  soluble  in  two 
parts  of  cold,  and  in  three-fourths  of  its  weight  of  boil- 
ing water.  Crystallized  protosulphate  of  iron  contains 
seven  equivalents  of  water,  and  is,  therefore,  repre- 
sented by  the  following  formula,  FeO,  S03  -f-  7  HO. 
When  heated,  it  fuses  in  its  water  of  crystallization, 
and  at  238'  loses  five  equivalents  of  water,  but  retains 
one  equivalent  till  heated  above  535°.  At  a  red  heat, 
it  evolves  anhydrous  sulphuric  acid,  and  by  this  pro- 
cess sulphuric  acid  used  formerly  to  be  prepared ;  hence 
it  was  termed  oil  of  vitriol.  The  residue,  consisting  of 
peroxide  of  iron,  which  remained  in  the  vessel,  was 
known  under  the  name  of  Caput  mortuum  vitrioli,  or 
colcothar.  The  fuming  sulphuric  acid  is  still  prepared 
from  the  protosulphate  in  this  manner. 

The  copperas  of  commerce  is  usually  prepared  from 
the  pyritous  schists  of  the  coal  measures,  in  connection 
with  the  manufacture  of  alum.  By  referring  to  the 
article  on  that  subject — Vol.  I.,  pp.  155-7 — it  will  be 
seen  that  iron  pyrites,  or  the  bisulphide  of  iron — Fe  S2 
— is  present  in  very  large  proportion  in  many  alumi- 
nous schists,  and  that  it  is  quite  as  indispensable  to  the 
production  of  alum  as  the  alumina  itself.  When  the 
schists  are  subjected  to  calcination  in  heaps,  the  sul- 
phur of  the  bisulphide  of  iron  absorbs  oxygen  from  the 
air,  by  which  it  is  converted  into  sulphuric  acid,  and 
this  combines  with  the  other  ingredients,  forming  a 
sulphate  of  alumina  and  protosulphate  of  iron.  These 
salts  are  extracted  by  lixiviation  in  the  same  waters ; 
and  therefore  the  next  operation  is  to  separate  the  iron 
salt  from  the  aluminous,  when  both  have  been  obtained 
in  solution  in  the  same  vat.  For  this  purpose  the  solu- 
tion is  evaporated  in  large  cisterns,  by  carrying  the  flue 
of  a  furnace  over  its  surface,  and  when  sufficiently 
concentrated  is  run  into  coolers,  where  the  sulphate  of 
iron  crystallizes,  and  the  sulphate  of  alumina,  being 
the  much  more  soluble  salt,  remains  in  the  mother- 
liquors.  The  process  of  separating  the  two  salts  by 
crystallization  varies,  however,  in  different  manufac- 
tories, according  to  the  quantity  of  sulphate  of  iron 
present;  and  the  various  methods  adopted,  with  the 
nature  of  the  changes  that  occur,  will  be  found  fully 
explained  in  the  article  already  referred  to. — See  Vol. 
I.,  page  162. 

The  commercial  article,  prepared  as  above-described, 
is  by  no  means  pure ;  but  generally  contains  a  small 
proportion  of  alum,  of  the  sesquisulphate,  and  other 
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ingredients,  some  of  which  increase  its  value  for  par- 
ticular purposes.  In  dyeing  black,  for  example,  that 
copperas  is  preferred  which  contains  sesquisulphate, 
and  is  known  by  its  darker  green  color.  The  excess 
of  acid  in  some  kinds  of  copperas  is  objected  to ;  and 
those  in  which  the  crystals  are  small  do  not  fetch  so 
high  a  price  as  when  the  crystals  are  large.  The  fol- 
lowing table,  from  Payen,  indicates  the  composition  of 
specimens  from  different  French  manufactories : — 


Water,  47-5 

Acid  in  excess,   3-4 

*g  f  Protoxide  of  iron,   47-9 

2  o  »„  •  -i  f  soluble, ..  0-8 
|  ^  Sesqmoside,  jinsolub'lei  0.3 

I  Copper,   — 

[  Manganese,   0*1 


&  b 

Alum,  . 


Honflear. 

Ifoj-on. 

Forges. 

.  48-7  . 

.  48-40 

.  46-60 

.    1-5  . 

.  49-5  . 

'.  46-80 

!  48-00 

.    0-2  . 

.  1-11 

.  1-90 

.    0-1  . 

.  0-19 

.  0-95 

.  0-99 

.  0-35 

!  2-51 

!  2-20 

100-0 

100-00 

100-00 

It  will  be  observed  from  the  preceding  table  that  the 
copperas  prepared  at  Paris  and  Honfleur  is  absolutely 
free  from  copper  and  alum,  and  is,  therefore,  of  very 
great  purity.  This  arises  from  the  fact  that  in  those 
localities  it  is  prepared  by  the  direct  process,  instead  of 
obtaining  it  from  the  pyritous  shales  in  connection  with 
the  manufacture  of  alum. 

The  original  materials  employed  are  iron  turnings 
and  shavings,  obtained  from  establishments  where  such 
operations  are  conducted,  and  sulphuric  acid  of  18°  or 
23°  Waddell,  which  is  also  a  residue  obtained  from  the 
rectification  of  certain  lamp-oils.  The  acid  is  poured 
into  rectangular  copper  vessels,  strengthened  by  iron 
plates,  and  heated  by  means  of  a  fire  below,  the  flames 
of  which  play  under  and  around  the  sides  of  the  vessels. 
The  iron  turnings,  previously  sifted,  are  then  intro- 
duced, agitating  from  time  to  time  with  wooden  stirrers, 
and  adding  more  turnings  in  proportion  as  they  dissolve 
in  the  liquid.  The  oxidised  portion  of  the  iron  dissolves 
directly ;  the  more  abundant  metallic  portion  becomes 
oxidised  by  seizing  on  the  oxygen  of  the  water,  and 
causing  the  disengagement  of  its  hydrogen,  mixed  with 
different  volatile  products  arising  from  the  rectification 
of  the  oils  and  other  organic  matters.  These  gases 
and  vapors  are  given  off  with  the  steam,  and  the  liquid 
is  maintained  for  eighteen  to  twenty  hours  in  a  state  of 
constant  ebullition,  by  which  it  is  gradually  more  and 
more  concentrated.  The  strong  and  offensive  odor 
exhaled  during  this  operation  would  greatly  inconve- 
nience the  neighborhood,  were  not  the  precaution  taken 
to  cover  the  boiler  with  a  hood,  from  which  the  gases 
and  vapors  are  conveyed  through  a  wide  tube  into  a 
tall  chimney  creating  a  powerful  draught. 

When  the  concentration  has  reached  its  proper  limit, 
which  is  known  by  observing  the  crystallization  when 
some  drops  of  the  solution  are  put  upon  a  plate  of  por- 
celain or  earthenware,  the  liquid  is  drawn  out  with  a 
pump  constructed  of  copper,  and  flows  by  a  gutter  into 
a  cellar,  where  it  is  left  for  a  period  of  eighteen  to 
twenty-four  hours,  to  deposit  the  matters  in  suspension. 
The  clear  solution  is  then  transferred  by  means  of  a 
siphon  into  sluices,  by  which  it  is  conducted  into  other 
vats,  measuring  about  seven  feet  in  diameter,  by  three 
or  four  in  depth. 

These  are  the  crystallizing  vats.    Planks  are  laid 


across  them,  pierced  with  holes,  through  which  slips  of 
wood  are  suspended  vertically  in  the  solution.  The 
crystals  which  form  on  the  sticks,  and  on  the  sides  of 
the  vat,  are  transparent,  and  exhibit  the  ordinary  green 
color.  At  the  end  of  eight  or  ten  days,  if  the  tempera- 
ture of  the  air  be  not  too  high,  the  crystallization  is 
finished ;  and  the  mother- water  is  made  to  flow  out, 
to  be  conveyed  back  to  the  boiler  along  with  the  sul- 
phuric acid  and  iron  turnings.  The  sticks  are  taken 
out,  and  the  crystals  at  the  bottom,  mixed  with  the 
deposited  sediment  of  impurities,  are  taken  to  be  redis- 
solved.  The  crystals  adhering  to  the  sticks,  and  to 
the  sides  of  the  vat,  are  detached  and  rapidly  dried,  to 
avoid  the  formation  of  a  rust-colored  salt,  which  would 
tarnish  the  crystals.  They  are  then  put  into  barrels 
for  the  market. 

Copperas  is  extensively  used  in  dyeing  black,  espe- 
cially for  hats ;  in  making  ink  and  prussian  blue ;  for 
reducing  indigo  in  the  blue  vat ;  in  calico-printing ; 
and  in  many  chemical  and  medicinal  preparations.  Its 
value  as  an  ingredient  in  dyeing  black,  and  in  making 
ink,  arises  from  the  special  reaction  of  the  iron  with 
the  tannin  contained  in  nut-galls,  oak-bark,  catechu, 
and  different  tinctorial  substances.  It  promotes  the 
solution  of  the  indigo  by  a  deoxidation  of  the  coloring 
principle.  On  these  applications,  see  the  articles  Dye- 
ing and  Ink.  Copperas  is  used  also  for  the  decom- 
position of  chloride  of  sodium  in  the  fabrication  of 
soda,  and  in  making  the  protoacetate  of  iron,  for 
which  see  Vol.  I.,  page  41. 

Sesquisutyhate  of  Iron. — This  salt — Fe2  03,  3  S03 
— is  formed  by  mixing  with  a  solution  of  the  pro- 
tosulphate  exactly  half  as  much  sulphuric  acid  as 
that  salt  contains,  and  adding  to  the  mixture  in  a 
boiling  state  successive  portions  of  nitric  acid  until 
nitrous  fumes  cease  to  appear.  The  solution  is  then 
evaporated  to  dryness  to  expel  the  excess  of  nitric 
acid,  and  the  sesquisulphate  remains  as  a  white  salt. 
It  is  formed  in  the  mother-waters  of  the  protosul- 
phate,  and,  according  to  Dumas,  the  two  salts  are 
capable  of  crystallizing  together  and  forming  a  kind  of 
double  salt.  It  is  this  combination  which  imparts  to 
much  of  the  protosulphate  of  commerce  a  dingy  grass- 
green  color,  whereas  the  pure  sulphate  of  the  protoxide 
furnishes  hydrated  crystals  which  are  of  a  bright 
bluish-green. 

Ferrocyanide  op  Iron. — Syn.  Prussian  Blue  ; 
Bleu  de  Prusse,  French;  Berliner  blau,  German. — 
This  celebrated  pigment  was  accidentally  discovered 
by  Diesbach,  a  color-maker  at  Berlin,  in  1710, 
from  which  it  became  generally  known  as  Prussian 
or  Berlin  blue.  The  first  description  of  the  mode  of 
preparing  it  was  given  by  Woodward  in  the  Philo- 
sophical Transactions  for  1724.  It  is  a  compound  of 
iron  and  cyanogen,  and,  therefore,  its  true  composition 
was  unknown  till  the  latter  body  was  discovered  by 
Gay-Lussac  in  1815. 

At  common  temperatures  and  pressures,  cyanogen  is 
a  colorless  gas,  and  has  a  penetrating  and  peculiar 
smell,  somewhat  resembling  that  of  bitter  almonds. 
It  was  so  named  by  its  discoverer,  from  two  Greek 
words — kuanos,  blue,  and  gennao,  to  produce — be- 
cause it  is  essential  to  the  formation  of  prussian  blue. 
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It  is  composed  of  two  equivalents  of  carbon  and  one  of 
nitrogen ;  its  formula  is,  therefore,  C2  N ;  its  symbol  is 
Cy,  and  its  equivalent  26.  It  unites  as  a  compound 
radical  with  oxygen,  hydrogen,  and  most  other  non- 
metallic  elements,  and  also  with  the  metals.  United 
to  one  equivalent  of  hydrogen,  it  forms  hydrocyanic  or 
prtissic  acid,  which  is,  therefore,  expressed  by  the  for- 
mula H  Cy,  or  N  C2  H.  In  combination  with  iron, 
cyanogen  forms  a  variety  of  double  compounds,  the 
composition  of  which  is  best  explained  by  assuming  the 
existence  of  a  radical  which  contains  one  equivalent  of 
iron  in  combination  with  carbon  and  nitrogen  in  the 
same  proportion  as  they  exist  in  cyanogen,  but  in  such 
quantity  as  would  form  three  equivalents  of  the  latter, 
and  which  radical,  by  uniting  with  two  equivalents  of 
hydrogen,  forins  a  bibasic  acid.  This  hypothetical 
radical — Fe  -{-  3  Cy — is  termed  ferrocyanogen,  and  its 
symbol  is  Cfy ;  the  acid — Cfy  -f-  H2 — is  termed  hydro- 
ferrocyanic  acid;  and  the  compounds  of  the  radical 
with  the  metals  are  distinguished  by  the  same  adjuncts 
to  ferrocyanide  as  are  used  for  the  corresponding 
oxides. 

Prussian  blue  is  regarded  as  a  compound  of  three 
equivalents  of  ferrocyanogen  with  two  of  iron,  and 
its  composition  is  therefore  expressed  by  the  formula 
3  Cfy  -j-  2  Fe2,  or  Fe7  Cy9.  It  is  formed  whenever  a 
salt  of  sesquioxide  of  iron  is  added  to  a  soluble  me- 
tallic ferrocyanide.  The  usual  method  is  to  precipitate 
a  solution  of  sesquichloride  or  sesquinitrate  of  iron 
by  ferrocyanide  of  potassium  ;  and  in  point  of  fact  a 
very  important  part  of  its  manufacture  consists  in  the 
preparation  of  this  latter  salt,  which  will  now  be 
described. 

Ferrocyanide  of  Potassium,  better  known  as  prus- 
siate  of  potassa,  may  be  viewed  as  a  double  cyanide  of 
iron  and  potassium,  Fe  Cy  +  2  K  Cy.  It  is  prepared 
on  a  large  scale  by  fusing  substances  which  are  rich  in 
nitrogen,  as  horn,  hoof,  and  dried  blood,  with  carbonate 
of  potassa,  in  iron  vessels.  The  result  of  the  fusion,  at 
a  red  heat,  is  a  dark-grey  mass,  which,  when  lixiviated 
with  boiling  water,  yields  a  solution  which  the  Ger- 
mans call  blutlauge,  or  blood-lie,  and  when  this  has 
been  sufficiently  concentrated,  it  affords,  on  cooling, 
crystals  of  yellow  prussiate  of  potassa,  which  are  com- 
posed as  follows : — 

Centesimnlly. 

1  Eq.  cyanide  of  potassium,   61-80 

1  Eq.  cyanide  of  iron,   25*47 

3  Eqs.  water,   12-73 

100-00 

The  crystals  are  transparent,  of  a  lemon-yellow  color, 
and  are  found  in  large  quadrangular  plates  or  short 
prisms,  with  truncated  edges  and  angles,  which  belong 
to  the  square  prismatic  system.  They  dissolve  in  four 
parts  of  cold,  and  in  two  of  boiling  water.  They  are 
permanent  in  the  air  at  common  temperatures,  but  at 
212°  lose  their  water  of  crystallization,  without  chang- 
ing their  form,  and  acquire  a  whitish  color. 

Ferridcyanide  of  Potassium  or  Red  prussiate  of  po- 
tassa, is  formed  by  passing  a  current  of  chlorine  through 
a  solution  of  the  yellow  prussiate,  until  a  portion  of  the 
liquor,  taken  for  trial,  is  found  to  give  no  precipitate 
with  a  salt  of  sesquioxide  of  iron.     The  solution  is 


then  filtered  and  evaporated  in  vacuo  by  means  of  sul- 
phuric acid,  when  small  acicular  crystals  of  a  garnet- 
red  hue  are  obtained ;  and  on  purifying  by  successive 
crystallizations,  the  red  prussiate  is  obtained  in  large 
transparent  crystals,  combining  with  a  ruby-red  tinge 
an  almost  metallic  lustre.  These  crystals  are  anhy- 
drous, and  are  composed  of — 

CentesimaMy. 

3  Eqs.  cyanide  of  potassium,   59-20 

1  Eq.  sesquicyanide  of  iron,   40-80 

100-00 

This  salt — the  formula  of  which  is  K3  Cy6  Fe2 — is 
formed  by  the  abstraction  of  one  equivalent  of  potas- 
sium from  two  equivalents  of  the  yellow  salt.  The  red 
salt  is  used  in  calico-printing,  and  both  are  employed 
in  de  laine  printing,  as  well  as  in  dyeing  wool ;  the 
blue  from  the  red  prussiate  being  found  more  durable 
when  fixed  by  binoxide  of  tin. 

In  most  metallic  solutions  the  two  prussiates  occa- 
sion precipitates  of  a  characteristic  color,  which  renders 
them  of  great  importance  in  analytical  chemistry, 
especially  in  qualitative  analyses.  In  these  reactions, 
the  metal  in  solution  takes  the  place  of  the  potassium, 
and  the  resulting  products  are  a  soluble  salt  of  potassa, 
and  a  double  cyanide  of  iroa  and  of  the  metal  in  solu- 
tion, which,  being  usually  insoluble,  is  precipitated. 

With  protoxide  of  iron,  the  red  prussiate  gives  a 
dark-blue  precipitate;  the  yellow  prussiate,  a  white 
precipitate,  which  almost  immediately  becomes  blue 
when  exposed  to  the  air. 

With  sesquioxide  of  iron,  the  red  prussiate  gives  no 
precipitate  ;  the  yellow  prussiate,  a  dark-blue  precipi- 
tate, which  is  prussian  blue — 

Contesitnally. 

3  Eqs.  cyanide  of  iron,   46-00 

2  Eqs.  sesquicyanide  of  iron,   54-00 

100-00 

In  the  process  which  is  usually  followed  for  the 
fabrication  of  prussian  blue,  the  product  obtained  has 
always  a  variable  composition;  because,  instead  of 
employing  pure  sesquioxide  of  iron,  use  is  made  of  the 
sulphate  of  the  protoxide  or  green  vitriol,  which  is 
only  partially  converted  into  sesquisulphate,  and  still 
retains  a  greater  or  less  proportion  of  protosulphate. 
This  last  gives,  with  the  yellow  prussiate,  a  white  pre- 
cipitate, which,  as  above  stated,  becomes  blue  by 
absorbing  oxygen  from  the  air,  and  forms  a  basic  salt, 
which  is  distinguished  from  the  true  prussian  blue  by 
its  solubility  in  pure  water,  giving  it  a  fine  blue  color. 
This  basic  salt  must  not  be  confounded  with  another 
blue  which  is  obtained  by  pouring  slowly  the  sesqui- 
nitrate of  iron  into  a  solution  of  prussiate  of  potassa, 
keeping  the  latter  constantly  agitated.  In  this  case 
the  precipitate  produced  is  partly  soluble  in  pure  water, 
which  it  colors  a  fine  dark-blue.  On  evaporating  the 
menstruum  to  dryness  a  brilliant  residue  is  obtained, 
which  has  the  appearance  of  a  varnish,  is  almost  com- 
pletely soluble  in  water,  and  consists  of  a  combination 
of  neutral  prussian  blue  with  the  yellow  prussiate  of 
potassa. 

The  insoluble  prussian  blue  is  found  in  lumps  more 
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or  less  compact,  with  a  dull  fracture,  of  a  dark-blue 
color  presenting  a  reddish  reflexion,  but  assuming, 
when  rubbed,  a  fine  metallic  bronze  lustre,  and  alto- 
gether much  resembling  indigo.  It  is  completely 
soluble  in  water  and  alcohol,  and  is  not  affected  by 
dilute  acids.  Concentrated  sulphuric  acid  converts  it, 
in  the  cold,  into  a  whitish  pasty  mass,  which,  when 
diluted  with  water,  becomes  decomposed,  and  gives  a 
precipitate  of  prussian  blue.  Heated  with  concen- 
trated sulphuric  or  nitric  acid,  it  is  completely  de- 
composed, and  the  subsequent  addition  of  water  no 
loDger  produces  a  blue  precipitate.  Potassa,  soda,  and 
their  carbonates,  baryta,  strontia,  and  caustic  lime, 
precipitate  the  iron  of  its  cyanide  in  the  form  of 
sesquioxide,  and  there  is  formed  an  alkaline  or  earthy 
cyanide,  which  combines  with  the  cyanide  of  iron  to 
constitute  a  soluble  double  salt.  If,  for  example, 
potassa  be  employed,  the  yellow  prussiate  will  be 
reproduced ;  and  in  point  of  fact  this  is  the  best  pro- 
cess for  obtaining  that  salt  in  a  state  of  purity.  When 
prussian  blue  is  digested  with  red  oxide  of  mercury 
and  water,  the  blue  color  disappears ;  there  is  formed 
cyanide  of  mercury,  which  dissolves,  and  a  clear  brown 
precipitate  remains,  formed  of  cyanide  and  sesquioxide 
of  iron. 

Manufacture  of  Ferrocyanide  of  Potassium. — This 
operation  consists,  as  previously  stated,  in  heating 
to  redness  nitrogenous  organic  matters,  such  as  dried 
blood,  horn,  hair,  skin  refuse,  and  other  offals,  along 
with  carbonate  of  potassa  and  iron.  The  animal  mat- 
ters may  either  be  employed  in  the  crude  state,  or 
after  being  subjected  to  a  previous  calcination.  The 
latter  method  is  generally  adopted,  because  it  permits 
of  extracting,  by  a  preliminary  distillation  of  the  nitro- 
genous substances,  a  considerable  quantity  of  carbonate 
of  ammonia,  which  may  be  converted  either  into  chlo- 
ride of  ammonium,  or  directly  into  caustic  ammonia — 
products  of  so  much  commercial  value  that  prussian 
blue  is  generally  a  mere  secondary  product  of  the 
manufacture  of  ammoniacal  salts. 

All  the  residues  of  the  calcination,  or  of  the  distilla- 
tion of  animal  matters,  are  fitted  for  the  fabrication  of 
prussiate  of  potassa,  with  the  exception  of  animal 
black,  which,  in  oonsequence  of  the  great  quantity  of 
phosphate  of  lime  contained  in  it,  would  produce,  by 
calcination  with  the  carbonate  of  potassa,  a  correspond- 
ing quantity  of  phosphate  of  potassa  instead  of  prussian 
blue. 

The  product  of  the  preliminary  calcination  of  the 
crude  materials  is  ten  to  thirteen  per  cent,  of  animal 
charcoal,  which  is  finely  pulverized,  and  mixed  very 
intimately  with  pearlash  of  good  quality,  as  free  as 
possible  from  sulphate,  in  the  proportions  of  one  and  a 
half  to  two  parts  of  charcoal  to  one  part  of  potassa. 
The  latter  may  be  dissolved  in  the  smallest  possible 
quantity  of  water,  which  has  the  advantage  of  sepa- 
rating the  foreign  salts,  and  especially  the  sulphate — 
these  being  insoluble  in  a  very  strong  solution  of  po- 
tassa ;  this  concentrated  menstruum  is  made  into  a  paste 
with  the  charcoal  powder,  and  the  whole  is  then  exsic- 
cated. In  this  way  the  potassa  is  made  to  penetrate  the 
pores  of  the  charcoal,  and  the  mixture  is  much  more  inti- 
mate than  can  be  procured  by  any  mechanical  process. 


The  whole  is  then  heated  in  a  kind  of  retort,  until 
brought  to  a  state  of  pasty  fusion,  at  which  it  is 
maintained.  The  retort  employed  is  of  cast-iron,  very 
thick,  somewhat  varying  in  its  shape,  but  which  in  all 
cases  should  have  the  mouth  or  neck  rather  narrow,  to 
admit  of  being  easily  closed  up.  The  form  most  gene- 
rally adopted  is  represented  in  Fig.  314 ;  the  body  of 
the  retort,  a,  is  ovoidal ;  it  is  supported  at  the  back  by 
a  projection,  b,  which  rests  in  the  wall  of  the  furnace ; 
the  neck,  e,  is  cylindrical,  and  is  kept  firm  in  its  place 


Fig.  314. 


by  two  lateral  projections,  c  c.  The  mouth  of  the 
retort  is  closed  by  means  of  the  lid,  i,  and  in  front  of 
the  opening  is  the  working  plate,  d,  which  consists  of 
an  iron  or  stone  slab,  supported  externally  by  a  bracket ; 
g  is  the  grate  on  which  the  fuel  is  introduced  through 
the  charging-door,  /;  a,  the  ash-pit ;  h,  the  vault  of 
the  furnace ;  and  o  the  flue  which  conducts  the  pro- 
ducts of  combustion  into  the  chimney. 

The  retort  is  about  half-filled  with  the  mixture 
above-mentioned,  and  at  first  it  is  heated  gradually  by 
charging  the  grate  with  fuel.  As  soon  as  the  retort 
arrives  at  a  red  heat,  the  mouth  is  closed  by  means  of 
the  lid,  i,  and  the  fire  is  then  kept  up  just  sufficiently 
to  maintain  the  same  temperature.  Every  quarter  of 
an  hour  the  plate,  i,  is  removed  for  an  instant,  in  order 
to  agitate  the  pasty  mass  as  quickly  as  possible  with 
an  iron  rabble.  During  this  operation  combustible 
gases  are  disengaged,  which  inflame  at  the  mouth  of 
the  retort  every  time  it  is  opened.  The  quantity  of 
these  gases  diminishes  as  the  process  proceeds,  and 
this  is  considered  to  be  completed  when  all  flame  dis- 
appears. The  first  operation  lasts,  on  the  whole,  about 
twelve  hours,  including  in  that  period  the  time  neces- 
sary to  heat  the  furnace  and  the  retort ;  the  subsequent 
operations,  when  the  mixture  is  introduced  into  the 
retort  already  heated  to  redness,  require  only  eight 
hours. 

An  inconvenience  which  has  not  hitherto  been  satis- 
factorily overcome,  and  which  considerably  increases 
the  price  of  prussiate  of  potassa,  is  the  circumstance 
that  the  iron  which  enters  into  its  composition  is  sup- 
plied at  the  expense  of  the  retort  itself.  The  lower 
part  of  the  vessel  is  thus  worn  away,  and  often  very 
unequally,  so  that  it  breaks  out  into  holes.  Hence  it 
is  necessary  to  give  it  in  the  first  instance  a  thickness 
of  one  or  two  inches,  and  this  requires  that,  in  order  to 
produce  in  the  interior  of  the  retort  a  suitable  tempera- 
ture, the  furnace  be  heated  to  a  bright  red,  which 
rapidly  consumes  the  outside  of  the  retort.  Attempts 


IRON  Yellow  Prcssiate  of  Potassa.  453 


have  been  made  to  add  directly  to  the  mixture  of 
animal  charcoal  and  potassa,  iron  very  finely  divided 
in  the  shape  of  filings  or  turnings,  but  not  hitherto 
with  that  success  which  was  anticipated.  When  a 
hole  appears  in  the  lower  part  of  the  retort,  it  is  turned 
half  round  on  its  axis,  the  hole  is  stopped  up  with 
iron  cement,  and  the  retort  is  thus  made  to  serve  for  a 
new  series  of  operations. 

When  the  fusing  process  is  completed,  the  molten 
mass  is  scooped  out  with  an  iron  shovel,  having  a  long 
handle,  and  is  thrown  into  an  iron  pan,  in  which  it  is 
shut  up  and  left  to  cool.  The  soluble  matters  are  then 
thoroughly  drained  out  with  boiling  water,  and  filtered 
through  woollen  cloths.  The  animal  charcoal  which 
remains  upon  the  filter,  possesses  the  property  of  de- 
coloring sirups,  vinegars,  et  cetera.  It  may  also  serve, 
when  mixed  with  fresh  animal  charcoal,  for  another 
calcining  operation.  The  clear  yellow  solution  which 
passes  through  the  filter,  may  either  be  employed 
directly  for  the  preparation  of  prussian  blue,  or  con- 
centrated to  the  proper  degree  in  iron  boilers,  and  then 
introduced  into  wooden  crystallizing  vessels.  The  yel- 
low prussiate  thus  obtained  has  still  to  be  februated  by 
one  or  two  subsequent  crystallizations  before  being 
sent  into  the  market.  In  consequence  of  the  great 
solubility  of  prussiate  of  potassa,  the  mother-water,  or 
the  liquid  that  remains  after  crystallization,  still  retains 
a  notable  quantity  of  that  salt,  together  with  carbonate, 
phosphate,  and  sulphate  of  potassa,  as  also  the  chloride, 
sulphide,  and  sulphocyanide  of  potassium.  It  is  there- 
fore employed  for  the  direct  preparation  of  an  inferior 
quality  of  prussian  blue,  or  concentrated  by  evapora- 
tion to  extract  from  it  an  impure  prussiate  of  potassa. 

Mr.  Mospratt  of  Liverpool,  the  founder  of  the 
British  alkali  trade,  was  one  of  the  earliest  to  manufac- 
ture the  yellow  prussiate,  which  he  did  in  Dublin  in  the 
years  1819, 1820.  He  found  it  very  difficult  to  obtain 
the  salt  in  large  crystals ;  but  this  object  he  surmounted 
by  mixing  with  every  dissolved  metal  of  prussiate  one 
pound  of  sulphate  of  iron.  The  result  proved  most 
satisfactory.  He  was  the  first  to  use  the  copperas  for 
this  purpose.  It  is  now  employed  often,  and  is  further 
dwelt  on  below. 

The  theory  of  this  manufacture  is  as  follows  : — The 
animal  charcoal  consists  essentially  of  carbon,  and 
contains,  besides,  a  small  quantity  of  nitrogen ;  when  it 
is  heated  per  se  it  undergoes  no  alteration,  but  when 
mixed  with  potassa  and  heated  to  redness,  the  affinity 
of  the  alkali  for  cyanogen  determines  the  formation  of 
the  latter  by  means  of  the  nitrogen  and  a  part  of  the 
carbon  contained  in  the  animal  charcoal.  When,  in 
addition  to  potassa,  iron  enters  into  the  mixture,  there 
is  formed  cyanide  of  iron,  which,  having  a  great  affi- 
nity for  the  cyanide  of  potassium,  combines  with  it  to 
form  a  double  cyanide,  which  is  the  prussiate  of  potassa. 

Almost  always,  especially  when  the  operation  is 
arrested  a  little  too  soon,  there  is  not  a  sufficient  quan- 
tity of  cyanide  of  iron  formed  to  saturate  the  cyanide 
of  potassium,  which  is  then  present  in  excess,  and 
passes  into  the  solution.  To  transform  this  excess  of 
cyanide  into  ferrocyanide,  before  crystallizing  the  solu- 
tion, a  quantity  of  dissolved  protosulphate  of  iron  is 
poured  in  until  a  white  or  bluish  and  persistent  preci- 


pitate begins  to  be  formed.  In  this  reaction,  a  part  of 
the  cyanide  of  potassium  is  decomposed ;  there  is 
formed  on  the  one  hand  sulphate  of  potassa,  and  on 
the  other  cyanide  of  iron,  which  combines  with  the 
undecomposed  cyanide  of  potassium  to  form  an  addi- 
tional quantity  of  the  yellow  salt. 

Dr.  Ure  remarks  that,  all  things  considered,  the 
manufacture  of  prussiate  of  potassa  is  perhaps  less 
understood,  and  therefore  less  perfect  than  that  of 
any'  other  chemical  substance  of  equal  importance. 
Whether  the  primary  materials  be  calcined  or  not,  a 
prodigious  waste  invariably  occurs  in  the  manufacture, 
and  fully  two-thirds  of  the  nitrogen  existing  in  the 
animal  matters  are  driven  off  and  lost.  More  frequently, 
indeed,  the  loss  amounts  to  three-fourths,  and  even  this 
is  sometimes  exceeded.  Woollen  rags  or  clippings, 
and  good  American  potassa  or  pearlash,  with  an  admix- 
ture of  scrap-iron,  are  stated  by  Dr.  Ure  to  have 
given  a  larger  produce  than  any  other  substances  within 
the  range  of  his  experience,  though,  even  in  this 
instance,  two -thirds  of  the  whole  nitrogen  passed  away 
as  ammonia.  In  general  one  ton  of  dried  blood  or 
woollen  rags,  with  about  three  hundredweight  of  good 
potassa,  will  produce  from  two  to  two  and  a  half 
hundredweight  of  prussiate  of  potassa,  and  a  propor- 
tionate amount  of  sulphate  of  potassa.  The  presence 
of  scrap  iron  in  a  proper  state  of  subdivision,  is,  however, 
necessary  to  insure  the  above  result ;  for  when  no 
more  is  supplied  than  that  which  arises  accidentally 
from  the  iron  pot  in  which  the  operation  is  carried  on, 
scarcely  half  these  proportions  will  be  obtained. —  Ure. 

In  1840  a  patent  for  an  improved  method  of  con- 
ducting the  manufacture  of  this  important  salt,  was 
taken  in  the  name  of  Mr.  Berry,  with  a  special  view 
to  avoid  the  loss  of  nitrogen  incurred  in  the  common 
process.  For  this  purpose  the  primary  matters  are 
treated  differently,  so  as  to  collect  the  nitrogen  which 
escapes  during  the  distillation,  and  to  cause  it  to  enter 
into  combination  with  carbon,  iron,  and  potassium — 
the  carbonate  of  ammonia  being  made  to  pass  through 
a  mixture  of  these  substances  placed  in  iron  pipes 
which  are  maintained  at  a  red  heat.  The  following 
proportions  of  ingredients  have  been  found  to  give 


good  results : — 

Parts. 

Potassa,   30 

Nitre,   10 

Acetate  of  iron,   15 

Charcoal  or  coke,   45  to  55 

Dried  blood,   50 


The  blood  or  animal  matter  is  put  into  an  iron  vessel 
resembling  a  gas  retort,  and  the  other  materials,  mixed 
and  dried,  are  put  into  vertical  pipes  with  which  the 
retort  communicates.  The  pipes  containing  the  ab- 
sorbing mixture  must  be  raised  to  a  red  heat  before  the 
retort  containing  the  animal  matter  is  heated,  in  order 
that  from  the  commencement  of  the  operation  the 
decomposition  of  the  gases  may  take  place.  The 
charcoal  in  the  mixture  decomposes  the  carbonate  of 
ammonia  which  passes  over,  and  forms  bicarbide  of 
hydrogen ;  at  the  same  time  it  gives  up  part  of  it  to 
the  nitrogen  which  proceeds  from  the  decomposed 
ammonia,  and  thereby  forms  cyanogen,  which,  in 
its  turn,  combining  with  the  reduced  potassa,  forms 
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ferrooyanide  of  potassium.  To  obtain  the  most  com- 
plete reaction,  the  charcoal  should  he  reduced  into 
pieces  of  the  size  of  a  walnut,  and  soaked  with  a 
solution  of  carbonate  of  potassa  in  urine ;  the  solution 
of  nitrate  or  acetate  of  iron  is  then  poured  over  the 
heap,  and  when  the  whole  has  been  dried  by  a 
moderate  heat,  it  is  introduced  into  the  pipes.  The 
gas  evolved  by  the  decomposition  is  inflammable  when 
issuing  from  the  pipes,  which  are  fitted  with  gas- 
burners,  and  the  color  of  the  flame  indicates  the  pro- 
gress of  the  operation.  When  it  approaches  to  pink, 
it  is  known  that  the  reaction  is  almost  complete,  and 
that  very  little  if  any  ammonia  has  escaped  decompo- 
sition. When  the  jet  becomes  smaller  and  clearer, 
and  there  is  a  good  fire  under  the  retorts,  the  opera- 
tion is  nearly  terminated.  The  charge  must  then  be 
removed ;  and  being  at  a  red  heat,  it  should  be  at  once 
thrown  into  water  in  order  to  extinguish  it  rapidly,  the 
whole  being  well  stirred  and  allowed  to  settle.  The 
clear  liquor  is  then  drawn  off,  and  the  residuum  is  sub- 
jected to  successive  washings  by  filtration.  The  strong- 
solutions  are  evaporated  and  crystallized,  and  the  prus- 
siate is  extracted  according  to  the  old  process.  The 
weaker  solutions,  which  will  not  crystallize,  contain 
carbonate  of  potassa ;  and  this  is  extracted  to  be  em- 
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ployed  in  the  next  operation,  along  with  the  residuum 
of  charcoal  and  iron  mixed  with  fresh  materials. 

The  apparatus  in  which  these  operations  are  con- 
ducted, is  shown  in  different  sectional  views  in  Figs. 


Fig.  317.  Fig.  318. 


315,  31G,  317,  and  318,  in  all  of  which  the  same  letters 
refer  to  the  same  parts.  Fig.  315  is  a  top  view  of  the 
apparatus.    The  general  arrangement  is  exhibited  in 


Fig.  31 G,  where  D  is  the  door  and  G  the  grate  of  the  fur- 
nace, K  the  retort  containing  the  animal  matters,  and 
p  one  of  the  pipes  containing  the  absorbing  mixture. 
The  number,  the  elliptical  form,  and  the  vertical  posi- 
tion of  the  pipes,  are  shown  in  the  other  figures.  The 
form  of  the  tube,  c  c,  by  which  they  are  connected  with 
the  retort,  is  represented  in  Fig.  315,  and  also  in  Fig. 
317  with  its  stopcocks,  s,  s'".  I  is  an  incline  over  which 
the  flame  passes  to  heat  the  pipes  before  it  is  permitted 
to  play  upon  the  bottom  of  the  retort  by  withdrawing 
the  slide,  d.  The  products  of  combustion  escape  by  a 
lateral  passage  into  the  chimney,  c.  In  Fig.  317  are 
shown  the  gas-burners,  g,  g',  with  their  stopcocks, 
s,  s".  K  K,  Fig.  315,  are  covers  closing  the  pipes. 
Lastly,  o,  Fig.  316,  is  an  open  shed  or  roofed  space 
under  which  the  pipes  are  emptied  at  the  end  of  each 
operation. 

The  most  extraordinary  event  in  the  history  of  this 
manufacture,  says  Graham,  the  writer  of  the  Great 
Exhibition  Jury  Eeport  on  the  prussiates  of  potassa, 
is  the  attempt  made  a  few  years  ago  to  introduce 
the  air-process,  which  is  of  much  interest  both  in  a 
scientific  and  practical  point  of  view.  As  cyanogen  is 
rapidly  converted  into  ammonia,  the  artificial  forma- 
tion of  the  former  from  the  nitrogen  of  air  would  like- 
wise furnish  an  unlimited  supply  of  ammonia,  of  which 
the  importance  to  agriculture  could  not  well  be  over- 
estimated. An  account  of  the  operations  which  were 
undertaken  with  this  view,  was  communicated  to  Pro- 
fessor Graham  by  Mr.  F.  R.  Hughes  of  Borrowstow- 
ness ;  who  states  that,  in  1 844,  his  firm  commenced  a 
series  of  experiments  upon  the  large  scale  at  Newcastle, 
in  company  with  Messrs.  Bramwell,  to  manufacture 
the  ferroprussiate  of  potassa  without  animal  matter, 
substituting  the  nitrogen  of  the  atmosphere  for  it,  and 
continued  the  experiments  at  very  great  expense  till 
the  latter  end  of  1847.  In  these  operations  a  tube  or 
retort  of  fire-clay  was  placed  in  a  vertical  position  in  a 
furnace  capable  of  producing  an  intense  heat.  The 
tube  was  filled  with  wood-charcoal,  saturated  with  a 
solution  of  the  carbonate  of  potassa  of  commerce,  and 
dried.  The  mixture  in  this  state  generally  contained 
about  twenty  per  cent,  of  potassa.  By  meanB  of  an 
air-pump,  the  atmospheric  air  was  drawn  through  the 
tube  of  alkalized  charcoal  in  a  continuous  stream  from 
the  top,  and  discharged  below  in  the  state  of  nitrogen 
and  carbonic  oxide.  The  alkalized  charcoal  was  thus 
found  to  become  pretty  rich  in  cyanide  of  potassium  ; 
one  half  of  the  alkali  of  the  cyanized  charcoal  fre- 
quently being  found,  upon  testing,  to  be  in  combination 
with  cyanogen  ;  so  that  when  all  was  working  well, 
thirty-six  to  forty  hundredweight  of  prussiate  of  potassa 
were  produced  in  a  week  by  means  of  seven  to  eight 
retorts,  of  ten  to  twelve  feet  long  in  the  fire,  and  two 
feet  internal  diameter. 

There  were  two  great  drawbacks  to  this  process; 
one,  the  immense  quantity  of  material  to  be  lixiviated 
for  a  small  return  of  prussiate  ;  the  other,  and  by  far 
the  more  important,  an  extraordinary  waste  of  potassa 
in  the  process,  upwards  of  three  parts  by  weight  being 
consumed  in  producing  one  of  prussiate.  The  whole 
of  this  waste  could  never  be  properly  accounted  for. 
About  one  part  was,  of  course,  recovered  in  a  state  of 
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prussiate.  It  was  found  that  another  was  lost  in  the 
small  refuse  charcoal,  which  could  not  be  lixiviated  to 
pay,  and  the  remainder  appeared  to  be  partly  combined 
with  the  bricks  of  the  retort,  and  partly  dissipated  up 
the  chimney. 

In  1847  the  experiment  was  abandoned  after  a  loss 
of  many  thousand  pounds ;  but  it  proved  the  possibility 
of  producing  large  quantities  of  cyanide  of  potassium, 
by  drawing  intensely-heated  nitrogen  and  carbonic 
acid  gases  through  a  mixture  of  potassa  and  charcoal, 
with  the  difficulty  of  carrying  this  out  as  a  manufac- 
turing process,  from  the  great  waste  of  potassa. 

Preparation  of  Prussian  Blue. — The  theory  of  the 
fabrication  of  prussian  blue  has  been  already  stated :  it 
only  remains  to  enter  into  some  practical  details  on  this 
subject. 

A  distinction  is  made  between  the  pure  or  Paris 
blues,  and  those  that  are  mixed  with  alumina,  or  Berlin 
blues.  The  choice  of  the  original  raw  materials  natu- 
rally depends  on  the  beauty  and  price  of  the  article 
which  is  intended  to  be  manufactured.  For  the  finer 
kinds,  one  employs  prussiate  of  potassa  which  has  been 
purified  by  several  successive  crystallizations ;  for  the 
common  blues,  the  crude  solution  of  prussiate  of  potassa 
is  almost  always  taken ;  lastly,  for  inferior  varieties, 
the  mother-waters  of  the  manufacture  of  the  crystal- 
lized prussiate  are  used. 

The  salt  of  iron  almost  exclusively  employed  is  the 
protosulphate.  Itshould  not  contain  copper,  which  would 
give  rise  to  a  reddish-brown  precipitate  very  injurious  to 
the  color  of  the  prussian  blue.  The  presence  of  copper 
is  easily  detected  by  dissolving  in  water  a  little  of  the 
sulphate  for  trial,  acidulating  the  liquor  with  sulphuric 
acid,  and  dipping  into  it  a  well-cleaned  plate  of  iron;  if 
copper  is  present,  it  will  be  reduced,  and  will  form  a  red 
metallic  coating  on  the  surface  of  the  iron  plate.  Cupri- 
ferous protosulphate  may  be  purified,  and  all  the  copper 
precipitated,  by  dissolving  it  in  water,  and  boiling  it 
for  some  time  with  a  little  sulphuric  acid  and  old  scrap- 
iron  or  turnings ;  but  this  process  entails  considerable 
expense,  and  it  is  better  in  all  cases  to  procure  sulphate 
of  iron  which  is  sent  into  the  market  free  from  copper 
— a  precaution  attended  with  little  difficulty.  Before 
employing  this  sulphate,  it  is  left  exposed  to  the  air  till 
it  acquires  a  reddish-brown  color.  Perhaps  it  would 
be  still  better  to  employ  for  the  preparation  of  the  finest 
blues  sesquinitrate  of  iron,  which  furnishes  a  blue  of 
such  great  beauty  that  the  additional  expense  incurred 
in  its  manufacture  would  be  more  than  compensated 
by  the  quality  of  the  product  obtained. 

The  crude  solution  of  prussiate  of  potassa,  and  even 
the  prussiate  purified  by  a  single  crystallization,  still 
contain,  as  has  been  stated,  more  or  less  carbonate  of 
potassa,  so  that,  besides  the  prussian  blue,  there  is  pre- 
cipitated at  the  same  time  yellow  oxide  of  iron,  which 
deteriorates  its  tint.  To  obviate  this  inconvenience, 
the  carbonate  of  potassa  is  neutralized  by  sulphuric 
acid,  which  may  be  added  either  to  the  solution  of 
prussiate  of  potassa  or  to  that  of  the  protosulphate  of 
iron.  In  the  manufacture  of  the  common  Berlin  blues, 
the  carbonate  of  potassa  is  neutralized  by  alum ;  there 
results  a  precipitate  of  alumina,  which  mixes  inti- 
mately with  the  prussian  blue,  and  greatly  augments 


its  weight  without  notably  weakening  the  tint  when 
the  quantity  is  not  very  considerable.  For  this  pur- 
pose, the  requisite  quantity  of  alum,  previously  deter- 
mined by  experiment,  is  dissolved  in  the  solution  of 
sulphate  of  iron;  then  the  whole  is  poured  little  by 
little,  and  taking  care  to  agitate  continually,  into  the 
solution  of  prussiate  of  potassa,  which  gives  a  precipi- 
tate of  a  more  or  less  dark  blue  that  soon  settles  down. 
The  supernatant  liquid  is  then  decanted,  its  place  is 
supplied  by  pure  water,  it  is  again  shaken,  allowed  to 
deposit,  decanted,  and  is  thus  subjected  to  a  series  of 
successive  washings,  in  order  to  abstract  the  soluble 
matters,  and  to  deepen  the  color  of  the  blue  by  the 
absorption  of  the  oxygen  contained  in  the  water. 
The  residue  of  the  washing  is  then  thrown  on  cloth 
filters,  where  it  is  left  to  drain;  it  is  afterwards  sub- 
jected to  moderate  pressure,  and  finally  divided  into 
small  bricks  or  cakes,  which  are  left  to  dry  in  the 
shade. 

As  prussian  blue,  when  once  dried,  is  difficult  to 
reduce  again  to  the  state  of  extreme  division  which  it 
possessed  in  the  moist  state,  it  is  often  sold  and  em- 
ployed in  paste — that  is  to  say,  not  dried — especially 
for  the  manufacture  of  paper-hangings,  et  cetera. 

A  good  article,  says  the  late  Dr.  TJre,  is  known  by 
the  following  tests : — It  feels  light  in  the  hand,  adheres 
to  the  tongue,  has  a  dark  lively  blue  color,  and  gives  a 
smooth  deep  trace  ;  it  should  not  effervesce  with  acids, 
as  when  sophisticated  with  chalk ;  nor  become  pasty 
with  boiling  water,  as  when  adulterated  with  starch. 
The  Paris  blue,  prepared  without  alum,  with  a  sesqui- 
salt  of  iron,  displays,  when  rubbed,  a  copper-red  lustre, 
like  indigo.  Prussian  blue,  degraded  in  its  color  by  an 
admixture  of  free  oxide  of  iron,  may  be  improved  by 
digestion  in  dilute  sulphuric  or  hydrochloric  acid,  wash- 
ing and  drying.  Its  relative  richness  in  the  real  ferro- 
cyanide  of  iron  may  be  estimated  by  the  quantity  of 
potassa  or  soda  which  a  given  quantity  of  it  requires  to 
destroy  its  blue  color. 

The  precipitate  formed  by  adding  a  solution  of 
ferridcyanide  of  potassium — the  red  prussiate — to  a 
protosalt  of  iron,  constitutes  the  color  known  in  com- 
merce as  TurnbulVs  blue.  It  is  produced  by  the  sub- 
stitution of  three  atoms  of  iron  for  the  three  of  potas- 
sium in  the  red  salt.  Its  color  is  a  little  brighter  than 
common  prussian  blue.  It  is  prepared  in  the  arts  by 
adding  to  a  solution  of  copperas  a  mixture  of  yellow 
prussiate  of  potassa  and  chloroxide  of  sodium. 

Prussian  blue  is  employed  as  a  water  color,  but  not 
in  oil-painting.  In  1837,  Messrs.  Stephen  and  Nax 
of  London  took  out  a  patent  for  a  process  by  which  it 
can  be  obtained  in  solution,  and  employed  not  only  in 
calico-printing,  but  also  as  a  tinctorial  agent,  thereby 
greatly  extending  its  application.  The  process  consists 
in  first  digesting  the  prussian  blue  of  commerce,  for  a 
period  of  twenty-four  to  forty-eight  hours,  with  con- 
centrated hydrochloric  or  sulphuric  acid,  and  afterwards 
diluting  the  mixture  with  its  own  weight  of  water.  It 
is  then  carefully  washed,  by  deeantation,  with  pure 
water,  in  order  to  remove  all  the  acid ;  and,  after  being 
washed  a  second  time  on  a  filter,  the  residue  is  dried, 
and  brayed  in  a  mortar  with  oxalic  acid.  The  result- 
ing compound  is  found  to  be  soluble  in  water. 
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The  insufficiency  of  the  description  of  this  process 
which  is  given  in  the  specification,  and  the  absence  of 
details  with  reference  to  the  quantities, of  the  materials 
to  be  employed,  and  the  precautions  necessary  in  the 
manipulation,  induced  M.  Karmarsch,  a  few  years 
ago,  to  institute  a  series  of  experiments  on  this  subject 
leading  to  the  following  results : — 

1.  The  preliminary  treatment  of  the  prussian  blue 
■  with  hydrochloric  or  sulphuric  acid,  is  attended  with 

the  advantages  of  requiring  a  much  smaller  quantity  of, 
oxalic  acid  to  render  the  blue  soluble ;  of  causing  the 
blue  to  keep  longer  without  depositing  any  precipitate, 
which  infallibly  happens  when  it  has  not  undergone  the 
preliminary  treatment;  and,  lastly,  of  rendering  the 
blue  soluble  in  a  much  smaller  quantity  of  water,  which 
permits  of  obtaining  a  more  concentrated  solution. 

2.  The  quantity  of  oxalic  acid  necessary  to  deter- 
mine the  solution  of  the  prussian  blue  is  small ;  an 
excess  of  this  acid,  instead  of  increasing,  diminishes  its 
solubility  in  water. 

3.  The  combination  of  prussian  blue  and  oxalic 
acid  is  not  soluble  in  water  in  all  proportions ;  when 
the  quantity  of  water  is  not  sufficient,  a  portion  of  the 
color  remains  undissolved  in  the  form  of  a  dark-blue 
slime. 

4.  The  most  suitable  proportions  for  obtaining  a 
concentrated  soluble  blue,  susceptible  of  being  filtered 
without  residue,  and  of  keeping  a  long  time  without 
giving  any  deposit,  are — eight  parts  of  prussian  blue 
treated  with  sulphuric  acid,  then  well  brayed  with 
one  part  of  oxalic  acid,  and  dissolved  in  two  hundred 
and  fifty-six  parts  of  water. 

Physiological  Effects. — Iron  is  probably  inert,  or 
only  acts  mechanically,  so  long  as  it  retains  its  metallic 
form ;  but  it  readily  oxidises  in  the  alimentary  canal, 
and  thereby  acquires  medicinal  power.  As  acids  pro- 
mote this  chemical  change,  acid  wines  and  fruits  assist 
in  rendering  the  metal  active,  while  alkalies  and  their 
carbonates  have  an  opposite  effect.  The  oxidation 
of  the  iron  is  attended  with  the  evolution  of  hydrogen 
gas,  which  gives  rise  to  unpleasant  eructations.  If 
sulphur  be  taken  along  with  iron,  sulphide  of  hydro- 
gen is  developed.  Like  the  ferruginous  preparations 
generally,  the  internal  employment  of  iron  causes 
blackening  of  the  stools,  owing  to  the  formation  of  the 
hydrated  sulphide  of  iron.  It  is  interesting  to  remark 
here,  that  iron  is  one  of  the  few  metals  which  by 
oxidisement  is  not  rendered  more  or  less  poisonous. 

The  local  effects  of  the  sulphate,  nitrate,  and  ses- 
quichloride  of  iron,  are  those  of  caustics  and  irri- 
tants, and  these  preparations  accordingly  rank  amongst 
poisons. 

Most  of  the  ferruginous  preparations  are  astringent ; 
that  is,  they  constringe  the  parts  with  which  they  are 
in  contact,  and  thereby  diminish  secretions  and  check 
sanguineous  discharges.  Thus,  when  swallowed,  they 
repress  the  secretions  and  exhalation  of  the  gastro- 
intestinal membrane,  and  thereby  render  the  alvine 
evacuations  more  solid,  and  even  occasion  constipation. 
The  sulphate,  nitrate,  and  sesquichloride  of  iron,  are 
the  most  powerful  of  the  ferruginous  astringents. 
Administered  in  large  quantities,  or  when  the  alimen- 
tary canal  is  in  an  irritable  condition,  all  the  compounds 


of  iron  are  liable  to  excite  heat,  or  weight  and  uneasi- 
ness at  the  pra»cordia,  nausea,  and  even  vomiting,  and 
sometimes  purging.  The  oxides  and  the  carbonate  of 
iron  are  very  mild  topical  agents. 

Before  the  chalybeates  can  produce  constitutional 
effects,  they  must  become  absorbed.  Under  their  use 
the  blood  frequently  acquires  a  more  scarlet  hue, 
owing  to  an  increase  in  the  number  of  its  coloring 
particles.  Tiedeman  and  Gmelin  have  detected  it  in 
the  serum  of  the  blood  of  the  portal  and  mesenteric 
veins  of  horses  and  dogs,  to  whom  they  administered 
either  the  sulphate  or  chloride.  Occasionally,  too,  iron 
has  been  found  in  the  urine. 

The  constitutional  effects  of  iron  are  best  observed 
in  anaemia.  If,  in  this  condition  of  system,  chalybeates 
be  administered,  the  appetite  increases,  digestion  is 
promoted,  the  pulse  becomes  fuller  and  stronger,  the 
skin  assumes  its  natural  hue,  the  lips  and  cheeks 
become  more  florid,  the  temperature  of  the  body  is 
augmented,  the  oedema  disappears,  and  the  muscular 
strength  is  greatly  increased.  These  results  are  mainly 
due  to  the  alteration  in  the  composition  of  the  blood. 
This  is  shown  by  the  healthy  vermilion  tint  which  the 
patient  acquires,  as  well  as  by  the  chemical  analysis  of 
the  blood. 

Iron  filings  are  employed  as  an  antidote  in  poisoning 
by  the  soluble  salts  of  copper  and  mercury.  The  iron 
reduces  them  to  the  metallic  state.  The  following  for- 
mula explains  the  action  of  iron  on  a  solution  of  sul- 
phate of  copper :— Cu  0,  S03  +  Fe  =  Cu  +  Fe  0, 
S0S. 

Sesquioxide  of  iron  is  termed  alterative,  tonic,  and 
emmenagogue.  Its  obvious  effects  on  the  body,  how- 
ever, are  very  slight. 

Hydrated  sesquioxide  of  iron  has  been  employed  as 
an  antidote  in  poisoning  by  arsenious  acid,  a  basic 
insoluble  arseniate  being  formed.  Bunsen  and  Ber- 
thold  were  the  first  to  assert  the  antidotal  powers  of 
this  preparation.  Their  statements  were  confirmed  by 
the  experiments  of  Soubeiran  and  Miquel,  of  Orpila 
and  Lesneue,  et  cetera. 

Sulphide  of  iron  in  cutaneous  maladies  of  a  scrofulous 
character  has  proved  a  valuable  alterative,  and  more 
serviceable  than  iodine.  It  appeared  to  be  less  irritat- 
ing, and  not  so  liable  to  excite  suppuration  in  scrofulous 
swellings.    Biett  gave  it  in  obstinate  lichen  agrius. 

Sulphate  of  Iron. — This  salt  acts  locally  as  a  power- 
ful astringent,  and  when  employed  in  a  concentrated 
form,  as  an  irritant.  The  latter  effect  depends  on  its 
chemical  action  on  the  organic  constituents,  albumen, 
et  cetera,  of  the  tissues.  The  remote  effects  of  sulphate 
of  iron  are  analogous  to  those  of  other  ferruginous 
compounds,  which  have  been  already  described. 

Swallowed  in  small  doses,  it  has  an  astringent  ope- 
ration on  the  gastro- intestinal  mucous  membrane, 
and  thereby  diminishes  the  quantity  of  fluids  secreted 
or  exhaled;  hence  its  continued  use  causes  constipa- 
tion. It  blackens  the  stools  like  other  compounds  of 
iron.  It  becomes  absorbed,  and  operates  on  the  system 
as  a  tonic,  stimulant,  emmenagogue,  and  astringent. 
In  excessive  doses  it  acts  as  an  irritant  poison.  A  girl 
took,  as  an  emmenagogue  an  ounce  of  it  in  beer,  and 
was  seized  in  consequence  with  colic  pains,  constant 
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vomiting,  and  purging  for  seven  hours.  Mucilaginous 
and  oily  drinks  soon  cured  her. 

It  is  employed  in  lump,  powder,  or  solution,  as  a 
styptic  to  check  bleeding  from  numerous  small  vessels. 
The  eesquinitrate,  acetate,  iodide,  citrate,  et  cetera,  are 
employed  daily  in  medicine  also.  Their  effects  are 
similar  to  the  other  ferruginous  salts. 

The  general  indications  for  the  use  of  the  iron  com- 
pounds are  debility,  feebleness,  and  inertia  of  the  dif- 
ferent organs  of  the  body ;  atony,  marked  by  a  soft, 
lax,  or  flabby  condition  of  the  solids ;  and  defect  of  the 
red  corpuscles  of  the  blood ;  as  where  there  is  a 
general  deficiency  of  this  fluid — anaemia;  oligmmia,  or 
a  watery  condition  of  it — hydrwmia,  serous  crasis ; 
leucophlegmatic  temperament. 

The  contra-indications  are  the  reverse  of  these  ;  great 
strength  and  activity  of  organs,  excessive  tonicity, 
characterized  by  a.  firm  and  tense  condition  of  the 
solids,  and  redundancy  of  the  red  corpuscles  of  the 
blood, — as  in  general  excess  of  the  blood-plethora,  in 
fever,  in  acute  inflammation,  in  the  sanguine  tempera- 
ment. To  these  may  be  added  congestion,  or  a  ten- 
dency thereto,  of  important  organs — especially  of  the 
brain  and  lungs — and  intestinal  irritation. — Pereira. 

Statistics, — At  the  Great  Exhibition,  the  prussiates 
of  potassa,  which  invariably  accompany  the  manufac- 
ture of  prussian  blue,  were  exhibited  of  great  purity 
and  beauty,  by  several  manufacturers,  particularly 
Messrs.  T.  Bramwell  and  Company,  of  Newcastle ; 
the  Hurlet  and  Campsie  Alum  Company,  of  Glasgow  ; 
the  Bouxwiller  Mining  Company,  of  ,  France ;  C. 
Schlippe,  of  Russia ;  and  Alexander  Brusghin, 
also  of  Russia. 

The  prussiate  made  by  Mr.  Muspratt  in  1820,  in 
Ireland,  and  that  manufactured  in  England,  sold  for 
five  to  six  shillings  the  pound  ;  but  for  some,  years  pre- 
viously a  weak  solution  of  the  salt,  or  of  the  fluxed 
mass  of  animal  matter  and  potassa,  had  been  sold  at 
one  shilling  per  gallon.  The  process  of  manufacture, 
so  far  as  regards  the  materials  used  and  the  furnaces 
employed,  is  still  essentially  the  same  as  it  was  fifty 
years  ago;  but  in  consequence  of  agitating  the  fluxed 
mass  by  machinery  in  closed  pits,  introduced  at  Glas- 
gow by  the  late  Charles  Macintosh  in  1824, 
and  other  minor  improvements  in  the  manipulation, 
the  production  of  prussiate  from  the  same  quantity  of 
animal  matter  has  been  increased  threefold.  The  rapid 
progress  of  this  manufacture  will  appear  from  the  fol- 
lowing estimate  of  the  annual  production  in  the  United 
Kingdom  : — 

ANNUAL  PRODUCTION. 

From  1825— 1P30  about    10  tons  at  5s.  Otl.  per  pound. 
"    1830—1835    "       40     »     2s.  6d.  " 
"    1835—1840    "      200     "     la.  4d. 
"    1840—1845    "      700     "     Is.  4d.  " 
"    1845—1850    "     1040     "     Is.  3d.  " 

There  are  eleven  prussiate  works  in  the  United 
Kingdom,  of  which  the  aggregate  produce  is,  when  the 
salt  is  in  demand,  about  twenty  tons  per  week.  The 
two  largest  factories  are  those  of  Messrs.  Bramwell 
and  the  Hurlet  and  Campsie  Alum  Company.  The 
value  of  the  annual  product  is  estimated  at  one  hundred 
and  forty-five  thousand  six  hundred  pounds  sterling. 
VOL.  II. 


The  manufactory  of  Messrs.  Bramwell  was  estab- 
lished about  eighty  years  ago,  at  which  time  prussian 
blue  only  was  made  in  it,  a  considerable  quantity  of 
which  was  sent  annually  to  China,  and  used  by  the 
Chinese,  it  was  believed,  for  coloring  green  teas ;  a 
Spring  shipment  was  always  made  of  about  two  thou- 
sand pounds  sterling  in  value,  which  was  often  followed 
by  another  in  Autumn.  It  was  first  sold  at  two  guineas 
per  pound,  made  up  in  neatly  finished  one-pound 
packages,  but  had  fallen  in  1815  to  ten  shillings  and 
sixpence,  and  about  1820  to  two  shillings  and  sixpence. 
For  the  last  ten  or  fifteen  years  the  price  of  prussian 
blue  has  averaged  one  shilling  and  ninepence  per 
pound. 

The  Editor  begs  to  express  his  thanks  to  Mr.  George 
Blair  of  Glasgow,  for  his  kind  assistance  in  the  com- 
pilation of  this  and  other  articles. 

LEA  D. — Plomb,  French ;  Blei,  German  ;  Plumbum, 
Latin. — This  metal  is  of  a  bluish-grey  color,  with  a 
strong  metallic  lustre  when  recently  cut;  but  when 
exposed  for  a  short  time,  its  brilliancy  disappears,  and 
gives  place  to  a  very  thin  coating  of  basic  carbonate  of 
the  oxide  of  lead.  Owing  to  its  softness  it  leaves  a  streak 
on  white  paper,  and  may  be  easily  cut  with  a  knife. 
It  is  highly  malleable  and  ductile,  but  is  deficient  in 
tenacity,  when  compared  with  all  the  other  ductile 
metals;  a  wire  one-tenth  of  an  inch  in  diameter  being 
capable  of  supporting  a  weight  of  only  thirty  pounds. 
It  may  be  easily  rolled  out  into  moderately  thin  sheets 
and  likewise  drawn  into  wire ;  but  from  its  want  of 
tenacity,  the  latter  operation  cannot  be  performed  so 
freely  as  with  gold,  platinum,  silver,  copper,  or  iron. 
The  specific  gravity  of  lead  is  11-445  when  subjected 
to  pressure,  as  in  rolling ;  but  in  mass  it  is  somewhat 
less,  being  1 1  -350 ;  its  chemical  symbol,  is  Pb — derived 
from  the  Latin  term  plumbum^-and  its  combining 
equivalent  104. 

Historical  Notice.— In  the  articles  on  Copper  and 
Gold  it  has  been  stated  that  these  metals  were  brought 
into  use  at  a  very  early  date,  and  it  seems  probable  that 
lead  was  known  at  least  as  early  as  copper.  Mention 
is  repeatedly  made  of  this  metal  in  the  book  of  Exodus, 
and  in  various  other  parts  of  holy  writ.  It  would  appear 
from  Beckmann,  indeed,  that  some  doubt  exists  as  to 
the  true  meaning  of , the  word  rendered  lead  by  the 
translators  of  the  scriptures,  although  he  does  not  deny 
its  very  great  antiquity.  The  Phenician  colony  in 
Spain  drew  largely  upon  Britain  for  this  metal,  and 
also  for  tin;  and  it  is  stated  by  Camden  that  lead  was 
obtained  from  Cornwall,  Cumberland,  and  other  places 
in  England,  before  the  Christian  era.  During  the  in- 
cursions of  the  Romans,  it  is  certain  that  it  formed  an 
important  article  of  commercial  interest;  and  that  it 
was  used  in  considerable  abundance,  may  be  inferred 
from  the  specimens  which  have  been  discovered  from 
time  to  time,  bearing  Latin  inscriptions.  After  the 
departure  of  the  Romans,  the  Saxons  continued  to 
work  the  lead  mines,  one  of  which,  near  Castleton, 
was  dedicated  to  Odin.  That  the  mines  near  Wirks- 
worth  were  worked  before  the  year  714,  appears 
from  the  discovery  of  a  sarcophagus  of  lead,  lined  with 
linen  prepared  in  that  locality.  In  the  year  835,  the 
lead  mines  of  Wircesworth  were  surrendered  to  one 
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Humbert,  on  payment  of  an  annual  rent  in  that  metal  to 
the  value  of  three  hundred  shillings,  for  the  use  of  Christ 
Church,  Canterbury.  In  Doomsday-book  the  mines  in 
the  Peak,  and  the  Wapentake  of  Wirksworth,  are  re- 
ferred to  as  the  peculiar  property  of  the  sovereign,  and 
those  of  Derbyshire,  were  designated  The  King's  Field. 
In  the  ages  of  alchemy,  lead  was  regarded  as  a  semi- 
metal,  and  bore  the  name  of  Saturn,  owing  probably 
to  its  bluish-grey  color. 

Sources. — Lead  is  found  in  various  combinations 
in  mineral  strata,  and  on  rare  occasions  in  the  native 
state.  Kerry  in  Ireland,  Carthagena  in  Spain,  and 
Alston  Moor  in  Cumberland,  have  afforded  specimens 
of  lead  in  this  state,  sometimes  associated  with  galena, 
and  at  other  times  disseminated  therewith  in  an  argil- 
laceous or  a  silicious  rock. 

The  ores  of  lead  are  numerous,  but  are  found  in  very 
unequal  proportions ;  that  from  which  the  metal  is 
extracted  being  for  the  most  part  galena,  or  bisulphide 
of  lead.  The  most  important  of  them  are  the  oxide  of 
lead  or  massicot,  chloride  of  lead,  bisulphide  of  lead  or 
galena,  carbonate,  phosphate,  sulphate,  arseniate,  and 
chromate  of  lead. 

Oxide  of  lead  may  be  regarded  as  being  derived 
from  the  sulphide  in  the  presence  of  other  bodies  which 
exhibit  an  affinity  for  the  sulphur.  It  is  found  only  in 
small  quantities,  and  usually  associated  with  galena. 

Chloride  of  lead  is  another  very  rare  natural  com- 
bination, which  is  found  in  small  quantity  in  the  Men- 
dip  hills,  generally  deposited  upon  a  matrix  of  binoxide 
of  manganese,  and  crystallized  in  rectangular  prisms, 
with  the  angles  and  edges  sometimes  truncated. 

Carbonate  of  lead — sparry  lead  ore— is  remarkable 
for  its  transparency  and  lustre  when  in  its  purity.  Se- 
veral varieties  of  this  ore  are  known.  It  is  found  in  the 
form  of  acicular  crystals,  in  compact  masses,  and  often 
presenting  a  fibrous,  lamellar,  and  earthy  appearance. 
They  all,  with  the  exception  of  the  earthy  species,  pos- 
sess a  peculiar  lustre,  like  that  of  white  lead.  Earthy 
carbonate  of  lead  presents  several  shades  of  color — 
brown,  green,  or  blue — dependent  upon  the  nature  of 
the  metal  associated  with  it.  The  mineral  is  very 
brittle,  and  its  fracture  has  a  waved  conchoidal  ap- 
pearance.   Its  specific  gravity  varies  from  6  to  6-7. 

It  is  met  with  in  comparatively  small  quantities  and 
is  confined  to  a  few  localities.  At  Leadhills  and  Wan- 
lockhead,  two  well-known  Scotch  localities  yielding  this 
metal,  the  carbonate  occurs  with  other  minerals,  parti- 
cularly with  phosphate,  sulphate,  and  other  combina- 
tions of  lead,  accompanying  galena  in  transition-slate. 
It  occurs  in  the  mines  at  Alston  Moor,  at  Keswick, 
and  in  some  parts  of  Cornwall,  particularly  at  the  mine 
of  St.  Minvers.  In  many  of  the  continental  mines, 
particularly  in  Saxony  and  the  Hartz,  it  is  eviscerated. 
Being  a  mineral  rich  in  lead,  it  is  easily  smelted. 
A  black  species  of  carbonate  of  lead  is  sometimes 
found,  which  owes  its  characteristic  color  to  small  par- 
ticles of  galena  being  disseminated  throughout  the 
crystals.  The  most  extensive  deposit  of  carbonate 
hitherto  discovered  is  that  at  the  mine  a  la  Motte, 
Missouri,  in  America,  where  millions  of  pounds  of 
metal  have  been  extracted  from  this  mineral.  When 
treated  before  the  blow-pipe  on  charcoal,  it  decrepi- 


tates and  changes  color  to  a  yellow,  then  becomes  red, 
and  finally  is  reduced  to  metal  in  the  inner  flame,  the 
charcoal  being  coated  with  litharge.  Heated  with 
fluxes  it  gives  rise  to  a  diaphanous  glass.  Acids  readily 
act  upon  it;  carbonic  acid  being  evolved  with  efferves- 
cence, and  a  lead  salt  of  the  acid  being  produced. 

The  following  analyses  have  been  made  of  this 
mineral  :— 

Crystals  of  carbonate  of  load  from 
;  .  , 

Lead  Hills.  Zellerfeld.  Nertselvtnsk.  Teesdale. 
Klaproth.        Westnimb.         John.     J  A  Phillips- 

Protoxide  of  lead,...  82-00  ....  81-20  ....  84-5  ....  83-50 

Carbonic  acid,   16-00  ....  16-00  ....  15-r.  16-50 

Lime,   —    0-90  ....   —    — 

Iron,   —    0-30  ....   —    — 

Loss,   2-00  ....    1-60    —    — 

100-00        100-00        100-0  100-00 

The  formula  by  which  its  composition  may  be  ex- 
pressed is  Pb  O  C02. 

Sulphate  of  lead  is  a  mineral  associated  with  carbon- 
ate in  the  mines  of  the  Leadhills  and  Wanlockhead 
in  Dumfries-shire,  Scotland.  It  is  found  in  quantities 
in  Parry's  Mine  in  Anglesea,  and  at  Mellanoweth  in 
Cornwall,  where  it  is  associated  with  galena,  from  which 
it  gives  evident  indications  of  being  produced  by  oxi- 
dation. Sulphate  of  lead  has  been  found  at  Clausthal 
and  Zellerfeld,  in  the  Hartz,  and  various  other  mines 
on  the  Continent ;  although  the  quantity  is  too  small  to 
attract  the  attention  of  the  metallurgist. 

Its  color  is  sometimes  grey  or  yellowish,  frequently 
tinged  blue  or  green  by  oxide  of  copper;  its  crystallized 
form  is  that  of  a  rhombic  prism,  with  dihedral  summits; 
but  when  the  crystals  are  short,  they  assume  the  form 
of  the  octahedron.  Generally  the  crystals  are  possessed 
of  the  same  transparency  and  adamantine  lustre  as 
those  of  the  carbonate,  so  that  from  appearance  the  two 
may  be  often  confounded.  With  acids,  however,  the 
sulphate  of  lead  affords  no  marked  reaction,  and  this 
forms  one  distinguishing  feature  of  the  two  compounds. 

Before  the  blow-pipe  the  sulphate  decrepitates,  and 
then  melts ;  in  the  oxidising  flame  it  fuses  into  a  trans- 
parent globule,  which  on  hardening  turns  milk-white  ; 
in  the  inner  flame  it  effervesces,  owing  to  the  evolu- 
tion of  sulphurous  acid,  and  is  quickly  reduced  to  the 
metallic  state.  Samples  of  this  mineral  afforded  to 
Klaproth  the  annexed  composition. 


Anglesea. 

Protoxide  of  lead,   71-0 

Sulphuric  acid,   24-8  . 

Water,   2-0  . 

Loss,   2-2  . 

100-0 


Wanlockhead. 

.  70-50 

.  25-75 

.  2-25 

.  1-50 


100-00 


Its  density  has  been  determined  by  Sthomeyer,  and 
found  to  be  between  6-23  and  6-3,  and  its  chemical 
symbol  in  the  pure  state,  is  PbO  SOs. 

Phosphate  of  lead  is  a  mineral  of  rare  occurrence, 
although  it  is  met  with  in  many  of  the  lead  mines  of 
Cornwall,  and  at  the  Lead  Hills  and  Wanlockhead 
in  Scotland.  It  crystallizes  in  hexagonal  prisms, 
which  are  sometimes  transparent,  though  more  gene- 
rally of  a  bright  green,  or  brown,  and  sometimes  of 
a  fine  orange  color,  derived  from  the  presence  of  a 
small  quantity  of  chromate  of  lead.    Before  the  blow- 
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pipe,  on  charcoal,  it  melts  in  the  outer  flame  into 
a  globule  which  crystallizes  ou  cooling,  and  becomes 
brown  ;  in  the  reducing  flame,  the  lead  appears  bluish, 
is  luminous  while  hot,  and  on  cooling  crystallizes  with 
large  facets  of  a  lighter  color.  Its  specific  gravity  is 
from  6-5  to  70,  and  its  centesimal  composition,  ac- 
cording to  the  analyses  of  Karsten  and  Wobler,  as 
follows  : — 

From  Bohemia.      From  Cornwall. 

Phosphate  of  lead,   89-268    89-110 

Chloride  of  lead,   9-918    ....  10-074 

Phosphate  of  lime,   0-771    0-G82 

Fluoride  of  calcium,   0-137    0-130 

100-094  99-996 

From  Zschopau. 
Wohler. 

Oxide  of  lead,   82-29 

Phosphoric  acid,   15-73 

Chlorine   1-98 

100-00 

Chromate  of  lead  is  a  very  beautiful  mineral,  of  a 
deep  or  hyacinth  red  color,  and  crystallized  in  oblique 
rhombic  prisms,  the  cleavages  of  which  show  it  to  be 
translucent  on  the  edges ;  it  possesses  an  adamantine 
lustre,  and  gives  an  orange-yellow  streak.  It  is,  how- 
ever, very  rare,  being  found  only  in  the  Brazils,  and  at 
Beresof  in  Siberia.  An  artificially-prepared  chromate 
of  lead,  forms  the  ehrome-yellovi  of  painters.  Specific 
gravity  of  the  native  mineral  is  about  G,  and  its  com- 
position corresponds  with  the  formula  Pb  O,  Cr  Os. 

Sulphideoflead —  Galena ;  Bleiglanz,  German ;  Plomb 
Sulfur'e,  French. — This  is  the  most  diffuse,  and  at  the 
same  time  the  most  abundant  ore  of  lead  known;  it  forms 
veins  and  beds  both  in  the  primary  and  secondary 
rocks.  At  Freyberg  in  Saxony,  it  is  found  in  veins  in 
gneiss ;  at  Sala  in  Sweden,  it  is  met  with  in  the  primitive 
limestone ;  and  at  Clausthal  and  Newdorf  in  the  Hartz, 
Przibram  in  Bohemia,  and  several  other  districts,  clay- 
slate  forms  the  repository  of  the  metallic  veins.  The 
grauwacke  of  Dumfries-shire  and  the  killas  of  Cornwall 
are  traversed  by  lodes  in  which  the  mineral  is  contained ; 
whilst  in  Derbyshire,  Cumberland,  and  the  other  north- 
ern districts  of  England,  and  also  several  other  locali- 
ties on  the  Continent,  it  is  extracted  from  amidst  the 
mountain  limestone.  Valuable  deposits  of  galena  are 
worked  at  many  other  places  besides  those  mentioned 
above.  Wales  and  Ireland  afford  large  quantities  of  the 
mineral.  In  several  of  the  French  departments  it  is 
found  in  considerable  abundance,  especially  at  Huelgb'et 
and  Poullaouen  in  Brittany,  at  Pontgil  and  Puy- 
de-Dome,  and  Villefort  in  the  department  of  Lozere. 
Catalonia,  Grenada,  and  the  granite  hills  of  Linares  in 
Spain  afford  sulphide  of  lead.  Extensive  deposits  of 
galena  occur  in  the  United  States,  particularly  in 
Missouri,  Illinois,  Iowa,  and  Wisconsin. 

Galena  frequently  appears  under  different  forms,  and 
is  variable  in  its  composition.  Usually,  it  has  a 
metallic  lustre,  and  a  leaden-grey  or  blackish-grey 
color.  The  primary  form  of  its  crystal  is  the  cube; 
but  it  occurs  in  the  form  of  octahedra  and  its  varieties. 
Its  structure  is  lamellar,  and  its  cleavage,  which  is  highly 
perfect,  parallel  to  the  planes  of  the  cube.  The  specific 
gravity  of  the  mineral  is  7-5  to  7-7,  and,  when  pure,  it 
is  composed  of  lead  and  sulphur,  in  the  ratio  of  86-55 


of  lead,  and  13-45  of  sulphur.  The  amount  of  lead, 
however,  is  subject  to  variation,  owing  to  the  presence 
of  more  or  less  silver,  which  is  invariably  associated 
with  it,  and  also  that  of  other  metals,  such  as  anti- 
mony, zinc,  iron,  copper,  and  arsenic.  The  following 
analyses  of  samples  of  galena  show  its  usual  com- 
position : — 


Brudant. 

Lead,   79-6  . 

Sulphur,   13-4  . 

Silver   7-0  . 

Loss,   — ■  . 


Westrumb. 

.  83-00  . 

.  16-41  . 

.  traces  . 

.  0-59  ., 


100-0 


100-00 


Thomson. 
.  85-13 
.  13-02 

.'  1-85 

100-00 


It  may  be  remarked  here  that  the  presence  of  silver, 
notwithstanding  the  proportion  may  be  so  large  as  the 
one-fifth  of  the  whole,  does  not  materially  alter  the 
external  characters  of  the  galena;  but  when  silver 
is  present  in  that  amount,  other  metals,  such  as  anti- 
mony and  bismuth,  are  also  contained  in  the  mineral 
in  appreciable  quantities.  The  richest  silver-lead  ore 
is  that  found  at  Tarnowitz  in  Silesia,  which  contains 
about  a  fifth  of  its  whole  weight  of  silver ;  the  usual 
proportion  of  this  metal  is,  however,  from  0.0001  to 
0-003  per  cent.,  and  the  ore  is  designated  by  the  Ger- 
mans Weisgiiltigerz. 

The  principal  varieties  of  this  mineral  are  specu- 
lar galena  and  blue  lead.  The  former  is  found  in 
some  of  the  Derbyshire  mines,  where  it  forms  very 
thin  coatings  on  the  walls  of  the  veins,  so  as  to 
give  the  latter  the  appearance  of  looking-glasses.  On 
this  account  it  is  designated  slichenside;  it  explodes 
with  a  loud  report  when  accidentally  scratched  in  the 
mine.  Blue  lead  is  a  kind  of  galena  which  is  of 
frequent  occurrence,  having  a  hue  between  leaden-grey 
and  indigo-blue.  Other  compound  sulphides  of  lead 
with  sulphides  of  silver,  antimony,  and  bismuth  are 
known ;  but  these  will  be  referred  to  afterwards. 

Galena  is  a  protosulphide,  and  is  therefore  repre- 
sented by  the  symbol  Pb  S. 

Preparation  of  Pure  Lead. — As  prepared  from 
the  ores  of  lead  by  the  metallurgical  processes  in  ordi- 
nary use,  and  which  will  be  described  presently,  the  lead 
of  commerce  is  impregnated  with  other  metals  in  small 
quantity,  such  as  silver  and  tin,  and  occasionally  traces 
of  arsenic,  antimony,  copper,  iron,  and  zinc,  when  the 
ores  operated  upon  contain  these  metals.  To  obtain 
chemically  pure  lead,  it  is  necessary  to  work  upon 
the  ordinary  product  with  such  reagents  as  will  cause 
the  separation  of  these  metals.  The  method  recom- 
mended is  to  heat  the  nitrate  of  oxide  of  lead  in  a 
crucible,  and  to  reduce  the  litharge  so  produced  with 
charcoal  in  a  covered  crucible,  or  with  hydrogen  gas 
at  a  red  heat,  presupposing  that  the  lead  salt  is  quite 
pure ;  but  should  it  contain  nitrates  of  other  metals, 
such  as  silver  and  the  like,  these  will  pass  into  the 
reduced  lead.  This  fact  has  been  repeatedly  proved, 
and  even  when  great  care  has  been  bestowed  upon  the 
preparation  of  the  lead  salts  with  a  view  to  their 
reduc-tion,  traces  of  silver  have  been  detected  in  the 
resulting  metal. 

"W  hen  lead  absolutely  free  from  silver  is  required,  it 
is  necessary  to  dissolve  the  lead  of  commerce  in  nitric 
acid,  and  to  crystallize  the  nitrate  thus  formed  by 
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concentrating  the  clear  solution  ;  then  precipitate  the 
metallic  hase  from  the  fluid  with  sulphuric  acid ;  wash 
well  the  insoluble  sulphate  of  lead,  and  finally  reduce 
the  latter  by  fluxing  it  with  pure  carbonate  of  soda  and 
ground  resin  in  a  lined  Hessian  crucible.  The  button 
of  metal  which  is  thus  obtained  may  be  relied  upon  as 
being  absolutely  pure.  The  nitric  acid  has  the  effect 
of  precipitating  any  tin  and  antimony  as  oxides;  and 
during  the  subsequent  crystallization  of  the  lead  salt 
from  the  clear  filtered  liquid,  much  of  the  silver  will 
be  left  in  the  mother  liquor,  and  the  last  traces  of 
this  metal  are  got  rid  of  by  precipitating  the  lead  as 
a  sulphate,  and  washing  thoroughly.  A  very  pure 
lead,  so  far  as  freedom  from  silver  is  concerned,  is 
obtained  by  reducing  the  litharge  which  results  from 
the  furnaces  of  cupellation,  as  those  at  Freiberg  in  Sax- 
ony, and  this  is  well  adapted  for  the  assayer's  use.  It 
may  also  be  prepared  by  electrical  agency,  as  by  in- 
troducing a  bar  of  zinc  or  iron  into  a  solution  of  nitrate 
or  acetate  of  lead  carefully  prepared;  but  by  this  means 
absolute  purity  is  not  insured,  as  the  easily  reducible 
silver,  if  contained  in  the  salt  operated  upon,  will  like- 
wise be  precipitated. 

Chemical  Properties  of  Lead. — The  affinity 
of  lead  for  oxygen  is  very  great,  even  at  ordinary 
temperatures ;  but  this  is  increased  when  its  tempera- 
ture is  elevated.  Under  the  latter  condition,  it  burns 
in  the  air  with  a  bluish-white  light,  and  affords  oxide 
of  lead  or  litharge.  Faraday  has  shown,  that  when 
finely  divided,  this  metal  is  more  inflammable  than 
gunpowder.  Nitric  acid  acts  energetically  upon  lead, 
converting  it  into  an  oxysalt  of  this  acid;  acetic  acid 
likewise  dissolves  it,  but  sulphuric  and  hydrochloric 
acids  have  only  a  feeble  action  upon  it,  especially  in 
the  cold.  With  the  aid  of  heat,  however,  concen- 
trated sulphuric  acid  dissolves  it  with  the  evolution  of 
hydrogen. 

At  a  red  heat,  hydrochloric  acid  vapor  acts  upon 
lead,  producing  a  chloride  of  the  metal  and  liberating 
hydrogen.  This  metal  is  capable  of  uniting  with  all 
the  non-metallic  elements,  with  the  exception  of  hydro- 
gen, borium,  silicium,  and  carbon ;  with  all  the  metals, 
except  iron,  it  enters  readily  into  combination,  giving 
alloys  which  are  of  considerable  importance  in  the 
arts,  and  some  of  which  have  been  described  under 
the  heads,  Antimony,  Bismuth,  et  cetera.  Its  oxides, 
which  are  numerous,  are  employed  for  various  useful 
purposes,  and  one  of  them,  the  protoxide,  commonly 
known  as  litharge,  readily  combines  with  all  the  oxy- 
gen acids,  forming  salts,  some  of  which  are  used  in 
the  arts  to  a  very  large  extent.  In  the  form  of  sheet 
lead  and  lead  piping,  this  metal  is  applied  to  a  great 
variety  of  purposes.  To  the  metallurgist  it  offers  a 
ready  and  advantageous  means  of  obtaining  silver  and 
gold  in  their  purity,  by  alloying  them  with  it,  and  sub- 
sequently removing  the  lead  from  the  compound  metal 
by  cupellation. 

Principal  Lead  Mines.  —  Before  entering  upon 
the  details  of  the  processes  involved  in  the  produc- 
tion of  metallic  lead  from  the  ores,  it  may  not  be 
uninteresting  to  lay  before  the  reader  the  chief  mines 
producing  galena,  and  some  of  the  circumstances  con- 
nected with  them,  as  stated  by  Ure. — The  principal 


mines  at  present  worked  in  the  world  are  the  fol- 
lowing : — 

1 .  Poullaouen  and  Huelgoet,  near  Cairhaix  in  France, 
department  of  Finisterre,  being  veins  of  galena,  which 
traverse  a  clay-slate  resting  upon  granite.  They  have 
been  in  operation  for  upwards  of  three  centuries ;  the 
workings  penetrate  to  a  depth  of  three  hundred  yards, 
and  in  1816  furnished  five  hundred  tons  of  lead  per 
annum,  out  of  which  one  thousand  and  thirty-four 
avoirdupois  pounds  of  silver  were  extracted. 

2.  At  Villefort  and  Viallaz,  department  of  the  Lozere, 
are  mines  of  this  ore,  said  to  produce  one  hundred  tons 
of  lead,  with  eight  hundred  and  eighty  avoirdupois 
pounds  of  silver. 

3.  At  Pezey  and  Macot,  to  the  East  of  Moutiers  in 
Savoy,  a  galena  mine  exists  in  tale- schist,  which  pro- 
duces annually  two  hundred  tons  of  lead,  and  about 
twelve  hundred  and  thirty  pounds  avoirdupois  of  silver. 

4.  The  mine  of  Vedrin,  near  Namur,  in  the  Low 
Countries  is  opened  upon  a  vein  of  galena  traversing 
compact  limestone  of  a  transition  district. 

5.  In  Saxony  the  galena  mines  are  so  rich  in  silver 
as  to  cause  the  lead  to  be  regarded  as  a  secondary 
product,  or  eutirely  overlooked. 

6.  The  lead  mines  of  the  Hartz  have  been  likewise 
considered  as  silver  ores. 

7.  Those  of  Bleiberg,  on  the  Eifel,  are  of  the  same 
description. 

8.  The  galena  mines  of  Bleiberg  and  Vallech  in 
Corinthia,  in  compact  limestone. 

9.  In  Bohemia  to  the  South-west  of  Prague. 

10.  The  mines  of  Joachimsthal  and  Bleistadt,  on  the 
Southern  slope  of  the  Erzgebirge,  produce  argentiferous 
galena. 

11.  There  are  numerous  lead  mines  in  Spain,  the 
most  important  of  which  are  those  in  the  granite  hills 
of  Linares,  upon  the  Southern  slope  of  the  Sierra 
Morena,  and  in  the  district  of  the  small  town  of  Can- 
jagar.  Enormous  masses  of  galena  are  extracted 
sometimes  from  the  mines  of  Linares.  There  are 
mines  of  sulphide  of  lead  in  Catalonia,  Grenada, 
Murcia,  and  Almeria,  but  the  ore  of  the  last  locality 
is  worked  for  the  silver  it  contains. 

12.  The  lead  mines  of  Sweden  are  very  argentiferous, 
and,  like  the  last  mentioned,  are  worked  to  extract  the 
silver. 

13.  In  the  district  of  Daouria  the  lead  mines  are 
numerous  and  rich,  lying  in  a  transition  limestone 
which  rests  on  primitive  rooks ;  their  lead  is  neglected 
on  account  of  the  silver. 

14.  Great  Britain  is,  of  all  countries  in  the  world, 
that  which  annually  produces  the  largest  quantity  of 
lead.  According  to  M.  Villefosse,  in  his  Richessc 
Minerale  published  in  1819,  this  kingdom  had  furnished 
twelve  thousand  five  hundred  tons  of  lead,  being  more 
than  the  rest  of  Europe  produced;  it  appears,  however, 
from  more  recent  documents,  that  the  above  estimate  is 
too  low.  Mr.  Taylor  in  1822  rated  the  total  produce 
of  the  United  Kingdom  per  annum  at  thirty-one 
thousand  nine  hundred  tons,  a  quantity  fully  two  and 
a  half  times  greater  than  that  stated  by  Villefosse. 
Taylor  distributed  this  product  among  the  different 
districts  as  follows  : — 
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Tons. 

"Wales— Flintshire  and  Denbighshire,   7,500 

Scotland— in  transition-grauwacke,   2.800 

Durham,  Cumberland  and  Yorkshire — in  carboni- 
ferous lime   19,000 

Derbyshire —  probably  in  carboniferous  lime,   1,000 

Shropshire,   800 

Devon  and  Cornwall — transition  and  primitive 

rocks,   800 


Total,   31,900 


Hence  it  may  be  seen,  that  the  adjacent  parts  of  the 
counties  of  Durham  and  York  furnish  of  themselves 
nearly  three-fifths  of  the  total  product. 

In  1835  the  entire  quantity  was  estimated  by  Taylor 
at  46,112  tons,  of  which  19,626  tons  were  furnished  by 
Northumberland,  Durham  and  Cumberland;  the  mines 
of  Mr.  Beaumont  of  themselves  yielding  ten  thousand 
tons.     The  annexed  table  shows  the  increase  in  1847: 

Lead  Ore.  Lead. 


Tons.  Tons 

England,                          59,6141  ....  39,507£ 

Wales,                            18,H7|  ....  12,294 

Ireland,                             2,251    1,380 

Scotland,                         1,159    ....  822i 

Isle  of  Man,                      2,575    1,699 


83,747  55,703 

15.  In  the  United  States,  the  most  remarkable  lead 
region — and,  according  to  Booth,  probably  the  largest 
in  the  known  world — where  the  galena  is  disseminated 
in  beds  of  greater  or  less  extent,  is  in  Wisconsin,  Iowa, 
Illinois,  Missouri,  and  Kentucky. 

The  former  three  may  be  regarded  as  a  distinct 
region  of  ninety  miles  from  East  to  West,  and  sixty  miles 
from  North  to  South.  Another  district  is  in  Missouri, 
to  the  South  of  the  river  so  named,  about  eighty  miles 
North  and  South,  and  fifty  miles  East  and  West.  The 
lower  part  of  Illinois,  and  part  of  Kentucky,  appears  to 
be  a  third  district.  In  the  first  the  lead  found  is  very 
pure,  and  it  is  remarkable  besides  for  the  enormous  crys- 
tals of  galena  which  it  produces;  the  second  district 
gives  often  a  less  pure  lead,  which  is  largely  associated 
with  very  pure  barytic  minerals;  and  in  the  third,  much 
of  the  galena  contains  sulphide  of  antimony.  Athough 
extensively  explored,  this  immense  metallic  region  of  the 
Mississippi  valley  remains  to  be  fully  developed.  The 
best  argentiferous  vein  yet  opened  in  the  United  States, 
is  probably  that  in  Davidson  County,  North  Carolina. 

Preliminary  Operations. — Barely  is  galena  found 
of  such  purity  as  to  be  at  once  in  a  fit  state  for  the  action 
of  the  fire ;  it  is  generally  compounded  with  the  stony 
substances  of  the  strata  in  which  the  deposit  exists, 
and  also  with  other  minerals  of  a  different  nature. 
The  crude  product  raised  from  the  mine  is,  therefore, 
submitted  to  various  processes  of  dressing,  to  bring  it 
to  an  average  standard  richness.  In  England  these 
preliminary  operations  are  divided  into  three  classes, 
namely,  the  sorting  and  cleansing  of  the  ore,  the  grind- 
ing, and  the  washing. 

Sorting  and  Cleansing  the  Ore. — At  several  of  the 
British  mines  this  operation  is  performed  at  the  mouth 
of  the  mine,  by  the  aid  of  sieves  constructed  of  iron 
wire,  the  strands  running  parallel  at  an  inch  distance, 
thus  forming  openings  one  inch  square.  The  material 
is  thus  separated  into  two  batches,  and,  by  using  finer 
gauzes,  into  more  varieties.    Sometimes  the  clay,  or 


mud,  is  removed  from,  the  ore  by  placing  it  on  a  sieve 
with  small  meshes  and  agitating  the  whole  in  water. 
In  many  parts  of  Derbyshire,  however,  the  ore  is 
merely  stirred  about  with  a  shovel  in  a  trough  filled 
with  water;  but  this  method,  which  is  termed  the 
standing  huddle  system,  is  obviously  very  imperfect. 
Another  apparatus,  called  the  running  huddle,  serves 
at  once  to  sort  and  cleanse  the  ore.  It  is  similar 
to  the  inclined  plane  used  for  copper  ore.  This  con- 
trivance, which  was  formerly  the  only  one  in  general 
use  at  Alston  Moor,  has  been  supplanted  by  another 
called  the  grate.  This  is  a  grid  constructed  of 
iron  bars  one  inch  thick,  and  twenty-four  to  thirty 
inches  long ;  these  are  fixed  parallel  to  one  another, 
and  horizontally,  at  a  distance  of  one  inch  apart.  A 
wooden  canal  above  the  grate,  conducts  a  stream  of 
water  over  its  middle,  and  an  inclined  plane  set  be- 
neath it,  and  leading  to  a  hemispherical  basin,  serves 
to  recover  the  metallic  powder  which  is  detached  from 
the  mass. 

Grinding. — After  assorting  the  ore  it  is  crushed  to 
fine  powder.  Formerly  the  hucher  was  in  frequent  re- 
quest, but  is  now  giving  place  to  the  crushing  machine, 
which  effects  a  considerable  saving  in  time  and  labor, 
and  is,  therefore,  coming  very  rapidly  into  general  use. 
This  machine  is  represented  in  the  annexed  drawing 
— Pig.  319 — the  description  of  which  is  taken  from 
the  latest  edition  of  Ure's  excellent  Dictionary.  It 
is  composed  of  one  pair  of  fluted  cylinders,  x  x,  and 

Fig.  319. 


of  two  pair  of  smooth  cylinders,  z  z,  z'z',  which 
are  immediately  used  for  crushing  the  ore.  The  two 
cylinders  of  each  of  the  three  pair  turn  simultaneously 
in  an  inverse  direction,  by  means  of  two  toothed  wheels 
upon  the  shaft  of  every  cylinder,  which  work  by  pairs 
in  one  another.  Motion  is  communicated  by  a  water- 
wheel,  the  circumference  of  which  is  represented  by 
a  a  a.  One  of  the  fluted  cylinders  is  placed  on  the 
prolongation  of  the  shaft  of  this  wheel,  and  which 
carries  besides,  a  cast-iron  toothed  wheel,  gearing  into 
two  others,  e  e,  fixed  upon  the  ends  of  the  two  smooth 
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cylinders.  Above  the  fluted  cylinders  is  placed  a  hop- 
per from  which  the  ore  with  which  it  is  charged  from 
the  waggon,  A,  and  which  advance  upon  tramways,  till 
they  come  directly  over  the  hopper ;  their  contents  are 
emptied  through  a  trap-hole  in  their  bottom.  Below 
the  hopper  there  is  a  small  bucket  called  a  shoe,  in 
which  the  ore  is  shaken  down,  and  which  throws  it  with- 
out ceasing  upon  the  cylinders,  in  consequence  of  the 
constant  jolts  given  to  it  by  a  crank-rod  attached  to  it 
and  moved  by  the  teeth  of  the  wheel,  m.  The  shoe  is 
so  regulated,  that  too  much  ore  can  never  fall  upon  the 
cylinders  so  as  to  obstruct  their  movements.  A  small 
stream  of  water  which  is  conducted  into  the  shoe, 
spreads  over  the  cylinders  and  prevents  them  from 
getting  overheated.  After  the  ore  has  passed  between 
the  fluted  rollers,  it  falls  upon  the  inclined  planes,  N  N, 
which  turn  it  over  to  one  or  other  of  the  pair  of  smooth 
rollers. 

These  are  the  essential  parts  of  this  machine ;  they 
are  made  of  iron,  and  the  smooth  ones  are  case-hard- 
ened, or  chilled,  by  being  cast  in  iron  moulds.  The 
gudgeons  of  both  kinds  move  upon  brass  bushes,  fixed 
upon  iron  supports,  K,  made  fast  by  bolts  to  the  strong 
wood-work  basis  of  the  whole  machine.  Each  of  the 
horizontal  bars  has  an  oblong  slot,  at  one  of  whose  ends 
is  solidly  fixed  one  of  the  plummer-blocks  or  bearers 
of  one  of  the  cylinders,/,  and  in  the  rest  of  the  slot  the 
plummer-block  of  the  other  cylinder,  g,  slides — a  con- 
struction which  permits  the  two  cylinders  to  come  into 
contact,  or  to  recede  to  such  a  distance  as  circumstances 
may  require.  The  movable  cylinder  is  approximated 
to  the  fixed  one  by  means  of  the  iron  levers,  H  H,  which 
carry  at  their  ends  the  weights,  p,  and  rest  upon  wedges, 
M,  which  may  be  slidden  on  the  inclined  plane,  s. 
These  wedges  then  press  the  iron  bar,  o,  and  make  it 
approach  the  movable  cylinder,  by  moving  the  plum- 
mer-block that  supports  its  axis.  With  such  an  ar- 
rangement, should  very  large  or  hard  pieces  of  ore  fall 
between  the  cylinders,  one  of  the  rollers  would  recede, 
and  let  the  piece  pass  without  doing  any  injury  to  the 
mechanism. 

Besides  the  three  pair  of  cylinders  which  constitute 
essentially  each  crushing  machine,  there  is  sometimes  a 
fourth  which  serves  to  crush  the  ore.  when  not  in  large 
fragments ;  for  example — the  moderately  rich  pieces, 
called  cuttings,  and  the  poorer  kinds  or  chats  produced 
by  the  first  sifting.  The  cylinders  composing  that 
accessory  piece,  which,  on  account  of  their  ordinary  use 
are  called  chats-rollers,  are  smooth  and  similar  to  z  z 
z '  z '  in  the  foregoing  figure.  One  of  them  is  usually 
placed  upon  the  prolongation  of  the  shaft  of  the  water- 
wheel,  at  the  opposite  side  of  the  principal  machine;  and 
the  other  which  is  placed  alongside,  receives  its  motion 
from  the  first  by  means  of  toothed  wheel-work.  The 
ordinary  stamping  process  is  in  some  places  combined 
with  the  use  of  the  crushing  rollers,  especially  if  the 
gangue  be  too  hard  for  the  latter  to  grind. 

Washing. — After  the  operation  of  grinding  comes 
the  process  of  washing,  properly  so  called.  This  is 
effected  in  various  ways,  such  as  by  the  jigger,  the 
ijiclined-plane,  the  dolly-tub,  et  cetera,  all  of  which 
are  so  obvious  in  principle,  and  bear  so  much  resem- 
blance to  similar  apparatus  already  described  in  the 


articles  Copper  and  Gold,  as  to  render  a  detailed 
description  unnecessary.  It  may  be  stated,  however, 
that  in  general  much  waste  is  occasioned  in  the 
English  establishments  in  cleansing  the  ore,  and  the 
washing  is  not  carried  to  the  same  degree  of  per- 
fection as  in  other  countries;  doubtless  from  the  cir- 
cumstances that  fuel  in  this  country  is  plentiful  and 
cheap,  and  labor  is  dear,  while  in  Brittany  and  other 
localities  the  reverse  is  the  case.  In  Cumberland  the 
washing  of  the  ore  is  usually  let  by  the  piece,  and  the 
men  are  paid  according  to  its  richness ;  thus,  two  shil- 
lings and  sixpence  is  paid  for  cleansing  fifteen  hundred- 
weight of  one  kind,  and  for  others,  a  sum  ranging  up  to 
ten  shillings,  according  to  the  quality  of  the  ore. 

Theory  op  Lead  Smelting. — The  smelting  of 
lead  ores  with  a  view  to  the  metals  which  they  con- 
tain, demands  no  little  amount  of  attention,  to  per- 
form the  operation  in  the  most  effective  manner. 
The  details  of  the  process  differ  considerably  accord- 
ing to  the  position  of  the  works  in  relation  to  fuel, 
the  nature  of  the  ore,  and  its  peculiar  richness  in 
silver,  et  cetera.  So  far  as  regards  the  reduction  of 
the  metallic  lead,  the  principles  of  the  various  reac- 
tions may,  however,  be  referred  in  most  cases  to  the 
decomposition  which  takes  place  at  a  high  tempera- 
ture, by  the  mutual  effect  of  an  oxidised  compound 
of  lead  and  the  sulphate,  whereby  the  non-metallic 
elements  are  driven  off,  generally  as  sulphurous  acid, 
and  the  metal  is  left.  To  bring  about  such  a  change 
it  is  customary  to  submit  a  portion  of  the  galena  to  a 
preliminary  roasting  in  contact  with  air,  during  which 
considerable  quantities  of  sulphate  of  lead  are  pro- 
duced by  the  oxidation  of  the  sulphur  and  metal  of  the 
galena.  This  being  done,  the  roasted  and  the  crude 
materials  are  apportioned  and  heated  in  a  furnace  with 
due  precautions,  till  the  lead  flows  off,  leaving  a  residue 
of  the  crudities  of  the  ore,  together  with  a  portion  of 
the  unreduced  substance.  Much  of  the  tact  and  know- 
ledge of  the  smelter  is  shown  in  the  manner  in  which 
the  admixture  is  made,  and  in  the  subsequent  ap- 
plication of  the  heat.  And  without  knowing  the 
reactions  which  take  place,  the  operator  can  never 
be  certain  of  success,  but  is  subject  to  the  risks  and 
hazards  arising  from  the  different  qualities  of  ore  and 
imperfect  roasting. 

Indeed,  the  knowledge  of  the  behavior  of  the  galena 
under  the  influence  of  a  high  temperature,  is  the  key 
to  a  comprehensive  view  of  the  whole  business  of  lead 
smelting.  When  sulphide  of  lead — galena — is  heated 
in  a  close  vessel,  out  of  contact  with  air,  no  change 
takes  place  beyond  fusion,  if  the  heat  be  sufficiently 
intense.  This  is  not  the  case,  however,  if  air  be  ad- 
mitted, and  allowed  to  flow  over  the  fused  mass ;  for 
then  not  only  will  the  sulphur  be  oxidised,  but  a  por- 
tion of  the  metal  will  be  volatilized.  Hence  it  is,  that 
in  operating  upon  lead  ore,  in  particular  kinds  of 
furnaces,  large  quantities  of  the  lead  are  driven  off 
in  vapor. 

When  the  temperature  applied  is  low,  and  the  air 
freely  circulates  through  the  ore,  the  sulphide  is  con- 
verted into  sulphate  of  lead,  which  resists  a  higher  tem- 
perature, and  is  consequently  more  fixed.  A  mixture 
of  sulphate  of  lead  and  of  sulphide,  affords  upon  the 
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application  of  heat  sulphurous  acid  and  metallic  lead, 
which  react  upon  one  another,  as  represented  in  the 
formula :  — 

PI)  0,  S03  + 

8nlphate  of  load. 

Resolved  into 

2Pb  -f 


PbS 


Sulphide  of  lead. 


2  SO, 


Lead.  Sulphurous  acid. 

or 

Pb  S04  +  Pb  S  =  2  Pb  +  2  SO, 

From  this  it  may  he  seen,  that  by  the  action  of  the 
heat,  one  equivalent  of  the  sulphate  and  one  of  the 
sulphide  afford  two  equivalents  of  lead — that  is,  the 
whole  of  the  metal  which  they  contain — and  two  equiva- 
lents of  sulphurous  acid.  By  making  the  composition 
of  the  charge,  from  which  the  metal  is  to  be  eliquated, 
as  near  as  possible  to  the  above  formula,  there  is  no 
doubt  but  that  the  most  perfect  and  economical  decom- 
position will  follow,  and  nothing  will  be  left  to  desire 
beyond  the  regulation  of  the  proper  heat.  It  is  not  so, 
however,  when  the  ratio  between  the  sulphate  and  sul- 
phide in  the  charge  is  altered,  and  more  especially  if  the 
sulphate  be  in  excess.  Thus,  if  instead  of  an  equal 
number  of  equivalents  of  the  two  ingredients,  one  of 
the  sulphide  and  two  of  the  sulphate  be  employed,  the 
effects  will  be  less  advantageous;  for  in  this  case,  only 
one  equivalent  of  metal  will  be  obtained,  as  the  equation 
shows. — 


2  Pb  0,  S03  -f 


PbS 


Pb 

Lead. 


Sulphate  of  lead.  Sulphide  of  lead. 

+        S02        +        2  (Pb  0,  SO,) 

Sulphurous  acid.  Sulphite  of  lead. 


A  further  increase  of  the  amount  of  the  oxidised 
compound  would  be  productive  of  still  less  satisfactory 
results,  and  hence,  if  the  ratio  of  the  sulphate  to  the 
sulphide  of  lead  be  as  three  to  one,  no  metal  will  be 
obtained,  as  shown  by  the  formula : — 

3  (Pb  0,  S03)      +       Pb  S 


Sulphate  of  lead. 


Sulphide  ot  lead. 


=       i  (Pb  0,  SOj) 

Sulphite  of  lead. 


but  instead,  four  equivalents  of  oxide  of  lead — Pb  0 — 
and  four  of  sulphurous  acid  result.  From  these  facts  the 
obvious  inference  is  drawn,  that  an  excess  of  the  well- 
roasted  ore,  which  represents  the  sulphate  of  lead,  must 
be  avoided  when  compounding  the  charge.  By  em- 
ploying a  larger  quantity  of  the  galena  representing 
the  sulphide  of  lead,  than  is  stated  in  the  first  of  these 
formulae,  the  consequences  are  not  so  bad  as  those  just 
explained;  for  in  this  case,  a  portion  of  the  sulphur, 
usually  amounting  to  one-half,  passes  ofl  as  sulphurous 
acid,  and  the  remainder  is  left  united  with  the  metal  as  a 
subsulphide  of  lead,  which  requires  a  much  less  amount 
of  roasted  ore  for  its  reduction  than  the  ordinary  galena; 
neither  does  it  require  such  a  high  temperature :  and, 
owing  to  its  entering  into  rapid  fusion,  it  forms  a  layer 
upon  the  reduced  metal,  whereby  the  latter  is  preserved 
from  the  oxidising  influence  of  the  air. 

Sulphide  of  lead  is  decomposed,  without  the  interven- 
tion of  an  oxide  of  this  metal,  in  a  very  perfect  manner 


by  metallic  iron,  which  takes  up  the  sulphur  from  the 
lead,  and  forms  therewith  sulphide  of  iron  :— 

PbS      4-      Fe      =      Pb      -f  FeS. 


Sulphide  of  lead. 


Sulphide  of  iron. 


The  heat  required  to  effect  this  change  is,  however, 
much  more  elevated  than  that  which  answers  for  the 
preceding  decompositions.  An  oxide  of  iron,  such  as 
results  in  one  of  the  processes  to  which  pyrites  are  sub- 
jected in  the  manufacture  of  sulphuric  acid,  would  answer 
the  purpose  of  the  iron  much  better;  for  a  lesser  quantity 
of  the  material  would  suffice  to  reduce  a  large  weight  of 
the  galena,  and  at  a  comparatively  low  degree  of  heat. 
In  this  case  the  change  which  would  result  is  symbol- 
ized in  the  annexed  equation  : — 


7  PbS 

Sulphide  of  load. 


+ 


2  Fe2  03 

Sesquioxide  of  iron. 


7Pb 

Lead, 


+ 


4FeS 

Sulphide  of  iron. 


+ 


3  so, 


Sulphurous  act  1. 


A  double  advantage  may  be  derived  from  the  adop- 
tion of  this  method  of  decomposing  the  galena,  namely, 
the  reproduction  of  iron  pyrites,  which  may  bo  utilized 
in  the  manufacture  of  sulphuric  acid. 

Of  all  these  reactions  the  simplest  in  execution  is 
that  wherein  metallic  iron  is  employed,  for  only  a  mere 
heating  is  necessary  to  produce  the  lead.  In  large 
works,  however,  this  is  never  resorted  to,  unless  the 
mineral  possesses  such  properties  as  necessitate  the 
application  of  iron.  That  which  is  most  general  is  the 
first-mentioned,  in  which  a  sulphate  of  the  metal  is  pro- 
duced, and  this,  mixed  with  galena,  is  subsequently 
acted  upon  by  the  heat  to  separate  the  metal.  By  a 
preliminary  roasting  the  galena  is  converted  into  sul- 
phate of  lead,  either  in  an  open  heap  or  in  a  roasting 
furnace.  The  method  of  heating  the  subsulphide  of 
lead  is  frequently  resorted  to  with  advantage,  as  by  it 
large  quantities  of  metal  are  obtained,  together  with 
protosulphide  of  the  metal  which  remains,  and  may  be 
further  operated  upon. 

The  Furnace. — Three  kinds  of  furnaces  are  used 
by  lead  smelters.  In  England  and  Wales  the  reverbera- 
tory  form  is  exclusively  employed,  and  no  other  affords 
more  rapid  results;  the  Scotch  Furnace  has  been  adopted 
at  Alston  Moors,  and  in  some  places  on  the  Continent ; 
and  the  high  or  tuyere  furnace  is  employed  where  the 
ore  is  refractory  or  fuel  is  scarce. 

The  reverberatory  furnace,  called  the  cupola,  is  of 
very  ancient  origin,  and  has  long  been  in  vogue  in  North 
Wales,  whence  the  models  were  brought  to  Derbyshire 
about  the  year  1747  by  a  company  of  Quakers.  Long 
before  this,  the  load  ore  of  Derbyshire  and  the  North  of 
England  was  smelted  in  veiy  rude  furnaces,  called  boles, 
the  fire  being  urged  by  the  natural  force  of  the  wind. 
For  this  reason  the  furnaces  were  always  constructed 
on  the  Western  side  of  an  eminence.  To  these  suc- 
ceeded furnaces  urged  by  bellows,  similar  to  those  of  a 
smith's  forge,  and  worked  by  water-power. 

The  form  of  the  reverberatory  is  represented  in 
plan,  Fig.  320,  and  in  elevated  section,  Fig.  321.  Gene- 
rally, the  sole  of  the  furnace,  A,  is  eight  feet  in  length 
by  six  in  breadth,  and  is  constructed  of  the  fused  slags 
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from  tbe  preceding  operations,  worked  into  the  neces- 
sary form,  during  the  time  they  are  in  a  semi-fluid 


Eig.  320. 


state,  by  a  strong  iron  rake.  The  shape  of  the  sole  is 
that  of  a  shallow  basin,  in  which  the  fluid  metal  col- 
lects at  the  deepest  part,  and  is  drawn  off  by  a 
tap-hole  shown  in  the  section  at  B.  By  means  of 
a  solid  bridge,  E,  of  firebrick,  the  fire,  D,  is  separated 
from  the  hearth;  it  is  usually  about  two  feet  thick, 
and  about  one  foot  in  height,  leaving  from  four- 
teen to  eighteen  inches  space  between  it  and  the  arch 
for  the  flame  to  pass  over.  As  shown  in  the  drawing, 
the  arch,  c,  gradually  declines  towards  the  further 
extremity  of  the  hearth,  from  which  it  is  elevated  only 
six  inches,  the  height  from  the  deepest  part  of  the  de- 
pression in  the  bed  being  only  two  feet.  At  the  extre- 
mity of  the  furnace,  opposite  the  fire,  there  are  sometimes 
two  openings,  separated  by  a  triangular  prism  of  fire- 
stone,  which  lead  to  a  flue,  p,  a  foot  and  a  half  wide 
and  ten  feet  long,  which  is  recurved  towards  the  top, 
and  runs  into  an  upright  chimney  fifty-five  feet  high. 
This  flue,  for  a  short  distance  from  the  furnace,  is 
covered  with  flat  tiles  closely  jointed  in  fireclay,  but 
which  may  nevertheless  be  easily  removed.  Such 
an  arrangement  is  necessary  in  order  that  the  lead 
fumes,  which  at  a  high  temperature  are  freely  sub- 
limed, may  be  cleared  away  and  the  freedom  of  the 
draught  insured.  One  of  the  sides  of  this  furnace  is 
called  the  laborer's  side,  being  that  from  which  the 
fire  is  supplied  with  fuel  through  the  door,  G ;  on  the 
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same  side  are  three  other  openings,  H  H  H,  which  are 
closed  by  sliding  plates,  and  vary  in  area  from  six 
inches  square  to  about  eight  inches  by  twelve.  "When 


necessary,  the  charge  is  stirred  through  these  open- 
ings, and  they  are  also  useful  for  admitting  air  when 
the  process  of  roasting  requires  it.  Opposite  is  the 
working  side,  in  which  are  five  apertures ;  three  cor- 
responding with  those  on  the  other  side,  and  similarly 
secured,  and  the  other  two,  below  them,  used  for 
running  off  the  metal  and  scoria.  Towards  these  last 
the  bed  of  the  furnace  inclines  in  such  a  way,  that  the 
part  which  is  opposite  is  nearly  up  to  the  aperture  ir, 
whilst  at  the  tap-hole  it  is  eighteen  inches  below  H, 
on  the  same  level.  The  lead  flows  into  a  cast-iron 
pan,  I,  set  in  a  niche  a  little  under  the  side.  There 
is  in  the  middle  of  the  arch  an  opening,  to  which  is 
fitted  an  iron  hopper,  where  a  charge  of  ore  is  deposited 
whilst  that  in  the  furnace  is  being  worked ;  and  when 
the  latter  is  drawn  off,  the  material  in  the  hopper  is  let 
into  the  furnace,  by  drawing  a  slide. 

The  preceding  is  the  kind  of  furnace  employed  at 
Grassington  in  Yorkshire,  and  in  which  the  roasting 
and  smelting  are  conducted.  In  those  localities  where 
the  two  operations  are  conducted  separately,  as  at 


Redruth  and  other  places  in  Cornwall,  the  roasting  fur- 
nace employed  is  that  represented  in  Fig.  322.  A 
is  the  fire,  and  B  the  fire-bridge;  cc,  separate  ducts 
by  which  the  smoke  passes  off  to  the  chimney ;  E  E, 
working  doors,  which  allow  the  workmen  to  spread 
and  stir  up  the  charge  of  ore  as  required ;  and  p  F, 
smaller  apertures  serving  the  same  end,  and  admitting 
air  for  the  combustion  of  the  sulphur  of  the  mineral. 
The  sole  of  the  furnace  is  a  east-iron  plate,  upon  which 
layers  of  firebrick  are  accurately  fixed  together,  the 
whole  being  supported  upon  pillars,  as  shown  in  the 
drawing.  Besides  the  apertures  already  mentioned, 
there  are  others,  G,  generally  at  the  end  opposite  to  the 
fire,  through  which  it  is  rabbled  at  intervals.  The  size 
of  this  furnace  is  smaller  than  that  in  which  both  the 
roasting  and  smelting  of  the  ore  are  performed. 

At  the  works  near  Holywell,  North  Wales,  the  fur- 
naces employed  are  of  that  kind  in  which  the  roasting 
and  smelting  are  performed  successively;  they  are  very 
similar  in  form  to  that  already  described,  only  that  there 
is  no  opening  for  running  off  the  slags.    The  hearth  is 
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hollowed  out  below  the  middle  door  of  the  furnace,  the 
back  and  ends  being  made  to  slope  towards  this  part. 
Twenty-four  inches  is  the  ordinary  depth  from  the 
bottom  of  this  basin  to  the  sill  of  the  door;  but  it  varies 
a  little  according  to  the  kind  of  ore  operated  upon.  In 
the  other  details  of  the  hearth  and  arch  these  furnaces 
are  similar  to  those  already  mentioned.  In  this  locality, 
however,  the  flues  from  all  the  furnaces  enter  one 
main,  which  leads  to  a  chimney  disposed  as  repre- 
sented in  Fig.  323. 

Here  the  furnaces  are  shown  as  at  a  a  a,  and  the 
separate  flues,  b  b,  opening  into  a  main  channel,  c  c,  five 


Fig.  323 


feet  deep  by  two  and  a  half  wide.  Another  one,  d,  six 
feet  deep  by  three  in  width,  opens  from  the  latter  into  a 
circular  chamber,  e,  fifteen  feet  in  diameter,  wherein, 
as  well  as  in  the  conduits  leading  to  it,  the  lead-ashes 
volatilized  from  the  furnaces  are  intercepted.  From  e 
the  smoke  is  conducted  by  a  similar  flue,  /,  which 
enlarges  as  it  approaches  the  chimney,  and  where  it  is 
joined  by  the  flue,  g,  from  another  department  of  the 
furnaces,  to  a  depth  of  seven  feet  and  a  breadth  of  five. 
The  chimney  has  a  diameter  of  thirty  feet  at  the  base, 
tapering  to  the  top,  where  it  measures  twelve,  includ- 
ing the  thickness  of  the  walls  ;  its  height  is  one  hundred 
feet;  but  as  it  stands  upon  an  adjoining  hill,  which  is 
about  sixty  feet  above  the  level  of  the  furnaces,  the 
total  height  of  the  flue  may  be  said  to  be  about  one 
hundred  and  sixty  feet.  Such  an  arrangement  is 
necessary,  in  order  to  draw  off,  out  of  the  range  of  the 
inhabitants,  animals,  and  vegetation  of  the  neighbor- 
hood, the  enormous  quantity  of  sulphurous  acid  which 
is  evolved  from  the  thousands  of  tons  of  ore  worked 
annually. 

In  many  parts  of  England,  more  especially  in  the 
counties  of  Durham,  Cumberland,  and  Northumber- 
land, the  smelting  of  the  lead  ores  is  conducted  in  the 
Scotch  furnace,  or  ore  hearth.  It  is  shown  in  Fig.  324, 
and  consists  of  a  rectangular  cavity  of  masonry,  a  B  w, 
twenty-four  inches  in  length  by  a  breadth  of  twelve, 
and  a  depth  varying  from  twenty-two  to  twenty-four 
inches,  the  whole  inclosed  in  an  arched  hood,  p.  A 
considerable  portion  of  the  hood,  on  the  near  side,  is 
removed  to  show  the  interior  arrangements.  The 
cavity  is  entirely  lined  with  cast-iron,  the  bottom  por- 
tion, B  W,  being  one  entire  piece,  having  a  ledge  five 
inches  in  height  and  two  in  thickness  surrounding  every 
part  of  it,  except  on  the  side  facing  the  workstone,  A, 
placed  at  one  end  of  the  rectangular  construction. 
The  ledge  upon  the  side,  Bf,  is  removed  to  show 
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the  interior  of  the  cavity.  The  workstone,  A,  is 
likewise  surrounded  by  a  ledge,  b,  on  all  sides  except 
that  near  the  hearth,  and  which  either  rests  on  the 
ledge  surrounding  the  hearth  bottom,  or  is  united  to  it 
and  forms  part  of  the  casting.  In  either  case  it  is  fixed 
at  an  incline  of  about  six  inches.  On  the  back  edge  of 
the  furnace  bottom  is  placed  a  prism  of  cast-iron,  c  D, 
called  a  backstone,  six  and  a  half  inches  square  in  section, 
and  twenty-eight  in  length,  on  which  rests  the  nozzle 
of  the  tuyere.  Above  this  is  placed  another  cast-iron 
prism  of  the  same  length,  and  eight  inches  in  height, 
which  is  known  as  the  pipestone ;  it  has  a  cavity  in  its 
centre  for  the  introduction  of  the  tuyere,  and  projects 
about  two  inches  over  the  hearth.  A  third  stone,  E  H,  is 
fitted  on  the  latter,  and  completes  this  side  of  the  furnace, 
making  its  total  height  from  the  sole-plate  twenty-five 
and  a  half  inches.  Two  prismatic  castings,  called  bear- 
ers, are  placed  along  the  lateral  sides,  twenty-six  inches 
long  and  five  square,  and  projecting  slightly  over  the 
edge  of  the  workstone  as  well  as  of  the  posterior  back- 
stone  ;  these  contribute  effectually  to  give  solidity  and 
fixity  to  the  parts.  These  bearers  support,  through  the 
intervention  of  several  ranges  of  firebricks,  a  piece  of 
cast-iron  of  the  same  dimensions  as  the  lowest  back- 
stone,  and  which  is  called  the  forestone.  This  piece  is 
in  contact  at  each  of  its  extremities  with  another  mass 
of  cast-iron,  six  inches  cube,  and  supported  on  the 
brickwork;  this  is  called  the  heystone.  Finally,  the 
spaces  left  between  these  keystones,  at  either  side,  are 
filled  up  with  other  blocks  of  castings  similar  to  the  latter. 

When  the  workstone,  A,  is  riot  connected  with  the 
sole-plate,  B  w,  the  space  between  them  is  filled  up 
with  a  cement  formed  from  ground  bone-ash  and  galena, 
thoroughly  mixed  and  pressed  firmly  into  it.  Before 
the  workstone,  and  set  in  masonry  inclosed  in  a  cast- 
iron  jacket,  is  the  lead-pot,  G,  into  which  the  freed 
metal  flows  through  the  channel,  a  a,  which  is  sunk 
beneath  the  surface  of  the  plate.  It  is  placed  close  to 
the  furnace,  in  order  to  prevent  the  escape  of  lead 


Fig.  324, 


fumes  as  much  as  possible.  This  is  more  completely 
effected  by  the  hood,  P,  in  which  is  a  flue  commu- 
nicating with  a  chimney,  and  in  which  is  left  a  small 
door  for  the  introduction  of  the  ore  and  fuel.  The 
movable  iron  plate,  K,  in  front  admits  of  being  raised 
or  depressed  at  pleasure,  whenever  the  draught  requires 

3  N 
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it ;  and  the  blast,  which  is  forced  through  the  tuyere, 
is  regulated  by  a  valve  placed  in  a  pipe,  which  is  ap- 
proached by  the  door-way,  L,  left  open  for  this  purpose. 
Heavy  iron  bands  are  employed  for  binding  the  brick- 
work more  firmly,  as  shown  in  the  figure. 

Smelting  in  Reverberatory  Furnaces. — It  is  seldom 
that  any  other  kind  of  furnace  is  adopted  for  lead 
smelting  in  England,  besides  those  above-mentioned. 
The  routine  of  working  which  the  English  smelter  pur- 
sues when  the  reverberatory  furnace  is  employed,  will 
now  be  described. 

The  fact  has  been  already  stated,  that  the  process  of 
smelting  is  modified  according  to  the  nature  of  the  ore. 
Generally  speaking,  the  average  richness  of  the  English 
ores  of  lead  is  about  seventy-five  per  cent,  of  metal ; 
but  in  many  specimens  there  is  found  not  more  than 
twenty  per  cent. ;  and,  in  fact,  ore  is  often  met  with 
varying  between  these  extremes.  The  remaining  con- 
stituents are  composed  of  sulphur,  the  stony  matter  of 
the  rock  in  which  the  lode  is  found,  et  cetera,  and  which 
consists,  for  the  most,  of  sulphate  of  baryta,  carbonate 
of  lime,  silicates,  and  sometimes — as  in  some  of  the  ores 
at  Holywell — carbonate  of  zinc,  and  the  like.  In  order 
to  produce  a  fusible  compound,  which  will  melt  at  as 
low  a  temperature  as  possible,  a  judicious  admixture  of 
two,  three,  or  more  kinds  of  ore  is  made,  according  to  the 
nature  of  the  non-metallic  impurities;  and  it  is  often 
found  necessary  to  have  recourse  to  fluxes.  When, 
however,  the  gangue  is  of  sueh  a  nature  as  to  melt 
readily,  such  additions  are  unnecessary.  A  properly- 
conducted  analysis  of  the  ore  will  always  enable  the 
experienced  manager  to  judge  of  the  additions  that  are 
best  calculated  to  favor  the  separation  of  the  impurities. 

In  the  lead  works  in  the  neighborhood  of  Alston  Moor, 
as  well  as  in  those  of  Derbyshire,  the  charge  is  composed 
sometimes  of  as  many  as  seven  varieties  of  ore,  and 
weighs  only  sixteen  hundreds  of  one  hundred  and  twenty 
pounds  each  ;  but  in  the  very  extensive  works  belong- 
ing to  Messrs.  Walker,  Parker,  and  Company,  the 
charge  is  twenty-one  hundreds,  and  is  rarely  composed 
of  more  than  two  or  three  kinds  of  ore.  In  the  latter 
works  this  weight  of  ore  is  put  into  the  hopper ;  and, 
as  soon  as  the  furnace  is  brought  to  a  dull  red-heat,  or 
after  drawing  out  the  slags  from  the  last  charge — if 
the  furnace  has  been  working  already — the  slide  in  the 
neck  of  the  truncated  cone  is  withdrawn,  and  the  ore 
is  allowed  to  precipitate  itself  upon  the  bed  of  the  fur- 
nace, where  it  is  spread  out  into  an  even  layer,  through 
the  furnace  doors  at  the  back.  No  effort  is  made  at 
this  period  to  urge  the  heat;  it  is  rather  allowed  to 
sink ;  and  only  a  few  spadefuls  of  coals  are  thrown 
upon  the  grate  at  intervals,  to  maintain  the  heat  at  the 
moderate  standard  required.  After  spreading  out  the 
ore,  all  the  working  doors,  as  well  as  the  outlets  for 
running  off  the  slags  and  metal,  are  closed,  and  the 
damper  is  lowered.  As  soon  as  the  ore  becomes  heated, 
and  the  sulphur  begins  to  escape  as  sulphurous  acid, 
if  any  rich  slags  remain  from  a  preceding  operation, 
they  may  be  thrown  into  the  furnace  at  the  opposite 
doors  furthest  from  the  fire,  and  spread  out  like  the  ore. 
Air  enters  the  furnace  through  a  rectangular  slit  over 
the  tap-hole;  this  is  left  open  all  the  time  that  the 
roasting  continues.    After  the  charge  of  ore  attains  a 


dull  red  heat,  and  the  sulphur  begins  to  burn  off,  the 
heat  produced  is  nearly  sufficient  to  carry  on  the  roast- 
ing, independently  of  the  fire  in  the  grate;  still,  this  is 
maintained,  but  only  feebly.  At  the  expiration  of  a 
quarter  of  an  hour,  the  ore  is  well  turned  over  with 
the  paddles,  so  as  to  present  a  fresh  surface,  and  to 
cause  the  evolution  of  a  fresh  quantity  of  the  sulphur. 
One  hour  and  three  quarters  are  devoted  to  this  part  of 
the  operation,  the  intervals  between  the  rabbling  of 
the  charge  being  occupied  in  casting  the  lead  from  a 
previous  charge  into  pigs.  In  the  course  of  the  roast- 
ing of  the  ore,  some  metal  is  produced  from  the  reaction 
of  the  rich  slags  thrown  in  at  the  upper  door  upon  a 
portion  of  the  galena ;  this  metal  is  drawn  off  at  the 
proper  time.  Coal  is  added  generally  to  effect  the  re- 
duction, and  rabbled  with  the  molten  mass  some  short 
time  previous  to  the  metal  being  drawn  off.  Whilst  the 
smelter  is  tapping  off  the  reduced  lead,  and  throwing 
the  scoria — which  floats  upon  the  bath — back  upon  the 
furnace,  the  assistants  are  stirring  up  the  ore  with  their 
paddles.  The  slags  from  the  bath  of  metal,  as  well  as 
the  rich  ones  from  the  previous  charge,  being  thus 
partly  smelted,  and  the  ore  roasted  or  oxidised  to  a 
certain  extent,  all  the  doors  of  the  furnace  are  opened, 
and  the  ore  is  thoroughly  turned  over  towards  that  side 
on  which  they  work. 

At  this  period  the  vapors  of  sulphurous  acid  have 
considerably  diminished,  and  the  temperature  of  the 
interior  of  the  furnace  becomes  lower.  The  lead, 
which  before  this  rabbling  and  cooling  was  beginning 
to  ooze  out,  is  checked.  Some  coal  is  now  thrown 
upon  the  fire;  the  damper  is  slightly  raised  to  in- 
crease the  draught — the  doors  of  the  furnace  being 
all  closed  during  the  time  that  the  firing  is  taking 
effect.  This  is  recognized  as  the  second  stage,  or  firing ; 
the  first  being  the  roasting  of  the  ore.  In  about  half 
an  hour  the  furnace  assumes  a  red  heat,  and  the  ma- 
terial contained  in  it  begins  to  flow  down  the  incline  of 
the  sole  towards  the  basin.  The  doors  at  this  juncture 
are  opened,  and  the  smelting  matters  pushed  by  the 
smelter  to  the  front  of  the  sole,  near  the  bridge,  where 
they  are  spread  out  by  his  assistant  from  the  opposite 
side.  A  little  quicklime  is  now  thrown  upon  the  bath 
of  metal  through  the  middle  door,  and  the  ore  and 
melting  matter  is  worked  through  the  doors  at  the 
back  for  a  quarter  of  an  hour ;  then  spread  out  upon 
the  sole.  Meanwhile  the  smelter,  with  a  long  rake 
or  paddle,  forces  the  slags  from  the  surface  of  the 
metallic  bath  towards  the  bridge. 

A  little  respite  is  now  given  to  the  operation,  the  doors 
being  left  open  for  a  short  period;  during  which  the  lead 
remains  in  repose,  and  the  metal,  which  was  forced  back 
with  the  slag,  descends  again  into  the  basin.  It  is  as- 
sumed that  the  cooling  of  the  furnace  at  intervals,  in  this 
manner,  not  only  facilitates  the  separation  of  the  gangue 
from  the  metal,  but  shortens  the  time  of  smelting  in  every 
way.  Some  fuel  is  thrown  upon  the  grate,  to  maintain 
a  moderate  heat ;  and  the  workmen  resume  their  rakes, 
and  turn  over  the  slags  and  ore.  When  this  is  done 
the  doors  are  closed,  and  the  grate  is  charged  with  the 
third  firing ;  the  damper  is  entirely  drawn,  and  the 
furnace  is  left  to  itself  for  three  quarters  of  an  hour. 
This  third  firing  is  given  three  hours  to  three  and  a  half 
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after  the  charging  ;  and  at  the  end  of  the  fourth  hour 
the  doors  are  again  thrown  open,  and  the  charge  stirred 
by  the  assistant  opposite  to  the  smelter's  side,  for  the 
purpose  of  facilitating  the  flow  of  the  metal  into  the 
basin  of  the  hearth.  The  slags  are  once  more  pushed 
from  the  surface  of  the  bath  of  metal  by  the  smelter, 
and  spread  with  the  ore  by  the  assistant.  If  the  galena 
should  happen  to  be  silicious,  a  portion  of  the  oxide  of 
lead  is  taken  up  by  the  silica  during  the  preceding 
period,  and  flows  down  upon  the  reduced  matter  in  a 
matt.  To  decompose  this  a  quantity  of  quicklime  is 
thrown  in  from  the  front,  agitated  with  the  mass  slightly; 
then  the  doors  are  once  more  secured,  and  the  fire  is 
replenished. 

At  this  period  the  practice  is  to  throw  a  little  slack 
into  the  furnace,  with  the  view  of  assisting  in  the 
reduction  of  the  oxidised  compounds  of  lead  which 
may  still  exist,  as  well  as  to  prevent  the  oxidation  of 
the  metal.  This  is  the  period  of  the  fourth  firing,  and 
lasts  forty  minutes ;  so  that  its  effect  takes  place  in 
about  four  hours  forty  minutes  from  the  hour  of  charg- 
ing. Now  the  doors  are  opened,  the  smelter  pierces 
the  tap-hole,  and  allows  the  reduced  metal  to  flow  out 
into  the  basin  sunk  in  the  floor  outside.  Quicklime  is 
thrown  upon  the  slags  which  remain,  in  order  to  dry 
them;  he  then  pushes  them  towards  the  hack,  whence 
the  assistant  draws  them  out  at  the  back  doors. 

Thus  the  smelting  of  a  charge  of  ore  of  twenty  hun- 
dred, at  the  Dee  Bank  Works,  usually  occupies  a  period 
of  four  hours  and  a  half ;  but  when  the  slags,  instead  of 
being  dried  up,  are  melted,  a  further  firing  is  necessary, 
and  the  operation  occupies  a  longer  time.  Generally 
speaking,  the  furnace  is  ready  for  the  reception  of 
another  charge  in  six  hours  ;  so  that,  in  the  twenty-four 
hours,  there  are  four  charges  worked  off  by  every  fur- 
nace. The  week's  work  extends  to  twenty-two  charges, 
generally,  although  the  standard  is  limited  to  sixteen. 
Unless  the  ores  are  very  refractory,  the  quantity  of  lime 
required  for  each  charge  amounts  to  one  hundred- 
weight ;  but  some  ores  are  worked  which  take  as  much 
as  two  hundredweight  of  this  agent.  The  lead  from 
the  charge  of  twenty  hundredweight  of  ore  averages 
from  fifteen  to  sixteen  hundredweight.  The  richer 
slags  which  form  on  the  bath  of  metal  are  worked  with 
the  succeeding  charge,  in  the  manner  described ;  but 
the  remainder  are  smelted — by  a  process  to  be  described 
further  on — in  slag-hearths,  built  on  the  German  prin- 
ciple. It  is  often  found  necessary,  when  very  fusible 
slags  are  produced  in  the  furnace,  or  the  metal  becomes 
more  or  less  oxidised,  to  employ  billets  of  wood,  in  the 
same  way  as  the  polling  is  effected  in  the  refining  of 
copper ;  only  that,  in  the  case  of  lead,  it  is  not  per- 
formed within  the  furnace,  but  in  the  pan  without, 
whilst  the  lead  is  hot.  The  quantity  of  coal  employed 
for  the  smelting  of  each  charge  weighs,  on  an  average, 
about  half  a  ton. 

In  the  Grassington  works,  Yorkshire,  the  ore  is  com- 
posed of  galena,  mixed  with  carbonate  of  lead,  and  a 
gangue  of  carbonate  of  lime  and  sulphate  of  baryta. 
Here,  as  at  Holywell,  the  charge  is  generally  twenty 
hundreds.  The  period  of  roasting  extends  from  three 
to  three  and  a  half  hours,  and  the  melting  for  metal 
succeeds  almost  in  the  manner  described.  Quicklime, 
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mixed  with  slack,  is  used  to  dry  the  slags,  which  are 
spread  upon  the  sole  of  the  furnace ;  and  the  melting 
for  metal,  and  drying  of  the  slags,  are  repeated  three 
times  in  succession.  Fluoride  of  calcium — fluor  spar — 
is  sometimes  used  as  a  flux,  and  the  bath  of  metal  in  the 
basin  of  the  furnace  is  always  kept  covered  with  lime. 
Seven  to  eight  hours  are  occupied  by  the  working  of 
the  charge,  and  the  metal  obtained  weighs  from  sixty- 
one  to  seventy-two  per  cent  of  the  ore.  Owing  to  the 
materials  being  less  refractory,  the  consumption  of 
coals  here  is  somewhat  less  than  at  Holywell. 

At  Lea,  in  the  neighborhood  of  Alston  Moor,  the 
ores  smelted  are,  for  the  most  part,  of  two  kinds — ■ 
namely,  an  almost  pure  galena,  and  another  ore  of 
lead,  which  has  the  annexed  composition  ■ — ■ 

Centesimally. 


Sulphide  of  lead,   55-00 

Carbonate  of  lead,   23-00 

Sulphate  of  baryta,   19-00 

Clay   3-00 


100-00 

In  the  reverberatories  at  Pezay,  in  France,  fir-wood 
is  used  for  fuel,  of  which  about  four  steres  are  required 
for  smelting  each  charge  of  one  thousand  two  hundred 
and  fifty  kilogrammes,  or  twenty-five  hundredweight 
of  the  ore,  the  richness  of  which  averages  about 
seventy-six  per  cent,  of  metal. 

In  all  the  works  mentioned,  and  in  fact  wherever  the 
reverberatory  furnace  is  employed,  the  principles  of 
the  operation  are  explained  thus : — During  the  first 
stages,  a  greater  or  less  quantity  of  sulphate  of  lead 
mixed  with  oxide  is  produced;  the  several  rabblings 
which  are  given  to  the  charge  during  the  period  that 
the  temperature  is  retained  at  a  low  degree,  tend  to 
increase  these  substances,  and  to  mix  them  more  inti- 
mately with  the  ore,  so  that  when  the  firing  for  the 
production  of  metal  is  given,  the  reaction, 

Pb  S  +  PbO  S03  =  Pb2  +  2  S02 

as  formerly  described,  may  take  place.  The  partial 
cooling  of  the  furnace  after  the  second  firing,  is  sup- 
posed to  forward  the  same  ends,  inasmuch  as  the  tem- 
perature which,  if  continued,  would  melt  the  materials 
and  considerably  retard  oxidation,  is  slackened,  and 
after  the  proper  interval,  the  charge  bears  to  be  stirred 
as  when  in  its  most  friable  state. 

Smelting  in  Blast  Furnaces. — The  use  of  the  blast 
furnace  involves  the  necessity  of  a  somewhat  different 
treatment.  The  Scotch  furnace  or  ore-hearth,  described 
at  page  465,  may  be  taken  as  the  type  of  this  kind  of 
furnace  when  adapted  to  the  smelting  of  lead  ores. 

Generally  very  rich  ores  are  operated  upon  where 
the  Scotch  furnace  is  employed;  and  these  are  sub- 
jected before  smelting  to  a  preliminary  roasting  in  a 
furnace  of  the  reverberatory  class. 

From  nine  to  eleven  hundredweight  of  ore  constitute 
a  charge,  and  two  and  a  half  to  three  hours  are  required 
to  effect  their  calcination ;  so  that  about  nine  charges 
are  drawn  during  twenty-four  hours.  The  heat  of  this 
furnace  is  kept  purposely  lower  than  the  melting 
point  of  the  galena,  but  sufficiently  high  to  effect  com- 
bustion of  the  sulphur  with  the  oxygen,  whereby  it  is 
converted  partly  into  sulphurous  and  partly  into  sul- 
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phuric  acid.  Evidence  of  these  changes  is  observed 
in  the  heavy  dense  fumes  which  fill  the  furnace  and 
escape  into  the  chimney.  When  a  portion  of  the 
charge  softens  and  becomes  somewhat  agglutinated, 
a  fresh  surface  is  presented  to  the  flame  by  rabbling, 
and  moving  the  hotter  material  to  a  colder  part  of 
the  hearth.  When  slime  ores  are  operated  upon, 
the  temperature  is  kept  such  as  to  render  the  mass 
somewhat  pasty,  in  order  to  prevent  the  loss  which 
the  draught  would  occasion  if  the  ore  retained  its 
friable  quality.  The  roasting  of  the  charge  being 
effected,  the  material  is  drawn  out  by  the  door,  and 
falls  into  a  tank  or  well  of  water,  whence  it  is  subse- 
quently raised  and  dried  before  submitting  it  to  the 
operation  of  smelting.  In  this  state  it  is  a  compound 
of  oxide  of  lead,  sulphate,  and  subsulphate,  with  unde- 
composed  sulphide.  Roasting  the  mineral  in  heaps 
was  a  practice  once  common  enough,  but  is  now  obso- 
lete, at  least  in  England  and  the  neighboring  countries. 

The  roasted  ore  and  coal  are  introduced  into  the 
smelting  furnace  after  the  latter  has  been  heated  by  a 
preliminary  firing,  and  the  blast  is  thrown  in  either 
by  a  good  condensing  engine  or  by  a  fan  worked  by 
steam.  To  heat  the  furnace,  the  practice  in  the  Eng- 
lish smelting  districts  is  to  fill  the  cavity  with  peat,  cut 
into  the  usual  prismatic  form,  taking  care  that  those 
towards  the  front  are  regularly  placed  in  layers,  one 
above  another.  A  few  ignited  coals  are  placed  imme- 
diately before  the  tuyere  or  nozzle,  by  which  the  blast 
enters,  and  the  air  is  forced  in  gently,  in  order  to  ignite 
the  mass.  Some  small  coal  is  also  thrown  on  the  peat, 
when  it  is  thought  that  the  heat  produced  by  the  peat 
alone  is  insufficient  to  bring  the  furnace  to  the  proper 
temperature.  When  the  whole  of  the  fuel  is  ignited,  and 
the  furnace  has  acquired  sufficient  heat,  the  broivse  from 
a  preceding  charge,  if  there  be  any,  is  thrown  upon  the 
ignited  mass,  and  the  blast  continued  as  before.  In  a 
short  time  the  portion  of  browse  that  remained  on  the 
hearth,  together  with  that  added,  softens,  and  is  drawn 
out  upon  the  workstone  by  means  of  a  large  rake  called 
a  goweloch.  Here  the  experienced  workman  is  enabled 
to  distinguish  and  separate  the  poor  slag  from  the 
richer  material  by  the  color ;  the  former,  which  has  a 
shining  grey  appearance,  is  thrown  with  the  spade  in  a 
heap  to  the  right  of  the  operator,  and  the  latter  is  set 
aside  to  be  again  returned  to  the  furnace.  If  the 
browse  retains  much  slags,  or,  owing  to  its  being  very 
fusible,  comes  out  in  a  pasty  state,  some  quicklime  is 
added,  which,  by  uniting  with  the  silica,  causes  the 
material  to  become  more  refractory,  and  at  the  same 
time  disposes  the  lead  compounds  present,  to  yield  up 
the  metal  with  greater  facility  in  the  subsequent  ope- 
ration. This  base  is  employed  also  to  effect  the  oppo- 
site change  of  rendering  a  refractory  slag  less  so,  but 
in  much  smaller  quantity  than  when  it  is  used,  as  the 
saying  is,  to  dry  the  mass.  The  grey  slag,  which  is 
thrown  to  the  right,  and  which  contains  from  a  fifteenth 
to  a  tenth  of  its  weight  of  lead,  is  subsequently  smelted 
in  what  is  called  the  slag  hearth,  while  the  richer  ma- 
terial, consisting  of  semi-reduced  ore,  mixed  with  frag- 
ments of  coke  and  clinkers,  and  termed  browse,  as 
already  mentioned,  is  mixed  with  some  slack,  and 
reintroduced  into  the  furnace.    A  brick  of  peat  is  placed 
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before  the  nozzle  of  the  blast-pipe,  in  order  to  spread 
the  current,  and  the  whole  is  heated  for  about  a  quarter 
of  an  hour,  at  the  end  of  which  the  materials  are  raked 
out  on  the  working-stone,  where  some  lead  is  sweated 
from  the  mass,  and  a  portion  of  grey  slag  separated. 
Some  small  coal  and  a  greater  or  less  quantity  of  lime 
are  again  thrown  into  the  furnace,  a  square  of  peat  is 
placed  before  the  venthole,  the  browse  is  reintroduced 
together  with  a  small  quantity  of  fresh  ore,  and  the 
furnace  urged  for  fifteen  minutes  longer,  when  the 
material  is  drawn  out  as  before,  and  the  grey  slags 
separated,  as  well  as  the  portion  of  metal  which 
becomes  reduced.  -Thus  every  quarter  of  an  hour  the 
browse  is  returned  into  the  furnace,  with  the  necessary 
addition  of  fuel  and  fresh  ore ;  and,  at  the  same  interval, 
some  lead  is  separated  from  the  mass  on  the  work- 
stone,  and  flows  into  the  receiving-pot.  The  operation 
is  continued  uninterruptedly  for  fourteen  or  fifteen  hours 
— termed  the  shift — in  which  time  from  one  to  two  tons 
of  metal  are  obtained.  The  furnace  is  then  allowed  to 
cool  for  some  hours,  before  another  shift  is  commenced. 
Lead  prepared  in  this  way  is  esteemed  for  its  purity, 
which  arises  from  the  comparatively  low  degree  of 
heat  applied  in  its  preparation,  being  inadequate  to  the 
reduction  of  any  other  metals  excepting  the  lead  and 
silver. 

At  Pezay,  in  France,  the  operations  conducted  in 
this  kind  of  furnace  are  much  the  same  as  have  just 
been  described ;  but  there  is  a  division  of  the  work, 
the  first  part  being  distinguished  as  the  fluxing  or 
melting,  and  the  second  as  the  sweating  or  eliquating. 

The  ore  which  is  occasionally  treated  in  the  Scotch 
furnace,  when  it  contains  much  carbonate  of  lead,  is 
not  subjected  to  a  previous  roasting,  but  at  once  sub- 
mitted to  the  smelting  operations  described. 

The  Slag-Hearth. — In  England,  as  well  as  at  Pezay 
and  other  places,  the  slags  from  the  reduction  by  the 
ore  hearth,  and  also  from  the  reverberatories  contain- 
ing a  variable  amount  of  metal,  are  reduced  in  what  is 
called  the  slag  hearth  in  the  English  establishments, 
and  fourneau  a  manche  by  the  French. 

This  furnace  is  seen  in  section  in  Figs.  325  and 
326,  in  which  A  shows  the  cast-iron  plate  forming 


Fig.  325. 
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ttie  base  of  the  furnace  ;  B,  the  pot  or  basin  in 
which  the  lead  is  collected,  and  which  is  filled  with 
cinders,  et  cetera;  C  is  the  tank  containing  water,  and 
used  to  cool  the  slags  which  flow  into  it,  after  passing 
over  the  basin,  B,  and  depositing  therein  the  lead ;  and 
D  shows  a  pipe  which  supplies  the  tank  with  cold 
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water.  The  form  of  the  furnace  is  generally  that  of  a 
rectangular  prism,  twenty-six  inches  in  length,  twenty- 
two  in  breadth,  and  thirty-three  in  height.  The  plate 
of  iron,  A,  forming  the  bottom,  is  slightly  inclined  to  the 
front,  and  on  each  side  of  it  are  bearers,  as  in  the  ore 


Fig.  326. 


hearth,  for  supporting  the  fire  hearth,  which  consists  of 
two  stout  plates  of  cast-iron  about  twenty-six  inches  long 
by  twelve  inches  broad.  By  this  arrangement  a  space 
of  about  five  inches  is  left  between  these  plates  and  the 
bottom  of  the  furnace,  and  an  additional  height  of  two 
and  a  half  inches  is  gained  by  placing  upon  them  a  row 
of  firebricks.  In  every  other  respect  this  furnace 
differs  but  little  from  the  ore  hearth,  only  that  the  tem- 
perature is  much  higher  in  it  than  in  the  latter.  From 
the  basin,  B,  the  accumulated  metal  flows  by  a  pipe 
into  the  metal  pot,  E,  whence  it  is  cast  into  pigs. 

At  the  Dee-Bank  Works  of  Messrs.  Walker, 
Parker,  and  Company,  to  which  allusion  has  already 
been  made,  there  are  eight  of  these  in  operation  for 
working  off  the  slags  from  the  reverberatory  smelting 
furnaces.  Peat  is  used  to  heat  the  furnaces  when 
first  set  in  operation ;  this  is  lighted  in  the  usual  way 
and  the  blast  set  working.  The  peat  is  surmounted  by 
a  layer  of  coke,  and  when  the  temperature  rises  to  the 
melting  intensity,  a  layer  of  the  slags,  or  scoria,  is  intro- 
duced. After  this  the  temperature  is  kept  up  without 
intermission,  and  the  furnace  is  charged  with  succes- 
sive layers  of  coke  and  slags  as  the  matter  sinks  in  the 
furnace.  The  materials  enter  into  fusion  ultimately ; 
but  before  this  change  is  effected,  there  is  a  deoxidation 
of  the  sulphate  of  lead  in  the  higher  part  of  the  furnace, 
and  a  suhsulphate  or  sulphide  produced  instead,  which, 
acting  upon  the  undecomposed  sulphate,  liberates  the 
lead  of  both,  the  sulphurous  products  being  volatilized. 
The  oxide  of  lead  which  might  also  be  produced  by 
the  reaction  of  the  excess  of  lime  present,  is  likewise 
reduced  by  the  charcoal  to  the  metallic  state.  By  virtue 
of  its  gravity,  the  lead  separated  descends  through  the 
molten  mass.  The  metal  obtained  in  this  way  is  never 
large  in  quantity,  and  is  accounted  of  inferior  quality, 
owing  to  the  great  heat  at  which  it  is  produced,  re- 
ducing other  matters,  such  as  iron,  et  cetera,  and  which 
are  alloyed  with  the  lead. 

Smelting  Silicious  Galenas. — In  many  Continental 
localities  where  the  galena  is  very  silicious,  a  process 
of  smelting  is  followed,  different  in  its  nature  and 
characteristics  from  that  which  has  been  detailed,  as 
well  with  reference  to  the  reverberatories,  as  to  the 
high  furnaces.  For  the  difference  of  treatment,  a 
direct  necessity  exists,  inasmuch  as  were  such  silici- 
ous galenas  worked  by  the  method  of  reaction,  that 
is,  roasted  with  the  view  of  generating  a  quantity 
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of  sulphate  of  lead  which  might  be  made  to  react  upon 
the  unaffected  sulphide,  so  as  to  precipitate  the  metal 
from  both,  a  very  serious  loss  would  be  incurred  ;  be- 
cause instead  of  inducing  such  a  change  by  the  fusing 
temperature  finally  applied  to  the  ore,  a  combination 
of  the  oxide  of  lead  and  silica  arises,  and  the  silicate  so 
produced,  besides  being  difficultly  decomposed,  has  no 
action  upon  the  sulphide  and  sulphate  of  the  metal, 
and,  consequently,  a  large  quantity  of  metal  would  pass 
off  unreclaimed.  The  process  adopted  is  founded  upon 
the  reduction  of  the  sulphide  of  lead  by  metallic  iron, 
whereby  the  negative  element  is  transferred  to  the  latter 
metal,  and  metallic  lead  separated,  as  shown  in  the 
equation : — 

Pb  S,       +    Fe,   =        Fe  S,       +  Pb, 

Sulphide  of  lend.  Iron.  Sulrikide  of  iron.  Lead. 

As  is  evident,  the  decomposition  of  the  galena  is 
perfect,  and  takes  place  in  equivalent  proportions,  so 
that,  by  the  use  of  twenty-eight  parts  of  iron — one 
equivalent — one  hundred  and  four  parts  of  lead — also 
its  equivalent — is  produced. 

At  Clausthal,  a  quantity  of  ground  and  washed  ore 
is  taken  and  mixed  with  various  other  products,  result- 
ing from  foregoing  operations,  together  with  a  propor- 
tionate quantity  of  granulated  cast-iron,  and  the  scoria 
which  are  detached  from  this  metal  when  working  it 
under  the  hammer,  ei  cetera,  and  the  whole  is  fused  in 
a  small  high  or  blast  furnace,  such  as  is  represented  in 
the  annexed  engravings.  Figs.  327  and  328  show  a 
front  elevation  and  section,  and  Figs.  329  and  330  a 


Fig.  327.  Fig.  328. 


side  elevated  section  and  plan.  The  shaft,  A  B,  is  about 
twenty  to  twenty-three  feet  high,  and  about  three  and 
a  quarter  in  breadth  at  the  widest  part.  Usually  the 
shaft  interiorly  presents  the  appearance  of  two  inverted 
crucibles,  the  lower  one,  or  B,  contracting  towards  the 
bottom,  and  the  upper,  or  A,  towards  the  top.    At  the 
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base  of  the  shaft  is  found  the  crucible,  the  base  of 
which  is  formed  of  two  grit-stones  placed  so  as  to  form 
a  channel  at  their  junction.    Upon  these  stones  a  mix- 
ture of  clay  and  char- 
coal is  firmly  pressed, 
so  as  to  face  the  whole 
up  to  the  furnace  part, 
leaving  a  cavity  in  the 
middle,  as  indicated 
by  c  and  D  in  the 
figures.    An  aperture 
connecting  the  cruci- 
ble, D,  with  a  second 
crucible,  E,  Fig.  330, 
by  means  of  a  gutter  or 
pipe,  permits  the  fluid 
matters  in  the  former 
to  run  into  the  latter. 
The  blast  is  intro- 
duced by  two  tuyeres 
placed  in  the  face  op- 
posite the  trymp.  The 
mineral  is  charged  on 
the  tuyere  side,  and 
the  fuel  on  that  which 
is  opposed  to  the  blast,  and  as  the  heat  advances,  the 
seorise  which  attach  themselves  to  the  nozzle  are  quickly 
cooled,  and  form  an  elongation  of  the  latter  of  about 
three   inches,  which 
Fis-'m  enters  into  the  fur- 

nace. This  incrusta- 
tion, called  the  nose 
of  the  tuyere,  is  of 
importance,  inasmuch 
as  it  conveys  the 
blast  to  the  fuel,  and 
all  the  oxygen  being 
combined  in  this,  oxidation  of  any  of  the  mineral 
constituents  is  prevented.  Indeed,  the  proper  manage- 
ment of  the  nose  requires  all  the  care  of  the  smelter,  as 
upon  it  much  of  the  success  of  the  reduction  depends. 
The  superior  part  of  the  furnace  is  kept  at  as  low  a 
heat  as  possible,  in  order  to  prevent  the  volatilization 
of  the  sulphide  of  lead.  But,  in  addition  to  this  pre- 
caution, the  volatile  product  traverses  from  the  mouth 
of  the  furnace,  by  a  number  of  chambers,  before  it 
enters  the  chimney,  so  as  to  intercept  the  lead  ashes 
which  volatilize.  These  chambers  are  emptied  periodi- 
cally, and  the  product  smelted  with  others  in  the  usual 
way.  In  working  this  furnace  the  melted  matters 
flow  out  continually  into  the  crucible,  D,  and  when  full 
the  connection  with  e  is  opened,  when  the  contents 
are  transferred  to  the  latter,  the  metal  forming  the 
under  part,  and  the  slags  the  superior.  When  the 
aperture  becomes  closed  by  the  cooling  and  solidifica- 
cation  of  the  scoria,  the  obstruction,  is  removed  by  an 
iron  bar  and  hook.  The  scoria  which  covers  the 
metal  in  the  outer  crucible,  is  composed  of  a  subsul- 
phide  of  lead,  sulphate  of  lead,  particles  of  iron,  and 
other  substances.  It  is  called  the  first  lead  matt. 
After  being  removed  by  an  iron  hook  from  the  bath, 
the  metal  is  poured  through  a  metal  cullender  or  sieve, 
to  separate  fragments  of  slag,  and  then  cast  into  pigs. 
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If  the  scoria}  be  poor  in  lead,  they  are  rejected,  but  the 
richer  products  are  retained  to  be  worked  up  with  a 
further  quantity  of  roasted  ore ;  but  sometimes  they 
are  collected  till  there  is  a  sufficient  quantity  to  be 
reduced  separately. 

The  original  mixture  is  composed  generally  of — 

34  parts  of  mineral,  containing  about  twenty-four  of  pure 
galena. 

4  to  5  parts  of  the  debris  of  the  cupelling  furnace,  and  im- 
pregnated with  litharge. 
1  part  of  the  first  litharge — called  abstrichs — formed  in 
the  process  of  cupellation. 
39  parts  of  scoria  obtained  from  the  first  fusion  of  the 
mineral,  et  cetera. 
4$  parts  of  granulated  iron. 

Regnault  states,  that  this  mixture  yields  nineteen 
parts  of  metal,  and  seven  or  eight  parts  of  first  matt, 
containing  two  and  a  half  parts  of  metal. 

At  Tarnowitz  in  Upper  Silesia,  the  rich  mineral  ob- 
tained there,  and  containing  about  eighty  per  cent,  of 
lead,  is  treated  in  a  blast  furnace  like  the  last- men- 
tioned, with  about  twelve  per  cent,  of  old  iron  or  shot, 
and  as  much  of  the  rich  matt  from  the  preceding  as  is 
thought  necessary,  together  with  thirty-six  per  cent,  of 
the  scoria  from  the  same  operation,  to  confer  fusibility. 
About  fourteen  per  cent,  of  coke  are  consumed,  and  the 
products  are  sixty  per  cent,  of  lead,  and  twenty-four  of 
matt  rich  in  lead.  Most  of  the  scoriae  are  rejected.  The 
campaign,  or  smelting  period,  continues  six  days  unin- 
terruptedly, in  which  time  thirty  tons  or  more  are 
smelted  on  an  average.  The  poorer  ores,  yielding  only 
fifty  per  cent,  of  lead  are  smelted  in  a  high-blast 
furnace. 

In  this  ease  the  additional  matters  are,  for  a  hundred 
of  the  ore — ■ 

32  parts  of  matt  from  the  smelting  of  rich  mineral, 
12     ,,      debris  of  cupelling  furnaces,  et  cetera, 
10     ,,       scales  from  the  iron  forges,  and 
24     ,.      scoria  from  the  refining. 

Forty-three  per  cent,  of  coke  are  used,  and  the  produce 
of  metal  amounts  to  about  forty  per  cent,  of  the  ore 
operated  upon.  Each  smelting  campaign  lasts  a  week, 
and  the  produce  during  this  period  averages  from  twenty 
to  twenty-two  hundreds  of  metal. 

Generally  speaking,  those  minerals  which  are  rich 
in  silver,  and  contain  large  amounts  of  gangue  of  a  sill— 
cious  nature,  when  subjected  to  the  preceding  treat- 
ment, give  a  matt  which  still  retains  a  portion  of  the 
noble  metal,  and  on  that  account  is  reserved  to  go 
through  a  second  fusion. 

Purification  of  Lead. — In  almost  every  case,  the 
lead  which  is  obtained  from  galena  and  other  ores  con- 
tains more  or  less  silver,  varying,  in  the  English  ores, 
from  twelve  or  more  ounces  per  ton  of  lead  smelted  to 
two  ounces  or  less.  In  other  varieties  of  lead  ores, 
such  as  those  worked  in  many  establishments  on  the 
Continent,  the  yield  is  greater,  averaging  as  much  as 
nine  per  cent,  of  the  lead.  When  the  precious  metal 
is  in  so  large  a  proportion,  the  lead  is  termed  workable 
metal,  that  is,  in  a  fit  state  to  be  cupelled  for  the  silver; 
but  as  most  of  the  lead  produced  in  Great  Britain 
was  found  to  yield  only  quantities  averaging,  for  the 
richest,  ten  ounces  per  ton  or  thereabouts,  and  often  as 
low  as  two,  the  trouble  of  recovering  this  was  thought 
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to  be  more  expensive  than  the  gain  in  silver,  and  con- 
sequently it  was  left  in  the  lead.  A  very  simple  and 
unfailing  method,  however,  is  now  pursued,  founded 
upon  a  property  of  the  alloy  of  lead  and  silver,  whereby 
such  lead  aa  contains  only  about  two  ounces  of  silver  to 
tho  ton  of  metal  can  be  economically  worked  for  the 
recovery  of  the  silver.  To  this  process  reference  will 
be  made  presently.  Besides  silver,  there  are  other  im- 
purities found  in  much  of  the  lead  produced  on  the 
Continent — more  especially  in  such  as  is  reduced  from 
ores  containing  the  tersulphide  of  antimony,  blende, 
and  the  like — owing  to  an  alloy  of  these  metals  with 
the  lead  being  formed.  Of  course  these  metals  destroy 
in  a  great  measure  the  characteristic  properties  of  the 
lead;  so  much  so,  that  sometimes  it  cannot  be  em- 
ployed, in  many  of  its  applications,  till  it  has  been 
submitted  to  a  process  of  purification ;  and  when  the 
impurities  alluded  to  exist  only  in  very  small  quantities, 
the  quality  of  the  metal  is  so  deteriorated,  that  it  will 
not  resist  the  air  or  liquids,  or  work  under  the  roller  with 
satisfaction.  Such  impurities  are  occasionally  detected 
in  small  quantities  in  some  of  the  English  lead ;  sel- 
dom arising  from  the  native  ores,  however,  but  rather 
from  parcels  of  foreign  imported  mineral.  It  will  be 
evident  that  the  latter  impregnations  are  much  more 
injurious  than  silver ;  for,  notwithstanding  that  this  metal 
renders  the  lead  hard  under  the  roller,  it  enables  it  to 
resist  the  action  of  the  air  better ;  whereas  the  other 
impurities  mentioned  destroy,  to  a  great  degree,  the 
natural  power  of  the  lead  to  resist  the  air.  Traces  of 
iron  are  frequently  found  in  the  lead,  when  ferruginous 
gangue  or  pyrites  is  associated  with  the  ore ;  .the  iron 
is  never  removed,  however,  by  any  special  process, 
owing  to  the  amount  being  too  minute ;  nevertheless, 
the  quantity,  even  though  it  be  only  a  small  decimal 
mal  of  a  per  cent.,  is  found  to  be  highly  injurious  in  the 
manufacture  of  red  lead  and  carbonate  of  lead  from  the 
metal. 

The  method  adopted  for  removing  the  antimony,  tin, 
copper,  zinc,  and  other  foreign  matters,  is  often  tedious 
and  expensive.  It  is  founded  upon  the' oxidation  of 
those  metals,  and  the  separation  of  the  dross  of  mixed 
oxides  from  the  lead.  To  effect  this,  the  smelted  metal 
is  re-melted  in  a  reverberatory  furnace,  through  which 
a  copious  draught  is  instituted,  and  allowed  to  remain 
in  this  state,  the  scum  of  oxide  being  removed  from 
time  to  time  till  the  most  part  of  the  easily  oxidised 
impurities  are  separated. 

To  purify  the  metal,  a  variable  period  is  required, 
dependent  upon  the  proportion  of  the  impurities 
present ;  hence  it  happens  that  whilst  some  kinds 
are  sufficiently  februated  in  twelve  hours  or  there- 
abouts, other  kinds  require  a  prolonged  treatment  of 
several  weeks.  The  dross  is  a  mixture  of  the  oxides 
of  the  metals  present  as  impurities,  and  of  lead ;  and 
from  the  color,  when  drawn  out,  an  opinion  is  formed 
as  to  the  extent  of  the  purification.  In  addition  to  this, 
however,  the  refiner  takes  out  a  sample  in  the  ladle, 
and  pours  it  into  a  small  mould ;  and,  as  it  cools,  he 
observes  the  change  on  the  surface,  and  concludes 
accordingly.  When  the  impurities  are  nearly  removed, 
the  surface  of  the  assay  assumes  a  peculiar  flaky  crys- 
talline appearance, ;  and  as  soon  as  this  is  recognized, 


the  bath  is  cleaned  from  the  dross;  and  the  metal, 
retaining  the  whole  of  the  silver  originally  present,  is 
allowed  to  flow  out  into  the  pot,  from  which  it  is  after- 
wards ladled  into  the  moulds. 

If  this  lead,  thus  deprived  of  the  brittle  and  easily 
oxidised  metals,  be  sufficiently  rich  in  silver,  it  is  sub- 
mitted to  a  process  of  cupellation  in  a  furnace  similar 
to  that  represented  in  the  annexed  drawings — Figs. 
331  and  332 — which  represent  it  in  plan  and  sec- 
tion. In  these  A  is  the  fire;  B,  the  bridge;  C,  the 
cupel,  which  is  movable,  and  composed  of  a  sash  or 
frame  of  iron  bound  by  a  rim  of  the  same,  presenting 
at  the  under  part  four  transverse  bars  on  the  plan  of 
that  described  at  page  284 — Fig.  229.  The  refractory 
materials,  consisting  of  bone-ashes  and  very  fine  cin- 
ders, are  placed  on,  and  well  beaten  together.  After 


Fig.  331. 


Fig.  832. 


the  whole  is  dried,  it  is  inserted  in  the  furnace  as 
represented.  E  E  are  openings,  either  for  introducing 
the  pigs  of  rich  metal  or  the  melted  alloy  into  the 
cupel ;  F  F,  means  for  forcing  the  blast ;  but  in  large 
works,  where  several  refining  furnaces  are  in  operation, 
tho  air  is  urged  upon  the  metal  by  means  of  a  fan, 
driven  by  steam-power,  and  connecting  pipes.  The 
oxide  of  lead  or  litharge,  produced  in  the  course  of  the 
operation,  falls  into  a  receptacle,  D  D,  beneath  the 
cupel,  and  is  periodically  removed. 

The  furnace  which  is  in  use  at  Clausthal  in  tho  Hartz, 
is  shown  in  Figs.  333  and  334,  next  page.  Fig.  333 
is  a  front  elevation  ;  Fig.  334,  a  plan  on  a  level  with  the 
fire-bridge  and  tuyeres.  A  glance  will  bo  sufficient  to 
show  that  this  is  a  kind  of  reverberatory  furnace,  the 
bed  of  which  is  circular,  and  hollowed  in  the  middle 
a  little  more  than  ordinary.  The  fire-grate,  F,  is  shown 
at  the  side,  with  the  draught  and  ash-holes,  E.  a  a,  are 
the  apertures  through  which  tho  air  is*  blown  into  the 
furnace  for  the  oxidation  of  the  lead,  which  is  intro- 
duced at  the  opening,  p,  in  the  form  of  discs ;  the  lead, 
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thus  deprived  of  its  metallic  characters,  is  emitted  as 
litharge  in  the  fused  state  through  the  opening,  o,  and 
falls  upon  the  floor  of  the  refinery,  or  into  pots. 
A  riveted  plate-iron  dome  covers  the  sole  of  the  fur- 


Fig.  333. 


nace  ;  it  is  furnished  with  tackle,  as  shown  in  the  draw- 
ing, by  which  it  can  be  raised  at  pleasure.  Much  atten- 
tion is  given  to  the  formation  of  the  sole  of  the  furnace. 
The  first  bed  is  composed  of  scoria,  well  beaten  to- 
gether, and  hollowed  as  a  sphere;  and  upon  this  a 
similarly-shaped  one,  of  bricks  placed  closely  together, 
is  formed  ;  and  a  third  overlays  the  latter.  It  is  con- 
structed of  marl,  and  beaten  down  firmly ;  but  in  the 
most  cases,  it  requires  renewal  at  every  fresh  charge ; 


Pig.  334. 


the  old  material,  which  had  become  saturated  with 
litharge,  being  employed  afterwards  with  the  matt  and 
mineral  in  the  smelting  operations,  as  already  detailed. 

The  furnace  being  in  order,  the  charge  of  metal, 
amounting  to  one  hundred  and  sixty  quintals,  is 
introduced,  and  the  fire  lighted;  in  a  short  time  the 
lead  begins  to  flow,  and,  as  soon  as  the  whole  has 
melted,  the  blast  of  air  through  the  tuyeres  is  forced 
upon  the  bath.  The  melted  lead  under  this  influence 
rapidly  oxidises,  and  becomes  covered  with  a  blackish 
coating  of  oxide  of  lead,  mixed  with  other  impurities, 
and  which,  when  removed,  constitutes  what  is  termed 
the  abstracts.    This  coating  of  oxide  does  not  fuse, 


but  forms  a  solid  covering,  which  would  impede  the 
oxidation  of  the  lead,  unless  removed.  Some  char- 
coal powder  is  thrown  in  upon  the  metal  from  time 
to  time ;  and,  by  the  aid  of  a  bar  of  wood,  fixed  cross- 
wise upon  the  end  of  a  bar  of  iron,  the  workman  draws 
the  abstrichs  towards  the  door,  o,  through  which  they 
fall  upon  the  floor  of  the  refinery.  After  the  removal  of 
these  matters,  the  blast  is  kept  up,  and  fusible  litharge 
begins  to  appear,  and  flows  out  at  the  aperture  before- 
mentioned;  the  first  portions,  however,  are  very  im- 
pure, owing  to  other  foreign  matters  existing  with  the 
lead,  and  are  consequently  retained,  to  be  revivified 
in  the  reverberatory  or  blast-furnace.  After  a  while 
the  product  assumes  a  better  color,  indicative  of  its 
being  purer ;  and,  when  it  has  appeared  of  the  proper 
shade,  it  is  collected  for  marketable  or  commercial 
litharge,  and  sold  as  such.  When  this  happens,  the 
blast  is  urged  to  effect  the  removal  of  the  lead  as 
quickly  as  possible,  and  the  force  of  the  stream  of  air 
kept  up,  till  the  entire  of  this  metal  is  removed,  and  a 
disc  of  metallic  silver  remains. 

The  proper  period  for  arresting  the  oxidation  of  the 
lead  by  the  blast,  is  indicated  by  what  is  termed  the 
brightening  of  the  assay.  Whilst  the  oxidation  pro- 
ceeds, the  appearance  of  the  metallic  bath  is  much 
more  luminous  than  the  walls  of  the  furnace ;  this 
arises  from  its  temperature  being  more  elevated,  for 
not  only  does  the  bath  acquire  its  heat  from  the  fire, 
but  also  from  the  oxidising  material,  which  develops 
much  caloric.  As  soon,  however,  as  the  lead  is  re- 
moved, or  nearly  so,  the  temperature  of  the  metallic 
residue  falls  to  the  mean  degree  of  the  furnace,  and 
instead  of  remaining  very  brilliant,  as  it  was  before,  it 
appears  tarnished.  On  the  other  hand,  when  the  last 
portions  of  lead  become  oxidised,  very  little  remains 
upon  the  surface  of  the  bath  besides  a  pellicle  of 
melted  litharge,  which  diminishes  rapidly,  and  presents 
in  succession  all  the  rays  of  the  prism,  and,  finally,  is 
torn  asunder  when  the  surface  of  the  unoxidisable 
metal  makes  its  appearance.  It  is  this  rapid  succes- 
sion of  optical  phenomena  to  which  the  above  epithet 
of  brightening  is  applied. 

As  soon  as  this  appearance  of  the  bath  is  observed,  the 
workman  throws  some  hot  water  on  the  surface  of  the 
disc  of  metal  remaining,  and  after  that  some  cold  water, 
both  of  which  rapidly  reduce  the  temperature  so  much 
as  to  enable  him  to  remove  the  silver.  This  residue  is 
not  absolutely  pure,  however,  but  contains  from  one- 
twelfth  to  one-sixteenth  of  its  weight  of  lead,  which  is 
removed  from  it  afterwards  in  the  refining  process, 
which  will  be  described  under  Silver.  The  hundred 
and  sixty  quintals  of  lead  obtained  from  the  schlich  at 
Clausthal  afford  quantities  varying  from  three  hundred 
and  ninety  to  four  hundred  and  fifty  ounces,  according  as 
the  metal  is  obtained  from  the  crude  schlich  or  roasted 
matt,  which  is  generally  the  richer.  Thirty  hours  are 
occupied  in  cupelling  the  charge.  The  litharge  which 
is  produced  towards  the  close  of  the  operation  contains 
a  notable  amount  of  silver,  and  on  this  account  it  is 
separated  from  the  rest  with  the  view  of  afterwards 
recovering  the  precious  metal. 

The  abstrichs,  cupel  bottoms,  and  rich  slags  are 
afterwards  passed  through  a  blast  furnace,  whilst  the 
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yellow  and  red  litharge  find  their  way,  after  being 
finely  ground  or  reduced  to  powder,  into  the  market. 
Sometimes,  however,  the  better  quality  of  litharge  is 
reduced.  This  depends  on  the  demand  and  the  relative 
value  of  the  metal  and  the  litharge.  Generally  the 
lead  produced  from  the  fine  litharges  commands  a 
better  price,  owing  to  its  being  very  pure.  Abstriehs 
and  the  first  litharge  that  is  produced  in  the  cupella- 
tion  are  frequently  smelted  by  themselves,  especially 
when  they  are  of  an  antimonial  nature ;  and  the  im- 
pure lead  thus  produced  is  sold  at  a  lower  figure  for 
the  manufacture  of  shot. 

Pattison's  Process. — It  will  be  evident  that  the  oxi- 
dation and  reduction  of  lead,  when  it  contains  only  the 
one-thousandth  of  its  weight  of  silver,  would  be  unre- 
munerative  if  this  quantity  were  to  be  recovered  by 
the  method  just  described ;  and  much  less  remunera- 
tive would  bo  the  cupellation  of  metal  containing  not 
only  not  the  one-thousandth  part,  but  as  low  a  propor- 
tion as  one-thirty- thousandth  paii  of  silver.  By  a 
method,  however,  discovered  by  H.  L.  Pattison  of 
Newcastle-on-Tyne,  so  small  a  quantity  as  one  ounce 
of  silver  per  ton  of  lead  may  be  recovered  with  advan- 
tage. This  beautiful  process — like  many  others  the 
result  of  an  accident — was  discovered  in  1829.  It  is 
founded  on  the  circumstance  that  an  alloy  of  lead  and 
silver,  when  cooled  with  occasional  stirring,  so  as  to  be 
at  or  near  the  point  of  solidifying,  crystallizes  to  some 
extent;  and  the  part  so  crystallized  is  found  upon 
examination  to  contain  a  very  much  smaller  quantity 
of  silver  than  the  fluid  matter  which  remains,  or  than 
the  original  alloy. 

The  application  of  this  principle,  which  is  known  as 
Pattison's  process,  is  extremely  simple  and  manageable. 
Generally  a  series  of  eight  or  ten  cast-iron  pots,  each 
capable  of  holding  about  five  tons  of  molten  lead,  are 
arranged  in  a  gallery  of  brickwork  with  a  fire-place  be- 
neath each.  The  middle  one  of  the  range  is  charged 
with  original  lead,  varying,  as  to  the  quantity  of  silver, 
from  twenty  or  more  ounces  per  ton  to  two.  When  the 
whole  is  melted  the  fire  is  withdrawn,  the  surface  of  the 
metal  is  carefully  skimmed,  and  the  fluid  matter  stirred 
by  means  of  an  iron  spatula.  After  a  brief  interval, 
crystals  begin  to  form  and  fall  to  the  bottom  of  the 
pot,  whence  they  are  removed  by  another  workman 
with  a  perforated  ladle ;  all  the  fluid  metal  being  sepa- 
rated by  shaking  the  contents  of  the  latter,  which  the 
workman  effects  by  springing  the  handle  on  the  edge 
of  the>  pot.  These  crystals  are  deposited  in  the  next 
pot,  to  the  right  of  that  in  which  the  metal  is  first 
melted,  in  proportion  as  they  are  formed,  till  about  the 
four-fifths  of  the  weight  taken  has  been  transferred. 
The  remaining  one-fifth,  which  is  now  considerably 
more  enriched  with  silver  than  at  first,  is  ladled  out 
into  the  first  of  the  series  towards  the  left  hand.  A 
new  charge  is  again  put  into  the  middle  pot,  and 
transferred  in  the  same  way  to  the  right,  which  may 
be  designated  No.  2.  When  enough  of  metal  has 
been  ladled  into  the  latter  to  constitute  a  charge,  it  is 
in  turn  heated,  and  the  crystallized  lead  melted,  after 
which  the  process  of  separating  the  lead,  after  it  has 
crystallized,  is  proceeded  with  as  before,  allowing  about 
a  fifth  to  remain,  but  which  is  transferred  back  to 
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No.  1.  In  this  way  the  operations  are  conducted,  till 
the  whole  of  the  pots  come  to  be  filled  with  metal  hold- 
ing more  or  less  silver,  according  to  their  position  in  the 
series,  at  which  time  the  work  may  be  carried  on  with 
the  whole,  the  poor  metal  passing  always  to  the  right 
from  the  extreme  left,  and  that  which  is  rich  in  silver 
traversing  the  pots  in  the  opposite  direction.  Hence 
it  follows  that  those  to  the  right  must  contain  metal 
which  is  being  gradually  deprived  of  silver,  while  that 
in  the  series  to  the  left,  must  become  richer  in  silver 
as  they  recede  from  the  middle  one. 

During  the  working  of  the  metal  in  the  vessels, 
the  ladles  which  are  employed  are  apt  to  become 
chilled,  as  well  during  the  draining  of  the  crystals 
as  when  they  are  withdrawn  from  the  fluid  metal 
for  any  length ;  in  either  case  the  perforations  being 
stopped  by  the  fluid  alloy  solidifying  in  them,  and  to 
prevent  or  remedy  this  the  temper  pots  are  employed. 
These  are  about  two  feet  in  diameter,  and  filled  with 
melted  lead,  the  temperature  of  which  is  much  more 
elevated  than,  that  in  the  working-pots,  so  that  when 
the  ladle  is  cold,  or  its  grate  obstructed  by  pellicles 
of  the  cooled  metal,  its  immersion  for  some  minutes 
in  this  pot  will  heat  it  to.  the  proper  degree,  or  free  it 
from  the  obstructions  referred  to.  Very  little  attention 
is  necessary  to  comprehend  how  the  purification  from 
silver  may  thus  be  effected,  and  how  the  operation, 
with  some  slight  attentions,  cannot  fail  to  be  successful. 
The  principal  point  to  be  attended  to,  apart  from  keep- 
ing the  metal  well  stirred  with  the  slice,  and  carefully 
removing  the  crystals,  is  the  regulation  of  the  heat, 
and  which  should  merely  border  on  the  melting  point 
of  lead.  When  beyond  this,  very  few  crystals  will 
form,  and  the  process  will  be  slow ;  practice,  however, 
is  the  best  guide  in  this  particular.  The  following 
analyses  of  the  assortments  in  this  process  may  not  be 
uninteresting : — ■ 
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It  is  to  be  supposed,  however,  that  a  greater  or  less 
proportion  of  silver  is  contained  in  all  the  above, 
although  it  is  not  taken  into  account  in  the  analyses. 
The  concentration  of  the  alloy  is  not  carried  on  beyond 
three  hundred  ounces  per  ton  at  the  works  above- 
mentioned.  When  the  silver  has  accumulated  to  this 
proportjon,  the  rich  lead  is  cast  into  bars  about  two 
inches  square,  and  is  known  by  the  term  lead  riches. 

Pattison's  invention  is  now  applied  in  almost  all 
the  lead  works  of  the  United  Kingdom,  and  within  the 
last  ten  years,  it  has  been  adopted  in  the  principal  lead 
foundries  of  France,  Spain,  and  Prussia. 

Cupellation  of  the  lead  riches. — This  operation  is 
performed  in  a  furnace  of  the  reverberatory  class,  having 
a  contracted  bed  of  a  particular  construction,  and  desig- 
nated the  cupel,  or  test.    This  apparatus,  with  the 
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whole  process  of  cupellation,  is  fully  described  at  page 
284,  under  the  article  Gold.  At  the  smelting  works 
of  Messrs.  Walker,  Parker,  and  Company,  where 
the  riches  holding  about  three  hundred  ounces  of  silver 
to  the  ton  are  cupelled,  the  process  is  continued  in  the 
same  furnace  till  the  last  traces  of  the  lead  are  removed, 
and  the  silver  is  left  pure.  Id  the  eight  refiners  at  this 
establishment,  there  are  produced  weekly  from  six  to 


eight  bars  of  silver,  each  weighing  a  thousand  ounces. 
The  litharge  which  does  not  find  its  way  into  the 
market,  is  reduced  in  the  reverberatory  furnace,  by 
mixing  it  with  small  coal  or  slack,  and  eliquating  it  on 
the  bed,  which  is  coated  with  slack  to  the  depth  of  two 
or  more  inches.  In  the  refining  process,  the  products 
obtained  besides  the  silver  have  the  following  composi- 
tion at  the  different  stages  of  the  process  : — ■ 


Test  bottoms. 


Oxide  of  lead   99-7 

Sesquioxide  of  iron,   0-3 

Teroxide  of  antimony,  trace 

Oxide  of  copper,  trace  . 
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Uses. — Such  are  the  processes  resorted  to  for  the 
extraction  of  lead  from  its  ores ;  but  before  it  finds 
its  way  into  the  industrial  arts,  it  is  converted  by 
mechanical  contrivances  into  the  necessary  forms. 
These  are,  for  the  most  part,  sheets  and  tubes ;  the 
former  being  employed  largely  in  architecture,  for  pro- 
tecting the  roofs,  et  cetera,  of  buildings,  for  the  lining 
of  tanks  in  which  water  is  retained,  for  the  construction 
of  evaporating  pans,  sulphuric-acid  chambers,  and 
numerous  other  purposes.  Pipes,  on  the  other  hand, 
find  their  application  in  conducting  and  distributing 
water,  liquids,  gases,  et  cetera.  And,  latterly,  lead  has 
been  spun  into  wire,  in  which  state  it  has  been  found 
useful  for  horticultural  purposes,  by  the  resistance  which 
it  offers  to  atmospheric  influences.  It  also  enters  into 
various  other  compounds  of  a  metallic  nature,  and  by 
its  peculiar  properties,  confers  great  advantages. 

Lead  is  manufactured  into  sheets  by  means  of  rolling, 
combined  with  pressure.  The  melted  lead  is  cast  into 
a  heavy  plate  six  square  feet,  or  more,  and  about  six 
inches  in  thickness  ;  and  when  sufficiently  cold  to  admit 
of  its  being  lifted  by  the  crane,  it  is  placed  on  the  bench 
where  the  heavy  iron  rollers  are  situated,  and  passed 
under  them  repeatedly,  backwards  and  forwards,  till 
it  is  reduced  to  the  desired  thickness.  By  means  of 
screws  the  rollers  may  be  adjusted  at  any  required  dis- 
tance from  each  other.  At  the  rolling  department  of 
the  Dee  Bank  Works  the  heavy  cylinders  are  eight  feet 
four  by  twenty-two  inches  diameter,  and  the  lead  is 
reduced  sometimes  to  only  the  sixty-fourth  part  of  an 
inch  in  thickness. 

The  works  at  Chinese  Lead  Valley — the  pipe-found- 
ing department  of  the  same  firm — are  on  a  similar  scale 
of  magnitude  and  elegance;  and  the  old  process  of 
producing  pipes  by  drawing  and  rolling  is  quite  dis- 
carded. Hydraulic  pumps  and  properly-arranged  dies 
— bf  which  there  are  a  series,  producing  lead  pipes 
from  the  smallest  gas-pipe  to  conduits  three  and 
four  inches  internal  diameter — may  be  seen  at  work, 
and  capable  of  producing  any  desired  length  of  piping, 
of  the  most  regular  and  homogeneous  thickness  and 
quality  throughout.  Without  going  further  into  the 
details  of  these  very  beautiful  mechanical  contrivances, 
the  subject  may  be  here  closed  so  far  as  the  smelting, 
purification,  and  manufacture  of  lead  is  concerned. 
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Alloys. — Lead  enters  into  the  construction  of  seve- 
ral alloys,  many  ofr  which  have  been  already  referred 
to — see  Antimony,  Bismuth,  et  cetera,  ante; — and 
pewter,  or  solder,  so  largely  employed  by  the  plumber, 
is  a  combination  of  this  metal  and  tin,  in  the  proportion 
of  two  parts  of  lead  to  one  of  tin  ;  sometimes,  however, 
the  proportion  is  varied,  according  to  the  requirements 
of  the  plumber. 

Shot-metal. — Another  alloy  of  lead  is  in  very  general 
use  for  lead-shot,  and  is  a  combination  of  this  metal 
with  arsenic.  Shot-metal  generally  contains  also 
portions  of  antimony  and  iron;  since  lead  which 
is  of  inferior  quality,  owing  to  impregnations  of  the 
latter  kind,  is  reserved  especially  for  this  manufacture. 
Arsenic,  however,  being  the  recognized  alloying  metal, 
the  others  are  not  noticed,  although  their  presence 
affects  the  proportions  in  which  the  arsenic  is  to  be 
added.  Generally,  the  limits  are  from  three  to  eight 
or  ten  parts  in  a  thousand ;  the  lesser  quantity  being 
employed  as  the  lead  is  more  ductile,  and  the  larger 
when  it  is  hard.  The  arsenic  may  be  incorporated 
with  the  lead  while  in  a  state  of  fusion,  either  in  the 
form  of  arsenious  acid — white  arsenic — or  of  orpiment 
— sulphide;  and  by  the  reaction  which  follows,  the 
arsenic  is  reduced  to  the  metallic  state  and  combined 
with  the  lead  ;  while  a  portion  of  the  latter  is  thrown 
off  as  sulphide  or  oxide  of  lead,  according  to  the  nature 
of  the  arsenical  body  employed. 

To  prepare  shot-metal,  a  quantity  of  lead,  amounting 
to  two  or  three  tons,  is  melted  in  a  pot ;  and  when  the 
heat  has  been  pretty  well  raised,  the  surface  of  the  metal 
near  the  rim  of  the  pot  is  strewed  with  ashes  or  powdered 
charcoal,  and  the  arsenic  is  introduced  in  the  centre, 
and  stirred  with  the  metal  briskly ;  the  pot  is  then 
covered,  and  left  so  for  some  three  hours.  During  this 
time  reduction  of  the  arsenical  compound  takes  place, 
and  an  alloy  of  arsenic  and  lead  is  formed.  With  a 
good  quality  of  lead,  the  proportion  varies  from  twenty 
to  twenty-eight  pounds  of  arsenic  to  the  ton  of  metal. 
This  quantity,  however,  is  not  combined ;  for,  on  re- 
moving the  cover  from  the  pot,  and  stirring  the  whole 
with  the  slice  or  spatula,  a  large  quantity  of  the  arsenic 
is  thrown  off  with  the  litharge  which  is  produced. 
Sometimes  orpiment  is  used,  and  in  small  but  succes- 
sive quantities,  stirring  after  each  addition.    The  alloy 
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is  tried  by  letting  a  little  of  it  fall  through  a  perforated 
cullender  into  water;  if  the  particles  thus  produced 
present  a  lenticular  appearance,  the  proportion  of  ar- 
senic is  too  small ;  but  when  they  are  flatter,  or  hol- 
low in  the  middle,  or  elongated,  it  is  an  indication 
of  there  being  a  deficiency  of  arsenic — the  proper 
degree  of  saturation  is  arrived  at  when  the  globules 
are  round. 

When,  by  this  proof-test,  it  is  judged  that  the  alloy  is 
properly  saturated  with  arsenic,  the  whole  is  cast  into 
bars,  and  raised  by  an  endless  chain  to  the  top  of  a  high 
tower,  where  it  is  melted  in  a  small  pot,  and  cast  in 
perforated  cards  fitting  into  a  frame  in  the  centre  of 
the  tower.  Some  expertness  is  requisite  on  the  part 
of  the  founder  in  maintaining  the  lead  at  the  proper 
degree  of  heat,  and  also  in  allowing  a  film  of  oxide  to 
form  on  the  interior  of  the  card,  through  which,  in 
passing,  the  metal  becomes  disposed  into  grains  as  it 
parts  from  the  card.  Though  the  management  of  this 
part  of  the  operation  is  deemed  infportant,  doubtless  it 
serves  only  to  cool  the  metal ;  for  if  it  were  to  pass  through 
in  a  too  liquid  state,  it  would  assume  an  elongated  form, 
and  not  globular.  There  are,  of  course,  for  the  various 
kinds  of  shot,  special  cards,  with  perforations  correspond- 
ing to  the  size;  only  that  the  aperture  in  the  card  is  much 
smaller  in  diameter  than  the  globule  of  metal  which  is 
formed  by  passing  the  metal  through  it.  At  the  base 
of  the  tower  is  a  circular  basin,  five  or  six  feet  deep, 
containing  water,  and  into  this  the  shot  falls.  "When 
the  smaller  shot  is  being  cast,  the  temperature  of  the 
metal  is  somewhat  higher  than  for  the  larger  kinds, 
such  as  those  known  by  the  letters  A,  A  A,  and  A  A  A ;  B, 
B  b,  and  B  b  b  ;  with  the  latter  the  metal  is  said  to  have 
acquired  the  proper  temperature  when  a  straw  plunged 
into  it  will  not  char,  but  acquires  a  perceptible  brownish 
color.  The  cards  used  at  the  Chester  Works  are  rect- 
angular, and  about  twelve  inches  by  eight ;  in  other 
establishments  hemispherical  disks  are  used  for  casting 
the  shot ;  but  these  are  not  so  convenient  as  the  flat- 
bottomed  cards. 

The  next  step  in  the  process  is  the  removal  of  the 
shot  from  the  well,  and  drying  it  on  a  rectangular  stove, 
the  top  of  which  is  of  cast-iron,  heated  by  a  fire ;  on 
this  it  is  moved  about  till  all  traces  of  moisture  have 
disappeared.  It  now  presents  a  greyish-yellow  aspect. 
To  assort  the  grains  according  to  the  respective  sizes, 
the  dried  article  is  put  into  a  long  perforated  copper 
cylinder,  the  perforations  corresponding  at  regular  dis- 
tances with  the  size  of  the  shot ;  and  beneath  such 
divisions  boxes,  marked  Nos.  13,  12,  11,  10,  et  cetera, 
for  the  reception  of  such  as  fall  through,  the  smallest 
being  first,  and  the  larger  approaching  the  further  ex- 
tremity, where  the  kind  indicated  by  b  b  b  are  received. 
A  revolving  motion  is  given  to  this  cylinder ;  and 
besides,  at  each  revolution,  a  clapper  is  made  to  fall 
against  it  on  the  top  surface,  so  as  to  knock  out  any 
grains  which  may  remain  in  the  perforations.  During 
this  process  the  appearance  of  the  shot  is  slightly 
altered  on  account  of  the  friction ;  but  still  it  retains  its 
dull,  grey  aspect.  To  give  it  the  bloom,  it  is  intro- 
duced into  a  cylinder  by  a  door,  together  with  a  small 
quantity  of  hlacklead  plumbago,  and  the  whole  made 
to  revolve  for  some  time ;  and  when  taken  out,  it  is 


found  to  have  assumed  the  well-known  dark-grey  lustre 
or  polish  peculiar  to  this  article. 

Before  it  is  ready  for  use,  however,  it  has  to  undergo 
another  treatment,  by  which  the  defective  grains  are 
separated,  and  none  but  the  truly  circular  find  their 
way  into  the  sportsman's  belt.  This  is  done  by  a  very 
simple,  but  ingenious  and  effective  contrivance.  An 
inclined  plane,  slightly  levelling  to  the  sides,  with  a 
box  or  receptacle  for  the  shot  to  be  tested  at  its  head, 
and  the  central  portion  of  which  is  perfectly  level, 
serves  to  make  this  assortment.  A  small  aperture  in 
the  bottom  of  the  box,  and  partly  closed  by  a  slide, 
allows  the  shot  to  roll  out  upon  the  middle  of  this 
table,  after  which  it  descends  the  incline.  If  the 
grains  be  perfect,  they  move  on  the  middle  space 
till  they  finally  fall  with  a  bound  into  the  box  placed  in 
the  front  for  their  reception  ;  hut  the  least  inequality 
causes  them  to  deviate  towards  the  sides,  where  they 
drop  off  into  the  receptacles  ready  for  their  reception, 
whence  they  are  removed  to  be  again  melted  and  recast. 
The  perfect  shot  is  put  up  into  twenty-eight  pound 
bags  or  packages,  ready  for  the  market.  In  the  esta- 
blishment of  Walker,  Pakkek,  and  Company,  about 
ten  tons  are  manufactured  weekly  on  an  average ;  the 
shot-founding  department  is  unique  in  the  extreme. 

Lead  is  capable  of  entering  into  combination  with 
all  the  metalloids  in  one  and  multiple  proportions, 
and  of  giving  rise  to  bodies  which  are  saline  or  sali- 
fiable, according  as  the  radical  combined  is  capable  or 
not  of  generating  salts.  Thus,  with  chlorine,  bromine, 
fluorine,  and  sulphur,  salts  are  formed;  whilst  with 
oxygen,  it  constitutes  several  compounds,  of  which  one 
is  salifiable,  others  neutral,  and  finally,  a  third  class, 
under  peculiar  agency,  manifest  acid  properties. 

Oxide  op  Lead — Syn.  Litharge — Massicot,  Lith- 
arge, French ;  Glass,  Bleioxyd,  German. — There  are 
several  compounds  of  lead  and  oxygen  known  to  che- 
mists, such  as  the  sub  and  _j»-ofc>xides,  the  sesqui  and 
peroxides ;  but  all  are  not  of  equal  interest  to  the  manu- 
facturer. Indeed,  of  these  only  the  protoxide  and  the 
peroxide  of  lead  have  been  recognized  as  articles  of 
commercial  industry,  although,  for  the  most  part,  more 
or  less  of  the  sesquioxide  finds  its  way  adventitiously 
into  both  articles. 

The  protoxide  may  be  prepared  in  the  pure  state 
by  heating  carbonate  or  oxalate  of  lead  at  a  dull  red 
heat  in  a  crucible,  in  which  a  current  of  air  is  made 
to  circulate,  or  in  an  open  dish.  Here  the  salt  radi- 
cal is  dispersed,  and  there  remains  a  straw-yellow 
substance,  which  is  pure  oxide  of  lead,  provided  the 
salts  submitted  to  the  process  contained  no  adulter- 
ants. When  the  temperature  at  which  it  is  produced 
is  elevated,  it  assumes  a  brownish-red  color,  which 
in  part  disappears  as  it  cools.  It  is  very  heavy,  and 
on  being  fused  and  allowed  to  cool,  it  forms  itself 
into  crystals,  which,  if  the  refrigeration  be  sudden, 
appear  as  scales ;  but  if  gradual,  they  assume  the  form 
of  yellow,  translucent,  hexagonal  tables.  Oxide  of  lead 
is  slightly  soluble  in  water,  producing  solutions  which 
have  a  feeble  alkaline  reaction.  In  potassa  or  soda 
liquor,  the  oxide  is  easily  dissolved,  and  in  this  reaction 
doubtless  assumes  the  nature  of  an  acid,  and  produces 
a  plumbate  of  the  alkali.    If,  however,  the  solution 
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be  allowed  to  remain  for  some  time  exposed  to  the 
air,  the  heavy  oxide  separates  completely,  and  is  ulti- 
mately found  in  dodecahedral  crystals.  It  possesses 
very  powerful  basic  properties,  and  is  capable  of  pro- 
ducing neutral  saline  bodies  with  the  weakest  acids. 
It  also  combines  with  many  of  the  acids,  in  proportions 
to  constitute  soluble  subsalts,  which  manifest  an  alka- 
line reaction.  In  the  heat  it  vitrifies  boracio  and  silicic 
acids,  whence  its  use  in  the  manufacture  of  glass,  pot- 
tery, et  cetera;  with  oils,  also,  it  seems  to  enter  into  pecu- 
liar combinations,  which  confer  on  them  the  property  of 
drying  rapidly  on  exposure  to  the  air.  Oxide  of  lead 
is  readily  decomposed  when  heated  with  carbonaceous 
or  sulphurous  matters,  metallic  lead  being  formed,  and 
carbonic  or  sulphurous  acid.  When  obtained  by  pre- 
cipitation of  the  nitrate  or  acetate  of  lead,  by  means 
of  an  equivalent  proportion  of  potassa  or  soda,  it  assimi- 
lates water,  forming  a  hydrate,  which  rapidly  absorbs 
carbonic  acid  from  the  air.  Oxide  of  lead  is  highly 
useful  to  the  chemist,  as  it  constitutes  definite  salts 
with  most  organic  acids,  and  thus  enables  him  to  isolate 
the  latter  in  his  researches,  or  bring  them  into  a  conve- 
nient form,  for  the  determination  of  their  equivalents 
and  constituents.  Being  so  generally  employed,  it  is 
evident  that  the  greatest  attention  should  be  given  to 
the  determination  of  its  equivalent.  Such  has  been  the 
case,  and  repeated  estimations  of  its  constituents  and 
combining  weight  have  led  chemists  to  fix  the  latter 
at  112,  its  composition  being  as  follows: — 

Contesimally. 

1  Eq.  of  metallic  lead,    104 

1  Eq.  of  oxygen,   8 

1  Eq.  of  oxide  of  lead   112 

The  anhydrous  oxide  is  represented,  therefore,  by 
Pb  0,  and  the  hydrate  by  Pb  0,  HO. 

The  preparation  of  oxide  of  lead,  on  the  large  scale, 
is  effected  by  heating  metallic  lead  in  the  air,  and  re- 
moving the  film  of  oxide  which  forms  upon  it.  The 
first  stage  in  the  manufacture  of  minium  is  the  prepa- 
ration of  this  oxide ;  for,  as  stated,  the  metal  is  oxidised, 
at  a  low  temperature,  with  a  current  of  air  passing 
over  it.  This  is  the  massicot,  but  it  does  not  find  its 
place  in  the  market,  although  it  is  more  adapted  for 
many  applications  than  the  other  form  of  the  same 
body  known  as  litharge.  This  may  arise  from  the 
circumstance  that,  for  the  production  of  the  massicot, 
an  especial  oxidation  of  the  lead  should  take  place,  and 
at  some  expense ;  and  besides,  being  finely  divided  and 
friable,  it  rapidly  attracts  carbonic  acid  from  the  air, 
and  passes  into  the  state  of  carbonate.  On  the  other 
hand,  the  litharge  is  obtained  as  a  secondary  product, 
the  production  of  which  involves  the  manufacturer  in 
no  extra  costs,  and  it  resists  air  and  moisture  much 
better  than  the  massicot. 

Litharge  is  obtained  by  the  oxidation  of  lead,  raised 
to  a  high  degree  of  heat  by  a  blast  of  air,  the  tempera- 
ture being  so  elevated  as  to  fuse  it.  When  the  metal 
is  pure,  the  litharge  which  it  yields,  with  the  exception 
of  the  first  skimmings  that  constitute  the  abstrichs,  is 
of  good  quality.  Obtained  according  to  this  treatment, 
litharge  is  a  yellowish,  or  yellowish-red,  compact  sub- 
stance, crystallized  in  six-sided  plates,  and  semi- 


transparent.  It  was  customary  to  designate  the  yel- 
low and  reddish  compounds  by  the  terms  silver  and 
golden  litharge,  from  the  supposition  that  the  latter 
contained  some  precious  substance,  to  which  the  differ- 
ence of  color  was  owing.  It  is  well  known,  however, 
that  a  slight  superoxidation  of  the  lead,  which  takes 
place  at  a  lower  heat  or  during  the  cooling,  when  much 
exposed,  is  the  only  difference.  Litharge  is  used  in 
painting  as  a  pigment,  for  the  production  of  acetate  of 
lead,  and  sometimes  in  glass  and  pottery  establishments. 

Minium,  or  red  lead,  is  another  oxide  which  forms  a 
special  branch  of  manufacture,  and  one  which,  to  pro- 
duce a  superior  article,  requires  much  care  in  the  opera- 
tions, and  also  in  the  selection  of  the  materials.  The 
purest  lead  is  required  for  this  manufacture.  If  it  con- 
tains antimony,  iron,  silver,  or  such  substances  as  are 
met  with  in  inferior  qualities  of  metal,  the  minium 
which  it  affords  is  never  of  a  good  color ;  besides,  it  is 
rejected  by  the  manufacturers  of  flint-glass,  owing  to 
its  giving  the  metal  a  peculiar  dulness,  which  they 
endeavor  to  avoid.  The  metal  selected  from  the  pro- 
ducts of  the  purest  ores  is  melted  in  a  reverberatory 
furnace,  with  a  spacious  hearth  or  bed,  ten  feet  by 
seven,  and  having  a  high  bridge  and  arch,  so  that  the 
flame  and  gases  revolve  from  the  latter  to  the  metal 
over  the  entire  space.  The  fire  is  never  urged  to 
render  the  interior  hotter  than  a  very  dull  redness. 
In  consequence  of  the  air  passing  into  the  furnace 
through  the  fire,  and  by  the  other  apertures,  a  covering 
of  oxide  forms  on  the  surface  of  the  bath  ;  this  is  raked 
aside  by  the  workman,  and  a  fresh  surface  exposed, 
which  in  a  short  time  becomes  coated  as  before,  and 
cleared  in  the  same  way.  This  operation,  which  is 
called  the  drossing,  is  continued  till  the  whole  of  the 
lead  is  oxidised,  and  a  yellowish  powder  of  oxide  re- 
sults. The  process  occupies  about  twenty-two  hours. 
As  the  massicot,  or  litharge,  is  increased  in  quantity,  it 
is  carefully  disposed  into  channels  for  the  purpose  of 
allowing  contact  of  the  metallic  portion  with  the  air,  to 
favor  its  oxidation.  After  the  metallic  character  of  the 
lead  introduced  has  disappeared,  the  oxide,  or  dross,  is 
spread  out  on  the  sole,  and  turned  occasionally,  in  order 
that  any  particles  removed  during  the  drossing  in  the 
semi-metallic  state,  or  in  that  of  suboxide,  may  be 
wholly  converted  into  litharge.  When  completely 
oxidised,  it  forms  a  layer  of  two  and  a  half  to  three 
inches  thick  on  the  bed  of  the  furnace.  At  this  period 
the  powder  is  raked  out  into  iron  waggons  at  the  work- 
ing door,  and  conveyed  to  the  coloring  furnace,  which 
is  in  every  respect  similar  to  the  last,  only  that  its 
temperature  is  somewhat  lower.  Here  it  is  spread  on 
the  sole  in  a  layer,  and  left  exposed  to  the  oxidising 
effects  of  the  air  passing  through  the  fire  in  a  partly 
undecomposed  state,  and  also  to  that  which  enters  at 
the  doors,  which,  unless  the  temperature  be  too  low, 
are  left  half  or  quarter  part  opened.  To  expedite  the 
oxidation — to  which  the  tint  is  to  be  attributed — the 
surface  is  renewed  frequently,  and  sometimes  enlarged 
by  artificial  channels,  made  in  it  with  a  pronged  rake. 
Great  attention  is  necessary  to  maintain  the  heat  of  the 
furnace  at  its  due  degree — that  is,  somewhat  below  dull 
redness,  or  between  550°  and  600° — also,  in  exposing 
a  fresh  surface  till  the  proper  shade  of  color  is  attained. 
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Forty-eight  hours  are  occupied  at  the  Dee  Bank  Works, 
where  a  remarkably  fine  article  is  produced.  The  red 
lead,  which  now  presents  a  beautiful  bright-red  hue,  is 
removed,  ground  under  iron  disks,  circulating  in  a 
revolving  flat  iron  tray,  and  packed  in  casks  for  the 
market. 

Minium  has  a  very  doubtful  composition,  and  is 
regarded  by  many  chemists  as  a  mixture  of  protoxide 
and  of  sesquioxide  of  lead  Pb  0,  Pb2  03,  whilst  others 
maintain  that  it  is  a  mixture  of  oxide  and  peroxide,  the 
latter  acting  as  the  negative  radical  of  a  salt  2  Pb  0, 
Pb  02;  and- some  hold  that  it  is  neither  one  nor  the 
other,  but  a  compound  containing  four  equivalents  of 
metallic  lead,  and  five  of  oxygen,  and  which  may  be 
represented  by  the  formula  Pb4  06  or  3  Pb  0,  Pb  02. 

Minium  is  employed  largely  as  a  pigment  in  the 
paper-hanging  manufacture,  to  communicate  a  rose, 
orange,  and  aurora  tinge;  for  painting  also  it  is  in 
general  use,  and  in  the  manufacture  of  glass  and  many 
kinds  of  pottery-ware,  it  is  an  indispensable  ingredient, 
from  the  property  it  possesses  of  forming  vitrifiable 
compounds  with  silica  and  alumina,  which  unite  with 
the  other  silicates  of  the  glass  and  ware,  and  thus  ren- 
der the  body  perfectly  homogeneous. 

There  is  another  oxide  of  lead,  known  as  the  puce- 
colored  oxide,  which  has  not  a  general  application,  but 
is  useful  sometimes  in  analytical  chemistry.  Its  gra- 
vity is  8'902  at  98°,  and  its  composition 

Centesimnlly. 

1  Eq.  lead,   104    86-62 

2  Eqs.  of  oxygen,   16    13-38 

120  100-00 

Symbol  Pb  02.  This  body  does  not  combine  with 
acids ;  it  is  readily  decomposed  in  the  heat  into  oxygen 
gas,  and  protoxide  of  lead. 

The  salts  of  lead,  important  in  a  manufacturing 
sense,  are  the  carbonate,  the  acetate,  and  chromate ; 
the  sulphate  is  sometimes  prepared.  Of  these  the 
acetate  has  been  already  described — See  page  43, 
Vol.  I. — so  that  only  the  others  require  to  be  noticed. 

Carbonate  op  Lead. — Syn.  White  lead — Ceruse, 
— Blanc  de  plomb,  Blanc  de  ceruse,  de  clicliy,  French ; 
Bleiweiss,  Kohlensaures  Bleioxyd,  German.  This  sub- 
stance is  found  in  nature  in  small  quantities,  mixed 
with  other  compounds  of  the  metal,  in  lodes  of  lead 
minerals — for  instance,  in  Cumberland,  in  Scotland,  in 
the  Hartz,  and  in  Bohemia ;  it  is  also  found  in  many 
departments  of  France,  such  as  at  Saint  Maria-aux- 
Mines  in  the  Vosges ;  at  Saint  Saurier  in  Languedoc ; 
at  Poullaouen  in  Brittany,  et  cetera.  Large  deposits  of 
it  have  been  discovered  in  America,  as  at  Mine  a  la 
Motte,  and  other  districts. 

In  all  these  localities  it  generally  happens  that  the 
carbonate  is  found  associated  with  other  minerals  which 
constitute  the  hulk  of  the  lode.  In  these  cases  it  is 
almost  always  in  the  crystalline  state,  the  figure  being 
derived  from  the  rhomboidal  prism  in  some  varieties, 
while  other  kinds  appear  as  an  agglomeration  of  very 
minute  particles ;  and  it  is  occasionally  found  in  com- 
pact masses.  Almost  every  variety  is  white  or  brown- 
ish-yellow, transparent,  and  very  refractive,  having  a 
specific  gravity  varying  from  G-070  to  6-558.  The 


natural  product  is  never  employed  for  any  of  the  pur- 
poses to  which  white  lead  is  devoted  in  the  arts,  and 
hence  all  that  is  consumed  in  this  way  is  of  artificial 
production. 

Preparation.- — Pure  carbonate  of  lead  may  be  pre- 
pared by  precipitating  a  solution  of  pure  acetate,  or 
of  nitrate  of  lead,  with  another  of  a  carbonate  of  an 
alkali,  filtering  off  the  solution,  washing  the  residue 
thoroughly,  and  subsequently  drying  the  mass.  So 
obtained,  it  is  a  white  powder  almost  insoluble  in 
water,  but  dissolved  with  evolution  of  carbonic  acid 
in  nitric,  hydrochloric,  acetic  and  other  acids,  which 
yield  with  this  base  soluble  salts;  those  salt  radicals, 
which  constitute  with  the  metal  or  its  oxide  insoluble 
salts,  decompose  the  carbonate,  set  free  the  carbonic 
acid,  and  form  an  insoluble  compound.  Such  are 
oxalic,  sulphuric,  and  hydrosulphuric — sulphide  of  hy- 
drogen— acids,  et  cetera.-  Even  water  impregnated 
with  carbonic  acid  readily  causes  the  carbonate  of  lead 
to  dissolve ;  but,  in  this  instance,  there  is  no  escape  of 
carbonic  acid,  but  an  assimilation  of  that  contained  in 
the  water.  By  the  action  of  heat,  as  already  signified, 
it  is  convertible  into  litharge  or  minium  according  to 
the  intensity  of  the  caloric  and  the  duration  of  its  ap- 
plication. Produced  according  to  the  above  method,  it 
is  a  compound  of  one  equivalent  of  oxide  of  lead  and 
one  of  carbonic  acid ;  sometimes,  however,  it  is  met 
with  as  a  basic  carbonate — that  is,  a  carbonate  where- 
in is  contained  a  proportionate  quantity  of  base  with- 
out being  assimilated  with  its  equivalent  amount  of 
carbonic  acid.  Sometimes  when  prepared  on  the  large 
scale  by  certain  processes,  more  or  less  acetate  or 
sulphate  and  oxide  of  lead  are  found  in  it ;  but  their 
quantity  will  be  proportionate  to  the  purity  of  the  com- 
pounds taken,  and  the  care  bestowed  in  the  manufac- 
ture.   It  consists  of— 

At  weight  Centesimnlly. 

1  Eq.  of  oxide  of  lead,          li2    83-S1) 

1  Eq.  of  carbonic  acid   22    16-41 

134  100-00 

and  its  chemical  symbol  is  Pb  0,  C02. 

The  manufacture  of  white  lead,  though  of  long  stand- 
ing, and  comparatively  very  extensive,  has  been,  till 
within  a  few  years,  very  fatal  to  those  engaged  in  the 
operations.  M.  de  Ronlz  states  that  during  the  eight 
years  ending  in  1844,  the  number  of  patients  admitted 
to  one  hospital — the  Hopital  de  la  Charite — attacked 
with  lead  colic,  amounted  to  one  thousand  one  hundred 
and  sixty-three,  of  which  number  four  hundred  and  six 
were  persons  employed  in  the  manufacture  of  white 
lead,  and  three  hundred  and  eighty-five  were  painters. 
It  is  pleasing  to  state,  however,  that  endeavors  are 
now  generally  made  by  proprietors  of  white  lead  fac- 
tories to  remove  the  causes  of  the  frightful  mortality 
so  long  produced,  by  adopting  proper  machinery  for 
the  execution  of  such  parts  of  the  business  as  prove 
most  dangerous  to  the  health  of  the  workmen,  and  by 
enacting  rules  which  enforce  the  observance  of  every 
precaution  on  the  part  of  the  employed. 

Carbonate  of  lead  can  be  prepared  in  several  ways, 
and  of  late  years  various  methods  have  been  introduced 
for  its  production,  all  of  which  may  be  said  to  be 
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modifications  of  two  standard  processes — namely,  the 
Dutch  method,  in  which  the  reactions  are  effected 
by  operating  on  metallic  lead  with  acetic  acid,  and  de- 
composing carbonaceous  matters  at  a  comparatively 
elevated  temperature,  and  without  any  other  moisture 
than  steam;  and  the  other,  wherein  the  carbonate  is 
thrown  down  from  a  solution  of  basic  acetate  of  lead 
by  transmitting  carbonic  acid  through  it.  These 
modes  offer  an  unequal  degree  of  advantage  to  the 
manufacturer ;  for  although  the  second  is  the  more 
rational,  as  will  be  seen  afterwards,  yet  the  salt  pro- 
duced is  different  in  its  molecular  construction  from 
that  obtained  by  the  first  method,  and  on  this  account 
does  not  suit  the  wants  of  the  painter  or  color-maker 
so  well.  The  particles  of  the  precipitated  compound 
are  comparatively  large,  and  appear  of  a  semi-trans- 
parent crystalline  form ;  whilst  the  other  is  amorphous, 
its  formation  being  effected  by  the  successive  decom- 
position of  the  smallest  possible  quantities  of  the  basic 
acetate.  Hence  it  is  more  finely  divided,  and  presents 
a  larger  number  of  particles  in  a  given  bulk  than  the 
white  prepared  by  precipitation.  In  principle,  how- 
ever, the  two  methods  are  the  same,  since  the  carbo- 
nate is  produced  in  both  by  the  decomposition  of  a 
basic  acetate  of  the  metal,  the  excess  of  the  base  being 
removed  by  the  carbonic  acid,  and  leaving  a  neutral 
acetate  to  react  further  on  the  metallic  plates  in  one 
case,  and  on  litharge  in  the  other,  so  as  to  reconstitute 
a  basic  salt,  which,  as  soon  as  it  is  produced,  is  acted 
upon  as  before.  In  this  way  the  work  proceeds ;  first, 
a  basic  salt  is  formed,  and  is  decomposed,  but  yields 
by  that  reaction  a  body  capable  of  producing  the  first 
substance  an  indefinite  number  of  times.  The  nature 
of  these  changes  will  be  more  easily  comprehended 
from  the  following  equation,  which  explains  them  with 
special  reference  to  the  Dutch  method : — 

HO,  C4H3  03       +       3  Pb       +  0„ 


Acetic  acid.  Lead, 

ss        3  Pb  0,  C4  H3  03  + 


HO 


Tribasic  acetate  of  lead. 


That  is,  with  one  equivalent,  or  sixty  parts  by  weight 
of  pure  acetic  acid,  three  equivalents,  or  three  hundred 
and  twelve  parts  of  lead,  and  three  equivalents,  or 
twenty-four  parts  of  oxygen, — one  equivalent  of  the 
tribasic  acetate  is  obtained.  The  second  part  of  the 
process,  so  far  as  its  chemical  bearing  is  concerned, 
may  be  briefly  explained  thus  : — 

3  Pb  O,  C4  H3  03     +     2  C02     =      2  Pb  0  C02 

Tribasic  acetate  of  lead.  Carbonic  acid. 

+       Pb  0,  C4  H3  03 


Carbonate  of  lead. 


Neutral  acetate  of  lead. 

In  this  decomposition,  three  hundred  and  ninety-six 
parts,  or  one  equivalent,  of  the  basic  acetate,  is  repre- 
sented to  yield  two  equivalents  of  its  base  to  the  car- 
bonic acid  present,  thus  producing  two  hundred  and 
sixty-eight  parts  or  two  equivalents  of  carbonate  of 
lead,  and  leaving  the  third  equivalent  of  oxide  com- 
bined with  the  whole  of  the  acetic  acid.  The  neutral 
acetate  thus  produced  takes  up  two  equivalents  more 
from  the  metal  unacted  upon,  and  produces  another 


proportionate  quantity  of  basic  salt,  which  undergoes 
the  metamorphoses  above  represented. 

To  bring  about  in  the  readiest  and  most  inexpensive 
manner  the  modifications  above  shown,  is  the  object  to 
be  aimed  at  in  the  manufacture,  provided  the  product 
has  that  degree  of  divisibility  and  opacity  which  is 
possessed  by  that  recognized  as  first  quality  in  color 
and  body. 

Dutch  Method. — The  first  step  in  the  old  Dutch 
process,  consisted  in  casting  the  lead  into  sheets  in  the 
following  manner  :  the  metal  being  melted  was  poured 
out  upon  iron  plates,  and  as  soon  as  the  surface  began 
to  exhibit  signs  of  consolidating,  the  iron  plate  was 
inclined,  and  the  fluid  lead  allowed  to  flow  back  into 
the  pot.  The  sheet  of  lead  which  was  thus  left  was 
removed,  the  iron  plate  cooled  in  water,-  and  another 
sheet  cast  in  the  same  way.  In  this  manner  several 
hundredweights  of  lead  were  converted  into  thin 
sheets,  in  twenty-four  hours,  varying  in  thickness  from 
one  twenty-fourth  to  one  forty-eighth  of  an  inch.  The 
plates  so  formed  were  bent  in  the  middle,  the  bend 
being  occupied  by  a  slip  of  wood.  A  number  of  these 
was  arranged  in  a  wooden  box,  four  and  a  half  to  five 
feet  long,  twelve  to  fourteen  inches  broad,  and  nine  to 
eleven  inches  deep;  the  sheets  being  so  disposed  as  not 
to  touch  one  another,  nor  the  sides  or  bottom  of  the 
box.  An  acid  liquor,  consisting  of  four  quarts  of  acetic 
acid,  and  four  of  wine  lies,  was  also  put  into  the  same 
receptacle,  and  the  cover  placed  securely  on.  Some- 
times the  acid  mixture  was  varied  according  to  the  ideas 
of  the  manufacturer.  When  a  number  of  these  was 
so  prepared,  they  were  introduced  into  a  stove-room, 
where  the  heat  was  sufficiently  elevated  to  cause  the 
evaporation  of  the  acid,  so  as  to  bring  it  into  con- 
tact with  the  sheets  of  lead.  The  stove-room  was 
of  such  a  capacity  as  to  receive  about  ninety  boxes, 
and  had  only  one  door.  A  temperature,  averaging 
86°,  was  maintained  during  fifteen  days,  in  which 
time  the  plates  were  acted  upon  by  the  acetic  acid, 
and  the  carbonic  acid  from  the  fermentation  of  the 
wine  lies,  assisted  by  the  air  and  moisture,  so  that 
they  presented  a  thickness  of  a  quarter  of  an  inch, 
whereas,  before  the  operation,  they  did  not  possess 
a  twentieth.  After  this  the  plates  were  shaken,  in 
order  to  detach  the  crust  of  white  lead,  which  was  sub- 
sequently ground  and  washed.  Horse-dung  was  some- 
times employed  in  this  operation,  to  raise  and  maintain 
the  temperature  by  its  fermentation,  in  which  case  the 
covers  of  the  boxes  were  secured  by  pasting  paper 
round  their  edges,  in  order  to  guard  against  the  dis- 
coloration of  the  white  carbonate  by  the  sulphide  of 
hydrogen  given  off  during  the  decomposition  of  the 
dung. 

Such  is  an  outline  of  the  old  process  pursued  in  this 
manufacture ;  but  for  many  years  it  has  been  conducted 
on  a  more  extensive  and  simpler  plan,  which  was  first 
adopted  by  the  Dutch  themselves,  and  from  them  has 
been  borrowed  by  the  French  and  English.  On  this 
improved  system,  the  work,  instead  of  being  performed 
in  boxes,  is  executed  in  large  rectangular  spaces,  in- 
closed by  stout  walls  constructed  of  bricks  or  masonry, 
within  which  pots  of  acid,  containing  coils  of  sheet 
lead,  are  piled  in  stacks. 
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The  several  stages  in  the  manufacture  of  white  lead, 
by  the  new  Dutch  process,  may  be  divided  into  the 
casting  of  the  metal,  the  erection  of  the  beds,  or  heights, 
in  the  stack,  the  taking  down  of  the  same,  the  screen- 
ing or  unsealing  of  the  crusted  lead,  the  grinding  of  the 
scales,  the  grinding  of  the  white  lead  in  water,  the 
exsiccation,  the  grinding  of  the  white  dried  loaves,  alone 
or  with  oil,  and  the  packing. 

Casting  the  Metal. — A  quantity  of  metal,  of  that 
quality  which  is  deemed  the  best  for  the  productior 
of  white  lead,  is  put  into  a  cast-iron  boiler  or  pot, 
and  melted;  this  boiler  is  very  often  exposed  in  the 
foundry,  yet  the  method  of  inclosing  it  in  a  hood  is  to 
be  preferred ;  for  then,  not  only  are  the  workmen 
protected  from  any  fumes  which  may  arise  from  the 
melted  bath,  but  from  spirtings  which  follow  the  acci- 
dental introduction  of  moist  lead  from  the  screening  or 
unsealing  apparatus.  Fig.  335  is  a  vertical  sectional  view 
of  this  pot,  showing  the  position  of  the  hood  used  as  a 
protection  to  it.  In  this  figure,  A  is  the  pot  wherein  the 
lead  is  melted,  and  which  is  surmounted  by  the  hood,  ji, 
in  connection  with  the  chimney  by  the  tube,  c.  D 
represents  the  fire,  E  the  fire-door,  and  P  an  aperture 
in  the  hood,  which  can  be  closed  at  pleasure,  by  a 

Fig.  335. 


■  ' 


double  sheet  moving  in  grooves  at  either  side.  These 
plates  are  slid  backwards,  when  the  metal,  which 
should  be  only  a  few  degrees  above  the  melting  point, 
is  to  be  drawn  out  in  ladles  to  be  cast  in  the  ingot 
plate  moulds.  Thin  plates,  from  sixteen  to  twenty- 
four  inches  long,  four  wide,  and  from  two-fifths  to 
one  inch  in  thickness,  are  thus  formed,  which  are 
afterwards  rolled  into  a  coil,  to  be  introduced  into 
the  pots,  where  they  are  exposed  to  the  chemical 


effects  of  the  acids  and  air  in  the  subsequent  part 
of  the  business.  These  pots  have  in  the  interior  a 
ledge,  a,  whereon  the  coiled  plate  is  supported,  when 
they  are  charged  in  the  stack.  Latterly  many  manu- 
facturers, and  especially  the  English,  employ  the  lead 
in  the  form  of  grates  or  crates,  as  it  presents  a  greater 
surface,  and  permits  a  freer  circulation  than  the  former. 
The^  are  formed  by  casting  the  lead  on  an  iron  slab, 
gr  »,  red  by  parallel,  longitudinal,  and  transverse  gutters, 
an  inch  apart,  into  which  the  fluid  metal  runs. 

Construction  of  the  Stacks. — The  arrangement  of  the 
stachs,  or  dung-pits,  is  represented  in  Fig.  336,  which 

Fig  336. 


is  a  vertical  section,  filled  with  the  several  layers  of 
dung,  acid  pots,  lead  plates,  and  boards  successively.  A 
represents  the  wall,  and  B  the  roofing  which  inclose 
these  spaces.  A  corridor  runs  along  the  sides,  in 
which  is  a  railway,  D,  for  transporting  the  waggons  of 
dung,  boards,  et  cetera,  to  the  space  where  required. 
In  the  front  of  each  of  these  a  door,  E,  rises  the  whole 
height  of  the  stack,  to  facilitate  the  introduction  of  the 
materials,  but  which  is  closed  by  boards  placed  cross- 
wise as  the  several  beds  are  erected.  The  dimensions 
of  these  stacking-spaces  vary  in  different  factories,  it 
being  supposed  by  some  parties,  that  the  conversion 
succeeds  best  in  large  stacks,  whilst  others  maintain 
that  stacks  of  lesser  dimensions  afford  better  results; 
and,  for  reasons  which  will  he  presently  adduced, 
doubtless  stacks  of  a  medium  size  operate  best.  The 
dimensions  usually  given  average  from  thirteen  to  six- 
teen and  a  half  feet  in  length,  thirteen  to  fifteen  wide, 
and  about  twenty  high ;  and  in  extensive  factories 
such  a  number  are  constructed  as  will  permit  the  gang 
of  workmen  to  erect  and  dismantle  one  daily,  the  others 
being  in  a  proportionate  stage  of  advancement  as  they 
are  being  approached.  In  this  particular  part  of  the 
manufacture  very  little  improvement  has  been  effected 
on  the  method  adopted  years  ago. 
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These  spaces  are  filled  up  with  material,  by  a  gang 
of  workmen,  who  are  generally  paid  a  definite  sum 
for  the  erection  of  the  stack.  A  bank  of  dung  which 
has  been  used  previously,  is  raised  round  the  walls 
of  the  pit,  a  foot  in  breadth,  and  of  the  height  of 
sixteen  to  eighteen  inches ;  in  the  space  thus  inclosed, 
fresh  horse-dung  to  the  depth  of  sixteen  inches  is 
spread.  A  layer  of  pots,  eight  inches  high,  and 
nine  and  a  half  diameter  at  the  top,  are  placed  side 
by  side,  till  the  whole  space  with  the  exception  of  the 
dimensions  of  the  first  embankment,  a,  is  covered. 
Each  of  these  pots,  which  are  glazed  in  the  interior,  is 
charged  with  a  gill  and  a  half,  or  from  that  to  two  gills 
of  common  acetic  acid,  and  a  roll  of  sheet-lead ;  except- 
ing a  few  which  are  placed  towards  the  middle  and  at 
the  corners,  that  are  three  quarters  filled  with  vinegar. 
Ten  to  twelve  hundred  of  these  pots  are  placed  in  one 
floor,  or  height.  After  arranging  the  pots  and  supplying 
them  with  the  necessary  quantity  of  acid,  and  resting 
a  spiral  of  lead  on  the  interior  ledge  of  each  pot, 
another  bed  is  formed,  composed  of  triple  or  quadruple 
sheets  of  lead,  laid  horizontally  upon  the  first,  till  the 
whole  surface  is  covered.  Planks,  or  stout  boards, 
are  now  laid  on  the  latter,  and  upon  these  another 
layer  of  lighter  boards  is  placed,  as  seen  at  bb  in 
the  foregoing  figures.  A  second  bank  of  old  dung 
is  then  formed  round  by  the  walls,  and  a  new  bed 
of  dung  spread  as  described,  upon  which  a  second 
layer  of  pots  is  deposited,  and  charged  with  acid  and 
lead,  in  the  same  way  as  the  last.  This  process  is 
repeated,  alternating  the  dung,  the  pots,  lead  sheets, 
and  boards,  till  the  pit  is  filled ;  only  that  the  layers  of 
dung  are  only  twelve  inches  thick,  from  the  first  till  the 
top  covering,  which  is  made  with  old  dung,  and  of  a  thick- 
ness of  twenty  to  twenty-four  inches.  Eight  heights 
or  layers  of  pots  usually  constitute  the  stack,  but  some- 
times ten  are  introduced.  At  either  end  of  the  several 
beds,  alternately,  a  space  is  left  vacant,  for  instituting 
a  draught  from  one  bed  to  another,  and  increasing, 
at  the  same  time  that  it  equalizes,  the  effect.  Every 
stack  when  completed  contains  for  each  bed  or  height, 
together  with  the  boards,  dung,  and  pots,  about  seven 
gallons  of  vinegar,  or  fifty-three  in  the  entire  stock  of 
eight  beds,  and  from  one  ton  four  hundreds  to  a  ton 
and  a  half  of  lead,  making  from  nine  and  a  half  to 
twelve  tons  of  metal  in  the  whole.  Eour  men  can  lay 
two  heights  in  a  day,  so  that  in  four  days  they  can 
complete  a  stack.  In  many  establishments,  gas  is 
especially  manufactured  for  lighting  the  premises,  so 
that  in  winter  the  operations  can  be  carried  on  with 
artificial  light. 

A  period,  varying  from  five  to  six  weeks,  is  allowed 
for  the  conversion  of  the  lead  into  carbonate  to  the 
fullest  extent. 

Although  in  those  establishments  where  horse-dung 
is  employed,  it  is  reported  that  the  health  of  the  work- 
men does  not  suffer  in  consequence  of  the  offensive 
smell  which  is  evolved  from  these  masses  of  decompos- 
ing matters,  still  the  method  adopted  in  England  of 
using  spent  tanners'  bark  instead,  is  much  more  agree- 
able; and  although  in  its  operations  it  is  slower  than 
the  former,  the  product  is  not  liable  to  be  darkened  by 
sulphide  of  hydrogen,  which  the  dung  evolves  during 


the  decomposition  of  its  sulphur  compounds.  When 
tan  waste  is  used,  nine  or  ten  weeks  are  required 
to  carbonate  the  metal.  Whilst  the  materials  remain, 
the  several  layers  of  dung  or  tan  enter  into  a  fermen- 
tation, which  determines  a  rise  of  temperature  suffi- 
cient to  determine  the  evaporation  of  the  acetic  acid 
and  water  from  the  pots ;  and  these  vapors,  coming  in 
contact  with  the  metal  in  the  presence  of  the  oxygen 
of  the  atmosphere,  effect  its  oxidation,  and  the  forma- 
tion of  an  acetate  of  lead,  in  which  there  is  an  excess 
of  base.  Carbonic  acid  is  likewise  evolved  from  the 
eremacausis  of  the  organic  substance,  which  decom- 
poses the  film  of  basic  acetate,  setting  free  a  neutral 
salt  to  take  up  fresh  quantities  of  the  oxide  of  the 
metal,  which  is  likewise  broken  up  as  before.  In  this 
way,  the  production  of  carbonate  of  lead  proceeds  in 
exceeding  small  portions ;  but  the  operation  being  con- 
tinued for  a  length  of  time  uninterruptedly,  and  a  vast 
area  of  lead  being  operated  upon,  a  considerable  quan- 
tity is  produced. 

It  is  the  minute  state  of  division  of  the  carbonate, 
arising  from  its  slow  and  gradual  production  in  small 
portions,  which  distinguishes  the  white  lead  produced  in 
this  way  from  the  same  compound  when  it  is  obtained 
by  precipitation  from  the  solution  of  the  basic  acetate  ; 
for  in  the  latter  case  the  particles  are  larger  and  semi- 
crystalline,  and,  when  used  with  the  brush,  the  white 
lead  fails  to  cover  the  same  space  with  a  coat  of  opaque 
paint,  as  will  an  equal  weight  of  the  carbonate  obtained 
by  the  Dutch  method.  This  opacity  and  extreme 
division  constitute  what  in  the  language  of  the  trade  is 
termed  body;  and  notwithstanding  that  other  modes  of 
preparation,  more  desirable  in  a  sanitary  point  of  view 
than  the  one  under  consideration,  have  been  suggested, 
yet  the  want  of  this  body  in  the  manufactured  article 
condemns  it  in  the  painter's  estimation. 

A  great  drawback  upon  the  Dutch  method  of  opera- 
tion is  the  irregular  manner  in  which  it  proceeds ;  for 
sometimes  the  temperature  in  the  centre  of  the  stack 
is  as  high  as  194°  and  even  212°,  which  causes  the 
rapid  evaporation  of  the  acetic  acid,  and,  the  circu- 
lation of  air  being  imperfect,  a  corresponding  corrosion 
is  not  produced ;  on  the  other  hand,  the  portion  towards 
the  walls  often  does  not  acquire  sufficient  heat  to 
evaporate  the  acid,  and,  therefore,  the  production  of 
carbonate  is  not  as  great  here  as  might  be  expected. 
The  best  results  are  obtained  when  there  is  a  due 
degree  of  circulation  of  air,  and  a  temperature  of  from 
100°  to  120°  is  sustained. 

Unsealing. — When  the  time  necessary  for  conversion 
of  the  lead  into  carbonate  has  elapsed,  the  dismantling 
of  the  stack  is  begun.  The  superior  layer  of  material 
is  thoroughly  removed,  and  afterwards  the  plates  of 
carbonate  of  lead  are  exposed  by  taking  off  the  boards 
and  planks  which  had  protected  them.  This  being 
done,  the  carbonated  plates  and  spirals  in  the  pots  are 
taken  and  deposited  in  small  wooden  boxes,  in  which 
they  are  carried  to  the  part  of  the  factory  where 
the  unsealing  or  screening  is  proceeded  with.  In 
the  old  system  this  part  of  the  work  proved  emi- 
nently unhealthy;  for  the  method  pursued  was  cal- 
culated to  load  the  atmosphere  with  a  great  deal  of 
impalpable  powder,  which,  being  inhaled,  poisoned  the 
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operatives.  The  plates  were  taken  up  with  the  naked 
hands,  and  the  crust  of  carbonate  detached  by  striking 
them  against  one  another ;  the  larger  part  was  thus 
removed,  but  a  considerable  quantity  still  adhered,  and 
to  detach  it  a  number  of  the  plates  was  laid  over  one 
another  on  a  thick  flag-stone  and  struck  with  a  heavy 
mallet.  Here  the  greatest  danger  was  risked ;  for  by 
the  hammering  of  the  plates,  the  surrounding  air  was 
loaded  with  the  dust,  which  was  productive  of  a  double 
injury — that  of  a  loss  in  the  product,  and  of  danger  to 
the  health  of  the  workmen.  Fortunately  for  the  sake 
of  humanity,  science  has  come  to  its  aid ;  and  now, 
excepting  in  some  isolated  cases,  the  stripping  of  the 
plates  is  performed  by  machinery,  which  is  so  inclosed 
that  no  appreciable  escape  of  the  white  lead  takes 
place,  and  the  air  in  the  room  remains  pure  and  whole- 
some. At  the  establishment  of  M.  Lefevre  of  Lille, 
in  France,  the  following  is  the  method  adopted : — The 
men  who  take  the  sheets  from  the  pots  are  protected 
by  large  lamb-skin  gloves,  in  order  that  none  of  the  lead 
may  come  into  contact  with  the  skin,  and  consequently 
they  are  not  endangered,  as  no  absorption  can  take 
place.  The  plates  are  brought  in  a  small  truck  to  the 
base  of  the  machine,  and  lifted  by  means  of  an  endless 
rope  to  which  a  bucket  is  attached,  to  a  table,  where 
the  unrolled  sheets  which  were  in  the  pots,  as  also  those 
resting  upon  them,  are  laid  on  an  endless  piece  of  lea- 
ther, which  carries  them  forward  to  a  series  of  grooved 
rollers,  between  which  they  pass.  The  rollers  reduce 
the  matter  to  such  a  degree  of  division  as  to  prepare  it 
for  the  grinding-mills  to  which  it  is  afterwards  sub- 
jected. For  this  purpose  it  is  first  moistened,  and  then 
carried  to  the  grinding-room,  where  it  is  passed  under 
a  number  of  horizontal  millstones.  Here  it  is  ground 
and  forced  out  into  baskets  by  the  centifrugal  motion 
of  the  stones,  through  a  sluice  at  opposite  sides  of  the 
mill.  From  the  baskets  the  fine  paste  is  put  into  pots, 
and  placed  in  the  drying-house,  where  it  remains  for 
ten  or  twelve  days. 

The  drying-house  is  a  square  apartment  with  solidly 
built  walls,  and  furnished  with  shelves  at  particular 
distances ;  these  are  constructed  of  stout  iron  bars 
stretched  longitudinally  by  the  walls,  and  strengthened 
by  uprights  of  the  same  metal.  In  winter,  the  apart- 
ment is  heated  by  a  fire  of  pit  coal,  surmounted  by  a 
huge  canopy  of  cast-iron  from  which  the  caloric  radiates 
to  all  parts  of  the  room,  thus  raising  the  temperature  of 
the  air,  and  causing  the  expulsion  of  the  water  from  the 
salt.  In  summer,  the  circulation  of  a  current  of  air  is 
sufficient  to  effect  the  desiccation,  so  that  the  mass  of 
white  lead  contracts  considerably,  and  also  acquires 
such  hardness  as  will  resist  handling.  The  loaves  thus 
assume  the  form  of  the  moulds,  and  as  many  of  them 
as  remain  whole  are  taken  out  of  these  vessels,  by 
inverting  them  on  trays,  which  are  afterwards  deposited 
on  shelves  in  another  apartment,  into  which  heated  air 
is  forced.  Here  a  further  quantity  of  moisture  is  ex- 
pelled. Finally,  the  loaves  are  wrapped  in  blue  paper, 
and  put  up  in  barrels  for  the  market.  The  broken 
loaves  are  carried  to  a  mill,  where  they  are  ground  to 
powder,  and  packed  in  barrels,  or  made  into  paint  by 
mixing  with  the  ground  white  lead  from  eight  to  ten 
per  cent,  of  oil. 
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Until  these  improved  methods  were  introduced,  the 
reduction  of  the  white-lead  to  an  impalpable  powder 
presented  the  gravest  disadvantages,  besides  being  posi- 
tively destructive  to  the  health  of  the  workmen.  The 
grinding  was  generally  effected  under  revolving  head- 
stones, upon  a  cast-iron  basin  of  the  ordinary  shape, 
the  coarse  material  being  introduced  and  withdrawn 
with  the  spade ;  and  during  this  necessarily  slow  pro- 
cedure, the  dust  arising  from  the  agitation  of  the  sub- 
stance and  its  removal  from  one  place  to  another,  in 
the  exposed  manner  in  which  it  was  done,  had  a  rapid 
and  injurious  effect.  It  is  the  Editor's  belief,  that  in 
most  establishments  of  any  repute,  all  these  operations 
are  now  performed  by  machinery,  and  that  to  arrest 
any  dust,  water  is  employed  where  the  various  depart- 
ments are  not  isolated  from  the  remaining  space. 

The  pulverization  of  the  imperfect  moulds  is  effected, 
in  the  factory  already  alluded  to,  by  means  of  horizontal 
marble  mills,  enclosed  by  a  metallic  covering  which  is 
securely  fixed  in  its  place,  so  that  any  of  the  carbonate 
which  might  otherwise  pass  into  the  surrounding  air  is 
completely  arrested. 

Latterly,  the  French  and  Dutch  manufacturers  are 
adopting  the  English  custom  of  compounding  the  white- 
lead  with  oil  at  once,  and  thereby  preventing  two  grave 
inconveniences ;  for  not  only  does  the  preparing  of  it  in 
loaves  and  powder  offer  greater  trouble  to  the  manufac- 
turer, but  it  is  fraught  with  danger  to  the  color-maker 
and  painter,  because  rarely  have  the  latter  such  arrange- 
ments as  to  effect  the  mixing  without  exposing  the 
operator  to  the  danger  of  inhaling  the  poison,  and 
thus  laying  the  foundation  for  lead  or  painters^  colic. 
Till  within  the  last  few  years  they  were  generally  com- 
pelled to  perform  this  operation,  and  the  frequent  cases 
of  lead  poisoning  gave  rise  to  the  popular  term,  by 
which  the  disease  was  recognized  among  this  class  of 
men.  This  danger  is  obviated  now-a-days  by  convert- 
ing the  white  lead  into  paint  in  the  manufactories ;  it 
is  done  expeditiously  and  without  risk  in  an  apparatus 
entitled  a  kneader,  somewhat  like  that  used  in  large 
baking  establishments.  This  is  a  cylinder,  in  which  a 
square  iron  bar,  furnished  with  arms,  is  fixed  longi- 
tudinally. The  latter  is  turned  by  means  of  a  strap 
passing  over  a  drum,  and  another  in  connection  with  the 
engine  shaft.  All  the  materials — white  lead,  and  oil 
to  the  extent  of  eight  per  cent,  of  the  lead  compound 
— are  introduced  by  the  doors,  which  are  firmly  closed, 
when  the  machine  is  at  work,  by  a  lever,  secured  by  a 
bolt.  When  the  two  are  mixed  the  paste  is  drawn  out, 
and  if  necessary  passed  through  a  grinding  mill  to  ren- 
der it  more  homogeneous. 

Such  is  the  general  character  of  the  arrangements  in 
the  well  regulated  factory  of  M.  Lefevre  of  Lille.  Here 
there  is  a  large  saloon  at  the  disposal  of  the  men,  where 
they  put  on  and  divest  themselves  of  their  factory 
dresses,  and  perform  their  ablutions ;  and  another  which 
is  used  as  a  refectory,  into  which  they  are  forbidden  to 
enter  in  their  ordinary  working  coverings.  Gloves  made 
of  lambskin  are  supplied  by  the  proprietor,  and  worn 
by  all  those  who  are  exposed  to  handle  or  touch  the 
white  lead,  so  that  the  danger  of  absorbing  any  portion 
of  the  poison  through  the  pores  of  the  skin  is  avoided. 
All  these  precautions  are  not  without  their  merited 
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return,  since  it  is  a  rare  thing,  even  in  the  course  of 
several  years,  to  hear  of  any  ailment  among  the  opera- 
tives brought  about  by  the  nature  of  their  work. 

On  a  par  with  the  foregoing  for  the  general  arrange- 
ment, and  the  healthy  atmosphere  pervading  it,  is  the 
factory  of  Messrs.  Walker,  Parker,  and  Company, 
previously  mentioned.  Here  the  arrangements  for  melt- 
ing and  casting  the  lead  in  crates  are  similar  to  those 
already  described.  The  acetic  acid  is  prepared  on  the 
premises.  The  stacks,  also,  of  which  there  are  thirty- 
four,  are  similarly  constructed,  only  that  the  source  of 
the  carbonic  acid  and  heat  is  tan,  instead  of  the  dung 
used  by  the  Dutch  and  French  manufacturers.  It 
is  usual  to  construct  the  beds  of  the  several  materials 
in  the  ordinary  way,  only  that  the  layer  of  tan  is 
somewhat  thicker  than  if  it  were  horse-dung.  Another 
difference  in  laying  down  the  bed  of  pots,  with  the 
exception  of  about  two  hundred  to  two  hundred  and 
fifty,  is,  that  the  lead  is  laid  flat  upon  their  mouths, 
in  a  layer  of  four,  five,  or  six  crates,  each  weighing 
about  three  pounds  avoirdupois.  The  pots,  therefore, 
are  simple  internally-glazed  vases,  capable  of  holding  a 
quart  or  thereabout,  with  the  exception  of  the  two 
hundred  and  fifty  above  alluded  to ;  these  have  a  ledge 
in  their  middle,  upon  which  a  coil  of  the  crate  lead  rests, 
and  are  arranged  round  the  circumference  of  the  floor, 
and  at  intervals  in  the  middle,  for  the  purpose  of  sup- 
porting the  planks,  boards,  and  other  overlaying  mate- 
rials. Acetic  acid  prepared  from  wood,  and  diluted 
so  as  to  mark  1°  on  the  acetometer,  is  poured  into  the 
pots,  to  the  extent  of  about  half  a  pint,  excepting  the 
larger  pots  which  receive  double  the  quantity.  Pro- 
ceeding thus  with  each  layer,  the  stack  is  completed, 
and  is  left  so  for  a  period  of  eight  or  ten  weeks.  And 
here,  it  may  be  remarked,  that  the  experience  of  the 
proprietors  of  the  above  works  has  proved  to  them, 
that  with  an  acid  marking  1-5",  or  over,  on  the  aceto- 
meter, the  conversion  of  the  lead  into  carbonate  never 
proceeds  satisfactorily,  nor  is  the  quantity  nearly  so 
large  as  when  a  weaker  acid  is  employed ;  for  in  the 
former  case  too  much  neutral  acetate  of  lead  is  formed, 
probably  owing  to  the  generation  of  carbonic  acid  and 
the  circulation  of  air  being  imperfect,  and  partly  passes 
off  in  the  waters  used  in  the  preparation  of  the  white 
lead  afterwards. 

In  this  mode  of  manufacture,  no  danger  exists  of  the 
white  lead  being  blackened  with  sulphide  of  hydrogen, 
but  the  greatest  care  must  be  taken  to  have  the  cover- 
ing of  each  layer  of  pots  perfect,  lest  some  of  the  tan 
might  fall  through,  in  which  case  it  cannot  fail  to  pro- 
duce a  stain.  Again,  when  the  carbonisation  is  imper- 
fect, the  carbonate  which  is  produced  is  of  inferior  qua- 
lity, since  it  is  largely  mixed  with  a  .suSoxide  of  lead, 
forming  a  bluish-grey  coating  on  the  unattacked  metal. 
The  only  security  against  imperfect  working  in  the 
stacks,  is  to  employ  a  properly-diluted  aeid,  to  select  a 
good  quality  of  tan,  and  to  effect  a  proper  circulation  of 
the  air,  since  with  bad  tan,  there  is  not  sufficient  fer- 
mentation to  generate  either  carbonic  acid,  or  heat  to 
evaporate  the  acetic  acid;  and  without  the  air  to  oxi- 
dise the  metal,  the  repeated  action  of  a  small  quantity 
of  acetic  acid,  in  producing  a  large  amount  of  oxide  of 
lead,  is  impeded.    After  the  carbonisation  of  the  lead, 


the  several  layers  of  tan,  wood,  et  cetera,  are  removed, 
when  the  pots  will  be  found  emptied  of  their  contents, 
and  the  layers  of  crate  lead  swelled  to  double  or  treble 
their  original  thickness,  owing  to  the  formation  of  the 
carbonate  of  lead  upon  them. 

The  sheets  are  taken  off,  put  into  a  small  carriage, 
and  conveyed  on  a  tramway  to  the  departments  of 
the  work  where  the  parting  of  the  salt  of  lead  from 
the  unoxidised  portions  of  the  metal  takes  place. 
Since  the  latter  is  the  highest  part  of  the  machinery  in 
the  area  where  the  cleansing,  grinding,  and  other  opera- 
tions are  effected,  the  railway  mentioned  is  on  the 
second  story  of  the  establishment. 

Although  in  the  works  of  Messrs.  Walker  and 
Parker,  the  hermetical  sealing  up  of  machinery  is 
entirely  dispensed  with  except  in  one  particular,  still, 
rarely  is  there  seen  an  operation,  which  in  itself  is  very 
dangerous,  rendered  so  innocuous  with  such  simple 
contrivances,  as  that  of  the  preparation  of  white  lead 
at  the  manufacture  referred  to.  Here  water  is  to  be 
found  almost  in  all  parts  of  the  factory  where  the  part- 
ing and  grinding  is  proceeding,  and  it  serves  most  effec- 
tually to  suppress  the  evolution  of  the  minutest  trace  of 
white  lead  into  the  atmosphere. 

The  carriage  loaded  with  the  carbonated  crates,  is, 
when  it  reaches  the  working  gallery,  emptied  into  a 
hopper  capable  of  being  covered.  This  is  surmounted 
by  a  water-pipe,  terminating  in  a  rose,  which  showers 
this  liquid  upon  the  lead.  By  the  aid  of  fluted  rollers, 
the  crust  of  white  lead  is  in  a  great  measure  detached 
from  the  metal,  and  both  are  delivered  on  the  end  of 
a  rectangular  ledge  or  trough,  having  a  perforated  zinc 
covering  above  its  real  bottom.  On  this  there  is  always 
retained  a  quantity  of  water,  and  as  the  material  is 
delivered  from  the  rollers  in  the  drum  adjoining  the 
hopper,  a  man  with  a  small  rake  moves  it  back  and 
forth  on  this  with  a  view  of  detaching  the  crust,  that 
was  loosened  and  partly  separated  in  passing  between 
the  rollers ;  the  residuary  lead  still  retaining  some  por- 
tions of  white  lead,  is  passed  between  another  pair  of 
channeled  rollers,  and  falls  upon  another  table  like  the 
preceding,  where,  by  agitating  with  rakes  on  the  per- 
forated bottom  of  the  trough,  and  the  use  of  the  water, 
the  particles  of  lead  remaining  are  thoroughly  cleaned 
and  removed  to  a  receptacle,  whence  they  are  con- 
veyed to  the  melting  house  and  there  recast  into  crates 
or  pigs  of  blue  lead.  Whilst  on  the  perforated  troughs, 
the  particles  of  white  lead  are  assorted,  and  any  metal 
as  well  as  colored  parts  removed  from  that  which  is 
purely  white.  For  this  purpose  considerable  agitation 
and  working  with  the  rakes  is  necessary,  but  still  as 
there  is  a  sufficiency  of  water,  there  is  not  the  least 
escape  of  carbonate  of  lead. 

From  these  troughs  the  partly-drained  salt  is  con- 
veyed to  the  hoppers  of  a  number  of  adjacent  millstones, 
where  it  is  abraded  and  given  out  from  the  sluice  in  a 
pasty  state ;  these  sluices  deliver  it  into  the  boxes  of 
other  heavier  mills  placed  below  the  former  in  a  second 
tier.  Finally,  the  white  lead,  thus  reduced,  passes 
through  a  third  mill,  and  thence  into  a  deep  tub  or  vat, 
which  also  receives  a  stream  of  water  from  the  pump  ; 
and  by  means  of  a  rotating  agitator  the  load  is  so  mixed 
with  the  water,  that  it  is  carried  off  in  the  sluice  which 
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forms  the  outlet  to  the  last  vessel,  to  a  series  of  large 
tanks  or  settlers,  where  the  lead  after  a  while  precipi- 
tates to  the  bottom  and  leaves  the  supernatant  water 
clear.  After  settling,  the  bright  liquor  is  siphoned  off 
into  a  sluice,  which  conducts  it  to  a  well,  whence  it  is 
pumped  up  into  the  higher  benches  by  a  forced  pump. 
In  this  way,  the  same  water  is  available  for  a  number 
of  times,  and  each  time  it  becomes  purer  and  less  liable 
to  deteriorate  the  carbonate.  The  deposited  white  lead 
is  then  taken  out  with  a  ladle  and  put  into  flat-bottomed 
dishes,  which  are  conveyed  to  the  drying-house  by 
the  younger  hands  in  the  establishment.  This  is  a 
room  furnished  with  shelves  of  strong  iron  bars,  well- 
supported  all  along  the  four  walls ;  having  a  large  iron 
casting  in  the  centre,  and  which  is  heated  by  a  fire 
placed  outside  the  building.  By  the  heat  radiated  from 
this  casting,  the  temperature  of  the  apartment  is  con- 
siderably elevated,  and  the  moist  white  lead  is  dried 
in  the  course  of  a  few  days.  It  then  appears  as  a  pure 
white  amorphous  cake.  To  convert  these  into  paint 
they  are  conveyed  to  a  mill,  and  the  powder  passed 
through  a  bolter  of  the  usual  formation.  Oil  is 
next  mixed  with  the  ground  white  lead  in  a  mecha- 
nical kneading-trough,  and  the  paste  ultimately  passed 
through  a  mill,  and  the  product  packed  into  barrels  for 
the  painter.  The  mills  for  grinding  the  dried  product, 
as  well  as  the  sifter,  are  secured  by  an  envelope  which 
permits  no  escape  of  dust ;  the  kneader  likewise  is 


securely  closed,  and  the  paint-mill  like  all  the  others, 
is  almost  enveloped  in  a  box,  which  does  not  allow  any 
of  the  matter  to  escape. 

Clichy  White.  —  Several  years  ago,  Thenard 
established  the  principle,  that  when  a  neutral  solution 
of  a  soluble  salt  of  lead  is  put  in  contact  with  an  excess 
of  litharge,  or  oxide  of  lead,  a  basic  salt  is  formed, 
which  yields  a  part  of  its  oxide  to  carbonic  acid,  the 
remaining  portion  forming  a  neutral  salt  with  the  acid. 
M.  Eoakd  established  a  manufactory  of  white  lead  in 
which  this  principle  was  carried  out  by  dissolving  the 
litharge  in  acetic  acid,  obtained  by  the  distillation 
of  wood  or  vinegar,  in  order  to  produce  the  basic 
acetate  3  Pb  0 — a  solution  of  29°  Twaddell,  specific 
gravity  1-145 — through  which  carbonic  acid,  obtained 
from  the  combustion  of  charcoal,  coke,  or  limestone, 
was  passed,  with  the  view  of  throwing  down  two  equi- 
valents of  the  metallic  oxide  in  the  state  of  carbonate, 
and  of  leaving  a  neutral  acetate  of  lead  in  the  solution, 
ready  to  operate  upon  a  fresh  quantity  of  the  litharge, 
and  convert  it  into  the  basic  salt  mentioned. 

The  arrangements  by  which  this  process  is  carried 
on  are  seen  in  Fig.  337.  A  indicates  a  large  tub,  capable 
of  holding  four  thousand  four  hundred  gallons  of  liquid, 
in  which  the  acetic  acid  is  made  to  combine  with  the 
litharge,  having  an  agitator,  c  B.  When  the  solution 
attains  a  gravity  of  29°  Twaddell,  it  is  drawn  into  the 
settling  vessel,  E,  by  the  stopcock,  d.    The  vessel,  E, 
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which  is  constructed  of  copper  plates 
riveted  together,  and  has  a  capacity  of 
four  thousand  two  hundred  gallons,  is 
intended  to  intercept  any  particles  of  lead, 
iron,  or  chloride  of  silver,  which  might 
exist  in  the  menstruum,  and  be  carried 
over  in  suspension  from  A.  From  E  the 
clear  liquor  is  drawn  into  the  decomposing  vessel,//", 
which  is  about  twenty  feet  long,  half  this  in  breadth, 
and  two  feet  in  depth ;  it  is  replenished  to  the  height 
of  twenty  inches,  and  holds  about  two  thousand  gallons. 
It  is  secured  with  a  cover  by  clasps  to  the  flanges  of 
the  side  plates,  as  shown  in  the  drawing.  This  cover 
is  traversed  by  eight  hundred  pipes,  which  plunge  to 
the  depth  of  thirteen  inches  into  the  solution,  the  other 
ends  being  soldered  to  twenty  branching  pipes,  which 
extend  at  right  angles  from  a  main,  g  g,  at  each  side ; 


the  latter  is  connected  with  the 
blowing  apparatus,  h  k,  which  is 
supplied  with  carbonic  acid  by 
the  furnace,  charged  either  with 
coke  or  some  other  matter  for 
generating  the  gas.  The  carbonic 
acid  was  at  first  obtained  from 
the  combustion  of  charcoal ;  but  at  the  suggestion  of 
Dumas,  chalk  and  coke  in  the  ratio  of  two  and  a  half 
of  the  former,  to  one  of  the  latter,  was  adopted  with 
advantage.  A  small  lime-kiln,  D  D,  is  used  to  burn 
this  mixture,  and  the  carbonic  acid  is  drawn  over 
through  the  pipe,  a. 

After  the  precipitation  of  the  carbonate  of  lead, 
which  generally  requires  twelve  or  fourteen  hours,  the 
contents  of  the  tank  are  allowed  to  settle,  and  after 
this  the  solution  of  neutral  acetate  is  drawn  off  into  tho 
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tank,  m,  and  is  hence  transported  by  a  force-pump,  p, 
and  a  pipe,  nn,  to  the  tub,  A,  where  it  recombines  with 
as  much  oxide  of  lead  as  it  lost  during  the  precipitation. 
In  this  way  the  neutral  solution  drawn  oft'  from  ff,  and 
which  is  found  reduced  from  29°  to  7°  Twaddell,  can 
be  made  to  circulate  for  an  indefinite  number  of  times, 
and  be  made  the  agent  for  the  solution  of  the  litharge, 
so  as  to  bring  it  into  a  fit  state  for  its  conversion  into 
carbonate  by  the  carbonic  acid.  There  is,  however, 
a  slight  loss  of  neutral  acetate  each  time  owing  to  its 
being  partly  retained  by  the  carbonate,  and  partly 
passing  off  in  the  washings,  so  that  it  is  necessary  in 
practice  to  renew  the  strengths  of  the  solutions  by  the 
addition  of  a  little  acetic  acid  in  the  tun,  A. 

The  deposited  carbonate  is  removed  after  raising  the 
cover  by  means  of  cords  attached  to  the  main  pipe,  gg, 
and  pullies  on  the  beam,  s  s,  the  clasps  which  secured 
it  being  unfastened ;  the  white  lead  is  brushed  out 
through  an  opening,  which  is  stopped  at  all  other  times 
by  a  plug,  into  the  reservoir,  o,  where  it  is  washed 
three  times  repeatedly  by  agitation  with  water  and 
subsidence.  The  first  washings  are  pumped  into  the 
dissolving  tun,  A.  In  this  way  the  process  is  continued 
almost  without  interruption,  excepting  whilst  the  car- 
bonate is  depositing  in  ff,  and  during  its  discharge  into 
the  tank,  o.  After  the  washing,  the  product  is  dried 
and  treated  in  all  respects  like  that  obtained  by  the 
Dutch  process. 

It  has  been  suggested  to  dispense  with  the  mechani- 
cal agitators  employed  in  the  dissolving  tun  above  de- 
scribed, by  substituting  cylinders  in  which  the  litharge 
should  be  inclosed,  and  to  allow  the  solution  of  neutral 
acetate  to  percolate  them,  almost  in  the  same  way  that 
syrup  is  made  to  pass  through  the  filters  in  sugar- 
refining. 

Patent  Processes. — Various  patents  have  been 
obtained  in  England  for  the  manufacture  of  white  lead, 
mostly  on  the  principle  of  Thenard. 

One  of  these,  taken  out  by  Messrs.  Gossage  and 
Benson,  was  put  in  practice  at  West  Bromwich,  near 
Birmingham.  In  the  establishment  constructed  for 
the  occasion,  the  work  of  conversion  was  carried  on 
in  a  large  longitudinal  trough,  by  mixing  a  small  quan- 
tity of  a  neutral  acetate  of  lead  solution  with  mois- 
tened litharge  by  means  of  a  travelling  wheel,  and, 
at  the  same  time,  transmitting  heated  carbonic  acid 
over  the  mixture.  The  carbonic  acid  was  in  this  case 
obtained  from  coke,  and  the  white  lead,  when  fully 
carbonated  in  the  trough,  was  edulcorated,  ground  in 
the  usual  way,  dried,  and  subsequently  mixed  with  the 
oil  for  the  purposes  of  the  painter.  It  is  said  that 
forty  tons  of  white  lead  weekly  were  manufactured  by 
this  method,  although  for  some  time  the  establishment 
has  been  discontinued. 

Another  patent  was  taken  out  by  Messrs.  Button 
and  Dyer  for  a  process  resembling  Thenard's  ;  only 
that  instead  of  a  neutral  acetate  of  lead  being  the 
renewing  agent,  a  neutral  nitrate  was  proposed.  Both 
the  neutral  solution  and  the  litharge  were  directed  to 
be  mixed  and  agitated  together  in  a  tub,  the  contents 
of  which  were  retained  at  a  boiling  heat  by  means  of 
steam  passing  up  through  the  semifluid  mass  from  a 
coil  of  pipe  in  the  bottom.    Carbonic  acid  was  also 


passed  into  the  liquid  to  decompose  the  basic  nitrate 
of  lead  oxide,  and  precipitate  therefrom  two  equiva- 
lents of  its  base  in  the  form  of  carbonate  of  lead.  In 
this,  as  in  the  foregoing,  the  carbonic  acid  was  directed 
to  be  obtained  from  the  combustion  of  coke. 

In  1833,  a  patent  was  obtained  by  Jean  Baptiste 
Constantine  Torassa  for  the  preparation  of  white 
lead  directly  from  the  metal,  simply  through  the  agency 
of  air,  water,  and  carbonic  acid.  For  this  purpose  the 
metal  was  granulated  as  in  the  manufacture  of  shot, 
and  the  grains  agitated  together  with  water  in  barrels ; 
the  lead  dust  produced  during  this  abrasion  was  exposed 
afterwards  to  the  air  for  oxidation  and  carbonisation. 
This  method  was  tried  at  Chelsea  some  years  ago  by 
a  joint-stock  company,  who,  it  is  said,  expended  a 
hundred  thousand  pounds  in  erecting  a  factory  for 
this  process ;  but  it  has  not  answered  the  expectations 
entertained  of  it  by  the  shareholders. 

Another  patent  of  a  similar  nature  was  taken  out  by 
Walker  Wood  in  1834 ;  and  in  1847,  M.  Cannel 
specified  the  following  method  : — He  constructs  a  hexa- 
gonal or  octagonal  cylinder  of  lead,  six  feet  and  a  half 
long,  and  fifteen  and  a  half  inches  or  less  in  diameter, 
the  lead  to  have  a  thickness  of  two  to  three  inches. 
He  incloses  this  cylinder  in  a  frame  made  of  rod-iron, 
to  one  end  of  which  a  crank  is  attached,  and  places 
the  whole  on  a  stand  in  such  a  way  as  to  be  readily 
put  in  rotation.  By  means  of  an  opening,  or  bung- 
hole,  in  the  middle  of  the  cylinder,  the  materials,  con- 
sisting of  about  two  hundredweight  of  granulated  lead 
and  six  and  a  half  gallons  of  water,  are  introduced. 
At  the  other  end  of  the  cylinder  there  is  also  an  orifice 
in  the  axis  of  the  cylinder  from  one  inch  to  an  inch  and 
a  half  in  diameter,  through  which  an  elastic  tube,  con- 
nected with  a  bellows  or  other  blowing  machine,  is 
passed,  till  it  reaches  about-  the  middle  of  the  cylinder. 

In  the  machine  thus  constructed  the  materials,  as 
specified  above,  are  put,  the  bung-hole  closed,  and  the 
whole  rotated  at  the  rate  of  forty-five  or  fifty  revolu- 
tions per  minute ;  this  mode  of  operation  is  continued 
during  five  hours,  when  two-thirds  of  the  lead  will  be 
found  abraded  to  an  impalpable  powder,  but  retaining 
its  metallic  lustre.  On  opening  the  lateral  orifice, 
this  fine  powder  undergoes  rapid  oxidation,  and  a 
hydrate  of  oxide  of  lead  is  obtained.  Finally,  if  the 
chamber  where  the  blowing  apparatus  is  fixed  be 
charged  with  carbonic  acid  from  the  burning  of  char- 
coal, et  cetera,  on  putting  it  in  operation,  a  stream  of 
this  gas  will  be  forced  into  the  cylinder,  and  the  oxide 
of  lead  will  pass  to  the  state  of  carbonate. 

The  mixture  is  then  discharged  from  the  cylinder 
into  a  tub  beneath  the  lateral  opening,  and  agitated 
with  water,  during  which  the  metallic  powder  falls  to 
the  bottom,  and  the  lead  salt  acquires  a  remarkable 
degree  of  whiteness.  As  it  is  somewhat  difficult  to 
separate  the  small  metallic  portions,  M.  Cannel  ad- 
vises to  agitate  the  mixture  in  a  tub  having  openings 
at  different  levels,  through  which  the  carbonate  may  be 
drawn  away.  The  pasty  mass  is  thrown  on  cloth  fil- 
ters, and  after  the  water  has  drained,  pressed  more  or 
less  ;  then  dried  in  the  stove-room  and  ground  with  oil 
in  the  ordinary  way.  To  facilitate  the  oxidation  in  the 
cylinder,  nitric  acid  may  be  added  to  the  water  to  the 
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extent  of  one  and  a  half  to  two  pounds  ;  or  a  saturated 
solution  of  neutral  nitrate  of  lead  may  be  substituted. 
The  advantages  of  this  method  are,  according  to  M. 
Cannel,  simplicity  of  operation,  a  larger  product,  sav- 
ing of  manual  labor,  and  less  chance  of  loss. 

In  1841,  Mr.  H.  L.  Pattison  obtained  a  patent 
for  the  manufacture  of  white  lead  by  means  of  bicar- 
bonate of  magnesia  and  chloride  of  lead.  The  mag- 
nesian salt  is  prepared  by  calcining  coarsely-ground 
dolomite — magnesian  limestone — at  a  red  heat,  by 
which  the  entire  of  the  carbonate  of  magnesia  is  de- 
composed, whilst  the  carbonate  of  lime  present  is  only 
very  slightly  affected.  This  powder  is  afterwards  sus- 
pended in  water  within  a  cylinder  of  iron,  furnished 
with  an  agitating  shaft,  safety  valves,  induction  and 
eduction  pipes,  and  carbonic  acid  is  forced  into  it  by  a 
pump  as  long  as  absorption  of  the  gas  ensues.  On 
drawing  off  the  contents  of  the  cylinder,  a  solution  is 
obtained  marking  5'6°  Twaddell,  and  containing  sixteen 
hundred  grains  of  the  carbonated  salts  per  imperial 
gallon.  A  saturated  solution  of  chloride  of  lead  in 
water  is  now  prepared,  and  which  at  a  temperature  of 
50°  to  60°  will  indicate  a  density  of  L008 ;  consisting 
of  one  part  of  the  lead  salt  dissolved  in  one  hundred 
and  twenty-six  of  water.  Both  solutions  are  then 
mixed  together  as  rapidly  as  possible,  taking  the  pre- 
caution to  have  the  magnesian  solution  in  excess.  The 
quantities  of  each  solution  which  ought  to  be  taken 
must  be  determined  by  a  trial  test  on  the  small  scale. 
On  running  the  two  liquids  in  the  proper  proportions  in 
two  converging  streams  into  a  tank,  from  which  the 
mixture  issues  by  a  tap-hole  at  the  bottom  into  a 
settling  vat,  carbonate  of  lead  mixed  with  a  little 
basic  chloride  of  lead,  will  be  found  in  the  latter  after 
subsidence.  To  separate  the  chloride  of  lead  which 
exists  in  it  to  the  extent  of  one  or  two  per  cent.,  the 
dried  compound  is  ground  in  a  horizontal  mill  with 
a  concentrated  solution  of  potassa  or  soda,  and  letting 
the  pasty  mass  stand  for  a  day  or  two,  after  which  the 
chloride  of  the  alkali  metal  is  washed  out,  and  a  com- 
pound is  left,  which,  when  dried  and  properly  prepared, 
is  represented  to  be  equal  to  the  best  ceruse  in  body 
and  purity. 

Mr.  Lotham's  patent,  sealed  in  the  beginning  of 
1847,  directs  that  a  six-feet  cubic  apartment  should  be 
provided,  in  which  by  upright  posts  and  horizontal 
wooden  rods,  the  sheets  of  lead  should  he  conveniently 
supported  without  touching  one  another ;  the  sheets  to 
be  two  feet  long,  one  in  breadth,  and  one-sixteenth  of 
of  an  inch  thick.  Beneath  the  floor  should  be  a  flue 
in  connection  with  a  furnace,  by  which  the  chamber 
may  be  heated  to  a  temperature  from  72°  to  96°  Fahr. 
On  the  floor  is  placed  a  tub  in  which  are  eight  pecks 
of  malt,  two  pounds  of  sugar,  six  pints  of  yeast,  and 
twelve  gallons  of  water.  This  mixture  ferments,  and 
ultimately  gets  mouldy,  when  it  is  drawn  off  into  other 
vessels,  in  which  it  is  mixed  with  two  gallons  of  vinegar 
and  heated  by  steam,  after  which  it  is  gradually  intro- 
duced by  pipes  to  the  floor  of  the  chamber.  It  gives 
off  acetic  acid,  which  corrodes  the  lead,  and  the  car- 
bonic acid  from  the  fermentation  converts  the  oxide 
into  white  lead. 

Tourmentin  patented  a  process  in  1847,  for  manu- 


facturing white  lead  from  the  chloride  of  this  metal. 
The  latter  compound  was  to  be  produced  by  grinding 
litharge,  chloride  of  sodium,  and  water  together,  employ- 
ing an  excess  of  the  litharge;  basic  chloride  of  lead  was 
thus  obtained,  which,  upon  treatment  with  a  stream  of 
carbonic  acid,  yielded  a  precipitate  of  carbonate  of  lead, 
leaving  a  neutral  chloride  of  lead  in  the  solution.  By 
drawing  off  the  latter,  and  boiling  it  with  chalk  till,  on 
testing  with  sulphide  of  hydrogen,  the  clear  liquid  gave 
no  blackening,  the  portion  in  the  solution  was  precipi- 
tated as  carbonate,  and  afterwards  separated  from  the 
lime  salt  by  washing. 

Richardson  prepares  white  lead  by  taking  the  crys- 
tals obtained  in  the  desilverizing  of  ordinary  lead  by 
Pattison's  process,  or  metal  otherwise  reduced,  and 
mixing  with  it  from  one  to  one  and  a  half  per  cent, 
of  vinegar,  or  a  proportionate  quantity  of  nitric  acid, 
acetate  or  nitrate  of  lead  diluted  with  water ;  and  after 
turning  the  mixture  over  repeatedly,  placing  from 
twenty  to  thirty  hundredweight  of  the  mixture  upon 
the  shelves  of  a  chamber  lined  with  lead,  slate,  or  stone. 
Heated  air  is  admitted  by  a  pipe  furnished  with  a  stop- 
cock, also  steam  to  retain  the  compound  moist,  and  car- 
bonic acid  from  any  convenient  generator.  Provided 
the  temperature  be  retained  at  96°,  or  thereabouts,  the 
conversion  of  the  lead  will  be  effected  in  ten  days  or  a 
fortnight.  The  salified  mass  is  then  removed  and 
ground,  then  agitated  with  water,  and  any  metal  which 
separates  returned  to  the  chamber  with  fresh  acid. 

Disbrow  Rodgers  in  a  patent  sealed  in  August,  1 849, 
gives  a  process  which  consists  in  suspending  sheets  of  lead 
on  frames  of  wood  in  a  steam-heated  chamber,  and  thus 
exposing  them  to  the  joint  action  of  acetic  acid,  car- 
bonic acid,  and  steam;  the  acetic  acid  being  derived 
from  troughs  of  pyrolygneous  acid  into  which  steam 
pipes  pass,  or  from  other  sources  placed  on  the  floor,  and 
the  carbonic  acid  from  fermenting  mixtures  of  yeast, 
sugar,  malt,  and  water,  also  contained  in  troughs  placed 
upon  or  sunk  in  the  floor.  Of  course  one  condition  of 
the  success  of  the  operation  is,  that  the  chamber  be 
air-tight  or  nearly  so,  and  a  temperature  of  80°  main- 
tained by  the  introduction  of  steam  for  a  short  period 
several  times  in  the  day.  Every  forty-eight  hours  this 
compartment  must  be  entered,  to  renew  the  fermenting 
and  acid  liquors  during  the  time  that  the  process  lasts, 
which  is  usually  twelve  days. 

In  1853,  M.  Chenot  laid  before  the  French  Academy 
a  process  for  the  manufacture  of  white  lead,  which  ac- 
cording to  that  gentleman  offers  facilities  for  the  produc- 
tion of  this  article,  that  render  it  much  more  eligible 
than  the  established  method.  It  consists  essentially  in 
the  treatment  of  lead  ores  by  metallic  sponges,  whereby 
a  leaden  sponge  is  precipitated,  and  this  is  subsequently- 
exposed  to  the  air  and  moisture,  easily  oxidises,  and  be- 
comes converted  into  white  lead.  Pure  galena,  such  as 
is  known  as  alquifoux,  is  the  ore  employed  by  him  ;  it  is 
transformed  into  sulphate  of  lead  by  very  careful  roasting 
in  a  reverberatory  furnace,  the  heat  and  working  during 
the  time  being  so  controlled,  that  the  matter  does  not 
enter  into  fusion.  When  the  whole  of  the  lead  has 
thus  been  converted  into  sulphate,  the  product  is  mixed 
with  iron  or  zinc  sponges  in  a  suitable  vessel  which  con- 
tains an  acidulous  water,  and  is  heated  by  steam,  or 
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some  other  mode  of  artificial  heating.  The  whole  is  thus 
left  during  a  period  extending  to  ten  or  fifteen  days,  with 
occasional  stirring,  at  the  end  of  which  period  the  lead 
will  be  found  at  the  bottom  of  the  vessel,  and  a  solution 
of  the  precipitating  agent  in  the  form  of  sulphate. 

By  decantation  the  supernatant  liquor  may  be  re- 
moved, when  the  residue  is  treated  with  a  dilute  sul- 
phuric acid,  to  remove  any  particles  of  iron  or  zinc  that 
may  be  present  with  the  lead;  but  the  solution,  so  pro- 
duced, may  be  employed  to  moisten  the  materials  of  the 
next  precipitation.  After  this  liquor  is  drawn  ofl",  the 
residue  is  washed  well  with  water  till  neither  zinc  nor 
iron,  which  of  them  soever  may  be  employed,  is  detected 
in  the  washings ;  after  which  it  is  to  be  laid  on  trellises,  in 
layers  of  -3937  to  7974  of  an  inch  thick,  and  moistened. 
It  will  be  changed  in  a  fortnight  or  a  month  to  a  mag- 
nificent ceruse,  of  a  beautiful  white  and  velvety  appear- 
ance. The  lead  sponge  oxidised  at  a  temperature  of 
392°  gives  the  same  results,  and  the  tones  of  these 
compounds  are  superior  to  those  now  made,  and  are 
very  powerful  in  their  action.  M.  Chenot,  in  the 
above  communication,  assures  the  Academy,  that  no 
manufacture  can  possibly  be  safer  in  a  sanitary  view 
than  that  of  white  lead,  according  to  the  foregoing  pro- 
cess ;  that  the  product  is  perfect,  and  exerts  a  powerful 
action  on  fatty  bodies,  whilst,  at  the  same  time,  the 
compounds  are  obtained  with  extraordinary  simplicity 
and  precision,  without  the  expenditure  of  manual  labor 
consequent  on  the  other  methods. 
-~  Theory  of  the  formation  of  White  Lead.- — For  a 
long  time,  although  some  general  opinions  were  ad- 
vanced with  regard  to  the  formation  of  white  lead  in  the 
fermenting  stacks,  by  the  agency  of  acetic  acid,  air,  and 
carbonic  acid ;  Btill,  till  within  a  recent  period,  there  ex- 
isted a  degree  of  uncertainty  as  to  what  the  real  changes 
were,  in  the  minds  and  writings  of  scientific  men.  It 
has  been  already  stated  in  general  terms,  that  there  is 
formed  in  the  staek  a  basic  acetate  of  lead  which  suffers 
decomposition,  from  the  assimilation  of  the  basic  oxide 
by  carbonic  acid,  leaving  a  neutral  acetate  to  operate  fur- 
ther upon  the  metal.  Recent  experiments  have  shown, 
however,  that  the  substance  produced  is  also  a  basic 
compound  of  neutral  carbonate  of  lead,  with  a  hydrated 
oxide  of  the  metal,  and  the  question  was  suggested 
— Why  does  not  the  carbonic  acid  present  react  upon 
the  free  oxide  of  the  carbonate,  as  well  as  upon  that  of 
the  basic  acetate  which  is  generated  ?    It  would  seem 


No  reliable  experiments,  however,  are  extant  to  show 
whether  any  such  combustion  of  the  acetic  acid  takes 
place,  or  that  the  sexbasic  compound  of  lead  is  pro- 
duced in  the  stack. 

It  was  also  supposed  that  the  oxidation  of  the  metal 
did  not  take  place  through  the  medium  of  the  oxygen  of 
air,  the  stack  being  thought  too  compact  for  the  due 
circulation  of  the  volume  necessary  for  this  purpose ;  but 
rather  that  the  acetic  acid  was  the  means  of  effecting, 
first  the  oxidation,  and  secondly,  the  carbonization ;  the 
extra  carbon  and  hydrogen  of  the  deoxidised  acid  being 


at  first  sight  that  such  a  result  would  be  the  most  likely 
one  to  be  produced,  more  especially  since  the  basic 
acetate  must  necessarily  be  in  contact  with  the  metal, 
and  that  the  gas  must  traverse  the  exterior  coating  of 
carbonate  to  influence  it  in  any  way.  Knowing  that 
white  lead  is  capable  of  assimilating  a  larger  per- 
centage of  carbonic  acid  than  that  which  it  yields, 
it  is  natural  to  infer,  that  instead  of  a  basic  com- 
pound, a  neutral  one  of  oxide  of  lead  and  carbonic 
acid  should  be  obtained.  Theory  in  this  case  would 
be  in  direct  opposition  to  practice,  and  egregiously 
erroneous  also.  Barreswill  has  lately  shown,  how- 
ever, that  when  anhydrous  neutral  carbonate  of  lead 
is  added  to  a  solution  of  the  basic  acetate  of  this  metal, 
white  lead  of  the  composition  above  stated  separates ; 
and  hence  the  first  portions  of  the  acetate  which  arc 
decomposed  by  the  carbonic  acid,  although  such  be  a 
neutral  carbonate,  are  thus  changed  by  contact  with  an 
excess  of  the  basic  acetate  into  the  ordinary  white  lead. 
It  follows  from  this,  that  if  there  is  a  deficiency  of  the 
basic  acetate  of  lead,  the  chief  part  of  the  corroded 
metal  will  be  converted  into  neutral  carbonate  of  lead, 
and  that  its  qualities  as  a  paint  will  be  materially  depre- 
ciated on  account  of  the  molecular  structure  of  that  body. 
This  inference  is  strengthened  by  the  experience  of 
white  lead  manufacturers.  There  is  little  doubt  of 
this  being  the  true  change  which  occurs ;  yet  Ure 
believed  the  metamorphosis  impossible,  from  the  fact 
that  acetic  acid  is  regarded  by  him  as  exercising  a  more 
powerful  combination  than  any  which  carbonic  acid  is 
capable  of  exerting.  It  should  be  remembered,  how- 
ever, that  in  many  chemical  reactions  the  existing 
state  of  the  elements  frequently  modifies  the  changes 
which  in  other  respects  they  give  rise  to,  more  es- 
pecially when  the  substances  are  capable,  like  lead,  of 
producing  compounds,  the  constituents  of  which  are 
held  together  by  a  very  weak  affinity ;  and  although  car- 
bonic acid  alone  does  not  expel  acetic  acid  from  its 
combinations  with  one  equivalent  of  lead  in  the  presence 
of  water,  the  heat  of  the  stack  may  be  conducive  to 
cause  its  expulsion  in  the  presence  of  carbonic  acid. 
Ure  assumed,  that  in  the  action  of  the  acetic  acid  upon 
the  lead  a  sexbasic  compound  is  produced,  which 
undergoes  a  kind  of  eremacausis  that  determines  the 
conversion  of  the  acetic  acid  into  carbonic  acid  and 
water,  the  former  of  which  is  proportionate  to  the  quan- 
tity of  this  gas  combined  with  the  ordinary  white  lead. 

=  2(2PbOCO„PbO,HO)  -f  2HO 

Whito  lead.  Water. 

evolved  as  a  peculiar  etherous  combination.  It  is  need- 
less to  say  that  this  view  was  erroneous,  for,  in  the  first 
instance,  the  quantity  of  acetic  acid  employed  bears  no 
proportion  to  what  would  be  necessary  were  the  manu- 
facture to  proceed  in  conformity  with  these  changes ; 
besides,  Hochstetter  and  others  have  proved,  that 
where  atmospheric  air  is  excluded,  carbonic  and  acetic 
acids  are  insufficient  to  convert  the  metallic  lead  into 
the  carbonate  to  the  extent  which  occurs  in  the  system 
commonly  adopted. 

Composition  of  White  Lead. — From  multiplied  ann- 


1   Eq.  of  sex- "} 

basic  acetate  6  Pb  0,  C4,  H3,  0„  HO  +  08  =  i  (Pb  0,  C0S)  2  (Pb  0,  HO)  -f  2  HO 
ot  lead,  -4-  8   .  >      — \  .  <  w-' 


of  lead,  +  8 
Eqs.  of  oxy- 
gen. 


Sexbasic  acetate  of  lend. 


Oxygon. 
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lyses,  by  several  well-known  chemists,  of  the  English 
and  foreign  white  lead  of  various  factories,  it  appears 
that  its  composition  almost  invariably  is,  two  equiva- 
lents of  the  protocarbonate  of  lead  united  with  one 
of  the  hydrated  oxide,  and  agreeing  with  the  formula 
2  (Pb  0,  C02)  Pb  0,  HO. 

Mulder,  in  his  researches  upon  white  lead,  arrived 
at  these  results ;  so  also  did  Hochstetter  ;  and  latterly 
the  examinations  of  Link  and  Phillips  corroborate 
the  same.  The  precipitated  compound,  such  as  that  pre- 
pared at  Clichy,  has  a  similar  composition,  owing  to  the 
fact  expressed  in  the  preceding,  that  by  the  reaction  of 
carbonic  acid  or  neutral  carbonate  of  lead  upon  the 
basic  acetate,  a  precipitate  of  analogous  composition  to 
the  above  falls.  If  the  transmission  of  the  carbonic 
acid  be  continued  till  the  menstruum  indicates  the 
evanescent  acid  reaction  peculiar  to  it,  the  whole  of  the 
lead  will  be  carbonated,  and  a  compound  obtained, 
much  less  adapted  for  the  painter  than  if  the  operation 
were  not  pushed  so  far.  Previous  to  the  investigations 
above  alluded  to,  it  was  supposed  that  the  Clichy  white 
was  a  simple  carbonate,  and  that  the  disparity  of  effect 
manifested  by  it,  compared  to  the  Dutch  kinds,  was 
owing  to  this;  but  Pa  yen  and  TJre  proved  by  strict 
examinations,  that  the  former  variety  when  obtained  in 
the  cold  from  moderately  dilute  solutions,  was  com- 
posed of  irregular  plates  finely  divided,  but  the  super- 
position of  which  did  not  offer  the  same  degree  of  opa- 
city as  an  equal  weight  of  the  Dutch  white.  It  would 
appear,  however,  that  when  the  compound  is  thrown 
down  from  hot  concentrated  solutions  of  the  basic  salt, 
the  crystalline  structure  is  con- 
siderably diminished,  and  the  pro- 
duct is  more  opaque  and  spreads 
better  under  the  brush  of  the 
painter. 

Occasionally  a  species  of  white 
lead  is  produced  by  the  Dutch 
method,  which  yields  on  analysis 
.  numbers  corresponding  to  the 
formula  3  (Pb  0,  C02)  Pb  0,  HO ; 
that  is,  three  equivalents  of  car- 
bonate to  one  of  oxide  of  lead, 
texture  when  drawn  from  the  heights,  quite  distinct 
from  the  hard  crates  of  white  lead  obtained  when  the 
metal  is  almost  wholly  converted ;  and  is  invariably 
the  result  of  defective  corrosion  of  the  metal.  This 
kind  of  white  lead  does  not  cover  so  well  as  the  hard 
lead. 

Analysis  op  White  Lead. — The  analysis  of  white 
lead  as  taken  from  the  metal  or  from  the  drying-house 
is  very  simple,  but  becomes  more  difficult  in  the  form 
of  paint,  for  then  not  only  do  the  oleaginous  matters 
present  inconveniences,  but  generally  speaking  various 
other  mixtures,  such  as  sulphate  and  carbonate  of 
baryta,  sulphate  of  lead,  antimonial  compounds,  et  cetera, 
are  incorporated.  It  suffices,  when  the  compound  is  dry 
and  uncombined  with  oil,  to  desiccate  a  known  portion 
of  the  average  sample,  reduced  to  a  fine  powder,  in  a 
water-bath  as  long  as  it  ceases  to  lose  weight,  and  note 
the  loss  thus  sustained.  The  crucible  may  then  be  ex- 
posed to  a  dull  red  heat,  for  the  purpose  of  expelling 
the  carbonic  acid  ;  weighing  as  in  determining  the  wa- 


ter, and  when  this  is  done,  setting  down  the  loss  before 
heating  in  the  flame,  and  after.  To  insure  that  the 
whole  of  the  carbonic  acid  is  expelled,  two  weighings 
after  prolonging  the  heat  should  correspond.  Pure  white 
lead  yields : — 

Centeslmally. 

Oxide  of  lead,   86-377 

Carbonic  acid,   11-310 

Water,   2-313 

100-000 

Now  if  the  percentage  of  water  and  carbonic  acid  in 
the  sample  examined  coincide  with  these  numbers,  it 
will  be  evident  that  the  sample  is  pure ;  but  should  the 
amount  of  carbonic  acid  found  be  greater  than  that 
given,  it  is  a  sign  the  preparation,  though  not  adul- 
terated, is  still  of  inferior  quality,  since  the  proportion  of 
the  carbonate  is  increased  in  relation  to  the  oxide  pre- 
sent, and  consequently  if  used  as  a  paint,  it  loses  in  body 
through  this  constitution.  Since  a  difference  of  0'7 
per  cent,  of  carbonic  over  the  foregoing  numbers  in  the 
analysis,  indicate  that  another  equivalent  of  carbonate 
of  lead  is  associated  with  the  same  weight  of  hydrated 
oxide,  it  is  evident  that  the  utmost  care  must  be  exer- 
cised in  making  a  true  estimation  of  the  carbonic  acid 
and  water.  If  the  latter  should  not  be  wholly  expelled 
before  experimenting  for  the  carbonic  acid,  it  is  plain 
that  an  error  would  be  made  in  the  results,  since  any 
residuary  moisture  will  be  estimated  as  carbonic  acid. 

Phillips  has  devised  a  plan  by  which  all  or  most  of 
the  liabilities  to  error  are  obviated  ;  but  to  manage  the 
operation  with  success  requires  some  skill  and  prac- 


It  has  a  loose  friable 


tice.  He  takes  an  apparatus  fitted  up  as  represented 
in  Fig.  338,  in  which  A  is  an  aspirator  connected 
with  the  chloride  of  calcium  tube,  B ;  this  in  turn  is 
joined  with  the  potassa  liquor  bulbs,  c,  the  second  chlo- 
ride of  calcium  retainer,  D,  the  tube,  e,  into  which  the 
sample  to  be  analyzed  is  put,  and  the  U-tube,  F,  holding, 
in  one  limb,  pieces  of  pumice  moistened  with  concen- 
trated sulphuric  acid,  and  in  the  other,  partly  fragments 
of  fused  chloride  of  calcium,  and  solid  potassa.  All  the 
connections  are  made  by  means  of  corks,  quill-tubing, 
and  caoutchouc  connectors.  About  twenty  grains  of 
the  sample  being  carefully  introduced  into  the  bulb  of 
the  tube,  e,  and  united  at  both  ends,  the  flame  of  the 
lamp  is  cautiously  applied  to  it,  and  at  the  same 
time  a  gentle  stream  of  air  drawn  through,  by  turning 
the  tap  of  the  aspirator.  As  soon  as  the  moisture  is 
supposed  to  be  expelled,  the  heat  is  increased,  and  the 
carbonic  acid  becomes  thus  liberated,  but  retained  in 
the  bulb  apparatus,  c.  After  the  carbonic  acid  ceases 
to  be  emitted,  and  the  residue  in  the  bulb  presents  the 
well-known  appearance  of  litharge,  the  parts,  B,  c,  and 
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D,  are  quickly  detached,  and  weighed.  The  acquired 
weight  of  B  and  c,  combined,  will  indicate  the  carbonic 
acid  in  the  sample,  whilst  that  of  D  will  show  the  water 
present.  The  oxide  of  lead  is  estimated  in  this  way 
indirectly,  since  it  constitutes  the  difference.  When, 
however,  impurities  exist,  this  will  not  answer,  and 
therefore,  the  weight  of  the  impurity  must  be  deter- 
mined, or  that  of  the  oxide  of  lead  combined  with  car- 
bonic acid,  as  well  as  that  associated  with  it  as  hydrate. 
If  the  impurity  be  of  an  insoluble  nature,  such  as  sul- 
phate of  lead  or  baryta,  the  carbonate  must  be  dissolved 
out  by  acetic  acid,  the  residue  washed,  dried,  ignited, 
and  weighed.  Should  the  insoluble  portion  bo  a  mix- 
ture of  the  sulphates  of  lead  and  baryta,  and  that  the 
quantities  of  each  are  to  be  found,  the  most  expeditious 
course  is  to  heat  the  contents  of  the  crucible  with  sul- 
phide of  potassium  or  of  sodium,  keeping  the  vessel 
covered.  After  a  quarter  of  an  hour's  heating,  the  flame 
may  be  removed,  the  contents  of  the  vessel  washed  out 
with  hot  water,  filtered  to  remove  the  excess  of  alkali, 
and  the  residue  treated  with  dilute  nitric  acid.  Sul- 
phide of  lead  produced  in  the  preceding  operation  is  thus 
dissolved,  and  after  filtering  off  the  liquid  and  washing 
the  residue,  the  metallic  oxide  may  be  removed  from  it 
in  the  form  of  sulphate,  by  adding  sulphuric  acid  in 
excess,  and  diluting.  The  latter  precipitate  is  then  to 
be  filtered,  washed  with  a  very  attenuated  sulphuric 
acid,  dried,  ignited,  and  weighed.  If  from  the  entire 
residue  the  amount  of  sulphate  of  lead  obtained  in  this 
way  is  deducted,  the  difference  will  be  the  barytic  com- 
pound used.  When  carbonates  of  baryta  or  lime  are 
added,  these  compounds  do  not  part  with  their  acid  at 
the  same  temperature  at  which  the  white  lead  yields 
its  carbonic  acid,  so  that  the  estimation  of  the  loss  by 
heat,  managed  so  as  to  be  barely  at  a  dull  redness,  will 
represent  the  proportion  of  the  valuable  compound  ex- 
isting in  it.  The  residue  may  be  examined  for  car- 
bonic acid  in  Wills'  apparatus,  and  its  amount  will 
give  indirectly  the  weight  of  carbonate  of  lime  or 
baryta  present  in  the  sample. 

Adulterations.  — All  the  white  lead  which  is 
manufactured  into  paint  is  more  or  less  sophisticated, 
and  chiefly  with  barytic  compounds.  The  practice  is 
carried  on  to  such  an  extent,  in  some  cases,  that 
more  than  three-fourths  of  the  mineral  constituents  of 
the  paints  are  adulterants.  This  is  invariably  done  at 
the  manufactory,  and,  unless  specially  required,  the 
white  lead  is  never  ground  per  se  with  the  oil ;  and, 
therefore,  the  various  qualities  of  white  lead  are  in 
some  respects  synonymous  with  the  extent  of  spurious 
matter  incorporated  with  it.  In  Belgium  there  are 
several  kinds — the  Kremser  white  being  unadulterated, 
but  the  others  largely  so :  thus,  Venetian  white  is  a 
mixture  of  heavy  spar  and  the  subcarbonate  of  lead, 
in  equal  proportions ;  Hamburg  white,  of  two  parts  of 
heavy  spar  and  one  of  the  plumbous  compound ;  and 
that  known  as  Dutch  white  contains  three-fourths  of 
sulphate  of  baryta.  Many  of  these  compounds  are 
mixed  with  a  small  quantity  of  charcoal,  indigo,  or 
Prussian  blue,  so  that  the  dead  yellowish  shade  which 
they  present  may  be  enlivened  to  a  brighter  hue. 

Before  leaving  the  subject  it  may  be  stated,  that  of 
late  years  efforts  are  being  made  to  supersede  the 


manufacture  of  carbonate  of  lead  entirely,  by  substi- 
tuting for  it  other  compounds,  which,  when  mixed 
with  oil,  give  a  white  paint.  Of  these,  the  principal 
are  oxide  of  zinc,  the  teroxide  of  antimony,  sulphate 
of  baryta,  et  cetera;  but  the  oxide  of  zinc  comes 
nearer  to  the  true  substitute  than  the  others  :  for  this 
enters  into  a  combination  with  the  oil,  just  as  the 
oxide  in  the  white  lead  gives  rise  to  an  oleate  that 
considerably  aids  in  the  extension  of  the  paint  on  the 
surface,  and  causes  it  to  form,  at  the  same  time,  a  per- 
fect coating. 

Oxychloride  of  Lead. — This  is  a  compound  lately 
introduced  by  Mr.  Pattison,  who  has  obtained  a 
patent  for  its  manufacture.  It  is  described  as  possess- 
ing properties  which  are  superior  to  those  of  white 
lead,  inasmuch  as  it  does  not  so  readily  blacken  with 
sulphide  of  hydrogen  as  the  latter  body.  To  prepare 
it,  the  patentee  dissolves  pure  chloride  of  lead  in  water 
at  the  temperature  of  212°,  in  quantities  averaging 
five-sixths  of  a  pound  to  a  cubic  foot  of  liquid.  Soda, 
potassa,  lime,  or  baryta  in  the  caustic  or  hydrated 
state,  may  be  employed  to  precipitate  the  lead  from 
the  solution,  but  as  lime  is  the  cheapest,  it  is  of  course 
preferred. 

When  lime  is  the  precipitant,  a  saturated  solution  of 
it  is  made  in  cold  water,  in  which  case  a  cubic 
foot  of  the  liquid  will  contain  one-half  of  the  equiva- 
lent of  the  lead  contained  in  the  plumbous  liquor.  If 
the  water  employed  to  prepare  this  liquor  contains 
soluble  sulphates  or  carbonates,  a  corresponding  quan- 
tity of  the  lead  will  be  precipitated  in  the  form  of  sul- 
phate or  carbonate,  and  consequently  more  chloride  of 
lead  should  be  employed  than  above  specified,  so  that 
the  lime  may  not  be  present  in  excess,  in  which  case  it 
would  dull  the  aspect  of  the  preparation.  The  solu- 
tions being  thus  prepared,  they  are  suddenly  mixed,  for 
which  purpose  the  patentee  employs  two  tumbling- 
boxes  of  sixteen  cubic  feet  capacity,  and  placed  over 
a  cistern  or  tank  into  which  the  two  boxes,  when 
full,  are  inverted,  and  cause  the  two  liquids  to  mix 
instantaneously.  Basic  chloride  of  lead  having  the 
composition  represented  by  the  equation  Pb  CI,  PbO, 
HO,  that  is,  an  equivalent  of  chloride  and  of  oxide  of 
lead,  falls;  and  after  complete  subsidence,  the  clear 
supernatant  liquor  which  contains  chloride  of  calcium 
and  a  trace  of  lead,  is  siphoned  off  to  another  tank, 
and  there  mixed  with  a  further  quantity  of  lime-water. 
Should  any  of  the  lead  salt  escape  decomposition,  it  is 
here  converted  into  the  hydrate  which  falls  to  the 
bottom  of  the  tank,  and  may  be  recovered.  It  would 
appear  that  when  the  oxychloride  of  lead  is  employed 
as  a  paint,  the  oxide  contained  in  it  gives  rise  to  an 
oleate  of  lead,  and,  in  consequence  of  this  saponaceous 
matter,  is  capable  of  spreading  over  an  extended  surface 
like  ceruse.  Ure,  however,  found  that  water  removes 
the  chloride  of  lead  from  the  paint  compounded  of  this 
article,  and,  consequently,  that  it  is  not  so  effectual  as 
the  carbonate  or  white  lead. 

Physiological  Effects  of  Lead  and  its  Compounds.— 
With  the  exception  of  one  or  two  of  the  most  insoluble 
compounds  of  lead,  all  the  others  are  known  to  have 
very  active  poisonous  properties.  The  sulphide  of  lead, 
the  sulphate,  and  sulphite,  if  possessed  of  such,  are  not, 
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however,  so  virulent  as  those  salts  of  the  metal  which 
are  soluble  in  water,  or  in  dilute  acids.  It  is  to  be  re- 
marked, that  miners  of  galena  are  seldom,  if  ever,  inca- 
pacitated by  any  derangement  to  their  health  arising 
from  saturnine  poisoning ;  when,  however,  they  chance 
to  be  removed  to  the  smelting  establishments,  after  a 
while  occasional  indications  of  the  physiological  effects 
of  lead  on  the  system  are  observed.  Dr.  Scoffekn, 
when,  a  few  years  ago,  advocating  the  use  of  acetate 
of  lead  for  the  purification  of  saccharine  juices,  affirmed 
the  innocuousness  of  sulphite  of  lead,  owing  to  its  in- 
solubility; but  no  well-confirmed  proofs  exist  of  the 
truth  of  the  assertion. 

Lead,  per  se,  is  supposed  to  have  no  effects  on  animals ; 
nevertheless  its  ready  solution  by  the  fluids  and  juices 
in  the  stomach,  brings  it  into  a  state  in  which  it  is  ra- 
pidly absorbed  into  the  system,  and  thus  becomes  poi- 
sonous. Therapeutically  considered,  the  preparations  of 
lead  have  sedative  and  astringent  properties,  since  they 
diminish  the  volume  and  frequency  of  the  pulse,  and 
reduce  the  secretive  functions.  Thus,  when  it  is  em- 
ployed for  some  time,  the  arteries  become  reduced  in 
size  and  activity,  as  indicated  by  the  smallness  and 
slowness  of  the  pulse ;  hence  its  use  in  checking  hae- 
morrhage, whether  natural  or  artificial,  and  in  reducing 
the  temperature  of  the  body.  These  characteristic 
effects  extend  to  the  secreting  and  exhaling  vessels,  as 
may  be  known  from  the  dryness  of  the  mouth  and  throat, 
the  thirst,  et  cetera,  which  succeed  its  absorption.  If 
present  in  quantities,  other  very  decided  indications  are 
observed,  such  as  the  well-known  leaden  discoloration  of 
the  gums,  of  the  buccal  mucous  membrane,  and  of  the 
teeth ;  the  peculiar  taste  and  odor  of  the  breath ;  the 
lead  jaundice,  and  ultimately  general  emaciation.  The 
coloration  of  the  gums,  membrane,  and  teeth  is  recog- 
nized by  a  leaden  or  slate-blue  line  from  one-twentieth 
to  one-sixth  of  an  inch  in  breadth,  which  forms  on  the 
margin  of  the  gums,  nearest  to  the  incisors  in  either 
jaw,  whilst  the  rest  of  the  gums  appear  of  a  bluish-red 
tint;  the  membrane  lining,  the  gums,  and  cheeks  are  also 
of  a  bluish  color,  and  the  lower  part  or  neck  of  the  teeth 
are  stained  brownish.  It  would  appear  that  these 
various  shades  of  color  are  occasioned  by  sulphide  of 
lead,  produced  doubtless  by  the  traces  of  sulphoeyano- 
gen  which  is  known  to  exist  in  the  saliva  flowing  from 
the  glands  of  the  mouth.  Saturnine  breath  is  known 
only  to  those  who  are  affected  by  lead  through  the 
respiratory  organs,  such  as  persons  engaged  in  the 
manufacture  of  the  compounds  of  this  metal  already 
referred  to.  Emaciation,  which  is  another  of  the  most 
marked  of  the  primary  effects  of  lead,  shows  itself  more 
evidently  in  the  face  of  the  patient,  giving  to  it  a  care- 
worn, wrinkled,  and  aged  appearance.  When  the  lead 
accumulates  in  larger  proportions,  whether  by  accident 
or  long-continued  use  of  small  quantities  of  plumbous 
compounds,  it  gives  rise  to  various  diseases  known  as 
lead  colic,  anthralgia,  paralysis,  and  that  which  is 
characterized  as  encephalopathy,  and  which  manifests 
itself  by  different  morbid  phenomena,  such  as  delirium, 
coma,  and  convulsions,  with  or  without  loss  of  one  or 
more  of  the  senses.  Physicians  have  observed,  that 
patients  are  liable  to  several  of  these  at  once,  although 
the  most  frequent  of  them  is  the  lead  colic. 
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Lead  Colic,  the  symptoms  and  characteristics  of  which 
need  not  be  entered  upon  here,  is  generally  accompa- 
nied by  the  blue  coloration  of  the  gum,  and  this  enables 
the  practitioner  to  define  the  variety  of  the  complaint. 

Lead  Anthralgy.  It  shows  itself  by  pains  in  the 
limb.  These  usually  become  acute  by  paroxysms,  are 
diminished  by  pressure,  increased  by  motion,  and  are 
accompanied  by  cramps  and  hardness  of  the  painful 
parts.  In  this  case  also,  the  blue  line  of  the  gums  shows 
whence  the  disease  springs. 

Lead  or  Saturnine  Paralysis.  This  ailment  is  char- 
acterized by  the  loss  of  voluntary  movement  of  the  parts 
affected,  owing  to  the  want  of  the  power  of  contracting 
the  muscular  fibres  of  such  parts.  It  is  more  frequently 
observed  in  the  upper  extremities,  although  the  lower 
are  also  liable  to  be  affected  by  it.  The  extensor  mus- 
cles are  more  frequently  diseased  than  the  flexor,  so 
that  it  manifests  itself  most  frequently  in  the  hands, 
arms,  and  legs.  Pain  is  experienced  frequently  in  the 
affected  parts,  and  sometimes  also  in  the  region  of  the 
spine.  Generally,  lead  paralysis,  succeeds  the  saturnine 
colic,  although  it  may  come  on  whilst  the  patient  is 
suffering  from  the  latter.  This  disease  is  likewise  dis- 
tinguished from  others  of  a  similar  nature,  by  the  blue 
line  in  the  gums  which  is  very  marked  at  its  com- 
mencement. 

In  all  these  forms  of  disease  as  well  as  the  cerebral 
ailments  classed  under  saturnine  encephalopathy,  it  is 
the  general  opinion,  that  the  greatest  effects  are  pro- 
duced from  local  causes,  arising  from  the  inert  com- 
pounds which  the  metallic  base  forms  with  the  albumen, 
et  cetera,  of  the  tissues  and  parts  which  absorb  it.  At 
first  sight  it  would  seem,  since  such  a  combination  is  ca- 
pable of  being  produced,  that  absorption  could  not  take 
place;  but  though  slow  in  this  respect,  when  compared 
with  other  substances,  experience  has  demonstrated  its 
presence  in  the  brain,  spinal  cord,  and  other  parts  of  the 
body,  to  which  access  could  not  be  made,  excepting  from 
the  respiratory  organs  or  the  stomach.  Some  persons 
are  so  susceptible  to  poisoning  influences,  that  the  vapor 
from  lead  paint  even  has  been  stated  to  enter  the  sys- 
tem, and  produce  symptoms  of  a  most  alarming  charac- 
ter, as  recently  noticed  by  Dr.  Watson,  the  eminent 
physician  of  London. 

Poisoning  by  Lead. — When  compounds  of  lead  are 
taken  in  such  quantities  as  to  be  destructive  to  life,  the 
physical  indications  which  are  observed  differ  with  the 
form  of  combination  of  the  metallic  oxide ;  thus,  for 
instance,  the  acetate  of  lead  acts  as  an  irritant,  but  the 
carbonate — white  lead — has  no  such  action,  or  at  best 
only  a  very  indecisive  one  ;  the  same  may  be  observed 
of  the  oxide  and  other  compounds  of  lead,  especially 
those  of  limited  solubility.  The  general  physiological 
effects  already  mentioned,  are  guides  which  do  not  fail 
to  point  out  the  cause  when  death  or  violent  attacks 
through  the  poisonous  action  of  lead  follows. 

Antidotes. — Two  classes  of  agents  are  known  which 
lessen  or  destroy  the  poisonous  effects  of  lead ;  these  are 
sulphide  of  hydrogen  and  the  soluble  metallic  sulphides, 
and  sulphuric  acid  and  the  soluble  sulphates.  With 
the  first  class,  black  sulphide  of  lead  is  immediately 
formed,  and  as  this  body  is  almost  inert,  if  not  inno- 
cuous, the  further  deleterious  action  of  the  lead  salt  is 
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averted,  as  soon  as  the  metallic  base  is  changed  to  the 
form  of  sulphide.  In  a  similar  way  the  sulphuric  acid 
and  the  sulphates  act,  only  that  a  white  sulphate  of  lead 
is  generated  in  this  case.  It  is  doubtful,  however, 
whether  the  sulphates  and  sulphuric  acid  operate  as  an 
efficient  antidote,  since  it  is  probable  that  portions  of 
this  salt  are  dissolved  by  the  chlorides  of  the  alkali- 
metals,  which  are  always  present  in  the  stomach,  and 
likewise  by  the  alkaline  acetate,  which  is  formed  when 
a  soluble  sulphate  is  administered  in  cases  of  this  satur- 
nine poisoning.  For  the  most  part  the  first  class  anti- 
dotes are  applied  topically,  in  the  form  of  a  bath,  and 
the  second  internally,  in  that  of  draught,  et  cetera;  the 
former  decompose  any  lead  which  may  be  on  the  skin, 
and  convert  it  into  sulphide,  thus  preventing  its  ab- 
sorption ;  and  the  latter  check  the  progress  of  the  poison 
interiorly. 

Acute  lead  poisonings  are  rarely  observed,  excepting 
they  arise  from  inadvertence  or  accident,  either  purely 
so  or  malicious ;  but  the  first  stages  of  slow  poisonings 
are  very  frequent,  and  well  known  to  most  of  the  general 
medical  practitioners  in  every  large  town,  as  well  as  in 
the  rural  districts.  The  source  is  almost  invariably 
found  to  be  the  water  employed  for  domestic  purposes, 
the  lengthened  use  of  which  causes  a  depression  of 
spirits,  emaciation,  and,  finally,  colic  and  paralysis. 
Several  cases  of  this  description  have  come  under  the 
notice  of  the  Editor,  wherein  whole  families  were 
affected,  and  though  the  leaden  indications  in  the  gums 
were  undiscerned — as  their  medical  attendant  in  many 
of  them  appeared  baffled  by  the  continued  and  frequent 
complaints — still,  carefully  conducted  analyses  proved 
that  lead  was  the  undermining  agent.  Iron-glazed  pipes 
and  pumps,  with  slate  or  cemented  cisterns,  were  recom- 
mended for  adoption,  and  with  a  very  marked  effect, 
the  health  of  the  individuals  being  completely  restored. 
Many  waters  containing  lead  are  preserved  as  by  an 
antidote  from  effecting  any  injury  to  the  consumer, 
and  are  consequently  quite  safe  for  consumption.  The 
substances  that  react  thus  are  the  sulphates,  phos- 
phates, and  carbonates  of  the  alkalies,  and  also  the 
sulphates,  carbonates,  et  cetera,  of  the  alkaline  earths; 
in  fact  any  neutral  salt,  the  acid  of  which  is  capable  of 
combining  with  lead  or  its  oxide,  and  of  constituting  an 
insoluble  compound,  has  this  effect.  It  is  owing  to  the 
presence  of  one  or  more  of  these,  that  mineral  or  spring 
water,  though  passed  through  lead  pipes  and  retained 
in  cisterns  of  that  metal,  remains  for  the  most  part 
unimpregnated  with  lead.  So  small  a  quantity  as  three 
or  four  grains  of  a  sulphate  or  a  phosphate  in  a  water, 
prevents  after  some  time  the  corrosion  of  the  metal ; 
carbonates  have  a  similarly  marked  effect,  more  espe- 
cially the  soluble  bicarbonate  of  the  alkaline  earths,  since 
an  oxycarbonate  of  lead  is  formed,  which  is  one  of  the 
most  insoluble  combinations  of  lead,  only  one  part  being 
taken  up  by  four  million  parts  of  water.  It  must,  how- 
ever, be  remarked  that  these  salts  do  not  protect  the 
lead  from  the  solvent  action  of  waters  which  contain 
nitric  or  nitrous  acids  in  solution.  These  two  acids  are 
products  of  the  decomposition  of  animal  matter,  and 
any  water  containing  them  will  infallibly  act  upon  lead ; 
and,  consequently,  it  would  be  highly  dangerous  to  pass 
such  a  water  through  leaden  pipes,  or  to  store  it  in  leaden 


cisterns.  All  of  these  insoluble  precipitates,  after  accu- 
mulating for  some  time  on  the  sides  of  the  cistern  and 
on  the  interior  of  the  pipe,  form  a  solid  coating,  which  in 
a  measure  isolates  the  metal  from  contact  with  the  water, 
and,  consequently  it  is  protected,  and  the  water  remains 
good  and  wholesome.  Chloride  of  sodium  acts  also  as  an 
anticorrosive  substance  to  the  water,  but  its  effects  are 
less  certain  than  those  of  the  compounds  above  referred 
to,  since  the  chloride  of  lead  is  much  more  soluble  than 
either  the  sulphate,  phosphate,  carbonate,  or  similar 
salts.  As  it  frequently  occurs,  however,  that  in  spring 
waters  there  are  appreciable  quantities  of  nitrates,  and 
even  free  nitrous  and  nitric  acid,  as  in  a  water  from 
the  private  well  in  the  neighborhood  of  Birkenhead 
examined  by  the  Editor ;  the  action  of  such  waters  upon 
lead  becomes  exceedingly  marked,  and  not  unfrequently 
do  they  give  notable  indications  of  lead  being  in  solution 
after  some  time,  even  though  they  contain  sulphates. 
In  these  cases  the  active  solvent  agent  is  still  left  in  the 
water,  and  continues  to  act  upon  the  metal,  even  after 
the  entire  sulphuric  acid  present  has  combined  with  the 
oxide  of  lead  dissolved.  Water,  therefore,  which  retains 
nitric  acid  either  in  the  free  state  or  combined,  whether 
it  be  mineral  or  catchment  water,  is  not  so  safe  for 
storage  in  leaden  cisterns.  In  like  manner,  the  water 
which  retains  decomposing,  organic,  nitrogenous  matters 
in  solution  or  suspension,  is  unsafe  so  far  as  regards  the 
action  on  lead ;  for  as  stated  above,  the  transformation 
of  the  elements  of  such  by  the  eremacausis  which  they 
undergo,  tends  to  produce,  first  ammonia,  and  by  a  fur- 
ther process  of  oxidation,  nitrous  or  nitric  acid,  and  at 
the  completion  of  this  change  their  corrosive  action 
becomes  very  remarkable — so  much  so,  indeed,  as  to 
cause  the  solution  of  several  grains  of  lead  per  gallon. 
Besides  the  fact,  that  waters  containing  organic  decom- 
posing matters  are  in  themselves  unhealthy,  their 
subsequent  effect  upon  lead  renders  them  doubly  so. 

Medlock  has  latterly  patented  a  method,  whereby 
the  nitrates  which  exert  such  a  powerful  action  upon 
lead  are  removed,  together  with  the  organic  matter,  if  the 
latter  be  not  present  in  great  excess.  It  consists  in 
suspending  coils  of  iron  wire  or  pieces  of  sheet-iron  in 
the  water,  and  after  a  stated  period  filtering  off  the 
deposit  which  forms.  By  this  means  the  nitric  acid  is 
decomposed  by  the  iron,  which  is  transformed  into  ses- 
quioxide  and  falls  to  the  bottom,  whilst  nitrous  gas  is 
set  free  and  oxidizes  the  carbonaceous  matters,  which 
remain  still  in  the  fluid  so  as  to  yield  carbonic  acid  and 
a  lower  oxide  of  nitrogen. 

From  experiments  made  upon  some  of  the  water 
lately  supplied  to  Liverpool,  and  which  proved  itself  to 
be  a  most  eligible  subject  for  examination,  from  the 
quantity  of  organic  matter,  both  animal  and  vegetal, 
and  nitrates,  which  it  contained,  the  Editor  arrived  at 
very  satisfactory  conclusions,  that  the  object  proposed 
by  the  patentee  may  be  completely  fulfilled. 

Action  of  Water  on  Lead. — When  water  which  has 
been  purified  by  distillation  from  pure  caustic  potassa, 
and  kept  out  of  contact  with  the  atmosphere,  is  poured 
over  clean  sheets  of  lead,  and  so  retained  for  a  consider- 
able period,  no  solution  of  the  metal  will  be  observed  to 
have  taken  place,  nor  will  the  examination  of  the  water 
indicate  that  any  of  the  metal  has  been  taken  up.  This 
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will  not  be  the  case  if  a  comparative  experiment  be 
made  with  rain-water,  however  carefully  collected,  even 
in  the  open  country ;  for  with  this  the  metallic  lustre 
is  soon  dulled,  and  a  film  of  carbonate  and  of  oxide  of 
lead  forms  on  the  plates,  showing  that  a  chemical 
action  must  have  occurred ;  and  besides,  if  the  liquid 
is  chemically  treated,  distinct  evidence  of  the  presence 
of  lead  in  solution  is  found.  The  same  observation 
will  be  made  with  regard  to  distilled  water  and  lead, 
when  the  vessel  containing  them  is  exposed  to  the  air, 
though  not  to  the  extent  of  the  former.  In  these 
instances,  there  is  a  compound  of  oxide  and  carbonic 
acid  corresponding  to  white  lead,  formed  through  the 
intervention  of  the  carbonic  acid  with  which  the  water 
— in  case  of  rain-water — is  charged,  or  it  absorbs  this 
gas  in  the  experiment  with  distilled  water.  If  the 
vessel  be  freely  exposed,  portions  of  this  carbonate  are 
dissolved ;  but  independently  of  this,  the  carbonic  acid 
which  is  always  imbibed  from  the  air,  proves  much 
more  effectual  for  its  solution,  and,  therefore,  a  consi- 
derable part  will  manifest  itself  to  chemical  tests,  after 
some  lapse  of  time.  Another  agent  in  rain  and  other 
waters,  that  acts  with  great  rapidity  on  lead,  is  nitrous 
acid;  and  latterly  Dr.  Medlock  has  shown,  that 
ammonia,  by  its  transformation  into  this,  is  capable  of 
ultimately  causing  the  water  in  which  it  is  present,  if 
retained  in  contact  with  lead,  to  become  poisoned. 
The  annexed  equation  exhibits  the  interesting  trans- 
formation : — 
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Of  course,  some  of  the  nitrous  acid  will  be  constantly 
metamorphosed  into  nitric  acid,  oxidation  continually 
going  on.  This  chemist  affirms  that  the  nitrate  of  lead 
produced  in  contact  with  the  metal,  is  speedily  trans- 
formed into  the  quadribasic  nitrite,  with  evolution  of 
binoxide  of  nitrogen,  which,  by  combining  with  another 
equivalent  of  oxygen,  re-forms  nitrous  acid.  The  pro- 
duction of  the  lead  salt  is  thus  explained : — 

5  (Pb  0,  N06)         -f-  11  Pb  = 


Nitrate  of  lead, 

4(4PbO,  N03) 
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Quadribasic  nitrite  of  lead.  Binoxide  of  nitrogen. 

Medlock,  contrary  to  all  preceding  views  with 
regard  to  the  action  of  certain  waters  on  lead,  thus 
correctly  sums  up  : — 

Firstly.  The  action  of  any  water  on  lead  is  entirely 
due  to  the  presence  of  nitrous  and  nitric  acid,  resulting 
primarily  from  the  decomposition  of  organic  matters, 
and  of  ammonia  contained  in  the  water. 

Secondly.  Waters  deprived  of  these  acids,  and  of 
substances  capable  of  producing  them,  have  no  action 
on  lead,  and  may  be  conveyed  with  perfect  safety 
through  leaden  pipes,  or  stored  in  leaden  cisterns.  To 
store  or  collect  water  containing  a  nitrogen  acid  in 
cisterns  or  tanks  lined  with  lead,  as  is  usually  done  for 
domestic  use,  is  highly  pernicious,  since  the  injuries 
arising  from  taking  lead  into  the  system,  and  stated 
above,  may  follow.  And  as  no  other  more  convenient 
means  for  the  storage  of  water  and  its  conveyance  are 
known,  especially  in  small  quantities,  the  first  question 


relative  to  the  sanitary  value  of  a  water  which  ought 
to  present  itself  to  municipal  or  corporate  bodies,  as 
well  as  to  private  individuals,  is,  does  it  exert  a  solvent 
action  upon  lead,  or  does  it  contain  a  nitrogenous  acid, 
or  any  compound  likely  to  produce  one.  It  is  true 
that  water  which  would  dissolve  this  metal  in  abun- 
dance, and,  therefore,  be  rendered  unfit  for  use,  is  by 
the  presence  of  certain  mineral  ingredients  rendered 
less  liable  to  do  mischief. 

LEATHER — Cuir,  French;  leder,  German. — 
Leather  is  the  compound  which  the  fibrous  matter  of 
the  skin  of  warm-blooded  animals  forms  with  various 
substances  of  an  organic  and  inorganic  nature.  It 
remains  in  a  great  measure  unaltered  under  the  joint 
influence  of  air  and  moisture ;  and  in  this  behavior 
differs  considerably  from  the  skin,  per  se,  since  the 
latter,  if  subjected  to  the  action  of  the  forementioned 
bodies,  readily  undergoes  a  species  of  fermentation  that 
resolves  itself  into  the  putrefactive  kind,  and  quickly 
destroys  the  integument  of  the  skin. 

Historical  Notice. — Of  the  early  history  of  leather 
little  is  known ;  still  the  meagre  allusions  met  with  in 
old  records  are  sufficient  to  show  that  it  is  of  high  anti- 
quity. Like  many  other  manufacturing  arts  of  long 
standing,  the  preparation  of  leather  from  the  skins  of 
animals  originated  with  the  Oriental  people,  but  of  the 
methods  adopted  nothing  is  stated  to  inform  the  reader 
of  the  present  day,  beyond  the  remark  that  alum  was 
used  as  a  tanning  agent  by  the  Saracens. 

It  is  recorded  that  leather  was  employed  among  the 
Romans,  long  before  they  acquired  the  knowledge 
necessary  for  its  preparation.  In  those  and  subsequent 
epochs  it  was  in  request  for  sandals  and  other  articles 
appertaining  to  dress.  In  the  middle  ages,  it  is  stated 
that  several  uses  were  made  of  this  article,  both  per- 
sonal and  domestic,  and  although  the  manufacture  must 
have  experienced  a  corresponding  impetus,  still  the 
mode  of  tanning  or  treating  skins  at  that  period  is  in 
oblivion.  According  to  Fosbrooke,  the  Britons  in 
early  times  exported  the  skins  of  their  slain  animals, 
but  afterwards  learned  the  methods  by  which  they  were 
converted  into  leather.  This  is  evidenced  by  the 
accounts  extant  of  the  large  tanning  establishments 
which  they  had,  and  which  were  usually  erected  on 
the  banks  of  some  rivulet,  across  which  they  con- 
structed dams  for  the  purpose  of  intercepting  the 
water  for  their  use,  and  frequently  to  the  detriment  of 
a  large  tract  of  country,  which  the  water  occasionally 
submerged. 

Travellers  have  related  that  the  conversion  of  the 
skins  of  animals  into  leather  is  practised  by  the  abori- 
gines of  savage  nations.  Thus,  Sir  Robert  Southwell 
describes  the  methods  by  which  the  savage  tribes  of 
South  America  prepare  skins  to  make  leather  : — ■ 

On  the  skin  being  taken  off  the  animal,  the  cerebral 
matter  is  extracted  from  the  skull,  and  both  it  and  the 
skin  are  dried  in  the  sun's  rays.  During  the  exposure, 
the  skin  is  kept  stretched,  so  that  no  shrivelling  of  the 
hide  takes  place.  When  the  hunting  season  terminates, 
the  dried  skins  are  steeped  in  water,  and  the  hair 
detached  by  the  use  of  an  old  knife ;  after  this,  they 
are  placed  in  an  earthen  pot  with  the  powdered  brains, 
and  afterwards  heated  to  95°,  or  thereabouts.    By  this 
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treatment  the  cerebrous  matter  is  converted  into  a 
kind  of  soap,  which  forms  a  lather  with  the  water 
remaining  in  contact  with  the  skins,  and  it  makes  the 
latter  very  clean  and  pliable.  After  remaining  im- 
mersed for  some  time,  the  skins  are  taken  out  and 
stretched  in  every  direction  by  means  of  thongs,  and 
a  frame  formed  of  upright  stakes  and  cross-pieces. 
During  the  exsiccation  upon  the  frame,  they  are  rubbed 
with  a  smooth  stone,  or  hard  piece  of  wood,  so  as  to 
expel  the  water  and  fat  from  the  pores  of  the  hide. 

"Whether  the  leather  employed  by  the  ancient  He- 
brews and  their  contemporaries,  and  of  which  girdles, 
et  cetera,  were  made,  as  stated  in  the  book  of  Kings, 
was  prepared  in  a  similar  manner,  is  unknown.  What- 
ever methods  were  pursued,  it  is  evident  that  the  mak- 
ing of  skins  into  leather  was  a  business  confined  to  a  few 
who  made  it  their  trade,  in  the  beginning  of  the  Chris- 
tian era,  and  that  the  manufacture  has  been  since  pro- 
gressing slowly.  Regarding  the  choice  of  materials  for 
tanning,  such  as  the  barks  of  trees  and  the  like,  it  is 
unknown  whether  those  now  in  use  were  then  recog- 
nized as  possessing  the  virtue  of  converting  skins  into 
leather,  or  whether  the  discovery  is  due  to  the  tanners 
of  the  middle  ages.  It  is  certain,  however,  that  the 
scientific  principles  of  the  business  were  not  at  all, 
or  at  best  but  very  imperfectly  understood,  before  the 
end  of  the  last  and  beginning  of  the  present  century. 
The  investigations  of  Deyeux,  Seguin,  Macbride, 
Proust,  Sir  Humphrey  Davy,  and  several  other 
chemists,  explained  the  nature  of  the  changes  which 
took  place,  and  attributed  them  to  true  chemical  com- 
binations. These  researches,  therefore,  led  the  tan- 
ners to  the  comprehension  of  the  scientific  principles 
upon  which  their  operations  were  based,  and  likewise 
opened  up  new  sources  of  improvement.  Since 
then,  however,  the  progress  in  this  art  has  been  much 
less  marked  than  that  of  other  branches  of  trade  in 
which  chemistry  has  been  a  handmaid ;  and  though 
numerous  experiments  have  been  tried,  and  many 
patents  granted  for  new  processes  and  improvements, 
no  very  decided  advantage  has  been  gained  to  show 
that  the  modern  system  is  superior  to  that  practised 
prior  to  their  introduction.  This  is  the  more  unac- 
countable, considering  that  the  growth  of  social  refine- 
ments, and  increased  wants,  as  likewise  the  universal 
impetus  which  trade,  commerce,  and  manufactures 
have  received  during  the  last  half  century,  created  so 
great  a  demand  for  leather  as  to  render  it  one  of  the 
most  important  articles  of  manufacture.  This  is  espe- 
cially the  case  in  England,  where — apart  from  the 
consumption  of  this  article  in  boots  and  shoes — so  much 
of  it  has  been  used  in  connection  with  machinery,  in 
the  manufacture  of  carding  and  other  apparatus  em- 
ployed in  the  cotton  trade,  for  saddlery  and  carriages, 
in  upholstery,  bookbinding,  and  a  variety  of  other 
branches  which  are  year  by  year  springing  up,  that 
the  consumption  is  almost  outstripping  the  production. 

M'Culloch  considers  that  the  leather  manufacture 
ranks  third  or  fourth  in  importance,  being  inferior  in 
money  value  to  those  of  cotton,  wool,  and  iron,  whilst 
others  are  disposed  to  think  that  it  is  quite  as  important 
as  cotton.  A  glance  at  the  extent  of  this  branch  of 
trade  will  show  at  once  how  much  it  has  merited  the 


above  rank.  M'Culloch  estimates  the  number  of 
persons  employed  in  the  tanneries  alone  as  exceeding 
twenty-eight  thousand  three  hundred;  and  those  en- 
gaged in  the  subsidiary  trades  to  which  leather  gives 
rise,  such  as  the  currier,  boot-maker,  saddler,  et  cetera, 
average  two  hundred  and  twenty-five  thousand,  among 
whom  there  is  expended  annually  from  seven  and  a 
half  to  eight  millions  sterling  in  wages  alone.  The 
value  of  the  manufactured  goods  reaches  to  no  less 
than  nineteen  or  twenty  millions  annually. 

It  is  plain,  however,  that  without  some  very  great 
changes  or  modifications  of  the  old  slow  process  of 
tanning,  the  extensive  demands  for  leather,  which  may 
be  inferred  from  the  preceding,  could  not  have  been 
met.  Such  modifications  have  been  introduced  more 
especially  during  the  last  fifty  years,  in  which  time 
mechanism  has  done  far  more  than  chemistry  to  expe- 
dite the  operations  and  improve  the  appearance  of 
leather.  The  mission  of  chemistry  has  hitherto  ex- 
tended little  further  than  discovering  tanning  agents, 
and  extracting  the  tanning  principle,  which,  when  the 
hide  is  prepared  by  mechanical  pressure  and  other 
treatment,  yields  up  the  tannin  more  readily  than  the 
bark.  It  is  nevertheless  a  fact,  that  as  the  operation 
has  been  quickened  thus  far,  the  quality  of  the  leather 
has  deteriorated  proportionably,  and  hence  when  a  fine 
kind  of  leather  is  required,  recourse  must  be  had  to 
the  old  methods  for  its  preparation. 

Proximate  Principles  of  Leather. — As  may  be  in- 
ferred from  its  nature,  leather  is  formed  by  the  com- 
bination of  the  substance  of  the  skin  with  any  other 
compound  which  has  the  property  of  rendering  it  im- 
putrescible  and  elastic.  Many  substances  possessing 
these  properties  in  relation  to  skins  of  animals,  are 
known  to  exist  both  in  the  organic  and  inorganic 
classes ;  but  the  one  most  generally  employed,  as  well 
as  the  most  efficient,  is  tannin.  That  a  firm  chemical 
union  of  the  two  bodies,  such  as  that  above  referred 
to,  exists,  is  evidenced  by  the  modified  form  of  the 
materials,  and  the  physical  appearance  and  chemical 
behavior  of  leather,  when  subjected  to  microscopical 
and  chemical  examinations.  The  principle  in  the  skin 
esteemed  by  the  tanner  is,  as  will  be  shown  later  on, 
a  gelatino-fibrous  compound  which  constitutes  the 
basis  of  leather ;  and  the  combining  agent — tannin — 
partakes  of  an  acid  nature,  so  that,  by  uniting  with  the 
gelatino-fibrous  material,  the  former  is,  as  it  were, 
thereby  salified,  so  that  it  is  no  longer  subject  to  the 
ready  putrefactive  change  which  the  skin  undergoes 
under  the  influence  of  air  and  moisture.  As  the  gela- 
tino-fibrous principle  forms  only  one  of  several  others 
in  the  hide  of  the  animal,  so  the  tannin  or  tannic  acid 
constitutes  only  one  among  many  other  substances 
in  the  sources  whence  it  is  extracted.  In  order  to 
render  the  comprehension  of  the  scientific  nature  of 
the  business  of  the  tanner  as  easy  as  possible,  it  will  be 
necessary  to  dwell  somewhat  in  detail  upon  the  ma- 
terials which  he  employs,  so  as  to  exhibit  their  respec- 
tive nature,  and  show  how  they  mutually  affect  one 
another.    And  firstly, — 

The  Skin. — Strictly  speaking,  the  skin  of  animals 
is  composed  of  two  parts,  the  corium  or  cutis,  and 
the  cuticle  or  epidermis:  the  former  is  the  portion 
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which  enters  into  the  composition  of  leather,  and  forms 
the  true  skin,  and  the  latter  constitutes  the  exterior 
covering  in  which  the  fur,  wool,  or  hair  of  the  animal 
is  rooted.    Some  anatomists, 
Fig.  839.  however,   distinguish  three 

x//Jr/    indistinct  parts  in  the  skiu, 
sy/ /II  I  /l      namely,  the  corium,  the  rete 
//  /  /III  (  I       mucosum,  and  the  cuticle. 
[II  (III  II       These  several  parts  are  illus- 

mriJ^^sAa^-* trated  iQ  Figs' 339  and  m> 

BMHHI«H||  ""  the  former  showing  the  posi- 
M       tion  of  the  hair,  and  the  latter 
^HKHHHHHH      the  magnified  layers  of  which 

''.  ?&M^      both,  A  represents  the  epi- 
dermis; B,  the  rete  muco- 
sum, in  which  the  roots  of  the  hair  are  embedded; 
c,  the  fibrous  tissue  of  the  true  skin ;  and  D,  the  cel- 
lular tissue  beneath  the  latter,  showing  the  fat  cells, 


Fig.  340. 


a,  in  Fig.  340,  and  sweat  glands,  b,  with  the  follicles, 
h,  through  which  this  secretion  passes  out  to  the  sur- 
face of  the  skin. 

Behavior  of  the  Epidermis  and  Cutis  with  reagents. — 
"When  the  fresh  skin  is  immersed  and  macerated  re- 
peatedly in  water,  the  matter  of  the  cuticle  is  separated 
from  the  fibrous  substance  of  the  cutis,  not  by  the 
solution  of  the  former,  but,  as  it  would  appear,  by  dis- 
solving an  extractive  matter  amounting,  according  to 
Weiniiolt's  analysis,  to  about  eight  and  a  half  per 
cent.,  and  which  is  probably  to  some  extent  inter- 
mediate between  the  horny  matter  of  the  cuticle  and 
the  cutis  ;  weak  acids  also  abstract  it,  but  solutions  of 
the  alkalies  and  of  many  of  their  salts  are  more  effectual 
for  bringing  about  the  separation,  since  these  agents 
dissolve  it.  The  epidermis,  which  is  analogous  to 
horn,  does  not  combine  with  tannin  or  any  other  sub- 
stance by  the  agency  of  which  leather  is  produced. 
Hence  it  becomes  useless  to  the  tanner ;  and  therefore, 
the  first  process  to  which  hides  and  skins  are  subjected 


by  him,  is  that  for  removing  the  hair  and  epidermis, 
both  being  useless. 

The  corium,  deprived  of  the  epidermis,  is  a  sub- 
stance organized  of  a  number  of  fibres  ramifying  and 
intersecting  one  another  in  every  position;  leaving, 
however,  interstices  contracting  in  size  as  they  reach 
the  outer  portion,  and  which  are  more  or  less  charged 
with  fluid  matter  that  serves  to  renew  the  cuticle  and 
keep  the  skin  pliant  and  moist.  On  treating  the  skin 
with  water  these  matters  are  removed,  and  ultimately 
there  remains  but  the  fibrous  portion  saturated  with 
water.  In  this  state  it  appears  semitransparent,  and, 
if  the  water  be  expelled  by  a  gentle  heat,  it  assumes 
the  physical  appearance  of  horn,  constituting  only 
about  thirty-two  and  a  half  to  thirty-three  per  cent, 
of  the  raw  hide.  From  Weiniiolt's  researches,  it 
appears  that  the  skin  deprived  of  the  epidermis  and  its 
subjacent  fluid,  as  also  of  the  mucous  membrane  and 
fat  on  the  interior,  affords  forty-three  per  cent,  of  solid 
matter,  yielding — 

Centosimally. 

Fibrous  matter,   74-42 

Uncoagulated  albumen,   3-49 

Extractive  matter — soluble  in  water;  in- \  17.44 

soluble  in  alcohol,  J 

Extractive  matter — soluble  in  alcohol, . ..  2-32 
Fatty  matter  and  loss,   2-33 

100-00 

Digestion  in  water  removes  the  albumen  and  extrac- 
tive matter  taken  up  by  this  menstruum ;  in  alcohol, 
the  further  portion  of  extract  dissolves,  and  ether  sepa- 
rates the  fat  with  which  the  residue  is  impregnated. 
If  the  corium,  deprived  of  the  epidermis,  be  treated  with 
boiling  water,  it  dissolves,  with  the  exception  of  a  little 
fat  and  some  nervous  filaments ;  and  when  the  liquid  is 
evaporated  slowly,  a  gelatinous  residue  is  left,  which, 
when  the  entire  skin  is  operated  upon,  forms  the  glue 
of  commerce. — See  Glue,  ante,  Vol.  II.,  page  181. — 
This  effect  of  the  water  does  not  arise,  however,  from 
the  solution  of  the  gelatin  which,  as  might  be  supposed, 
the  skin  contains,  but  it  modifies  the  components  of  the 
fibrous  tissue  so  as  to  bring  them  into  this  compound. 
The  same  property  is  possessed  by  acids  and  alkalies 
in  a  more  powerful  degree,  since  the  change  is  effected 
by  these  agents  at  the  ordinary  temperature. 

Fibrin,  albumen,  and  their  modification,  gluten,  be- 
have in  a  remarkable  manner  towards  tannin  or  tannic 
acid,  and  by  the  transformation  of  the  fibrous  matter  of 
the  corium  during  the  operations  to  which  the  skins 
are  subjected  in  the  tanning  into  a  semi-gelatinous 
mass,  they  conjointly  produce  leather. 

Tanning  Materials. — The  second  principal  com- 
ponent of  leather,  such  as  that  manufactured  into  boots 
and  shoes,  et  cetera,  is  tannin  or  tannic  acid,  a  substance 
of  vegetal  origin,  and  very  extensively  disseminated  in 
plants  and  trees.  For  a  long  time  the  agent  which 
gave  such  virtues  to  oak  bark,  in  converting  prepared 
skins  into  leather,  was  little  known,  and,  consequently, 
the  peculiar  relation  of  the  proximate  principles  of  this 
article  could  not  be  understood,  notwithstanding  that, 
in  the  absence  of  this  knowledge,  the  leather  manufac- 
tured was  sometimes  of  prime  quality.  Lewis  was 
the  first  who  drew  attention  scientifically  to  the  subject. 
He  observed,  during  an  investigation  of  the  nut-galls, 
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that  they  contained  a  substance  which  gave  a  black 
compound  with  a  sesquisalt  of  iron  and  precipitated 
isinglass.  Deyeux,  who  also  studied  the  point, 
noticed  this  substance,  but  considered  it  a  peculiar 
resinous  matter.  It  was  not,  however,  till  Seguin 
published  the  results  of  his  labors,  that  any  definite 
account  of  it  was  given.  This  chemist  showed  that 
the  unknown  body  differed  from  the  acid  of  galls 
— gallic  acid ;  that  it  combined  with  animal  matters, 
more  particularly  albumen  and  gelatin,  and  formed 
with  them  unalterable  bodies,  the  analogues  of  which 
constituted  the  main  bulk  of  leather.  Since  then,  manu- 
facturers have  given  great  attention  to  this  principle  in 
the  tanning  material,  and  the  consequences  are  that  a 
greater  variety  of  substances  producing  tannin,  available 
for  making  leather,  have  been  discovered,  and  that 
considerable  expedition  in  the  process  has  been  attained. 
Although  the  forementioued  chemists,  with  Davy, 
Cheveeux,  Pelletier,  Legrange,  Guillot,  Hat- 
chett,  Tromsdorff,  Eichter,  and  Proust,  may  be 
justly  said  to  have  given  a  scientific  exposition  of  tannic 
acid  and  its  behavior,  and  likewise  pointed  out  its 
quantity  in  those  plants  that  yield  it  most  abundantly — 
still  several  more  recent  investigators  have  contributed 
to  the  stock  of  information  on  this  subject.  According  to 
Wahnlenberg,  tannin  exists  only  in  perennial  plants, 
and  almost  solely  in  the  permanent  parts.  For  ex- 
ample: — 1.  In  the  perennial  roots  of  certain  annual 
plants,  as  the  septfoil  and  bistort  or  snakeweed.  2.  In 
the  bark  of  the  trunks  and  roots  of  nearly  all  perennial 
trees,  especially  in  the  true  cortical  portion.  3.  In  the 
trunk  and  sap  of  many  trees.  4.  In  the  leaves  of 
perennial  plants — in  small  quantities.  5.  In  the  leaves 
of  different  varieties  of  oak;  of  the  rlvus  coriaria — 
sumac ;  of  the  arbutus  uva  ursi — bearberry ;  of  the 
arbutus  unedo — strawberry,  et  cetera,  in  large  propor- 
tions. 6.  In  the  capsule  of  the  unripe  fruit  of  the 
quercus  suber  cegilops — valonia  oak ;  juglans  regia — 
walnut ;  cesculus  hippocastranus — horse-chestnut ;  and 
lerminalia  chebula.  7.  In  the  pulp  of  the  fruit  of  the 
punica  granatum — pomegranate  ;  rosa  pimpinellifolia ; 
garcinia  mangostana — mangosteen ;  and  in  the  different 
species  of  anona. 

Of  the  principal  tanning  materials  imported  into  Eng- 
land, the  following  table  exhibits  the  names,  although 
a  considerable  quantity  of  oak  bark — quercus  peduncu- 
lata — is  obtained  in  this  country  : — 

Common  titlo.  Botanical  name.  Whence  imported. 

Oak  bark,  Quercus  pedunculata,..  Flanders,  et  cetera. 

Larch  bark,  Pinus  larix,  Scotland. 

Mimosa  bark,..  Acacia sp.,  New  South  Wales. 

Babool  bark,  . .  Acacia  arabica  Bengal. 

Cork-tree  bark,  Quercus  suber,  Laruch, Rabat,  etcetera. 

Hemlock  bark,  Abies  canadensis, ....  United  States. 

Sumach,  Rhus  coriaria,  Sicily. 

Valonia,  Quercus  jegilops,  ....  Smyrna,Trieste,Morea. 

r,.  .  j.  .  r,     i  .  .       •   •         f  Maracaibo,  Rio  de  la 

Dlvl  dlvl  Cssalpinia  conana,  . .  j  ^ffla. 

Myrobalans,...  Terminalia  sp.,  Bengal. 

Algarobilla,  . . .  Prosopis  Pallida,  Valparaiso. 

Terra  japonica,  Acacia  catechu,  East  Indies. 

Cutch,   "        "   Calcutta,  Singapore. 

Kassu,  Areca  catechu,  Ceylon. 

Besides  the  foregoing,  which  are  partly  well  known  in 
the  trade,  other  astringent  substances  have  been  brought 
before  the  public,  to  be  employed  per  se,  as  tanning 


materials,  or  with  oak  bark  as  an  adjunct.  These  are 
various  extracts  from  species  of  the  acacia  tribe  :  gam- 
bier,  the  extract  of  the  nuclea  gambier,  from  Singapore ; 
mangrove  bark — rhizopora  mangle — from  Arracan, 
Malabar,  and  Singapore ;  turwar  or  cassia  bark ;  ava- 
raputtai,Tangadajigota — cassia  auriculata — fromVazi- 
gapatam  ;  saracondraputtai  —  cassia  fistula  —  from 
Madeira  and  Tinnevelly  ;  saul-tree  bark  from  the  Saul 
forests  ;  pomegranate  rind  ;  darunka  pucke — dadima 
jegota — from  Kemaon  and  Vizagapatam ;  dalumka  khola 
from  the  vicinity  of  Calcutta;  jamoon-bark — eugenia 
jambolana — and  pearl-bark,  from  Cuttack ;  samak-bark 
from  Singapore;  vangay  or  gum-kino — pterocarpus 
dalbergoides — from  Malabar:  kino,  or  astringent  ex- 
tract of  the  Buchanania  latifolia,  from  the  district  of 
Chota,  Nagpore  ;  majoophul  or  gall-nuts—; ficus  infec- 
toria — from  Nagore,  et  cetera  ;  tamarisk  gall — tamarix 
indica — from  Bombay  and  Lahore ;  several  kinds  of 
myrobalans  ;  gaub,  the  fruit  of  the  diospyros  glutinosa, 
from  Calcutta ;  hag-plum  tree — sponclias  lutea — abun- 
dant on  the  banks  of  the  river  Berbice,  and  commonly 
used  in  British  Guinea  for  tanning ;  courida  bark — 
avicennia  nitida — a  tree  very  common  on  the  Eastern 
coast  of  Demerara,  et  cetera. 

Morfit  remarks:— 1.  That  tannin  is  never  found 
to  any  extent  in  the  interior  of  the  trunk  of  trees. 
2.  That  it  does  not  exist  in  poisonous  plants,  nor  in 
those  with  a  milky  or  viscid  sap.  3.  That  its  propor- 
tion is  greater  in  young  than  in  old  plants.  4.  That 
the  tannin  is  converted  to  bitter  principle,  as  the  plant 
increases  in  age.  5.  That  it  is  most  abundant  in  the 
cortical  layers  of  the  bark,  and  is  usually  absent  alto- 
gether in  the  epidermis.  6.  That  the  proportion  of 
tannin  in  bark  varies  with  the  season,  decreasing  as  the 
severity  of  the  winter  increases  ;  and,  7.  That  the  two 
extremes  of  quantity  are  attained  in  winter  and  spring. 

These  remarks  admit  of  an  important  practical  appli- 
cation with  reference  to  the  most  suitable  time  for  the 
barking  of  trees,  et  cetera.  But  before  discussing  this 
subject,  it  will  be  necessary  to  enter  more  minutely  into 
the  nature  of  the  tanning  principle. 

Tannic  Acid  or  Tannin. — By  examining  any  of 
the  numerous  substances  mentioned  above,  it  will  be 
found  that  they  yield  a  product  which  is  capable  of 
precipitating  a  solution  of  gelatin,  and  also  of  giving 
a  greenish  or  bluish-black  one,  with  solutions  of 
sesquisalts  of  iron.  To  matter  exhibiting  this  reac- 
tion, and  having  an  astringent  taste,  the  title  of 
tannin  was  given,  irrespective  of  whatever  difference 
might  be  exhibited  upon  further  comparison.  Now, 
many  of  those  bodies,  which  in  common  with  the  true 
type  of  tannin — that  which  is  extracted  from  galls — 
precipitate  gelatin,  and  so  far  show  that  they  are 
eligible  for  tanning  materials,  are  known  to  differ  in 
their  characteristics;  for  instance,  some  possess  acid 
properties,  whilst  others  are  devoid  of  them ;  and 
although  towards  gelatin  their  reactions  are  similar, 
their  atomic  constitution  is  widely  different.  Regard- 
ing their  effect  in  converting  skin  into  leather,  this 
dissimilarity  is  not  so  very  material  as  when  the  com- 
ponents of  each  are  compared.  A  distinction  is  also 
made  with  respect  to  the  physical  appearance  of  the 
precipitate  they  afford  with  a  sesquisalt  of  iron,  and  by 
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this  all  the  known  tanning  materials  are  divided  into 
two  classes.  In  the  first  of  these  are  placed  gall-nuts 
and  the  barks  of  the  several  oaks,  and  the  second 
includes  the  quinquina,  the  cachou,  gum-kino,  pine 
barks,  et  cetera.  The  tannin  afforded  by  the  first 
throws  down  a  bluish-black  or  purple  combination, 
whilst  the  precipitate  afforded  by  the  second  is  greenish. 
Experiments  have  shown  that  such  distinctions  are  not 
very  marked,  since  the  tannic  acid  from  nut-galls  or 
oak  bark,  in  the  presence  of  an  alkali,  will  occasion  a 
greenish  precipitate  when  added  to  a  sesquisalt  of  iron, 
and  a  bluish  or  violet  compound  when  acids  are  pre- 
sent. Hatchett  first  observed  that  many  plants  con- 
tain a  carbonaceous  principle,  which,  when  acted  upon 
by  nitric  and  sulphuric  acids,  according  to  the  method 
of  Chevreul,  yield  a  substance  which,  like  the  tannins 
of  the  foregoing  barks  and  fruits,  throws  down  gelatin, 
and  renders  it  imputrescible.  This  variety  has  been 
designated  artificial  tannin ;  but,  in  the  present  state  of 
chemical  science,  it  could  not  be  compounded  with  the 
natural  products.  Beezelius,  Geiger,  Waltl,  and 
Cavallius,  are  of  opinion  that  tannin,  from  whatever 
source  it  may  be  obtained,  is  identical,  and  that  the 
difference  of  the  reactions  with  the  iron  salt  must  be 
attributed  to  impurities  which  are  accidentally  present. 
Steniiouse,  in  his  more  recent  researches,  has  shown 
that  such  is  not  the  case,  but  that  all  those  forming 
precipitates  with  sesquioxide  of  iron,  varying  from  the 
color  of  that  which  the  tannin  of  nut-galls  affords,  must 
be  regarded  as  a  distinct  substance,  in  which  case  there 
seems  to  be  an  almost  endless  variety.  Even  when 
the  iron  reactions  of  some  tannins  agree,  and  also 
appear  analogous  in  other  chemical  relations,  the  same 
chemist  states  that  the  composition  is  frequently  diverse. 
Hence  he  distinguishes  the  various  kinds  of  tannin  by 
the  source  ;  thus,  that  obtained  from  nut-galls  he  calls 
from  gallotannic  acid ;  from  oak  bark,  quercitannic  acid ; 
fustic — moms  tincloria — moritannic  acid,  and  the  like. 

Preparation  of  Tannic  Acid. — It  is  very  difficult 
to  prepare  tannic  acid  of  absolute  purity,  so  much 
so  that  none  of  the  methods  in  use  for  its  extrac- 
tion can  afford  a  product  free  from  foreign  matters. 
When  extracting  tannin  on  the  small  scale,  nut-galls 
are  selected,  as  they  yield  the  largest  product.  A 
quantity  of  these  is  dried  and  reduced  to  powder,  and 
subsequently  exhausted  of  the  tannin  with  water  by 
moistening  with  this  liquid,  then  subjecting  to  pressure. 
The  extract  thus  obtained,  if  employed  with  fresh  por- 
tions of  the  powdered  galls  successively,  becomes 
highly  saturated  with  tannic  acid.  Filtration  cannot 
of  itself  clarify  the  opaque  inspissated  liquid ;  but 
on  mixing  it  with  a  little  dilute  sulphuric  acid,  and 
agitating,  a  precipitate  of  the  suspended  matter  forms, 
and  may  he  removed  by  filtering  it  through  linen  or 
paper.  To  the  clarified  liquid  a  solution  of  carbonate 
of  potassa  is  cautiously  added,  till  it  almost  ceases  to 
deposit  any  matter  from  the  menstruum.  The  crude 
tannate  of  potassa  thus  obtained  is  separated  from  the 
liquid,  washed  with  ice-cold  water,  or  with  water  at  as 
low  a  temperature  as  possible,  and  dissolved  in  boiling 
dilute  acetic  acid.  On  cooling  the  latter,  a  brownish 
deposit  containing  acetic  acid  parts  from  it,  and  must 
be  removed  by  passing  the  liquid  through  the  filter. 


A  solution  of  subacetate  of  lead  is  now  added  to  the 
filtrate,  and  the  resulting  tannate  of  lead,  removed  and 
washed  thoroughly,  then  disseminated  in  water,  and  a 
current  of  sulphide  of  hydrogen  passed  through  till  the 
whole  of  the  metallic  base  is  converted  into  sulphide. 
By  evaporating  the  liquid  after  the  separation  of  the 
sulphide  of  lead  in  the  hollow  of  a  flask,  containing 
some  carbonate  of  potassa,  the  tannin  is  procured  in 
the  form  of  gummy  transparent  scales  of  a  yellowish 
color.  In  this  state,  however,  the  tannin  is  still  im- 
pregnated with  a  little  gallic  acid  and  brownish  matter, 
which  may  be  removed  by  treating  the  powdered  sub- 
stance with  successive  portions  of  ether.  The  tannic 
acid  is  thus  left  in  combination  with  the  brownish  mat- 
ter ;  but  by  repetition  of  the  process,  this  impurity,  as 
well  as  the  gallic  acid,  is  dissolved  out,  and  the  tannic 
acid  remains  nearly  colorless. 

This  substance  may  likewise  be  prepared  by  treating 
the  clarified  extract  of  gall-nuts,  as  above  directed,  with 
ammonia  till  almost  neutralized,  and  to  the  menstruum 
chloride  of  barium  is  added  till  it  ceases  to  throw 
down  a  precipitate.  The  flask  is  then  filled  with  water, 
and  allowed  to  repose  till  the  whole  of  the  tannate  of 
baryta  has  deposited.  Any  gallic  acid  which  may 
have  been  formed,  remains  combined  with  the  base  in 
the  supernatant  liquid,  and  may,  consequently,  be  re- 
moved by  decantation  and  washing.  During  these  opera- 
tions, a  small  portion  becomes  decomposed  and  colors 
the  baryta  salt  greyish ;  on  treating  the  latter  with 
acetic  acid,  however,  this  impurity  remains,  whilst  the 
tannate  of  baryta  is  dissolved.  To  the  liquid  thus  ob  - 
tained, subacetate 

of  lead  is  added,  Fig.  3«. 

and  the  plumbous 
salt  proceeded  with, 
as  directed  above. 

When  the  sub- 
stance is  to  be  ob- 
tained in  its  greatest 
state  of  purity,  re- 
course must  be  had 
to  the  process 
known  as  that  of 
PELOUZEjhut  which 
was  first  broached 
by  Laubeet.  The 
latter  chemist  di- 
rected the  forma- 
tion of  an  extract 
of  sixty  grains  of 
powdered  nut-galls 
in  one  hundred  and 
twenty  of  ether,  the 
digestion  to  be 
continued  during 
twenty-four  hours, 
after  which  the 
ethereal  extract 
was  to  be  filtered  and  evaporated.  Pelouze  followed 
the  foregoing  method  in  principle  by  employing  the 
apparatus  of  Bobiquet  and  Bouteon,  as  used  for 
the  preparation  of  amygdalin.  Fig.  341  represents 
this  digester.    It  is  an  elongated  glass  vessel,  A, 
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having  an  orifice  at  the  top,  which  is  fitted  with  a  ground- 
glass  stopper,  and  contracting  towards  the  other  ex- 
tremity, which  fits  tightly  into  the  neck  of  a  bottle 
or  mattrass,  B,  which  receives  the  extract.  Some- 
times the  lower  bottle  has  a  second  tubular  opening  for 
the  purpose  of  receiving  a  cork  furnished  with  a  tube, 
to  which  a  connector,  c,  of  caoutchouc  is  appended, 
the  other  end  being  attached  to  a  similar  tube  fitted  in 
cork  which  closes  the  top  orifice.  This  adaptation 
causes  the  filtration  to  take  place  much  more  readily, 
whilst  it  prevents  contact  with  any  further  quantity  of  air 
beyond  what  is  contained  in  the  apparatus.  The  further 
process  is  such  as  already  detailed.  — See  Vol.  I.  page 
581.  By  careful  evaporation — the  better  if  under  the 
exhausted  receiver — the  tannic  acid  is  obtained  in  the 
form  of  a  spongy  iridescent,  uncrystallizable  mass, 
having  a  light  straw-yellow  color.  It  may  be  washed 
with  repeated  quantities  of  ether  to  remove  any  remain- 
ing gallic  acid,  after  which  treatment  it  may  be  desic- 
cated as  previously  stated.  So  prepared,  tannic  acid  is 
in  its  purest  known  state  ;  but  as  sometimes  it  results 
almost  colorless,  doubtless  it  is  not  free  from  impreg- 
nations arising  from  decomposed  tannin — apothema— 
or  some  other  matter. 

Another  modification  of  the  method  just  detailed 
was  introduced  by  Dominjs,  and  offers  the  advantage 
of  yielding  a  larger  product,  while  it  admits  also  of 
being  applied  on  the  large  scale  for  the  purposes  of  the 
manufacturer.  He  places  the  powdered  galls  in  a  damp 
cellar  for  several  days,  during  which  they  absorb  mois- 
ture ;  the  powder  is  next  tranferred  to  a  wide-mouthed 
jar,  and  made  into  a  paste  with  ether — specific  gravity 
0'75— after  this  the  vessel  is  hermetically  closed,  and 


the  contents  allowed  to  digest  for  twenty-four  hours. 
At  the  expiration  of  this  time  the  pasty  contents  are 
transferred  to  a  strong  linen  bag  and  subjected  to 
gradual  pressure,  when  the  ethereal  extract  of  tannin, 
having  a  dark  sirupy  consistence,  flows  off  into  the 
receiver.  This  liquid  must  be  evaporated  to  dryness 
at  a  gentle  heat — 100°  to  110°— by  which  the  tannic 
acid  is  left  in  the  form  of  light-colored  resin-like  scales. 
The  compressed  residue  is  further  treated  with  ether,  to 
which  six  per  cent,  of  water  is  added  in  the  same  manner 
as  when  preparing  the  first  extract,  and,  on  expelling 
the  fluid  by  a  gentle  heat,  a  residue  of  tannin  is  ob- 
tained. It  is,  indeed,  more  impure  than  the  product 
resulting  from  the  method  of  Pelouzb,  as  it  contains 
portions  of  chlorophyl,  volatile  oil,  and  gallic  acid ;  still 
the  tannin  thus  prepared  answers  very  well  for  medi- 
cinal and  other  uses,  for  which  it  is  applied  in  the  arts. 

Properties  of  Tannic  Acid. — In  its  purity,  tannic 
acid  is  colorless,  inodorous,  possesses  a  highly  astrin- 
gent taste,  and  is  very  soluble  in  water.  It  is,  how- 
ever, devoid  of  all  bitterness,  notwithstanding  its  astrin- 
gency  is  so  powerful.  On  testing  the  aqueous  solution 
with  litmus,  the  reaction  evidences  the  acid  nature  of 
the  tannin ;  and  further,  by  treatment  with  an  alkaline 
carbonate,  carbonic  acid  is  freely  displaced,  showing 
that  a  combination  of  the  alkaline  base  and  the  tannin 
has  taken  place.  With  the  oxides  of  the  heavy  metals 
it  in  a  great  measure  combines,  giving  rise  to  precipi- 
tates which  are  the  tannates  of  the  respective  bases, 
and  generally  possess  a  color  more  or  less  remarkable. 
Thus  an  infusion  of  nut-galls  reacts  in  the  following 
manner : — 

With  a  neutral  solution  of  salts  of 

Precipitates  given. 


Brands. 

Protoxide  of  manganese,   Dirty-yellow. 

"        iron,   Purple-tint. 

Sesquioxide  of  iron,   Black. 

Oxide  of  zinc,   Dirty-yellow. 

"s     tin,   Straw-yellow. 

Binoxide,   Fawn-yellow. 

Oxide  of  cadmium,   . —   

"  copper — protochloride,   Yellow-brown  Grey, 

"        11  — protonitrate,   Green. 

Oxide  of  lead,   Dingy-yellow. 


Blue-black. 


Yellowish. 
Yellowish. 


Grey. 
White. 


Teroxide  of  antimony— from  emetic  tartar,   Straw-yellow  White. 


Teroxide  of  bismuth,   Yellow. 

Oxide  of  cobalt,  

Salts  of  cerium,  

"     titanium,  .... 

"  tellurium,  

"      chromium, . . . 

"     tantalum, .... 

11  molybdenum, 

"      uranium, .... 

"  silver,  

"  platinum,.... 

"  gold,  

"  osmium,  


Orange. 
Yellowish-white. 
Yellowish. 
Blood-color, 
Isabelle-yellow, 
Brown. 
Orange. 
Brown. 
Brownish-red. 
Pale-yellow. 
Greenish-shade. 
Brown. 
Bluish-purple. 


In  making  the  foregoing  experiments,  it  is  necessary 
to  employ  neutral  solutions  of  the  salts,  otherwise  any 
excess  of  the  acid  may  not  only  alter  the  shade  of  the 
precipitate,  but  prevent  it  altogether.  This  is  especially 
the  case  with  salts  of  iron  and  of  titanium.  When  a 
solution  of  tannic  acid  is  added  to  another  of  protosul- 
phate  of  iron,  according  to  Dumas,  no  precipitate 
occurs ;  but  if  one  of  the  sesquisulphate  be  substituted, 
there  is  an  abundant  deposit  of  a  blue-black  color. 


By  exposing  an  aqueous  solution  of  tannic  acid  to  the 
air,  at  a  moderately  elevated  degree  of  heat,  oxygen  is 
freely  absorbed,  and  an  equal  volume  of  carbonic  acid 
is  disengaged.  Upon  examination,  the  matter  in  solu- 
tion will  be  found  to  be  wholly  transformed  into  two 
other  substances,  gallic  and  ellagic  acids,  the  former  of 
which  is  in  excess,  and  is  dissolved  in  the  liquid,  whilst 
the  latter  remains  insoluble  in  the  form  of  a  yellowish 
powder. 
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This  transformation  takes  place  in  the  aqueous 
extract  of  gall-nuts  much  more  readily  than  in  one  of 
pure  tanuin ;  this  is  particularly  the  case  if  the  marcs 
or  insoluble  residue  of  the  galls  be  left  in  contact  with 
the  liquid,  as  it  induces  a  fermentative  action,  which 
brings  about  the  transformation  the  more  readily. 
When  boiled  with  sulphuric  or  hydrochloric  acid,  gallic 
acid  is  also  formed,  together  with  grape  sugar,  which, 
as  Steecker  states,  remains  in  the  mother  liquid  after 
the  newly-formed  acid  is  removed  by  crystallization. 
The  change  here  induced  may  be  represented  thus, 
according  to  Miller  : — 

Gallotannlc  acid.  Water.  Gallic  acid. 

-f        C12  H12  0I2.  2  aq. 

Glucose. 

A  concentrated  solution  of  caustic  potassa  at  the 
boiling  point  has  also  the  effect  of  transforming  tannic 
into  gallic  acid ;  and  if  air  or  oxygen  be  admitted,  of 
converting  the  latter  into  an  ulmin-like  substance. 
Hydrochloric,  nitric,  phosphoric,  and  arsenic  acids, 
occasion  in  strong  solutions  of  tannic  acid  white  preci- 
pitates, which  are,  as  stated  by  Berzelius,  compounds 
of  the  tannin  with  those  acids  respectively.  All  these 
precipitates  are,  however,  readily  decomposed,  and 
their  tannin  changed  into  gallic  acid,  by  seething  them 
with  dilute  sulphuric  acid  or  with  an  excess  of  alkali. 
If  a  cold  aqueous  solution  of  tannin  be  mixed  with 
another  of  gelatin,  isinglass,  bone-size,  or  glue  in  ex- 
cess, an  opaque  white  precipitate  is  obtained  of  tanno- 
gelatin,  that  is  soluble  by  the  aid  of  heat  in  the  superna- 
tant fluid.  When,  however,  the  conditions  are  reversed, 
and  an  excess  of  tannin  is  taken,  it  happens  that  in- 
stead of  dissolving,  the  precipitate  agglutinates,  and 
forms  a  membranous  matter  of  a  greyish  hue,  that  pos- 
sesses considerable  elasticity,  and  thus  approximates  to 
caoutchouc.  The  solutions  filtered  from  these  bodies 
strongly  tinge  those  of  the  sesquisalts  of  iron.  It  ap- 
pears that  tannin  solutions  react  in  a  similar  way  with 
protein  compounds  in  general. 

It  was  thought  for  a  long  time  that  the  insolubility 
of  the  tanno-gelatin  offered  a  means  for  insuring  the 
purity  of  tannic  acid,  and  of  detecting  the  absence  or 
presence  of  gallic  acid  in  the  sources  affording  tannin  ; 
but  this  insolubility,  excepting  in  water  alone,  does  not 
answer  the  purpose.  Pulouze  employed  a  piece  of 
skin,  cleaned  in  the  ordinary  way  from  hair  and  epider- 
mis ;  this  was  immersed  for  some  hours  in  the  extract, 
and  the  whole  agitated  occasionally,  and  finally  the 
liquid  filtered.  When  pure  tannic  acid  was  operated 
upon,  the  whole  combined  with  the  integument,  so  that 
the  fluid  had  no  astringent  taste,  nor  did  it  color  a. 
solution  of  a  sesquisalt  of  iron ;  but  if  gallic  acid  had 
been  mixed  with  it,  the  bluish-black  tint  would  pre- 
sent itself  in  the  latter  case. 

Freshly  precipitated  alumina,  agitated  with  a  solution 
of  tannin,  absorbs  the  latter  rapidly,  and  forms  with  it 
an  insoluble  composition;  gallic  acid  behaves  in  a 
similar  manner.  At  the  temperature  of  an  oil  bath, 
tannic  acid  is  decomposed,  water  and  carbonic  acid 
being  formed;  but  when  the  heat  is  increased,  other 
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products  are  generated,  and  nothing  remains  but  char- 
coal, which,  if  heated  on  platinum  wire,  burns,  leaving 
no  residue.  Strong  ether  dissolves  tannin,  and  forms 
a  sirupy  liquid,  which  does  not  combine  with  fresh 
ether.  Alcohol  behaves  with  tannin  in  the  same  way, 
the  solvent  power  of  the  spirit  decreasing  in  reference 
to  it  as  it  approaches  purity  or  dehydration. 

From  the  analysis  of  Berzelius,  it  appeared  that 
tannin  was  composed  centesimally  as  follows  : — 

Berzelius.  Tclouze. 

Carbon,   52-69  ....  51-40 

Hydrogen,   3-86  ....  3-51 

Oxygen,   43-45  ....  4509 

100-00  100-00 

These  numbers  nearly  correspond  with  the  formulae, 
C18  H8  012  =  C]8  H6  09,  3  HO ;  but  Strecker  in  his 
later  researches  gives  the  equation  for  gallo -tannic  acid 
thus,  CJ4  H22  0M,  showing  that  it  contains  less  oxygen 
and  hydrogen  than  is  indicated  above. 

Varieties  of  Tannin. — As  already  stated,  recent 
investigations  have  a  tendency  to  the  conclusion  that 
tannin  from  the  various  vegetal  products  manifests 
such  difference  in  its  reactions  with  several  substances, 
as  to  justify  the  recognition  of  many  varieties  of  this 
compound,  though  classed  under  the  above  generic 
name.  The  impurity  of  this  body  was  long  considered 
to  affect  its  behavior  with  reagents  so  as  to  vary  the 
reaction;  but,  latterly,  Stenhouse  and  others  have 
arrived  at  other  conclusions,  and  regard  the  tannins 
from  the  different  sources,  and  which  give  unlike 
reactions  with  reagents,  as  distinct  chemical  bodies. 
Doubtless,  the  other  extractive  matters  in  the  solutions 
of  the  tannin  modify  to  a  great  extent  the  color  of  the 
precipitate  or  other  characteristics,  from  those  afforded 
by  the  pure  tannin,  but  all  the  difference  cannot  be 
attributed  to  this  cause.  With  gelatin  many  of  the 
tannins  give  well-marked  indications,  which  would 
go  far  to  show  the  dissimilarity  in  the  nature  of  the 
tannin ;  yet  it  is  upon  their  behavior  with  a  solution  of 
sesquisalt  of  iron  that  the  discrimination  is  based.  To 
ascertain  this  point,  Stenhouse  prepared ,  a  reagent 
which  affords  indications  only  with  the  variety  of  tannin 
contained  in  galls  and  with  gallic  acid,  and  which  con- 
sists in  the  production  of  pyrogallio  acid  when  the  body 
to  be  tested  is  submitted  to  the  destructive  distillation. 
In  this  way  he  observed  that  many  varieties,  which 
comported  themselves  exactly  similar  with  sulphate  of 
iron  and  in  their  general  reactions,  are  by  no  means 
identical.  Taking  the  behavior  with  solutions  of  ses- 
quisalts of  iron  as  the  criterion,  the  following  varieties 
are  detected : — 

1 .  Tannin  which  forms  a  bluish-blade  precipitate  in 
solationsof  a  sesquisalt  of  iron: — Tannin  from  nut-galls, 
oak,  poplar,  beech,  hazel,  chestnut,  maple,  cherry,  apri- 
cot, plum,  elder,  and  other  barks ;  sumach  and  logwood ; 
from  the  roots  of  lithrum  salicana,  iris  pseuclacorus, 
geum  urbanum ;  polygonum  bistortum — bistort ;  alche- 
milla  vulgaris — ladies'  mantle  ;  from  the  leaves  of  the 
arbutus  uva  ursi — bearberry ;  amothera  biennis,  gera- 
nium pratense ;  from  the  husks  of  the  cmsalpina  cori- 
aria ;  from  lentils,  et  cetera. 

2.  Tannin  which  forms  a  green  precipitate  in  solu 
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Hons  of  sesquisalts  of  iron: — Tannin  from  catechu — 
juice  of  the  mimosa  catechu ;  gum-kino — juice  of  the 
coccoloba  uvifera ;  most  of  the  cinchona  barks  ;  horse- 
chestnut  bark;  the  roots  of  the  rumex  aquations — water- 
dock  ;  tormentilla  erecta — septfoil ;  krameria  triandria 
— ratany ;  polypodium  flex  mas — male  fern  ;  tea  and 
badian ;  a  species  of  anise  ;  the  leaves  of  salvia  offici- 
nalis— sage ;  and  of  arnica  montana — leopard's  bane, 
and  in  date-stones. — Morfit. 

Artificial  Tannin. — Besides  the  foregoing,  chemists 
distinguish  other  varieties  of  tannin  which  result  from 
the  chemical  action  of  several  powerful  agents  upon 
many  substances ;  as,  for  instance,  from  the  action  of 
nitric  acid  upon  charcoal  and  indigo,  and  likewise  from 
the  effects  of  sulphuric  acid  upon  resins  and  camphor. 
The  first  notice  of  artificial  tannin  was  published  by 
Hatchett  in  the  Transactions  of  the  Royal  Society  in 
1801  :  he  discovered  it  whilst  making  experiments 
upon  the  slow  carbonization  of  plants.  This  tannin  is 
different,  however,  from  other  varieties  of  this  sub- 
stance at  present  known.  When  one  part  of  charcoal, 
reduced  to  an  impalpable  powder,  is  digested  with  five 
parts  of  nitric  acid  of  spec.  grav.  1 -40,  and  ten  of  water 
at  a  moderate  heat,  the  fluid  being  added  portionwise 
to  the  charcoal,  the  latter  after  a  time  disappears, 
and  a  transparent  deep-brown  liquor  remains,  which, 
on  evaporation,  leaves  the  artificial  tannin  slightly 
impregnated  with  acid.  By  repeated  solutions  in 
water,  and  evaporations,  this  impurity  may  be  removed. 
From  the  above  materials  about  1-2  of  artificial  tannin 
is  obtained. 

Artificial  tannin  prepared  in  this  way  is  a  brown, 
inodorous  substance,  having  a  vitreous  fracture,  and 
very  soluble  in  water.  Thomson  states  that  alcohol 
of  spec.  grav.  O80  dissolves  it,  and  so  far  it  manifests  a 
difference  of  behavior  from  natural  tannin.  The 
aqueous  solution  of  this  substance  precipitates  gelatin 
of  a  brown  color,  but  the  shade  deepens  as  the  liquids 
are  more  dense.  This  precipitate  is  a  compound  of 
tannin  and  gelatin,  in  the  proportion  of  thirty-six 
parts  of  the  former  to  sixty-four  of  the  latter.  It  is 
insoluble  both  in  hot  and  cold  water.  With  the  alka- 
line bases  it  combines,  forming  more  highly-colored 
solutions,  which,  in  the  course  of  some  time,  get 
cloudy.  The  ammoniacal  solution  of  artificial  tannin, 
on  being  evaporated  to  dryness  and  redissolved,  will 
not  precipitate  with  gelatin  till  after  the  alkali  which  it 
retained  is  neutralized  with  an  acid.  The  alkaline 
earths  precipitate  it,  but  the  precipitates  are  slightly 
soluble  in  water ;  the  heavy  oxides  throw  it  down  in 
combination  as  a  puce-colored  substance.  On  treating 
the  precipitate  with  nitric  acid,  the  artificial  tannin  dis- 
solves without  change,  whereas  the  natural  product  is 
altered  by  this  agent.  Heated  alone  in  a  retort,  it 
yields  water  and  nitric  acid,  ammonia,  carbonic  acid, 
and  another  gaseous  substance,  probably  nitrogen. 
According  to  Chevreul,  this  variety  of  tannin  is  a 
compound  of  nitrous  or  nitric  acid  with  a  carbonaceous 
matter. 

A  second  kind  of  tannin  is  produced  when  indigo,  or 
similar  compounds  rich  in  carbon,  are  treated  with  nitric 
acid,  as  in  the  foregoing  method.  A  very  bitter,  orange- 
colored  residue  is  obtained,  which  is  soluble  in  water, 


precipitates  gelatin  and  metallic  bases,  and  affords, 
when  decomposed,  nitrous  or  nitric  acid.  If  sulphuric 
acid  be  made  to  react  upon  resin  or  camphor  till  these 
dissolve,  and  heat  be  applied  till  the  liquor  blackens, 
and  then  cold  water  added,  a  black  powder  falls  which, 
when  treated  with  alcohol  and  the  spiritous  extract 
evaporated,  yields  a  residue  which  is  a  third  kind 
of  tannin  compound.  This  variety  precipitates  gelatin 
and  some  of  the  bases.  Chevreul  considers  that  this 
compound  contains  sulphide  of  hydrogen. 

Uses  of  Tannin. — The  range  of  the  application  of 
tannic  acid  is  not  very  extensive.  It  will  be  already 
understood  to  be  of  primary  importance  in  the  manu- 
facture of  leather ;  but,  besides  this  application,  it  serves 
another  purpose  in  wine-growing  countries,  namely,  of 
precipitating  the  glaiadine  from  the  fermented  must, 
especially  of  white  wines.  The  removal  of  this  prin- 
ciple is  of  very  great  importance  to  the  vintner,  for  if 
it  be  suffered  to  remain,  it  is  apt  to  induce  a  secondary 
viscous  fermentation,  which  would  destroy  the  wine. 
Tannic  acid  seems  to  be  the  best  antidote  in  this 
instance,  since  it  coagulates  the  glaiadine,  and  forms  a 
tannate  with  it.  Tannic  acid  is  also  extensively  em- 
ployed as  a  medicine  on  account  of  its  powerful  astrin- 
gent properties,  which  are  readily  explained  by  what  has 
been  said  regarding  its  action  on  albumen,  fibrin,  and 
gelatin.  Its  effects  are  to  check  haemorrhages,  profuse 
secretions,  and  to  constringe  relaxed  fibres ;  and  for 
either  purpose  it  may  be  adminstered  either  internally 
or  externally.  When  taken  into  the  system,  it  would 
appear  that  it  is  capable  of  being  converted  into  gallic 
acid,  pyrogallic  acid,  and  a  humus-like  substance,  all  of 
which  may  be  detected  in  the  urine ;  but  this  change 
does  not  seem  to  have  been  effected  till  the  tannin 
has  exhibited  its  peculiar  astringent  action.  In  the 
laboratory,  tannic  acid  is  occasionally  employed  as 
a  test. 

Gallic  Acid. — The  tendency  of  tannic  to  be  trans- 
formed into  gallic  acid  has  been  already  mentioned ; 
but  it  may  be  well  to  show  more  in  detail  the  cir- 
cumstances under  which  this  change  is  effected,  and 
to  point  out  the  properties  of  gallic  acid  generally,  as 
also  with  regard  to  the  operations  of  the  tanner.  Its 
name  has  been  derived,  as  is  evident,  from  galls,  on 
account  of  those  excrescences  containing  it  ready- 
formed  ;  it  likewise  exists  in  the  cypress-nut,  arnica 
flowers,  white  hellebore,  meadow  saffron — colchicum 
autumnale — and  in  a  number  of  astringent  barks, 
together  with  tannic  acid,  but  in  small  quantities.  Its 
most  prolific  source  is  tannic  acid,  which,  by  oxida- 
tion, yields  it  abundantly.  The  conditions  affecting 
the  change,  such  as  exposure  of  the  solution  of  tannin 
to  air  and  at  an  increased  temperature,  have  been 
already  mentioned,  as  likewise  the  decomposition  of 
the  same  body  by  the  mineral  acids.  All  the  methods 
recommended  for  the  production  of  gallic  acid  from 
tannin,  are  based  upon  these  properties  of  the  latter. 
Thus  Braconnot  prepares  it  from  powdered  nut-galls, 
by  drenching  this  substance  with  water  and  maintaining 
a  temperature  of  70°  to  75°.  After  a  while  a  quiet  action 
succeeds,  and  when  this  subsides  the  pasty  mass  is  to 
be  expressed  and  afterwards  heated  with  boiling  water, 
which  dissolves  out  the  gallic  acid,  and  yields  it  upon 
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evaporation  in  impure  crystals.  These,  by  re-solution 
in  water  and  filtration  of  the  liquid  through  animal 
charcoal,  afford  a  menstruum  which  gives  the  gallic  acid 
in  a  state  of  purity  when  concentrated.  Withell 
prepares  it  by  treating  thirteen  drachms  of  dry  tannin 
with  two  fluid  ounces  of  sulphuric  acid  of  1  '84°,  diluted 
with  four  times  its  volume  of  water  and  the  application 
of  a  boiling  heat.  Gallic  acid  in  crystals  is  deposited  to 
the  amount  of  eighty  per  cent,  of  the  tannin  employed. 

It  would  appear  from  various  researches,  that  the 
change  of  tannin  to  gallic  acid,  on  exposing  the  extract 
containing  the  former  to  air  and  moisture,  is  due  to  a 
fermentative  process,  which  is  considerably  expedited 
if  the  vegetal  matter  in  the  bark  or  gall,  or  whatever 
else  the  source  may  be,  is  permitted  to  remain  in  con- 
tact with  the  liquid.  Such  is  the  case,  especially,  with 
extract  of  gall-nuts  ;  and  it  might  be  inferred  that  the 
tannin  from  all  other  sources,  and  which  is  capable  of 
being  transformed  into  gallic  acid  by  oxidation  in  the 
above  manner,  is  similarly  affected.  M.  Larociie, 
has  shown  by  comparative  experiments  the  effect  of 
the  marcs  of  gall-nuts,  after  the  extraction  of  the  tannin 
with  ether  in  the  ordinary  way,  in  operating  this 
change.  By  inclosing  an  aqueous  solution  of  tannin 
and  a  portion  of  this  residue  in  a  bottle  or  flask,  and 
allowing  it  to  remain  for  some  time,  he  found  that  the 
tannin  was  entirely  converted  into  gallic  acid,  whilst 
a  strong  extract  of  tannin,  freely  exposed  to  the  air  at 
the  same  time,  retained  nearly  the  whole  of  its  tannin 
unaltered.  Hence,  doubtless,  the  insoluble  matter  in 
galls  in  the  presence  of  moisture,  is  capable  of  acting 
on  tannin  as  a  ferment,  and  that  the  change  of  tannin 
into  its  derivative  is  the  result  of  a  fermentation.  It  is 
well  known  that  fermentation  by  contact  of  yeast,  blood, 
and  albumen,  effects  the  same  transformation  of  the 
astringent  extract  as  the  residue  of  the  galls  which  have 
been  digested  in  ether,  and  also  that  the  latter  will 
excite  the  vinous  fermentation  in  solutions  of  grape- 
sugar,  and,  therefore,  these  reactions  may  be  taken  as 
mutually  corroborative.  Further,  the  gallic  fermenta- 
tion may  be  intercepted  by  antiseptics,  like  the  vinous. 
Protochloride  of  mercury — corrosive  sublimate — com- 
pletely prevents  the  decomposition ;  and  pyroligneous 
acid,  or  carbonic  acid,  as  shown  by  the  investigation  of 
Calvert,  on  account  of  some  empyreumatie  matter 
which  it  contains,  likewise  considerably  retards  the 
fermentation. 

It  has  been  shown,  that  sulphuric  and  hydrochloric 
acids  at  a  boiling  heat  rapidly  change  tannin  into 
gallic  acid,  and  without  the  intervention  of  air;  but  if 
the  mixture  be  kept  at  a  common  temperature,  M. 
Antoine  has  shown  by  his  researches  that  the  decom- 
position of  the  tannin  is  retarded  by  a  small  portion  of 
those  acids.  On  the  contrary,  tartaric,  malic,  and 
vegetal  acids  in  general,  expedite  the  decomposition 
of  the  tannin.  The  rapidity  with  which  sumac  fer- 
ments, may  be  referred  to  the  quantity  of  malic  acid  in 
the  leaves. — Parnell. 

Properties  of  Gallic  Acid. — When  pure,  this  acid 
crystallizes  in  long  silky  needles,  which  are  unalterable 
in  the  air;  its  taste  is  acrid  and  styptic.  Braconnot 
states  that  it  dissolves  in  a  hundred  parts  of  cold, 
and  in  about  three  parts  of  hot  water ;  four  or  five 


parts  of  alcohol  in  the  cold  dissolve  it,  but  one  part 
of  the  hot  spirit  will  take  it  up.  It  is  soluble  in  ether, 
but  in  less  quantity.  The  aqueous  and  spiritous 
solutions,  hut  the  former  more  readily,  undergo  do- 
composition,  so  that  the  surface  of  the  liquid  becomes 
mouldy,  and  a  brownish  matter  is  produced,  -which 
Dobereiner  considered  ulmin.  Added  to  a  solu- 
tion of  gelatin,  no  precipitation  occurs — a  behavior 
which  at  once  distinguishes  gallic  from  tannic  acid, 
and  which  indicates  that  it  is  unavailable  in  convert- 
ing skin  into  leather.  This  being  so,  and,  as  has  been 
already  pointed  out,  tannin  being  readily  convertible 
into  this  body,  it  becomes  of  the  utmost  importance  to 
the  tanner  to  guard  against  this  transformation,  which, 
in  the  usual  way  of  tanning,  is  so  apt  to  take  place. 
The  researches  of  Larocque  have  shown  that,  in 
regard  of  the  tannin  from  galls,  the  decomposition  is 
completely  and  readily  effected,  provided  the  insoluble 
residuary  matter  be  allowed  to  remain  in  contact  with 
the  liquor  containing  the  tannic  acid,  and  it  is  equally 
well  known  that  the  tannin  from  sumac  is  liable  to 
decomposition,  as  well  when  it  remains  in  contact  with 
the  insoluble  portion  of  this  body,  as  when  it  is  sepa- 
rated from  it ;  but  independently  of  the  action  of  the 
residue,  the  malic  acid  here  plays  an  important  part. 
Though  the  evidence  proving  that  the  insoluble  portion 
of  the  barks,  et  cetera,  employed  in  tanning,  when 
allowed  to  remain  in  the  tan-liquor,  does  operate  in 
the  rapid  conversion  of  tannin  into  gallic  acid,  thereby 
rendering  the  former  valuable  body  useless,  is  not 
definite, — still,  knowing  that  in  the  waste  tan-liquor,  a 
large  quantity  of  gallic  acid  is  found,  it  may  be  safely 
stated  that  its  production  is  from  the  tanning,  and 
also  is  owing  more  to  the  effects  of  the  insoluble 
matter  of  the  source  of  the  tannin,  than  to  any  oxi- 
dation which  might  take  place  during  the  tanning 
processes.  Even  those  kinds  of  tannin  which  are 
incapable  of  producing  gallic  acid  by  decomposition 
are  subject  to  a  metamorphosis  which  destroys  the 
tanning  agent,  and  this  fermenting  action  is  more 
readily  produced  when  the  insoluble  matter  is  left  in 
contact,  than  if  the  liquor  were  retained  by  itself. 
The  only  benefit  which  the  tanner  derives  from  gallic 
acid  is,  that  it  aids  in  swelling  the  hides,  and  thus 
facilitates  the  absorption  of  the  tannin ;  but  when  it  is 
considered  that  a  dilute  solution  of  sulphuric  or  vegetal 
acids  effect  the  same  thing  quite  as  well,  it  will  be  evi- 
dent that  he  who  relies  on  the  swelling  by  gallic  acid, 
and  sacrifices  a  corresponding  portion  of  tannin  in  its 
production,  suffers  a  considerable  loss,  and  is  not  fit  to 
compete  with  those  who  can  obviate  such  a  sacrifice. 

At  410°  to  420°,  according  to  the  observation  of 
Pelouze,  gallic  acid  is  entirely  volatilized,  producing 
a  sublimate  of  beautiful  white  crystals  and  pure  car- 
bonic acid;  if  the  heat  be  urged  to  464°  or  482°, 
instead  of  the  foregoing  change,  another  takes  place,  in 
which  pure  carbonic  acid  is  likewise  developed.  But 
in  addition  to  this  a  quantity  of  water  is  produced,  and 
which  runs  along  the  sides  of  the  retort,  in  the  bottom 
of  which  remains  a  considerable  mass  of  brilliant-black 
insoluble  matter,  which  at  first  sight  might  be  taken 
for  charcoal.  It  is,  however,  a  true  acid,  and  is  called 
by  Pelouze,  meta-gallic  acid. 
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According  to  the  above-named  chemist,  crystallized 
gallic  acid  is  composed  of— 

Ccntesimally, 

Carbon,   50-10 

Hydrogen,   3.6-t 

Oxygen,   46-26 

100-00 

numbers  which  agree  with  the  formula,  C7  H3  05,  HO ; 
Stkeokek,  however,  regards  it  as  a  tribasic  acid,  thus 
C14H6  O10,  2HO=3  HO,  C14  Hs  0„  2  aq.— and  capable 
of  forming  salts  which  correspond  with  the  general 
formula,  MO,  2  HO,  C14  H3  0T ;  2  MO,  HO,  C14  H„  0„ 
and  3  MO,  Cu  H3  07 ;  MO  being  here  the  representative 
of  a  metallic  oxide. 

As  pyrogallic  acid,  0,  H,  03  or  C14  H6  06,  meta-gallic 
acid,  C,  H2  02  or  C14  H4  04,  ellagic  acid,  C14  H2  07,  HO, 
and  other  derivatives  from  gallic  acid  and,  therefore, 
remotely  from  tannic  acid,  are  of  no  importance  in  the 
making  of  leather,  they  will  not  be  further  dwelt  upon. 
Ellagic  acid  is  said,  however,  to  be  the  chief  agent 
that  gives  the  bloom  to  the  tanned  hide. 

Substances  used  in  Tanning. — Those  which  are 
available  for  the  purposes  of  tanning,  embrace  a  wide 
range  if  the  juices,  barks,  leaves,  roots,  fruit,  and 


excrescences  of  trees,  and  also  vegetals  which  contain 
tannin  of  one  kind  or  other,  be  taken  into  account.  In 
looking  over  the  researches  and  labors  of  chemists, 
many  hundred  substances  which  yield  tannin  have  been 
discovered ;  but  practice,  or  the  trade,  recognizes  only  a 
few  of  these,  probably  owing  to  the  quantity  which  can 
be  annually  produced,  their  yield  of  tannin,  or  because 
they  offer  some  advantage  either  in  making  a  better 
leather,  or  in  the  time  required  to  effect  the  operation. 
The  tannin  and  other  distinct  principles  in  vegetal 
growth  of  every  kind,  are  derived  from  the  sap  or  soluble 
matters,  imbibed  by  the  rootlets  from  the  soil  in  which 
the  plant  exists,  and  the  gases  absorbed  by  the  foliage. 
In  many  plants  which  elaborate  tannin,  it  is  met  with 
in  small  proportions,  owing  perhaps  to  its  being  only  a 
secondary,  and  not  a  primary  secretion.  It  is  found 
in  some  vegetals  equally  in  all  parts,  whilst  in  others 
certain  parts  are  richer  in  this  substance,  the  remain- 
ing exhibiting  only  slight  indications  of  its  presence. 
The  particular  portions  of  plants  that  yield  the  greatest 
amount  of  tannin  are,  therefore,  preferred  in  making 
leather. 

The  following  is  a  list  of  the  materials  which  con- 
tain tannin  in  the  largest  quantities,  and  which  may 
be  employed  in  the  manufacture  of  leather. 


Inspissated  and  Prepared  f  £™'h    Terrajapomca,  or 

Extracts,  \Qum 

Vegetal  Excrescences,   Galls. 

'  Of  the  different  kinds  of  willow. 

Of  the  quercus  robur — common  oak ;  quercus  cerris — Turkey  oak  ;  quercus  ilex — evergreen 
oak — and  other  varieties. 

Of  the  erica  vulgaris,  or  common  heath,  and  of  other  varieties  of  the  same  plant, 
rp      j  Of  the  cyndra  scolymus — garden  artichoke. 

iree  leaves,   1  Of  the  sloe-tree— primus  spinosa. 

Of  the  conium  macidata — spotted  hemlock. 

Of  the  arbutus  uva  ursi — bear-berry. 

Of  the  thea  Cldnensis — the  leaves  of  the  several  varieties  of  green  and  black  teas  yield  tannin — 
and  of  the  rims  glabrum,  known  as  sumac. 
Flowers  and  Tree  Tops,  f  These  are  hardly  ever  employed,  although  many  afford  extracts  which  precipitate  gelatin  and 

Eruits   \       salts  of  iron. 

f  Of  the  grape. 

|  Of  the  liydro-sapathum  and  wild  cornel. 

Seeds  and  Bulbs,   -i  The  hulls  of  the  fruit  of  the  msalpina  eoriaria,  known  under  the  title  of  divi-divi,  or  leby-diby. 

The  bulbs  of  the  scuilla  maritima. 
[The  dried  acorn  hulls  of  the  prickly-cupped  oak — quercus  cegilops. 
w  ("All  woods  or  trees,  the  barks  of  which  yield  tannin,  also  afford  more  or  less  of  this  substance ; 

  1        they  are,  however,  scarcely  ever  employed. 

f  Of  the  dentillaria,  or  lead-wort — plumbago  Europaza. 
Of  the  male  fern — asjndium  fdex  mas. 

Roots  ■<  Ratany — hrameria  tnandria — root. 

I  Of  leopard's  bane — arnica  montana. 
l_Of  statice,  or  marsh  rosemary. 

|"  Common  bark,  of  which  there  are  several  varieties ;  birch,  chestnut,  and  horse-chestnut  barks ; 
sassafras,  or  the  bark  of  the  root  of  the  laurus  sassafras ;  larch,  hazel,  beech,  Lomhardy 
Barks,   <       poplar,  blackthorn,  pomegranate,  ash,  elm,  cork-tree,  cinchona,  willow,  sycamore,  tulip- 

tree,  wattle  and  oak  barks ;  besides  these,  however,  there  are  other  barks — such  as  that  of 
1_       the  sumac  shrub,  winter's  bark,  et  cetera — that  afford  tannin  in  available  quantities. 


It  will  not  be  uninteresting  to  state  briefly  some  of 
the  properties  of  the  substances  mentioned  in  the  fore- 
going table,  with  respect  to  their  uses  for  tanning 
purposes. 

Kino. — Of  the  inspissated  extracts  which  are  found 
in  the  market,  kino  or  gum-kino,  is  the  richest  in 
tannin,  containing,  as  it  does,  according  toVAUQUELiN's 
analysis,  seventy-five  per  cent,  of  this  compound. 
Nevertheless,  it  has  not  hitherto  come  into  use  for 
tanning  purposes,  but  is  solely  devoted  to  medical 
uses.  For  its  more  general  properties,  refer  to  page 
31C,  Vol.  II. 


Catechu. — Catechu  is  another  of  the  same  class  as 
the  preceding,  and  forms  a  most  useful  article  for  the 
tanner.  There  are  several  varieties  which  are  distin- 
guished by  various  names,  such  as  cutch,  terra  japonica, 
and  gambir.  Formerly,  this  extract,  from  its  brownish- 
red  color,  was  supposed  to  be  a  kind  of  earth,  hence  the 
title  terra  given  to  it.  Catechu  is  extracted  from  the 
acacia  catechu,  a  tree  which  grows  to  the  height  of 
twenty  or  thirty  feet,  and  abounds  in  the  forests  from 
latitude  26°  to  30°,  known  as  the  Bornese  territory  on 
the  Malabar  coast,  and  called  Cancan.  The  heart  and 
bark  of  the  wood  are  boiled  in  water,  and  the  solution 
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evaporated,  which  leaves  the  astringent  extract  known 
as  Cancan  catechu.  According  to  Nees  Von  Esen- 
beck,  most  of  the  catechu  exported  from  Bombay  is 
prepared  from  the  acaoia  catechu,  whilst  that  brought 
from  Bengal,  is  derived  from  the  uncaria  gambir,  a 
shrub  cultivated  in  the  countries  lying  on  both  sides  of 
the  shores  of  Malacca.  It  is  obtained  by  boiling  the 
wood,  bark,  and  leaves  of  this  shrub  together  with  the 
inspissated  juice  in  water,  and  evaporating,  then  adding 
a  little  sago  to  give  it  consistency;  it  is  finally  exsiccated 
in  the  sun,  and  then  cut  into  square  or  circular  cakes 
to  suit  the  purchaser.  Bombay  catechu,  which  is  the 
richest  in  tannin,  is  of  a  dark  brownish-red  hue,  both 
externally  and  internally,  and  possesses  a  specific 
gravity  of  1'38.  Davy  examined  the  Cancan  catechu, 
and  found  it  to  be  1  '39  ;  he  also  found  in  two  hundred 
parts  of  this,  as  well  as  of  the  Bengal  catechu,  and 
known  by  the  title  Pegu,  from  the  province  of  Bengal 
where  it  is  prepared,  the  following  constituents  : — 

Concan  or  Pepu  or 

Bombay  catuelm.        Bengal  catucliu. 

Tannin,   109    97 

Extractive,   68    73 

Mucilage,   13    1G 

Earthy  residue,   10   14 
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The  genuine  catechu,  of  whatever  variety,  contains, 
on  an  average,  about  half  its  weight  of  tannin,  and  its 
efficacy  in  making  skin  into  leather,  has  been  estimated 
as  being  five  times  greater  than  the  best  oak  bark ; 
but  this  seems  exaggerated.  Besides  the  real  tannin, 
the  extractive  matter  contained  in  it  is  another  definite 
substance,  which  is  called  catechin  or  catechuic  acid, 
and  which,  doubtless,  plays  a  part  in  the  process  of 
tanning.  To  it  is  ascribed  the  property  of  coloring  the 
leather  so  deeply.  The  latter  body  differs  from  the 
tannin  in  being  insoluble  in  cold  water,  although  a 
solution  of  the  tannin  of  catechu  takes  up  a  small 
quantity  of  it.  The  varieties  of  catechu  of  commerce 
are : — 

1.  Cahe  catechu,  from  its  being  in  circular  cakes. 
Their  color  varies  from  a  light-brown  to  a  black,  and 
their  weight  from  several  ounces  to  two  pounds. 

2.  Pegu  catechu. — As  already  stated,  this  variety 
obtains  its  name  from  the  province  where  it  is  prepared. 
It  is  generally  imported  in  masses  of  a  hundred  pounds 
weight,  but  as  seen  in  the  shops,  it  presents  the  appear- 
ance of  angular  irregular  fragments  in  double  layers, 
with  leaves  between.  It  has  a  compact  shining  frac- 
ture, and  a  deep-brown  color. 

3.  Bengal  catechu  is  manufactured  in  rectangular 
cakes,  but  in  the  course  of  transit  they  get  reduced  to 
fragments.  Externally,  it  has  a  rusty  brown  color, 
and  internally,  the  shade  varies  from  a  brownish-grey 
to  dark-brown. 

4.  Bombay  catechu. — This  variety  occurs  in  globular 
lumps  of  the  size  of  an  orange  flattened,  and  two  pieces 
generally  adhering  together.  In  color  it  resembles 
that  brought  from  Bengal. 

5.  Gambir. — It  is  stated  by  M'Culloch  that  no  less 
than  four  thousand  six  hundred  tons  of  catechu,  under 
the  name  of  gambir,  is  produced  annually  by  the 
Chinese  settlers  in  Rhio.  It  takes  its  name  from  the 
shrub  which  is  its  source,  the  uncaria  or  nuclea 


gambir.  It  has  a  deep  yellow  or  reddish-brown  color 
on  the  outside,  but  within  it  is  paler,  and  presents 
a  dull  earthy  fracture.  It  comes  to  these  countries  in 
solids  of  about  a  cubic  inch.  Esenbeck,  who  examined 
this  variety,  states  that  it  yields  from  thirty- six  to 
forty  per  cent,  of  tannin.  Boiling  water  entirely  dis- 
solves it. 

6.  Arecha  catechu. — The  nuts  of  an  Indian  palm 
known  by  this  title,  afford  this  kind  of  astringent  sub- 
stance. These  fruits  are  macerated  with  water,  and 
the  decoction  evaporated,  when  a  better  sort  of  catechu 
results,  known  by  the  term  leasm,  and  the  semi- 
exhausted  residue  upon  further  treating  it  with  water, 
affords  a  solid  extract,  which  is  distinguished  as  cowry. 
The  former  is  of  a  black  color,  and  intermixed  with 
husks,  and  the  latter  of  a  yellowish-brown,  with  an 
earthy  fracture.  The  coury  is,  of  course,  inferior  to 
extract  known  as  kassu. 

With  regard  to  the  application  of  catechu  to  tho 
manufacture  of  leather,  the  natives  of  India  have 
long  practised  it ;  but  its  introduction  into  the  trade 
of  this  country  for  a  similar  purpose,  is  of  modern 
date.  Its  richness  in  the  tanning  agent  causes  it  to  be 
very  rapid  in  producing  a  gelatino-tannate  of  the  sub- 
stance of  the  skin,  or,  in  other  words,  of  making 
leather.  The  qualities  of  the  article  manufactured 
from  it,  are  not,  however,  so  satisfactory  as  the  rapidity 
of  its  effects,  either  to  the  tanner  or  the  public :  for  the 
leather  is  very  permeable  to  water,  light  and  spongy, 
hard,  and  of  a  dark-reddish  fawn  color.  The  charac- 
teristic deposit  from  oak  bark  and  a  few  other  tanning 
agents,  known  as  bloom,  is  not  produced  by  catechu, 
and  this  want  is  a  material  objection  to  its  use,  as  the 
existence  of  bloom  upon  leather  is  considered  as  a  kind 
of  guarantee  of  its  goodness.  One  pound  of  catechu,  i  f 
first-rate  quality,  is  capable  of  producing  one  pound  of 
leather,  and,  consequently,  in  tanning  power  is  equiva- 
lent to  five  of  oak  bark,  or  thereabouts,  as  already  stated. 

Besides  the  inspissated  juices  just  mentioned,  there 
is  another  which,  though  not  yet  introduced  into  the 
European  trade,  has,  nevertheless,  been  employed  by 
the  North-western  Indians  for  tanning  purposes.  This 
is  gum-butea,  the  account  of  which  will  be  found  at 
page  315,  Vol.  II. 

Galls. — There  is  no  other  natural  product  that 
affords  so  much  tannin  as  those  round,  hard,  woody 
excrescences  known  as  galls.  Formerly  it  was  supposed 
that  these  were  a  kind  of  fruit ;  but  naturalists  and 
physiologists  have  ascertained  that  this  is  not  the  case, 
but  that  they  are  excrescences  or  tumors  which  form  on 
the  branches  of  different  trees  and  vegetals,  owing  to  the 
puncture  of  certain  insects,  for  the  purpose  of  depositing 
their  eggs.  The  tree  which  affords  those  galls  that  are 
commonly  known  as  rctif-galls,  is  a  stunted  species  of 
oak — quercus  infectoria — which  is  very  general  through- 
out Asia  Minor.  It  grows  to  the  height  of  four  or  six 
feet,  has  a  crooked  stem,  and  yields  an  acorn  two  or  three 
times  larger  than  its  cup.  The  gall-flies,  which  occa- 
sion the  gall,  belong  to  the  genus  cynips,  and,  from 
different  accounts,  there  are  several  species ;  that 
which  is  concerned  in  producing  the  officinal  galls,  is 
the  cynips  gallai  tinctorial.  The  female  insect  of  this 
variety,  by  means  of  an  appropriate  apparatus,  per- 
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forates  the  cortical  part  of  the  plant,  and  in  the  wound 
deposits  her  eggs,  together  with  an  acrid  liquor.  In 
two  or  three  days  the  part  is,  as  it  were,  inflamed,  and 
a  swelling  appears,  and  continues  to  increase  till  it 
results  in  a  gall.  The  eggs  which  are  inclosed  in  this 
excrescence  are  hatched,  and  in  due  time  the  young 
larva?  appear,  and  develop  themselves,  being  supported 
by  the  juices  of  the  plant  till  they  become  a  perfect 
insect,  when  they  perforate  the  gall  and  escape.  When 
this  happens,  the  excrescence  loses  much  of  its  astrin- 
gent principle,  and  becomes  lighter ;  but  if  gathered  or 
harvested  before  the  entombed  insect  is  completely 
developed,  the  nuts  are  not  only  heavier,  but  are  richer 
in  tannin,  and  command  a  better  price  in  the  market. 
Galls  gathered  before  the  escape  of  the  insect,  have  a 
black  or  bluish  shade,  but  when  the  insect  has  left, 
their  color  is  paler,  and  they  generally  attain  to  a  larger 
size.  To  prevent  this  occurrence,  great  care  is  taken 
to  harvest  the  galls  before  the  insect  attains  its  full 
growth,  and  eats  its  way  through,  leaving  them,  however, 
on  the  trees  till  they  have  acquired  their  greatest 
weight.  In  some  parts  the  governor,  or  aga  of  the 
district,  levies  a  tax  on  the  produce ;  and  being  thus 
interested  in  the  success  of  the  crop,  he  causes  the 
cultivators  to  traverse  frequently  the  hills  and  mountains 


Tannin,  

Gallic  acid,  

Ellagic  acid,  

Brown  extractive,  

Starch  

Gum,  

Sugar,  

Chlorophyl  and  volatile  oil, 

"Woody  fibre,  

Water,  


Leaves. — Of  the  foliage  of  trees  containing  tannin, 
very  few,  if  any,  are  now  employed  in  the  manufacture 
of  leather.  The  leaves  of  the  heath  were  once  exten- 
sively used  in  this  country;  but  this  material  has  long 
been  abandoned,  preference  being  given  to  oak  barks 
and  other  substances  of  native  and  foreign  growth. 

The  leaves  of  the  sloe-tree — primus  spinosa — were 
likewise  used  to  some  extent  in  London  for  tanning  calf 
skins,  by  employing  a  decoction  prepared  by  boiling 
the  leaves  in  barley  water.  So  also  it  is  stated  in 
the  Bibliotheque  Physico  Economique  for  1789,  that 
garden  artichoke  was  resorted  to  for  preparing  calf 
and  goatskins  for  bookbinders'  use,  and  that  the  opera- 
tion was  as  successful  as  if  nut-galls  or  willow  bark  had 
been  the  tanning  agent. 

The  various  species  of  tea  yield  variable  but  large 
quantities  of  tannin,  amounting  from  thirteen  per  cent., 
according  to  Mulder — to  thirty-five  and  even  forty 
per  cent.,  according  to  FrAnck.  The  value  of  this 
article,  however,  as  a  luxury  and  dietary,  precludes  its 
employment  in  the  production  of  leather. 

Sumac. — In  its  purity  it  consists  of  the  powdered 
leaves  of  a  shrub  that  grows  extensively  in  the  south 
of  Europe,  in  the  United  States,  and  in  Asia  to  which 
it  is  indigenous.  It  seems  that  there  are  several  species 


to  report  upon  the  advanced  state  of  the  galls,  and 
wherever  the  proper  growth  has  been  attained,  they 
are  immediately  collected.  The  selections  thus  made 
are  known  in  the  market  as  green-galls,  and  come  to 
these  countries  from  Aleppo,  Smyrna,  and  the  interior 
of  Asia  Minor.  Those  which  escape  harvesting  before 
the  entombed  insect  has  attained  its  full  growth  or 
emerged,  are  known  as  white-galls,  and  are  imported 
from  the  same  place.  Another  kind  of  gall,  produced 
upon  the  oaks  growing  in  many  departments  in  France, 
are  nearly  equal  in  size  to  the  Asiatic  green-galls,  but 
they  are  rounder,  and  possess  a  smooth  and  in  some 
instances  a  polished  surface.  They  have  a  brownish 
color,  and  rank  in  their  content  of  tannin  intermediate 
between  the  green  and  white  Aleppo  galls.  A  variety 
originating  from  the  puncture  of  an  insect  allied  to  the 
aphis  on  the  branches  and  shoots  of  the  dislylium 
racemosum  comes  from  Japan.  They  are  of  an  irre- 
gular shape,  having  in  some  instances  both  ends  small, 
whilst  the  middle  is  much  thicker,  but  more  generally 
the  stem  end  is  the  least  and  the  more  swollen  part  is 
near  the  other.  Hence  they  are  called  commercially 
apple -galls. 

Annexed  are  the  analyses  of  samples  of  Aleppo 
and  Chinese  galls  by  two  distinguished  authorities : — 


such  as  the  rhus  cotinus — wild  olive — rims  glabrum 
or  coriaria,  which  is  the  best  and  most  esteemed  for. 
the  preparation  of  the  finer  kinds  of  leather.  Italy, 
Sicily,  Portugal,  Spain,  and  France  produce  consider- 
able quantities  of  sumac,  varying  in  quality,  and  dis- 
tinguished from  one  another  by  the  habits  of  the  tree, 
the  color,  and  other  properties.  The  sumac  obtained 
from  the  rhus  colinus  is  for  the  most  part  employed  in 
dyeing,  and  the  product  of  the  rhus  coriaria  is  that 
which  is  converted  to  the  uses  of  the  tanner,  especially 
in  the  preparation  of  morocco  and  similar  leather.  The 
latter  shrub  which  grows  wild  in  Portugal,  Spain,  and 
other  countries  named  above,  rises  to  the  height  of  four 
to  eight,  and  in  some  cases  to  twelve  feet ;  its  stem 
is  crooked  and  covered  with  a  reddish-grey  bark  ;  the 
leaves  present  a  green  on  the  upper  and  a  whitish 
color  on  the  under  surface  during  spring  and  summer, 
but  they  assume  a  reddish  hue  in  autumn.  It  flowers 
in  July,  the  blossom  being  greenish-red,  and  yields  a 
cluster  of  small  crimson  berries  on  ripening.  Regarding 
the  effect  of  sumac  as  a  tanning  agent,  it  is  stated  that 
it  deprives  the  skin  of  much  of  its  softness  and  elasticity, 
but  it  offers  one  great  advantage  of  not  coloring  it  dur- 
ing the  process,  and  is  on  this  account  preferred  in 
France  and  other  places,  notwithstanding  its  cost  being 
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much  greater  than  other  tanning  agents,  hy  the  fabri- 
cators of  morocco  and  glazed  leather.  It  is  utilized  in 
the  ordinary  way  of  tanning  mixed  with  bark  or  other 
matter,  and  affords  good  results. 

Of  the  species  of  sumac  in  the  market,  the  Sicilian 
is  accounted  the  best.  There  are  two  kinds,  one  of 
which,  the  Alcamo,  is  the  most  esteemed.  It  is  a 
very  line  light-green  powder,  containing  very  little 
woody  matter,  having  an  agreeable  odor  analogous  to 
that  of  the  violet,  and  a  strong  astringent  taste ;  it  con- 
tains very  little  coloring  matter,  though  it  gives  a 
yellowish  green  solution  when  macerated  with  water. 
The  second  variety  inclines  to  a  reddish  yellow,  has  a 
feebler  odor,  with  a  less  astringent  taste  than  the  fore- 
going variety.  On  this  account  it  is  not  much  employed 
in  tanning,  though  extensively  used  in  dyeing ;  see 
vol.  i.  pp.  579,  629.  Sicilian  sumac  is  generally 
packed  in  bales  weighing  about  one  hundred  and  a 
half. 

Spanish  sumac  is  various  in  quality,  being  less 
carefully  prepared,  and,  consequently,  more  or  less 
mixed  with  woody  matter.  The  best  sort  comes  from 
Priego,  and  is  grown  in  the  neighborhood  of  Malaga. 
It  is,  like  the  Sicilian,  finely  ground,  and  affords  a  color 
of  equal  or  greater  brightness ;  its  odor  reminds  one  of 
the  tea  plant.  With  water  it  gives  a  dark  and  more 
reddish  solution  than  the  foregoing.  It  is  usually 
packed  in  bales  of  one  hundredweight.  The  other 
sorts,  the  Molina  and  Valladolid  sumac,  are  next  in 
quality  to  the  foregoing ;  they  are  very  similar. 

Portugueso  or  Porto  sumac  is  almost  similar  to  the 
Priego,  but  is  generally  dirtier,  and  contains  more 
mineral  salts. 

Italian  sumac  has  a  dark-green  color,  is  free  from 
woody  matter,  hut  feels  granular  in  the  hand,  and 
lias  an  odor  like  that  of  the  bark,  which  possesses 
similar  qualities  as  the  leaves. 

French  sumac  is  similar  to  the  preceding.  Three 
sorts  are  collected,  the  Fauvis  is  almost  equal  to  the 
Sicilian  when  well  purified,  and  comes  from  Brignolles, 
near  Marseilles.  If  less  care  be  taken  in  its  manufac- 
ture, it  approaches  more  to  the  quality  of  Malaga 
sumac.  It  frequently  goes  under  both  these  names. 
A  second  sort,  Donzere,  and  a  third,  Pudis,  are  com- 
monly used  in  the  tanneries.  A  fourth  variety,  called 
reclou  or  rcdoul,  obtained  from  the  coriaria  myrtifolia, 
cultivated  in  Languedoc,  is  of  a  greyish-green  color. 

The  operations  involved  in  the  preparation  of  sumac, 
consist  in  collecting  the  branches  of  the  shrub  whilst 
in  full  foliage,  drying  them  in  the  sun,  and  then  sepa- 
rating the  leaves  by  threshing,  or  other  means.  Sub- 
sequently the  detached  leaves  are  ground  under  vertical 
mill-stones,  and  packed  in  bales  for  the  market.  In  some 
cases,  the  peduncles  and  more  tender  branches  are 
ground  with  the  leaves ;  but  as  these  contain  a  good 
deal  of  tanning  material,  they  do  not  so  much  injure 
the  quality. 

Flowers  and  Fkuits —  Valonia. — Hitherto  flowers 
and  flower-tops,  though  containing  tannin,  have  not 
been  used  in  the  preparation  of  leather  on  the  large 
scale.  The  same  might  be  said  of  fruits,  with  the 
exception  of  the  acorn-cups  of  the  quercus  wgilops 
— prickly-cupped  oak, — a  tree  which  grows  in  abun- 


dance in  the  Morea  and  the  adjacent  countries.  In 
commerce,  they  pass  under  the  title  valonia,  and 
are  imported  from  Turkey,  Greece,  Italy,  and  India. 
When  the  fruit  is  gathered,  it  is  conveyed  to  the 
nearest  port  to  be  shipped;  there  it  is  stored  in  a 
warehouse  during  several  months,  being  laid  out  in 
beds  of  three  to  five  feet  in  thickness.  A  slight  heating 
or  fermentation  sets  in  during  the  above  period,  and  as 
the  moisture  escapes,  the  long  spreading  scales,  which 
hitherto  confined  the  acorn  become  contracted,  and 
allow  the  latter  to  fall  out  of  the  cup.  After  being  well 
dried  the  whole  is  picked,  and  the  acorns  which  con- 
tain no  tannin  and  the  damaged  cups  are  separated  from 
those  of  the  latter  that  are  dry  and  good.  The  cup  of 
this  acorn,  so  long  as  kept  dry,  retains  a  bright  drab 
color;  but  when  exposed  to  moisture,  it  loses  this 
appearance  and  turns  black,  losing  by  the  change 
its  tanning  properties.  Doubtless,  to  the  long  ex- 
posure of  the  upper  cups  to  the  disengaged  vapor 
from  the  bod,  is  owing  their  being  invariably  more  or 
less  damaged.  Ordinary  or  common  valonia,  the 
cups  of  which  average  about  two  inches  diameter, 
differs  from  that  kind  known  as  camata,  or  camatena 
valonia,  which  are  only  about  the  size  of  a  large 
cherry.  The  latter  is  said  to  be  the  fruit  of  a  smaller- 
species  of  quercus  than  that  which  affords  the  common 
valonia.  It  is  in  greater  demand  for  silk-dyeing  than 
for  tanning. 

Leather  prepared  with  valonia  is  said  to  be  harder 
and  less  permeable  to  water  than  that  made  with  oak- 
bark  ;  and,  besides,  it  presents  the  advantage  of  readily 
depositing  a  rich  bloom  upon  the  leather,  a  character- 
istic much  sought  by  the  traders  in  this  article.  Not 
less  than  from  ten  to  twelve  thousand  tons  of  this 
tanning  agent  are  annually  imported  into  Great  Britain 
and  Ireland,  and  it  is  stated  that  two  pounds  of  good 
average  quality  are  sufficient  for  making  one  pound  of 
leather.  The  duty,  which  up  to  1842  was  twenty 
shillings  per  ton,  was  then  reduced  to  five  shillings, 
and  entirely  removed  in  1845.  Its  price  varies  from 
ten  to  twenty  pounds  per  ton,  according  to  the  stock 
and  seasons. 

Myrobalans,  the  dried  fruit  of  various  species  of  ter- 
minalia,  is  extensively  employed  in  tanning  and  dye- 
ing factories.  There  are  several  kinds,  all  of  which 
come,  however,  from  the  East  Indies,  by  Calcutta  and 
other  ports.  This  sort  of  fruit  when  ripe  is  pear- 
shaped,  deeply  wrinkled,  of  brownish-yellow  hue,  and 
weighing  from  seventy  to  one  hundred  grains.  The 
whole  of  the  astringent  matter  which  it  yields  is  con- 
tained in  the  husk,  which  is  easily  separated  from  the 
inclosed  nut  by  bruising  the  whole ;  besides  the  tannin, 
a  yellow  coloring  matter  with  mucilage  and  other 
principles  is  extracted.  The  tannin  from  this  source 
differs  but  slightly,  according  to  Stenhouse,  from  that 
found  in  nut-galls. 

Divi-divi  is  an  article  which  has  acquired,  within 
a  comparatively  modern  date,  an  interest  with  tanners 
and  commercial  men.  It  may  be  classed  with  the 
foregoing,  since  it  consists  of  the  dried  pods  of  a  legu- 
minous shrub — cwsaljrina  coriaria — which  is  indigen- 
ous to  South  America,  and  grows  to  the  height  of  twenty 
and  oven  thirty  feet.    The  pods  are  about  three  inches 
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long,  of  a  dark  brown  color,  and  curled  up  as  if  they 
had  been  submitted  to  a  high  temperature  during 
desiccation.  The  whole  of  the  tannin  is  concentrated 
in  the  rind  of  the  pod,  immediately  beneath  the  epider- 
mis, and  has  consequently  a  very  astringent  taste,  but 
the  inner  portion  that  incloses  the  seed  is  very  insipid. 
Besides  tannin,  it  yields  coloring  matter,  and  a  muci- 
laginous substance  which  interferes  with  its  application 
in  dyeing  and  printing.  The  leather  prepared  with 
divi-divi  is  very  porous,  and  tinged  brown  or  brownish- 
red,  according  to  the  density  of  the  ooze,  time  allowed, 
and  state  of  exposure  to  the  air.  Its  formation  is 
attributed  to  a  fermentative  change  induced  by  some  of 
the  extracted  matters;  this  change  occurs  as  well  in 
cold  as  in  warm  weather,  but  more  frequently  in  the 
latter.  During  the  reaction,  a  reddish  matter  deposits 
upon  the  leather  in  course  of  preparation,  and  on  the 
sides  of  the  pit.  By  preventing  oxidation  of  some  of 
the  principles  present,  through  the  exclusion  of  atmo- 
spheric air,  none  of  the  forementioned  substance  appears, 
and  the  leather  retains  the  natural  color.  A  solution, 
or  extract  of  divi-divi,  readily  affords  a  deposit  of  bloom 
to  leather.  Stenhodse  has  shown  that  the  tanning 
matter  of  divi-divi,  though  similar  to  that  contained  in 
galls,  inasmuch  as  it  exerts  a  like  reaction  on  solutions 
of  sesquisalts  of  iron,  is,  nevertheless,  different  from  the 
latter,  since  it  produces  no  pyrogallic  acid  when  sub- 
mitted to  dry  distillation. 

Wood. — This  material  has  not  been  converted  to 
any  useful  end  so  far  as  it  immediately  concerns  tanning, 
notwithstanding,  that  tannin,  as  before  stated,  exists 
to  some  extent  in  many  species. 

Eoots. — Several  substances  of  this  nature  may  be 
advantageously  applied  in  tanning.  The  root  of  the 
common  avens,  geum  urbanum,  contains,  as  shown  by 
Tromsdorff's  analysis,  forty-one  per  cent  of  tannin. 
This  plant  is  perennial,  and  is  indigenous  to  Europe ; 
it  grows  wild  generally  in  damp  and  shady  places. 
The  root  is  about  a  quarter  of  an  inch  in  thickness,  has 
long  descending  fibres,  and  appears  in  alternated  layers 
of  red  and  white,  the  former  predominating.  It  should 
be  gathered  in  spring,  and  dried  cautiously  at  an  in- 
cipient heat.  It  has  a  slightly  bitter  and  astrin- 
gent taste,  and,  in  the  dry  state,  an  odor  not  unlike 
cloves. 

Ratany  root  is  another  substance  very  rich  in  tannin. 
Morfit  describes  this  shrub — lcrameria  triandria — 
as  being  indigenous  to  Peru,growing  in  mountainous  dis- 
tricts, and  flowering  at  all  seasons.  As  found  in  com- 
merce, it  is  in  pieces  of  irregular  shape  and  size,  some 
not  thicker  than  a  pipe-stem,  and  others  an  inch  in 
diameter,  and  two  or  three  feet  long.  Occasionally, 
several  of  the  stems  issue  from  one  head.  The 
bark  is  of  a  dark  yellow  or  brown  color,  readily 
separable  from  the  wood,  and  has  an  astringent, 
nauseous,  and  slightly  bitter  taste.  The  woody  part 
has  less  taste,  and  a  color  approaching  to  red.  Water 
at  212°  dissolves  the  valuable  principles,  and  the  de- 
coction, which  has  a  deep-brown  color,  is  abundantly 
precipitated  by  the  mineral  acids.  The  alkalies  only 
change  its  color  to  that  of  urine.  Sulphate  of  iron 
produces  a  black,  and  acids  a  fawn-colored  precipitate. 
Gelatin  proves  the  presence  of  tannin.    The  following 


analyses  by  Gmelin  and  Peschier  indicate  the  com- 
position centesimally : — 


Tannin,   38-3 

Gallic  acid,   — 

Sweet  matter,   6*7 

Nitrogenous  matter,   2-5 

Mucilage,   8-3 

Lignin,   43-3 

Krameric  acid,  

Gum — extractive  and  color- "t 

iug  matter,  j" 

Loss,   '9 

100-0 


42-6 
0-3 


0-4 
56-0 


100-0 


Tournal  has  drawn  attention  to  a  perennial  plant 
growing  wild  in  the  south  of  France,  the  dentillaria  or 
leadwort — plumbago  Europma — on  account  of  its  con- 
tents of  tannin.  The  same  chemist  has  made  reference 
to  the  statice  or  marsh  rosemary,  and  suggested  its 
being  employed  as  a  substitute  for  oak  bark.  The 
Kalmucs,  it  is  stated,  use  a  decoction  of  this  plant  and 
sour  milk,  for  tanning  the  skins  of  sheep  and  goats 
so  as  to  he  available  for  clothing. 

Barks. — This  species  of  tanning  material  is  by 
far  more  generally  preferred  in  tanneries  than  any 
other,  and  that  which  ranks  of  highest  importance 
for  the  purpose  is  oak  bark.  There  are  several 
kinds  of  this  substance,  varying  more  or  less  in  their 
amount  of  tannic  acid ;  these,  however,  come  under 
two  classes — the  evergreen  and  deciduous  oak  barks. 
Like  most  of  those  substances  already  described,  the 
virtues  of  the  oak  and  other  barks  are  not  disseminated 
equally  in  the  several  parts ;  indeed,  in  the  rind  of  the 
common  oak  of  these  countries,  there  are  portions  in 
which  no  tanning  or  other  valuable  secretion  is  found. 
In  examining  the  exterior  covering  of  trees  generally, 
a  very  great  analogy  will  be  observed  between  it  and 
the  skin  of  animals.  For  instance,  the  epidermis  or 
outer  thin,  dry,  and  occasionally  transparent  layer  of 
matter,  has  its  analogue  in  that  of  the  skin ;  and,  like 
the  latter,  it  is  thrown  off  as  the  tree  grows  old  and 
increases  in  size,  owing  to  the  formation  of  internal 
layers  of  other  matter,  which  cause  the  epidermis  to 
fracture  and  ultimately  to  fall  off.  The  matter  beneath 
the  epidermis  is  a  layer  of  cellular  substance,  which 
partakes  more  or  less  of  the  vitality  of  the  tree.  It  is 
generally  the  seat  of  the  green  color,  and,  like  the  rete 
mucosum  of  animals,  is  being  constantly  dried  up  into 
the  epidermis  exteriorly,  whilst  the  secretion  of  herba- 
ceous matter  from  the  interior  maintains  it  in  the  nor- 
mal state.  Beneath  this  is  found  the  cortical  tissue,  of 
which,  as  the  tree  grows  older,  the  woody  matter  is 
formed.  In  it  are  found  all  the  valuable  secretions  of 
the  tree,  such  as  gum,  sugar,  resin,  oil,  and  the  other 
matters  which  are  so  generally  applied  in  medicine 
and  the  arts.  It  is  constituted  of  a  number  of  elongated 
cells,  divided  into  layers  by  a  variety  of  longitudinal 
woody  fibres.  This  is  more  particularly  the  case  with 
the  inner  portion  of  this  layer,  and  which  is  called  the 
liber  from  its  organized  appearance.  It  immediately 
overlays  the  real  ligneous  matter,  or  wood  of  the  tree. 
In  its  general  construction  it  resembles  in  a  measure 
the  last-mentioned,  only  that  there  are  more  longitudinal 
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fibres,  forming  as  it  were  leaves  or  laminae,  being  reti- 
culated and  bound  together  by  cellular  substance. 
These  layers  may  be  separated  by  macerating  the  liber 
in  water,  which  removes  the  cellulose,  so  that  the}' 
appear  like  the  pages  of  a  book,  and  hence  the  term 
liber  applied  to  it.  It  is  this  portion  that  is  annually 
converted  into  wood,  and  which  gives  to  the  transverse 
section  of  the  heart  of  the  tree  the  annular  appearance 
it  presents,  and  which  is  generally  termed  the  grain. 
Each  of  these  rings  represents  a  year's  growth  of  woody 
fibre. 

As  regards  tannin,  the  parts  of  the  cortex,  or  true 
bark,  in  which  it  is  mostly  contained,  are  the  exterior 
layers  of  the  portion  known  as  the  liber,  and  the  in- 
terior of  the  cortical  tissue — the  inside  portions  of  the 
former,  and  the  most  exterior  of  the  latter,  yielding 
very  little  of  this  principle.  The  same  observation  is 
true  of  other  matters,  such  as  quinine  and  the  like. 
The  various  dyes  are  seated  frequently  in  the  exterior 
portion  of  the  cortical  tissue.  The  sap  always  ascends 
through  the  cellulose  of  the  real  bark ;  and  as  this  fluid 
is  the  source  from  which  tannin  is  secreted,  it  is  evident 
that  there  will  be  more  of  it  in  the  bark,  when  the  flow 
is  greater  than  at  other  periods.  Experiments  have 
proved  this  to  be  the  case  as  regards  oak,  and  the 
same  observation  applies  to  the  barks  of  other  trees, 
such  as  the  willow,  elm,  pine,  birch,  beech,  et  cetera, 
with  equal  force. 

It  may  be  well  to  state  here,  as  briefly  as  possible, 
the  nature  and  peculiarities  of  the  more  important 
barks  referred  to  at  page  500,  with  the  view  of  showing 
their  adaptability  for  tanning.  In  this  digest,  consider- 
able information  has  been  obtained  from  Professor 
Morfit's  very  copious  work  on  tanning  and  currying 
leather.  The  bark  of  the  cinnamon-tree,  though 
yielding  tannin,  has  not  yet  been  employed  for  the 
manufacture  of  leather.  Larch  and  birch  barks  are 
resorted  to  in  a  very  limited  way,  being  in  Great 
Britain  and  Ireland  applied  only  for  tanning  bazils  and 
other  sheep-skin  leather.  In  the  larch-tree  bark  the 
tannin  amounts  to  two  per  cent. ;  but  in  that  of  birch, 
Davy  found  6-75  parts  centesimally.  Birch  bark  is 
very  much  employed  in  Eussia  for  making  the  fancy 
red-colored  leather,  known  in  that  country  as  jucten, 
and  other  kinds,  and  the  peculiar  resisting  powers,  as 
well  as  its  odor,  are  attributed  to  the  assimilation  of 
the  oil  which  this  bark  contains.  The  American 
variety  of  the  chestnut-tree  hark  yields  four  per  cent, 
of  tanning  material,  and  the  leather  prepared  from  it  is 
said  to  be  more  flexible  than  that  made  with  oak  bark. 
The  bark  of  the  Spanish  chestnut  contains,  according 
to  Davy,  four  per  cent,  of  tannin.  In  the  United 
States,  the  bark  of  the  hemlock  spruce,  a  species  of  fir — 
abies  canadensis — is  much  used  for  tanning  as  a  substi- 
tute for  oak  bark.  Morfit  states  that  this  tree,  which 
grows  to  the  height  of  seventy  to  eighty  feet,  constitutes 
three-fourths  of  the  evergreen  woods  in  Nova  Scotia, 
New  Brunswick,  Maine,  Vermont,  and  part  of  New 
Hampshire ;  it  is  less  common  further  South,  though 
found  in  the  middle  and  Southern  states  on  the  Alle- 
ghanies.  The  bark  of  this  tree  is  grey  when  young, 
but  grows  lighter  when  old,  and  is  generally  covered 
with  moss.  In  June  the  barking  is  effected,  and  before 
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being  ground  half  of  the  epidermis  is  shaved  off. 
Leather  made  with  this  bark  is  reddish,  and  is  judged 
inferior  to  that  yielded  by  oak  bark ;  however,  the  two 
barks  worked  together  are  supposed  to  afford  a  better 
product  than  oak  tan  produces  by  itself.  Davy  found 
in  the  bark  of  the  beech  about  three  per  cent,  of 
tannin.  Some  varieties  are  employed  by  the  tanner 
when  oak  bark  happens  to  be  scarce,  but  the  leather 
from  it  is  white  and  inferior.  The  same  chemist 
obtained  from  the  bark  of  the  Lombardy  poplar,  3-12 
per  cent. ;  from  ash  bark,  3-32  ;  from  elm  bark,  2-7  ; 
from  the  white  or  European  willow,  2-295  ;  and  from 
the  Leicester  willow,  6  '86  per  cent,  of  tanning  principle. 
Lombardy  poplar  bark  makes  a  light-brown  colored 
leather,  which  acquires  during  the  tanning  a  fragrant 
odor,  somewhat  resembling  that  which  is  given  by 
birch  bark.  Elm  bark  is  not  much  used  in  these 
countries  for  making  leather,  but  it  is  utilized  in  this 
way  in  Norway,  and  the  remarkable  beauty  of  the 
glove  leather  of  that  country  is  attributed  to  the  mode 
of  tanning,  which  is  done  with  elm  bark.  "Willow  bark 
also  is  restricted  to  the  tanners  of  Northern  Europe, 
although  it  is  worked  up  occasionally  with  oak  bark  in 
British  and  other  tan-yards.  The  Danish  and  Schoonian 
leather,  much  in  request  for  the  manufacture  of  gloves, 
owing  to  its  peculiar  and  agreeable  smell,  is  prepared 
with  the  bark  of  the  white  willow;  in  Russia,  the 
tanner  uses  this  material  occasionally,  but  impregnates 
the  leather  subsequently  with  the  empyreumatic  oil  of 
birch  bark.  The  barks  of  all  the  cinchona  species 
afford  considerable  quantities  of  tannin  ;  still  these  are 
more  valuable  in  pharmacy,  owing  to  the  alkaloids 
they  yield,  and,  therefore,  they  are  not  resorted  to  for 
leather-making.  Several  other  trees  afford  tannin, 
when  their  barks  are  submitted  to  the  usual  process, 
but  they  are  rarely  turned  to  any  account. 

Oak  Bark. — The  bark  of  the  oak,  has  been  for  a 
long  period  extensively  employed  in  tanning  skins, 
and  if  other  materials  have  been  used,  it  still  happens 
that,  in  Great  Britain  and  Ireland  at  least,  these  have 
not  been  resorted  to  by  preference,  but  rather  from  the 
scarcity  of  the  staple  article,  oak  bark,  which  seems  to 
part  with  the  tannin  under  those  circumstances  which 
best  avail  for  its  combination  with  the  tissue  of  the 
skin,  and  thus  for  converting  the  latter  into  an  article 
of  prime  quality.  There  are  several  varietes  of  oak, 
known  as  well  in  Europe  as  in  America,  all  of  which 
secrete  tannin  in  their  bark ;  but  those  which  are  valu- 
able to  the  tanner  are  the  different  varieties  of  quercus 
robur,  quercus  cocci/era,  and  sometimes  the  quercus 
suber,  indigenous  to  Europe;  and  the  quercus  falcata, 
quercus  rubra,  quercus  tinctoria,  and  quercus  prinus 
monticola,  indigenous  to  the  American  soil.  The  bark 
of  the  quercus  robur—  which  term  is  applied  to  desig- 
nate a  group  of  closely  allied  species  or  varieties,  and 
of  which  the  quercus  pedunculata,  and  quercus  sessili- 
flora,  form  the  two  principal — is  generally  preferred 
by  the  tanner,  with  the  exception  of  Norway  and  the 
North  of  Eussia  and  some  districts  in  France.  In 
Norway,  as  already  remarked,  the  birch  and  willow  are 
resorted  to,  and  in  Eussia  and  France  the  bark  of  other 
species  of  oak,  the  quercus  glomerata,  and  quercus  coc- 
cifera,  are  occasionally  substituted.   The  latter  variety, 
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known  also  as  the  kermes  oak,  is  a  tortuous  branching 
shrub  inhabiting  the  South  of  France,  Portugal,  and 
Spain.  It  grows  to  the  height  of  three  to  four  feet 
in  close  clumps,  the  roots  interlacing  one  another,  so 
that  the  soil,  which  might  otherwise  be  washed  away 
by  the  heavy  rains,  is  retained.  The  bark  of  the  root 
of  this  shrub,  which  is  sometimes  called  coppice  oak, 
is  of  a  yellowish  brown  hue,  and  very  rich  in  tannin. 
It  is  much  in  quest  in  France  for  tanning  sole  leather 
of  a  superior  quality. 

Barking  of  Trees. — In  the  foregoing  pages  are  given 
the  varied  natural  products  which  have  been  more  or 
less  employed,  or  offer  advantages  for  tanning.  The 
bark  of  the  oak  is,  however,  the  most  extensively  con- 
sumed, and,  therefore,  much  care  is  paid  to  its  collection 
and  harvesting.  For  a  long  time  it  was  supposed  that 
the  rind  of  old  oaks  was  more  valuable  for  tanning  than 
the  product  from  younger  wood;  but  experience  is 
rectifying,  or  has  done  so,  this  mistake,  for  tanners  have 
by  a  long  course  of  working  ascertained  with  certainty, 
what,  through  the  labors  of  Sir  Humphrey  Davy  and 
others,  has  long  been  on  record,  that  the  bark  of  young 
trees  is  richer  in  tanning  principle,  than  that  of  old 
ones ;  and,  not  only  does  the  bark  of  the  former  offer 
this  advantage,  but  the  leather  prepared  with  it  is 
softer  and  whiter  than  what  old  bark  produces,  owing 
to  the  amount  of  coloring  and  extractive  matter  which 
they  yield.  Doubtless,  the  best  age  at  which  the  trees 
should  be  barked,  is  from  eighteen  to  twenty-five,  or 
thirty  years  ;  but  owing  to  the  importance  of  the  timber 
for  building  and  other  purposes,  rarely  are  trees  of  this 
age  felled  in  England  or  European  countries.  In  France, 
however,  they  harvest  the  bark  of  oak  of  this  age,  but 
the  wood  is  not  turned  to  further  use,  excepting  for 
the  manufacture  of  charcoal,  owing  to  the  variety  being 
unadapted  for  the  builder.  In  France,  too,  the  advan- 
tage may  be  gained  of  collecting  the  bark  in  spring,  at 
a  time  when  the  sap  is  in  full  flow,  and  when  there  is 
most  tannin  contained  in  it;  but  in  other  countries, 
where  the  bark  of  the  tree  constitutes  only  an  inferior 
secondary  product  compared  with  the  wood,  this  season 
is  not  chosen,  in  consequence  of  the  timber  being  cut 
when  the  sap  is  in  active  circulation  and  thus  liable  to 
decay.  In  England,  Holland,  and  America,  the  period 
for  stripping  the  bark  is  about  June ;  but  it  varies 
according  to  the  mildness  of  the  winter  and  the  spring. 
The  operation  of  barking,  is  performed  by  cutting  two 
circular  bands  round  the  trunk,  at  a  distance  of  two, 
three,  or  more  feet,  then  a  longitudinal  strip  from  one 
band  to  the  other,  loosening  the  bark  at  the  upper,  and 
stripping  it  off  in  bands  towards  the  lower  end.  When 
stripped,  the  pieces  are  spread  out  to  dry  in  beds,  a  shady 
site  being  preferred,  care  being  taken  to  turn  them  occa- 
sionally, so  as  to  prevent  the  beds  heating.  If  the  har- 
vesting of  the  bark  is  not  strictly  attended  to,  consider- 
able injury  is  sustained,  not  only  in  the  loss  of  tannin, 
but  more  so  in  the  kind  of  leather  it  affords  in  the  pits. 
For  the  most  part,  or  indeed  in  all  cases,  the  bark 
should  rest  on  hurdles  elevated  more  or  less  from  the 
ground  in  an  inclined  state,  and  the  fragments  ought 
never  to  be  heaped  together  more  than  from  twelve  to 
eighteen  inches  in  thickness.  Provision  ought  to  be 
made  to  protect  the  bark  from  the  rain,  and  the  whole 


should  be  turned  at  least  once  a  week  till  quite  dry. 
After  this  it  is  usually  stacked  in  larger  rectangular 
heaps,  and  protected  by  thatch,  if  not  by  a  roof,  from 
rain  or  wet. 

Quality  of  Barks. — It  is  important,  that  in  regard  to 
this  article  of  so  much  value  to  the  tanner,  he  should 
have  some  means  of  ascertaining  its  quality.  By  phy- 
sical characters,  the  man  of  practice  and  experience  will 
often  form  a  good  opinion  in  this  respect,  so  as  to  decide 
between  a  good  and  bad  quality  of  the  same  kind  of 
bark ;  but  this  will  not  enable  him  to  toll  what  amount 
of  tannin  it  contains.  Thus,  if  the  bark  has  a  whitish 
color  exteriorly,  and  a  reddish  interiorly,  and  combines 
with  these  a  dry,  fragile,  and  clean  fracture,  and  an 
astringent  taste,  the  bark  has  been  well  harvested,  and 
other  properties  being  taken  for  granted,  it  is  of  good 
quality.  So  also  when  the  epidermis  and  liber  are 
thick,  dry,  and  ligneous,  with  large  crevices  and  a 
blackish  aspect,  it  is  deemed  of  an  inferior  quality, 
for  the  former  characteristics  indicate  age,  and  the 
latter,  that  it  has  undergone  a  heating  or  fermenting 
change.  There  are  other  indications  also  from  which 
persons  acquainted  with  tanning  materials  form  a  judg- 
ment as  to  its  goodness ;  it  happens,  however,  that  there 
are  exceptions,  so  that  an  article  presenting  one  or 
more  of  these  appearances,  may  be  of  a  first-rate 
quality,  and  make  a  good  leather ;  but,  under  any  cir- 
cumstance, they  will  not  lead  the  purchaser  to  the 
knowledge  of  the  per  centage  of  real  tannin  they  yield. 
To  attain  to  this  end,  a  determination  of  the  tannin 
must  be  made  by  chemical  means,  and  even  then  the 
results  are  often  only  approximative. 

Estimation  of  Tannin  in  Barks,  el  cetera. — Several 
methods  have  been  devised  for  estimating  the  amount 
of  tannin  in  barks  and  other  products  which  are 
used  in  tanning,  most  of  which  are  founded  on  the 
behavior  of  tannic  acid  with  gelatin,  and  similar 
bodies ;  but  mention  will  be  made  here  only  of  those  of 
Davy,  Stephens,  and  latterly,  Wakington.  The 
process  of  Daty  consists  in  treating  three  hundred 
and  sixty  grains  of  the  powdered  bark  with  a  pint 
of  boiling  water,  the  vessel  being  frequently  agitated 
during  the  digestion,  which  ought  to  last  twenty-four 
hours.  After  filtering  off  the  extract,  it  should  be 
mixed  with  an  equal  volume  of  solution  of  jelly  or  isin- 
glass, prepared  by  dissolving  sixty  grains  of  either  of 
those  substances  in  a  pint  of  hot  water.  The  preci- 
pitate of  tanno-gelatin  is  then  collected  on  a  tared 
filter,  exsiccated  and  weighed,  and  four-tenths  of  the 
entire  taken  as  the  proportion  of  tannin  contained  in 
it.  Modern  research  has  shown,  however,  that  it  is 
almost  impossible  to  separate  the  precipitate  by  filtra- 
tion from  the  liquid,  so  that  at  best  this  method  is 
tedious ;  but  it  is  inaccurate,  inasmuch  as  the  first  por- 
tions which  fall  contain  about  fifty  per  cent,  of  tannin, 
which  diminishes  towards  the  end  of  the  saturation. 
Sulphate  of  quinine,  acidulated  with  a  few  drops  of 
sulphuric  acid,  may  be  employed  for  precipitating  the 
tannin  from  its  solutions  completely,  and  the  deposit, 
unlike  the  gelatin  compound,  is  constant  in  its  com- 
position. The  tanner,  however,  in  his  yard,  bases  his 
operations  on  the  indications  of  what  is  called  the 
barkometer — an  instrument  like  a  hydrometer — and 
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according  to  the  extent  to  which  it  sinks  in  the  extract, 
so  is  the  strength  of  the  ooze,  or  tan-liquor  estimated. 

Stephens,  to  avoid  the  error  to  -which  Davy's 
method  is  liable,  proposed  to  estimate  the  tan  by  com- 
bining it  directly  with  the  cortical  tissue,  as  in  tanning, 
and  determine  the  amount  of  the  acquired  weight.  For 
this  purpose,  strips  of  the  best  ox  hides,  shaved  as 
thinly  as  possible,  are  washed  in  water,  thoroughly 
dried  and  weighed,  then  soaked  in  water  a  second  time 
till  they  become  soft  and  porous,  and  immersed  in  the 
extract  of  the  sample  of  tan  under  examination,  at  a 
temperature  of  90°.  Tn  the  course  of  eight  or  ten 
hours,  the  whole  of  the  tannin  will  have  combined  with 
the  skin,  so  that  after  this  period,  by  abstracting  the 
strips,  drying  and  weighing,  noting  the  increase  as  the 
amount  of  tannin  in  the  sample  operated  upon,  the 
per  centage  in  the  bark  may  be  calculated.  This 
mode  is  likewise  tedious,  and  fails  to  give  satisfactory 
results. 

Warington  proposes  to  estimate  the  tannin,  not 
only  in  barks,  but  in  all  other  astringent  substances 
volumetrically,  by  determining  what  volume  of  a  stan- 
dard solution  of  gelatin  is  required  to  precipitate  the 
tannin  from  the  extract  prepared  from  the  sample 
submitted  to  examination.  In  preparing  the  test 
solution,  the  above  chemist  recommends  the  long  staple 


isinglass,  as  that  is  the  most  constant  in  its  quality,  and 
the  least  liable  to  undergo  change.  The  solution  is 
made  of  such  a  density,  that  a  degree  on  the  burette 
will  represent  one-tenth  or  one-fourth  of  a  grain  of 
tannin.  Besides  the  preparation  of  the  test  liquor,  the 
only  other  novelty  in  the  operation,  is  the  method 
employed  for  filtering  off  portions  of  the  menstruum  in 
order  to  determine  whether  the  whole  of  the  tannin  be 
precipitated.  As  the  passing  of  the  liquor  through 
bibulous  paper,  would  not  afford  a  clear  filtrate,  a  piece 
of  glass  tubing,  a  foot  in  length,  and  half  an  inch  in 
internal  diameter,  was  selected ;  into  the  lower  extre- 
mity a  piece  of  wet  sponge  was  introduced,  and  when 
it  was  desired  to  abstract  a  portion  of  clear  liquid  from 
the  assay,  in  order  to  test  if  further  precipitation  took 
place,  the  sponge  end  of  the  tube  was  submerged,  and 
the  fluid  filtered  by  ascending  through  the  sponge. 
Part  of  the  clear  menstruum  thus  obtained,  was  trans- 
ferred to  a  test  tube,  and  a  drop  of  the  test  solution 
added,  till  the  point  of  saturation  had  been  accurately 
arrived  at.  By  this  method,  which  is  as  applicable  to 
the  substances  rich  in  tannin  as  to  bark,  accuracy  and 
expedition  are  secured. 

The  annexed  table,  from  Morfit,  indicates  the  per 
centage  of  tannic  acid  contained  in  the  various  sub- 
stances specified : — 


TABLE  OF  THE  AVERAGE  QUANTITY  OP  TANNIN  IS  DIFFERENT  SUBSTANCES. 

Substance.                                 Per  centage  of  tann  n  Authority 

Catechu— Bombay,                                                   55.0    Cav,. 

"    —Bengal,   44.0  .... 

Eatanyroot                                                            42-6   '..  Peschier. 

v.       ,     .                                                            38-3    C.  G.  Gmelin. 

Kmo— tannin  and  extractive,                                      75-0    Vauquelin. 

Buteagum                                                             73.2    E.Solly. 

Nut-galls-Aleppo,                                                   65.0    Guibort. 

—Chinese,                                                  69'0    ..  .  Bley 

ma    ,  Hfeto»>>>                                                    24-0    Eoder. 

Old  oak-white  inner  bark,                                        21-0    Cadet  de  Gassincourt, 

v          ,     ..                                                         14-2    Davy. 

Young  oak— "         »                                                15-2    «' 

"      — colored  or  middle  bark,                                4-0  " 

"      -™tjre  bark,...                                          6-0  Davy  and  Geiger. 

—spring-cut  bark,                                         22-0    «  iT 

Oak  kermes — bark  of  the  root,                                         8-9  "  « 

Terra  japonioa,  or  gambir,                                         40-0  Esenbeck 

A  vena  root-geum  urbanum,                                       4i-0    Tromsdorff. 

Squill— bulb,                                                              24-0  Vojrel 

Statice  of  South  Carolina,                                           i2-4               "  Parrish. 

Birch  bark,                                                              j.g    Davy 

^^e:ee=e-:e:.  £ ::::::::::  ^ 

Hazel  bark,                                                             3>q  (( 

chestuut,Americaurose,:::::::::::::::;::::::;::::  8.0  cadet  de  Gassincourt. 

Carolina,                                                   6-0  "  " 

"       H'^v;"- {••, 4'°  Julia  de  Foutenelle. 

Spanish — white  inner  bark,                               1-3    Davy. 

"     — colored,  or  middle  bark,                    0-3  " 

"                 — entire  bark,                                    0-5  " 

LoinLdy^;::."                     II  ^ i^-r^. 

a^"::::::::::::::::::::::::: :::::  ft  :::::::::: 

Sassafras-hark  of  the  root,                                        58-0    Eeinsch. 

Eta  bark,                                                           2.9    D 

Sumac,  Sicily                                                         lg.2  «' 

||     Malaga,  !'.!!;i7!.' ..... '.  16-4  !!!'!!!".'  » 

"         ",.                                                         10-4    Eranck. 

ito  :::::::;::  c*ttieG™™oml- 

Willow,  Leicester— white  inner  bark,                            16-0    Davy. 

"     — colored,  or  middle  bark,                     3'0    .  .  .  .  .  .  .  .  .  .  »  ' 

"           "     — entire  bark,                                    6-8   .....  " 

"  "     —bark  of  the  trunk,   1-4    .  .  .  .  .  .  . 
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Per  centngo  of  tannin. 


Willow,  weeping,   16*0 

Sycamore  bark,   16*0 

«          »    1-4 

Elder,   2-3 

Plum-tree   1-6 

Cherry-tree,   24*0 

"         Cornish  '   19-0 

Tormentil  root,   46*0 

Cornus  sanguinea  of  Canada,   44-0 

Alder  bark,  '  36-0 

Apricot,   32-0 

Pomegranate,   32'0 

Bohemian  olive,   14-0 

Tan  shrub  with  myrtle  leaves,  bark  of,   13'0 

Service-tree  bare — June  berry,   18'0 

Cloves,   15-0 

Winter's  bark,   9'0 


Authority. 

Cadet  de  Gassincourt. 


Davy. 
Biggers. 

Cadet  de  Gassincourt. 


Davy. 
Henry. 


To  render  any  of  the  foregoing  materials  suitable 
for  the  present  operations  of  the  tanner,  it  is  necessary 
to  bring  them  into  a  minute  state  of  division,  in  order 
that  by  the  treatment  to  which  they  are  subjected, 
they  may  the  more  quickly  yield  up  their  tannin. 


Fig.  342. 


With  the  exception  of  the  inspissated  juices,  this  con- 
dition is  gained  by  grinding  or  cutting  machines  which 
reduce  the  roots,  branches,  or  barks,  to  a  fine  powder. 

Fig.  343. 


Numerous  kinds  of  mechanical  adaptations  have  been 
introduced  into  this  department,  varying  in  simplicity 
from  the  old  head-stone  rollers,  to  very  intricate  ar- 


rangements. It  would  require  too  much  space  to  give 
even  a  curt  description  of  these ;  suffice  it  then  that 
the  principles  on  which  they  are  constructed  may  be 
inferred  from  the  machines  described  here  : — 

Farcot's  bark-cutting  machine,  extensively  used  in 
France,  is  shown  in  elevated  section  and  plan  in  Figs. 
342  and  343,  in  which  A  A'  are  two  fluted  cylinders, 
which  supply  the  bark  previously  spread  upon  the 
table,  a,  having  a  raised  ledge,  h,  to  the  cutting  apparatus. 
This  is  composed  of  two  parallel  circles,  fixed  upon  a 
common  axis,  o,  having  steel  plates  or  knives,  bb, 
screwed  upon  them,  and  which  are  disposed  in  the 
form  of  a  helice  or  spiral.  On  one  end  of  the  axis,  C, 
is  the  fly-wheel,  s,  and  drum,  D,  which  receives  the 
movement  or  power  by  a  strap  that  connects  it  with  the 
main  shaft  of  the  engine  ;  the  other  end  has  a  pinion,  I, 
which  gears  into  a  toothed  wheel,  J,  on  the  axis  of  the 

Fig.  344. 


fluted  cylinder,  A,  and  by  means  of  another  smaller 
one  acting  upon  E,  on  the  axis  of  A,  the  motion  is 
likewise  transmitted  to  the  latter.  By  the  levers, 
F  F,  and  a  weight,  G,  the  two  cylinders,  A  A',  are  regu- 
lated to  any  required  proximity.  Inside  the  fluted 
cylinders  is  a  longitudinal  piece  of  steel,  C,  which 
delivers  the  bark  to  the  revolving  knives,  and  at  the 
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same  time  acts  by  its  sharp  edge  as  a  shears  towards 
the  cutting  knives.  The  cylinder  which  carries  the 
cutting  knives  makes  about  one  hundred  and  thirty 
revolutions  per  minute,  as  also  the  feeding  cylinders  ; 
and  the  quantity  of  bark  cut  averages  one  thousand 
six  hundred  pounds  per  hour. 

The  chopped  bark  is  then  passed  to  a  mill  for 
reducing  it  still  further,  and  which  is  shown  in  Fig.  344. 
This  machine  is  on  the  principle  of  Weldon's  bark- 
grinding  mill,  introduced  so  far  back  as  1797.  In  this 
figure,  A  is  a  conical  drum  of  iron  on  the  end  of  the 
shaft,  D,  which  forms  its  axis,  inclosed  in  the  cast-iron 
hopper,  B  b,  where  the  coarse  bark  is  deposited.  This 
hopper  is  firmly  secured  by  screws  to  a  flange,  which 
runs  all  round  the  framework,  v  v,  as  shown  at  a  a. 
In  the  top  of  the  exterior  is  a  cross  beam  secured  by 
screws,  and  having  a  socket  in  the  middle  part  through 
which  the  axis  of  the  drum  passes.  The  lower  part  of 
this  shaft  rests  and  turns  upon  a  bed,  c,  upon  the 
stage,  T,  and  regulated  so  as  to  have  the  cone,  A,  in 
position,  by  the  side  and  bottom  screws,  a'a'  and  b. 
The  inner  face  of  the  hopper,  B,  which  is  in  close 
contact  with  the  revolving  cone,  is,  like  the  latter, 
serrated  or  grooved,  so  that  the  bark  pass- 
Fig.  345.  ;ng  (jown  ;s  more  minutely  sundered.  Fig. 

)345  shows  the  position  of  the  two  cutting 
surfaces  with  respect  to  one  another. 
The  central  drum  makes  twenty-five  re- 
volutions per  minute,  and  in  the  course  of 
twenty-four  hours  grinds  about  eight  thou- 
sand six  hundred  pounds  of  bark.  The 
cutting  machine  already  described  is  capable 
of  supplying  three  grinding  mills. 
Another  grinding  mill,  very  much  used  in  America, 
where  it  is  known  as  Wiltze's  or  Catskill's,  is 
shown  in  Fig.  346.  This  in  principle  is  the  same  as 
Weldon's,  only  that  instead  of  grooves  an  arrange- 
ment of  sharp-edged  teeth,  both  in  the  inclosed  bell 
and  hopper,  ib  employed.  As  the  bell  turns  by  the 
power  exercised  upon  the  shaft,  the  teeth  in  the  former, 


Fig.  316. 


revolving,  also  react  on  the  principle  of  the  shears  with 
those  in  the  interior  of  the  case,  and  the  bark  is  very 
finely  and  rapidly  reduced.  Before  the  matter  is  sub- 
mitted to  this  machine,  it  is  broken  by  passing  it  into 
another  hopper  adjacent  to  the  former,  in  which  there 


is  a  sharp-toothed  hoop  or  curb,  and  which  divides 
the  bark  into  pieces.  It  is  moved  at  the  rate  of  thirty 
to  forty  revolutions  per  minute,  whilst  the  grinding 
machine  may  travel  at  the  rate  of  one  hundred  and 
fifty.  With  this  speed,  communicated  by  a  ten  horse- 
power engine,  it  will  grind  from  one  to  two  cords  per 
hour.  The  bark  is  cut  short,  without  being  reduced 
to  flour,  and  thus  it  is  more  readily  exhausted ;  there 
is  also  the  additional  advantage  that,  should  the  bark 
be  moist,  it  does  not  become  clogged  like  others. 

The  Skins  or  Hides. — The  next  object  of  atten- 
tion in  the  preparation  of  leather,  is  the  hides  or  skins 
of  the  animals.  Three  classes  are  specified  in  com- 
merce ;  the  term  hide  is  applied  to  the  skin  of  the 
larger  and  full-grown  beasts ;  hips  are  the  skins  of 
the  younger  animals  of  the  same  class ;  and  shin 
indicates  the  hides  of  the  sheep,  goat,  kid,  and  the 
like.  The  term  lap  is  qualified  by  the  size  of  the 
skins.  Generally  speaking,  the  skins  which  are  con- 
verted into  leather,  are  those  of  oxen,  cows,  and 
calves,  of  the  sheep,  the  goat  and  their  young,  of  the 
horse,  the  pig,  the  dog,  and  a  few  others  ;  but  by  far 
the  most  extensively  worked,  as  well  as  the  more  im- 
portant, are  ox,  cow,  and  horse  hides,  kips,  calf,  and 
seal  skins.  Considerable  difference  is  observed  in  the 
thickness  and  quality  of  the  skins  of  various  animals, 
even  of  those  of  the  same  class,  owing  to  circumstances 
connected  with  the  food,  age,  variety  of  breed,  the  state 
of  health,  and  even  the  period  of  the  year  when  they 
are  slaughtered.  Thus,  large  oxen  are  well  known  to 
afford  hides  which  are  tanned  into  thicker  and  heavier 
leather  than  bulls  or  cows,  especially  if  the  latter  be  old, 
and  have  had  several  calves.  Bull  hides  are  coarser 
grained,  and  thinner  in  the  back  than  those  of  oxen  and 
heifers,  or  young  cows,  but  much  denser  in  the  neck, 
and  parts  of  the  belly.  It  would  also  appear  that  when 
cows  have  repeatedly  calved,  the  skin  becomes  distended 
and  thinner,  and  does  not,  therefore,  afford  as  heavy  a 
sole  leather  as  that  of  younger  beasts.  Again,  hides  of 
animals  dying  in  a  state  of  disease,  are  found  to  be  much 
inferior  to  those  of  healthy  ones  of  the  same  class, 
although  the  apparent  difference  is  not  very  marked 
before  tanning.  No  very  definite  criteria  are  known, 
to  guide  the  purchaser  in  distinguishing  the  quality 
of  hides  and  skins.  If  the  hide  be  thin,  flabby,  soft, 
and  will  not  bear  handling,  then  such  a  one  will  not 
make  good  leather  ;  but  should  it  present  the  opposite 
qualities,  it  may  be  confidently  expected  to  be  a  good 
article.  It  has  been  remarked  of  sheep,  that  the  finer- 
wooled  variety  have  inferior  skins ;  also  that  the  skin 
gains  in  thickness  and  quality,  considerably,  in  the 
course  of  a  few  days  after  shearing. 

Ox  Hides. — Under  this  head  may  be  enumerated 
the  skins  of  oxen,  cows,  buffaloes,  and  calves.  In  Great 
Britain  and  Ireland,  the  market  draws,  in  the  first  place, 
upon  the  home  produce  ;  these  are  usually  vended  in 
the  green  or  fresh  state.  They  are  obtained  from  the 
extensive  abattoirs  generally  found  in  large  towns,  and 
local  butchers  throughout  the  country.  But  besides 
these,  considerable  numbers  are  imported  from  other 
countries,  especially  from  South  America,  the  East  and 
West  Indies,  and  the  Cape  of  Good  Hope.  The  trade 
carried  on  between  Great  Britain  and  the  South  American 
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ports  in  hides,  though  averaging  a  million  annually,  is 
only  a  fraction  of  what  sprung  up  of  late  years  between 
that  country  and  other  European  nations,  such  as 
France,  Belgium,  Austria,  and  Greece.  The  ani- 
mals which  roam  along  the  Pampas  and  Llanos,  or 
great  plains,  in  herds  of  vast  numbers,  are,  in  addition 
to  those  owned  by  the  extensive  cattle  owners  or 
hateros,  the  stock  whence  this  vast  quantity  is  annually 
derived.  They  are  imported  in  the  dry  state,  and 
salted,  and  produce  a  very  good  sole  leather.  It  should 
be  remarked,  however,  that  the  hides  from  beasts  in- 
habiting the  extreme  Southern  latitudes,  are  not  suited 
for  tanning  so  well  as  those  from  the  temperate  and 
Northern  parts  of  the  globe.  The  green  or  fresh  hides 
of  the  home  market  always  rate  higher  than  other 
sorts,  owing,  perhaps,  to  the  fact  that  they  do  not 
require  so  much  labor  as  the  imported  dry  kinds ;  still, 
in  consequence  of  the  amount  of  water  they  contain, 
they  prove  to  be  much  dearer  than  the  others ;  for 
allowing  that  for  the  production  of  one  hundred  pounds 
of  leather,  seventy-five  pounds  of  dry  hide  are  requisite, 
the  equivalent  of  this  of  salted  hides,  would  average 
a  hundred  and  fifty  pounds,  and  a  hundred  and  eighty- 
five  of  green  or  market  hides.  Heavy  hides  are  con- 
verted into  sole,  belt,  and  harness  leather,  also  for  car- 
riage coverings,  and  the  smaller  and  lighter  kinds  are 
made  into  leather  much  used  for  skirtings,  and  for 
enamelling.  That  which  is  used  for  ladies'  shoes,  and 
for  bridle-leather,  undergoes  a  bleaching  process,  termed 
fair  finish.  Hides  from  the  West  coast  of  Africa,  make 
good  upper  leather,  but  are  much  employed  in  their  raw 
state  for  trunk  covering. 

Calves'  skins  and  kips  of  home  produce  are  of  very 
superior  quality,  and  produce  a  leather,  when  made  with 
good  oak  bark,  very  extensively  worked  into  uppers  of 
shoes  and  boot  fronts.  In  France,  where  the  calf-skin 
leather  has  been  reputedfor  its  excellence,  they  are  taken 
off  the  animals  when  five  or  six  months  old.  Kips  are 
imported  from  the  East  Indies,  Buenos  Ayres,  and 
Monte  Video ;  those  from  the  former  place  are  dried  and 
salted,  or  merely  exsiccated,  and  from  the  latter  places, 
they  come  simply  salted.  The  countries  adjoining  the 
Baltic,  more  especially  St.  Petersburg,  send  here  a 
good  many  ;  but  owing  to  the  animals  being  slaughtered 
when  young,  they  are,  properly  speaking,  skins.  Many 
of  them,  however,  as  well  as  some  imported  from  other 
countries,  belonged  to  small,  but  full-grown  animals, 
and  are,  properly  speaking,  hides.  The  lesser  and 
inferior  kinds  of  kips  and  calf-skins  are  tanned  for 
bookbinders'  use,  for  gloves,  and  the  manufacture  of 
ladies'  boots  and  shoes.  Buffalo  hides  imported  from 
the  East  Indies,  are  tanned  like  ox  hides,  but  they 
make  an  inferior  quality  of  sole  leather.  The  Ameri- 
can Indians  prepare  these  into  robes,  the  hair  being  re- 
tained on  them.  When  tanned  in  a  particular  way  with 
oil,  they  constitute  what  is  termed  buff  feMeather, 
which  is  superior  to  the  similar  article  made  of  cow- 
hides. 

Horse  Hides. — The  skins  of  these  most  useful  animals 
are-  much  inferior  to  those  of  oxen  in  thickness,  texture, 
and  strength,  and,  consequently,  they  are  never  pre- 
pared with  the  view  of  making  sole  leather,  though  the 
better  quality  is  used  when  tanned  for  uppers.  The  chief 


consumption  is,  however,  as  cordovan,  or  enamelled 
leather,  the  hides  being  split  by  machinery  to  reduce 
them  to  the  adapted  thinness.  Horse  hides  are  like- 
wise made  into  tawed,  white,  or  alum  leather,  and  are 
in  this  state  used  as  aprons  for  certain  classes  of  me- 
chanics, and  as  thongs  for  the  manufacture  of  the  com- 
moner kinds  of  whips,  and  for  sewing  common  harness. 
A  considerable  number  of  horse  hides  is  annually  im- 
ported from  South  America,  sometimes  as  many  as  one 
hundred  and  ninety  or  two  hundred  thousand.  The 
imported  hides  are  much  superior  to  those  which  find 
their  way  to  the  home  market,  on  account  of  the  latter 
belonging  generally  to  old  and  worn-out  animals,  while 
the  former  have  been  flayed  from  the  captured  wild 
horses  of  the  pampas,  lying  between  the  chains  of  the 
Andes.  Ass  and  mule  hides,  tanned  and  so  prepared, 
serve  for  the  manufacture  of  scabbards;  the  leather 
is  called  shagreen  or  shagri. 

Sheep  Skins.— The  home  supply  is  very  extensive ; 
and  although  they  are  capable  of  making  only  a  spongy 
weak  leather,  the  uses  to  which  they  are  devoted  are 
various,  and  their  manufacture  gives  employment  to 
numerous  hands.  Tanned  with  bark  they  constitute 
bazils,  and  are  used  for  making  slippers,  and  as  bellows- 
leather  ;  but  when  prepared  with  alum  and  salt,  or  with 
oil,  white  leather,  much  employed  for  aprons  and  by 
druggists,  chamois  leather  result.  A  good  many  are  split, 
the  upper  or  grain  side  being  tanned  with  sumac  and 
dyed,  then  worked  up  as  skiver,  roan,  and  morocco,  into 
pocket-books,  hat -linings,  and  the  under  portion  being 
made  into  white  leather,  and  used  very  much  by  the 
chemist;  but  it  is  much  the  more  general  practice 
to  reserve  lamb  skins  for  the  latter  purpose.  Sheep 
skins  are  sometimes  tanned  with  the  wool  adhering  to 
them,  and  made  into  mats.  The  principal  seats  for  the 
dressing  and  dyeing  of  sheep  skins  in  England,  are 
Bermondsey,  Leeds,  and  Manchester ;  from  these  places 
they  are  exported  to  various  parts  of  Germany,  South 
America,  and  the  United  States ;  but  the  exports  to  the 
latter  country  are  only  partially  prepared  and  salted. 
A  large  number  of  the  skins  of  a  particular  breed  of 
sheep  is  imported  into  Great  Britain,  and  a  similar 
variety  is  brought  into  this  country,  and  likewise  into 
France,  from  Asia  Minor.  In  the  latter  country  a 
considerable  trade  rises  from  the  preparation  of  lamb 
skins  for  ladies'-glove  leather,  for  linings  of  morning 
gowns,  for  slippers,  and  for  winter  gloves.  In  the  hides 
from  Asia  Minor  the  wool  is  kept  for  the  purpose  of 
retaining  the  warmth.  Considerable  difference  may 
be  observed  in  the  quality  of  lamb  skins ;  those  from 
the  animals  killed  shortly  after  being  born  are  possessed 
of  a  very  fine  grain,  and  take  a  very  uniform  dye  ;  the 
same  qualities  are,  in  a  great  measure,  retained  by  the 
skins  till  a  month  old,  but  from  this  period  they  begin 
to  deteriorate.  In  the  Southern  parts  of  France  and.  in 
Italy  great  numbers,  of  lambs  are  killed,  averaging 
four  weeks  old,  and  the  leather  prepared  and  employed 
as  a  substitute  for  kid  leather.  Not  less  than  one 
million  four  hundred  thousand  of  these  skins  are 
annually  imported  to  Great  Britain  for  the  use  of  the 
glover. 

Goat  Skins.— A.  very  large  trade  is  carried  on  m 
Great  Britain  and  Ireland  in  goat  skins,  and  the  tanned 
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and  prepared  leather  they  yield.  In  the  latter  country 
a  number  of  native  skins  is  used,  but  the  British  market 
is  supplied  almost  entirely  by  imported  goods,  more 
especially  from  Switzerland  and  the  valley  of  the  Rhine, 
from  Magadore,  the  Cape,  and  the  East  Indies.  Those 
from  Switzerland— Swiss  skins — are  more  esteemed, 
because  they  possess  a  close,  fine,  and  equal  grain, 
which  enables  the  dyer  to  give  them  a  brilliant  and 
permanent  hue ;  the  leather  is  also  stronger,  and  wears 
better  than  any  other  manufactured  from  goat  skins. 
On  an  average  about  one  hundred  thousand  are  im- 
ported annually,  and  fabricated  into  morocco  for  the 
demands  of  the  various  branches  of  trade.  Moga- 
dore  skins  are  made  into  a  kind  of  black  morocco 
leather,  which  still  goes  by  the  title  of  Spanish  leather 
or  cordovan,  in  consequence  of  the  first  supplies  of  this 
article  being  obtained  from  Spain  and  the  Cordova, 
where  the  Moors  originally  brought  the  manufacture  to 
great  perfection.  The  sound  skins  which  arrive  from 
the  Cape  of  Good  Hope  are  much  larger,  and  superior 
in  strength  and  thickness,  to  any  other  variety.  East 
India  skins  are  small  and  light,  and  are  generally  con- 
verted into  leather  chiefly  used  for  ladies'  shoes  and 
upholstery.  Those  from  Mexico,  known  in  the  Ame- 
rican market  as  Tampico  skins,  bear  a  very  high  cha- 
racter. Compared  with  sheep  skins,  those  of  goats  are 
much  superior  in  texture,  strength,  and  durability. 
Goat  skins  are  occasoinally  prepared  so  as  to  imitate 
chamois  leather,  and  applied  to  most  purposes  to  which 
the  latter  is  adapted,  and  likewise  with  the  hair  on, 
and  used  for  matting.  Kid  skins,  manufactured  into 
leather,  are  most  extensively  consumed  by  the  glover, 
also  for  shoes,  binding  leather,  and  the  like.  Great 
numbers  are  produced  in  Ireland,  the  South  of  France, 
Switzerland,  Italy,  and  other  European  countries. 
Those  of  France  have  the  greatest  repute ;  the  Irish 
skins  are  likewise  highly  esteemed.  After  the  animal 
begins  to  feed  upon  herbage,  the  skin  invariably  loses 
in  delicacy  of  texture,  and,  therefore,  becomes  unsuited 
for  the  finest  gloves. 

Deer  Skins. — A  considerable  number  of  these  skins 
is  manufactured  into  chamois  leather,  particularly  in 
the  United  States,  and  also  into  glove  leather.  The 
preparation  of  this  kind  of  leather  in  Great  Britain  and 
Ireland  is  very  limited. 

Hog  or  Pig  Skins. — In  Scotland,  the  swine  are 
skinned ;  the  skins  are  tanned,  and  constitute  a  very 
porous,  light,  but  nevertheless  very  tough  and  durable 
leather.  It  is  largely  used  by  harness-makers  and  for 
saddle  seats.  The  practice  of  skinning  pigs  is  fol- 
lowed on  the  Continent,  where  the  hide  is  dressed  with 
the  hair  on,  and  used  to  cover  portmanteaus,  knapsacks, 
et  cetera. 

Seal  Skins. — Of  these  a  great  quantity  is  imported 
yearly  into  Great  Britain,  and  manufactured  into  upper 
and  varnished  leather.  They  are  obtained  from  the 
animals  captured  along  the  shores  of  North  America, 
from  Newfoundland  to  the  Arctic  ocean,  for  their  oil. 
A  large  portion  of  the  supply  comes  from  the  coast  of 
Norway.  The  skin  of  the  seal  is  light,  but  of  a  close 
texture,  and,  when  properly  tanned,  yields  a  leather 
which  has  greater  strength,  in  proportion  to  its  weight, 
than  any  other  variety.   Seal  skin  is  usually  made  into 


black  enamelled  leather  for  ladies'  shoes,  the  stronger 
sorts  being  employed  for  the  upper  part  of  hunting 
and  riding  boots,  and  knapsacks.  Many  skins  are 
merely  dressed  and  converted  into  materials  for  caps 
and  fur  clothing. 

Porpoise  Skins. — The  skins  of  the  white  porpoise 
have  been  tanned  in  Canada,  and  the  leather  is  said  to 
be  soft,  strong,  and  possessed  of  a  beautiful  finish. 

Hippopotamus  Hides. — About  one  hundred  of  these 
skins  are  annually  imported  from  the  South  of  Africa, 
and  are  tanned  with  oak.  The  hide,  originally  of  great 
thickness,  assumes  the  appearance  of  boards  after  being 
tanned.  The  only  use  which  appears  to  be  made  of 
them,  are  implements  used  for  beetling  in  washing  and 
bleaching  cotton  and  linen  goods. 

Preparation  of  the  Hides. — The  tanner,  previ- 
ous to  submitting  the  hides,  skins,  or  kips,  to  the  true 
tanning  process,  is  under  the  necessity  of  subjecting 
them  to  one  or  more  preliminary  operations,  with  the 
view  of  removing  dirt,  particles  of  flesh,  and  in  most 
cases  the  hair  and  epidermis ;  and  the  manner  in  which 
these  are  effected  is  of  great  importance,  as  much  of  the 
success  of  the  subsequent  process,  and,  consequently, 
of  the  quality  of  the  leather,  depends  upon  it. 

Cleansing— The  hides  which  have  been  recently 
taken  from  the  carcass  of  the  animal  require  but  very 
little  labor  to  purify  them  from  any  filth  which  may 
remain  attached  to  them,  unless,  indeed,  as  is  said  to 
be  sometimes  the  case,  they  are  wantonly  saturated 
with  such  matters  in  order  that  they  may  weigh 
heavier.    Sometimes,  however,  such  green  or  fresh 
hides,  as  they  are  called,  when  they  cannot  be  imme- 
diately disposed  of  to  the  tanner,  or  when  the  latter 
does  not  intend  to  submit  them  at  once  to  the  pro- 
cesses by  which  they  may  be  made  into  leather,  are 
salted  to  prevent  putrefaction.     When  the  hide  has 
to  remain  for  a  period  of  a  week,  four  or  five  pounds 
of  coarse  salt  are  used  to  preserve  it;  if  a  month, 
double  this  quantity  is  deemed  requisite.  Foreign 
hides— such  as  those  from  South  America— receive 
more  than  the  above  quantity;  in  some  instances  as 
much  as  twenty  pounds  of  salt  per  hide  are  used, 
according  to  their  size  and  the  season,  but  the  average 
for  foreign  hides  is  about  fifteen.    All  these  matters 
must  be  separated  by  steeping  and  washing ;  and  hence 
one  of  the  absolute  requirements  of  a  tannery  is  a  pro- 
fusion of  water.    Green  hides  are  steeped  in  water 
during  a  period  of  one  to  twelve  hours,  according  to 
the  quantity  of  blood  and  dirt  they  hold,  at  the  end  of 
which  time  they  must  be  thoroughly  rinsed  before 
removal.     In  many  cases  much  greater  pains  must 
be  taken,  such  as  repeated  scrapings  of  the  hide  with 
a  blunt  tool  on  the  beam  or  support,  trampings  in  the 
water  buckings,  et  cetera.    If  a  current  of  water  is 
available,  much  labor  is  spared  by  fastening  the  hides 
to  a  rack  fixed  in  the  face  of  the  stream,  for  the  friction 
of  the  water  will  detach  the  impurities  without  the  aid 
of  much  mechanical  labor.   When  dried  hides,  or  such 
as  are  salted  and  dried,  are  treated,  the  difficulties  are 
much  greater,  since  a  longer  period  and  more  time  is 
required  to  soften  and  bring  them  into  the  condition  of 
fresh  ones.    With  these  the  soakings,  trampings  with 
the  feet,  handlings — that  is,  the  removal  from  the  water 
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or  steep — and  scrapings  are  multiplied  before  they 
attain  the  softness  and  purity  of  clean  fresh  ones.  In 
large  establishments  the  mechanical  labor  required  is 
executed  by  a  kind  of  mill,  similar  to  that  for  fulling  cloth, 
wherein  the  hides  are  exposed  to  the  continued  action 
of  two  heavy  stocks,  which  squeeze  out  the  slimy  matter 
and  dirt  that  might  induce  a  putrefactive  fermentation. 
The  immersion  and  handling  even  in  this  case  require 
to  be  alternated  with  the  action  of  the  machine ;  and  it 
is  necessary  to  remark  that  where  vats  or  tanks  are  used, 
the  water  should  be  frequently  renewed,  otherwise,  if 
the  contents  happen  to  get  stale  or  overcharged  with 
the  slimy  extract  from  the  hides,  and  the  time  of  sub- 
mersion be  prolonged,  there  is  danger  of  putrefaction, 
and,  therefore,  of  injury  to  the  skins.  Where  only  water 
is  employed  for  the  above  purpose,  it  is  necessary  to 
keep  in  view  the  quality  of  this  liquid,  irrespective  of 
the  change  which  it  undergoes  by  saturation  with  the 
nitrogenous  matters,  dirt,  et  cetera,  from  the  hides. 
When  very  calcareous,  its  cleansing  qualities  are  less 
effective  than  when  the  water  is  soft ;  but,  indepen- 
dently of  this,  it  is  believed  that  hard  water  affects 
the  hides  in  another  way,  by  which  their  softness 
and  porosity  are  injured,  owing  to  the  fatty  and 
other  matters  which  may  be  in  an  incipient  state  of 
decomposition,  forming  combinations  with  the  earthy 
bases  which  fix  themselves  in  the  skin. 

In  many  parts  of  France  and  Belgium,  they  employ 
a  weak  solution  of  lime  to  assist  in  cleansing  and  fresh- 
ening the  hides,  with  the  view,  at  the  same  time,  of 
rendering  the  succeeding  operations  of  depilation  and 
tanning  more  easy  and  efficacious. 

Depilation. — After  the  thorough  softening  and  cleans- 
ing of  the  hides,  they  are  next  submitted  to  a  further 
immersion  in  baths  or  tanks  with  compounds  which 
effect  the  solution  of  the  cellular  matter  in  which  the 
hair  is  rooted,  or  are  otherwise  exposed  to  the  action 
of  agents  which  operate  towards  the  same  end.  A 
variety  of  methods  are  practised  by  tanners  for  the 
solution  or  softening  of  the  matter  which  binds  the 
epidermis  and  hair  to  the  true  cutis,  or  that  portion  of 
the  skin  that  enters  into  the  formation  of  leather,  with 
the  view  to  their  removal.  The  most  important  of 
these  are  the  lime  process,  the  sweating  or  fermentative 
process,  the  rhnsma  and  gas  lime  processes;  and  latterly, 
in  America,  the  cold  sweating  mode  has  been  intro- 
duced with  success. 

By  Liming. — Of  these  processes  the  liming  is  by  far 
the  oldest,  and  is  still  very  extensively  adopted,  but  with 
greater  caution  than  in  former  times.  In  its  action  it 
is  not  so  quick  as  certain  other  agents,  necessitates 
much  future  labor,  and  frequently  is  the  cause  of  injury 
to  the  leather;  still,  probably  from  its  cheapness  and 
the  effect  of  custom,  it  is  more  resorted  to  than  any 
other.  Generally  speaking,  it  is  now  used  in  the  form 
of  a  semi-liquid  or  milk,  formed  by  agitating  a  certain 
quantity  of  it  with  a  given  body  of  water — about  eight 
bushels  to  one  hundred  and  fifty  gallons.  The  liming 
is  carried  on  in  a  series  of  pits  or  tanks,  sunk  in 
the  floor  of  the  liming  house  ;  these  are  built  of  bricks 
or  masonry,  and  well  cemented,  and  have  an  outlet 
at  the  bottom  for  the  purpose  of  drawing  off  the 
fluid  contents  when  necessary.     Their  dimensions 


vary  according  to  the  requirements  of  the  establish- 
ment, and  the  number  of  skins  to  be  operated  upon 
at  once.  In  some  parts,  as  in  Prance  and  Belgium, 
well  bound  wooden  tubs  are  preferred.  The  number 
of  these  varies  from  five  to  twelve,  and  the  solution  in 
them  is  so  arranged,  that  there  is  a  regular  increasing 
gradation  of  density  from  the  first  to  the  last,  even 
where  the  larger  number  is  taken  advantage  of.  The 
first  of  these,  called  usually  the  dead  vat,  contains  very 
little  caustic  lime,  and  this  is  the  one  to  which  the  hides 
after  washing  are  exposed,  in  commencing  the  operation. 
Here  they  remain  for  one,  two,  or  three  days,  according 
to  circumstances,  and  during  this  period  they  receive  a 
handling  at  regular  intervals,  some  twice,  and  others 
three  times  a-day.  This  handling  merely  consists  in 
taking  the  skins  out  of  the  pit  or  tub,  and  laying  them 
on  a  plank  or  inclined  board  near  the  tank,  and  intro- 
ducing them  again.  Before  the  re-introduction,  the 
contents  of  the  tank  are  well  agitated,  with  a  view  to 
distribute  any  undissolved  quick-lime  through  the  liquid, 
so  that  there  be  no  partial  or  undue  effect  exercised  on 
the  skins.  The  workmen  likewise  contrive  to  spread 
out  the  latter  in  the  vat  as  much  as  possible,  and  so 
every  part  has  the  same  exposure  to  the  lime.  In  the 
dead  vat,  however,  there  is  left  very  little  if  any  quick- 
lime undissolved.  After  spending  the  allotted  time  in 
the  first  vat,  they  are  transferred  to  the  second,  which 
contains  a  stronger  liquid,  or  more  lime,  and  left  in 
this,  with  occasional  overhauling,  for  a  few  days,  after 
which  they  are  put  into  the  third,  and  so  on  till  the 
hides  ultimately  arrive  at  the  last  vat,  which  contains 
the  fresh  lime.  In  operating  in  this  rotation  the  dead 
vat  of  one  batch  of  hides  becomes  the  live  one  of  the 
next,  and  so  on  in  succession.  The  time  which  skins 
take  for  thorough  liming,  varies  according  to  their 
weight  and  texture.  Thus  the  lighter  skins,  as  of  the 
sheep,  are  sufficiently  acted  upon  in  three  to  five  days, 
but  ox  hides,  kips,  and  calf-skins,  require  two  to 
three  weeks,  according  to  the  season.  Formerly  the 
process  of  depilation  extended  over  a  period  of  three 
to  fifteen  months,  and  even  eighteen,  the  hides  being 
steeped  in  the  weak  lime  vats  a  considerable  part  of 
this  time,  but  such  procedure  is  now  entirely  relin- 
quished. In  many  parts  of  the  Continent,  however, 
the  operations  preparatory  and  conducive  to  the  depi- 
lation last  two  and  three  months;  but  in  these  cases  the 
skins  are  partly  swelled,  so  that,  for  this  special  treat- 
ment, they  do  not  require  so  much  attention  in  the 
succeeding  stages.  The  quantity  of  lime  which  is  used 
by  the  different  tanners  is  somewhat  various,  and 
dependent  upon  the  size  of  the  hides,  but  the  average 
is  from  eighteen  to  twenty-four  gallons  of  freshly-burned 
fat  lime — three  to  four  cubic  feet  measure — for  a 
hundred  hides  of  average  size.  The  lime  is  permitted 
to  slack  in  the  strong  or  live  vat,  and  afterwards  stirred 
about  with  a  wooden  spatula,  to  distribute  it  equally  in 
the  liquid. 

When  the  epidermis  is  sufficiently  softened  it  is 
detached,  together  with  the  hair  on  the  learn.  This 
is  an  arched  wooden  or  stone  bench — Fig.  347 — upon 
which  the  hide  is  laid,  with  the  flesh  side  inwards,  and 
the  hair  removed  by  the  scraping  knife,  shown  in 
I  Fig.  348.    After  the  separation  of  the  hair  and  epi- 
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dermis,  the  loose  fragments  of  skin  are  pared  off,  as 
likewise  the  flesh  and  fatty  matters  adhering  to  the 

Fig.  347. 


reverse  side — such  fleshings  being  economized  in  the 
preparation  of  glue.  The  implement  used  for  the 
latter  purpose  is  a  long,  straight  knife,  having  a 

sharp  edge. 
Fis-  3«-  This  is  called 

the  fleshing 
knife,  and  is 
represented  in 
Fig.  349.  After  the  last  operation,  it  is  necessary 
to  submit  the  hides  to  thorough  rinsing  in  the  stream 
or  vats,  in  order  to  remove  all  uncleanness,  lime,  et 

Fig.  349. 


cetera,  as  much  as  possible.  It  often  happens  that 
the  hides  present  inequalities  as  to  thickness  and  the 
like,  and  to  reduce  them  to  average  homogeneity,  they 
are  treated  with  the  smoothing  or  polishing  stone, 
represented  in  Fig.  350.  This  tool  is  of  sandstone, 
interiorly  moulded,  so  as  to  lie  parallel  upon  the  beam, 
fixed  to  a  piece  of  wood,  and  furnished  with  handles, 

Fig.  350. 


with  which  the  hide  is  rubbed,  to  bring  the  part  to  an 
equal  thickness  as  nearly  as  possible.  This  opera- 
tion is  not  so  much  practised  by  English  as  by  conti- 
nental tanners.  By  repeated  scrapings  in  this  way 
with  the  knives  and  stone,  alternated  with  steepings 
and  washings,  the  dirt,  hair,  fleshy  parts,  and  lime 
are  removed  as  effectually  as  possible,  previous  to  the 
true  tanning  operation.  In  the  large  English  tanneries 
the  scraping  and  fleshing  of  the  hides  are  executed  by 
mechanical  contrivances,  and  so  the  manual  labour  is 
greatly  diminished.  Machines  for  this  and  other  pur- 
poses have  been  constructed  by  several,  among  others 
by  Poole,  Plant,  and  Woodworth. 

Bating. — With  respect  to  the  removal  of  lime  from 
the  skin,  it  has  been  found  that  no  amount  of  scraping 
and  rinsing  is  capable  of  making  a  perfect  separation,  a 
portion  of  the  earth  being  retained  in  the  pores  of  the 
skin,  combined  with,  perhaps,  some  of  the  decomposing 
tissue,  and  with  the  grease  and  fat  of  the  hide,  as  a 
lime  soap.  These  combinations,  if  not  altered  and 
vol.  II. 


removed,  obstruct  the  union  of  the  tannic  acid  with  the 
gelatinous  fibre  of  the  skin,  and  not  only  this,  but  they 
communicate  a  rigidity  to  the  leather  which  excludes 
it  from  such  applications  as  require  a  soft,  tough,  and 
pliable  material.  Several  plans  are  employed  to  remedy 
this  defect.  The  old  method  is  that  which  is  known 
as  the  bate,  or  grainer,  that  is,  a  menstruum  prepared 
by  macerating  the  excrements  of  pigeons,  pen-fowls,  and 
of  dogs,  in  water,  and  immersing  the  scraped  and  clean 
skins  in  it  for  a  certain  period,  when,  it  is  stated,  the 
lime  is  separated  by  a  chemical  decomposition  that 
takes  place  and  renders  it  soluble.  The  proportions 
employed  are  from  ten  to  twelve  gallons  of  the  fresh 
dung  to  one  hundred,  or  less  if  they  he  large  skins ; 
and  the  time  of  steeping  stretches  over  ten  days  in 
ordinary  weather,  but  less  time  is  required  if  the  liquid 
be  warmer.  In  this  treatment,  likewise,  the  repeated 
handling  and  scraping  on  the  beam  are  resorted  to. 
Investigation  has  shown  that  the  above  matters  con- 
tain an  ammoniacal  chloride  that  parts  with  its  chlorine 
on  coming  in  contact  with  the  lime,  and  so  gives 
rise  to  a  soluble  combination  of  this  base — chloride 
of  calcium — that  may  be  readily  abstracted  by  water. 
That  this  disgusting  method  should  still  continue  to  be 
so  extensively  practised  is  disgraceful  to  modern  science. 
It  is  stated,  that  in  London  alone  not  less  than  five 
thousand  pounds  are  annually  expended  in  col- 
lecting and  purchasing  the  above  materials,  for 
the  sole  use  of  the  tanners  of  the  capital  and  its 
suburbs. 

Although  this  method  of  bating  the  hides  is  tolerably 
effective,  yet  it  is  well  known  to  be  attended  with  serious 
disadvantages,  not  the  least  of  which  is  the  putrefac- 
tion of  the  bate  that  is  going  on  during  the  steeping, 
and  which  injures  the  hides  by  acting  upon  the  tissue 
of  the  skin,  reducing  its  weight  in  the  first  instance,  and 
in  the  second,  rendering  it  incapable  of  yielding  the 
quality  of  leather  it  would  doubtless  produce,  did  the 
above  change  not  occur.  Taking  the  hint  from  the 
action  of  the  alkaline  chloride  in  this  case,  some  tanners 
have  attempted  to  prevent  the  putrefraction  induced 
by  the  bating  with  excrements  by  avoiding  its  use  alto- 
gether, using  hydrochloric  acid  in  a  diluted  state  as 
a  substitute.  The  innovation  has  not  yet  become  very 
general  in  England,  although  many  tanners,  espe- 
cially in  Paris,  are  reported  to  have  practised  it  suc- 
cessfully, the  object  of  the  expulsion  of  the  lime  being 
satisfactorily  gained  by  it,  and  in  addition  to  this,  the 
swelling  of  the  hides  also.  Sulphuric  acid  has  likewise 
been  proposed  as  a  substitute  for  the  bate,  but  the 
effect  of  this  is  not  so  powerful  as  that  of  the  acid 
already  mentioned,  since  it  constitutes  with  the  lime  a 
very  insoluble  compound.  The  acid  is,  however,  almost 
always  resorted  to  for  raising  or  swelling  the  skins, 
preparatory  to  submitting  them  to  the  tan-pits.  Mac- 
bride  in  1774  was  the  first  who  showed  that  it  pos- 
sessed this  property.  Turnbull  introduced  the  use 
of  saccharine  liquids  for  removing  the  last  portions  of 
lime  from  the  hides,  as  well  as  for  softening  the  hair 
and  cuticle.  Four  or  five  pounds  of  coarse  sugar  or 
treacle  dissolved  in  sixty  to  seventy  gallons  of  water, 
constitute  the  bath.  The  sugar  in  this  process  forms 
a  soluble  saccharate  of  lime,  which  is  removed  by 
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soaking  and  rinsings.  A  new  process,  in  connection 
with  others,  for  the  purpose  of  facilitating  tanning  and 
improving  the  leather,  was  patented  in  1841  by  Wak- 
ington.  It  consists  in  employing  carbonate  of  am- 
monia instead  of  the  usual  bate  for  the  graining  of  the 
skins  ;  but  although  this  salt  converts  the  lime  into  a 
neutral  compound,  it  does  not  remove  it,  and  conse- 
quently, the  flexibility  and  softness  of  the  skin  must 
suffer. 

Depilation  by  Acids. — Besides  these  methods,  by 
which  the  influence  of  the  lime  on  the  skin  is  coun- 
teracted, others  are  employed  which  dispense  with  it 
in  the  first  instance.  Acid  liquors  have  long  been 
known  to  operate  upon  the  roots  of  the  hair  and  epi- 
dermis, so  as  to  detach  them  from  the  skin.  The 
Calmuck-Tartars  employed  a  bath  of  sour-milk  for 
this  purpose,  and  in  Paris  the  same  agent  is  adopted 
at  the  present  time.  Another  menstruum,  obtained 
by  the  fermentation  of  barley  or  rye  meal,  was  once 
very  extensively  used  as  a  steep  for  the  hides  for 
separating  the  hair.  Here,  together  with  the  fer- 
mentation, the  active  body  was  acetic  acid  resulting 
from  the  latter.  This,  in  common  with  other  acids, 
such  as  sulphuric,  hydrochloric,  oxalic,  et  cetera,  operate 
so  as  to  soften  the  epidermis  and  hair,  to  an  extent 
sufficient  to  enable  the  scraping  process  to  cleanse  the 
skin  from  them.  Tanners  urge,  however,  that  by  their 
use  the  skins  are  swelled  to  such  an  undue  extent,  as 
almost  to  render  it  impossible  to  prepare  good  compact 
leather  from  them.  The  weak  vegetal  acids,  however, 
are  not  excluded  from  practice,  more  especially  in 
France,  Belgium,  and  parts  of  Germany.  Many  of  the 
Paris  tanners  submit  the  hides,  after  they  have  been 
soaked  in  water,  washed,  and  fleshed,  to  a  number  of 
acid  vats,  in  a  way  analogous  to  the  liming.  Generally, 
the  series  of  baths  consists  of  five,  which  from  the  first 
to  the  last  increase  in  power  and  efficacy ;  the  first 
is  usually  intended  to  cleanse  the  hides,  the  second 
to  soften  the  hair  and  epidermis  for  the  depilation, 
and  the  other  three  to  swell  and  give  body  to  the 
skins.  This  operation,  which  is  called  the  white 
dressing,  requires  a  period  of  five  weeks  in  the  sum- 
mer, and  six  in  the  winter  season.  The  quantity  of 
farinaceous  matter  which  is  taken  varies  at  different 
establishments ;  in  some  cases  one  hundred  and  forty- 
five  pounds  of  barley-meal,  and  in  others,  one  hundred 
and  fifty  or  sixty  are  employed.  The  dressing  is  gene- 
rally made  by  leavening  one-tenth  or  one-fifteenth  of  the 
bulk  till  it  becomes  sufficiently  sour;  it  is  then  softened 
with  hot  water,  and  after  the  whole  has  become  a 
thick  homogeneous  fluid,  free  from  lumps,  it  is  added 
to  the  remaining  quantity  of  the  meal  in  the  vat,  and 
tepid  water  in  sufficient  quantity  poured  in  to  fill  the 
vessel.  In  some  cases  yeast  is  added  to  quicken  the 
fermentation.  Eight  or  nine  hides  are  worked  in  each 
vat,  and  as  in  the  lime  process,  the  weak  or  first  vat 
passes  in  succession  from  one  to  the  other  in  rotation. 
The  final  vat  is  composed  with  sixty  pounds  of  meal 
leavened  and  thinned  with  water,  and  left  to  develope 
acetic  acid  for  fifteen  days.  In  all  of  these  operations 
the  handling  and  working  the  hides  on  the  beam  at 
regular  intervals  are  indispensable. 

By  Sweating. — The  depilation  is  effected  at  the  pre- 


sent day  by  mauy  English  and  continental  tanners, 
more  especially  the  latter,  by  what  is  known  as  the 
sweating  process.  Various  means  are  adopted,  but  the 
principle  common  to  all  is  the  softening  of  the  epider- 
mis, by  fermentation,  or  putrefaction.  In  Paris  and 
other  parts  of  France,  one-half  the  hide  is  sprinkled 
with  some  chloride  of  sodium,  and  the  other  half  lapped 
over  it,  with  the  view  of  arresting  the  effect  of  the 
putrefaction  which  succeeds  from  injuring  the  tissue  of 
the  skin.  Several  hides  are  then  piled  one  upon  an- 
other in  a  pit  or  other  convenient  place,  and  left  till 
an  incipient  odor  of  ammonia  is  observed.  This  is  a 
sign  that  putrefaction  has  commenced,  and,  therefore, 
that  the  hides  are  approaching  to  a  state  in  which  they 
readily  part  with  the  hair.  As  the  fermentation  thus 
excited  would  be  very  deleterious  to  the  leather-making 
portion  of  the  hide,  too  great  caution  cannot  be  exercised 
in  order  to  arrest  the  action  as  soon  as  the  hair  is 
softened.  With  this  view,  the  hides  should  be  exa- 
mined once  or  twice  a  day,  refolded  and  piled  again, 
till  it  is  discovered  that  the  hair  will  readily  yield. 
The  same  result  is  attained,  without  the  precau- 
tion of  adding  salt,  in  Germany  and  some  parts  of 
Great  Britain,  by  simply  piling  the  hides  upon  one 
another  in  a  pit.  The  moisture  and  circulation  of 
the  air  acting  upon  the  nitrogenous  matters — blood, 
sweat,  and  other  impurities — readily  augment  the  heat 
of  the  whole  mass ;  and  incipient  putrefaction,  recog- 
nizable by  the  evolution  of  ammonia,  follows.  It  is 
necessary  to  examine  the  hides  frequently,  lest  the 
action  should  prove  injurious.  In  many  instances  they 
are  piled  between  layers  of  stable  dung  in  a  heap,  and 
the  whole  covered  with  the  same  material,  till  the  hair 
becomes  detached,  care  being  taken,  however,  to  exa- 
mine the  hides  every  twenty-four  hours  or  less. 

Steam  and  heated  vapors  have  also  been  tried  as 
agents  for  removing  the  hair  from  the  skin.  M.  Dellut 
was  the  first  to  suggest  the  use  of  steam,  and  his  method 
was  carried  into  effect  in  several  French  tanneries. 
The  hides  are  suspended  in  an  airtight  chamber  of  suit- 
able dimensions,  and  which  is  furnished  with  a  perfor- 
ated, false,  or  second  flooring.  Steam  iB  introduced 
beneath  the  perforated  flooring,  and  ascends  among  the 
hides,  through  the  small  orifices,  so  as  to  keep  the 
interior  of  the  chamber  at  68°  to  80°,  but  not  beyond 
this ;  for,  in  the  event  of  the  temperature  becoming 
elevated,  the  gelatinous  matter  of  the  skins  would  more 
or  less  enter  into  solution  with  the  condensed  steam  on 
them,  and  consequently,  would  afford  a  less  weighty 
leather.  When  duo  attention  has  been  paid  to  the 
operation,  the  hair  and  epidermis  becomes  sufficiently 
softened  in  twenty-four  hours  to  be  removed  with  the 
hairing  knife.  Compared  with  the  putrefactive  sweat- 
ing process,  this  method  is  a  decided  improvement,  as 
the  liability  to  injury  is  very  much  diminished. 

Bg  Cold  Sweating. — In  America,  especially  in  New 
York,  New  Hampshire,  and  in  many  parts  of  the  North- 
ern division  of  Pennsylvania,  a  process  is  in  general  use, 
called  the  cold  sweating,  by  which  the  hair  can  be  re- 
moved, and  a  yield  of  leather  estimated  at  seventy  to 
eighty  per  cent,  acquired  ;  whilst,  by  other  means  em- 
ployed, such  as  by  steam  and  lime  depilation,  not  more 
than  thirty  to  forty  per  cent,  of  the  dry  hides  are  retained 
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as  leather.  Besides  this  very  material  gain,  another 
advantage  follows,  namely,  that  the  laborious  cleansing 
and  fulling  required  in  the  other  modes,  is  unnecessary; 
and  consequently,  the  hides  retain  their  natural  density, 
a  condition  which  very  much  improves  the  quality  of 
the  leather.  The  operations  by  which  this  is  effected, 
are  thus  stated  in  a  foreign  journal : — 

First,  a  vault  should  be  prepared  for  the  reception  of 
the  hides ;  this,  for  convenience  sake,  should  be  twelve 
feet  long,  the  same  in  depth,  and  ten  feet  wide.  The 
walls  may  be  of  stone,  brick,  or  a  planked  frame.  There 
should  be  one  alley  or  vestibule  for  entrance,  not  less 
than  six  feet  long,  having  a  door  at  each  end,  the  outer 
being  made  double  and  filled  in  with  tan,  to  prevent  the 
communication  of  warm  dry  air  from  without.  A  venti- 
duct made  of  plank,  ten  or  twelve  inches  square,  should 
extend  from  the  bottom  of  the  vault  to  the  distance  of 
three  or  four  rods,  and  should  be  fixed  not  less  than 
three  or  four  feet  below  the  surface  of  the  ground. 
This  channel  serves  both  as  a  drain  for  discharging 
the  water  of  the  vault,  and  for  admitting  cold  damp 
air  to  supply  the  place  of  that  which  has  become 
rarified,  so  that  a  current  is  thus  kept  up  through  the 
ventilator  at  the  top  of  the  vault.  The  ridge  of  the 
roof  may  be  on  a  level  with  the  ground,  and  on  it, 
extending  its  whole  length,  are  set  up  edgeways  two 
planks  two  inches  apart.  The  space  between  these  is 
to  be  left  open,  but  the  remainder  of  the  roof  may  be 
covered  with  earth  to  the  depth  of  a  yard.  Such 
covering  is  intended  to  preserve  a  low  temperature  in 
the  pit,  so  that  the  hides  may  unhair  without  tainting. 
Spring  water  should  be  conducted,  either  in  pipes  or 
logs,  around  the  angles  formed  by  the  ceiling  with  the 
walls  of  the  vault ;  and  from  these  conduits  the  fluid 
should  be  allowed  to  flow  in  minute  jets,  so  as  to  form 
a  spray,  or  else  to  raise  a  mist  or  vapor,  so  as  to  satu- 
rate the  atmosphere  of  the  vault  with  watery  vapor. 
This  arrangement  keeps  the  temperature  of  the  vault 
much  under  that  of  spring  water  itself,  which  usually 
stands  at  50°,  owing  to  the  heat  rendered  latent  by  the 
evaporation.  Three  bars  furnished  with  iron  hooks,  at 
intervals  of  three  inches,  are  laid  longitudinally  and 
equidistant  near  the  ceiling,  and  upon  them  the  hides 
are  suspended.  Before  hanging  up  the  hides,  they  are 
soaked  as  for  breaking,  and  then  suspended  from  the 
butts  in  a  way  that  they  remain  fully  open.  In  the 
course  of  a  few  days,  when  the  hair  begins  to  loosen 
on  the  upper  parts,  they  are  taken  down,  and  the 
middle  bar  being  raised,  they  are  again  suspended  by 
the  other  end,  and  left  so  till  the  hair  easily  separates. 
The  hides  should  not  be  broken  till  they  are  ready  to 
unhair.  In  a  good  vault,  where  the  heat  is  maintained 
between  44°  and  56°,  above  which  it  should  never  be 
allowed  to  rise,  and  where  there  is  a  free  circulation  of 
damp  air,  the  hides  generally  require  from  six  to  twelve 
days.  If  the  temperature  falls  below  44°,  the  ventilator 
should  be  partially  closed ;  but  if  it  rises  above  56°,  cold 
damp  air  must  be  forced  in,  or  a  larger  volume  of 
spring  water  thrown  into  the  pit. 

Moefit  states,  that  the  hides  carried  carefully 
through  this  process  are,  when  received  by  the  tanner 
from  the  beamsman's  hands,  free  from  all  extraneous 
matter,  and  retain  all  their  gelatin,  albumen,  and  fibrin 


in  an  unimpaired  state ;  and  that  it  is  not  a  fermentative 
change  that  produces  the  unhairing,  because  there  is 
no  ammonia  generated.  The  effect  is  owing  to  the 
softening  action  of  the  absorbed  vapor  upon  the  epi- 
dermis, in  conjunction  with  a  swelling  or  distention 
of  the  roots  of  the  hair,  and  tissue  of  the  skin  im- 
mediately underlaying  them.  Should  these  advan- 
tages be  found,  upon  trial,  attendant  upon  this  simple 
and  quite  feasible  method,  it  would  undoubtedly  be  for 
the  interest  of  tanners  to  adopt  it,  as  not  only  does  it 
require  less  labor,  but  the  requirements  in  the  shape  of 
pits  and  water  are  still  less  than  for  the  systems  prac- 
tised on  this  side  the  Atlantic,  leaving  the  considera- 
tion of  the  great  gain  in  the  amount  of  leather  out  of 
the  question;  and  which,  of  course,  is  its  most  powerful 
recommendation. 

By  Rhusma. — Warington  recommends  a  solution 
of  carbonate  of  soda  for  unhairing  the  hides,  but  the 
effect  is  not  so  rapid  as  when  the  alkali  is  in  the  caustic 
state.  The  same  chemist,  in  attempting  to  depilate 
hides  by  the  use  of  rhusma,  the  long-known  mixture  of 
caustic  lime  and  orpiment,  or  tersulphide  of  arsenic, 
discovered  that  the  active  agent  was  sulphide  of  cal- 
cium, formed  by  the  decomposition  of  the  arsenical 
compound  in  the  presence  of  that  base,  and  that  the 
arsenic  was  without  e  ffect  in  the  operation.  He  there- 
fore tried  the  action  of  sulphide  of  calcium  per  se,  and 
found  that  it  acted  so  promptly,  that  only  from  twenty- 
four  to  thirty-six  hours  were  required  to  soften  the 
epidermis,  and  loosen  the  hair. 

Raising  or  Swelling. — After  the  removal  of  the 
hair  and  epidermis,  and  the  bating,  in  case  of  hides  in- 
tended as  upper  or  pliable  leather,  it  is  necessary,  to  sub- 
mit the  pelt,  as  the  depurated  unhaired  skin  is  commonly 
called,  to  a  further  operation,  in  order  to  distend  its  cellu- 
lar organs,  with  the  view  of  enabling  it  the  more  readily 
to  combine  with  the  tannin.  In  England,  sulphuric  acid, 
in  the  ratio  of  one  part  of  acid  to  a  thousand  of  water, 
is  the  agent  usually  employed  for  this  purpose  ;  but  in 
some  cases  immersion  for  a  limited  period  in  the  spent 
tan-liquor,  wherein  a  certain  quantity  of  gallic  and  other 
acids  have  been  developed,  is  substituted,  and  oven  this 
treatment  is  abandoned  by  many,  a  weak  tanning  liquor 
being  preferred.  This  is  especially  the  case  in  France, 
where  a  prejudice  exists  against  the  use  of  sulphuric 
acid,  founded  on  the  opinion  that  it  destroys  many  of 
the  good  qualities  of  the  leather.  When  sulphuric  acid 
is  used,  the  swelling  or  raising  is  sufficiently  executed 
by  twenty-four  hours'  immersion  in  the  bath.  When 
kips  and  skins  are  under  operation,  the  raising  is  done 
partly  during  the  liming  and  partly  by  the  bating,  to 
which  they  are  afterwards  submitted.  Allusion  has 
already  been  made  to  the  mode  practised  with  excre- 
ments ;  but  besides  this,  the  same  end — the  removal  of 
any  residuary  lime — is  attained  by  the  employment  of 
barley  meal,  made  into  a  sour  liquor.  For  one  hundred 
pounds  of  dry  skin,  fifty  pounds  of  coarsely-ground  bar- 
ley meal,  and  five  or  six  pounds  of  soured  dough  are 
taken,  the  whole  being  intimately  distributed  in  the 
water.  Lactic  fermentation  follows,  and  the  acids 
generated  form  soluble  salts  with  the  lime  in  the  skins, 
when  the  latter  are  immersed  in  the  liquor,  and  the  suc- 
ceeding washing  removes  them.    This  bath  is  termed 
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the  white  bate,  to  distinguish  it  from  the  red  bate,  or 
the  aqueous  washings  of  old  used  bark  or  tan.  With 
this  reddish  brown  liquid  a  number  of  vats  are  filled, 
the  solution  in  the  first  being  diluted  so  as  to  give  them 
a  gradation  of  strength.  Before  submitting  the  washed 
and  unhaired  skins  to  the  series,  they  are  steeped 
for  a  few  days  in  summer,  but  a  longer  time— four 
or  five  days — in  winter,  in  clean  water,  which  is 
renewed  every  day,  whilst  the  skins  are  left  to  drain 
for  two  or  three  hours.  After  this  they  are  submitted 
to  the  first  and  weakest  vat  of  the  red  bate,  and  after 
spending  some  time  in  it,  they  are  transferred  to  the 
next,  and  so  on,  till  they  come  to  the  last.  During 
these  operations  the  practice  is  to  handle  the  skins 
morning  and  evening,  leaving  them  to  drain  about 
three  hours,  whilst  they  are  passing  through  the  weak 
baths ;  but  once  a-day  when  they  arrive  at  the  stronger 
ones.  Sometimes,  in  this  way  of  working,  the  final 
bath  are  a  solution  of  fresh  tan,  more  or  less  concen- 
trated, according  to  the  views  of  the  tanner.  When 
the  baths  are  rather  concentrated,  the  period  occupied 
in  swelling  by  this  method  varies  from  a  fortnight  to 
three  weeks. 

The  finishing  of  the  raising  is  effected  occasionally 
with  strong  tan-juice,  which  has  been  mixed  by  agita- 
tion with  about  four  pounds  of  sulphuric  acid.  Eight 
or  ten  hides  being  submitted  to  this  bath,  they  are 
taken  out  the  first  day  twice,  and  permitted  to  soak  or 
drain  for  two  hours,  the  second  day  once,  the  same 
time  being  allowed  for  draining.  In  the  morning  of 
the  third  day  they  are  transferred  to  another,  composed 
of  the  densest  tan-liquor,  mixed  with  the  same  quantity 
of  sulphuric  acid  as  the  foregoing.  Whilst  here,  the 
hides  are  handled  once  a  day,  being  allowed  to  drain  at 
each  handling  one  hour.  About  three  days  suffice  to 
give  them  the  necessary  finish. 

The  red  bate  is  regarded  as  being  by  far  the  best 
means  in  use,  notwithstanding  it  is  much  slower  in  its 
effects  than  some  of  the  others  adopted  in  practice. 
This  may  arise  from  the  fact,  that  the  combination 
of  the  gelatinous  tissue  of  the  skin  with  the  tannin  is 
slowly  going  on  from  the  immersion  in  the  first  vat 
of  the  series,  at  the  same  time  that  the  lime  is  being 
removed,  and,  consequently,  that  the  finished  leather 
is  more  compact,  and  tougher,  than  if  the  swelling  were 
made  with  acids  in  a  shorter  time. 

The  Tanning. — The  many  improvements  in  refer- 
ence to  the  combination  of  tannin  with  the  gelatinous 
tissue  of  the  skin,  that  have  been  put  in  practice  within 
the  last  fifty  years,  seem  almost  to  exhaust  the  subject. 
Hydrostatical  pressure,  the  laws  of  exosmosis  and  endos- 
mosis,  exhaustion,  or  the  vacuum  principle,  combined 
with  mechanical  action,  have  been  successively  tried, 
and  the  result  is,  that  the  time  required  for  the  opera- 
tion, which  formerly  extended  over  two  years,  and 
sometimes  longer,  is  now  diminished  in  some  cases  to 
as  many  weeks.  Unfortunately,  it  appears  that,  as  the 
period  occupied  in  the  tanning  is  diminished,  so  also  is 
the  quality  of  the  leather  deteriorated,  for  although  by 
the  modern  accelerated  processes,  a  large  amount  of 
tanning  agent  is  rapidly  taken  up  by  the  skin,  its  union 
with  the  gelatinous  matter  is  far  from  being  complete, 
and  the  pressure  or  exhaustion  applied  to  bring  about 


the  rapid  combination  has  the  bad  effect  of  leaving 
the  leather  porous,  and  without  compactness  or  body. 
Hence,  when  a  good  article  is  required,  such  as  shall 
combine  density  with  closeness  of  grain  and  thorough 
homogeneous  tanning,  that  which  has  been  manufac- 
tured in  a  manner  somewhat  resembling  the  old  system 
is  still  preferred. 

This  system  consisted  in  spreading  a  layer  of  waste 
tan  in  the  bottom  of  the  pit,  and  over  it  another  of 
fresh  tan  to  the  depth  of  an  inch ;  upon  the  latter  the 
hides  was  spread  out  evenly,  and  over  it  another  stra- 
tum of  tan.  This  alternate  arrangement  of  tan  and 
hides  was  continued  till  the  pit  was  filled,  when  another 
layer  of  tan,  six  inches  thick,  was  placed  upon  the 
whole,  and  well-trodden  to  compress  the  mass;  the 
final  covering  was  termed  the  hat.  After  a  period  of 
four  months,  when  the  bark  was  considered  to  be  ex- 
hausted of  its  tannin,  the  contents  of  the  pit  were 
removed,  the  partially-tanned  hides  stretched,  and 
again  replaced  with  a  supply  of  fresh  tan  in  the  same 
order  as  before,  left  for  another  interval  of  several 
months,  then  taken  out,  again  stretched,  and  so  on 
till  they  were  deemed  sufficiently  tanned;  the  bloom 
being  ultimately  given  with  a  concentrated  extract  of 
the  bark.  No  moisture  was  allowed  to  enter  the  pit, 
except  what  was  retained  and  absorbed  hygroscopically 
by  the  bark ;  and  as  the  tanning  agent  can  come  in 
contact  with  the  skin  only  in  a  state  of  solution,  it  is 
evident  that  in  the  absence  of  sufficient  liquid  to  bring 
it  to  this  state,  the  method  must  have  been  slow  and 
tedious. 

Subsequently  the  plan  was  adopted  of  filling  the  pit 
with  tepid  water,  the  hides  and  bark  being  arranged  as 
above  stated,  and  new  materials  substituted  for  those 
exhausted  every  three  or  four  months,  till  the  tanning 
was  nearly  completed,  the  finish  being  given  with  a 
strong  solution  of  tan  liquor.  Even  by  this  course, 
which  was  a  great  improvement  on  the  former,  the 
hides  took  a  period  of  eighteen  months  and  longer  to 
convert  them  into  good  leather.  Another  innovation 
followed ;  it  consisted  in  filling  the  pit  with  tan-liquor 
or  infusion  of  the  bark,  instead  of  water,  the  hides  and 
bark  being  disposed  as  formerly.  This  mode  is  still 
much  followed  by  Irish  tanners,  but  is  now  deemed 
obsolete  by  most  of  the  leather  manufacturers  of  this 
and  other  countries.  Leather  can,  however,  be  made 
by  this  method,  unsurpassed  by  any  other  in  quality.. 

It  is  rarely  that  ground  tan  is  now  used,  the  time  of 
tanning  being  reduced,  and  leather  of  average  excel- 
lence obtained  by  employing  a  solution  or  extract, 
termed  ooze,  instead.  In  the  slow  process  of  working, 
very  little  difference  exists  between  the  course  followed 
by  the  various  tanners;  and  where  a  difference  is 
found,  it  is  more  in  the  manner  of  making  the  ooze, 
than  in  the  succeeding  manipulations.  The  adoption 
of  solutions  of  tan  has  been  gaining  ground  regularly 
from  the  time  of  Seguin,  who  first  recommended  it, 
and  there  is  no  doubt  that  it  is  much  more  effectual,  as 
evidenced  by  the  abridgement  of  the  tanning  period, 
than  even  the  most  finely  powdered  bark.  There  are 
several  methods  of  preparing  the  ooze ;  cold  water  being 
employed  by  some  ;  hot  by  others  ;  while  many  extract 
the  strength  of  the  material  by  boiling ;  and,  latterly, 
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the  /pent  or  weak  liquor  from  the  pits  has  been  resorted 
to  for  this  purpose.  When  cold  water  is  preferred,  the 
better  way  is  to  have  a  gallery  of  vats,  in  which  the 
ground  tan  is  exposed  to  the  solvent  action  of  the  water. 
That  which  receives  the  water  direct  from  the  reser- 
voir contains  the  almost  exhausted  tan,  and,  conse- 
quently, as  the  liquid  passes  from  one  vat  to  another, 
it  meets  with  a  richer  material,  and  takes  up  more  and 
more  tannin,  until,  as  it  passes  off  from  the  last  filled 
with  the  fresh  bark,  it  possesses  a  high  degree  of  con- 
centration. 

The  same  plan  may  be  followed  when  hot  water  is 
used,  in  which  case  branch  steam-pipes  are  laid  to  each 
vat  for  the  purpose  of  heating  its  contents.  By  this 
means  the  extract  is  obtained  of  any  degree  of  concen- 
tration, according  to  the  quantity  of  water  employed, 
and  the  time  of  digestion  allowed.  Sumach,  divi-divi, 
and  valonia,  may  be  exhausted  in  the  same  way ;  but 
kino,  and  the  several  varieties  of  catechu,  should  be 
macerated  by  repeated  agitation  in  the  water.  Divi- 
divi  extracts  should  be  made  as  much  as  possible  in 
close  vessels  out  of  contact  with  air ;  and  the  tanning, 
also,  when  this  substance  is  used,  ought  to  be  performed 
with  as  little  exposure  as  possible,  with  the  view  of  pre- 
venting the  coloration  of  the  leather. 

Latterly,  hydrostatic  pressure  has  been  resorted  to 
for  abstracting  the  virtues  from  barks  and  similar  sub- 
stances. A  well-bound  vessel  is  taken,  and  a  per- 
forated false-bottom  inserted  a  short  distance  above  the 
real  one,  and  from  the  space  between  the  two,  an  outlet 
pipe  draws  off  the  contents.  It  must  be  fitted  with  a 
strong  and  water-tight  cover,  supplied  with  two  trap- 
doors, through  which  the  bark  may  be  inserted  and 
removed,  but  capable  of  being  perfectly  secured. 
When  filled  with  the  bark,  water  is  introduced  through 
a  pipe,  which  may  be  twenty  or  thirty  feet  high.  By 
keeping  the  latter  always  filled,  considerable  pressure 
is  exerted  upon  the  contents  of  the  tub,  and  by  this 
means  the  tannin  is  more  readily  dissolved.  The 
liquor  is  drawn  off  from  time  to  time  through  a  pipe, 
according  as  it  filters  through  the  mass. 

Whatever  be  the  means  adopted  for  making  the  ooze, 
the  next  operation  is  the  immersion  of  the  skins  in  it,  in 
order  to  convert  them  into  leather.  This  is  done  by  filling 
a  number  of  pits  sunk  in  the  floor  of  the  tan-yard,  and 
introducing  into  them  the  swelled  or  partly-raised  skins, 
beginning  with  those  pits  which  contain  a  weak  infusion, 
and  after  proper  intervals,  passing  the  skins  forward  into 
those  which  contain  stronger  solutions.  In  the  construc- 
tion of  these  pits,  the  practice  is  to  excavate  the  earth  to 
the  depth  of  nine  or  ten  feet,  and  to  cover  the  bottom  with 
a  bed  of  retentive  clay.  The  pipes  for  conveying  the 
ooze,  waste,  tan  liquor,  et  cetera,  are  then  laid,  and  the 
intermediate  spaces  filled  in  with  well-compressed  clay. 
Instead  of  boards,  bricks  are  sometimes  used,  and  the 
inner  surface  is  well  secured  with  hydraulic  cement. 
A  composition  of  asphalte,  made  of  the  usual  compon- 
ents, only  substituting  clay  for  chalk,  would  answer  the 
purpose  admirably.  Such  pits  as  contain  the  weak 
infusion  of  the  tanning  agents  are  called  handlers,  and 
those  employed  for  finishing  the  process,  and,  therefore, 
having  a  stronger  liquor,  are  known  as  layers  or 
bloomers.    In  the  weak  handlers,  the  hides  are  taken 


out  twice  a  day,  placed  double  one  over  another  <i 
in  a  heap,  and  again  introduced  into  the  same  or  the 
next  pit.  After  their  removal  to  stronger  pits,  the 
handling,  as  the  operation  is  called,  is  performed  only 
once  a  day,  and  after  they  arrive  at  the  layer-pits,  they 
are  taken  out  only  once  in  the  week,  and  finally  once 
a  month.  The  object  of  these  handlings  is  to  equalize 
and  quicken  the  combination  of  the  tannin  with  the 
skin ;  for  during  the  time  that  the  hides  lie  upon  one 
another  on  the  ledge  over  the  pit,  their  weight  forces 
the  absorbed  liquid  out  of  their  pores,  so  that  they  are 
more  free  to  imbibe  the  juice  on  their  re-introduction  to 
it  than  before.  Some  are  of  opinion,  however,  that 
during  the  one  or  two  hours  they  remain  exposed,  they 
contract  some  injury,  and  that  the  quality  of  the  leather 
is  much  improved  by  transferring  them  at  once  into 
other  pits ;  but,  as  will  appear  further  on,  a  directly 
opposite  view  is  often  held.  It  is  a  common  prac- 
tice with  many  to  introduce  some  powdered  tan  into 
the  last  pits  or  bloomers,  between  the  hides,  more 
especially  when  it  is  desired  to  produce  a  superior  lea- 
ther in  point  of  quality  and  color.  On  the  other  hand, 
several  mauufacturers  continue  to  use  the  powdered 
tan  with  the  ooze  throughout.  To  avoid  the  repeated 
handling  of  the  hides,  and  the  alleged  injury  from 
exposure,  some  tanners  submit  the  hides  to  the  tan- 
liquor  in  a  vertical  instead  of  a  horizontal  position. 
This  method  has  the  advantage  of  exposing  every  part 
of  the  skin  to  contact  with  the  juice ;  but  if  care  be  not 
taken  to  alter  the  position  at  proper  intervals,  the  lower 
part  is  liable  to  be  better  tanned  than  the  upper,  owing 
to  the  bottom  of  the  pit  containing  the  richer  ooze. 
This,  however,  is  very  easily  obviated  by  reversing  the 
hides.  Patents  upon  this  principle  were  taken  by  Mr. 
Keasley  in  1845,  and  by  Mr.  Barrett  in  1850. 

The  quantity  of  tan  required  varies  with  the  weight 
and  quality  of  the  hides.  Generally,  heavy  hides  take 
about  double  their  weight  of  good  oak  bark  to  tan  them ; 
but  those  which  are  lighter  and  of  less  body  are  perfectly 
tanned  with  a  less  quantity,  from  1.6  to  1.8  of  their 
weight.  When  sumac,  valonia,  divi-divi,  or  catechu 
is  the  tanning  agent,  a  much  less  proportion  suffices, 
since  these  materials,  as  already  stated,  are  greatly 
richer  in  tannin  than  oak  bark.  With  oak  tan,  the 
period  required  for  tanning  good  sole  leather  averages 
ten  months ;  about  eight  months  when  valonia  is  used ; 
and  six  if  terra  japonica  or  catechu  be  employed. 

The  method  of  tanning  introduced  by  M.  Ogeread 
of  Paris,  is  similar  to  the  old  system  still  followed  in 
many  parts  of  Ireland  and  Scotland,  namely,  the  strati- 
fication of  the  pit  with  alternate  layers  of  tan  and  hide ; 
only  that,  in  the  French  method,  the  pit  is  furnished 
with  a  false  or  hurdle  bottom,  through  which  the  liquor 
in  the  vat  filters,  and  collects  in  the  space  below.  Once 
a  day  or  oftener,  as  the  case  may  be,  the  filtered  juice 
is  raised  by  a  pump  to  the  top  of  the  vat,  from  which 
it  gradually  descends  through  the  materials,  to  be  again 
successively  raised  to  the  surface.  By  this  means  the 
tan  juice  in  the  pit  is  kept  in  circulation,  and  brought 
into  close  contact  with  thejiides.  At  the  end  of  a  , 
month  the  contents  become  exhausted,  and  fresh  ma- 
terials are  introduced,  the  circulation  being  kept  up  as 
before.  It  is  said  that  by  this  method  the  time  occupied 
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in  the  tanning  does  not  extend  be37ond  four  months, 
and  that  the  leather  is  of  first  quality. 

Nossitee,  in  1844,  patented  a  method  by  which 
the  pressure  of  the  overlaying  hides  in  the  pit,  which 
prevents  free  contact  witli  the  tanning  liquor,  is  coun- 
teracted, and  the  conversion  of  the  hides  into  leather 
much  accelerated.  This  method  consists  in  construct- 
ing within  the  tan-pit  a  frame  with  ledges,  which  sup- 
port other  frames  on  which  the  skins  are  placed  when 
introduced  into  the  pit.  Even  when  fixed  as  closely  as 
possible  together,  as  many  skins  cannot  be  introduced 
as  in  the  old  way;  but  taking  into  consideration  the 
limited  time  in  which  the  operations  are  finished,  the 
patentee  states  that,  in  the  end,  a  larger  number  can 
be  tanned  by  this  method  within  a  given  time  than  by 
the  ordinary  arrangement.  After  all  the  frames  and 
hides  are  placed,  the  pit  is  filled  with  ooze,  and  after  it 
has  become  exhausted,  the  spent  liquor  is  pumped  out 
and  fresh  supplied,  and  this  is  repeated  till  the  leather 
is  formed.  Another  improvement  embraced  in  this 
patent  consists  in  depriving  the  hides  of  the  old  tan- 
iiquor  previous  to  immersing  them  in  the  new,  by  sub- 
mitting them  in  numbers  at  a  time  to  the  action  of  a 
screw-press,  so  constructed  that  the  hides  do  not  require 
to  be  folded,  but  are  laid  fiat  on  the  table  or  press-board. 

The  plan  adopted  by  Beeenger  and  Sterlingue 
for  tanning  hides  in  a  reasonably  short  time,  without 
the  aid  of  machinery,  is  the  following : — A  row  of  pits 
is  formed,  each  furnished  with  a  hollow  vertical  wooden 
cylinder,  connected  with  the  next  pit  of  the  series  by  a 
pipe  fixed  at  a  depth  of  six  inches  from  the  surface,  and 
communicating  with  the  space  between  the  perforated 
and  true  bottom,  by  means  of  a  punctured  pipe.  By 
this  arrangement,  the  liquid  in  each  pit  may  be  made 
to  pass  over  to  the  next  in  the  series,  and  so  to  the 
end,  without  the  least  disturbance  of  the  contents. 
Thus,  if  water  from  the  supply  pipe  be  conveyed  into 
the  first  vertical  cylinder  in  the  series,  the  liquid  flows 
down  through  the  false  bottom  into  the  intervening 
space,  causing  the  fluid  already  there  to  ascend  through 
the  body  of  the  vat,  and  to  flow  over  by  the  connecting 
pipe  into  the  cylinder  of  No.  2  pit,  where  it  displaces 
an  equal  volume  of  liquor  in  like  manner.  In  work- 
ing on  this  principle,  a  series  of  eight  pits  is  preferred; 
No.  1  is  filled  with  tan  and  hides  in  the  old  manner, 
and  as  much  water  as  it  will  retain  added.  After  twenty- 
one  days,  No.  2  is  filled  in  the  same  way;  but  instead 
of  employing  water,  as  much  strong  ooze  as  is  required 
to  wet  the  materials  is  poured  into  the  first  pit,  and  this 
drives  before  it  the  weak  liquor,  which  ascending  by  the 
pipe  from  the  false  bottom  into  the  cylinder,  flows  over 
by  the  connecting  pipe  into,  and  moistens  the  contents 
of,  No.  2,  with  the  weak  tan  liquor  of  the  first  pit. 
After  the  lapse  of  another  period,  a  third  is  charged 
with  tan  and  skins,  and  after  this  a  quantity  of  strong 
ooze,  equal  in  bulk  to  what  is  necessary  to  moisten  the 
contents  of  the  new  materials  like  the  others,  is  poured 
into  No.  1,  when  the  liquor  previously  contained  in  it 
will  flow  over  from  the  cylinder  to  No.  2,  the  liquid 
contents  of  which  are  in  like  manner  transferred  to 
No.  3.  In  this  way  the  work  progresses  till  the  eight  pits 
are  filled.  The  connecting  pipe  of  No.  1  is  then  closed, 
and  the  ooze  in  it  pumped  out,  and  the  remaining 


materials  removed,  when  the  leather  will  be  found 
thoroughly  tanned.  A  fresh  supply  of  hides  and  tan 
are  then  put  into  this  pit,  which  now  becomes  the  last 
or  eighth  of  the  series,  that  which  before  was  No.  2 
becoming  No.  1,  and  receiving  the  strong  ooze.  By  this 
means  the  hides  are  tanned  without  once  removing  them 
from  the  pits  till  they  are  finished,  and  likewise  with, a 
great  saving  of  labor.  If  the  strong  infusion  be  added 
at  intervals  of  fifteen  days,  the  time  required  does  not 
extend  beyond  four  months,  but  it  may  be  prolonged  at 
will,  by  allowing  a  period  of  twenty  or  thirty  days  to 
elapse  between  the  addition  of  fresh  ooze,  or  the  filling 
of  a  new  pit.  The  ooze  used  in  the  foregoing  opera- 
tion is  prepared  in  a  series  of  vats  similarly  constructed, 
or  they  may  be  placed  one  above  another,  so  that  the 
liquid  in  the  higher  may  flow  into  the  next  beneath, 
as  in  the  lixiviation  of  soda  or  of  kelp — see  Iodine — 
only  that  each  is  furnished  with  a  coil  of  steam-piping, 
for  the  purpose  of  heating  and  concentrating  the  liquors, 
with  a  view  to  the  removal  of  gallic  acid  and  other 
substances.  The  liquor  emptied  from  the  tan  vat  is 
mixed  with  the  ground  bark  or  other  material  in  the 
first  of  these,  and  after  a  while,  the  solution  is  drawn 
off  to  the  lower  one,  where  it  becomes  further  enriched. 
In  this  way  the  liquid  may  be  brought  to  any  degree  of 
density  necessary  for  the  operation,  and  much  of  the 
extractive  and  gallic  acid  may  be  removed. 

Another  patent  process  by  Cagswell,  recommends 
the  process  of  filtration,  as  a  means  of  causing  the 
tannin  of  the  ooze  to  unite  with  the  matter  of  the  hide 
in  a  shorter  time  than  is  ordinarily  required.  The  pre- 
pared hides  are  to  be  laid  in  sawdust,  in  such  a  way  as 
to  form  a  kind  of  basin,  and  into  this  the  rich  ooze  is 
poured.  Gradually  it  finds  a  passage  through  the  cells 
of  the  skin,  and  passing  out  at  the  other  side,  runs 
through  the  sawdust  into  a  tank  beneath  or  adjacent  to 
the  floor,  but  whilst  going  through  the  hide,  the  tannin 
is  retained.  By  keeping  the  hollow  of  the  hide  filled 
with  fresh  ooze,  the  gelatino-fibrous  tissue  in  a  very 
short  time  becomes  saturated  with  tan.  There  are 
some  drawbacks,  however,  to  this  method ;  for  instance, 
the  porosity  of  the  hide  is  very  unequal,  and  as  the 
filtration  is  greater  where  most  porous,  these  parts  are 
liable  to  be  overtanned,  when  the  others  may  not  be 
sufficiently  so.  Again,  the  edges  are  never  finished  in 
this  operation,  and  consequently,  the  hides,  after  the 
body  has  been  made  into  leather,  must  be  subjected  to 
ooze  in  the  pit.  The  great  space,  too,  necessary  to 
carry  on  an  extensive  trade  by  this  means,  is  not  among 
the  least  objections  to  it. 

Besides  the  preceding  methods  in  which  the  tanning 
agent  is  left  free  to  react  upon  the  skins,  several  others 
have  been  patented  in  which  mechanical  force,  in  con- 
cert with  other  means,  has  been  employed  to  effect  the 
tanning  in  a  shorter  time.  The  simplest  of  these  are 
such  as  merely  cause  the  agitation  of  the  hides  and  tan- 
liquor  in  the  vat,  so  as  to  effect  a  more  thorough  and 
rapid  contact  of  the  combining  substances.  Of  several 
on  this  principle,  that  of  Mr.  Squire  of  Warrington, 
patented  in  1845,  will  be  sufficient  to  illustrate  the 
method  pursued.  A  cylindrical  drum  or  barrel  is 
divided  internally  into  four  compartments  by  bars, 
space  being  left  for  the  liquid  of  one  part  to  flow  into 
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the  next  as  required.  The  hides  are  introduced  into 
these  divisions  by  doors  which  are  well  secured,  and 
the  tan-liquor,  which  may  be  that  of  divi-divi,  catechu, 
or  any  other,  in  quantity  sufficient  to  fill  the  cylinder 
to  more  than  three-fourths.  All  the  openings  are  then 
perfectly  secured,  and  motion  is  given  to  the  apparatus 
by  means  of  a  winch  fixed  upon  its  axis,  or  a  strap 
passing  over  a  drum,  and  connected  with  the  engine 
shaft.  The  rotation  is  slow,  but  sufficient  to  keep  the 
hides  and  fluid  contents  in  motion.  In  the  course  of 
a  very  short  time  the  hides  are  well  tanned  by  this 
method,  and  the  air  being  excluded  during  almost  the 
whole  period,  the  leather  retains  a  good  appearance, 
even  when  divi-divi  and  catechu  are  the  agents  em- 
ployed. 

Some  erect  a  roller  over  the  mouth  of  the  pit,  and 
string  the  hides  together  by  stitching  in  the  form  of  an 
endless  web  or  belt,  which  is  wound  in  several  coils 
loosely  round  the  roller,  and  then  placed  so  as  to  be 
partly  submerged  in  the  ooze  of  the  pit.  By  turning 
the  cylinder,  the  immersed  portion  becomes  saturated 
with  the  liquid ;  and  as  it  rises  again  on  the  roller,  the 
weight  of  the  suspended  hides  exercises  a  force  by 
which  considerable  quantities  of  the  liquor  are  squeezed 
out,  and  the  hides  descend  at  the  other  side  in  a  con- 
dition to  absorb  fresh  liquor.  This  alternate  absorp- 
tion and  expression  of  the  liquor  is  very  conducive  to 
rapid  tanning ;  but  the  time  is  still  further  abridged  by 
a  process  patented  in  1837  by  Cox  and  Herapath, 
which  consists  in  passing  the  hides  between  two  rollers 
fixed  longitudinally  over  the  pit.  In  order  to  avoid 
injury  to  the  hides  from  contact  with  the  metallic 
surface  of  the  rollers,  and  to  allow  the  solution  to  pass 
away  more  readily,  the  lower  cylinder  is  covered 
with  horse-hair  cloth,  and  the  upper  one  with  folds  of 
flannel.  Both  rollers  revolve,  and  the  upper  one  may 
be  weighted  to  any  degree,  so  that  the  hides  passing 
between  them  lose  all  absorbed  water  and  re-enter  the 
same  pit,  or  another  containing  a  stronger  ooze,  in  a 
condition  to  imbibe  the  solution  very  readily.  It  is 
stated  that  sole  leather  may  be  thoroughly  tanned  by 
this  method  in  one  to  two  months,  and  kips  for  upper 
leather  in  three  or  four  weeks.  It  should  be  remarked, 
however,  that  although  with  care  an  average  quality 
of  leather  may  be  prepared  in  this  manner,  yet,  if  too 
much  pressure  be  exerted,  the  process  of  tanning  will 
be  rather  retarded  than  otherwise,  because  the  elasticity 
of  the  tissue  will  be  destroyed. 

Tanning  by  Hydrostatic  Pressure. — Spilsbuey,  in 
1831,  was  the  first  to  introduce  the  method  of  perme- 
ating the  hides  by  hydrostatic  pressure.  His  mode 
consists  in  securing  any  holes  or  damaged  parts  in  the 
hide,  and  then  to  stretch  it  on  a  suitable  frame,  hav- 
ing iron  hooks  for  fastening  the  edges  of  the  skin  all 
round.  Upon  the  frame  so  furnished  another  is  laid, 
and  screwed  tightly,  so  as  to  allow  no  room  even  for 
water  to  percolate  between  the  two  frames.  Another 
hide  is  then  fixed  upon  the  second  frame,  and  its  edges 
secured  in  the  same  manner  by  a  third  frame,  the 
whole  three  being  bolted  firmly  together  by  means  of 
clamps.  In  this  way  a  kind  of  water-tight  compart- 
ment is  formed  between  the  two  hides.  The  frames 
are  then  placed  upright,  and  the  interval  between  the 


hides  is  filled  with  ooze.  As  the  skins  form  the  side 
walls,  it  is  evident  that  their  whole  surface  will  be 
exposed  simultaneously  to  the  liquor,  and  as  the  latter 
by  the  force  of  its  own  weight  penetrates  them,  the 
tannin  enters  into  combination,  and  they  are  gradually 
converted  into  leather.  An  arrangement  of  pipes  and 
stopcocks  permits  the  confined  air  to  escape  in  the  first 
instance,  and  afterwards  the  spent  liquor,  after  it  has 
percolated  through  the  hides.  Of  course  the  rapidity 
of  the  tanning  by  this,  as  by  other  processes,  depends 
more  or  less  upon  the  thickness  of  the  hides,  the  strength 
of  the  ooze,  and  the  amount  of  pressure  exerted. 

Deake,  instead  of  using  frames,  directs  that  the 
hides  should  first  be  submitted  to  an  incipient  tanning, 
and  then  sewed  together  in  pahs,  so  as  to  form  a  kind 
of  sack.  A  small  aperture  is  left  at  the  shoulder  or 
neck  part  for  the  introduction  of  a  funnel  for  filling  the 
sewed  hide  with  the  tanning  juice ;  and  to  prevent  the 
distension  to  which  the  hides  would  be  liable  on  being 
filled,  he  places  each  pair  in  an  upright  frame  of  suit- 
able size.  The  bag  being  filled  with  the  ooze,  the  liquid 
percolates  through  the  pores  of  the  skins,  being  deprived 
of  the  tannin  in  its  passage,  and  trickles  down  into  a 
receptacle  beneath  the  frame,  whence,  if  rich  in  tannin, 
it  is  pumped  back  into  the  bag  in  order  to  be  again 
exuded.  Towards  the  close  of  the  operation,  when  the 
skins  become  firm  and  hard,  so  that  the  confined  fluid 
exudes  very  slowly,  the  atmosphere  of  the  room  is 
heated  to  about  150°,  with  the  view  of  promoting  the 
permeation  of  the  ooze,  and  the  process  is  continued  till 
the  hides  give  indications  of  being  thoroughly  saturated 
with  tannic  acid,  which  is  known  by  their  beginning  to 
darken  in  places,  and  by  the  passing  through  of  the 
ooze  without  losing  strength.  The  contents  of  the  bag 
are  then  withdrawn,  the  stitchings  cut  open,  and  the 
leather  subjected  to  the  finishing  processes,  which  will 
be  presently  described. 

By  the  improved  methods  of  Chaplin  and  Cox,  the 
hides  are  sewed  up  into  bags,  leaving  a  small  aperture 
for  the  introduction  of  a  branch  pipe  from  the  main, 
connecting  them  with  a  tank  which  holds  hot  ooze.  On 
turning  a  tap,  the  ooze  flows  into  the  bags  by  means 
of  the  branch  pipes ;  and  provided  the  connection  and 
sewing  be  secure,  the  pressure  exerted  may  be  varied 
at  pleasure,  according  to  the  height  and  quantity  of 
liquor  in  the  vat.  As  the  hides  are  necessarily  ex- 
tended more  or  less  under  the  force  so  exerted,  frames 
answering  to  the  size  of  the  bags  are  used  to  keep  them 
from  bursting  or  being  too  much  expanded.  The  plan 
of  encasing  the  sewed  hides  in  canvas  or  flannel,  has 
been  patented  as  an  improvement  on  the  practice  of 
placing  them  in  frames  or  boxes  of  wood. 

Peachy,  Poole,  and  others  employ  force  pumps  and 
other  similar  means  to  cause  the  tan-liquor  to  pene- 
trate the  hide,  but  the  principle  of  hydrostatic  pressure 
is  still  retained. 

All  these  methods  by  infiltration  are  subject  to  the 
disadvantage  arising  from  the  unequal  permeability  of 
the  hides  at  different  parts,  and  from  the  weakening  of 
their  structure  consequent  on  the  prolonged  distension. 

By  Exhaustion  of  Air. — Knowlis  and  Duesbuey, 
to  avoid  the  evils  which  hydrostatic  pressure  occa- 
sioned, had  recourse  to  infiltration  produced  by  the 
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exhaustion  or  rarefaction  of  the  air  in  the  vat,  in  order, 
to  tan  the  hides  more  regularly.  For  this  purpose  the 
hides  are  suspended  within  an  air-tight  vessel  from 
cross  beams  furnished  with  hooks.  To  economise  room, 
they  are  arranged  as  closely  as  possible  without  touch- 
ing, and  weighted  beneath  to  keep  them  extended.  The 
top  of  the  vessel  is  movable,  and  the  pipes  for  ex- 
hausting the  air  by  the  pump,  or  for  forcing  air  into 
the  apparatus,  are  fixed  at  the  sides  near  the  top. 
When  ooze  has  been  introduced  till  the  hides  are 
covered,  and  the  lid  is  firmly  screwed  down,  the  air  is 
exhausted,  and  the  contents  left  to  their  natural  reac- 
tions for  twenty-four  hours  or  more.  The  air  is  then 
admitted,  and  the  ooze  drawn  off.  During  three  hours 
the  hides  are  now  left  in  the  vessel  in  contact  with  the 
air,  till  in  fact  they  become  saturated  with  it,  and  when 
this  period  has  elapsed,  the  tan  liquid  is  again  intro- 
duced, and  the  exhaustion  renewed.  In  this  way,  the 
alternate  filling  of  the  vat  with  liquor,  exhaustion,  and 
exposure  to  air,  are  continued  till  the  leather  is  fully 
formed,  taking  the  precaution  to  employ  stronger  ooze 
as  the  operation  proceeds. 

By  endosmosis. — The  process  patented  by  Turnbull 
in  1845  embraces  a  combination  of  the  exosmotic  and 
endosmotic  principles.  The  hides,  sewed  into  bags,  are 
filled  with  the  ground  tanning  material  and  water,  or  a 
weak  ooze;  and  the  bags  are  then  immersed  in  a  vat 
filled  with  a  strong  extract  of  catechu,  freed  as  much  as 
possible  from  catechuic  acid  by  solution  in  cold  water 
and  filtration.  The  inequality  of  density  between  the 
weaker  liquid  within  the  bags,  and  the  stronger  solution 
contained  in  the  vats,  causes  a  motion  by  which  the 
exterior  penetrates,  and  the  interior  solution  exudes, 
both  parting  with  tannin  to  the  gelatino-fibrous  tissue, 
and  causing  its  saturation  in  a  very  short  time  without 
the  intervention  of  any  mechanical  force.  To  expedite 
the  operation,  the  liquid  in  the  vats  is  rendered  denser 
by  dissolving  in  it  salts  or  sugar  in  the  proportion  of 
fourteen  pounds  to  one  hundred  gallons.  During  the 
tanning,  it  is  necessary  to  keep  the  bags  filled  by 
occasional  additions  of  water  or  weak  ooze,  and  like- 
wise to  maintain  the  density  of  the  liquor  in  which  they 
are  immersed,  as  this  causes  the  endosmosis  or  infiltra- 
tion, and  consequently  the  exosmosis  or  exudation,  to 
be  more  rapid. 

By  acupuncture. — Schnyder,  some  few  years  ago, 
obtained  a  patent  for  a  quick  process  of  tanning, 
effected  by  exposing  a  more  extended  surface  of  hide 
to  the  tan-liquor  than  is  ordinarily  done.  His  method 
is  to  puncture  the  hides  with  steel  points  either  by 
hand  or  machinery,  with  an  instrument  having  from 
one  to  three  hundred  points  to  the  square  inch,  and 
afterwards  to  expose  the  skins  so  indented  to  the  action 
of  the  tan-juice,  with  or  without  pressure,  as  may  be 
most  convenient.  Either  the  flesh  or  hair  side  may  be 
operated  upon  with  the  steel  points ;  and,  notwith- 
standing that  such  perforations  permit  the  liquor  to 
enter  into  the  interior  portions  of  the  skin,  still,  as  the 
tanning  approaches  completion,  they  close  up,  and 
the  leather  is  as  capable  of  resisting  moisture  as  that 
made  from  hides  which  have  not  been  subjected  to  the 
same  operation. 

According  to  Morfit,  this  method  is  more  worthy 


of  attention  than  most  others,  owing  to  the  combination 
being  so  readily  effected  between  the  skin  and  tan  that 
the  ooze  has  not  time  to  acidify  before  it  becomes 
exhausted,  and  so  the  relaxation  and  expansion  of  the 
fibres,  the  enlargement  of  the  grain,  and  consequent 
brittleness  of  the  leather  which  acids  produce,  are 
obviated.  Also,  because  by  this  method  the  formation 
of  leather  takes  place  in  the  heart  of  the  hide  as  readily 
as  at  the  surface,  the  overtanning  of  the  latter,  by 
which  it  becomes  rigid  and  brittle  under  the  old  system 
of  prolonged  exposure  in  the  tan  vat,  is  done  away 
with. 

Mineral  Tanning. — It  has  been  shown  in  the  intro- 
ductory portion  of  this  article  that  gelatin,  fibrin,  and 
albumen,  are  capable  of  combining  with  and  precipi- 
tating metallic  oxides  and  basic  salts  from  their  solu- 
tions. On  this  reaction  have  been  founded  certain 
processes  for  converting  skins  into  what  may  be  called 
a  mineral  leather,  by  impregnating  them  with  suitable 
metallic  bases.  This  is  easily  effected  by  merely 
placing  the  raised  and  depilated  hide  in  contact  with 
solutions  of  such  bases,  when  the  affinity  of  the 
gelatino-fibrous  tissue  for  the  mineral  compounds  results 
in  their  combination.  Alum  has  long  been  known  as 
a  compound  capable  of  rendering  light  skins  imputres- 
cible — in  fact,  of  converting  them  into  leather ;  but 
this  agent  has  not  been  used  for  making  ox  or  such 
hides  into  sole  or  upper  leather  till  lately.  The  first  to 
draw  attention  to  the  manufacture  of  leather  suitable 
for  all  ordinary  purposes,  without  the  aid  of  tannin — 
considered  as  a  branch  of  trade — were  D'Arcet  and 
Ashton  ;  but  their  attempts,  although  they  suggested 
the  idea,  left  very  much  to  their  successors  to  accom- 
plish. 

Bordier,  in  1842,  obtained  a  patent  for  an  improve- 
ment in  this  department,  which  deserves  more  attention 
than  the  methods  of  his  predecessors.  On  this  system 
the  hides  are  to  be  washed,  depilated,  and  raised  by 
any  effectual  method,  and  then  exposed  to  the  mineral 
constituent,  which  consists  of  a  subsulphate  of  sesqui- 
oxide  of  iron,  prepared  by  digesting  twenty-two  pounds 
of  protosulphate  of  iron — copperas — in  a  mixture  of 
two  parts  and  a  quarter  of  nitric  acid,  specific  gravity 
1-33,  and  three  pounds  one  ounce  of  sulphuric  acid,  of 
1-848  density.  A  stone-ware  jar  may  be  employed 
for  this  purpose,  the  contents  to  be  heated  with  steam, 
and  stirred  repeatedly.  As  soon  as  the  red  fumes  of 
peroxide  of  nitrogen — N04 — cease  to  be  evolved,  the 
vessel  is  to  be  removed  from  the  heat,  and  the  mix- 
ture kept  agitated,  till,  as  it  cools,  it  forms  a  kind  of 
paste.  After  settling  for  twenty-four  hours,  it  is  to  be 
diluted  with  water,  and  some  further  portion  of  sesqui- 
oxide  of  iron  added.  It  is  again  left  for  several  days, 
with  occasional  stirring,  for  the  purpose  of  allowing 
the  sulphuric  acid  to  take  up  the  sesquioxide  of  iron 
and  retain  it  in  solution.  The  cleaned  skins  are  then 
immersed  in  the  bath,  and  stirred  about  or  handled 
occasionally,  as  when  working  in  the  tan-pit,  till  they 
are  made  into  leather.  With  light  skins  this  happens 
in  three  days  or  thereabouts,  and  in  six  to  eight  days 
with  thick  skins  intended  for  sole  leather.  During  this 
immersion  a  combination  of  a  basic  salt — a  subsulphate 
of  the  sesquioxide  of  iron — takes  place,  and  an  acid 
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9di  io  too  H9JI/S}  sis  B9bid  ed*  ,b9nnBi  Yjdgnoiodi 
bgdamd  10  ,Y,Iiilgife  bodaEW  baa  ,aigmoo[d  to  aiOYEl 
,toodiiw  ,ai9iiBxn  guosasiSxs  He  gvonwi  oj  retow  xliivr 
,bgshq  dguxn  oa  ai  doidyr  raoold  gdi  goidoBigb  ,i9Y97/od 
yiitEop  oxli  ioi  99inj3i£ug  io  bnii  e  aB  bobiEggi  ai  bnB 
£  ni  Tib  ot  qn  gnnd  n9di  9ie  Y.gdT  .igdiBgl  erfi  io 
doidw  rno'ii  ,to9iniiBqB  bgiBliin97-Il9w  bnB  auoioBqa 
7i£aago9n  ai  9tbo  dgnM  iwbnlozg  gifi  bybi  a'nna  gxli 
si  ebid  odi  ,Y.Ibiq£i  ooj  boignbnoo  ii  :gai7ib  gxli  ai 
biiB  biqBi  gdi  oi  gniy/o  ,9bia  niBig  9di  no  jIoeio  oi  sldfiil 
ao  ;  siiBq  i9too  bos  i9nni  edi  io  noiiOBitooo  iBixpgaix 
odi  wolls  oi  SB  woia  oa  9d  Jon  iaum  ii  ,biiBd  i9dio  gdi 
-EigqxngJ  muibgxn  £  ,iginiw  ni  .yblnoxn  teg  oi  igxliEgl 
enB9tn  yd  ,JioI  to  ,xaooi-gai7ib  gdi  ni  bgaifiiaiBxa  ai  gwi 
•ii9di  too  87ig  oi  be  oa  b90Blq  yjauoioibnj,  ,agqiq-xn£gia  io 
,b9hb  yJiEihBq  ngdW  .goslq  9di  io  liB  9di  oi  oholfio 
aoarx  Mlimia  'igdio  bnB  89loa  idi  b9bn9ini  igdiBgl  9di 
oi  bgiiixndua  ai  ,bgihxp9i  ai  Yii[idB9mi9qmi  i£9ig  9i9dw 
i£9ig  b  ni  gaiY0i}E9b  bns  ,ii  gaiaa9baoo  ioi  a3900iq  B 
gninnBi  gdi  igiiB  aniEtel  ii  doidw  Tiiaoioq  6di  9iuaB9m 
-mBd  \d  gaob  sew  sixli  ^Iigmiol  .bgtaogxg  n99d  aBd 
YYBgd  diiw  9ldEi  diooma  B  no  igdi£9l  9di  gnii9m 
gdi  8B  V£w  9mB8  9di  ni  isomlfi  ,al9inmBd  to  si9lxBxn 
tod  ;  9noiaqBl  9di  noqn  igdiBgl  aid  sigmmBd  loismeoda 
\aam  ni  .b9toiiiadua  sbw  yigaixIoBin  yjingnpgadna 
io  anB9m  yd  b9i09ii9  ai  noiaa9iqxnoo  9di  ,am9onoo 
diiw  b9bfiof  ,9gBhiB0  b  \d  bgiauoaiina  saBid  io  eiglloi 
.idgigwb9ibnnd  a99iiidi  oi  n9i 
locamed  b  9onboitai  oi  lain  9di  asw  auoniJH5tT3 
ni  tod  ,T9diB9l  9di  gnian9bnoo  ioi  yignidoBin  \d  bovom 
,gniinBW  bnnoi  9'i9w  agiiaiup9i  anoigxnun  noiingyni  aid 
y_d  igdiBgl  gdi  xlsinfi  oi  viBaagggn  ngiio  8BW  ii  iBdi  oa 
auaaaaaQ  ,0481  ni  .teliEm  io  I9xnui£d  odi  diiw  bnsd 
bgdgBito  i9iioi  b  doidw  ni  ,aui£i£qqB  i9tIionB  b9to9toq 
,caainBdo9i0  gnii£lrjggi  igdio  diiw  ,1979!  b9idgr9w  b  oi 
•igdiBglio  9bia  to  9bid  9dT  .toggB  gniaagiqmoo  gdi  acv/ 
bnB  ,aaBid  diiw  bgofii  gldBi  gnoiia  B  noqn  bgoslq  gnigd 
-iinidua  bbw  ,90Biiua  gvBonoo  to  gnslq  b  igdii9  gnivfid 
aaTJiW  bna  zoO  .toIIo-i  gdi  io  noiioB  gdi  oi  boi 
anogorBnB  giB  doidv/  agnidoBrn  b9onboiini  ^Igifil  gyfid 
■ligdi  ni  relqmia  giB  tod  ,gnib909iq  9di  oi  noboB  ii9di  ni 
\d  bgonboxini  sbw  gnidoBin  TOdionA.  .noiionxtanoo 
iioqgi  doidw  io  ,£581  ni  aojaaoS  bns  hahI  .M.M 
,3gnidoBm  gagdi  IIb  io  ioojjJo  9di  aB  ind  ;  ^Ws'iOYBi  aifigqa 
xmoiinn  ^[qmia  ai  ,xi9nBT  iB9ig  b  si  9igdi  doidv?  io 
gdi  SB  bns  ;  gnilloi  to  gnitegd  '{d  xgdiig  ,noiaagiqaioo 
bn9iz9  donni  ooi  bluow  noiiomiaaoo  tigdi  io  alifiiob 
-dna  B  noqn  ogling  oi  siB9d'ioi  TOiibS  gdi  ,9l9ii-iB  sidi 
jEoinBdo9ni  ^igmq  J99[ 
,9d  ^Bni  gsBO  gdi  8B  ,gahgraiaBd  to  gnillot  gdi  igiiA 
flgl  bna  ,Y'ib  oi  aiBgB  qn  gnnd  9'ib  igdiB9l  io  agbis  gdi 
gmiaiora  gdi  IIb  Ilii  ,noiiisoq  io  89gn£do  [auoisBooo  diiw 
9'iB  aobia  9di  ,aidi  MiiA  .gldiaaoq  bb  i£i  sb  b97ora9i  ai 
gvodB  9no  modi  gni^Bl  yd  bgioia  aggnBiani  gmoa  ni 
bognBdo  gnigd  noiliaoq  ligdi  ;b9idgigw  bnB  ,igdionB 
.i9i!iBai  gdi  oi  ta9a  oib  y,9di  9toigtf  gmii  ot  grail  raoii 
i(iilBup  gdi  gvotqrai  oi  ipiBni  \d  bgaoqqua  ai  ggBtoia  aidT 
-a909nnn  be  ii  biBggt  aredio  tod  ,igdiB9l  gdi  io  toIoo  bnB 

.9ldnoii  \-ibs 

xloidw  dgno-idi  sgsagooiq  gdi  giB  doi;8 — .BHlYHauO 
TO  ,igdiB9l  -igqqn  diiW    .sgaafiq  radiEgl  9I08  to  YVB9d 
ai  93'inoo  in9'igBib  b  ,aniia  igidgil  nio'ii  bg-CEqg'iq  iBdi 
bgangqaib  grdgd  gaiignnnEd  to  gnilloi  odi — bonainq 
u  8 


.diBd  9di  ai  aniBaig'i  9bizoinpa9a  bgnidmoonn  xliivA  ilsa 
-9anoo  ai  b9iE'i9diI  bioB  gdi  todi  Jdnob  9liiil  ai  oradT 
97Bd  ianm  niia  gdi  diiw  gasd  gdi  io  aoini;  9di  io  9oagnp 
nadw  gaBO  gdi  ai  be  ,i9di£9l  gdi  aoqu  ioaTie  anoirajni  ne 
ni  gaW'iow  io  bodi9ca  b  ,os  9d  aid!  ii  bnB  ;  b9an  ai  aBi 
aB  bgsilBitogn  8d  idgira  bioB  b9aidraoonn  gdi  doidw 
gd  bluow  ,gafld  noii  gdi  rnoti  bggBgagaib  sb  nooa 

.gldfiigigiq 

.boanBglo  9di  giBag97qrai  oi  ai  gboni  8'hijavaO 
noitoloa  b  diiw  ,a9bid  bgaiB-ib-^tlBii-iEq  baB  ,b9iBliq9b 
baa  BaaEioq  io  9}BOioidoid  io  abnnoq  n9i  io  9bEai 
io  abanoq  xidgi9  bae  bgibaud  gno  ni  ,rarjlB  io  yiugwi 
luoi  gaimb  boaigmaii  giB  ygdi  ba9  aidi  10I  .TOtew 
baB  ,ewod  moi-Yingwi  odi  ai  90ao  bglbnsd  gnigd  ,sxBb 
gdi  io  839ogna  gdi  io  donM  .yiB33909a  ii  ,b9ddu'i 
ni  'i9nnBni  dgiroiodi  9di  no  sbngqgb  asgooiq  gnidaiail 
-gigdi  baE  ^graiol'igq  ai  noiiEiuiEa  isiii  Bidi  doidw 
qn  Jqgi  ai  diBd  gdi  io  ^iiangb  to  digngiia  gdi  gioi 
-oiq  ni  ,a}lBa  gvods  odi  io  gTOm  io  aoiiibbE  gdi  vd 
^bB9ilB  n9gd  BBd  ifidv/  dioadfi  aobid  9di  aB  noiiioq 
sdt  ,83900-iq  9di  ni  q9ia  bnoo93  gdi  tol  .boyloaaib 
-Inaoioiq — 3Bi9qqoo  io  noiinlos  E  diiw  Ballft  ai  iar 
V1979  loi  Hbb  aidi  io  bniroq  9ao  gaian — no'ii  io  9tedq 
-oniranlE  odi  dii7^  b9iBraiBa  39bid  gdT  .igiEW  io  noIiBg 
b  dona  ai  diBd  aidi  ai  b9STOmmi  9iB  noitoloa  oimoido 
gdi  io  alfsyf  gdi  'ion  ,igdionB  gno  douoi  oi  ion  sb  yew 
nwBib  9M  x.odt  Biooxl  gylgwi  io  lB7igini  nB  iA  .iB7 
niBgB  bnB  ,9mii  iiods  E  loi  niflib  oi  bowoIiB  ,ioo 
-rai  bnB  gniniEib  9toai9ilB  9di  ;  diBd  9di  oiai  bggnutq 
.b9nrioi  ai  igxliEgl  9di  Ilii  b9oniiaoo  aodi  gni9d  aoiaioxn 
be  ,diBd  gdi  io  dignoiia  gdi  niBiniBni  oi  TjiEaagogn  ai  JI 
9di  io  9'ioai  gaibbB  \d  ,aoi}Enidni09  oini  Bioing  xioii  9di 
ai  boaibizoigq  ai  gasd  aoii  gdi  aoii£i9qo  sidi  ni  JIeb 
ibsii  si  doidw  ,bioB  oiraoido  9di  io  3aB9ia  \d  obid  gdi 
diiw  ,8aiBni9i  bna  ,9bizoinpa93  io  gtois  gdi  oi  bgoobgi 
^Ixniii  ,g3Bd  EniraolB  gxli  io  noiiioq  e  bnB  noii  gdi 
nxoii  igvo  abngixg  gxnii  gdT  .9oaaii  9di  xliiw  bgiiao 
loi  agi  10  idgig  ,igili£9i  i9qqo  10I  a^sb  zia  oi  gyii 
loi  nggi9nin  oi  n99iiidi  bnB  ,igdiB9l  9loa  xlaibgwS 
gdi  ,noiiBi9qo  gdi  io  gnidsinn  9xli  igiiA  .sSSmS  igidi 
igiBW  ni  bgjiBoa  ^lilguoiodi  noxli  bnB  ,bgniBib  giB  a9bid 
-idmoo  oini  bgi9ing  ion  seiI  iBdi  gniiliiji979  9voni9i  oi 
biBS  ai  bodigm  aidi  7,d  bgiBqgiq  igd}B9l  igqqU  .noiiEn 
ai  igdiBgl  9loa  iloidi  9dJ  bnB  ;inEiIq  baB  iioa  9d  oi 
I9bn9i  iBdi  aagasnoxyigqrai  baB  \bod  b  g?Bd  oi  bggglifl 
gaiBS  gdT  .igxliEgl  b9aaei  isgd  gdi  oi  ieow  loi  iBopg  ii 
i9diB9l  gaiiExnio  bodigxa  igdioas  abagnixnoo9i  ioing7ni 
,aa990iq  gai9Y,b  B  oi  modi  gniiiimdua  iaiii  \d  ,anbla  io 
io  aoonno  moi  doidw  ni  ,jlggd  g^b  gaoiia  b  gni^olqoi9 
iii9opgi1  .loupil  io  aotiBg  9di  oi  bobbs  91B  nxxrlE 
i9qoiq  odi  oi  b9gnb9i  noitoloa  aidi  ni  noiaigmmi 
b  rliivr  iagi  ^iBxiixnilgiq  b  y.^  bgnimigigb  8B — xligngxis 
a[Bn9iBia  9iii  Ilii  ,YiB3S9ogn  si — nijla  bgiEq9iq  io  did 
bns  ,aiBig  9di  no  10I00  wolfey,  n9gig-ixlgil  b  graoasB 
giB  Y.9di  aixli  igiiB  ;  9bia  dagft  gdi  no  nggig-wollg^ 
ngi  gniyloasib  \d  obata  diad  a  xii.  boxtsind  bns  bgniBib 
io  snoIlBg  nggixlgi9  ni  BsaBioq  io  9iBraoidoid  io  abaooq 

.loiair 

lEqionhq  gxli  giB  rlooS  —  .aaaaaooal  mmgim'i 
igiiB  iod  ,sgbid  io  gninnBi  gxli  ni  b97/o[Ioi  8boxIi9ia 
ai  ion  giB  89bid  gdi  ,b9mioiigq  aggd  aBd  noiiBigqo  aidi 
9d  oi  Iliia  g7Bd  ^gxli  jigjIiBox  gdi  ioi  xxoiiibnoo  i£t  B 
n9dW     .a9aa900iq  lEnoiiibbB  lBig7ga  oi  bgiiixndoa 

.II  .JOY 
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neboow  adi  gniqaBTg  tnx:raAow  edi  bnB  j^nBgodfim  to 
looi  edi  ablorl  ,abnad  diod  ni  TOdoieiia  edi  io  oibnad 
XlJio'iol  bnB  ,iadiBat  io  ebia  edi  oJ  •iBlrraibnaq'igq  iaomls 
oi  a'lagqqB  6'iedi  eiadw  Yftaioeqse  ,eoBiTua  edi  agqisioa 
^Ibuair  ,noiiaa  aidi  gniuniinoo  \d  .aaiiilaupani  ad 
e-iitne  edi  levo  ,iraq  baed  edi  oi  list  edi  moil 
edi  .gnMahqa  ni  ^leaii  leiaw  gnian  ban  ,aoaiwa 
emBa  edi  ia  aaandaidi  bsupa  na  oi  iilgrjotd  ai  alodvf 
-Bel  edi  io  snooSS  odi  ban  ^adoiaiia  ai  Ji  iadi  emit 
oala  9'ib  saandiooma  bus  \iiaaeb  ;  baqolevab  ewm  'iadi 

.ba-nupaa 

won  ai  ebid  ba-iaqaiq  \llmiisq  edT — .^mfemsTO^ 
to  'gstsSamsnoti  baliao  noiiaieqo  iaal  edi  oi  baiiirndua 
b  gnivad  tboow  fcrad  io  ai  lemmoq  9dT  .gnibiaod 
gniad  lannoi  adi  ,ebia  balannado  to  baton  bar,  diooma 
.•radiael  adi  no  gniioB  Toi  -raiiBi  edi  bar,  ,bnad  edi  izan 
babneiui  qoiia  edi  dtivi  inammiani  aidj  aw oda  168  .gil 
edi  Io  bnad  edi  eniinoo  oi 
.138  .sil  raijj  9Y^  0j  3B  oa  ^anri'iow 

)|  Snfy'qqB  lot  lawoq  -raiaa'ig 

fc.  ^  -soft  edi  o}  gnibiooaA  Ji 

(M™fpP^^  jft  °^  03  ^'""P9'1  aijsl§  w  82911 
^fifc'  "moc[  3^  u'  83V00'Ig  edi 
_" 1  i^B^F  biBod  gndqqha  TO  lalarn 
.■reqiada  bne  i9a&  aniooad 
na  anrtoi  inammiani  aidi  lo  abia  bevoo-ig  edi  ^IlBuaU 
gniad  bnad  edi  izan  aoairaa  edi  bnB  ,eIo'iia  a  io  oia 
aidT  .offi  iadi  Io  biodo  odi  6'iew  ii  SB  snnoi  tidgiB'iia 
albbim  ad}  ni  '{bod  aldaiebianoo  io  awolla  noiiomianoo 
gniau  ni  .nid}  ai  ii  saiiimextza  9di  is  ialidw  jfraq 
ebia  nijsig  adi  diiw  abid  9di  89ldiJob  nszmrtiovr  adi  ii 
,abia  ds9ft  9di  no  ii  adm  ^[gno'iia  bna  ,iofiinoo  ni 
.ii  gniaiav9i  rradi  bnu  ,abus?rtno  90iol  adi  gnr^qqE 
-stsa-s^  adi  bannai  Tjlmnibio  ai  gnbhow  lo  oborn  aidT 
aaijsi  daidw  ,^SM8sss'sJ  gdi  rno'H  ii  daingniiaib  oi  t\5s«s 
inxng  adi  no  barrnoliaq  ai  noiisioqo  adi  ngdw  oajjlq 
89bid  9ili  sgonniani  xasm  ni  .ladi/sal  adi  "io  abia 
to  •ra-Josh  edi  'labnu  ba;how  bnfi  ,b9qnuib  nijigs  eia 
tt9dionj3  noqu  ano  boaxilq  bus  bghb  ngrii  bns  ,-ras\oSOTSa 
gdi  gi9lqmoo  oi  TObio  ni  9inii  graoa  toI  bgldgigv^  bnjj 
dagft  gdi  gniddm  \d  bgngiidvf  gd  ^ni  \edi  io  ;  aagoo'iq 

10  noiiojs  adi  'iailE  ,aa'iod  gdi  no  gMni  qiede  s  dliw  gbia 
ad  'ladi^al  adi  babivciq  ,aij3ia  doidw  ni  ,-rassssys\>  adi 

11  ,agniji-iow  iaoi  adi  aiolgd  v/olki  io  lio  diiw  boisaii 
aid}  ni  bauiqa'iq  ladifigj  .Saaas-v  \»sV4sns\.  ac  nv/on;I  ai 
abaffl  ad  \r,tn.  ii  iud  tigdiBgI  Sias\nSa#tte  b9ltfio  ai  noidafil 
,anoi}Bt9qo  i9d}-nrl  wot  is  \d  'radteal  rani'ft  io  fak  oini 

.badi'ioaab  gaoiii  Io  noiteoflibora  iilgila  \iov  c  bnj; 
o'ib  doidw — agbid  gdi  labnei  oT — .-raAtosCi  Sianso'tx) 
nava  bnu  iniiilq — ba'ijiq  bass  owi  ni  ino  aaaca  iaoni  ni 
■io  wfiiia  moil  anusft  js  lavo  nwBib  giB  ^adi  ,Ybod  ni 
,bs8oqzo  oa  icili  gniad  abia  daaft  adi  ,Ifiri9icni  ilana 
i'la'mno  adi  lo  aoiodo  9di  d)'m  \iuy  doidvi  ,ai9iijiui  Ylifil 
Ti  bgvtoaaib  ,banal9-iq  ai  iana  noiinm  io  vrollfii  dguodi 
a  ni  abia  daaft  adi  no  bijjl  nadi  aw  ,iBgd  yd  bgiinpg-i 
io  inaiz9  adi  oi  ,qocn  to  dauid  s  lo  enj;gin  \d  tgniiE00 
ano  bnfi  ,aabid  woo  to!  abnnoq  ll&d  s  ban  ivoi  oi  aaidi 
,baI[f>o  ai  ii  an  ,^sisi4j&  aidi  laiiA  .ani^a  IIeo  jloidi  toI 
gniad  abia  tiiiil  adi  ,qn  balduob  ew  aniia  to  aabid  adi 
amoa  ni  to  ,8'inod  emoa  lol  oa  nixsraat  bnjs  ,abu3wni 
bnjj  ,babIolaT  nadi  ais  \odi  ■  a^xsb  owi  to  ano  aaomsiani 
>rjjoa  i{adi  ewdvr  ,'ioiBV/  gninminoo  dni  b  oini  inq 
omii  aidi  gnhnb  bad'iov/  gniad  ,8'inod  nai  'io  idgia  -iol 


^svs\tYssj»  baraiai  anoiimaqo  Io  iga  -iaxIionB  bn/j  ,diiw 
adi  io  gniaainfl  edi  ,eg3ua  amoa  ni  .bgaiioaiq  gnigd 
aagrmd  bns  tdofiOO  j-iginragoda  edi  iina  oi  radiB9l 
inabnaq9bni  bns  ioniiaib  b  aaniooad  ,';aTOioBlnnJ3nj 
ni  iud  ;iannfii  adi  io  ifidi  nro-il  aaaniand  lo  donsid 
,-tadiagoi  no  bomao  bib  owi  9di  ,8in9rndaildj3iag  ^nfini 
.ifignnBi  9di  rao'il  agnaai  igdifial  badaiuS  adi  i/idi  oa 
doidw  agiiiljsnp  iginoo  oi  sb  oa  ,iadiBaI  ^nuo  oT 
bns  agKiriBO  edi  ,-iaiBm  aoda  baa  iood  edi  -iol  ii  iqfibe 
aaiinp9'i  taaoiiBoiIqqB  iBluoii'iBq  radio  bnB  ,-iaiBni  aaaniBd 
-naq9bni  ,doidw  ,aaaaaoo-iq  anoiiBV  oi  noiioefdna  aii 
to  Haw  9'ib  H9di  aB  gnibioooB  jgninnBi  gdi  io  ^a3lj 
gdi  9'insfiem  iBg'ig  B  ni  iogHB  ,bgdai[qmoooB  -^UogiTOqcni 
moil  .'I9difi9l  adi  io  aaiiiifiirp  gniiafil  bnB  xididBiiua 
oi  \iBSseoea  89nioogd  doidvf  inamifieii  io  aonaia'flib  adi 
anoiiBngiaab  auoigninn  gdi  iliraai  ,agiiilBi;p  aaadi  lainoo 
b  ,andT  .nwond  ai  iBnaiBm  badaiuil  adi  xlaidw  \d 
,'iodiBgI  iggla  to  diooma  nggwigd  gbara  ai  noiioniiaib 
•radio  tB'rav98  diiw  ,-radiBaI  bazBW  bnB  ,bolio  ,bawoi[Bi 
bairrno  ligdi  io  '{iilBnp  bnB  Yiei'iav  edi  ni  .sgiighfiv 
•ifii  e'lB  niBlha  i&eiQ  io  8'ig'ir/ioBiunBni  odi  ,-radiEaI 
bnB  laqqu  \VBad  edT  .natdia'id  danail  'liadi  bnidad 
ionnBO  'lahrao  daiiiiS  edi  ^d  baonboiq  ladiBal  aaatnBd 
■ioi  ba'iiupai  ai  aloiiiB  idgil  b  nadw  tod  ;  ballaoxa  ed 
,83grraiqqu8  aii  nifiigi  blnoda  doidw  bnB  ,iBew  -laraniira 
eifi  oi  baiBqraoo  ,-iediBe!  daiiha  adi  io  ^ihohaini  edi 
Xier  B  toAb  latBaw  adi  oi  inaiBqqB  aaniooad  ,donai1 

.arnii  i'ioda 

\sm  gnidainft  aixli  ioi  baiinpaT  anoiiB-iaqo  io  elot  adT 
jgniiBad  edi  ,gnWBoa  to  gniqqib  adi — baiBianinna  ad 
-dailoq  bnB  (gnia^b  ,gnizBW  ,gniwoI(Bi  ,gniIio  ,gnidoiaiia 

.gni 

to  aabid  bannBi  adi  aA — .\>nsSs»S.  ten  ^n'»\oo'& 
iud  ,biBd  bnB  \ib  ew  \edi  -xannBi  adi  mo'ii  amoa  aniia 
gnidainft  edi  io  ^nB  oi  beiiimdna  ad  dbo  ^edi  aioiad 
briB  iioa  barabnai  gd  iancn  ^gdi  ,ramiJO  edi  io  anoiiBiaqo 
to  ,ieiBW  ni  ni9di  gniiaoa  \d  enob  ai  aidT  .eldBilq 
oi  medi  gnrooIlB  bnB  ,binpil  iadi  diiv/  niadi  gnilinhqa 
aidi  nadW  .iaiom  Yttaaiofliua  acnoo9d  ^exli  Hit  iaei 
9lb'ind  MlugnBioa'i  b  noqu  baofiiq  ai  abia  9di  ,anaqqBd 
TOiBiaqo  edi — ieei  edi  diiw  n9bboii  bnB  ,}I'iow-i9iaBdio 
n9lBgdga[9  to — 9aoq'ii;qedi  ioi  aeoda  abiw  ^vBail  gnhfiaw 
ai  gnii'iow  edT  .sdsmh  b  bellBO  ineramiani  nB  xliiw 
edi  e'ra^ni  to  iBei  oi  ion  as  oa  ^IIuiaiBO  banniinoo 
bnB  jinBilq  bns  iioa  xltaaiafflna  aamooad  ii  llii  ,'radiBgi 
bnB  ,eaiod  adi  noqu  baasiq  ai  ii  ,baioe'Sg  ai  aidi  n9dw 
8bni/I  auoitBV  9iB  aiadT  .•tasssoSa  edi  diiw  beJiov^ 
adi  io  egbo  njBda  adi  ,aaaBO  IIb  ni  ,iird  ,Iooi  aidi  io 
ooi  gnhaine  ii  inavoiq  oi  bb  bam'ioi  oa  si  inarauiiani 
bnB  aaiiiiBupani  edi  ,eau  aii  ^3  .ladifiel  adi  oini  ifii 
bnB  ,"60  bavada  aiB  9bia  daaft  edi  no  aiiaq  bannai'iavo 
eaaiiua  io  ^iiiBlugai  bna  aaanioidi  io  ^iiniTOiinn  ns 

.b90ubo'iq 

niaig  9di  ,inani}Baxi  gnibaogiq  edi  \S — .\)nsAaS3-sS?» 
^iilanpa  baiiaab  adi  iud  ,too  idguo'id  ei  radiBel  edi  io 
\>sws\oiatia  edi  enog'iabnn  aad  ii  'laiia  llii  baniailB  ion  ai 
io  anBam  \d  baiuoeze  ai  'lannoi  odT  .^sssSaswraoc^  bnB 
10  enoia  Iriad  io  to  ^aBtd  io  ,'iaqqoo  ,Iaeia  io  alooi 
b  nadw  oi  boi'ioao'i  gni9d  alfii'igiBm  'igiifil  gdi  ,eafilg 
gdi  igiiA  .baiiaab  ai  goai'iua  igdioonja  bns  'raiigd 
nhla  gdi  ,gik/I  adi  diiw  maad  to  eaiod  edi  no  gnivads 
nedi  ,bg'iuooa  bna  leisvr  bloo  ni  baJaoa  ■radi'init  ai 
anoia  diooma  b  noqu  iabnu  abia  daaft  edi  diiw  beoalq 


8S3  .aaiiTAaJ  aaiismsihV  qua  jiO— — aSHTAHJ 


gnholoo  edT  .©il  jseajsioq  ifigw  £  fins  dauid  £  diiw 
awolloi  ,gd  yam  gsBo  9dl  bb  ,gbia  de9n  10  nifiig  gdi  Io 
e\b  edi  gni7oIqni9  7_d  bgiogiig  ai  baB  ,8noitjJi9qo  939di 
wdinol  edi  ,1boo  9no  gnivi909i  raftA  .oi  bobullfi  \beeih 
gnbloBld  io  tovbI  TOdioaB  ;  9eiwaao'io  bgferaraoq  ai 
gai£no99E  ,b9doio'iia  to  ,bgl9araioq  brie  bshb  ;  bgilqqB 
jhoo  B  rfiiw  '1970  boddtn  ;  ^'i/saa909n  b9in99b  gi  ii  bb 
-'fig  ^d  b9dainil  ban  ,90Biiua  diooma  J!  97ig  oi  braraoq 
.9bia  licit  9di  no  lio  io  gniiBoo  idgil  b  gni 
£  8U39Y,  woi  iael  gdi  gnhnG — .-raAtoai  fesife'smo^f 
bgdairnB7  to  bosBlg  idgil  £  io  ^Jilacup  gldfi-tobisnoo 
Blood  iagicq  io  9TOi9BiunBm  9di  loi  b9bngini  ti9diBgI 
91IT  .igdiBtn  gdi  oini  boonboiiai  a9gd  BBd  ,89ods  bar, 
•roheqna  has  ^iuB9d  gdi  idt  bgiBid9l90  sir,  doasi'i 
io  baid  aidT  .ionbo'iq  f>9mt08tonsni  'ligdi  io  'TiiLnup 
-xo  iilqa  10  ,anhla-ilfi0  ,sqid  bgaaci  \k[[nis  ai  -igdiEgl 
b983Bq  a9di  baB  ,b9mno  Hgw  ^iitfiup  TOh9qna  io  89bid 
ugba9i  oi  b9ba9ini  900 — aaoiiB'igqo  igdio  owi  dguoidi 
igdio  gdi  fans  ,daim£v  gdi  0}  9ldB9an9qrai  igdifigl  gdi 
igriiBgl  gai^nno  ai  .riaimBV  9di  io  no  gainst  9di 
gdi  IfidJ  ^iB33909a  ai  ii  ,9iuioBiun£ai  aid!  toI  b9bngini 
bnB  ^Inidi  bb  no  b'ml  ad  TOiifiai  ei;oaigB9lo  10  ^UbI 
io  ^iianoiian  odi  9-iusai  oi  i9bio  ai  ,9ldiaaoq  3B  vfog79 
.bgiBqgiq  gaigd  TOiifi  9loii'iB  9di 
•I9dii9  ,i9vo  b9ddui  bnB  a9dBi  9iB  anbls  Jjsiniro  dou8 
bgliod  io  gniiBoo  s  diiw  ,9bia  nifitg  10  daet  gdi  no 
.ibsdo  bnuoig  ,9idoo  diiw  ijIgiBajiini  bgxira  lio  bggaail 
giB  agaiiBoo  gdi  ;  b9hb  baB  ,gonBiadaa  dona  9moa  to 
,gg'idi  b9vi909'x  ssd  ii  Ilii  aoiiBooia9b  doB9  isiis  bgwgngi 
b  diiw  1970  fjgddm  Ifew  ai  90b1iu3  9di  doidw  igiiB 
baB  Yiifil  9di  baB  ,agy9  aiBgqqs  ii  Ilii  looi  9noia-9oirauq 
.i9diB9l  9di  io  seioq  gdi  oiai  b9339'iqmoo  ai  igiiBoi  t9dio 
IchgiBoi  tgnoidi  b  \o  bto^b!  radio  ,9aob  si  eidi  a9dW 
,bgilqq£  9iB  ,9iaiBa  gaiBS  9di  \o  iud  ,97odB  9di  aBdi 
\d  ;gto1gd  as  aiis  9di  oiai  baddui  ,gai^ib  ieiin  ban 
89raoo9d  aiis  9di  1o  iiBq  ia90B[b£  aili  anB9ui  doidw 
goBlraa  ng7g  nB  bnB  ,1b1  edi  diiw  b9iBiuiBa  ^IdguoTOdi 
,b9iir90Z9  ai  jItow  gdi  w  iiBq  aidi  reilA.  .ii  oi  ngvig  ai 
agmii  goidi  to  owi  1970  b9iBoo  ai  eo&nia  b9tBqg-iq  9di 
iud  (Iio  b998nil  b9liod  diiw  9bBm  aoiiiaoqraoo  b  diiw 
-qniBi  gaibbs  7[ia9np9adna  ;8'i9iiBai  iBTOnim  inodii7? 
won  ii  9ilBm  Iliw  as  9niin9qmt  doura  8B  bnB  iocfd 
,[[anid  9iiil  b  diiw  x[a979  no  biBl  ai  aidT  .^Ig9ft 
vjingiofnna  b  Ilii  tiB00  doBO  leiin  x'tb  oi  bgwollfi  bnB 
doidw  10I  ;  ii  oi  n9?ig  ei  90Blma  gninida  bnB  iofild 
'ft'uia  n9l!oow  io  909iq  b  diiw  1970  bsddin  ai  ii  gaoq-mq 
.iloqhi  to  Mbwoq-goininq  1o  bnb[  ia9nii  gdi  bnB 
-BTOqo  iBnd  9di  ogigbnn  oi  ^bB9-i  won  ai  T9diB9l  gdT 
aiBoo  no  gnii{£[  ni  aiaianoo  doidw  ,gnidaimB7  to  noii 
Icqoo  bnB  booanil  b9liod  1o  ebtsai  noiiisoqinoo  b  lo 
oi  bobn9ini  toMboi  gnholoo  \ap,  doidw  diiw  ,dainiB7 
8i  aidi  ^I[BTOa9^)  .bgiBioq-iooni  ai  igdiBol  9di  no  woda 
dona  ,tio  bgganil  Bgiiod  io  abnnoq  ^inowi  lo  bgaoqmoo 
-rai  "io  Ytn97/i  ,aobBi9qo  ia'ifl  gdi  ni  bg^olqaig  si  bb 
bnnoq  9no  baB  ,daia'iB7  Isqoo  ioidi  "io  aei  ,9aiia9q 
iagaii  9di  ni  -AoRld  10  ,onId  nBiasml  ,gilBdqaB  io 
bnB  lio  9di  ,ii  gaidBm  ni  .noi3i7ib  io  oiBis  gldiaaoq 
nodi  tb9iBioqTooni  9ib  igbwoq  iagnii  ni  igiiBra  iBiioionii 
gdi  t9aiia9qrai  gdi  ^IlBntt  baB  ,b9bba  ai  dainiBY  edi 
ai/ogaggoniod  b  9iuaai  oi  bb  b9'niia  JIgw  oa  gni9d  g!od7/ 
owi  TOi  goBlq  oiibw  b  ai  9bisB  i9a  a9di  ai  ii  .9inizira 
ai  ii  .gau  toI  \baei  si  ii  doidw  'igiis  ,ai99w  ggtdi  to 
9di  oi  biBggi  ni  83gniInB9lo  iaoraiu  gdi  iBdi  7Teaago9n 


9di  no  TOiiBra  \iiBt  edi  dofiigb  oi  bb  oa  ,BB9l  to  9'ioxn 
89ogiq  gdi  io  glod?^  gdi  ngdW  .i9diB9l  gdi  io  90BliiJa 
a9j[Bi  91B  \edi  ,9oa£iB9qqB  aiidw  Tjanolinn  b  9mna3B 
abiBWTOiiB  ,ssns«  b  diiw  H9iB9d  Lob  ,dBoa  gdi  moi'i 
,ino  idgno'id  ei  aiBTg  odi  Ilii  l9mmoq  odi  \d  bediovr 
,aiB9d  to  9Btod  9di  ao  9iiail  qiBda  9di  diiw  bgncglo  ngdi 
-dailoq  has  goiiiow  \d  b970oi9'i  B98B9-I9  \an  ^IlBnii  bnc 
gai9d  aidT  .leioils  BSBlg  ban  esssid  edi  diiw  ra9d}  gni 
,baB  ,igiBW  diiw  bghlnhqs  ^lidgila  ai  igdiB9f  gdi  ,9nob 
ngdW  ,\ib  oi  qu  gaud  n9di  bnB  bgnBglo  ,iciBaa909n  Yi 
noiiB'reqo  ioWbI  gdi  jiouboiq  9di  toloo  oi  b9'iinp9i  ai  ii 
-aiora  sii  9iBii8a909n  oi  ioa  bb  oa  KiA  ooi  b9iriB0  ion  ei 
,9bia  lifid  gdi  no  edin  won  toiBTOqo  9riT  .nicgB  gnin9i 
-inpsga  b  io  gniiaianoo  noiiuloa  b  ,dan'id  B  ro  enfigni  \d 
•inoa  ai  no'd-qcioa  gniiaggib  \d  b9TBq9iq  ,noii  io  9ici99B 
.eBt9qqoo  bnB  ,rang  ,aIlBg-inn  ,boowgo[  io  'io  ,iggd  io  B9il 
,b9i!qqB  9ib  noiiiaoqraoo  b  dona  diiw  agniiBoo  Ib'I9793 
,qn  bgbloi  ,dofig  T9iiB  b9nb  \IlBiiiBq  gaigd  igdiB9l  9di 
ai  aoii  gnidailoq  bnB  gnidoig'iia  gdi  i9bnu  bgdiow  bas 
,ig7gwod,iao  Jaga  gaigd  g'ioi95  .dainii  gdi  gvig  oi  lebio 
diiw  gbia  niB'ig  9di  ao  i9n9iio  io  9ono  TO70  beddur  ei  ii 
^Ti9d'icd  to  'I9gd  iuoa  ni  bgqqib  '8ni8  nglloow  lo  gogiq  c 
,^IlBuii  bnB  ,igjIoiIa  bnB  Igmraoq  9di  \d  bg^'iow  ,goii;[ 
gdi  yd  b9au  doma  ai  igdiB9l  io  baid  BidT  .bgifiooiazg 
,9a'iuoo  iO  .aigilBai  doBoo  bns  ,8a9OTBd  ,iairat  ,TOlbbB3 
bnB  noiiBoifqqB  io  lebio  edi  ni  snoiiBofiibora  v/icai  Xlsv 
9tb  agbid  gdi  io  ia9niiB9Ti  gniogg'ioi  9di  io  aoitooozg 
iBigagg  gaiboogiq  9di  iud  ,B9iiiBq  ing-igliib  \d  bgaiigsiq 
9di  io  9TuiBn  9di  9iBoibni  Iliv^  anoiifiraqo  odi  io  woi7 

.Ba9ni3ud 

ni  bgi'nuo  bib  aigdiBgl  woo  baB  \hO — .tss\Ssi3i  VsO 
-bBgii  ,gniqqib  ^'iBnirailoiq  9dT    .Yl97iangiz9  \!97  lio 
97ig  oi  igbio  ni  ,b9iIqqB  9ie  ,gnii'iow  10  gni 

-moooT  Bi  lio  dail  .aaonglqquB  giom  oonBiadu8  9rii 
■^IIbusu  iBngiBcn  9di  igigiq  dongil  gdi  iud  ,bgbn9m 
to!  bobn9ini  bib  isdi  anida  gniiuooa  toi  Jbg^olqrao 
bns  lio  dad  io  aiaianoo  doidw  bnB  ,i9diB9l  aiomBdo 
89raoo9d  bns  ,Iio  ^iBnibio  odi  nBdi  -i9doidi  ai  Jl  .BaaBioq 
ijonBilq  tgiB9Tg  Bg?ig  ii  sgbi89d  ;  bgdioads  ylbiqE'i  910m 
lio  dad  gdi  io  asdi  bgiiupgi  ai  asgl  buB  ,389aiioa  baB 
oi  biBa  ei  ii  bnB  ,b9en  gei7/gdil  ai  lio  iooi-a'i£9'W  .9noIc 
iud  ,igdiBgI  9ili  io  a9iiilcup  boog  9di  oi  TjlBhoiBni  bbn 
aedW  .ii  diiw  b9zira  gd  isum  Do  dad  io  noii'ioqoiq  b 
bluoda  aniia  odi  ,tgii£m  ^lio  'io  gniaaoib  gdi  gni^IqqB 
auonigBoIo  odi  ,^-ib  ^gdi  8B  ,iadi  oa  ,iaioni  Tjidgila  od 
.b9dTOadB  fld-gueiodt  bnB  ^IbjubfiTg  ^bui  noiiioq 
ooi  boifiOB  9d  bluow  lio  odi  K\ib  ooi  od  jedi  blnodB 
ii  igbnoi  oi  aB  oa  bonidraoo  nhgqoiq  ion  tex  ,xIdoiup 
•igdio  odi  no  ;  onriaioni  to  toIbw  oi  gniiaiagi  xIia9ioiBua 
ni  bb  jianifigB  bobiBng  ed  ianm  9iuiaioniio  aaoozo  ,bnBd 
gdi  bnB  ,bgbugqzg  gd  bluow  lio  doum  ooi  gonBiani  aidi 
io  gaiiBoo  A  .aoiiioqoiq  ai  bggaolo'iq  9d  bluow  9mii 
jBobis  dagfi  bnB  nicig  9di  1970  bB9'iqa  ^Innolinu  si  lio 
iooiib  gdi  ,^-ib  oi  qu  gnud  9-ie  agbid  gdi  doidw  MiiB 
b9biBug  gnigd  idguBib  b  ingloiv  ooi  10  nua  gdi  io  a^B'i 
ni  bgiooBo  ai  gnhpb  9di  9raii  i9ramua  ni  .ianiBgB 
agiiupgi  agmiigmoB  ii  iginiw  ai  dguodi  ,3'iuod  g?Ig7/i 
,bgltu'i  aiBgB  9ib  ^9di  ,^'ib  agdW  .8'{Bb  -iuoi  to  ggidi 
\Hb\  edi  dii?/  bgxim  lio  dsn  io  gniiBoo  radi'iul  b  bnB 
Yiiiasup  ToIlBraa  ni  ^Ino  ,bonoiin9ra  T{bB9'ilB  agnhuooa 
si  aaoooiq  9di  bnB  ,no  biBl  ,03bo  3noi7giq  gdi  ni  ncdi 
.9io"i9d  bb  i9diBgI  9di  io  gni^-ib  odi  leitB  b9iBgqgi 
IIg7/  ii  gaidda-i  ^d  bgasgb  Bi  9bis  niB-ig  9di  ,^IlBni1 
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aEif.sraSoss^aB  nwoni  ,gIoiiTB  aidT — .tafttoi  wwmsK. 
9'iuJaiora  gniieie9T  lo  asiJilsxip  aii  toI  hevlEV  aaad  -gaol 
•iJiiluosq  9di  \d  sa  Ifew  sb  ,ei09ani  lo  89gBYBT  aril  bins 
iEg-ig  lo  ii  jabasi  doidw  a9iiilfinp — a9aa9aaoq  ii  Tobo 
acw  AiaauH  .aradio  bnB  aT9bnid-dood  oi  90Mlioqrai 
yfeiBl  beiI  ii  tod  ,ii  bgouboTq  todi  vrinnoo  Y,Ino  gdi  gaol 
TBujoiiTEq  has  Tobo  ail  .ansl  xii  bgmtoBlunBm  n99d 
do-iid  lo  lio  l£iJD9aa9  gdi  oi  bgtodhiiB  ens  agiiiljjup 
gninnEi  9di  t911b  b9iBag9Tqrni  ai  ii  ii  doidw  diiw  ,iisd 
moil  b9TriioElmiEin  ai  ii  jjiaauH  nl  .lEhoiBm  aidi  diiw 
odi  gab  T9v9-i9dw  bnB  ,ahncL  ai  iud  ,3nbla  to  abnbl  IIb 
9tb  enbla  toog  baa  q99da  vbio  ,b9iBiimi  ei  ioubo'iq 

.noqn  I)9iBT9qo 
VT9v  ion  ai  ,9loiiTB  aidi  gnhBq9Tq  lo  bodiom  gdT 
,9TOto/irunBm  9di  1o  aiE9a  9di  lo  too  nwoni  yHBTongg 
THiroO  lo  Tiorngm  odi  raoii  alhsigb  gniwollol  9di  tod 
idgiani  as  9vig  Ifiw  i'o9(dua  9di  no  iiosthaH  aa 
Y,d  bongiloa  9ts  sa'rAs  bahb  odT — :aa90oiq  9di  oini 
baa  ,T9mmua  ni  3y,Eb  xia  to  9vil  idi  'igtow  ni  gnidBoa 
'io  bgvhq-jb  bnB  bgnB9[o  (few  ;  Tginiw  ni  9vl9wi  to  ngi 
-aib  vd  bgTuqgTq  tgmiI-lo-dIim  lo  gair  gdi  Yd  Tifid  ligdi 
J3  ni  abnnoq  9vn-Yidgi9  bnB  bg-ibnnd  gno  giiitonimga 
ggTrli  iggl  ngvga  bns  ,T9igniEib  ni  iggl  idgig  dni  to  tov 
-q9gia  gdi  gniinCI  .Tgtew  diiw  bgllii  \hfsaa  ,qg9b  a9doni 
sb  nooa  8B  bnB  ,bgnimEX9  v.Ito9npgTl  stjs  anbfa  9di  gni 
Y9ili  ,b9doaigb  gd  oi  bnuol  9tb  airmgbiqg  bnB  Tiad  9rii 
-T9iis  bass  ,glind  iinb  b  diiw  mBgd  gdi  noqu  bo/how  bib 
oi  ,9bia  dagft  9di  no  ,in9ramiani  T9qTBda  b  diiw  zbimr 
9TB  aabid  wog  bnB  xo  ngdW  .Toitom  auo9nBTiz9  9iBTBqga 
ragdi  gniliq  vd  bgioglg  ai  noiiBliqgb  gdi  ,noqn  bgiBTOqo 
noqn  ibsa  noinmoo  omoa  gnihlnhqa  ,TgdionB  noqn  9no 
,noiiBin9mT9i-T9vo  lo  aiooUg  aironnjai  9di  iaiaoT  oi  nigdi 
gnidiow  ,bgwoIlE  aggd  BEd  gmii  TgqoTq  gdi  TgiiB  bnB 
-Booo  otb  adted  Tgtow-nBTa  .gTolgd  aB  mB9d  gdi  no 
vino  tod  ,9aoq'inq  9mBa  9di  to!  oi  b9iroa9T  ijirBnoia 
.b9iB9Ti  gTB  anbia  9iBoibb  gTora  gdi  ngdw 
ngvig  g-te  .B-taSso  to  ,gniiBgd  ban  gniqggia  Ifitran  9dT 
9di  gnivoragT  lo  wgiv  gdi  diiw  ,noiiBiiq9b  gxli  TgiiB 
-ni  gTB  e)l9q  bgafigh  9di  ,9riob  ai  aidi  T9iiB  bne  ;  gmil 
b  gnitiiBinoo  tb9dho89b  iBdi  9iil  }bv  b  oini  boouboTi 
,9^:10  abnuoq  bgTbnud  a9V9feio  raniiTian9ai  b9ingmTgi 
io  ebairoq  xia  ,lB9miB0  io  x$ia  baa  bgTbnud  tuoi  bnB 
niB0i9T  i(9dT  .n97B9[  io  -^iiinBup  in9iofflna  jj  bna  ,iiBa 
-Tio  oi  gnifrioooB  ,TggnoI  to  a-inod  idgig-^iroi  to:  OTgd 
9dT  .feaasn-t  9rao99d  ^9di  graii  doidw  ni  ,a9onBiarauo 
nigdi  gniqggia  \d  baongniraoo  ngdi  8i  aa900Tq  gninnsi 
jhsd  wolliw  to  >Ibo  io  noianlni  ilnew  b  ni  9tnii  gmoa  idi 
b  ai  bggBlq  gTB  anria  gdi  aidi  T9i1A  .9on9TgigTq  \d 
slTBd  woiliw  gaTBoa  io  319\bI  diiw  b93iiBTiaT9ini  ,iiq-n£i 
9di  lo  Toupil  9di  diiw  bggTBdo  agdi  bnB  Aidi  ai  ii  Ilii 
.39noia  bns  aifnBiq  ^d  bgaagTq  gni9d  elodw  9di  ,qggia  iasl 
g-iiqanBTi  oi  bgwoIiB  9tb  8^Bb  idgi9--£to.9wi  oi  nggiiil 
gdi  boh9q  aidi  lo  bn9  9di  is  ;  b9dTi;iaib  stb  ^gdi  grolgd 
gdi  toi  bgiuiiiadna  noiinloa  bnB  jhsd  da9Ti  ,b9iiqoT9  ai  iiq 
99TdT  .OToiad  ac  ilgl  9[odw  gdi  bnB  JjsrraJBm  bsianBdxg 
gnibToooB  ,bgTtnp9T  9tb  am-rei  bnjj  aggnBdo  dona  xia  oi 
-nBi  gdi  dainii  oi  ,eniia  9di  lo  idgigw  bnB  389nioidi  oi 
ialidW  .89gnBdD  owi  iird  i9g  aniia  nidi  1^197  ;gnin 
b9?oni9T  ai  doidw  ,Yiibigh  89TinpoB  TgdiBgl  gdi  ,gninnBi 
sbErn  9i8Bq  nidi  ^  ni  Tggnol  to  \sb  b  idi  noiaTgmnii  \d 
saia  bass  JfigmiBO  io  abnuoq  Yiridi  bnB  bgTbnud  9no  lo 
^iiinBup  aidT  .toIbw  mTBW  diiw  bgiETaoBin  ,irB3  lo 
VTBnibio  lo  aniia  \t1h  has  bgTbnud  gno  to!  gy'iga  bliroda 


Tgdio  to  ianb  on  iBdi  bus  ,bgvT9ado  9d  9inioBlnnBca 
Tgdii9  ,9T9dqaoaiifi  9di  ni  iBoft  oi  bowolls  ed  STgiiBra 
ni  to  ,n9vig  9tb  agniiBoo  9di  nigTgdw  ingmiTBqs  9di  lo 
9di  9TU(ui  blnow  aidi  aB  ,'igduiBdo  gni^ib  9di  lo  Jfidi 
.gloitiB  gdi  lo  yonBilihd  bnB  aa9ndiooraa 
tod  IagiTBY  bgitqqB  agniiBoo  dainTBV  lo  Todniua  gdT 
Tgils  bgiosHg  gaigd  gnrjTb  gdi  ,iimil  ^TBnibTO  gdi  ai  9vfl 
gdi  ,9aoqTnq  9di  to!  b9bn9ini  TgdrnBdo  gdi  ni  doB9 
ni    .T9bnn  bnB  °O0I  is  iq9i  ai  doidvf  lo  9TuiBToqragi 
T9diB9l  9di  bnB  tngyig  si  goBl-iua  iriBillnd  b  vbw  aidi 
gnibngd  lo  bnB  aniBTia  gniiaia9T  lo  Yii9qoTq  9di  aBd 
bns  H9T9  9di  oi  Yrnjni  ^nB  to  jIobto  iaB9l  gdi  toodiiw 
.dainTBV  gdi  lo  gofilma  io9l'igq 
^IlBTgngg  dainTBV  doBld  gdi  todi  bgtoia  n99d  aBd  ii 
-qrasi  diiw  b9To!oo  ei  ,T9diEgI  goda  bna  iood  to!  boau 
;  bghET  9d  ^Bni  inii  9di  ind  ,9nld  nBiaauTl  bnB  ioBld 
gniTEniBTiln  to  guld  nBiaam^  ,T9dlB9l  9nld  to!  endi 
bgiBToqTooni  bns  ,giidw  a'mg'iH  gliiil  b  diiw  bgxim 
oi  bgan  9tb  ag^El  ;  Ilgw  a-igwanB  ,egdaimBv  9di  diiw 
toI  89Tdoo  ;  9iidw  to!  bB9l  oiidw  ;to!oo  b9T  b  9vig 
nA    diiw  iB  b9hB7  gnigd  gbfida  gdi  ,no  oa  bnB  ,woIl9^ 
ailgd  toI  gbBm  ai  T9diB9l  b9daiioq  lo  ^iilBnp  ToiTglni 
gdi  diiw  enbla  gdi  gniiBnggTqmi  \d  ,aagmEd  doBoo  bns 
jtoBtdqniBl  9di  diiw  gono  ia  bgxixn  ,daimB7  lio  boganil 
9dT    .9nita9qTni  bnB  daimev  laqoo  ,9nld  nfiiaeiTTl  bnE 
anouBg  9vil  ,<jBa  ,gni!iod  \d  sbsia  ai  dainTBV  [io  bgganil 
9iidw  lo  TgiTEnp  b  bns  abiraoq  Tirol  diiw  lBh9iBm  aidi  lo 
bnnoqmoa  odi  Ilii  ,ggTBdiiI  lo  idgi9w  lEnpg  as  has  bssel 
TBluoiiTEq  toI   .qinia  9an9b  b  lo  aagndoidi  9di  agTinpoB 
to  ,d[Edo  b9Tgbwoq  ,gTdoo  diiw  bgxim  ei  eidi  sgan 
b  gablBia  toI  noiiBToqo  iain  gdi  ni  aB  ,agnod  bnnoTg 
.T9diB9l  iood-aagTb  Toiioque 
toI  in9iBq  b  b9niBido  mEdgnimiia  lo  aaTiagol/l 
.9loiiTB  aidi  oini  T9iIiB9l  niia  toog  bnB  q99ila  gnblBm 
-OTq  90b1tu3  W9n  9di  no  ,bnB  YT9nidoEm  yd  ii  eiilqa  gH 
b  diiw  gnidailoq  \d  niETg  b  amTol  ,noiioga  gdi  \d  beosib 
yd  iEdi  biBa  ai  ii    .ilainTBY  9di  no  8^eI  nodi  bas  ,TgdoiIa 
gdi  ngdw  nadi  bgniBido  ai  90Birna  T9ii9d  B  8nB9m  eidi 
.noqn  bgiET9qo  ai  ,9bia  dagfl  to  Tiad  9di  no  Tgdlig  ,gbiaiuo 
gnibgo9Tq  gdi  oi  9on9T9i9T  diiW — .•vaAJnai  S'sS^a 
Tgdmnn  9ldBTgbianoo  b  iBdi  ,bgiBia  9T9iI  9d  ^Bm  ii  ingisq 
-9T  t911b  ^IlET9n9g  ,yT9nirioBm  Yd  idqs  woa  bib  esbsd  lo 
eb'iBy/TgiiB  siTBq  b9bivib  9ili  bna  ,gninnBi  idgila  B  gnivi9o 
9di  toI  m9di  iqfibB  oi  as  ob  ,bghTii9  bns  b9nnEi  Y.Hnl 
-BoilqqB  T9dio  bns  t39oda  ,siood  idgil  16  gTuiOBlnnBm 
T9di£9l  iBdi  ,iTEfngT  oi  ^TEaagggnnn  iaomlE  si  ii  .anoii 
donm  ai  ,noiiBTgqo  aidi  oi  b9io9[dna  n99d  aBd  doidw 
9'irin9  9di  ni  b9TnioBlnnEm  ai  doidw  iEdi  nsdi  T9jlBgw 
a9loiiTB  Ton9lni  bns  qE9do  lo  noiiTOqo'iq  ggTBl  A  .giBia 
,aniia  bnB  ,aqii  ,agbid  xO    .aradiBgl  iilqa  lo  b9mTol  9tb 
iood  bnB  9oda  \d  b9an  Y,fteidg  g-iB  ,b9nnfii  briB  iilqa  oa 
iiBginEmiToq  bnE  dnuTi  yd  ,39loa  T9nni  9di  toI  8T9jlBm 
bns  qggda  9di  ialidw  ;  gnhuioBl  ggBiiTBO  ni  bns  ,8TgdBm 
gdi  oini  b9iT9vnoo  9te  ,b9iB9Ti  Yj-iBlirnis  ,anida  toog 
.TodiEoI  ovolg  lo  abnbl  T9nft 
lo  abnid  auohfiv  gdi  egbia9S — .gaaHTAaJ  yokaI 
-ni  ,B'igdio  ynEm  otb  gigdi  ,b9dhoagb  ybE9TlB  T9diB9l 
9TB  doidw  ,3TgdtogI  \scinn\lo  srasn  gdi  Tgbnn  bgbulo 
b  no  b9TuioalnnBm  8Tol9'igdi  gTB  bnB  ,b9au  ybviangixg 
,T9diE9l  nEiasnJI  nwoni-Ifew  9di  9tb  dou3    .9lBoa  ggTBl 
wgl  b  diiw  ,8TgdtogI  siomEda  has  ,nBhBgnuH 
,saol9diT9Y9n  ,rioidw  tod  ,9onEi'ioqmi  Tgaa9l  lo  STgdio 
.noiiqho89b  iToda  b  ihgm 
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,tbw  ^TBnilno  9di  ni  behb  ban  tuo  nsisi  eie  sniia 
oiteDM9T(qm9  9di  diiw  goiTrrao  rat  lit  ova  \edi  ngdw 
rfenm  oa  usui-ivr  edi  ledisel  to  bahl  afrit  B97ig  dgidw  lio 
erti  ,iiow  9di  to  iiBq  sidi  to  noiino9Z9  9rli  ai  .b9-ii3gb 
,bgsn  Jain  gnbd  lio  r£afl  ,b9woIIot  ai  9aiuoo  TiBnibio 
-femmoq  bnB  ,8gnidoJ9iJa  ,8§aivj3rla  eJiatapOT  9dJ  iLtiw 
bgniBig  n9di  ai  i9diB9l  9dT  .sldsilq  ii  rebngi  oi  ,agni 
igqoiq  adt  oi  bgidgfew  siglloi  ng9wi9d  Ji  gniasBq  vd 
gnrvjsd  baa  ,snBgni  anogolEnB  9raoa  to  eneval  \d  99iggb 
-igini  baa  ,oi  IsIIsiEq  sbEsidi  bgsifii  agoBima  ifedJ  no 
igitA  .niBig  b9bngini  sdi  s?ig  at  ,isrfionB  sno  gniioga 
ngdt  bas  ,99iggb  igqoiq  edi  oi  behb  oib  aniia  gdi  aidi 
edi  no  1970  b£9iqa  ai  <Iio  rawaajsS.  10  ,rfeiid  9di  to  lio 
igdiBgl  to  bnii  aidi  oi  iBilnogq  '10I00  9dT  .9bia  da9fl 
-te9q9i  9ib  amis  gdJ  gteia  sidi  ni  bas  ,no  HbI  09di  ai 
eism  oi  iebm  ni  ,nua  edi  to  av£i  edi  oi  b9aoqz9  \lbe 
Ifew  aedi  9iE  \edi  ;  89ioq  edi  oini  9iBii9ngq  10I00  9dt 
gtini  iBinoiio  to  sttsswX  gdi  dliw  bgioils  bas  bgfemmoq 
no  daind  bifid  b  dliw  bgiiow  bas  ,me9d  gdi  no 

-oiq  ai  i9di£9l  neiaauS  to  toIoo  b9i  sdT   .obia  lifid  9di 
Ifibmsa  bnfi  IisBi3  to  noitooo9b  ss  baa  awls  diiw  bgonb 
noti  "to  gJfidqloa  to  noiinlos  b  dliw  iosld  gdi  bnB  ,boow 
.boow-IfibriBS  bnB — SBigqqoo — 
TiBsaooon  ai  sibo  iserg  Aio  edi  dim  gniiBoggiqmi  ai 
00J  ,gniiJ  9niB3  sdi  in  ;  lBiip9  ooiiqiosdfi  sdi  9VBd  oi 
83Bq  idgini  ii  iasl  ,bs7oIqras  9d  ion  ismn  lio  donm 
oi  TdBiogqsg  ai  aidT    .9bia  nifiig  edi  amis  ban  dguoidJ 
giEoifeb  Ilfima  no  gniifiigqo  09dw  JanifigB  b9bifing  9d 
-igqoiq  9dt  to  emos  leiaoo  oi  b9ii39b  ai  ii  n9dw  ;  aniia 
tai9difi9l  ooootoM  to  ,bg^bnif  noqn  T9dtB9l  BiaauH  1o  seii 
.Ilfitna  1(197  ai  ifiBaa909n  lio  doiid  lo  ^iiJnBnp  sdi 
m  doild  io  lio  9di  gnhnioBlnnBm  ro  bodi9nt  9dT 
auonB-idmgm  gjidw  9riT     .9bni  iBdw9moa  ai  bibbiiH 
3B  donm  SB  b9V.hqgb  ,991}  9di  1o  iltBd  9di  to  -rattani 
198397  noti  nB  oini  bgoiibottai  ai  ,9tdfl  ^boow  1o  9ldiaaoq 
9di  n9dw  ,Uui  ai  toMbI  sdi  lib  snoisnsmib  9ldBiiu3  to 
moil    .no  b9z8  si  ,9qBda  z97noo  ioh9ixs  nB  1o  ,tovoo 
oi  ai9ins  bnB  ,a9nsai  sdni  noti  nB  bil  sidi  to  slbbirn  9di 
-qsosi  nwi  isdionB  io  diq9b  9di  io  adinJol-99idi  toodB 
diod  to  a9§bs  sdT     .-rannol  9di  1970  b90£lq  gloBi 
9di  bnB  ,TOdi9goi  b9W9ioa  bnB  b9iIod  Ifew  9-ib  al9aa97 
si  iiBd  9di  diiv;  bsgifido  iBdi  tedi  oa  ,b9li97ni  glodw 
oi  todto  ni    .diB9n9d  9no  Tiqrng  9di  bnB  ,iaorn'i9qqn 
-q909i  Y_iqm9  9di  ,9ldi38oq  3B  donra  as  lio  sdi  93nobiioo 
qoi  9di  ;  looo  ii  q9sd  oi  bnuo'ig  9di  ni  bshnd  ai  9loEi 
^bIo  to  obBni  in9ni90  to  gniiBoo  b  \d  b9iuo9a  n9di  ai  sno 
nsboow  b  dliw  b9bnuoTina  K\ib  aedw  bnB  ,bnE8  bnB 
Ilii  b9irniinoo  ai  doidw  ,iB9d  b9i  b  oi  b9aiB'i  si  ii  Ilii  9'ifl 
al9aas7  owi  9di  ngdW    .E>9i9lqmoo  ai  noiiBlIiiaib  9di 
idgil  b  nifiinoo  oi  bntrot  ai  900  i9qqn  9di  tb9d9Bi9b  sib 
b  ,isansbnoo  b  bb  gni7TS3  iBdi  bnB  ,[EO0iBdo  9ldBiit 
Xsev  £  gni38933oq  ,bi[ipil  oiiBrnn9iYqni9  \lio  nwo'id 
-o-rq  9dT  .bios  3no9ngiIoi^q  bnB  ,iBi  9moa  ,iobo  gnoiia 
ni  b9niBi9i  si  ,bioB  bnB  iBi  mott  b9iBTnqsb  gnigd  ,ioub 
,99flBil  ni  /igrarjo  gdito  9an  9di  -lot  sl93897  bsaolo-lfow 
^7Bsd  sdi  bnB  ,3193397  i9qqoo  ni  b9lliiaib  ai  iifid  9di 
as  to  ,i9iBW  dgnoidi  gniaaBq  9dni  B  ni  b93ngbnoo  lio 
asaasq  iiBd  sdi  to  .inso  isq  zis  iuodA    .oitow  YiBnib-io 
^197  ion  si  ,b9TOloo  ^Ugid  si  doidw  ,Iio  9di  iud  ,1970 
bgnifiido  9d  nBO  ii  ,i979Wod  ,noiiBoSiis9T  \d  ;  infibnuds 
■iot  bsiqsbB  reiisd  si  ii  9i£ia  doidw  ni  ,aa9hoIoo  iaoralfi 
as  (ioubotq  iBnigho  9di  nsdi  i9diB9l  9iidw  9n3  gnilio 
.snifiia  xna  evizel  ion  390b  ii 


IIsw  ai  TOdijssI  sdi  ,qssia  aidi  to  iuo  ae-Aai  nedV!  .ssia 
9di  smionni  aidi  iA  .niBib  oi  bswoIiB  bas  ,b9nB9lo 
-ii7  ifiluoihBq  9di  aiotnoo  doidw  ,a9onsraraoo  gaivTuro 
ind  ,isiora  Iliia  igdiBoI  gdT  .bsnoiirism  ^bs'iIb  asni 
-nv^ob  sbia  niBig  sdi  diiw  bso^Iq  ai  ,b9iB'i0i£a-TO7O  ion 
lio  to  gmizirn  b  diiw  b9iBi9  bnB  ,9ldBi  B  no  abiaw 
doiid  nioit  bgllilaib  iBdi  bnB  taswS!BO  sm  raoit  Ii90iBido 
-0100110  oi  gnibiooOB  bohB7  9iB  aooiiTOqo'iq  9ili  ;  iIiBd 
owi  oi  lio  doiid  to  9no  ,i-iBq  iaora  9di  -rot  ind  ,B9onjsia 
,aidT  .noiiisoqmoo  biBbnBia  9di  si  i9dio  sdi  to  siiBq 
i)9sia-muibsni  doss  oi  esonno  9nin  inodfi  to  TiiinBi/p  ni 
hb  gmani  oi  8B  i^IIntg-iBO  03  band  edi  diiw  no  bisl  si  ,niia 
f)9doi8Tia  9iB  aniila  9di  ,gnob  sidT  .iBoo  giiin9  bnB  0979 
.b9iib  Ilii  03  it9l  bnr>  ,I)9da  ngqo  nB  ni  ab'ioo  noqn 
^d  aniia  ii9di  9iBq9iq  B9aifjg-ii2  bnB  aiiiaBS  9dT 
b9d0Bi9b  ai  lind  9dT  .gniunBi  to  09il  oi  ,m9di  gniioma 
B  dtiw  ,9iBia  ng9ig  9di  ni  gtidw  ,m9xli  gniqBioa  \d 
si  aidi  n9dW  .9lbn£d  b  oi  b9doBiiB  gbloia  09io-id 
oi  l9l(BiBq  bgoBlq  sb'ioo  oi  bedoBiiB  oto  snbls  gdi  ,9nob 
doidw  to  dib£9-id  bnB  riiqgb  sdi  ,iiq  B  ni  -jgdionB  gno 
is  bsiBS'ii  sd  oi  aniia  to  isdmna  9di  noqn  abngqsb 
gdi  i£  ,i9xIione  diiw  b9iognnoo  ai  doidw  bnB  ,gono 
gdT  .moiiod  9di  is  I9no0i  b  ^d  ,i9gt  97fl  to  gonBiaib 
^ibto  9'ixt  b  bnB  ,bgi9700  Ifew  ai  sniis  gdi  gniniBinoo  iiq 
-oiil  si  doidw  ,i9dio  9di  ni  b9idgil  boow  b9^B09b  bnB 
9qB039  to  anBsm  9iBib9rarai  on  bA  .bgiosioiq  ssiw 
diiw  bsgiBdo  iiq  9di  oini  '1970  a98BBq  9?Iom3  odi  ,3iaiz9 
ni  bnB  ,moiiod  gdi  in  raiing  to  foonni  9di  \d  ,30iia  gdi 
bgaoqxo  giB  ^gdi  iBdi  sieevt  eeidi  10  owi  to  93-1000  odi 
bias  si  doidw  radjEgl  b  oini  ragdi  aiig7noo  ,noiiOB  sii  oi 
tEdi  oi  TOi'i9qr;a  7_iiiidBgnxigq0ii  to  eoTgeb  b  ssgsaoq  oi 

.i9diB9l  b9nnsi  ^hb  to 
nEiaanH  gniiBrn  lot  gonB'il  ni  bgnaraq  bodigra  gdT 

— :  awollot  aB  si  i9diB9l 
9rail  b  ui  goiqggis  \d  iiBd  to  bs7nqsb  giB  aoiia  9dT 
BsaBioq  bnB  9rad  to  9i0ixira  b  gniniBinoo  900  ni  to  ,iB7 
no  griiqB'io3  bnB  ,9'idfl  gdi  noqn  Iob  oi  iBgw  ooi  ind  ,gil 
T9g0ol  b  10I  bedul  ban  besah  aedi  9iB  ^9di  ;  niBgd  9rii 
-gsdns  bnB  ,Yl>od  'ifedi  oi  gnibioooB  tbon9q  igiroda  -io 
Ilgw  is'ifi  gnfed  ,qggia  b  ni  ingnngt  oi  bgwoIlB  ^'ingup 
aidi  iot  bgwoIlB  9tb  a^Eb  idgrS  .raiBW  iod  ni  b9ds£W 
,iuo  09iBi  9TB  \edi  9raii  doidw  to  bno  gdi  iB  ,noiiBigqo 
b  bgiiimdua  ,^339990  ti  ,bnB  ,b9da£W  ban  bellu]  niBgB 
.soioq  gdi  He  ngqo  oi  tobio  ni  ,iB7  gdi  oi  9niii  bnoo9a 
Ifew  ,ino  ngiEi  9-ib  Tgdi  ,gnob  'jhgqo-rq  ai  aidi  nedYi 
edi  diiw  b9i'iow  bnB  ,m£gd  gdi  no  booElq  ,b9daEW 
tebszm  si  9iaEq  b  sidi  igitA  .agbia  diod  no  i9dagfi 
abntjoq  idgi9-^i'iidi  to  ,aniia  b9ibnnd  owi  tot  inoioifina 
bginlib  09di  ,iri9m-igt  oi  bgwoIlB  ai  aidT  .i0oft-97T  to 
giB  aoiis  9di  bnB  ,191ew  to  sranfe?  ingioirtuB  s  diiw 
sdi  1b  bnB  jsmod  idgis-Tiiot  gnirab  ii  ni  bsBignrnii 
,aiB7  -igllBras  oi  b9TOt30Bii  9'ie  ^gdi  gmii  aidi  to  bn9 
n9dw  ,a^Bb  n99itfi  iot  msdi  ni  niBni9'i  oi  bgwoIlB  bnB 
.igiBW  gninnm  ni  bgdaEW  Ifew  ban  ino  nsifii  stb  vsdi 
\d  eaob  si  doidw  ,gninn£i  gdi  iot  lit  won  9iE  \edT 
wolliw  to  ioETiz9  diiw  bgllii  siE7  oini  ragdi  gniiinq 
gg'igob  b  dons  to — nsTcpso  w's\m  bnB  oa'raswo  ksSto — iiBd 
ni  ialidV/"  .gidil  ferainB  sdi  emipi  ion  Iliw  sb  iE9d  to 
b9lbriBfI  9iB  aniia  9di — jfesw  b  — noiinloa  aidi 
;  sraii  doss  i0od  na  tlfid  tot  bssssiq  bnB  f(lissb  soiwi 
S0IBB  sdi  ban  ,b9w909i  si  noiigooob  gdi  sidi  toJIb 
ni  graii  gdi  ,diBd  iaiil  gdi  ni  ngdw  sb  bgwollot  gsmoo 
gdi  sidi  t9itA    .iggw  b  saiv/siil  gni9d  93EO  bnoo93  9di 
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9sa 


-mgi  gdi  gniaiBi  igilA  .idgiaw  abnuoq  avn-vidgre  oi 
,igdgid  9liiil  a  10  ,°OSI  Juodc  oi  noitolos  aid!  lo  9iuiBi9q 

10  eeidi  lo  alaoiBq  ni  bagnBTiB  sii  aabia  to  agbid  adi 
Y_bBailB  adui  ggiBl  ov?i  ni  bgiiaoqob  baa  ,i!o£9  ni  wol 

.iaomigqqu  gnigd  ebia  lifid  edl  ,banoiinam 
won  si  mgdi  i9voo  Iliw  as  lonpil  edi  lo  donm  aA 
,ino  modi  sbflaii  to  eqniBia  nBmiiow  b  bnB  ,ni  bawoq 
b9aoqz9  aogiq  edi  Ilii  abiBwiol  bne  sbwwAo&d  gniaBBq 

11  doidw  laito  ,bgiiow  vfrngioiftoa  ai  inemiBaii  aid!  oi 
dliw  babggooiq  noiiBigqo  amBa  adi  bas  ,qu  b9l!oi  ai 
i9qoiq  sd)  bgyigo9i  8£d  feoiBq  gdi  lo  9no  \idve  Ilii 
ai  loupil  mala  ineqa-vJiiBq  adi  ,aidi  lailA  .gnibBgii 
giuiBigqmgi  aii  bb  nooa  as  baa  ;  igliod  gdi  oi  bonmigi 
baa  ,1bv  9di  oini  bgbtol  ai  v^iiinBup  igdionB  ,bgaiBi  ai 
bus  biidi  A  .evodB  aB  iuo  baqniBii  nbla  lo  aoogiq  adi 
,9raii  doB9  loupil  miBW  griiau  ,navig  ai  gnibfieii  dimol 
B9h9a  b  ni  b9Jiaoq9b  bnB  qu  beblol  9'ib  v.gdi  doidw  leito 
ni  89doni  idgie  bns  dgid  1931  owi  tnoda  ,adni  Ikma  lo 
■1970  boiuoq  miruiiangm  dwIb  ingqa  gdi  bms  ,iaiamfiib 
•io  ,a^Bb  idgig  idi  adui  gagdi  ni  nifimai  v_adT  .medi 
odt  brie  t\ab  xisys  belbrusd  gni9d  ,iginiw  ni  lagnol 
to  aqhla  adi  emii  aid!  Io  bn9  edi  iA  .bengdagil  'loupil 
evornai  oi  ,bedoiaiia  io  ftminda  bos  too  ngjbsi  g'lB  nbla 
ni  bb  v.Ii9£ze  emii  bnoo9a  b  beiBeii  ngdi  bn£  ,aaaBaio 
-v^inawi  vjno  ilal  ai£  v,9di  ifidi  9vbs  ,gnimulB  lain  adi 
onilBa  odi  diiw  ioBinoo  ni  ,edni  IlBma  9di  ni  smod  luol 
noqir  gno  bial  eiB  v,edi  ,too  mgdi  gniiBi  loilA  .ieiBW 
to  douni  as  iBdi  -igb'io  ni  ,gnBlq  beniloni  na  no  TOdionB 
edi  oini  ioad  nui  v,bui  gldiaaoq  aB  loupil  mulB  odi 
booigiq  aiB  abna  9di  ,baniBib  vjdguoiodi  nadW  .iBV 
;  dguoidi  iamdi  adtol  to  aboi  n9boow  bnB  ,aignioe  odi  iB 
g39iq  gdi  bus  ,aniE9d-3aoTO  no  bifil  ai  gagdi  to  9no  nadi 
.babnaqaua  \le&-a  sd  oi  b9iiinn9q  b9bngiaib  9bid  to 
vgdi  ngdi  bnB  ,aniod  n99idgig  idi  niBm9-i  ^gdi  eraH 
,nBraiTOW  gdi  baa  ,'iooft  odi  no  biBl  ,nwob  ngiBi  giB 
bnB  a9lj[niiw  9di  agvoragt  ,guidoi9iia  bnB  gnibM  \d 
baa  ,-igdionB  noqu  gno  biBl  9iB  \adi  ,gnob  sidi  ;  agaB9-io 
gdi  no  adiBl  gdi  \d  qu  gnud  ngdi  ,3^bI)  owi  to!  oa  ilsl 

.b9iBooiazg  xUguo'iodi  flii  auiB9d  aaoio 
,Iio  edi  9vi99gi  oi  in  gtB  Y9ili  oiotod  ,sniia  beiib  9dT 
,9nBlqbgxiilDui  aa  noquni9digaibB9xt  \d  bgngftoa  9d  ianni 
ni  nwoda  aB  ,bgbngqaija 
.S68 .311  ^gxgnnjj  emgn  adi 

I  8909iq  aao'io  bnB  idgiiqn 

.TOdiggoi  bnnod  ^Iraiii 

~  I     ff\    I  ,gnBlq  aid!  no  baldnob 

I  I  booBlq  iloiia  diooraa  b  bnB 

I  f'lffxm  "Jfrow  odi  bnB  ,b!o1  9di  ni 

iL^WU»jy  9£Ii  to  blod  gni^fil  ,iiBra 

I!  pi     I  aqniBii   jlifiibncd  aaoio 

I  m  jm    I  £  '{J  |bas  ,niia  odi  noqn 

JmwfgmmRW  1°  noiiom  gnilSnda 

£^SfaBii:>£jf         898bbo  ,\bod   baa  iesl 
/  %L  ■  ol  Ji  to  iti»i  vnw 

/  /—  JJ  b9H9diooma  bna  boaagiq 

•rebn9i  oT  .toIIoi  9di  \d 
.a9oda  bgloa-ioidi  b-ibow  ad  Jsnioglg  giora  aa900'iq  9di 
gdi  gnifltoda  bnB  gaiquiBii  to  jItow  edi  89iraiinoo  gH 
e9raoo9d  'igiiBl  9di  Ilii  ,nii3  9di  to  blol  9di  ni  inodB  jloiis 
doB2  ,ii  95lBin  oi  gldiaaoq  ai  ii  bb  insilq  baa  itoa  as 
boaoqzg  Ylin9np9adna  bnB  ,b9jhow  audi  ai  goaiq  10  qhia 
aid!  igflA    .^TBasgogn  Yi  be'nb  sd  oi  ,gmii  iiods  s  idi 


(JuaavaHO  to  ain9rahgqz9  gdi  moil  aiB9qqB  Jl 
doidw  oi  9lqionhq  9di  ifidi  ,aauA73H0  bnB  ,H3ya1 
b  ai  ,89iiilBnp  radio  bnB  lobo  aii  89W0  lio  avodB  9di 
doidw  JodoolB  ni  9ldidoa  9onBiadua  in9lui9vlnq  9iidv/ 
-noo  bnB  ,iB9d  yd  bgsiliiBloY  ei  ii  v«sS»sS94  Ubo  ^adi 
,alBoo  gvil  noqu  nwoidi  ;  aglb9an  9nillBia^io  oini  agsngb 
b9iiini9  aaodl  oi  ifilimia  BioqBV  aiidw  ioidi  110  Bavig  ii 
ind  ,8aonBianmoiio  iBiimia  iabnu  igdiBal  BiaanS  \d 

.gldfiaaigB  aiom 
awoai  gnol  bodigm  axli  \(L — ^aASnai  m»Vs5y(imsil 
bnB  aonBil  ni  ^Ii9iiBl  bnB  ,v;ifigauH  ni  b9aiioBiq  bnB 
brtB  ,^bw  biqBi  b  ni  b9iBq9iq  ai  i9diB9[  ,aaiiinnoo  ladio 
-iiadna  gnigd  ailBa  Ifiignim — ninnBi  to  biB  odi  iuodiiw 
iaooi  goriBiadua  adT  .ainagB  igdio  diiw  igdiagoi  baiui 
gniviaaaiq  bnB  diiw  gninidmoo  iol  oi  baiioaai  vjbsianag 
adi  gaiiiavnoo  10I  ,abiow  ladio  ni  ,abla  gdi  to  auaaii  adi 
-oiq  ,mnnimnlB  lo  gbholdo-dua  ai  ,iadi£al  oini  i9iiBl 
-moo  \d  mnlB  ^iBnibio  to  noiiisoqmooab  adi  ^d  baonb 
bnii  igdionB  baa  ;  niia  adi  89vi939iq  aidT  .ilsa  nom 
i9diB9l  9di  savig  ,woIIfii  10  lio  diiw  ,88aooiq  gnrnnBi  to 
.Y,bod  biBd  b  gnimiol  moil  ii  ainavgiq  bnB  ,aagnglqqna 

10  ,iiB  ,uoaBoa  gdi  to  aonguftui  gdi  ,9ini9BtonBm  sidi  ni 
Y,iBnibio  9rii  to  8iodBl  gdi  ioaBa  doidw  ainagB  ladio 

11  amii  tohd  gdi  to  9on9up9anoo  ni  ,ifel  ion  oib  ignnBi 
-9iinp9i  9dT  .88900iq  odi  to  9miBn  adi  bnB  ,aaiqnooo 
aiom  baa  iswst  91B  aaamsnd  adi  no  gni^iiBO  iol  ainam 
iaianoa  ^adT  .ignnBi  ^iBnibio  edi  to  eaodi  nBdi  elqmia 
adi  niaiadw  ,mBeiia  b  to  82lnBd  adi  no  bgiogig  bgda  b  to 
,bagnBiiB  aiB  guhiBdnn  bna  ,gnidaaft  ,guiiiBq  iol  amBed 
.iqaJ  alooi  igdio  bnB  ,agnoi8  gniqBioa  ,aavini  adi  bnB 
ai  loupil  nmlfi  adi  gnhaqaiq  iol  eoBmnl  bnB  laliod  A 
logiBl  owi  eiB  doidw  aobiagd  ,igmoo  gno  ni  qu  bgiin 
ladmnn  b  diiw  igdiagoi  ,aniia  edi  gniaiammi  iol  adni 
,Y,to1ob1  adi  to  noiaivib  ladio  odT  .aano  lallBma  to 
b  bnB  zia  mooi  b  to  aiaianoo  ,anob  ai  gnilio  gdi  aiadw 
to  eldBqBO  ,aiBnpa  irfid  b  bnB  naaizia  \d  ,dgid  iaal  \lad 
sidi  to  lanioa  enO  .idgii  ^'ioelieq  bei9bn9i  gnied 
ai  doidw  lavo  ,aoBniin  odi  diiw  beiquooo  ei  ladmsdo 
baibnnd  ano  gniuifiinoo  to  eldBqBO  esq  laqqoo  a  baoslq 
\d  beiquooo  bib  aebia  adi  ;  wouBi  to  abnnoq  vidgi9  bnB 
8Bd  9iin90  edi  ;  bgaBgig  eiB  eniia  9di  noaiadw  taaIdBi 
aid!  no  bnB  ,aiBnpa  laiiBnp  b  bnB  ieel  eeidi  dBla  enoia  b 
iol  b9mnd  ai  Ifiooifido  no9i9dw  ,bez8  ai  gniiBig  noii  iib 
ad  Iliw  3B  ,aabid  edi  gniiBed  10  gnimfift  to  gaoqraq  edi 
badainiul  ai  iisq  leqqn  edT     .abiBwiaito  banoiinam 

.no  anijle  edi  gnignfid  iol  aaloq  diiw 
-nhq  gdi  ,igdiBg[  nfiiiBgniiH  gniiBqgiq  io  gniunBi  ni 
gaodi  oi  auogobsms  eiB  aasaaooiq  Y^fi^'biq  iBqio 
odi  iol  gnimil  to  bfigiani  ifidi  ^Ino  .bodhosob  ^bfigilfi 
oi  ai  iBdi — Ho  bgvBda  v.HulgiBO  si  lifid  gdi  ,noiiBliqab 
,bav£da  ,aavlBd  ni  too  jbgdasw  IJgw  giB  anHa  gdi  ,\aa 
gninnui  edi  ni  smod  mol-Ytoawi  iol  beqeeia  bns 

.mBeiia 

iaom  odi  bnB  ,baaioiaza  ad  ianm  oibo  iagiBgig  gdT 
-yfida  bnB  ,gnii£q  ,gnidaaft  iol  baxolqmg  ngmiiow  iiaqza 
1b  bnB  ,  bam[ni  ad  bluoda  niia  adi  iagl  ,iiBd  edi  Bo  gni 
nam  9no  ifidi  ,oa  xloum  03  ,anoiboi  ai  noiiBioqo  gdi  i39d 
.\ab  a  ai  aniia  n99ilft  10  nasob  a  aadi  aiom  on  iiow  ubo 
aabitl  edi  ,baiglqmoo  gniad  gnidaBW  baa  gnivBda  adT 
zia  lo  baaoqmoo  tdiBd  mirls  Jaifl  odi  dgiroidi  bgaaBq  giB 
oi  laiiBirp  b  bnB  eaidi  bnB  ,mnlB  lo  abnnoq  navga  oi 
ni  bavlosaib  iba  noramoo  lo  abnnoq  ItBd  b  bnB  inol 
evfl-Yinavaa  lo  abid  yisvs  iol  ,ieiBV?  to  anoflsg  idgig 


.aaHTAsrJ  aawAT-  HSHTAaj 


Xasm  ni  ac  ,v.Tb  II  .gnianBalo  lo  asoqTnq  adi  toI  Tatew 
io  gnhhow  v_d  beiaiaaB  ad  isirai  gniqeeia  aidi  ,aeafiO 
edi  lo  ioJscT  edi  diiw  rased  odi  noqn  medi  <gns&im5 
,gnianh  TadionB  tailA  .sfiia  lanni  adi  no  alind  gnidaeft 
aTirixim  b  to  ,amd  lo  mBera  diiw  baTBama  sis  anbia  edi 
ilaaft  adi  no  ,m3S30  Sa  ,emi[  gBg  ,ineraiqTO  bas  9raH  lo 
ebia  lifid  adi  ,3TiBq  ai  Tadiagoi  bifil  nadi  bnB  ,gbia 
edi  lo  v^on19  9di  oi  snibToaoA  .afriBwtoo  gnied 
io  gnbloBla  edi  lo  amii  edi  ,boY,°Iqme  inegB  gniiBliqeb 
knaves  oi  aiuod  Tuol-vinewi  moil  abn9lx9  anida  9di 
•ubi[  edi  iBdi  bnuol  ai  ii  as  nooa  as  ,TavawoH  .av_Bb 
Y.d  tod  hsuan  edi  ni  Jon  ,beiBTBqea  ai  ii  ,ableiv, 
,anob  gniad  aidT  .aiaoniq  qTBda  vd  too  ii  gnidoulq 
doua  9inoa  to  tbIIot  b  \d  b9a9diooraa  aifi  anida  edi 
dsaw  B  ni  einii  iroda  B  toI  beaTammi-aT  nadi  ;  anBam 
■i9dionB  oi  bavomaT  eTB  v,edi  doidw  moil  ,iBV-emiI 
,SYBb  neailft  ol  nsi  10I  nisisdi  ifloa  oi  dfisl  bnB  ,q33ia 
ugdW  .anoiiBnimBxa  no  egndbnBd  Ibhoibbooo  diiw 
-dua  ad  oJ  vJdbst  eis  \edi  ,iBV  iasl  9riJ  moil  nadsi 
aaodi  oi  ifilimia  ,Jnannal  10  tov  nsid  edj  oi  baiiira 
abnnoq  \fao1  gni9d  saoiiioqoiq  adi  ,banoiin3m  vbssilB 
9iuixiui  aidi  ni  .isisw  10  anoIiBg  vinawi  ni  UBid  10 
aaidi  to  idgrniiol  b  10  boi'iaq  b  iol  niBrnai  anbfa  adi 
-msi  adt  10  ssanwol  adi  oi  gnibioaoB  ,iainiw  ni  sdaaw 
,iod  ai  ladiBaw  edi  nadw  ,iammira  ni  iud  ;  emiBTaq 
.■<j[Jnaioinna  raadt  eahn  oi  aofttoa  8Y_Bb  aeidi  to  owi 
-nam  edi  ai  dnia  anbia  edi  aB  nooa  8B  ,aaBD  vnB  ni 
\d  ban9i3fid  9d  ijBin  doidw  aonamjooo  nB — mninJs 
si  qaata  9di  10  noilOB  edi — ^ttaanpgii  madj  gnmila 
too  naiB^  9tB  sniia  adj  bnB  .balatqraoo  ad  oj  awoai 
aidT  .ASni  sMas  to  iwjIb  laift  adJ  0}  baMiradcis  bnB 
abmroq  xtoawJ  oi  naahidl  10  9inJzirn  b  to  b9aoqraoo  ai 
lo  abnnoq  ilfid  b  bnB  iudi  oi  eeidi  bnB  ,mulB  lo 
noilnloa  9di  ,79}bw  gniliod  ni  bavfoaaib  Bboa  lo  gbholdo 
b9ibnud  9no  atointoa  oi  sb  oa  bainlib  ab'iBwiallB  gniad 
ai  ilfia  lo  noiiTOqo'iq  adi  'lamraija  ni  .sarAa  qaada 
\ob  moil  amis  edi  9vi939iq  oi  lebio  ni  ,b9aB9toni 
adl  lo  gnhhow  adT  .9'inJBn  9viJoBl9'itoq  b  lo  ^rajni 
-nnH  lo  noiJEicqo'iq  odi  ni  bb  ,a[99'iBq  ni  anob  ai  aaiia 
X[9viaa9aona  b9aaBq  gni9d  feo'iBq  doBa  ,iadtoal  HBiiBg 
-mi  9iB  9lodw  9riJ  ,doidw  lallB  ;  dted  adi  xlguoidi 
bB9iani  ,39n9nnBi  9moa  ni  .agtonim  n9i  -iol  b9ai9ra 
9dJ  ,diBd  toMbI  9dJ  ni  anida  9dJ  gniq99ia  ^Iqinia  lo 
lo  99ig9b  i9qoiq  adj  is  baonboiini  si  TOnpil  ranlB 
iBohbml^o  b  oini  ,aniia  edi  diiw  tadiagoi  ,ilinnBW 
b9iiow  bnB  ,badoBiiB  gnhlova-i  iol  anB9m  diiw  feaaav 
9di  lo  ioBinoo  9iBmiini  adT  .araii  ^'iBaaao9n  9di  to! 
,39ionio'iq  93B0  eidl  ni  biupil  adi  lo  9iodv/  9di  dim  anida 
ilta  snoniranlB  oiaBd  adi  lo  noiiBnidraoo  91D  ,bifia  ai  ii 
ni  9nob  ai  ai)di  T{t9i9lqni09  9'iom  donrn  ,anaaii  9rli  diiw 
siidw  niBra9t  oi  b9bn9ini  anida  9dT  .9boni  radio  9rli 
rnulB  odi  oi  gnibbB  \d  ebsm  ,9iaBq  b  oini  toq  nadi  91B 
,iuoft  H9iB9dw  lo  abnnoq  ^inawi  oi  n9ailfl  moil  diBd 
Ila-ff  agga  ijiln  lo  adio^  erii  bnB  ,gniniia  IfinbB'ig  diiw 
Haw  diBd  adi  lo  ainainoo  olodv^  srii  briB  ,bgiaidw 
^Iguia  baaaBq  9'iB  anbfa  adT  .gnmiia  dahd  yd  babnald 
oonaiaianoo  odi  iuodB  ai  doidvr  ,nromiari9ra  aidi  dgnoidi 
-mi  aiB  ba'ibnnd  9lodv/  gdi  abiBv^iailB  bnB  K\eaod  lo 
Jdgin  adi  gnhnb  ii  ni  niBniai  oi  bowolln  bnB  ^aaiam 
aaloq  no  babn9qau3  bnB  ,iuo  nadsi  9M  ^9di  aidi  -I9J1A 
oi  idg'r9  rnoil  9aoqjuq  aidi  -iol  b9aoqx9  Siel  bus  t\ib  oi 
-noiaBoao  gni9d  ,i9diB9v/  9di  oi  gnibioooB  ,a'£Bb  n99llii 
,'fib  uttoaioiHua  nedW     .a^BW  diod  b9doi9iia  \lln 


edi  ni  n9bboii  ^lidgila  niBgB  ew,  ijadi  ,noiiBoaiaab 
bnB  anoiiOBiinoa  \nB  aaBta  oi  ,3'iolad  bb  -lannBra  amBS 

.ntatea  5a  ,8eI3nnw 
atB  ,9TOlaiadi  ,bns  ,b93B9ig  gd  oi  id  won  9tb  x9^T 
-nooo  doidw  ,ig[iod  gdT  .noiiB'ioqo  aidi  oi  boiiimdua 
sidi  niaiadw  radniBdo  ixIgii-iiB  adi  lo  lamoo  ano  saiq 
,Iio  dsn  ,wo!lBi  diiw  bollfl  adiTOol-39idi  ai  ,9nob  si  show 
adi  bnB  ,3nii3  odi  gniiBiuiBa  tol  bgan  ai  ezle  igvaiBrlw  -io 
.ingmiiBqB  adi  lo  bIIbw  adi  abiaiuo  gift  b  \d  bgiBgd  glodv/ 
-ilgni  adi  9vodB  gliiil  b  abnBia  gmiBiaqraai  9xli  nadV/ 
bgqqib  ai  'iadnBb  to  qorn  balbnEd-iioda  b  ,Jnioq  gni 
aiBis  baiBad  sidi  ni  ^IlBnpa  bBaiqa  iBl  9di  bnB  ,ii  oini 
bns  ,b9mi;i  A  qhia  adi  doirlw  lailB  ,gbis  daaft  adj  igvo 
gdi  ni  aniBrng-i  iBdw  diiw  'igvo  bgdan-id  9bia  mi  adi 
noqn  bisi  otb  baaBaig  iaiil  aiB  doiilw  asotlT  .tgdnBb 
adi  Ilii  ,^Iavia39oori3  ,abiBwqu  abia  daafi  ,iadionB  ano 
bawolls  aiB  \edT  .b9iBaii  n9gd  gvBd  'ladninu  aiita9 
iBl  gdi  dioadB  oi  raarii  aldBiia  oi  ,araii  b  to!  niBnia'i  oi 
aidi  •lo'i  .raadi  ^sv'ssss»S\_  aiolad  aldiaaoq  bb  douni  bb 
,aiB'ig  b  no  baidgil  ai  iBooifido  lo  anl  b  ,aaoq'iijq 
briB  ,moo'i  adi  lo  aiinao  gdi  ni  edaiid  no  bgiorniauoo 
-rann  ni  owi  ,nara:ihow  adi  ,baidgil  gniad  si  ii  ialidw 
aA  .raadi  Tails  x'ir'si*  TOob  adi  gniaolo  ,avBaI  ,iad 
,inaaaabnBoni  ad  oi  idguodi  ai  Isioowdo  edi  bb  nooa 
,aqBoaa  oi  bioB  oinodiBo  adi  woIIb  oi  TOob  adi  naqo  \edi 
dose  ,aliq  adi  lo  qixia  qoi  adi  gnbtoi  bnB  ,'iaina  cadi  bos 
adi  oi  ,gb'iBwnwob  abia  daaft  ,ii  aaoqza  ,bna  ano  \d 
edi  is  bns  ,aanBiaib  auioa  iB  ii  gniblod  ,aift  gniv/olg 
03  is'ift  adT  .anoiioaiib  JIb  ni  ii  doiaiia  amii  arass 
as  aiadio  adi  bnB  ,a[dBi  gniniojbs  ns  no  biBl  si  baiBa'ii 
baliq  aiB  noiiBiaqo  grass  gdi  rigrroidi  basasq  ovsd  ^gdi 
b  aB  dioio  xliiw  baiavoo  gniad  aiodw  adi  ,ii  noqu 
Isnpann  adi  bnB  aidgnB'ib  bloo  ianisgB  noiioaioxq 
-ds  edi  ai  sbis  inarniBaii  aidT  .axil  axfi  lo  sioalla 
adi  iB  navig  gniifoigiia  gdi  bnB  ,Iio  gdi  lo  noiiqioa 
iBviaini  nB  nailA  .ioubotq  adi  89voiqrai  araii  amBS 
adi  lo  bayhqab  aiB  aabia  to  sabid  edi  ,mod  as  lo 
nv/oidi  nadi  aiB  ^adT  .raadi  gniqiw  id  1b1  lo  aaaoxa 
IbbI  adT  .Bbifiwtoo  9bia  da9ft  ,^'ib  oi  aaloq  bboiob 
edi  oi  gniwo  ^{onoiaianoo  b  raedi  savig  e'inaoqxa 
anilBS  edi  bnB  auaaii  adi  diiw  isil  odi  lo  noiiBnidraoo 
bnB  una  odi  lo  avjs'i  iooiib  gdT  .ii  oi  baiinn  -igiiEm 
,gnhiB  biflft  aidi  ni  bgbiovB  gJ  oi  o'ib  iBgd  baaBg'ioni  nB 
gdi  lo  ingraavo'iqrni  aifi  oi  avioubnoo  ai  radiian  36 
,b9dgiaw  a'lB  aabia  edi  gniiiB  aidi  aeilA  .eloii'iB 
.iadiBtn  adi  iol  qn  iuq  briB  ,b9d'iBra  io  ,boqniBia 
toodiiw  ,^bw  aidi  ni  baisqaiq  lodiBai  nBriBgnnH 
•io  ,noiiBinaraial  ,3aibiil[s  10  abioB  lo  noiinavigini  adi 
ad  oi  nwond  otb  isdi  aasaaooiq  bnB  aiaiiBra  ladio 
,nBi  diivf  ladiBai  gniiBra  nadw  auobnjni  asal  10  a'loru 
-raoa  ,nida  adi  lo  \bod  bas  v_iioBnai  adi  Ub  aaviesa-iq 
,doiriv/  'iol  ;ssanglqq[i3  iserg  bas  dignaila  diiw  banid 
aiglbbfia  \d  beeu  dourn  ai  ii  ,-rav?oq  aviiOBii  sii  to!  briB 

.s-igdBrn-ssgn'iBiI  bnB 
bnbl  sidi  lo  noiiBiBqeiq  gdi  ni — .aaHTAaJ  aawAT 
-dns  b  si  oi  bgirosgt  inagB  gniviasnoa  aili  ,'iadiBai  lo 
nBTtflgnnH  lo  a'raioBlnnBrn  edi  ni  bb  ian[  ,Bnira;j[B  lo  il/ja 
aaodi  a'lB  baisa-ii  Ylbnanag  iaora  Binds  edT  .-raifiBoI 
•ledio  viol  b  diiw  Tadiagoi  ,abbi  briB  tadraB[  ,qoed3  lo 
bo'iinpgT  aehBramdaiq  adi  vJ'BTanaO  .aaiiaiiBv  idgil 
gniad  anida  adi  vjno  t\sw  ^isaibio  adi  ni  bam'iol'iaq  a'lB 
aviaaaiq  oi  aonBligiv  TaiBaig  bnsraab  ,'iobnai  3toui 
gniiinm  ni  baisos  How  otb  v,griT    .Yrutr"  1110,11  Brgdi 
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£  lo  dguott  gdi  ai  boofilq  8'ij3  v.9dJ  W9iv  eirlJ  dJiV/ 
gdJ  raJlB  ,858  .gil  ni  bgJn9S9Tq9T  ai  8£  doua  ,IIim  gniHixl 
eieii  eis  bus  ,bgaagTqxs  nsed  8£d  tsJbw  lo  asgoze  egTBl 
IliJ  eramniBd  ngboow  gdJ  lo  xioiJoB  9dJ  oJ  bgJo9(du3 
eie  vedi  tangqqBd  zidi  aedW    .\ib  \hisea  gxnoogd  \edi 


.see  .ail 


lo  ggTBxIo  Jaifi  gdJ  gvi909T  oJ  oldisi  gdJ  no  too  bse'iqa 
v.o:b  dgrxodJiB  iio  boo  vJIbixbu  ei  b9v_oIqxne  todT  ,Iio 
ajjd  aid)  ngdW  .TgwanB  oJ  gbctn  ai  lio  [urn'ms  lo  bnii 
aglbnud  ai  qxx  bglloT  otb  vgdj  ,ai9d}  aoqu  b9linhqa  nggd 
Ilixn  gdJ  lo  noiiofi  sdi  oi  bgJJimdxxa  ngdJ  bflB  ,do£9  tijoI  lo 
litau  to  ,8Tuod  iisdi  oi  owJ  xno'il  gnivrBV  boi'i9q  B  loi 
to  89ioq  gdl  ni  bgdraadB  gxnoogd  to  bgJimx  ead  lio  9dJ 
bus  ,bgbIolixix  ,too  noifij  nodi  9TB  \sdT  .'aniia  gdi 
ai  gailio  bnoo9a  s  aodi  ;  eraiJ  Jraxla  £  to!  vrb  oi  beaoqx9 
to9q9'i  oi  vTBaaggsn  ei  JI  .gnillxjl  b  v_d  bgwollol  ,n9vig 
raqoTq  gdJ  9-iuaai  oi  ,aemiJ  XBravea  snoiJBTeqo  eaedJ 
xioiioB  gdJ  gaol  ravgwoH  .oidd  niia  gdJ  lo  noitoiutoa 
oJ  vrfiasgoen  ai  Ji  ,b9iraitooo  ai  Ilira  gnillxxl  edi  lo 
-moo  sdi  eraled  noiJiaiirpoi  oJni  J£9d  lo  bis  odi  gnhd 
.b9j9lqmoo  ai  niis  9ili  dJiw  raJjBxn  vttfil  gdJ  1o  noiiBnid 
a  ni  aaiia  gdi  gaibxigqaixa  yd  yjlfirangg  boitqqe  ai  to9H 
bgmTBW  to  ,89qiq  xn£gJa  xljiw  b9dainTiil  ,radxnBdo  gaolo 
isidi  bgaoqqxxa  ai  Ji  .gg-xgab  'igqoiq  gxij  oi  9voJa  b  dJiw 
,90B[q  agisl  ggxiBdo  gvijBiiigxaTgl  s  gnitogd  aid!  gahub 
bnB  ,bg'(o'ila9b  g'i£  araJjBm  sixohgJelob  ntotrao  doixlw  yd 
(aoiJo£loTjiiq  Jaiagi  oi  oldu  ratted  abTBWigJiB  ai  niia  gxli 
fi9V9  io  noito'iotoB  eJelqxnoo  gtom  gdi  oi  noiiibbr,  ni 

bgafig-ioni  9di  yd  lio  edi  to  noitolib  -igtog-ig  9dT 
oi  ii  io  1'iBq  agarjjio  aTooi-9voia  9di  io  9futoraqrn9i 
\d  bgvorag-i  gd  iaura  aidi  bnji  ,ooj3i'ii;a  gdi  no  gbirxg 
jsboa  diiw  gbjitn  ,dted  io  dsaw  £  ni  aniia  gdi  gniaigmrai 
ion  Iliw  bb  \ikaob  doua  io  baa  ,rai£w  ni  BaaBioq  to 
toi  b9q9gia  g'lB  aqijla  gdT  .9iraaii  arroidn  gdi  gvloaaib 
9tb  \odi  doidw  1911b  ,diBd  aidi  ni  balbmsd  bnB  ,'iuod  nB 
odi  ,dainn  9di  gvig  oT  .bohb  bnB  §9q  9di  to  gmnw 
U9di  ,9ldBi  gdi  no  radotetta  gdi  diiv/  bgjfiov:  ai  radtogl 
gvig  oi  aiolloi  nogv/iad  bgaaBq  ,xIiaBl  bns  ,98TOd  odi  no 
dgnodi  ,^I[B'i9ngg  doidv/  raloo-flud  9riT  .dailoq  sdi  Ji 
\d  n9vig  ai  ,'igdiBg[  aiomado  agilaiiigaiiaib  ,3^bwIb  ion 
,iiBd  jIbo  io  noianlni  nB  ni  aui/Ia  bolio  odi  gniaigmrai 


doidw  y_d  ,«o-f's  v>stistsS\o&  odi  noqn  b9irow  sis  ygdi 
aa9n9iidw  gdi  ,b9vora9i  9iB  89aagnn9V9nir  \hb  aa900iq 
.b9doi9Tia  ^IniTO'iinn  glodw  9di  bns  ,boqo[gvgb  ei 
gnixloigiia  9dj  9radw  ,adood  no  bexfl  Jzga  ow  \edT 
edi  ai  audi  dibno-id  edi  ai  ,ravswod  ,9TOm — no  89og 
lo  boiraq  edi  gahnb  bgi-iow  gnigd — nHa  gdi  io  digagl 
.noli  gnidoieiia  edi  diiw  noitoooia9b  dgno'iodj  ii9di 
B  oi  b9iiiradi;a  sib  aniia  bghb  gdi  sgaBO  graoa  ni 
bnB  eoinmq  diiw  nredi  gniddn-i  ^d  ^agooiq  gnidailoq 
.noii-iBn  diooraa  b  diiv^  aaolg  IbhB  9xli  gnivig 
bowBi  Io  noiiBiBqoiq  gdi  idi  goiBna  anoiteraqo  gagdT 
edi  bnB  ,aBi  3B  aevraa  ilBa  innlB  9di  doidv/  ni  ,radtoo[ 
-Bni-iBl  edi  ni  ii  diiw  betonggiqmi  'lgitoni  anonimudlB 
gnivig  ni  iB^  to  lio  io  eonlq  edi  agilqqua  dted  airoeo 
-B'lBqe'iq  edJ  oi  viilidfieHngqaii  bnB  aagaglqqna  igiBeig 
sib  sniiS  .aaeaaoq  blnow  eaiwradio  ii  nBdJ  noii 
b9niBl9T  'iiBd  odi  diiw/  ,33gooiq  airtt  \d  bonnBi  vjta9['p9ii 
98BO  aidi  ni  YiBaa9ogn  anoitoraqo  9di  IIA  .bg^b  bnB 
-qgox9  oiti  diiw  ,b9liBigb  ian'^  nggd  gvBd  8B  graBS  edi  bib 

10  gnineiioa  to  iBvoraei  edi  to  mia  indi  eaodi  lo  noii 
nedW  .ianiBgs  bebtBng  ^IIuieiBo  btb  doidw  ,iiBd  edi 
oi  airoiveiq  ,be-ioIoo  si  loow  odi  ,b9TBqgiq  9iB  agm  b9^b 
-ibTO  edi  io  \aE  vd  ,gniwBj  edi  io  ingragonemraoo  9di 

,3bodi9m  YiBn 
-oionii  9dT  .bgioloo  vHBaoiaBOOo  ai  TodiBoI  bgwBT 
niBig  gdi  no  bisl  ai  ,9d  vsm  Ji  i9V9iBiIv?  traJjBm  leh 
ie\  ai  nWa  gdJ  gtidw  bas  eisis  bgn9Jaiora  B  ni  sbia 
,i9doJgtta  B  Jo  anBora  v_d  Ji  oJni  bsiiow  bnB  ,qm£b 
gnixIJooraa  bnB  gnidsdoq  edJ  JnemiBOTj  doidw  igJto 

.goBlq  eifiJ 

aJi  aejkt  eloii-iB  aidT — .aaHTAa J  biomahO  ao  JiO 
xlguodilB  ,Jud  ;a'sos«ijfo  exli  lo  aniia  gdJ  moil  gniBii 
,admBl  ,ragb  ,q99ila  lo  9aodJ  ,beaiBjg'i  Iliia  ai  nxxgi  9dJ 
won  9iB  ,aniia  bas  eebid  iilqa  lo  xioihoq  nidi  9dJ  bnB 
sdJ  lo  \ass  rao-il  JngTsllib  ai  JI  .Ji  oJni  Ii9Jravnoo 
Ton  ninnBi  T9dJign  93HB09d  ,b9dhoaeb  oJT9dJid  agiJgi'iBv 
-T98XI00  9dJ  ;noxjBm'iol  aJi  oJni  TgJng  aTgJjBm  Ifiranira 
.aJfil  btx£  alio  lo  anBora  vd  b9JogUg  ^[giiJng  gnigd  noiJBV 
^JilBixp  J893TBO0  gdJ  aB  Ugw  as  ,Jagn8  9dJ  ,T9dJTxj'>I 
exnBa  gdJ  Y_[9sio9'xg  9vigggT  ,-ras\to5-Aa»vVs  bb  nv?oxii 
Jngagiq  ^gxIJ  ooaoTgliib  gxli  ^tingupganoo  bnB  ,JnemjBeTj 
aniia  Jagnft  edJ  JfidJ  ,eonBi8mixoTio  gdJ  oJ  gniwo  ai 
9tb  89no  Toh9lni  gdi  Jelidw  ,TgxnTol  gxIJ  toI  nosodo  9TB 
T9ihBg  bnB  ,riJneoJzia  ,J3bI  9dJ  ni  .t9Mb[  gdJ  oJni  obxira 
9T0in  doxxra  bbw  TgdJBgl  aiomfido  ni  gbBtt  gdJ  ,8ghuJngo 
,3bohgq  gsodJ  ni  ,93nB09d  ;  JagagTq  Jb  nBdJ  oidBrabisnoo 
9iU  ni  vhBlrToiJTBq  ,gnidJoIo  to!  boatx  vJgvian9Jz9  8bw  Ji 
,93oqTnq  aidJ  to!  b9xiobxiBdB  ,TgvgwoxI  ,won  ai  JI  .aoinnB 

11  doidw  oJ  gniwo  ,YJiIidB9imgq  aJi  lo  songnpganoo  ni 
;  vjwola  Jud  Ji  djiw  bgjTBq  briB  ,gTxiJaiora  bod-ioadB  vJibB9i 
lo  T9giiBb  IbuuxJiioo  ni  TOTBgw  9dJ  Jq9i  doidw  agiJilBxxp 

.aJniBlqraoo  oiJBxnngd'x  bnB  bloo 
gTB  sniia  9dJ  T9i[JB9l  aioxnBiIo  lo  9Ti;JoelixxiBin  9dJ  ni 
no  gaiqB'ioa  ,ajBV  gxnit  gdJ  xlguoTiIJ  gniaaBq  vd  bgTBq9'iq 
n9dw  bnB  ;  vbw  ^TBnibTO  edJ  ni  (O-oSaa  is  ,98Tod  9dt 
bovoxnoT  gmil  gdJ  bnB  ,b9io9lre  9tb  39iTBairai(9Tq  9aedi 
\;9ili  ,gIdiaaoq  aB  doura  axs  ,Jbv  nB'id  to  bioB  oiJoxd  oxU  ni 
aiaianoo  aidT  .noitoxgqo  ^rasVt\  gxIJ  oJ  bgjggjdua  9TB 
lo  bag  Jnuld  edJ  to  ,enoJa-eoimuq  djiw  xnoxlJ  gniddm  ni 
gdJ  jbgvomgT  ^rgiiino  ei  niBTg  gxIJ  IliJ  ,9lixri  bnxioT  b 
boniBJdo  asonioixlJ  lBiip9  hb  bnB  ,bgngJloa  oobItixs 
to  bgs9gnpa  gTB  soiia  9iU  aixU  T9J1A  .JixodgnoTxU 
.9ldiaaoq  8B  toJbw  doixm  8B  9voxn9T  oJ  T9bio  ni  ,b9389Tq 
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and  afterwards  wringing,  drying,  et  cetera.  The  tannin 
reacts  here  as  a  dye,  and  not  as  a  tanning  agent. 

For  supplanting  the  hand  labor  in  /rising  and  other 
operations,  Nisbet  has  patented  machinery  by  which 
rough  bodies  and  knives,  mounted  on  revolving  cylin- 
ders, are  made  to  rub  against  the  skin.  By  this  means 
a  regularity  in  the  thickness  and  texture  of  the  skins  is 
obtained,  which  could  hardly  be  gained  by  hand  unless 
more  than  ordinary  attention  were  bestowed  upon  the 
work,  while  the  time  is  curtailed  to  one-tenth  of  that 
required  by  the  old  method. 

Morocco  Leather. — Maroguin,  French;  Saffian, 
German. — Before  the  eighteenth  century  all  morocco 
leather  was  imported  from  the  Levant ;  but  of  the  way 
in  which  it  was  prepared,  nothing  was  publicly  known 
till  the  account  of  Granger  appeared  in  1735.  About 
the  middle  of  the  last  century  a  manufactory  was  estab- 
lished at  Paris,  the  first  of  its  kind,  in  the  Faubourg  St. 
Antoine ;  this  in  a  few  years  was  followed  by  another ; 
and  from  the  impetus  given  by  an  increased  demand, 
the  trade  continued  to  extend  until,  at  the  present  time, 
there  are  several  manufacturers  of  this  article  to  be 
found  in  the  different  countries  of  Europe,  and  in  the 
United  States  of  America.  Morocco  is  commonly  known 
as  a  colored  leather,  having  an  indented  or  wrinkled 
fibrous  appearance.  The  genuine  or  true  variety  is 
made  from  goat  skins ;  but  another  kind,  known  as 
imitation  morocco,  is  manufactured  from  sheep  and 
lamb  skins.  As  stated  in  the  introduction,  in  connec- 
tion with  the  subject  of  skins,  the  best  kinds  for  this 
purpose  come  from  Switzerland ;  but  the  English  manu- 
facturer draws  upon  other  countries  for  his  supply,  such 
as  Germany,  Memel,  Mogadore,  East  Indies,  Cape  of 
Good  Hope,  and  several  others.  Compared  with  sheep 
skins,  those  of  the  goat  have  a  closeness  of  fibre,  a  body, 
and  strength  that  render  them  much  superior  in  point 
of  appearance  and  durability.  In  France,  the  Spanish 
goat  skins  are  highly  esteemed,  and,  consequently,  a 
good  many  are  imported  from  that  country. 

The  skins  usually  come  into  the  tannery  in  the  dried 
state ;  and  the  operations  required  to  render  them  as 
soft  and  pliable  as  fresh  ones,  and  likewise  to  deprive 
them  of  epidermis,  hair,  and  particles  of  flesh,  are  so 
similar  to  those  already  described  in  connection  with 
the  ordinary  tanning  processes,  that  a  very  brief  account 
of  the  method  of  treatment  will  be  sufficient.  The  dried 
skins  are  first  immersed  in  water  till  they  are  sufficiently 
softened,  and  after  this  in  a  fermentable  bath  of  a  weak 
nature,  such  as  has  been  used  for  a  previous  operation. 
Here  the  softening  is  considerably  assisted ;  but  it  is 
necessary  to  watch  its  effects  with  much  attention,  lest 
it  might  be  productive  of  injury  to  the  skins.  When 
it  is  thought  they  have  acquired  the  proper  degree  of 
pliancy,  they  are  worked  on  the  flesh  side  with  the 
disc  or  circular  knife,  to  separate  the  fatty  and  fleshy 
matters,  and  likewise  to  remove  the  creases  produced 
in  the  drying.  This  done,  they  are  next  submitted  to 
the  depilating  agents,  which  consist  of  a  number  of 
solutions  of  lime,  increasing  in  strength  from  the  first 
to  the  last.  Scarcely  any  difference  exists'  between 
this  part  of  the  process  and  that  which  is  followed  in 
tanning  upper-leather ;  but  as  the  retention  of  lime 
or  fatty  matters  is  still  more  objectionable  in  skins 
vol.  ir. 


intended  for  morocco,  owing  to  such  matters  being 
liable  to  produce  spots  or  stains  in  the  color  applied  at 
a  future  stage,  greater  attention  and  labor  are  required 
for  their  complete  removal;  hence  after  the  unhair- 
ing,  the  fleshing,  and  paring  of  the  head  and  leg 
parts,  and  the  short  steeping  in  lime-water  which 
is  usually  given  after  this,  the  trimmed  skins  are  in- 
troduced into  a  wooden  cylinder  moving  upon  an 
axis,  and  having  interiorly  a  number  of  wooden  pegs 
rounded  at  the  end.  This  fulling  machine  is  half 
filled  with  clean  water,  and,  being  charged  with  as 
many  skins  as  it  will  conveniently  hold,  it  is  set  in 
motion.  By  the  action  of  the  pegs  and  the  move- 
ment of  the  skins  and  liquid,  a  considerable  quantity 
of  the  lime  is  separated,  the  water  of  the  cylinder 
being  frequently  renewed.  To  complete  the  depu- 
ration from  lime,  it  is  necessary  to  submit  the  skins 
to  a  bath  of  fermented  bran  or  flour  disseminated  in 
water,  or  to  one  formed  of  dogs',  pigeons',  or  pen-fowls' 
excrements,  and  called  as  usual  the  bate  or  pure.  After 
being  in  one  or  other  of  these,  as  the  case  may  be,  from 
twelve  to  twenty-four  hours,  according  to  the  strength 
and  temperature,  they  are  taken  out  and  scraped  on 
the  beam  on  both  the  flesh  and  grain  side,  and  examined 
for  the  purpose  of  rejecting  those  which  are  inferior  or 
in  any  way  damaged.  In  some  instances,  instead  of 
the  bran  vat  or  bate,  a  solution  of  honey  or  a  decoc- 
tion of  figs  has  been  employed,  together  with  a  little 
salt,  to  steep  the  limed  and  unhaired  skins  in,  on  the 
principle  of  Turnbtjll's  patent,  when  the  saccharine 
matter  enters  into  a  readily-soluble  combination  with 
the  lime,  and  washes  out  with  facility.  In  either  case 
the  more  perfect  skins  which  are  set  aside  for  the 
better  quality  of  morocco,  are  prepared  for  the  opera- 
tion of  dyeing,  which  with  them  generally  takes  place 
before  the  tanning,  whilst  the  second  and  third  qualities 
are  colored  after  the  tanning  is  executed. 

Red  Morocco. — The  perfect  skins  are  placed  to- 
gether two  by  two,  so  that  the  parts  of  one  correspond 
with  those  of  the  other,  the  flesh  side  of  each  being 
inwards,  and  then  sewed  round  the  edges  sufficiently 
close  to  retain  the  air,  which  is  afterwards  blown  into 
them  so  as  to  swell  them  into  a  kind  of  bag.  In  this 
state,  on  being  plunged  into  the  mordanting  liquor,  only 
the  surface  destined  to  be  dyed  takes  up  the  substance 
of  the  mordant,  and  consequently  of  the  dye  afterwards, 
and  therefore  no  waste  is  incurred.  The  mordants 
are  generally  alum,  chloride  of  tin,  wine-stone,  or  such 
substances ;  but  the  tin-salt  gives  the  finest  shade  of 
color.  The  mordant  liquor  of  cither  of  these,  suffi- 
ciently diluted  and  warm,  is  put  into  a  suitable  vat  or 
vessel,  and  the  swollen  skins  immersed  for  a  few 
minutes  in  it,  then  withdrawn  and  allowed  to  drain 
where  the  drippings  may  flow  back  to  the  vat.  After- 
wards they  are  worked  on  the  beam  with  the  view  of 
giving  them  a  grain,  and  expelling  the  excess  of  liquor 
more  completely..  This  treatment  prepares  them  for 
the  dye,  which  is  usually  cochineal,  as  it  gives  the 
brightest  color  of  any.  For  each  dozen  of  skins 
from  twelve  ounces,  or  less,  to  sixteen  is  taken, 
according  to  the  size.  It  is  finely  powdered,  and  sus- 
pended in  water  to  which  cream  of  tartar  or  some 
alum  has  been  added.    The  whole  is  then  boiled  for 
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some  time  in  a  copper,  filtered  through  a  fine  cloth, 
and  divided  into  two  equal  portions  to  give  two 
successive  immersions.  The  skins  sewed  up  thor- 
oughly are  placed  in  the  tun  with  half  of  the  dye 
liquor,  and  well  agitated  for  about  half  an  hour,  after 
which  time  the  liquor  is  replaced  by  the  second  portion, 
and  the  motion  of  the  contents  prolonged  for  a  further 
half  hour,  when  the  dyeing  will  be  completed.  The 
skins  are  now  taken  out  and  submitted  to  the  tanning 
operations,  which  are  the  same  as  will  be  presently 
described.  Finally,  the  sewing  is  ripped ;  the  skins — 
now  tanned  leather  —  well  rinsed  in  fresh  water, 
worked  on  the  beam  to  render  them  supple  and 
remove  creases,  dried,  pommelled,  slickered,  and 
grained  in  the  ordinary  way.  Sometimes  the  dye  is 
brightened  by  passing  a  sponge  saturated  with  a  solu- 
tion of  carmine  in  ammonia  over  it,  after  the  partial 
drying  that  follows  the  tanning  and  rinsing,  et  cetera. 
Also  the  skins  are  wetted  with  a  decoction  of  saffron, 
in  order  to  obtain  a  shade  of  color  approaching  to 
scarlet. 

Morocco  of  other  shades  of  Color. — Morocco  leather 
of  other  colors  is  tanned  previous  to  fixing  the  dye 
upon  it.  After  the  depilation  and  bating,  or  branning, 
as  the  case  may  be,  the  pelts  are  placed  in  a  revolving 
cylinder  with  the  tanning  agent,  which  is  always  sumac, 
and  a  proper  quantity  of  water  slightly  heated,  and  the 
agitation  kept  up  for  some  time,  by  means  of  connect- 
ing or  driving  bands,  and  drums  on  the  axis  of  the  cylin- 
der, and  on  the  main  or  other  shaft  of  the  engine.  The 
first  tanning  is  given  with  sumac,  partly  or  half  reduced, 
and  suspended  in  water,  so  as  to  form  a  thickish  paste, 
and  finished  by  substituting  a  new  bath  of  fresh  sumac  ; 
the  motion  of  the  cylinder  being  maintained  whilst  the 
skins  and  tanning  agent  are  in  contact.  With  this 
method,  the  formation  of  leather  is  very  rapid,  requir- 
ing only  twenty-four  hours.  The  tanned  skins  are  now 
removed  from  the  cylinder,  rinsed,  so  as  to  clean  them 
from  the  sumac,  and  exposed  in  the  drying-room;  and 
when  the  assimilated  water  is  removed,  they  may  be 
stored,  or  at  once  submitted  to  the  process  of  dyeing, 
according  to  the  requirements  of  the  tanner.  Another 
method  is  also  much  followed,  as  well  with  skins  that 
have  been  dyed  red  as  with  those  not  so  treated ;  it 
consists  in  employing  a  decoction,  or  ooze  of  sumac, 
and  filling  the  skins  with  it,  they  being  sewed  two  and 
two  together  for  this  purpose,  having  the  flesh  sides 
inwards,  as  already  detailed.  A  quantity  of  powdered 
sumac  is  then  introduced  into  each  through  the  aper- 
ture, and  afterwards  a  decoction  of  the  tan ;  the  opening 
is  now  secured,  and  the  bags  thus  formed  are  deposited 
in  a  large  tun,  likewise  containing  a.  solution  of  sumac 
tan,  as  represented  in  Fig.  354,  where  they  are  floated 
and  moved  about,  so  as  to  expose  every  part  of  the 
skin  to  the  action  of  the  tanning  agent.  When  the 
solution  and  tan  in  the  leather  bags  are  supposed  to  be 
exhausted,  the  bags  are  taken  out  and  laid  on  the  rack 
adjoining  the  tun,  where  they  drain  for  some  time ;  they 
are  again  filled  with  the  strong  solution,  floated  and 
moved  about  in  the  large  tub  as  before,  till  the  tannin 
has  entered  into  combination.  They  are  now  removed 
from  the  tun,  placed  to  drain,  till  the  contained  liquor 
is  emptied  into  the  tun,  ripped,  and  cleaned  from  the 


debris  and  impurities  of  the  tanning  material  by  thorough 
washing  in  cold  water.  Any  wrinkles  are  removed  by 
working  on  the  beam  before  exposing  them  on  the  dry- 
ing loft.    During  the  desiccation,  the  skins  shrivel  so 
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much  as  to  necessitate  their  immersion  in  water  for 
some  time,  or  the  fulling  of  them  in  a  machine  such  as  is 
used  for  making  chamois  leather,  tepid  water  being  used. 
After  fulling,  several  workings  on  the  beam  are  given, 
as  well  on  the  hair  as  on  the  flesh  side,  in  order  to 
remove  the  excess  of  sumac.  One  of  these  workings  con- 
sists in  beating  the  tanned  skin  upon  a  table  studded 
with  round-headed  pegs,  with  the  view  of  breaking 
up  the  small  fibres,  which  otherwise,  by  their  contrac- 
tion or  expansion,  would  cause  the  articles  made  of  this 
kind  of  leather  to  become  deformed.  They  are  placed 
one  upon  another,  flesh  side  inwards,  and  stitched  round, 
or  indented  with  a  blunt  knife  round  the  border,  so  as  to 
keep  them  temporarily  together,  whilst  they  are  being 
handled  in  the  color-vat,  and  to  prevent  the  dye  being 
deposited  on  any  other  part  than  the  grain  side.  For 
all  the  shades  of  color,  with  the  exception  of  blue  and 
black,  a  steep  of  Campeachy  wood  is  employed,  heated 
as  hot  as  the  hand  can  bear ;  this  is  put  into  a  rect- 
angular vessel,  and  the  two  skins  laid  into  it  care- 
fully, and  pressed  and  worked,  so  as  to  induce  the 
penetration  of  the  liquor,  but  not  to  remove  them  from 
one  another.  Several  immersions  are  required  with 
fresh  coloring  matter,  till  the  proper  tint  is  obtained. 
Much  practice  and  attention  are  necessary  to  immerse 
and  work  the  skins  in  the  dye-vat,  in  order  to  stain 
them  efficiently,  and  prevent  the  color  running  on  both 
sides. 

Black  morocco  is  prepared  by  applying  with  a  brush, 
on  the  grain  side,  a  solution  of  sesquiacetate  of  iron. 
The  azure  tint  is  given  by  means  of  the  cold  indigo-vat, 
or  with  Prussian  blue ;  violets  and  purples  are  produced 
by  giving  two  coats  of  blue,  and  afterwards  passing  the 
skins  through  a  bath  of  cochineal,  the  strength  of  which 
is  regulated  according  to  the  shade  required ;  yellows 
are  obtained  by  working  with  quercitron  root,  finely 
ground  and  digested  to  abstract  the  color ;  this  dye  is 
very  brilliant  and  stable.  By  modifying  the  work  and 
multiplying  the  immersion  and  baths,  any  shade  inter- 
mediate between  those  described  can  be  obtained. 

The  dyed  skins  are  now  placed  on  the  plate  of  the 
hydraulic  press,  and  the  excess  of  dye-stuff  expressed, 
after  which  they  are  worked  on  the  beam,  to  remove 
creases  or  wrinkles,  and  dried ;  first  spontaneously  in 


LEATHER  Skiver  and  Roan— Parchment— Shagreen. 


a  current  of  cold  air,  and  afterwards  in  a  heated  atmos- 
phere. Before  being  perfectly  dry,  however,  they  are 
worked  with  the  knife,  slicker,  and  pommel,  as  in  the 
operation  of  currying,  whereby  they  acquire  suppleness 
and  equality  of  substance  throughout.  They  are  then 
well  polished,  and  the  peculiar  grain  of  morocco  leather 
given.  The  latter  is  done  sometimes  by  hand,  but 
more  generally  by  machinery. 

Rollers,  having  raised  parallel  straight  or  diagonal 
threads,  give  the  indented  or  wrinkled  appearance, 
which  distinguishes  this  kind  of  leather.  When  the 
skins  are  merely  tanned,  as  when  intended  for  the 
shoemaker,  and  then  curried,  the  operations  of  the  last 
process  are  such  as  are  applied  to  delicate  calf  skins, 
only  that  as  the  goat  skins  are  so  much  thinner,  much 
greater  care  and  delicacy  of  manipulation  must  be  exer- 
cised in  all  cases. 

Skiver  and  Roan. — Skiver  is  a  leather  prepared 
from  sheep  skin  and  sumac,  like  imitation  morocco, 
only  the  skins  are  split  by  machinery.  In  tanning  the 
sections,  however,  the  practice  differs  from  that  followed 
when  preparing  the  morocco  leather,  inasmuch  as  the 
sewing  of  the  skins  into  bags  is  omitted,  the  extreme 
thinness  of  that  intended  for  skiver  adapting  it  to  com- 
bine with  the  tan  more  readily  when  spread  out  in  the 
ooze.  Itoan  is  sheep  skin  tanned  like  morocco  leather 
in  all  its  details,  but  wanting  the  grain  given  to  the 
latter  by  the  grooved  rollers  in  the  finishing  processes. 

Before  closing  this  article,  it  may  be  proper  to  give 
a  short  notice  of  two  other  materials,  which,  though 
not  leather  in  the  proper  sense  of  the  term,  are  never- 
theless analogous  to  it ;  these  are  Parchment  and  Sha- 
green. Both  are  prepared  from  the  same  kinds  of  skin, 
but  generally  the  stronger  and  coarser  kinds  are  reserved 
for  the  latter. 

Parchment. — This  article,  undoubtedly  of  Eastern 
origin,  is  said  to  be  the  invention  of  Eumenes,  king  of 
Pergamus,  in  Asiatic  Turkey,  who  reigned  about  200 
years  before  Christ.  It  was  much  used  as  a  substi- 
tute for  the  papyrus,  owing  to  its  durability ;  and  even 
at  the  present  time  it  is  the  article  in  general  use  for 
valuable  writings,  such  as  deeds,  wills,  and  the  like. 
The  fine  parchment  used  for  such  purposes  is  manufac- 
tured from  the  skins  of  young  calves,  kids,  still-horn 
lambs,  sheep,  and  goats ;  but  when  intended  for  coarser 
purposes,  such  as  drum -heads  and  the  like,  those  of 
older  calves,  wolves,  asses,  and  Ac-goats,  are  taken. 
Soaking  or  fulling,  liming  till  the  hair  is  softened,  scrap- 
ing, fleshing,  and  washing,  prepare  the  skins  for  the 
process  of  conversion  into  parchment,  properly  so  called. 
It  consists  firstly  in  stretching  the  cleaned  pelt  upon  a 
circular  hoop,  or  more  generally  upon  a  stout  rectan- 
gular frame,  furnished  with  holes,  pins,  and  screws,  or 
skewers  and  cords,  for  exerting  any  required  tension. 
This  machine  is  usually  fixed  against  the  wall  of 
the  building,  for  the  purpose  of  facilitating  the  scrap- 
ing and  rubbing  of  the  drawn  skin,  after  it  has 
been  sufficiently  extended  by  the  pins  and  skewers. 
The  preliminary  scraping  effected  with  a  double-edged 
semicircular  knife,  formerly  referred  to,  removes  ad- 
hering flesh  and  other  extraneous  matter.  After 
the  fleshing,  the  frame  is  turned,  and  the  grain  side 
carefully  rubbed  with  the  blunt  edge  of  the  knife,  to 


throw  off  the  exudations  of  dirt  and  moisture.  Then 
follows  the  grinding,  which  consists  in  sprinkling  the 
flesh  side  with  finely-powdered  chalk,  or  slaked  lime, 
and  rubbing  with  a  piece  of  pumice-stone,  the  face  of 
which  is  previously  flattened  upon  a  sandstone.  By 
this  operation,  a  further  portion  of  the  assimilated  mois- 
ture is  taken  up.  A  slight  rubbing  with  the  pumice- 
stone  is  then  given  on  the  grain,  but  no  lime  is  used, 
and  afterwards  the  drying  is  allowed  to  go  on  gra- 
dually out  of  the  sun's  rays.  In  cold  weather,  the  freez- 
ing of  the  moisture  in  the  skin  would  be  injurious ;  and 
is,  therefore,  carefully  guarded  against  by  keeping  the 
temperature  of  the  room  above  32°,  or  by  protecting 
the  skins  with  cloths.  Towards  the  completion  of  the 
desiccation,  the  skewers  are  further  tightened.  Finally 
the  white  appearance  given  by  the  lime  is  removed  by 
careful  rubbing  with  the  woolly  side  of  a  lamb  skin. 
Should  grease  stains  be  now  detected,  it  is  necessary 
to  immerse  the  skin  anew  in  a  lime-pit  for  eight  or  ten 
days,  to  remove  them ;  this  induces  the  formation  of  a 
lime  soap  with  the  fatty  matter,  and  consequently  the 
deletion  of  the  spots.  The  pelt  is  again  stretched  on 
the  horse  or  frame,  and  dried,  and  then  transferred  to 
the  scraper,  who  mounts  it  upon  a  frame  like  the  last, 
the  tail  end  downwards,  and  stretches  it  with  cords  only, 
on  a  support  of  well-extended  crude  calf-skin.  Here 
it  is  carefully  pared  with  a  larger  and  sharper  knife, 
but  similar  to  the  one  used  for  fleshing,  to  remove 
inequalities,  and  then  scraped  on  the  grain  or  outside, 
till  a  perfectly  even,  smooth  surface  is  given.  What- 
ever is  wanting  in  this  operation,  is  remedied  by  a 
further  rubbing  with  a  very  fine-faced  piece  of  pumice- 
stone  on  a  cushioned  support.  Any  defects  in  the  skin, 
such  as  holes  and  the  like,  are  removed  by  carefully 
paring  round  the  edges  of  the  injured  part,  and  taste- 
fully patching  suitable  pieces  on  with  gum-water. 

The  green  color  of  parchment  is  given  by  spreading 
with  a  brush  a  solution,  made  with  thirty  parts  of  crys  - 
tallised  acetate  of  copper  and  eight  of  bitartrate  of 
potassa  in  five  hundred  of  rain  or  distilled  water,  four 
parts  of  nitric  acid  being  added  to  the  mixture  when 
cold.  It  is  necessary  to  moisten  the  skin  before  apply- 
ing this  dye.  Finally,  the  lustre  is  given  by  rubbing 
the  surface  with  a  solution  of  albumen  or  gum  arabic. 

Shagreen. — The  article  known  under  this  title  is 
very  analagous  in  its  nature  to  parchment,  and  conse- 
quently is  not  a  true  leather.  Like  parchment,  it  was 
originally  an  Eastern  preparation,  and  is  still  principally 
obtained  from  Astracan  and  Asiatic  Russia.  From  the 
accounts  obtained  of  the  manufacture,  it  appears  that 
only  the  hides  of  horses,  asses,  and  camels,  are  appropri- 
ated to  its  production,  and  of  these  only  the  small  strip 
from  the  crupper  along  the  chine  to  the  neck  is  used. 

The  strips,  cut  out  of  the  proper  size,  are  steeped  in 
water  till  the  hair  softens  and  gives  readily,  when  it  is 
removed  by  scraping;  they  are  again  steeped  and 
worked  by  the  flesher,  till  all  matter  extraneous  to  the 
skin  is  separated,  and  the  skin  itself  is  reduced  to  the 
proper  thinness.  They  are  now  mounted  on  the  herse, 
or  horse,  and  stretched  thoroughly,  being  occasionally 
moistened  to  favor  the  stretching. 

As  soon  as  this  has  been  carried  sufficiently  far,  the 
strips  of  skin  are  placed  on  the  floor  and  covered  on 
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the  grain  side  with  the  seeds  of  the  dlabuta  or  goose- 
foot — chenopocliurn  album.  A  covering  of  felt  is  then 
laid  on,  and  the  seeds  are  pressed  into  the  skin  by 
trampling  on  them,  or  by  the  use  of  mechanical  pres- 
sure. The  skins,  still  bound  in  the  frames,  are  then 
dried,  till  the  seeds  begin  to  drop,  when  the  latter  are 
shaken  off.  At  this  stage  the  skins  appear  dry,  horny, 
and  deeply  indented.  They  are  next  placed  on  a 
padded  horse,  and  shaved  till  the  indentations  caused 
by  the  seeds  become  very  shallow  and  of  uniform 
depth,  after  which  they  are  steeped  in  water  and  then 
in  a  hot  alkaline  lye,  and  piled  one  upon  another  whilst 
in  a  hot  moist  state.  During  the  time  they  are  so  left, 
the  compressed  parts  swell  out,  forming  as  it  were 
embossed  balls  on  the  skin,  and  thus  constitute  the 
peculiar  appearance  of  this  preparation.  Shagreen  is 
dyed  of  various  colors  ;  red  is  obtained  with  a  decoc- 
tion of  cochineal,  in  the  same  way  as  morocco ;  blue 
by  the  cold  indigo  vat ;  black,  by  steeping  the  skin,  or 
brushing  on  the  side  intended  for  the  dye,  a  solution 
of  tannin,  and  afterwards  one  of  sulphate  of  iron — 
copperas ;  and  green,  by  moistening  with  a  dense 
solution  of  chloride  of  ammonium — sal-ammoniac — 
and  sprinkling  the  part  so  moistened  with  copper 
turnings  and  rolling  up  the  strip,  keeping  the  grain 
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side  inwards.  The  ammoniacal  salt  dissolves  a  portion 
of  the  metal  and  forms  a  subsalt  with  it,  which  enters 
into  combination  with  the  skin,  and  gives  a  bright 
hue.  To  finish  the  article,  the  dyed  strips  are  carefully 
greased  and  worked  in  hot  water,  then  rubbed  with 
blunt  tools  and  dried. 

Shagreen  of  an  inferior  quality  has  been  made  from 
sheep,  goat,  horse,  and  even  fish  skins ;  the  treatment 
they  receive  is  analagous  to  that  already  described,  but 
for  the  most  part,  where  the  skin  is  weak,  a  slight 
tanning  is  allowed  before  shaving,  and  the  skin  is 
stretched  more  in  the  direction  of  its  length  than  cross- 
wise. The  grain  is  given  by  pressing  the  prepared 
skin  on  warm  copper  plates,  engraved  so  as  to  imitate 
the  appearance  of  the  genuine  shagreen. 

In  preparing  this  account  of  the  leather  manufacture, 
much  of  the  information,  besides  what  has  been  derived 
from  private  sources,  has  been  obtained  from  Doctor 
Mokfit's  able  work  on  Tanning,  Knapp's  Technologj', 
Sciiubart,  Dumas,  Paenell,  Sullivan,  the  Cata- 
logue of  the  Irish  Industrial  Exhibition,  and  other 
authorities. 

Statistics. — The  following  table  expresses  the  im- 
ported quantities  of  the  principal  tanning  materials  in 
1 849  in  hundredweights  : — 


Belgium,   141,392 

Holland   114,180 

East  Indian  empire,   — 

Naples  and  Sicily,   1,166 

Turkey,   — 

America,   42,318 

Australian  territories,   — 

Morocco,   27,619 

Norway,   12,784 

Spain,   9,594 

Tuscany,   9,931 

Australia,   4,563 

Syria,   — 

Greece,   — 

Miscellaneous,  ,   5,035 


Terra 
Japimicft. 


169,140 


Total,  . 


368,582    169,140 


Sumach. 

140 


218,380 
29,840 


440 
20 


2,980 
251,800 


296,000 
15,820 

4,320 

4,280 
10,480 
2,520 

333,420 


MAGNESIA.— English  and  French;  Tallcerde,  Bit- 
tererde — German. — This  is  one  of  the  primitive  earths, 
and  was  first  discovered  by  Sir  Humphrey  Davy  to 
be  the  oxide  of  a  metal  which  he  designated  magnesium, 
and  which  Liebig  has  proposed  to  prepare  by  calcin- 
ing a  mixture  consisting  of  chloride  of  magnesium 
and  chloride  of  ammonium.  Very  great  precautions 
are  requisite  in  this  method,  and  especially  the  most 
complete  desiccation.  On  the  mixture  being  dried, 
the  ammoniacal  salt  begins  to  volatilize  ;  the  mass  is 
to  be  pulverized  and  reheated,  in  order  to  expel  the 
last  traces  of  moisture.  The  difficulties  which  this 
operation  presents,  and  the  errors  to  which  it  fre- 
quently gives  rise,  induced  Bunsen  to  seek  for  a  less 
doubtful  and  convenient  method  of  procuring  this 
singular  metal.  Now,  the  chloride  of  magnesium  is 
decomposed  with  the  utmost  facility  by  the  galvanic 
current  when  it  is  liquefied  by  heat.  A  few  elements 
of  a  Bunsen's  battery  suffice  for  obtaining  in  a  short 
time  several  grammes  of  product. 

Take  a  platinum  crucible  equally  divided  by  a  ver- 
tical diaphragm  for  half  the  height  of  the  vessel ;  this 
diaphragm  is  necessary  for  the  protection  of  the  mag- 


nesium, in  proportion  as  it  is  released  from  the  action 
of  the  chlorine,  which  is  liberated  at  the  positive  pole 
of  the  battery.  The  crucible  is  closed  with  plugs  of 
fire-clay,  traversed  by  two  charcoal  stems  constructed 
as  for  batteries.  These  stems  form  the  poles;  that 
which  corresponds  to  the.  negative  pole  is  hollowed  with 
cavities  or  channels  for  the  purpose  of  retaining  the 
magnesium,  which,  if  this  precaution  were  omitted, 
would  float  on  the  bath  of  fused  chloride  of  magnesium, 
in  which  it  would  be  burned. 

Magnesium  is  silvery  white,  has  a  crystalline  and 
sometimes  fibrous  fracture,  is  malleable,  ductile,  and  fusi- 
ble at  a  dull  red  heat ;  it  is  sufficiently  hard,  however, 
to  work  under  the  file  and  chisel.  Its  specific  gravity, 
as  determined  by  various  experimenters,  ranges  from 
1  '87  to  2-24.  Dry  air  produces  no  action  upon  it,  but  in 
damp  it  is  tarnished,  and  covered  with  a  layer  of  mag- 
nesia. At  a  red  heat  it  consumes  with  a  brilliant  white 
flame.  Cold  water  is  only  very  gradually  and  with 
difficulty  decomposed  by  this  metal,  which, is  quickly 
dissolved  in  acidulated  water.  Finally,  it  ignites  when 
brought  into  contact  with  hydrochloric  acid,  whilst  con- 
centrated sulphuric  acid  dissolves  it  with  difficulty. 
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Oxide  of  magnesium,  or  magnesia,  is  a  fine,  light, 
white  powder,  void  of  taste  or  smell.  It  requires  for 
complete  solution  more  than  five  thousand  parts  of  cold, 
and  thirty-six  thousand  parts  of  boiling  water.  Its 
specific  gravity  is  2-30.  It  is  fusible  only  by  the  heat 
of  the  oxyhydrogen  blow-pipe.  Magnesia  changes  the 
purple  infusion  of  red  cabbage  to  a  bright  green.  It 
attracts  carbonic  acid  very  slowly  from  the  air.  Its 
equivalent  is  20,  and  its  composition  as  under : — 

Centesimnlly. 

1  Eq.  of  magnesium,   12   60-00 

1  Eq.  of  oxygen,   8   40-00 

1  Eq.  oxide  of  magnesium,          20   100-00 

This  oxide  occurs  in  nature  as  carbonate,  forming 
immense  masses  of  rock  in  various  parts  of  the  globe  ; 
also  associated  with  carbonate  of  lime  under  the  forms 
of  dolomite  and  magnesian  limestone ;  and  as  sulphate 
of  magnesia — Epsom  salts — occurring  in  many  saline 
springs. 

It  is  best  obtained  pure  by  heating  the  carbonate  to 
redness ;  but  it  is  also  procured  by  precipitating  with 
potassa  or  soda  the  sulphate,  filtering  and  well  edul- 
corating the  deposit  with  distilled  water. 

Carbonate  of  potassa  or  soda  causes  a  precipitate  in 
solution  of  magnesia ;  but  carbonate  and  sesquicarbo- 
nate  of  ammonia,  owing  to  the  formation  of  a  soluble 
double  salt,  gives  only  a  partial  precipitate ;  and,  for 
the  same  reason,  oxalate  of  ammonia  does  not  occa- 
sion any  turbidity  in  liquids  containing  magnesia.  By 
this  last  character  the  earth  is  separated  from  lime. 
The  most  delicate  test  for  magnesia  in  a  solution  is 
to  add,  first,  carbonate  of  ammonia,  then  phosphate  of 
soda — 2  Na  O,  HO,  P06— which  forms  an  insoluble 
double  phosphate  of  magnesia  and  ammonia — 2  Mg  0, 
NH4  0,  P05 — in  the  form  of  a  dense  crystalline  powder. 
It  will  be  at  once  seen,  that  in  the  above  change  the 
ammonia  merely  replaces  the  water  in  the  phosphate 
of  soda.  The  salts  of  magnesia  are  isomorphous  with 
those  of  oxide  of  zinc. 

Physiological  Effects. — When  taken  inwardly,  mag- 
nesia neutralizes  the  free  acids  contained  in  the  sto- 
mach and  intestines,  and  forms  therewith  soluble  salts. 

As  an  antacid  it  is  as  efficacious  as  the  alkalies, 
while  it  has  an  advantage  over  them  in  being  less 
irritant  and  not  caustic,  and  thereby  is  not  apt  to 
occasion  any  derangement  of  the  digestive  organs.  It 
may  be  employed  to  neutralize  acids  introduced  into 
the  stomach — as  in  cases  of  poisoning  by  the  mineral 
acids — or  to  prevent  the  excessive  formation  of,  or  to 
neutralize  when  formed,  acid  of  the  animal  economy. 
Thus  it  is  administered  to  relieve  heartburn,  arising 
from,  or  connected  with,  the  secretion  of  an  abnormal 
quantity  of  acid  by  the  stomach ;  its  efficiency  is  best 
seen  in  persons  of  a  gouty  or  rheumatic  diathesis,  in 
which  the  urine  contains  excess  of  uric  acid.  It  re- 
lieves the  headache  to  which  such  individuals  are  not 
unfrequently  subject.  It  is  most  efficacious  in  dimin- 
ishing the  quantity  of  uric  acid  in  the  urine  in  calculous 
complaints ;  and,  according  to  Brande,  it  is  sometimes 
effectual  where  the  alkalies  have  failed. 

As  a  laxative,  magnesia  is  much  employed  in  the 
treatment  of  diseases  of  children.    It  is  tasteless,  mild 


in  its  operation,  and  antacid — qualities  which  render  it 
most  valuable  as  an  infant's  purgative.  Independently 
of  these,  Hufeland  ascribes  to  it  a  specific  property 
of  diminishing  gastro-intestinal  irritation  by  a  directly 
sedative  influence. 

As  a  purgative,  the  dose  for  adults  is  from  a  scruple 
to  a  drachm ;  for  infants,  from  two  to  ten  grains.  As 
an  antacid,  the  dose  is  from  ten  to  thirty  grains  twice 
a  day.  It  is  conveniently  given  in  milk.  Magnesia 
has  been  used  with  success  as  an  antidote  to  arsenic. 
— Pereira. 

The  Editor  will  now  describe  cursorily  those  salts  of 
magnesia  which  are  of  importance,  and  which  are  much 
used  in  the  arts. 

Sulphate  of  Magnesia.. — This  salt  is  found  in 
certain  mineral  springs,  as  those  of  Seidlitz,  Leyds- 
chutz,  Egra,  and  formerly  Epsom,  in  Surrey,  whence 
the  name  Epsom,  salts.  Dr.  Grew  first  obtained  it 
from  the  Epsom  waters.  It  has  had  a  variety  of  names, 
such  as  bitter  purging  salt,  sal  anglicum,  sal  seidlitzeuse, 
sal  catkarticum,  and  vitriolated  magnesia.  At  the 
Lymington  Salt  Works,  says  Pereira,  it  is  called  phy- 
sical salt,  to  distinguish  it  from  common  salt.  Its 
presence  in  the  above-named  springs  appears  to  proceed 
from  the  reaction  of  the  sulphate  of  lime,  held  in  solu- 
tion, upon  the  magnesian  limestone  of  the  soil. 

Sulphate  of  magnesia  is  also  obtained  by  the  action 
of  sulphuric  acid  upon  calcareous  rocks  rich  in  car- 
bonate of  magnesia,  such  as  dolomite.  The  compound 
is  calcined,  and  reduced  to  powder  by  being  aspersed 
with  water ;  it  is  then  diffused  through  water,  and 
sulphuric  acid  is  added  :  sulphate  of  lime  and  sulphate 
of  magnesia  are  formed,  the  one  barely  soluble  in 
water,  and  the  other  very  much  so ;  consequently, 
they  are  readily  separated. 

Epsom  salts  are  also  extensively  made  from  the 
bittern  or  mother-liquor  remaining  after  the  evapora- 
tion of  sea  water,  and  the  separation  of  the  chloride  of 
sodium  therefrom. 

At  Lymington,  in  Hampshire,  sulphate  of  magnesia 
is  manufactured  from  bittern  during  the  winter  months. 
The  liquor  is  boiled  for  some  hours  in  the  pans  used 
during  the  summer  for  the  preparation  of  chloride  of 
sodium.  During  the  ebullition,  some  chloride  of  sodium 
deposits.  The  lighter  impurities  are  separated  by  skim- 
ming, and  the  strong  solution  is  removed  into  wooden 
refrigerators,  where,  in  a  day,  one  eighth  part  of  crystals 
of  sulphate,  called  single  Epsom  salts,  or  singles,  are 
deposited.  These  are  drained,  dissolved,  and  recrys- 
tallized  ;  they  are  then  termed  double  Epsom  salts,  or 
simply  doubles. 

At  Monte  della  Guardia,  near  Genoa,  sulphate  of 
magnesia  is  prepared  from  schistose  minerals  contain- 
ing sulphur,  magnesia,  copper,  and  iron.  Pereira  states 
that  the  ores,  after  roasting,  are  converted  into  sul- 
phates by  moistening,  et  cetera.  They  are  then  lixi- 
viated, and  the  solution  is  deprived,  first  of  copper 
by  refuse  iron,  and  afterwards  of  iron  by  lime.  At 
Baltimore,  sulphate  of  magnesia  is  procured  from  the 
silicious  hydrate  of  magnesia,  or  marmoVite,  by  reduc- 
ing the  mineral  to  powder,  saturating  with  sulphuric 
acid,  and  calcining  the  dried  mass  to  sesouioxidise  the 
iron.    It  is  then  redissolved  in  watc,  heated  with 
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sulphide  of  calcium  to  remove  the  remaining  iron,  and 
crystallized.  By  a  second  crystallization  it  is  obtained 
nearly  pure. 

A  very  large  quantity  of  sulphate 
of  magnesia  is  manufactured  at 
Newcastle-upon-Tyne.  It  is  made 
from  magnesian  limestone,  calcined 
and  washed  to  separate  the  lime, 
then  adding  sulphuric  acid,  et 
cztera.  Another  mode  is  by  calcin- 
ing rough  Epsom  salts  along  with 
magnesia. 

From  Magnesian  Limestone. — 
In  England,  says  Knapp,  the  sul- 
phate is  sometimes  manufactured 
directly  from  magnesian  limestone 
and  sulphuric  acid,  in  conjunction 
with  other  products.  The  carbonic 
acid  produced  by  the  action  of  the 
sulphuric  acid  is  employed  in  the 
manufacture  of  bicarbonate  of  soda, 
while  the  mixed  sulphate  of  lime 
and  magnesia  are  thrown  into  large  wooden  vessels, 
fitted  with  a  false  bottom.  Water  is  now  poured 
upon  the  thick  mass,  and  drawn  through  by  the  action 
of  a  pair  of  pumps,  worked  from  an  engine  shaft  in 
any  convenient  manner.  In  this  way,  the  whole  of 
the  sulphate  of  magnesia  is  extracted  with  the  least 
expenditure  of  water;  and  the  solution,  after  being 
pumped  into  a  reservoir,  is  allowed  to  filter  through 
layers  of  sandstone  and  charcoal,  to  render  it  clear 
and  bright.  The  menstruum  is  now  concentrated  by 
evaporation,  and  made  to  crystallize  as  rapidly  as 
possible,  in  shallow  wooden  troughs  lined  with  lead,  in 
order  that  the  crystals  may  be  as  small  as  possible,  to 
meet  the  prejudice  of  the  trade  in  this  respect.  The 
sulphate  of  lime  left  on  the  filter  or  false  bottom  is 
worked  up  in  the  manufacture  of  Venetian  red. 

The  process,  however,  which  is  more  generally  pur- 
sued is  as  follows  : — 

Magnesian  limestone  is  calcined  in  an  ordinary  lime- 
kiln, and  repeatedly  washed  with  water  to  remove  as 
much  of  the  lime  as  possible.  The  extent  to  which 
this  is  carried  may  be  inferred  from  the  following 
analyses,  by  Kichardson,  of  a  sample  of  lime  in  its 
natural  state,  and  after  it  had  been  calcined  and 
washed  : — 

NATURAL. 

Carbonic  acid,  et  cetera   47*12 

Lime,   27*49 

Magnesia,   22-22 

Insoluble  matter,  alumina,  et  cetera   3-17 

100-00 

WASHED. 

Water,  et  cetera   32-51 

Lime   7-34 

Magnesia,   44-41 

Insoluble  matter,  alumina,  et  cetera,   15-74 

100-00 

The  limestone  selected  by  the  manufacturer  for  this 
purpose  is  soft,  and  similar  to  that  known  as  flexible ; 
such  samples  as  have  the  appearance  shown  in  the 
engraving— Fig.  354—do  not  usually  contain  so  much 
magnesia. 


From  Refuse  Alum  Liquors. — In  the  manufacture 
of  alum  as  conducted  near  Whitby,  the  salts'  mothers, 

Pig.  854 


according  to  Kichardson,  contain  in  the  gallon  : — 

Grains. 

Sulphuric  acid,   2697-61 

Sulphate  of  magnesia,   8190-40 

Sulphate  of  alumina,   852-24 

Sulphate  of  potassa,   3693-32 

Sulphate  of  manganese,   106*06 

Sulphate  of  nickel  and  cobalt,   traces 

Sulphate  of  iron,   3026*67 

19286  30 

Which,  by  crystallization,  produces  a  crude  sulphate  of 
magnesia,  called  Rough  Epsoms,  and  having  the  follow- 
ing composition : — 

Sulphuric  acid,   32*26 

Magnesia,   15*35 

Protoxide  of  iron,   1*73 

Oxides  of  nickel  and  cobalt,   0*12 

Lime,   0*09 

Alumina   1*33 

Potassa,   0*83 

Water,   48*29 

100*00 

These  rough  Epsoms  are  mixed  with  the  magnesian 
lime  in  such  proportions  that  all  the  sulphuric  acid, 
except  that  in  combination  with  the  potassa  and  mag- 
nesia, is  taken  up  by  the  free  alkaline  earths.  The 
mixture  is  then  calcined  in  an  ordinary  reverberatory, 
at  a  dull  red  heat,  which  assists  the  transfer  of  the  sul- 
phuric acid,  and  raises  the  metals  to  a  higher  degree 
of  oxidation,  thereby  insuring  their  insolubility.  The 
calcined  product  is  afterwards  thrown  into  a  large 
circular  cistern,  filled  with  water,  and  in  which  a  pair  of 
edge-stones  are  made  to  revolve  by  suitable  machinery. 
By  this  arrangement,  the  large  pieces  are  ground  to 
powder,  while  the  agitation  produced  by  the  motion  of 
the  edge-stones  facilitates  the  solution  of  the  Epsom  salt. 

The  sulphate  of  magnesia  liquor  is  subsequently 
clarified  in  the  manner  previously  described,  and  crys- 
tallized in  the  usual  hollow  pans.  When  the  liquid  has 
drained  off  from  the  crystals,  they  are  removed  to  a 
stove,  and  exsiccated  at  a  low  temperature.    In  this 
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dry  state,  they  are  thrown  into  a  species  of  sieve  or 
temse,  which  reduces  still  further  the  size  of  the 
crystals,  and  renders  the  whole  of  a  more  uniform 
appearance. 

From  Native  Carbonate  of  Magnesia. — Mr.  Chance 
has  lately  imported  a  very  pure  natural  carbonate  of 
magnesia  from  the  Mediterranean,  to  which  he  adds 
sulphuric  acid,  and  proceeds  in  the  usual  way  for  the 
production  of  the  sulphate ;  and  having,  it  is  under- 
stood, secured  the  entire  produce  of  the  mine,  he  is 
likely  to  become  a  formidable  competitor  to  the  other 
manufacturers. 

Another  article  which  is  manufactured  to  some  extent, 
requires  a  passing  notice,  namely,  the  salt  termed  Mock 
Epsoms,  which  is  simply  sulphate  of  soda  crystallized 
very  rapidly  in  shallow  vessels,  for  the  purpose  of  adul- 
terating the  genuine  article. 

The  sulphate  of  magnesia  crystallizes  in  right  prisms, 
which  at  60°  are  soluble  in  their  own  weight  of  water. 
When  exposed  to  the  air,  they  effloresce,  and  are 
reduced  to  powder.  The  intensely  bitter  taste  of  this 
salt  is  well-known.    It  is  composed  of, — 

Centesimaily. 

Magnesia,   16-26 

Sulphuric  acid,   32'52 

Water,   51-22 

100-00 

Mr.  Alexander  S.  Stevenson  informs  the  Editor 
that  about  two  thousand  tons  a-year  are  made  in  Great 
Britain,  and  of  this  quantity  the  Jarrow  Chemical  Com- 
pany of  South  Shields  produce  one  half. 

Hydrated  sulphate  of  magnesia,  MgO,  S03  -f-  7  HO, 
crystallizes  at  the  ordinary  temperature,  in  four-sided 
prisms,  with  reversed  dihedral  summits  or  four-sided 
pyramids.  They  are  doubly  refracting,  and  their  den- 
sity is  1-70.  When  crystallized  at  a  high  temperature, 
the  salt  contains  only  six  equivalents  of  water,  and  if 
crystallized  below  32°,  large  crystals  are  the  result, 
having  twelve  equivalents  of  water.  If  heated  to  460°, 
sulphate  of  magnesia  still  retains  one  equivalent  of 
water,  but  it  becomes  anhydrous  beyond  this  degree 
of  heat ;  hence  the  Editor  represents  its  composition  as 
follows — HO,  MgO  S03  +  6  eq.  The  crystals  are 
soluble  in  about  three  ounces  weight  of  water  at  60°, 
and  in  three-fourths  their  weight  of  boiling  water — as 
given  by  Tomlinson.  One  hundred  parts  of  water  at 
32°  dissolve  25-76  parts  of  the  anhydrous  salt,  and  for 
every  degree  above  this  temperature,  the  water  takes  up 
0-26564  parts  additional.  It  is  somewhat  remarkable 
that  sulphate  of  magnesia  is  much  more  readily  dis- 
solved by  hydrochloric  acid  than  by  water.  Sulphate 
of  magnesia  is  insoluble  in  alcohol.  Pure  crystals 
exposed  to  the  air  have  a  slight  tendency  to  efflor- 
esce; the  commercial  article  alwaj's  deliquesces  on 
account  of  the  presence  of  more  or  less  chloride  of 
magnesium.  Sulphate  of  soda  is  often  used  to  adul- 
terate the  sulphate  of  magnesia;  the  fraud  is  easily 
detected  by  exposing  a  portion  to  the  blowpipe  flame. 
If  any  soda  be  present,  the  characteristic  yellow  color 
appears. 

Annexed  is  the  centesimal  composition  of  the  officinal 
Epsom  salts  : — 


Theory.  Found. 

1  Eq.  Magnesia,   20          16-26  16-04 

1  Eq.  Sulphuric  acid,.. .  40          32  52           32  53 

7Eqs.  Water,   63  51-22  ....  51-43 

123        100-00  100-00 

Physiological  Effects. — In  moderate  doses,  sulphate 
of  magnesia  is  a  mild  and  perfectly  safe  antiphlogistic 
purgative,  which  promotes  the  secretion  as  well  as  the 
peristaltic  motion  of  the  alimentary  canal.  It  is  very 
similar  in  its  operation  to  sulphate  of  soda,  than  which 
it  is  less  likely  to  nauseate,  or  otherwise  disorder 
the  digestive  functions,  while  it  acts  somewhat  more 
speedily  on  the  bowels.  It  does  not  occasion  nausea 
and  griping,  like  some  of  the  vegetal  purgatives,  nor 
has  it  any  tendency  to  create  febrile  disorder  or  inflam- 
matory symptoms ;  but,  on  the  other  hand,  has  a 
refrigerant  influence  :  hence  it  is  commonly  termed  a 
cooling  medicine.  In  small  doses,  largely  diluted  with 
aqueous  fluids,  it  becomes  absorbed,  and  slightly  pro- 
motes the  action  of  other  emunctories :  thus,  if  the 
skin  be  kept  cool,  and  moderate  exercise  conjoined,  it 
acts  as  a  diuretic.  Dr.  Christison  mentions  a  case 
of  supposed  poisoning,  in  a  boy  of  ten  years  old,  by 
two  ounces  of  Epsom  salts.  The  symptoms  were, 
staggering,  imperceptible  pulse,  slow  and  difficult  breath- 
ing, extreme  debility,  and  death  within  ten  minutes, 
without  vomiting.  More  recently,  an  old  man,  a 
confirmed  drunkard,  was  poisoned  by  imbibing  several 
pints  of  beer  drugged  with  sulphate  of  magnesia.  He 
was  seized  with  violent  purging,  and  died  within  forty- 
eight  hours.  The  quantity  taken  was  not  ascertained, 
but  there  is  reason  to  believe  the  dose  was  large. 

On  account  of  the  mildness  and  general  safety  of  its 
operation,  its  ready  solubility,  and  its  cheapness,  sulphate 
of  magnesia  is  by  far  the  most  commonly  employed 
purgative,  both  by  the  public  and  the  profession.  The 
only  objection  to  its  use  is  its  bitter  and  unpleasant 
taste.  To  state  all  the  cases  in  which  it  is  administered 
would  be  to  enumerate  nearly  the  whole  catalogue  of 
known  diseases.  It  must,  therefore,  be  sufficient  to 
mention,  that  it  is  excellently  well  adapted  as  a  purga- 
tive for  febrile  and  inflammatory  diseases,  obstinate 
constipation,  ileus,  lead  colic,  even  incarcerated  her- 
nia, narcotic  poisoning,  et  cetera.  It  may  be  used  as 
an  antidote  in  poisoning  by  the  salts  of  lead  and 
baryta. 

As  a  purgative,  it  is  usually  administered  in  doses  of 
from  half  an  ounce  to  an  ounce  and  a  half ;  but  if 
taken  in  the  morning,  fasting,  a  smaller  dose  will  suffice. 
Sulphate  of  magnesia  is  extensively  used  by  veterinary 
surgeons. — Pereira. 

Carbonate  of  Magnesia.  —  This  compound  is 
known  in  the  mineral  kingdom  as  magnesite;  it  is  found 
in  Piedmont  and  Moravia,  and  also  in  North  America, 
in  veins  of  serpentine,  accompanying  the  native  hydrate. 
It  also  occurs  in  combination  with  carbonate  of  lime, 
with  which  it  is  isomorphous.  Most  of  the  calcareous 
rocks  contain  a  small  quantity  of  magnesia.  In  the 
species  of  marble  called  Dolomite,  which  occurs  abun- 
dantly in  the  Alps,  about  forty  per  cent,  consists  of 
carbonate  of  magnesia ;  the  marble  itself  is  a  double 
carbonate  of  lime  and  magnesia,  CaO,  C02  -}-  MgO,  C02. 
The  magnesian  limestone  of  Derby  and  Nottingham  is 
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generally  of  a  yellowish  color ;  it  dissolves  less  rapidly 
in  dilute  hydrochloric  acid  than  the  purer  limestone, 
whence  the  French  term  it  chaux  carbonatee  lente.  It 
affords  excellent  lime  for  cements,  but  is  not  adapted 
to  agricultural  purposes,  probably  in  consequence  of 
the  lime  remaining  so  long  caustic. 

When  an  alkaline  carbonate  is  poured  into  a  solu- 
tion of  a  salt  of  magnesia,  a  white  gelatinous  preci- 
pitate is  formed,  which  is  a  hydrated  carbonate  of 
magnesia,  or  a  combination  of  the  hydrate  and  of  the 
carbonate.  The  proportions  of  these  two  compounds 
vary  according  to  the  quantity  of  alkaline  carbonate 
employed,  the  strength  of  the  solutions,  and  the  tem- 
perature. This  product  is  made  in  large  quantities 
in  pharmaceutical  chemistry,  and  is  the  magnesia  alba 
of  the  pharmacopoeia.  Two  kinds,  identical  in  compo- 
sition, are  prepared,  namely,  the  light  and  the  heavy. 
For  heavy  magnesia,  add  one  volume  of  a  cold  saturated 
solution  of  carbonate  of  soda  to  a  boiling  mixture  of 
one  volume  of  a  saturated  solution  of  sulphate  of 
magnesia,  and  three  volumes  of  water;  boil  until 
effervescence  has  ceased,  constantly  stirring  with  a 
spatula ;  then  dilute  with  boiling  water,  set  aside,  pour 
oil'  the  supernatant  liquor,  and  wash  the  precipitate 
with  hot  water  on  a  linen  cloth  ;  afterwards  dry  it  by 
heat  in  an  iron  pot.  Light  magnesia  is  prepared  by 
employing  dilute  solutions  of  the  sulphate  of  magnesia 
and  carbonate  of  soda.  If  no  heat  be  used,  it  is  apt  to 
bo  gritty. 

A  heavy  granular  magnesia  is  prepared  by  separ- 
ately dissolving  twelve  parts  of  sulphate  of  magnesia, 
and  thirteen  parts  of  crystallized  carbonate  of  soda,  in 
as  small  a  quantity  of  water  as  possible,  mixing  the  hot 
solutions,  and  washing  the  precipitate.  The  light  cubes 
of  magnesia  are  prepared  as  follows : — A  solution  of  one 
hundred  parts  of  sulphate  of  magnesia  in  one  hundred 
of  water,  is  put  into  a  vat  heated  by  steam  ;  a  solution 
of  one  hundred  and  twenty-five  parts  of  crystallized 
carbonate  of  soda  is  quickly  stirred  into  it,  and  the 
temperature  raised  to  176°,  to  expel  carbonic  acid, 
which  holds  some  of  the  magnesia  in  solution ;  the  liquor 
is  then  decanted  off  the  precipitate,  and  this  is  washed 
three  times  by  subsidence,  and  decantation  with  luke- 
warm water,  free  from  salts  of  lime.  It  is  then  trans- 
ferred to  linen  strainers,  and  allowed  to  drip  from  twenty- 
four  to  forty-eight  hours,  and  is  transferred  in  a  wet 
state  to  cubical  boxes  without  bottoms,  placed  upon  a 
table  of  plaster  or  porous  stone,  which  quickly  absorbs 
the  water :  after  some  time,  the  boxes  are  turned  upside 
down,  so  as  to  present  the  upper  side  of  the  magnesia 
to  the  absorptive  surface  :  the  exsiccation  is  completed 
in  warm  rooms. — Tomlinson. 

Pereira  remarks  that  the  heavy  carbonate  of  mag- 
nesia is  a  granular  substance,  and  contains  no  traces 
of  the  prismatic  crystals  observed  in  the  light  carbon- 
ate. When  submitted  to  microscopic  investigation,  it 
is,  seen  to  consist  ol  granules  of  various  sizes ;  the  larger 
ones  are  highly  refractive,  globular,  and  composed  of 
concentric  'avers  of  a  radiated  structure.  When  ex- 
amined by  the  polarising  microscope,  they  are  found 
to  possess  a  doubly  refracting,  structure ;  and,  like  the 
globules  of  carbonate  of  lime  deposited  from  the  urine 
of  hoi-es  and  bullocks,  show  the  black  cross.  When 
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placed  over  a  plate  of  selenite,  and  examined  by  polar- 
ised light,  the  quarters  or  spaces  between  the  arms  of 
the  cross  are  colored :  those  next  to  each  other  show 
complementary  tints — the  alternate  ones  the  same 
tints.  Thus,  if  the  first  quarter  be  green,  the  third 
will  be  green  also ;  but  the  second  and  fourth  will 
be  red. 

The  carbonate  of  magnesia  of  commerce  is  likewise  ob- 
tained in  various  ways  from  bittern.  It  is  also  separated 
from  magnesian  limestone  by  a  process  adopted  by  Mr. 
Pattison,  which  consists  in  calcining  it  at  a  dull  red 
heat,  by  which  only  the  magnesian  carbonate  is  decom- 
posed; the  calcined  stone  is  then  diffused  through  water, 
and  subjected  to  the  action  of  carbonic  acid,  under 
pressure,  by  which  the  magnesia  alone  is  dissolved, 
and  is  afterwards  obtained  by  rapidly  boiling  down 
the  solution.  It  is  a  beautiful  white  substance,  very 
light,  and  without  taste  or  smell.  It  dissolves  in 
two  thousand  five  hundred  parts  of  cold,  and  in  nine 
thousand  parts  of  hot  water,  and  is  generally  com- 
posed of— 

Contesimally. 

Magnesia,   53-60  . 

Carbonic  acid,   41-73 

Water,   4-67 

100-00 

By  passing  a  current  of  carbonic  acid  through  a 
mixture  of  water  and  carbonate  of  magnesia,  a  clear 
solution  is  obtained,  which,  surcharged  with  carbonic 
acid,  is  a  useful  preparation  that  has  been  extensively 
advertised  under  the  name  of  soluble  magnesia,  or 
bicarbonate  of  magnesia.  This  compound  cannot  be 
obtained  in  the  solid  or  crystalline  form,  for  the  solution 
gives,  by  evaporation,  oblique  rhombic  prisms  of  hy- 
drated carbonate  of  magnesia,  which  on  being  put  into 
cold  water  are  decomposed,  carbonate  of  magnesia 
being  dissolved,  and  a  subcarbonate  deposited. — Tom- 
linson. 

Citrate  of  Magnesia. — This  is  prepared  by  saturating 
a  solution  of  citric  acid  with  carbonate  of  magnesia. 
It  is  a  white  pulverulent  insipid  salt,  very  soft  to  the 
touch,  heavier  than  magnesia,  and  when  a  slight  excess 
of  citric  acid  is  present,  is  dissolved  readily  by  water. 
Its  composition  is— 3  MgO,  Ci,  HO,  or  3  MgO,  C12  H6 
Ou,  HO ;  equivalent  weight,  234. 

It  is  a  slight  and  agreeable  aperient,  and  its  superi- 
ority over  other  saline  deposits  consists  in  its  being 
devoid  of  any  disagreeable  taste. 

Tartrate  of  magnesia  is  obtained  in  a  similar  way  to 
the  preceding  salt,  substituting  tartaric  for  the  citric 
acid,  and  evaporating  the  solution  to  dryness  at  212°. 
The  resulting  crystals  consist  of  2  MgO  T,  8  HO,  or 
2  MgO,  C8  H4  O10  +  8  HO.  Equivalent  weight,  234. 
This  salt  has  been  used  with  success  in  painful  chronic 
maladies  of  the  spleen. 

Sulphite  of  Magnesia. — This  salt  is  now  largely 
manufactured  in  Manchester,  and  is  employed  as  a 
disinfectant,  et  cetera.  Full  particulars  with  regard  to 
its  use  are  given  in  Vol.  I.,  page  565. 
'  Steatite  or  Soap-stone. — This  substance,  remarks 
Knapp,  is  known  also  under  the  more  familiar  names 
of  Spanish  or  Venetian  chalk,  and  is  composed  of  silica, 
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magnesia,  alumina,  oxide  of  iron,  oxide  of  manganese, 
and  water.  It  is  found  in  North  America,  Sala  in  Swe- 
den, Cornwall,  and  China.  It  is  employed  in  polishing 
articles  made  of  serpentine,  marble,  sulphate  of  lime, 
and  plate-glass ;  it  is  also  sometimes  used  as  a  substi- 
tute for  grease  for  the  axles  of  carriages.  It  is  further 
used  for  sketching  in  outline  on  silk,  linen,  and  glass ; 
as  crayon;  for  painting  on  glass,  and  for  removing 
stains  in  woollen  and  silk  goods.  It  has  also  been 
added  in  some  cases  to  the  materials  for  porcelain,  to 
improve  the  transparency,  but  it  renders  the  mass  much 
more  brittle.  The  apparatus  employed  for  the  pro- 
duction of  chlorine  is  occasionally  manufactured  from 
this  material,  as  it  resists  the  corrosive  action  of  that 
remaikable  gas. 

Meerschaum. — Silicate  of  magnesia,  under  this  name, 
is  employed  in  manufacturing  the  celebrated  tobacco- 
pipes  ;  its  composition  is  as  follows  : — 

Levant.  Madrid.  Natolia. 

I.ychneU.  Berthler.  Tuomaon. 

Silica,   60-87    ..    53-80    ..  42-00 

.     Magnesia,   27-80    ..    23-80    ..  30-50 

Lime,   —      . .      —      . .  2-30 

I  0-09  ..  1-20  ..  2-00* 
Oxide  ot  iron,. . ,  j 

Water,                 11-24  ..  20-00  ..  23-00 

Loss,                     —  ..  1-20  ..  -20 

100-00       100-00  100-00 

MEERSCHAUM  FROM  MOBOCCO  ANALYSED  BY  DAMOUB. 

Silica   55-00 

Magnesia,   28-00 

Alumina,   1-20 

Oxide  of  iron,   1-40 

Lime,   1-00 

Potassa,   '52 

Water,   10-35 

Sand,   2-50 

Loss,   '03 

100-00 

Asbestos. — This  material  is  of  frequent  use  in  the 
laboratory,  and  in  the  manufacture  of  various  articles 
destined  to  resist  the  action  of  fire,  such  as  lamp-wicks, 
ct  cetera.  .Annexed  is  its  composition  : — 

KobeU.         Richardson.  Thomson. 

Silica,   43-50    ..  43-25  ..  40-95 

Magnesia,   40-00    ..  33-85  ..  34-70 

Oxide  of  iron,. . .  2-08\  1n  „„  flO-05 

Alumina,   -40  f  •  ■  iu'au  "t  1-30 

Water,   13-80'  ..      7-00  ..  12-00 

Loss,   -22    . .     5-00  . .  1-00 

100-00        100-00       100  00 

Brande  states,  that  the  salts  of  magnesia  are  mostly 
soluble  in  water,  and  bitter ;  they  are  all  soluble  in 
hydrochloric  acid ;  their  aqueous  solutions  are  pre- 
cipitated by  potassa  and  soda,  the  precipitate  being 
soluble  in  hydrochloric,  nitric,  and  sulphuric  acids,  and 
in  hydrochlorate,  nitrate,  and  sulphate  of  ammonia. 
Ammonia  only  throws  down  part  of  the  magnesia,  and 
forms  a  double  salt,  and  carbonates  of  potassa  and  soda 
only  throw  down  part  of  the  magnesia,  except  the 
solution  be  heated,  when  nearly  the  whole  is  precipi- 
tated. Chloride  of  ammonium  redissolves  the  deposit, 
and  when  previously  added  to  the  magnesian  solution, 
no  precipitate  ensues  on  adding  the  alkaline  carbonates, 
unless  the  liquor  be  warmed.     The  bicarbonates  of 
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ammonia,  potassa,  and  soda,  give  no  precipitate  in 
magnesian  solutions,  except  the  liquor  be  boiled.  Com- 
mon phosphate  of  soda  only  precipitates  concentrated 
magnesia  solutions,  but  if  ammonia  or  carbonate  of 
ammonia  be  added,  the  magnesia  is  thrown  down  in  the 
form  of  ammonio-magnesian  phosphate.  Moistened 
with  nitrate  of  cobalt,  and  heated  before  the  blow-pipe, 
the  magnesian  salts  give  pale  rose-colored  compounds : 
the  tint  is  only  distinct  on  cooling,  and  never  very 
intense. 

The  separation  of  magnesia  and  lime  is  a  problem 
of  some  importance  in  analytical  chemistry,  as  they 
often  exist  together  in  the  same  mineral,  especially 
in  the  varieties  of  magnesian  limestone.  Phillips 
proposes  the  following  process : — To  the  hydrochlo- 
ric or  nitric  solution  of  lime  and  magnesia,  add  sul- 
phate of  ammonia  in  sufficient  quantity;  evaporate 
the  mixture  gradually  to  dryness,  and  then  heat  the 
residue  to  redness,  till  it  ceases  to  lose  weight,  by  the 
volatilization  of  the  chloride  of  ammonium  or  nitrate 
of  ammonia  formed.  Note  the  weight  of  the  mixed  salt, 
reduce  it  to  powder,  and  wash  it  with  a  saturated  solu- 
tion of  sulphate  of  lime  till  all  the  sulphate  of  magnesia 
appears  to  be  dissolved ;  dry  the  sulphate  of  lime  left, 
and  by  deducting  its  weight  from  that  of  the  mixed 
sulphates,  the  quantity  of  magnesia  dissolved  will  ap- 
pear. Dissolve  the  two  earths  in  hydrochloric  acid  in 
excess,  and  saturate  the  acid  liquor  by  ammonia,  then 
add  oxalate  of  ammonia,  and  collect  the  precipitated 
oxalate  of  lime  on  a  filter ;  the  magnesia  which  is 
retained  in  the  filtered  liquor,  may  be  thrown  down  by 
phosphate  of  soda  in  the  form  of  ammonio-magnesian 
phosphate,  or  the  solution  may  be  evaporated  to  dry- 
ness, and  the  residue  heated  red-hot  so  as  to  leave 
magnesia.  Evaporate  the  hydrochloric  solution  of  the 
two  earths  to  dryness,  and  expel  the  excess  of  acid 
from  the  residue,  by  heating  in  a  platinum  crucible : 
powdered  chlorate  of  potassa  is  then  added  so  long  as 
the  evolution  of  chlorine  is  perceived.  On  treating  the 
residue  with  water,  chloride  of  calcium  and  chloride  of 
potassium  are  dissolved,  and  pure  magnesia  remains, 
which  is  separated  upon  a  filter,  washed,  ignited,  and 
weighed ;  the  lime  in  the  filtrate  may  be  precipitated 
by  oxalate  of  ammonia. 

Separation  of  magnesia  from  the  fixed  alkalies. — Add 
subphosphate  of  ammonia  to  the  solution,  to  throw  down 
the  magnesia  as  ammonia-phosphate,  and  filter;  add 
acetate  of  lead  to  the  filtrate,  as  long  as  it  occasions  any 
precipitate ;  filter  again  and  supersaturate  the  clear 
liquor  with  sulphide  of  hydrogen ;  separate  the  sulphide 
of  lead,  and  evaporate  the  solution  to  dryness.  The 
residue,  consisting  of  acetates,  may  be  converted  by 
hydrochloric  acid  into  chlorides  of  potassium  and  so- 
dium, which  may  be  dissolved  in  water,  and  chloride 
of  platinum  will  then  throw  down  the  potassium,  which 
may  be  estimated  from  the  weight  of  the  potassio- 
chloride. 

Quantitative  Analysis. — This  alkaline  earth  is  almost 
invariably  precipitated  from  an  ammoniacal  solution 
by  phosphate  of  soda ;  it  is  collected  and  washed,  and 
ignited  so  as  to  be  weighed  in  the  state  of  pyrophos- 
phate. Every  one  hundred  parts  of  ammonio-magne- 
sian phosphate,  dried  at  G0°,  indicate  16'26  of  magnesia: 
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every  one  hundred  parts  of  its  residue,  after  ignition, 
indicate  35'7  parts  of  magnesia. — Branch. 

Liebig  proposed  another  method  to  separate  mag- 
nesia from  potassa  and  soda.  The  bases  are  combined 
with  sulphuric  acid,  the  solution  is  rendered  neutral, 
and  is  precipitated  by  a  solution  of  sulphide  of  barium, 
■which  separates  all  the  potassa  and  all  the  soda  from 
the  magnesia.  The  alkalies  remain  in  the  liquor  in 
the  state  of  sulphide  of  potassium,  or  of  sodium,  together 
with  the  excess  of  sulphide  of  barium  employed.  This 
liquor  is  decomposed  by  sulphuric  acid,  and  the  sul- 
phate of  baryta  produced  is  collected  on  a  filter ;  by 
evaporating  the  alkali,  the  sulphate  of  alkali  is  obtained. 
This  alkaline  product  is  then  to  be  weighed,  and  from 
this  weight  the  quantity  of  the  alkali  may  be  cal- 
culated. The  best  method  of  extracting  the  mag- 
nesia from  the  precipitate  produced  by  the  sulphide  of 
barium — a  precipitate  which  consists  of  magnesia  mixed 
with  sulphate  of  baryta — is  to  use  an  acid,  and  sulphuric 
acid  in  preference — to  filter,  in  order  to  separate  the  sul- 
phate of  baryta  produced,  and  the  magnesia  may  be 
determined  afterwards  as  a  sulphate  of  magnesia. 

The  sulphide  of  barium  employed  for  this  method 
of  analysis,  must  be  crystallized  and  washed  with  cold 
water;  such  as  it  is  obtained  from  the  boiling  of  the  pro- 
duct of  the  calcination  of  a  mixture  of  sulphate  of  baryta 
and  of  charcoal. 

Hydrate  of  baryta  may  be  substituted  for  sulphide 
of  barium  with  the  same  result. 

The  fixed  alkalies  may  be  more  easily  separated  from 
magnesia  when  these  bases  are  combined  with  nitric 
acid.  The  nitrates  are  to  be  calcined,  which  may  be 
done  in  a  platinum  crucible,  by  adding  a  little  dry  car- 
bonate of  ammonia  to  the  mass,  after  exposure  to  the 
first  impression  of  the  heat,  and  then  moderately  urging 
the  fire.  When  the  calcining  is  finished,  the  residuum 
is  treated  with  water,  which  dissolves  the  alkalies  in  the 
state  of  carbonates,  and  leaves  the  magnesia  behind. 

When  the  fixed  alkalies  and  magnesia  are  contained 
in  a  solution  in  the  state  of  metallic  chlorides,  the 
method  formerly  in  use  for  separating  them  consisted 
in  evaporating  the  liquor  to  dryness,  and  igniting  the 
dry  residuum ;  the  water  of  crystallization  of  the 
chloride  of  magnesium  converted  the  latter  into  mag- 
nesia, with  disengagement  of  hydrochloric  acid  ;  after 
which  the  chloride  of  the  alkalisable  metal  was  sepa- 
rated from  the  magnesia  by  washing  with  water. 

This  method  may  often  be  employed  with  advantage 
in  qualitative  analysis,  but  in  quantitative  the  results 
obtained  by  it  are  quite  inaccurate ;  for  even  after  a 
protracted  ignition  there  remains  a  great  quantity  of 
undecomposed  chloride  of  magnesium,  which  dissolves 
in  the  water  with  the  alkaline  chloride.  If  strong 
alcohol  is  employed  instead  of  water  for  washing  the 
strongly  ignited  mass,  it  does  not  give  a  better  result, 
for  alcohol  dissolves  the  undecomposed  chloride  of 
magnesium,  just  as  water  does,  and  leaves  the  magnesia 
thus  produced  undissolved. 

Yet  if,  after  having  put  the  mixture  of  chloride  of 
magnesium  and  of  the  alkalisable  metal  in  a  small 
platinum  crucible,  it  is  exposed  to  a  red  heat  for  a  long 
time  over  a  gas  lamp,  placing  at  the  end  a  small  piece 
of  carbonate  of  ammonia  upon  the  mass,  and  then 
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igniting  strongly,  nearly  the  whole  of  the  chloride  of 
magnesium  may  be  converted  into  magnesia  ;  but  the 
calcination  with  the  ammoniacal  salt  must  be  repeated 
several  times,  and  the  salt  must  be  moistened  with  a 
few  drops  of  water  before  calcining.  The  operation  is 
known  to  be  at  an  end  when  the  weight  of  the  saline 
mass  remains  constant  after  ignition.  It  is  then 
treated  by  water,  which  dissolves  the  alkaline  chloride, 
and  along  with  it  a  trace  of  magnesia.  The  magnesia 
which  remains  insoluble  is  ignited  and  weighed.  It  is 
completely  soluble  in  nitric  acid,  and  when  tested  by 
nitrate  of  silver  hardly  shows  a  trace  of  chlorine. 
During  the  ignition  of  the  mass  it  is  advisable  to  put 
the  cover  on  the  crucible,  in  order  to  keep  in  the  vapor 
of  carbonate  of  ammonia  as  long  as  possible,  and  to 
prevent,  at  the  same  time,  the  access  of  air. 

When  the  operation  is  performed  on  a  few  grammes 
of  a  mixture  of  chloride  of  magnesium,  and  of  the 
chloride  of  an  alkalisable  metal,  the  treatment  with 
carbonate  of  ammonia  and  water  must  be  repeated  at 
least  eight  times.  The  unavoidable  loss  of  chlorine, 
which  takes  place  when  this  method  is  resorted  to, 
does  not  amount  to  one  per  cent.  Of  course,  the 
chlorides  which  the  operator  purposes  to  separate  must 
contain  no  trace  of  sulphuric  acid. 

In  order  to  avoid  the  tedious  operations  which  are 
necessary  for  an  actual  separation  of  magnesia,  potassa, 
and  soda,  particularly  when  they  do  not  exist  together 
in  the  state  of  pure  chlorides,  Dr.  List  endeavored  to 
determine  them  conjointly  by  an  indirect  method.  The 
following  is  the  process  he  found  practically  applicable 
in  the  most  complicated  cases,  such  as  is  presented  by  the 
analysis  of  a  silicate  decomposed  by  hydrofluoric  acid : — 

The  filtrate  obtained  after  precipitation  of  all  other 
bases,  is  evaporated  to  dryness  in  a  water-bath,  and 
the  residue  of  sulphates  and  chloride  of  ammonium 
cautiously  ignited  in  a  platinum  crucible  to'expel  the 
ammoniacal  salt.  The  perfect  safety  of  this  operation 
from  all  loss  may  be  insured  by  employing  a  crucible 
lid  with  an  interior  convex  surface.  As  it  is  an  indis- 
pensable condition  for  the  success  of  the  subsequent 
result  that  sulphuric  should  be  the  only  acid  present, 
the  ignited  saline  mass  is  moistened  with  a  little  sul- 
phuric acid,  and  again  evaporated  to  dryness.  To 
change  the  acid  salts  into  neutral,  a  piece  of  carbonate 
of  ammonia  is  then  placed  in  the  crucible,  and  this 
again  heated  until  the  bottom  becomes  feebly  red. 
This  operation  is  repeated  until  the  weight  remains 
constant.  This  chemist  ascertained  that  the  pure 
sulphate  of  magnesia  loses  no  sulphuric  acid.  The 
contents  of  the  crucible  are  now  dissolved  in  water, 
and  the  sulphuric  acid  in  the  solution  determined  by 
chloride  of  barium ;  when  the  excess  of  baryta  has 
been  removed  by  sulphuric  acid,  the  magnesia  is  preci- 
pitated by  ammonia  and  phosphate  of  soda,  and  deter- 
mined in  the  usual  manner. 

Dr.  List  proved  the  applicability  of  this  method  by 
operating  upon  a  known  mixture  of  sulphates  of  potassa, 
soda,  and  magnesia.  After  having  convinced  himself  of 
the  purity  of  the  individual  salts,  by  a  determination  of 
their  sulphuric  acid,  he  mixed  the  three,  and,  analysing 
the  mixture,  found  the  required  quantities  within  O'OOl 
per  cent. 
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The  sources  of  this  minute  error  are  certainly  of 
much  less  importance  than  those  which  are  found  to 
exist  in  the  process  by  direct  separation,  especially 
as  the  determination  of  sulphuric  acid  and  magnesia 
is  one  of  those  operations  which  can  be  effected  with 
the  greatest  accuracy. 

MANGANESE. — Manganese,  French;  Mangan,  Ger- 
man ;  Manganum,  Latin. — The  black  mineral  known 
in  commerce  by  the  name  of  manganese — braunstein, 
German — has  long  been  employed  to  counteract  the 
green  tint  of  glass.  It  was  formerly  called  magnesia 
nigra,  from  its  resemblance  to  the  magnetic  oxide  of 
iron,  or  loadstone.  A  mine  of  this  mineral  was  disco- 
vered in  England  by  Boyle.  Some  experiments  were 
made  upon  it  by  Glauber  in  1656,  and  by  Waiz  in 
1705 ;  but  chemists  do  not  appear  to  have  directed 
particular  attention  to  it  until  a  later  period.  Mineralo- 
gists agreed  in  classing  it  among  the  ferruginous  ores 
until  Pott,  in  1740,  showed  that  it  often  contains  mere 
traces  of  iron ;  after  which,  on  the  supposition  that  it 
consisted  chiefly  of  a  peculiar  earth,  a  separate  place 
was  assigned  to  it  in  treatises  on  mineralogy.  This 
hypothesis  was,  in  the  year  1774,  distinctly  proved  to 
be  correct,  by  the  elaborate  researches  of  Scheele  and 
Bergman.  Gahn  subsequently  showed  that  this  earthy 
base  contained  a  metal,  not  hitherto  isolated,  upon  which 
he  bestowed  the  appellation  of  magnesium.  As,  how- 
ever, this  term  was  afterwards  employed  to  distinguish 
the  metallic  base  of  magnesia,  it  was  superseded  by  the 
designation  now  in  use.  The  metal  manganese,  owing 
to  its  powerful  attraction  for  oxygen,  does  not  occur  in 
a  free  state  in  the  earth's  crust ;  but  its  mineral  oxides 
are  abundant,  and  are  extensively  employed  in  the  arts, 
chiefly  in  the  manufacture  of  glass  and  pottery,  and  in 
the  preparation  of  chlorine  for  the  production  of  bleach- 
ing-powder. 

Preparation. — From  the  difficulty  of  its  isolation, 
metallic  manganese  has  not  been  rendered  available 
for  any  useful  purpose.  The  processes  for  its  reduc- 
tion are  generally  conducted  on  a  small  scale,  in  the 
laboratory.  Like  iron  and  cobalt,  it  is  very  difficult 
to  be  obtained  in  a  state  of  absolute  purity.  It  is 
necessary,  in  the  first  place,  to  procure  a  pure  oxide  of 
manganese,  which  may  be  effected  by  any  of  the  follow- 
ing processes  : — The  common  black  oxide  of  manganese 
of  commerce  is  digested  for  some  time  with  dilute  hydro- 
chloric acid,  washed,  in  order  to  free  it  from  carbo- 
nate of  lime,  and  then  heated  with  strong  hydrochloric 
acid.  During  the  solution  of  the  mineral,  chlorine  gas 
is  abundantty  disengaged,  and,  when  the  action  is  com- 
plete, the  solution  contains  chloride  of  manganese  and 
sesquichloride  of  iron.  The  liquid,  after  filtration,  is 
evaporated  to  dryness  in  a  porcelain  basin,  and  the  dry 
residue  is  strongly  heated,  with  constant  stirring,  until  it 
assumes  an  ash-grey  hue,  and  no  longer  evolves  acid 
fumes.  By  this  treatment  the  chloride  of  iron  is  in 
part  volatilized,  and  in  part  converted  into  sesqui- 
oxide  of  iron  and  hydrochloric  acid.  The  residue 
is  now  digested  with  water,  the  solution  filtered, 
and  carbonate  of  soda,  in  slight  excess,  added  to  the 
liquid.  The  precipitated  carbonate,  after  washing  and 
drying,  is  ignited,  when  it  furnishes  a  pure  oxide ; 
or  the  solution  in  hydrochloric  acid  is  diluted  with 


water,  and  treated  with  repeated  quantities  of  car- 
bonate of  soda,  with  continued  digestion  and  stir- 
ring, until  the  liquid,  rendered  clear  by  subsidence 
or  filtration,  gives  a  pure  white  precipitate  with  a 
further  quantity  of  carbonate  of  soda,  showing  that 
all  the  oxide  of  iron  has  been  precipitated.  This 
having  been  attained,  the  whole  solution  is  freed  by 
filtration  from  the  precipitate,  and  the  clear  liquid  pre- 
cipitated by  carbonate  of  soda  in  excess. 

Faraday  recommends  the  following  process  for 
the  preparation  of  pure  protochloride  of  manganese : — 
Finely -powdered  and  strongly-calcined  black  oxide,  pre- 
viously cleansed  from  carbonate  of  lime,  is  ignited  with 
half  its  weight  of  chloride  of  ammonium,  beginning 
with  a  moderate  heat,  and  gradually  raising  the  tem- 
perature to  low  redness.  The  chloride  of  manganese 
formed  is  dissolved  out  and  the  solution  filtered.  The 
pure  oxide  of  manganese,  prepared  by  the  process 
already  indicated,  is  moistened  with  oil  and  heated  to 
redness  several  times,  then  made  into  a  thick  paste 
with  oil,  introduced  into  a  charcoal-lined  crucible, 
covered  with  charcoal  powder,  and  a  lid  luted  on 
the  mouth  of  the  crucible,  which  is  afterwards  ex- 
posed, for  two  or  three  hours,  to  the  strongest  heat 
of  a  smith's  forge  or  a  powerful  blast  furnace.  Sep- 
strom's  apparatus,  represented  in  Fig.  355  is  com- 
monly employed  for  the  reduction.  Tn  a  cylindrical 
iron  case,  A,  is  placed  a  second  cylinder,  B,  lined  with 


fire-brick.  The  crucible  is  arranged  as  represented 
in  the  drawing,  and  surrounded  with  glowing  charcoal 
or  coke.  The  blast  is  admitted  at  F  into  the  space 
which  intervenes  between  the  two  cylinders,  from 
which,  after  becoming  considerably  heated,  it  is  forced 
into  the  fire-chamber  through  a  series  of  openings,  D  D. 
The  metal  collects  in  the  form  of  a  button  at  the  bottom 
of  the  crucible. 

Properties. — Metallic  manganese,  as  thus  obtained, 
presents  a  greyish-white  color  without  much  lustre, 
and  a  fine  granular  texture.  It  is  rather  soft  and  brittle, 
and  is  readily  split  or  broken.  Its  specific  gravity  is 
stated  by  John  to  be  8'013.  Its  equivalent  is  27-6. 
When  pure  it  is  not  attracted  by  the  magnet.  It 
is  exceedingly  difficult  of  fusion,  requiring  for  liquefac- 
tion the  most  intense  heat  of  a  wind  furnace.  The 
manganese  prepared  by  the  process  described  is  always 
contaminated  with  carbon  and  silicium,  and  resembles, 
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therefore,  common  pig  or  cast  iron.  On  subjecting 
the  metal  to  fusion  with  borax,  the  carbon  is  sepa- 
rated, and  the  regulus  becomes  more  fusible ;  but  it 
is  probable  that  the  product,  in  this  case,  contains 
boron  or  sodium.  Manganese  readily  tarnishes  by  expo- 
sure to  the  air — hence,  like  potassium,  it  must  be  kept 
under  naphtha.  When  heated  to  redness  in  open  ves- 
sels, it  absorbs  oxygen  with  rapidity.  It  decomposes 
water  slowly  at  common  temperatures,  with  disengage- 
ment of  hydrogen  gas ;  but  at  a  red  heat  oxidation  is 
very  rapid.  It  also  dissolves  readily  in  dilute  acids, 
with  escape  of  hydrogen.  By  fusion  at  a  high  tem- 
perature, manganese  may  be  alloyed  with  various  other 
metals.  A  compound  of  about  four  equivalents  of 
manganese  and  one  equivalent  of  iron,  was  produced 
in  considerable  quantity  by  Buttray,  in  a  furnace 
employed  for  fusing  cast-steel.  This  alloy  became  only 
slightly  tarnished  when  freely  exposed  to  the  air,  and 
did  not  affect  the  magnetic  needle.  When  manganese 
is  combined  by  fusion  with  six  or  seven  per  cent,  of 
silicium,  a  regulus  results  which  possesses  the  appear- 
ance of  the  ordinary  metal,  but  differs  much  from  it  in 
its  chemical  characteristics ;  it  does  not  oxidise,  even 
at  a  red  heat,  and  withstands  the  action  of  nitro-hydro- 
chloric  acid — Sefstrom. 

Berzelius  expressed  the  opinion,  that  the  pre- 
sence of  the  small  proportion  of  silicium  is  not  suffi- 


cient to  account  for  this  total  change  of  properties,  and 
that  there  must  exist  in  the  compound  or  alloy,  an 
allotropic  modification  of  the  metal,  the  alteration  being 
effected  or  induced  by  the  presence  of  the  silicium  at  a 
temperature  at  which  it  would  not  occur  with  man- 
ganese alone. 

C.  Brdnner  has  recently  prepared  metallic  manga- 
nese, by  acting  upon  the  fluoride  with  half  its  weight 
of  sodium,  the  process  being  similar  to  that  employed 
for  the  reduction  of  aluminium.  Manganese  thus 
obtained  possesses  properties  essentially  different  from 
those  usually  attributed  to  this  metal.  Its  color  is  like 
that  of  some  cast-iron  ;  it  is  brittle  and  very  hard,  not 
yielding  to  a  steel  file,  but,  on  the  contrary,  scratching 
the  best-tempered  steel.  It  is  capable  of  the  most 
perfect  polish.  It  is  not  altered  even  in  moist  air  at 
the  ordinary  temperature.  When  heated,  it  acquires 
nearly  the  same  colors  as  steel,  passing  afterwards  to 
brown,  by  covering  itself  with  a  layer  of  oxide.  The 
specific  gravity  of  different  specimens  varied  from  7'138 
to  7'206.  It  is  not  attracted  by  the  magnet,  even 
when  in  powder,  and  has  no  influence  on  the  magnetic 
needle.    Acids  attack  it  violently,  even  in  the  cold. 

Oxides. — Manganese  forms  at  least  five  distinct 
compounds  with  oxygen,  besides  several  compound 
oxides.  The  composition  of  these  oxides  is  exhibited 
in  the  following  table : — 


Protoxide,  or  manganons  oxide,  

Sesquioxide,  or  manganic  oxide,  

Binoxide,  or  peroxide— black  oxide, . . . 
Manganoso-manganic  oxide — red  oxide, 

Varvicite,  

Manganic  acid,  -  

Permanganic  acid,  


Mn  0, 
Mn2  03. 
Mn  02. 

Mn3  Oit  or  Mn  0,  Mn2  03. 
Mn4  0„  or  Mn„  03,  2  Mn  02. 
Mn  03. 
Mn2  07. 


Of  these  the  first  only  possesses  marked  basic  proper- 
ties ;  the  sesquioxide  is  a  very  feeble  base ;  and  the  two 
compounds  at  the  bottom  of  the  list  are,  as  their  names 
indicate,  acids.  The  protoxide  is  readily  obtained  by 
heating  the  oxalate  in  a  covered  crucible  or  in  a 
glass  tube  closed  at  one  end.  When  a  caustic  alkali  is 
added  to  a  solution  of  chloride  or  sulphate  of  man- 
ganese, the  hydrated  oxide  falls  as  a  flocculent  white 
precipitate,  which  rapidly  acquires  a  dark  tint  on  expo- 
sure to  the  air.  Binoxide  of  manganese  may  be  prepared 
by  passing  chlorine  gas  through  a  solution  of  the  ace- 
tate. Sesquioxide  of  manganese  is  produced  when  the 
binoxide  is  kept  for  a  considerable  time  at  a  moderate 
red  heat :  it  also  occurs  in  nature  as  braunite  and 
manganite.  The  red  or  manganoso-manganic  oxide  is 
always  produced  when  any  of  the  higher  oxides  is 
exposed  to  a  white  heat,  either  in  closed  or  open  vessels, 
or  when  hydrated  protoxide  is  exposed  to  the  air.  It  is 
the  most  permanent  of  all  the  oxides  of  manganese ;  it 
is  not  affected  by  exposure  to  any  temperature,  while 
all  the  other  oxides  readily  pass  into  it,  under  the  in- 
fluence of  heat.  When  finely  powdered  it  is  brownish- 
red  while  cold,  and  nearly  black  while  warm.  When 
fused  with  borax  or  glass,  it  communicates  to  these 
bodies  a  beautiful  violet  or  amethyst  tint,  a  character 
by  which  manganese  may  readily  be  detected  before 
the  blowpipe.  Many  colored  minerals — for  example, 
the  amethyst — owe  their  tint  to  the  presence  of  this 
oxide.    Manganate  of  potassa  is  readily  produced  by 


fusing  binoxide  with  carbonate  or  hydrate  of  potassa, 
with  or  without  the  addition  of  chlorate.  The  com- 
pound has  a  fine  green  color.  Upon  the  ready  for- 
mation and  great  coloring  power  of  manganic  acid, 
E.  Davy  has  founded  an  elegant  method  for  the 
detection  of  manganese..  The  substance  is  heated 
on  silver  foil,  with  a  drop  of  a  strong  solution  of 
caustic  potassa,  and  the  dry  residue  is  gently  ignited, 
when  it  will  exhibit,  if  manganese  be  present  in  appre- 
ciable quantity,  a  very  distinct  green  color.  When 
compounds  of  manganese  are  heated  before  the  blow- 
pipe with  carbonate  of  soda,  on  a  loop  of  platinum  wire,  a 
green  bead  is  obtained,  manganate  of  soda  bcingformed. 
Manganate  of  potassa  has  received  the  name  of  chame- 
leon mineral,  from  the  circumstance  that  the  dark -green 
solution  obtained  by  digesting  it  in  a  small  quantity  oi 
cold  water,  assumes  various  shades  of  color  on  being 
diluted,  the  ultimate  result  being  a  liquid,  having  a  fine 
carmine-red  tint.  The  change  of  tint,  which  is  in- 
duced more  readily  by  the  addition  of  an  acid,  is  owing 
to  the  resolution  of  the  manganic  into  permanganic 
acid,  which  remains  in  solution,  and  binoxide  of  man- 
ganese, which  falls  as  a  precipitate. 

3  Mn  05  =  Mn2  O,  +  Mn  02. 

Crum's  test  for  manganese  depends  upon  the  forma- 
tion of  permanganic  acid.  The  compound  under 
examination  is  dissolved  in  a  little  nitric  acid,  and 
binoxide  of  lead  added,  when,  the  fine  red  tint  of  per- 
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manganic  acid  will  be  communicated  to  the  liquid. 
Solution  of  permanganate  of  potassa  is  much  employed 
in  the  German  and  French  laboratories  as  an  oxidising 
agent :  in  this  country  the  bichromate  is  more  gen- 
erally used.  The  solution  is  best  prepared  by  the 
method  recommended  by  Gregory.  Four  parts  of 
finely-pulverized  binoxide  of  manganese,  and  three  and 
a  half  parts  of  chlorate  of  potassa,  are  intimately  mixed 
together,  and  added  to  five  parts  of  hydrate  of  potassa 
dissolved  in  a  small  quantity  of  water.  The  mixture 
is  evaporated,  and  the  residue  completely  dried,  pul- 
verized, and  exposed  to  a  low  red  heat,  in  a  platinum 
crucible.  The  agglutinated  mass  is  again  powdered  and 
added  to  a  considerable  quantity  of  boiling  water,  and 
the  solution  allowed  to  settle.  When  clear  it  is  de- 
canted, and  is  ready  for  use.  It  is  quite  permanent 
when  preserved  in  well-stoppered  bottles. 

All  the  higher  oxides  of  manganese  are  reduced  to 
the  condition  of  protocompounds  by  the  action  of  warm 
sulphuric  or  hydrochloric  acid,  with  the  elimination  of 
oxygen  or  chlorine,  as  the  case  may  be.  The  following 
equations  represent  the  action  of  hydrochloric  acid  upon 
the  binoxide,  the  sesquioxide,  and  the  red  oxide  of  man- 
ganese : — 

Mn  Oj  +2HC1=  Mn  CI  +  2  HO  +  GL 
Mn8  03  +  3  H  CI  =  2  Mn  CI  +  3  HO  +  CI. 
Mns  04  -)-  4  H  CI  =  3  Mn  CI  +  4  HO  -)-  CI. 

Protoxide  of  manganese  is  a  powerful  base  of  the 
magnesian  class.  Its  salts  are  sometimes  quite  color- 
less ;  but  they  frequently  possess  a  pink  shade,  probably 
from  the  presence  of  traces  of  permanganic  acid,  or  oxide 
of  cobalt.  The  soluble  salts  are  nearly  neutral,  and 
when  dissolved  exhibit  the  following  reactions: — 

f  A  white  precipitate  of  hydrated 

r,     i-  r»  *  protoxide,  which  becomes 

Caustic  rotassa,  <     f         ,  ' ,       .-  f 

'  1     brown  by  the  absorption  of 

L  oxygen. 

Ammonia,   Do. 

™nat:"".  .and.  h::}™° 

Ferrocyanide  of  potassium,...  Do. 

Sulphide  of  hydrogen,   No  effect  in  acid  solutions. 

Sulphide  of  ammonium,   A  flesh-colored  precipitate. 

For  the  detection  of  minute  quantities  of  manganese, 


especially  when  mixed  with  other  metals,  Crum's  test, 
already  detailed,  is  probably  the  most  delicate. 

Ores. — The  compounds  of  manganese  which  occur 
native  are  numerous,  but  as  those  only  are  of  impor- 
tance in  the  arts,  which  consist  solely  or  chiefly  of  one 
of  the  higher  oxides,  the  minerals  which  come  under 
consideration  in  this  place  are  comparatively  few  in 
number. 

Pyrolusite  is  the  name  applied  to  the  native  binoxide 
in  its  anhydrous  and  crystallized  state.  It  is  chiefly 
this  variety  that  is  employed  by  the  glass-makers, 
while  wad  and  other  less  pure  ores  are  consumed  in 
the  elimination  of  chlorine  from  hydrochloric  acid  or 
chloride  of  sodium.  The  crystalline  form  of  pyrolusite 
is  the  rhombic  prism,  and  it  generally  occurs  in  the  form 
of  minute  crystals  grouped  together,  and  radiating  from 
a  common  centre.  It  has  the  same  form  as  manganite, 
which  consists  of  hydrated  sesquioxide,  and  appears 
to  be  formed  from  that  mineral  by  absorption  of  oxy- 
gen and  loss  of  water,  some  masses  of  crystals  having 
been  observed  to  consist  of  pyrolusite  externally  and 
manganite  internally.  Pyrolusite  has  an  iron-black 
or  dark  steel-grey  color,  and  a  metallic  lustre.  It 
is  not  very  hard;  its  specific  gravity  is  4-7  to  4-97. 
It  frequently  contains  manganite,  psilomelane,  ses- 
quioxide of  iron,  alumina,  silica,  baryta,  carbonate 
and  sulphate  of  lime,  and  occasionally,  according 
to  Phillips,  traces  of  chloride  of  calcium.  The 
following  analyses  of  specimens  of  pyrolusite  are  by 
Turner  :— 

Elgersburg.  Ihlefeld. 

Binoxide  of  manganese,   97-84  ....  97-22 

Baryta,   -53   -66 

Silica   -51  55 

Water,   1-12  ....  1-57 

Chloride  of  calcium,   —    ....  traces 

100-00  100-00 

This  valuable  ore  is  extensively  worked  in  Ilmenau, 
Elgersburg,  and  various  other  districts  in  Thuringia; 
and  the  mines  at  Vorderschrensdorf,  in  Moravia,  yield 
annually  many  hundred  tons.  It  has  also  been  found 
in  several  localities  in  America  and  elsewhere. 


Wad,  

U 

u 

Ochrey  Wad, . 
Varvicite, . . . 
Psilomelane,. . 

Braunite,  

Manganite,. . . 

Hausmannite, 


Locality. 


Grorio,  Mayenne,  . 
Viodessos,  

Granbnndten,  ...... 

Upton  Pyne,  Devoi 

Ilmenau,  

llubeland,  

Warwickshire,  

Schnecberg,  

Baireuth,  

Klgersburg,  

Ihlefield,  


Composition. 

Binoxide 
of  m«n- 
ganesc. 

SpFqtii- 
oxide  of 

nasa. 

oxidu  of 
iron. 

Buryta. 

Lime, 

Clay. 

Water. 

Analyst 

=  Mn()3 

64-2 
54-6 

22-6 
61-7 

11-0 
26-0 

31-0 
23-2 

6-  0 

7-  0 

3-6 

1-4 

3-0 

Quartz. 

33-6 

15-8 
12-4 

8-8 
10-7 

Berthier. 
Turner. 

70-2 
68-9 
39-6 

76-1 

51-6 

27-0 

1-0 

8-1 

Silica. 

2-5 

9-8 

Schemer. 

66-4 

66-0 
73-3 
50- 
54-5 

15-0 
23-6 
45- 
22-7 

1-0 

•3 

trace 

16-4 

Ami  KO. 

6-9 

•5 
•2 

10-3 
31 
5- 
6-2 

Rammelsberg. 
Turner. 

it 

74-2 
86-3 
7-1-7 
66-0 

74-3 

17-0 

96-8 
89-9 

2-3 

Potash. 

4-5 

trace 

4-2 
■9 
10-1 

Fuchs. 
Turner. 

83-6 
53-2 
49-4 

Prot- 
oxide 

30-7 

68-3 

•1 

.4 

•5 

37-5 
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Wad  is  the  native  hydrated  binoxide.  It  is  this  ore 
that  is  commonly  employed  in  the  preparation  of  chlo- 
rine. It  is  tolerably  abundant,  and  is  found  in  England, 
Ireland,  Sweden,  Germany,  and  America ;  it  appears 
generally  in  the  form  of  brownish-black  masses,  or 
loosely  agglomerated  brown  scales.  Some  varieties 
are  hard  and  compact,  and  difficult  to  pulverise ;  others 
are  compatively  soft  and  ochrey.  Wad  consists  essen- 
tially of  hydrated  binoxide  of  manganese,  Mn  02,  HO, 
but  it  is  always  more  or  less  mixed  up  with  manganic  or 
manganoso-manganie  oxide,  and  generally  with  variable 
quantities  of  sesquioxide  of  iron,  clay,  quartz,  baryta, 
carbonate  of  lime,  et  cetera.  Some  specimens  contain 
much  oxide  of  cobalt,  and  a  few  contain  oxide  of  copper. 
Analyses  of  specimens  of  wad  from  various  localities, 
and  of  other  ores  of  manganese  capable  of  being 
applied  to  economic  purposes,  are  exhibited  in  the 
preceding  table.  The  last  column  of  the  table  shows 
the  amount  of  pure  binoxide  corresponding  with  the 
quantity  of  chlorine  yielded  by  one  hundred  parts  of 
the  ore. 

Psilomelane  is  one  of  the  most  generally  diffused 
ores  of  manganese.  It  is  compact  and  fibrous ;  specific 
gravity  4  to  4'328  ;  rather  hard.  It  has  a  dark  steel- 
grey  color,  and  submetallic  lustre ;  it  generally  occurs 
in  botryoidal  masses. 

Braunite  is  met  with  in  octohedral  crystals,  and  also 
massive ;  it  is  commonly  nearly  pure  sesquioxide  of 
manganese.  Manganite,  or  grey  manganese  ore,  is 
the  hydrated  sesquioxide,  Mn2  03,  HO,  and  is  generally 
very  pure,  and,  therefore,  well  adapted  for  the  manufac- 
ture of  glass.  It  occurs  in  rhomboidal  prisms,  and  also 
in  columnar  and  granular  masses.  It  is  moderately 
hard;  specific  gravity  4'3  to  4'4 ;  color  between  iron- 
black  and  steel-grey,  with  a  submetallic  lustre.  It  is 
found  at  Ihlefeld  in  the  Hartz,  in  Aberdeenshire,  Bohe- 
mia, Saxony,  and  other  localities. 

Uses. — The  most  important  applications  of  manga- 
nese ore  in  the  arts,  are  the  production  of  chlorine  and 
the  decoloring  of  glass.  Although,  in  the  manufac- 
ture of  glass,  the  purest  materials  are  employed,  yet 
traces  of  iron  compounds  are  invariably  present  in  one 
or  more  of  the  materials,  giving  to  the  product  a  very 
faint  but  distinct  green,  olive,  or  yellow  tint,  according  to 
the  state  of  oxidation  of  the  metal.  The  cautious 
addition  of  black  oxide  of  manganese  destroys  or  con- 
ceals the  objectionable  tint.  Its  action  was  formerly 
supposed  to  be  merely  the  oxidation  of  the  green  pro- 
toxide of  iron  to  the  faint  yellow  sesquioxide ;  but  Liebig 
has  suggested  that  the  effect  is  not  chemical  but  optical, 
and  that  the  amethyst  color  communicated  by  the  red 
oxide  of  manganese  counteracts  the  yellow  or  greenish- 
yellow  tint  of  the  oxide  of  iron.  This  is  probably  the 
correct  explanation  of  the  action,  since  other  oxidising 
agents,  red  oxide  of  lead  for  example,  do  not  produce 
the  desired  effect.  Chemists  employ  the  binoxide  of 
manganese  for  the  preparation  of  oxygen  and  chlorine 
gases,  and  it  is  employed,  in  conjunction  with  dilute 
sulphuric  acid,  as  an  oxidising  agent  in  organic  che- 
mistry. 

Binoxide  of  manganese  has  been  employed  for 
increasing  the  siccative  quality  of  linseed  oil ;  and  the 
artificial  binoxide,  mixed  with  the  same  oil,  has  been 


recommended  as  a  black  paint,  which  may  be  used  with 
advantage  for  the  manufacture  of  printers'  ink. 

Of  the  numerous  combinations  of  manganese  with 
the  halogens,  and  of  the  oxides  with  acids,  the  acetate, 
protochloride,  and  the  sulphate  of  the  protoxide  are  the 
only  compounds  which  are  manufactured  on  the  large 
scale  or  applied  to  economic  purposes,  and  are,  conse- 
quently, sufficiently  important  to  claim  consideration  in 
a  work  on  technology. 

Acetate  of  Manganese. — A  full  description  of  this 
salt  is  given  in  Vol.  I.,  page  46. 

Chloride  of  Manganese. — A  solution  of  this  com- 
pound in  a  state  of  purity  is  most  readily  obtained  by 
the  method  recommended  by  Faraday,  already  detailed, 
or  by  digesting  a  solution  of  purified  black  oxide  of 
manganese  in  hot  and  strong  hydrochloric  acid,  with 
carbonate  of  maganese,  until  all  the  sesquioxide  of  iron 
is  displaced  and  thrown  down.  When  the  solution  is 
highly  concentrated  by  evaporation,  it  yields  crystals 
of  the  hydrated  salt,  Mn  CI,  4  HO.  These  crystals  are 
highly  deliquescent,  and  they  dissolve  in  two-thirds  of 
their  weight  of  water  at  60°,  and  in  a  much  smaller 
quantity  at  a  higher  temperature.  The  salt  may  be 
rendered  anhydrous  by  the  application  of  the  heat  of 
a  spirit  flame,  while  inclosed  in  a  glass  tube  through 
which  a  current  of  dry  hydrochloric  acid  gas  is  made 
to  pass.    It  is  a  rose-colored  crystalline  mass. 

Chloride  of  manganese  is  a  refuse  or  waste  product 
in  chemical  factories  where  chlorine  is  prepared  from 
manganese  and  hydrochloric  acid.  It  has  been  em- 
ployed in  the  purification  of  coal  gas.  It  may  be  used 
in  dyeing  for  the  production  of  manganese-brown,  but 
the  sulphate  is  generally  employed  for  this  purpose. 
A  crude  solution  of  chloride  of  manganese,  neutral  and 
free  from  iron,  may  be  prepared  by  digesting  the  refuse 
menstruum  already  referred  to  with  powdered  chalk, 
which  decomposes  the  sesquichloride  of  iron,  but  does 
not  affect  the  manganese  salt. 

Sulphate  of  manganese  is  obtained  in  transparent, 
slightly  rose-colored  crystals,  by  dissolving  the  pure 
carbonate  in  dilute  sulphuric  acid,  and  concentrating 
by  spontaneous  evaporation.  The  crystals  have  the 
form  of  sulphate  of  copper,  and  a  similar  composition, 
Mn  0,  S03  -|-  5  HO ;  but  by  evaporation  and  crystalli- 
zation at  various  temperatures,  crystals  with  greater 
and  less  proportions  of  water  may  be  obtained.  The 
crystals  are  remarkably  soluble  in  water. 

This  salt  is  prepared  on  a  considerable  scale  for 
the  use  of  the  dyer  and  calico-printer.  The  mode  of 
preparation  generally  adopted  is  as  follows : — Black 
oxide  of  manganese  is  ignited  with  a  small  quantity  of 
charcoal  powder,  in  order  to  reduce  it  to  the  state 
of  protoxide.  This  product  being  now  treated  with 
moderately  dilute  sulphuric  acid,  a  crude  sulphate  is 
obtained  containing  a  considerable  proportion  of  sul- 
phate of  iron,  to  get  rid  of  which  the  solution  is  boiled 
down  to  dryness,  and  the  residue  ignited  or  roasted. 
The  mass  is  digested  with  water,  when  the  manganese 
salt  dissolves,  while  the  iron  remains  insoluble  as  a 
basic  sesquisulphate.  The  salt  is  obtained  from  the 
solution  by  evaporation.  Another  mode  of  preparation 
is,  to  ignite  a  mixture  of  black  oxide  of  manganese  and 
sulphate  of  iron,  then  to  digest  in  water,  and  evaporate  the 


MANGANESE  Processes  foe  Recovering. 


543 


solution.  Manganese  hrown,  or  bronze,  is  produced  by 
immersing  the  fabric  in  a  solution  of  sulphate  of  manga- 
nese, and  then  in  one  of  dilute  caustic  alkali  to  precipi- 
tate the  protoxide,  which  is  raised  to  a  higher  state  of 
oxidation  either  by  simple  exposure  to  the  air,  or,  more 
rapidly,  by  transmitting  it  through  a  solution  of  bleach- 
ing powder. 

Processes  for  the  Recovery  of  Manganese. — 
It  has  been  customary  for  manufacturers  who  eliminate 
chlorine  on  the  large  scale,  to  throw  away  the  chloride  of 
manganese  that  results.  To  prevent  this  enormous  loss 
of  valuable  material,  various  methods  have  been  pro- 
posed and  patented  for  recovering  the  manganese,  or 
reconverting  the  chloride  into  the  binoxide  or  sesqui- 
oxide.  It  is  well  known  that  the  protoxide  of  man- 
ganese is  readily  converted  by  the  oxygen  of  the  air 
into  the  sesquioxide  by  gentle  ustulation ;  and  it  was 
mentioned  long  ago  by  Foechhammer,  that  carbonate 
of  manganese,  when  heated  in  an  open  vessel  to  500°, 
is  converted  for  the  most  part  into  binoxide,  an  obser- 
vation which  does  not  seem,  until  very  lately,  to  have 
attracted  that  degree  of  attention  which  its  importance 
merits.  The  two  most  recent  patent  processes  for  the 
recovery  of  manganese,  are  those  of  Balmain  and 
Dunlop. 

The  invention  of  W.  H.  Balmain,  whose  patent  is 
dated  31st  March,  1855,  is  a  method  for  attaining  an 
economical  recovery  of  the  oxide  of  manganese  by  carry- 
ing on  the  process  in  conjunction  with  the  manufacture 
of  chloride  of  ammonium  from  the  ammoniaeal  water 
formed  in  making  coal  gas.  The  mode  of  proceeding  is 
as  follows  : — Into  a  convenient  tank  or  pan,  a  quantity 
of  the  ammoniaeal  gas  water  is  run,  and  to  it  is  added 
the  solution  of  manganese  produced  in  the  manufacture 
of  chlorine,  until  a  further  addition  of  the  solution  causes 
no  precipitation  or  thickening,  or  until  the  supernatant 
clear  liquor  does  not  effervesce  with  acid.  The  mix- 
ture having  been  allowed  to  stand  for  some  time,  the 
clear  liquor  is  drawn  off  and  evaporated  for  the 
purpose  of  crystallizing  out  the  chloride  of  ammonium 
which  it  holds  in  solution.  Water  is  then  run  upon 
the  sediment,  which  is  agitated,  and  is  then  allowed 
to  subside.  The  supernatant  clear  liquor  is  then 
drawn  off  and  treated  in  the  same  manner  as  the 
first  liquor,  in  order  to  extract  from  it  the  remaining 
chloride  of  ammonium.  The  sediment  is  now  re- 
moved to  a  bed  of  sand  or  cinders,  and  allowed  to 
lose  as  much  water  as  will  mechanically  run  off  by 
drainage.  It  is  then  placed  upon  a  hearth  or  ordinary 
furnace-bed,  and  heated  to  redness,  either  by  means  of 
an  open  fire  or  by  flues  above  and  below,  until  it  ceases 
to  burn  like  tinder,  and  has  assumed  a  black  color ;  by 
which  time  it  will  have  been  converted  into  an  oxide 
of  manganese,  fit  for  use,  in  the  manufacture  of  chlorine, 
or  for  any  other  purpose  to  which  it  might  have  been 
applied  in  its  original  form. 

When  the  manganese  is  to  be  used  for  producing 
chlorine,  it  is  advisable  to  mix  lime  with  the  sediment 
before  drainage,  or  as  soon  as  it  dries  upon  the  hearth, 
and  thus  resolve  it  more  or  less  into  manganate 
of  lime,  which  increases  its  power  of  eliminating 
chlorine. 

When  the  gas  water  to  be  operated  upon  is  in  a 


town  at  a-  distance  from  the  spot  where  the  solution  of 
manganese  is  produced,  or  when  the  recovered  manga- 
nese is  to  be  used  in  the  manufacture  of  glass,  the 
liquid  chloride  of  manganese  is  boiled  down,  and 
heated  in  a  furnace  to  such  a  temperature  as  will 
render  oxide  of  iron  insoluble ;  in  which  state  it  is 
carried  to  the  neighborhood  where  the  gas  water  is 
produced,  and  being  redissolved  in  water,  is  mixed  and 
treated  as  described  in  the  first  instance. 

The  oxide  of  manganese  having  been  used  a  second 
time,  may  be  again  recovered  a  third  and  a  fourth 
time  ;  and  if  no  lime  or  alkali-waste  has  been  used  in 
neutralizing  the  excess  of  acid,  it  may  be  recovered  an 
indefinite  number  of  times. 

The  patent  granted  to  Charles  Tennant  Dunlop, 
and  dated  31st  May,  1855,  relates  to  the  employment  of 
the  residuum  obtained  in  the  manufacture  of  chlorine, 
which  residuum  ordinarily  consists  of  chloride  of  man- 
ganese, in  the  preparation  of  an  artificial  oxide  of  man- 
ganese, that  is  well  suited  for  the  manufacture  or 
production  of  chlorine.  The  special  process  preferred 
by  the  patentee  in  carrying  out  his  invention,  is  the 
transformation  of  the  chloride  of  manganese  into  a 
carbonate  of  that  metal  by  the  agency  of  any  of  the 
means  already  well  known  to  chemists,  and  then  sub- 
jecting the  carbonate,  thus  prepared,  to  the  action  ot 
heat  in  contact  with  atmospheric  air.  Whatever  im- 
purity the  chloride  of  manganese  may  contain — as 
chloride  of  iron  for  instance — is  first  separated  either  by 
calcination,  or  by  the  agency  of  a  suitable  precipitant. 
Practical  working  has  decided  that  the  carbonate  of 
manganese,  thus  treated,  yields  an  oxide  of  manganese 
of  a  richness  equivalent  to  about  eighty  per  cent,  of 
pure  sesquioxide. 

The  carbonate  of  manganese  may  be  obtained  by 
precipitation  from  the  chloride,  by  the  agency  of  car- 
bonate of  ammonia.  The  chloride  of  ammonium 
resulting  from  this  treatment,  may  either  be  sold  or 
employed  as  such,  or  it  may  be  converted  into  a  car- 
bonate in  the  usual  way,  and  then  again  employed 
for  the  precipitation  of  fresh  chloride  of  manganese. 
Hydrate  of  lime  is  also  employed  in  the  production  of 
carbonate  of  manganese  from  these  residual  matters ; 
the  hydrated  oxide  of  manganese  being  subsequently 
transformed  into  carbonate  by  the  transmission  through 
it  of  carbonic  acid. 

By  another  process,  carbonate  of  manganese  is  ob- 
tained by  passing  carbonic  acid  through  the  solution  of 
chloride  of  manganese,  which  has  been  previously  mixed 
with  a  quantity  of  carbonate  of  lime.  The  carbonate  ol 
lime,  under  the  influence  of  the  carbonic  acid,  decom- 
poses the  chloride  of  manganese  into  carbonate,  from 
which  the  oxide  of  manganese  can  be  obtained,  as  well 
as  chloride  of  calcium,  which  remains  in  solution.  The 
production  of  oxide  of  manganese,  suitable  for  the 
preparation  of  chlorine,  has  often  been  attempted  by 
following  the  process  of  precipitating  the  manganese  as 
an  oxide,  and  then  bringing  it  to  a  higher  state  of  oxida- 
tion by  heating  it  in  contact  with  atmospheric  air,  as 
well  as  by  other  means.  But  the  essential  feature  of 
this  invention  is,  the  production  of  oxide  of  manganese 
from  the  residuum  of  the  chlorine  manufacture,  by  first 
manufacturing  or  producing  the  carbonate  of  manga- 
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nese,  and  then  heating  this  carbonate  in  contact  with 
atmospheric  air.  Dunlop's  process  has  been  most 
extensively  and  successfully  carried  out  by  the  Messrs. 
Tennant  of  the  St.  Hollos  Chemical  Works,  Glasgow. 
The  carbonate  is  obtained  in  this  establishment  by 
heating  in  an  iron  boiler,  under  pressure,  chalk  and  the 
refuse  chloride  of  manganese,  from  which  any  iron 
which  it  may  contain  has  been  previously  separated  by 
the  action  of  chalk  in  the  cold.  The  carbonate  of  man- 
ganese thus  procured  is  freed  from  the  chloride  of 
calcium  in  vats,  collected,  and  then  exsiccated  in  a 
chamber  on  a  series  of  iron  trays,  in  such  a  gradual 
manner  as  to  expel  the  carbonic  acid,  and  by  elevating 
the  temperature  in  a  current  of  air,  to  obtain  the  black 
oxide. 

Quantitative  Estimation. — Manganese  is  weighed 
almost  invariably  as  the  red  oxide  Mns  04,  114'8  parts 
of  which  are  equivalent  to  82 '8  of  metallic  manganese, 
106  8  of  protoxide,  and  130  8  of  binoxide.  When  no 
other  base  is  present,  or  only  the  alkalies,  the  mode- 
rately dilute  solution  is  heated  to  boiling,  and  the 
manganese  is  thrown  down  as  carbonate  by  the  addi- 
tion of  carbonate  of  soda  in  excess.  The  precipitate 
is  collected  on  a  filter,  washed  with  boiling  water,  dried 
and  ignited  over  a  powerful  lamp  or  in  a  furnace, 
until  the  weight  ceases  to  vary.  The  residue  in  the 
crucible  is  pure  red  oxide.  If  the  liquid  contains  am- 
moniacal  salts,  it  must  be  boiled  with  carbonate  of 
soda  in  excess  until  the  odor  of  the  volatile  alkali  is  no 
longer  perceptible. 

When  any  of  the  metals  precipitable  by  sulphide  of 
hydrogen  are  contained  in  the  liquid,  it  must  be  ren- 
dered acid  by  the  addition  of  hydrochloric  acid,  and 
treated  with  this  agent,  in  order  to  remove  them.  Sesqui- 
oxide  of  iron  is  most  readily  separated  by  the  addition 
of  succinate  of  ammonia  to  the  nearly  neutral  liquid. 
Manganese  may  be  separated  from  the  alkalies,  earths, 
and  the  oxides  of  iron,  nickel,  and  zinc,  by  the  inge- 
nious method  of  Schiel.  The  acid  menstruum  is 
nearly  neutralized  with  carbonate  of  soda,  acetate  of 
soda  added,  and  chlorine  gas  passed  through  the  liquid 
to  saturation.  The  manganese  is  completely  deposited 
as  hydrated  binoxide,  which  may  be  converted  into 
red  oxide  by  ignition  ;  the  other  bases  remain  in  solu- 
tion. The  absolute  separation  of  manganese  and  cobalt 
is  attended  with  considerable  difficulty;  but  the  fol- 
lowing simple  method  gives  results  which  are  suffi- 
ciently accurate  for  all  technical  purposes : — The  two 
metals  are  precipitated  by  sulphide  of  ammonium  and 
excess  of  acetic  acid  then  added,  when  the  sulphide  of 
manganese  dissolves,  and  the  sulphide  of  cobalt  re- 
mains intact. 

The  separation  of  manganese  from  nickel  is  given 
under  the  latter  metal.  Having  obtained  the  sulphide 
of  manganese  by  the  process  mixed  with  sulphide  of 
zinc,  it  will  be  well  to  give  here  the  mode  of  obtaining 
the  manganese  per  se.  Dissolve  the  sulphide  in 
hydrochloric  acid,  then  nearly  neutralize  with  carbonate 
of  soda,  add  acetate  of  soda,  and  next  conduct  chlorine 
gas  into  the  mixture.  The  manganese  salt  is  hereby 
decomposed,  and  the  whole  of  the  manganese  separates 
as  binoxide.    The  zinc  remains  in  solution. 

For  the  valuation  and  testing  of  manganese  ores,  the 


reader  is  referred  to  the  article  Bleaching  Powder, 
Vol.  I.,  page  329. 

Physiological  Effects. — The  effects  of  manganese 
upon  the  system  are  imperfectly  known.  Kapp  regards 
it  as  a  permanent  stimulant,  and  says  it  promotes  the 
appetite  and  digestion.  Vogt  places  it  among  the 
tonics,  and  considers  it  to  be  intermediate  between  iron 
and  lead ;  but  his  views  are  altogether  theoretical,  as 
he  does  not  seem  to  have  prescribed  it.  Dr.  Coupek 
has  described  several  cases  of  disease  which  took  place 
among  the  men  engaged  in  grinding  it  at  the  chemical 
works  of  Messrs.  Tennant  and  Company,  in  Glasgow  ; 
from  these,  it  appears  that,  when  slowly  introduced  into 
the  system,  it  produces  paralysis  of  the  motor  nerves. 
The  disease  commences  with  symptoms  of  the  para- 
plegia. It  differs  from  the  paralysis  of  lead  in  not 
causing  colica  pectorum,  or  constipation ;  and  from 
mercury,  in  first  affecting  the  lower  extremities,  and  in 
not  exciting  tumors  of  the  afflicted  part. 

Manganese  is  rarely  used  in  medicine ;  it  appears  to 
have  been  employed  in  the  last  century  in  the  treat- 
ment of  inflammatory  fevers.  Grille  long  since 
observed  that  the  workmen  in  the  manganese  mines  at 
Macon  were  not  subject  to  the  itch ;  and  that  others 
who  became  affected  with  this  disease,  were  cured  by 
working  in  the  miues.  This  led  him,  as  well  as 
Morelot  and  others,  to  employ  it  in  cutaneous  mala- 
dies. Kapp  administered  it,  as  well  as  the  salts  of 
manganese,  both  internally  and  externally  in  various 
forms  of  syphilis ;  he  used  it  with  benefit  in  herpes, 
scabies,  and  the  scorbutic  diathesis.  Brera  gave  it 
in  chlorosis,  scorbutus,  hypochondriasis,  hysteria,  et 
cetera.  Otto  administered  it  in  cachectic  complaints, 
with  favourable  results.  Odier  employed  it  in  cardi- 
algia.  It  has  been  applied  as  an  absorbent  in  the 
treatment  of  old  ulcers,  as  a  depilatory,  and  as  a  remedy 
for  skin  diseases,  especially  itch  and  porrigo.  Kugler 
gave  it  with  benefit  in  scrofula. 

Manganic  Acid.  —  Hunefeld  gave  to  a  rabbit 
nearly  two  drachms  of  manganic  acid  in  three  days,  in 
doses  of  ten  or  fifteen  grains.  The  only  obvious  effect 
was  increased  secretion  of  urine.  The  animal  being 
killed,  the  peritoneum  and  external  coat  of  the  colon 
were  found  of  a  greenish  color — protoxide  of  manganese 
is  of  a  pale  grass-green  color — the  muscles  were  readily 
lacerated  and  livid,  the  liver  was  inflamed,  the  bile 
increased. — Pereira. 

Statistics. — For  all  purposes,  about  twenty-five 
thousand  tons  of  manganese  are  used  annually;  and  of 
this  quantity,  from  seventeen  to  eighteen  thousand  are 
employed  for  the  manufacture  of  bleaching  powder.  The 
largest  makers  of  the  latter  article  are  the  Tennants 
of  Glasgow,  and  Muspratts  of  Liverpool,  and  Flint, 
North  Wales. 

MANURE. — Engrais,  French;  DiXnger,  German. 
The  term,  manure,  is  applied  to  all  those  substances 
which  render  soils  more  fertile.  Manures  produce 
their  effects  by  contributing  directly  to  the  nutriment 
of  plants,  by  improving  the  texture  of  soils,  or  by 
acting  as  chemical  agents  on  the  inert  matters  of  the 
soil,  by  which  they  are  transformed  into  a  state  fit  for 
the  use  of  plants. 

Manures  consist  of  vegetal  and  animal  substances, 
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and  of  their  products  of  decomposition,  or  of  earthy, 
saline,  and  other  bodies  derived  from  minerals ;  conse- 
quently, they  have  generally  been  classed  into  vegetal 
and  animal  manures,  mineral  and  mixed  manures. 

The  history  of  manures  cannot  date  so  far  back  as 
the  origin  of  agriculture,  which  was  coeval  with  the 
foundation  of  society  itself.  In  the  earlier  periods  of 
the  world,  when  the  face  of  the  ground  was  but  thinly 
inhabited,  and  a  virgin  soil  exhibited  abundant  fertility, 
the  wants  of  man  were  readily  supplied.  With  ample 
choice  of  ground  at  his  command,  he  had  only  to  remove 
to  another  spot,  when  land  already  under  cultivation 
for  some  time  no  longer  yielded  the  same  increase. 
The  fact  of  diminished  productiveness,  by  prolonged 
cultivation,  was  no  doubt  early  observed;  but  the  reason 
of  this  did  not  probably  give  rise  to  much  speculation, 
so  long  as  the  remedy  was  at  hand  in  the  fresh  soil 
around.  But  as  population  increased,  and  the  habits 
of  men  became  less  nomadic,  the  necessity  of  restoring 
to  the  exhausted  soil  its  fertility,  would  become  a  ques- 
tion of  serious  consideration.  The  mode  of  doing  this 
in  the  simplest  way,  would  suggest  itself  by  the  obser- 
vation of  what  passed  around  them.  The  refuse  mate- 
rials ejected  from  their  habitations,  the  ordure  of  man 
and  animals,  the  decaying  carcasses  of  the  latter,  allowed 
to  accumulate  and  rot  on  the  surface  of  the  ground, 
gave  rise  to  a  luxuriant  vegetation  on  these  spots,  far 
surpassing  that  of  the  adjacent  soil.  The  repeated 
observation  of  such  facts  cannot  fail  to  have  arrested 
attention,  and  to  have  led,  on  reflection,  to  connect 
cause  and  effect.  It  was  thus  early  seen,  that  organic 
structures  in  a  state  of  eremacausis,  the  filth  from 
crowded  habitations,  and  other  matters  which  are 
offensive  to  the  organs,  when  allowed  to  decay  on 
exposure,  were  intended  by  nature  to  be  buried  under 
ground,  and  thus  to  effect  at  once  the  removal  of  pollu- 
tion from  the  air  that  was  breathed,  and  to  restore  the 
lost  fertility  of  the  soil.  Hence  the  earliest  form  of 
manure,  and  that  which  has  remained  unchanged 
through  succeeding  ages,  and  at  the  present  day  still 
forms  the  standard  of  comparison  for  other  manures, 
was  a  mixture  of  the  recrement  and  urine  of  animals 
with  other  decaying  animal  and  vegetal  matter.  In 
the  writings  of  the  Greeks  and  Romans  are  found 
many  notices  of  the  attention  they  paid  to  agriculture 
and  manures. 

Columella,  who  flourished  during  the  early  part 
of  the  first  century  of  the  christian  era,  wrote  a  great 
work,  divided  into  twelve  books,  on  agriculture.  In 
the  second  of  these  he  speaks  of  the  breaking  up  and 
preparation  of  the  ground,  and  gives  an  account  of  the 
different  kinds  of  grain,  pulse,  and  artificial  grasses, 
with  the  tillage  appropriate  for  each.  He  gives  direc- 
tions for  carefully  collecting  the  excrement  of  cattle, 
for  littering  them  with  straw,  which  was  to  be  removed 
when  soiled  to  the  dunghill;  and  also  advises  the  collec- 
tion of  all  kinds  of  ashes,  and  the  burning  of  weeds, 
shrubs,  trees,  and  stubble,  in  fields ;  and  the  application 
of  the  incinerated  matter  as  manure.  The  writings  of 
this  and  other  authors  prove,  that  the  ancients  not  only 
paid  attention  to  the  management  of  farmyard  manure, 
but  that  they  were  well  acquainted  with  the  mode  of 
preparing  artificial  and  all  ordinary  composts.  Colu- 
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mella  says  he  is  not  ignorant  that  there  are  some 
farms  in  the  country  in  which  neither  the  dung  of  cattle 
nor  of  birds  is  to  be  obtained.  However,  he  is  a  slothful 
husbandman  who  has  no  manure.  He  may,  states  the 
same  authority,  collect  any  kind  of  leaves,  the  cuttings 
of  briars,  and  rakings  of  highways ;  he  may  cut  ferns, 
and  mix  these  with  the  cleanings  of  his  courtyard ;  he 
may  dig  a  hollow  place  such  as  was  directed  for  the 
dunghill,  and  throw  into  it  ashes,  the  dirt  of  the  kennels, 
all  kinds  of  straw,  and  everything  that  is  swept  from 
the  house.  Indeed,  the  various  processes  now  followed 
by  agriculturists  to  render  the  soil  fertile,  were  known 
by  the  Romans.  They  incorporated  light  with  heavy 
soils,  and  rendered  them  more  porous;  and  although 
unacquainted  with  the  theory  of  the  operation,  they 
may  be  said  to  have  originated  the  principle  of  the 
modern  process  of  subsoil-ploughing ;  for  in  some  dis- 
tricts it  was  the  custom  every  fifth  or  seventh  year  to 
dig  as  deep  as  the  rain  penetrated,  and  turn  up  the 
bottom  of  the  mould,  by  which  the  corn-fields  were 
said  to  be  renewed,  the  particles  of  earth  proper  to  the 
nourishment  of  the  plants  being  supplied,  to  be  carried 
downwards  along  with  the  rain.  The  practice  of  econo- 
mising and  employing  farmyard  manure  and  composts 
in  general,  may  be  said  to  have  been  transmitted  from 
the  Romans,  with  little  change,  to  the  beginning  of  the 
present  century,  varied  only  by  the  use  and  incorpora- 
tion into  composts  of  such  articles  as  particular  districts 
afforded.  Thus  chalk  was  employed  in  some  places  as 
a  great  adjunct  to  farmyard  manure  for  turnips  and 
all  kinds  of  grain  ;  in  others,  marl  superseded  lime ;  and 
along  the  sea-coasts,  calcareous  sea-sand,  and  sea- 
weeds, were  in  high  repute.  In  other  districts,  where 
manufactures  were  established,  the  refuse  materials, 
such  as  soap-waste,  under  the  name  of  soap-ash,  woollen 
rags,  et  cetera,  were  in  common  use.  Later  still,  animal 
matters,  such  as  fish  and  bone,  and  other  dressings,  were 
in  demand. 

Although  by  the  foregoing  one  sees  what  knowledge 
even  the  Romans  possessed  of  manures,  still  they  were 
far  behind  the  Chinese  in  their  system  of  agriculture. 
The  basis  of  their  mode  is,  as  so  often  reiterated  by 
Liebig,  to  return  to  the  soil  every  ingredient  that  has 
been  removed  by  a  crop.  The  result  has  been,  that 
instead  of  the  land  becoming  impoverished,  it  has  aug- 
mented in  fertility  with  a  continually  increasing  popu- 
lation, since  the  time  of  Abraham  or  of  the  Egyptian 
Pyramids.  All  those  means,  says  Liebig,  which  the 
German  agriculturist  considers  perfectly  indispensable 
for  the  increase  of  his  produce,  are  not  only  quite  unne- 
cessary for  the  Chinese,  but  without  them  he  produces 
crops  more  than  double  those  of  his  Teutonic  brother. 
No  doubt  other  conditions  exist  in  China  different  to 
Germany;  some  of  them  are  Buddhists,  and  eat  no 
meat,  while  here  meat  is  partaken  of  for  which  fodder 
is  required ;  hut  that  is  not  the  question — here  prin- 
ciples are  involved  which  must  guide  practice.  The 
agricultural  preceptors  do  not  teach  the  planting  of 
fodder  with  the  view  to  obtain  meat,  but  in  order  to 
have  dung;  and  by  this  they  prove  that  they  do  not 
understand  a  scientific  law.  In  fixing  a  scientific  prin- 
ciple, the  first  question  is,  not  whether  it  is  advantageous, 
but  whether  it  be  true  ?    In  scientific  agriculture  dung 
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no  longer  exists.  All  the  ideas  conveyed  by  this  word 
are  now  exploded.  Like  the  word  phlogiston,  which 
became  obsolete  at  the  end  of  the  last  century,  as  long 
as  it  was  not  known  what  phlogiston  was,  it  served  as 
an  aggregate  term  to  bind  together  a  number  of  un- 
known causes  to  render  them  comprehensible.  After 
it  was  ascertained  what  phlogiston  represented,  the 
right  ideas  were  substituted,  and  the  explanation  of 
phenomena  became  true  and  reliable.  Wood  does 
not  burn  otherwise  than  formerly,  air  is  what  it  was, 
water  moistens  as  before ;  but  what  immense  progress 
the  human  race  has  made  since  the  right  conception 
of  air,  oxygen,  and  the  process  of  combustion  took  the 
place  of  the  word  phlogiston  ?  A  similar,  but  greater 
and  more  blessed  advancement,  must  follow  from  the 
right  knowledge  or  perception  of  the  nutritive  pro- 
cess in  plants  and  animals;  and  it  is  as  absurd  for  a 
chemical  teacher  to  explain  phenomena  by  phlogiston, 
as  it  would  be  for  the  farmer  to  employ  the  word  dung 
in  explanation  of  any  agricultural  process ;  for,  in  the 
place  of  this  word,  which  is  now  without  meaning,  the 
word  manure  or  compost  is  now  substituted,  express- 
ing that  for  each  plant  there  are  certain  ingredients 
serving  as  food,  from  the  great  effect  of  which  the 
phenomena  must  be  explained. 

Theory  op  Manures. — To  understand  the  part 
which  manures  play  in  rendering  soils  productive, 
recourse  must  be  had  to  the  analysis  of  plants  them- 
selves. The  composition  of  these  will  necessarily  indi- 
cate the  materials  which  must  be  supplied  in  order  to 
promote  their  healthy  growth.  Now,  when  soils  are 
submitted  to  the  action  of  fire,  it  is  found  that  there  is 
an  organic  portion  which  burns  off  completely,  and  a 
residual  one  incapable  of  combustion,  consisting  of 
mineral  substances.  The  same  result  follows  the  action 
of  heat  on  plants.  Healthy  plants  invariably  contain 
a  certain  number  of  these  mineral  ingredients,  and  in 
fact  always  the  same  substances;  the  nature  and  quality, 
or  the  varying  proportions  of  which,  are  ascertained  by 
finding  the  composition  of  the  ashes  of  the  plants.  The 
organic  portion,  dissipated  by  heat,  consists  mainly  of 
the  elements  caribon,  hydrogen,  nitrogen,  and  oxygen, 
which  produce  by  their  union  the  various  proximate 
principles  of  which  plants  are  composed.  The  develop- 
ment of  a  plant,  therefore,  requires  the  presence  of 
bodies  capable  of  furnishing  carbon,  nitrogen,  water  or 
its  elements,  and  the  mineral  matters  which  are  like- 
wise essential  to  vegetals.  The  latter  ingredients  can 
only  be  derived  from  the  soil,  but  the  supply  of  the 
elements  which  form  the  organic  part  may  be  quite 
independent  of  the  soil.  Lichens,  which  were  at  one 
time  supposed  to  be  destitute  of  roots,  have  been  shown 
to  be  possessed  of  these  organs  with  seemingly  greater 
power  than  those  of  trees  and  herbs  :  for  they  are  able 
to  disintegrate  and  take  up  the  necessary  portions  of 
the  rocks  to  which  they  are  attached,  and  fix  them  as 
a  part  of  their  constitution.  Their  organic  constituents 
under  these  circumstances  can  come  from  only  one 
source,  namely,  the  atmosphere. 

Origin  of  the  Organic  Portion  of  Plants. — As 
carbon,  the  essential  ingredient  ot  organic  bodies,  is  in 
its  separate  state  altogether  insoluble  in  water,  it  is 
plain  that  this  element  must  be  presented  to  plants  in 


such  a  form  that  it  can  be  easily  absorbed.  This  can 
readily  be  effected  when  the  carbon  is  in  the  form  of  a 
complex  compound  quite  soluble  in  water,  or  in  the 
simple  state  of  carbonic  acid,  a  gas  which  is  also  freely 
dissolved  by  water.  Hence  have  arisen  two  schools  of 
vegetal  physiologists — the  one  holding  that  organic 
substances  which  can  be  dissolved  by  water,  are  by  its 
means  conveyed  through  the  rootlets  of  plants,  and 
contribute  directly  to  their  nourishment  equally  with 
carbonic  acid ;  the  other  holding  that  though  such 
complex  organic  substances  may  pass  in  solution  through 
the  roots  into  the  interior  of  plants,  yet  they  in  no  way 
contribute  to  their  nourishment,  but  must,  previously 
to  entering  the  plant,  be  decomposed  into  carbonic  acid 
before  they  can  be  utilized.  In  other  words,  one 
school  asserts  that  the  carbon  of  plants  is  derived  from 
soluble  organic  substances,  as  well  as  from  carbonic 
acid ;  the  other,  that  it  is  derived  from  carbonic  acid 
alone.  To  the  first  school  belong  Saussure,  Boussin- 
gault,  Mulder,  and  Payen  ;  to  the  second,  Liebig 
and  his  followers. 

The  Humus  theory  of  the  Nutrition  of  Plants. — All 
plants  and  vegetal  structures,  after  death,  undergo  de- 
composition by  fermentation,  and  by  a  slow  process  ot 
combustion,  called  by  Liebig  eremacausis.  By  these 
processes  they  lose  carbon  as  carbonic  acid,  and  are 
gradually  converted  into  a  dark-brown  matter,  which 
is  known  by  the  name  of  humus.  Under  this  designa- 
tion is  included  a  variety  of  bodies,  which  have  different 
chemical  constitutions.  Humus  exists  in  larger  quan- 
tities in  virgin  soils,  and  as  such  soils  are  noted  for  their 
fertility,  the  presence  of  this  matter  came  to  be  regarded 
as  the  source  of  fertility  of  all  soils.  It  was  considered 
to  be  the  principal  nutriment  of  plants.  The  water  of 
the  soil,  it  was  believed,  dissolved  the  carbonic  acid 
produced  by  the  conversion  of  the  vegetal  fibres  into 
humus,  and  those  portions  of  humus  soluble  in  water; 
and  both  of  these,  being  absorbed  by  the  roots  of  plants, 
contributed  directly  to  their  nourishment.  Hence 
farmers  added  vegetal  manure  in  large  quantity  to  the 
soil,  with  the  view  of  providing  food  for  their  intended 
crops.  Want  of  space  will  not  permit  the  discussion 
of  the  humus  question.  It  will  be  sufficient  to  notice 
the  objections  brought  against  it  by  the  supporters  of 
the  opposite  views  of  the  nutrition  of  plants.  First, 
Springs  of  water  arising  out  of  the  richest  vegetal  mould 
are  quite  clear,  and  contain  no  humus  in  solution. 
Second,  Not  the  slightest  ground  exists  for  the  belief 
that  those  substances  called  ulmin,  humie  acid,  humin, 
et  cetera,  products  of  decomposition  of  vegetal  matter 
by  alkalies,  exist  in  nature,  in  the  form,  and  endowed 
with  the  properties,  of  the  organic  constituents  of  mould ; 
and  there  is  no  proof  that  one  of  these  exerts  any  influ- 
ence on  the  growth  of  plants.  Third,  The  experi- 
ments of  Saussure,  which  are  generally  adduced  in 
favor  of  the  humus  theory,  only  show  that  the  quantities 
of  soluble  organic  substances  taken  up  by  the  roots  of 
plants,  are  just  in  the  proportion  in  which  they  would  run 
through  filters.  Thus,  sulphates  of  the  alkalies,  which 
percolate  a  filter  faster  than  acetate  or  nitrate  of  lime, 
were  also  taken  up  in  greater  quantity  by  the  roots  of 
plants.  Sugar  dissolved  in  water  filters  more  easily 
than  gum,  and  much  more  so  than  humus  extract; 
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plants  took  up  twice  as  much  gum,  and  four  times  as 
much  sugar  as  humus  extract.  Fourth,  Granting  that 
water  does  dissolve  certain  organic  matters  as  well 
as  carbonic  acid,  and  convey  them  into  the  interior  of 
the  plant,  it  does  not  follow  that  such  organic  matters 
contribute  to  their  growth.  The  roots  of  plants  may 
absorb  all  soluble  matters,  organic  as  well  as  inorganic, 
with  which  they  come  in  contact,  yet  only  such  por- 
tions be  retained  as  are  necessary  to  their  organism ; 
the  remainder  being  returned  to  the  soil.  Did  this 
power  of  selection  not  exist,  the  quantity  of  mineral 
constituents  in  plants,  for  example,  would  soon  become 
enormous.  The  soluble  organic  matter,  with  the  sur- 
plus mineral  matter,  is  again  returned  to  the  soil. 
Fifth,  There  is  great  probability  that  the  roots  of 
plants  have  the  power  of  selection,  for  as  yet,  even  in 
the  outer  cells  of  the  rootlets,  not  a  trace  of  humus 
extract  has  been  actually  discovered.  The  presence 
of  a  substance  resembling  humic  acid  found  in  some 
diseased  plants,  is  no  argument  in  favor  of  its  general 
presence. 

The  second  theory  of  the  supply  of  carbon  to  plants, 
rejects  altogether  the  intervention  of  soluble  organic 
matters.  Woody  fibre  in  the  soil,  by  the  access  of 
oxygen,  gives  rise  to  carbonic  acid.  If  this  carbonic 
acid  be  removed,  and  a  fresh  portion  of  oxygen  be 
admitted,  a  fresh  portion  of  carbonic  acid  will  be  formed. 
This  process  is  slow,  and  the  presence  of  water  is  neces- 
sary to  its  maintenance.  Woody  fibre  in  this  progres- 
sive state  of  eremacausis,  is  called  humus,  and  when 
the  decay  is  complete,  and  there  is  no  longer  formed 
any  carbonic  acid  by  the  access  of  oxygen,  there  is  left  a 
brown  coaly-looking  substance,  which  is  mould.  In  every 
fertile  soil  there  is,  therefore,  an  atmosphere  of  carbonic 
acid  surrounding  every  particle  of  decaying  humus. 
This  is  dissolved  by  water  in  the  soil,  and  at  onoe 
absorbed  by  the  roots  of  plants.  By  loosening  the  soil 
all  round  the  roots,  the  access  of  air  is  accelerated, 
and  a  further  portion  of  carbonic  acid  is  the  result. 
The  roots,  from  the  first  moment  of  their  formation, 
extract  from  the  soil  their  proper  nourishment,  namely, 
the  carbonic  acid  generated  by  the  humus.  As  soon 
as  the  leaves  have  appeared,  they  also  begin  their 
functions  by  absorbing  carbonic  acid  from  the  air.  The 
quantity  of  this  gas  in  the  atmosphere,  amounting  to 
about  one-tenth  per  cent.,  appears  to  be  a  trifling  source 
of  carbon.  But  when  the  immense  mass  of  the  air  is 
taken  into  account,  and  it  is  recollected,  that  by  the 
law  of  diffusion  of  gases,  carbonic  acid  is  in  the  same 
proportion  in  all  parts,  it  can  easily  be  shown  by  calcula- 
tion that  the  atmosphere  contains  no  less  than  three 
thousand  and  eighty-five  billion  pounds  of  carbon — a 
quantity  which  greatly  exceeds  the  weight  of  all  the 
plants  existing  in  the  world.  This  amount  of  carbon 
is,  therefore,  more  than  adequate  for  the  growth  of  all 
plants,  even  if  they  were  confined  to  this  source  of 
supply  alone. 

When  a  plant  is  fully  developed,  and  the  organs  by 
which  it  obtains  food  from  the  atmosphere  are  formed, 
it  may  be  said  to  be  independent  of  the  soil  for  its  car- 
bon. But  as  the  functions  of  the  organs  of  plants 
cannot  be  conceived  to  cease  for  a  moment  during 
their  life ;  and  as  soils  in  which  plants  vegetate  vigor- 


ously always  contain  moisture,  holding  in  solution 
carbonic  acid,  either  produced  within  the  soil,  or 
brought  to  it  by  rain  from  the  atmosphere,  it  follows 
that  plants  during  their  life  must  constantly  absorb 
carbonic  acid  by  their  roots  as  well  as  by  their  leaves. 
It  is  thus  seen,  that  on  the  one  hand,  a  plant  when 
placed  under  peculiar  circumstances  can  depend  on  the 
carbonic  acid  of  the  atmosphere  alone  for  its  carbon, 
and  that  it  has  an  abundant  supply  of  this  element  in 
the  air;  yet  under  the  ordinary  normal  condition  of 
vegetal  life,  the  supply  must  come  from  the  carbonic 
acid  of  the  soil  as  well  aB  the  air. 

Source  of  Nitrogen  of  Plants. — The  quantity 
of  nitrogen  present  in  plants  is  small  when  compared 
with  their  carbon,  hydrogen,  and  oxygen.  One  hun- 
dred parts  of  hay,  oats,  and  potatoes,  when  dried  at 
240°,  contain  respectively  one  and  a  half,  two  and 
a  half,  and  one  and  a  fifth  parts  of  nitrogen.  But, 
though  existing  in  such  small  proportions,  this  ele- 
ment is  one  of  the  most  important  in  the  constitution 
of  vegetal  products  which  serve  as  food  for  animals ; 
their  value  in  the  scale  of  nutrition  rising  with  the 
quantity  of  nitrogen  they  contain.  It  has  been  a  sub- 
ject of  considerable  discussion  of  late  years,  whether 
the  nitrogen  of  the  air  is  not  absorbed  by  plants, 
and  contributes  directly  to  their  nourishment.  In  a 
memoir  presented  to  the  Academy  of  Sciences,  Ville 
affirmed  that  the  nitrogen  of  the  air  is  assimilated  by 
plants.  Boussingault  showed  by  a  series  of  care- 
fully-conducted experiments,  that  this  supposition  of 
Ville  was  incorrect.  A  committee,  of  which  Ciievkeul 
was  reporter,  was  appointed  by  the  Academy  to  investi- 
gate the  point.  They  made  a  series  of  experiments 
which,  they  stated,  resulted  in  favor  of  Ville's  views. 
Still  later,  Boussingault  reinvestigated  the  subject, 
and  by  a  series  of  the  most  carefully-conducted  ex- 
periments, appears  to  have  settled  the  question ;  and 
though  Ville,  by  still  more  recent  experiments,  thinks 
his  prior  views  confirmed,  yet  for  the  present  the 
results  obtained  by  the  former  lead  to  the  conclusion, 
that  nitrogen  is  not  directly  assimilated  by  plants. 
The  nitrogen  of  plants  can,  therefore,  be  derived  from 
only  two  sources,  namely,  from  ammonia  and  nitric 
acid. 

When  a  large  quantity  of  rain  water  which  falls  after 
long  dry  weather,  or  melted  snow  is  evaporated  to  dry- 
ness, with  a  little  sulphuric  or  hydrochloric  acid,  the 
residue  is  found  to  contain  ammonia,  which  can  be 
detected  by  its  peculiar  odor,  on  the  addition  of  a  little 
slaked  lime.  This  ammonia,  which  at  all  times  exists 
in  the  air,  is  derived  from  the  putrefaction  of  animal 
substances,  and  from  numerous  other  sources,  from  which 
it  is  evolved  chiefly  as  carbonate.  It  is  very  soluble  in 
water;  hence  every  shower  of  rain  removes  it  from  the 
atmosphere,  which  again  receives  a  constant  supply 
from  the  sources  just  stated.  Ammonia  is  the  last  pro- 
duct of  the  putrefaction  of  animal  bodies.  But  if  this 
ammonia  be  placed  under  favorable  circumstances,  it 
undergoes  eremacausis,  or  slow  combustion.  The  oxygen 
of  the  air  converts  its  hydrogen  into  water,  and  its 
nitrogen  into  nitric  acid.  There  is  another  mode  in 
which  nitric  acid  may  be  produced,  namely  by  the  direct 
combination  of  its  elements,  nitrogen  and  oxygen,  by 
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means  of  electricity.  This  effect  is  often  observed  in 
thunder-storms.  There  is  thus  a  constant  supply  of 
nitrogen  from  the  atmosphere,  in  the  form  of  ammonia 
and  nitric  acid.  The  tmount  present  in  a  given  portion 
of  air  is  very  small ;  but  the  total  quantity  which  may 
be  derived  from  this  source  in  a  given  time  is  not  incon- 
siderable, when  it  is  recollected,  that  a  generation  of  a 
thousand  million  men  is  renewed  every  thirty  years ; 
and  thousands  of  millions  of  animals  cease  to  live,  and 
are  reproduced,  in  a  much  shorter  time. 

The  ammonia  and  nitric  acid  in  solution  in  water  in 
the  soil,  are  at  once  absorbed  by  the  roots  of  plants, 
and  in  both  forms  assimilated  by  their  organs  for  the 
production  of  the  nitrogenized  matters  which  they  con- 
tain. This  fact  has  been  proved  by  many  observers. 
The  juice  of  maples,  birches,  tobacco-leaves,  when 
evaporated  with  lime,  emits  a  quantity  of  ammonia. 
The  evolution  of  ammonia  from  the  juice  of  beet  in  the 
process  of  clarifying  by  lime,  is  familiar  to  every  beet- 
sugar  manufacturer.  The  tobacco  plant,  sunflower, 
Borago  officinalis,  Apium  Graveolens,  contain  in  their 
juices  considerable  quantities  of  nitric  acid  in  the  form 
of  nitrates.  The  presence  of  nitrates  in  the  sap  of 
plants  has  been  supposed  to  prove  that  the  nitrogen  of 
the  nitric  acid  is  not  employed  in  the  organism  for  the 
production  of  compounds  containing  that  element.  But 
this  conclusion  cannot  be  drawn  from  the  presence  in 
the  juice  of  nitric  acid,  any  more  than  from  the  pre- 
sence of  ammonia  and  carbonic  acid.  It  only  proves 
that  these  substances  after  absorption  have  not  yet 
undergone  decomposition  and  fixation  in  the  plant,  or 
that  they  exist  as  a  surplus  not  required  for  its  further 
development. 

The  employment  of  animal  manures  for  those  crops 
which  are  most  important  as  food  of  animals,  is  a 
satisfactory  proof  that  their  nitrogen  is  derived  from 
ammonia.  An  increase  of  animal  manure  gives  rise 
not  only  to  an  increase  in  the  number  of  seeds,  but  also 
in  the  proportion  of  those  substances  in  them  which 
contain  nitrogen.  One  hundred  parts  of  wheat  grown 
on  a  soil  manured  with  cow  dung,  a  manure  which  con- 
tains the  smallest  quantity  of  nitrogen,  afforded  only 
11-95  parts  of  gluten,  and  62-34  parts  of  starch  ;  whilst 
the  same  quantity  grown  on  a  soil  manured  with  human 
urine,  which  is  highly  nitrogenized,  afforded  the  maxi- 
mum of  gluten,  namely,  35-l  per  cent.  In  a  subse- 
quent portion  of  this  article,  the  question  of  the  supply 
of  ammonia  to  plants  will  be  again  noticed. 

In  the  foregoing  remarks  it  is  seen,  that  the  condi- 
tions necessary  for  the  production  of  the  organic  con- 
stituents of  plants  are  moisture,  and  the  presence  every- 
where of  bodies  to  furnish  carbon  and  nitrogen.  The 
essential  food  of  plants  must  not  be  one  which  is  found 
in  one  place,  and  is  absent  from  another.  Wherever 
water  is,  there  must  be  found  these  sources  of  carbon 
and  nitrogen.  No  substances  fulfil  these  conditions  but 
carbonic  acid  and  ammonia.  Hence  the  whole  theory 
of  the  nourishment  of  a  plant,  so  far  as  the  formation 
of  its  organic  portions  is  concerned,  consists  in  the  con- 
stant supply  of  carbonic  acid  and  ammonia,  and  as  a 
substitute  for  the  latter,  nitric  acid,  from  which  carbon 
and  nitrogen  are  assimilated. 

Tire  Inorganic  Food  of  Plants. — Experience 


has  shown  that,  however  abundantly  carbonic  acid 
and  ammonia  may  be  supplied  to  plants,  yet  they 
cannot  live  upon  these  alone.  Seeds  sown  in  sand, 
and  aspersed  with  water  impregnated  with  carbonic 
acid  and  ammonia,  arrive  at  a  certain  stage  of  growth, 
and  then  begin  to  droop  and  die.  The  inorganic 
matter  left  on  burning  a  plant  is  as  necessary  for  its 
growth  as  carbonic  acid  and  ammonia.  The  bones, 
muscles,  and  blood  of  animals  cannot  exist  without 
a  constant  supply  of  inorganic  elements,  and  these 
must  be  derived  ultimately  from  plants  which  form 
the  food  of  graminiferous  animals.  Hence  plants  must 
store  up  within  themselves  inorganic  constituents  for 
the  wants  of  animals,  as  well  as  for  themselves.  The 
number  of  these  inorganic  constituents  is  compara- 
tively small.  They  are  chiefly  potassa,  soda,  lime, 
magnesia,  oxide  of  iron,  and  silica,  phosphoric  and  sul- 
phuric acid,  and  chlorine.  It  is  not  known  what  parti- 
cular part  they  play  in  the  vegetal  organism  ;  but  that 
they  are  essential  is  proved  by  the  power  which  is 
conferred  on  plants  of  selecting  such  substances  as  are 
necessary  for  the  growth  of  their  different  parts.  Sea- 
water  contains  a  large  quantity  of  soda,  and  but  a 
mere  trace  of  potassa ;  yet  some  sea- weeds,  as  dulse, 
contain  much  potassa  and  little  soda;  thus  proving 
that  the  plant  has  selected  out  of  a  mass  of  soda  the 
potassa,  which  is  necessary  for  the  perfect  structure  of 
its  seed. 

In  the  first  instance,  the  roots  of  plants  may  take  up 
all  substances  in  solution  without  selection.  But  this 
action  is  not  one  of  simple  imbibition  as  in  the  case  of 
sponges.  Liebig,  in  a  recent  memoir,  maintains  that 
the  spongioles,  in  obtaining  their  supply  of  saline  matter, 
exert  a  real  decomposing  action  on  certain  ill-defined 
compounds,  which  the  saline  matter  forms  with  the 
insoluble  constituents  of  the  soil.  Those  substances 
which  are  conveyed  to  plants  in  solution  are  retained 
in  greater  or  less  quantity,  or  are  entirely  rejected 
when  not  fit  for  assimilation. 

Carefully-conducted  experiments  have  proved,  that 
on  whatever  soil  grown,  if  a  plant  is  healthy  and  ripens 
its  seed,  the  quantity  and  kind  of  ash  which  it  contains 
are,  within  certain  limits,  and  with  certain  admissible 
variations,  nearly  the  same.  Further  experiments  have 
also  shown,  that  the  ash  left  by  two  different  species 
of  plants  grown  on  the  same  soil,  is  never  exactly 
the  same.  Thus  silica,  alkaline  and  earthy  phos- 
phates, form  invariable  constituents  of  the  seeds  of 
all  kinds  of  grasses ;  and  bulbous  and  tuberous  roots 
are  characterized  by  the  large  quantity  of  potassa  and 
soda  they  contain.  The  different  parts,  too,  of  the 
same  plant  have  variable  proportions  of  inorganic 
matter.  Such  constituents,  according  to  Liebig,  appear 
to  exist  in  the  smallest  quantity  in  those  parts  of  a 
plant  in  which  the  process  of  assimilation  is  most  active, 
as  in  the  mass  of  woody  fibre ;  and  their  quantity  is 
greatest  in  those  organs,  the  office  of  which  it  is  to 
prepare  substances  conveyed  to  them  for  assimilation 
by  other  parts.  Hence  there  is  a  larger  quantity  pre- 
sent in  leaves  than  in  branches,  and  more  in  the  latter 
than  in  stems. 

The  quantity  of  ash  left  by  the  different  parts  of  cul- 
tivated plants  is  seen  by  the  following  table  :— 
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PROPORTION  OP  ASHES  LEFT  BY  ONE  HUNDRED  POUNDS  OF  THE  SEEDS, 

CULTIVATED  GRAINS. 
Grain. 

Wheat   2-31  mean   

Barley,   2-54  "   

Oats,  without  husk,   2-01  "   

Eye,   2-41  "   

Indian  corn,   1'3   

Field  beans,   3-0  "   

Field  peas,   2-7   Pod  7-1 

Vetches,   2-4    

Lentils,  *  .  2-06   

Linseed,   4-2  mean   

Hempseed,   5*6   


HUSKS,  AND  STRAWS,  OF  THE  USUALLY 
Husk.  Straw. 

    5*39  mean 

    5-86  " 

6-51  mean   6-14  " 


6-5 


10-t 


3-  29 

4-  54 

5-  0 


  6'0  mean 

5*38 

Flax  1-28  and  4-5 
. .  Hemp  1-78   


PROPORTION  OF  ASH  LEFT  BY  ONE  HUNDRED  POUNDS  OF  THE 
DIFFERENT  ROOT  CROPS — NAMELY,  OF  CABBAGE,  TOBACCO, 

et  cetera,  when  dried. 

Root.  Leaves. 

Potatoes,   3-9  mean    21-5  mean 


Turnip,   7-0 

Carrot,   5-1 

Parsnip,   4*3 

Mangold-wur/.el,   7-0 

Cabbage,   — 

Tobacco   — 


17-0  ' 
16-42 
15-76 
7-55 

22-  00 

23-  08 


PROPORTION  OF  ASH  LEFT  BY  ONE  HUNDRED  POUNDS  OF  THE 
GRASSES  WHEN  URY. 

Lucerne,   9-5 

Red  clover,   7-5 

White  clover,   9-1 

Ryegrass,   6-0 

Knot  grass,   2-3 

Holcus  lanatus,  i   6-2 

Poa  pratensis,   6-2 

Scripus,   2*3 

PROPOBTION  OF  ASH  LEFT  BY  ONE  HUNDRED  POUNDS  OF 
DIFFERENT  KINDS  OF  TREES. 


Wood. 

Larch,   0-33 

Scotch  fir,   0-16 

Pitch  pine,   0-25 

Beech,   0-35 

Willow   0-45 

Birch,   0-34 

Elm,   1-88 

Ash,   0-5 

Oak   0-21 

Poplar,   1-97 

Sugar  cane,   1-45 


Seed. 

5-0 

4-98 

4-47 


Hop, 


5-00 


Flowers. 
10-90 


Dried  leaves. 

..  60 

..  2-5 

..  3-15 

..  5-4 

..  8-2 

..  5-0 

..  11-8 

'. .'  4-5 

..  9-2 

..  9-4 


When  the  composition  of  the  ash  thus  left  hy  plants 
is  examined,  several  important  points  are  ascertained. 
It  is  seen  that  though  silica  is  not  always  wanting 
for  the  grain  of  the  corn-bearing  plants  and  grapes, 
yet  that  it  is  absolutely  necessary  to,  and  may  be  said 
to  be  the  characteristic  mineral  ingredients  of  their 
stems.  In  the  ash  of  the  grain  of  wheat  it  amounts  to 
one  per  cent.,  whilst  in  the  ash  of  its  straw  the  quantity 
varies  from  forty  to  eighty  per  cent. 

Phosphoric  acid  is  the  characteristic  ingredient  of 
the  seeds  of  plants.  It  forms  about  one-half  of  the 
ash  of  the  grain  of  the  different  cereals,  when  burnt 
with  their  husks,  but  is  seldom  present  in  any  con- 
siderable quantity  in  their  ripe  straws. 

As  the  ash  of  the  stems  of  cereals  is  characterized 
by  silica,  so  the  ash  of  the  stalks  of  leguminous  plants, 
and  the  tops  of  the  potato  and  turnip,  are  remarkable 
for  the  quantity  of  lime  they  contain. 

Root  crops  have  also  their  characteristic  mineral 
ingredients.  Potassa  and  soda,  which  are  present  to 
the  extent  of  thirty  per  cent,  in  the  ash  of  cereals,  and 


about  forty  per  cent,  in  the  ashes  of  beans  and  peas, 
amount  to  about  fifty  to  sixty  per  cent,  in  the  ash  of 
the  turnip  and  potato.  Thus  larger  quantities  of  the 
alkalies  are  present  in  roots  than  in  other  crops  raised 
for  human  food. 

The  following  table  shows  the  amount  of  essential 
inorganic  ingredients  contained  in  one  hundred  parts  of 
the  ashes  of  the  commonly  cultivated  plants  : — 


a  J 

i 

•c  . 

^  I 

§ 
3 

| 

-3 

KB 

1 

g* 

CO 

33 

3 

12 

50 

0-25 

1 

Barley    "  .... 

22 

3 

7 

39 

0-10 

27 

Oats  "   

26 

6 

10 

44 

11-0 

3 

Rye        "  .... 

34 

5 

10 

50 

1-0 

0-4 

33 

1 

16 

45 

3-0 

1-0 

30 

1 

12 

53 

3-0 

44 

6 

8 

38 

1-0 

1-0 

44 

5 

8 

34 

4-0 

0-51 

Wheat -straw,  

13 

7 

4 

3 

6-0 

65-0 

Barley     "  .... 

7 

10 

3 

3 

2-0 

71-0 

Oat         "  .... 

29 

8 

4 

3 

3-0 

48-0 

Rye        "  .... 

18 

9 

2 

4 

1-0 

65-0 

Maize     "  .... 

35 

8 

7 

17 

28-0 

Rice       "  .... 

14 

5 

1 

4-0 

74-0 

Bean      "  .... 

28 

36 

7 

12 

2-0 

11-0 

Pea        "  .... 

17 

40 

8 

8 

7-0 

10-0 

36 

33 

8 

8 

3-0 

70 

Potatoes,  root,... 

57 

2 

5 

13 

14-0 

4-0 

Turnip,     "  ... 

47 

14 

5 

8 

14-0 

8-0 

Beet,        "  ... 

50 

9 

5 

8 

2-0 

10-0 

Carrot,      "  ... 

54 

17 

1-3 

16 

10-0 

3-0 

32 

21 

60 

12 

22-0 

0-74 

Turnip  "  .... 

44 

17 

7-0 

8 

7-0 

4-0 

34 

23 

3-0 

9 

13-0 

10 

Johnston  has  made  elaborate  calculations  in  his 
agricultural  lectures,  to  show  the  enormous  amount  of 
mineral  constituents  removed  from  the  soil  by  cultivated 
plants.  Only  a  few  examples,  by  way  of  illustration, 
need  be  taken  : — 

Mineral  Constituents  removed  per  acre  of  Wheat. 
— If  the  produce  of  a  field  of  wheat  be  taken  at 
the  rate  of  twenty-five  bushels  per  imperial  acre, 
weighing  sixty  pounds  a  bushel ;  and  if  the  straw 
averages  twice  the  weight  of  the  grain,  then  the  quan- 
tity of  inorganic  matter  carried  off  the  soil  by  the  crop 
will  be,  per  acre  :  — 

Pounds. 

In  one  thousand  five  hundred  pounds  of  grain")  „n 
at  two  per  cent,  of  ash,  j 

In  three  thousand  pounds  of  straw  at  six  perl  ,„„ 
cent.,  j-180 

Total,.   210 

The  composition  of  ihe  matter  thus  carried  off, 
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according  to  the  mean  of  analyses  of  ashes  given  in 
the  table,  will  be,  in  pounds : — 


Grain. 

Straw. 

Total. 

7-15  .. 

.  .     22-44  .. 

. .  29-59 

2-73  .. 

..     0-29  .. 

. .  3-02 

.    0-85  .. 

..    12-09  .. 

. .  12-94 

3-63  .. 

..     6-89  .. 

. .  10-52 

. .     2-35  .. 

. .  2-55 

Phosphoric  acid,  . 

..  15-02  .. 

..     5-54  .. 

. .  20-56 

.    0-07  .. 

..    10-49  .. 

. .  10-56 

..     1-97  .. 

1-97 

Silica,  

.    0-35  .. 

. .  117-94  .. 

. .  118-29 

30-00 

180-00 

210-00 

Mineral  Constituents  removed  per  acre  by  a  Crop  of 
Barley. — If  the  produce  of  an  imperial  acre  of  barley 
amount  to  forty  bushels,  each  weighing  fifty-three 
pounds,  and  if  the  straw  averages  one-fourth  more  than 
the  weight  of  the  grain,  then  the  proportion  of  inorganic 
matter  removed  from  each  acre  by  a  crop  of  barley, 
will  be — 

Pounds. 

In  two  thousand  one  hundred  and  twenty  pounds  ) 
of  grain  at  two  and  a  half  per  cent,  of  ash,  . .  j 

In  two  thousand  six  hundred  and  fifty  pounds  1 
of  straw  at  six  per  cent,  of  straw,  j 

Total   213 

The  composition  of  this  ash  will  be  found  by  the 
table  to  consist  of — 


Grain. 

Straw. 

Total 

Potassa,  

,    7-24  .. 

. .    10-29  .. 

..  17-53 

4-32  .. 

. .      0-92  .. 

. .  5-24 

.    15-53  .. 

. .  16-92 

3-97  .. 

.      5-25  .. 

. .  9-22 

0-79  .. 

.      1-35  .. 

..  2-14 

0-12  .. 

. .     2-26  .. 

. .  2-38 

Phosphoric  acid,.. 

.  20-74  .. 

..     5-02  .. 

. .  25-76 

Sulphuric  acid,  . . 

.    0-05  .. 

..     2-66  .. 

..  2-71 

Chlorine,  

.    0-02  .. 

..     1-58  .. 

. .  1-60 

14-36  .. 

..  115-14  .. 

..  129-50 

53-00 

160-00 

213-00 

Mineral  Constituents  removed  per  acre  by  a  Crop  of 
Turnips. — A  good  crop  of  turnips  varies  from  twenty 


Grain. 

Straw. 

32-73 

Soda,  

. .    7-05    . . 

. .  1-21 

. .    2-24    . . 

27-62 

. .    7-60    . . 

12-14 

..    1-11  .. 

5-96 

..  35-76  .. 

10-56 

..    0-12  .. 

13-15 

. .    0-02    . . 

3-55 

..  14-71  .. 

...  233-08 

to  forty  tons  of  bulbs  per  imperial  acre.  If  twenty  tons 
be  taken  as  an  average  crop,  and  if  the  tops,  which 
always  vary  much  in  the  proportion  they  bear  to  the 
clean  bulbs,  be  assumed  as  equal  to  one-third  of  the 
weight  of  the  bulbs,  the  inorganic  matter  carried  off 
by  a  crop  of  roots  and  tops  will  be  as  follows : — 
Twenty  tons  of  bulbs  contain  two  tons  of  dry  matter, 
leaving  seven  and  a  half  per  cent,  of  ash,  or  about 
three  hundreo*and  forty  pounds.  Six  tons  and  a  third 
of  tops  contain  one  thousand  eight  hundred  and  fifty 
pounds  of  dry  matter,  leaving  seventeen  per  cent,  of 
ash,  or  about  three  hundred  and  ten  pounds.  Bulbs 
and  tops  thus  remove  in  all  six  hundred  and  fifty 
pounds  of  mineral  matter,  having  the  annexed  com- 
position, in  pounds  : — 


Bulbs. 

Tops. 

Total 

142-66  . 

..  88-82  .. 

. .  231-48 

,    17-31  . 

..  16-76  .. 

. .  34-07 

46-24  . 

..  72-14  .. 

..  118-38 

.    18-16  . 

..    9-58  .. 

. .  27-74 

4-35  . 

..    2-67  .. 

. .  7-02 

Phosphoric  acid,.. 

.    25-77  . 

..  28-80  .. 

. .  54-57 

Sulphuric  acid,  . . 

.    46-24  . 

..  38-81  .. 

. .  85-05 

12-24  . 

..  49-75  .. 

. .  61-99 

27-03  . 

..    2-67  .. 

. .  29-70 

340-00 

310-00 

650-00 

Mineral  Constituents  removed  per  acre  by  a  Crop  of 
Hay,  consisting  of  one  ton  of  rye  grass,  and  half  a  ton 
of  red  clover : — 


Potassa,   38-22 

Soda,   12-05 

Lime,   44-45 

Magnesia,   7-09 

Oxide  of  iron,   0-58 

Phosphoric  acid,   15*12 

Sulphuric  acid,   9-20 

Chlorine,   4-06 

Silica,   78-23 


209-00 

The  total  mineral  constituents  removed  from  the 
soil  by  this  four  years'  rotation  of  crops,  will  be,  in 
pounds : — 


Bulbs 

Tops. 

Hay. 

Total. 

142-66  , 

. . .    88-82    . . . 

. . .    38-22    . . . 

. . .  316-82 

17-31 

...    16-76  ... 

. . .    12-05    . . . 

. . .  54-38 

46-24 

. . .    72-14    . . . 

44-45    .  . 

. . .  192-65 

18-16  , 

. . .     9-58    . . . 

. . .     7-09    . . . 

.  . .  54-57 

4-35 

2-67    . . 

. . .     0-58    . . 

.  . .  14-67 

25-77  . 

. . .    28-80    . . . 

. . .    15-12    . . . 

.  ,  .  116-01 

46-24    . . . 

. .  38-81 

. . .     9-20    . . . 

. . .  107-52 

12-24 

. . .    49-75    . . . 

. . .     4-06    . . . 

69-62 

27-03 

...     2-67  ... 

. . .    78-23    . . . 

. . .  355-72 

83-00  340-00  340-00  310-00  209-00  1282-00 


This  table  is  highly  important,  as  showing  the  enor- 
mous quantity  of  soluble  minerals  removed  from  soils 
by  cultivated  crops.  If  the  crops  were  removed  from 
the  ground,  and  no  means  were  taken  to  return  to  the 
soil  in  some  form  the  mineral  constituents  thus  con- 
stantly taken  off,  the  inevitable  consequence  would 
ultimately  be  utter  sterility. 

Application  op  Manures.— The  facts  adduced  in 
the  preceding  pages  tend  to  show  what  is  the  real  nature 
of  manures,  and  in  what  manner  they  act.  They  are 
the  food  of  plants ;  hence  the  necessity  of  understand- 
ing, in  the  first  instance,  the  mode  in  which  plants  are 


nourished.  Plants  must  be  furnished  with  matter  to 
build  up  their  organic  and  inorganic  portions.  Com- 
plex organic  matters,  as  has  been  stated,  do  not  nourish 
plants,  until  decomposed  into  carbonic  acid,  water,  and 
ammonia.  These  substances  exist  in  the  air;  this  source 
might,  therefore,  be  trusted  for  their  supply,  but  a 
double  source  of  supply,  from  air  and  soil,  undoubtedly 
causes  greater  activity  in  a  given  time  in  vegetation. 
Inorganic  constituents  can  come  from  the  soil  alone. 
Of  the  two  kinds  of  food  of  plants,  the  gaseous  and  inor- 
ganic, which  it  may  be  necessary  to  add  to  a  barren  soil, 
by  far  the  most  important  and  indispensable  is  the  latter. 
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The  various  facts  already  discussed,  and  the  essential 
points  connected  with  the  application  of  manures,  can- 
not be  better  summed  up,  than  in  the  words  of  Liebig 
in  his  Principles  of  Agricultural  Chemistry. 

In  the  shape  of  agricultural  produce  of  a  field,  the 
entire  amount  of  those  constituents  which  have  be- 
come ingredients  of  plants  is  removed  from  the  soil. 
After  a  series  of  years,  and  a  corresponding  number 
of  harvests,  the  fertility  of  the  soil  or  field  diminishes. 
The  change  which  is  found  to  have  taken  place  in  the 
composition  of  the  soil  after  harvest,  is  the  probable 
cause  of  its  diminished  or  lost  fertility.  By  means 
of  solid  and  liquid  manure,  or  the  excreta  of  men 
and  animals,  the  lost  or  diminished  fertility  of  the 
land  is  restored.  Solid  or  farmyard  manure  consists 
of  decayed  vegetal  and  animal  matters,  which  contain 
a  certain  proportion  of  the  constituents  of  the  soil.  The 
excrements  of  men  and  animals  represent  the  ashes  of 
the  food  consumed,  and  which  has  been  derived  from 
the  supposed  soil.  The  urine  contains  the  soluble,  the 
solid  excreta  the  insoluble  constituents  of  the  soil 
derived  from  the  crops  used  as  food,  and  reaped  from 
the  soil.  By  adding  these  to  the  soil,  it  recovers  those 
constituents  which  have  been  removed  from  it  in  the 
crops. 

Thus  the  restoration  of  its  original  composition  is 
accompanied  by  the  restoration  of  its  fertility.  It  is 
therefore  certain  that  one  of  the  conditions  of  fertility 
in  a  soil,  is  the  presence  in  it  of  certain  mineral  consti- 
tuents. A  rich  fertile  ground  contains  more  of  these 
than  a  poor  barren  one  does. 

Vegetal  and  animal  matters,  and  animal  excreta, 
when  in  the  soil,  undergo  putrefaction  and  slow  oxida- 
tion. The  nitrogen  of  their  nitrogenized  constituents 
is  changed  in  the  process  of  putrefaction  and  decay 
into  ammonia,  and  a  small  part  into  nitric  acid,  which 
is  the  product  of  the  oxidation  or  decay  of  ammonia. 
There  is  every  reason  to  believe  that  nitric  acid  can 
replace  ammonia,  as  a  source  of  nitrogen  to  plants.  In 
animal  manures,  therefore,  not  only  are  plants  supplied 
with  the  mineral  substances  which  the  soil  must  yield, 
but  they  are  also  supplied  with  those  parts  of  their  food 
which  the  plant  obtains  from  the  atmosphere.  The 
latter  supply  is  a  clear  addition  to  that  which  the  air  at 
all  times  affords. 

The  solid  and  liquid  parts  of  the  food  of  plants  con- 
tained in  the  soil  must  enter  the  roots  in  solution  in 
water,  or,  in  the  case  of  those  substances  not  soluble  in 
pure  water,  in  water  containing  carbonic  acid  or  some 
salt  of  ammonia.  Hence  animal  manures,  undergoing 
decay  in  the  soil,  render  the  air  and  water  which 
pass  through  it  richer  in  carbonic  acid  and  salts  of 
ammonia.  They  thus  not  only  supply  plants  with  a 
certain  amount  of  their  mineral  and  atmospheric  food, 
but  also  provide  them  with  those  substances — carbonic 
acid  and  ammoniacal  salts — which  are  the  most  indis- 
pensable for  the  introduction  into. the  vegetal  organism 
of  the  mineral  constituents,  which,  by  themselves,  are 
insoluble  in  water,  and  this  to  a  larger  amount  in  the 
same  time  than  could  be  effected  without  the  co-ope- 
ration of  decaying  organic  matter.  The  mineral  con- 
stituents which  all  plants,  without  exception,  require 
for  their  nutrition,  are  phosphoric  acid,  sulphuric  acid, 


the  alkalies,  lime,  magnesia,  and  iron.  Some  important 
genera  require  silica.  Those  which  grow  on  the  sea- 
shore and  on  the  sea  require  chloride  of  sodium,  soda, 
and  iodides  of  metals.  In  some  genera,  the  alkalies 
may  in  part  be  replaced  by  lime  and  magnesia,  or  these 
latter  by  the  alkalies.  All  these  substances  are  in- 
cluded in  the  term  mineral  food  of  plants ;  carbonic  acid 
and  ammonia  being  termed  the  atmospheric  food. 

From  some  recent  experiments  respecting  the  capacity 
of  soils  for  absorbing  the  soluble  constituents  of  manure, 
Liebig  has  been  led  to  a  new  theory  respecting  the 
nutrition  of  plants,  and  which  is  quite  opposed  to  the 
foregoing  view.  The  inference  deducible  from  the 
Baron's  experiments  is  as  follows : — That  land  plants 
do  not  receive  their  food  from  a  solution  of  the  ingre- 
dients already  present  in  the  soil,  but  that  they  abstract 
or  absorb  it  directly  from  the  soil  itself,  through  the 
joint  agency  of  water  and  of  a  force  inherent  in  the 
roots. 

The  different  substances  necessary  to  the  growth  of 
a  plant,  or  the  different  articles  of  their  food,  are  all  of 
equal  value ;  that  is  to  say,  if  one  out  of  the  whole 
number  be  absent,  the  plant  will  not  thrive.  The 
soils  which  are  proper  for  the  cultivation  of  all  sorts  of 
plants,  contain  all  the  mineral  constituents  necessary  for 
them.  But  of  two  soils  containing  equal  quantities  of 
these  mineral  ingredients,  one  may  be  considered  rich 
or  fertile,  and  the  other  poor  or  barren,  if  in  the  former 
case  they  are  present  in  a  form  soluble  in  water,  and 
in  the  latter  are  insoluble.  All  soils  adapted  for  culture 
contain  the  mineral  food  of  plants  in  these  two  states. 
The  quantity  of  the  soluble  ingredients  can  be  increased 
from  the  insoluble,  in  other  words,  the  soil  made  more 
productive  by  mechanical  means.  This  process  is  called 
weathering,  or  fallow  ;  the  insoluble  minerals  being  dis- 
integrated by  the  aid  of  carbonic  acid,  oxygen,  and 
water.  Hence  stagnant  water  in  the  soil — undrained 
fields — which  excludes  the  air  from  access  to  the 
insoluble  compounds,  is  an  obstacle  to  this  process  of 
weathering.  Land  in  which  the  necessary  mineral 
constituents  are  not  present  in  any  form,  cannot  be 
rendered  fertile  by  fallow  or  by  ploughing. 

As  different  kinds  of  plants  require  for  their  develop- 
ment in  some  cases  the  same  mineral  substances,  but 
in  unequal  quantities,  a  soil  may  become  barren  for  any 
one  kind  of  plant,  when  by  a  series  of  crops  one  only 
of  these  constituents,  as  for  example,  soluble  silica  has 
been  so  far  removed  that  the  remaining  quantity  is  no 
longer  sufficient  for  a  crop ;  but  it  may  still  contain 
sufficient  mineral  constituents  for  another  kind  of  crop 
which  does  not  require  soluble  silica.  A  third  sort  of 
plant  may  thrive  on  the  same  soil  after  the  second,  if 
the  remaining  mineral  constituents  suffice  for  a  crop  of 
it.    Upon  this  fact  depends  the  rotation  of  crops. 

The  nutritive  substances  necessary  to  the  life  of  a 
plant  must  act  together  within  a  given  time,  if  the  plant 
is  to  attain  its  full  development  in  that  time.  The 
absence  or  deficiency,  or  the  want  of  available  form  in 
one  necessary  constituent,  renders  the  others  which  are 
present  ineffectual,  or  diminishes  their  efficacy,  and  the 
soil  is  rendered  barren  for  all  those  crops  to  the  life  of 
which  that  one  constituent  is  indispensable ;  but  fertility 
is  communicated  if  that  one  substance  be  added  in  due 
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quantity,  and  in  an  available  form.  The  supply  of  more 
atmospheric  food — namely,  carbonic  acid  and  ammonia 
— by  means  of  ammoniacal  salts  and  humus,  than  the 
air  can  furnish,  increases  in  a  given  time  the  efficacy 
of  the  mineral  constituents  present  in  the  soil.  In  a 
soil  rich  in  the  mineral  food  of  plants,  the  produce 
cannot  be  increased  by  adding  more  of  the  same  sub- 
stances. In  a  soil  rich  in  the  atmospheric  food  of 
plants,  rendered  so  by  manuring,  the  produce  cannot 
be  increased  by  adding  more  of  the  same  substances. 

From  land  rich  in  mineral  constituents,  there  may  be 
obtained  in  one  year,  or  for  a  series  of  years,  by  the 
addition  of  ammonia  alone,  in  its  salts,  or  of  humus 
and  ammonia,  rich  crops,  without  in  any  way  restoring 
the  mineral  substances  removed  in  these  crops.  The 
duration  of  this  fertility  depends  on  the  supply  of  the 
available  mineral  constituents  existing  in  the  soil.  The 
continued  use  of  these  manures  produces  sooner  or 
later  an  exhaustion  of  the  soil.  If  after  a  time  the  soil 
is  to  recover  its  original  fertility,  the  mineral  substances 
extracted  from  it  by  the  crops  in  a  series  of  years  must 
be  again  restored. 

These  admirable  propositions  furnish  the  key  to  the 
application  of  manures.  The  continued  fertility  of  a 
soil  for  all  kinds  of  crops,  depends  on  the  constant 
return  to  it  of  all  the  mineral  constituents  removed  by 
the  different  crops.  If  a  great  increase  in  one  crop 
has  been  effected  by  the  application  of  one  manure 
alone — for  example,  of  phosphate  of  lime,  or  of  ammonia 
— this  only  proves  that  all  the  other  ingredients  necessary 
to  that  crop  have  been  present  in  sufficient  abundance 
in  the  soil.  The  agriculturist  would  not  be  warranted 
by  the  success  of  this  one  experiment  in  repeating  it 
too  often,  or  the  infallible  result  would  be  the  ultimate 
exhaustion  of  his  land.  No  single  mineral  substance, 
in  however  large  quantities,  can  confer  permanent  fer- 
tility. This  result  can  only  be  attained  by  the  com- 
bination of  all  those  mineral  salts  found  in  the  ashes 
of  plants,  or  by  the  use  of  a  compost,  such  as  carefully 
prepared  farmyard  manure,  which  contains  in  itself 
these  different  ingredients. 

Here  perhaps  may  be  the  proper  place  to  notice, 
that  the  views  of  the  nature  of  manures  advanced  by 
Liebig  have  been  combated  by  Lawes  and  Gilbert, 
who  have  endeavored  to  show  by  a  series  of  experi- 
mental results,  that  this  so-called  mineral  theory  of 
Liebig  is  an  entire  failure  as  a  guide  to  the  use  of 
manures  in  practical  farming.  In  some  respects  their 
views  may  be  said  to  be  diametrically  opposed  to  those 
of  Liebig.  As  a  rule  the  latter  holds,  that  plants 
when  abundantly  provided  with  their  mineral  consti- 
tuents in  an  available  form,  may  get  their  carbon  and 
nitrogen  from  the  air,  though  it  does  not  follow  that 
this  source  alone  is  to  be  trusted  to  for  these  ingre- 
dients ;  the  former  think  that  their  experiments  warrant 
them  in  concluding,  that  minerals  supplied  to  wheat 
crops  in  much  greater  quantity  than  equivalent  to  those 
taken  off  in  the  increased  produce,  were  only  available 
so  long  as  there  was  a  liberal  provision  of  nitrogen  in 
the  soil ;  that  when  this  artificially-supplied  nitrogen 
was  exhausted,  the  minerals  remained  inactive  and 
useless ;  that  in  the  very  cases  where  minerals  gave  an 
increased  produce,  in  the  well-defined  limit  to  then- 


action  which  is  indicated,  there  is  further  proof  of  the 
necessity  of  an  artificial  supply  of  nitrogen  in  the  soil 
for  the  increased  production  of  corn,  and  the  incapacity 
of  the  mineral  supply  to  yield  any  increase,  excepting 
when  nitrogen  is  thus  provided.  They  further  concluded 
from  their  experiments,  that  there  is  a  fallacy  in  sup- 
plying to  plants  a  manure  founded  on  the  per  centage 
composition  of  their  ashes:  for  in  the  case  of  the  turnip, 
which  shows,  both  in  the  leaf  and  in  the  bulb,  a  propor- 
tion of  alkalies  to  phosphoric  acid  of  from  four  or  five 
to  one,  it  might  be  thought  that  alkalies  were,  there- 
fore, the  more  appropriate  and  special  manure  for  tur- 
nips, whereas  common  practice  has  determined  in  favor 
of  phosphoric  acid,  and  their  own  experiments  proved 
that  the  addition  of  alkalies  to  superphosphates  on 
turnips  did  not  increase  the  return. 

Liebig,  in  his  recent  work  on  the  Principles  of  Agri- 
cultural Chemistry,  has  clearly  proved  that  the  conclu- 
sions of  these  gentlemen  are  based  on  the  most  palpable 
fallacy  of  selecting  for  their  experiments  a  portion  of 
land  which,  so  far  from  being  in  a  practically  and 
agriculturally  exhausted  state,  was  by  the  showing  of 
their  own  experiments,  still  so  rich  in  mineral  consti- 
tuents as  to  have  yielded,  though  uumanured  through- 
out, in  the  seventh  year  a  crop  which  exceeded  by 
seventy-seven  pounds  of  grain  and  five  hundred  and 
ninety-nine  pounds  of  straw  that  of  the  first  year. 
The  conclusion  drawn  by  them  from  their  results,  that 
nitrogenized  manures  are  peculiarly  adapted  for  the 
culture  of  wheat,  is  true  only  for  their  own  land  under 
the  given  circumstances,  namely,  containing  a  suffi- 
ciency of  available  minerals,  and  would  entirely  mislead 
the  practical  farmer  if  he  applied  it  to  other  land  of 
different  quality,  and  placed  in  different  preliminary 
conditions.  For  it  can  be  proved,  as  Liebig  states,  in 
the  same  way,  and  by  facts  equally  decisive,  that  am- 
moniacal salts  alone,  in  thousands  of  wheat  fields,  do 
not  in  the  smallest  degree  increase  the  produce ;  and 
that  in  thousands  of  other  such  fields,  these  salts  do 
increase  the  produce  for  a  year  or  two ;  and  that  then 
a  further  application  of  them  to  the  same  land  is  found 
to  be  utterly  without  effect ;  that  salts  of  ammonia 
increase  the  produce  only  if  the  mineral  constituents 
be  present  in  the  soil  in  due  quantity,  and  in  an  avail- 
able form,  by  rendering  those  minerals  more  soluble, 
and  accelerating  their  action  in  a  given  time.  Hence 
the  use  of  ammoniacal  salts  alone  tends  rapidly  to 
exhaust  a  soil,  and  if  used  by  themselves  without  any 
mineral  manure,  no  cultivation  whatever  can  be  per- 
manently kept  up. 

In  the  opinion  of  Liebig,  the  experiments  of  Lawes 
and  Gilbert,  so  far  from  disproving  the  mineral  theory, 
afford,  on  the  contrary,  the  strictest  and  most  satisfac- 
tory proof  of  its  truth.  The  reader  is  referred  to 
Liebig's  able  work  for  a  clear  and  distinct  view  of  what 
is  really  his  mineral  theory,  and  to  a  paper  by  the 
same  author  in  defence  of  his  views,  in  the  seventeenth 
volume  of  the  Journal  of  the  English  Agricultural 
Society. 

Farmyard  manure  is  taken  as  the  type  of  manures, 
because  it  contains  all  the  constituents  removed  from 
the  land,  and  again  restored  to  it  in  a  form  in  which 
they  can  be  made  rapidly  available.    The  carbonic 
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acid  and  salts  of  ammonia  produced  by  its  decomposi- 
tion, cause  water  to  dissolve  more  rapidly  the  mineral 
constituents.  Compounds  of  ammonia  would  thus  seem 
to  have  two  actions  in  the  nourishment  of  plants, 
namely,  First,  As  a  source  of  nitrogen ;  Second,  As  a  sol- 
vent for  certain  important  mineral  constituents  of  the  soil. 

An  artificial  mixture  can  be  theoretically  compounded 
to  take  the  place  of  farmyard  manure,  but  it  must  con- 
tain all  its  mineral  constituents.  The  agriculturist  must 
return  to  the  land  whatever  has  been  removed  from  it ; 
for  it  has  been  laid  down  as  a  rule,  that  no  part  of  the 
constituents  of  a  rich  soil  can  be  removed  without 
making  compensation,  but  at  the  cost  of  sooner  or  later 
impairing  its  fertility. 

It  is  not  to  be  supposed  from  the  preceding,  that 
practical  empirical  experiments  with  special  manures 
are  to  be  altogether  condemned  as  useless.  They 
are,  on  the  contrary,  highly  valuable  under  certain 
conditions.  The  error  lies  in  elevating  the  practical 
results  into  general  laws.  Experience  has  shown, 
for  example,  that  nitrogenized  manures  have  produced 
large  crops  of  wheat,  and  superphosphate  of  lime  has 
had  the  same  effect  with  turnips.  The  experimenters, 
forgetting  to  inquire  whether  these  results  are  univer- 
sally true,  or  true  only  under  certain  conditions,  have 
emphatically  pronounced  nitrogen  and  superphosphates 
to  be  the  manures  for  these  crops.  Other  experimen- 
ters have  come  forward  and  shown  that  nitrogenized 
manures  in  their  hands  have  not  always  had  good 
results,  and  bones  in  the  hands  of  others  have  not  an- 
swered at  all,  either  for  turnips  or  anything  else. 

These  contradictory  conclusions  embarrass  the  prac- 
tical farmer,  but  the  man  of  science  sees  that  the  diffi- 
culty lies  in  having  taken  these  special  results  for  general 
truths.  His  science  has  taught  him,  that  there  is  a  law 
more  general  still  for  the  successful  cultivation  of  wheat 
and  turnips  under  all  circumstances,  namely,  that  along 
with  nitrogen  and  phosphates,  they  must  have  all  their 
mineral  constituents  provided  for  them.  He  is  able  thus 
to  show,  that  the  application  of  nitrogen  and  that  of 
phosphates  are  mere  special  conditions  for  the  success- 
ful cultivation  of  these  two  crops,  which  can  only  hold 
good  when  the  more  general  and  universal  conditions 
are  fulfilled.  Instead  of  altogether  rejecting  the  prac- 
tical results  obtained  by  others,  he  endeavors  to  ascer- 
tain if  the  failure  of  the  special  rule,  in  any  given  case, 
does  not  arise  from  the  land  not  fulfilling  the  conditions 
of  the  more  general  law. 

Rules  for  the  application  of  Artificial  Manures. — 
The  following  rules  have  been  given  by  W.  Hannam, 
as  useful  in  carrying  into  effect  the  judicious  application 
of  artificial  manures : — 

In  all  mixtures  designed  for  application  in  autumn  or 
winter,  the  ammonia  or  nitrogen  should  be  supplied  in 
a  form  that  would  as  far  as  possible  prevent  its  operat- 
ing too  quickly— for  example,  it  would  be  preferable  to 
supply  the  nitrogen  in  union  with  other  organic  matter, 
as  in  rape-dust,  bones,  woollen  rags,  partially  decom- 
posed blood,  guano,  mixed  with  charcoal,  gypsum,  et 
cetera,  rather  than  in  the  shape  of  salts  of  ammonia, 
which  are  so  speedily  soluble : 

That  all  winter  dressings  of  artificial  manure  should 
be  mixed  in  the  soil : 
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That  all  mixtures  in  which  the  ammonia  exists  in  a 
saline  form,  should  be  applied  as  a  spring  top-dressing 
upon  the  crop,  if  possible  in  wet  weather  during  the 
third  or  fourth  week  of  April : 

That  all  mixtures  containing  organic  matter  rich  in 
ammonia,  as  rape-dust  or  guano,  if  applied  with  spring 
crops,  should  be  harrowed  in  immediately;  and  if  ap- 
plied as  a  top-dressing,  should  be  used  only  in  wet  wea- 
ther : 

That  spring  top-dressings,  which  contain  organic 
matter,  should  be  applied  earlier  than  those  purely 
saline : 

That  mineral  manures  which  contain  their  phos- 
phates and  alkalies  in  the  most  soluble  state,  should  be 
applied  in  spring  crops : 

That  where  a  heavy  saline  dressing  is  required  in 
spring,  upon  wheat,  potatoes,  or  grass,  it  is  advisable  to 
apply  it  at  two  distinct  periods  about  a  month  apart,  as 
in  April  or  May. 

In  a  recent  paper,  just  received  from  Baron  Liebig, 
and  which  contains  numerous  experimental  data,  the 
good  effects  of  chloride  of  sodium,  nitrate  of  soda,  and 
salts  of  ammonia  are  shown  to  depend,  not  so  much 
on  their  intrinsic  value,  as  upon  their  capacity  of  dis- 
solving large  quantities  of  phosphate  of  lime,  thus  ren- 
dering this-important  salt  easily  conveyable  to  the  roots 
of  the  plants. 

Absorbent  power  of  soils  for  Manures. — At  the 
time  these  rules  were  given,  the  absorbent  powers  of  soil 
were  not  then  known,  and  precautions  were  supposed 
to  be  necessary  in  the  application  of  manures,  which 
experiment  has  since  shown  to  be  superfluous. 

Thompson  first  pointed  out  the  power  possessed  by 
soils  in  arresting  salts  of  ammonia,  and  Way  has  ex- 
tended the  same  observation  to  all  the  mineral  constitu- 
ents which  serve  as  food  of  plants.  He  found  that,  without 
exception,  the  bases  of  the  alkalies  and  alkaline  earths 
were  removed  from  their  acids,  and  retained  by  soils ; 
the  acids,  such  as  sulphuric  and  hydrochloric  passing 
away  in  solution  in  combination  with  lime.  There  was 
one  remarkable  exception  in  the  case  of  phosphoric 
acid,  which  never  passed  away  like  sulphuric  acid, 
but  was  retained  by  the  soil,  though  presented  to  it 
in  the  form  of  a  soluble  alkaline  phosphate.  Nitric 
acid,  on  the  other  hand,  now  and  much  employed  in 
agriculture,  was  found  to  pass  rapidly  away.  This 
acid,  when  in  combination  with  potassa,  soda,  or  am- 
monia, was  found  to  give  up  these  bases,  and  to  pass 
off  in  combination  with  lime.  In  prosecuting  his  inqui- 
ries to  find  out  what  constituents  of  soil  possessed  this 
extraordinary  power,  he  ascertained  that  it  was  due  to 
clay  alone.  It  is  not  a  mere  power  of  absorption,  as  is 
the  case  with  charcoal,  but  a  chemical  action.  It  does 
not  appear,  however,  that  the  whole  mass  of  clay  acts, 
but  portions  containing  silicate  of  lime,  which,  in  contact 
with  the  alkaline  salts,  gives  up  a  portion  of  its  lime  to 
their  acids,  and  retains  their  bases  as  double  silicates. 
Whether  or  not  this  is  the  true  explanation,  the  fact  is 
certain,  that  clay  is  the  absorbing  material.  Hence, 
sandy  and  gravelly  soils  not  possessing  a  sufficiency  of 
clay,  might  be  expected  to  be  less  retentive  of  manure. 
The  experience  of  all  farmers  proves  this  fact;  such 
sandy  and  gravelly  land  being  said  by  them  not  to  hold 
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manures.  On  such  soils,  manures  require  to  be  applied 
more  frequently  and  in  smaller  quantities  than  in 
stiffer  clay  soils,  which  have  the  power  of  retaining  the 
manure  for  several  crops. 

A  knowledge  of  this  property  of  clay  explains  the 
fertility  attending  the  application,  as  is  practised  in 
Norfolk,  of  clay  to  sandy  soils.  From  some  recent 
experiments  and  analyses,  Lierig  doubts  whether  the 
clay  is  the  only  absorbing  material.  In  the  Editor's 
opinion,  the  physical  condition  of  the  soil  must  have 
something  to  do  with  it. 

In  the  case  of  ammonia,  the  supply  to  the  soil  is  not 
derived  alone  from  the  manures,  or  the  ammonia  of  the 
air  brought  down  by  rain ;  but  absorption  of  this  gas 
goes  on  continuously  from  the  atmosphere  by  contact 
alone.  Lierig,  in  1846,  caused  the  analysis  of  twenty 
soils  to  be  made  in  his  laboratory,  from  which  he  ascer- 
tained the  enormous  amount  of  ammonia  really  present 
in  every  soil.  One  acre  of  the  most  unfruitful  soil  taken, 
to  the  depth  of  only  ten  inches,  contained  more  than  a 
hundred  times,  and  one  acre  of  fertile  soil,  as  much  as 
from  five  hundred  to  a  thousand  times  more  nitrogen 
than  is  required  for  the  heaviest  crop  of  wheat,  or  than 
is  given  to  it  in  the  most  liberal  supply  of  manure. 

If  the  experimental  results  of  Way  he  correct,  it 
would  appear  that  unnecessary  alarm  was  felt  a  short 
time  ago,  that  the  system  of  tile-draining,  which  was 
so  universally  adopted  with  the  happiest  effects  to  agri- 
culture, would  ultimately  tend  to  exhaust  the  soluble 
mineral  ingredients  of  the  soil. 

In  his  paper  on  the  composition  of  land-drainage 
water,  Way  has,  by  a  series  of  carefully-conducted 
analyses,  found  that  the  substances  which  exist  in 
drainage  water  in  largest  proportion  are  those  which 
are  most  abundant  in  the  soil,  namely,  lime  and  mag- 
nesia, soda,  and  sulphuric  acid ;  and  that,  with  the 
exception  of  nitric  acid,  none  of  the  essential  mineral 
food  of  plants  is  found  in  any  quantity.  If  42'4 
per  cent,  of  the  annual  rain  pass  through  the  soil, 
and  the  latter  be  taken  at  25  inches,  the  quantity  of 
drainage  water  from  an  acre  of  land  would  amount  to 
about  two  hundred  and  forty  thousand  gallons.  Even 
where  the  land  is  very  highly  manured,  he  shows  that 
this  large  quantity  of  water  removes  from  the  soil  only 
inconsiderable  quantities  of  the  most  important  mineral 
ingredients  of  soils,  namely,  potassa  and  phosphoric  acid. 
The  quantity  of  ammonia  carried  off  is  very  small ;  but 
nitrogen  in  the  form  of  nitric  acid,  especially  in  highly 
manured  land,  is  to  he  found  in  large  quantity  in  the 
water  of  land  drainage.  Voelker  showed  thatclay  soils 
exert  this  action  on  complex  organic  mixtures,  such  as 
the  drainings  of  dunghills,  as  well  as  on  simple  salts. 
From  the  most  highly  mixed  manuring  substances,  not 
only  ammonia  from  the  ammoniacal  salts,  but  potassa, 
phosphoric  acid,  and  all  the  essential  ingredients  of  the 
food  of  plants,  are  all  removed  from  solution  in  water, 
and  retained  in  the  soil. 

These  experimental  results  are  fundamental  facts  of 
the  utmost  importance  to  agriculture.  They  explain 
the  advantage  of  drainage,  by  showing  that  the  manure 
which  would  be  carried  off  the  surface  of  the  undrained 
land  into  the  water-courses,  is  carried  down  by  the 
water  which  is  passing  into  the  drains  of  a  drained 


field,  but  is  separated  from  solution  by  the  soil  through 
which  it  percolates.  They  show  that  the  best  mode 
of  applying  manures  is  that  which  causes  the  most 
uniform  distribution  of  it,  namely,  as  a  liquid.  For  if 
salts  of  ammonia,  when  once  applied  to  the  soil,  combine 
with  it  and  remain  fixed,  water  would  seem  to  have  no 
further  power  of  uniformly  distributing  them,  and  hence 
the  frequent  irregularity  of  crops  in  manured  fields. 
The  fear  has  hitherto  been,  that  by  too  early  an  appli- 
cation of  manures  to  the  land  before  the  crop,  there 
was  a  risk  of  loss,  by  evaporation  and  by  rain.  This 
is  true  to  some  extent  for  sandy  soils,  on  which,  it  ap- 
pears, the  true  guiding  principle  should  be,  for  the 
manure  to  be  applied  frequently  and  in  smaller  quan- 
tities at  once.  The  retentive  power  of  clay,  on  the 
other  hand,  may  be  fairly  trusted  to  keep  all  that  is 
bestowed  upon  well-drained  clay  soils. 

Classification  of  Manures. — Manures  may  be  divided 
into  two  great  classes,  namely,  general  and  special. 

General  manures  include  all  mixed  substances,  whe- 
ther of  an  animal  or  vegetal  origin,  which  contain  all 
the  constituents  necessary  to  plants  for  luxuriant  growth. 
Such  manures  confer  permanent  fertility  on  a  soil. 

Under  this  class  may  be  ranged — Farmyard  Manure, 
Guano,  Night-Soil,  Sewage  Manure,  et  cetera. 

Special  manures  are  those  substances  which  contain 
only  one  or  more  of  the  constituents  necessary  to  the 
growth  of  plants.  They  cannot  confer  permanent  fer- 
tility on  the  land,  but  on  the  contrary,  their  exclusive 
and  continued  use  tends  to  render  it  ultimately  sterile, 
by  enabling  particular  crops  to  remove  more  rapidly 
and  largely  those  ingredients  which  are  actually  in  the 
soil.  To  this  class  belong  bones,  blood,  woollen  rags, 
horns,  fresh  rape-cake,  sea-weeds,  gas-liquor,  salts  of 
ammonia  and  of  the  alkalies  and  alkaline  earths,  et 
cetera. 

It  would  be  quite  out  of  place  in  an  article  of  this 
kind,  to  discuss  at  length  the  various  substances  used  as 
fertilizers.  It  will  be  sufficient  to  take  from  these  two 
classes  one  or  two  examples  of  the  most  commonly- 
employed  manures,  and  to  give  under  each  the  principal 
points  connected  with  their  theory,  management,  and 
applications,  from  which  the  principles  connected  with 
the  application  of  other  manures  may  be  inferred. 

General  Manures. — Farmyard  Manure — His- 
tory.— The  first  attempt  to  restore  fertility  to  the  soil 
must  have  been  by  the  use  of  the  excrement  of  animals, 
and  must  date  from  an  early  period  of  the  history  of 
mankind.  The  art  of  husbandry,  and  the  preparation 
of  mixed  manures  for  their  fields,  occupied  much  the 
attention  of  the  Eomans.  Their  writers  inculcate  the 
formation  of  two  manure  heaps,  one  to  receive  the  fresh 
dung,  the  second  for  the  old  manure,  which  was  applied 
to  the  field  after  being  kept  a  year.  Their  manure  was 
recommended  to  be  placed  in  a  hollow  to  collect  mois- 
ture, and  to  be  covered  with  straw  to  protect  it  from 
the  weather.  These  good  rules  were  forgotten  during 
the  long  period  which  succeeded  the  extinction  of 
Roman  civilization.  It  is  only  of  late  years  that  science 
has  been  brought  to  bear  on  this  subject,  and  with  that 
success  which  is  its  invariable  accompaniment.  The 
study  of  the  composition,  and  of  the  chemical  metamor- 
phoses that  farmyard  manure  undergoes,  has  enabled 
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scientific  men  to  suggest  the  best  means  of  collecting, 
preserving,  and  applying  it. 

Theory  of  the  action  of  Farmyard  Manure. — It  lias 
long  been  an  opinion  of  the  practical  farmer,  that 
nothing  can  be  a  complete  substitute  for  farmyard 
manure.  This  opinion  is  to  a  considerable  extent 
justified  by  analysis,  for  it  contains,  with  the  exception 
of  a  portion  of  carbon  and  hydrogen,  all  the  materials 
which  have  been  removed  from  the  soil  by  plants.  It 
is  formed  for  the  most  part  of  cows'  dung,  pigs'  dung, 
and  straw,  mixed  and  trodden  together.  Where  green 
crops  are  extensively  grown  and  many  cattle  kept,  cow 
dung  forms  a  great  proportion  of  the  manure.  The 
composition  and  value  of  farmyard  manure  will,  there- 
fore, vary  much  with  the  feeding  and  the  animals. 
Thus,  the  manure  of  cattle  fed  on  turnips  is  inferior  to 
that  of  cattle  fed  on  oil  cakes ;  the  manure  of  horses 
fed  on  straw  and  hay,  is  much  poorer  than  that  of 
horses  fed  on  corn ;  the  compound  manure  which  has 
an  excess  of  cattle  excrement  is  less  powerful  than  one 
with  an  excess  of  the  dung  of  the  horse;  the  compound 
manure  which  contains  no  night-soil,  is  less  fertilizing 
than  one  with  a  proportion  of  it.  An  analysis  of  one 
specimen  of  farmyard  manure  cannot  be  taken  as  a 
general  expression  of  its  composition,  which  varies 
with  the  circumstances  above  stated.  The  only  process 
by  which  an  approximative  idea  may  be  formed  of  the 
fertilizing  powers  of  a  given  quantity  of  farmyard 
manure,  is  to  observe  the  kinds  of  animal  excrement  it 
contains,  and  the  proportions  in  which  they  are  mixed 
with  each  other,  and  with  vegetal  matters. 

Farmyard  manure  which  is  either  quite  fresh,  or  has 
undergone  so  little  fermentation  as  to  retain  its  litter 
in  an  undecomposed,  and  but  partially  broken  state,  is 
known  by  the  name  of  long  dung.    When  it  has  been 


thoroughly  fermented,  so  as  to  have  been  changed  into 
a  rotten  powdery  or  saponaceous  mass,  or  is  so  free 
from  litter  as  to  consist  almost  entirely  of  solid  excre- 
ment, it  receives  the  name  of  short  dung.  Much  con- 
troversy has  existed  among  farmers,  as  to  the  relative 
merits  of  these  two  forms.  An  examination  of  the 
chemical  changes  which  have  taken  place  in  this  pro- 
cess, throws  some  light  on  these  controversies.  Koerte 
found  by  experiment,  that  one  hundred  loads  of  fresh 
dung  become  reduced  by  fermentation  and  exposure  as 
follows : — 

Loads. 

In  81  days  100  loads  were  reduced  to   73-3 

In  285    "  M  "    64-4 

In  384   "  "  "    62-5 

In  499    "  "  "   47-2 

In  sixteen  months  the  quantity  had  been  reduced  to 
less  than  one  half,  and  the  most  valuable  salts  lost. 

The  reduction  of  weight  of  farmyard  manure  depends 
on  two  causes,  namely,  the  elimination  of  gases  by  fer- 
mentation, and  the  loss  of  soluble  matters  by  drainage. 
The  latter,  the  least  feared,  is  by  far  the  most  serious 
source  of  loss.  The  former  has  been  shown  by 
Voelker  to  be  not  so  destructive  as  was  formerly 
supposed. 

By  making  a  thorough  mixture  of  the  litter,  and  | 
dung  of  fresh  or  long  dung,  Voelker  obtained  a  sample 
for  analysis,  and  for  experiments  with  fermentation. 
By  comparing  the  composition  before  and  after  fermen- 
tation, he  arrived  at  some  valuable  conclusions. 

Fresh  farmyard  manure,  composed  of  horse,  pig,  and 
cow  dung,  about  fourteen  days  old,  and  on  which  no 
rain  had  fallen,  was  found  to  consist,  in  round  num- 
bers, of  two-thirds  of  water  and  one-third  of  solid 
matters. 


COMPOSITION  OF  FRESH  FARMYARD  MANURE,  COMPOSED  AS  ABOVE  STATED,  AND  FOURTEEN  DATS  OLD. 


Water,  

Soluble  organic  matter,  

_f  Containing  nitrogen,  

(Equal  to  ammonia  

Soluble  inorganic  matter — ash  composed  of — 

Soluble  silica,  

Phosphate  of  lime,  

Lime,  

Magnesia  

Potassa  

Soda,  

Chloride  of  sodium,  

Sulphuric  acid,  

Carbonic  acid  and  loss  


In  its  mttural  ficslt  state 

  66-17 

2-48 


0-149 
0-181 

0-237 
0-299 
0-066 
0-011 
0-573 
0-051 
0-030 
0-055 
0-218 


Insoluble  organic  matter,  

f  Containing  nitrogen  

(  Equal  to  ammonia,  

Insoluble  inorganic  matter — ash  composed  of— 

Soluble  silica,  

Insoluble  silica,  

Oxide  of  iron,  and  alumina  with  phosphates, 

/Containing  phosphoric  acid,  

\  Equal  to  bone  earth,  

Lime,  

Magnesia,  

Potassa,  

Soda,  

Sulphuric  acid,  

Carbonic  acid  and  loss,  


0-494 
0-599 

0-967 
0-561 
0-596 
0-178 

0-  386 

1-  120 
0-143 
0-099 
0-019 
0-061 
0-484 


1-54 
25-76 


In  its  <h  v  state. 


0-44 
0-53 

0-703 
0-884 
0-185 

0-  033 

1-  695 
0-153 
0-089 
0-035 
0-772 


1-46 
1-77 


—    2-865 

—    1-659 

—    1-404 

—    0-528 

—    0-822 

—    3-335 

—    0-424 

—    0-294 

—    0-077 

—    0-210 

4-05    1-722 


7-33 
-  1 

-i 


4-55 
76-15 


11-97 


m.  .  .  ,  100-00  100-00 

VV  hole  manure  contains  ammonia  m  free  state, . .  0-034    —     0-10   

"  "  in  form  of  salts,  0-088    —   "    0-26     '. '. '. .'   
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This  analysis  of  a  fair  average  specimen  of  fresh 
farmyard  manure,  so  far  as  an  average  can  be  taken 
of  this  substance,  is  instructive.  It  shows  that  farm- 
yard manure  is  a  perfect  and  universal  manure,  be- 
cause it  contains  all  the  constituents  which  are 
required  by  the  commonly-cultivated  crops  to  bring 
them  to  perfection,  and  in  states  of  combination  which 
appear  to  be  especially  favorable  to  their  luxuriant 
growth.  It  explains  fully  the  slow  action  of  fresh  dung 
when  compared  with  the  effects  of  well-rotted  manure ; 
because  the  former  contains  only  one-eighth  of  soluble 
matters  as  compared  with  the  insoluble,  whilst  in  the 
latter  this  quantity  of  soluble  is  much  increased  by  fer- 
mentation, as  will  presently  be  seen.  In  this  small 
soluble  portion,  the  most  important  fertilizing  sub- 
stances are  present. 

The  proportion  of  nitrogen  in  one  hundred  parts  of 
the  soluble  organic  matter,  as  compared  with  the  inso- 
luble, is  as  6  04  to  1'92.    The  most  valuable  salts  pre- 


sent in  considerable  quantities  are  silicates  of  potassa 
and  phosphate  of  lime. 

The  remarkable  fact  of  the  presence,  in  the  watery 
solution,  of  phosphate  of  lime,  usually  considered  an 
insoluble  compound,  is  explained  by  the  observation  of 
Wohler,  that  bone-dust,  moistened  with  a  little  water, 
in  the  course  of  a  few  days  yields  to  water  a  consider- 
able quantity  of  phosphate  of  lime,  and  this  solubility 
rapidly  increases  with  the  putrefaction  of  the  gelatine 
of  bones.  Hence,  wherever  earthy  phosphates  exist 
with  organic  matter,  water  will  invariably  dissolve  a 
portion,  progressively  with  the  decomposition  of  the 
organic  matter  by  fermentation.  ThiB  fact  is  of  the 
utmost  importance  to  agriculture. 

The  effect  produced  on  manure  by  fermentation  is  well 
seen  by  analysis.  A  well-mixed  sample  of  rotten  dung, 
of  dark-brown  color,  at  least  six  months  old,  and  which 
was  produced  under  the  same  circumstances  as  the  fresh 
manure,  was  found  to  have  the  following  composition  ;• — 


COMPOSITION  OF  WELL-ROTTED  MANURE,  SIX  MONTHS  OLD,  CONSISTING  OF  MIXED  HOUSE,  COW,  AND  FIG  DUNG. 


Water,  

Soluble  organic  matter,   — 

f  Containing  nitrogen,   0-297 

(  Equal  to  ammonia,   0-360 

Soluble  inorganic  matter,  or  ash,  composed  of — 

Soluble  silica,   0-254 

Phosphate  of  lime,   0-382 

Lime,   0-117 

Magnesia,   0-047 

Potassa,   0-446 

Soda,   0-023 

Chloride  of  sodium,   0-037 

Sulphuric  acid,   0-058 

Carbonic  acid  and  loss,   0-106 


In  its  natural  fiesh  st:ite. 

—      ....  75-42 


Insoluble  organic  matter,  

f  Containing  nitrogen,  

(  Equal  to  ammonia,  

Insoluble  inorganic  matter,  or  ash,  composed  of- 

Soluble  silica,  

Insoluble  silica,  

Oxides  of  iron  and  alumina,  with  phos-) 
phates,  j 

/Containing  phosphoric  acid,  

(Equal  to  bone  earth,  

Lime,  

Magnesia,  

Potassa,  

Soda,  

Sulphuric  acid,  

Carbonic  acid  and  loss,  


0-309 

0-  375 

1-  424 
1-010 

0-947 

0-274 

0-  573 

1-  667 
0-091 
0-045 
0-038 

0-  063 

1-  295 


V^hole  manure  contains  ammonia  in  free  state,. .  0-046 
"  "  "        form  of  salts,  0  057 

An  examination  of  these  two  Tables  shows  that,  dur- 
ing the  fermentation  of  dung,  the  quantity  of  both  soluble 
organic  and  soluble  mineral  matters  rapidly  increases  ; 
and  that  the  proportion  of  ammonia  and  of  phosphate 
of  lime  in  these  soluble  matters  also  rapidly  augments. 
Thus  one  hundred  parts  of  dry  soluble  organic  matter 
from  fresh  dung  contain  6-14  of  nitrogen,  whilst  one 
hundred  from  rotten  dung  contain  8-02,  and  the  phos- 
phate of  lime  is  nearly  doubled.  The  proportion  of 
organic  matter  decreases  as  the  fermentation  goes  on, 
but  the  loss  is  in  carbonic  acid  and  other  non-essential 
gases.  There  is  apparently  no  serious  loss  of  ammonia 
by  evaporation,  as  is  commonly  supposed.  Direct  ex- 
periments have  shown  that,  in  the  cold,  no  ammonia 
is  given  off  from  the  surface  of  farmyard  manure,  and 


6-58 
100-00 


1-21 
1-47 

1-035 
1-554 
0-476 

0-  193 

1-  816 
0-140 
0-151 
0-235 
0-380 


1-26 
1-53 

5-  79 

4-  11 

3-85 

1-11 
•2-41 

6-  78 
0-37 
0-18 
0-15 
0-29 

5-  26 


i  its  dry  state, 

15-09 


=  } 


5-98- 
52-15 


=  } 


-  t 

—  J 


26-78 


0-189 
0-232 


100-00 


that  a  considerable  amount  of  heat  is  necessary  for  this 
purpose.  Now,  as  this  occurs  only  in  the  interior  of 
the  heap  when  the  fermentation  is  active,  the  liberated 
ammonia,  in  passing  through  the  outer  layers  of  decay- 
ing organic  matter  at  a  lower  temperature,  is  arrested. 
This  fact  was  proved  by  Voelker  by  the  analysis  of 
fresh  manure  made  into  a  heap,  and  left  for  six  months. 
The  amount  of  dry  organic  matter  was  found  to  have 
diminished  from  nine  hundred  and  sixty  pounds  to  six 
hundred  and  ninety ;  but  the  total  amount  of  nitrogen 
at  the  commencement  was  18-23  pounds,  and  at  the 
end  of  six  months  18-14,  or  nearly  the  same. 

The  practical  result  of  these  changes  by  fermenta- 
tion is,  that,  weight  for  weight,  well-rotted  farmyard 
manure  is  richer  in  soluble  fertilizing  constituents  than 
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fresh  dung,  and  contains  more  readily  available  nitro- 
gen, and,  therefore,  is  more  immediate  and  energetic 
in  its  action  on  vegetation. 

It  appears  that,  up  to  a  certain  point,  the  efficacy  of 
farmyard  manure  is  increased  by  a  well-regulated 
fermentation,  during  which  the  loss  of  really  valuable 
constituents  is  trifling.  But  there  is  a  danger  of  serious 
loss  if  the  fermentation  is  pushed  too  far  and  the 
manure  heap  is  frequently  turned,  whilst  there  is  great 
heat  developed  by  this  fermentation. 

Another,  and  a  far  more  serious  loss,  is  incurred  by 
keeping  manure  too  long  unprotected  from  the  weather, 
not,  however,  by  the  volatilization  of  ammonia,  but  by 
the  removal  of  salts  of  ammonia,  soluble  nitrogenized 
organic  matters,  and  valuable  mineral  salts  by  rain; 


well-rotted  dung  being  more  readily  affected  than  fresh. 
This  loss  is  great  when  the  manure  is  kept  in  heaps, 
and  the  deterioration  is  still  more  rapid  when  the 
method  of  making  manure  is  by  animals  kept  in  open 
yards.  The  dark-colored  fluids  from  manure  heaps, 
which  are  too  frequently  allowed  to  run  into  the  next 
ditch,  are  but  concentrated  solutions  of  their  most  valu- 
able constituents  :  they  not  only  contain  the  valuable 
potassa  salts  and  ammonia,  but  also  phosphate  of  lime, 
a  constituent  brought  into  solution  by  the  process  of 
fermentation. 

The  following  table  shows  the  loss  sustained  at  suc- 
cessive periods  in  twelve  months,  by  two  thousand  eight 
hundred  and  thirty-eight  pounds  of  manure  put  up  in  a 
heap  in  the  usual  way,  and  exposed  to  the  weather  : — 

When  put  up. 

Novembers,  1854.         April  30,  1855.  August  28,  1855.       November  15, 1855. 

. ..    2,838    2,026    1,994    1,974 


Weight  of  manure  in  pounds, . 

Amount  of  water  iu  the  manure   1877-9    1336-1    1505-3 

Amount  of  dry  matter  in  the  manure   960-1    689-9    488-7 

Consisting  of— 


1466-5 
507-5 


Soluble  organic  matter,   70-38 

Soluble  mineral  matter,   43-71 

Insoluble  organic  matter,   731-07 

Insoluble  mineral  matter,   114-94 


86-51    58-83 

57-88    39-16 

389-74    243-22 

155-77    147-49 


900-10 


689-90 


488-70 


54-04 
36-89 
214-92 
201-65 

507-50 


The  amount  of  nitrogen  and  its  equivalent  of  ammonia  in  the  preceding  soluble  and  insoluble  organic  matter 
is  the  following : — 

SOLUBLE  ORGANIC  MATTER. 

Containing  nitrogen,                                                  4-22    6-07                  3-76    3-65 

Equal  to  ammonia,                                                     5-12    7-37                  4-56    4-26 

INSOLUBLE  ORGANIC  MATTER. 

Containing  nitrogen,                                                 14-01    12-07                  9-38    9-38 

Equal  to  ammonia,                                                   17-02    14-65                 11-40    11-39 


Total  amount  of  nitrogen  in  the  manure,   18-23    18-14    13-14    13-03 

Equal  to  ammonia,   22-14    22-02    15-96    15-75 


The  manure  contains  ammonia  in  free  state,   0-96                  0-15                  0-20    0-11 

The  manure  contains  ammonia  in  the  form  of  salts,)  0  .Q                .  71                 n  n,  no. 

easily  decomposed  by  quicklime,  }  J'4M 1  n                u''s  u'8y 

Total  amount  of  organic  matters,   801-45               476-25               302-05    268-96 

Total  amount  of  mineral  matters,   158-15               213-65               186-65    — 


Management  of  Farmyard  Manure.  —  The  fore- 
going experiments  teach  that  a  certain  amount  of  fer- 
mentation is  good  for  farmyard  manure,  because  it 
renders  the  fertilizing  ingredients  more  soluble,  and 
their  effect  more  immediate.  For  the  establishment 
and  continuance  of  fermentation,  a  certain  amount  of 
heat,  air,  and  moisture  is  necessary.  These  condi- 
tions are  fulfilled  when  the  latter  is  not  in  excess,  and 
the  excrement  has  been  yielded  by  cattle  fed  on  toler- 
ably rich  and  succulent  food.  If  the  litter  is  in  excess 
and  but  little  excrementitious  matter  present,  or  not 
well  mixed  throughout  with  the  litter,  fermentation 
does  not  take  place  through  the  whole  mass.  Even 
when  there  is  abundance  of  excrement,  and  fermenta- 
tion has  fully  commenced,  it  is  sometimes  arrested  by 
deficiency  of  moisture,  and  the  interior  of  the  heap 
presents,  if  no  remedy  is  applied,  a  white  appearance 
of  dead,  inert  manure.  This  phenomenon  is  known 
under  the  name  of  fire-fanging.  The  prevention  of  this 
defect  lies  in  the  care  that  is  taken  to  mix  the  excre- 
ment thoroughly  on  first  collecting  the  manure  ;  and  if 


there  is  a  deficiency  of  natural  moisture,  in  adding 
water  from  time  to  time.  The  remedy  for  it  when 
present,  is  to  turn  the  heap  over,  soak  it  with  water, 
and  mix  it  with  horse-dung,  or  any  animal  offal  that 
can  be  obtained.  When  manure  has  been  once  pro- 
perly mixed  and  placed  in  heaps,  which  ought  not  to 
be  more  than  three  or  four  feet  high,  it  should  be  left 
to  itself  undisturbed  until  carted  out  for  use.  Some 
farms,  however,  produce  so  large  an  amount  of  manure 
that  it  is  a  matter  of  convenience  and  economy  to 
remove  it  during  winter  to  the  borders  of  the  fields  where 
it  is  to  be  applied.  In  these  cases  the  manure  should  be 
stirred  as  little  as  possible  when  taken  from  its  original 
place  of  deposit,  and  when  emptied  from  the  carts  at 
the  new  heap. 

The  great  loss  to  be  dreaded  in  manure  piles  is,  as 
has  been  seen,  from  the  rain.  The  drainings  from 
manure  heaps  being  much  more  valuable  than  the 
urine  of  animals,  it  is  of  the  utmost  importance  to  pro- 
tect the  heaps  from  the  action  of  rain,  and  to  collect 
the  fluids  which  escape  from  them,  which  might  be 
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either  applied  as  fluid  manure,  or,  in  smaller  establish- 
ments, returned  to  the  manure  heaps.  It  might  be 
advisable  to  incur  the  expense  of  covering  with  hurdles 
and  straw,  or  with  clay,  such  manure  heaps  as  are 
placed  in  the  fields.  In  these  heaps  the  soluble  salts 
are,  in  dry  weather,  continually  brought  by  capillarity 
to  the  surface,  only  to  he  washed  away  by  the  next  fall 
of  rain. 

Application  of  Farmyard  Manure. — In  old  prac- 
tice, a  large  dose  of  from  thirty  to  fifty  tons  was  given 
per  acre,  and  not  repeated  till  the  land  was  nearly 
exhausted.  The  modern  and  improved  practice  is  to 
give  a  moderate  quantity,  and  repeat  it  often.  Quan- 
tities, varying  from  ten  to  fifteen  tons,  are  used  accord- 
ing to  the  nature  of  the  soil,  the  quality  of  the  manure, 
and  the  kind  of  crop.  It  has  been  recommended  to 
spread  and  plough  it  in,  immediately  after  being  depo- 
sited from  the  carts,  on  the  supposition  that  it  suffers 
great  loss  by  evaporation.  If  the  experiments  of 
Voelker  and  of  Way  be  correct,  and  there  seems 
to  be  no  reason  to  doubt  their  accuracy,  this  notion  is 
quite  false.  The  results  of  these  gentlemen  would  seem 
to  indicate  the  best  mode  of  application  to  be,  to  spread 
the  manure  as  evenly  as  possible  on  the  surface  of  the 
ground,  at  a  time  when  it  is  not  saturated  with  mois- 
ture or  bound  up  with  frost,  but  in  a  season  of  frequent 
showers.  The  soluble  organic  and  mineral  matters 
would,  in  the  course  of  ten  days  or  a  fortnight,  accord- 
ing to  the  amount  of  rain,  be  washed  into  and  retained 
by  the  soil,  and  the  insoluble  matters  could  then  he 
covered  up  by  the  plough.  The  old  method  of  deposit- 
ing the  manure  on  the  field  in  heaps,  and  leaving  it 
so  for  a  length  of  time,  is  a  very  bad  practice.  The 
soluble  matters  are  washed  into  the  ground  under 
and  immediately  adjoining  to  the  heaps,  and  cannot 
afterwards  be  evenly  distributed  by  rain  through  the 
soil,  hence  the  result  is  irregularity  in  the  crops  of  such 
fields. 

Night-Soil  and  Urine. — Night-soil  is  in  general  a 
very  rich  manure,  but  its  offensive  smell  has  prevented 
it  from  being  generally  used.  This  exhalation  may, 
however,  be  removed  by  various  substances,  such  as 
charcoal,  a  charred  mixture  of  vegetal  matter  and  clay, 
et  cetera.  In  the  vicinity  of  large  towns  it  is  dried  and 
manufactured  in  various  ways  into  a  portable  manure, 
which  is  sold  as  poudrette,  dried  night-soil,  et  cetera. 
In  China  it  is  mixed  with  clay,  and  sold  under  the 
name  of  laffo.  Fortune,  in  his  wanderings  in  China, 
gives  an  amusing  account  of  the  extreme  care  exhibited 
by  the  Chinese  in  collecting,  preparing,  and  applying 
night-soil. 

Berzelius  found  the  composition  of  fresh  faeces  to 
be— 

Centesimally. 

Water   73-3 

Organic  matter,   25-5 

Salts   1-2 

lOO'O 


In  general,  human  excrement  contains  three-fourths 
of  its  weight  of  water,  and  its  composition  and  conse- 
quent value  varies  with  the  food,  and  the  age  and 
health  of  the  individual.  The  following  analysis  of 
this  substance  by  Way  shows  that  it  contains  all  the 
fertilizing  constituents  necessary  for  different  crops : — 

analysis  op  deied  human  fjsces. 

Composition  SSTBS'SSS 
of  Are  ash.  ol  the  dried 

excrement. 

Organic  matter,   —    88-52 

Insoluble  silicicus  matter, ..  12*79    148 

Oxide  of  iron,   4-66    0-54 

Lime,   14-98    1-72 

Magnesia,   13-48    1-55 

Phosphoric  acid,   37-17    4-27 

Sulphuric  acid,   2-10    0-24 

Potassa,   10-40    1-19 

Soda,   2-83    0-31 

Chloride  of  sodium,   1-59   0-18 


100-00  100-00 
Nitrogen  per  cent.,   5-00 

Human  Urine. — Human  urine  varies  with  the  age, 
health,  and  food  of  the  individual.  It  has  been  calcu- 
lated that  the  average  quantity  voided  in  twenty- 
four  hours  by  each  member  of  a  community  is  about 
three  pounds.  According  to  Becquerel,  the  com- 
position of  urine  in  round  numbers  is,  in  a  thousand 
parts : — 

Water,   970-5 

Solid  constituents,  29-5  parts,  consisting 
of— 

Urea,   13-5 

Uric  acid,   0*5 

Fixed  salts,   7-5 

Organic  salts,   8*5 


1000-0 


The  composition  of  the  solid  matter  of  evaporated 
urine  was  found  by  Way  to  be  as  follows  : — 


Composition 
of  the  solid 
dry  mutter. 


Organic  matter  and  salts  of  "t 

ammonia,  f 

Insoluble  silicious  matter,...  0-28 

Oxide  of  iron,   0-14 

Lime,   1-89 

Magnesia,   1-49 

Phosphoric  acid,   14-31    4-66 

Sulphuric  acid,   1-43    0-46 

Potassa,   5-64    1-83 

Soda,   none    none 

Chloride  of  potassium,   1G-G5    5-41 

Chloride  of  sodium,   58-17    18-88 


07-54 

0-09 
0-05 
0-61 
0-47 


100-00  100  00 

Nitrogen  per  cent.,   19-43 

Equal  to  ammonia,   23-00 

When  the  total  quantity  of  excrement  and  urine 
voided  in  twenty-four  hours  is  taken  into  account,  it 
is  found  that  the  latter  is  the  most  valuable.  If  the 
quantity  of  faeces  for  one  individual  for  twenty-four 
hours  be  taken  at  one  and  a  quarter  pounds,  and  the 
quantity  of  urine  at  three  pounds,  the  amount  of  nitro- 
gen in  each  would  be  as  follows  :— 


Dry  mutter. 
Grains. 


Suits 
Grains. 


Solid  excrement  voided  in  twenty-four  hours,  . .    1,750  grains — Impounds    437-5    21-0 

Urine  voided  in  twenty-four  hours,   21,000  grains— 13  pints    619-5    158-0 


Nitmiren. 
Grains. 

26-25 
125-0 
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These  analyses  show  how  important  it  is  to  col- 
lect and  add  to  the  manure  heap  the  excrement  of 
men,  which,  in  the  proportion  of  valuable  agricultural 
constituents  it  contains,  far  exceeds  that  of  other 
animals. 

Sewage  Manure. — Sewage  water  may  be  considered 
as  consisting  of  the  solid  and  liquid  excrements  of  a 
town  population,  with  all  the  waste  materials  from 
manufactories  and  private  houses  which  rain  is  capable 
of  removing.  That  such  a  liquid  must  necessarily 
possess  fertilizing  properties  is  seen  by  turning  to  the 
analysis  of  human  excrement  already  given.  But 
when  the  supply  of  water  to  each  individual  is  taken 
in  addition  to  the  rain  daily  passing  through  the  drains, 
it  has  been  estimated  by  Way  that  the  solid  matter  of 
the  urine  and  fseces  passed  in  twenty-four  hours  by  one 
individual,  is  mixed  with  fourteen  hundred  times  its 
weight  of  water.  If  only  the  insoluble  matter  of  the 
sewage  were  to  be  separated  by  filtration,  it  would  be 
necessary  to  filter  nearly  three  thousand  tons — more 
than  half  a  million  of  gallons — to  obtain  from  it  one 
ton  of  dry  manuring  matter.  This  enormous  amount 
of  liquid  constitutes  the  real  difficulty  in  the  way  of 
the  application  of  sewage  liquid  to  agricultural  pur- 
poses; still  even  this  difficulty  is  simply  mechanical, 
since  it  follows  from  Liebio  and  Way's  experiments, 
that,  no  matter  how  dilute  a  fertilizer  may  be,  when 
applied,  all  its  valuable  constituents  are  retained  by 
the  land.  The  Chinese  system  seems  to  confirm  the 
foregoing,  as  they  prefer  using  their  manures  in  a 
highly  diluted  form.  Two  modes  of  applying  sewage 
manure  have  been  proposed — the  first,  directly  by 
irrigation ;  the  second,  by  precipitating  the  solids  and 
making  use  of  them. 

Where  a  natural  fall  exists  for  the  outlet  of  the 
drains,  the  first  plan  has  been  most  successfully  carried 
out  in  various  places.  The  rent  of  a  meadow  near 
Portobello,  in  the  neighborhood  of  Edinburgh,  was  by 
this  means  raised  from  a  few  shillings  to  twenty-five 
pounds  per  acre.  Various  plans  are  now  in  agitation 
to  carry  away  by  a  system  of  pipes  the  sewage  of 
towns,  and  deliver  it  at  a  distance  for  agricultural 
purposes. 

For  effecting  the  second  object — namely,  the  preci- 
pitation of  the  solids — various  substances  have  been 
proposed.  Among  the  most  important  of  these  are 
charcoal,  lime,  sulphate  of  lime,  clays  burnt  and  un- 
burnt,  the  salts  of  alumina,  and  of  zinc  and  iron,  the 
compounds  of  magnesia,  burnt  magnesian  lime-stone, 
and  certain  silicates.  By  none  of  these  bodies  are  all  the 
valuable  fertilizing  constituents  precipitated,  and  many 
of  them  have  little  or  no  action  at  all  on  these  sub- 
stances. A  good  process  for  extracting  at  a  moderate 
price  the  valuable  constituents  of  sewage  water  is, 
therefore,  still  a  desideratum. 

GUANO. — Historical  Notice.  —  This  name  is 
given  to  the  accumulated  faecal  matter  of  sea-fowl, 
and  is  derived  from  the  Peruvian  word  Jmana,  signify- 
ing manure  or  dung.  There  is  scarcely  anything  more 
remarkable  in  the  history  of  agriculture  than  the  intro- 
duction into  Great  Britain  of  guano  as  a  manure.  The 
old  faith  in  farmyard  manure  was  so  firmly  established, 
that  the  new  fertilizer  was  received  with  utter  distrust. 


The  report  of  its  constant  employment  as  the  sole 
manure  with  the  most  marked  success  by  the  natives  of 
the  country  from  which  it  was  imported,  the  results  of 
trials  with  it  by  eminent  Englishmen  at  home  and  else- 
where, obtained  so  little  attention  from  the  agricultural 
world  generally,  that  in  1840  no  greater  quantity  than 
twenty  casks  of  it  were  imported.  In  1841,  the  Earl 
of  Derby — then  Lord  Stanley — introduced  it  to  the 
notice  of  the  public  at  the  dinner  of  the  Liverpool 
meeting  of  the  Boyal  Agricultural  Society  of  England. 
From  this  time  it  came  rapidly  into  use ;  and,  at  the 
pi'esent  moment,  agriculturists  have  gone  to  the  other 
extreme,  and  appear  to  think  that  they  cannot  get  on 
without  it.  The  quantities  imported  into  Britain  dur- 
ing the  first  five  years  after  its  fair  introduction  to 
agriculturists,  and  whilst  it  was  slowly  making  its  way 
with  them,  compared  with  the  importations  of  the  last 
five  years,  will  show  how  enormously  this  substance 
has  risen  in  repute  : — 


Tons. 

1841,   1,733 

1842,   13,094 

1843,   4,056 

1844,   81,902 

1845,   220,914 


Tons. 

1853,   123,166 

1854,   235,111 

1855,   143,136 

1856,   191,501 

1857,   288,362 


The  deposits  of  guano  longest  known,  and  for  some 
time  supposed  to  be  the  only  ones,  are  those  on  the 
islands  and  sea-boards  of  Peru,  between  the  thirteenth 
and  twenty-first  degrees  of  South  latitude.  The  Peru- 
vians are  known  to  have  made  use  of  this  substance  as 
a  fertilizer  from  the  twelfth  century.  Their  soil,  which 
consists  of  sand  and  clay,  and  is  naturally  most  barren, 
was  enabled  by  the  use  of  guano  to  produce  year  after 
year  abundant  crops  of  grain. 

The  Chincha  Islands,  which  afford  the  be,st  guano, 
are,  according  to  Dr.  Ure,  three  in  number,  and  lie  in 
one  line  from  North  to  South,  about  half  a  mile  apart. 
Each  island  is  from  five  to  six  miles  in  circumference, 
and  consists  of  granite  covered  with  guano,  in  some 
places  to  a  height  of  two  hundred  feet,  in  successive 
horizontal  layers,  each  layer  being  from  three  feet  to 
ten  inches  in  thickness,  and  varying  in  color  from  light 
to  dark-brown.  No  earthy  matter  whatsoever  is  mixed 
with  this  mass  of  excrements.  In  some  of  these  islands, 
however,  the  deposit  does  not  exceed  three  to  four  feet 
in  thickness.  The  total  quantity  of  guano  estimated 
to  be  on  these  islands  by  M'Intosh,  in  his  report  to 
the  Admiralty,  was  eight  million  six  hundred  thousand 
tons.  According  to  the  Peruvian  survey,  the  quantity 
is  double  of  this — namely,  eighteen  million  two  hun- 
dred and  fifty  thousand  tons.  Dr.  Kinahan,  in  his 
paper  in  the  Journal  of  the  Royal  Dublin  Society  for 
July,  1856,  gives  fifteen  to  twenty  million  tons;  whilst 
others  estimate  it  so  high  as  from  one  hundred  to  one 
hundred  and  fifty  million  tons.  From  a  rough  estimate 
made  by  Mr.  Walton,  it  would  appear  that  the  deposit 
of  guano  in  Peru  continues  by  the  yearly  addition  of  a 
fresh  quantity  of  excrement  amounting  to  about  thirty 
thousand  tons,  which,  however,  does  not  all  become 
available.  Since  the  demand  for  guano  has  so  in- 
creased, other  localities  have  been  searched,  and  sup- 
plies have  been  obtained  from  other  and  widely-sepa- 
rated regions.    The  coasts  of  Chili,  Bolivia,  Patagonia, 
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Cuba,  Labrador,  Australia,  and  the  isles  of  Ichaboe, 
Malaya,  Augra,  Peguena,  and  near  the  Cape  of  Good 
Hope,  and  of  Kooria  Mooria,  near  the  coast  of  Arabia, 
have  furnished  supplies  of  greater  or  less  magnitude, 
and  of  very  varying  qualities.  It  is  highly  probable 
that  deposits  of  this  substance  will  be  found  in  every 
region  much  frequented  by  sea-fowl,  and  that  further 
stores  will  yet  be  opened  up  when  closer  investigations 
have  been  made  of  the  many  uninhabited  islands  of  the 
Pacific  Ocean. 

Fertilizing  Power  of  Guano. — Guano  owes  its  fer- 
tilizing power  to  its  being  a  well-tempered  mixture  of 
nearly  all  the  essential  ingredients  necessary  for  the 
nourishment  of  all  cultivated  crops.  Its  properties  are 
particularly  due  to  the  large  quantity  of  phosphates 
and  ammonia  which  it  contains,  and  these  in  a  concen- 
trated form.  In  the  best  guano — such  as  the  Peruvian 
— there  is  present  a  considerable  portion  of  alkaline 
phosphates,  so  that  in  itself  guano  combines  all  the 
good  properties  possessed  by  different  manures  separ- 
ately. It  contains  soluble  phosphates  and  salts  of  am- 
monia ready  to  be  at  once  carried  in  solution  in  water 
into  the  roots  of  plants,  and  a  further  supply  of  these 
substances  in  a  less  soluble  form,  but  which,  by  the  aid 
of  decomposition,  and  by  the  carbonic  acid  of  the  soil, 
are  gradually  dissolved  and  made  available  in  propor- 
tion to  the  wants  of  the  growing  plant.  There  is  only 
required  the  soluble  silicates  so  necessary  to  the  stems 
of  the  cereals,  and  which  must  be  derived  from  some 
other  source. 

If  the  value  of  a  manure  be  calculated,  as  is  done  by 
Boussingault,  according  to  the  amount  of  nitrogen 
it  contains,  Nesbit  estimates  that  one  ton  of  good 
Peruvian  guano  is  equal  to 

33J  tons  of  farmyard  manure. 

21   tons  of  horse  dung. 

38A  tons  of  cow  dung. 

22A  tons  of  pig  dung, 

14f  tons  of  mixed  human  excrements. 

From  the  form  in  which  the  mineral  constituents  exist 
in  guano,  it  is  a  manure  peculiarly  fitted  for  application 
in  known  quantities  to  the  immediate  wants  of  the 
growing  crop. 

It  is  not  intended  to  convey  by  this,  that  the  amount 
of  mineral  constituents  to  be  removed  by  a  given  crop 
is  to  be  calculated,  and  the  exact  corresponding  amount 
of  mineral  matter  in  the  guano  to  be  added.  As  the 
roots  of  the  growing  crop  are  not  likely  to  find  all  the 
substances  added  to  the  soil,  a  considerably  greater 
quantity  of  mineral  matter  is  actually  employed  than 
is  likely  to  be  removed  by  the  crop.  With  this  allow- 
ance the  agriculturist  is  able  to  regulate  his  supply  to 
the  demand  of  the  crop,  and  to  go  to  no  greater  expense 
than  what  he  may  deem  necessary  for  the  existing 
wants.  The  materials  are  in  a  form  in  which  they  can 
be  dissolved  and  made  use  of  by  the  one  growing  crop  ; 
and  if  only  added  to  the  land  in  sufficient  quantity  for 
that  one  crop,  no  effect  can  be  looked  for  in  the  suc- 
ceeding crop. 

The  quantity  of  guano  usually  applied  per  acre  varies 
from  two  to  five  hundredweight.  It  is  applied  directly 
as  a  top-dressing,  spread  broad-cast  by  hand  over  the 
surface,  or  in  compost  with  other  substances,  either 


broad-cast  or  in  drills,  and  buried  by  the  plough.  From 
its  caustic  nature,  guano  should  not  be  placed  in  con- 
tact with  the  seed.  In  the  case  of  wheat  it  may  be  sown 
broad-cast  over  the  young  plants  in  wet  weather,  and 
then  harrowed  in.  With  grass,  clover,  and  such  seeds 
sown  broad-cast,  it  may  be  applied  ten  days  before  the 
seed,  the  land  being  immediately  harrowed  and  allowed 
to  absorb  the  manure.  For  turnips  and  other  drilled 
crops,  when  used  as  an  auxiliary  to  farm  manure,  it 
has  been  recommended  to  be  sown  broad-cast  over  the 
drills  before  they  are  split  by  the  plough,  to  cover  the 
farmyard  manure  in  the  furrows;  the  guano  is  thus 
mingled  above  the  manure  with  the  earth  in  which  the 
turnip  seed  is  to  germinate.  Perhaps,  as  has  been 
recommended  by  Nesbit,  it  would  be  preferable  to 
apply  two-thirds  of  the  guano  broad-cast  and  one-third 
in  drill  with  the  seed.  For  this  purpose  the  guano 
must  be  mixed  with  four  to  six  times  its  weight  of  the 
ashes  of  wood  or  peat  charcoal.  The  guano  and  ashes 
are  then  mixed  in  alternate  layers  by  the  spade  or  a 
sieve,  and,  after  being  well  turned  and  mixed,  left  for 
eight  days,  and,  finally,  thoroughly  incorporated  by 
sifting ;  it  is  then  fit  for  use.  Great  care  must  be  taken 
that,  in  the  drill,  this  mixture  fall  below  the  seed,  and 
that  the  latter  be  protected  by  the  intervention  of  an 
inch  or  two  of  soil. 

Analysis  of  Guano. — Guano  is  a  very  complex 
mixture,  containing  urate,  oxalate,  and  phosphate  of 
ammonia,  earthy  phosphates,  soluble  alkaline  salts,  and 
organic  matter.  The  analysis  of  such  a  compound  is 
attended  with  some  labor.  As  the  value  of  guanos, 
however,  depends  on  the  quantity  of  ammonia,  phos- 
phates, soluble  and  insoluble,  and  alkaline  salts  which 
they  contain,  a  very  simple  analysis  is  quite  sufficient 
for  agricultural  purposes. 

The  guanos  brought  from  different  localities  may  be 
ranged  under  two  heads — the  ammoniacal  and  the  phos- 
phatic.  The  Peruvian  is  the  type  of  the  former,  and 
is  valuable  for  the  large  quantity  of  ammonia  which  it 
eviscerates.  The  Bolivian  or  Saldanha  Bay  may  be 
taken  as  the  type  of  the  phosphatic  class,  which  contains 
a  small  proportion  of  ammonia,  with  large  quantities  of 
earthy  phosphates. 

The  composition  of  the  different  kinds  of  guano  more 
generally  imported,  is  the  following : — 

The  composition  of  the  Peruvian  is  the  average  of 
seventy-eight  analyses  made  by  Way. 

COMPOSITION  OF  PERUVIAN  GUANO. 

Centesimal!/. 

Moisture,   13-67  ' 

Organic  matter  and  salts  of  ammonia,   52-05 

Earthy  phosphates,   22-78 

Alkaline  salts  containing  3-34  phosphoric  \ 
acid,  and  equal  to  6-89  soluble  phos-  v  9-67 

phate  of  lime,  ) 

Saud,  et  cetera,   1-83 

100-00 

Ammonia  per  cent.,   16*52 

A  variety  of  Peruvian  guano,  under  the  name  of 
Augamos  guano,  is  also  met  with  in  the  market.  It 
is  the  freshly-deposited  fa;cal  matter  of  birds,  is  richer 
than  Peruvian  guano  in  ammonia,  and  brings  a  higher 
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price.    Only  a  few  cargoes  of  this  substance  are  annually  obtainable.    Its  composition  is  subjoined : — ■ 

Centesimally. 

Moisture,   10"§ 

Organic  matter  and  salts  of  ammonia,   62*5 

Earthy  phosphates   17'0 

Alkaline  salts,   7*5 

Sand,  et  cetera,  ,•  5*2 


Ammonia  per  cent.,   21*1 

ANALYSIS  OF  THE  CHIEF  PHOSPHATIC  AND  OTHER  GUANOS — AVERAGE  COMPOSITION  FROM  SEVERAL  ANALYSES. 

Ichnlioe;  Ichnboe; 
earlier  recent 
importations.  importations. 

Moisture,   27-3    ....    20*0  . 

Organic  matter  and  salts  of  am"  1.34,3  24*4 
monia,  J 


Earthy  phosphates,   30-3 

Alkaline  salts,   5*0 

Carbonate  of  lime,   — 

Sand,  et  cetera,   3*1 


100-0 

Ammonia  per  cent.,'   7*3 


20*4 
6-2 


29*0 
100  0 


6-0 


Saldanha  Bay. 

Patagonian. 

Bolivian. 

Chilian. 

Kooria  Mooria. 

.    20-0    . . 

.    25-0    . . 

.    10-0   . . 

. .    20-4  . 

. ..  181 

.    14-9    . . 

.    18-3  .. 

.    21-7    . . 

. .    18-6  . 

. . .  12-4 

.    56-4    . . 

.    44-0    . . 

.    51-5  .. 

. .    31-0  . 

. . .  42-7 

.     5-8    . . 

.     2-1    . . 

.    14-1  .. 

..     7-3  . 

. . .  4-2 

. . .  4-1 

!   2-9  ! ! 

!    10-6  '.. 

."     2-7    ! ! 

'. '.    22-7  ! 

. . .  18-5 

100-0 

100-0 

100-0 

100-0 

100-0 

.     1-47  .. 

.      2-5    . . 

.     4-5  .. 

. .     5-47  . 

. . .  2-05 

The  following  is  a  simple  method  for  analysing 
guano,  which  gives  sufficiently  accurate  results  for  com- 
mercial and  agricultural  purposes.  The  sample  of 
guano,  which  ought  to  be  taken  from  different  bags,  is 
to  be  well  mixed,  and  about  two  pounds  of  this  taken 
for  analysis.  If  there  are  lumps  in  the  sample,  these 
are  to  be  finely  pounded,  and  the  whole  repeatedly 
passed  through  a  sieve  so  as  to  get  a  uniform  mixture. 
To  determine  the  moisture,  about  fifty  grains  are  to  be 
dried  at  212°  till  they  cease  to  lose  weight. 

For  Ammonia. — If  the  sample  is  rich  in  ammonia, 
about  twenty  grains,  and,  if  poor,  about  fifty  grains  are 
taken,  a  few  drops  of  hydrochloric  acid  added  to  pre- 
vent the  loss  of  this  alkali,  which  takes  place  in  some 
guanos  on  exsiccation,  and  then  dried  at  212°,  and 
burnt  with  soda-lime,  which  must  also  be  previously 
desiccated  and  cooled  immediately  before  use.  The 
mixture  is  introduced  as  rapidly  as  possible  into  the 
combustion  tube.  No  appreciable  loss  of  ammonia 
occurs  if  the  substances  are  well  dried  before  mixing. 
For  ordinary  purposes,  sufficiently  exact  results  are 
obtained  by  simply  evaporating  the  chloride  of  ammo- 
nium on  a  water  bath  to  dryness.  One  part  of  tins 
salt  represents  0-315  of  ammonia. 

Fifty  grains  of  the  sample  are  burned  at  not  too 
high  a  temperature,  till  they  cease  to  lose  weight.  The 
loss  in  weight  represents  the  moisture,  organic  matter, 
and  ammouiacal  salts. 

After  being  weighed,  the  ash  is  digested  in  warm 
water,  filtered,  and  washed  two  or  three  times.  The 
residue,  dried  and  weighed,  represents  matters  insoluble 
in  water ;  the  loss  represents  the  soluble  alkaline  salts, 
which  generally  consist  of  chlorides  and  sulphates ; 
and  in  the  case  of  the  better  class  of  guanos,  such  as 
Peruvian,  also  of  alkaline  phosphates.  The  aqueous 
filtrate  may  be  divided  into  two  portions,  in  one  of 
which  the  phosphoric  acid  is  determined  by  the  addi- 
tion of  sulphate  of  magnesia,  ammonia,  and  chloride  of 
ammonium.  One  hundred  parts  of  the  precipitate, 
dried,  ignited,  and  weighed,  contain  64-30  parts  of 
phosphoric  acid.  It  will  be  sufficient  to  evaporate 
almost  to  dryness  about  one  ounce  of  the  second  por- 
vol.  n. 


tion  of  the  fluid,  and  to  test  for  the  presence  of  potassa, 
soda,  sulphuric  acid,  and  chlorine. 

The  ash  left  by  the  water  is  treated  with  dilute 
hydrochloric  acid,  filtered,  and  the  residue  washed  and 
weighed.  The  undissolved  portion  is  sand,  clay,  and, 
in  recent  or  adulterated  guanos,  gypsum.  By  boiling 
the  residue  for  half  an  hour  in  a  concentrated  solution 
of  carbonate  of  soda,  filtering,  washing  the  residue, 
and  then  acting  on  it  in  the  filter  with  dilute  hydro- 
choric  acid,  and  again  washing,  the  gypsum  will  be 
tolerably  well  removed  from  the  sand  and  clay.  The 
difference  in  weight  represents  the  sulphate  of  lime. 
If  gypsum  is  present,  the  portion  of  this  dissolved  in 
the  watery  solution  is  apt  to  be  reckoned  aB  soluble 
alkaline  salts  :  correction  should  be  made  for  this. 

The  hydrochloric-acid  solution  is  precipitated  by 
ammonia,  and  the  earthy  phosphates  filtered,  dried,  and 
weighed.  The  precipitate  obtained  by  ammonia  when 
added  to  the  sand  and  gypsum,  ought  to  be  nearly  the 
same  as  the  weight  of  ash  left  by  the  water.  When 
this  is  not  the  case  it  is  due  to  impurities,  such  as  car- 
bonate of  lime,  and  the  loss  of  weight  corresponds  to 
the  quantity  of  this  substance  present. 

Adulterations  of  Guano. — From  its  high  price  there 
is  no  manure  so  subject  to  adulterations  as  guano.  The 
substances  generally  made  use  of  for  this  purpose  are 
sand,  marl,  limestone,  clay,  powdered  bricks  or  tiles, 
gypsum,  chloride  of  sodium,  et  cetera.  One  or  more  of 
these  substances  mixed  with  the  strong  smelling  guanos, 
such  as  the  Ichaboe,  and  by  the  addition  of  "a  few  fea- 
thers, form  altogether  so  prime-looking  an  article,  that 
even  experienced  buyers  are  deceived  by  it.  Chemical 
analysis  alone  can  reveal  the  deception. 

Various  simple  experiments  have  been  proposed  to 
enable  inexperienced  unscientific  persons  to  say  whether 
a  given  sample  of  guano  is  or  is  not  sophisticated.  The 
conclusions  are  drawn  from  the  specific  gravity,  the 
color  of  the  ash,  effervescence  with  an  acid,  et  cetera. 
But  such  conclusions  would  only  be  correct  for  certain 
specimens  of  guano — not  for  all. 

The  following  are  simple  means  by  which  adul- 
terations of  genuine  Peruvian  guano  can  be  detected. 
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When  burnt  it  leaves  a  perfectly  white  ash,  when  pure ; 
but  if  adulterated  with  sand,  marl,  et  cetera,  the  ash  is 
more  or  less  of  a  brown,  or  reddish-brown  color.  On 
the  addition  of  strong  acetic  acid  or  hydrochloric  acid 
to  the  ash,  there  is  no  effervescence  if  pure,  but  strong 
effervescence  if  adulterated  with  marl  or  chalk. 

On  the  Mode  of  Estimating  t/ie  Money  Value  of 
Guano. — If  the  money  value  of  a  manure  is  to  be  cal- 
culated, it  is  only  necessary  to  ascertain  the  prices  at 
which  its  valuable  ingredients  can  be  purchased  in  the 
market.  Agricultural  chemists  have  endeavored  to 
fix  the  market  value  of  the  different  constituents  of 
manures,  but  their  scales  are  not  uniform.  The  fol- 
lowing table  gives  the  value  per  ton  of  the  different 
constituents  of  manures,  according  to  four  different 
agricultural  chemists : — 

Wey.  Hodges. 

Ammonia,  £56   0  0    £56  0  0 

Insoluble  phosphates,  ..  7    0  0    7  0  0 

Soluble  phosphates,   32  13  0    25  0  0 

Potassa,   30  16  0    20  0  0 

Alkaline  salts,   1    0  0    1  0  0 

Organic  matters,   1   0  0    0  10  0 

Gypsum,   0   0  0    0  0  0 

Nesbit.  Anderson. 

Ammonia,  £60  0  0    £56  0  0 

Insoluble  phosphates,  ..  8  0  0    7  0  0 

Soluble  phosphates, ....  24  0  0    28  0  0 

Potassa,   0  0  0    20  0  0 

Alkaline  salts,   1  0  0    1  0  0 

Organic  matters,   1  0  0    0  0  0 

Gypsum,   1  0  0    0  0  0 

Discarding  the  decimals  below  05,  reckoning  those 
above  0'5  as  an  additional  unit,  and  leaving  out  of  the 
calculation  the  value  of  the  organic  matter  and  potassa, 
the  price  of  Peruvian  guano  would  be  the  following, 
supposing  the  market  value  of  its  constituents  to  be  as 
above  stated  according  to  Way  : — 


Earthy  phosphates,.. .. 
Soluble  phosphates,. . . 

Alkaline  salts,  

Potassa  and  the  alO 
kalies,  j 


Value  per  ton. 

Total. 

13-67  . 

52-05  . 

23-0    . . 

.'  .£7    0   0  .' 

£161 

7-0  .. 

. .  32  13    0  . 

. .  228 

10-0    . . 

..100. 

..  10 

30  .. 

..  30   0   0  . 

..  90 

16-50  .. 

..  56   0   0  . 

..  924 

Special  Manures. — Bone  Manure  History. — Bone 
manure  is  said  to  have  been  long  in  use  in  hothouses 
in  Germany,  whence  it  was  first  introduced  into  Eng- 
land. Arthur  Young  in  his  Northern  Tour,  1770, 
mentions,  that  in  the  neighborhood  of  Sheffield  bones 
were  a  very  common  manure  for  grass.  About  the 
same  period,  bones  were  used  for  turnips  and  arable 
crops  in  the  limestone  district  of  Yorkshire,  and  Lin- 
colnshire. Like  guano,  it  was  at  first  received  with 
distrust,  and  only  after  many  years  took  its  place  in 
agriculture  as  one  of  the  most  valuable  special  manures 
known.  In  1823,  the  declared  value  of  bones  im- 
ported into  Great  Britain  was  only  fourteen  thousand 
three  hundred  and  ninety-five  pounds  sterling,  and  in 
1837,  it  was  two  hundred  and  fifty-four  thousand  six 
hundred  pounds  sterling.  In  1815,  the  quantity  im- 
ported into  Hull  was  about  eight  thousand  tons,  in 
1833,  it  was  seventeen  thousand  five  hundred  tons,  and 
in  1835,  was  twenty-five  thousand  seven  hundred  tons. 
The  chief  supply  comes  from  Germany  and  Russia, 


and  from  the  coasts  of  the  Baltic.  The  earlier  form  of 
using  this  manure  was  as  calcined  bones,  or  when  un- 
calcined,  they  were  broken  in  pieces  and  distributed  at 
the  bottom  of  the  manure  heap,  to  undergo  decomposi- 
tion. In  1840,  an  increased  impetus  was  given  to  the 
employment  of  bones,  by  the  recommendation  of 
Liebig  to  render  it  more  readily  soluble  and  available 
to  plants  by  the  action  of  sulphuric  acid. 

Theory  of  the  Action  of  Bones. — Bones  consist  of 
two  portions,  organic  and  inorganic,  in  the  proportion 
of  about  thirty-three  of  the  former,  to  sixty-seven  of  the 
latter.  The  chief  portion  of  the  inorganic  part,  the 
phosphate  of  lime,  called  in  agricultural  language,  bone 
earth,  is  supposed  by  Berzelius,  to  be  a  peculiar  basic 
compound  of  eight  equivalents  of  lime,  united  to  three 
of  phosphoric  acid,  and  having  the  following  per  centage 
composition : — 

Centesimally. 

Lime,    51-12 

Phosphoric  acid,   48-88 

100-00 

Mitscherlich  and  others,  however,  regard  it  with 
more  probability  as  a  compound  of  three  equivalents  of 
lime  and  one  of  phosphoric  acid,  its  composition  being 

Centesimally. 

Lime,   53-86 

Phosphoric  acid,   46-14 


100-00 


The  thirty-three  per  cent,  of  organic  matter  yield, 
by  decay,  about  five  and  a  half  per  cent,  of  ammonia. 
Hence  fresh  bones  are  valuable  as  a  manure  for  the 
large  quantity  of  earthy  phosphates  they  contain,  and 
the  considerable  amount  of  ammonia  they  are  capable 
of  yielding. 

Liebig's  axiom  is,  that  no  special  manure  can  be  of 
any  use  if  the  soil  does  not  possess  the  other  ingredients 
necessary  to  the  crop.  Bones  are,  therefore,  only  valu- 
able when  these  conditions  are  fulfilled.  Under  such 
circumstances  they  have  been  proved  to  be  the  man- 
ure for  turnips. 

As  bones  furnish  only  two  substances  to  crops,  science 
as  well  as  experience  indicates  that  they  are  more  likely 
to  be  useful  when  used  as  auxiliaries — for  example,  with 
farmyard  manure,  et  cetera.  At  all  events,  that  this 
is  true,  when  bones  are  to  be  used  for  some  years,  may 
be  deduced  from  the  mineral  theory.  A  striking 
instance  of  this  fact  occurred  in  Nottinghamshire.  The 
soil  was  supposed  to  have  become  deficient  in  bone 
earth,  and  as  the  first  applications  produced  very  good 
results,  it  was  supposed  that  by  the  constant  repetition 
of  a  larger  quantity  increased  fertility  would  follow. 
These  hopes  were  disappointed,  until  it  was  shown  by 
other  experiments  that  other  mineral  constituents  were 
necessary.  By  the  addition  of  these,  the  accumulated 
stores  of  dormant  bone  earth  immediately  began  to 
develop  wonderful  effects.  This  is  but  another  instance 
of  the  truth  of  the  mineral  theory  of  Liebig. 

The  rapid  fertilizing  effects  of  bones  depend  on  the 
state  in  which  they  are  presented  to  the  roots  of  plants. 
When  buried  in  the  entire  state,  they  undergo  decom- 
position very  slowly.    Hence  it  has  been  found  neces- 
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sary  to  make  them  more  rapidly  available  by  grinding 
them,  in  "which  state  they  undergo  fermentation  readily, 
are  reduced  to  powder,  and  thus  made  more  soluble; 
or  the  ground  bones,  instead  of  being  allowed  to  ferment, 
are  first  acted  on  by  sulphuric  acid,  by  which  they  are 
converted  into  a  soluble  form,  known  under  the  name 
of  superphosphate. 

Steamed  Bones. — Mr.  Blackall  found,  that  bones 
submitted  to  high-pressure  steam  decomposed  rapidly 
in  the  soil.  This  method  was  recommended  by  him  as 
a  good  process  for  agricultural  purposes.  Others  have 
found  it  necessary  to  crush  the  bones  after  steaming,  to 
render  them  fit  for  application.  In  this  method  there  is  a 
loss  of  nitrogen  in  the  gelatin  dissolved  out  by  the  steam. 

Fermented  Bones. — Another  mode  for  the  decom- 
position of  bones,  so  as  to  render  them  more  readily 
available,  is  by  fermentation.  The  process  consists  in 
mixing  the  bones  with  earth,  ashes,  farmyard  manure 
into  a  compost,  and  leaving  them  to  ferment.  Certain 
substances,  such  as  peat-ashes,  have  been  supposed  to 
cause  this  action  more  rapidly.  Mr.  Pusey  showed 
in  1847,  that  by  mixing  bones  with  an  inert  substance, 
such  as  sand,  and  watering  the  heap,  and  then  closely 
covering  up  the  whole  with  earth,  putrefactive  fermen- 
tation was  generated. 

The  process  would  be  still  more  effectual,  and  produce 
a  better  mixture,  if  instead  of  sand,  wood  or  peat  ashes 
were  added  to  the  ground  bones,  and  urine  employed  to 
moisten  the  mass  instead  of  water.  As  there  might  be 
a  loss  of  ammonia  by  the  heat  generated,  it  would  be 
advisable  to  spread  a  layer  of  sulphate  of  lime  between 
the  bones  and  the  covering  of  clay ;  or  to  mix  two  or 
three  hundredweight  of  gypsum  with  every  ton  of  bones. 

Dissolved  Bones. — Superphosphate  of  Lime. — This 
term  is  bestowed  on  the  commercial  mixture  of  bones 
and  sulphuric  acid  rendered  dry  by  various  absorbents. 
The  mixture  consists  essentially  of  neutral  phosphate  of 
lime,  which  is  scarcely  soluble  in  water ;  biphosphate 
of  lime,  which  is  quite  soluble ;  and  sulphate  of  lime. 

If  the  composition  of  the  neutral  phosphate  of  lime 
be  taken  according  to  Beezelius,  as 


Phosphoric  acid,   48*5 

Lime,  . . .  *   51*5 

100-0 

and  the  biphosphate,  as  containing 

Phosphoric  acid,   71*5 

Lime,   28-5 


100-0 

Then  one  hundred  parts  of  neutral  phosphate  can  be 
converted  into  sixty-eight  parts  of  biphosphate  by  the 
removal  of  thirty-two  parts  of  lime  by  sulphuric  acid. 
But  as  the  materials  from  which  superphosphate  is 
manufactured,  namely,  bones,  coprolites,  et  cetera,  are 
not  pure  neutral  phosphates  of  lime,  a  larger  quantity 
of  sulphuric  acid  is  required.  The  average  composition 
of  raw  bones  may  be  taken  as  the  following : — 

Water,  fat,  and  cartilage,   48 

Phosphate  of  lime,  with  a  little  phosphate  1  .p 

of  magnesia,  j~ 

Carbonate  of  lime,   4 

Alkaline  chlorides  and  sulphates,   2 

100 


If  the  whole  of  this  is  to  be  converted  into  biphosphate, 
the  following  quantities  of  sulphuric  acid,  of  specific 
gravity  1-70,  would  be  required : — 

Pounds 

To  neutralize  the  carbonate,     4 

To  convert  the  whole  phosphate  into  biphos- )  ot. 
phate   /  " 

Total,   29 

Provided  the  bones  are  finely  ground,  and  the  acid 
and  crushed  bones  well  mixed,  theory  would  indicate 
that,  by  employing  sulphuric  acid  to  the  extent  of  one- 
third  of  the  weight  of  the  raw  bones,  the  whole  of  the 
bones  would  be  converted  into  biphosphate. 

Superphosphate  of  Lime  from  Coprolites. — Copro- 
lites have  been  extensively  used  as  a  substitute  for 
bones  in  the  manufacture  of  superphosphates,  but  they 
do  not  produce  so  good  an  article.  They  are  very  hard, 
and  unless  well  ground,  which  is  frequently  not  the 
case,  they  are  not  readily  acted  on  by  acid ;  moreover, 
a  larger  quantity  of  acid  is  also  necessary,  as  they  con- 
tain a  larger  proportion  of  carbonate  of  lime. 

Practical  Rules  for  the  Manufacture  of  Superphos- 
phate of  Lime. — The  essential  condition  in  this  manu- 
facture is,  to  reduce  the  bones  or  coprolites  to  be  acted 
upon  to  as  fine  a  state  as  possible  before  applying  the 
acid.  The  sulphuric  acid,  mixed  with  twice  its  bulk 
of  water,  or  further  diluted  with  due  regard  to  the 
subsequent  drying,  is  added  by  degrees  to  the  crushed 
materials,  which  are  kept  constantly  stirred  so  as  to 
bring  all  parts  into  contact  with  the  acid.  The  absor- 
bents, which  are  either  ashes,  mould,  bones,  coprolites, 
or  some  such  materials,  are  then  to  be  added,  till  the  mass 
is  sufficiently  dry.  Where  machinery  cannot  be  had,  the 
following  modification  of  a  plan  proposed  by  Mr.  Pusey 
has  been  found  useful,  on  a  small  scale,  for  the  conversion 
of  eighty  bushels  of  bones.  A  circular  wall,  in  height 
about  two  feet,  is  formed  of  ashes.  The  space  inclosed 
is  about  ten  feet.  The  crushed  bones  are  passed 
through  a  fine  quarter-inch  sieve.  The  coarser  particles 
are  laid  flat  in  the  centre,  and  the  finer  are  placed 
round  the  ring,  close  to  the  ashes.  Water  is  then 
added  to  the  bones  so  as  thoroughly  to  saturate  them, 
after  which  they  are  turned  over  frequently  in  the 
course  of  a  few  hours.  If  a  sufficient  quantity  of  water 
has  been  added  to  the  bones,  it  is  not  necessary  to 
dilute  the  acid  any  further.  If  one  part,  by  measure, 
of  acid  is  to  be  used  with  three  parts  of  water,  it  is 
better  to  use  one-half  of  this  water  to  saturate  the 
bones,  and  to  dilute  the  acid  with  the  other  half  of  the 
water.  After  the  bones  have  been  turned  the  acid  is 
added  gradually,  the  bones  being  constantly  turned  and 
mixed  with  the  spade.  In  six  or  eight  hours  after  the 
addition  of  the  acid,  the  fine  bone-dust,  forming  the 
second  circle,  is  thoroughly  mixed  with  the  bulk.  Next 
day  the  ashes  forming  the  outer  wall  are  thrown  over 
the  heap,  which  is  then  left  undisturbed  for  a  week. 
The  heap  is  then  opened  out  and  thoroughly  mixed 
with  the  ashes,  and  finally  passed  through  a  sieve.  If 
not  sufficiently  dry  for  this  last  operation,  a  further 
quantity  of  ashes  may  be  added  to  it. 

Composition  of  Superphosphate  of  Lime. — It  is  ex- 
tremely difficult  to  give  the  average  composition  of 
superphosphate  of  lime,  which  might  serve  as  a  standard 
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of  comparison  for  this  substance,  as  Peruvian  guano 
does  for  manures  of  that  class.  This  arises  from  the 
difference  in  the  materials,  and  in  the  mode  of  manu- 
facture. 

According  to  theory,  if  one  hundred  pounds  of  raw 
bones  could  be  perfectly  acted  on  by  twenty-nine 
pounds  of  strong  sulphuric  acid,  the  composition  of  the 
resulting  superphosphate  would  be  in  round  numbers — ■ 

Moisture,   10 

Animal  matter  and  fat,   27 

Sulphate  of  lime,   39 

f  =  to  35  parts  of  bone 

Biphosphate  of  lime,   24-<  earth  phosphate  ren- 

 dered  soluble. 

100 

The  animal  matter,  about  twenty-one  per  cent.,  would 
furnish  about  one  and  a  half  pounds  of  ammonia.  It 
is,  however,  practically  impossible  with  these  quantities 
to  convert  the  bones  as  completely  as  stated  above, 
into  superphosphate. 

Of  one  hundred  and  seventy-one  samples  analysed 
by  Way,  he  found 

Per  cent  of 
soluble  phosphates. 

11  samples  containing   5 

49      "  "        between   5  and  10 

60      "  "  "    10  and  15 

40      "  "  "    15  and  20 

11     "  "        over   20 

From  these  analyses  he  concludes,  that  a  good  super- 
phosphate will  contain  between  ten  and  twenty  per 
cent,  of  soluble  phosphate  ;  that  is  to  say,  the  biphos- 
phate is  calculated  so  as  to  represent  neutral  phosphate, 
which  is  thus  represented  as  soluble.  In  round  num- 
bers, twenty-four  parts  of  biphosphate  are  equivalent 
to  thirty-five  parts  of  bone-earth  phosphate  rendered 
soluble. 

Anderson,  Way,  and  the  Editor,  from  numerous 
analyses,  have  adopted  fifteen  per  cent,  as  the  average 
amount  of  soluble  and  the  same  of  insoluble  phosphate 
in  the  above  article  as  vended.  With  these  data,  the 
average  composition  of  superphosphate  in  the  market 
in  1856  was 

Moisture,   10 

Animal  matter,   27 

(=  to  15  per  cent. 

Biphosphate  of  lime,   10  <    of  soluble  bone 

(_  earth. 

Insoluble  phosphate  of  lime,  15 

Hydrated  gypsum,  34 

Alkaline  salts   4 

100 

Ammonia,  about  1-5  per  cent. 
The  money  value  of  this  superphosphate,  calculated 
according  to  the  plan  adopted  for  guano,  after  leaving 
out  the  non-essentials,  would  be  as  follows  : — 

Per  ton. 

Soluble  phosphate  of  lime,  15  X  £33  =  £495 

Insoluble  phosphate  of  lime  15  X     7=  105 

Gypsum,  34  X     1  =  34 

Alkaline  salts,   4X      1=  4 

Ammonia,  1-5  X    56=  84 

£722 

Price  about  seven  pounds  five  shillings  per  ton. 
According  to  the  opinion  of  some  agricultural  chemists, 
the  manufacture  of  superphosphate  of  lime  will  be  im- 
perfect so  long  as  insoluble  phosphate  figures  as  one  of 


its  ingredients.  Manufacturers  now  send  superior 
articles  into  the  market,  and  many  samples  of  super- 
phosphates are  found  in  which  no  insoluble  phosphates 
exist,  and  the  proportion  of  the  soluble  phosphates  is 
considerably  above  twenty  per  cent. 

Analysis,  Adulteration,  et  cetera,  of  Superphosphates. 
— The  analysing  of  superphosphate  of  lime  is  substan- 
tially the  same  as  for  guano.  The  determination  of 
phosphoric  acid  in  the  soluble  phosphates  may  be 
rapidly  and  conveniently  made  in  the  following  man- 
ner :  A  considerable  quantity,  say  a  quarter  of  an  ounce 
is  taken  and  mixed  with  about  four  ounces,  by  measure, 
of  hot  water,  and  allowed  to  settle,  and  the  superna- 
tant fluid  poured  through  a  filter.  The  residue  is 
treated  in  the  same  way,  two  or  three  times,  with  a 
fresh  portion  of  water.  About  a  quarter  portion  of 
this  fluid  is  taken  for  analysis,  neutralized  with  am- 
monia, and  again  rendered  acid  by  acetic  acid ;  and 
after  the  addition  of  acetate  of  potassa  or  ammonia, 
the  phosphoric  acid  is  precipitated  by  the  addition  from 
an  alkalimeter  of  a  solution  of  sesquichloride  of  iron  of 
known  strength.  After  being  rapidly  filtered,  and 
washed  with  hot  water  and  dried,  the  increase  in  weight 
over  the  known  quantity  of  sesquioxide  of  iron  added, 
represents  the  phosphoric  aeid,  48  5  of  which  corre- 
spond to  one  hundred  parts  of  bone-earth  phosphate 
rendered  soluble,  and  71-5  to  one  hundred  of  biphos- 
phate of  lime. 

Application  of  Bone  Manure. — As  a  manure  for 
grain  crops,  bones  are  not  in  repute.  Their  addition, 
however,  is  of  use  on  those  soils,  such  as  peats,  in  which 
phosphates  are  deficient.  It  is  almost  exclusively  in  the 
light  of  a  turnip  manure  that  bones  hold  their  high 
place  in  agriculture.  The  mode  of  using  superphos- 
phate of  lime  is  either  in  solution  or  in  compost.  The 
former  is  the  more  effectual  method,  but  it  is  attended 
with  more  expense  and  inconvenience ;  hence  the  latter 
is  the  plan  generally  adopted.  It  is  applied  in  drills 
with  the  seed.  The  quantity  employed  should  vary 
with  the  circumstances  of  the  soil,  and  with  the  quality 
of  the  manure.  About  five  hundredweight  per  acre  is 
an  average  quantity. 

The  remaining  special  manures  may  be  regarded  as 
divided  into  the  nitrogenous,  or  those  employed  for 
their  nitrogen ;  and  the  mineral,  or  those  taken  for 
the  bases  they  contain. 

The  nitrogenous  manures  of  vegetal  and  animal 
nature,  such  as  wool,  horns,  and  the  like,  are  slow  in 
their  action.  They  undergo  decomposition  very  gra- 
dually in  the  soil,  with  the  liberation  of  ammonia ; 
hence  they  are  but  of  little  value  when  an  immediate 
effect  is  required.  Recourse  must  then  be  had  to  a  salt 
of  ammonia,  or  nitrate  of  potassa  or  soda. 

When  the  various  points  discussed  in  the  preceding 
pages  are  borne  in  mind,  it  cannot  but  excite  surprise 
to  see,  on  the  one  hand,  the  loss  sustained  by  old  and 
long-known  manures  from  utter  unacquaintance  with 
their  really  valuable  ingredients ;  and,  on  the  other, 
to  notice  how  many  sources  are  at  present  neglected, 
from  which  fertilizing  agents,  either  general  or  special, 
might  be  obtained.  The  dire  necessity  of  augment- 
ing the  production  of  the  soil  in  proportion  to  the 
increase  of  the  population,  has  compelled  practical 
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agriculturists  to  call  in  the  aid  of  science.  The 
few  years  in  which  science  and  practice  have  been 
united  have  already  effected  the  solution  of  many  con- 
tradictory and  crude  opinions,  based  on  blind  empiri- 
cism, by  showing  wherein  really  consisted  the  value 
of  manures,  and  the  proper  mode  of  treating  them,  so 
as  to  obtain  their  maximum  fertilizing  effects,  and 
by  directing  attention,  on  well-grounded  principles,  to 
many  hitherto-neglected  sources  of  manures.  The  old 
struggle  still  continues  between  blind  practice  and  the 
new  views.  The  energy  of  the  numerous  scientific 
men  who  now  devote  their  talents  to  agricultural 
chemistry  leads,  however,  to  the  hope  that,  in  a  few 
years  more,  the  laws  which  govern  the  proper  tillage 
of  the  ground  will  be  more  thoroughly  investigated  and 
understood ;  agriculture  will  then  take  its  stand  as 
a  more  exact  science  than  at  present,  and  the  cultiva- 
tion of  crops  can  then  be  entered  upon  as  an  art  with 
as  much  certainty  as  any  other  manufacture. 

Artificial  Manures.  —  Twenty-five  years  ago, 
when  the  manufacture  of  spa  and  mineral  waters 
began,  they  met  with  violent  opposition  from  the  mem- 
bers of  the  faculty,  as  being  deprived  of  all  the  good 
qualities  of  the  natural  ones — as  wanting,  in  a  certain 
conditio,  sine  qua  non — in  a  spiritus  rector,  or  vital 
power,  which  alone  gave  them  any  medicinal  qualities. 
Those  times  have  passed  now ;  chemistry  has  demon- 
strated to  a  certainty  what  the  constituents  of  those 
various  waters  are,  and  under  what  forms  and  com- 
pounds they  are  united  in  them.  It  has  succeeded  in 
combining  them  exactly  in  the  same  proportions,  and 
in  rendering  them  not  only  equal  to  the  natural  ones, 
but  even  more  effective.  Physicians  now  connect  cer- 
tain effects  on  the  human  body  with  certain  elements 
in  the  waters,  and  are  enabled,  by  the  light  of  science, 
to  add  more  of  this  element,  or  more  of  that ;  nay,  to 
apply,  instead  of  the  waters  themselves,  the  one  active 
element  alone,  as  is,  for  instance,  the  case  with  iodine 
in  indurations  and  struma.  It  is  well  known  that  at 
this  moment  there  are  extensive  manufactories  of 
mineral  waters  in  England,  at  Berlin,  at  Dresden,  at 
Vienna,  et  cetera.  The  mineral  waters  which  are 
manufactured  by  the  Messrs.  Ellis  at  Ruthin,  in  North 
Wales,  and  by  a  few  other  firms,  are  in  every  respect 
equal,  if  not  superior,  to  the  natural  ones.  Now, 
the  Editor  believes  that  the  same  principle  may  be 
applied,  partially  at  least,  to  the  use  of  manufactured 
manures ;  and,  in  fact,  this  is  proved  by  the  success  that 
has  attended  the  application  of  several.  To  dwell  at  large 
upon  all  the  artificial  manures  that  are  now  manufac- 
tured in  hundreds  and  thousands  of  tons  annually,  would 
occupy  more  space  than  is  at  the  Editor's  command ; 
he  will,  therefore,  only  append  the  analyses  of  those 
which  have  come  under  his  immediate  notice,  and 
which  have  been  eagerly  sought  after  by  the  agri- 
culturist. The  recipes  may  be  improved,  no  doubt, 
still  the  manufacturers  of  artificial  manures  may  profit 
by  studying  the  various  per  centages  of  the  different 
constituents  in  each.  Three  of  the  best  have  been 
selected  out  of  the  numerous  samples  that  have  been 
analysed  by  the  Editor.  No.  1.  is  a  manure  manufac- 
tured by  Messrs.  Knight  and  Company,  Widnes,  near 
Warrington,  an  inspection  of  whose  works  will  prove 


interesting  to  the  agriculturist.  No.  2  is  made  by  the 
British  Patent  Manure  Company  in  Manchester ;  and 
No.  3  is  produced  at  the  Runcorn  Bone  Works.  Most 
satisfactory  results  have  been  obtained  wherever  the 
composts  have  had  a  fair  trial : — 

l.  2.  8. 

Water,                                       24-00  ..  12-07  ..  20-00 

Sulphate  of  ammonia                        10-84  ..  15-97  ..  14-85 

Phosphate  of  lime  and  magnesia,  ..  \  oc  ca  ••  16-84  ..  24-07 

Biphosphate  of  lime,  J-ao  ou  10.n  6.81 

Sulphate  of  lime,  .._                        9-16..  5-40..  7-20 

Sulphate  of  magnesia,                         —    . .  6-72  . .  — 

Alkaline  chlorides                           1-08  . .  4-12  . .  -54 

Silicate  of  potassa,                           —    . .  5-47  . .  — 

Nitrogenous  organic  matter,                1-40  ..  13-29  ..  20-31 

Insoluble  matter,  et  cetera,               18-02  ..  10-01  ..  6-22 

100-00     100-00  100-00 

In  concluding  this  article,  the  Editor  feels  great  plea- 
sure in  expressing  his  thanks  to  his  talented  friend, 
Dr.  Blyth  of  the  Queen's  College,  Cork,  for  much 
valuable  matter  that  he  has  supplied  during  its  com- 
pilation. The  Editor  could  not  have  had  a  more  com- 
petent contributor,  for  Professor  Blyth  was  for  many 
years  the  agricultural  chemist  at  the  college  of  Ciren- 
cester, where  daily,  under  his  inspection,  were  carried 
out  experimental  researches  on  the  different  kinds  of 
manures. 

MEKCURY. — Mercure,  French;  Queclcsilber,  Ger- 
man ;  Hydrargyrum,  Latin. — Mercury  is  a  substance 
which  has  only  of  late  been  raised  to  the  dignity  of  a 
metal,  notwithstanding  its  being  known  long  before  the 
Christian  era,  and  extensively  experimented  upon, 
more  especially  whilst  the  powerful  idea  of  transmuta- 
tion, and  of  the  elixir  vita,,  possessed  the  minds  of  the 
first  chemical  students — the  alchemists.  Its  charac- 
teristics are  very  marked,  and  in  one  respect  different 
from  any  other  known  metal,  namely,  its  fluidity 
at  all  ordinary  temperatures.  It  was  this  property, 
coupled  with  its  silvery  whiteness  and  metallic  lustre, 
which  determined  its  other  popular  name,  quicksilver. 
Though  it  is  hot  spoken  of  in  the  ancient  scriptural 
writings,  still  Thomson  in  his  History  of  Chemistry, 
states,  that  its  discovery  must  have  preceded  the  ear- 
liest historical  records.  It  was  common  in  the  time  of 
Moses  ;  for,  according  to  Dr.  Herbert,  the  Egyptian 
magi  employed  it  in  their  so  called  enchantments,  when 
every  man  cast  down  his  rod  and  it  became  a  serpent. 
Aristotle  relates,  that  Daedalus  gave  motion  to  a 
wooden  Venus,  by  means  of  a  current  of  mercury. 
Dioscorides  describes  a  method  for  its  reduction  from 
cinnabar,  or  minium,  as  it  was  then  designated,  and 
which  is  remarkable  as  being  the  first  record  of  a 
process  that  led  to  distillation.  The  metal  in  those 
times  was  employed  in  gilding,  much  in  the  same  way 
as  at  present,  and  the  minium  or  cinnabar  had  its 
application  in  painting  and  decoration.  Pliny  men- 
tions that  Callias,  an  Athenian,  was  acquainted  with 
the  preparation  of  the  mercuric  sulphide.  The  Greeks 
converted  considerable  quantities  of  the  latter  compound 
to  this  use,  and  were  in  the  habit  of  drawing  their  sup- 
ply from  Spain,  the  mines  of  which  were  known  and 
worked  seven  hundred  years  before  the  Christian  era. 
In  latter  times  the  virtues  of  the  sulphide  as  a  medicine 
was  established,  and  this,  as  well  as  the  metal,  was  exten- 
sively administered  by  the  professors  of  the  healing  art. 
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Dioscorides,  who  cites  some  of  the  properties  of  the 
metal,  had,  it  is  evident,  but  an  imperfect  knowledge 
of  it ;  for  he  states,  that  it  could  he  retained  in  vessels 
of  glass,  tin,  lead,  or  silver — an  assertion  which  is  now 
well  known  to  be  untrue,  especially  with  regard  to  the 
metals  that  he  named.  Pliny  also  seems  undecided 
as  to  its  true  nature,  since  evidently  he  thought  that 
there  was  some  radical  difference  between  the  mercury 
which  was  found  in  the  virgin  state  and  that  obtained 
by  the  manufacture  of  the  time.  The  former  was 
known  as  quicksilver — argentum-vivum — and  the  latter 
as  mercury — hydrargyrum.  This  doubt  lurked  in  the 
minds  of  even  the  learned  alchemists  and  philosophers 
till  towards  the  close  of  the  seventeenth  century, 
when  both  kinds  were  submitted  to  numerous  distilla- 
tions— as  in  the  case  of  Boerhaave,  who  distilled  the 
same  portion  of  mercury  successively  five  hundred  times, 
and  the  products  were  found  to  coincide  in  weight  and 
all  the  then  known  properties.  Still,  at  this  period, 
owing  to  its  fluidity  especially,  it  was  regarded  as  an 
imperfect  or  semi-metal,  containing  a  principle  regarded 
as  pure  vitrifiable  earth — the  silica  of  modern  time. 
The  fact  of  this  terrestrial  principle  conferring  solidity 
upon  such  bodies  as  contain  it  in  abundance,  being 
directly  opposed  to  the  fluid  condition  of  mercury, 
induced  Beccher,  an  investigator  of  the  first  half  of 
the  seventeenth  century,  to  admit  the  existence  of 
another  principle,  a  mercurial  earth,  which  was  sup- 
posed to  possess  weight  and  volatility  to  a  very  great 
degree.  This  chemist  regarded  quicksilver  as  a  com- 
pound of  three  substances — namely,  the  vitrifiable,  the 
inflammable  or  phlogistonic,  and  the  mercurial.  He 
was  supported  in  his  views  by  Stahl  and  other  learned 
semi-alchemists,  till  by  the  introduction  of  a  course  of 
experimental  research  and  deductions,  the  nature  of 
bodies  came  to  be  regarded  in  a  simpler  but  truer  light, 
which  overthrew  the  hypothetical  obscurity  that  per- 
vaded all  chemistry  up  till  that  time. 

The  knowledge  that  it  could  be  solidified,  acquired  by 
the  academicians  of  Petersburg  in  1759,  was  the  first 
means  to  remove  the  notion  of  its  semi-metallic  nature, 
and  inquiries  to  which  the  announcement  of  the  fact 
gave  rise  in  the  hands  of  Pallas,  Hutchins,  Bieker, 
Blagden,  and  several  others,  led  the  way  to  its  recog- 
nition as  a  true  metal,  and  elementary  body. 

Preparation. — Several  methods  are  known  for  the 
production  of  mercury  from  its  saline  combinations, 
many  of  which  are  practised  on  the  large  scale,  and 
will  consequently  be  described  when  treating  of  its 
smelting,  but  as  these  do  not  yield  a  pure  metal,  refer- 
ence will  be  here  made  only  to  the  methods  that  are 
calculated  to  afford  such  a  product. 

The  mercury  of  commerce,  which  usually  is  contami- 
nated with  variable  portions  of  lead,  tin,  and  bismuth, 
may  be  distilled  with  one-tenth  of  its  weight  of  cinna- 
bar ;  and  provided  the  distillation  be  carefully  effected, 
the  foreign  impurities  will  be  found  in  the  retort,  in  the 
form  of  sulphides,  after  the  pure  mercury  has  passed 
over  into  the  receiver.  A  purer  product  is,  however, 
obtained  when  carefully  prepared  cinnabar  or  corrosive 
sublimate — chloride  of  mercury — that  has  been  cau- 
tiously sublimed,  is  distilled  with  one  part  of  quick- 
lime or  iron  filings.    The  principal  part  of  the  impu- 


rities is  removed  in  the  formation  and  sublimation  of 
the  sulphide  or  chloride  taken,  and  the  last  traces  are 
retained,  with  the  sulphide  of  calcium,  or  iron,  generated 
in  the  second  part  of  the  process.  Sometimes  agitation 
with  concentrated  nitric  or  sulphuric  acids  has  the 
effect  of  rendering  mercury  much  purer,  but,  in  any  case, 
can  the  product  obtained  by  the  process  described  be 
excelled.  To  ascertain  its  purity,  it  is  only  necessary 
to  dissolve  a  portion  in  an  excess  of  nitric  acid,  evapor- 
ate the  solution,  and  heat  the  dry  salt  to  redness ;  or  fuse 
the  metal  with  pure  sulphur,  and  sublime  the  product 
in  a  glass  mattrass;  in  either  case  nothing  shotdd  remain 
if  the  metal  be  pure,  but  if  a  residue  appear,  the  im- 
purities are  proportionate  to  its  weight.  Observation 
has  led  to  the  adoption  of  a  simpler,  but  less  reliable 
test  than  the  above ;  it  is  this,  that  pure  mercury  when 
dropped  upon  a  smooth,  but  slightly-inclined  surface, 
breaks  up  into  drops  which  retain  the  spherical  form, 
but  if  contaminated  with  tin,  lead,  or  such  adulterants 
or  impurities,  the  form  of  the  globules  will  appear 
elongated,  so  as  to  present  or  leave  a  tail. 

Properties. — Mercury  is  a  metal  that  possesses  the 
metallic  lustre  in  a  high  degree,  and  exhibits  a  silvery 
whiteness.  It  is  fluid  at  all  temperatures  between 
39'5°  Fahr.,  and  its  boiling  point,  which  is  variously 
estimated  by  different  experimenters,  as  ranging  be- 
tween 654-8°  Chriciiton;  and  680°  Dulong  and 
Petit — Dalton  estimating  it  at  660-2° ;  and  Hein- 
rich  at  672-8°.  At  minus  40°  it  solidifies,  and  while 
in  this  state  permits  of  being  beaten  out  under  the 
hammer,  welded,  et  cetera,  like  other  metals.  When 
the  refrigeration  is  effected  by  means  of  solid  carbonic 
acid  and  ether  in  a  dish,  and  if  the  yet  unsolidified  por- 
tion be  poured  off,  the  metal  adhering  to  the  walls  of  the 
vessel  will  present  well  defined  octahedral  crystals.  Its 
density  varies  with  the  degree  of  temperature  more 
than  any  other  metal,  owing  to  the  freedom  with  which 
it  expands.  Sciiulze  found  it  in  the  solid  state  to  he 
14-391.  Regnatjlt  estimated  the  gravity  at  —  40°  to 
be  14-4,  but  if  it  could  be  compressed  by  hammering, 
the  number  would  doubtless  be  higher.  At  39-2°  Kopp 
estimated  its  gravity  at  13-594 ;  Kupffer  at  13-588, 
and  13-535  at  78'8°;  at  the  latter  degree  the  number 
arrived  at  by  Cavendish  and  Brisson  was  13-568;  by 
Fahrenheit  13-757.  Karsten  determined  its  density 
at  the  ordinary  temperature  to  be  13-559.  Various 
researches  show  that  this  metal  evaporates  at  common 
temperatures,  as  well  in  contact  with  air  as  in  vacuo. 
This  may  be  proved  by  suspending  gold  leaf  in  a  flask 
containing  some  of  the  metal,  when,  after  a  few  weeks, 
the  lower  portion  of  the  leaf  will  appear  amalgamated. 
Karsten  asserts  that  at  32°  mercury  gives  off  as  much 
vapor  as  to  develop  the  image  on  a  daguerreotype  plate 
held  over  it  at  a  convenient  distance,  Brame  affirms 
that  sulphur  in  a  finely-divided  condition,  as  when 
precipitated  from  a  state  of  vapor,  is  much  more  delicate 
than  gold  leaf.  By  its  aid  he  found  that  at  53-6°,  the 
tension  of  the  vapor  rises  to  the  height  of  three  feet, 
and  even  higher  than  this ;  but,  in  the  latter  case,  the 
delicacy  of  the  known  tests  is  inadequate  for  its  detec- 
tion. This  investigator  is  also  of  opinion  that  in  air 
and  vapor  of  sulphur,  the  vapor  of  mercury  diffuses 
itself  according  to  the  law  which  governs  other  gases. 
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The  specific  gravity  of  the  vapor  of  mercury  was  found 
by  Dumas  to  be  6-976,  and  by  Mitscherlich  7-03— 
the  latter  number  being  that  arrived  at  by  theory.  The 
property  of  expansion  which  mercury  possesses,  and  the 
long  range  of  temperature  through  which  it  exhibits  this 
property  with  remarkable  regularity,  render  it  pecu- 
liarly adapted  to  the  wants  of  the  philosopher  for 
determining  the  sensible  heat  of  bodies.  Repeated 
experiments  have  shown,  that  between  32°  and  212°, 
the  increase  of  bulk  which  it  acquires,  by  the  acquisition 
of  equal  increments  of  heat,  is  extremely  regular,  and 
corresponds  to  O'OOOll  of  its  bulk  at  32°,  according  to 
the  experiments  of  Dalton.  Between  38°  below  zero — 
the  lowest  degree  of  temperature  that  can  be  safely  esti- 
mated by  the  mercurial  thermometer — and  -)-  32°,  the 
freezing  point  of  water,  the  gradation  is  not  so  regular, 
although  the  difference  is  so  trifling  as  to  be  disre- 
garded in  most  applications;  but  between  212°  and 
662°,  it  has  been  found  to  pass  from  the  regular  expan- 
sion observed  between  the  limits  of  the  freezing  and 
boiling  points  of  water,  and  to  increase  in  this  respect 
as  the  heat  becomes  more  elevated.  The  annexed 
table  exhibits  the  ratio  of  expansion  of  mercury  be- 
tween 32°  and  212°,  as  determined  by  the  investigators 
mentioned  : — 

•0200   Dalton. 

•01887  Cavendish. 

•018-48  Lavoisier  and  Laplace. 

•01818  Hallstrom. 

•01801  Shuchburgh. 

■01800   Dulong  and  Petit. 

•01781  Deluc. 

•01605   Boy. 

•018153  Militzer  and  Kegnault. 

The  following  numbers,  arrived  at  by  Dulong  and 
Petit,  show  the  variable  and  increased  expansion  of 
mercury  above  air  by  equal  increments  of  heat : — 

COMPARATIVE  EXPANSION  OF  AIR  AND  MERCURY  BY  THE 
SAME  INCREMENTS  OP  HEAT. 
Dulong;  ami  Pelit.  Rudberff. 

Air.  Mercury.  Air.  Mercury. 

0-  ....     0-    —  35-96  ....  —36- 

100-  ....  100-0    0-  ....  0- 

150-  ....  151-3    -f  50-04  ....  +  50- 

200-  ....  204-6    100-  ....  100- 

250-  ....  255-1    198-81  ....  200. 

300-  ....  314-15    294-73  ....  300- 

350-  ....  360-00    —  — 

Mercury  is  not  acted  upon  when  exposed  to  air,  oxygen, 
nitrogen,  nitrous  or  nitric  oxide,  or  carbonic  acid  gases. 
On  the  contrary,  if  shaken  with  water,  ether,  oil  of 
turpentine,  or  fatty  unctuous  matters,  it  loses  its  metallic 
appearance,  and  is  converted  into  a  grey  atkiops  per  se, 
in  which  the  metal  is  not  altered  but  deadened — that  is, 
reduced  to  minute  and  isolated  globules  by  the  inter- 
posed stratum  of  the  compounded  matter.  Ordinary 
mercurial  ointments  retain  the  metal  in  this  state,  but 
so  finely  divided  as  to  render  its  detection  by  the 
unaided  sight  impossible.  When  pure  it  is  tasteless 
and  inodorous,  although  a  peculiar  odor  has  been 
observed  from  it  when  rubbed  between  the  fingers. 
Poured  upon  dry  bodies,  it  does  not  wet  them  like  other 
liquids,  but  flows  off  in  drops,  except  in  the  case  of  the 
metals  with  which  it  forms  amalgams.  On  this  account  it 
it  is  designated,  sometimes,  in  old  writings,  aqua  non 


madefaciens  manus — water  that  does  not  wet  the  hands. 
Kept  at  a  temperature  approaching  ebullition  in  contact 
with  air,  it  suffers  oxidation  slowly.  Water  is  not 
decomposed  by  it.  The  nitrous,  nitric,  iodic,  chloric 
acids,  et  cetera,  easily  oxidise  it  without  the  aid  of  heat ; 
sulphuric  acid,  when  diluted,  has  no  action  upon  the 
metal,  even  when  aided  by  heat,  but  concentrated  acid, 
at  a  high  temperature,  readily  converts  it  into  a  proto- 
sulphate,  sulphurous  acid  being  eliminated.  With 
selenium,  sulphur,  phosphorus,  chlorine,  bromine,  and 
iodine,  it  unites  with  facility,  giving  rise  to  the  haloid 
mercurial  compounds  of  those  radicals.  It  quickly 
combines  with  the  noble  metals — also  with  tin,  lead, 
bismuth,  zinc,  and  most  of  the  soft  metals,  giving  rise 
to  amalgams  which  often  possess  particular  interest. 
This  is  the  case,  more  especially  in  a  manufacturing 
sense,  with  the  amalgams  it  constitutes  with  gold,  silver, 
platinum,  as  they  are  available  in  the  smelting  or 
abstraction  of  these  metals  from  the  gangue  in  which 
they  may  be  distributed.  Indeed,  a  chief  portion  of  the 
mercury  annually  extracted  is  devoted  to  this  special 
application,  so  that  a  distinct  relation  between  the 
yearly  production  of  gold  and  mercury  may  be  traced. 
Besides  this  application  it  has  many  others,  such  as 
gilding,  plating,  and  the  like.  Many  of  its  compounds 
are  valuable  in  other  branches  of  art,  such  as  medicine, 
painting,  et  cetera,  but  more  particularly  in  the  former, 
where  its  administration  is  very  varied  and  frequent. 
The  metal  is  likewise  very  advantageous  to  the  anato- 
mist, who  employs  it  as  an  injection,  either  alone  or  in 
the  form  of  Vermillion  suspended  in  size.  There  are 
many  other  instances  of  its  application,  but  not  being 
very  general,  they  will  not  be  further  dwelt  upon. 

Atomic  Weight. — Before  proceeding  to  notice  the 
ores  of  mercury  and  the  processes  by  which  the  metal 
is  obtained  from  them,  it  may  be  mentioned  that  much 
difference  of  opinion  has  existed  respecting  the  atomic 
weight  of  this  element.  The  mercurial  oxides  are  two 
in  number — the  grey  and  the  red ;  and  it  is  from  the 
different  view  chemists  have  taken  of  the  constitution 
of  these  bodies  that  100  and  200,  or  a  near  approxi- 
mation, have  been  respectively  proposed  as  the  equi- 
valent of  mercury.  The  composition  of  these  bodies, 
denominated  mercurious  and  mercuric  oxides,  is  thus 
centesimally  expressed : — 

Grey  Oxide,  Red  Oxide. 

Mercury,   96-15    92-59 

Oxygen,   3-85    7-41 


100-00 


100-00 


Now,  if  the  grey  be  assumed  to  be  the  protoxide, 
then  the  value  of  an  equivalent  of  mercury  capable  of 
saturating  a  full  equivalent  of  oxygen,  which  is  repre- 
sented by  8,  will  be  199.8,  or  nearly  200;  whilst,  on 
the  other  hand,  assuming  this  oxide  to  be  the  suboxide, 
and,  halving  that  number,  it  will  be  represented  by  two 
equivalents  of  metal,  and  one  of  oxygen.  Taking  the 
equivalent  of  the  metal,  then,  at  100,  the  atomic  con- 
stitution of  these  oxides  is  thus  represented : — 


Grey  oxide. 

2  Eqs.  Mercury,  200 

1  Eq.  Oxygen,   8 


Red  oxide. 

1  Eq.  Mercury,   100 

1  Eq.  Oxygen   8 


1  Eq.  Grey  Suboxide,  208        1  Eq.  Bed  Protoxide,  108 
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The  chemical  symbol  of  the  metal  is  taken  from  its 
Latin  name,  and  is  written  Hg. 

Berzelids,  Erdmann,  Marchand,  Gmelin,  Reg- 
nault,  Thomson,  Graham,  and  many  other  chemists, 
have  adopted  100  or  something  near  it  as  the  true 
atomic  weight,  and  the  preference  is  further  justified 
by  the  fact,  that  though  both  oxides  are  salifiable,  yet 
the  grey  is  very  unstable,  and  unlike  a  true  protoxide 
in  its  characters,  whilst  the  red  is  eminently  persistent 
and  basic  ;  indeed,  according  to  Brande,  it  almost 
approaches  to  alkalinity.  Besides,  the  evidence  ad- 
duced from  the  connection  of  the  atomic  heat  of  the 
metal  with  its  atomic  weight  is  decidedly  favorable  to 
that  number  which  expresses  the  grey  as  a  sub,  and 
the  red  as  a  protoxide.  The  experiments  of  Stran- 
berg,  published  in  the  Memoirs  of  the  Academy  of 
Stockholm  for  1845,  go  to  prove  that  the  atomic  weight 
of  mercury  cannot  be  less  than  99 '90. 

Ores  of  Mercury. — The  minerals  into  the  compo- 
sition of  which  mercury  enters,  are  by  no  means  numer- 
ous, and  few  of  them  are  important.  The  metal  itself 
occurs  native  in  the  form  of  fluid  globules  scattered 
through  its  gangue.  The  quicksilver  mines  of  Almaden 
in  Spain,  of  Idria  in  Carniola,  of  Wolfstein  and  Mors- 
field  in  the  Palatinate  of  Rosena  in  Hungary,  and  Sala 
in  Sweden,  supply  specimens  of  the  virgin  metal,  which 
was  said  at  one  time  to  fetch  a  higher  price  than  that 
obtained  by  reduction.  In  some  places  native  mercury 
is  so  plentifully  dispersed  through  its  ores,  that  when  an 
opening  is  made  it  escapes,  and  trickling  out,  collects  in 
considerable  quantities  at  the  bottoms  of  the  levels. 

A  native  amalgam  of  silver,  amorphous  and  crystal- 
lised, is  also  met  with.  Not  unfrequently  this  mineral 
occurs  in  the  form  of  flattened  plates.  A  specimen, 
said  to  be  from  Peru,  the  specific  gravity  of  which  Dr. 
Dalzell  determined,  did  not  exceed  13-995,  but  usually 
it  is  14119.  From  the  average  of  the  analyses  of  three 
specimens  examined  some  years  ago  by  the  same  che- 
mist, along  with  the  analysis  of  other  specimens  by 
Klaproth  and  Cordier,  it  consists  centesimally  of — 

Dalzell.  Klaproth,  Cordier; 

Mercury,   56-1    64-    72-5 

Silver   43-9    36-    27-5 


100-0 


100- 


100-0 


That  the  composition  of  this  mineral  should  vary 
considerably  does  not  seem  surprising,  since  it  has 
been  proved  that  mercury  evaporates  from  mercurial 
ointment  and  amalgams.  Arguirite,  an  argentiferous 
amalgam  of  great  value,  is  found  in  considerable  quan- 
tity in  the  province  of  Coquimbo  in  Chili.  It  contains 
13-5  parts  of  mercury,  and  as  much  as  86-5  per  cent, 
of  silver.'  Indeed,  this  is  one  of  the  chief  ores  of  silver 
in  the  rich  mines  of  Arguiros.  An  amalgam  of  gold, 
analysed  by  Schneider,  and  which  occurred  along 
with  platinum  ore  from  Columbia,  contained  mercury 
57-40,  gold  38-39,  and  silver  5'0.  Native  amalgams 
of  lead,  containing  selenium,  have  been  analysed  by 
Rose1. 

Horn  quicksilver — subchloride  of  mercury,  or  native 
calomel — is  found  associated  with  the  other  ores  of 
quicksilver  at  Idria,  at  Deux-Ponts,  in  Spain,  and  else- 
where. It  is  a  yellowish  or  ash-grey  mineral,  sectile, 
and  subtranslucent.  Sometimes  it  occurs  as  a  crust, 
or  forms  granular  concretions.  At  other  times  it  crys- 
tallizes in  four-sided  prisms.  Its  specific  gravity  is 
6-482,  whilst  that  of  the  powdered  calomel  of  the  shops 
is  7'14,  and  that  of  the  crystallized  factitious  subchloride 
is  7-2. 

Iodides,  bromides,  and  selenides  of  mercury  also  occur, 
but  rarely.  The  iodide  has  been  met  with  in  Mexico, 
associated  with  the  selenide.  A  specimen  of  the 
bromide  Dr.  Dalzell  found  to  contain,  besides  bro- 
mine, traces  of  iodine,  selenium,  and  sulphur.  Rose 
has  described  the  selenide  as  composed  of  selenium 
6-49,  sulphur  10-30,  and  mercury  81 '33. 

The  principal  ore  of  mercury  is  the  sulphide — the 
zinndber  of  the  Germans  and  minium  of  Pliny.  The 
color  of  native  cinnabar  varies  from  cochineal  red  to 
brownish-red  and  leaden  grey.  The  streak  is  scarlet, 
and  the  lustre  usually  adamantine.  The  density  of  this 
mineral  is  8'098,  and  when  pure  it  contains  86-29  parts 
of  mercury  with  13'71  of  sulphur.  Specimens  of  the 
purest  ore  have,  occasionally,  all  the  richness  of  hue 
which  the  best  vermilion  presents. 

The  following  table  shows  the  composition  of 
cinnabar  from  various  quarters  of  the  world,  the 
amount  of  the  constituents  being  centesimally  ex- 
pressed : — 


Silica.  Alumina. 


Lime.  Magnesia. 


Japan, . 


84-50   14-75      —       —  — 


„    79-30 

Idria,   51-80 

store,}  "81-80 
Neumarktel, .  85-00 
Wolfstein,...  18-00 


Almaden, .. 


California, . 


37-84 
37-75 
36-94 
41-79 

69-  36 

70-  13 
70-23 


14-50 
8-20 

13-  75 

14-  25 


16-22 
16-22 

15-  97 

16-  72 
11-38 
11-21 
11-21 


6-80  32-0 


3-20 
0-73 


5-67 


2-30     0-65     0-55  0-20 


0-63 


73-31 


72-00    12-80      —  — 


2-58 


1.20 


35-12 

35-12 

42-79 

41-49 
14-30  0-61 
14.52  0-61 
14-52  0-61 


traces.  — 


1-23 
1-23 
1.23 


1-40 
1-40 
1-40 


—      14.0      —  — 


Total. 

99-25  Klaproth. 


100 
102 


10  Dalzell. 

00  Lebererz. 

00  Klaproth. 

25 

31  Bealey. 


—       —  100 


0-49 
0-49 
0-49 


1-18 

(-28 
00 
77 
59 
59 


Dalzell. 
Bealey. 


100-00  Dalzell. 


Geologically,  the  ores  of  mercury  occur  amongst  stra- 
tified deposits.  The  volatility  of  the  metal  may  account 
for  its  not  being  met  with  in  any  large  quantity  in 


crystalline  or  igneous  rocks.  Thus,  it  is  found  most 
abundantly  in  the  independent  coal  formation,  and  in 
beds  lying  between  primitive  argillaceous  sehistus  and 
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chlorite  slate,  associated  with  quartz,  calcareous  spar, 
spathic  iron,  and  copper  pyrites.  In  the  famous  quick- 
silver mines  of  Almaden  in  the  province  of  La  Mancha, 
a  few  miles  from  the  frontier  of  Estremadura,  which 
have  been  worked  for  many  centuries,  the  veins  tra- 
verse micaceous  transition  schists  and  sandstone  grit, 
intersected  here  and  there  by  granitic  and  porphyritic 
eruptions.  A  portion  of  the  Almaden  ore  is  extremely 
rich ;  but  the  larger  proportion  is  so  intermixed  with 
quartzose  and  argillaceous  gangues,  that  the  yield  is  not 
over  ten  per  cent,  of  metal.  At  Quenca  in  New  Gra- 
nada, Durasno  in  Mexico,  and  in  some  of  the  Peruvian 
mines,  the  mercurial  ore  occurs  in  the  red  sandstone 
above  the  coal ;  whilst  at  Deux-Ponts,  at  San  Juan  de  la 
Chica  in  Peru,  and  in  some  other  localities,  it  is  placed 
in  the  subordinate  porphyry.  The  mines  of  Idria  are 
worked  in  a  friable  compound  of  dark  carbonate  of 
lime,  and  argillaceous  schist.  These  mines  were  dis- 
covered in  1497,  before  which  time  the  country  was 
inhabited  only  by  a  few  artificers  in  wood.  Tradition 
thus  records  their  discovery : — A  cooper  having  one 
evening  placed  a  new  butt  under  a  neighboring  spring 
to  try  if  it  would  hold  water,  when  he  returned  the 
next  morning  to  take  it  away,  found  it  so  heavy  that 
he  could  with  difficulty  move  it.  Being  an  ignorant 
man  he  at  first  supposed  his  vessel  was  bewitched;  but 
at  length  perceiving  that  it  contained  a  heavy  and 
brilliant  liquid  metal,  he  carried  away  some  of  it,  and 
showed  it  to  an  apothecary  in  Laubach,  who,  being 
better  informed  than  the  peasant,  and  more  cunning, 
kept  the  mercury,  sent  the  man  away  with  a  small 
gratuity,  and  directed  him  to  bring  him  all  he  could 
obtain.  This  the  cooper  did  for  a  considerable  time, 
till  the  affair  became  known,  when  a  society  was  formed, 
and  a  further  search  for  quicksilver  instituted.  The 
mines  remained  in  possession  of  this  society  till  the 
Archduke  Charles  of  Austria,  perceiving  their  impor- 
tance, purchased  the  properties,  and  took  the  mines  of 
Idria  also  under  his  control. 

The  subterranean  passages  of  these  mines  are  exten- 
sive ;  but  owing  to  the  loose  and  friable  nature  of  the 
ground,  large  excavations  are  impossible.  Their 
greatest  perpendicular  depth,  taken  from  the  entrance 
of  the  shaft,  is  about  eight  hundred  feet ;  but  as  the 
galleries  advance  horizontally  under  a  high  mountain, 
the  depth  would  be  much  greater  if  measured  from  the 
surface  of  the  hill.  The  mine  was  formerly  entered 
either  by  descending  the  shaft  in  a  bucket,  or  by  zig-zag 
ladders.  By  the  first  route  the  visitor  was  subjected  to 
the  inconvenience  and  danger  of  being  stopped  by  some 
projection ;  or  the  bucket  might  even  strike  against  the 
side  and  be  upset.  Nor  was  the  ladder  descent  more 
safe  and  agreeable ;  for  the  steps  being  wet,  slippery, 
and  narrow,  the  utmost  caution  was  requisite  to  prevent 
falling.  Now,  however,  the  entrance  is  through  a  large 
iron  gate,  by  a  horizontal  passage  to  a  descending  flight 
of  seven  hundred  and  fifty-seven  steps,  cut  in  the  lime- 
stone rock,  and  provided  with  a  hand-rail.  At  the 
bottom  of  these  steps  there  is  a  small  chapel  in  which 
the  miners  perform  their  devotions,  and  from  which  a 
labyrinth  of  passages  opens  out.  In  some  of  the  gal- 
leries the  heat  is  so  intense  as  to  be  almost  insup- 
portable. The  noxious  inhalations  of  the  metal  speedily 
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become  so  offensive  that  the  visitor  is  glad  to  make 
his  escape.  The  ascent  is  usually  performed  by  a  per- 
pendicular shaft  at  a  considerable  distance  from  the 
spot  where  he  entered,  and  through  which  he  is  raised 
in  a  cage  or  bucket. 

In  1803  a  fire  broke  out  in  the  workings,  and  was 
with  great  difficulty  extinguished.  Fumes  of  mercury 
filled  the  air ;  and  throughout  the  neighborhood,  nine 
hundred  people  were  affected  with  the  most  urgent 
symptoms  of  mercurial  poisoning. 

These  mines  continue  to  be  worked  by  the  Austrian 
government,  which  restricts  their  annual  yield  to  one 
hundred  and  fifty  tons.  Ure  states,  that  but  for  this 
avaricious  enactment  for  keeping  up  the  price  of  mer- 
cury, six  hundred  tons  would  easily  be  produced  yearly. 
Some  of  the  ore  yields  fifty  to  sixty  per  cent,  of  metal. 
The  richest  qualities  are  termed  stahlerz;  and  the  poorer, 
bituminous  sulphide,  averaging  only  ten  per  cent., 
are  called  zeigelerz. 

Besides  the  quicksilver  works,  there  is  a  manufactory 
of  cinnabar,  which  annually  produces  about  ninety  tons. 
Benevolent  institutions  have  also  been  established  for 
the  treatment  of  those  miners  whose  health  has  suffered 
from  the  action  of  the  mercurial  fumes. 

The  mercury  mines  of  the  Palatinate  are  not  equal 
in  richness  and  importance  to  those  of  Idria  and  Alma- 
den. The  workings  at  Drey-Kcenigszug,  at  Potzberg 
near  Kussel,  give  an  annual  yield  of  about  thirty  tons. 
— Phillips.  The  ore  there  is  sandstone,  intimately 
mixed  with  sulphide ;  and  the  depth  to  which  the 
explorations  have  been  carried  exceeds  six  hundred 
and  sixty  feet.  The  aggregate  yearly  average  of 
several  still  smaller  mines  in  Hungary,  Bohemia, 
and  other  parts  of  Germany,  does  not,  according  to 
Ure,  exceed  thirty  to  forty  tons.  The  quicksilver 
mines  of  Huaneavalica  in  Peru,  the  products  of  which 
are  employed  in  the  treatment  of  the  gold  and  silver 
ores  which  abound  in  that  neighborhood,  have  been 
worked  since  1570.  Up  to  1800  their  produce  was 
fifty-three  thousand  seven  hundred  tons  of  quicksilver. 

Several  accounts  of  the  Californian  quicksilver  mines 
of  New  Almaden  have  been  published.  The  following 
early  notice  was  communicated  to  Silliman's  Journal 
by  the  Rev.  C.  S.  Lyman,  in  a  letter  dated — Pueblo 
de  San  Jose1,  March  24,  1848 — not  quite  two  years 
before  the  supply  from  this  quarter  reduced  the  price 
of  mercury  : — The  mine  of  New  Almaden  is  situated  a 
few  miles  from  the  coast,  about  midway  from  San 
B'rancisco  and  Monterey,  and  in  one  of  the  ridges  of 
Sierra  Azul  mountain.  The  mouth  of  the  mine  is  a 
few  yards  down  from  the  summit  of  the  highest  hill  that 
has  yet  been  found  to  contain  quicksilver,  and  is  about 
twelve  hundred  feet  above  the  neighboring  plain,  and 
not  much  more  above  the  ocean.  This  hill  extends 
longitudinally  in  a  north-west  direction,  decreasing  in 
height;  and  in  various  parts  of  it,  for  several  miles, 
traces  of  the  ore  have  been  found,  and  some  openings 
have  been  made  which  promise  to  be  valuable.  This 
range  of  hills  consists  of  a  variety  of  rocks— the  pre- 
vailing one  is  a  greenish  talcose  rock,  which  seems  to 
embrace  the  bed  of  ore  at  the  New  Almaden  mine,  both 
above  and  below.  The  ore  is  interspersed  through  a 
yellow  ochreous  matrix,  which  forms  a  bed  forty-two 
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feet  in  thickness,  dipping  north-westerly  at  an  angle  of 
about  45°.  The  richest  ore  is  at  present  found  in  the 
upper  part  of  the  "bed ;  the  poorest  ores  being  taken 
from  the  lowest  portion. 

This  mine,  known  to  the  aborigines  from  time  imme- 
morial as  a  cave  of  red  earth  from  which  they  obtained 
paint  for  their  bodies,  was  first  discovered  to  contain 
quicksilver  about  four  years  since,  during  experiments 
made  by  some  Mexicans  to  smelt  the  ore  for  the  purpose 
of  obtaining  gold,  which  they  supposed  it  to  contain. 
About  two  years  ago  it  fell  into  the  hands  of  Barrow, 
Forbes,  and  Company,  who  commenced  working  it. 
The  great  trouble  was  to  obtain  suitable  apparatus 
for  extracting  the  metal.  At  length  four  potassa 
kettles  were  found,  which  were  set  in  a  furnace  of 
adobes,  with  condensers  of  mason  work  immediately 
adjacent, — a  wretched  apparatus  indeed  for  managing 
a  thing  so  subtle  as  mercurial  vapor.  The  daily  mode 
of  working  was  to  fill  these  pots  in  the  morning  with 
one  thousand  six  hundred  pounds — four  hundred  to  each 
pot — of  the  ores  of  average  quality,  broken  in  lumps  of 
the  size  of  apples,  put  on  the  covers,  and  lute  them 
with  a  layer  of  sand.  The  fires  were  then  kept  up  till 
near  night,  when  the  furnaces  were  allowed  to  cool  gra- 
dually. The  next  morning  the  condensers  were  opened, 
and  the  metal  dipped  up,  which  usually  amounted  to 
from  two  to  three  hundred  pounds  from  the  four  pots. 
This  was  a  much  less  per  centage  than  the  usual  assay 
indicated,  and  it  was  obvious  a  large  portion  of  the 
metal  was  lost.  The  upper  part  of  the  pots  and  con- 
densers was  found  to  be  generally  covered  with  a  crust 
of  sulphide  of  mercury.  Mr.  Forbes  wished  to  devise 
some  way  of  extracting  the  metal  without  mixing  lime 
with  the  ore  in  roasting,  but  was  unsuccessful.  At 
length  a  kiln  of  lime,  which  occurs  in  the  immediate 
vicinity  was  burned,  and  I  am  informed  that  the  ores 
yield  with  this  a  vastly  greater  per  centage  of  metal. 
In  the  last  three  weeks,  about  ten  thousand  pounds  of 
metal  have  been  extracted  with  the  same  apparatus, 
being  a  yield  of  over  fifty  per  cent.  The  mine  is  pro- 
bably giving  a  net  profit  of  one  hundred  thousand  dollars 
a  year,  with  its  present  crude  apparatus.  With  suitable 
furnaces,  and  iron  cylinders  or  retorts,  the  mine  would 
easily  yield  a  million  and  upwards. — Lyman. 

New  Almaden,  writes  Mr.  Russel  Bartlett  in 
1853 — that  is  five  years  later — now  consists  exclusively 
of  the  buildings  belonging  to  the  Company  which  owns 
the  quicksilver  mine.  It  embraces  furnaces,  store- 
houses, dwelling-houses  for  the  officers  and  laborers, 
offices,  mechanics'  shops,  et  cetera.  Many  of  them  are 
of  wood,  but  a  large  and  fine  range  of  substantial  brick 
buildings  is  now  in  process  of  erection  to  take  the 
place  of  the  wooden  ones ;  six  furnaces  are  now  in 
operation  reducing  the  ore,  all  of  which  seem  to  be 
alike  and  of  the  most  simple  construction  ;  the  furnaces 
are  kept  going  night  and  day,  and  the  metal  is  collected 
in  tanks,  the  largest  of  which  holds  twenty  tons.  The 
Californian  metal  comes  into  the  market  in  wrought 
iron  bottles,  screw  stoppered,  and  holding  seventy- 
five  pounds  each.  The  bottle  itself  weighs  about 
twenty-five  pounds.  A  land  carriage  of  about  twenty 
miles,  performed  in  the  ore  carts,  brings  them  to  the 
point  for  shipment.    The  New  Almaden  produce  in 
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1853,  equalled  one  hundred  thousand  bottles  per  month, 
or  one  million  per  annum.  During  the  same  year  the 
following  exports  from  San  Francisco  took  place,  the 
whole  of  the  metal  being  the  produce  of  the  New 
Almaden  mine. 

Pounds. 

Hong  Kong   423,150 

Shanghae,   00,900 

Canton,   27,450 

Whampoa,   22,500 

Calcutta,   3,750 

Mazotlan,   210,825" 

Mazatlan  and  San  Bias,. . .  19,125 

San  Bias,   145.652 

Callao,   135,000 

Valparaiso   148,275 

New  York,   138,375 

Philadelphia,   75,000 

Further  particulars  of  this  interesting  mine  were 
published  in  1 856,  in  the  American  Journal  of  Phar- 
macy. The  present  entrance  to  the  workings  is  by  a 
horizontal  shaft  and  railway  twelve  hundred  feet  long. 
The  large  masses  of  rich  and  compact  ore,  some  of 
which  weigh  as  much  as  twenty  pounds,  are  separated 
from  the  small  fragments  which  are  mixed  up  with 
yellowish  earth  and  clay.  The  latter  are  pounded, 
kneaded  up  with  water,  and  dried  in  the  sun ;  thus 
baked,  they,  are  called  adobes.  The  smelting  furnaces, 
of  which  with  their  condensing  chambers  there  are 
fourteen,  are  situated  a  mile  and  a  quarter  from  the 
entrance  to  the  mine.  Each  range  consists  of  a  fire 
chamber  three  feet  by  five,  placed  at  the  end  of  a  series 
of  eight  or  ten  chambers,  seven  feet  long,  four  wide, 
and  five  high.  The  range  is  built  of  brick,  plastered 
inside,  and  protected  against  expansion  by  heat  by  iron 
rods  passing  from  wall  to  wall,  and  secured  with  screws 
and  nuts.  The  tops  are  of  boiler  plate,  luted  with  salt 
and  ashes.  The  first  or  fire  chamber  is  separated  from 
the  second  or  ore  chamber  by  a  network  partition  of 
fire-brick.  The  third  chamber  communicates  with  the 
ore  chamber  by  a  square  opening  at  the  right  upper 
corner,  and  this  first  condensing  chamber  with  the 
second,  by  a  similar  opening  at  the  left  lower  corner, 
and  so  on;  the  top  openings  being  on  the  right,  and  the 
lower  openings  on  the  left,  alternately.  From  the  last 
condensing  chamber  the  vapors  pass  into  a  wooden 
hose,  in  which  there  is  a  continuous  shower  of  cold 
water,  while  any  uncondensed  matters  pass  into  the 
open  air  through  tall  wooden  flues.  The  floors  of  the 
condensers  are  guttered,  and  by  these  the  mercury 
flows  into  an  open  conduit,  from  the  end  of  which  it 
pours  over  a  brush  into  the  iron  bottles  already  de- 
scribed. 

The  lumps  of  cinnabar  and  the  adobe's  are  piled  like 
bricks  in  the  second  chamber,  a  wood  fire  is  lighted  in 
the  furnace,  and  the  flame  plays  through  the  brick  net- 
work on  the  ore.  Each  ore  chamber,  when  fully 
charged,  contains  ten  thousand  pounds  of  cinnabar, 
to  exhaust  which  requires  sixty  hours.  At  this  period, 
lime  appears  not  to  be  used  in  the  reduction  of  the 
ore.  Ruschenberger  conceives  that  the  addition  of 
this  substance  would  increase  the  yield,  but  not,  he 
adds,  sufficiently  to  pay  the  cost  of  the  earth.  This  is 
singular,  as  Lyman  speaks  of  lime  occurring  in  the 
immediate  vicinity. 

Assay  of  Mercurial  Ores. — It  may  be  well  to  state 
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here  the  means  by  which  ores  of  mercury  may  be 
assayed,  more  with  the  view  of  showing  how  much 
metal  should  be  obtained  on  the  large  scale,  rather  than 
giving  a  precise  method  of  analysis.  The  methods 
followed  are  distillation  of  the  product,  whether  it  be 
oxide,  chloride,  sulphide,  selenide,  or  iodide,  with  caus- 
tic lime  ;  if  only  a  sulphide  be  present,  simply  subliming 
it ;  but  this  offers  no  advantages,  since  a  higher  heat  is 
required,  and  there  is  always  a  liability  of  a  portion 
being  reduced,  the  metal  passing  over  with  the  cinna- 
bar, and  exposing  the  results  to  error. 

When  lime  is  employed,  from  fifteen  to  twenty-five 
parts  may  be  taken,  according  to  the  richness  of  the 
assay.  This  is  intimately  blended  in  a  mortar  with  the 
finely  ground  ore,  together  with  a  tenth  of  the  weight 
of  the  ore  operated  upon,  of  fine  charcoal,  and  the  whole 
introduced  into  an  earthen  or  hard  glass  retort,  with  a 
long  neck,  and  surrounded  with  cloths,  on  which  a 
stream  of  water  may  be  kept  flowing  for  the  purpose 
of  condensing  the  vapors.  The  beak  of  the  retort 
should  likewise  be  inserted  in  a  flask  kept  cool  by  wet 
cloths.  The  distillation  may  be  carried  on  over  a  gas 
flame  ;  or  better,  by  means  of  a  small  charcoal  fire  and 
sandbath.  All  the  mercury  is  transported  into  the 
neck  of  the  retort  in  the  state  of  vapor,  where  it 
condenses,  and  trickles  into  the  receiver.  When  no 
more  vapors  arise,  and  the  materials  are  carried  to  dull 
redness,  the  fire  is  removed,  and  any  globules  which 
may  remain  in  the  neck  of  the  retort,  made  to  flow 
over  into  the  receiver  by  tapping  it  gently,  or  intro- 
ducing a  small  brush;  and  after  the  whole  has  been 
collected,  the  product  is  weighed.  In  this  way  the 
yield  of  mercury  is  ascertained  with  a  degree  of  accu- 
racy which  will  be  dependent  upon  the  carefulness  of 
the  operator.  The  sulphur,  or  other  mineralizing  ele- 
ment of  the  ore,  will  remain  united  to  the  lime,  or  else 
form  gaseous  products  with  the  carbon,  and  be  retained 
or  evolved  according  to  their  nature.  Iron  scales  or  car- 
bonate of  soda  may  be  employed  with  equal  effect ;  only, 
in  case  of  iron  being  the  agent,  it  should  be  finely  divided 
and  used  in  excess,  to  insure  that  none  of  the  mercurial 
body  may  escape  decomposition.  When  the  experi- 
ments are  carefully  managed,  the  result  in  either  case 
is  very  exact.  Instead  of  using  charcoal,  hydrogen  gas 
may  be  passed  over  the  assay  during  the  sublimation ; 
but  this  is  inconvenient,  excepting  where  the  resources 
of  a  well-regulated  laboratory  are  available ;  and, 
besides,  it  does  not  make  the  results  more  correct  in 
the  hands  of  a  careful  assayer. 

Reduction  of  Mercurial  Ores  on  the  large  scale. — 
There  is,  with  a  few  exceptions,  very  little  diversity  in 
the  manner  in  which  the  smelting  of  mercurial  ores  is 
carried  on.  It  is  strange,  however,  that  in  the  case  of 
the  largest  and  most  important  lode  in  the  world,  that  of 
Almadon,  the  comparatively  rude  and  inefficient  method 
of  working  invented  by  Juan  Alonsa  Bustamente 
more  than  two  hundred  years  ago,  should  still  he  fol- 
lowed in  all  its  details;  a  method  which,  however 
remarkable  and  advantageous  it  might  appear  at  that 
period,  is  now  acknowledged  to  be  much  more  labo- 
rious and  incomplete  than  several  others  which  are  in 
practice  at  other  mines  of  this  kind.  The  defect  of  the 
system  does  not  only  directly  affect  the  quantity  of 


mercury  extracted,  and  which,  according  to  the  testi- 
mony of  M.  Le  Play,  is  far  below  the  per  centage 
contained  in  the  ore,  but,  likewise,  the  workpeople  in, 
and  inhabitants  of,  the  districts  adjoining  the  seat  of 
operations,  in  consequence  of  the  baneful  effects  of  the 
escaping  mercurial  vapors  on  the  system.  Le  Play 
speaks  upon  this  subject  thus : — Le  mercure  a  sur  la 
sante  des  ouvriers  la  plus  funeste  influence,  et  Von  ne 
peut  se  defendre  cFun  sentiment  penible  en  voyant 
Vimpressement  avec  lequel  des  jeunes  gens,  pleins  de 
force  et  de  sante,  se  disputent  la  faveur  d'aller  chercher, 
dans  les  mines,  des  maladies  cruelles,  et  souvent  une 
mart  pr'ematuree.  Jussieu,  on  the  contrary,  states, 
that  the  vapors  which  escape  from  the  chambers  of 
condensation  at  those  works,  have  no  pernicious  effect 
either  upon  the  inhabitants  or  vegetation  in  their  neigh- 
borhood; still,  from  the  consideration  of  the  process, 
and  the  imperfections  evident  in  it,  coupled  with  the 
known  noxiousness  of  mercurial  fumes,  every  attentive 
observer  would  be  led  to  conclude  that  life  and  vegeta- 
tion must  suffer  to  a  great  extent  both  in  and  around 
the  factory. 

Figs.  356  and  357  represent  a  section  and  plan  of  the 
kind  of  apparatus  employed,  which  is  known  as  the 
butyrone  or  aludel  furnace.  It  consists  of  a  circular 
or  polygonal  chamber,  A  A,  about  four  feet  in  diameter, 
and  divided  into  two  compartments  by  a  perforated 


Fig.  357. 


brick  arch,  B,  about  nine  feet  from  the  top.  The  heat 
is  obtained  from  brushwood  introduced  at  the  aperture, 
C,  into  the  fireplace,  a,  and  the  smoke  is  carried  off  in 
part  by  the  chimney,  D.  A  door,  E,  in  the  side  of  the 
cylinder,  and  an  aperture,  F,  at  the  top,  are  used  to 
introduce  the  charge  of  ore,  the  volatile  products  of 


Fig.  368. 


o 


which  escape  into  the  condensing  media  by  a  system 
of  openings,  G,  and  which  communicate  with  files  of 
condensers  of  earthenware,  called  aludels,  H,  con- 
nected one  with  another,  as  represented  in  Fig.  358. 
These  are  laid  on  two  planes  of  brickwork,  inclining  to 
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one  another,  supported  on  arches,  as  represented  in 
Fig.  356.  Where  the  two  planes  meet  is  a  channel 
or  gutter,  I,  leading  to  a  conduit,  I,  in  the  brickwork, 
and  thence  by  wooden  pipes  at  the  bottom  to  the 
receiving  basins,  J  J,  partly  filled  with  water,  and  fixed 
in  the  floor  of  the  smelting  room.  During  the  passage 
of  the  distilled  vapors  through  the  several  files  of 
aludels,  the  metal  which  condenses  flows  for  the  most 
part  into  the  aludel  which  crosses  the  channel,  I,  and 
issues  into  the  latter  by  a  hole  in  its  under  part ;  the 
uncondensed  products  pass  into  the  upper  part  of  a 
condensing  chamber,  K,  and  are  conducted  towards  the 
bottom  by  a  screen,  where  a  cistern  of  cold  water 
receives  the  metal.  Such  portions  as  diffuse  themselves 
in  the  chambers  are  deposited  on  the  walls,  in  form  of 
soot,  and  are  from  time  to  time  brushed  off  and  collected 
at  the  bottom.  Sulphurous  and  other  gases  pass  off  by 
the  chimney,  L,  but  sometimes  a  second  chamber  is 
above  the  arch  of  the  first,  in  which  a  further  quantity 
of  the  metal  is  retained.  Whatever  is  collected  in  this 
way  is  filtered,  in  order  to  purify  it  from  other  matters, 
and  the  dross  is  worked  up  with  loam  and  fine  or 
powder  ore  into  bricks,  and  subsequently  distilled  over 
again.  The  charge  of  ore  for  this  furnace  averages 
from  two  hundred  and  twenty  to  two  hundred  and 
seventy  hundredweight,  and  is  divided  into  three 
varieties,  each  of  which  occupies  particular  places  in 
the  furnace.  The  larger  pieces  of  the  sandstone  rock, 
slightly  impregnated  with  cinnabar,  and  called  soleras, 
are  placed  on  the  arch  immediately  above  the  fire. 
Being  too  poor  to  be  worked  by  themselves,  and 
requiring  too  much  labour  for  preliminary  dressing, 
it  is  worked  off  in  this  part  of  the  furnace.  Above  the 
soleras,  about  twenty-two  hundreds  of  rich  mineral  are 
laid  on,  then  some  poor  ore  in  small  fragments,  and  the 
remaining  space  is  filled  with  the  dross  from  the  aludels 
and  condensing  chambers,  some  fine  ore  previously 
worked  up  with  some  clay  and  moulded  into  bricks. 
The  door  in  the  side,  and  also  the  aperture  in  the  top, 
are  then  secured  by  the  doors,  and  covers,  and  luting. 
After  this,  the  adapters  are  arranged  in  proper  order 
on  the  inclined  planes,  and  the  joinings  secured  by 
clay  luting.  The  number  of  these  vessels  being  so 
large,  a  good  deal  of  time  and  labor  is  required  for  this 
work.  There  are  six  files  in  each  bench,  and  forty-four 
vessels  in  each  file,  making,  for  the  entire  furnace, 
about  five  hundred  and  twenty-eight.  From  the  aper- 
ture of  the  furnace  to  the  condensing-chamber,  the 
length  is  about  sixty-five  feet,  so  that  each  aludel  is 
more  than  eighteen  inches  long.  All  things  being  ready, 
the  fire  is  lighted  and  kept  in  active  ignition  by  the 
supply  of  fresh  brushwood.  An  abundant  flame  is  thus 
produced,  which  passes  up  through  the  apertures  in  the 
arch  of  the  furnace,  and  heats,  first  the  soleras,  and 
subsequently  the  remaining  contents,  and  drives  the 
whole  of  the  metal  into  the  aludels,  volatilizing  it  with 
the  sulphur  in  the  form  of  sulphurous  acid  with  a 
little  sulphuric  acid.  According  as  the  aludels  become 
heated  by  the  vapors,  they  begin  to  act  more  effectually 
the  part  of  a  6eries  of  chimneys,  and  so  draw  off  the 
products  more  freely.  The  fire  continues  successively 
for  twelve  days  to  work  off  the  charge,  after  which  time 
it  is  permitted  to  die  out ;  and  three  days  further  are 


allowed  to  cool  the  earthen  adapters  before  they  are 
detached,  and  the  portion  of  mercury  in  them  collected. 
This  work  also  consumes  a  good  deal  of  labor,  as  each 
receiver,  after  being  detached,  is  to  be  brought  to  the 
channel  midway  to  be  emptied.  Any  metal  shed  in 
the  carriage,  runs  along  the  incline,  but  is  not  lost ; 
it  becomes  soiled,  however,  so  that  it  is  necessary 
to  submit  the  whole  to  a  purifying  process.  That 
adopted  is  very  simple,  merely  pouring  the  metal  on  the 
floor  of  the  room  destined  for  the  work,  which  being 
slightly  inclined  towards  one  end,  the  metal  flows  down 
clean  and  bright  into  a  receiver,  and  leaves  the  dross 
and  soot  behind  it  adhering  to  the  floor.  A  good  deal 
of  metal  remains  in  the  residue ;  hence  it  is  carefully 
collected  and  worked  up  in  the  next  charge.  Each 
charge  affords  from  twenty-five  hundred  to  three  thou- 
sand pounds  of  mercury  ;  sometimes,  when  the  ore  is 
a  richer  kind,  as  much  as  six  thousand  pounds  are 
obtained ;  but  the  manager  tries  to  average  the  ore,  so 
that  the  yield  may  be  about  the  first-mentioned  quan- 
tity. If  the  charge  be  enriched  by  using  more  of  the 
purer  ore,  the  loss  in  mercury  is  considerably  greater 
than  if  only  an  average  kind  be  worked ;  besides,  the 
trouble  arising  from  the  cracking  of  the  lutes  securing 
the  connection  of  the  aludels,  and  their  renovation,  is 
multiplied.  This  was  particularly  remarked  in  1787, 
when  an  innovation  was  made  in  the  ordinary  course 
of  working,  by  employing  a  larger  quantity  of  rich  ore 
than  that  already  mentioned.  Fully  half  the  metal  in 
the  surplus  was  lost,  owing  to  the  draught  of  the  aludels 
being  inadequate  to  carry  it  off,  and  the  injury  to  the 
health  of  the  smelters  from  breathing  so  much  mercu- 
rial vapors  was  very  serious.  Besides  the  mercury, 
another  substance  is  found  to  encrust  the  earthen  cones, 
which  Proust  found  to  contain — 

Contcsimally. 


Finely-divided  mercury   66*0 

Subchloride  of  mercury,   18*0 

Cinnabar,   l-0 

Sulphate  of  ammonia,   3'5 

Sulphate  of  lime,   l'O 

Free  sulphuric  acid,   2*5 

Carbon,  or  soot,   O'O 

Water,   2-5 

Loss,   0*5 


100-0 

The  same  chemist  estimates  the  extent  of  its  formation 
at  about  forty  pounds  per  charge,  or  in  its  content  of 
metal  equal  to  1'500  of  the  weight  of  the  rich  mineral 
wrought,  and  attributes  the  presence  of  the  subchloride 
to  its  being  contained  in  the  ore,  and  volatilized  as 
such.  Doubtless  portions  of  this  compound  do  exist 
in  it,  but  it  is  likely  also  that  a  chloride  is  produced  by 
a  process  of  double  decomposition  that  takes  place 
between  portions  of  the  cinnabar  and  the  alkalino 
chlorides  in  the  particles  of  ash  which  are  drawn  up 
into  the  furnace  by  the  draught ;  or  a  sulphate  of  mer- 
cury may  be  formed  during  the  roasting  of  the  ore  or 
in  the  aludels,  and  this,  in  contact  with  the  chlorides 
already  mentioned,  may  produce  the  effect;  or  the 
chlorides  meeting  the  continually-forming  sulphuric  acid 
may  be  decomposed,  setting  free  hydrochloric  acid, 
which,  passing  over  the  sulphate  of  mercury  condensed 
in  the  aludels,  gives  rise  to  the  calomel  and  free 
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sulphuric  acid.  This  loss  is  now,  in  part,  avoided  by 
mixing  some  quicklime  with  the  schlich  and  clay  in 
making  the  bricks,  which  occupy  the  upper  space  near 
the  dome  of  the  furnace.  Cast-iron  cylinders,  bent, 
and  surrounded  with  water,  have  been  tried  at  Alma- 
den,  as  a  substitute  for  the  aludels,  but  their  use  has 
been  abandoned,  ir.  consequence  of  their  being  rapidly 
corroded  by  the  free  acid,  although  the  mercury  was 
found  to  condense  very  well  in  them.  Proust  likewise 
analyzed  the  incrustation  on  these  condensing  pipes, 
and  found — 

Cciitcsimully. 

Finely-divided  mercury,   4-i-O 

Sulphate  of  protoxide  of  iron   23*5 

Sulphate  of  alumina  and  sulphate  of  po-)  . 

tassa — alum,  j 

Subchloride  of  mercury,   3'3 

Sulphide  of  mercury,   6-3 

Carbon,   4-8 

Sulphate  of  lin;e,   0-9 

Loss,   2-7 

100  0 

The  alum  arose  from  the  action  of  the  sulphuric  acid 
on  the  clay  pipes  which  connected  the  iron  condensers 
with  the  outlets  of  the  furnace,  and  the  potassa  was 
supplied  from  the  ashes  of  the  fuel. 

A  portion  of  the  Almaden  mines,  probably  that  now 
called  Little  Almaden,  was  worked  by  the  Romans. 
Pliny  speaks  of  Sisapo,  a  territory  of  Bcetica,  the  mine 
of  minium  there  forming  a  part  of  the  revenues  of  the 
Roman  people.  Indeed,  adds  the  same  historian,  there 
is  nothing  guarded  with  a  more  constant  circumspec- 
tion ;  for  it  is  not  allowable  to  reduce  and  refine  the 
ore  upon  the  spot,  it  being  brought  to  Rome  in  a  crude 
slate,  and  under  seal,  to  the  amount  of  about  two  thou- 
sand pounds  per  annum.  The  modern  town,  which 
contains  about  seven  thousand  inhabitants,  is  built  over 
the  principal  mine,  the  entrance  to  which  is  close  to  the 
houses,  and  the  ascent  and  descent  of  the  miners 
effected  by  ladders.  Not  long  ago,  and  possibly  even 
now,  the  water  was  pumped  from  the  mine  by  a  Watt 
engine,  made  about  the  year  1790 1  The  produce  of 
the  workings  is  drawn  to  the  surface  by  mules,  up  a  wide 
and  well-constructed  stone  shaft.  Convict  labour  was 
formerly  employed  by  the  Spanish  government,  but  now 
free  workmen,  to  the  number  of  about  five  thousand, 
have  been  substituted,  who  work  almost  naked,  and 
from  Spain  receive  a  high  rate  of  wages.  Their  health, 
however,  always  suffers ;  but,  as  the  workings  are  only 
carried  on  during  winter,  a  release  from  confinement, 
with  fresh  air  during  the  summer,  usually  restores  them 
to  health,  and  permits  of  their  return  to  labor  on  the 
opening  of  the  mines. 

The  produce  of  the  Almaden  mines,  which  is  sent 
to  Cadiz  and  Seville  for  exportation,  is  packed  in  cylin- 
drical cast-iron  bottles,  which  are  closed  with  a  screw 
stopper.  Each  bottle  contains  three  Spanish  arobas, 
making  seventy  English  pounds  net  per  bottle.  But  the 
weight  charged  by  the  importers  is  on  an  average  only 
sixty-nine  to  seventy  pounds,  arising  from  the  tret  of  four 
pounds  per  every  one  hundred  and  four  pounds ;  and 
one  pound  draft  being  allowed,  and  the  tare  being  fixed 
at  eight  pounds,  whilst  the  real  tare  averages  sixteen  to 
seventeen  pounds. — Pereira.    In  the  sixteenth  century 


these  mines  were  rented  by  the  brothers  Mark  and 
Christopher  Fugger,  the  rich  capitalists  of  Augs- 
burg, under  a  contract  for  the  payment  of  four  thousand 
five  hundred  quintals  of  mercury  yearly  to  the  govern- 
ment. Unable  to  fulfil  their  agreement,  they  relin- 
quished them  in  1635.  Ten  years  later,  the  Spanish 
government  undertook  their  management.  In  1831 
N.  M.  Rothschild  and  Sons  obtained  from  the 
Spanish  government  the  contract  for  all  the  mercury 
they  produced.  With  this  monopoly  the  price,  which 
in  1831  was  one  shilling  and  ten  pence  per  pound,  rose 
in  1849  to  four  shillings,  whilst  the  cost  of  mercurial 
salts  rose  in  the  same  proportion.  Before  1850,  how- 
ever, Californian  mercury  appeared  in  the  market, 
when  the  price  of  the  metal  per  pound  fell  in  the 
course  of  four  years  to  two  shillings  and  a  penny. 

Method  of  Reduction  at  Idria. — This  famous  mine 
was  discovered  so  far  back  as  1497,  but  the  working  of 
the  ore  was  very  irregularly  prosecuted  for  nearly  a 
century  afterwards,  and  even  then  there  was  no  fixed 
establishment,  but  the  ore  and  utensils  necessary  were 
carried  about  in  the  forests  to  where  the  charcoal- 
burner  had  chosen  the  site  for  his  meiler,  in  order  to 
make  the  heat  of  the  burning  wood  available  for  the 
reduction  of  the  ore.  A  number  of  earthen  pots,  with 
narrow  necks,  were  filled  with  the  ore,  mixed  some- 
times with  lime ;  the  mouth  was  then  stopped  with  a 
clay  plug,  so  as  to  retain  the  charge,  but  allow  the 
fluid  metal  to  flow  out  into  a  wide-mouthed  vessel, 
into  which  the  charged  one  was  inverted.  As  many 
of  these  as  would  fit  in  the  base  of  the  charcoal  heap 
were  arranged  as  described,  and  the  clay  or  soil  raised 
about  the  subjacent  condensing  pots,  the  connection 
between  the  two  luted,  and  the  wood  arranged  in  the 
usual  way  for  charring.  During  the  combustion  of  the 
wood  the  heat  was  sufficient  to  set  free  the  metal 
which  collected  in  the  bottom  pot.  This  method  of 
distillation  per  descensum  was  extremely  wasteful.  In 
1635  there  was  a  fixed  establishment  erected,  and  the 
gallery  furnace  analogous  to  that  at  the  Palatinate, 
which  shall  be  described  further  on,  adopted  ;  in  1750 
the  Almaden  system  was  introduced — and,  finally, 
at  the  close  of  the  last  century,  the  aludel  furnace 
was  substituted  by  the  present  arrangement.  The 
commencement  of  the  present  Idrian  process  is  the 
assortment,  of  the  ores  into  two  classes,  according  to 
the  size  of  the  pieces.  All  from  the  size  of  a  cubic 
foot  to  that  of  a  nut  belong  to  No.  1 ;  smaller  pieces, 
and  the  dust,  to  No.  2.  In  No.  1  are  further  subclas- 
sified — a,  the  poorest  portions,  yielding  only  about  one 
per  cent. ;  b,  the  pure  sulphide,  yielding  nearly  eighty 
per  cent. ;  and  c,  fragments  of  various  richness  averag- 
ing from  one  to  forty  per  cent.  The  subclasses  of  No. 
2  consist  of — d,  fragments  from  the  mine,  yielding 
from  ten  to  twelve  per  cent. ;  e,  particles  separated  on 
the  sieve,  yielding  about  thirty-two  per  cent;  and 
lastly,/,  the  schlich  obtained  from  the  washings,  con- 
taining eight  parts  of  the  metal  in  a  hundred. 

Figs.  359  and  360  are  a  plan  and  elevated  section  of 
the  great  distillatory  furnace  erected  at  Idria.  In  the 
latter  figure  only  one  of  the  furnaces  are  seen,  although 
there  are  two  in  the  same  block  with  a  double  row  of 
condensing  chambers,  as  represented  in  the  plan,    a  a' 
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are  the  fire  doors  ;  b,  the  hearth  where  the  fuel  is  con- 
sumed, and  above  which  is  the  body,  d,  of  the  furnace, 
divided  by  perforated  arches  into  three  compartments, 
the  top  one  being  in  communication  with  the  first  con- 
densing chamber  on  either  side,  by  flues,  e  e'.  There  are 


Fig.  359. 


Fig.  360. 


six  chambers  at  each  side  of  the  furnace,/,  g,  h,  le,  I, 
the  connection  of  one  with  another  being  placed  alter- 
nately near  the  top  and  bottom,  as  at/',  g',  h',  and 
k',  with  the  view  of  bringing  the  vapors  over  as  much 
space  as  possible,  that  in  the  course  of  which  they 
might  deposit  the  quicksilver.  Each  of  these  chambers 
has  an  outlet,  s,  by  which  the  condensed  metal  flows 
out  into  a  receiver,  m  m,  whence  it  is  conducted  by  a 
conduit,  nn,  into  the  main  tank.  They  have  like- 
wise an  aperture  at  the  top,  which  is  closed,  as  also 
that  at  the  base,  during  the  period  that  the  furnace  is 
working.  The  last  chamber  in  the  series  is  usually 
furnished  with  a  number  of  flanges,  or  inclined  boards, 
which  reach  in  a  slanting  direction  almost  to  the  oppo- 
site wall,  upon  which  a  stream  of  water  is  continually 
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falling  from  the  top,  so  that  the  vapors,  as  they  ascend 
through  it,  follow  a  sinuous  course,  and  deposit  the  last 
traces  of  metal  as  they  meet  the  flanges,  pp',  q  q,  are 
arches  which  conduct  air  to  the  fire  and  interior  of  the 
furnace,  for  the  oxidation  or  burning  of  the  sulphur. 
By  side-doors  opening  into  the  several  compartments 
of  the  furnace,  the  ore  is  introduced  ;  these  are  closed 
whilst  the  charge  is  being  fired.  The  largest  and 
poorest  pieces  of  ore  are  placed  on  the  first  arch,  and 


the  smaller  ones  in  overlying  beds  till  this  part  is  full ; 
in  the  next,  the  smaller  fragments,  which,  however, 
allow  sufficient  space  for  the  passage  of  the  vapors,  are 
deposited,  and  the  upper  compartment  receives  a  num- 
ber of  earthen  trays  filled  with  the  fine  powder  or 
schlich.  All  the  spaces  being  thus  replenished,  and 
the  doors  and  other  apertures,  where  an  escape  would 
be  possible,  secured  and  luted,  a  brisk  fire  of  beech  or 
fir  wood  is  made  on  the  hearth,  b,  and  maintained  till 
the  furnace  acquires  gradually  a  cherry-red  heat ;  it  is 
then  kept  at  this  degree  for  ten  to  twelve  hours,  during 
which  the  distillation  lasts.  The  high  temperature  of 
the  developed  vapors,  coupled  with  the  great  height  of 
the  furnace — about  thirty  feet — and  the  number  of 
chambers  that  are  in  connection  with  it,  create  at  the 
first  a  quick  draught,  which  is  sustained  while  the  dis- 
tillation continues.  This  is  absolutely  necessary,  in 
order  to  draw  as  much  air  into  the  furnace  as  will 
suffice  for  the  oxidation  of  the  sulphur  into  sulphurous 
acid,  and  its  removal  from  the  metal.  All  the  pro- 
ducts of  combustion,  as  well  from  the  ore  as  from  the 
fire,  pass  into  the  chambers,  where  they  condense  in 
part,  the  mercury  falling  upon  the  inclined  slabs  at  the 
bottom,  and  collecting  there,  and  the  portions  of  cinna- 
bar and  mercurial  soot  forming  upon  the  walls.  The 
furnace  is  allowed  five  or  six  days  to  cool  and  condense 
the  metal,  at  the  end  of  which  the  upper  apertures  are 
opened,  the  portion  condensed  on  the  bottom  drawn  off, 
the  walls  brushed  down,  the  separated  mercury  col- 
lected with  the  rest,  and  the  grey  powder  and  cinnabar 
gathered  and  put  to  one  side,  to  be  worked  up  in  the  next 
charge.  This  done,  preparation  is  made  to  recharge 
and  repeat  the  same  process  just  described.  One 
charge  a  week  is  the  most  that  can  be  worked  under 
these  circumstances,  and  this  charge,  for  the  double 
furnace,  amounts  to  ten  or  twelve  hundred  quintals,  of 
one  hundred  and  eight  pounds  avoirdupois  each.  A 
gang  of  forty  men  are  employed  in  the  charging,  and 
the  work  lasts  them  three  hours. 

The  yield  of  each  charge  averages  eighty  to  ninety 
quintals  of  metal. 

Lastly,  the  mercury  is  filtered  through  ticking  cloth, 
and  is  then  packed  in  cast-iron  bottles  for  exportation. 
Each  bottle  contains  sixty  pounds.  Only  one  such 
operation  as  has  been  described,  can  be  effected  weekly, 
since  five  or  six  days  are  required  to  cool  the  furnace, 
which  is  one  hundred  and  eighty  feet  long,  and  thirty 
feet  high. 

Much  inconvenience  and  injury  attend  the  work- 
men at  this  establishment,  owing  to  the  dangerous 
effects  of  the  mercury,  inhaled  whilst  brushing  down 
the  walls  of  the  chambers, — an  operation  which  exposes 
the  men  to  the  vapors  for  two  hours.  Hence,  it  is 
no  strange  occurrence  to  observe  many  of  the  opera- 
tives salivated  or  affected  with  nervous  tremblings. 

Dumas  suggests,  that  to  make  the  establishment  at 
Idria  continuous  in  its  operations,  it  would  be  neces- 
sary only  to  multiply  the  chambers  of  condensation, 
and  substitute  for  the  furnace  at  present  erected,  an- 
other on  the  principle  of  a  continuous  lime-kiln,  the  ore 
being  charged  in  large  pieces,  and  the  schlich  worked 
up  into  bricks  or  balls  with  clay,  and  introduced  into 
the  upper  part.    With  such  modifications  this  method 
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would  be,  according  to  the  last  mentioned  savant,  the 
best  in  use ;  but  the  writer  can  hardly  help  thinking 
with  Uee,  that  it  is  most  unchemical  in  its  present  as- 
pect, and  out  of  keeping  with  what  might  be  supposed 
to  exist  in  these,  the  second  most  extensive  quicksilver 
works  in  the  world. 

A  different  system  to  that  followed  at  Almaden  and 
Idria,  as  well  in  principle  as  in  manipulation,  is  pursued 
in  the  mercury  smelting  works  of  the  duchy  of  Deux 
Ponts.  In  the  former,  the  principle  of  the  changes  is 
the  removal  of  the  sulphur  by  its  combustion  into  sul- 
phurous and  sulphuric  acids,  and  with  this  view  the 
furnaces  are  constructed,  so  that  the  air  is  freely  drawn 
through  them  at  the  temperature  necessary  to  cause  the 
expulsion  of  the  sulphur.  In  the  latter,  the  same  ends 
are  attained — not,  however,  by  roasting,  but  by  the  addi- 
tion of  bodies  which  take  the  sulphur  from  the  valua- 
ble metal,  by  a  process  of  chemical  decomposition. 
Lime  is  the  body  always  resorted  to,  it  being  the  most 
plentiful  and  cheapest;  but  scales  or  grains  of  iron  would 
likewise  answer,  and  the  heat  causes  the  formation  of 
a  sulphide  of  calcium  or  of  iron,  and  sets  free  the  mer- 
cury which  is  driven  off  in  vapor,  thus  : — 

4HgS        +        4CaO        —        4  Hg  + 

Sulphide  of  mercury.  Lime.  Mercury. 

3  Ca  S  +  Ca  0  S03 

Sulphide  of  calcium.  Sulphate  of  lime. 

that  is,  four  equivalents  of  sulphide  of  mercury,  and  four 
equivalents  of  lime,  afford  the  whole  of  the  metal,  three 
equivalents  of  sulphide  of  calcium,  and  one  of  sulphate 
of  lime.  This  decomposition  is  more  complex  than 
that  effected  by  roasting,  as  may  be  seen  from  the  fol- 
lowing formula:— Hg  S  +  02  =  Hg  +  S02.  But  the 
volume  of  hot  gaseous  matter  from  which  the  mercury 
is  to  be  condensed,  necessitates  the  use  of  an  extensive 
range  of  cooling  media,  whereas,  in  the  distillation  with 
lime,  these  are  not  required,  as  only  the  metallic  vapors 
are  emitted. 

In  the  duchy  of  Deux-Ponts,  mercurial  ores,  mixed 
with  lime,  are  heated  in  earthenware  retorts  furnished 

Pig.  362. 


with  receivers  of  the  same  material.  A  vertical  section 
of  the  furnace  gallery  of  the  Palatinate  is  shown  at 
Fig.  362.  AA  represent  earthen  cucurbits  with  their 
receivers,  bb.  Each  of  the  former  is  filled  about  two- 
thirds  with  a  charge  containing  ore  and  quicklime  in  the 


proportion  of  sixty  to  sixteen,  and  the  receivers  are  at 
the  same  time  half  filled  with  water.  The  retorts  are 
arranged  in  a  double  row,  one  above  the  other.  In 
this  way  from  thirty  to  fifty-two  cucurbits  are  included 
in  one  gallery.  The  fire,  which  is  from  pit-coal,  is 
placed  on  a  grate  beneath  them,  and  a  draft  is  secured 
by  means  of  apertures  in  the  arched  roof.  When  the 
mercurial  gangue  is  sufficiently  calcareous,  it  is  only 
necessary  to  moisten  and  distil  it.  As  soon  as  the 
mass  in  the  retorts  is  exhausted,  the  contents  of  the 
receivers  are  emptied  into  a  wooden  basin  standing  over 
a  bucket ;  the  object  of  this  operation  being  to  draw 
off,  along  with  the  water  which  falls  over  the  sides  of 
the  bowl,  all  the  black  sulphide  with  which  the  metal 
is  mixed  up.  This  black  matter  is  afterwards  taken  up, 
dried,  and  again  distilled  with  excess  of  lime. 

Method  pursued  at  Lansberg. — One  other  metal- 
lurgy apparatus  for  the  reduction  of  mercurial  ores, 
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remains  to  be  described.  It  is  in  use  at  Lansberg, 
near  Obermoschel,  in  the  Bavarian  Ehein-Kreis,  where 
it  was  erected  in  1847,  and  is  the  contrivance  of  the 
late  Dr.  Ure,  who  has  thus  figured  and  described  it : 
— Fig.  363  is  a  section  parallel  to  the  front  elevation 
of  three  arched  benches  of  retorts.    Each  bench  con- 
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tains  three  of  these  vessels,  a  a  a,  constructed  of  cast- 
iron,  and  somewhat  like  those  employed  in  the  manu- 
facture of  coal  gas ;  the  whole  are  set  in  masonry,  the 
bottom  of  the  uppermost  retort  being  protected  from 
the  direct  impingement  of  the  flame  by  fire  tiles. ,  The 
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dotted  lines  leading  to  K  K,  show  the  direction  of  the 
chimneys.  In  Fig.  364,  is  represented  in  section  the 
body  of  one  of  these  retorts.  The  mouth  on  the  right 
of  the  figure  is  closed  with  an  iron  lid,  which  is  bolted, 
barred,  and  luted,  after  the  charge  has  been  introduced. 
An  iron  pipe,  four  inches  in  diameter,  and  having  a 
nozzle  hole  at  l,  dips  into  the  main  condenser,  C, 
and  the  same  arrangement  is  shown  at  another  section 
at  Fig.  365,  where  c  c  gives  a  longitudinal  view  of  the 
main  condenser,  which  consists  of  a  pipe  twenty  feet 


Fig.  365. 


long,  and  eighteen  inches  in  diameter.  The  backs  of 
the  retorts  are  shown  at  a  a,  and  the  eduction-tubes  in 
the  same  figure  at  b  b,  dipping  a  short  way  beneath  the 
surface  of  the  water.  At  s  is  placed  a  water  valve  to 
obviate  the  risk  of  sudden  expansion  or  condensation 
from  inequalities  of  temperature,  and  at  i  is  depicted  a 
water  trough,  or  outer  vessel  of  wood,  in  which  the 
condenser  is  placed.  The  inclination  of  the  condenser 
is  towards  the  left,  so  as  to  favor  the  exit  of  the  mer- 
cury by  the  vertical  delivery  tube,  D,  into  the  lock-up 
reservoir,  e.  The  end  of  this  tube  dips  from  the  first 
into  a  small  cistern  of  mercury,  and  at  h  is  shown  a 
floating  and  graduated  gauge  rod  by  which  the  quantity 
of  mercury  in  the  chest,  e,  may  be  always  ascertained 
without  the  trouble  of  opening  it. 

Before  charging  the  retorts,  the  ore  is  reduced  to  a 
coarse  powder,  then  mixed  with  quicklime,  and  sho- 
velled in.  Six  or  seven  hundredweight  of  the  mixture, 
a  sufficient  charge  for  each  retort,  can,  with  a  proper 
amount  of  heat,  be  worked  off  in  about  three  hours. 
The  process  is  continuous,  and,  with  an  efficient  staff 
of  workmen,  could  be  daily  made,  by  using  nine  such 
retorts,  to  decompose  six  tons  of  the  mixture — a  quan- 
tity which,  if  the  ore  was  rich  like  that  of  the  Idrian 
or  Almaden  mines,  would  equal  twelve  hundred  to  a 
ton  of  mercury  daily. 

It  is  singular  that  the  imperfect  process  of  condensa- 
tion by  such  barbarous  apparatus  as  aludels,  or  the  rude 
and  cumbrous  furnaces  of  Idria,  should  not  have  been 
superseded  by  an  arrangement  similar  to,  or  equally 
efficient  with,  that  just  described.  The  outlay 
would  be  repaid  in  the  course  of  a  few  months  by  the 
expedition  with  which  continuous  yields  of  metal  could 
be  obtained,  and  an  enormous  saving  would  take  place 
through  the  complete  condensation  of  the  metallic 
vapors;  whilst  the  duties  of  humanity  would  be  attended 
to,  and  many,  if  not  indeed  all,  of  the  miserable  results 
of  a  poisoned  atmosphere,  would  be  avoided. 

Purification  of  Mercury. — If,  as  is  sometimes  the 
case,  the  mercurial  ore  contains  bismuth  or  zinc,  portions 
of  these  metals  will  be  carried  over  with  the  distillate. 
Lead,  antimony,  and  tin,  may  also  be  present  as  adul- 


terations, having  been  fraudulently  introduced.  Various 
methods  have  been  devised  for  rendering  the  metal 
chemically  pure.  Wittstein  recommends,  where  not 
more  than  three  pounds  are  operated  on  at  once,  that 
its  redistillation  should  be  effected  in  a  small  plain 
retort  of  thick  glass,  clean  iron  turnings  being  added  to 
the  mercury,  in  the  proportion  of  one  of  the  former  to 
twelve  of  the  latter.  The  retort  rests  in  a  deep 
sand  bath,  which  is  placed  in  a  furnace;  as  much 
inclination  as  possible  being  given  to  the  neck  of  the 
vessel,  which  should  be  lengthened  with  a  cylinder 
of  stout  paper.  The  end  of  the  paper  tube  dips 
into  a  receiver  nearly  full  of  water,  which,  again, 
rests  on  a  ring  of  straw  placed  at  the  bottom  of 
a  larger  vessel,  also  filled  with  water.  The  heat  being 
assisted  by  wood  and  a  chimney,  now  causes  the 
mercury  to  boil,  and  its  vapour,  condensing,  rolls  down 
the  paper  tube  and  collects  in  the  receiver.  As  soon 
as  it  is  cold,  the  water  is  poured  off,  and  any  trace  of 
iron,  or  of  oxide  of  mercury,  which  generally  appear  as  a 
thin  film,  is  readily  removed  by  hydrochloric  acid.  The 
mercury  is  then  well  washed  in  water,  dried  at  a  gentle 
heat,  or  run  through  bibulous  paper  till  it  ceases  to 
damp  it ;  after  which  it  may  be  passed  through  a  cone 
of  writing  paper,  having  a  very  small  aperture,  which 
removes  all  traces  of  mechanical  impurity.  Or,  instead 
of  glass,  a  wrought-iron  mercurial  bottle  may  be  em- 
ployed. This  bottle  should  never  be  more  than  half  full, 
and  must  be  fitted  with  an  iron  delivery  tube,  to  the  end 
of  which  a  canvas  pipe  is  attached,  on  which  a  jet  of 
water  is  directed  ;  the  condensed  mercury  falls  into  a 
vessel.  A  second  method  is  by  treatment  with  strong 
sulphuric  acid.  This  is  best  effected  by  covering  the 
metal  with  its  own  volume  of  concentrated  oil  of  vitriol 
in  a  flat  glass  or  porcelain  dish,  stirring  repeatedly  with 
a  glass  rod,  and  leaving  the  metal  and  the  acid  in 
contact  for  six  or  seven  days.  Pure  mercury,  as  has 
been  already  said,  is  not  attacked  by  this  acid,  and 
digestion  in  the  cold  has  merely  to  be  repeated  with 
successive  portions  of  oil  of  vitriol  as  long  as  sulphurous 
gas  is  given  off,  or  the  liquid  shows  any  symptoms  of 
turbidity.  It  is  certain  that  by  this  process  even  lead 
may  be  removed,  although,  under  ordinary  circum- 
stances, that  metal  is  but  little  attacked  by  strong  cold 
sulphuric  acid.  But,  in  the  first  place,  the  lead  in  this 
case  is  in  the  form  of  amalgam,  which  implies  minute 
subdivision  of  its  particles,  and  at  the  same  time  the 
tendency  of  the  acid  towards  the  lead  appears  to  be 
increased  by  the  p-esence  of  the  mercury.  Such  metals 
as  gold,  silver,  and  platinum,  which  are  not  acted  on 
by  sulphuric  acid,  cannot,  of  course,  be  separated  from 
mercury,  except  by  distillation. 

A  third  method  is  to  heat  the  metal  for  several  hours 
to  130°,  with  a  small  quantity  of  commercial  nitric  acid 
diluted  with  twice  its  volume  of  pure  water.  The 
foreign  metals  being  more  easily  oxidised  than  the 
mercury,  are  dissolved,  and  this  operation  having  been 
repeated  as  often  as  required,  the  purified  metal  is  then 
washed  and  dried. 

A  solution  of  nitrate  of  mercury  may  be  substituted 
for  one  of  nitric  acid.  In  this  way  an  equivalent  of 
metal  is  deposited  for  every  equivalent  of  more  oxi- 
disable  metal  which  is  removed.  These  nitric  processes 
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are,  however,  liable  to  this  disadvantage,  that  the 
foreign  metals  can  only  be  completely  removed  "when 
some  mercury  remains  in  solution. 

The  process  recommended  by  Mellon,  and  which 
Regnault  employed  to  obtain  pure  mercury  for  his 
third  determination  of  its  density,  is  as  follows : — He 
first  agitated  the  metal  for  some  time  with  weak  nitric 
acid,  using  for  two  pounds  of  mercury  an  ounce  and  a 
half  of  acid  and  two  ounces  of  water.  By  this  means 
all  the  more  oxidisable  metals  were  acted  upon.  The 
solution  containing  these  having  been  poured  off,  the 
mercury  was  again  digested  with  strong  nitric  acid,  till 
nine-tenths  of  it  was  dissolved.  The  resulting  nitrate 
was  converted  thereafter  into  mercuric  oxide,  which,  in 
its  turn,  was  changed  by  heat  into  the  metallic  form. 
All  traces  of  oxide  having  been  removed  by  agitation 
with  strong  oil  of  vitriol,  the  product  was  carefully 
washed  and  dried  in  vacuo. 

Dr.  Priestley  gives,  in  his  Observations  on  Mercury, 
a  simple  process  by  which  effectually  to  separate  quick- 
silver from  lead  and  tin.  He  employed  continued  agi- 
tation, with  fresh  portions  of  air  supplied  by  repeatedly 
blowing  into  a  small  glass  phial,  in  which  the  mercury 
.was  actively  shaken.  A  little  powdered  sugar  very 
much  assists  this  process,  by  mechanically  collecting 
and  retaining  on  its  particles  the  portions  of  foreign 
oxides  as  they  are  produced.  The  fluid  metal  may  then 
be  run  through  a  cone  of  paper,  having  a  very  minute 
aperture  at  the  bottom,  by  which  all  the  solid  particles, 
including  dust,  fibres,  et  cetera,  are  retained. 

Other  methods  might  be  resorted  to,  such  as  the 
decomposition  of  the  factitious  cinnabar  by  heat  and 
iron  filings,  or  of  the  commercial  red  precipitate  alone 
by  heat,  with  the  subsequent  removal  of  all  adhering 
oxide,  by  means  of  sulphuric  acid.  Or  the  metal  may 
be  sublimed  along  with  one-tenth  of  its  weight  of  pow- 
dered vermilion  ;  or,  according  to  the  method  of  Ulex, 
two  pounds  of  mercury  may  be  agitated  with  half  an 
ounce  of  solution  of  sesquichloride  of  iron;  specific 
gravity  1-48.  Ten  minutes  suffice  to  remove  all  me- 
tallic impurities  of  the  ordinary  kind,  a  result  which  the 
finely  divided  state  of  the  metal  seems  to  favor.  Lastly, 
Violette  proposes  to  make  use  of  highly-heated 
steam.  It  is  a  well-known  fact  that  when  this  metal  is 
boiled  with  water  in  a  flask,  mercurial  vapor  rises,  and 
is  earned  off  with  the  steam.  The  distillation  of  mer- 
cury by  the  method  of  Violette  has  especial  reference 
to  its  removal  from  silver  in  smelting  houses.  The 
process  is  said  to  effect  a  considerable  saving  of  fuel, 
and  of  the  health  of  the  workmen.  It  is  performed  by 
bringing  the  steam  up  to  700°,  in  its  passage  through 
a  worm,  from  which  it  enters  the  vessel  containing  the 
mercury,  dipping  a  little  way  beneath  its  surface,  and 
soon  causing  the  metal  to  boil ;  after  which  the  mer- 
curial and  aqueous  vapors  are  carried  off,  and  suitably 
condensed. 

It  maybe  here  remarked  that  pure  mercury  is  entirely 
volatilized  in  the  heat ;  it  dissolves  completely  in  nitric 
acid,  producing  a  nitrate  of  the  metal,  which,  when 
the  acid  is  employed  in  excess,  is  easily  soluble  in 
water.  Poured  into  a  narrow  glass  vessel,  it  presents  a 
convex  surface,  owing  to  the  mutual  attraction  of  glass 
and  mercury  being  at  best  but  feeble  ;  if,  however,  the 
vol.  II. 
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metal  be  amalgamated  with  as  slight  a  quantity  as  the 
one  four-thousandth  part  of  lead,  the  convexity  of  the 
pure  metal  is  destroyed,  and  the  surface  becomes  even. 

Physiological  Effects. — It  has  long  been  a  matter 
of  doubt  and  discussion  whether  this  metal  exercises 
any  physiological  effects  upon  the  human  system,  ana- 
logous to  those  of  most  of  its  saline  compounds.  It  is 
generally  admitted  that,  when  taken  in  compact  masses, 
the  metal  does  not  exert  a  poisonous  action,  although 
it  may  occasion  injury  mechanically ;  but  when  in  a 
finely  attenuated  state,  as  in  vapor,  or  deadened  with 
innocuous  substances,  it  possesses  the  power  of  mani- 
festing all  the  symptoms  of  a  mercurial  poison. 

All  the  effects  of  mercurial  poisoning  are  very  fre- 
quently observed  among  the  miners  and  smelters  of 
this  metal,  as  also  in  those  who  work  with  water- 
gilders,  looking-glass  and  barometer  makers.  For 
the  most  par-t  they  appear  as  the  disease  known 
as  the  mercurial  trembling,  or  a  kind  of  palsy,  which 
first  manifests  itself  by  an  unsteadiness  in  the  arms, 
and  which  goes  on  till  the  movement  becomes  con- 
vulsive, and  vertigo,  loss  of  memory,  and  other  cere- 
bral disorders,  which  generally  terminate  fatally,  follow. 
When  the  symptoms  develope  themselves  in  a  mild  form, 
and  the  individual  perseveres  in  his  labors,  they  pro- 
ceed, and  never  fail  to  become  more  violent,  and  en- 
danger the  life  of  the  person.  This  is  well  known  in 
the  mercurial  mining  and  smelting  districts,  where  if 
once  a  man  becomes  affected  with  trembling  or  salivation 
he  is  removed  to  a  less  dangerous  department,  or  dis- 
banded altogether.  Some  physiologists  have  remarked 
that  the  circulation  is  usually  depressed  and  slow  when 
the  patient  is  undergoing  salivation,  and  exhibits  other 
symptoms  of  the  effects  of  mercury  ;  whilst  others  have 
observed  an  excited  state  of  circulation,  a  fetid  breath, 
with  metallic  taste  in  the  mouth,  increased  flow  of  saliva, 
and  a  sponginess  of  the  gums  proceeding  to  ulceration, 
which  sometimes  extended  to  the  throat. 

Vegetal  physiologists  state  that  mercurial  vapor  is 
destructive  in  a  high  degree  to  the  life  of  plants. 

MERCURIAL  COMPOUNDS.— Mercury  is  capable 
of  combining  with  most  of  the  non-metallic  elements, 
and  many  of  the  compounds  thus  formed  are  capable 
of  constituting  ingredients  in  further  combinations  ;  it 
has,  therefore,  a  wide  range  of  affinity,  but  in  a  manu- 
facturing sense  most  of  those  compounds  are  unimpor- 
tant, although  in  a  strictly  scientific  point  of  view,  and 
also  on  account  of  their  medicinal  qualities,  they  some- 
times attract  a  great  deal  of  attention.  The  principal 
compounds  of  mercury  to  be  considered  here  are  the 
sulphide — cinnabar,  vermilion — the  chlorides,  oxides, 
iodides,  fulminating  mercury,  and  the  ammonio-mer- 
ourial  chloride  known  as  white  precipitate.  The  oxides, 
though  not  the  most  important,  will  be  noticed  first. 

Oxides  of  Mercury.— As  stated  already,  there  are 
two  oxides  of  mercury,  the  sub  and  p?vt-oxiie,  which 
are  capable  of  yielding  well-defined  salts  of  the  respec- 
tive bases.  The  first  of  these  is  not  so  stable  as  the 
second,  nor  is  it  so  important  in  its  applications. 

Suboxide  of  mercury  was  first  scientifically  described 
in  1797 ;  but  was  known,  probably,  long  before  that 
period  as  the  cethiops  per  se  of  the  pharmaceutists. 
There  are  several  methods  for  preparing  it;  the 
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simplest  and  readiest  being  the  precipitation  of  a  dilute 
solution  of  a  subnitrate  of  mercury  by  potassa;  or  it 
may  be  formed  by  disseminating  calomel  in  water,  and 
adding  a  proportionate  quantity  of  potassa  to  the  liquor, 
when  suboxide  of  mercury  falls.  The  change  may  be 
expressed  thus : — 

Hg2  0  N06     +     KO    =    Hg2  0     +     KO,  N06 


Suljnitrato  of 
mercury. 


Suboxide  of 
mercury. 


Nitrate  of 
putassa. 


Or, 


Hg2  CI      +  KO 


Hg20  + 


KCI 


Suboxide  of 
mercury. 


All  the  operations  connected  with  this  compound  should 
be  performed  out  of  diffused  daylight ;  and  care  must 
also  be  taken  that  the  precipitation  be  complete, 
otherwise  the  substance  thrown  down  will  consist  of  a 
mixture  of  suboxide,  protoxide,  and  metallic  mercury. 

After  being  thoroughly  washed,  to  remove  alkalinity, 
and  dried  in  the  dark,  suboxide  of  mercury  is  a  black 
powder,  having  a  disagreeable  odor — Gmelin  says  it 
is  devoid  of  taste  and  smell — it  is  insoluble  in  water  and 
alkalies,  soluble  in  nitric  and  acetic  acids,  and  has  a 
specific  gravity  of  10-6,  Herapath  ;  8-95,  Karsten. 
It  is  very  rapidly  decomposed,  when  exposed  to  the 
light  of  the  sun,  into  protoxide  and  metallic  mercury ; 
but  the  same  change,  though  slowly,  is  effected  in  the 
darkness.  Heat  resolves  it  into  oxygen  and  metal.  It 
is  also  decomposed  by  many  compounds,  the  mercury 
being  taken  into  other  states  of  combination,  and  some- 
times set  free.  Its  composition  is  expressed  eentesi- 
mally  by 


2  Eqs.  of  mercury, 
1  Eq.  of  oxygen,  . 

1  Eq.   suboxide  of) 


At.  weight. 

. ...  200  . 


Donovan. 

96*15  ■•  96*04 


Gnibonrt. 

95-69 


3-85  ..    3-96  ..  4-31 


mercury, 


208      100-00     100-00  100-00 


The  suboxide  of  mercury  is  converted  to  no  particular 
use  in  the  arts. 

Protoxide  of  Mercury. — This  is  the  precipitation 
per  se,  or  calx  of  mercury,  mentioned  in  old  writings ; 
it  is  analogous  to  the  hydrargyri  oxidum  rubrum 
of  modern  pharmacy.  Protoxide  of  mercury  has  an 
interest  attached  to  it  much  greater  than  its  applica- 
tion in  the  arts  would  merit,  owing  to  the  knowledge 
of  its  nature  and  composition  being  contemporary 
with  the  discovery  of  oxygen,  the  subversion  of  the  old 
phlogiston  theory,  and  the  introduction  and  pursuit  of 
a  new  and  more  enlightened  system  of  chemical  science. 
It  was  formerly  prepared  by  submitting  mercury  to  a 
high  temperature  in  a  narrow-necked  flat-bottomed 
mattrass,  known  as  Boyle's  hell,  when,  after  a  long 
period,  the  metal  was  slowly  converted  into  oxide. 
This  process  is  now,  however,  quite  abandoned ;  sali- 
fying  the  metal,  and  subsequent  precipitation  of  the 
oxide,  being  considered  more  effectual.  One  part  of 
mercury  is  treated  with  three  parts  of  nitric  acid,  specific 
gravity  1-20,  in  a  flask  on  the  sand  bath,  till  perfect  solu- 
tion takes  place,  and  the  solution  evaporated  to  dryness, 
the  residue  mixed  up  with  another  part  of  the  metal,  and 
the  whole  heated  again  as  long  as  nitrous  fumes  are 


observed  to  pass  off.  The  residue,  which  now  appears 
a  dull  grey  mass,  is  removed  from  the  heat,  mixed  with 
a  tenth  of  its  weight  of  pure  crystallized  carbonate  of 
soda,  and  the  whole  boiled  with  water  for  a  quarter  of 
an  hour,  when  impure  protoxide  of  mercury  settles  to 
the  bottom,  and  this  by  filtration  and  washing  may  be 
converted  into  pure  protoxide — red  oxide  of  mercury. 
The  nitrate  of  mercury  alone  may  be  submitted  to 
heat  in  this  operation,  but  a  loss  of  nitric  acid  would 
take  place ;  besides,  the  degree  of  heat  is  critical,  so 
that  it  is  more  productive  and  less  troublesome  to  pro- 
ceed as  above  stated.  By  the  following  formula  the 
changes  of  the  substances  here  alluded  to  are  ex- 
pressed : — 


6  Hg     +     8  (HO,  N05)     s=    (G  HgO,  NO.)  -f 


Mercury. 


And  secondly — 
3  (2  Hg  O,  N05)   +  6 


Protonitrate  of  mercury. 

8  HO 


12  Hg  O    +   3  N03 


Subnitrate  of  mercury. 


Mercury.      Oxide  of  mercury.      Nitrous  acid. 


Oxide  of  mercury  prepared  by  the  action  of  heat  upon 
a  protosalt  of  the  metal,  forms  a  shining  brick-red  crys- 
talline scaly  powder,  which,  on  being  pulverized,  acquires 
an  orange  tint.  By  the  action  of  a  moderate  heat  it 
changes  to  a  vermilion  color,  which  passes  as  the 
temperature  rises  to  a  darker  hue,  approaching  to  black, 
but  as  the  substance  cools  the  natural  shade  is  regained. 
The  specific  gravity  of  the  red  powder  has  been  variously 
estimated,  the  number  arrived  at  by  Playfair  and 
Joule  being  11-136.  It  is  but  slightly  soluble  in  water, 
only  one  part  being  taken  up  by  seven  thousand  parts 
of  this  liquid  ;  the  solution,  however,  has  a  disagreeable 
metallic  taste,  and  exhibits  an  alkaline  reaction  to  deli- 
cate color  tests ;  but  alcohol  fails  to  dissolve  it.  Between 
700°  and  900°  it  is  resolved  into  its  elements.  Oxide 
of  mercury  obtained  by  precipitation  is  an  amorphous 
yellow  powder,  and  in  this  differs  from  that  obtained  by 
heat.  There  are  also  many  other  reactions  wherein 
they  behave  differently. 

The  protoxide  is  readily  decomposed  by  several 
substances ;  even  light  is  capable  of  resolving  it 
into  mercury  and  oxygen  gas ;  heat,  and  all  organic 
substances,  produce  the  same  effect,  only  much  more 
quickly.  On  this  account  it  is  frequently  employed 
by  the  analyst  to  remove  the  last  traces  of  carbon 
from  a  substance,  and  to  oxidise  sulphur  into  sul- 
phuric acid.  Phosphorus,  sulphur,  sulphurous  acid, 
the  alkali  metals,  protochloride  of  tin,  and  several 
other  bodies,  decompose  it,  many  of  them  with  evo- 
lution of  light  and  heat.  The  protoxide  of  mercury 
may  be  distinguished  from  the  suboxide,  first  by  its 
color,  and  secondly  by  its  solutions  not  giving  a  white 
flocculent  precipitate  with  hydrochloric  acid ;  it  also 
produces,  with  solutions  of  hydriodic  acid,  or  of  alkaline 
iodides,  a  beautiful  scarlet  precipitate  of  iodide  of  mer- 
cury, and  which  is  characteristic  compared  with  the  dull 
green  color  of  the  subiodide.  Potassa  gives  a  yellow, 
and  ammonia  a  white  precipitate,  both  of  which  are  suf- 
ficiently distinct  from  the  black  deposit  that  they  afford 
in  solutions  of  the  suboxide  of  this  metal. 
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Protoxide  of  mercury  is  composed  of — 

Centesimally. 


At.  weight  Theory. 

1  Eq.  of  mercury,         100  ..  92.59 

1  Eq.  of  oxygen,  ....     8  . .  7-41 


92.75 
7-25 


92-596 
7-404 


108     100-00     100-00  100-000 
Its  chemical  symbol  is  Hg  O. 

It  is  stated  that  protoxide  of  mercury  is  occasionally 
adulterated  with  minium  or  red  lead,  sesquioxide  of 
iron,  and  powdered  brick.  Such  substances  are  readily 
detected  by  heating  the  substance  to  a  dull  heat ;  the 
protoxide  of  mercury  sublimes,  and  leaves  the  non- 
volatile matters  in  the  crucible,  or  the  mercurial  com- 
pound may  be  treated  with  dilute  nitric  acid,  to  dissolve 
the  mercurial  oxide ;  and  should  minium  be  present,  a 
puce-colored  binoxide  of  lead  remains  together  with 
the  other  adulterants,  if  any  be  present.  On  adding 
dilute  sulphuric  acid  to  the  clear  liquor  obtained  in  the 
foregoing,  a  white  precipitate  of  sulphate  of  lead  falls, 
corroborative  of  the  existence  of  a  lead  compound. 

Sulphides  op  Mercury. — Sulphur  and  mercury 
are  capable  of  uniting  artificially,  and  of  forming  com- 
pounds analogous  to  those  produced  from  this  metal 
with  oxygen. 

The  subsulphide  is  the  wthiops  mineral  of  the  older 
chemists,  and  was  prepared  by  agitating  a  little  water, 
sulphur,  and  mercury,  in  equal  proportions,  in  a  mortar, 
or  at  a  slightly  increased  heat,  till  a  black  powder 
resulted.  It  can  be  obtained  by  transmitting  a  stream 
of  sulphide  of  hydrogen  gas  through  a  dilute  solution 
of  subnitrate  of  mercury  in  the  cold,  when  a  subsulphide 
of  a  black  color  falls.    The  reaction  is  as  follows : — 

Hg20,  N06    +    HS    =    HgS,    -)-   HO,  N06 

Heat  must  be  guarded  in  this  operation,  since  it  would 
resolve  the  subsulphide  into  a  protosulphide  of  mercury 
and  metal,  thus — 


HgS 


HgS 


+ 


Subsulphide  of 
mercury. 


Prepared  by  either  method,  this  compound  appears 
as  a  black,  tasteless,  inodorous  powder,  which  is  insoluble 
in  water,  in  hydrochloric,  and  dilute  nitric  acids.  By 
heat  it  is  resolved  into  mercury,  and  the  red  sulphide 
of  the  metal — cinnabar.    Its  chemical  composition  is — 

At  weight  CcntesimaUy. 

2  Eq.  of  mercury,   200   92-59 

1  Eq.  of  sulphur,   16   7-41 


1  Eq.  of  subsulphide  of  mercury,  216  100-00 

This  compound  is  not  prepared  in  any  quantity,  nor 
has  it  any  application,  excepting  among  veterinary 
surgeons,  and  even  these  are  abandoning  it  for  more 
appropriate  agents. 

Protosulphide  of  Mercury. — Cinnabar,  Vermilion. — 
This  is  a  much  more  important  compound,  though,  like 
the  former,  medicinally  inert.  The  character  and  com- 
position of  the  native  ore  have  been  already  explained. 
Only  a  small  quantity  of  that  mineral,  however,  is  of  suffi- 
ciently fine  quality  to  permit  of  its  being  employed  as  a 
pigment.  Chemically,  there  is  no  difficulty  in  forming  it ; 


but  its  value  in  the  arts  depends  upon  the  richness  of 
its  color,  the  exact  conditions  to  insure  which  are  far 
from  being  generally  understood.  The  following  are 
some  of  the  processes  for  its  preparation : — 

When  sulphide  of  hydrogen  gas  is  passed  to  satura- 
tion through  a  solution  of -protoxide  of  mercury,  the 
white  compound  which  appears  at  an  early  stage  of 
the  operation  is  destroyed,  and  the  black  precipitate 
then  consists  solely  of  mercuric  sulphide,  which,  when 
collected,  dried,  and  heated  in  a  retort,  yields  a  fine 
crystalline  sublimate  of  cinnabar.  These  two  bodies, 
therefore,  the  black  and  the  red,  are  allotropic  modifi- 
cations of  one  substance,  Hg  S. 

The  process  of  Liebig  consists  in  forming  the  white 
precipitate  Hg  CI,  Hg  N  H2,  and  digesting  it  with  sul- 
phide of  ammonium,  obtained  by  saturating  the  common 
alkaline  hydrosulphide  with  sulphur.  The  color  of  the 
product  he  afterwards  improves  by  boiling  with  caustic 
potassa. 

Kirchopp  recommends  triturating  one  hundred 
parts  of  mercury  in  a  porcelain  dish,  with  twenty-three 
parts  of  flowers  of  sulphur,  chemical  action  being  assisted 
from  time  to  time  by  moistening  the  mixture  with  solu- 
tion of  caustic  potassa.  A  potassa  lie,  containing  fifty- 
three  parts  of  solid  hydrate  in  fifty-three  of  water,  is  next 
prepared,  and  in  it  the  sulphurised  mercury  is  warmed, 
and  further  triturated.  The  water  must  be  replaced  as 
it  evaporates,  and  the  operation  continued  for  two  hours. 
After  this,  and  still  with  trituration,  the  red  mass  is 
evaporated  to  a  thin  paste,  removing  the  heat  at  the 
moment  when  the  red  color  has  attained  its  finest 
shade ;  for  a  few  seconds,  either  too  soon  or  too  late, 
deteriorates  the  quality  of  the  product.  Too  little  heat 
fails  to  bring  up  the  red  to  its  utmost  degree  of  bright- 
ness, and  a  little  too  high,  or  even  too  long  continu- 
ance of  the  proper  temperature,  changes  the  color  to 
brown,  and  it  can  never  be  restored.  The  product, 
when  cool,  is  first  washed  with  a  solution  of  potassa, 
and  afterwards  with  water. 

Ure,  in  alluding  to  the  process  of  KirsChofp, 
remarks  that  of  late  it  has  been  so  much  improved 
that  the  vermilion  which  it  yields  quite  equals  in  tint 
that  made  in  China.  It  appears  also  by  the  following 
table,  that  the  quantity  of  vermilion  which  can  he 
obtained,  depends  on  the  relative  proportion  of  the  sub- 
stances employed : — 


Mercury. 

300  . 


Sulphur. 

.  114  . 
.  115  . 

.  120  . 


Potassa. 

.  75"| 
.  75 
.  120 


150    152  ^  yield 

120    180 

100    180 

60    180 


Vermilion. 

f  330 
331 
321 
382 
245 
244 
142 


Brunner  directs  the  trituration  of  one  hundred  parts 
of  mercury  with  thirty-eight  of  sulphur.  The  oathiops 
so  produced  is  next  heated  to  1 13°  with  twenty-five  parts 
of  potassa  in  one  hundred  and  thirty-three  to  one  hun- 
dred and  fifty  parts  of  water,  and  more  liquid  supplied 
as  it  becomes  reduced  by  evaporation,  the  mixture  being 
kept  occasionally  stirred.  After  a  few  hours  the  black 
substance  begins  to  take  a  brown  tint,  and  if  the  heat  be 
maintained  at  113°  to  118°,  this  goes  on  brightening  till 
it  becomes  a  lively  red.  Whenever  the  mixture  becomes 
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gelatinous,  more  water  must  be  added,  for  it  is  abso- 
lutely necessary  for  the  success  of  the  process  that  it  be 
kept  in  as  pulverulent  a  state  as  possible,  and  also  that 
the  heat  rise  not  above  120°  to  122°.  When  the  pro- 
duct has  attained  the  fine  red  required,  and  which 
happens  in  the  course  of  eight  hours,  the  fire  is  removed, 
and  the  contents  of  the  vessel  are  left  to  cool  slowly. 
The  cinnabar  is  then  removed,  washed  with  water,  and 
further  purified  by  levigation  from  any  mercury  or 
black  sulphide  which  might  still  remain.  Brunner 
states  that  one  hundred  parts  of  mercury,  forty  parts  of 
sulphur,  and  forty  of  potassa,  afford  one  hundred  and 
seven  parts  of  vermilion  little  inferior  to  the  finest 
native  substance,  and  much  superior  to  any  obtained  by 
sublimation. 

Dutch  Method  of  Making  Vermilion. — It  is  well 
known  that  the  monopoly  of  preparing  this  pigment 
was  long  held  by  the  Dutch,  who  alone,  at  one  time, 
possessed  in  Europe  the  secret  of  giving  to  it  a  rich 
scarlet  color.  The  particulars  of  the  old  method  of  its 
preparation  at  Amsterdam  were  many  years  ago  de- 
scribed by  M.  Tuckert  in  the  Annates  de  Chimie. 
The  process  consisted  of  two  parts ;  first,  the  produc- 
tion of  what  M.  Tuckert  terms  rethiops,  but  which  is 
a  mixture  of  cinnabar,  black  sulphide,  uncombined 
metal,  and  sulphur;  and,  second,  the  conversion  of 
this  into  the  pure  vermilion. 

The  first  part  of  the  operation  was  to  effect  the  com- 
bination in  a  flat  polished  iron  pot,  two  and  a  half  feet 
in  diameter,  and  one  deep.  Into  this,  one  thousand  and 
eighty  pounds  of  mercury  and  one  hundred  and  fifty 
pounds  of  sulphur — equivalent  to  87'8  of  mercury  and 
122  of  sulphur,  per  cent. — were  introduced,  and  the 
mixture  stirred  with  an  iron  spatula  very  cautiously, 
because  if  the  components  were  too  briskly  mingled, 
the  combination  would  be  too  violent,  and  some  of  the 
substances  would  be  lost.  The  black  product  of  this 
operation,  being  reduced  to  powder,  was  next  placed  in 
hand  jars  capable  of  holding  one  pound  and  a  half  of 
water — thirty  to  forty  of  them  being  constantly  kept 
full.  The  subliming  pots,  three  in  number,  which 
were  made  of  pure  sand  and  clay,  and  well  luted 
outside,  were  each  covered  with  a  smooth  iron  lid, 
and  placed  in  a  furnace  secured  with  hoops  of  iron ; 
the  position  of  the  pots  being  such  that  the  flame 
could  play  over  two-thirds  of  their  height.  In  the 
evening  the  operation  of  heating  the  pots  was  begun, 
and  as  soon  as  they  attained  a  red  heat  the  iron  covers 
were  removed,  and  a  pipkinfull  of  black  sulphide  thrown 
into  each,  and  there  left  to  crackle  and  burn.  This 
emptying  of  the  smaller  pots  into  the  larger  was  con- 
tinued— sometimes  two  or  more  being  emptied  into  the 
subliming  pot  at  once,  till,  in  the  course  of  thirty-four 
hours,  four  hundred  and  ten  pounds  had  been  emptied 
into  each  of  the  three.  As  each  fresh  portion  of  black 
matter  was  thrown  in,  the  mixture  took  fire,  and  the 
flame  rose  from  three  to  six  feet  above  the  edge  of  the 
pot.  During  this  period  the  cover  was  not  replaced ; 
but  as  it  subsided  the  pot  was  again  covered  with  the 
iron  plate,  until  it  was  necessary  to  remove  it  for  the 
introduction  of  more  sulphide.  For  thirty-six  hours 
after  the  last  portion  was  added,  the  same  steady  heat 
was  continued,  and  the  contents  of  the  pot  occasionally 


stirred  by  means  of  an  iron  rod  which  passed  through  the 
top  of  the  lid.  During  this  period,  also,  the  workman  tested 
from  time  to  time  the  security  of  the  process,  by  cau- 
tiously removing  the  pots,  and  observing  to  what  height 
the  flame  then  rose,  and  with  what  vigor  it  burnt. 
The  proper  temperature  was  indicated  by  a  vigorous 
combustion,  accompanied  by  a  flame,  which  did  not 
rise  more  than  three  or  four  inches  over  the  edge  of  the 
pot. 

When  the  thirty-six  hours  were  expired,  the  whole 
was  allowed  to  cool,  after  which  the  pots  were  removed 
and  broken,  and  the  vermilion  which  was  incrusted 
within  them,  and  chiefly  in  their  upper  parts,  collected, 
ground  with  water  between  horizontal  stones,  then 
passed  through  sieves,  and  thereafter  elutriated  and 
dried.  The  usual  loss  in  converting  the  black  sulphide 
by  this  process  into  vermilion,  was  nearly  three  per 
cent. 

Method  adopted  at  Idria. — At  Idria,  as  already 
stated,  large  quantities  of  the  sulphide  of  mercury 
pigment  are  annually  prepared.  The  method  pursued 
is  to  introduce  into  a  number  of  well-bound  casks, 
contrived  to  turn  on  their  axes,  eight  pounds  of  sul- 
phur and  forty-two  of  mercury,  and  then  to  put  them 
in  motion  for  three  hours  or  more,  till  the  ingredients 
combine  to  form  a  brownish  powder.  A  number  of 
cast-iron  cylinders,  placed  upright  in  a  furnace  and 
heated  to  dull  redness,  are  then  charged  with  this 
product,  one  hundred  pounds  being  portioned  to  each, 
the  weighted  cast-iron  cover  being  immediately  fixed 
on,  and  retained  till  all  crackling  noise  subsides.  When 
this  happens,  the  iron  top  is  removed,  and  another  of 
stoneware,  having  the  beak  connected  with  a  tube  and 
receiver  substituted ;  at  the  same  time  the  fire  is  in- 
creased for  the  purpose  of  expelling  the  sulphide  of 
mercury  from  the  iron  cylinder.  After  the  sublimation 
of  the  charge,  the  capital  and  lube  are  removed,  and 
when  cold,  the  cake  of  cinnabar  is  separated.  That 
which  has  the  brightest  tint  is  found  caked  on  the 
outside  of  the  cover ;  the  portion  collected  in  the  tube 
and  receiver  is  generally  mixed  with  an  excess  of  sul- 
phur, which  volatilizes  with  it,  and  for  the  most  part  is 
returned  with  a  fresh  charge  of  sethiops  to  be  re-sub- 
limed. The  cakes  of  cinnabar  are  broken,  and  ground 
finely  with  water;  then  boiled  with  a  solution  of  potassa, 
washed  first  with  hot,  and  next  with  cold  water,  and 
finally  dried. 

Chinese  Vermilion,  which  is  so  rich  in  color  as  to 
command  five  or  six  times  the  price  of  the  European 
product,  appears  to  be  prepared  in  the  ordinary  way, 
leaving  nothing  to  account  for  the  superior  brilliancy 
of  shade  except  the  sunnier  climate.  By  careful  selec- 
tion, the  finest  portions  are  collected,  and,  if  necessary, 
ground  and  washed  several  times.  In  making  the 
artificial  product,  one  part  of  sulphur  and  four  of 
mercury  are  introduced  into  an  earthen  pot,  to  which 
an  iron  cover  is  luted  and  bound  with  wire ;  the  pot 
with  its  contents  is  then  placed  in  a  fire  of  dried 
camel's  dung.  After  sublimation,  the  cover  is  removed 
and  the  pot  broken,  and  the  purest  of  the  sublimate 
picked  out  from  the  less-colored  product,  ground  very 
fine,  and  the  powder  sifted  into  a  large  vesBel  of  water. 
When  the  red  product  has  subsided,  the  supernatant 
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water  and  scum  are  drawn  off,  and  fresh  liquid  supplied, 
in  which  the  sediment  is  stirred  up,  and  after  subsi- 
dence, the  substance  is  collected  and  carefully  dried  in 
the  sun. 

By  subliming  one  part  of  sulphide  of  antimony  with 
sulphide  of  mercury,  a  greyish  cinnabar  is  obtained. 
On  boiling  this  with  a  solution  of  liver  of  sulphur 
— a  compound  of  sulphur  and  potassium — and  after- 
wards with  hydrochloric  acid,  and  washing  thoroughly 
with  water,  a  product  is  obtained  which  is  quite  as 
brilliant  as  the  finest  Chinese  vermilion,  and  retains 
no  antimonial  sulphide.  Sulphide  of  mercury  pre- 
pared by  saturating  a  solution  of  oxide  of  mercury, 
is  a  black  substance,  but  when  prepared  by  the  other 
processes  mentioned,  it  has  a  red  color,  more  or  less 
lively.  It  is  a  soft,  heavy,  colorless,  and  tasteless 
powder  if  prepared  by  the  moist  method,  and  is  devoid  of 
crystalline  structure,  but  the  sublimed  product  appears 
in  masses  composed  of  hexahedral  needles.  Exposed 
to  the  light  of  the  sun  it  gradually  acquires  on  the  sur- 
face a  grey  tint,  owing  to  a  portion  being  decomposed 
into  mercury  and  sulphur. 

Properties. — Water  or  alcohol  have  no  action  upon 
cinnabar.  Cold  hydrochloric  and  nitric  acid  singly 
fail  to  dissolve  it ;  but  nitro-hydrochloric  acid  readily 
attacks  it  and  converts  it  into  chloride.  Nitric  acid, 
when  heated,  decomposes  it,  and  produces  a  proto- 
sulphate  of  oxide  of  mercury  and  sulphur.  Caustic 
potassa  or  soda  in  solution  does  not  decompose  cin- 
nabar ;  but  if  the  hydrate  of  the  alkali  be  employed, 
and  its  action  be  assisted  by  increased  temperature, 
decomposition  takes  place,  which  results  in  the  produc- 
tion of  metallic  mercury,  sulphate  and  sulphide  of  the 
alkali. 

A  temperature  approaching  a  red  heat  volatilizes  it 
without  decomposition  ;  if  air  be  admitted  the  sulphide 
burns,  the  sulphur  being  converted  into  sulphurous  and 
sulphuric  acids,  and  the  metal  disseminated  in  the 
vapor.  Charcoal,  and  other  carbonaceous  matters, 
iron  filings,  lime,  or  any  of  the  fixed  alkaline  bases,  also 
abstract  the  sulphur  and  set  the  metal  free. 

Cinnabar  is  composed  centesimally,  according  to  the 
analyses  of  Peoust  and  Guibourt  compared  with 
theory,  as  follows : — 

At  Weight.    Theory.       Proust.  Guibourt 

1  Eq.  of  mercury,  100  ..  86-21  ..  85-0  ..  86-21 

1  Eq.  of  sulphur,   16  ..  13-79  ..  15-0  ..  13-79 

1  Eq.  of  sulphide  of  mercnry,.116     100-00     100-0  100-00 

These  determinations  lead  to  the  formula  Hg  S. 

Cinnabar  or  vermilion  is  principally  employed  for  its 
hue,  and  is  but  rarely  prescribed  by  the  physician. 
Its  high  price  exposes  it  to  considerable  sophistication 
in  the  hands  of  unprincipled  traders.  The  adultera- 
tions which  are  most  likely  to  be  contained  in  it  are 
minium  or  red  lead,  ferro-ferric  oxide,  Fe3  04,  red  brick 
dust,  and  pentasulphide  of  arsenic.  In  searching  for 
red  lead  in  this  case,  the  same  directions  as  those  given 
for  the  detection  of  the  same  adulterant  in  red  oxide 
of  mercury  may  be  pursued ;  brickdust  may  likewise  be 
detected  in  the  way  there  directed  ;  iron  may  be  readily 
found  by  treating  the  residue,  after  the  sublimation  of 
the  mercurial  sulphide,  with  hydrochloric  acid,  and 


testing  the  filtered  liquid  with  ferroeyanide  of  potassium 
— yellow  prussiate — when  a  blue  precipitate  will  appear 
if  iron  be  present.  Pentasulphide  of  arsenic  may  be 
found  by  treating  the  pigment  repeatedly  with  strong 
solution  of  potassa,  boiling,  filtering  off  the  liquid, 
adding  to  it  hydrochloric  acid,  with  a  few  fragments 
of  zinc  or  iron,  and,  subsequently,  transmitting  sulphide 
of  hydrogen  gas  through  the  solution,  then  boiling, 
filtering  off  the  liquid,  and  adding  hydrochloric  acid  to  it 
to  saturation.  After  some  time  sulphide  of  arsenic  of 
a  yellow  color  falls.  In  this  case  the  alkali  dissolves 
the  quinquesulphide  from  the  mercury  compound,  and 
the  hydrochloric  acid  again  effects  its  precipitation. 

The  pigmentary  uses  of  cinnabar  are  not  confined  to 
its  external  application  in  painting.  It  is  largely  con- 
sumed in  the  manufacture  of  red  sealing  wax,  in  which 
it  is  mixed  up  with  Venetian  turpentine,  shellac,  and 
colophony.  It  is  also  employed  in  coloring  wafers,  and 
has  been  for  the  same  purpose  used  in  confectionary, 
and  to  improve  the  color  of  cayenne  pepper ;  a  practice 
greatly  to  be  reprobated,  for  although  Mr.  Taylor 
states  that  he  has  not  been  able  to  find  any  instance  of 
its  having  acted  as  a  poison  on  man,  yet  thirty  to 
seventy  grains,  even  applied  externally,  have  proved 
poisonous  to  the  lower  animals.  It  can  scarcely  be 
said  to  be  used  medicinally  at  the  present  time,  though 
in  1769,  Dr.  Dalby  wrote  a  book  in  praise  of  the 
virtues  of  cinnabar  and  musk  in  the  cure  of  hydro- 
phobia. Bolley  proposes  a  solution  of  the  ammonio- 
nitrate  of  silver  as  a  test  for  cinnabar,  for  with  whatever 
other  matters  it  may  be  mixed  up  as  a  coloring  matter, 
an  instantaneous  black  color  is  produced,  resulting 
from  the  formation  of  sulphide  of  silver  along  with 
basic  nitrate,  and  also  amide  of  mercury. 

Chlorides  of  Mercury. — It  may  be  safely  stated 
that  of  all  the  compounds  of  mercury,  none  are  of 
greater  importance,  in  a  medicinal  point  of  view,  than 
the  two  compounds  produced  by  the  union  of  chlo- 
rine and  mercury,  and  which  are  well-known  by  the 
title  of  calomel — subchloride  of  mercury — and  corrosive 
sublimate — protochloride  of  mercury.  It  is  the  growing 
opinion  that  in  whatever  state  of  combination  mercury 
is  administered  by  the  medical  practitioner,  the  active 
effects  are  the  result  of  the  chlorides  of  the  metal,  these 
being  formed  by  the  chlorides  and  free  hydrochloric 
acid  of  the  stomach.  The  experiments  of  Mailhe 
tend  to  corroborate  this  view,  and  hence  the  two  com- 
pounds of  mercury  and  chlorine  are  the  principal  mer- 
curial combinations  to  which  attention  is  directed  in 
the  several  pharmacopoeias  of  the  medical  colleges. 
For  this  reason,  various  methods  are  given  for  their 
preparation,  and  also  for  ascertaining  their  purity. 

Subchloride  of  Mercury — Calomel. — As  stated  under 
the  ores  of  mercury,  this  combination  is  met  with  in 
several  mines  in  the  form  of  incrustations — horn  quick- 
silver— on  other  ores,  or  disseminated  in  the  form  of 
small  transparent  and  translucent  crystals.  Those  mines 
where  it  is  particularly  noticed,  are  the  Almaden,  Idria, 
Moschellandsberg ;  the  mines  of  the  Palatinate,  Deux 
Ponts,  and  Bohemia.  The  quantity  so  found  is,  however, 
unimportant,  and  the  native  substance  is  never  applied 
in  medicine,  that  which  is  artificially  prepared  being  pre- 
ferred. There  are  several  methods  by  which  subchloride 
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of  mercury  may  be  obtained,  as  well  by  precipitation  as 
by  the  dry  way.  When  a  solution  of  pure  subnitrate 
of  mercury  is  precipitated  by  another  of  a  pure  alkaline 
chloride,  or  with  dilute  hydrochloric  acid,  a  white 
flocculent  mass  falls,  which  is  the  compound  in  question, 
and  when  washed  well  and  dried  it  is  chemically  pure. 
It  is  necessary,  however,  to  prolong  the  washings, 
otherwise  some  traces  of  the  alkaline  precipitant  are 
retained,  which  react  as  a  solvent  upon  a  part  of  the 
precipitate  by  forming  a  double  compound  with  it; 
and  hence  it  is  that  calomel  prepared  in  this  way 
always  leaves  a  mercurial  taste.  To  guard  against 
this,  recourse  is  usually  had  to  the  dry  method,  in  which 
the  mercurial  subsalt  and  chloride  of  sodium  are  mixed 
in  the  proper  proportions ,  and  then  submitted  to  heat 
in  a  subliming  pot,  when  the  calomel  is  obtained  in  the 
form  of  a  white  incrustation  on  the  cover  of  the  vessel. 
Prepared  in  either  way  subchloride  of  mercury  is  a 
yellowish-white  powder,  which  under  the  influence  of 
solar  light  turns  grey,  being  transformed  into  the  proto- 
chloride  and  metallic  mercury ;  it  is  but  very  slightly 
soluble,  one  part  of  the  salt  requiring  twelve  thousand 
of  boiling  water  for  perfect  solution.  Dilute  hydro- 
chloric acid  has  no  action  upon  it,  but  when  concen- 
trated it  changes  the  salt  into  metal  and  protochloride, 
thus — 

HgCl       +        HC1       =        Hg  + 

Subchloride  of  mercury.  Hydrochloric  acid.  Mercury. 

Hg  Cl        +        H  CI. 

t  *  1         i  A  \ 

Chloride  of  mercury.  Hydrochloric  acid. 

Concentrated  boiling  solutions  of  the  fixed  alkaline 
chlorides,  and  of  chloride  of  ammonium,  react  upon 
calomel  in  the  same  way.  Hot  strong  nitric  acid 
readily  dissolves  the  subchloride  of  mercury,  converting 
it  into  a  protonitrate  and  protochloride  of  the  metal. 
It  is  readily  sublimed,  and  forms  crystals  on  condensing. 
Its  applications  are  chiefly  medicinal,  but  it  is  employed 
in  the  laboratory  as  a  test,  though  not  frequently  so 
used. 

The  symbol  for  this  salt  is  Hgs  Cl,  corresponding 
with  the  suboxide  Hg20;  its  atomic  weight,  100  + 
35-5  =  135-5;  its  density,  59°-77. 

The  formula  given  above  agrees  with  the  following 
composition : — 

Centesimally. 
At.  weight.  Theory.  Klaproth. 

2  Eqs.  of  mercury,.. . .  200    84-96  85-10 

1  Eq.   of  chlorine,....    35-5          15-04   14-90 

235-5        100-00  100-00 

Volume.  Specific  gravity. 

Mercurial  vapor  1      =  6-9300 

Chlorine  J       —  1-2271 

Vapor  of  calomel  1      =  8-1571 

Although  Christison  and  other  authorities  assert, 
that  the  calomel  prepared  by  precipitating  a  dilute 
solution  of  a  subsalt  of  mercury  with  one  of  chloride 
of  sodium  in  the  manner  already  stated,  or  by  agi- 
tating a  solution  of  sesquichloride  of  iron  with  metallic 
mercury,  does  not  differ  in  therapeutic  properties  from 
that  formed  by  sublimation,  still  the  latter  method 


is  adopted  in  the  manufacture.  Various  recipes  are 
known  for  obtaining  it;  thus,  by  mixing  four  parts 
of  corrosive  sublimate — protochloride  of  mercury — 
with  three  parts  of  the  metal,  and  subliming,  calomel  is 
obtained ;  likewise,  when  sulphate  of  the  protoxide  of 
this  metal  is  heated  with  an  equivalent  proportion  of 
common  salt  and  mercury,  corrosive  sublimate  is  pro- 
duced. In  the  first  instance  the  reaction  may  be 
symbolized  thus— 

HgCl         +         Hg         =        Hg,  Cl. 

Chloride  of  mercury.  Mercury. 

and  in  the  second, 


Subchloride  of  mercury. 


[0,1 


+ 


+ 


Na  Cl  - 


Sulphate  of  mercury. 

Hg2Cl 


Chloride  of  sodium. 
Na  O,  SOo. 


Suhchlorido  of  mercury. 


Sulpimto  of  soda. 


When  operating  according  to  the  first  equation,  it  is 
required  to  have  the  metal  in  slight  excess,  in  order  to 
insure  the  complete  reduction  of  the  protochloride. 
Mohr  states  that  this  method  is  frequently  adopted  in 
the  German  pharmaceutical  laboratories.  The  materials 
are  ground  up  with  a  little  water,  or  spirit,  to  prevent 
the  escape  of  dust  or  powder,  and  when  the  metal  is 
deadened  the  material  is  placed  in  glass  vials  and 
heated ;  after  sublimation  the  product  is  collected  by 
breaking  off  the  neck  of  the  bottles,  and  detaching  the 
crust  of  salt. 

When  preparing  it  by  the  second  method,  which  is 
much  the  better  of  the  two,  two  parts  of  mercury  are 
dissolved  in  three  of  strong  sulphuric  acid,  or  better 
still,  four  ounces  of  the  metal  are  acted  upon  with  two 
ounces  two  drachms,  liquid  measure,  of  strong  sul- 
phuric acid,  to  which  half  a  fluid  drachm  of  strong 
nitric  acid  is  added. 

When  sulphuric  acid  only  is  employed,  the  sulphate 
of  mercury  obtained  by  evaporation  is  mixed  with  two 
parts  of  metal,  and  afterwards  with  one  part  and  a  half 
of  common  salt,  the  whole  being  triturated  in  a  mortar 
till  the  metal  disappears.  The  mass  is  then  sublimed 
in  the  usual  way.  In  this  operation  the  whole  of  the 
mercury  is,  however,  never  reduced  to  calomel,  and  on 
this  account  the  sublimed  mass  requires  purification 
from  corrosive  sublimate  by  repeated  washings  with 
boiling  water,  in  which  the  latter  is  freely  soluble.  As 
soon  as  the  washings  give  but  faint  indications  of  pre- 
cipitates with  a  solution  of  nitrate  of  silver  or  sulphide 
of  hydrogen  gas,  the  calomel  may  be  considered  pure. 

Fig.  366  is  a  drawing  of  a  subliming  apparatus 
described  by  Mohr.  It  consists  of  an  earthenware 
tube,  b,  one  foot  long  and  a  little  more  than  two  inches 
wide.  This  tube  passes  through  a  small  furnace,  and 
is  connected  on  the  left  with  a  small  bellows,  and  on 
the  right  with  the  wider  pipe,  c,  that  enters  the  box  or 
chamber,  d,  where  the  sublimed  calomel  collects.  This 
box  is  lined  interiorly  with  glazed  paper,  the  top  being 
secured  by  a  cloth,  m,  which  is  retained  in  its  place 
by  the  funnel-cap,  c,  terminating  in  the  chimney,  /. 
At  g  is  shown  a  small  iron  gallery  for  retaining  hot 
charcoal,  by  which  means  a  continuous  draught  is 
maintained. 
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The  fire  having  been  laid  on  at  a  and  g,  and  as  soon 
as  the  temperature  rises  to  the  subliming  degree,  air  is 
urged  through  the  apparatus  by  working  the  bellows, 
and  this  forces  the  calomel  vapors,  as  fast  as  they  rise, 


Fig.  366. 


into  the  chamber,  d;  as  soon,  however,  as  the  chimney 
has  become  sufficiently  hot  by  the  chauffer  in  it,  the 
blowing  apparatus  may  be  detached,  as  there  will  then 
be  sufficient  draught  to  carry  the  sublimed  vapors 
into  the  receiver  without  mechanical  aid.  As  the 
charge  already  in  the  tube,  b,  becomes  exhausted,  a 
further  quantity  may  be  introduced  at  the  open  side, 
and  as  long  as  the  fire  in  g  remains,  the  current  of  air 
drawn  through  will  be  sufficient  to  prevent  any  mer- 
curial vapor  escaping  by  the  open  end. 

Under  ordinary  circumstances  the  inorusted  calomel 
requires  to  be  finely  ground  before  it  is  fit  for  use.  This 
operation  is  generally  performed  under  lead  rollers, 
unless  the  salt  be  minutely  subdivided  at  the  moment 
of  condensation.  Mr.  Jewell,  patented  a  process  for 
effecting  this,  which  has  since  been  improved  by  M.  0. 
Henry  and  Soubeiran,  and  consisted  in  allowing  the 
mercurial  vapor  to  pass  into  a  vessel  charged  with 
steam,  having  water  in  the  bottom.  By  this  arrange- 
ment the  substance  becomes  reduced  to  the  finest  state 
of  division. 

Thomson's  Gaseous  Method. — A  patent  was  sealed  on 
the  8th  March,  1841, by  Dr.  Anthony  Todd  Thomson, 
for  manufacturing  the  chlorides  of  mercury  by  the  direct 
union  of  the  elements.  It  has  long  been  known  that 
even  at  common  temperatures  mercury  and  chlorine 
gas  combine,  though  slowly,  and  that  when  heated  the 
combination  is  effected  rapidly  with  the  development  of 
heat  and  light.  In  Dr.  Thomson's  process  the  propor- 
tion in  which  the  gas  is  admitted  determines  the  nature 
of  the  product.  The  process  is  as  follows  : — A  glass, 
earthenware,  or  other  suitable  vessel,  provided  with 
openings  at  both  ends,  is  mounted  in  brickwork,  or 
in  any  other  convenient  manner,  and  exposed  to  the 
action  of  an  open  fire  beneath.  A  certain  quantity 
of  mercury  is  placed  in  this  vessel,  and  the  tempera- 
ture raised  to  between  350°  and  660°.  One  end 
of  the  glass  communicates  with  an  alembic,  such  as  is 
generally  used  for  generating  chlorine  gas,  and  the  other 
end  is  connected  with  a  large  chamber  made  perfectly 
air-tight,  to  prevent  the  escape  of  any  of  the  gases.  In 
order  to  procure  the  chlorine,  the  alembic  is  charged 


with  a  mixture  of  common  salt,  binoxide  of  manganese, 
and  sulphuric  acid.  The  chlorine  gas,  as  it  is  generated, 
passes  from  the  alembic  through  the  bent  tube  into  the 
glass  or  earthenware  vessel  which  contains  the  mercury, 
when  it  combines  with  its  vapors,  generated  by  raising 
it  to  350°  and  above.  The  combination  of  the  two 
gases  forms  either  calomel  or  corrosive  sublimate 
according  to  the  quantity  of  chlorine  gas  employed. 
The  product  is  found  at  the  bottom  of  the  air-tight 
vessel,  from  whence  it  may  be  taken  after  the  operation 
is  completed. 

The  patentee  claimed  the  direct  combination  of  the 
gas,  not  only  with  the  mercurial  vapor,  but  with  the 
metal  in  any  form. 

Properties  of  Calomel. — The  form  in  which  calo- 
mel sublimes  is  modified  by  the  dimensions  of  the 
apparatus  employed,  and  the  temperature  at  which  it  is 
produced.  Prepared  in  small  vessels  it  usually  takes 
the  shape  of  a  fibro-crystalline  cake,  which  when  pow- 
dered is  yellow  or  buff,  whereas  if  the  apparatus  is 
large,  and  the  receiver  cold,  it  falls  as  a  white  impal- 
pable powder.  The  crystals  of  calomel  are  square 
prisms,  Fig.  367,  with  a  specific 
gravity  of  7-150;  7'156,  Pelouze 
and  Fremy  ;  6-9920,  Karsten. 
Calomel  is  not  volatile  at  ordinary 
temperatures.  Below  a  red  heat  it 
sublimes  without  fusing.  It  has 
neither  taste  nor  smell,  and  is  in- 
soluble in  pure  water  at  60°  Fahr. 
Boiling  muriatic  acid  quickly  changes 
calomel  into  corrosive  sublimate  and 
metallic  mercury.  In  hot  nitric  acid 
it  dissolves,  evolving  nitric  oxide. 
In  the  cold,  sulphuric  acid  neither 
dissolves  nor  decomposes  it,  but  the  action  of  hot 
sulphuric  acid  is  to  produce  the  higher  chloride,  a 
sulphate  of  mercuric  oxide,  and  sulphurous  acid  gas, 
thus — 


Fig.  367. 


Hg2Cl 


HgCl  -f 


Subchloride  of  mercury. 


Chloride  of  mercury. 


HgO  SOs 

I  *  v 

Sulphate  of  mercury. 


+ 


so. 


Sulphurous  add. 


Solutions  of  the  fixed  alkalies  convert  it  into  black 
oxide,  and  by  ammonia  it  is  changed  into  the  double 
salt,  2  (Mg  NH„),  Hg2  CI,  which  is  also  black.  This 
amide  compound  is  different  from  that  which  is  formed 
when  calomel  and  dry  ammonia  are  brought  in  contact; 
the  last  has,  according  to  Kane,  the  formula  2  Hg2 
Ci,H  NH2. 

The  trade  adulterations  of  calomel  are  chalk,  sulphate 
of  baryta,  carbonate  of  lead,  common  salt,  sal  ammoniac, 
and  sometimes  a  little  corrosive  sublimate.  For  the  de- 
tection of  all  impurities,  the  Edinburgh  college  directs 
that  heat,  sulphuric  ether,  and  solution  of  caustic  potassa 
should  be  employed.  Calomel,  if  pure,  is  entirely 
volatilized  by  heat,  all  fixed  impurities  will  therefore 
be  found  in  the  residue,  whilst  the  sublimate  may 
contain,  besides  calomel,  the  mercuric  chloride  and  sal 
ammoniac.    These  impurities  being  soluble  in  water, 
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a  solution  is  readily  obtained  containing  both,  and 
this  liquid,  when  acted  on  by  aqua  potassa?,  gives  a 
yellow  precipitate  or  cloud ;  after  which,  if  gently 
heated,  fumes  of  ammonia  will  be  given  off,  produc- 
ing, in  contact  with  muriatic  acid,  the  white  vapors 
of  muriate  of  ammonia.  Or  the  liquid  may  be  gently 
evaporated,  and  the  solid  residue  treated  with  solution 
of  caustic  potassa,  after  which  the  volatile  ammonia 
may  also  be  brought  in  contact  with  the  hydrochloric 
acid  vapor. 

The  fixed  residue  supposed  to  contain  barytic,  sul- 
phate, white  lead,  and  chalk,  may  now  be  treated  with 
pure  and  dilute  nitric  acid;  any  insoluble  matter  still 
remaining  is  set  aside  for  examination,  and  the  solution 
in  nitric  acid,  which,  if  it  was  attended  with  efferves- 
cence, showed  the  presence  of  carbonic  acid,  may  be, 
if  necessary,  diluted  with  water.  Solution  of  sulphide 
of  hydrogen  gas  is  then  added,  and  a  black  precipitate 
obtained,  if  lead  be  present.  The  clear  liquid  filtered 
from  the  plumbic  sulphide  is  next  neutralized  by  am- 
monia, and  oxalate  of  ammonia  added.  A  white  pre- 
cipitate proves  the  presence  of  lime. 

Returning  now  to  the  insoluble  residue  from  the 
nitric  solution,  which  may  still  contain  sulphate  of  lead 
and  sulphate  of  baryta — the  solid  matter  may  at  once 
be  tested  with  a  drop  of  sulphide  of  ammonium. 
If  lead  be  present,  it  will  be  immediately  blackened. 
If  otherwise,  then  having  been  well  washed  with  water, 
it  may  be  boiled  with  pure  carbonate  of  potassa,  the 
solution  filtered,  excess  of  alkaline  carbonate  in  the 
liquid  expelled  by  pure  hydrochloric  acid,  and  after- 
wards chloride  of  barium  added  to  detect  the  presence 
of  sulphuric  acid.  If  a  white  precipitate  is  observed, 
then  the  white  matter  left  on  the  filter  is  carefully 
washed  and  dissolved  in  a  small  portion  of  pure  hydro- 
chloric acid;  to  this  liquid  dilute  sulphuric  acid  is  next 
added,  and  a  precipitate  of  sulphate  of  baryta  is  ob- 
tained. 

It  is  well  known  that  calomel  boiled  with  water,  very 
slightly  acidulated  with  hydrochloric  acid,  and  contain- 
ing a  slip  of  clean  copper,  gives  a  deposit  on  that  metal 
of  metallic  mercury.  In  the  case  of  a  solution  of  cor- 
rosive sublimate,  the  same  test  may  be  employed,  or 
the  following  neat  arrangement  may  be  adopted : — A 
drop  of  the  liquid  is  placed  on  a  sovereign,  and  an  iron 
key  is  placed  so  that  one  part  is  immersed  in  the  liquid 
whilst  another  touches  the  gold  of  the  coin.  At  the 
former  point  a  brilliant  mercurial  stain  is  immediately 
produced  by  the  galvanic  current.  A -copper  coin 
may  take  the  place  of  the  gold,  in  which  case  a  strip  of 
clean  zinc,  slightly  arched,  must  be  substituted  for  the 
iron  key. 

Finally,  it  being  established  that  the  solution  con- 
tains mercury,  the  identification  of  it,  as  the  bichloride, 
may  be  easily  effected  by  solutions  of  nitrate  of  silver, 
caustic  ammonia,  iodide  of  potassium,  and  protochloride 
of  tin. 

Medicinally,  calomel  is  the  mildest  and  most  gene- 
rally employed  of  all  mercurials.  It  is  irritant,  however, 
in  large  doses,  and  to  some  constitutions,  violently  so. 
In  small  doses,  and  especially  when  combined  with 
opium,  it  is  sedative  and  antiphlogistic.  Even  alone, 
it  possesses  a  cathartic  action;  but  this,  like  the  pre- 


ceding, is  rendered  more  certain  by  combining  it  with 
evacuants,  as  jalap  and  colocynth.  Combined  with 
digitalis  or  squills  it  is  an  effective  diuretic,  and  its 
diaphoretic,  like  its  sedative  properties,  are  best  deve- 
loped in  combination  with  opium.  Its  alterative 
properties  are  most  generally  produced  by  the  use 
of  small  doses  daily,  or  it  may  be  given  along 
with  the  golden  sulphide  of  antimony,  as  Plummets 
pill. 

The  Editor  trusts,  however,  that  before  many  years 
are  over,  medical  men  will  have  abolished  the  admi- 
nistration of  all  hydrargic  compounds,  which  can  only 
have  a  baneful  effect  upon  the  system. 

Protochloride  of  Mercury. —  Corrosive  Sublimate. — ■ 
This  combination  of  mercury,  though  containing  the 
same  elements  as  the  last  described  compound,  has  very 
different  properties,  and,  in  a  medical  point  of  view, 
is  much  more  active.  It  has  been  known  from  time 
immemorial,  though  the  first  description  of  it  was  given 
by  Gebee  of  Thus,  in  Persia,  who  lived  in  the  ninth 
century ;  and  it  has  occupied  ever  since  a  prominent 
place  in  the  materia  medica  of  succeeding  physicians.  It 
may  be  prepared  by  acting  upon  the  sulphate  of  prot- 
oxide of  mercury  by  various  metallic  chlorides  in  solution 
— chloride  of  barium  for  instance— when  a  chloride  of 
mercury  is  produced,  together  with  a  sulphate  of  the 
base  of  the  precipitant.  If  the  latter  be  insoluble,  as 
in  the  case  of  baryta,  the  mercurial  chloride  may  be 
obtained  by  evaporating  the  filtered  liquor  to  dryness. 
Alkaline  chlorides,  chloride  of  magnesium,  and  other 
similar  salts,  effect  the  same  changes,  but  slowly.  By 
bringing  together  the  vapor  of  mercury  and  chlorine 
gas,  in  the  equivalent  proportions,  it  is  likewise  pro- 
duced. 

None  of  these  methods  are,  however,  followed  in  its 
manufacture,  recourse  being  always  had  to  the  dry  pro- 
cess of  subliming  a  mixture  of  chloride  of  sodium  and 
sulphate  of  mercury,  when  a  chloride  of  the  latter  and 
sulphate  of  soda  are  formed,  the  mercurial  compound 
being  expelled  by  the  heat.    Thus : — 

Hg  0  S03    +    Na  CI   =:   Hg  CI   -f   Na  0  S03 

Sulphnte  of  Chloride  of        Chloride  of  Sulphnte  of 

mercury.  sodium.  mercury.  soda. 

Considerable  quantities  of  this  compound  were  pre- 
pared by  the  Dutch  manufacturers  before  the  knowledge 
of  its  formation  became  more  general.  Their  mode  of 
procedure  was  to  mix  equal  parts  of  nitrate  of  mercury, 
decrepitated  salt — chloride  of  sodium — and  calcined  or 
white  martial  vitriol — subsulphate  of  the  sesquioxide  of 
iron — and  introduce  the  composition  into  a  matrass, 
filling  only  one-third  its  capacity.  The  vessel  was  then 
imbedded  in  the  sand  bath,  and  heat  applied  till  its 
bottom  assumed  a  dull  red,  when  a  series  of  decom- 
positions took  place,  by  which  chloride  of  mercury  was 
produced  and  sublimed,  whilst  sulphate  of  soda  and 
sesquioxide  of  iron  remained  in  the  matrass,  and  the 
nitric  acid,  after  suffering  decomposition,  was  evolved 
as  nitrous  acid,  quadroxide  of  nitrogen — N04 — and 
oxygen.  Another  process  was  to  cause  metallic  mer- 
cury, chloride  of  sodium,  saltpetre,  nitrate  of  potassa, 
and  martial  vitriol  to  react  upon  one  another  in  the 
matrass  by  heat,  when  corrosive  sublimate  resulted. 
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Gmelin  gives  the  rationale  of  this  operation  in  the 
formula — ■ 

Hg       -f-        Na  CI       +       KO,  N05  + 

Mercury.  Chloride  of  sodium.  Nitrate  ofpotassa. 

Fe2  0„  2  S03     =      Hg  CI      +      Na  0  S03  + 

Basic  sesquisulphate  of  iron.  Chloride  of  mercury.         Sulphate  of  soda. 

.    KO  S03        +        Fe2  03        +  N04 

Sulphate  of  potassa.  Sesquioxido  of  iron.        Peroxide  of  nitrogen. 

Kunkel  improved  upon  the  process  by  producing  first 
a  sulphate  of  the  protoxide  of  mercury,  by  acting  on 
the  metal  with  oil  of  vitriol,  and  heating  in  a  matrass 
equal  parts  of  this  and  common  salt.  Subsequently, 
Fourcroy,  in  order  to  dispense  with  the  first  operation, 
directed  to  employ  sulphuric  acid,  mercury,  and  com- 
mon salt,  to  submit  the  mass  to  heat,  and  finally  to 
sublime  it.  In  practice,  the  proportions  taken  were 
ten  parts  of  mercury,  eight  of  common  salt,  eleven  of 
sulphuric  acid,  six  of  peroxide  of  manganese,  and  three 
of  water.  The  decomposition  in  this  case  may  be 
represented  thus — 

Hg   +       Na  CI      +   HO  S03     +    HnOj  = 

Mercury.        Chloride  of  eodium.    Sulphuric  acid.  Binoxide  of 

manganese. 

HgCl      +   NaOS03    +    HO      +     Mn  0 

Chloride  of  mercury.    Sulphate  of  soda.  Water.  Protoxide  of  manganese. 

That  is,  there  is  formed,  in  the  first  instance,  a  sulphate 
of  mercury  by  the  concurrent  oxidation  of  the  binoxide 
of  manganese  and  the  action  of  the  sulphuric  acid,  and 
this  sulphate  is  afterwards  decomposed  in  the  heat  by 
the  salt  chloride  of  mercury  being  formed  and  expelled 
to  the  upper  part  of  the  mattrass  ;  sulphate  of  soda  and 
protoxide  of  manganese  being  left  in  the  bottom  of  the 
vessel. 

The  London  college  directs  that  one  pound  of  mer- 
cury be  boiled  with  thirty-one  fluid  ounces  of  sulphuric 
acid,  and  that  the  dry  bipersulphate  is  to  be  mixed  with 
half  a' pound  of  salt,  and  sublimed. 

In  the  receipt  of  the  Edinburgh  college,  the  process 
for  preparing  calomel  and  corrosive  sublimate  is  the 
same,  with  the  exception  that  only  half  the  quantity 
of  mercury  is  taken  for  the  latter. 

The  Dublin  college  at  first  prepares  the  sulphate  of 
mercury,  and  intimately  mixes  this  in  fine  powder  with 
dried  common  salt,  likewise  ground,  in  the  proportion 
of  two  of  the  former  to  one  of  the  latter,  subjecting  the 
mixture  to  heat  in  an  iron  pot  lined  with  clay,  to  which 
an  earthen  head  is  adapted.  In  either  of  these  opera- 
tions the  temperature  at  which  the  salt  is  sublimed 
should  not  be  too  elevated,  as  in  this  case  the  chloride 
would  fuse  and  fall  back  into  the  vessel,  and  thus  occa- 
sion a  loss. 

In  the  formation  of  the  sulphate  of  mercury,  prepa- 
ratory to  subliming  it  with  common  salt,  the  materials 
are  introduced  into  a  cast-iron  boiler,  placed  in  brick- 
work, having  a  fire  beneath  it,  and  surmounted  by  a 
hood,  to  carry  off  the  noxious  gas  evolved  into  the 
chimney.  The  heat  required  to  effect  the  union  of  the 
mercury  with  the  acid  is  moderate.  In  the  course  of 
the  action,  one  portion  of  the  acid  is  decomposed 
vol.  n. 


into  oxygen,  and  sulphurous  acid,  which  escapes; 
the  oxygen  unites  with  the  metal,  and  the  oxide  so 
formed,  is  salified  by  a  second  equivalent  of  sulphuric 
acid  ;  the  mass  forms  a  thick  magma,  and  continues  to 
evolve  sulphurous  acid  as  long  as  any  metal  remains 
unoxidised.  Some  subsulphate  is  apt  to  be  produced ; 
but  as  it  is  necessary  for  the  purity  of  the  chloride 
which  is  intended  to  be  obtained  from  this,  to  have  the 
whole  of  the  metal  in  the  state  of  protosulphate,  a 
quantity  of  acid  should  be  employed  at  the  end  of  the 
process,  before  the  drying  of  the  salt.  The  better  to 
insure  this,  several  tests  may  be  made  with  a  portion 
of  the  sulphate  from  time  to  time,  by  suspending  it  in 
water  saturated  with  chloride  of  sodium ;  when  the 
whole  dissolves,  it  is  evident  that  all  the  mercury  is 
in  the  form  of  protosulphate ;  but  should  a  white 
deposit  be  formed,  it  indicates  that  a  sulphate  of  the 
suboxide  still  remains.  When  the  sulphate  is  pre- 
pared, it  is  mixed  with  the  requisite  quantity  of  alkaline 
chloride,  and  a  little  binoxide  of  manganese — one  part 
to  ten  of  the  mercuric  sulphate  operated  upon — and 
allowed  to  remain  during  two  or  three  days,  with  the 
view  of  effecting  a  thorough  decomposition.  At  the  ex- 
piration of  this  period  the  fire  is  lighted,  and  a  gentle  heat 
maintained  till  all  moisture  has  evaporated ;  after  which, 
the  mass  is  put  into  the  sublimers,  which  may  be  of 
green  glass,  resting  on  cast-iron  plates,  and  imbedded 
in  sand  up  to  the  neck.  In  large  factories,  the  sub- 
liming furnace  is  usually  an  oblong,  capable  of  holding 
about  one  hundred  matrasses,  and  heated  by  fires  sym- 
metrically disposed  along  the  longer  side.  These  are 
generally  covered  by  a  prismatic  conical  hood,  from 
which  a  pipe  leads  into  the  chimney,  with  the  view  of 
carrying  off  any  escaping  vapors  of  the  mercurial  com- 
pound, and  for  which  use,  to  be  effectual,  the  chimney 
should  have  a  good  draught.  The  most  important  part 
of  the  business  is  the  regulation  of  the  heat,  which,  in 
the  first  instance,  disengages  moisture,  and  after  this 
the  mercurial  salt  begins  to  be  volatilized.  At  this 
stage  a  small  glazed  conical  vase  is  inverted  on  the 
neck  of  each  matrass,  in  order  to  arrest  any  vapors 
which  may  make  their  escape.  When  white  vapors 
are  observed,  it  is  a  certain  sign  that  the  heat  is  too 
strong,  in  which  case  the  vessel  must  be  cooled  by 
removing  a  portion  of  the  sand  from  its  upper  part. 
Towards  the  end  of  the  sublimation  the  blast  must 
be  increased,  with  the  view  of  bringing  the  sublimed 
chloride  nearly  to  its  fusing  point,  for  the  purpose  of 
causing  it  to.  adhere  together  in  a  compact  cake ;  but 
for  reasons  already  assigned,  the  temperature  must  not 
be  carried  too  far,  since  this  would  occasion  a  loss. 
After  the  sublimation  the  fire  is  withdrawn ;  and  as 
soon  as  the  sand  has  sufficiently  cooled,  the  matrasses 
are  taken  out  and  broken  in  the  middle  as  gently  as 
possible,  so  as  not  to  detach  the  crust  of  salt  upon  the 
upper  part.  Finally,  the  fragments  of  glass  and,  dis- 
colored parts  are  removed,  and  the  pure  cakes  set  aside 
to  be  ground  and  packed. 

Any  subchloride  of  mercury  which  may  happen  to 
be  formed  during  the  sublimation,  owing  to  its  not 
being  so  volatile  as  corrosive  sublimate,  forms  a  whitish 
ring  on  the  lower  part  of  the  sublimed  crust,  and  thus 
admits  of  being  removed.  Such  portions  may  be  added 
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in  the  succeeding  charge  which  is  being  converted  into 
sulphate,  and  afterwards  re-sublimed. 

Properties. — Ordinary  sublimed  chloride  of  mer- 
cury is  a  white  satiny  substance  having  a  crystalline 
appearance,  although  often  no  distinct  order  can  be 
distinguished.  If,  however,  the  sublimation  be  effected 
at  a  low  heat,  and  as  slowly  as  possible,  crystals  appear, 
having  the  shape  of  flattened  tetrahedral  prisms,  Fig. 

368,  with  a  specific  gravity  of  5-4. 
Fig-SG8.        The  sublimed  salt  appears  more  or 
^0S$^^S^~y\  'ess  translucent,  and  when  in  thin 

S/fBKm  ''raS'men'3  often  transparent.  In  the 
heat  it  is  very  volatile,  entering 
first  into  fusion  before  it  is  dissemi- 

ffH  nated.  According  to  Faraday,  the 

iH  '    sa'*  v°latu>zes  a*  ordinary  tempera- 

Ijl/  tures,  but  Reigel  found  this  not  to 

^JIIIppB^  be  the  case.  Water  dissolves  it  very 
readily ;  sixteen  parts  are  required  in  the  cold,  but 
three  parts  at  212°  are  sufficient  to  dissolve  one  part  of 
it,  and  the  liquid  reacts  acid  to  test-paper.  A  hot, 
concentrated,  aqueous  solution  of  mercurial  chloride 
deposits  crystals  on  cooling,  which  slightly  differ  in 
appearance  from  those  obtained  by  sublimation :  they 
are  anhydrous.  Alcohol  and  .ether  also  take  it  up 
very  freely ;  seven  parts  of  cold  alcohol  dissolve  three 
of  corrosive  sublimate,  but  the  same  quantity  at  a 
boiling  temperature  takes  up  six  parts  of  the  salt. 
When  sulphuric  ether  is  added  to  a  solution  of  corro- 
sive sublimate  in  water,  the  mobile  liquid  abstracts 
the  salt,  and  an  ethereal  solution  of  chloride  of  mercury 
floats  on  the  water,  which  is  more  or  less  reduced  of 
its  saline  constituent.  Acids  aid  in  the  solution  of 
this  body  in  water,  without,  however,  causing  any 
decomposition  or  alteration  of  it.  Hydrochloric  acid 
converts  it,  however,  into  a  hydrochloride  of  chloride 
of  mercury;  sulphide  of  hydrogen  in  excess  gives 
rise  to  a  black  protosulphide  of  mercury,  but  if  this 
agent  be  sparingly  added,  a  compound  of  sulphide 
and  chloride  of  mercury  is  produced.  Potassa  in 
excess  throws  down  the  protoxide,  but  if  the  solu- 
tion be  not  saturated  with  the  alkali,  a  white  oxy- 
chloride  separates.  Ammonia  gives  rise,  also,  to  an 
amidochloride  of  mercury,  which  an  excess  of  am- 
monia dissolves.  A  solution  of  iodide  of  potassium 
throws  down  a  scarlet  precipitate  of  iodide  of  mercury. 
Protochloride  of  tin  causes  at  first  a  reduction  to  the 
subchloride  of  mercury,  which  precipitates ;  but  this  also 
becomes  reduced  to  the  metallic  state,  hydrochloric 
acid  being  set  free  in  the  liquid.  By  exposure  to 
sunlight  an  aqueous  solution  of  the  salt  suffers  decom- 
position into  calomel,  hydrochloric  acid,  and  oxygen, 
thus : — 

2  Hg  CI  +  HO  =  Hg2  CI  +  HC1  +  0 

It  is  likewise  decomposed  by  various  substances,  me- 
tallic, non-metallic,  and  organic ;  the  latter  usually 
converting  it  to  the  state  of  subchloride.  It  forms  in- 
soluble, or  at  least  but  very  partially  soluble  precipi- 
tates with  albumen  and  fibrin. 

The  centesimal  composition  of  protochloride  of  mer- 
cury corresponds  with  the  chemical  formula  Hg  CI,  as 
shown  in  the  annexed : — 


Centeaimally. 

At  Weight. 

100  , 

73-86 

35-5 

26-14 

1  Eq.  of  chloride  of  mercury,  .. 

135-5 

100-00 

Vol. 

Specific  Gravity. 

.  1  .. 

,  .  6-9300 

.  1  .. 

.  2-4543 

Vapour  of  chloride  of  mercury, 

..  1 

. . .  6-3843 

On  all  animals  the  effects  of  chloride  of  mercury  are, 
as  its  technical  name  implies,  those  of  a  corrosive 
poison,  and  by  its  external  application  even,  it  has 
proved  fatal  to  man.  When  swallowed  in  any  quantity, 
the  symptoms  come  on  almost  immediately.  Indeed,  the 
rapidity  of  their  appearance  and  the  strong  metallic 
taste  which  is  experienced,  are  among  the  phenomena 
which  strongly  distinguish  cases  of  poisoning  by  this 
agent  from  those  occasioned  by  arsenic.  According 
to  Wright,  the  best  antidote  against  its  poisonous 
action  is  the  white  of  egg  suspended  in  water  and 
milk — one  egg  is  said  to  be  required  for  every  four 
grains  of  the  poison  ;  hydrated  sesquioxide  of  iron  has 
also  been  recommended,  and  likewise,  on  account  of  the 
gluten  it  contains,  wheat-flour  and  water.  In  this 
country  it  is  little  employed  internally  for  allaying 
human  maladies  ;  and  even  its  external  application  is 
not  free  from  danger.  In  veterinary  practice,  however, 
it  is  frequently  used,  especially  in  the  form  of  ointment 
or  wash. 

The  salt  has  been  extensively  employed  for  the  pre- 
servation of  subjects  of  natural  history,  and  likewise 
for  preserving  wood  against  the  dry  rot. 

Compound  Chlorides  of  Mercury. — Corrosive  subli- 
mate is  capable  of  entering  into  combination  with 
hydrochloric  acid  and  most  of  the  metallic  chlorides, 
forming  well-defined  crystallizable  salts.  Thus,  with 
hydrochloric  acid  it  produces  a  compound,  expressed 
by  Hg  CI,  HC1  or  Hg  Cl2,  HO ;  with  chloride  of  potas- 
sium, Hg  CI,  KC1,  2  HO,  2  Hg  CI,  KC1,  4  HO,  and 
4  Hg  CI,  KC1,  8  H02.  Soda,  lithia,  baryta,  strontia, 
calcia,  and  magnesia  salts  react  in  the  same  way,  as 
also  the  chlorides  of  manganese,  iron,  nickel,  and 
cobalt,  all  of  which  produce  with  the  mercurial  salt 
well-defined  crystalline  compounds. 

The  same  compound,  when  cautiously  treated  with 
a  dilute  solution  of  a  fixed  caustic  alkali,  or  with  one 
of  the  carbonates  of  the  alkalies,  gives  rise  to  a  com- 
pound of  chloride  and  oxide  of  mercury,  having  the 
composition  Hg  CI,  3  Hg  O — a  chloride  of  the  alkali  in 
the  first  case,  and  a  bicarbonate  in  the  second  instance, 
being  formed.  All  these,  however,  though  interesting 
to  the  theoretical  chemist,  are  as  yet  of  no  practical 
utility,  and  therefore  will  not  be  discussed  here  at 
greater  length.  At  the  same  time  there  is  one  com- 
bination which  arises  from  the  addition  of  ammonia  to 
a  solution  of  chloride  of  mercury,  that  has  many  valu- 
able properties  in  medicine,  and  on  that  account  merits 
a  short  description,  namely : — 

Amido-  Chloride  of  Mercury — White  Precipitate. — 
This  compound  is  obtained  by  adding  to  a  solution  of 
two  equivalents  of  the  chloride  of  mercury — 271  parts 
— in  a  large  quantity  of  water,  a  solution  of  ammonia 
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as  long  as  a  precipitate  is  formed,  collecting  the  sepa- 
rated substance,  washing  with  cold  water,  and  drying. 

For  a  long  time  this  body  was  thought  to  be  iden- 
tical with  calomel,  till  Rammelsberg  showed  it  to  be 
different,  and  Kane  demonstrated  its  true  composition, 
in  his  researches  on  the  Amides.  The  reactions  in  its 
formation  may  be  expressed  thus  : — 

2  Hg  CI  -f  2  NH4  0  =  Hg  CI  Hg  NH2  +  NH4  CI  +  2  HO 

That  is  to  say,  one  equivalent  of  the  volatile  alkali 
suffers  decomposition  into  amidogen — NH2 — water  and 
hydrogen ;  the  amidogen  takes  an  equivalent  of  the 
mercury  from  the  corrosive  sublimate  and  sets  free 
chlorine,  which  seizes  on  the  ammonium  of  the  second 
equivalent  of  the  alkali,  and  forms  chloride  of  ammo- 
nium, thus  liberating  its  oxygen  to  the  hydrogen  set 
free  in  the  first  change. 

Amido-chloride  of  mercury  forms  a  snow-white  mass, 
without  odor,  but  possessing  a  nauseous  metallic  taste. 
It  requires  for  solution  about  six  hundred  parts  of  water, 
but  the  mineral  acids  readily  dissolve  it.  When  heated 
it  volatilizes  without  fusing,  but  Wittstein  states  that 
the  same  compound,  when  obtained  from  chloride  of 
mercury,  chloride  of  ammonium,  and  a  fixed  alkaline 
carbonate,  melts  in  the  heat  before  dissipation.  In 
either  case  the  compound  is  completely  broken  up  into 
corrosive  sublimate,  ammoniacal  gas,  and  nitrogen,  as 
shown  by  the  equation  :■ — 

3  (Hg  CI,  N  H2  Hg)  =  3  Hg2  CI  +  2  N  H3  +  N. 

When  the  precipitate  is  boiled  in  water,  chloride  of 
ammonium  is  produced,  and  a  heavy  yellow  powder 
composed  of  two  equivalents  of  protoxide  of  mercury, 
one  of  protochloride,  and  one  of  amide  of  mercury 
falls.  Potassa  likewise  changes  it  into  oxide  and 
chloride  of  the  metal,  ammonia  being  evolved.  Caustic 
ammonia  has  no  apparent  action,  and  hence  this  alkali 
serves  to  distinguish  it  from  calomel,  which  is  turned 
grey  or  blackish  by  it.    Its  composition  is  given  : — 

Centesiraally. 
At.  weight.  Theory.  Kane. 

2  Eqs.  of  mercury   200-0    79-522    78-60 

1  Eq.  of  chlorine,   S5-5   14-115   13-85 

1  Eq.  of  nitrogen,   14-0   5-566  . . . .  1  „  „, 

2  Eqs.  of  hydrogen,   2-0   0-795   jb'6' 

Water,   —  ....  -       ....  0-58 

251-5  99-998  99-40 

Or, 

CentcBimally. 
At.  weight.  Theory. 

1  Eq.  of  chloride  of  mercury, ... .  135-5    53-876 

1  Eq.  of  amide  of  mercury,   116-0    46-124 

251-5  100-000 

This  compound,  in  a  physiological  point  of  view,  has 
been  but  imperfectly  studied.  It  is,  however,  regarded 
as  an  energetic  poison,  in  this  exhibiting  a  similarity 
with  corrosive  sublimate.  It  is  never  administered 
internally,  but  may  be  used  externally  in  the  form  of 
an  ointment,  and  is  efficacious  in  various  skin  diseases. 
In  cases  of  poisoning  with  this  substance,  albuminous 
antidotes,  such  as  are  given  to  reduce  the  action  of 
corrosive  sublimate,  serve  best.  It  is  said  that  white 
precipitate  is  much  adulterated  with  sulphate  of  lime, 


carbonate  of  lime,  and  carbonate  of  lead.  The  extent 
of  the  adulteration  may  readily  be  found  by  heating  a 
weighed  quantity,  and  weighing  the  residue  should  any 
be  left. 

Iodide  of  Mercury. — Iodine  and  mercury  are  capa- 
ble of  entering  into  several  states  of  combination ;  and 
some  of  the  compounds  so  formed  are  capable  of  con- 
stituting binary  salts  with  the  alkaline  iodides.  Thus, 
there  is  the  green  iodide  of  mercury,  Hg2I;  the  yellow 
iodide,  Hg3I2  =  Hg2I,  Hgl,  and  the  red  iodide, 
Hg  I.  The  latter  compound  produces,  with  iodide  of 
potassium,  a  mono-  bi-  and  tri-iodrargyrate  of  potas- 
sium, the  composition  of  which  respectively  is  Hg  I,  KI ; 
2  Hg  I,  K  I,  6  HO,  and  3  Hg  I,  K  I.  There  are  formed 
similar  compounds  from  the  iodide  of  mercury  and  the 
soluble  chlorides,  but  as  objects  of  manufacture,  they 
are  of  no  interest.  Respecting  the  manufacture  of 
the  scarlet  iodide  of  mercury,  the  reader  will  find  par- 
ticulars under  iodine  at  page  398. 

Fulminate  of  Mercury. — Fulminating  Mercury  ; 
Mercure  fulminante,  French;  IcnallquechsUber,  Ger- 
man.— Thisvery  explosive  compound  was  first  described 
by  Howard  in  the  Philosophical  Transactions  for  1800. 
Brande  gives  the  following  method  for  its  prepara- 
tion : — One  hundred  grains  of  mercury  are  treated  with 
an  ounce  and  a  half  by  measure  of  nitric  acid,  aided  by 
heat  in  a  porcelain  basin,  till  the  whole  is  dissolved. 
As  soon  as  the  liquid  is  cold,  two  ounces  by  measure 
of  alcohol,  specific  gravity  -85,  are  added,  and  a  gentle 
heat  applied.  Brisk  action  takes  place,  ethereal  vapors 
being  copiously  evolved,  and  a  yellow-grey  precipitate 
deposited,  which  is  the  compound  in  question.  If  the 
effervescence  be  too  brisk,  the  vessel  should  be  with- 
drawn from  the  heat,  and  its  contents  cooled  by  the 
addition  of  more  alcohol.  As  soon  as  the  precipitate 
has  formed,  it  is  to  be  well  washed  by  decantation 
and  filtration,  only  a  small  quantity  of  distilled  water 
being  used  in  the  latter  process.  The  temperature  at 
which  the  compound  is  dried  should  not  exceed  100°, 
and  only  small  quantities  ought  to  be  operated  upon  at 
a  time  to  guard  against  an  explosion.  One  hundred 
and  twenty  grains  of  the  fulminate  are  obtained  from 
the  above  quantity  of  mercury  when  the  operations  are 
successfully  conducted.  It  happens  that  on  the  addi- 
tion of  the  alcohol,  a  portion  of  the  mercuric  salt  is 
reduced  to  the  state  of  metal,  but  this  can  be  separated 
from  the  yellowish  salt  after  the  spirit  is  decanted  by 
treating  with  boiling  water,  in  which  the  fulminate  is 
soluble ;  and  by  filtering  off  the  liquor  and  setting  it 
aside  to  cool,  the  salt  separates  in  silky  acicular  crys- 
tals. When  it  is  required  to  prepare  it  in  large  quan- 
tities, the  course  followed  is  to  dissolve  one  part  of 
mercury  in  twelve  of  nitric  acid  of  1-36  specific  gravity, 
and  to  add  eleven  parts  of  alcohol,  specific  gravity 
•850,  when  the  solution  is  cold.  On  slightly  heating 
the  vessel,  brisk  action  takes  place  as  above  stated, 
and  similar  effects  are  produced.  The  separated  metal 
is  removed  from  the  explosive  compound  by  boiling 
water,  from  which  the  fulminate  is  deposited  on  cooling 
in  silky  crystals.  Cremascoli  directs,  as  the  safest 
method,  to  treat  half  an  ounce  of  the  metal  with  six 
ounces  of  nitric  acid  of  1-30  in  a  flask,  which  should 
be  held  in  boiling  water  for  a  minute  or  so,  and  as 
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soon  as  solution  takes  place,  and  the  temperature  is 
reduced  to  55°,  to  pour  in  four  ounces  of  alcohol  of 
•833  specific  gravity,  and  again  to  immerse  the  flask 
in  boiling  water  for  two  or  three  minutes,  till  dense 
white  vapors  begin  to  fill  the  upper  part  of  the  vessel, 
at  which  period  it  should  be  removed  from  the  heat. 
The  reaction  is  said  to  be  very  moderate  in  this  instance, 
and  the  whole  of  the  fulminate  falls  down  in  the  course 
of  a  few  hours,  when  it  may  be  purified  by  decantation 
and  washing. 

Fulminate  of  mercury  forms  an  extremely  dangerous 
substance  to  operate  upon,  owing  to  the  readiness  with 
which  it  explodes,  the  violence  of  which  has  repeatedly 
been  the  cause  of  serious  injury,  and  even  of  loss  of  life. 
It  detonates  strongly  when  struck  with  a  hard  body  ; 
but  sometimes  trifling  friction  may  serve  to  produce 
this  effect,  even  when  in  a  moist  state.  Heated  to  300° 
it  explodes,  and  at  the  same  time  evolves  a  bright  flame ; 
the  electric  spark,  and  contact  with  strong  nitric  and 
sulphuric  acids,  also  induce  its  decomposition,  which  is 
invariably  accompanied  with  explosion.  The  products 
resulting  from  it,  when  detonated,  are  carbonic  acid, 
nitrogen,  and  vapor  of  mercury.  Its  chemical  formula 
is  expressed  by  2  HgO,  C4  N2  02,  or  2  HgO,  Cy2  02, 
that  is,  two  equivalents  of  protoxide  of  mercury  and 
one  of  fulminic  acid. 

Fulminating  mercury  has  been  much  used  since  its 
discovery  for  the  manufacture  of  percussion  caps  for 
guns,  and  latterly  has  been  employed  in  the  construction 
of  destructive  machines,  such  as  grenades  and  the  like. 
Howakd  endeavoured  to  substitute  it  for  gunpowder, 
but  was  unsuccessful,  owing  to  the  nature  of  its  explo- 
sion, which  is  such  as  to  destroy  the  gun  by  its  sudden- 
ness and  force  without  expelling  the  shot.  When  used 
for  priming  percussion  caps  it  may  be  moistened  with 
a  little  resinous  tincture,  and  dropped  into  the  little 
capsule,  but  the  universal  practice  is  to  mix  it  with 
about  six  per  cent,  of  nitrate  of  potassa  and  water,  suf- 
ficient to  reduce  the  whole  to  a  thin  paste.  A  small 
quantity  of  this  is  dropped  into  each  cap,  and  carefully 
dried  at  a  low  heat. 

Analysis  of  Mercurial  Matters. — Already  a  short 
description  of  the  method  of  analysis  pursued  in  deter- 
mining the  richness  of  mercurial  ores  has  been  given, 
and  although  the  system  of  analysis  to  which  reference 
will  now  be  made  is  analogous  to  that  described,  still, 
since  it  is  more  applicable  to  mercurial  compounds  in 
general,  it  deserves  a  short  space  here.  It  is  known  as 
Millon's  method,  and  is  conducted  as  follows : — 

A  hard  German  glass  tube,  such  as  is  generally 
employed  in  organic  analysis,  is  taken  and  drawn  out 
in  the  form  represented  by  a,  b,  e,  in  Fig.  369. 

The  part  a  is  intended  for  the  retention  of  the  reduced 
mercury,  and  the  rest,  from  b  to  e,  for  the  reduction  of 
the  ore  or  salt  of  mercury.  A  plug  of  asbestos  is  intro- 
duced into  the  end,  b,  and  then  fragments  of  quicklime 
as  far  as  d;  the  compound  to  be  analysed,  in  quantities 
varying  from  fifteen  to  twenty  grains,  is  then  carefully 
put  in,  and  fills  from  c  to  d,  and  fragments  of  quicklime 
are  made  to  occupy  the  rest  of  the  tube  to  e.  When 
nitric  acid  exists  in  the  compound  to  be  analysed,  cop- 
per turnings  are  substituted  for  the  quicklime  in  the 
part  b  d.    The  extremity,  e,  is  connected  by  perforated 


corks,  quill  tubes,  and  flexible  connectors,  with  the 
apparatus,  g,  for  generating  a  current  of  pure  dry 
hydrogen  gas.  The  charged  tube  being  placed  in  the 
combustion  furnace,  /,  and  connected  with  the  appa- 
ratus, g,  and  filled  with  gas,  ignited  charcoal  is  placed 


Fig.  369. 


round  the  part  from  b  to  e,  and  as  soou  as  this  is  red- 
hot  the  remainder  is  gradually  heated  to  redness  to 
the  end,  the  current  of  gas  being  still  maintained. 
During  this  operation  the  mercury  is  disengaged,  and 
collects  in  the  part,  a,  the  water  which  is  generated  or 
contained  in  the  substance  being  carried  off  by  the 
current  of  hydrogen.  When  the  operation  is  over,  the 
narrow  neck  near  b  is  cut  off,  and  the  part  containing 
the  reduced  metal  weighed;  after  this,  the  metal  is 
taken  out,  and  any  portions  remaining  dissolved  with 
nitric  acid,  then  washed  with  distilled  water,  dried  and 
reweighed.  The  difference  of  the  two  results  will  be 
the  weight  of  metal  in  the  sample  operated  upon. 

Provided  no  easily  reduced  metal  be  contained  in  the 
substance  to  be  assayed,  a  quicker  method  may  be 
resorted  to.  It  consists  in  adding  to  the  solution  of  the 
compound,  as  free  from  nitric  acid  as  possible,  proto- 
chloride  of  tin,  acidulated  with  hydrochloric  acid,  and 
collecting  the  precipitated  mercury  on  a  weighed  filter, 
washing  and  drying  under  the  exhausted  receiver,  over 
sulphuric  acid,  and  weighing. 

To  Dr.  Dalzell,  of  Edinburgh,  the  Editor  feels 
indebted  for  much  of  the  valuable  matter  contained  in 
this  article,  and  kindly  supplied  gratuitously  and  un- 
solicited. 

NICKEL. — English,  French,  and  German. — It  was 
Cronstedt  who,  in  1751,  showed  that  nickel  was  a 
distinct  body.  Millek  remarks  that  it  always  occurs 
in  nature  associated  with  iron,  both  as  a  constituent 
of  meteoric  iron,  and  in  the  ores  of  that  metal,  which 
present  a  composition  analogous  to  those  of  cobalt. 
Nickel  may  be  obtained  pure  upon  a  small  scale  by 
dissolving  the  roasted  ore  in  aqua  regia,  evaporating  to 
expel  the  excess  of  acid,  redissolving  in  water,  and 
transmitting  through  the  menstruum  a  current  of  sul- 
phide of  hydrogen.  The  filtrate  is  boiled  with  nitric 
acid,  to  sesquioxidize  the  iron ;  the  solution  is  precipi- 
tated by  an  excess  of  ammonia,  filtered  from  the  ferru- 
ginous oxide,  and  to  the  blue  liquid  potassa  is  added 
until  the  azure  tint  entirely  disappears.  A  pale-green 
precipitate,  consisting  of  hydrated  oxide  of  nickel  and 
potassa,  is  thus  obtained,  which  must  be  well  washed 
with  hot  water  to  remove  the  alkali,  and  then  reduced 
by  ignition  in  a  current  of  hydrogen  gas.  If  heated  for 
an  hour  by  means  of  a  blacksmith's  forge,  in  a  crucible 
lined  with  charcoal,  a  well-fused  button  of  carbide  of 
nickel  is  produced ;  a  globule  of  the  pure  metal  may, 
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however,  be  procured  by  heating  the  oxalate  of  nickel 
intensely  in  a  crucible  with  a  luted  cover,  without  any 
other  reducing  agent  than  the  carbonic  oxide  furnished 
by  the  decomposition  of  the  vegetal  acid. 

Pure  nickel  is  a  brilliant,  silver  white,  ductile  metal, 
little  more  fusible  than  iron.  At  ordinary  tempera- 
tures it  is  susceptible  of  magnetism,  but  it  loses  this 
property  almost  entirely  if  heated  to  a  point  exceeding 
630°,  though  it  recovers  its  magnetic  power  on  cooling. 
Nickel  becomes  oxidized  by  exposure  to  a  current  of 
air  at  an  elevated  heat.  The  metal  is  easily  attacked 
by  nitric  acid  and  aqua  regia,  and  is  dissolved  slowly, 
with  evolution  of  hydrogen,  in  sulphuric  or  in  hydro- 
chloric acid.  Its  specific  gravity  is  8'82 ;  its  symbol 
Ni;  and  its  equivalent  29 '5. 

Sources. — Native  nickel  occurs  at  Westerwald  in 
the  Erzegebirge,  in  Bohemia,  combined  with  arsenic, 
under  the  significant  name  of  kupfernickel ;  with  cobalt, 
iron,  and  copper,  as  arsenic-nickel,  in  the  Hartz ;  at 
Riechelsdorf  in  Hessia,  as  an  oxide,  in  nichelschwartse  ; 
as  a  sulphide  in  haarkies;  as  a  sulphide  and  arseniate 
of  nickel  in  nickelglans;  and  with  sulphur  and  anti- 
mony in  nickelspeisglanzerz,  at  Siegen,  and  near 
Freussberg,  in  the  principality  of  Nassau.  Nickel  is 
always  present  in  meteoric  stones.  Kupfernickel 
occurs  in  numerous  external  shapes ;  as  uniform, 
globular,  botryoidal,  arborescent,  massive,  and  dissemi- 
nated ;  fracture,  coarse  or  fine  grey ;  in  silver  and 
cobalt  veins,  in  gneiss,  sienite,  mica-slate,  kupfer- 
shiefer,  accompanied  by  speiss  cobalt,  native  silver, 
quartz,  et  cetera.  It  is  found  in  Westphalia  near 
Ospe,  in  Hessia  at  Riechelsdorf,  and  Biber  in  Baden  ; 
in  the  Saxon  Erzegebirge,  near  Schneeberg  and  Frei- 
berg; in  Bohemia,  at  Joachimsthal ;  in  Thuringia,  at 
Saalfield ;  in  Steyermark,  near  Schladming ;  in  Hun- 
gary, France,  and  England. —  XJre. 

Subjoined  are  the  analyses  and  characteristic  proper- 
ties of  a  few  of  the  more  important  of  these  minerals : — 

Kupfernickel. — The  composition  of  this  mineral,  as 
stated  by  Stromeyer  and  Pfaff,  is  as  follows  : — 

Contesimally. 

Eiegclsdorf. 

Nickel,   44-20    48-90 

Arsenic,   54-70    48-70 

Iron,   0-33    0-44 

Lead,   0-32    0-96 

Sulphur,   0-45    0-90 

Loss,   —    0-10 

100-00  100-00 

It  is  of  a  copper  or  yellowish-red  hue,  but  acquires 
a  grey  or  blackish  tarnish  by  exposure.  The  specific 
gravity  is  6-6 — 7'6.  It  occm-s  reticulated,  dendritic, 
and  botryoidal,  but  more  commonly  massive ;  never 
crystallized;  streak,  pale  brownish-black.  The  fracture 
is  imperfectly  conchoidal,  or  fine-grained  and  uneven, 
with  a  glistening  or  shining  metallic  lustre ;  it  yields 
to  the  knife  with  difficulty,  and  is  brittle.  Before  the 
blowpipe  it  gives  out  an  arsenical  vapor,  and  then  fuses, 
though  not  very  easily,  into  a  white  metallic  globule. 
After  roasting,  it  usually  tinges  a  bead  of  borax  blue, 
indicating  the  presence  of  a  certain  quantity  of  cobalt. 
In  nitric  acid  it  assumes  a  green  coating,  and  in  aqua 
regia  is  dissolved. 
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Haarkies— Sulphide  of  Nickel. — The  following  is 
Arfedson's  analysis : — 

Centeaimally. 

Nickel,  T64-76    65-74 

Sulphur,   35-24    34-26 

100-00  100-00 

"With  traces  of  cobalt  and  arsenic.  Its  specific  gravity 
is  6-45. 

It  occurs  in  capillary  and  sometimes  diverging  fila- 
ments of  a  yellowish  color,  inclining  to  steel-grey. 
Primary  form  the  cube ;  flexible ;  opaque,  with  a 
metallic  lustre ;  not  magnetic.  Before  the  blowpipe 
on  charcoal,  with  a  good  heat,  it  fuses  into  a  globule 
which  is  metallic,  malleable,  and  magnetic,  and  consists 
wholly  of  nickel ;  hut  in  the  open  tube  it  exhales  the 
smell  of  sulphurous  acid.  With  nitric  acid  it  forms  a 
greenish  solution. 

Nickelspeisglanzerz. — This  mineral  is  generally  a 
combination  of  nickel,  sulphur,  and  antimony,  in  the 
following  proportions : — 

Centesimally. 

Nickel,   27-36 

Sulphur,   16-98 

Antimony,   55-66 

100-00 

Its  specific  gravity  is  6-45 — 6'5,  and  its  primary  form 
a  cube.  It  occurs  in  masses,  which  have  a  granular 
composition,  and  possess  a  steel-grey  or  silver-white 
color ;  lustre,  metallic ;  cleavage,  perfect  parallel  to  the 
faces  of  the  cube ;  brittle.  Before  the  blowpipe  it  is 
partly  volatilized,  disengaging  vapors  of  antimony  and 
sometimes  of  arsenic,  and  ultimately  melts  into  a  metal- 
lic globule,  which  communicates  a  blue  tinge  to  glass 
of  borax.  It  is  acted  upon  by  nitric  acid,  forming  an 
immediate  precipitate,  and  imparting  to  the  solution 
a  greenish  tinge. 

Meteoric  Stones. — A  natural  alloy  of  nickel  and  iron, 
forms  a  principal  metallic  ingredient  in  most  aerolites, 
or  meteoric  stones.  Though  nothing  is  really  known 
of  the  source  or  origin  of  these  bodies,  remarks 
Brande,  it  has  been  ascertained  upon  satisfactory 
evidence,  that  they  are  not  of  terrestial  formation ; 
and,  consequently,  their  visits  to  the  surface  of  this 
planet  have  awakened  much  speculation,  and  some 
experimental  research.  The  first  tolerably  accurate 
narration  of  the  fall  of  a  meteoric  stone  relates  to  that 
of  Ensisheim,  near  Basle,  upon  the  Rhine,  which  fell  in 
1492,  and  weighed  two  hundred  and  fifty-five  pounds. 
The  account  which  is  deposited  in  the  church,  runs 
thus  : — Anno  Domini  1492,  Wednesday,  November 
seventh,  there  was  a  loud  clap  of  thunder,  and  a 
child  saw  a  stone  fall  from  heaven;  it  stuck  into  a 
field  of  wheat  and  did  no  harm,  but  made  a  hole 
there.  The  noise  it  made  was  heard  at  Lucerne, 
Villing,  and  other  places.  On  the  Monday,  King 
Maximilian  ordered  the  stone  to  be  brought  to  the 
castle,  and  having  conversed  about  it  with  the  noble- 
men, said  the  people  of  Ensisheim  should  hang  it  up  in 
their  church,  and  his  Royal  Excellency  strictly  forbade 
anybody  to  take  anything  from  it.  His  Excellency, 
however,  took  two  pieces  himself,  and  sent  another  to 
Duke  Sigismund  of  Austria. 
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In  1627,  November  twenty-seventh,  Gassendi  saw 
a  burning  stone  fall  on  Mount  Vaisir,  in  Provence  ;  he 
found  it  to  weigh  fifty-nine  pounds.  In  1672  a  stone 
fell  near  Verona  weighing  three  hundred  pounds. 
Lucas,  when  in  Larissa  in  1706,  describes  the  falling 
of  a  stone  with  a  loud  hissing  noise,  and  smelling  of 
sulphur.  In  September,  1753,  De  Salande  witnessed 
this  phenomenon  near  Pont  de  Vesle.  In  1768  no  less 
than  three  stones  fell  in  different  parts  of  France.  In 
1790  there  was  a  shower  of  stones  near  Agen,  wit- 
nessed by  Daecet  and  several  other  persons.  On  the 
thirteenth  December,  1795,  a  stone  fell  near  Major 
Toph  am's  house  in  Yorkshire ;  it  was  seen  by  a  plough- 
man and  two  other  persons,  who  immediately  dug  it 
out  of  the  hole  it  had  buried  itself  in ;  it  weighed  fifty- 
six  pounds. 

Various  other  and  equally  satisfactory  accounts  of 
the  same  kind  are  narrated.  All  concur  in  describing 
a  luminous  meteor,  moving  through  the  air  in  a  more 
or  less  oblique  direction,  attended  by  a  hissing  noise, 
and  the  fall  of  stony  or  semimetallic  masses  in  a 
heated  state.  There  exists,  however,  evidence  of 
another  kind,  proving  the  peculiar  origin  of  these  bodies. 
It  is,  that  although  they  have  fallen  in  very  different 
countries  and  at  distant  periods,  when  submitted  to 
chemical  analysis  they  agree  in  component  parts ;  the 
metallic  particles  being  composed  chiefly  of  iron  and 
nickel,  with  magnesia  and  silica. 

Large  masses  of  native  iron  have  been  found  in  dif- 
ferent parts  of  the  world,  of  the  history  and  origin  of 
which  nothing  very  accurate  is  known.  Such  are  the 
great  block  of  iron  formerly  at  Elbogen  in  Bohemia ; 
the  large  mass  discovered  by  Pallas,  weighing  sixteen 
hundred  pounds,  near  Krasnorjark  in  Siberia ;  that 
found  by  Goldberry  in  the  great  desert  of  Zara  in 
Africa ;  probably,  also,  that  mentioned  by  Barrow, 
on  the  banks  of  the  great  Fish-river  in  Southern  Africa ; 
aud  those  noticed  by  Celis,  Humboldt,  and  others, 
in  America,  of  enormous  magnitude,  some  exceeding 
thirty  tons  in  weight.  That  these  should  be  of  the 
same  source  as  the  other  meteoric  stones,  seems  at  first 
incredible ;  but  when  they  are  submitted  to  analysis, 


and  the  iron  they  contain  found  alloyed  with  nickel,  it 
no  longer  seems  credulous  to  regard  them  as  of  meteoric 
origin.  Nothing  of  the  kind  is  found  in  the  earth. 
Two  blocks  of  such  iron  were,  in  fact,  observed  to  fall 
from  a  meteor  at  Hradschina,  near  Agram,  in  Croatia, 
in  1751. 

To  account  for  these  remarkable  visitations  of  me- 
tallic and  lapideous  bodies,  a  variety  of  hypotheses 
have  been  suggested.  Are  they  merely  earthy  matter, 
fused  by  lightning?  Are  they  the  offspring  of  any 
terrestrial  volcano  ?  These  were  once  favorite  notions ; 
there  is  no  instance  recorded  in  which  similar  bodies 
have  in  that  way  been  produced,  nor  do  the  lavas  of 
known  volcanoes  in  the  least  resemble  them ;  to  say 
nothing  of  the  inexplicable  projectile  force  that  would 
be  here  wanted. —  Brande. 

The  notion  that  these  bodies  come  from  volcanoes 
in  the  moon  is  no  longer  received.  The  most  plausible 
hypothesis  is  that  of  Humboldt,  who  supposes  that 
meteoric  stones  are,  in  fact,  small  planets  continually 
wandering  in  myriads  through  the  celestial  spaces,  but 
which  occasionally  come  within  the  earth's  attraction, 
and  fall  to  the  ground. 

In  meteoric  iron  the  proportion  of  nickel  varies 
considerably.  In  a  specimen  from  the  Arctic  region, 
Brande  found  3-2  per  cent.  In  that  from  Siberia, 
Children  obtained  nearly  ten  per  cent.  The  analysis 
may  be  performed  by  solution  in  mtro-hydrochloric 
acid  ;  the  iron  is  thrown  down  by  excess  of  ammonia 
in  the  state  of  sesquioxide ;  it  is  separated  by  filtration, 
washed,  and  dried;  and  on  evaporating  the  filtrate, 
and  heating  its  dry  residue  red-hot,  the  oxide  of 
nickel  is  obtained,  which  should  be  redissolved  in 
nitric  acid,  and  precipitated  by  pure  potassa,  the 
mixture  being  boiled  for  a  few  seconds;  or  the  nitro- 
hydrochloric  solution  may  be  precipitated  by  excess 
of  ammonia,  and  filtered :  the  sesquioxide  of  iron 
remains  upon  the  filter,  and  the  filtrate  is  an  am- 
moniacal  solution  of  nickel,  from  which  the  metal 
may  be  precipitated  by  ferrocyanide  of  potassium. 
The  following  are  some  further  analyses  of  meteoric 
iron : — 


Klaprotb.  M.  do  Rivers  and  Boussingault. 

 a  ^  f  a  ( 

Sciavonia.              Siberia.  From  the  Andes. 

Iron,   96-5    98-5    91-51    91-23    91-76    90-76 

Nickel   3-5    1-5    8-49    8-21    6-36    7-87 

Loaa,   —    —    —    0-56    1-88    1-37 


100-0  100-0  100-00  100-00  100-00  100-00 


Manufacture. — The  nickel  of  commerce  is  chiefly 
obtained  from  kupfernickel,  nickeliferous  pyrites,  and 
from  the  speiss  obtained  as  a  secondary  product  in  the 
treatment  of  nickeliferous  ores  of  cobalt.  The  most 
productive  mines  of  this  metal  are  those  of  Saxony, 
Germany,  and  Norway.  The  preparation  of  pure  nickel 
from  speiss  is  conducted  in  accordance  with  a  method 
first  proposed  by  Woiiler.  The  powdered  speiss  is 
roasted,  first  alone,  and  afterwards  with  the  addition 
of  powdered  charcoal,  to  effect  the  separation  of  its 
arsenic.  The  residue  obtained  by  this  process  is  at  pre- 
sent mixed  with  three  parts  of  sulphur,  and  one  part  of 
carbonate  of  potassa,  and  then  fused  in  a  large  earthen 


crucible.  This  product  is  now  edulcorated  with  warm 
water,  by  which  the  arsenic  and  sulphur  associated 
with  potassium  are  dissolved,  while  the  nickel,  in  the 
form  of  sulphide,  remains  at  the  bottom  of  the  vessel 
in  which  the  operation  has  been  conducted.  "When,  as 
sometimes  happens,  from  the  employment  of  too  high 
a  temperature  at  the  commencement  of  the  roasting, 
the  whole  of  its  arsenic  has  not  been  expelled,  the 
operation  must  be  repeated  on  the  residual  sulphide 
thus  obtained.  As  soon  as  entirely  freed  from  arsenic, 
the  sulphides  are  well  washed  with  warm  water,  and 
then  dissolved  in  sulphuric,  to  which  a  small  quantity 
of  nitric  acid  has  been  added ;  the  precipitation  of  the 
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lead,  copper,  and  bismuth,  which  may  be  present, 
is  determined  by  a  current  of  sulphide  of  hydrogen 
gas,  and  the  metals  which  still  remain  in  solution 
are  afterwards  precipitated  by  an  alkaline  carbonate. 
This  deposit,  after  being  well  washed,  is  then  treated 
with  an  excess  of  oxalic  acid,  which  forms  an  inso- 
luble oxalate  of  iron,  and  leaves  behind  an  insoluble 
oxalate  of  the  oxides  of  cobalt  and  nickel.  These 
are  then  dissolved  in  ammonia,  and  treated  as  already 
described.  The  oxalate  of  nickel  deposited  from  this 
solution  is,  after  being  carefully  washed  to  remove  any 
traces  of  the  ammoniacal  liquor,  ignited  in  a  close  cru- 
cible, having  an  aperture  in  the  lid  for  the  escape  of 
the  evolved  gases. 

As  the  metal  itself  is  now  extensively  used  in  alloys, 
of  which  German  silver  is  one  of  the  most  important, 
great  pains  have  been  taken  to  procure  it  in  a  state  of 
comparative  purity,  and  several  processes  have  been 
proposed.  According  to  Louyet,  the  process  by  which 
nickel  is  extracted  from  speiss  at  Birmingham,  on  the 
large  scale,  is  as  follows  : — The  speiss  is  first  fused  with 
chalk  and  fluorspar,  the  metallic  mass  obtained  is 
reduced  to  powder,  and  roasted  for  twelve  hours  to 
expel  the  arsenic;  the  residue  is  then  dissolved  in 
hydrochloric  acid  ;  the  solution  is  diluted,  and  the  iron 
sesquioxidized  by  the  cautious  addition  of  chloroxide 
of  calcium — bleaching  powder — milk  of  lime  is  then 
carefully  added  so  long  as  sesquioxide  of  iron  falls, 
which  carries  down  with  it  the  last  portions  of  arsenic. 
This  precipitate  is  well  washed,  and  the  liquid,  which 
contains  all  the  cobalt  and  nickel,  is  treated  with  a 
current  of  sulphide  of  hydrogen ;  the  sulphides  of 
copper,  bismuth,  and  lead  are  thus  precipitated,  and 
are  thoroughly  washed.  The  whole  of  the  nickel  and 
cobalt  still  remain  in  the  liquid,  -which  is  again  treated 
with  chloroxide  of  calcium :  the  cobalt  is  thus  thrown 
down  as  sesquioxide  ;  after  which  the  total  quantity  of 
the  nickel  is  separated  from  the  solution  in  the  form 
of  hydrated  oxide,  by  adding  milk  of  lime  as  long  as 
any  precipitate  is  produced. 

For  the  separation  of  nickel  and  cobalt,  the  method 
recommended  by  Liebig  is  the  best.  The  cobalt 
and  nickel  having  been  freed  from  all  other  sub- 
stances except  salts  of  potassa  or  soda,  are  precipitated 
in  the  form  of  hydrated  oxides,  which,  after  partial 
washing  from  the  adhering  alkaline  salts,  are  mixed 
with  caustic  potassa  and  a  decided  excess  of  hydrocy- 
anic acid  ;  the  mixture  is  then  boiled  for  ten  minutes  in 
order  to  expel  the  greater  part  of  the  excess  of  hydro- 
cyanic acid,  and  to  convert  the  oxides  into  double 
cyanides  of  cobalt  and  nickel.  A  cobalticyanide  of 
potassium— K3  Co2  Cy6 — is  produced  at  the  same  time. 
The  formation  of  the  cobalticyanide  may  be  traced  as 
follows  : — cyanide  of  cobalt  is  first  formed,  H  Cy  -4- 
Co  0  =  Co  Cy  -(-  HO,  and  this  cyanide  of  cobalt,  by 
boiling  with  an  excess  of  cyanide  of  potassium  and 
hydrocyanic  acid,  yields  cobalticyanide  of  potassium 
and  free  hydrogen,  2  Co  Cy  +  3  K  Cy  +  II  Cy  = 
Ks,  Co2  Cy6  +  H.  The  double  cyanide  of  nickel 
and  potassium  is  very  simply  formed,  as  with  nickel  no 
compound  corresponding  to  the  cobalticyanide  is 
obtained  ;  2  K  Cy  +  Ni  0  =  K  Cy  +  Ni  Cy  +  HO. 
If  the  solution  be  now  boiled  with  very-finely  levigated 


oxide  of  mercury,  the  nickel  salt  is  decomposed, 
hydrated  oxide  of  nickel  is  precipitated,  and  cyanide  of 
mercury  is  produced  : — 

KCy         +         NiCj         +         HgO  = 

Cyanide  of  potassa.1  Cyanide  of  nickel.  Oxide  of  mercury. 

KCy         +         HgCy        +         Ni  0 

'cyanide  of  potassium.  Cyanide  of  mercury.  Oxide  of  nickel. 

The  cobalticyanide  of  potassium  is  not  decomposed 
by  the  oxide  of  mercury,  but  remains  in  solution,  and 
may  be  filtered  from  the  oxide  of  nickel,  which  requires 
to  be  carefully  ignited  in  a  platinum  crucible  till  it 
ceases  to  lose  weight.  The  cobalt  may  then  be  preci- 
pitated from  the  filtrate  as  a  white  subcobalticyanide 
of  mercury,  by  the  addition  of  solution  of  subnitrate 
of  mercury;  the  precipitate  is  collected,  dried,  and 
ignited,  when  pure  oxide  of  cobalt  is  left,  which  may  be 
reduced  to  the  metallic  state  in  a  current  of  hydrogen. 

The  solution  of  the  oxides,  which  must  be  free  from 
nitric  acid,  is,  after  previous  neutralization  of  the  free 
acid  which  may  be  present,  by  ammonia,  precipitated 
with  sulphide  of  ammonium,  and  highly  dilute  hydro-  « 
chloric  acid,  according  to  Eos£,  or  acetic  acid — Wac- 
kenroder — is  then  added.  This  serves  to  dissolve 
the  sulphide  of  manganese  and  the  sulphide  of  iron, 
whilst  the  sulphide  of  cobalt  and  the  sulphide  of  nickel 
remain  undissolved,  though  the  latter  less  completely. 
The  sulphides  of  the  metals  are  re-precipitated  from 
the  filtrate  by  the  addition  of  ammonia  and  sulphide  of 
ammonium,  and  the  precipitate  is  treated  once  more 
with  dilute  hydrochloric  acid.  The  results  are  nearly 
accurate.  The  cobalt  and  nickel  can  be  determined 
by  Liebig's  method,  as  given  above. 

Nickel  is  separated  from  manganese  and  zinc  by  the 
annexed  process  of  Ebelmen.  Put  the  weighed  mix- 
ture of  the  oxides  in  a  small  platinum  vessel,  insert 
this  into  a  tube,  heat  the  mixture  to  dull  redness,  con- 
ducting all  the  time  sulphide  of  hydrogen  gas  over  it. 
Let  the  sulphides  formed  cool  in  the  gaseous  stream, 
and  then  digest  them  for  several  hours  with  cold  dilute 
hydrochloric  acid,  which  dissolves  only  the  sulphides 
of  manganese  and  zinc.  The  sulphides  of  cobalt  and 
nickel  are  left  behind  in  a  perfectly  pure  state,  and  may 
be  separated,  if  desired,  as  above,  by  dissolving  in  aqua 
regia,  et  cetera.  The  reader  will  find  much  valuable 
information  with  respect  to  nickel  under  Cobalt, 
Vol.  I.,  page  492. 

Alloys  of  Nickel. — Faraday  states  that  meteoric 
iron  has  been  imitated  by  fusing  iron  with  nickel.  The 
alloy  of  ninety  iron  with  ten  nickel  is  of  a  whitish- 
yellow  cast,  and  not  so  malleable  as  pure  iron.  The 
alloy  with  three  per  cent,  of  nickel  is  perfectly  malle- 
able and  whiter  than  iron.  These  alloys  are  less  dis- 
posed to  rust  than  pure  iron,  but  nickel  alloyed  with 
steel  increases  the  tendency  to  rust. 

Brande  remarks  that  nothing  is  known  of  the  alloys 
of  nickel  with  potassium,  sodium,  manganese,  zinc,  or 
tin.  With  copper  it  forms  a  hard  white  alloy ;  the 
white  copper  of  the  Chinese,  or  Pahfong,  consists, 
according  to  the  analysis  of  Dr.  Fyfe,  of  404  parts  of 
copper,  31-6  of  nickel,  25'4  of  zinc,  and  2-6  of  iron. 
German  Silver. — A  similar  alloy  is  often  used  as  a 
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substitute  for  silver,  or  for  plated  articles,  under  the 
name  of  German  silver.  It  should  consist  of  one  part 
of  nickel,  one  of  zinc,  and  two  of  copper ;  or,  when 
intended  for  rolling,  of  twenty-five  parts  of  nickel, 
twenty  of  zinc,  and  sixty  of  copper ;  to  which,  if  for 
casting,  three  of  lead  may  be  added.  The  following 
details  respecting  the  alloys  of  nickel,  are  from  a 
pamphlet  on  the  subject  by  Messrs.  Topping.  The 
metals  referred  to  should  be  as  pure  as  possible.  Com- 
mon German  Silver. — Copper  8,  nickel  2,  zinc  3'5. 
This  is  the  commonest  that  can  be  made  with  any 
regard  to  the  quality  of  the  article  produced,  and  may 
be  used  for  ware  for  ordinary  purposes.  If  the  quantity 
of  the  nickel  be  reduced  much  below  this,  the  alloy  will 
be  little  better  than  pale  brass,  and  tarnish  rapidly. 
Good  German  Silver. — Copper  8  nickel  3,  zinc  35. 
This  is  a  very  beautiful  compound.  It  has  the  appear- 
ance of  silver  a  little  below  standard ;  by  some  persons 
it  is  even  preferred  to  the  more  expensive  compounds. 
Electrum. — Copper  8,  nickel,  4,  zinc  3'5.  This  is  the 
compound  first  introduced  by  Messrs.  Topping,  and 
they  still  prefer  it  to  any  of  the  others.  It  has  a  shade 
of  blue  like  very  highly-polished  silver :  it  tarnishes  less 
easily  than  silver. — Copper  8,  nickel  6,  zinc  3' 5.  This  is 
the  richest  in  nickel  that  can  be  made,  without  injuring 
the  mechanical  properties  of  the  metal.  It  is  a  very 
beautiful  compound,  but  requires  a  higher  heat  for  fusion 
than  the  preceding,  and  will  be  found  rather  more  diffi- 
cult to  work.  Tutenag. — Copper  8,  nickel  3,  zinc  G'5. 
The  proportions  were  originally  obtained  by  analyzing 
a  piece  of  Chinese  tutenag  of  the  best  ordinary  quality  ; 
but  some  rare  specimens  of  Chinese  tutenag,  equal  to 
electrum,  have  been  seen.  This  alloy  is  very  fusible, 
but  very  hard,  and  not  easily  rolled  :  it  is  best  adapted 
for  casting.  A  variety  of  articles  are  now  plated  with 
nickel  by  electrolytic  precipitation  from  a  solution  of 
sulphate  of  nickel,  the  process  being  in  all  respects 
similar  to  that  in  which  copper  is  used.  Smee  recom- 
mends chloride  of  nickel  as  the  solution,  when  electro- 
plating with  this  metal,  with  a  nickel  positive  pole  and 
single  battery ;  the  nickel  thus  deposited,  he  says,  is 
very  brilliant,  but  rather  brittle. 

Chemical  Combinations.  —  Nickel  forms  two 
oxides  :  a  protoxide,  Ni  0 — and  a  sesquioxide,  Ni2  03. 

Protoxide  of  Nickel  may  be  procured  in  the  anhy- 
drous form  by  igniting  the  carbonate  in  a  covered 
crucible,  when  it  is  left  of  an  olive-green  color.  It  may 
be  precipitated  from  its  salts  by  potassa,  as  a  bulky 
light-green  hydrate — Ni  0,  HO — and  may  be  obtained 
crystallized  by  boiling  carbonate  of  nickel  in  ammonia. 
Oxide  of  nickel  forms  insoluble  compounds  with  potassa 
or  soda,  which,  however,  may  be  decomposed  with  fre- 
quent affusions  with  boiling  water.  Baryta,  strontia, 
and  several  other  bases,  also  yield  with  it  insoluble 
compounds ;  ammonia  dissolves  it,  forming  a  deep-blue 
solution.  When  fused  with  borax,  the  oxide  tinges  the 
glass  of  a  hyacinth  yellow,  which  becomes  less  intense 
on  cooling. 

Sesquioxide — Ni2  03 — is  a  black  powder,  which  may 
be  procured  by  treating  the  hydrated  protoxide  with 
a  solution  of  chloroxide  of  sodium.  It  is  singular 
that  it  does  not  combine  with  acids,  but  gives  off  a 
portion  of  its  oxygen  by  ignition,  or  by  heating  with 


nitric  or  sulphuric  acids,  which  form  with  it  salts  of 
the  protoxide. 

Sulphide  of  Niclcel — Ni  S — occurs  native  in  greyish 
or  yellowish  capillary  crystals ;  it  may  be  produced 
artificially  by  fusion,  and  can  be  obtained  as  a  black 
hydrate,  when  a  salt  of  nickel  is  precipitated  by  sulphide 
of  ammonium. 

Chloride  of  Nickel— Ni  CI  +  9  HO— is  formed  by 
dissolving  the  oxide  in  hydrochloric  acid. 

Sulphate  of  Nickel—Si  0,  S03  +  6  HO— which 
results  from  the  action  of  sulphuric  acid  on  the  metal, 
or  its  oxide,  crystallizes  in  green  rhombic  prisms ;  these, 
when  exposed  to  light,  are  converted,  without  loss  of 
water,  into  small  regular  octohedra,  aggregated  together 
in  the  form  of  the  original  crystal,  which  becomes 
opaque. 

Characters  of  the  Salts  of  Nickel. — The 
salts  of  this  metal  are  of  a  delicate  green  hue,  both 
when  in  the  solid  state  and  in  solution.  They  have 
a  sweetish  astringent  metollic  taste. 

Before  the  blowpipe,  salts  of  nickel  give,  in  the 
oxidating  flame,  with  biborate  of  soda,  a  reddish-yellow 
glass,  which  becomes  much  paler  as  it  cools.  In  the 
reducing  flame,  greyish  particles  of  reduced  nickel  are 
disseminated  through  the  bead. 

In  solution  sulphide  of  hydrogen  gives  no  precipitate, 
if  the  liquid  be  acidulated  with  sulphuric  acid.  Sul- 
phide of  ammonium  gives  a  black  sulphide.  Ammonia 
gives  a  pale-green  deposit,  soluble  in  excess  of  ammo- 
nia, forming  a  bright  blue  solution.  Potassa  and  soda 
throw  down  a  pale-green  bulky  hydrated  oxide  of 
nickel.  The  carbonates  of  the  alkalies  give  a  pale 
apple-green  precipitate  of  basic  carbonate  of  nickel, 
which  is  readily  soluble  in  carbonate  of  ammonia. 
Ferrocyanide  of  potassium  affords  a  greenish  white,  and 
ferridcyanide  of  potassium  a  yellowish-green  precipitate. 

Analysis. — Protoxide  of  nickel  is  always  weighed 
as  such.  Mix  the  aeid  solution  of  the  oxide  in  a  beaker 
glass  with  pure  potassa,  or  soda  in  excess,  heat  for 
some  time  to  near  boiling,  filter,  wash  the  precipitate 
thoroughly  with  hot  water,  dry,  and  ignite.  The  pre- 
sence of  ammoniacal  salts,  or  of  free  ammonia,  does 
not  interfere  with  the  precipitation.  This  method,  if 
carefully  executed,  gives  exceedingly  accurate  results, 
which  the  Editor  has  often  confirmed. 

Uses. — The  nickel  obtained  in  this  country,  is 
chiefly  employed  for  the  manufacture  of  Argentane 
or  German  silver,  which,  as  stated  above,  is  an  alloy 
of  this  metal  with  zinc  and  copper.  Nickel  likewise 
forms  one  of  the  constituents  of  the  tutenag  of  China, 
and  the  Pakfong  of  the  East  Indies.  Being  exclu- 
sively used  as  an  alloy,  the  nickel  of  commerce  comes 
into  the  market  in  the  form  of  finely-divided  grains,  or 
granulations,  of  the  size  of  small  beans.  The  best 
German  silver  consists  of  eight  parts  of  copper,  three 
of  nickel,  and  three  and  a  half  parts  of  zinc ;  but  an 
inferior  and  more  common  variety  is  sometimes  manu- 
factured from  eight  parts  of  copper,  two  of  nickel,  and 
four  of  zinc.  From  its  magnetic  property,  a  patent  has 
been  taken  to  substitute  nickel  for  the  magnetised  steel 
needles  employed  in  Cooke  and  Wheatstone's  Elec- 
tric Telegraph  ;  but  it  has  not  been  practically  applied 
I  to  this  purpose. 
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NITRIC  ACID. — Acide  nitrique,  French;  Salpeter- 
saure,  German ;  Acidum  nitricum,  Latin. — An  interest- 
ing paper  appeared  some  time  ago,  by  Mr.  Thornton 
J.  Herapath,  intended  to  show  that  this  acid  was 
known  to  the  ancient  Egyptians.  In  his  brochure 
Mr.  Herapath  gave  a  short  account  of  some  experi- 
ments he  had  made  on  certain  hieroglyphical  marks 
or  letters  that  had  been  discovered  on  the  wrappers  of 
a  mummy  which  was  unrolled  by  Mr.  Nash  at  the 
Bristol  Microscopical  Society,  and,  as  the  result  of 
these,  he  stated  his  belief  that  the  ancient  Egyptians 
were  acquainted  with  a  marking  fluid  containing  nitrate 
of  silver  for  its  basis,  and  were  also  familiar  with  the 
use  of  nitric  acid.  A  short  time  afterwards,  Mr. 
Dunham  Smith,  in  replying  to  this  paper,  took  excep- 
tion to  these  views;  and  whilst  admitting  the  inter- 
esting nature  of  the  discovery  that  had  been  made 
of  an  argentine  solution  having  been  employed  some 
three  thousand  years  ago,  as  marking  ink,  totally 
dissented  from  the  conclusions  that  had  been  founded 
on  it,  inasmuch,  he  said,  as  there  was  no  evidence  to 
prove  that  the  Egyptians  were  even  versed  in  the  art 
of  distillation.  He  also  hazarded  the  opinion,  unsup- 
ported, however,  by  direct  evidence,  that  the  marking 
fluid  in  question  was  prepared  by  dissolving  either  the 
chloride  or  oxide  of  silver  in  an  ammoniacal  solution, 
and,  consequently,  without  the  intervention  of  any 
acid  whatever.  As  the  question  in  dispute  is  one 
of  great  interest,  in  a  scientific  point  of  view,  Mr. 
Herapath  pursued  the  subject,  and  submitted  the 
marks  to  a  fresh  examination.  After  making  several 
preliminary  experiments,  he  found  that  no  results  of 
any  value  could  be  obtained  by  the  ordinary  modes  of 
analysis,  and  was  therefore  compelled,  as  a  last  resource, 
to  call  in  the  aid  of  the  microscope. 

On  examining  with  this  instrument  some  of  the  fibres 
of  the  bandages  that  were  stained  by  the  argentine  ink, 
he  found  them  to  present  a  very  singular  appearance. 
The  ends  near  the  corroded  parts  of  the  fabric,  were 
stained  of  a  deep  brown  or  black ;  but  for  some  little 
distance  beyond  the  blackened  portion,  the  fabric  had 
a  pale  yellow  hue,  as  if,  during  the  decomposition  of 
the  silver  salt  that  had  been  employed  as  marking  ink, 
the  nitrogenous  constituents  of  the  tissue  had  been 
partially  acted  upon,  and  converted  into  xanthoproteic 
acid. 

Between  several  of  the  fibres,  and,  in  many  places, 
adhering  to  their  external  surfaces,  were  found  small 
particles  of  some  organic  tissue,  which  were  tinged  of 
a  still  deeper  yellow  than  the  fibres  themselves.  On 
subjecting  some  of  the  latter  to  the  action  of  strong 
liquor  ammonia,  the  yellow  portions,  particularly  the 
altered  intercellular  substance,  acquired  a  still  darker 
hue,  whilst  those,  on  the  contrary,  which  were  stained 
by  the  reduced  silver,  became  slightly  paler,  as  if  a  part 
of  the  argentine  film  was  soluble  in  that  menstruum ; 
though  it  should  be  observed  that  no  further  effect  was 
produced  on  the  stain,  even  by  a  lengthened  digestion 
in  ammonia.  Now,  upon  making  comparative  experi- 
ments with  a  piece  of  the  linen  wrapper  that  had 
been  previously  marked  in  the  ordinary  manner  with 
solution  of  nitrate  of  silver,  the  fibres  were  found  to 
present  an  appearance  very  similar  to  that  above 
vol.  ir. 


described ;  the  only  difference  being  that  the  yellow 
coloration  was  not  quite  so  palpable,  and  more  of 
the  silver  stain  was  eradicated  by  the  solution  of 
ammonia ;  whereas,  on  the  other  hand,  fibres  that 
had  been  stained  by  solutions  of  chloride  and  oxide  of 
silver  in  ammonia,  were  uniformly  colored  of  a  dark- 
brown  or  black,  and  exhibited  no  remnant  of  the 
yellow  coloration. 

On  the  whole,  the  results  of  Mr.  Herapath's  micro- 
scopic examination  appear  to  justify  the  conclusion  that 
the  ancient  Egyptians  were  really  familiar  with  nitric 
acid  and  its  uses;  and  actually  employed  the  nitrate 
of  silver  as  a  marking  fluid.  In  what  way,  however, 
they  prepared  the  acid,  whether  by  distillation  of  the 
nitrate  of  soda  or  of  nitrate  of  potassa  with  sulphuric 
acid,  may  for  ever  remain  a  mystery. 

Liquid  or  hydrated  nitric  acid  was  known  in  the 
seventh  century  to  Geber,  who  termed  it  solutive  water. 
It  is  sometimes  called  azotic  acid,  and  in  the  time  of  the 
alchemists,  it  was  known  as  aquafortis — a  name  still 
retained.  The  nature  of  its  constituents  was  shown 
by  Cavendish  in  1785,  and  their  proportions  were 
subsequently  determined  by  Davy,  Gay-Lussac,  and 
Thomson.  When  nitrogen  is  mixed  with  twelve  or 
fourteen  times  its  bulk  of  hydrogen,  and  a  jet  of  the 
gas  is  allowed  to  burn  in  air  or  in  oxygen,  water 
is  formed,  which  has  a  sour  taste  and  an  acid  reaction, 
from  the  simultaneous  formation  of  a  small  quantity  of 
nitric  acid.  In  this  case,  the  nitrogen  burns  by  the  aid 
of  the  heat  developed  during  the  combustion  of  the 
hydrogen,  and  the  nitric  acid  combines  at  once  with 
the  water  formed,  which  much  increases  its  chemical 
stability.  It  was,  indeed,  owing  to  the  accidental 
production  of  nitric  acid  in  the  course  of  his  experi- 
ments on  the  formation  of  water  by  the  combustion 
of  hydrogen,  that  Cavendish  was  induced  to  insti- 
tute the  train  of  research  which  resulted  in  his  impor- 
tant discover}'. 

If  two  volumes  of  nitrogen  be  mixed  with  five  volumes 
of  oxygen  in  an  inverted  siphon  containing  a  few  drops  of 
an  infusion  of  litmus,  each  limb  plunging  into  a  separate 
glass  of  mercury,  and  a  series  of  electric  sparks  be 
passed  through  the  mixture,  the  two  gases  will  slowly 
combine,  and  the  litmus  will  be  reddened.  The  heat 
of  the  spark  determines  combination  of  the  gases  just 
at  the  spot  through  which  it  passes,  but  the  action  does 
not  extend  further.  In  like  manner,  if  a  number  of 
sparks  be  passed  from  the  electrical  machine,  between 
two  metallic  points,  over  moistened  litmus  paper  in 
air,  a  red  spot  will  be  produced  upon  the  paper,  owing 
to  the  formation  of  nitric  acid  in  minute  quantity  by 
the  combination  of  oxygen  with  nitrogen.  During 
stormy  weather,  and,  indeed,  whenever  a  flash  of  lightning 
passes  through  a  humid  atmosphere,  the  same  compound 
results  in  appreciable  quantity.  Indeed,  rain  water 
always  contains  traces  of  nitrate  of  ammonia,  which 
may  be  detected,  if  the  experiment  is  made  with  suffi- 
cient attention  to  accuracy. 

Nitric  acid  also  occurs  in  combination  with  potassa 
or  soda,  in  the  form  of  an  efflorescence  in  the  soil, 
especially  in  tropical  climates,  as  in  some  parts  of  India 
and  Peru.  The  compound  formed  with  soda  constitutes 
the  nitre,  and  with  potassa,  the  saltpetre  of  commerce. 

4  F 
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Preparation. — It  is  either  from  nitrate  of  potassa  or 
nitrate  of  soda  that  this  acid  is  always  obtained  for 
chemical  purposes.  When  saltpetre  is  heated  with 
sulphuric  acid,  it  is  decomposed  ;  an  alkaline  sulphate 
remains  in  the  retort,  whilst  the  more  volatile  nitric 
acid  distils  over,  and  may  he  condensed  in  the  usual 
manner.  In  preparing  nitric  acid  on  the  small  scale, 
equal  weights  of  nitre  and  concentrated  sulphuric 
acid  are  placed  in  a  glass  retort,  and  carefully  dis- 


tilled. The  result  of  the  reaction  may  he  traced  as 
follows : — 


KO,  N05  + 


Nitrate  of  potassa. 


2  (HO,  SO3)  = 

Sulphuric  acid. 

(KO  S03,  HO  S03) 


HO,  N05  + 

Nitric  acid. 


Bisulphate  of  potassa. 

or,  as  it  may  be  illustrated  more  in  detail 


Before  decomposition. 

:  1  Eq.  nitrate  of  potassa,  -j^  \ 


98  =  2  Eqs.  sulphuric  acid 


(9  =  1 
id,  . .  -i  49  =  1 
(49  =  1 


1  Eq.  nitric  acid, 
1  Eq.  potassa, 
Eq.  water, 
Eq.  sulphuric  acid,- 
Eq.  hydrosulphuric  acid, 


After  decomposition. 

1  Eq.  liquid  nitric 
acid. 

f  1  Eq.  bisulphate  of 
\  potassa. 


Red  vapors  appear  in  the  retort  during  the  distillation, 
arising  from  partial  decomposition  of  the  acid,  and  a 
formation  of  some  of  the  lower  oxides  of  nitrogen. 
A  yellowish  corrosive  liquid  condenses  in  the  receiver, 
fuming  strongly  on  exposure  to  the  air,  and  emitting  a 
powerful,  irritating  odor. 

On  the  large  scale,  iron  retorts,  Fig.  370,  coated 
with  fire-clay  on  the  inside  of  the  upper  part,  where 
they  are  exposed  to  the  acid  vapors,  are  employed  for 
the  distillation,  and  nitrate  of  soda  is  substituted  for 
the  potassa  salt,  being  cheaper,  and  likewise  containing 
considerably  more  nitric  acid. 

The  cylinders  or  retorts  are  arranged  in  pairs  in  a 
furnace,  so  that  each  fire  heats  two  cylinders,  as  shown 
in  the  transverse  section.  They  are  furnished  with  a 
movable  lid,  c,  d,  at  each  end.    The  nitrate  is  intro- 

Fig  370. 


duced  into  the  retort,  A,  through  the  aperture  at  c, 
which  is  closed  during  the  distillation,  by  a  stone  lid 
that  fits  accurately ;  the  sulphuric  acid  being  intro- 
duced by  a  funnel  at  e,  after  the  retort  is  closed.  As 
soon  as  the  acid  is  added,  the  funnel  is  withdrawn,  and 
the  opening  closed  with  a  plug.  The  acid,  as  it  distils 
over,  passes  through  the  pipe,/,  and  is  condensed  in  a 
series  of  stoneware  bottles,  the  first  of  which  is  seen  at 
B.  The  acid  which  condenses  in  the  first  receiver,  is 
always  contaminated  with  sulphuric  acid,  and  that  in 
the  last  is  rather  dilute,  as  water  is  placed  in  it  to  con- 
dense the  nitrous  fumes. 

It  is  usual  upon  the  large  scale  to  employ  a  smaller 
proportion  of  sulphuric  acid  than  when  the  distillation  is 
performed  in  glass  vessels,  as  it  is  quite  possible  to  effect 
a  complete  decomposition  of  the  nitrate  by  heating  it 
with  one-half  its  weight  of  sulphuric  acid.  Under  these 
circumstances,  however,  a  higher  temperature  is  needed 
to  expel  the  last  portions  of  acid,  and  a  considerable 
quantity  of  the  nitric  acid  is  thereby  decomposed  and 
wasted.    The  residue  in  the  retort,  when  the  smaller 


quantity  of  sulphuric  acid  is  used,  is  much  less  soluble 
in  water,  and  consequently  is  much  more  difficult 
of  removal ;  in  the  iron  cylinder  of  the  manufacturer, 
this  is  of  no  moment,  as  the  saline  mass  can  easily  be 
detached  by  the  use  of  iron  tools,  when  the  distillation 
is  at  an  end.  The  cause  of  these  differences  lies  in  the 
fact  that  sulphuric  acid  forms  with  potassa  two  different 
compounds,  one  of  which  contains  twice  as  much  acid 
as  the  other.  When  saltpetre  and  sulphuric  acid  are 
mixed  in  the  proportion  of  two  equivalents  of  each, 
half  the  salt  only  is  decomposed,  so  long  as  a  gentle 
heat  is  employed,  and  the  acid  sulphate  of  potassa  is 
formed.  The  nitric  acid,  thus  liberated,  distils  over 
readily.  Annexed  is  represented  the  form  of  this 
reaction  : — 


2  (KO,  N05) 

Nitrate  of  potassa. 

yielding 


+ 


2  (HO,  SO3) 

Sulphuric  acid. 


KO,  N05     +   HO,  N06    +    (HO  S03,  KO  S03) 

Kitrio  acid. 


Kitrato  of  potassa. 


Bisulpliute  of  potassa. 


As  soon  as  the  first  half  of  the  nitric  acid  has  passed 
over,  the  temperature  begins  to  rise,  and  the  bisulphate 
of  potassa  then  reacts  on  the  undecomposed  saltpetre  ; 
the  second  half  of  the  nitric  acid  is  liberated,  hut  at 
the  same  time  is  partially  decomposed  towards  the  end 
of  the  operation,  and  the  whole  of  the  potassa  remains 
in  combination  with  sulphuric  acid  in  the  form  of  the 
sparingly  soluble  neutral  sulphate.  This  second  stage 
of  the  decomposition  is  exhibited  in  the  subjoined 
equation,  which  will  he  easily  understood  from  the 
foregoing : — 

(KO,  NOs)  -(-  (HO,  S03,  KOS03)  =  HO,  N06  +  2  (KO,  S03) 

Nitrate  of  Bisulphate  of  potassa.  Nitric  acid.  Sulphate  of 

potassa,  potassa. 

When,  on  the  other  hand,  two  equivalents  of  sul- 
phuric acid  are  used  to  one  of  nitrate  of  potassa,  the 
whole  of  the  potassa  is  at  once  converted  into  the  acid 
sulphate,  so  that  the  total  quantity  of  the  nitric  acid  is 
liberated  immediately,  and  distils  readily : — 

KO,  N05  -f  2  (HO,  S03)  =  (HO,  N06)  -f  HO  S03  KO,  S03 

Sulphuric  Nitric  acid.  Bisulphate  of  potassa. 

acid. 

The  result  is,  therefore,  one  equivalent  of  the  bisul- 


Nitrate  of 
potussa. 
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phate  of  potassa,  and  one  of  nitric  acid, 
tabulation : — 


These  changes  will  perhaps  be  better  understood  by  the  following 


Before  decomposition. 

f  101  =  1  Bq.  nitre  (KO,  NO, 

202  =  2  Eqs.  of  saltpetre,  2  (KO,  NO,)  -{  54  =  1  Eq.  nitric  acid  (N05). 

(  47  =  1  Eq.  potassa  (KO). 
f    9  =  1  Eq.  water  (HO)  -- 

98  =  2  Eqs.  of  sulphuric  acid,  2  (HO,  S03)-2  49  =  1  Eq.  sulphuric  acid  (HO,  SO, 

(.  49  =  1  Eq.  sulphuric  acid  (HO,  S03j 


After  decomposition. 

101  =  1  Eq.  saltpetre, 
f  1  Eq.  liquid  nitric 
\acid  (HO,  NO,). 
(  1  Eq.  of  bisulphate 
136-!of  potassa  (KO 
(S03,  HOS03.) 


Properties. — In  the  most  concentrated  state  in 
which  it  can  be  obtained  by  the  preceding  process,  nitric 
acid  is,  when  pure,  a  colorless,  limpid,  fuming,  powerfully- 
corrosive  liquid,  having  a  specific  gravity  of  1'520.  It  is 
the  highest  oxide  of  nitrogen  known  to  exist,  and  con- 
tains one  equivalent  of  nitrogen  with  five  of  oxygen, 
associated  with  one  equivalent  of  water — HO,  N05. 
One  hundred  parts  contain  85'71  of  the  anhydrous 
nitric  acid.  Exposure  to  the  light  of  the  sun  produces 
its  partial  decomposition ;  mere  distillation,  in  fact, 
has  invariably  the  same  effect.  At  184°  it  begins 
to  boil,  and  congelation  occurs  about  40°  below  zero. 
It  very  readily  parts  with  a  portion  of  its  oxygen  to  the 
metals,  and  to  combustible  bodies.  If  it  be  dropped 
into  hot,  finely-powdered  charcoal,  the  charcoal  burns 
vividly ;  if  mixed  with  a  little  sulphuric  acid  and 
poured  into  oil  of  turpentine,  the  mixture  bursts  into 
flame.  Nitric  acid  has  a  pungent,  rather  disagreeable 
smell,  is  very  acid  and  corrosive,  and  stains  the  skin, 
and  organic  matter  in  general,  yellow. 

It  has  a  strong  attraction  for  water,  and  becomes 
hot  when  mixed  with  it.  Acid  of  medium  strength, 
mixed  with  snow,  causes  it  to  liquefy  instantly,  pro- 
ducing intense  cold.  Nitric  acid  acts  violently  upon 
tin  or  iron  filings,  especially  if  they  be  previously 
moistened  with  a  few  drops  of  water :  this  acid  is, 
indeed,  constantly  employed  by  the  chemist  as  an 
oxidising  agent.  In  order  to  produce  a  rapid  oxidation 
of  the  metals,  it  is  best  to  dilute  the  acid  until  it  has 
a  specific  gravity  between  l-25  and  1'35. 

The  action  of  nitric  acid  upon  the  metals  is  instruc- 
tive, and  it  is  well  remarked  by  Miller,  from  whose 
excellent  work  the  Editor  has  largely  drawn  in  the 
present  article,  that  this  action  may  serve  to  illustrate 
the  manner  in  which  metallic  bodies  combine  with 
the  acids  generally.  The  metals,  he  observes,  will 
enter  into  direct  combination  with  many  of  the  simple 
non-metallic  bodies :  thus,  antimony  will  unite  directly 
with  chlorine,  and  will  even  take  fire  if  allowed  to  fall 
in  fine  powder  into  the  gas.  Iron  will  burn  in  oxygen ; 
and  copper  turnings,  if  mixed  with  powdered  sulphur, 
will  combine  with  the  sulphur  on  the  application  of 
heat,  emitting  a  vivid  flash  of  light.  But  no  metal  will 
unite  directly  with  an  acid ;  in  order  that  the  combina- 
tion between  them  should  occur,  it  is  necessary  that 
the  metal  should  bo  in  the  form  of  oxide.  This 
oxidation,  may,  however,  be  effected  at  the  same  time 
that  the  acid  is  presented  to  the  metal,  and  the  forma- 
tion of  the  oxide  and  its  solution  may  appear  to  occur 
simultaneously.  Zinc,  for  example,  does  not  unite  as 
zinc  with  sulphuric  acid  :  when  this  metal  is  placed  in 
dilute  sulphuric  acid,  the  oxygen  is  supplied  from  the 
water  which  is  decomposed,  oxide  of  zinc  is  produced, 
and  is  immediately  dissolved  by  the  acid,  whilst  the 
hydrogen  escapes  in  the  gaseous  form.   When  a  metal, 


such  as  copper  or  silver,  is  dissolved  by  nitric  acid,  a 
preliminary  oxidation  is  equally  necessary  ;  but  owing 
to  the  facility  with  which  nitric  acid  is  deprived  of  a 
part  of  its  oxygen,  this  oxidation  is  usually  effected  at 
the  expense  of  the  nitric  acid,  which  is  more  readily 
decomposed  than  water ;  some  of  the  lower  oxides  of 
nitrogen  are  liberated  in  the  form  of  ruddy  fumes, 
whilst  the  compound  of  the  metal  with  oxygen  dis- 
solves in  another  portion  of  the  acid~which  has  remained 
intact.  The  exact  nature  of  the  decomposition  which 
the  nitric  acid  experiences  varies  in  different  cases. 
Silver,  when  allowed  to  dissolve  slowly  in  the  cold 
in  dilute  nitric  acid,  produces  nitrous  acid — NOs — 
which  remains  in  solution  :  thus,  2  Ag  +  3  NO,  be- 
comes 2  (AgO,  N05)  +  N03.  and  the  metal  dissolves 
without  evolution  of  gas ;  and  a  similar  effect  is  pro- 
duced by  palladium.  With  metals  which,  like  copper 
and  mercury,  have  a  somewhat  stronger  affinity  for 
oxygen,  binoxide  of  nitrogen — N02 — is  disengaged  in 
large  quantity ;  for  example,  3  Cu  +  4  N05  =  No2 
+  3  (CuN,  NO,) ;  and  if  the  metal  have  a  still  more 
powerful  tendency  to  combine  with  oxygen,  as  is  the 
case  with  zinc,  the  protoxide  of  nitrogen — NO — is, 
if  the  acid  be  dilute,  amongst  the  vapors  disengaged : 
4  Zn  +  5  NO,  would  produce  NO  +  4  (Zn  O,  NO,). 
Zinc  and  tin  also  decompose  water  as  well  as  nitric 
acid  when  dissolved  in  the  acid,  eliminating  hydrogen, 
which,  as  soon  as  it  is  evolved,  completely  deprives  a 
portion  of  nitric  acid  of  its  oxygen,  and  forms  ammonia 
by  entering  into  combination  with  the  liberated  nitro- 
gen ;  for  instance,  8  Zn  +  8  HO  +  8  NO,  =  8  (ZnO, 
NO,)  +  8  H,  and  NO,  +  8  H  yield  5  HO  +  NH3. 

When  the  concentrated  acid  is  exposed  to  the  air  it 
imbibes  moisture ;  and  if  mixed  with  water  it  absorbs 
a  sensible  amount  of  heat,  owing  to  the  formation  of 
another  hydrate  of  much  greater  persistency.  This 
stable  hydrate  contains  four  equivalents  of  water,  and 
one  of  nitric  acid  (HO,  NO,  +  3  Aq.) ;  it  has  a  specific 
gravity  of  1-424,  and  is  composed  of  sixty  per  cent,  of 
anhydrous  acid,  and  forty  of  water.  This  hydrate  has 
a  higher  boiling  point  than  the  protohydrate,  and 
distils  at  250°  unaltered. 

Anhydrous  Nitric  Acid.— Nitric  acid,  says  Miller, 
may  be  obtained  anhydrous  by  Deville's  method,  in 
which  state  it  forms  perfectly  transparent,  brilliant,  color- 
less crystals, derived  from  the  right  rhombic  prism;  they 
melt  at  85°,  and  boil  at  113° ;  at  about  this  temperature 
the  compound  begins  to  be  metamorphosed.  Some- 
times the  crystals,  even  if  kept  in  sealed  tubes,  undergo 
decomposition  at  the  ordinary  atmospheric  temperature, 
and  the  tube  bursts  with  a  dangerous  explosion  from 
the  pressure  exerted  by  the  liberated  gases.  The 
crystals  dissolve  rapidly  in  water,  emitting  much  heat, 
and  producing  ordinary  nitric  acid. 

The  process  consists  in  passing  a  uniform  current  of 
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perfectly  exsiccated  chlorine  gas  very  slowly  over 
crystals  of  well-dried  nitrate  of  silver ;  the  salt  is  heated 
to  about  200°  at  first,  till  the  decomposition  has  com- 
menced, and  the  temperature  is  then  lowered  to  about 
150°.  The  operation  is  one  of  considerable  delicacy, 
and  requires  attention  to  a  number  of  minute  precau- 
tions, for  the  details  of  which  the  reader  is  referred  to 
M.  Deville's  paper.  The  apparatus  required  is 
shown  in  Fig.  371.  A  is  a  vessel  of  concentrated 
sulphuric  acid ;  the  acid  is  drawn  off  from  it  by  the 
siphon,  and  allowed  to  flow  into  the  vessel  B,  in  a  very 


Pig.  371. 


slender  stream,  which  can  be  regulated  by  the  glass 
stopcock ;  B  has  also  been  filled  with  sulphuric  acid, 
and  subsequently  charged  with  pure  dry  chlorine,  by 
means  of  the  bent  tube,  H.  C  is  a  tube  filled  with 
dry  chloride  of  calcium ;  D  a  tube  filled  with  pumice 
moistened  with  sulphuric  acid;  E  a  tube  filled  with 
nitrate  of  silver  in  crystals,  immersed  in  a  bath 
of  oil;  F  the  receiver  for  the  anhydrous  nitric  acid, 
which  is  kept  cool  by  a  mixture  of  ice  and  salt.  The 
tubes  E  and  F  are  made  of  one  continuous  piece  of  glass, 
as  the  acid  immediately  attacks  and  destroys  cork  or 
caoutchouc  joints  ;  a  portion  of  one  of  the  lower  oxides 
of  nitrogen  is  liquefied  and  collected  in  the  tube  in  F, 
and  is  then  separated.  The  chlorine  displaces  the 
nitric  acid  and  oxygen  from  the  nitrate  of  silver  ;  chlo- 
ride of  silver  is  formed,  and  the  nitric  acid  and  oxygen 
escape.  By  surrounding  the  receiver,  F,  with  a  freez- 
ing mixture,  the  nitric  acid  is  condensed  in  crystals. 
The  decomposition  is  of  the  following  simple  char- 
acter : — 

Ag  0,  N05  +  CI   give    Ag  CI   +    0    +  NOs 


Nitrate  of  silver.      Chlorine.    Chloride  of  silver.    Oxygen.     Nitric  acid. 

The  composition  of  anhydrous  nitric  acid  was  deter- 
mined by  Deville,  by  estimating  the  quantity  of 
nitrogen  which  a  given  weight  of  the  acid  furnished 
after  the  oxygen  had  been  removed  from  it  by  heating 
it  in  contact  with  copper,  which  rapidly  combines  with 
oxygen  at  a  higher  temperature.  M.  Deville  found 
in  one  of  his  experiments,  that  five  hundred  and  forty- 
seven  milligrammes  of  acid,  gave  one  hundred  and 
sixteen  cubic  centimetres  of  nitrogen,  at  a  temperature 
of  41°,  whilst  moist,  and  under  a  barometric  pressure 
of  seven  hundred  and  fifty-seven  millimetres.  This, 
when  corrected,  gives  in  one  hundred  parts  of  the  acid 
by  weight,  25-9  of  nitrogen;  the  deficiency,  74-1,  is 


oxygen ;  or  fourteen  parts  of  nitrogen  are  united  with 
forty  of  oxygen. — Miller. 

The  subjoined  is  an  abridgment  of  a  table,  giving 
the  per-centage  of  anhydrous  nitric  acid  contained  in 
aqueous  solutions  of  various  specific  gravities,  as  deter- 
mined by  Dr.  Ure  : — 


Specific 
gravity. 


NO5  in  one 
hundred  parts 
by  weight. 

1-5000    79-700 

1-4940    77-303 

1-4850    74-918 

1-4760    72-527 

1-4670    70-136 

1-4570    67-745 

1-4460    65-354 

1-4346    62-963 

1-4228    60-572 

1-4107    58-181 

1-3978    55-790 

1-3833    53-399 

1-3681    51-068 

1-3529    48-617 

1-3376    46-226 

1-3216    43-835 

1-3056    41-444 


Specific 
gravity. 


N05  in  ono 
hundred  pttrts 
by  weight. 

1-2887    39-053 

1-2705    36-662 

1-2523    34-271 

1-2341    31-880 

1-2148    29-489 

1-1958    27-098 

1-1770    24-707 

1-1587    22-316 

1-1403    19-925 

1-1227    17-534 

1-1051   15-143 

1-0878    12-752 

1-0708    10-361 

1-0540    7-970 

1-0375    5-579 

1-0212    3-188 

1-0053    0-797 


Tests  for  Nitric  Acid. — No  ready  method  is  known 
of  precipitating  nitric  acid  from  its  solutions,  since  all  its 
compounds  dissolve  more  or  less  freely  in  water.  Various 
indirect  methodshave  been  recommendedfordiscovering 
its  presence.  One  of  the  best  consists  in  neutralizing  the 
solution,  if  acid,  with  potassa,  and  evaporating  nearly  to 
dryness ;  then  adding  a  few  copper  filings,  and  heating  the 
mixture  with  a  little  sulphuric  acid.  Thecoppercombines 
with  a  portion  of  the  oxygen  of  the  nitric  acid,  and 
decomposes  it,  while  characteristic  red  fumes  of  binoxide 
of  nitrogen  show  themselves,  if  nitric  acid  be  present. 
A  still  smaller  quantity  of  the  acid  may  be  detected  by 
substituting  a  crystal  of  protosulphate  of  iron  for  the 
copper,  before  adding  the  sulphuric  acid ;  on  the 
application  of  a  gentle  heat  in  this  case,  the  charac- 
teristic action  consists  in  the  formation  of  an  olive- 
green  solution,  the  color  of  which  disappears  on  boiling. 
The  nitrous  acid  gas,  formed  by  the  deoxidising  action 
of  one  portion  of  the  ferruginous  salt,  dissolves,  with 
the  distinctive  green  color,  in  the  solution  of  the 
unoxidised  part  of  the  salt.  If  a  few  drops  of  hydro- 
chloric acid  be  added  to  a  solution  which  contains  free 
nitric  acid,  or  a  nitrate  dissolved,  the  liquid  acquires 
the  power  of  dissolving  gold  leaf.  This  effect,  however, 
is  produced  by  hydrochloric  acid  in  solutions  of  the 
iodates,  chlorates,  and  bromates,  but  the  presence  of 
these  salts  may  be  detected  by  other  characters. 
Price's  test  for  the  detection  of  iodine,  and  which  is 
described  at  page  403,  is  equally  applicable  for  the 
detection  of  nitric  acid. 

Quantitative  Estimation. — Martin  separates 
the  ammonia  present  in  the  substance  to  be  examined 
from  the  nitric  acid,  by  boiling  it  with  potassa.  He 
then  introduces  the  resulting  solution  into  a  vessel,  with 
metallic  zinc,  and  a  sufficient  quantity  of  water,  and 
adds  by  degrees  hydrochloric  or  sulphuric  acid.  By 
these  means  the  nitric  acid  is  completely  converted  into 
ammonia,  and  its  amount  may  now  be  arrived  at  by 
the  usual  methods  for  estimating  that  alkali,  Vol.  I., 
page  198.  Seventeen  of  ammonia,  NH3,  represent 
fifty-four  of  nitric  acid,  N05. 
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Nitrates. — Nitric  acid  combines  with  one  equivalent 
of  the  various  bases  to  form  the  class  of  salts  termed 
nitrates.  No  acid  nitrates  exist  or  have  been  produced, 
but  several  subnitrates  may  be  formed  ;  that  is  to  say, 
salts  may  be  obtained  containing  more  than  one  base 
for  each  equivalent  of  acid ;  such,  for  instance,  as 
the  subnitrate  of  copper,  3  Cn  0,  N06,  HO.  When 
heated,  most  of  the  nitrates  fuse  readily;  at  an  elevated 
temperature  they  are  all  decomposed,  and  in  most 
cases  the  pure  oxide  remains.  When  thrown  on 
glowing  coals,  the  nitrates  are  decomposed  with  scintil- 
lation ;  if  dissolved  in  water,  and  paper  be  moistened 
with  the  solution,  allowed  to  dry,  and  then  burned,  the 
smouldering  combustion  characteristic  of  touch-paper 
will  be  produced.  This  property,  however,  is  also 
exhibited  by  the  salts  of  some  other  acids,  of  which 
the  chloric  is  the  most  important. 

Adulterations. — The  specific  gravity  of  nitric  acid  is 
very  often  artificially  augmented  by  dissolving  in  it 
nitrate  of  potassa  ;  this  sophistication,  however,  is  very 
easily  detected  by  evaporating  the  acid,  when  the  nitrate 
so  added  will  be  left  behind.  But  the  best  way  of 
determining  the  real  value  of  nitric  acid  is  by  ascertaining 
its  saturating  capability,  that  is,  finding  how  much  pure 
carbonate  of  soda  it  will  neutralize. 

The  nitric  acid  of  commerce  is  ordinarily  contami- 
nated by  sulphuric  and  hydrochloric  acids,  or  by  chlo- 
rine or  chlorides. 

The  presence  of  sulphuric  acid  is  discovered  by 
diluting  a  portion  of  the  nitric  acid  with  pure  water,  and 
adding  a  solution  of  nitrate  of  baryta  ;  if  this  produces 
a  white  precipitate,  insoluble  in  water,  in  acids,  and 
likewise  in  ammonia,  it  is  sulphate  of  baryta,  and  it 
indicates,  of  course,  the  presence  of  sulphuric  acid.  If 
the  precipitate  is  in  ponderable  quantities,  it  should  be 
first  boiled  with  the  acid  liquor  in  which  it  has  been  pro- 
duced, allowed  to  settle,  filtered,  washed,  dried,  ignited, 
and  weighed:  1165  grains  represent  forty  of  dry  sul- 
phuric acid. 

The  presence  of  chlorine  or  of  chlorides,  or  of  hydro- 
chloric acid,  is  detected  by  diluting  the  nitric  acid  with 
pure  water,  and  adding  a  solution  of  nitrate  of  silver. 
If  a  white  curdy  precipitate,  or  an  opaline  tinge  or  tur- 
bidness  is  produced,  insoluble  in  nitric  acid,  but  which 
instantly  disappears  by  pouring  an  excess  of  ammonia, 
and  reappears  by  adding  an  excess  of  acid,  it  is  chloride 
of  silver;  in  which  case  the  acid  liquor  should  be 
moderately  heated,  in  order  to  promote  the  settling  of 
the  precipitate,  which  may  then  be  collected  on  a  filter 
as  small  as  possible,  washed,  and  carefully  exsiccated.  It 
should  then  be  introduced  into  a  counterpoised  porce- 
lain crucible;  the  filter,  being  scraped  clean,  is  afterwards 
burnt  upon  the  cover  of  the  crucible,  and  the  ashes  are 
added  to  the  precipitate  in  the  crucible ;  the  mass  is 
then  fused,  and  on  cooling,  it  is  weighed ;  143'5  grains  of 
chloride  of  silver  represent  35'5  grains  of  chlorine,  or 
365  grains  of  hydrochloric  acid. 

Before  testing  the  acid,  as  just  said,  it  must  not  be 
forgotten  to  dilute  it  with  three  or  four  times  its  bulk 
of  distilled  water,  for  otherwise  a  precipitate  would  be 
produced,  but  which  is  nothing  else  than  nitrate  of 
baryta  and  nitrate  of  silver,  which  might  simulate  the 
presence  of  sulphuric  acid  and  of  chlorine.    Such  pre- 


cipitates, however,  immediately  disappear  by  an  addition 
of  water. 

When  nitric  acid  contains  fixed  substances,  they  are 
easily  detected  by  evaporating  a  small  quantity  of  the 
acid  in  a  watch-glass  or  small  capsule,  in  which  case  a 
fixed  residuum  will  be  left.  Pure  nitric  acid  is  entirely 
volatilizable  by  heat. 

Impure  nitric  acid  can  always  be  easily  purified  by 
adding  to  it  a  sufficient  quantity  of  nitrate  of  silver,  in 
order  to  precipitate  the  chlorine  and  sulphuric  acid, 
decanting  the  acid  from  the  precipitates  produced,  and 
distilling  it  in  a  glass  retort  and  glass  receiver,  takiDg 
care  not  to  use  either  lute  or  cork.  Tf  done  with  care, 
and  at  a  moderate  heat,  the  acid  which  passes  is  pure 
and  colorless. 

Physiological  Effects. — The  action  of  this  acid  varies 
with  its  degree  of  concentration  or  dilution.  In  the 
concentrated  form,  the  acid  acts  as  a  powerfully  corro- 
sive poison,  which  property  it  partly  derives  from  its 
affinity  for  water,  but  more  especially  from  the  facility 
with  which  it  gives  out  oxygen ;  so  that  the  appear- 
ances caused  by  its  action  on  some  of  the  tissues  are 
different  from  those  produced  by  sulphuric  acid.  The 
permanent  yellow  stain — xanthoproteic  acid — which 
it  communicates  to  the  cuticle,  is  peculiar  to  it.  Iodine 
stains  the  skin  yellow  or  brown,  but  a  little  caustic 
potassa  quickly  removes  the  color,  when  recent ; 
whereas  the  yellowish  stain  caused  by  nitric  acid 
becomes  orange,  on  the  addition  of  an  alkaline  soap. 
Bromine  also  stains  the  skin  yellow ;  but,  when  recently 
produced,  the  color  may  likewise  be  removed  by 
potassa.  The  yellow  or  citron  tint  communicated  to 
the  lining  membrane  of  the  tongue,  pharynx,  et  cetera, 
by  nitric  acid,  has  been  lucidly  illustrated  by  Dr. 
Roupell.  A  preparation  presenting  appearances  in 
every  way  identical,  is  preserved  in  the  anatomical 
museum  of  the  metropolitan  hospital.  Nitric,  like 
sulphuric  acid,  also  chars  the  animal  tissues ;  and  thus, 
after  the  ingestion  of  it,  the  stomach  is  sometimes 
found  blackened,  as  if  sulphuric  acid  had  been  swal- 
lowed. The  symptoms  are  the  same  as  those  produced 
by  sulphuric  acid.  The  yellow,  citron,  or  orange  spots 
sometimes  seen  on  the  lips,  chin,  or  face,  will,  when 
present,  at  once  indicate  the  kind  of  acid  swallowed. 
Sometimes  the  binoxide  ©f  nitrogen  is  evolved  by  the 
mouth. 

Properly  diluted,  nitric  acid  produces  effects  similar 
to  those  of  the  other  mineral  acids.  It  is  said,  however, 
to  act  less  evidently  as  a  tonic,  and  to  be  more  apt  to 
disagree  with  the  stomach,  so  that  it  cannot  be  used 
for  so  long  a  time.  In  some  instances  it  has  excited 
ptyalism,  and  from  this  circumstance,  as  well  as  from 
the  occasional  benefit  derived  from  its  use  in  the 
venereal  disease,  it  has  by  some  writers  been  compared 
in  its  operation  to  mercury — a  comparison  founded 
on  theoretical  rather  than  practical  considerations. — 
Pereira. 

OIL. — Huile,  French;  Oel,  German;  Oleum,  Latin. 
— Oils  are  a  very  interesting  class  of  natural  substances, 
inflammable,  and  greasy  to  the  touch.  Oily  bodies  are 
generally  divided  into  two  classes,  fixed  or  fat  oils,  and 
essential  or  volatile  oils.  The  two  are,  however,  en- 
tirely dissimilar,  both  in  properties  and  composition ; 
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indeed,  except  in  the  one  common  property  of  greasi- 
ness,  they  are  not  at  all  allied  to  each  other.  The 
oils  belonging  to  one  classification  may  readily  be 
distinguished  from  those  of  the  other;  the  essential 
oils  emitting  at  ordinary  temperatures  a  distinctive, 
intensely  odorous,  and  penetrating  -vapor,  and  when 
dropped  on  paper,  not  producing  a  permanent  greasy 
spot,  while  the  stain  of  a  fixed  fatty  oil  does  not  dis- 
appear by  exposure,  nor  even  when  the  paper  is  sub- 
jected to  a  gentle  heat.  For  the  present,  to  avoid 
confusion,  only  the  fixed  and  fat  oils  will  be  considered. 

Fats  and  fixed  oils  are  most  indispensable  requisites 
of  domestic  economy,  equally  important  as  nourish- 
ment, as  material  for  the  manufacture  of  soap,  and  as 
sources  of  light.  They  contain  a  very  large  proportion 
of  carbon,  as  compared  with  that  of  the  other  con- 
stituents— a  character  that  distinguishes  this  class  of 
substances  from  the  greater  number  of  compounds  of 
organic  origin.  In  many  instances  the  amount  of  car- 
bon is  from  seventy  to  eighty  per  cent.,  and  upon  this 
property  depends  their  great  value  as  food,  and  as 
sources  of  light.  As  regards  the  former,  they  must 
always  be  most  useful ;  those  fats  only  which  are  unfit 
for  food  are  valuable  as  sources  of  light,  or  for  the  pro- 
duction of  soap. 

Historical  Notice. — Oils  have  been  known  from 
the  earliest  ages  of  the  world,  and  were,  even  at  that 
remote  period,  applied  to  a  variety  of  purposes,  but 
principally  as  a  means  of  illumination.  In  the  writings 
of  Moses  olive  oil  is  frequently  mentioned ;  and  it 
appears  probable  that  the  candlesticks  so  frequently 
referred  to  in  Holy  Writ  were  intended  as  a  support 
for  lamps,  and  not  candles.  In  Genesis  Moses  speaks 
of  a  burning  lamp,  and  in  the  two  following  books 
it  is  clearly  stated  that  olive  oil  was  the  material  used 
as  the  source  of  light.  The  introduction  of  oils  into 
Europe  dates  also  from  a  very  remote  age.  According 
to  Herodotus,  the  Greeks  were  the  first  European 
people  acquainted  with  them.  They  derived  their 
knowledge  of  oil,  and  the  means  of  procuring  it,  from 
the  Cecrops,  who  brought  olive  oil  from  Sais,  a  pro- 
vince of  lower  Egypt.  No  record  can  be  found  show- 
ing the  method  of  extracting  it  at  this  early  date,  nor 
even  the  purposes  for  which  it  was  used.  The  Greeks 
of  that  period  appear  to  have  been  ignorant  of  the 
mode  of  applying  it  as  a  source  of  light,  for  Homer 
mentions  wood  torches  as  a  means  of  illumination  in 
use  at  the  time  of  the  Trojan  war.  Eusebius,  how- 
ever, relates  that,  at  the  commencement  of  the  fourth 
century,  the  city  of  Constantinople  was  annually  illu- 
minated on  Easter  eve  by  means  of  lamps  and  wax 
candles.  Afterwards,  until  the  introduction  of  tallow 
and  animal  fats,  wax  and  pitch  were  the  combustible 
materials  most  commonly  employed. 

Sources. — Oils  are  found  abundantly  in  the  vegetal 
and  animal  kingdoms.  In  the  former,  they  occur  in 
various  parts  of  the  plant,  principally  in  the  cellular 
structure  of,  and  in  the  fleshy  pulp  surrounding  the 
seeds,  and  very  rarely  in  the  roots.  They  are  con- 
tained in  that  part  of  the  seed  which  gives  birth  to 
the  cotyledons,  and  not  in  the  plumula  or  radicle. 
In  the  olive  tree  only  the  oil  is  contained  in  the 
fleshy  integuments  of  the  fruit.     The  seeds  richest 


in  oil  are  those  belonging  to  the  genus  cruciferce, 
and  next  to  that  are  the  drupaceai,  aomentacea?,  and 
solaneas.  Linseed  contains  twenty  per  cent,  of  oil. 
rape  seed  from  thirty-five  to  forty,  castor  seed  sixty 
per  cent.,  and  nuts  about  half  their  weight.  The 
quantity  of  oil  furnished  by  seeds  varies,  not  only 
with  the  species,  but  in  the  same  seed,  with  climate  and 
method  of  cultivation.  The  seeds  should  be  ripe,  fresh, 
and  of  good  quality.  The  yield  of  oil  is  always  less 
than  that  actually  contained  in  the  seed,  and  the  quan- 
tity remaining  in  the  marc  or  pressed  cake  is  greater 
in  proportion  as  the  starchy,  ligneous,  and  albuminous 
principles  predominate.  The  exact  quantity  of  oil 
contained  in  seeds  is  easily  estimated  by  taking  a  given 
quantity  and  bruising  and  treating  repeatedly  with 
ether,  until  the  oil  is  completely  extracted.  The 
solution  is  then  evaporated  by  means  of  a  water  bath, 
and  the  oily  residue  remaining  is  washed  with  water, 
to  remove  soluble  matters,  then  dried  and  weighed, 
and  the  result  is  the  exact  proportion  of  oil  present  in 
the  seed. 

The  part  of  the  plant  in  which  fats  and  oils  are 
originally  produced,  is,  according  to  Dumas,  the  green 
leaves  only,  whence  they  are  removed  by  a  process  of 
circulation,  and  deposited  in  the  seeds  and  fruits. 
The  essential  ultimate  constituents  of  oils  are  carbon, 
hydrogen,  and  oxygen,  and  consequently  they  may 
be  produced  by  a  process  of  deoxidation  from  car- 
bonic acid  and  water,  which  are  of  course  imbibed  for 
the  most  part  by  the  green  leaves.  It  is,  therefore, 
extremely  probable  that  the  theory  of  Dumas,  which 
attributes  the  assimilation  or  process  of  formation  of 
oils  to  the  verdant  foliage  of  the  plant,  is  the  correct 
one;  certainly  it  is  the  only  plausible  one  yet  ad- 
duced to  explain  this  very  peculiar  action.  The 
living  plant  breathes,  feeds,  and  digests,  exactly  as  is 
the  case  with  the  animal,  though  in  the  plant  the  organs 
of  digestion  and  respiration  exist  almost  entirely  in  the 
leaves ;  and  here  the  vital  force,  under  the  influence  of 
light,  effects  the  transmutation  of  the  food  into  the 
several  substances  of  which  the  plant  is  constructed, 
while  the  whole,  or  at  least  the  greater  portion  of  the 
oxygen  of  the  absorbed  carbonic  acid,  is  returned  by 
respiration  to  the  atmosphere.  The  formation  of 
vegetal  oils  is,  therefore,  owing  to  absorption  and 
transformation  of  food  containing  the  elements  under 
the  form  of  gases,  which  by  the  vital  force,  and  the 
peculiar  organic  structure  of  the  plant,  are  secreted  and 
arranged  into  entirely  new  products. 

In  animals,  fats  are  contained  chiefly  in  the  cellular 
membrane,  and,  for  the  most  part,  immediately  beneath 
the  skin;  also  interiorly,  particularly  in  the  omentum, 
and  in  the  region  of  the  kidneys.  This  substance  exists  in 
the  form  of  globules  or  small  drops,  and  swims  in  the  ani- 
mal fluid  with  which  the  cells  are  filled.  In  the  species 
of  whale,  the  bony  cavity  of  the  head  is  the  depository 
of  the  secreted  spermaceti,  and  in  the  case  of  butter, 
the  fat  is  mixed  in  a  liquid  state  in  milk.  Oils  and 
fats,  both  in  plants  and  animals,  are  always  associated 
with  an  albuminous  principle;  in  vegetals,  with  diastase, 
synaptase,  or  an  analogous  body,  which,  from  its  pecu- 
liar liability  to  change,  exercises  an  important  influ- 
ence upon  the  oils  when  kept  for  any  length  of  time. 
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Two  distinct  theories  concerning  the  production  of 
animal  fats  have  been  promulgated,  and  each  of  them 
has  had  a  large  number  of  supporters,  eminent  for  their 
extensive  chemical  knowledge. 

Dumas  is  of  opinion  that  fatty  matters  are  not  gene- 
rated in  the  animal  body,  but  that  they  are  derived, 
already  formed,  solely  from  the  vegetable  kingdom, 
the  manifold  products  of  which  serve  as  food  for 
the  herbivora,  while  the  carnivora  also  derive  them 
indirectly  from  the  same  source,  through  the  plant- 
eating  animal.  This  opinion  has  for  its  supporters, 
Boussingatjlt,  Payen,  and  others.  Undoubtedly 
the  fat  of  the  herbivora  is,  to  a  certain  extent,  con- 
veyed to  them  in  the  plants  which  serve  them  as 
food ;  while,  at  the  same  time,  it  is  indisputable  that 
fat  may  also  be  produced  by  a  process  of  deoxidation 
of  the  amylaceous  constituents  of  food.  This  latter 
theory  was  advanced  by  Liebig,  and  is  now  almost 
universally  acknowledged  to  be  the  true  explanation  of 
the  formation  of  animal  fats.  A  powerful  argument  in 
favor  of  the  latter  supposition  is,  that  the  carnivora, 
which,  as  their  name  implies,  are  flesh-eating  animals, 
have  much  less  fat,  but  more  muscle,  than  the  herbivora. 
The  latter  derive  the  substance  of  their  bodies  from 
plants,  to  the  amylaceous,  or  saccharine,  starchy,  and 
gummy  components  of  which  are  due  the  production  of 
fat ;  the  comparatively  small  nitrogenized  portion  being 
taken  up  to  form  muscle,  and  the  other  albuminous  or 
nitrogenous  parts  of  the  structure.  The  absence  of  the 
non-nitrogenous  or  amylaceous  ingredients  in  the  food 
of  animals  occasions  a  leanness  of  flesh,  while  at  the  same 
time,  it  is  well  known  that  the  proportion  of  fat  in  the 
animal  body  may  be  increased  by  an  augmentation  in 
the  quantity  of  non-nitrogenous  food.  A  curious  fact 
in  support  of  Liebig's  theory  was  adduced  by  Huber 
and  by  Gdndelach,  who  fed  bees  solely  on%iure  sugar, 
and  found  an  abundant  secretion  of  wax, —  a  true  fat. 
No  doubt,  therefore,  these  insects  produce  wax  by  a 
process  of  assimilation  of  the  sugar  contained  in  honey : 
indeed,  this  has  since  been  admitted  by  Dumas. 
Animal  fat  may,  therefore,  be  considered  to  be  a  pro- 
duct of  the  deoxidation  of  the  non-nitrogenous  consti- 
tuents of  vegetal  food,  and  consequent  upon  a  deficient 
supply  of  oxygen  to  the  body,  this  element  being  abso- 
lutely indispensable  to  the  dissipation  of  these  compo- 
nents of  food.  It  follows,  therefore,  that  farinaceous 
food,  and  abstinence  from  exertion,  are  promotive  of 
the  formation  of  fat,  rest  being  a  necessary  condition, 
as  during  locomotion  or  other  exertion,  respiration  is 
more  frequent,  and  the  supply  of  oxygen  consequently 
more  abundant,  and  by  its  agency  the  formation  of  fat 
is  prevented  :  the  amylaceous  constituents  of  the  food, 
undergoing  a  species  of  slow  combustion,  are  entirely 
broken  up,  and  expelled  from  the  system  in  the  form 
of  carbonic  acid  and  water, — the  components  of  the 
atmosphere  from  which  they  were  originally  produced 
in  the  plant.  The  above  exposition  is  an  admirable 
illustration  of  the  dependence  of  the  animal  upon  the 
vegetal  kingdom,  and  a  very  important  instance  of  the 
economy  of  nature. 

Properties. — The  consistence  of  fatty  matters  is 
very  variable — from  that  of  extreme  fluidity,  as  in  the 
oil  of  almonds,  to  that  of  solid  masses,  as  suet  or  butter. 


Those  obtained  from  warm-blooded  animals  are  usually 
solid  at  ordinary  temperatures ;  whilst  fish  oils,  and 
those  procured  from  cold-blooded  animals,  remain 
liquid  ;  sometimes,  however,  the  same  plant  as  well  as 
animal  yields  both  varieties.  The  concrete  vegetal 
oils,  as  that  of  cocoa-nut,  are  sometimes  designated 
vegetal  butters. 

The  value  of  oils  as  combustibles  is  greatly  affected 
by  their  degree  of  fluidity.  This  is  determined  by  the 
period  required  for  a  given  quantity  to  flow  through  a 
funnel  of  known  dimensions.  With  an  apparatus 
similar  to  that  represented  in  Fig.  387,  "Vol.  I.,  page 
704,  Sohubler  and  Ure  obtained  the  following 
results : — 

Time  requited  to,  Flniditv 
flour  through  w„t.l  inn 

Fluid.  ti  given  aperture.  Water- 100. 

Seconds. 

Water,                              9a   100-0 

Olive  oil,                            195    46-1 

Colza  oil,                           162    55-5 

Oil  of  brassica  napus,            159    56-6 

Oil  of  brassica  prtBcox,         148  ..........  60*8 

Oil  of  brassica  napo-brass,,.  142   63*3 

Oil  (  f  brassica  rapa,             136    66 '1 

Train  oil,                         450   20-0  Ure. 

The  specific  gravity  of  oils  and  fats  is  always  below 
that  of  water,  and  varies  from  0-91  to  094  at  60°. 
The  oils,  of  all  fluids,  expand  the  most  by  heat, 
and,  indeed,  in  some  cases  to  such  a  degree  as  to 
render  it  necessary,  for  the  purposes  of  commerce,  to 
know  exactly  the  extent  of  this  expansion.  The  fol- 
lowing table,  given  by  Saussure,  shows  the  density  of 
several  oils  at  different  temperatures  : — 


At  58°. 

Nut  oil,  0-928 

Almond  oil,.... 0-920 

Linseed  oil  0-939 

Castor  oil,  0-970 

Olive  oil,  0-919 


At  J.°. 

0-919  .. 

0-930  .. 

0-957  .. 

0-911  .. 


At  122°. 

0-921 
V.  0-893 


At  200°. 

0-871 
0-863 
0-881 
0-908 
0-862 


For  every  degree  of  Celsius  the  volume  of  olive  oil 
increases,  according  to  Preisser,  one  twelve-hundredth, 
of  rape  oil  one  eleven  hundred  and  twentieth,  and  of 
train  oil  one  one-thousandth,  so  that  one  hundred  mea- 
sures of  train  oil  at  32°  Fahrenheit  will  become  in  sum- 
mer at  68°  Fahrenheit  one  hundred  and  two  measures. 

Common  hog's  lard  at  60°  has  a  specific  gravity  of 
0-938  in  its  fluid  state;  at  122°,  it  is  0-892  ;  at  155°, 
it  is  0-881 ;  and  at  200°,  0-863.  The  specific  gravity 
of  oil  increases  also  with  its  age ;  indeed,  it  may  be 
remarked,  that  no  accurate  determination  of  the  degree 
of  purity  of  an  oil  can  be  deduced  from  its  density,  as 
there  are  frequent  discrepancies  in  the  same  kind  of  oil, 
according  to  the  locality  where  the  plant  was  cultivated, 
and  the  varied  modes  of  extracting  the  oil. 

Fats  and  oils  may  be  exposed  to  a  considerably  high 
temperature  without  suffering  any  important  change  ; 
but  at  a  heat  of  between  500°  and  600°  they  are  rapidly 
decomposed,  and,  therefore,  will  not  admit  of  distilla- 
tion. This  property  especially  distinguishes  the  fixed 
from  the  essential  or  volatile  oils,  which  may  be  dis- 
tilled without  alteration.  The  continued  action  of  heat 
upon  fat  oils  has  a  very  remarkable  effect.  A  little 
above  500°  they  assume  a  darker  color,  and  evolve 
acrid  and  offensive  vapors ;  and  when  further  heated 
to  about  600°,  eliminate  carbonic  acid,  and  carbide  of 
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hydrogen  gases,  aceompained  by  a  peculiarly  irritat- 
ing substance  termed  acrolein,  and  also  margaric 
and  sebacic  acids,  and  a  variety  of  solid  and  liquid 
carbides  of  hydrogen.  The  result  of  the  action  of 
heat,  however,  is  not  always  the  same,  but  varies  with 
the  nature  of  the  oil.  The  period  at  which  these  alter- 
ations occur  has  been  improperly  said  to  be  the  boiling 
point,  the  phenomena  of  apparent  ebullition  arising  from 
the  escape  of  the  gases  produced  by  the  decomposition 
of  the  oil.  When  introduced  in  small  portions  into 
red-hot  vessels,  or  what  is  the  same  thing,  when  the 
vapor  of  oils  is  made  to  pass  slowly  through  a  red-hot 
tube,  they  are  almost  entirely  converted  into  volatile 
products,  consisting  principally  of  carbonic  oxide,  and 
gaseous,  liquid,  and  vaporous  hydrocarbons.  This  mix- 
ture constitutes  oil  gas,  which  in  illuminating  power  is 
far  superior  to  that  of  the  best  coal  gas,  and  exceeds 
in  this  property  three  and  a  half  times  that  of  ordinary 
coal  gas.  For  a  detailed  notice  of  this  highly  interest- 
ing and  important  subject—  the  manufacture  of  oil  gas, 
and  its  application  to  lighting  purposes — the  reader  is 
referred  to  the  article  Gas. 

Olein,  Stearin,  Margarin,  and  Glycerin. — Chev- 
reul,  in  the  course  of  an  extended  examination  of 
fixed  oils,  which  he  concluded  about  the  year  1813, 
discovered  them  to  consist  of,  for  the  most  part, 
always  two,  and  frequently  three  distinct  compounds, 
united  in  the  most  variable  proportions.  These  bodies 
are  combinations  of  oxide  of  glyceryl  with  stearic,  mar- 
garic, and  oleic  acids.  For  the  sake  of  brevity,  these 
compounds  are  named  stearin,  margarin,  and  olein,  and 
it  is  upon  the  prevalence  of  one  or  other  of  these  ingre- 
dients that  the  consistence  of  fat  depends.  When 
stearin  predominates,  the  fat  is  firm  and  solid;  if 
margarin  be  most  abundant,  the  fat  is  less  hard ;  while 
if  olein  is  the  chief  principle,  the  oil  is  liquid  at  ordinary 
temperatures. 

Braconnot,  who  investigated  this  subject  about  the 
same  period,  gives  the  following  table  of  the  results  of 
hie  experiments,  showing  the  centesimal  proportion  of 
solid  matter  contained  in  the  oils  and  fatty  bodies 
therein  mentioned : — 


Solid  matter 
In  one  hundred 

Degrees 

parts. 

Cow's  butter  in  summer, 

. . . .  40  fusible  at  134-5 

Cow's  butter  in  winter, . 

...  ,  65  — 

134-5 

110.0 

Ox  fat,  

....  76 

141.0 

. . . .  26 

123-8 

111-2 

....  28 

125-5 

113.0 

68.0 

42-8 

45-5 

Fats,  therefore,  as  taken  from  vegetal  or  animal 
bodies,  are  not  homogeneous  chemical  combinations, 
but  mixtures  of  such,  which,  taken  singly,  have  all  the 
properties  of  the  fats  themselves.  By  congelation  at 
low  temperatures,  and  pressure  of  the  concrete  mass,  a 
separation  of  the  oil  ensues  into  a  liquid  and  a  solid 
portion.  The  former  consists  of  olein,  and  the  latter  of 
stearin  or  margarin,  or  both.  By  pressure  between  folds 
of  blotting  paper,  or  in  linen  bags,  a  nearly  complete 
separation  of  the  olein  is  effected,  and  the  solid  stearin 


or  margarin  remains.  By  heating  the  paper  in  water, 
the  liquid  olein  may  be  obtained  separate.  Tolerably 
pure  stearin  may  also  be  procured  by  boiling  the 
natural  oil  with  alcohol,  in  which  stearin  is  nearly 
insoluble.  Besides  the  above  process  for  procuring 
olein  by  refrigeration,  it  may  be  obtained  by  boiling  oil 
for  some  time  with  a  small  proportion  of  caustic  soda 
or  potassa,  and  treating  the  mixture  with  dilute  alcohol, 
when  the  olein  collects  as  an  oily  layer  upon  the  sur- 
face of  the  liquid.  For  the  preparation  of  olein, 
almond  oil  should  be  employed,  as  it  contains  a  greater 
quantity  of  this  principle  than  other  oils.  Stearin 
constitutes  by  far  the  greatest  proportion  of  the  solid 
components  of  fats  and  fixed  oils.  The  properties  of 
these  ingredients  vary  with  the  nature  of  the  respective 
oils,  so  that  the  sole  difference  does  not  consist  in  the 
variable  proportions  of  the  three  bodies,  but  also  in 
peculiarities  of  the  principles  themselves;  as  it  has 
been  found  that,  according  to  their  source,  they  solidify 
at  very  different  temperatures. 

When  oily  seeds,  such  as  almonds,  walnuts,  or  poppy 
seeds,  are  crushed  or  pulverized,  so  as  to  break  up  the 
cellular  tissue,  and  bring  its  various  ingredients  into 
intimate  admixture  with  each  other,  the  fatty  bodies, 
which  the  seeds  naturally  contain  as  neutral  compounds, 
are  gradually  resolved  into  fatty  acids,  with  simulta- 
neous liberation  of  a  colorless,  inodorous,  and  sirupy 
liquid.  The  latter  is  glycerin,  and  was  called  by 
Scheele,  its  discoverer,  the  sweet  principle  of  oils. 
The  change  is  owing  to  the  presence  of  a  peculiar 
albuminous  body,  previously  mentioned  as  being  always 
associated  with  oils.  This  nitrogenous  matter,  gradu- 
ally decomposing,  acts  as  a  ferment,  and  produces  the 
above  alteration  in  the  constitution  of  the  oils,  and,  as 
Pelouze  has  shown,  is  independent  of  any  absorption 
of  oxygen.  When  heated  with  the  hydrates  of  the 
fixed  alkalies,  with  the  alkaline  earths  and  other 
metallic  oxides,  in  presence  of  water,  decomposition 
also  ensues,  the  oily  acids  combine  with  the  alkali  or 
metallic  oxide  used,  yielding  oleates,  margarates,  and 
stearates ;  the  oxide  of  glyceryl  with  which  these 
acids  were  united  separating  in  chemical  combination 
with  a  certain  proportion  of  water,  the  product  being- 
glycerin.  This  peculiar  principle — the  base  of  oils 
— in  consequence  of  its  growing  importance  in  the 
arts  and  manufactures,  and  particularly  as  an  article 
of  the  materia  medica,  has  been  made  the  subject 
of  a  separate  article,  to  which  the  reader  is  referred. 
The  three  substances  constituting  the  proximate  prin- 
ciples of  fats  and  oils,  have  also  been  noticed  under  the 
article  Candle,  where  full  information  as  to  the  mode 
of  preparation,  properties,  and  uses,  will  be  found, 
together  with  a  description  of  the  respective  acids 
entering  into  their  constitution.  It  may  be  mentioned, 
that  although  the  three  components  of  oils — olein, 
stearin,  and  margarin— are  respectively  compounds  of 
oleic,  stearic,  and  margaric  acids  with  the  basis  of 
glycerin,  simple  mixture  of  the  fatty  acids  with  the 
glycerin  does  not  reproduce  the  oil  from  which  they 
were  obtained,  in  consequence  of  the  metallic  base,  in 
displacing  the  oxide  of  glyceryl,  having  given  up  a 
portion  of  its  water  to  it,  while  the  fatty  acids,  in  the 
process  of  separation  from  the  metallic  oxide,  have  also 
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united  with  a  portion  of  water.  In  fact,  the  united 
weight  of  the  fatty  acids  and  glycerin  always  exceeds 
by  three  or  four  per  cent,  that  of  the  oil  originally 
employed.  The  water  absorbed  so  modifies  the  consti- 
tution of  the  acid  and  base  as  to  prevent  the  re-forma- 
tion of  the  fatty  bodies,  of  which  they  are  the  essential 
constituents. 

Bektiiollet  has,  however,  recently  succeeded  in 
reproducing  the  natural  fats  by  a  direct  union  of  their 
acids  with  the  base  of  glycerin.  According  to  this 
chemist,  stearic,  margaric,  and  oleic  acids,  each  form 
three  compounds,  by  uniting  with  oxide  of  glyceryl ; 
during  combination,  water  is  separated  in  each  case, 
but  there  appears  to  be  a  doubt  as  to  the  accuracy  of 
his  determinations  of  the  precise  quantity  of  water 
liberated.  Bekthollet's  researches  on  this  subject 
have  been  noticed  at  some  length  in  the  article  on 
Glycerin. 

Other  Constituents. — In  addition  to  the  three  neutral 
principles,  stearin,  olein,  and  margarin,  of  which  at  least 
two  are  always  contained  in  oil,  many  oils  and  fatty 
bodies  contain  another  or  more  substances  analogous 
in  composition  to  these  bodies,  but  essentially  different 
in  their  properties.  Some,  like  those  above  named,  are, 
by  the  action  of  suitable  reagents — for  example,  when 
treated  with  hydrates  of  the  fixed  alkalies — resolved 
into  a  fixed  fatty  acid  and  glycerin ;  others,  when 
similarly  treated,  yield  glycerin  and  a  volatile  fatty 
acid,  and  it  is  to  the  presence  of  the  latter  that  the 
peculiar  and  characteristic  flavor  and  smell  of  the 
various  fatty  bodies  are  to  be  attributed.  In  the 
appended  table  are  given  the  names  of  these  peculiar 
principles,  with  the  acids  yielded  by  each,  and,  so  far 
as  they  are  known,  the  melting  points  of  the  fat  and  of 
the  acid : — ■ 


FATS  YIELDING  FIXED  ACIDS. 


Melts  at 

Laurostcarin, . .  113° 

Cocosin,  716 

Myristin,   87-8 

Benin,   — 

Moringin,   — 

Linolein,   — 

Palmitin,  118-4 

Butyrolein,  ....  — 
Iiicinolein, ....  ■ — 

Elaidin,   96-8 

Margaritin,   — 


Laurostcaric  acid, 

Cocinic  acid,  

Myristic  acid,  

Benic  acid,  

Moringic  acid,.. . . 
Linoleic  acid, .... 
Palmitic  acid,  .. . . 
Butyroleic  acid, . . 
Ricinoleic  acid, . . . 

Elaidic  acid,  

Mavgaritic  acid, . . 


Melts  at 

C24H24O4-109°-4 
C2„H2a04-  95 
C28  H28  04— 120-2 
C30  H3„  O4-109-4 
C30      04 —  32 

^30  ^24  O-l  

C32II32O4-140 


C36H3404-lll-2 
0^112,04-185 


FATS  YIELDING  VOLATILE  ACIDS. 

Bntyrin,  Butyric  acid  C8  H8  O4 

Valerin,  or  Dclphinin,  Valerianic  acid,  ...C10HI0O4 

Cnproin,  Caproic  acid,  C12  H,2  0 

Caprylin,  Caprylic  acid,  016  H,6  04 

Caprin,  Oapric  acid,  C20  H20  04 

Hircin,  Hircic  acid,   — 

Sabadillin,  Sabadillic  acid, ...  — 

Crotonin,  Orotonic  acid,   — 

Eicinin,  Eicinic  acid,  C22  H19  04 — 70° 

Of  the  above  principles,  many  are  unknown  in  the 
separate  state,  and  are  supposed  to  exist  merely  from 
the  liberation  of  their  fatty  acids  by  the  saponifica- 
tion of  the  natural  fats,  and  subsequent  treatment  with 
acid. 

Action  of  Alkalies  on  Oils — Soaps— -Margaramid. 
— The  combination  of  the  fatty  acids  with  alkaline  and 
other  bases  gives  rise  to  the  production  of  soap,  which 
VOL.  11. 


will  be  discussed  in  a  separate  article.  It  may  suffice 
here  to  observe,  that  the  compounds  of  the  fatty  acids 
with  the  fixed  alkalies  constitute  soluble  soaps ;  and, 
with  the  earthy  and  metallic  bases,  insoluble  soaps.  In 
the  cases  of  oxide  of  lead  and  of  zinc,  they  are  termed 
plasters. 

The  action  of  ammonia  upon  the  fixed  oils  differs 
from  that  of  the  other  alkalies  and  metallic  bases.  If 
the  emulsion  obtained  by  agitating  solution  of  ammonia 
with  a  fatty  oil  be,  soon  after  being  prepared,  mixed 
with  sufficient  dilute  acid  to  neutralize  the  ammonia, 
or  if  the  mixture  of  oil  with  ammonia  be  exposed  to 
the  air,  the  volatile  alkali  after  some  time  is  completely 
dissipated,  and  the  oil  is  reproduced  in  its  original  state. 
As  already  observed,  simple  admixture  of  glycerin  with 
the  fatty  acids  does  not  reproduce  the  oil  yielding  them ; 
and,  therefore,  the  reproduction  of  the  oil  unaltered, 
after  expulsion  of  ammonia,  is  a  proof  that  no  com- 
bination of  ammonia  with  the  fatty  acids  had  been 
formed.  Prolonged  contact  of  ammonia  with  oils  in  a 
closed  vessel,  however,  gives  rise  to  the  formation  of 
true  salts  of  ammonia  with  the  fatty  acids,  or  ammoni- 
acal  soaps ;  but  in  addition  to  these,  there  is  produced 
also  a  peculiar  substance  to  which  its  discoverer, 
Bodllay,  has  given  the  name  of  margaramid.  It  is 
an  amide  of  the  fatty  acid,  and  may  be  obtained  by 
treating  the  soap  of  ammonia  with  boiling  water,  by 
which  means  it  is  thinned  out,  but  not  dissolved,  and 
on  cooling,  the  greater  portion  congeals  at  the  surface. 
The  congealed  mass  is  dissolved  in  boiling  alcohol,  and 
on  cooling,  margaramid  is  thrown  down  as  a  white, 
crystalline,  perfectly  neutral  substance.  The  composi- 
tion of  margaramid  is  margarate  of  ammonia,  minus 
two  equivalents  of  water : — 

NH4 0, CS4 H33 03  2 HO  =  C34 HjjOj N,  or      H33 02 Nil2 

Margarate  of  ammonia.  Margaramid. 

Margaramid  is  unalterable  in  the  air,  insoluble  in  1 
water,  but  readily  dissolved  by  alcohol  or  ether.  It 
fuses  at  140°,  burns  with  a  sooty  flame,  is  decomposed 
by  boiling  concentrated  solutions  of  the  fixed  alkalies, 
and  also  by  acids  when  at  a  certain  degree  of  concen- 
tration. The  transformation  of  oils  into  margaramid 
by  the  action  of  ammonia  is  especially  rapid  and 
characteristic  in  the  case  of  castor  oil. 

Action  of  Acids  on  Oils — Sulphuric  Acid. — The 
action  of  acids  upon  oils  has  been  the  subject  of 
many  recent  critical  examinations.  The  changes  pro- 
duced vary  with  the  kind  of  acid  employed.  Sul- 
phuric acid,  when  added  to  many  oils  to  the  amount  of 
one  per  cent.,  has  no  action  upon  the  oil  itself,  but  it 
instantly  develops  a  dark  green  or  brownish  coloration. 
After  some  time,  a  chemical  combination  of  the  acid 
with  mucilage  and  other  parenchymatous  matter  is 
deposited,  and  the  oil  is  thus  rendered  brighter  and 
more  limpid.  When  sulphuric  acid  is  added  in  larger 
quantities,  very  remarkable  changes  occur.  In  moderate 
proportion,  its  action  appears  to  be  limited  to  the  ab- 
straction of  the  oxide  of  glyceryl,  with  which  it  combines 
and  forms  bisulphate  of  oxide  of  glyceryl,  or  sulpho- 
glyceric  acid — C6  H7  05,  2  S  03,  whilst  the  oily  acids 
are  set  at  liberty    When  applied  in  larger  quantities, 
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the  result  is  the  conversion  of  the  fatty  acids  into  various 
modifications,  sulpko-glyceric  acid  being  a  simultaneous 
product.  If  sulphuric  acid  be  gradually  added  in  the 
cold  to  twice  its  volume  of  olive  oil,  the  mixture 
becomes  tough  in  appearance,  and  if,  after  standing 
twenty-four  hours,  two  volumes  of  water  be  added, 
sulpholeic,  sulpho-margaric,  and  sulpho-stearic  acids 
separate  and  rise  to  the  surface ;  for,  though  soluble 
in  pure  water,  these  acids  are  quite  insoluble  in  the 
acid  liquid.  When  the  solution  of  these  acids  in  water 
is  kept  for  some  time  at  ordinary  temperatures,  the 
sulphuric  acid  separates,  and  there  are  produced  three 
new  acids — metamargaric,  metoleic,  and  hydromargaric 
acids.  The  two  former  rise  to  the  surface,  and  the 
latter  remains  dissolved  in  the  water  along  with  sul- 
phuric acid.  On  heating  the  original  solution,  there  is 
formed  a  fourth,  hydroleic  acid,  which  rises  to  the  sur- 
face in  admixture  with  the  acids  above  mentioned;  and 
if  this  mixture  is  boiled  with  alcohol,  still  another  acid 
is  produced — the  hydromargaritic,  which  is  deposited 
from  the  solution  on  cooling.  Fremy  was  the  first  to 
notice  these  peculiar  reactions ;  the  subject  has,  how- 
ever, since  been  investigated  by  others,  and  especially 
by  Miller  and  Varrentrapp,  but  is  still  to  a  great 
extent  involved  in  mystery.  The  sulpho-acids  have  an 
oily,  bitter  taste.  Of  the  three,  sulpholeic  is  by  far  the 
most  permanent. 

The  action  of  sulphuric  acid  upon  oils  or  fats  at  a 
high  temperature,  differs  from  the  above ;  a  separation 
of  the  fatty  acids  and  oxide  of  glyceryl  is  immediately 
effected,  and  the  glycerin  and  sulphuric  acid  mutually 
decompose,  yielding  sulphurous  and  carbonic  acids. 
The  application  of  this  reaction  to  the  separation  of  the 
fatty  acids,  for  manufacturing  purposes,  has  already 
been  discussed  in  connection  with  the  article  Candle. 

Action  of  Nitrous  Acid — Elaidin. — The  action  of 
nitrous  acid  upon  fixed  oils  varies  with  the  kind  on 
which  it  operates.  According  to  their  behavior  under 
the  influence  of  this  acid,  they  are  divided  into  two 
distinct  classes  or  divisions — the  drying  and  the  non- 
drying  oils.  The  latter  by  this  treatment  are  con- 
verted into  solid  masses,  a  change  of  which  those 
of  the  first  division  are  not  susceptible.  The  reac- 
tion appears  to  be  confined  to  one  of  the  principles 
of  the  greasy  oils — olein  ;  and  its  effect  is  to  convert 
this,  the  most  liquid  of  the  components  of  oil,  into  a 
concrete  fatty  matter,  termed  elaidin,  which  by  analysis 
is  found  to  consist  of  a  peculiar  acid — elaidic  acid — in 
combination  with  oxide  of  glyceryl.  This  action  was 
first  observed  by  Poutet,  a  French  apothecary,  in  the 
course  of  experiments  on  olive  and  other  oils.  Boudet 
showed  nitrous  acid  to  be  the  true  agent  of  decompo- 
sition. According  to  the  quantity  employed,  the  change 
is  effected  in  a  longer  or  shorter  period  of  time.  Thus, 
a  mixture  of  three  parts  of  nitric  acid,  with  one  of 
nitrous  acid,  gave  the  following  results : — 

1  part  of  the  acid  with  33  of  olive  oil  solidified  in  70  minutes. 

1    50    78  .... 

1    75    84  .... 

1    100    130  .... 

1    200    435  .... 

1    400    remained  unchanged. 

The  annexed  table  indicates  the  time  required,  at 


the  temperature  of  60°,  for  the  congelation  of  one 
hundred  grains  of  oil,  when  treated  with  three  grains  of 
nitric  acid,  and  three  of  pure  nitrous  acid  : — 

Color  immediately  Number  of  minutes 

developed.-  bul'oi  e  congelation. 

Olive  oil,  Bluish  green,    73 

Sweet  almond  oil, ..  Dirty  white,    160 

Bitter  almond  oil,  .  .Deep  green,    160 

Nut  oil,  .'.  Bluish  green,    103 

Castor  oil,  Bright  yellow,    603 

Colza  oil,  Brown  yellow   2400 

The  very  small  quantity  required  to  produce  the 
effect,  and  the  remarkable  fact,  that  in  some  cases  a 
similar  solidification  is  produced  by  a  deoxidising  agent 
— sulphurous  acid — render  this  action  a  problem  as  yet 
unexplained.  Protonitrate  of  mercury  also  induces  a 
similar  change  on  the  greasy  oils,  and  in  all  cases,  with 
the  exception  of  castor  oil,  the  product  of  the  action  is 
the  same.  Pure  elaidin  is  best  obtained  by  agitating 
olive  oil  with  a  mixture  of  nitrous  and  nitric  acid.  To 
procure  this  mixed  acid,  one  part  of  nitrate  of  lead  is 
heated  in  a  retort  connected  with  a  receiver,  in  which 
is  contained  one  part  of  nitric  acid,  of  specific  gravity 
1'35.  To  one  hundred  parts  of  olive  oil  are  added  ten 
parts  of  this  mixture  of  acids,  and  the  whole  is  agitated 
till  it  begins  to  solidify.  It  is  then  allowed  to  stand  at 
rest,  and  gradually  a  yellowish  semi-solid  mass  is  formed. 
This,  when  washed  with  alcohol,  becomes  white,  and 
after  pressing  strongly  between  folds  of  bibulous  paper, 
and  subsequent  crystallization  from  ether,  yields  pure 
elaidin.  As  thus  procured,  elaidin  is  solid  at  ordi- 
nary temperatures,  and  when  heated  with  alkalies 
or  metallic  oxides,  is  saponified.  It  fuses  at  a  tem- 
perature between  90°  and  100°,  is  almost  insoluble  in 
alcohol,  but  is  readily  dissolved  by  ether,  and  in  all 
proportions.  Its  specific  gravity  is  0-8978,  and  by 
distillation  it  yields,  among  other  products,  acrolein, 
and  elaidic  and  sebacio  acids.  The  stearin  and  mar- 
garin  of  fats  are  not  transformed  into  elaidin,  though 
this  change  is  stated  to  occur  by  some  chemists. 
According  to  Gottlieb,  the  production  of  elaidin  is 
due  solely  to  the  conversion  of  oleic  acid  into  an 
isomeric  modification,  but  how  the  acids  effect  the 
transformation  is  still  a  matter  for  further  research.  A 
small  quantity  of  ammonia  is  formed  during  the  reac- 
tion— a  proof  of  the  decomposition  of  a  portion  of  the 
acid.  The  drying  oils,  as  those  of  linseed,  poppy  seed, 
and  hemp,  undergo  no  metamorphosis  by  the  action  of 
nitrous  acid,  except  that  they  are  slightly  tinged  brown. 
The  composition  of  elaidin  is  exactly  the  same  as  the 
olein  from  which  it  is  produced — C150  H,3S  Ou — and 
consists  of  one  equivalent  of  glycerin,  and  four  of  elaidic 
acid,  minus  eight  equivalents  of  water — 

C6  H8  06,  4  (C36  HM  04)-8  HO  =:  C150  H,36  014  = 

one  equivalent  of  elaidin. 

Elaidic  acid  is  prepared  by  saponifying  elaidin,  by 
heating  it  with  a  fourth  of  its  weight  of  caustic  soda 
or  potassa,  and  half  its  weight  of  water.  The  resulting 
soap  is  a  mixture  of  margarate  and  elaidate  of  potassa 
or  soda,  and  when  treated  with  hydrochloric  acid, 
chloride  of  the  metal  of  the  alkali  is  formed,  and  a 
mixture  of  elaidic  and  margaric  acids  liberated.  Ac- 
cording to  Meyer,  it  may  be  obtained  pure  by  passing 
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a  current  of  nitrous  acid,  as  disengaged  by  the  deoxi- 
dation  of  nitric  acid  when  heated  in  contact  with  starch, 
through  pure  oleic  acid  at  a  low  temperature,  and 
avoiding  the  use  of  an  excess  of  acid.  The  liquid  after 
a  short  time  congeals  into  a  crystalline  mass.  This  is 
washed  with  hot  water  to  remove  nitric  acid,  and  then 
dissolved  in  its  own  volume  of  hot  alcohol.  On  cooling, 
elaidic  acid  is  deposited  as  a  mass  of  crystalline  scales, 
which  may  bo  purified  by  pressure,  re-solution,  and 
recrystallization,  from  alcohol. 

Morfit  gives  a  method  for  preparing  this  acid  on  the 
large  scale.  Oleic  acid  is  to  be  treated  with  steam  at  a 
high  temperature,  and  afterwards  there  is  added  exactly 
sufficient  solution  of  carbonate  of  potassa  to  neutralize 
any  sulphuric  acid  it  may  contain.  After  standing 
some  time,  the  oil  rises  to  the  surface  of  the  condensed 
steam,  and  must  be  siphoned  off  into  a  wooden  tub. 
To  every  two  thousand  pounds  is  then  added  an  intimate 
mixture  of  eighty-one  pounds  of  nitric  acid,  of  specific 
gravity  1'35,  and  thirteen  and  a  half  pounds  of  molasses, 
and  the  whole  is  very  gently  heated  by  steam  passed 
in  through  a  worm  of  copper,  having  its  terminus  above 
the  kettle,  as  it  is  not  desirable  that  any  water  should 
get  into  the  oily  matter  at  this  stage  of  the  operation. 
When  red  fumes  begin  to  appear,  the  action  must 
be  checked  by  drenching  with  four  or  five  hundred 
gallons  of  water,  after  which  an  aqueous  solution  con- 
taining forty  to  fifty  pounds  of  acetate  of  ammonia  is 
added.  During  all  these  operations,  the  mass  should  be 
constantly  agitated,  and,  after  the  addition  of  water, 
very  briskly  for  two  or  three  hours.  The  water  and 
agitation  withdraw  all  acid  matters,  and  leave  the 
elaidic  acid  in  a  condition  to  be  drawn  off,  after  repose, 
into  small  tubs,  and  cooled.  Neutral  oils  by  the  same 
treatment  yield  elaidin,  and  this  latter,  as  well  as 
elaidic  acid,  is  an  excellent  material  for  the  manufacture 
of  soap  and  candles.  Elaidic  acid  is  a  pearly  crystalline 
solid,  resembling  in  appearance  the  silvery  scales  of 
sublimed  benzoic  acid.  It  fuses  at  about  112°,  is  readily 
soluble  in  alcohol,  less  so  in  ether,  and  quite  insoluble 
in  water.  When  distilled,  a  great  portion  passes  over 
unaltered,  the  remainder  is  decomposed  into  carbides 
of  hydrogen,  but  no  sebacic  acid. 

As  already  observed,  Gottlieb  has  shown  that  elaidic 
acid  is  isomeric  with  oleic  acid.  Its  composition  is,  there- 
fore, C30  Oj,HO=  CS6  HM  04.  This  chemist  proved 
likewise,  that  a  small  quantity  of  freshly -prepared 
elaidic  acid,  when  mixed  with  a  large  proportion  of 
oleic  acid,  gradually  converts  the  whole  mass  into 
elaidic  acid ;  and  also  that  when  exposed  to  the  air, 
elaidic  acid  gradually  becomes  oxidised  to  oxyelaidic 
acid  =  C36  H34  08,  whilst  oleic  acid  submitted  to  the 
same  influence,  gradually  passes  into  C36  Hjj  05. 

Action  of  Chlorine,  Bromine;  et  cetera. — The  fixed 
oils  are  decomposed  by  chlorine  and  bromine,  yield- 
ing hydrochloric  and  hydrobromic  acids.  Compounds 
of  the  oil  are  also  at  the  same  time  formed  with 
those  radicals,  in  which  it  frequently  happens,  that 
each  equivalent  of  hydrogen  abstracted  is  replaced 
by  one  of  the  halogen.  Iodine  is  generally  dissolved, 
forming  a  brown  solution.  Sulphur  is  also  soluble  in 
oils,  and,  if  heated,  rather  largely ;  the  greater  portion, 
however,  is  deposited  on  cooling ;  but  if  the  tempera- 


ture of  the  mixture  be  increased  to  the  point  at  which 
the  oil  begins  to  be  decomposed,  sulphide  of  hydrogen 
is  evolved,  and  a  permanent  solution  formed.  This 
compound  is  not  saponifiable,  it  mixes  with  the  fat  and 
volatile  oils,  and,  when  long  exposed  to  the  air,  dries 
into  an  elastic  substance,  insoluble  in  ether.  When 
distilled,  among  other  products  sulphide  of  hydrogen  is 
evolved,  and  a  black  porous  mass  remains,  containing 
cgntesimally  forty-five  of  sulphur,  and  fifty-five  of 
carbon,  and  is  expressed  by  the  formula — S  C3.  Phos- 
phorus and  selenium  are  also  sparingly  soluble  in  the 
fixed  oils. 

The  action  of  steam  at  a  high  temperature  upon 
fatty  oils  was  investigated  by  Tilghman.  He  observed 
that  when  a  mixture  of  fat  and  water  is  forced,  under 
strong  pressure,  through  tubes  heated  nearly  to  redness, 
so  as  to  raise  the  temperature  of  the  mixture  to  between 
400°  and  500°,  the  fatty  matter  is  entirely  decomposed 
into  glycerin  and  fatty  acids;  the  elements  of  water 
enter  into  combination  with  those  of  the  fat,  and  by 
this  means  a  result  is  obtained  exactly  the  reverse  of 
that  produced  by  Berthollet  at  lower  temperatures, 
when  the  acid  and  base  are  caused  to  reunite,  again 
producing  the  natural  fat.  The  application  of  Tilgh- 
man's  discovery  to  the  preparation  of  the  pure  fatty 
acids,  has  been  treated  of  at  length  in  connection  with 
the  article  Candle. 

Sebacic  Acid. — It  has  already  been  observed  that  the 
fixed  oils,  when  submitted  to  distillation  per  se,  are 
decomposed,  yielding,  besides  carbonic  acid,  inflammable 
gas,  and  various  hydrocarbons — margaric  and  sebacic 
acids,  and  a  substance  termed  acrolein.  Aportion  of  oleic 
acid  also  passes  over  unchanged.  Sebacic  acid,  with  the 
exception  of  castor  oil,  is  yielded  by  all  oils,  whether 
animal  or  vegetable,  drying  or  non-drying  oils.  It  is 
formed  exclusively  from  the  decomposition  of  oleic 
acid.  Stearic  and  margaric  acids,  as  well  as  pure 
margarin  and  stearin,  do  not  yield  a  trace  of  it.  The 
detection  of  sebacic  acid  amongst  the  products  of  this 
decomposition  is,  therefore,  a  certain  test  of  the  pre- 
sence of  an  oil,  and  especially  of  olein  or  oleic  acid. 
As  produced  from  oleic  acid,  it  is  accompanied  by  a 
considerable  quantity  of  capric  and  caprylic  acids,  with 
traces  of  valerianic  and  butyric  acids.  To  obtain  it 
pure,  the  whole  liquid  and  solid  products  of  the  distil- 
lation of  oils  or  fats,  or  better,  of  pure  olein  or  oleic 
acid,  are  boiled  with  water,  until  the  soluble  portion  is 
extracted.  The  aqueous  liquid  deposits  sebacic  acid 
on  cooling.  The  crystals  are  purified  by  washing  with 
cold  water,  and  reerystallizing  from  the  hot  solution, 
till  they  become  colorless,  and  free  from  empyreumatic 
smell.  Or  the  watery  solution  is  precipitated  by 
adding  acetate  of  lead,  which  throws  down  sebate  of 
lead.  This,  after  washing,  is  dried ;  and,  decomposed 
by  dilute  sulphuric  acid,  yields  a  solution  which,  on 
evaporation,  deposits  pure  crystals  of  sebacic  acid. 
According  to  Dumas  and  Peligot,  its  ultimate  com- 
position is  as  annexed : — ■ 

At.  weight.  CentesimaUy. 

10  Eqs.  of  carbon,   60    59-4 

9  Eqs.  of  hydrogen,   9    8-9 

i  Eqs.  of  oxygen,   32    31-7 

lEq.  of  seliacic  acid,  101   100-0 
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As  thus  obtained,  the  acid  is  combined  with  one 
equivalent  of  water,  and  is,  therefore,  expressed  by  the 
formula,  C10  H8  03,  HO.  Hydrated  sebaeic  acid  forms 
light,  white,  pearly  scales,  resembling  benzoic  acid  in 
appearance ;  indeed,  it  was  considered  by  Berzelius 
to  be  identical  with  this  acid.  It  has  a  very  slightly 
acid  taste,  but  reddens  litmus.  It  fuses  at  260°  to  an 
oily  liquid,  and,  at  a  higher  temperature,  sublimes 
unchanged.  It  is  much  more  soluble  in  hot  than  in 
cold  water,  and  is  readily  dissolved  by  alcohol  or  ether. 
With  the  alkalies  it  forms  soluble  sebates,  but  its  salts, 
with  other  metallic  oxides,  are  for  the  most  part 
insoluble.  Liebig  and  Redtenbacher  were  the  first  to 
notice  this  acid  as  a  certain  and  delicate  test  of  the 
presence  of  oleic  acid. 

Acrolein. — Acrolein  is  another  highly  characteristic 
product  of  the  decomposition  of  oils  by  the  application  of 
a  high  temperature.  When  the  volatile  products  arising 
from  the  destructive  distillation  of  oils  or  fats,  are  passed 
through  a  series  of  bottles,  half  filled  with  water,  the 
second  and  third  bottles  retain  the  greater  portion  of 
the  acrolein,  partly  in  solution  in  the  water,  and  partly 
in  the  form  of  an  oil  floating  on  the  surface  of  the 
liquid.  When  this  floating  oil  is  agitated  with  twenty 
times  its  bulk  of  water,  the  greater  part  of  it  is  dis- 
solved ;  and  when  this  solution  is  distilled  iu  a  water 
bath,  an  oily  matter — nearly  pure  acrolein — passes 
over  at  about  125°.  According  to  Redtenbacher,  it 
is  most  readily  obtained  in  a  state  of  purity  by  distilling, 
in  a  capacious  retort,  a  mixture  of  glycerin  with 
anhydrous  phosphoric  acid,  or  bisulphate  of  potassa ; 
the  vapors  are  condensed  in  a  receiver  placed  in  a 
freezing  mixture.  The  receiver  is  luted  on  to  the 
retort,  and  is  provided  with  a  tube  conducting  into  a 
chimney  with  a  good  draught,  so  as  to  carry  olf  any 
uucondensed  acrolein.  To  exclude  atmospheric  air, 
the  oxygen  of  which  rapidly  combines  with  acrolein, 
the  whole  apparatus  must  be  charged  with  carbonic 
acid,  and  the  current  be  continued  to  the  end  of  the 
process.  The  distillate  separates  into  two  layers,  of 
which  the  upper  one  consists  of  acrolein,  and  the  lower 
one  of  an  aqueous  solution  of  the  same  substance,  and 
containing  also  another  body  resulting  from  the  oxida- 
tion of  acrolein.  The  latter  is  acrylic  acid,  very  analo- 
gous to  acetic  acid,  and  is  produced  during  the  distilla- 
tion, even  in  the  presence  of  carbonic  acid.  The 
distillate,  with  the  addition  of  a  quantity  of  powdered 
litharge,  to  retain  acrylic  acid,  is  rectified  by  the  heat 
of  a  water  bath,  and  the  acrolein  thus  obtained  is 
submitted  to  another  rectification  from  chloride  of 
calcium,  and  is  then  as  pure  as  it  has  yet  been  obtained. 
Acrolein  is  especially  remarkable  for  the  peculiarly 
pungent  and  acrid  nature  of  its  vapor,  intensely  disa- 
greeable and  irritating  to  the  eyes  and  nose,  the 
evaporation  of  even  a  few  drops,  in  a  large  room, 
causing  a  copious  flow  of  tears  in  the  eyes  of  all  present, 
and  with  severe  pain.  It  is  a  colorless,  limpid,  and 
volatile  oily  liquid,  possessing  a  high  refracting  power, 
is  very  soluble  in  ether,  and  sparingly  so  in  water.  It 
boils  at  125°.  It  is  assumed  to  be  the  hydrated  oxide 
of  a  radical  termed,  acryl — C0  H3,  and  its  formula  is 
C„  H3  0,  HO.  When  long  kept,  it  changes  spontane- 
ously into  a  white,  flocculent,  inodorous  substance, 


which  Redtenbacher  named  disacryl.  The  latter 
body  is  insoluble  in  ether,  oils,  acids,  and  alkalies.  As 
it  is  formed  even  when  acrolein  is  excluded  from  air,  it 
is  in  all  probability  an  isomeric  modification  of  this 
body.  The  aqueous  solution  of  acrolein  also  gradually 
undergoes  a  similar  change.  Sometimes  acrolein, 
under  the  same  circumstances,  becomes  transformed 
into  a  resinoid  mass,  which  fuses  at  212°,  and  forms  a 
brittle  transparent  mass,  on  cooling.  This  substance  is 
insoluble  in  water,  but  soluble  in  alcohol  and  in  solu- 
tions of  the  alkalies.  Acrolein  owes  its  formation  solely 
to  the  decomposition  of  glycerin,  and  its  production  is, 
therefore,  an  extremely  sensitive  test  of  the  presence  of 
the  latter  body.  It  appears  to  be  produced  by  a  dehy- 
dration of  glycerin,  since  this  substance  contains  the 
elements  of  acrolein,  plus  four  equivalents  of  water. 

C6H806      =      C^O-j      +      4  HO 

Glycerin.  Acrolein.  Water. 

Acrolein  and  its  products  of  oxidation  are  remark- 
ably analogous  to  aldehyde  and  its  products,  as  will  be 
observed  by  a  comparison  of  the  subjoined  tables : — 

Acryl,   Ca  H3 — unknowr. 

Hydrated  oxide  of  acryl — acrolein —  C0  H3  0,  HO. 

Acrylous  acid,   C8  H3  02,  HO. 

Acrylic  acid,   C6  H3  03,  HO. 

Acetyl,   C4  H3 — unknown. 

Hydrated  oxide  of  acetyl — aldehyd—  C4  H3  0,  HO. 

Acetous  acid,   C4  H3  02,  HO. 

Acetic  acid,   C4  H3  03,  HO. 

It  may  be  observed  that  Stenhouse  found  in  palm 
oil,  and  Playfair  in  butter  of  nutmegs,  a  base  having 
the  same  formula  as  acrolein — C6  H4  02.  This  sub- 
stance, however,  when  separated  from  the  oily  acid, 
always  appears  as  ordinary  glycerin. 

Elementary  Composition  of  Oils.  —  From  what 
has  been  detailed  as  to  the  proximate  constituents 
of  oils,  it  will  hardly  be  thought  necessary  to  notice 
their  elementary  composition.  Indeed,  a  knowledge 
of  the  ultimate  analysis  of  any  organic  body,  is 
only  a  very  slight  assistance  to  the  chemist  in  the 
determination  of  the  true  composition  of  these  sub- 
stances. This  can  only  bo  arrived  at,  to  any  degree  of 
certainty,  by  a  thorough  investigation  of  the  changes 
induced  by  the  action  of  reagents,  and  an  accurate 
determination  of  the  quantities  of  the  several  products, 
as  well  as  their  composition.  It  is  owing  to  the  appli- 
cation of  this  principle,  first  laid  down  by  the  illustrious 
Chevreul,  that,  in  the  hands  of  such  philosophers  as 
Liebig,  Ddmas,  Boussingault,  Bunsen  Wohler, 
and  others,  organic  chemistry  has  made  such  rapid  strides 
during  the  last  half  century.  The  Editor  has,  however, 
annexed  a  table,  showing  the  relative  centesimal  propor- 
tions of  carbon,  hydrogen,  and  oxygen,  in  each  of  the 
following  oils,  together  with  the  name  of  the  authority; 

Carbon.   Hydrogen.    Oxygen.  Authority. 


Olive  oil   77-21  ..  13-36  . .   9-43  j3"^8™ 

Almond  oil,   77-40  . .  11-48  . .  10-82  . .  Saussure. 

Linseed  oil,   76-01  ..  11-35  . .  12-62  . .  Do. 

Nut  oil,   79-77  . .  10-57  . .   9-12  . .  Do. 

Castor  oil,   74-17  . .  11-03  . .  14-78  . .  Do. 

Whale  oil,   76-13  ..  12-40  ..  11-50  ..  Berard. 

Spermaceti  oil,...  78-91  ..  10-97  ..  10-12  ..  Ure. 

Hog's  lard,   79-09  . .  11-14  . .   9-75  . .  Chevreul. 

Suet,   78-99  ..  11-70  ..   9-30  ..  Do. 

Butter,   65-60  . .  17-60  . .  16-80  . .  Be"rard. 
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All  fixed  oils  consist  essentially  of  these  three  ele- 
ments only,  some,  however,  yield  minute  traces  of 
nitrogen,  referable  to  adhering  impurities. 

Drying  and  Non-Drying  Oils. — Excluded  from 
air,  oils  may  be  preserved  unchanged  for  a  length- 
ened period ;  but  when  exposed  to  the  air,  some 
oils,  through  the  absorption  of  oxygen,  become  con- 
verted into  a  thick  and  viscid  mass  ;  others  are 
changed  into  a  transparent  resinous  body  or  varnish, 
especially  when  they  are  in  thin  strata.  This  reaction 
constitutes  another  well-marked  distinction  of  the  oils 
into  the  two  classes,  non-drying  or  greasy  oils,  and 
siccative  or  drying.  The  former  class,  though  they 
may  acquire  more  color  and  solidity,  never  lose  their 
property  of  communicating  a  greasy  stain,  and  the 
latter,  as  already  mentioned,  do  not  solidify  when 
mixed  with  nitrous  acid,  or  protonitrate  of  mercury. 
Oleic  acid,  as  obtained  from  drying  oils  by  absorption 
of  oxygen,  dries  to  a  resinous  mass,  like  the  oil  from 
which  it  is  derived,  and  appears  to  be  a  distinct  sub- 
stance from  the  oleic  acid  of  non-drying  or  greasy  oils. 
The  most  important  drying  oils  are  those  of  linseed, 
poppy  seed,  grape  seed,  and  nuts ;  and  all  are  much 
more  susceptible  of  the  change  after  having  been  heated 
with  the  addition  of  a  small  quantity  of  oxide  of  lead. 
The  principal  non-drying  oils  are  those  of  olive,  colza, 
sweet  almonds,  rape  seed,  and  palm  oil.  These,  under 
the  same  circumstances,  acquire  rancidity,  become  thick 
and  less  combustible,  and  assume  an  offensive  smell, 
more  especially  when  they  contain  much  impurity,  such 
as  albumen  or  mucilage. 

Saussdke  has  particularly  investigated  this  action 
of  air  or  oxygen  on  oils,  and  has  announced  the  pheno- 
mena occurring  during  exposure  as  follows : — He  found 
that  the  recently -expressed  fixed  oils  are  scarcely 
affected  by  the  oxygen  of  the  atmosphere,  but  that 
after  a  variable  period,  sometimes  of  several  months, 
but  dependent  upon  temperature  and  exposure  to  light, 
they  begin  rapidly  to  absorb  oxygen,  and  evolve 
hydrogen  and  carbonic  acid  gases.  Saussure's  ex- 
periment to  prove  the  absorption  of  oxygen  by  oil  was 
the  following : — A  layer  of  nut  oil,  one  quarter  of  an 


inch  thick,  and  three  inches  in  diameter,  was  inclosed 
in  oxygen  gas  standing  over  quicksilver.  During  eight 
months,  from  December  to  August,  the  oil  absorbed 
only  three  times  its  bulk  of  gas,  but  in  the  course  of  ten 
days  in  the  latter  month,  it  absorbed  sixty  additional 
volumes.  This  absorption  of  oxygen  diminished  pro- 
gressively, and  at  the  end  of  three  months,  entirely 
ceased,  and  the  oil  had  taken  up  one  hundred  and  fifty- 
five  times  its  bulk  of  the  gas.  No  water  was  generated, 
but  twenty-two  volumes  of  carbonic  acid  were  disen- 
gaged, and  the  result  was  a  transparent  jelly,  which  did 
not  produce  a  stain  on  paper.  Linseed  oil,  in  under- 
going this  metamorphosis,  does  not  evolve  any  gas. 
Under  certain  circumstances,  the  alteration  by  the 
action  of  oxygen  may  become  so  energetic  as  to  lead 
to  a  considerable  elevation  of  temperature,  and  ultimate 
inflammation,  and  particularly  if  the  surface  of  the  oil 
is  greatly  extended,  as  in  the  case  of  oily  wool  or  hemp, 
or  greasy  cloth,  which,  when  left  in  a  heap,  has  fre- 
quently taken  fire  spontaneously,  and  caused  the  de- 
struction of  mills,  warehouses,  and  ships ;  indeed,  so 
frequently  has  spontaneous  combustion  arisen  from  this 
circumstance,  causing  lately  the  almost  total  destruc- 
tion of  one  of  the  noblest  of  British  merchantmen,  as 
to  render  precaution  necessary  in  all  cases  where 
danger  can  arise  from  such  causes.  In  illustration  of 
these  occurrences,  it  may  be  proved  experimentally 
that  if  paper,  linen,  tow,  wool,  cotton,  or  bodies  of  a 
like  nature,  be  slightly  imbued  with  linseed  or  hemp- 
seed  oil,  and  placed  in  contact  with  sun  and  air,  espe- 
cially when  in  heaps  or  piles,  they  will  quickly  inflame. 
This  spontaneous  combustion  is  owing  to  rapid  absorp- 
tion of  oxygen  by  the  oil,  the  hydrogen  of  which  is 
inflamed  by  the  caloric  eliminated  from  the  gas  at  the 
moment  of  its  absorption,  until  then  existing  as  latent 
heat,  and  serving  to  retain  the  oxygen  in  its  gaseous 
condition. 

Enumeration  of  Vegetal  Greasy  Oils. — The  subjoined 
is  a  list  of  the  principal  greasy  oils  of  commerce,  with 
the  plants  that  yield  them,  their  specific  gravity,  and 
the  per  centage  amount  of  oil  that  may  be  extracted 
from  some  of  the  seeds  mentioned : — 


Olive  oil, . 


Plants. 

Olea  Europea, . . 


Specific 
gravity. 

0-9176 


32 


Rape  seed  oil,   Brassica  campestris  et  napus,   0*9136    30  to  36 

Colza  oil,   Brassica  campestris  oleifera,   0*9136    36  to  40 

Summer  rape  seed  oil,   Brassica  precox,   0*9390    36  to  40 

Almond  oil,   Amygdalus  communis,   0*9180    28  to  54 

Cocoa-nut  oil,   Cocos  nucifera,   —    — 

Palm  oil,   Cocos  butyracea  vel  avoira  elais,   0*9680    — 

Teel  oil,   Sesamum  orientale,   —    40 

Oil  of  behen  or  ben,   Guilandina  mohringa,   —    — 

Beech  oil,   Fagus  silvatica,   0*9225    15  to  17 

Oil  of  mustard,   Sin  apis  nigra  et  arven  sis,   0*9160    15  to  38 

Plum  kernel  oil,   Prunus  domestica,   0*9127    33*3 

Butter  of  cacao,   Theobroma  cacao,   0*8920    — 

Laurel  oil,   Laurus  nobilis,   —    - — 

Ground  nut  oil,   Arachis  hypogea.,   0*9242    60 

Pincy  tallow,   Vateria  Jndica,   0*9260    — 

Oil  of  radish  seed,   Kaphanus  sativus  oleifera,   0*9187    50 

Cherry-stone  oil,   Prunus  cerastus,   0*9239    — 

Apple  seed  oil,   Pyrus  malus,   —    — 

Spindle-tree  oil,   Euonymus  Europaius,   0*9380    — 

Corn  el -berry-tree  oil,   Cornus  sanguinea,  .*   —    — 

Oil  of  the  roots  of  cyper  grass,   Cyperus  esculenta,   0*9180    — 

Henbane  seed  oil,   Hyoscyamus  niger,   0*9130    — 

Horse-chestnut  oil,   iEsculus  hippocastanus   0*9270    2  to  8 
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Characters  of  the  Drying  Oils. — The  drying  oils 
vary  from  those  just  enumerated,  by  becoming  gra- 
dually converted  into  solid  masses  by  exposure  to 
the  atmosphere,  and  also  by  not  being  solidified  by 
contact  with  nitrous  acid  or  protonitrate  of  mercury. 
Their  principal  use  is  in  the  preparation  of  varnishes 
and  painters'  colors,  and  the  more  quickly  they  be- 
come hard  by  exposure,  the  more  valuable  are  they 
for  these  purposes.  Their  siccative  properties  may 
be  much  increased  by  heating  them  with  about  seven 
or  eight  per  cent,  of  their  weight  of  litharge,  which,  in 
this  proportion,  is,  for  the  most  part,  dissolved  by  the 
oil.  The  heat  is  continued  until  the  oil  acquires  a 
reddish  hue.  Oxide  of  manganese,  oxide  and  sulphate 
of  zinc,  and  magnesia,  have  also  been  used  to  produce 
a  similar  effect ;  what  is  technically  known  as  boiled 
oil,  being  linseed  oil  which  has  been  thus  treated. 
According  to  Chevreul,  the  common  practice  of 
heating  the  oil  to  a  very  high  degree,  and  for  a  con- 
siderable length  of  time,  is  not  essential  to  the  produc- 
tion of  a  good  drying  oil ;  linseed  oil  heated  to  140°, 
with  the  addition  of  ten  per  cent,  of  its  weight  of  oxide 
of  manganese,  having  acquired  powerful  siccative  pro- 
perties. LlEEiGr  is  of  opinion  that  the  increased 
rapidity  with  which  oils  thus  treated  become  hard  on 
exposure,  is  owing  to  the  separation  of  the  mucilaginous 
and  other  matters,  by  the  oxide  of  lead,  and  that  the  atmo- 
spheric oxygen  is  thus  brought  more  closely  into  contact 
with  each  particle  of  oil.  Dumas  and  others  consider 
the  effect  to  be  due,  in  a  great  measure,  to  the  presence  of 
oleate  and  stearate  of  lead  dissolved  in  the  oil.  Another 
view,  which  the  Editor,  however,  considers  fallacious, 
supposes  the  conversion  of  the  oil  into  varnish  to  be 
the  result  of  the  saponification  of  the  fatty  acid  by 
means  of  oxide  of  lead,  and  the  simultaneous  destruction 
of  the  oxide  of  glyceryl  by  the  agency  of  heat.  But 
if  linseed  oil  be  saponified  in  the  ordinary  manner,  and 
the  soap  produced  be  afterwards  decomposed  by  means 
of  an  acid,  so  as  to  separate  the  whole  of  the  glycerin, 
and  as  much  oxide  of  lead  be  then  dissolved  in  the  fatty 
acid  as  will  allow  the  mass  to  remain  fluid  on  cooling, 
no  varnish  is  obtained,  and  this  is  positive  proof  that 
the  destruction  of  the  oxide  of  glyceryl  is  not  the 
object  of  the  manufacture  of  quick  drying  oils.  If  a 
previous  remark  be  borne  in  mind,  that  the  drying  oils, 
as  shown  in  the  experiments  of  Saussure,  absorb 
oxygen  from  the  air  with  much  greater  rapidity  at  a 
later  period,  than  when  first  exposed,  it  will  appear 
probable  that  one  or  other  of  the  foreign  matters  present 
retard  the  absorption,  and  this  being  dissipated  after  a 


long  resistance,  the  oil  is  brought  more  freely  into 
contact  with  oxygen.  The  formation  of  varnish  is  thus 
reduced  to  a  simple  purification  of  the  oil,  by  removing 
all  those  substances  which  prevent  the  immediate  con- 
tact of  the  oil  with  atmospheric  oxygen.  Adopting 
this  highly  probable  assumption,  Liebig  devised  a 
method  for  removing  the  mucilaginous  impurities  by 
precipitation  at  the  ordinary  temperature.  He  recom- 
mends for  the  production  of  a  superior  and  less  colored 
drying  oil,  that  the  oil  be  agitated  for  some  time  with  a 
mixture  of  water,  litharge,  and  subacetate  of  lead, 
without  the  application  of  heat.  In  prosecuting  this 
method,  the  basic  acetate  of  lead  is  first  prepared  as 
follows : — One  part  of  neutral  acetate  of  lead  is  dissolved 
in  five  parts  of  water,  and  to  the  solution  is  added  one 
part  of  finely  reduced  litharge.  The  whole  is  allowed 
to  digest  until  the  red  of  the  litharge  has  been  replaced 
by  a  white  color.  The  clear  solution  of  basic  acetate 
is  then  decanted,  and  mixed  with  an  equal  quantity  of 
water,  and  added  to  twenty  parts  of  linseed  oil,  which 
has  previously  been  triturated  with  one  part  of  finely 
powdered  litharge.  The  mixture  now  requires  to  be 
shaken  at  intervals,  and  subsequently  allowed  to  remain 
at  rest  for  some  hours,  when  the  impurities  subside  with 
the  water,  and  the  supernatant  oil  is  so  pure  that  it 
dries  into  a  varnish  in  twenty-four  hours.  In  this  case, 
a  small  quantity — four  to  five  per  cent.— of  oxide  of 
lead  is  retained  in  solution  by  the  oil ;  but  contrary  to 
its  effect,  after  being  boiled  with  the  oil,  it  improves, 
rather  than  deteriorates,  the  varnish  produced.  Should 
it,  however,  in  any  way  interfere  with  the  uses  to  which 
the  oil  is  to  be  applied,  it  may  easily  be  removed  by 
agitation  with  dilute  sulphuric  acid.  The  solution  of 
acetate  of  lead  employed  in  the  above  method  of 
purification,  and  which  collects  below  the  stratum  of 
oil,  may  be  again  used  in  the  preparation  of  the  sub- 
acetate,  by  the  addition  of  litharge  as  before. 

The  oil  or  varnish  taken  for  the  preparation  of 
printers'  ink,  is  procured  by  boiling  drying  oils  in  an 
earthenware  vessel.  After  ebullition  for  a  sufficient 
length  of  time,  the  vessel  is  removed  from  the  fire,  and 
uncovered,  when  the  vapors  inflame.  It  is  allowed  to 
burn  for  about  half  an  hour,  then  extinguished  by 
replacing  the  cover,  and  again  seethed  until  it  acquires 
the  proper  consistence,  and  the  tendency  to  dry 
quickly. 

Enumeration  of  Drying  Oils.— -The  following  is  a 
list  of  the  principal  drying  oils,  with  their  sources, 
specific  gravity,  and  the  per-centage  yield  of  some  of 
the  seeds : — 

Centesimal  yield. 


56  to  63 
14  to  25 
25 


15 


Linseed  oil   Linum  usitatissimum  et  perenne,   0-9347    11  to  22 

Nut  oil,   Corylus  avellana  etjuglans  regia   0-9260    60 

Poppy  oil,   Papaver  somniferum,   0-9243  ... 

Hempseed  oil,   Cannabis  sativa,   0-9276  ... 

Castor  oil,   Ricinus  communis,   0-9611  ... 

Grape  seed  oil,   Vitis  vinifera,   0-9202  ... 

Cucumber  oil,   Cucnrbita  pepo  et  melapepo,    0-9231  . . . 

Sunflower  oil,   Helianthus  annuus  et  perennis,  . .'   0-9262  ... 

Tobacco  seed  oil,   Nicotiana  tabacum  et  rustica,   0-9232  ... 

Oil  of  julienre,   Hesperis  matronalis,   n'9^  9a 

Oil  of  camelina,   Myagrum  sativa,   0-J252    m 

Oil  of  weld  seed,   Eeseda  luteola,   0-9358    — 

Oil  of  cress  seed,   Lepidium  sativum,   0-9240    5b  to  58 

Oil  of  deadly  nightshade   Atropa  belladonna,   0.950    — 

Oil  of  cotton  seed,   Gossypium  barbadense,   —   

Pinctop  oil,   Pinus  abies,   0-9285   
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Extraction  of  Oils  from  Seeds. — The  vegetal  oils 
are  for  the  most  part  obtained  by  expression,  the 
seeds  being  previously  ground  or  bruised.  Some 
seeds  after  this  treatment  readily  yield  to  pressure, 
and  give  what  is  known  as  virgin  oil,  possessing 
an  agreeable  taste ;  others,  especially  those  containing 
a  large  proportion  of  mucilaginous  matters,  give  up 
their  oil  with  great  difficulty,  and  it  becomes  neces- 
sary to  submit  the  bruised  seeds  to  torrefaction,  pre- 
vious to  pressure.  The  albumen  is  thus  coagulated, 
and  the  oil,  rendered  less  viscous,  becomes  more 
easy  of  separation.  The  latter  process,  however, 
requires  careful  management,  or  the  oils  are  greatly 
impaired,  both  in  color  and  taste. 

Until  a  comparatively  recent  date,  the  treatment  of 
oleiferous  seeds  for  the  extraction  of  their  oil  was  by 
pounding  in  hard  wooden  mortars,  with  pestles  shod  with 
iron,  and  set  in  motion  by  cams  driven  by  a  shaft  turned 
with  horse  or  water-power.  The  bruised  seed  was  then 
transferred  to  woollen  bags,  which  were  wrapped  in 
horse-hair  cloth,  and  squeezed  between  upright  wedges 
in  press-boxes.  This  arrangement,  known  as  the  Dutch 
mill,  has  been  almost  entirely  superseded  by  the  hy- 
draulic oil  mill  and  press.  In  some  districts,  however, 
both  in  this  country  and  on  the  continent,  the  old 
method  is  still  obstinately  adhered  to,  and  supposed  to 
be  preferable  to  the  hydraulic  mills  and  presses.  Some 
varieties  of  seed,  such  as  linseed,  rape,  and  other  hard 
seeds,  require,  before  the  final  crushing,  to  be  passed  be- 
tween iron  rollers,  in  order  to  crack  the  shells.  The 
seeds  are  first  introduced  into  a  hopper,  through  which, 
by  means  of  a  fluted  roller,  lying  across  it,  they  are 
caused  to  descend  equably  between  the  crushing  rollers. 
These  rollers  revolve  in  opposite  directions,  and  are 
sometimes  of  different  sizes,  so  that  different  velocities 
may  be  given  to  their  surfaces,  enabling  them  also  to 
draw  in  different  sizes  of  seed,  and  to  perform  their 
work  more  quickly.  Two  scraper  blades,  are  pressed 
by  means  of  two  weights,  hanging  upon  levers,  against 
the  surface  of  the  rollers,  and  remove  any  seed-cake 
that  may  adhere  to  them.  The  crushed  seeds  fall 
through  a  slit  in  the  case,  and  are  received  into  a  chest 
placed  upon  a  board  beneath. 

The  seed  broken  by  the  rollers  is  passed  under  two  ver- 
tical granite  millstones  or  runners— Fig.  375 — revolving 
on  a  horizontal  bed.  For  accelerating  the  pulverization, 
a  blade  should  be  attached,  and  revolve  with  the  stones, 
for  turning  up  the  mass  and  detaching  that  which 
adheres,  and  returning  it  constantly  into  the  track  of  the 
runners.  The  two  stones,  travelling  round  their  cir- 
cular path,  grind  the  seeds,  not  merely  by  their  weight, 
but  also  by  a  rubbing  motion  or  attrition;  for  their 
periphery  being  not  conical,  but  cylindrical,  they  cannot 
roll  on  a  plane  surface  without  at  every  instant  turning 
round  with  a  certain  amount  of  friction  upon  their 
resting  points.  Some  manufacturers  employ  stones 
hooped  with  iron ;  but  the  rough  granite  surface  is  much 
the  best.  It  may  be  dressed  from  time  to  time  with 
hammers  as  it  becomes  irregular. 

In  some  cases,  and  especially  when  operating  upon 
old  seeds,  a  small  quantity  of  water  is  added  previous 
to  the  final  crushing,  which,  taking  the  place  of  the  oil 
in  the  seed,  renders  the  process  of  extraction  much 


more  easy  of  execution;  sometimes,  however,  this  ad- 
dition would  be  injurious.  Occasionally,  also,  the  seeds 
are  subjected  at  once  to  the  runners,  dispensing  en- 
tirely with  the  previous  crashing.  When  the  seed  is 
sufficiently  bruised  by  either  or  both  of  these  operations, 
the  pasty  mass  is  generally  heated  in  iron  pans  over 
an  open  fire,  although  the  practice  is  by  no  means 
judicious.  The  object  of  doing  so  is  principally  to 
coagulate  the  albumen,  which  otherwise  either  retains 
a  large  quantity  of  oil,  or  itself  exudes  in  admixture 
with  the  expressed  oil.  By  heating  the  bruised  seed, 
the  oil  is  also  rendered  more  limpid,  and  therefore  more 
easily  expressed.  The  heat  of  boiling  water,  however, 
is  sufficient,  and  either  this  or  steam  may  be  advan- 
tageously applied  to  effect  the  above  purposes ;  the 
uniform  action  of  the  latter  upon  the  heated  pan 
obviating  completely  the  evils  arising  from  partial  and 
overheating,  which  always  occur  at  the  top  and  bottom 
of  the  common  pans. 

Fig.  372  is  an  apparatus  designed  for  this  purpose, 
shown  in  vertical  section.  It  is  known  as  the  steam- 
kettle  of  Hallette.    a  is  the  wall  of  masonry,  upon 


Fig.  372. 


which  and  the  iron  pillar,  b,  the  pan  is  supported.  It 
is  inclosed  in  a  jacket  for  admitting  steam  into  the 
intermediate  space,  ddd,  at  its  sides  and  bottom,  c 
is  the  middle  of  the  pan,  in  which  the  shaft  of  the 
seed-stirrer,  not  shown  in  the  figure,  is  planted  up- 
right, resting  by  its  lower  end  in  the  step,  e.  f  is 
an  opening,  by  which  the  contents  of  the  pan  may  be 
emptied ;  g  is  an  orifice  into  which  the  mouth  of  the 
sack  or  woollen  bag  is  inserted,  so  as  to  receive  the 
heated  seed  when  it  is  expelled  by  the  rotation  of 
the  agitator,  after  the  plug,  /,  is  withdrawn ;  h  is 
the  steam  induction  pipe ;  and  i  the  eduction  pipe, 
which  serves  also  to  run  off  any  condensed  water  that 
may  collect. 

Fig.  373  represents  the  heating  apparatus  attached 
to  Maudsley's  seed-crushing  mills.  In  this  the  seed 
is  heated  in  an  iron  pan  over  the  open  fire  with  constant 
agitation.  A  cast-iron  plate,  B,  called  the  fireplate,  rests 
immediately  over  the  fireplace,  and  upon  this  is  placed 
the  ring-pan,  c,  also  of  iron,  for  containing  the  seeds, 
and  which  is  held  immovable  by  the  pins  or  bolts, 
a  a.  The  agitator,  F,  is  employed  to  prevent  the 
scorching  of  the  seeds  by  continued  contact  with  the 
iron  plate.  It  is  appended  by  a  turning  joint  to  the 
collar,  /,  which  revolves  with  the  shaft,  G,  and  slides 
up  and  down  upon  it.    The  shaft,  G,  is  turned  by  the 
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action  of  the  bevel-wheel,  I,  upon  the  bevel-wheel,  H, 
at  the  upper  end  of  the  shaft.  The  lever,  K,  is  for 
raising  the  agitator ;  and  e,  a  catch  for  holding  it  in  its 


Fig.  373. 


place  when  it  has  been  raised  to  the  proper  height. 
The  heated  seed  is  removed  from  the  ring-pan  by  the 
funnels,  D  D,  into  which  it  is  caused  to  fall  by  pulling 
the  case,  c,  by  means  of  the  handles,  b  b,  and  the  bags 
are  suspended  to  the  funnels  by  means  of  hooks,  c. 

If  fine  cold-drawn  oil  is  required,  the  seed-flour  is 
subjected  at  once  to  pressure,  without  previously  heat- 
ing ;  but  the  method  most  commonly  pursued  is  that 
given  above.  The  crushed  cake  is  inclosed  in  a  press- 
cloth  or  bag  previous  to  its  introduction  into  the  case. 
The  bags  and  cloths  used  for  this  purpose  are  made  of 
different  materials,  the  object  being  to  have  them  suffi- 
ciently strong  to  bear  the  force  exerted ;  while,  at  the 
same  time,  they  are  not  so  thick  or  porous  as  to  retain 
any  great  quantity  of  liquid.  Woollen  cloth  is  espe- 
cially manufactured  with  a  view  to  its  application  to  this 
process  of  expression,  and  is  the  material  usually  em- 
ployed, either  wrapped  in  horse-hair  cloth  or  otherwise. 

Several  different  kinds  of  presses  are  used  in  the 
extraction  of  oil,  as  the  screw-press,  the  wedge-press,  and 
the  hydraulic  press.  Of  these  the  wedge-press  is  the  most 
frequently  employed.  It  consists  of  a  large  press-box, 
either  hollowed  out  of  a  strong  block  of  stone  or  timber, 
or  otherwise  constructed  of  sufficient  strength  to  bear  the 
enormous  pressure  of  the  wedges.  The  bags  of  seed  are 
placed  between  iron  plates,  which  are  united  at  bottom 
in  the  form  of  a  book  cover.  These  plates  are  each 
provided  with  three  side  ribs ;  the  immovable  ones 
press  against  the  sides  of  the  case,  and  the  movable 
against  the  intermediate  wedges ;  and  they  are  pierced 


with  numerous  apertures  to  allow  the  oil  to  percolate 
more  easily. 

As  the  product  of  oil  is,  to  a  certain  extent,  propor- 
tional to  the  intensity  of  the  pressure,  it  is  more  econo- 
mical to  employ  that  kind  of  apparatus  which  gives  the 
most  power.  The  use  of  either  vertical  or  horizontal 
hydraulic  presses  is,  therefore,  to  be  preferred  to  the 
form  of  press  above  described.  An  important  im- 
provement in  this  press,  as  used  for  the  expression  of 
oil,  has  been  introduced  some  time  ago,  and  consists  in 
the  employment  of  double-sided  presses,  and  into  the 
division  between  the  two  walls  steam  is  introduced. 
The  press  thus  heated  renders  more  easy  the  extraction 
of  the  oil.  Each  hydraulic  oil  press  is  usually  double 
— that  is,  it  has  two  vertical  rams  placed  parallel  to 
each  other,  so  that  while  the  pressure  is  exerted  on 
one  side,  the  other  is  being  emptied  of  its  contents. 
The  first  pump  has  usually  about  two  and  a  half  inches 
diameter  for  a  ram  of  ten  inches,  and  the  second  pump 
one  inch ;  both  are  worked  by  steam-power,  and  the 
pressure  exerted  is  from  three  to  four  hundred  tons. 
Many  advantages,  however,  are  attached  to  the  use  of 
the  old  form  of  press ;  for  it  is  necessary,  in  order  to 
accomplish  the  object  efficiently,  that  the  press  should  be 
capable  of  maintaining  unrelaxed  the  degree  of  compres- 
sion which  has  been  produced  at  each  successive  effort, 
and  that  it  should  not  allow  the  particles,  by  their  elastic 
force,  to  regain  to  any  extent  their  original  condition. 
This  quality  is  possessed  to  a  greater  extent  by  the 
wedge  than  by  the  hydraulic  press.  The  former  will 
maintain  for  an  indefinite  length  of  time  any  degree  of 
compression  which  may  have  been  applied  to  the  sub- 
stance placed  in  it ;  but  not  so  the  latter.  The  pres- 
sure in  the  hydraulic  press  is  communicated  through  a 
liquid,  and  maintained  by  the  action  of  valves,  and  it 
is  found  impossible  in  practice  to  prevent  a  slight  leak- 
age, which  necessarily  diminishes  or  relaxes  the  force 
of  the  pressure  when  the  pump  is  not  in  action.  It  is 
necessary,  therefore,  more  frequently  to  renew  the  force 
when  conducting  the  process  of  expression  with  the 
hydraulic  press,  than  is  the  case  with  the  wedge 
press. 

The  oil  obtained  by  the  first  expression  is  of  the  finest 
quality,  and  is  kept  apart  from  that  yielded  by  subse- 
quent processes.  After  removal  of  the  flattened  seed- 
cakes from  the  press  and  bags,  they  are  returned  to  the 
millstones,  and  crushed  and  finely  pulverized.  The 
fine  meal  thus  produced  is4submitted  to  a  second  com- 
pression, sometimes  with  the  addition  of  a  little  water, 
and  with  the  assistance  of  heat.  The  temperature  to 
which  it  is  raised  is  about  155°,  and  it  is  constantly 
agitated  by  a  stirrer  moved  by  machinery.  The  oil 
resulting  from  the  compression  after  this  process  is 
of  the  second  quality.  In  some  countries,  and  par- 
ticularly in  Holland,  a  still  further  quantity  of  oil  is 
extracted,  otherwise  the  soft  and  fat  cakes  are  sold 
as  food  for  cattle.  The  last  process  of  extraction  is 
merely  a  repetition  of  the  second,  except  that  the  pul- 
verized cake  is  kept  for  some  time  at  the  heat  of  boil- 
ing water,  and  that  a  greater  pressure  is  applied  than 
before.  The  oil  obtained  is  of  the  lowest  quality,  and 
the  hard  and  dry  oil-cakes  cannot  be  applied  otherwise 
thsn  as  manure. 
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Fig.  374  is  a  representation  of  a  mill  that  may 
be  worked  by  water-power,  wind,  steam,  or  other 
available  means,  acting  directly  on  the  wheel,  w, 
which  engages  with  another  wheel,  w',  mounted  on 
the  shaft,  s  s.  The  stamping  or  crushing  of  the  seeds 
is  effected  by  the  pestles,  c  c,  and  mortars,  D  D.  The 
framework,  A  A,  supporting  the  pestles,  consists  of  four 
strong  uprights,  bolted  firmly  together  by  means  of  the 
cross  pieces,  B  b.  The  pestles  work  in  notches  attached 
to  the  rails,  for  the  purpose  of  guiding  their  motion. 
The  raising  of  the  pestles  is  effected  by  means  of  wipers, 
r  r,  attached  to  the  shaft,  s  s,  and  so  arranged  that 
each  revolution  raises  the  pestle  twice.  The  wipers 
consist  of  a  square  socket  affixed  to  the  shaft,  with 
arms  and  rollers  at  their  extremities,  so  as  by  avoiding 
friction  to  confer  greater  durability  upon  the  apparatus. 
When  not  at  work,  the  pestles  are  raised  by  levers,  so 

Fig.  374. 
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that  the  lifts  are  quite  clear  of  the  wipers.  The  press 
boxes  are  similarly  constructed  to  the  wedge-presses 
before  alluded  to.  E  E  are  the  drivers  that  strike  the 
wedges,  w  w ;  and  the  stampers,  F  F,  strike  the  reliev- 
ing wedges,  i  i,  and  serve  to  disconnect  the  apparatus. 
These  rams  are  worked  by  wipers,  rV  affixed  to  the  hori- 
zontal shaft.  The  grinding  apparatus,  shown  in  the  same 
figure,  is  also  attached  to  the  machine,  and  is  worked  by 
the  same  motive  power.  The  running  granite  stones 
revolve  in  a  powerful  frame-work  attached  to  a  vertical 
axis,  which  also  slowly  revolves  by  the  action  of  a 
cog-wheel  at  the  extremity  of  the  horizontal  shaft  upon 
a  similar  wheel  attached  to  it.  A  double  motion  is 
thus  communicated  to  the  stones — one  by  which  they 
are  carried  round  upon  the  bed  or  floor  of  the  mill,  and 
the  other  on  their  own  axis.  The  horizontal  axis,  A'  a', 
passes  through  the  vertical  axis;  and  to  give  greater  free- 
dom of  motion,  and  to  allow  the  stones  to  pass  over  any 
heaps  of  seed  without  straining,  the  hole  for  the  axle  is 
vertically  oval,  and  of  sufficient  width.  The  vertical 
shaft  revolves  in  a  brass  bush,  laid  in  the  centre  of  a 
block  of  wood ;  and  the  horizontal  shaft  passes  through 
to  such  an  extent,  that  one  of  the  runners  is  two-thirds 
of  its  own  thickness  nearer  the  vertical  shaft  than  the 
other,  and  the  stones  are  thus  caused  to  pass  over  a 
greater  extent  of  surface  than  they  would,  were  the 
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vertical  shaft  equidistant  from  each.  The  seed,  spread 
and  dispersed  by  the  motion  of  the  stones,  is  again 
brought  into  their  path  by  means  of  rakes  or  sweepers 
attached  to  the  framework,  and  revolving  on  the  sur- 
face of  the  bedstone.  The  inner  rake  collects  the 
seeds  under  the  outer  stone  in  the  form  of  a  ridge,  over 
which  the  stone  passes  and  flattens  it,  when  the  outer 
rake  collects  it  again  into  a  ridge  in  the  line  of  motiou 
of  the  inner  stone.  The  outer  rake  consists  of  two 
parts,  one  of  which  presses  closely  on  the  wooden  hoop 
of  the  raised  border,  and  pushes  the  seed  obliquely 
inwards,  while  the  other  part  gathers  up  the  grain 
which  has  spread  towards  the  centre.  The  inner  rake 
has  a  joint  near  the  middle  of  its  length,  by  which  the 
outer  half  of  it  can  be  raised  from  the  nether  stone, 
while  the  inner  half  remains  in  contact  with  it,  and 
continues  to  remove  the  moist  paste.  When  the  seed  is 
sufficiently  bruised,  the  outer  end  of  the  rake  is  lowered 
and  gathers  up  the  paste,  and  carries  it  obliquely  out-, 
wards  to  the  raised  border,  whence,  by  an  open  part  of 
the  rim,  it  falls  out  into  troughs  placed  to  receive  it. 
The  latter  are  perforated  at  bottom,  and  a  quantity  of 
very  pure  oil  oozes  out  and  is  conducted  to  a  cistern 
apart. 

A  machine  for  expressing  oils  was  invented  by 
Bessemer  and  Heywood  of  London,  and  secured  by 
patent,  sealed  in  May,  1849,  in  which  the  materials 
to  be  operated  upon  are  forced,  by  means  of  a  plunger 
or  piston,  into  and  through  a  pervious  vessel  which, 
while  allowing  the  oil  to  percolate,  prevents  the  passage 
of  other  matters  through  its  pores.  This  oil-press 
is  shown  in  longitudinal  section  in  Fig.  375.  The 
bedplate  or  framing,  a  a,  which  should  be  cast  in  one 
piece,  forms  at  a'  a  cistern  for  the  reception  of  the 
oily  matters  as  expressed  from  the  seed  or  other  sub- 
stance, and  at  the  opposite  end  of  this  plate  there  are 
projections,  a",  in  which  brasses,  b,  provided  with 
caps,  c,  are  fitted,  and  form  bearings  in  which  the 
crank-shaft,  d,  revolves.  Two  other  projections,  a"', 
are  also  cast  on  to  the  bedplate,  and  are  provided 
with  caps,  e,  so  as  to  retain  the  pressing  cylinder  firmly 
in  its  place.  The  latter  must  be  of  sufficient  strength 
and  thickness  to  withstand  the  amount  of  internal  pres- 
sure exerted.  The  lining,  fitted  within  the  cylinder,/, 
consists  of  a  tube  of  gun-metal,  having  a  spiral  groove 
cut  on  the  outside  of  it,  and  having  the  appearance  of 
an  ordinary  square  threaded  screw.  At  very  short  inter- 
vals all  along  the  spiral  groove  there  are  conical  holes 
drilled  through  the  tube,  n,  and  communicating  with 
the  interior  of  it.  At  1 1  the  inside  of  the  tube  is 
enlarged,  and  is  provided  with  a  steel  collar,  beyond 
which  the  tube  is  reduced  in  diameter.  A  plain 
cylindrical  hag,  with  open  ends  formed  of  fustian,  or 
other  similarly  pervious  material,  is  made  to  fit  closely 
to  the  inside  of  the  tube,  n,  and  within  this  bag  is 
placed  a  cylinder  of  wire-gauze,  or  finely  perforated 
metal.  The  steel  collar,  t,  is  forced  into  the  end  of 
the  wire-gauze,  by  which  it  becomes  driven  into  the 
narrow  part,  and  is  securely  held  there  by  the  pres- 
sure of  the  collar,  t.  The  bag  and  wire-gauze  are 
then  stretched  over  the  end,  n",  of  the  tube,  and 
the  collar,  u,  driven  tightly  on,  by  which  means  the 
bag  and  wire-gauze  are  securely  held  in  their  places. 
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The  lining  tube,  n,  is  then  put  into  the  pressing 
cylinder  as  far  as  the  shoulder,  g.  A  tubular  piece, 
h,  is  next  put  in,  and  brought  into  contact  with  the 
collar,  u,  and  then  the  gland,  i,  is  screwed  home, 
whereby  the  lining,  n,  is  firmly  retained  within  the 
pressing  cylinder.  The  end  of  the  pressing  cylinder  is 
contracted  at  f,  and  forms  a  shoulder  for  the  abut- 
ment of  the  collar,  j,  the  diameter  of  the  aperture  of 
which  regulates  the  pressure  to  which  the  matters  are 


submitted.  Within  the  tube,  n,  there  is  fitted  a  solid 
plunger,  k,  which  receives  a  motion  from  the  crank,  d, 
by  means  of  the  connecting-rod,  I,  the  parallel  motion 
being  obtained  by  the  wheel,  m,  on  the  cross-head,  o, 
traversing  on  the  side  of  the  bedplate.  x  is  a 
hopper  bolted  to  a  flange  on  the  pressing  cylinder, 
and  in  communication  with  it  there  is  an  opening  in 
the  tube,  n,  corresponding  with  the  opening  into  the 
hopper,  so  that  the  substances  placed  in  the  hopper 
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may  drop  into  the  tube,  n.  Where  the  plunger,  k, 
is  withdrawn  from  beneath  the  opening  at  that  part 
of  the  pressing  cylinder  which  is  occupied  by  the  lining, 
there  are  drilled  numerous  small  holes,  communi- 
cating at  various  points  with  the  spiral  groove  in  the 
tube,  n.  On  the  outside  of  the  pressing  cylinder  there 
are  formed  two  collars,/"",  which  abut  against  the  pro- 
jecting pieces,  a'",  and  caps,  e,  and  cause  the  pressing 
cylinder  to  be  retained  firmly  in  its  place.  When  steam 
is  the  motive  power  applied  to  the  oil-press,  the  crank 
which  is  actuated  by  the  steam  piston  is  formed  on  the 
end,rd',  on  the  crank  shaft  of  the  oil-press,  and  placed 
at  such  an  angle  to  the  crank,  d,  that  when  this  crank 
is  pushing  the  plunger,  k,  to  the  end  of  its  stroke,  the 
steam  piston  will  be  at  half-stroke,  whereby  the  motive 
power  applied  will  be  greatest  at  the  time  that  the 
press  offers  the  greatest  resistance  ;  and  the  steam  pis- 
ton, also,  when  passing  its  dead  points,  will  have  to 
overcome  the  friction  of  the  machinery  only,  as  the 
plunger,  k,  will  be  in  the  middle  of  its  back-stroke.  If 
other  motive  power  than  steam  is  applied  to  turn  the 
crank,  d,  it  is  necessary  to  have  a  fly  wheel  on  the  shaft, 
d',  as  also  such  cog  wheels  as  are  necessary  to  connect 
it  with  the  first  mover. 

In  applying  this  apparatus  to  the  expression  of  oily 
seeds,  the  latter,  after  grinding,  and  heating  if  neces- 
sary, are  introduced  into  the  hopper,  and  motion  being 
transmitted  to  the  crank  in  the  manner  before  described, 
the  plunger,  k,  commences  a  reciprocating  movement 
in  the  tube,  n,  of  the  pressing  cylinder ;  each  time  that 
it  recedes  in  the  direction  of  the  crank,  it  moves  from 
under  the  opening  in  the  hopper  and  allows  a  portion 
of  the  seed  to  fall  into  the  tube,  while  the  reverse  motion 
of  the  plunger  drives  it  towards  the  open  end  of  the 
Cylinder,  its  passage  being  much  retarded  by  the  friction 
against  the  sides  of  the  lining  of  the  tube,  but  chiefly 
by  the  contraction  of  the  escape  aperture  through  the 
collar, the  plunger,  therefore,  exerts  an  amount  of 
pressure  upon  the  seed  corresponding  to  the  size  of  the 


escape  aperture.  The  expressed  oil,  passing  through 
the  wire  gauze  and  bag,  finds  its  way  through  the 
perforations  into  the  spiral  channel,  and  from  thence 
it  finds  egress  by  the  perforations,  f",  in  the  press- 
ing cylinder,  and  as  it  fails  is  received  \>j  the  cistern, 
af,  from  which  it  is  drawn  by  the  pipe,  y.  Two  or 
more  of  these  pressing  cylinders  may  be  used  side 
by  side,  actuated  either  by  one  crank  throw,  or  by 
separate  throws  upon  one  shaft,  placed  in  such  a  man- 
ner as  to  equalize  as  far  as  possible  the  amount  of 
resistance  throughout  the  revolution  of  the  crank  shaft, 
and  instead  of  the  cylindrical  pressing  plunger,  an 
angular  section  may  be  given  to  the  pressing  vessel 
and  plunger.  Besides  its  use  in  the  extraction  of  oil 
from  seeds,  this  press  may  be  employed  in  the  expres- 
sion of  other  matters  containing  oil. 

In  cases  where  it  is  necessary  to  heat  the  bruised  or 
ground  seed  during  the  process  of  expression,  the 
pressing  cylinder  is  made  of  larger  diameter  and  of 
greater  length,  and  the  cistern,  a',  is  divided  into  two 
separate  compartments,  over  both  of  which  the  press- 
ing cylinder  is  to  extend ;  a  strong  wronght-iron 
tube  is  inserted  in  its  open  end,  and  extends  about 
half-way  to  the  hopper,  where  it  terminates  in  a 
solid  pointed  end.  This  tube  occupies  the  centre 
of  the  pressing  cylinder,  and  in  the  annular  space 
around  it  are  the  ground  seeds  or  other  matters  to  be 
pressed.  The  temperature  is  raised  to  the  required 
point  by  steam  let  into  this  iron  tube,  the  end  of 
which,  extending  beyond  the  cylinder,  is  securely 
attached  to  a  bracket  projecting  from  the  bedplate, 
and  is  thus  held  firmly  in  its  place,  notwithstanding  the 
force  exerted  against  the  pointed  end.  Thus  arranged, 
the  ground  seed  or  other  matters  falling  into  the  press- 
ing cylinder,  are  thrust  forward  by  the  plunger,  and 
give  out  a  portion  of  oil  in  that  state  known  as  cold 
drawn,  and  which  falls  into  the  first  compartment  of 
the  cistern,  a' ;  the  further  progress  of  the  meal  along 
the  pressing  cylinder  brings  it  in  contact  with  the 
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pointed  end  of  the  heated  tube,  where  it  divides  and 
passes  along  the  annular  space  between  the  tube  and 
the  lining,  and  being  thus  spread  into  a  thin  cylindrical 
layer  around  the  tube,  it  rapidly  absorbs  heat  there- 
from, and  a  second  portion  of  oil  is  given  off  and 
received  by  the  second  compartment  of  the  cistern, 
and  thus  the  two  operations  of  hot  and  cold  pressing 
are  carried  on  collaterally. 

Bessemer  and  Heywood's  patent  further  includes 
a  method  of  treating  oily  and  oleaginous  substances  for 
the  extraction  of  their  oil,  in  which  the  matters  to  be 
operated  upon  are  subjected  to  the  action  of  pressure 
in  water,  so  as,  after  temporary  admixture  of  the  oil 
with  water,  to  facilitate  the  separation  of  the  oil  from 
the  matters  containing  them. 

The  apparatus  used  is  represented  in  Pig.  376  in 
vertical  section  taken  through  the  centre  of  the  appa- 
ratus. It  consists  of  a  cast-iron  cistern,  A,  having 
semicircular  ends,  and  open  on  the  upper  side  ;  at  one 
end  of  it  is  a  cylindrical  vessel,  B,  with  hemispherical 
ends.  This  vessel  is  of  considerable  strength,  and 
should  be  capable  of  withstanding  a  pressure  of  five 
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thousand  pounds  to  the  square  inch.  It  is  held  in  an 
upright  position  by  a  flange,  c,  formed  upon  it,  and 
extending  round  one  half  of  its  circumference.  This 
flange  rests  upon  a  similar  one  formed  around  the  upper 
side  of  the  cistern,  A,  and  is  bolted  thereto.  At  the 
upper  part  of  the  vessel,  B,  is  formed  a  sort  of  basin, 
b,  the  edge  of  which  supports  an  arch-shaped  piece  of 
iron,  d.  At  the  centre  of  the  basin  is  an  opening  into 
the  vessel,  and  a  hydraulic  cup  leather,  e,  is  secured 


within  the  opening  by  means  of  the  collar,  g  ;  in  the 
bottom  of  the  vessel,  B,  there  is  also  an  opening  into 
which  is  fitted  a  cup  leather,  h,  secured  in  its  place  by 
the  ring  j,  which  is  firmly  bolted  to  the  vessel,  B.  A 
strong  wrought-iron  rod,  K,  extends  from  the  top  of  the 
arch,  d,  down  through  the  vessel,  B,  having  two  enlarge- 
ments or  bosses,  k,  //,  formed  upon  it,  which  are  fitted 
to  the  cup  leathers.  The  upper  part  of  the  rod,  K,  has 
a  screw  formed  upon  it  at  k",  which  passes  through  the 
boss,  k,  and  enters  the  boss,  n,  in  which  a  screw  thread 
is  formed.  The  boss,  m,  is  provided  with  handles,  p, 
by  turning  which  the  rod,  K,  may  be  raised  or  lowered 
when  required.  R  is  a  pipe  through  which  water  may 
be  injected  into  the  vessel,  B,  by  a  force  pump,  such  as 
is  generally  employed  to  work  hydraulic  presses,  s  is 
a  cock  whereby  a  portion  of  the  contents  of  the  vessel 
may  be  run  off,  and  the  pressure  relieved  when  requi- 
site. The  two  bosses,  k  and  //,  being  of  equal  area, 
whatever  pressure  may  be  exerted  within  the  vessel,  B, 
it  does  not  tend  to  lower  or  raise  the  rod,  K,  but,  acting 
on  the  cup  leathers,  preserves  the  joint  tight,  and  pre- 
vents the  matters  under  pressure  from  leaking  out. 
This  form  of  apparatus  is  applied  principally  in  the 
extraction  of  the  portion  of  oil  remaining  in  the 
marc  or  cake  that  has  already  undergone  the  first 
expression.  For  this  purpose  the  cake  is  finely  ground, 
and  mixed  with  as  much  warm  water,  or  water  ren- 
dered slightly  alkaline,  as  will  reduce  it  to  a  semi-fluid 
state.  This  is  then  submitted  to  the  action  of  the 
apparatus  as  follows : — The  handles,  p  p,  are  turned 
round,  and  the  boss,  k,  withdrawn  from  its  opening, 
while  the  boss,  k',  which  is  much  longer,  still  closes 
the  lower  aperture.  The  semi-fluid  materials  are  then 
put  into  the  basin,  b,  and  fall  from  thence  into  the 
vessel,  B,  when  it  is  fully  charged.  The  rod  is  again 
lowered,  and  the  communication  with  the  hydraulic 
press  pump  is  made  by  means  of  a  tap  attached  to  the 
pump,  from  which  the  water  flows  through  the  pipe,  R, 
into  the  vessel,  B,  and  thus,  with  a  few  strokes  of  the 
pump,  the  whole  of  the  contents  of  this  vessel  will  be 
subjected  to  the  requisite  pressure.  An  interval  of  a 
few  minutes  is  allowed  for  the  combination  of  the  oil 
and  water ;  the  cock,  s,  is  then  opened,  and  a  small 
portion  of  the  fluid  contents  of  the  vessel  allowed  to 
escape  into  the  cistern ;  the  pressure  being  thus  relieved, 
the  handles,  p  p,  are  again  turned,  so  as  to  lift  the  rod, 
K,  sufficiently  high  to  withdraw  the  boss,  k',  from  the 
lower  opening.  The  contents  of  the  vessel,  B,  then 
flow  out  into  the  cistern,  A,  and  the  boss,  k',  being  again 
lowered  so  as  to  close  the  lower  aperture,  the  vessel 
may  be  refilled  for  another  operation.  The  pressure 
thus  brought  upon  the  mixture  of  oleaginous  matters 
and  water  will  cause  the  oil  therein  contained  to  mix 
with  the  water,  and  the  former  may  be  afterwards 
separated  from  the  milky-looking  fluid,  cither  by  repose 
in  suitable  vessels,  or  by  evaporation  of  the  water  by 
heat.  If  the  oil  is  required  for  soap-making,  the  mix- 
ture of  it  with  the  water  may  be  applied  without  sepa- 
ration. After  the  materials  have  been  withdrawn 
from  the  cistern,  A,  and  strained,  the  solid  portions  are 
again  submitted  to  pressure,  and  from  the  expressed 
liquid  the  albumen  is  removed  by  boiling,  and  the  oil 
separated  as  before.  '  • 


612  OIL  Purification  op  Seed  Oils. 


H.  W.  Wood,  of  London,  some  years  ago  invented 
a  process  for  the  extraction  of  certain  oils  from  seeds, 
in  which  diluted  acid  is  applied  to  the  seed,  previous  to 
pressure ;  whereby,  according  to  the  patentee,  the  seed 
will  part  more  thoroughly  with  the  oil.  The  process  is 
as  follows: — During  the  grinding  of  the  seed,  it  is  regu- 
larly sprinkled  with  the  dilute  acid,  in  the  proportion 
of  two  ounces  of  hydrochloric  acid,  of  specific  gravity 
1-160,  mixed  with  six  and  a  quarter  pounds  of  water 
to  every  hundred  pounds  of  seed.  The  mixture  of 
seed,  acid,  and  water  is  permitted  to  stand  for  a  longer 
or  shorter  period,  depending  on  the  quality  of  the 
seeds,  usually  not  more  than  twelve  hours.  The  mix- 
ture is  then  submitted  to  pressure  in  bags,  the  latter 
being  placed  alternately  in  the  press  with  plates  of 
iron.  A  hydraulic  press  is  preferred.  By  this  treat- 
ment, a  more  than  ordinary  quantity  of  oil  is  said  to  bo 
obtained  from  a  given  weight  of  seed. 

Amongst  the  great  number  of  oils  now  known,  there 
are  several  which  are  admirably  suited  for  various  pur- 
poses, but  which  nevertheless,  on  account  of  their 
price,  depending  usually  on  local  circumstances,  such 
as  cost  of  freight,  et  cetera,  are  very  little  or  not  at  all 
used  by  our  manufacturers.  Should,  however,  acci- 
dental circumstances  at  any  time  occasion  an  advance 
in  the  price  of  the  more  common  oils,  some  of  those 
above  alluded  to  might  be  procured  in  large  quantities, 
and  would  probably,  in  a  short  time,  altogether  super- 
sede many  of  the  oils  now  in  use.  Whilst,  therefore, 
it  is  desirable  to  draw  the  attention  of  manufacturers 
and  consumers  to  the  numerous  foreign  and  colonial 
oils  not  at  present  well  known  in  this  country,  it  is, 
at  the  same  time,  important  to  point  out  how  greatly 
the  value  of  such  oils  depends  on  the  care  bestowed 
on  their  preparation,  especially  as  regards  cleanness 
of  the  seeds,  and  the  careful  exclusion  of  impurity  of 
all  sorts  in  the  process  of  extracting  the  oil. 

Purification  of  Seed  Oils. — Many  oils  in  their 
natural  state  are  always  more  or  less  impure,  and  some 
of  them  so  viscous  as  to  be  quite  inapplicable  to  the 
lubrication  of  machinery,  or  to  illuminating  purposes, 
without  previous  purification.  The  impurities  consist 
for  the  most  part  of  albuminous,  mucous,  gelatinous, 
and  coloring  matters.  A  great  part  of  the  mucilaginous 
matters,  and  all  bodies  merely  in  a  state  of  suspension, 
are  deposited  by  repose  for  a  sufficient  length  of  time ; 
but  in  order  completely  to  clarifj'  the  oil,  it  is  neces- 
sary to  emploj'  other  means  of  depuration.  The  method 
most  generally  adopted  is  that  suggested  by  The- 
nard.  As  already  noticed,  the  concentrated  acids 
exert  a  remarkably  energetic  action  upon  the  combus- 
tible oils;  if  the  power  of  these  acids,  however,  is 
weakened  by  lessening  the  quantity  used,  the  foreign 
matters  in  admixture  are  then  chiefly  affected.  Sul- 
phuric acid,  for  example,  in  the  proportion  of  one  or 
two  per  cent,  of  the  oil,  acts  as  a  depurating  agent, 
precipitating  the  mucilage  and  parenchymatous  mat- 
ters ;  first,  by  its  powerful  dehydrating  action,  it 
removes  the  water,  by  which  these  substances  were 
held  in  solution  in  the  oil,  and  afterwards  chars  the 
mucous  matters  themselves,  thus  either  rendering  them 
insoluble,  or  otherwise  effecting  their  destruction.  The 
oil  itself  is  also  to  a  certain  extent  acted  upon :  it 


becomes  green  or  dark  brown,  and  after  some  time 
yields  a  deposit  of  the  same  color,  becoming  itself  per- 
fectly bright  and  clear.  Thenard's  purifying  process 
is  conducted  as  follows : — The  oil,  first  heated  to  100°  or 
upwards,  is  placed  in  a  convenient  vessel,  and  from  one 
to  two  per  cent,  of  sulphuric  acid  is  gradually  poured  in, 
with  constant  and  violent  agitation.  As  the  action  of  the 
acid  depends  more  or  less  upon  the  amount  of  contact 
between  the  two  liquids,  as  well  as  upon  the  degree  of 
heat,  it  is,  of  course,  desirable  to  employ  such  an  appa- 
ratus as  will  allow  the  easy  and  rapid  admixture  of  the 
oil  and  acid.  This  is  best  supplied  by  an  agitating 
tub,  movable  round  its  own  axis,  or  it  may  be  itself 
immovable,  but  with  a  movable  fan  in  its  axis. 
When,  after  continued  agitation,  the  dark-colored  fluid 
appears  to  consist  of  a  clear  liquid,  holding  flocculent 
matter  in  suspension,  the  action  of  the  acid  is  termi- 
nated. This,  however,  is  perceptible  only  after  about 
twenty-four  hours'  repose.  At  the  end  of  this  period, 
a  quantity  of  water,  heated  to  140°,  and  equal  to  about 
two-thirds  of  the  oil,  is  added,  and  the  mixture  is  agi- 
tated until  it  acquires  a  milky  appearance.  After 
several  days'  repose,  the  clarified  oil  rises  to  the  sur- 
face of  the  mixture  of  acid  and  water,  and  the  black 
flocculent  matter  forms  a  deposit  beneath  the  two 
liquids.  The  oil,  however  carefully  it  may  be  decanted, 
always  requires  to  be  filtered  to  remove  the  matters 
still  held  in  suspension.  To  effect  this  operation,  the 
oil  is  drawn  at  once  from  the  depositing  tubs  into  vats 
with  conical  openings  in  the  bottom  stopped  with  cotton 
plugs,  or  it  is  passed  through  baskets  lined  with  moss 
or  carded  cotton.  The  filtration  is  always  a  difficult 
operation,  the  plug-holes  becoming  quickly  and  repeat- 
edly choked  with  the  solid  matters.  A  much  better 
method  is  to  pass  the  oil  through  a  displacing  funnel, 
the  apertures  in  the  diaphragm  of  which  are  furnished 
with  filaments  of  carded  wool  or  cotton.  By  some 
manufacturers  a  modification  of  Thenard's  process  is 
pursued,  which  consists  in  neutralizing  the  sulphuric 
acid  by  the  addition  of  a  mixture  of  chalk  and  water, 
or  milk  of  lime.  The  operation  is  then  concluded  in 
a  much  shorter  period,  and  the  separation  of  the  oil 
and  water  is  far  more  complete. 

The  black  deposit  produced  by  the  action  of  sulphuric 
acid,  after  having  been  heated  and  subjected  to  pressure, 
yields  about  eighty  per  cent,  of  oil,  which,  after  clarifi- 
cation and  filtration,  is  little  inferior  to  the  oil  first 
obtained. 

Cogan's  modification  of  Thenard's  method  of 
purification  is  designed  to  obviate  the  difficulty  of 
getting  rid  of  the  charred  matter  and  excess  of  acid 
employed.  Steam  is  the  agent  made  use  of;  and  by 
its  judicious  introduction  the  oil  appears  to  be  almost 
entirely  freed  from  acid,  and  the  black  feculent  dregs 
subside  in  the  course  of  twelve  hours,  leaving  the  super- 
natant oil  quite  clear  and  greatly  improved  in  color, 
and  in  those  qualities  for  which  it  is  valued  by  the 
painter.  The  two  combined  processes  are  conducted 
as  follows :— The  quantity  of  oil  operated  upon  is  about 
one  hundred  gallons.  For  this  about  ten  pounds  of 
sulphuric  acid  are  required,  and  this  is  diluted  with  an 
equal  bulk  of  water.  To  the  oil,  placed  in  a  convenient 
vessel,  one-third  part  of  the  dilute  acid  is  added,  and 
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the  whole  is  carefully  stirred  for  an  hour  or  more  with 
a  wooden  scoop,  till  the  acid  is  thoroughly  incorporated 
with  the  oil,  and  the  latter  has  assumed  a  darker  color. 
A  second  similar  quantity  of  acid  is  then  added  and 
mixed  with  agitation  as  before,  and  after  this,  the 
remaining  third  of  acid  is  poured  in.  The  stirring  is 
now  continued  incessantly  for  two  hours  more,  when 
the  color  of  the  mixture  resembles  that  of  tar.  It  is 
allowed  to  stand  at  rest  for  twelve  hours,  and  then 
transferred  to  a  copper  boiler.  This  latter  has  a  steam 
pipe  entering  at  the  bottom,  which  divides  into  three 
or  four  branches,  each  terminating  in  a  perforated 
plate.  Steam  is  forced  through  this  pipe,  and,  passing 
in  a  very  divided  state  into  the  oil,  penetrates  into 
every  part  of  it,  aud  raises  the  temperature  to  212°. 
The  steaming  process  is  continued  for  about  six  hours, 
at  the  end  of  which  time  the  oil  is  transferred  to  a 
cooler,  of  the  shape  of  an  inverted  cone,  terminating 
in  a  short  pipe,  provided  with  a  stopcock  inserted  in 
its  side  a  few  inches  from  the  bottom.  After  standing 
twelve  hours,  the  black  watery  acid  liquor  is  with- 
drawn by  opening  the  stopcock  at  the  bottom.  The 
clear  and  limpid  oil  is  then  drawn  off  by  opening  the 
tap  in  the  side  of  the  cooler.  What  remains  below  this 
cock  is  turbid,  and  this,  being  let  out  into  a  reservoir, 
is  either  clarified  by  subsidence,  or  mixed  with  the  next 
portion  of  raw  oil. 

The  quality  of  oils  to  be  used  for  the  lubrication  of 
machinery,  or  for  illuminating  purposes,  is  much  im- 
proved by  the  application  of  solution  of  tannin,  by 
which  the  foreign  matters  are  rendered  more  com- 
pletely insoluble.  In  this  process  a  strong  infusion  of 
nutgalls  is  mixed  with  the  oil  by  agitation.  After 
deposition  the  clear  oil  is  decanted  from  the  precipitate, 
and  similarly  treated  with  a  solution  of  acetate  of  lead, 
acetate  of  alumina,  or  sulphate  of  zinc,  to  remove  any 
excess  of  tannin.  During  these  operations,  the  oil 
should  be  kept  as  near  70°  as  possible.  The  oil  is 
afterwards  dried  by  agitation  with  freshly-calcined  sul- 
phate of  lime,  or  anhydrous  carbonate  of  soda,  which 
are  allowed  to  deposit  by  rest.  The  addition  of  from 
five  to  ten  per  cent,  of  essential  oil,  or  of  a  hydrocar- 
bon— as  mineral  naphtha  or  oil  of  turpentine — to  oils 
purified  as  above,  renders  them  much  more  valuable  as 
sources  of  light.  They  are  intimately  mixed  either  by 
agitation,  or  by  passing  the  hydrocarbon  in  the  state  of 
vapor  into  the  oil. 

The  treatment  of  oils  and  fatty  matters,  by  submitting 
them  to  the  action  of  streams  of  air  or  steam,  is  an 
efficient  method  of  purification  and  bleaching.  This 
mode  of  treatment  was  adopted  by  T.  J.  Knowlys 
of  Lancaster,  who,  some  years  ago,  obtained  a  patent 
for  a  process  for  clarifying  and  improving  the  quality 
of  linseed  and  other  oils  to  be  applied  in  the  manufac- 
ture of  paints,  varnishes,  et  cetera,  by  exposing  the  oil  to 
the  conjoint  action  of  light  and  air.  To  this  end  the 
oil  is  first  heated  in  the  usual  manner,  or  mixed  with  a 
portion  of  manganese  or  litharge,  which  are  left  to 
react  upon  it  for  a  few  days,  and  then  separated  by 
straining.  The  filtered  oil  is  then  exposed  to  the  action 
of  light  and  air,  or  steam,  in  a  suitable  vessel,  and  with 
constant  agitation,  so  as  to  present  continually  a  fresh 
surface. 


Olive  Oil. — Huile  d 'olives,  French  ;  olivenol, 
baumol,  German ;  oleum  olivce,  Latin. — Olive  oil 
appears  to  have  been  known  from  the  remotest  anti- 
quity. The  olive  tree — olea  curoposa — is  one  of  the 
prettiest  in  nature.  Very  few  vegetals  have  been  so 
repea'tedly  noticed  or  so  enthusiastically  described  by 
the  ancient  writers,  and  from  the  earliest  ages  it  has 
been  adopted  as  the  emblem  of  benignity  and  peace. 

The  precise  period  of  the  discovery  of  olive  oil,  and 
of  its  application  to  the  wants  of  man,  is  not  recorded. 
It  appears  to  have  been  known  from  the  earliest  times, 
since  the  method  of  producing  it  is  mentioned  by 
Moses,  and  what  is  very  remarkable,  it  is,  with  slight 
variation,  the  process  employed  at  the  present  day.  It 
is  obtained  from  the  bluish  or  brownish  green  integu- 
ment, or  sarcocarp,  of  the  fruit  or  olives.  Several 
varieties  of  olives  are  met  with  in  commerce,  but  the 
most  common  is  the  small  French  olea  europcea 
longifolia,  and  the  large  Spanish  olea  europaia  lati- 
folia.  The  ingathering  is  performed  in  different  ways, 
according  to  the  kind  of  oil  to  be  extracted.  If  the 
olives  are  gathered  some  time  before  they  are  ripe,  they 
yield  an  oil  with  an  acrid  and  bitter  taste.  When  more 
ripe,  but  still  before  they  arrive  at  maturity,  the  oil 
possesses  the  peculiar  taste  of  the  fruit,  and  may  be 
preserved  for  a  lengthened  period  without  becoming 
rancid.  When  fully  ripened,  so  as  to  drop  from  the 
trees,  they  yield  a  fine  oil,  but  more  fatty,  and  also 
more  susceptible  of  change  by  exposure.  November 
and  December  are  the  principal  harvest  months,  and 
if  allowed  to  remain  longer  on  the  trees,  the  olive 
gradually  deteriorates,  and  yields  an  oil  of  very  inferior 
quality.  To  obtain  the  finest  oil,  the  olives  should  be 
gathered  by  hand,  for  if  braised,  as  in  the  usual 
method  of  boating  the  fruit  from  the  trees  with  poles, 
unless  used  directly,  they  ferment,  and  the  oil  acquires 
a  highly  disagreeable  odor  and  taste. 

The  process  for  procuring  olive  oil  is  somewhat  modi- 
fied in  different  countries,  though  the  principle  is  the 
same  in  all,  namely,  for  the  purest,  gentle  pressure  of 
the  freshly  gathered  fruit  in  the  cold ;  for  common  or 
second  oil,  stronger  pressure,  aided  by  partial  fermenta- 
tion of  the  olives,  and  the  heat  of  boiling  water;  and  for 
another  still  inferior  kind,  by  boiling  the  husk  or  marc, 
after  the  preceding  treatment,  with  water,  when  a 
mucilaginous  oil  rises  and  floats  on  the  surface.  All  the 
varieties  are  left  to  repose  for  a  month  after  being 
extracted,  in  order  that  the  impurities  may  subside. 

The  following  is  the  method  pursued  in  the  South  of 
France: — The  ripe  olives  are  crushed  in  a  mill  of 
the  most  rude  construction,  comprising  usually  a 
single  millstone  turning  in  a  circular  bed;  sometimes 
two  millstones,  placed  wide  enough  apart  not  to  ! 
crush  the  seeds.  The  workmen  remove  all  the  pulp 
when  sufficiently  crushed,  and  place  it  in  rash  sacks, 
which  are  heaped  up,  to  the  number  of  eighteen  or 
twenty,  on  the  platform  of  a  press.  This  is  also  of 
a  very  rude  description,  and  is  only  capable  of  a 
very  slow  and  feeble  pressure.  The  oil  which  first 
exudes  from  the  bags,  when  the  olives  are  of  good 
quality,  and  the  pressure  is  nicely  regulated,  is  the 
variety  known  as  salad  oil,  and  is'  much  in  request 
for  the  supply  of  the  table.     After  the  first  pres- 
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sure,  the  pulp  still  contains  a  considerable  quantity  of 
oil,  so  mixed  with  albuminous  matters  that  it  cannot 
flow  out.  To  extract  a  portion  of  this  oil,  the  press  is 
taken  apart,  the  cakes  are  broken  up  in  the  bags,  and 
the  nearly  dry  residue  is  digested  with  boiling  water, 
and  again  pressed  as  before.  The  boiling  water  being- 
absorbed  causes  the  pulp  to  swell ;  the  albumen  coagu- 
lates, and  the  more  fluid  oil  runs  out  freely.  This 
operation  is  repeated  two  or  three  times.  For  the 
reception  of  the  water  containing  the  oil,  two  tanks  are 
used,  so  arranged  that  in  the  one  the  liquids  separate 
into  two  layers,  whilst  the  other  is  filling.  The  upper 
layer,  consisting  of  oil,  is  ladled  off,  and  the  water  below, 
which  still  contains  oil  in  suspension  with  mucus,  is 
collected  for  further  separation  into  a  narrow  and  deep 
cistern,  from  which  the  water  can  be  removed  by  a  long 
siphon.  After  deposition  of  a  portion  of  water,  it  is 
drawn  from  underneath,  the  cistern  is  again  filled 
with  a  further  quantity  of  the  mixture,  and  when  a 
sufficient  quantity  of  oil  swims  on  the  surface,  it  is 
skimmed  off,  as  oil  of  inferior  quality.  Owing  to  the 
imperfections  of  these  processes,  a  quantity  of  oil  still 
remains  in  the  refuse  in  the  bags,  and  the  producers 
of  oil  find  it  worth  while  to  submit  it  to  a  third  opera- 
tion. The  large  amount  of  time  and  labor  consumed 
in  the  complete  exhaustion,  and  the  fact  that  the 
oil  obtained  is  not  of  as  good  quality  as  it  might  be, 
has  induced  Dumas  to  give  his  attention  to  this  sub- 
ject, and  he  has  suggested  several  improvements  in  the 
old  method  of  extraction.  This  eminent  authority 
recommends,  for  the  crushing  of  the  olives,  the  use  of 
mills  of  similar  construction  to  those  employed  in  the 
extraction  of  oil  from  seeds  ;  and  instead  of  the  com- 
mon presses,  he  proposes  the  employment  of  hori- 
zontal hydraulic  presses,  or  of  the  wedge  presses 
used  to  remove  the  oil  from  crushed  seeds,  by  means 
of  which  the  oil  would  be  withdrawn  more  easily 
and  rapidly,  and  the  exhaustion  would  be  much  more 
complete. 

The  last  operation,  in  the  method  usually  employed, 
is  as  follows : — The  cake  or  marc,  after  the  second 
pressure,  is  immediately  moistened  with  water,  as  a 
preventive  of  fermentation,  which  otherwise  quickly 
ensues,  and  effects  the  destruction  of  the  last  traces  of 
oil.  The  absorption  of  water  is  accelerated  by  heaping 
the  moistened  cake  in  layers  in  vats.  The  next  step  is 
the  separation  of  the  stones :  this  is  effected  by  means 
of  two  machines,  adjoining  each  other,  and  worked  by 
the  same  motive  power.  The  first  consists  of  a  vertical 
millstone  turning  in  a  pit  of  masonry  or  woodwork, 
through  which  flows  a  current  of  cold  water.  The  cake 
passed  through  this  is  conveyed  through  a  trap-door 
into  the  other  machine  of  similar  construction  to  the 
first,  except  that  the  crusher  is  heavier ;  and  there  is 
attached  to  the  axle  an  arm,  which  serves  to  agitate 
the  paste  with  the  water.  In  this  process  the  broken 
stones  fall  to  the  bottom,  whilst  the  lighter  parts,  with 
the  kernels  of  the  seeds,  rise  to  the  surface,  and  are 
removed  by  means  of  hair  sieves.  These  unctuous 
matters  are  dried  over  a  fire,  until  they  form  a  stiff 
paste,  which  is  then  submitted  to  pressure  as  before. 
The  oil  thus  obtained  is  applied  to  lighting  purposes, 
and  in  the  manufacture  of  soap.    By  the  adoption  of 


the  improvements  suggested  by  Dumas,  he  considers 
that  this  last  very  tedious  course  of  operations  might 
be  entirely  dispensed  with,  and  still  the  same  quantity 
of  oil  would  be  obtained,  and  that  of  superior  quality. 
Another  very  desirable  improvement  would  be  effected 
if  the  growers  themselves  would  extract  the  oil,  instead 
of,  as  is  usually  the  case,  sending  the  fruit  to  the  com- 
mon miller.  At  these  mills  they  are  often  allowed  to 
remain  in  heaps  for  some  days,  or  until  the  mill  is  at 
liberty ;  from  which  cause  the  oil  is  of  far  inferior 
quality  than  would  otherwise  be  obtained. 

In  Naples,  the  machinery  employed  by  the  peasants 
in  the  preparation  of  Gallipoli  oil  is  of  the  rudest  kind. 
The  olives,  when  ripe,  are  allowed  to  drop  from  the 
trees,  and  are  collected  and  conveyed  to  the  mill,  chiefly 
by  women  and  children.  The  oil,  when  expressed,  is 
inclosed  in  sheep  or  goat  skins,  and  carried  on  mules 
to  Gallipoli,  where  it  is  allowed  to  clarify  in  reservoirs 
cut  in  the  rock  on  which  the  town  is  built,  and  its  ulti- 
mate value  depends,  in  a  great  measure,  on  the  nature 
of  this  cistern.  In  point  of  fact,  Gallipoli  owes  its 
celebrity  to  the  facility  of  the  formation  of  these  cis- 
terns, as  in  them  the  oil  soon  clarifies,  and  may  be 
preserved  for  a  lengthened  period  without  becoming 
rancid. 

The  finest  olive  oil  is  of  a  pale  yellow  color,  some- 
times inclined  to  green.  It  has  scarcely  any  smell,  hut 
a  bland,  mild,  and  agreeable  taste  ;  occasionally  it  has 
a  nutty  flavor,  and  when  swallowed,  leaves  a  slight 
sense  of  acrimony  in  the  throat.  It  is  insoluble  in 
water,  slightly  soluble  in  alcohol,  and  in  one  and  a  half 
times  its  weight  of  ether.  Its  specific  gravity  is  0'910 
at  60°.  At  36°  it  deposits  white  granules,  especially  if 
heat  has  been  applied  in  its  extraction.  At  22°  it 
deposits  twenty-eight  per  cent,  of  its  weight  of  marga- 
rin,  fusible  again  at  68°,  and  it  yields  also  seventy-two 
per  cent,  of  olein.  Of  the  different  kinds  of  olive  oil 
met  with  in  commerce,  the  produce  of  Aix,  known 
as  Provence  oil,  is  the  most  esteemed.  Florence  oil, 
imported  from  Leghorn  in  flasks,  packed  in  chests 
containing  thirty  of  these,  is  a  very  fine  kind,  used  for 
culinary  purposes.  Lucca  oil  is  imported  in  jars  holding 
nineteen  gallons  each.  Gallipoli  forms  the  largest  pro- 
portion of  that  brought  into  this  country,  and  is  imported 
in  casks.  Puglia  and  Calabria  are  the  provinces  of 
Naples  most  celebrated  for  its  production.  Sicily  oil  is 
principally  produced  at  Milazzo,  and  is  of  inferior  qua- 
lity. In  some  countries,  and  especially  on  the  continent 
of  Europe,  olive  oil  constitutes  an  important  article  of 
diet.  It  is  extensively  used  in  England  in  the  manu- 
factures, and  especially  in  the  treatment  of  woollen 
cloths.  The  inferior  kinds  are  much  used  in  the 
production  of  soaps,  particularly  of  the  varieties  known 
as  Marseilles  and  Castile  soaps.  Being  less  liable  to 
become  thick  and  viscid  by  exposure  to  air,  it  is  often 
used  for  oiling  delicate  machinery.  For  application  to 
watch  and  clock  work,  the  oil  is  refined  by  cooling, 
separating  the  fluid  portion,  immersing  in  it  a  slip  of 
sheet  lead,  or  some  shot,  and  exposing  it  to  direct 
sunlight  in  a  corked  phial,  when  a  whitish  matter 
gradually  subsides,  and  the  oil  is  rendered  clear  and 
colorless.    This,  when  decanted,  is  fit  for  use. 

Peter  Bancroft,  of  Liverpool,  in  1846,  patented  a 
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process  for  purifying  olive  oil,  which  consists  in  treat- 
ing the  oil,  heated  to  about  90°,  with  a  strong  solution 
of  potassa  or  soda,  either  as  carbonate  or  in  the  caustic 
condition,  giving  preference  to  the  latter,  as  it  operates 
more  quickly.  The  specific  gravity  of  the  solution  may 
be  12  or  even  stronger.  The  oil  is  kept  constantly 
agitated  during  the  addition  of  the  alkali,  and  the  ope- 
ration is  at  an  end  when  a  small  portion  of  the  oil,  placed 
in  a  glass  hottle,  and  shaken  with  a  further  addition  of 
solution  of  alkali,  deposits  only  a  clear  liquid,  free  from 
soapy  matters.  The  quantity  of  solution  of  alkali 
required  varies  from  three  and  a  half  to  eight 
per  cent.  The  oil  is  decanted  after  deposition  of  the 
soapy  matters,  and  passed  through  a  filter.  So  treated, 
this  oil  is  said  to  be  very  valuable  as  a  lubricant  for 
machinery. 

Adulterations. — The  superiority  of  olive  over  other 
kinds  of  oil,  and  its  higher  price,  render  it  liable  to 
adulteration  with  rape  and  poppy  oils,  and  especially 
with  lard  oil — whatis  c&Wz&superfine  Lucca  oil  often  con- 
taining as  much  as  sixty  or  seventy  per  cent,  of  the  latter. 
Several  methods  have  been  proposed  to  detect  these 
sophistications.  Poppy  oil  may  be  discovered  by  the 
phenomena  of  beading,  or  the  appearance  of  a  number 
of  air  bubbles  on  the  surface  after  violent  agitation  of 
the  oil,  which  are  not  produced  with  pure  oil.  Gui- 
bodrt  recommended  congelation,  but  this  test  is  inef- 
fective unless  the  adulterant  is  present  in  large  quan- 
tity. The  most  reliable  test  is  that  suggested  by 
Poutet,  which  depends  upon  the  peculiar  action  of 
nitrous  acid  upon  olive  oil.  A  nitrate  of  mercury  is 
prepared  by  dissolving  sis  parts  of  quicksilver  in  seven 
and  a  half  parts  of  nitric  acid,  of  specific  gravity  1-36, 
without  applying  heat.  When  one  part  of  this  freshly 
prepared  solution  is  added  to  ten  parts  of  pure  olive  oil, 
the  mixture  becomes  concrete  in  the  course  of  a  few 
hours.  The  admixture  of  foreign  oils  prevents  this 
congelation,  so  that  the  resulting  mixture  is  more  or 
less  liquid  in  proportion  to  the  quantity  of  the  adulter- 
ant present.  The  twentieth  part  of  poppy  oil  is  easily 
detected  by  this  method,  but,  in  order  to  arrive  at  satis- 
factory results,  a  comparative  experiment  should  be 
made  with  a  mixture  of  oils  of  known  composition. 
Other  methods  will  be  given  when  treating  generally 
of  the  adulteration  of  oils  and  fats. 

Physiological  Effects. — According  to  Dr.  Beau- 
mont, olive  oil  is  extremely  nutritious,  but  rather 
difficult  of  digestion.  However,  when  taken  as  a  con- 
diment with  salad,  it  promotes  the  digestibility  of  the 
latter.  In  larger  dozes,  olive  oil  acts  as  a  gentle  laxa- 
tive, with  freedom  from  pain.  It  is  often  administered 
in  cases  of  irritant  poisoning,  as  an  emollient  and 
demulcent,  to  shield  the  stomach  from  the  action  of 
acid  and  corrosive  substances. 

Statistics. — The  quantity  of  olive  oil  imported 
annually,  from  the  years  1844  to  1850  inclusive,  was 
as  follows : — 


Gallons. 

1844   3,770,424 

1845,   3,103,380 

1846,   2,150,568 

1847,   2,190,384 

1848,   2,541,672 

1849,   4,274,928 

1850,   5,237,316 


Almond  Oil. — Huile  d'amandes,  French ;  man- 
delol,  German ;  oleum  amygdala,  Latin.  This  oil  is 
obtained  by  expression  from  the  seeds  of  the  amygdalus 
communis,  either  sweet  or  bitter,  usually  from  the  latter, 
on  account  of  their  comparative  cheapness,  as  well  as 
of  the  greater  value  of  the  marc  or  pressed  cake. 
Almonds  were  well  known  to  the  ancients,  and  are 
alluded  to  in  the  writings  of  Moses — Genesis  xliii.  11. 
Hippocrates  employed  the  expressed  oil,  as  well  as 
the  almonds  themselves,  both  sweet  and  bitter,  in 
medicine.  Dioscorides  describes  the  method  of 
extracting  the  oil. 

Eobiquet  discovered  in  bitter  almonds  from  one  to 
2'5  per  cent,  of  a  peculiar  principle  not  contained  in 
the  sweet  variety.  This  principle,  which  is  termed 
amygdalin,  is  a  colorless,  crystalline,  nitrogenous  body, 
with  a  bitter  taste,  and  free  from  odor. 

The  fixed  oil  of  almonds  is  obtained  by  expression 
from  either  kind ;  and  if  contact  of  water  be  care- 
fully avoided,  the  oil  from  the  bitter  is  quite  as  bland 
as  that  from  the  sweet  variety.  The  almonds,  pre- 
viously cleansed  of  the  adherent  furz  and  dust  by 
being  well  shaken  and  sifted,  are  bruised  or  coarsely 
powdered,  and  pressed  in  hempen  cloths  or  bags, 
between  iron  plates,  either  cold,  or,  preferably,  slightly 
and  uniformly  heated  by  hot  water  or  steam.  The 
yield  of  oil  varies  from  twenty-eight  to  fifty -four  per 
cent.  When  recently  expressed,  this  oil  is  turbid, 
but  by  rest  and  subsidence  becomes  quite  transparent. 
The  mucilaginous  matter  should,  however,  be  separated 
as  quickly  as  possible,  as  it  promotes  rancidity ;  and 
the  oil  should  be  preserved  in  well-stopped  bottles. 

Almond  oil  is  pale  yellow  and  very  fluid,  inodorous 
when  fresh,  and  of  a  faint  oleaginous  taste.  It  quickly 
becomes  colorless  by  exposure  to  light.  It  remains 
fluid  at  a  much  lower  temperature  than  olive  oil,  but 
at  14°  it  deposits  twenty-four  per  cent,  of  concrete 
matter.  Its  specific  gravity  at  60°  is  about  0'918. 
Cold  alcohol  takes  up  about  a  twenty-fourth  of  its 
weight,  and  boiling  alcohol  a  sixth.  It  is  also  very 
soluble  in  ether.  Its  principal  use  is  in  pharmacy,  as 
an  ingredient  in  emulsions,  and  occasionally  in  lini- 
ments, ointments,  and  soaps.  As  it  contains  less  mar- 
gariu  than  olive,  it  yields  softer  soap,  and  is  better 
adapted  to  the  preparation  of  oleic  acid.  The  cake 
left  after  expression  of  the  oil  is  sometimes  ground,  and 
is  known  as  almond  powder,  and  used  as  a  detergent 
for  preserving  the  skin  soft  and  pliable. 

Adulterations. — Commercial  almond  oil  is  frequently 
adulterated  to  a  considerable  extent  with  lard  or  olive 
oil ;  indeed,  according  to  Morfit,  what  is  sold  as  the 
genuine  article  is  often  olive  oil,  merely  flavored  with 
that  of  almonds.  According  to  Pereira,  teel  oil,  or 
oil  of  sesamim,  is  occasionally  substituted  for  almond 
oil,  from  which,  however,  it  may  be  known  by  the 
deposit  of  margarin  being  formed  much  more  readily 
than  in  oil  of  almonds. 

Physiological  Effects. — Almond,  like  olive  oil,  is 
highly  nutritive,  but  difficult  of  digestion.  It  possesses 
also  the  medicinal  as  well  as  dietetical  qualities  of  olive 
oil.  In  large  doses  it  is  a  mild  laxative.  Its  local 
action  is  emollient.  It  is  employed  medicinally  for 
the  same  purposes  as  that  of  olive.    Sometimes  it  is 
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administered  to  allay  cough,  or  as  a  laxative,  but, 
according  to  Christison,  is  not  -well  adapted  for 
either  purpose.  It  is  also  used  for  outward  friction, 
and  for  cosmetic  soaps. 

Rape  Oil. — This  oil  is  prepared  from  the  seeds  of 
several  species  of  the  genus  brassica,  belonging  to  the 
family  of  crucifera,  as  the  brassica  napus,  or  winter 
rape,  and  the  summer  rape,  or  brassica  praicox. 
Besides  oil  and  woody  fibre,  these  seeds  contain  a 
considerable  quantity  of  mucus,  albumen,  and  other 
allied  substances.  Only  the  driest  possible  seeds,  such 
as  have  been  stored  for  several  months,  and  protected 
from  moisture,  are  expressed.  It  is  usual  also  to  sub- 
mit the  seed  to  steam  heat  previous  to  pressure,  as,  if 
the  albumen  present  is  not  completely  coagulated  the 
oil  obtained  is  much  less  in  quantity,  and  far  inferior 
in  quality,  to  that  otherwise  extracted.  The  very  large 
proportion  of  fluid  contents,  other  than  oil,  contained 
in  fresh  seed,  constitutes  the  great  difficulty  in  obtain- 
ing an  average  oil  both  as  to  quantity  and  quality ;  but 
by  the  above  method  of  treatment  this  obstacle  is 
overcome,  and  the  oil  expressed,  containing  only  a 
trace  of  albumen,  and  a  greatly-reduced  proportion  of 
mucus,  becomes  comparatively  easy  of  purification. 
As  newly  expressed,  even  with  every  precaution,  it  is 
viscid,  owing  to  the  mucus  and  other  foreign  matters 
unavoidably  present.  These,  and  the  coloring  matter 
also  retained  by  the  oil,  lessen  its  combustibility,  and 
occasion  much  smoke  during  its  burning. 

Purification. — Eape  oil  is  most  conveniently  depu- 
rated by  the  process  recommended  by  Thenakd,  and 
already  described.  A  two-hundredth  part  of  sulphuric 
acid  is  added,  and  the  mixture  well  agitated;  it  is  then 
left  at  rest  for  about  twenty-four  hours,  and  after- 
wards shaken  with  two-thirds  of  its  bulk  of  water  at 
160°.  The  emulsion  thus  produced,  after  standing  about 
eight  or  ten  days  in  a  situation  the  temperature  of 
which  is  maintained  at  80°,  separates  into  two  portions, 
when  the  upper  layer  of  clarified  oil  may  be  drawn  off 
and  filtered  through  a  displacing  funnel,  the  apertures 
in  the  diaphragm  of  which  are  furnished  with  filaments 
of  carded  wool  or  cotton,  and  is  then  fit  for  use.  In 
this  operation  the  coloring  matter  is  deposited  in  the 
form  of  dark  greenish  flocculi,  which,  by  the  action  of 
the  sulphuric  acid,  are  converted  into  an  insoluble  state. 

Another  mode  of  treating  the  several  varieties  of  rape 
oil  has  been  recommended  by  Deutsch,  by  which  it 
is  said  to  be  rendered  more  applicable  to  the  several 
manufacturing  and  other  operations  in  which  it  is 
employed.  His  process  is  as  follows : — The  oil  is 
placed  in  a  copper  pan  or  boiler,  and  fire-heat  applied 
until  the  oil  begins  to  be  decomposed,  when  the  heat  is 
so  regulated  as  to  keep  the  oil  in  a  uniform  state  of 
ebullition  for  about  three  or  four  hours.  The  spongy 
scum  which  separates,  after  a  time  begins  to  subside, 
whilst  the  oil  becomes  clear  and  transparent,  and  of  a 
green  color.  The  fire  is  then  removed,  and  the  oil  is 
allowed  to  settle  for  one  or  two  days,  when  the  clear 
green  oil  is  drawn  off.  If  the  oil  has  not  acquired  a 
green  color,  it  is  an  indication  that  the  process  has  not 
been  well  performed,  or  that  the  oil  employed  was  of 
inferior  quality.  The  several  varieties  of  rape  oil, 
after  this  treatment,  may  be  advantageously  employed 


for  the  oiling  of  wool  in  the  process  of  its  manufacture, 
and  they  may  also  be  employed  for  the  lubrication  of 
machinery.  For  the  latter  purpose,  if  it  be  desired  to 
diminish  its  fluidity,  a  solution  of  caoutchouc  obtained 
by  boiling  the  latter  in  the  oil,  may  be  added  to  the 
oil,  which  should  be  heated  and  well  stirred,  to  effect 
a  uniform  mixture.  The  oil  may  he  rendered  less  fluid 
by  mixing  it  with  tallow  or  other  grease. 

Wakburton's  method  of  effecting  the  purification 
of  rape  oil  is  by  treatment  with  caustic  alkali,  in  which 
the  albuminous  and  other  impurities  are  soluble,  and 
are  separated,  associated  with  soapy  matters.  In  a 
suitable  vessel,  containing  fifty-two  parts  of  caustic 
soda  solution,  of  specific  gravity  l'OlO,  are  to  be  put 
one  hundred  pounds  of  the  refined  oil ;  these  are  to  be 
stirred  with  a  wooden  ladle  till  well  mixed.  The  mix- 
ture is  then  allowed  to  stand  twenty-four  hours  undis- 
turbed, in  a  cold  place,  after  which  it  is  then  slowly 
warmed,  and  again  well  stirred.  After  twenty-four 
hours'  subsidence  all  the  oil  will  have  separated ;  if 
such  should  not  be  entirely  the  case,  the  complete 
separation  may  be  effected  by  the  addition  of  a  small 
quantity  of  spirit  of  wine.  The  oil  drawn  off  from  the 
liquor  is  afterwards  well  washed  with  hot  water,  till 
the  pure  oil  is  obtained  without  taste  or  color,  and  if 
desired,  may  be  passed  through  a  filter.  The  soap 
which  deposits  may  be  used  as  an  ordinary  detergent. 

Eape  oil  is  of  a  light-yellow  color  and  has  a  peculiar 
taste  and  smell.  The  smell  becomes  much  stronger 
when  the  oil  is  heated;  and  the  color  darkens  to 
greenish-yellow  when  the  temperature  is  increased  to 
398°.  The  specific  gravity  of  that  from  the  brassica 
napus  is  0'9128  at  60°,  and  from  the  brassica  rapa, 
0'9167.  It  contains  forty-six  per  cent,  of  solid  fat, 
which  congeals  at  about  28°,  but  requires  to  be  heated 
to  about  43°  before  it  again  fuses.  It  is  employed  in 
the  manufacture  of  woollen  goods ;  in  the  preparation 
of  some  kinds  of  leather  ;  for  oiling  machinery ;  in  the 
production  of  soap ;  and  also  for  burning.  After  purifi- 
cation from  mucilage,  et  cetera,  rape  oil  is  said  to  be 
better  suited  for  the  lubrication  of  machinery  than  any 
other  oil.  It  is  now  extensively  used  for  locomotives, 
for  marine  engines,  and  also  as  lamp  oil.  According  to 
Mr.  Brotherton,  a  manufacturer  of  oils,  good  Eng- 
lish-grown rape  seed  yields  oil  of  superior  quality  to 
any  foreign  seed  ever  brought  to  his  notice,  and  he 
consequently  recommends  its  cultivation  to  agricul- 
turists. The  inferiority  of  the  oil  obtained  from  Indian 
or  colonial  seed  probably  depends,  in  a  great  measure, 
on  the  want  of  sufficient  care  being  paid  to  the  purity 
and  cleanness  of  the  seed  itself,  and  not  to  any  real 
deficiency  in  the  oil. 

Colza  oil  is  extracted  in  the  same  manner  as  the 
preceding  from  another  variety  of  seed  of  the  same 
genus  of  plants — the  brassica  campesiris  ohifera.  It 
is  produced  in  France  in  large  quantity,  and  is  used  for 
the  same  purpose  as  rape  oil.  It  is  of  a  yellow 
color,  and  nearly  free  from  odor.  Its  specific  gravity- 
is  0'9136  at  60°.  It  congeals  at  about  22°.  It  is 
sparingly  soluble  in  cold  alcohol,  but  readily  soluble  in 
this  fluid  when  assisted  by  heat.  Colza  oil  is  largely 
used  for  illuminating  purposes,  and  may  be  burned 
without  previous  purification. 
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A  Parisian,  named  Nuerberger,  in  1856,  obtained 
a  patent  for  the  extraction  of  oil  from  the  seeds  of  other 
genera  of  the  order  crucifera.  This  oil  forms  a  substi- 
tute for  colza  oil,  and  may  be  used  for  lighting  and  other 
purposes.  The  three  genera  from  which  the  oil  may 
be  procured,  are  the  genus  thlaspi,  or  shepherd's-purse ; 
the  genus  capsella,  or  common  shepherd's-purse;  and 
the  genus  iberis,  or  caudy  tuft.  The  species  capsella 
bursa  pastoris  yields  the  largest  proportion  of  oil.  The 
latter  is  obtained  precisely  as  colza  oil,  and  is  also 
purified  in  the  same  manner. 

Teel  Oil,  or  Oil  of  Sesamum. — The  plant  yielding 
this  oil,  the  sesamum  orientate,  is  extensively  cultivated 
throughout  India  for  the  sake  of  the  fine  oil  expressed 
from  its  seeds.  The  latter  are  imported  from  Calcutta 
under  the  name  of  teel  seeds.  They  are  about  the  size 
of  white  mustard  seeds.  Three  varieties  are  known — 
namely,  the  white,  the  particolored,  anil  the  black. 
It  is  principally  from  the  latter  that  the  sesamum  oil 
of  commerce  is  obtained.  The  seed  contains  about 
forty-five  per  cent,  of  oil.  This  has  been  already 
mentioned  as  an  adulterant  of  almond  oil,  and,  accord- 
ing to  Pereira,  may  be  used  as  a  substitute  for  the 
latter. 

Oil  of  Behen  or  Ben. — This  oil  is  obtained  by  ex- 
pression from  the  decorticated  seeds  of  the  mohringa 
aptera  et  oleifera,  a  tree  resembling  a  willow,  and 
indigenous  to  Arabia  and  Syria,  but  cultivated  also  in 
the  West  Indies.  The  oil  is  colorless  and  inodorous, 
and  has  an  agreeable  flavor.  By  repose  it  separates 
into  two  portions,  one  thick  and  the  other  fluid  at  very 
low  temperatures.  The  latter,  as  it  resists  the  rancidi- 
fying  action  of  the  air,  is  highly  valued  for  lubricating 
watch  and  clock  work.  The  oil  itself  is  much  esteemed 
as  an  agent  for  the  extraction  of  the  delicate  perfume 
ot  certain  flowers  by  the  process  of  maceration.  It  is 
also  used  as  the  base  of  macassar  oil.  Oil  of  ben 
contains  a  peculiar  fat,  named  moringin,  which,  by 
saponification  and  decomposition  of  the  soap,  yields 
moringic  acid.    This  acid  is  solid  at  32°. 

Beech  Oil. — This  oil  is  obtained  from  the  nut  of  the 
jagus  sylvatiea,  or  beech-tree.  It  is  extracted  either 
by  cold  or  hot  expression  of  the  nut,  previously  decor- 
ticated. The  per  centage  yield  is  about  sixteen.  The  oil 
is  of  a  clear,  yellow  color,  is  inodorous,  but  has  a  slightly 
acrid  taste,  which,  however,  is  dissipated  by  keeping  or 
by  ebullition  with  water.  Its  specific  gravity  is  0*9225 
at  60°.  At  29°  it  becomes  solid.  It  is  not  well  known 
in  this  country.  In  some  districts  of  France,  however, 
it  is  extensively  used  for  culinary  purposes,  as  well  as 
for  the  production  of  soap  and  as  a  source  of  light. 
The  cake  remaining  after  expression  of  the  bruised  nut 
is  useful  as  food  for  cattle. 

Oil  of  Mustard. — This  oil  is  procured  by  expression 
of  the  bruised  seeds  of  the  black  or  white  mustard. 
The  mustard  plant — sinapis — of  which  there  are  several 
species,  appears  to  be  indigenous  to  this  country.  It 
was  formerly  cultivated  in  Durham,  but  is  now  grown 
principally  in  the  neighborhood  of  York.  In  India 
and  the  East,  mustard  is  cultivated  solely  for  the  sake 
of  the  fixed  oil  it  contains.  The  seeds  of  black  mustard 
were  first  analysed  by  Thibierge,  and  have  been  since 
examined  among  others  by  Pelouze,  Kobiquet, 
vol.  TI. 


Bussy,  and  Fremy.  From  their  labors  we  learn 
that  this  seed  contains  myronate  of  potassa,  myrosin, 
fatty,  gummy,  and  coloring  matters,  a  peculiar  green 
matter,  sugar,  sinapisin,  free  acid,  and  salts.  The  pro- 
portion of  oil  is  about  twenty-eight  per  cent,  of  the  seeds. 
According  to  the  analysis  of  John,  white  mustard  seeds 
consist  of  an  acrid  volatile  oil,  yellow  fat  oil,  brown 
resin,  gum,  extractive  ligneous  fibre,  albumen,  free 
phosphoric  acid,  and  salts.  Robiquet  and  Boutron, 
however,  have  proved  that  white  mustard  does  not 
contain  volatile  oil,  nor  any  substance  capable  of  pro- 
ducing it.  The  yield  of  oil  from  white  mustard  seed 
is  about  thirty-six  per  cent.  Oil  of  mustard  is  of  a 
reddish  or  brownish  yellow  color,  and  is  nearly  inodor- 
ous. It  has  a  thick  oily  consistence,  and  may  be 
preserved  for  a  lengthened  period  without  becoming 
rancid.  Its  specific  gravity  is  about  0*916.  It  requires 
one  thousand  parts  of  alcohol  at  0*90  for  solution,  but 
dissolves  in  four  parts  of  ether.  By  saponification  gly- 
cerin is  eliminated,  and  by  decomposition  of  the  soap 
produced,  erucic  acid  is  liberated.  The  formula 
for  this  acid  is  Cu  HH  03,  HO.  It  forms  acicular 
crystals  which  fuse  at  93°.  Oil  of  mustard  may  be 
applied  to  the  same  purposes  as  rape  oil  ;  it  has  been 
used  in  the  manufacture  of  soap,  and  also  medicinally 
as  a  purgative  and  anthelmintic.  The  expressed  mus- 
tard cake,  owing  to  its  acridity,  is  unfit  for  food  for 
cattle,  and  is  only  useful  as  a  manure. 

Cocoa-Nut  Oil  is  extracted  from  the  kernels  of  the 
cocoa-palm — cocos  nucifera  et  butyracea — either  by 
expression  or  by  ebullition  with  water.  The  cocoa- 
palm  is  a  native  of  tropical  countries,  but  does  not 
thrive  except  near  the  coast.  Five  varieties  are 
indigenous  to  Ceylon.  The  bark  yields  a  peculiar  oil 
used  by  the  Cingalese  in  the  form-  of  ointment  in 
cutaneous  diseases.  The  nucleus  or  kernel  of  the 
cocoa-nut  has  been  analysed  by  Brandes,  Buchner, 
and  Bizio,  and  according  to  the  latter  authority  is  com- 
posed as  follows : — 

Ccntesimally. 


Oil,   71-488 

Zymome,   7*665 

Mucilage,   3-588 

Crystallizable  glycerin,   1*595 

Yellow  coloring  matter   0*325 

Ligneous  fibre,   14*950 

Loss,   0*389 


Albumen  of  cocoa-nut,  100-000 


In  Malabar  and  Ceylon  two  methods  of  extracting 
the  oil  or  cocoa  butter  are  practised;  the  one  is  by 
pressure,  the  other  by  boiling  the  bruised  nut,  and 
skimming  off  the  oil  as  it  rises  to  the  surface.  The 
kernels  of  this  palm  are  also  brought  to  Europe,  and 
the  oil  is  extracted  by  the  aid  of  heat,  the  fruit  having 
been  previously  ground  or  cut  into  small  pieces.  The 
oil,  as  shown  by  Tindall,  consists  of  a  fluid  and  a 
solid  fat,  which  are  most  probably  distinct  and  separate 
in  the  seeds,  but  become  mixed  under  the  press, 
and  so  much  the  more  the  higher  the  temperature 
is  raised;  so  that  fluid  or  solid  fat,  or  such  as  is  of 
medium  consistence,  may  be  obtained  as  desired,  and 
according  to  the  amount  of  pressure  applied,  and  the 
temperature  at  which  the  operation  is  conducted. 
Commercial  cocoa-nut  oil  is  concrete  at  temperatures 
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below  G9°,  and  at  about  74°  is  fluid.  The  solid  con- 
stituent of  this  oil  varies  from  that  of  other  oils,  and 
is  named  cocostearin  or  coeosin.  The  principal  use  of 
cocoa-nut  oil  is  in  the  manufacture  of  soap  and  candles. 
As  a  material  for  the  production  of  soap,  it  is  in  many 
respects  valuable,  the  soap  being  brilliant  white,  very 
hard  and  light,  and  to  a  larger  extent  soluble  in  saline 
and  alkaline  waters  than  most  other  soaps,  and  conse- 
quently useful  for  washing  in  salt  water.  Cocoa-nut  oil 
has  also  been  used  as  a  therapeutic  agent,  and  by  some 
is  considered  little  inferior  to  olive  oil.  On  the  continent 
of  India,  as  well  as  in  Ceylon,  it  is  used  as  a  pomatum  for 
promoting  the  growth  of,  and  preserving  and  softening 
the  hair.  It  is  stated  also,  that  if  it  were  perfumed,  and 
used  for  this  purpose  by  Europeans,  its  virtues  would  be 
displayed  to  such  advantage  as  to  insure  its  general  use. 
Its  odor,  and  the  rapidity  with  which  it  becomes  rancid, 
are,  however,  a  great  objection  to  its  employment,  either 
in  medicine  or  as  a  pomatum.  The  olein  of  cocoa-nut 
oil,  which  remains  liquid  at  ordinary  temperatures, 
cannot  be  burned  in  an  argand  lamp  of  ordinary  con- 
struction, in  consequence  of  its  charring  the  wick :  with 
a  view  to  cheapness,  and  to  combustion  in  what  is 
known  as  the  solar  lamps,  it  may  be  employed  in 
admixture  with  spermaceti  oil,  but  the  latter  is  dete- 
riorated in  proportion  to  such  addition.  Cocoa-nut  oil 
is  a  very  complex  fat,  yielding,  according  to  Geokgey, 
no  fewer  than  six  acids  on  saponification.  These  acids 
aro — 

Caproic  acid,   C12  Hu  03,  HO 

Caprylic  acid,   C16  H13  Os,  HO 

Rutic  acid,   CM  H19  03,  HO 

Laurostearic  acid,   C24       03,  HO 

Myristic  acid,   C28  H27  03,  HO 

Palmitic  acid,   C32  H31  03,  HO 

Coeosin  or  cocostearin  is  separated  from  the  liquid 
portion  of  cocoa-nut  oil  by  pressure,  by  ether,  or  by 
solution  in  boiling  alcohol,  from  which  the  stearin 
crystallizes  on  cooling,  exactly  as  in  the  case  of  ordinary 
stearin.  Full  information  on  this,  and  the  acid  pre- 
pared from  it,  will  be  found  at  page  410,  vol.  i. 

Palm  Oil. — This  very  important  fatty  oil  is  procured 
from  the  fruit  of  a  species  of  palm — avoira  dais  or 
elais  guineensis — cultivated  on  the  west  coast  of  Africa, 
and  in  tropical  America.  The  fruit  of  the  palm  is 
about  the  size  of  a  pigeon's  egg,  and  of  a  deep  orange 
yellow  color.  It  consists  of  a  hard  stone,  within  which 
is  the  seed,  and  surrounding  the  nut  is  a  fibrous,  oily, 
yellow  sarcocarp,  or  fleshy  integument,  from  which, 
by  boiling  in  water,  the  oil  is  separated,  rises  to  the 
surface,  and  may  easily  be  collected.  Fresh  palm 
oil  has  an  orange-yellow  tint,  a  sweetish  taste,  and 
possesses  an  odor  somewhat  resembling  that  of  violets 
or  orris  root.  It  has  the  consistency  of  butter  or  lard, 
is  lighter  than  water,  and,  by  exposure  to  the  air, 
quickly  becomes  rancid,  and  of  a  paler  hue.  Its 
melting  point  is  variable,  ranging  from  76°  to  95°, 
and  is  still  further  heightened  by  age.  It  is  slightly 
soluble  in  cold,  more  readily  in  boiling  alcohol,  but  is 
deposited  from  the  latter  on  cooling.  In  ether,  it  dis- 
solves in  all  proportions.  Palm  oil  was  once  considered 
of  no  importance  in  the  arts  and  manufactures.  At 
the  present  time  it  is  exported  from  one  port  on  the 


African  coast  to  the  amount  of  upwards  of  twenty  thou- 
sand tons  annually,  in  exchange  for  foreign  produce; 
and  the  annual  consumption  of  palm  oil  in  this  country 
is  upwards  of  twenty-five  thousand  tons,  which  are 
imported  in  exchange  for  goods  of  British  manufacture. 
As  it  occurs  in  commerce,  palm  oil  is  in  a  state  of  ran- 
cidity, containing  fatty  acids  in  their  free  state,  instead 
of  in  combination  with  oxide  of  glyceryl.  The  charac- 
teristic orange  color  of  this  oil  is  to  be  attributed  to  the 
spontaneous  decomposition  of  a  peculiar  principle  of 
the  palm,  always  associated  with  the  oil.  The  various 
processes  for  the  destruction  of  this  principle  have 
been  referred  to  in  the  article  Candle,  and  will  be 
alluded  to  also  in  connection  with  the  manufacture  of 
soap.  Palm  oil  is  composed,  according  to  Stenhouse 
and  Fremy,  of  margarin,  olein,  a  peculiar  fat  named 
palmitin,  and  coloring  matter.  In  addition  to  these, 
there  are  found  in  commercial  palm  oil,  oleic,  palmitic, 
and  sebacic  acids  in  the  free  state,  and  also  free 
glycerin.  The  principal  use  of  palm  oil  is,  after 
admixture  with  other  oils,  in  the  production  of  soap  and 
candles.  In  soap-making,  the  oil  is  used  both  bleached 
and  as  imported,  according  to  the  kind  of  soap  required ; 
in  the  candle  manufacture,  the  solid  constituent  only 
is  used,  and  is  hardened  by  the  addition  of  wax.  In 
Africa,  palm  oil  is  employed  by  the  natives  as  a  kind  of 
butter.  In  this  country,  it  is  occasionally  used  by  way 
of  friction  in  cases  of  bruises  and  sprains. 

Palmitin. — This  solid  fat  constitutes  abouttwo-thirds 
of  the  weight  of  palm  oil.  It  may  be  obtained  tolerably 
pure  and  in  large  quantities,  by  pressing  palm  oil  at  a 
temperature  of  from  50°  to  54°,  and  repeating  the 
operation  at  about  75°.  As  thus  procured,  it  appears 
as  a  wax-like  mass,  and  is  used  in  the  manufacture  of 
a  variety  of  stearin  candles,  whilst  the  yellow  fluid  oil 
is  saponified.  It  is  obtained  pure  by  washing  the 
residue  of  the  second  pressure  with  hot  alcohol,  dis- 
solving it  in  hot  ether,  and  crystallizing  repeatedly 
till  the  melting  point  becomes  constant.  Palmitin  is 
insoluble  in  water,  and  only  very  sparingly  soluble  in 
boiling  absolute  alcohol,  but  very  readily  dissolves  in 
ether.  It  fuses  at  1 18°,  and  congeals  on  cooling  into  a 
friable  mass  similar  to  wax.  Besides  palm  oil,  palmitin 
is  contained  in  bees- wax,  in  cocoa  nut  oil,  and,  according 
to  Heintz,  also  in  human  fat.  Stenhouse  represents 
palmitin  by  the  formula,  C^  H33  04,  and  as  being  com- 
posed of  palmitic  acid  and  oxide  of  glyceryl. 

Sutter  of  Cacao. — This  substance  is  the  fatty  matter 
of  the  chocolate  nut.  The  theobroma  cacao  is  the 
tree  producing  this  nut,  and  is  grown  extensively  in 
Demerara,  Berbice,  the  West  Indies,  and  South 
America.  There  are  numerous  species  of  this  tree, 
bearing  different  kinds  of  fruit,  both  as  to  form,  size, 
and  the  number  of  seeds  which  they  contain.  They 
vary  also  in  the  yield  of  oil,  not  only  according  to  the 
species  whence  obtained,  but  also  to  the  mode  of  treat- 
ment after  being  gathered  and  removed  from  the  fruit. 
The  average  size  of  good  nuts  is  that  of  the  sweet 
almond,  but  rather  more  thick.  Those  from  Caracas 
or  New  Granada,  are  especially  remarkable  for  the 
large  proportion  of  fatty  matter  they  contain.  Cocoa 
and  chocolate  are  preparations  of  the  nut  of  this  tree, 
produced  by  roasting  and  grinding,  and  sometimes  with 
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the  addition  of  various  other  ingredients,  as  sugar, 
starch,  gum,  treacle,  arrowroot,  et  cetera.  Lampadius 
analysed  the  kernel  of  the  cacao  nut,  with  the  following 


Fat  oil,   53-10 

Azotized  substances,   16*70 

Starch,   10-91 

Gum,   7-75 

Coloring  matter   2-01 

Woody  fibre   0-90 

Water,   5-28 

Ash,   2-00 

Loss,   1-35 


100-00 

The  chocolate  nut  also  contains  an  alkaloid,  dis- 
covered by  Woskresensky,  and  termed  theobromine. 
It  is  strikingly  analogous  to  eaffein,  and  especially 
remarkable  for  the  large  quantity  of  nitrogen  it  contains, 
amounting  to  35'4  per  cent.  It  is  white,  pulverulent, 
and  of  a  bitter  taste,  and  is  nearly  insoluble  in  water, 
alcohol,  or  ether. 

Butter  of  cacao  is  obtained  from  the  powdered  kernels 
after  being  mixed  with  ten  times  their  weight  of  boiling 
water,  by  expression  in  canvas  bags,  between  heated 
iron  plates.  One  pound  of  cacao  yields  from  five  to 
six  ounces  of  oil.  It  is  purified  by  long  boiling  with 
water,  or  on  the  small  scale  by  boiling  alcohol.  The 
crude  oil  is  yellowish  and  has  the  smell  and  taste  of 
the  nut.  In  the  pure  state  it  is  colorless,  inodorous, 
and  tasteless.  It  is  not  liable  to  become  rancid,  and 
hence  the  great  value  of  the  nut  as  an  article  of  diet. 
Its  consistence  is  about  that  of  tallow  and  its  flavour 
rather  agreeable.  Its  specific  gravity  is  0-91  ;  its 
melting  point  about  120°.  It  is  for  the  most  part  a 
crystalline  combination  of  olein  and  stearin,  fusing  at 
about  85°.  Cacao  butter  is  readily  soluble  in  hot 
alcohol,  but  is  deposited  on  cooling.  Ether  also  dis- 
solves it.  It  may  be  employed  in  the  manufacture  of 
soap  and  candles.  Cacao  butter  soda-soap  is  an  agree- 
able toilet  article  for  persons  troubled  with  a  rough 
skin  or  chopped  hands.  From  its  little  liability  to 
become  rancid,  cacao  butter  is  peculiarly  adapted  to 
the  preparation  of  such  ointments  as  are  to  be  kept  for 
a  length  of  time. 

Laurel  Oil. — This  oil,  termed  also  oil  of  bays,  is 
imported  from  Trieste.  It  is  procured  from  either  the 
fresh  or  dried  berries  of  the  sweet  bay — laurus  nobilis. 
This  plant  is  cultivated  in  the  South  of  Europe,  and 
bears  a  fruit  of  a  bluish-black  color,  oval,  and  about 
the  size  of  a  small  cherry.  According  to  the  analysis 
of  Bonastre,  laurel  berries  have  the  following  com- 
position : — 

Per  cent. 


Volatile  oil,   0-8 

Laurin,   1*0 

Fixed  oil,   12-8 

Stearin   7-1 

Resin,    1-6 

Uncrystallizable  sugar,   0-4 

Gummy  extractive,   17-2 

Bassorin,   6'4 

Starch,   25-9 

Lignin,   18-8 

Soluble  albumen,   tracers 

Acid,   0-1 

Water,   6-4 

Salts   1-5 


100-0 


Laurel  oil  is  obtained  from  the  berries  by  boiling  and 
by  expression.  According  to  Duhamel,  the  berries 
are  bruised  in  a  mortar,  boiled  for  three  hours  in  water, 
and  then  pressed  in  a  canvas  bag.  The  oil  exudes 
with  the  decoction,  and  when  cold,  floats  on  the  surface. 
The  dried  berries  are  steamed  until  thoroughly  soaked, 
and  then  quickly  pressed  between  heated  iron  plates. 
By  the  latter  process  they  yield  one-fifth  of  their  weight 
of  oil. 

Laurel  oil  is  of  a  greenish  color,  of  the  consistency 
of  butter,  and  of  a  peculiar  and  characteristic  smell. 
It  melts  at  about  100°.  It  is  partially  soluble  in  alcohol, 
and  completely  so  in  ether.  It  consists  for  the  most 
part  of  a  peculiar  variety  of  stearin,  named  lauro- 
stearin;  the  residue  is  a  green  liquid  fat,  probably  olein. 
Laurel  oil  is  saponifiable.  It  is  occasionally  employed 
in  medicine  as  a  stimulating  liniment  in  sprains  and 
bruises,  and  in  paralysis.  Its  principal  use,  however, 
is  in  veterinary  medicine. 

Piney  Tallow. — This  fat  is  obtained  from  the  seed 
of  the  Valeria  indica,  a  tree  which  is  extensively  grown 
on  the  coast  of  Malabar.  The  fat  is  not  well-known  in 
this  country.  A  sample  of  it  was  shown  in  the  Great 
Exhibition,  and  attracted  much  attention.  To  obtain 
it  the  seeds  are  boiled  with  water  for  some  time,  and 
on  cooling,  the  concrete  fat  is  removed.  According  to 
Babington,  its  ultimate  constituents  are  77  of  carbon, 
12-3  of  hydrogen,  and  1G"7  of  oxygen.  It  is  a  white 
solid  oil,  fusible  at  97°.  It  forms  excellent  material  for 
soap  and  candles.  Its  great  advantage  over  some  other 
oils  is,  that  the  candles  made  of  it  do  not  give  out 
suffocating  acrid  vapors  when  extinguished. 

Butter  of  Nutmegs. — The  fruit  of  the  myristica 
moscliata  by  expression  yields  this  oil — known  also  as 
oil  of  mace.  The  nutmeg-tree  grows  to  a  height  of 
twenty  to  twenty-five  feet,  and  in  appearance  resembles 
a  pear-tree.  It  is  cultivated  in  the  Moluccas,  and  in 
the  East  and  West  Indies.  Several  varieties  of  nut- 
megs are  met  with  in  commerce.  Their  principal 
consumption  is  for  dietetical  purposes.  Bonastre's 


analysis  of  these  nuts  is  as  follows  Pc,  cont. 

Volatile  oil,   6-0 

Liquid  fat,   7-6 

Solid  fat,   24-0 

Acid,   0-8 

Starch,   2-4 

Gum,   '1-2 

Lignin,   54-0 

Loss,   4-0 


100-0 

The  process  employed  in  the  extraction  of  the  fixed 
oil  is  bruising  the  nut  to  a  paste,  inclosing  the  mass  in 
a  bag,  and  submitting  it  for  some  time  to  the  action  of 
steam.  The  whole  is  then  placed  between  heated 
metal  plates,  and  subjected  to  long-continued  expres- 
sion. The  yield  of  nutmeg  butter  is  about  twelve  per 
cent,  of  the  weight  of  the  nuts  employed.  It  is 
imported  in  oblong  cakes,  covered  with  leaves,  and 
weighing  about  twelve  ounces.  It  is  of  a  reddish- 
yellow  color,  firm  consistence,  and  possesses  the  agree- 
able smell  and  taste  of  the  nutmeg.  According  to 
Schrader,  this  oil  consists  of  fifty-two  per  cent,  of  a 
liquid,  and  forty-four  per  cent,  of  a  solid  fat,  with  four 
of  volatile  oil.    The  solid  portion  consists  for  the  most 
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part  of  a  peculiar  fat,  named  myristin,  or  sericin.  The 
liquid  oil  is  yellowish  or  brownish,  soluble  in  cold 
alcohol,  and  in  ether.  Butter  of  nutmegs  is  readily 
saponifiable.  It  is  an  article  also  of  the  materia  medica, 
and  is  sometimes  employed  as  an  unguent  in  cases  of 
rheumatism  and  palsy.  A  spurious  kind  is  said  to  be 
occasionally  met  with,  composed  of  lard  which  has 
been  boiled  with  powdered  nutmegs,  and  flavored  with 
sassafras.  It  may  be  readily  known  from  the  genuine 
butter  by  its  insolubility  in  boiling  alcohol. 

Some  other  varieties  of  solid  oil  are  imported  in  small 
quantity  from  the  East  Indies,  but  are  not  of  sufficient 
importance  to  call  for  detailed  notice ;  certain  it  is, 
however,  that  should  accidental  circumstances  at  any 
time  occasion  a  scarcity  of  the  oils  now  generally 
applied  to  manufacturing  purposes,  an  almost  inex- 
haustible supply  of  them  might  be  obtained  with  little 
difficulty,  and  would  probably  replace  the  more  com- 
mon oils,  without  disadvantage  either  to  the  manufac- 
turer or  the  consumer. 

DRYING-  OILS. — The  drying  oils  differ  from  those 
above  described,  by  their  peculiar  behavior  on  exposure 
to  the  air,  and  also,  as  previously  noticed,  by  the 
difference  in  their  behavior  under  the  influence  of 
nitrous  acid.  The  cause  of  the  singular  property  of 
drying  in  contact  with  atmospheric  air  is  not  distinctly 
understood,  but  is  usually  attributed  to  some  peculiarity 
in  their  olein. 

Linseed  Oil. — This,  the  most  important  of  the 
drying  oils,  is  obtained  by  expression  from  the  seeds  of 
the  common  flax,  linum  usitatissimwm.  This  plant  is 
extensively  cultivated  in  this,  as  well  as  other  Euro- 
pean countries,  both  for  its  fibre,  used  in  producing 
thread,  and  for  the  oil  obtained  from  its  seeds.  It  is 
said  to  be  a  native  of  Britain,  and  yet  it  appears  that 
flax-seed  was  not  sown  in  England  till  about  1533, 
when  it  was  directed  to  be  sown  for  the  production 
of  flax  for  the  manufacture  of  fishing  nets.  The  seeds, 
commonly  termed  lintseed  or  linseed,  are  small,  oblong, 
smooth,  and  pointed  at  one  extremity.  Externally, 
they  are  of  a  glossy  brown  color;  and  internally, 
yellowish  white.  Their  taste  is  oily  and  mucilaginous. 
The  mucilage,  however,  for  the  most  part  exists  in 
the  seed  coats,  and  not  in  the  nucleus,  the  latter  being 


the  richest  in  oil.  The  following  analysis  of  linseed 
is  by  Meyer  : — 

Per  cent. 

Fat  oil,  11-265 

Wax,   0146 

Acrid  soft  resin,   2*488 

Resinous  coloring  matter,   0-550 

Yellow  extractive  and  tannin,   1-917 

Sweet  extractive,  malio  acid,  and  salts,  10-884 

Gum,   6-154 

Nitrogenous  mucilage,  acetic  acid,  and  salts, .  .15-120 

Starch,  with  salts,   1-480 

Albumen,   2-782 

Gluten,   2-932 

Husk,  44-382 


100-000 

According  to  Gmelin,  the  ashes  contain  oxide  of 
copper.  The  proportion  of  fat  oil  contained  in  the 
seed  is  certainly  much  greater  than  that  given  in  the 
preceding  analysis ;  for,  by  expression  in  the  cold,  the 
yield  of  oil  is  from  twenty-one  to  twenty-two  per  cent, 
of  the  seeds,  and  by  the  assistance  of  heat,  combined 
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with  a  more  powerful  and  long-continued  pressure,  as 
much  as  twenty-eight  per  cent,  may  be  obtained.  If  a 
very  pure  oil  be  required,  the  process  of  cold  expres- 
sion must  be  pursued ;  a  very  good  oil,  however,  may 
be  obtained  by  a  steam  heat,  not  exceeding  200°.  The 
ordinary  method  of  getting  rid  of  the  large  quantity  of 
mucilage  is  by  torrefaction,  after  which  the  seeds  are 
bruised  and  submitted  to  pressure.  The  marc  remain- 
ing after  the  expression  of  linseed  oil  is  generally  known 
as  oil  cahe,  and  is  an  article  of  great  importance  to  the 
agriculturist,  being  extensively  employed,  especially  in 
the  winter  season,  as  food  for  cattle.  By  far  the  best 
oil  cake  is  that  from  English  seed.  Independent  of  its 
use  as  an  article  of  food,  oil  cake  is  an  excellent  medi- 
cine for  cattle,  as  a  preventive  of  constipation,  besides 
which,  it  gives  to  the  hide  a  sweetness  of  coat  unattain- 
able by  other  means.  Foreign  oil  cake  is  certainly 
largely  adulterated  with  the  husks  of  other  seeds,  and 
many  circumstances  seem  to  lead  to  the  conclusion,  that 
the  adulterant  has  been  added  previous  to  the  expres- 
sion of  the  seed.  In  this  case,  of  course,  foreign  lin- 
seed oil  must  also  contain  spurious  admixture,  and  will 
be  less  valuable  as  a  drying  oil  than  that  expressed  in 
this  country.  As  regards  oil  cake,  the  consumer  is 
assured  that  he  will  best  consult  his  own  interest  by, 
in  every  case,  submitting  a  sample  to  the  inspection  of 
a  competent  chemist  previous  to  purchasing,  for,  in 
addition  to  the  admixture  of  less  nutritious  seed  coats, 
as  bran,  et  cetera,  many  other  positively  injurious  sub- 
stances, as  sawdust,  clay,  and  other  earthy  matters,  are 
frequently  found  in  English,  as  well  as  foreign  cake ; 
and,  in  a  case  recently  brought  to  the  notice  of  the 
Editor,  in  which  some  sheep  had  died  suddenly,  the 
only  cause  to  which  death  could  be  attributed  was  the 
enormous  quantity  of  sand  which  he  found  in  the 
stomach,  and  which  the  Editor  considered  could  only 
have  been  introduced  therein  in  admixture  with  the 
cake  given  as  food. 

The  linseed  meal— -farina  lini — of  the  Edinburgh 
Pharmacopoeia,  is  powdered  oil  cake,  and  is  frequently 
employed  in  this  country  as  an  emollient  poultice.  In 
this  state  also,  it  is  often  adulterated  with  bran, 
sawdust,  et  cetera.  Nokmandy  gives  as  a  test  of  the 
genuineness  of  linseed  meal,  that  when  treated  with 
ether  it  should  yield  fifty-three  per  cent,  of  oil.  This, 
however,  is  manifestly  a  mistake.  Linseed  itself  con- 
tains less  than  thirty  per  cent,  of  oil,  of  which,  in  most 
cases,  twenty-five  are  extracted  by  expression,  so  that 
it  will  rarely  happen  that  more  than  five  or  six  per 
cent,  at  the  utmost  can  be  present  in  officinal  linseed 
meal.  Some  medical  practitioners  prefer  what  they 
suppose  to  be  simply  powdered  linseed,  but  which,  in 
reality,  is  powdered  oil  cake,  subsequently  mixed  with 
a  greater  or  less  quantity  of  oil.  In  this  case,  of  course, 
a  larger  proportion  of  oil  may  be  found  on  examination, 
but  it  by  no  means  follows  that  meal  containing  less 
than  fifty-three  per  cent,  of  oil  should  be  designated 
as  spurious.  But  to  return  from  this  digression  to  the 
consideration  of  oil  of  linseed.  If  extracted  by  cold 
expression,  when  it  is  termed  cold  drawn  linseed  oil, 
it  is  paler  colored,  less  odorous,  and  has  less  taste,  than 
that  obtained  by  the  aid  of  heat.  In  the  latter  case, 
the  oil  is  of  an  amber  or  brownish-yellow  color,  and 
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also  more  susceptible  of  rancidity  than  when  cold  drawn. 
The  smell  and  taste  of  linseed  oil  is  highly  character- 
istic and  peculiar  to  itself.  Its  specific  gravity,  accord- 
ing to  Saussdke,  is  0-9395  at  52°.  It  dissolves  in  five 
parts  of  boiling,  and  forty  of  cold  alcohol,  and  in  about 
one  and  a  half  times  its  volume  of  ether.  According 
to  Sacc  it  consists  of  one  equivalent  of  margarate  of 
glyceryl,  and  ten  equivalents  of  a  peculiar  fat,  termed 
linolein.  If  cooled  down  to  about  minus  20°,  it  may  be 
kept  some  time  without  suffering  any  important  change. 
After  the  expiration  of  a  longer  or  shorter  period,  how- 
ever, dependent  upon  the  precise  temperature,  it  be- 
comes darker-colored  and  deposits  a  portion  of  its  solid 
constituent  along  with  coloring  matter;  at  a  few  degrees 
lower,  it  becomes  entirely  converted  into  a  concrete 
yellow  mass.  Linseed  oil  may  be  completely  deco- 
lorized by  the  action  upon  it  of  protosulphate  of  iron 
in  conjunction  with  sunlight.  A  solution  of  two  pounds 
of  the  salt  in  two  and  a  half  pounds  of  water,  is  poured 
into  a  flask  containing  two  pounds  of  linseed  oil,  and  the 
whole  is  submitted  to  sunlight  for  some  weeks  with 
frequent  agitation.  The  oil  becomes  limpid  and  color- 
less, and  may  be  drawn  off  by  a  siphon  or  otherwise. 

Linseed  oil  is  most  largely  used  in  the  manufacture 
of  paints  and  varnishes.  Its  drying  properties,  as  pre- 
viously remarked,  are  much  increased  by  boiling  with 
a  small  quantity  of  litharge,  or  of  peroxide  of  manga- 
nese. It  is  used  also  in  the  preparation  of  printers' 
ink,  in  the  preparation  of  black  enamel  for  leather,  and 
in  the  varnishing  of  oiled  silk.  For  the  finer  purposes 
of  art,  it  is  purified  and  decolored  as  above  directed. 
In  white-lead  works,  linseed  oil  is  bleached  by  sulphu- 
ric acid,  and  the  small  portion  of  acid  always  remaining 
in  the  oil  after  this  operation,  has  the  good  effect — by 
converting  into  sulphate  any  hydrate  of  lead  that  may 
be  present  in  the  white-lead  with  which  it  is  ground — 
of  preventing  the  production  of  the  yellow  higher  oxide 
when  the  paint  is  exposed  to  the  air.  A  method  of 
purification  especially  to  be  recommended  when  the 
oil  is  to  be  used  in  the  preparation  of  varnish,  is  to  tri- 
turate the  oil  with  dry  sulphate  of  lead  in  sufficient 
quantity  to  form  a  milky  mixture.  After  a  week's 
exposure  to  light,  and  with  frequent  agitation,  the 
mucus  and  parenchymatous  matters  deposit  with  the 
sulphate  of  lead,  and  leave  the  oil  perfectly  clear.  The 
oil  will  then,  after  some  time,  become  quite  white. 
The  precipitated  matters  form  a  compact  membrane 
above  the  salt  of  lead,  and  become  so  hard  that  the 
supernatant  clarified  oil  may  be  poured  off.  The  lead 
sediment  may  again  be  used  for  the  same  purpose. 
Varnish  so  prepared  is  especially  valuable  in  those 
cases  where  the  presence  of  a  salt  of  lead  would  be 
injurious — as  for  instance  with  lac  colors,  with  sul- 
phide of  cadmium,  and  other  pigments  containing  sul- 
phur. When  long  kept  in  a  bottle  only  half  filled  with 
it,  the  linseed  oil  becomes  more  thick,  and  does  not  dry  as 
well  as  before.  By  this  treatment,  however,  it  acquires 
the  property  of  comparatively  ready  solubility  in  alco- 
hol, and  is  therefore  added  with  advantage  to  several 
spirit  varnishes  to  diminish  their  brittleness. 

The  substance  known  as  caoutchouc  of  oils  is  obtained 
from  linseed  oil  as  follows: — The  oil  is  exposed  for 
some  time,  as  in  the  preparation  of  printers'  ink,  to  a 


high  temperature,  when  it  becomes  converted  into  a 
dark  tenacious  mass.  If  this  be  boiled  for  some  hours 
with  dilute  nitric  acid,  it  acquires  a  thick  consistency, 
and  becomes  hard  on  exposure  to  the  air,  but  softens 
again  by  the  heat  of  boiling  water,  and  again  hardens 
to  a  consistency  resembling  that  of  caoutchouc,  for 
which,  indeed,  it  may  in  some  instances  be  substituted. 
This  singular  body  is  soluble  in  oil  of  turpentine,  in  bisul- 
phide of  carbon,  and  in  dilute  alkaline  solutions ;  from 
the  latter  it  is  thrown  down  unaltered  on  the  addition 
of  an  acid.  Other  drying  oils,  beside  linseed,  yield  a 
similar  substance,  though  not  so  abundantly.  Linseed 
oil  is  frequently  adulterated  with  resin  or  colophony. 
This  may  be  detected  by  digesting  the  oil  with  alcohol, 
decanting  the  latter,  and  adding  acetate  of  lead,  when 
the  appearance  of  a  white  precipitate  is  indicative  of 
this  falsification. 

By  digestion  with  alkalies  or  with  metallic  oxides, 
linseed  oil  is  easily  saponified.  The  proportion  of 
oxide  of  glyceryl  in  this  oil  is  greater  than  in  most 
other  oils,  and  hence,  by  far  the  most  advantageous 
method  of  preparing  glycerin,  is  by  moderately  heating 
this  oil  with  oxide  of  lead. 

Walnut  Oil— This  drying  oil  is  derived  from  the 
kernels  of  the  juglans  regia,  or  walnuts.  The  nuts 
are  freed  from  their  ligneous  shells,  inclosed  in  bags, 
and  submitted  either  to  cold  or  hot  pressure.  That 
prepared  by  hot  pressure  has  a  peculiar  taste  and  smell, 
the  latter  being  especially  recognizable  during  its  com- 
bustion. The  oil  obtained  by  cold  expression  is  pale, 
yellowish-green  or  almost  colorless,  has  an  agreeable 
odor  and  taste  and  a  sirupy  consistency.  If  colored, 
it  loses  the  greenish  hue  after  some  time.  It  con- 
geals at  about  the  same  temperature  as  linseed  oil,  and 
possesses  the  property  of  drying  by  exposure  in  even  a 
higher  degree  than  the  latter.  In  drying,  it  absorbs 
fifteen  and  a  half  times  its  volume  of  oxygen,  at  the 
same  time  giving  off  carbonic  acid  to  the  amount  of 
two-fifteenths  of  the  oxygen  absorbed.  The  hot-pressed 
oil  is  usually  high  colored,  has  a  powerful  odor,  and 
contains  large  quantities  of  mucilage.  The  specific 
gravity  of  walnut  oil,  according  to  Sadssuee,  is 
0-9283  at  52° ;  0-9194  at  76° ;  and  0-874  at  200°. 

It  is  principally  used  in  painting,  and  by  varnishers, 
and  being  comparatively  clear  and  colorless,  is  especially 
valuable  as  the  vehicle  for  flake  white,  and  other 
pigments,  when  it  is  desired  to  preserve  the  brilliancy 
of  their  tints.  When  fresh,  it  is  occasionally  employed 
for  culinary  purposes,  but  when  rancid,  it  is  purgative. 
Sometimes  also  it  is  used  as  a  source  of  light. 

Poppy  Oil. — The  seeds  of  the  poppy — papaver  somni- 
ferum — yield  this  oil  by  expression.  This  plant 
appears  to  grow  wild  in  some  parts  of  Great  Britain. 
It  is  extensively  cultivated  in  Hindostan,  Persia,  Asia 
Minor,  and  Egypt,  on  account  of  the  opium  obtained 
from  it.  In  Europe,  the  poppy  is  cultivated  for  the 
capsules  or  poppy  heads,  either  as  medicinal  agents,  or 
for  the  oil  obtained  from  their  seeds.  No  analysis  of  the 
seeds  appears  to  have  been  made.  Poppy  oil  is  whitish- 
yellow,  inodorous,  with  an  agreeable  almond  flavor ;  it 
much  resembles  olive  oil,  for  which,  as  already  noticed, 
it  is  sometimes  used  as  an  adulterant.  When  pure,  it  is 
much  less  viscous  than  most  oils,  and  remains  liquid 
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even  to  0°.  Its  specific  gravity  is  0'9249  at  60°.  It 
is  soluble  in  about  twenty-five  parts  of  cold,  and  six  of 
boiling  alcohol,  and  in  ether  in  all  proportions.  It  is  used 
as  a  means  of  detecting  the  presence  of  spirit  of  turpen- 
tine in  essential  oil.  In  France  and  on  the  Continent, 
it  is  frequently  used  for  culinary  purposes,  as  a  sub- 
stitute for  olive  oil.  When  its  drying  properties  are 
increased  by  treatment  with  litharge,  it  is  frequently 
used  in  painting.  It  is  employed  also  for  illuminating 
purposes. 

Hemp-seed  Oil. — This  oil  is  extracted  from  the  seeds 
of  common  hemp — cannabis  saliva.  The  plant  grows 
wild  in  Persia,  Caucasus,  and  the  North  of  India.  It  is 
cultivated  in  various  other  countries.  The  seeds  are 
small,  ash-colored,  shining,  nut-like  bodies.  They  are 
employed  for  feeding  cage  birds,  and,  according  to 
Burnett,  possess  the  singular  property  of  changing 
the  color  of  the  plumage  of  bullfinches  and  goldfinches 
from  red  and  yellow  to  black,  if  the  birds  are  fed  on  the 
seeds  for  too  long  a  time,  or  in  too  large  a  quantity. 
The  following  is  their  composition  as  obtained  by 
Bucholz  : — 

Pep  cent. 


Fixed  oil,   19-10 

Resin,   1-60 

Sugar  and  extractive,   1*60 

Gummy  extract,   9*00 

Soluble  albumen,   24-70 

Ligneous  fibre,   5-00 

Husk,   38-30 

Loss,   0-70 


100-0 

The  oil  is  extracted  principally  in  Russia.  The  yield 
is  stated  by  Pereira  to  amount  to  twenty-five  per 
cent,  of  the  seeds.  This,  however,  is  only  in  extreme 
cases,  the  quantity  usually  obtained  rarely  exceeding 
from  fifteen  to  twenty  per  cent.  The  oil  has  a  greenish- 
j'ellow  tinge,  a  disagreeable  smell,  and  a  mawkish  taste. 
The  specific  gravity  at  52°  is  0-9276 ;  at  5°  it  becomes 
thicker,  and  at  minus  16°  it  is  solid.  It  is  readily 
soluble  in  boiling  alcohol,  and  in  about  thirty  parts  of 
this  spirit  when  cold.  It  is  used  in  painting,  and  in 
the  preparation  of  a  soft  soap.  It  is  occasionally 
employed  in  Russia  as  a  source  of  light,  but  is  apt  to 
form  a  viscid  adherent  varnish,  which  impedes  its 
passage  through  the  lamp. 

Castor  Oil. — Huile  de  rioin,  French  ;  ricinusol, 
German;  oleum  ricini,  Latin.  This  oil  is  extracted 
from  the  seeds  of  the  palma  christi,  or  common  ricinus, 
which  is  cultivated  in  the  East  and  West  Indies,  and  in 
the  United  States  of  America. 

The  plant  yielding  it  was  known  in  the  most  ancient 
times ;  indeed  many  suppose  the  plant  called  the 
gourd,  mentioned  in  Jonah,  to  be  the  same  as  that  now 
recognized  as  the  castor  oil  plant.  The  Egyptians  were 
certainly  acquainted  with  it,  as  Caillaud  discovered 
its  seeds  in  some  Egyptian  sarcophagi,  conjectured  to 
have  been  upwards  of  four  thousand  years  old.  It  was 
known  to  the  ancient  Greeks,  and  is  alluded  to  by 
Herodotus  and  Hippocrates,  the  latter  of  whom 
employed  its  root  in  medicine.  The  Latins  gave  it  the 
name  of  ricinus,  whence  its  botanical  appellation.  In 
this  country  the  ricinus  communis  is  an  annual,  and 
seldom  exceeds  four  feet  in  height.    In  other  countries 
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it  is  said  to  be  perennial,  arborescent,  growing  to  the 
height  of  fifteen  or  twenty  feet,  and  of  many  years' 
duration.  It  has  large  vine-shaped  leaves,  green  spikes 
of  flowers,  and  rough  capsules  containing  ovate  shining 
black  seeds,  spotted  with  grey.  The  subjoined  analysis 
of  the  seeds  of  this  plant  is  by  Geiger  : — 

r  J  Per  cent 

(  Resin  and  extractive, ....  1-91 

Seed  coats,  ■<  Brown  gum   1-91 

(Ligneous  fibre,   20-00 

r  Fatty  oil,   46-19 

Nuclei  of  the  seeds,. . .  j  ^bumen,'. .' ! .' .' ! ! ! ! ! ! ! .'  1 1  0-fiO 
l_  Ligneous  fibre  and  starch,  20-00 
Moisture,   7-09 

100-00 

In  opposition  to  Geiger's  results,  Buchanan  states 
that  the  residue  freed  from  oil  consists  for  the  greater 
part  of  emulsion,  is  not  colored  blue  by  iodine,  and 
instead  of  starch  contains  sugar;  for  an  emulsion  of 
castor  seeds,  mixed  with  yeast,  undergoes  the  alcoholic 
fermentation  at  a  low  temperature. 

Extraction  of  the  Oil. — Various  methods  have  been 
adopted  for  the  preparation  of  castor  oil.  The  expres- 
sion of  the  seeds  in  the  cold,  though  a  more  tedious 
process,  yields  a  much  superior  oil  to  that  obtained 
when  the  pressure  is  assisted  by  heat.  Previous  to 
expression  the  seeds  should  be  deprived  of  the  outer 
coating  or  shell,  when  they  yield  an  oil  nearly  colorless, 
or  with  a  slight  yellow  tint. 

According  to  Soubeiiian,  Bussy,  and  Lecanu,  all 
processes  in  which  heat  is  employed  are  objectionable, 
as  the  oil  is  rendered  acrid  from  the  liberation  of  fatty 
acids.  In  the  American  Dispensatory,  on  the  contrary, 
the  application  of  heat  is  stated  to  improve  the  oil  by 
volatilizing  a  disagreeable  acrid  principle  ;  and  hence 
the  almost  universal  practice  in  America  is  first  to 
submit  the  seeds  to  gentle  torrefaction,  the  heat  being 
insufficient  to  scorch  or  decompose  them.  They  are 
then  introduced  into  a  powerful  screw  press,  and  sub- 
mitted to  pressure.  A  whitish  oily  liquid  exudes, 
which  is  boiled  with  a  considerable  quantity  of  water 
in  iron  boilers,  and  the  impurities  skimmed  off  as  they 
rise  to  the  surface.  The  coagulated  albumen  forms  a 
layer  between  the  oil  and  the  water,  and  the  starch  and 
gum  are  retained  in  solution  in  the  water.  The  clear 
oil  is  next  drawn  off  and  boiled  with  a  small  quantity 
of  water  until  aqueous  vapor  ceases  to  rise,  and  till  a 
small  portion  of  the  liquid  taken  out  in  a  phial  preserves 
a  perfect  transparency  on  cooling.  The  effect  of  the 
latter  operation  is  to  clarify  the  oil,  and  render  it  less 
irritating,  by  driving  off  volatile  acrid  matter,  the 
quantity  of  which  is  doubtless  much  increased  by 
the  process  of  torrefaction  to  which  the  seeds  are  sub- 
jected. The  process  of  cold  expression,  purification  by 
subsidence  and  decantation,is  also  employed  in  America, 
though  on  a  much  less  extensive  scale. 

In  England  castor  oil  is  expressed  by  Bramah's 
hydraulic  press,  or  by  the  common  screw  press,  in 
a  room  artificially  heated.  It  is  purified  by  rest,  decan- 
tation,  and  filtration,  and  bleached  by  exposure  to  light 
on  the  tops  of  warehouses.  In  Calcutta,  according  to 
Pereira,  the  process  is  as  follows : — The  fruit  is 
shelled  by  women ;  the  seeds  are  bruised  between 
rollers,  then  placed  in  hempen  cloths,  and  pressed  in 
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the  ordinary  screw  or  hydraulic  press.  The  oil  thus 
procured  is  subsequently  heated  to  212°  with  water,  in 
a  tin  boiler,  by  which  the  albumen  is  coagulated,  and, 
with  the  mucilage,  separates  as  a  scum.  The  oil  is  then 
passed  through  flannel,  and  run  into  square  tin  cases. 
The  best  oil  of  this  variety  is  sold  in  London  as  cold- 
drawn  castor  oil.  According  to  Ainslie  castor  oil  is 
obtained  in  the  East  Indies  also  by  decoction,  and  this 
process  is  likewise  pursued  in  the  West  Indies. 

The  process  of  Figuier  is  now  followed  on  the  Con- 
tinent of  Europe  on  a  considerable  scale.  It  consists 
in  mixing  the  seeds,  first  deprived  of  their  outer  coat- 
ing and  bruised  into  a  paste,  with  alcohol.  This  mix- 
ture is  inclosed  in  canvas  bags,  and  submitted  to  pres- 
sure. Part  of  the  alcohol  is  recovered  by  distillation 
of  the  mixture  of  oil  and  spirit ;  the  residue  is  then 
mixed  with  a  large  quantity  of  water,  when  the  oil  rises 
to  the  surface,  and  is  drawn  off.  It  is  again  heated 
to  remove  traces  of  moisture  and  then  filtered.  This 
process  is  more  expensive  than  those  previously  given, 
and  the  product  is  inferior. 

After  its  arrival  in  this  country,  foreign  castor  oil 
is  filtered,  and  bleached  by  exposure  to  solar  light  on 
the  tops  of  warehouses.  Of  the  several  varieties  met 
with  in  commerce,  the  East  Indian  castor  oil  is  the 
most  abundant.  It  is  an  oil,  in  every  respect,  of  good 
quality,  but  inferior  to  English  cold-drawn  oil.  Ame- 
rican oil  rarely  finds  its  way  into  this  country.  It  has 
a  less  acrid  taste  than  the  East  Indian  variety,  but  is 
objected  to  because  at  a  low  temperature  it  congeals 
quickly,  deposits  a  white  substance  termed  margaritin, 
and  becomes  opaque. 

Properties. — -When  very  pure,  castor  oil  is  a  thick- 
ish,  viscid  fluid  of  a  bright  yellow  hue,  with  a  slightly 
nauseous  smell,  and  a  mild,  somewhat  sweetish  taste, 
succeeded  by  a  slight  sense  of  acrimony.  The  oil  of 
commerce  is,  however,  frequently  of  a  greenish,  and 
occasionally  of  a  brownish  color,  with  a  hot  acrid 
taste.  Its  specific  gravity  is,  according  to  Saussure, 
0-9801  at  49° ;  0-9699  at  52° ;  and  0-9575  at  76°;  and 
is,  consequently,  heavier  than  most  other  fixed  oils. 
Its  composition  and  properties  are  essentially  different 
from  those  of  other  oils.  It  is  soluble  in  absolute  alco- 
hol in  all  proportions.  Spirit  of  wine,  of  specific  gra- 
vity 0-8425,  dissolves  about  three-fifths  of  its  weight. 
It  is  also  readily  soluble  in  ether.  This  oil  forms  the 
connecting  link  between  the  siccative  and  non-drying 
oils.  By  long  exposure  to  the  air  it  becomes  rancid, 
but  gradually  hardens  without  becoming  opaque.  It 
retains  its  fluidity  even  at  a  temperature  of  0°.  At  a 
lower  degree,  it  congeals  into  a  transparent  yellowish 
mass.  The  action  of  heat  upon  castor  oil  has  been  parti- 
cularly investigated  by  Bussv  and  Lecanu.  When 
heated  in  a  retort,  so  as  to  distil  over  about  one-third, 
there  remains  a  substance,  solid  at  ordinary  tempera- 
tures, having  the  appearance  of  a  yellowish  porous  body 
resembling  caoutchouc.  It  requires  a  high  temperature 
for  its  decomposition,  and  is  easily  inflammable,  without 
undergoing  fusion.  It  is  insoluble  in  water,  alcohol, 
ether,  and  in  the  fixed  and  volatile  oils.  The  alkalies 
convert  it  into  a  species  of  soluble  soap.  The  products 
of  distillation  are  a  little  gas,  and  a  liquid  containing 
acetic,  ricinic,  ricinoleic,  and  margaritic  acids,  and  an 


odorous,  colorless,  volatile  oil,  which  crystallizes  on 
cooling. 

Adulteration. — Castor  oil  is  said  to  be  frequently 
adulterated  with  other  fixed  oils,  and  especially  with 
lard  oil.  For  the  detection  of  this  falsification,  the 
Edinburgh  Pharmacopoeia  directs  that  it  be  examined 
as  to  its  solubility  in  alcohol,  which  dissolves  its  own 
volume  of  castor  oil.  This  test,  however,  is  of  no  prac- 
tical value,  as  the  solubility  of  other  fixed  oils  is  greatly 
increased  by  admixture  with  castor  oil,  and  even  a 
third  of  its  weight  of  another  oil  may  be  present,  and 
still  a  perfect  solution  be  obtained  with  an  equal 
volume  of  alcohol.  Of  the  different  kinds  of  genuine 
oil,  English  is,  according  to  Pereira,  the  most  soluble, 
and  East  Indian,  the  least  soluble,  in  rectified  spirit.  A  far 
more  dangerous  fraud  than  the  above,  is  the  occasional 
one  of  adding  a  small  proportion  of  croton  oil,  with 
the  view  of  increasing  its  purgative  activity,  and  this, 
unfortunately,  is  not  of  easy  detection. 

Physiological  Effects. — On  animals  generally,  castor 
oil  acts  as  a  laxative  or  gentle  purgative.  Its  great 
advantage  over  other  purgatives  is  the  rapidity  of  its 
action — usually  not  more  than  two  or  three  hours 
after  its  exhibition.  It  not  nnfrequently  occasions 
nausea,  or  even  vomiting,  but  this  effect  is  rather  to  be 
attributed  to  its  disgusting  flavor  than  to  any  positively ' 
emetic  property.  Some  continental  writers  have  stated 
it  to  be  very  unequal  in  its  action,  sometimes  operating 
with  considerable  violence,  and  at  others  with  great 
mildness.  This  is  not  found  to  be  the  case  in  this 
country,  though  Pereira  readily  admits  that  a  differ- 
ence in  the  mode  of  its  preparation  may  materially 
affect  its  aperient  property.  As  obtained  by  boiling,  it 
is  deeper  colored,  more  acrid,  and  more  susceptible  of 
rancidity,  than  the  cold  drawn  oil,  and  at  the  same  time 
is  undoubtedly  possessed  of  more  active  properties. 
The  bleaching  process,  although  it  removes  color  and 
taste,  is  also  injurious  to  the  oil,  often  rendering  it  almost 
inactive ;  and  therefore,  medicinally,  the  pale  straw- 
colored  oil — not  absolutely  tasteless,  and  with  a  certain 
degree  of  smell — is  to  be  preferred.  Castor  oil  is  em- 
ployed principally  in  cases  of  inflammation  of  the  sto- 
mach, in  spasmodic  affections  of  the  bowels,  especially 
in  lead  colic,  in  other  internal  inflammatory  and  spas- 
modic diseases,  and  as  a  purgative  in  habitual  costive- 
ness.  The  dose  is  from  two  drams  to  two  ounces,  and 
it  may  be  taken  swimming  on  the  surface  of  milk  or 
coffee,  warmed  and  beaten  up  with  the  yolk  of  egg  or 
mucilage  of  tragacanth,  or  with  the  addition  of  a  little 
orange  wine.  The  vessel  from  which  it  is  taken  should 
be  previously  warmed,  and  moistened  with  water  or 
other  liquid.  The  nauseous  clammy  taste  is  most 
easily  removed  by  masticating  a  crust  of  bread  or  a 
little  oatmeal. 

Statistics. — The  quantity  of  castor  oil  imported 
annually  during  a  period  of  seven  years  was  as  fol- 
lows:— 


Pounds. 

1843,  1,051,792 

1844  1,223,264 

1845,  1,801,632 

1846,  1,487,168 

1847,   451,584 

1848,   513,856 

1849,  1,084,272 
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Orape-sced  Oil. — This  oil,  called  also  oil  of  wine- 
stones,  is  extracted  by  pressure  from  the  seeds  of  the 
grape — vitis  vinifera.  The  yield  is  sometimes  to  the 
amount  of  twenty-two  per  cent.  Its  color  is  at  first 
pale-yellow,  but  after  some  time  it  assumes  a  darker 
tint,  and  becomes  at  the  same  time  viscous,  thick,  and 
rancid.  When  fresh  aud  pure  it  has  little  odor,  and  a 
very  mild  taste,  and  hence  is  useful  for  culinary  pur- 
poses. Its  specific  gravity  is  0-9202  at  59°.  It  is 
used  principally  as  an  article  of  diet. 

Cotton-seed  Oil. — The  seeds  of  the  cotton  plant — 
gossypium  barbadense — yield  an  oil  which  may  at  no 
distant  period  become  an  important  article  of  commerce. 
The  plant  is  grown  principally  in  the  Southern  part  of 
the  United  States  of  America,  but  also  in  India,  China, 
and  other  warm  climates.  Owing  to  the  enormous 
quantity  of  cotton  annually  produced,  there  must  always 
be  an  abundance  of  seed,  which  it  is  desirable  to  con- 
vert to  some  useful  purpose.  The  subject  has  long 
engaged  the  attention  of  parties  interested  in  the  pro- 
motion of  the  useful  arts.  Even  so  far  back  as  1785,  the 
Society  for  the  Encouragement  of  Arts  and  Commerce 
offered  a  prize  for  the  manufacture  of  oil  from  cotton- 
seed on  the  large  scale,  but  no  successful  claimant  has 
yet  appeared.  It  has,  however,  been  extracted  to  a 
certain  extent  in  Egypt,  America,  and  India.  The 
great  difficulty  in  the  way  of  its  introduction  appears 
to  have  been  that  of  effecting  its  purification.  Of  late 
years,  this  oil  has  attracted  a  greater  share  of  atten- 
tion, and  means  have  been  devised  of  purifying  it, 
and  removing  the  dark  color  which  it  possesses  in  the 
raw  state.  Even  now,  however,  large  quantities  of 
cotton-seed  are  annually  destroyed,  as  far  more  is  pro- 
duced than  is  required  for  the  crop  of  the  succeeding 
year,  and  this  has  hitherto,  for  the  most  part,  been 
thrown  away  as  useless,  or  in  some  cases  applied  as  a 
manure;  still  it  is  now  in  some  solitary  instances  collected 
and  exported  for  the  manufacture  of  oil  and  oil-cake. 
A  sample  of  the  oil  and  expressed  cake  were  shown  in 
the  Great  Exhibition  by  K.  Burn  of  Edinburgh,  and 
of  raw  and  bleached  oil  by  De  Geminy  of  Marseilles, 
to  whom  prize  medals  were  awarded.  The  latter  was 
from  Egyptian  seed. 

Croton  Oil. — This  acrid  oil  is  extracted  from  the 
seeds  of  the  croton  tiglium,  and  is  imported  from 
Madras  and  Bombay.  In  size  and  shape  these  seeds 
much  resemble  castor-seeds.  They  have  no  smell ; 
their  taste  is  at  first  mild  and  oleaginous,  afterwards 
hot  and  acrid.  Besides  Brande,  Pelletier,  and 
Caventou,  Dr.  Nimmo  also  examined  them.  The 
result  of  Brande's  analysis  is  subjoined  : — 

Volatile  oil,    traces. 

Fixed  oil,  with  crotonic  acid  and  crotonin,  17*00 

Crotonates  and  coloring  matter,   0*32 

Brownish-yellow  resin,   1-00 

Stearin  and  wax,   0*65 

Extractive,  sugar  and  malates  of  potassa")     0  „K 

and  lime,  f  2'U5 

Starch,  with  phosphate  of  lime  and  mag-  (     n  n, 

nesia,  /  °'1 

Gum  and  gummosin,   10-17 

Albumen,   1-01 

Gluten,   2-00 

Seed  coats  and  ligneous  fibre,   39-00 

Water,   22-09 

100-00 
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Croton  oil  is  extracted  by  expression  from  its  seeds. 
That  of  the  shops  is  very  impure,  being  a  mixture  of 
the  oil  with  other  constituents  of  the  seeds.  Dumas 
gives  the  process  for  obtaining  it  as  follows : — The 
crushed  seeds  are  submitted  to  the  press,  aud  the  oil 
that  flows  out  is  allowed  to  stand  from  twelve  to  fifteen 
days  to  deposit;  it  is  then  drawn  off  and  filtered. 
The  expressed  cake  is  treated  with  twice  its  weight  of 
rectified  spirit,  and  heated  in  the  salt-water  bath.  The 
alcohol  dissolves  a  large  quantity  of  the  oil  remaining 
in  the  marc,  and  is  separated  from  it  by  evaporation. 
Sometimes,  the  seed,  freed  from  their  husks,  are  pul- 
verized and  treated  at  once  with  spirit ;  the  mixture 
is  heated  in  the  salt-water  bath,  allowed  to  cool,  in- 
closed in  a  bag,  and  pressed.  The  alcohol  is  afterwards 
removed  from  the  oil  by  distillation.  Croton  oil  is  of 
a  brownish-yellow  color,  has  a  very  disagreeable  char- 
acteristic odor,  and  a  strongly  acrid  taste.  It  is  soluble 
in  alcohol  and  in  ether.  In  doses  of  one  drop,  it 
operates  on  man  as  a  violent  purgative.  It  appears  to 
consist  of  a  mixture  of  a  fatty  oil  with  another  very 
acrid  substance,  very  soluble  in  cold  alcohol,  and  con- 
taining a  large  quantity  of  crotonic  acid,  both  free  and 
in  combination  with  oxide  of  glyceryl,  and  with  mag- 
nesia. The  combination  of  the  acid  with  the  latter  base 
was  supposed  by  Brande  to  be  a  peculiar  alkaloid. 

ANIMAL  OILS. — It  is  unnecessary  again  to  allude 
to  the  origin  and  formation  of  animal  fats,  the  various 
theories  concerning  which  have  been  previously  fully 
detailed  and  discussed.  It  will  be  sufficient  to  say 
here  that  by  far  the  greatest  proportion  of  the  fat 
of  animals  is  the  result  of  the  deoxidation  of  the 
amylaceous  principles  of  vegetal  food,  and  that  the  fat 
originally  formed  and  existing  in  vegetal  food  also 
accumulates,  undergoing  considerable  modification  in 
the  animal  body.  Hence  the  fat  of  the  herbivora  is 
that  which  most  closely  resembles  the  fat  of  vegetals ; 
and  the  fat  of  the  carnivora,  having  undergone  a  still 
further  modification  in  the  animal  body,  is  that  which 
most  widely  differs  from  vegetal  oils.  It  has  also  been 
already  noticed  in  what  part  of  the  animal  fat  is  for 
the  most  part  secreted.  It  is  contained  in  what  is 
termed  adipose  membrane,  and  may  be  obtained  by 
exposure  to  a  sufficiently  high  temperature  to  liquefy 
the  fat,  and  tear  asunder  its  including  cells.  To 
assist  the  operation,  the  fat  should  be  divided  into 
small  pieces,  so  as  to  allow  the  more  uniform  influ- 
ence of  heat ;  and.  it  is  important  that  the  melting 
process  be  performed  before  any  putrefaction  of  the 
membrane,  or  of  other  fibrous  and  fleshy  accidentally 
adhering  matters,  has  taken  place.  The  fat  is  usually 
melted  in  an  open  copper  exposed  to  the  direct  action 
of  the  fire,  and  after  fusing  for  a  considerable  time,  the 
membranous  matters  collect  at  the  surface.  These 
are  removed,  and  after  having  been  pressed  to  remove 
adhering  oil,  they  form  greaves,  sometimes  termed  also 
cracklings,  from  their  crispy  nature,  and  in  the  form 
of  flat  cakes  are  sold  as  food  for  dogs,  as  manure,  and 
for  the  production  of  yellow  prussiate  of  potassa.  The 
melted  fat  is  passed  through  a  sieve  into  another  copper, 
where  it  is  washed  with  a  quantity  of  boiling  water. 
The  impurities  settle  down  with  the  water,  and  the  fat 
is  drawn  off  into  tubs  and  allowed  to  cool. 
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In  France,  and  on  the  Continent,  another  method  is 
adopted  for  the  separation  of  fatty  matters  from  the 
cells  or  tissues  in  which  they  are  confined.  The 
fatty  matter  is  placed  in  contact  with  very  dilute 
sulphuric  acid  for  a  few  days,  after  which  the  fat  is 
removed  from  the  macerating  vessel,  and  with  the 
addition  of  about  half  its  weight  of  a  little  stronger 
acid,  put  into  a  suitable  wooden  vessel,  and  subjected 
to  a  jet  of  steam,  which  soon  causes  the  whole  to  boil. 
Under  the  influence  of  heat  and  of  the  dilute  acid,  the 
albuminous  tissue  which  envelopes  the  fatty  matter  is 
rapidly  destroyed,  and  the  latter  set  free  floats  on  the 
surface  of  the  boiling  water ;  after  which  the  jet  of 
steam  is  stopped,  and  the  liquid  fat  is  drawn  off  into  a 
proper  receiver.  The  addition  of  a  little  strong  acid 
again  prepares  the  melting-vessels  to  receive  a  new 
charge  of  the  digested  fat,  which  may  also  be  drawn 
off  after  a  short  time.  Larger  pans  are  required  in 
this  operation  than  in  the  former,  to  perform  the  same 
amount  of  work ;  but  the  work  is  done  more  quickly. 
The  animal  matters  remaining  in  the  pan  can  be  used 
as  manure,  or,  after  mixing  with  a  little  sawdust,  as 
fuel.  By  this  method,  also,  the  operation  of  fat-melting 
is  rendered  perfectly  safe,  and  the  highly  disagreeable 
odor  characterizing  the  vicinity  of  establishments 
devoted  to  this  purpose,  is  entirely  removed. 

The  variable  consistency,  color,  and  odor  of  the  dif- 
ferent fats  depends  for  the  most  part  upon  the  kind  of 
animal  whence  obtained,  its  climate,  and  its  food  ;  but 
m  ile  animals  generally  yield  a  firmer  fat  than  female. 
A  good  quality  of  fat  can  come  only  from  a  healthy 
animal,  and  winter  fat  is  better  than  that  taken  in 
summer.  According  to  Watt,  the  fat  of  an  animal  is 
more  solid  the  further  it  exists  from  the  surface  of  the 
body ;  and  the  delicacy  of  the  cellular  tissue  enveloping 
the  fat  is  in  proportion  to  the  consistency  of  the  latter. 
He  is  of  opinion  also  that  the  fat  of  animals  in  tem- 
perate and  tropical  climes  is  much  more  firm  than  that 
from  those  of  cold  regions.  This  statement,  however, 
requires  additional  experience  and  observations  before 
it  can  be  received  as  a  law  of  the  animal  economy. 

Fats  always  melt  at  a  lower  temperature  than 
the  solid  acid  which  they  yield  by  saponification  ;  but 
the  melting  point  varies  with  the  part  of  the  animal 
whence  extracted.  They  are  generally  tasteless  and 
neutral  when  fresh,  but  acidify  and  become  rancid  by 
exposure  to  air.  Their  specific  gravity  is  below  that 
of  water,  and  they  are  all  more  or  less  fusible.  Alcohol 
partially  dissolves  them,  but  they  are  wholly  insoluble 
in  water.  In  carnivorous  animals  the  fat  is  usually  soft 
and  rank-flavored  ;  in  the  ruminants  nearly  inodorous. 
In  well-fed  young  animals  it  is  generally  white  and 
abundant,  and  in  the  old,  yellowish  and  more  scanty. 

The  following  is  a  list  of  the  principal  animal  fats, 
with  the  fusing  point  of  each  : — 

Fusing  point. 


Badger  fat,   86-0°. 

Beef  suet,   98*5 

Calf  suet,   136-8 

Camel  suet,   131-0 

Cows' butter,   79-7 

Dog  fat,   79-75 

Elephant  fat   82-0 

Fox  fat,   129-0 

Hare  fat   117-5 

Hogs'lard,   80-5 
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Horse  grease,   140-0 

Human  fat,   77-0 

Goat  fat,   " 

Stearin  of  human  fat,   120-0 

"       mutton  suet,   109-0 

"      beef  suet,   111-0 

"       hogs'lard,   109-0 

Neat's-foot  oil,  liquid  below  32-0 

Tallow. — Under  this  name  is  included  the  fat  of 
oxen,  sheep,  goats,  deer,  and  some  other  animals. 
They  all  consist  for  the  most  part  of  stearin,  with  a 
little  olein,  while  some  also  contain  certain  quantities 
of  a  particular  ingredient  which  communicates  to  the 
fat  characteristic  properties.  As  far  as  their  applica- 
tion is  concerned,  they  are  alike  in  properties.  As  a 
source  of  light,  tallow  is  more  or  less  valuable  according 
to  its  greater  or  less  degree  of  solidity ;  and  is  found 
from  experience  to  be  more  solid,  and  consequently 
more  valuable,  in  animals  fed  upon  dry,  ripe  fodder, 
than  in  such  as  are  supplied  with  green  food  or  grains. 
Hence  the  tallow  imported  from  Russia,  where  the 
animals  are  fed  for  eight  months  upon  dry  fodder,  is 
generally  superior  to  that  produced  at  home. 

The  process  for  the  separation  of  tallow  from  the 
membrane  and  tissue  in  which  it  is  included  in  the 
animal  body,  is  the  same  as  that  given  for  preparing 
the  animal  fats  in  general.  The  methods  of  purification 
and  clarification  are  modified  according  to  the  purpose 
to  which  it  is  to  be  applied,  and  the  greater  or  less 
degree  of  cleanliness,  or  freedom  from  foreign  matters, 
of  the  fat  itself.  To  separate  the  solid  and  liquid  con- 
stituents of  tallow,  it  is  melted,  and  constantly  stirred 
whilst  in  the  act  of  congelation.  It  is  then  pressed  in 
woollen  hags,  at  a  temperature  of  about  95° ;  the  olein 
which  is  thus  pressed  out  still  retains  much  stearin, 
but  by  repeatedly  pressing  in  a  similar  manner,  lower- 
ing the  temperature  each  time  by  a  few  degrees,  an 
olein  is  obtained,  fluid  at  32°,  and  the  stearin  is  hard 
and  granular.  The  hardening  and  whitening  of  tallow 
may  be  accomplished  by  other  means  than  pressing, 
a  description  of  which  will  be  found  under  the  article 
Candle.  Also,  for  farther  information  upon  this  and 
other  of  the  following  fats,  see  vol.  i.,  page  413  et 
sequilur. 

Tallow  Oil. — The  liquid  fat  separated  from  tallow 
by  pressure  is  known  under  this  name.  The  best 
method  of  obtaining  it  consists,  according  to  Morfit, 
in  steaming  the  tallow  in  wooden  tubs  for  several  hours, 
drawing  off  the  upper  clear  portion  after  sufficient 
repose  for  subsidence  of  foreign  matters,  and  gradually 
cooling  in  large  tubs  between  70°  and  80°.  These  tubs 
are  provided  with  a  cullendered  diaphragm,  about  six 
inches  from  the  bottom,  and  which  should  be  covered 
with  coarse  flannel  cloth.  During  repose,  the  solid 
portion  of  the  tallow  separates  in  granules  from  the 
superstratum  of  fluid  olein,  and  deposits  upon  the  dia- 
phragm, thus  allowing  the  liquid  olein  to  percolate 
upon  the  opening  of  the  cock  at  the  bottom,  and  be 
drawn  off  into  receivers.  The  solid  residue,  upon  being 
subjected  to  pressure  in  Russian  canvas  bags,  yields 
more  olein,  and  itself  remains  hard  and  white.  Tallow 
oil  is  thick  and  mushy,  and  admirably  suited  to  the 
manufacture  of  the  finer  kinds  of  soap. 

Beef  Tallow. — The  fat  of  oxen  is  firm  and  brittle, 
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has  a  yellowish-white  color,  and  a  slight  but  peculiar 
odor.  It  melts  at  a  temperature  of  100°,  is  insoluble 
in  water,  but  soluble  in  forty  parts  of  boiling  alcohol 
of  specific  gravity  0-821.  It  consists  of  olein  and 
stearin,  in  the  proportion  of  three  parts  of  the  latter  to 
one  of  the  former.  The  solid  constituent  or  stearin 
is  white,  granular,  and  crystalline.  It  melts  at  111°, 
and  again  solidifies  at  102°.  It  has  about  the  same 
translucency  as  white  wax.  Its  feel  is  not  greasy,  and 
in  burning  it  gives  a  light  similar  to  that  of  wax.  It 
dissolves  in  absolute  alcohol,  to  the  amount  of  fifteen 
and  a  half  parts  in  a  hundred.  The  olein  of  beef  fat 
is  colorless,  with  only  a  slight  odor.  Its  specific 
gravity  is  0'913.  One  hundred  and  twenty-three  parts 
are  soluble  in  a  hundred  of  absolute  alcohol,  at  the 
temperature  of  167°.  Beef  tallow  is  used  principally 
in  the  manufacture  of  soap  and  candles. 

Mutton  Suet. — This  fat  is  similar  to  the  preceding,  but 
is  whiter.  It  is  very  firm  and  brittle,  has  scarcely  any 
smell,  is  completely  insoluble  in  water,  slightly  soluble 
in  alcohol,  and  melts  at  temperatures  between  100°  and 
106°.  The  solid  portion  of  this  fat,  which  amounts  to 
seventy-four  per  cent.,  consists,  according  to  Heintz, 
of  stearin,  margarin,  and  palmitin.  It  is  white  and 
lustreless.  It  begins  to  solidify  at  99-5°,  is  translucent, 
and  partially  soluble  in  alcohol.  The  olein  of  mutton 
suet  is  colorless,  has  a  slight  odor  of  the  flesh  of  the 
animal,  and  a  specific  gravity  of  0'913.  Eighty  parts 
of  it  are  dissolved  by  one  hundred  of  absolute  alcohol, 
at  the  temperature  of  167°.  In  addition  to  these 
ingredients,  mutton  suet  probably  contains  Mrcin. 

Goats'  Fat. — This  fat  resembles  that  of  the  ox,  but 
it  has  a  disagreeable  smell,  arising  from  the  presence  of 
a  peculiar  oily  matter,  first  discovered  by  Chevreul, 
and  termed  by  him  hircin.  It  is  liquid,  and  is  found 
in  the  olein  when  the  fat  of  goats  is  separated  into  its 
solid  and  liquid  constituents.  It  is  composed  of  oxide 
of  glyceryl,  united  to  a  peculiar  acid  named  hircic. 
Although  hircin  has  not  yet  been  obtained  pure, 
Chevreul  prepared  the  acid  into  the  constitution  of 
which  it  enters.  His  process  was  by  saponification, 
decomposition  of  the  soap  by  tartaric  or  phosphoric  acid, 
and  distillation  of  the  mixture  of  fatty  acids,  when  hircic 
acid  is  found  in  the  receiver  under  the  form  of  a  colorless 
volatile  oil.  It  has  a  capreous  and  acetic  odor,  an  acid 
reaction,  is  difficultly  soluble  in  water,  and  easily  so  in 
alcohol.  With  the  bases  it  forms  salts,  of  which  that 
of  baryta  is  difficultly  soluble. 

Cows'  Batter. — This  fat  is  derived  from  the  milk  of 
the  cow.  The  various  methods  of  manufacture,  et 
cetera,  have  been  treated  under  a  separate  article,  page 
397,  et  seq.  It  may  be  purified  from  buttermilk,  cheese, 
and  other  impurities,  by  melting  it,  when  the  foreign 
matters  subside  with  the  water,  and  the  pure  oil  rises 
to  the  surface.  The  characteristic  odor  and  flavor  of 
butter  are  owing  to  the  presence  of  a  small  quantity  of 
several  peculiar  fats,  named — butyrin,  caproin,  caprylin, 
and  caprin.  These  fats  are  combinations  of  oxide  of 
glyceryl  with  the  volatile  butyric,  caproic,  caprylic  and 
capric  acids.  .  According  to  Heintz,  the  solid  portion 
of  butter  contains,  besides  palmitic  acid,  another  acid 
which  he  terms  the  butic,  and  gives  the  following 
formula  :— C40  Hw  04  =  C10  H39  Os,  HO. 


Hogs'1  Lard. — This  fat  is  generally  prepared  from  the 
adipose  matter  of  the  omentum  and  mesentery  of  the 
hog.  It  is  white,  and  has  very  little  odor.  It  melts  at 
100°,  forming  a  transparent  and  nearly  colorless  fixed  oil. 
According  to  Saussure,  its  specific  gravity  is  0-9302 
at  60°.  One  hundred  parts  of  boiling  alcohol  dissolve 
nearly  three  parts  of  its.  olein.  ^Exposed  to  the  air  for 
some  time,  it  becomes  gradually  yellow-colored  and 
rancid,  acquires  a  powerful  odor  and  an  acid  reaction. 
In  this  process  a  volatile  fatty  acid  is  developed,  which 
Chevreul  considers  analogous  to  caproic  acid.  Hogs' 
lard  consists  essentially  of  olein,  stearin,  and  margarin, 
and  by  saponification  gives  nine  parts  of  glycerin  and 
94'65  of  a  mixture  of  the  fatty  acids.  According  to 
Braconnot,  the  proportion  of  olein  is  sixty-two,  and 
of  the  solid  constituents  thirty-eight  per  cent.  The 
solid  portion  is  without  smell,  translucent,  dry,  and 
granular.  It  melts  at  109'5°.  On  congealing,  it 
assumes  an  imperfectly  crystalline  texture. 

Lard  Oil. — This  fluid  oil  is  prepared  from  lard  in 
the  same  manner  as  is  directed  for  tallow  oil.  It  is 
considered  much  superior  to  sperm  or  olive  oil  for 
greasing  wool,  and,  from  its  low  price,  is  largely  used. 
It  is  usually  sufficiently  white  and  clear  for  use,  and 
should  on  no  account  be  bleached  by  chemical  means, 
as  it  is  liable  to  retain  enough  of  the  bleaching  agent 
to  injure  its  quality,  and  render  it  inapplicable  for 
many  purposes. 

Human  Fat. — The  fat  of  man  has  a  similar  consist- 
ency to  hogs'  lard.  Its  melting  point  seems  to  vary 
with  the  part  whence  it  is  extracted.  It  requires  forty 
parts  of  hot  alcohol  of  the  specific  gravity  0'821  for 
solution.  On  cooling,  the  alcoholic  solution  deposits 
stearin,  which,  after  re-solution  and  deposition,  and 
pressure  in  blotting  paper,  may  be  considered  pure. 
This  stearin  crystallizes  in  a  mass  of  small  needles. 
It  is  colorless,  has  little  lustre,  and  melts  at  122°. 
One  hundred  parts  of  boiling  anhydrous  alcohol  dis- 
solve 21 '5  of  this  stearin,  but  the  greater  part  is  again 
deposited  on  cooling.  The  olein  of  human  fat  is  a 
colorless  oil,  which  solidifies  in  needles  at  about  24°. 
Its  specific  gravity  at  59°  is  0'913.  It  has  no  smell, 
but  a  sweetish  taste.  Alcohol  dissolves  more  than  its 
own  weight  of  this  olein.  By  saponification,  human 
fat  yields  9'66  parts  of  glycerin,  and  95'24  of  margaric 
and  oleic  acids  per  cent. 

Under  the  name  of  adipocere,  Fourcroy  described 
a  peculiar  fatty  substance  found  in  a  cemetery  at 
Paris,  and  supposed  to  have  been  partly  formed  during 
decomposition.  Chevreul  has  shown  that  this  matter 
is  the  original  fat  of  the  body,  which  has  resisted 
putrefaction,  and  is  partly  in  the  state  of  fatty  acid, 
and  partly,  as  ammonia  soap,  with  traces  of  lime  and 
magnesian  soaps .  This  substance  may  often  be  found 
in  the  neighborhood  of  graveyards. 

Neat's-foot  Oil. — This  oil  is  obtained  from  the  feet 
of  oxen ;  and  as  it  remains  liquid  below  32°,  and  is  in 
other  respects  a  useful  lubricant,  is  much  employed  to 
oil  machinery.  In  America,  according  to  Morfit,  it  is 
extracted  by  the  following  process : — The  feet,  as  col- 
lected from  the  slaughter-houses,  are  soaked  in  cold 
water  to  remove  the  blood,  and,  after  removing  the 
sinews,  are  placed  perpendicularly  in  sufficient  boiling 
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water  to  cover  the  hoofs.  In  about  a  quarter  of  an 
hour  they  are  to  be  taken  out,  and  the  hoof  separated 
by  a  suitable  machine.  The  next  step  is  to  joint  them 
with  a  knife,  to  sever  the  toes  from  the  large  bone. 
The  latter  is  boiled  with  water  by  steam,  while  the 
former,  which  are  more  obstinate  in  yielding  their  fat, 
are  boiled  in  the  open  pan  with  water  previously  used 
for  the  large  bones.  After  the  boiling,  the  liquid  is 
left  to  repose,  so  that  the  oil  may  rise  to  the  surface 
and  be  drawn  off.  The  collected  oil  deposits  after 
some  time  a  thick  stratum  of  dirty  semifluid  fat,  from 
which  the  clear  supernatant  portion  must  bo  decanted. 

This  oil  consists  of  olein,  margarin,  and  stearin ;  it 
is  white  and  fluid  at  ordinary  temperatures,  but  con- 
geals a  few  degrees  below  32°.  It  is  very  frequently 
adulterated  with  horse  oil,  common  lard  oil,  bone  fat, 
some  vegetal  oils,  and  even  with  fish  oils.  The  pure 
oil  is  not  liable  to  change  or  rancidity,  and  is  used  as  a 
lubricant,  and  is  especially  useful  for  machinery  exposed 
in  cold  situations,  as  in  the  case  of  church  clocks,  et 
cetera,  which  require  an  oil  not  liable  to  become  concrete. 

FISH  OILS. — Certain  fish,  especially  the  cetacea, 
yield  a  greasy  fluid  or  oil,  called  or  named  according 
to  the  fish  whence  it  is  extracted.  All  fish  oils  contain 
certain  peculiar  animal  matters,  which  impair  their 
illuminating  power,  but  do  not  injure  them  for  the 
purposes  of  the  soapmaker.  They  are  extracted  by 
melting  the  blubber,  and  the  foreign  matters  are  then 
partially  separated  by  steaming  the  oil  and  allowing 
it  to  repose.  Under  the  term,  train  oil,  are  included, 
whale,  seal,  cod,  shark,  and  all  oils  obtained  from  fish 
of  a  like  nature. 

Whale  Oil. — This  well-known  fish  oil  is  obtained  by 
boiling  the  blubber  of  the  Balena  misticetus,  or  great 
northern  whale.  The  pursuit  of  this  whale  forms  an 
important  branch  of  industry,  as  well  as  a  nursery  for 
British  seamen.  It  was  formerly  found  on  the  east 
shores  of  Greenland,  but  of  late  years  in  Davis'  Straits 
and  the  interior  of  Baffin's  Bay.  The  whale  fishers 
merely  cut  out  the  blubber,  pack  it  into  casks,  and 
carry  it  to  the  seaports  to  be  melted  out.  The  carriage 
gives  rise  to  an  incipient  decomposition  of  the  animal 
matters,  and  of  the  fluids  attached  to  the  blubber, 
which,  although  it  aids  the  melting,  occasions  the 
formation  of  a  peculiar  fat,  termed  phocenin,  which  is 
the  cause  of  the  disgusting  odor  which  always  accom- 
panies train  oil.  The  cellular  tissue  of  the  blubber 
thus  becomes  so  broken  down  that  the  oil  runs  off  by 
itself,  when  the  whole  is  put  into  casks  with  wirework 
bottoms,  such  as  are  used  in  the  melting  houses.  The 
oil  is  afterwards  heated  to  212°  that  the  impurities  may 
the  more  easily  separate,  and  after  standing  some  time, 
the  clear 'oil  is  decanted. 

In  train  oil  the  impurity  is  not  mucus,  as  in  the 
vegetal  oils,  but  animal  gelatin  or  glue,  and,  besides 
this,  volatile,  stinking  matters.  Some  clarifiers  use  a 
solution  of  tannin  for  purifying  it,  which  forms  with 
the  gelatin  insoluble  flakes ;  others  employ  metallic 
salts,  as  sulphate  of  copper  or  acetate  of  lead,  which 
act  in  a  similar'  manner.  The  nauseous  odor  is  most 
easily  removed  by  bleaching-powder. — Knapp. 

The  color  of  whale  oil  is  brown,  and  it  has  a  disa- 
greeable fishy  smell.     Its  specific  gravity  at  68°  is 


0'927.  When  cooled  to  32°,  it  deposits  stearin,  and 
the  residual  oil  is  soluble  in  less  than  its  own  weight  of 
boiling  absolute  alcohol ;  the  stearin  is  soluble  in  about 
twice  its  weight  of  this  liquid.  When  the  solution  is 
cooled,  it  deposits  first  white  brilliant  crystals,  and 
afterwards  crystals  tinged  with  yellow,  and  a  thick 
brown  liquor  remains.  When  this  stearin  is  saponified 
and  the  soap  is  decomposed  by  an  acid,  glycerin  is 
obtained,  and  about  forty  per  cent,  of  fatty  acids,  with 
a  little^/iocemc  acid  in  admixture. 

Seal  Oil.— The  seal-fishery  is  by  far  the  most  impor- 
tant part  of  the  trade  of  Newfoundland,  the  annual 
catch  of  the  fish  being  little  short  of  three  quarters  of  a 
million.  The  principal  seals  captured  are  the  hood 
and  harp  seal,  of  which  the  latter  is  the  best  and  most 
productive.  The  first  operation  after  landing  and 
weighing  is  the  skinning,  or  separation  of  the  fat  from 
the  skin  ;  after  which  the  fat  is  cut  off,  and  transferred 
to  the  seal- vat.  The  latter  consists  of  what  are  termed 
the  crib  and  the  pan.  The  crib  is  a  strong  wooden 
erection,  from  twenty  to  thirty  feet  square,  and  twenty 
to  twenty-five  in  height.  It  is  firmly  secured  with 
iron  clamps,  and  the  interstices  between  the  upright 
posts  are  filled  in  with  small  round  poles.  The  floor 
is  of  strong  timber,  capable  of  sustaining  three  or  four 
hundred  tons.  The  crib  stands  in  a  strong  wooden 
pan,  three  or  four  feet  larger  than  the  square  of  the 
crib,  so  as  to  catch  all  the  droppings.  The  pan  is 
about  three  feet  deep,  and  tightly  caulked.  A  small 
quantity  of  water  is  kept  on  the  bottom  of  the  pan,  for 
the  double  purpose  of  saving  the  oil  in  case  of  a  leak, 
and  for  purifying  it  from  the  blood,  and  any  other 
foreign  matter  of  a  higher  density.  The  oil  extracted 
by  this  process  is  all  cold-drawn,  which  accounts  for 
the  disagreeable  odor  of  seal  oil.  When  the  vats  begin 
to  run,  the  oil  drops  from  the  crib,  upon  the  water  in 
the  pan,  and  as  it  accumulates  it  is  drawn  off  into  casks, 
and  is  ready  for  exportation.  The  first  running,  which 
is  caused  by  compression  from  its  own  weight,  continues 
from  two  to  three  months,  yielding  what  is  termed  pale 
seal  oil,  until  from  fifty  to  seventy  per  cent,  is  drawn 
off,  according  to  the  season,  and  also  in  proportion  to 
the  quantity  of  old  seal  fat  put  into  the  vat.  Owing 
to  its  toughness,  the  latter  does  not  yield  to  compres- 
sion, nor  does  it  give  up  its  oil  until  decomposition  sets 
in  ;  and  hence  it  does  not,  by  this  process,  yield  pale 
seal  oil.  As  putrefaction  proceeds,  the  color  changes 
to  straw  ;  and,  as  the  season  advances,  becomes  every 
day  darker,  and  a  more  nauseous  odor  is  eliminated, 
until  the  brown  oil  at  last  runs  out.  As  this  running 
slackens,  it  becomes  necessary  to  turn  over  what 
remains  in  the  vats.  The  crib  being  generally  divided 
into  nine  apartments,  or  pounds,  this  operation  is  per- 
formed by  first  emptying  one  of  these,  and  dispersing 
the  contents  over  the  others,  and  then  by  filling  and 
emptying  them  alternately,  the  entire  residue — a  com- 
plete mass  of  putrefaction — is  turned  over.  By  this 
means  a  further  quantity  of  brown  oil  is  obtained.  The 
remains  are  then  finally  boiled  in  large  iron  pots,  which 
during  the  whole  season  are  in  constant  requisition  for 
boiling  the  cuttings  and  clippings  of  the  skin,  and  other 
parts  of  the  pelts,  which  it  is  unadvisable  to  put  into  the 
vats.    The  produce  of  this,  and  the  remains  of  the 
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pelts,  are  what  is  termed  toiled  seal  oil.  The  refuse 
from  the  vats  is  found  to  be  very  valuable  manure, 
and  is  readily  purchased  by  the  farmers  in  the  neigh- 
borhood. 

S.  Or.  Archibald,  of  Newfoundland,  has  devoted 
much  attention  to  the  improvement  of.  the  method  of 
extracting  seal  oil,  and  states  that  the  different  kinds 
of  seals'  fat,  if  taken  while  fresh,  and  subjected  to  a 
process  of  artificial  heat,  are  capable  of  yielding  not  only 
a  uniform  quality  of  oil,  but  the  oil  so  obtained  is  much 
better  in  quality  than  the  best  prepared  by  the  old  pro- 
cess, and  free  from  the  unpleasant  smell  common  to 
all  seal  oil.  He  afterwards  invented  a  steam  apparatus 
for  rendering  seal  and  other  oils,  which  is  said  to 
answer  the  purpose  admirably. 

Seal  oil  is  used  solely  for  illuminating  pin-poses,  and 
when  tolerably  pure,  answers  admirably,  giving  a  beau- 
tiful, brilliant  light,  and  producing  no  offensive  smell, 
nor  any  clogging  of  the  wick.  Owing  to  the  offensive- 
ness  it  communicates  to  its  salts,  it  is  not  applicable 
for  the  production  of  soap. 

Porpoise  Oil. — This,  the  produce  of  the  delphinus 
phocena,  much  resembles  whale  oil.  It  is  liquid,  and 
has  a  yellow  color.  When  freshly  extracted,  it  has  a 
fishy  smell,  but  by  exposure  to  sun  and  air  becomes 
nearly  inodorous.  It  then,  however,  acquires  an  acid 
reaction.  It  is  soluble  in  about  five  parts  of  boiling- 
absolute  alcohol,  but  a  portion  of  its  solid  constituent 
is  deposited  on  cooling.  By  saponification  it  yields 
glycerin,  with  oleic,  margaric,  and  phocenic  acids. 

Shark  Oil. — This  oil  is  procured  from  the  liver  of 
the  basking  shark — squalus  maximus — of  the  bay  of 
Galway,  or  sun-fish,  as  it  is  commonly  called.  The 
quantity  of  oil  obtained  from  a  single  fish  frequently 
amounts  to  one  hundred  and  twenty  gallons.  It  is 
light-yellow,  of  specific  gravity  0-870  to  0'876,  and 
retains  its  fluidity  several  degrees  below  the  freezing 
point  of  water.  It  is  said  to  give  a  brilliant  flame, 
and  without  clogging  the  wick.  Ronalds,  who  made 
a  partial  examination  of  it,  reports  that  it  consists  of 
glycerin,  a  peculiar  oleic  acid,  very  rich  in  carbon,  and 
another  undefined  liquid  oil. 

Cod-Liver  Oil. — This  oil  is  extracted  from  the 
liver  of  the  common  cod,  and  various  other  allied  species 
of  fish,  but  principally  from  the  above — gadus  morrhua 
— and  the  ling — lota  molva.    Pennant  describes  the 


method  pursued  in  Newfoundland  for  its  extraction  as 
follows : — They  take  a  half-tub,  and,  boring  a  hole 
through  the  bottom,  press  hard  down  into  it  a  layer  of 
spruce  boughs,  upon  which  they  place  the  livers,  and 
expose  the  whole  apparatus  to  as  sunny  a  place  as 
possible.  As  the  livers  corrupt,  the  oil  runs  from  them, 
and  straining  itself  through  the  spruce  boughs,  is  caught 
in  a  vessel  set  under  the  hole  in  the  tub's  bottom. 
According  to  Dr.  De  Jongh,  the  usual  mode  of  pre- 
paration in  Norway  is  to  store  the  livers  in  vats  or  tubs 
as  soon  as  they  are  separated  from  the  fish,  where  they 
are  left  until  the  end  of  the  fishing  season,  when  the 
oil  that  has  separated  is  decanted,  and  forms  the  pale 
oil  of  commerce.  The  residue  of  the  livers,  being  then 
submitted  to  heat,  yields  the  darker  oil.  The  best 
English  oil,  according  to  Dr.  Garrod,  is  thus  pre- 
pared : — The  livers  are  collected  daily,  so  that  no 
trace  of  decomposition  may  have  occurred,  carefully 
examined,  in  order  to  remove  all  traces  of  blood  and 
impurity,  and  to  separate  any  inferior  livers ;  they  are 
then  sliced  and  exposed  to  a  temperature  not  exceeding 
180°,  until  all  the  oil  has  drained  from  them.  This  is 
filtered,  afterwards  exposed  to  a  temperature  of  about 
50°,  in  order  to  congeal  the  bulk  of  the  margarin,  and 
again  filtered  and  put  into  bottles  well  secured  from  the 
action  of  the  air.  In  Taylors',  every  liver  is  opened, 
examined,  washed  free  from  blood,  and,  if  sound  and 
fit  for  use,  is  cut  in  pieces  and  put  with  others  into  a 
large  pan  with  a  portion  of  water.  To  the  external 
surface  of  this  pan  steam  is  admitted,  and  the  tempera- 
ture being  very  carefully  adjusted  to  about  180°,  the 
livers1  are  heated  for  a  sufficient  length  of  time  to  allow 
of  the  complete  separation  of  the  oil.  The  result  of  this 
process  is  the  production  of  a  sweet  and  nearly  color- 
less oil,  which  is  skimmed  oft  and  filtered  through 
flannel.  This,  having  been  congealed  for  the  separation 
of  its  margarin,  is  again  filtered  when  required  for  use. 

Three  varieties  of  cod-liver  oil  are  met  with  in  the 
English  market,  and  are  known  as  the  pale,  the  light- 
brown,  and  the  dark-brown  or  black.  The  first  is  that 
extracted  from  the  livers  before  putrefaction  has  com- 
menced ;  the  two  latter  have  either  remained  longer  in 
contact  with  the  livers,  have  been  prepared  at  high 
temperatures,  or  have  been  obtained  from  livers  in  a 
state  of  decomposition.  Appended  is  Dr.  De  Jongh's 
analysis  of  the  three  varieties : — 


Pale  oil.  Brown  oil.  Black  oil. 

Oleic  acid,  with  gaduin  and  two  other  bodies                                74-03300    71-75700    69-78500 

Margaric  acid,                                                                       11-75700    15-42100    16-14500 

Glycerin,                                                                             10-17700    9-07300    9-71100 

Butyric  acid,                                                                          0-07486    —    0-15875 

Acetic  acid,                                                                           0-04571    —    0-12506 

Fellinic  acid,  and  cholic  acids,  with  a  small  quantity  of  margarin,  \  q-04300  0-06200  0-29900 

olein,  and  bilifulvin,  j  ...... 

Bilifulvin,  billifellinic  acid,  and  two  peculiar  substances,                    0-26800    0-44500    0-87600 

A  peculiar  substance,  soluble  in  alcohol                                        0-00600    0-01300    0-03800 

A  peculiar  substance,  insoluble  in  water,  alcohol,  and  ether,               0-00100    0-00200    0-00500 

Iodine                                                                                        0-03740    0-04060    0-02950 

Chlorine  and  traces  of  bromine,                                                      0-14880    0-15880    0-08400 

Phosphoric  acid,                                                                     0-09135    0-07890-   0-05305 

Sulphuric  acid,                                                                       0  07100    0  08595    0-01010 

Phosphorus,                                                                                0-02125    0-01136    0-00754 

Lime,                                                                                         0-15150    0-16780    0-08170 

Magnesia,                                                                             0-00880    0-01230    0-00380 

Soda,                                                                                   0-05540    0-06810    0-01790 

Iron                                                                                       —    —    a  trace. 

Loss                                                                                          3-00943    2-60319    2-56900 
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Of  the  three  varieties  of  cod-liver  oil,  the  most 
colorless,  prepared  entirely  from  fresh  livers,  is  to 
be  preferred,  as  it  possesses  the  constituents  of  the 
oil  in  the  purest  state,  and  is,  therefore,  the  most 
valuable  as  a  therapeutic  agent.  From  the  investi- 
gation of  several  medical  men,  who  have  devoted  much 
attention  to  the  investigation  of  the  therapeutic  value 
of  the  several  kinds  of  oils,  the  following  may  be 
gleaned  in  favor  of  the  pale  variety : — It  is  the  real  oil, 
as  contained  in  the  liver  of  the  cod-fish — rich  in  biliary 
matters,  and  also  in  iodine  and  other  inorganic  prin- 
ciples ;  it  contains  no  products  of  putrefaction,  such  as 
are  found  in  the  dark  oils ;  it  sits  more  easily  on  deli- 
cate stomachs ;  and  experience  has  proved  it  to  be  a 
most  effective  therapeutic  agent. 

Adulteration. — Cod-liver  oil  is  said  to  be  extensively 
adulterated,  and  in  some  cases,  indeed,  an  entire  sub- 
stitution is  stated  to  be  made,  consisting  of  train  oil, 
admixed  with  iodine,  either  in  the  free  state,  or  as  an 
alkaline  iodide.  This  addition  of  iodine,  or  an  iodide, 
may  be  readily  detected  by  adding  a  solution  of  starch 
and  a  little  sulphuric  acid,  when  the  blue  iodide  of 
starch  is  instantly  developed. 

Physiological  Effects. — In  the  dose  of  a  tablespoon- 
ful,  cod-liver  oil  acts  as  a  laxative,  diaphoretic,  and 
diuretic.  The  disagreeable  flavor,  especially  of  the 
dark-colored  varieties,  occasionally  creates  nausea 
and  sickness,  but  when  habit  has  surmounted  the 
repugnance  to  it,  these  effects  cease.  In  several  cases 
it  has  proved  an  emenagogue,  and  on  some  occasions 
it  has  given  rise  to  a  cutaneous  eruption.  Dr.  Bards- 
ley  found  that  most  persons  were  disposed  to  fatten 
under  its  use.  According  to  Dr.  Thompson  and  others, 
the  olein  is  the  active  agent,  while  the  presence  or 
absence  of  iodine,  bromine,  et  cetera,  in  the  infinitely 
small  proportions  in  which  they  are  met  with  as  con- 
stituents of  the  oil,  cannot  affect  the  results  of  its 
administration,  and,  in  the  opinion  of  Dr.  Williams, 
cod-liver  oil  affords  fat  of  a  better  kind,  more  fluid,  less 
prone  to  change,  and  more  capable  of  being  absorbed 
into  the  structure  of  the  body,  than  other  forms  of  fat. 
Cod-liver  oil  has  proved  most  useful  in  such  cases  as 
are  of  a  gouty,  rheumatic,  scrofulous,  or  phthisical 
nature.  But  even  in  these  it  requires  a  long-continued 
use  to  prove  successful.  The  oil  is  best  adapted  for 
relaxed,  torpidj  and  phlegmatical  temperaments,  and  for 
scrofulous  subjects.  The  dose  at  the  commencement 
for  an  adult  is  a  tablespoonful,  which  has  been  sometimes 
increased  to  six  times  this  quantity,  and  when  given 
immediately  after  a  farinaceous  meal,  and  without  any 
vehicle,  rarely  creates  nausea  or  vomiting. — Pereira. 

Sperm  Oil. — This  oil  is  obtained  from  the  white 
whale — physeter  macrocephalus.  This,  termed  also 
the  cachalot  and  sperm  whale,  is  remarkable  for  the 
enormous  size  of  its  head,  which  is  square,  and  appa- 
rently cut  off  in  front.  The  animal  is  pursued  chiefly 
for  this  oil,  but  it  yields  also  ambergris.  The  oil  is  met 
with  in  several  parts  of  the  body,,  but  the  head  is  the 
principal  receptacle  of  it.  Here  it  is  found  in  a  large 
excavation  of  the  upper  jaw,  anterior  to,  and  quite  dis- 
tinct from,  the  true  cranium  which  contains  the  brain. 
Like  the  fat  of  other  animals,  this  oil  is  contained  in 
cells,  or  cellular  membrane ;  but  besides  these  cells, 
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there  are  also  ligamentous  partitions  going  across,  which 
serve  as  supports  for  the  enormous  quantity  of  oil  of 
which  the  bulk  of  the  head  is  principally  made  up. 
Sperm  oil  is  extracted  from  the  case  by  means  of  an 
opening  made  in  the  triangular-shaped  cavity  situated 
in  the  right  side  of  the  nose  and  the  upper  surface  of 
the  head,  and  the  liquid  contents  are  removed  by  a 
bucket.  The  dense  mass  of  cellular  tissue  beneath  the 
case  and  nostril,  and  which  is  technically  called  junk, 
also  contains  oil.  Directly  it  leaves  the  skull  of  the 
animal,  the  oil  begins  to  deposit  large  quantities  of 
spermaceti,  in  the  form  of  small  crystalline  lamina?, 
from  which  the  oil  flows  out  by  pressure,  and  is  subse- 
quently purified  by  the  addition  of  a  small  quantity  of 
solution  of  potassa,  which  precipitates  certain  matters 
by  neutralizing  the  acid  that  held  them  in  solution. 
Sperm  oil  is  of  a  yellow  color,  has  a  slightly  unpleasant 
smell,  and  is  well  suited  for  burning  in  lamps.  It 
saponifies  easily,  and  the  soap  obtained  is  brown,  rather 
soft,  and  entirely  soluble  in  water.  According  to 
Hofstadten,  it  contains  spermaceti,  oleic,  valerianic, 
and  physetoleic  acids.  The  formula  for  the  latter  is 
C32H2l)03,  HO.  It  is  colorless,  inodorous,  melts  at  86°, 
and  solidifies  at  82°.  It  does  not  yield  sebacic  acid  by 
distillation,  nor  elaidic  acid  by  the  action  of  nitrous  acid. 

Adulteration  of  Oils. — The  enormous  consump- 
tion of  the  various  kinds  of  oils  in  the  arts,  manufactures, 
and  other  purposes,  renders  it  a  point  of  great  impor- 
tance to  be  able  to  detect  the  admixture  of  one  oil  with 
another  of  inferior  quality,  inasmuch  as,  owing  to  the 
physical  similarity  of  the  several  varieties,  great  temp- 
tation exists  for  the  commission  of  such  frauds.  The 
admixture  of  fish  oil  with  animal  or  vegetal  oils  may 
be  readily  detected  by  the  brown  or  black  hue  pro- 
duced by  the  action  of  a  stream  of  chlorine,  and 
also,  according  to  Calvert,  by  the  reddish  colora- 
tion developed  by  boiling  a  mixture  of  the  oil  with 
solution  of  caustic  soda.  For  the  detection  of  a 
mixture  of  a  siccative  with  a  non-drying  oil,  several 
methods  may  be  applied,  as  that  of  Poutet,  which 
consists  in  the  application  of  protonitrate  of  mercury, 
by  which  the  non-drying  oils  yield  elaidin ;  or  that  of 
Boudet,  which  depends  upon  the  same  reaction,  to 
produce  which,  however,  nitrous  acid  is  substituted  for 
the  mercury  salt ;  and,  in  addition,  the  reaction  dis- 
covered by  Maumene,  who  showed  that  the  non-drying 
oils  give  rise  to  a  much  higher  temperature,  when 
mixed  with  strong  sulphuric  acid,  than  is  the  case 
with  those  belonging  to  the  class  of  siccatives.  The 
fixed  oils  which  may  be  solidified  by  Boudet's  method 
are  those  of  sweet  almonds,  of  filberts,  and  of  colza ;  and 
of  the  drying  oils,  castor  oil  only  is  solidified  by  this 
treatment.  One  hundred  parts  of  the  oils  mentioned, 
when  treated  by  a  mixture  of  nine  parts  of  nitric  acid 
with  one  of  peroxide  of  nitrogen,  require  different 
lengths  of  time  to  become  solid,  as  shown  in  the  table 
subjoined : — 

Color  developed  Number  of 

Olla.  by  addition  of       minutes  required  Proportion, 

the  mixturo.  for  congelation. 

Olive  oil,   Greenish-blue,           73   10'0 

Sweet  almond  oil,  Dirty-white,              ICO   22'2 

Oil  of  Alberts,   Greenish-blue,          103   14-0 

Oil  of  acajou,   Lemon-yellow,....     40   6*0 

Castor  oil,   Golden-yellow,         603    82-6 

Colza  oil,   Yellowish-brown,..  2400    328-0 
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Heidenreich  determines  the  purity  of  the  fixed  oils, 
and  the  admixture  of  cheaper  oils,  approximately,  as 
follows  : — First,  by  observing  the  peculiar  smell  of  the 
oil  when  gently  heated  in  a  small  porcelain  or  platinum 
capsule,  by  means  of  a  spirit  lamp.  The  odor  evolved 
will  resemble  that  of  the  plant  or  animal  from  which 
it  was  obtained.  This  characteristic  is  said  to  be  valu- 
able if  observed  in  conjunction  with  the  genuine  oil, 
and  to  furnish  accurate  indications  of  the  presence  of 
linseed,  whale,  train,  or  rape  oils,  in  any  mixture.  The 
smell  of  the  oil,  however,  as  observed  by  Perrot,  is 
not  always  a  safe  criterion,  since  an  oil  of  the  same 
fruit  or  nut  has  not  always  the  same  odor,  but  differs 
with  the  climate  where  produced,  and  the  varied  mode 
of  extraction.  Heidenreich  further  applies  concen- 
trated sulphuric  acid,  in  the  proportion  of  one  or  two 
parts  per  cent,  of  oil,  and  by  this  admixture  a  very 
intense  action  immediately  ensues,  the  temperature 
rises,  and  the  mixture  becomes  colored.  A  few 
drops  of  the  oil  are  placed  on  a  glass  plate,  hav- 
ing a  sheet  of  white  paper  underneath;  and  to  the 
oil  is  added  a  small  drop  of  srdphuric  acid,  of  specific 
gravity  1/632,  when,  according  to  the  oil  employed,  a 
characteristic  color  will  be  developed  without  stirring. 
In  the  case  of  rape  oil,  a  greenish-blue  ring  gradually 
forms  at  a  certain  distance  from  the  acid;  whilst  towards 
the  centre,  where  the  action  is  more  intense,  light  yel- 
low-brown streaks  may  be  observed.  With  oil  of  black 
mustard,  the  reaction  much  resembles  that  of  rape  oil, 
but  is  more  violent.    In  train  oil,  a  very  peculiar 


motion  occurs,  commencing  at  the  centre,  and  extend- 
ing to  the  outside ;  at  the  same  time  a  red  tint  appears, 
which  grows  more  and  more  vivid,  until  after  ten  or 
fifteen  minutes  the  margin  assumes  a  violet  tinge, 
which,  in  about  two  hours,  is  uniform  throughout. 
Olive  oil  instantly  becomes  pale  yellow,  and  afterwards 
yellowish-green.  In  poppy  and  sweet  almond  oils,  the 
color  developed  resembles  that  of  the  greenfinch,  but 
afterwards  becomes  of  a  dead  yellow  hue.  In  linseed 
oil,  a  beautiful  dark  brownish  red  web  is  formed,  gra- 
dually changing  into  brownish-black.  Lastly,  tallow  oil 
is  rendered  brown. 

If,  in  the  process  of  Heidenreich,  instead  of  the 
acid  being  allowed  to  act  on  the  oil  undisturbed, 
the  two  liquids  are  stirred  together  by  means  of  a 
glass  rod,  the  phenomena  vary  from  those  above  de- 
scribed. 

Perrot,  reviewing  the  process  of  Heidenreich, 
directs  twenty  drops  to  be  employed ;  and  instead  of  the 
glass-plate  and  white  paper,  he  uses  capsules  of  white 
porcelain.  In  the  place  of  sulphuric  acid,  he  used  also 
a  saturated  solution  of  bichromate  of  potassa  in  this 
acid,  and  in  the  proportion  indicated  above,  namely, 
one  drop  to  twenty  of  oil.  In  applying  this  method,  it 
is  always  necessary,  to  insure  greater  certainty,  to  com- 
pare the  effects  upon  the  oil  to  be  examined,  with  an 
oil  the  purity  of  which  is  undoubted.  The  appended 
table  shows  the  reactions  produced  by  sulphuric  acid 
alone,  and  by  the  solution  of  bichromate  in  the 
acid : — 


Solution  of  bichromate  of  potassa  ill 
sulphuric  acid. 


Tallow  oil,  

Sweet  almond  oil,  . 

Train  oil,  

Hemp-seed  oil,  

Rape-seed  oil,  

Fish-liver  oil,  , 

Linseed  oil,  

Oil  of  madia  sativa, 

Nut  oil,  

Olive  oil,  

Poppy  oil,  

Neat's-foot  oil,  

Castor  oil,  


Reddish  spots  with  reddish 
circles. 

Greenfinch  yellow,  with  orange 
spots. 

Brown  small  lumps  on  a 

brown  ground. 
Keddish  small  lumps  on  a 
yellow  ground. 
Scarcely  perceptible  spots,  or 
slight  green  coloration. 
Dark-red. 
Reddish-brown. 


Slightly  reddish-brown,  under- 
neath a  film  inclining  to  grey. 
Yellowish-brown. 
Yellow,  or  orange-yellow. 
Yellow,  or  greenish-yellow 
spots. 
Yellow  slight  spots. 

Yellow  slight  spo'a. 


Reddish-brown. 

Dirty- green. 

Lees  of  wine. 

Greenish-brown. 

Green. 

Dark -red. 
Clotted  on  a  grey  or  green 
ground. 

OHve-green. 

Clotted  dark-brown. 
Dirty -brown. 
Olive  or  slightly  green. 

Dirty-brown. 

Almost  colorless. 


Reddish-brown. 

Yellowish  small  lumps. 

Brownish-red  small  lumps  on 

a  red  ground. 
Yellow  small  lumps  on  a  green 
ground. 

Yellow  small  lumps  on  a  green 
ground. 
Dark-red. 
Brown  small  lumps  on  a 
nearly  colorless  or  slightly 
green  ground. 
Light-brown  small  lumps  on 
an  olive-colored  ground. 
Small  brown  lumps. 
Brown. 

Small  yellow  lumps  on  a  yellow 
or  colorless  ground. 
Brown  spots  on  a  similar 
ground. 
Slightly  green. 


The  action  of  the  reagent  upon  the  oil  is  not  the 
same  under  all  circumstances,  but  differs  with  the 
place  of  its  growth,  the  manner  of  pressing,  and  its  age. 
If,  however,  any  oil  he  examined  comparatively  with  a 
perfectly  pure  one,  the  proof  of  sophistication  may  be 
rendered  pretty  certain  by  observing  the  difference. 
After  the  discovery  of  fraudulent  admixture,  the  oil  is 
tested  to  ascertain  the  adulterant,  either  by  reagents,  or 
by  the  odor  evolved  when  gently  heated  as  before  men- 


tioned. This  having  been  found  out,  small  quantities 
of  the  suspected  oil  are  added  to  a  perfectly  pure 
sample  of  the  kind  of  oil  under  examination,  and  by  this 
means  the  proportion  of  the  mixed  oils  may  be  approxi- 
mately estimated.  Several  cases  of  adulterated  oils 
have  lately  been  submitted  to  the  Editor ;  and  by 
carefully  observing  the  reactions  specified  he  has  been 
able  to  state,  to  a  certainty  almost,  the  per-centage  of 
foreign  oil  in  each  sample. 


m 


GENERAL  table  of  reactions. 


OHa. 

Caustic  soda, 
spec,  gravity  l'S40, 

Sulphuric  acid, 
spec,  gravity  1"475, 

Sulphuric  ncid, 
spec,  gravity  1530. 

Sulphuric  acid, 
spec,  gravity 
1K85. 

Nitric  acid, 
spec,  gravity 
li8U. 

Kitric  acid, 
spec  gravity  1"220. 

Kitric  acid,         i       Caustic  soda, 
spec,  gravity  1-330.  "T*  spec,  gravity  ]-34D. 

Phosphoric 
acid, 

Sulphuric  acid 
'f+  "d 

I        Caustic  soda, 
Aqua  regia.  -\~  gpec_  eravity  1440 

Olive,  

slight  yellow. 

green  tinge. 

greenish- white . 

light-green. 

greenish. 

greenish. 

greenish. 

fluid  white 
mass. 

slight 
green. 

orange- 
yellow. 

fluid  white 
mass. 

Gallipoli, .... 

ditto. 

ditto. 

grey. 

brown. 

ditto. 

ditto. 

ditto. 

fibrous  white 
mass. 

ditto. 

dark- 
brown. 

fibrous  yellow- 
ish-white mass. 

India  nut,..  -. 

thick  and  white. 

dirty  white. 

light-brown. 

— 

— 

ditto. 

- 

orange- 
white. 

fibrous  white 
mass. 

Pale  rapeseed, 

dirty  yellowish- 
white. 

—  ' 

pink. 

brown. 

- 

- 

fluid  white 
mass. 

- 

dark- 
brown. 

fibrous  yellow- 
ish-white mass. 

ditto. 

dirty  white. 

- 

- 

yellowish-red. 

red. 

light-red  fluid 
mass. 

- 

slight 
yellow. 

fluid  intense 
rose-colored 
mass. 

French  nut,... 

ditto. 

brownish. 

grey. 

brown. 

yellow. 

red. 

dark  red. 

fibrous  red 
mass. 

brown 
yellow. 

dark- 
brown. 

yellow. 

fibrous  orange 
mass. 

ditto. 

green  tinge. 

greenish  dirty 
white. 

orange- 
yellow. 

ditto. 

ditto. 

fluid  red  mass 
with  brown  li- 
quor beneath. 

green,  be- 
coming in- 
tense red. 

ditto. 

fluid  orange 
mass  with  brown 
liquor  beneath. 

white. 

— 

dirty  white. 

— 

" 

— 

fibrous  white 

brownish- 

— 

fibrous  pale 

mass. 

red. 

rose-colored 
mass. 

Eempseed,  . . 

thick  brownish- 
yellow. 

intense  green. 

intense  green. 

intense  green. 

dirty  green. 

greenish  dirty 
brown. 

greenish  dirty 
brown. 

fibrous  light 
brown  mass. 

green. 

green, 
becoming 
black. 

green. 

fibrous  light- 
brown  mass. 

fluid  yellow. 

green. 

dirty  green. 

green. 

yellow. 

yellow. 

green  becom- 
ing brown. 

fluid  yellow 
mass. 

brown  yel- 
low green. 

ditto. 

greenish- 
yellow. 

fluid  orange 
mass. 

Lard,  %  

pinkish-white. 

dirty  white. 

dirty  white. 

light-brown. 

- 

very  slight 
yellow. 

fluid  mass. 

brown. 

fluid  pink  mass. 

Neat's-foot, . . 

dirty-yellowish 
white. 

yellow  tinge. 

brownish  dirty 
white. 

brown. 

light-yellow. 

light-yellow. 

light-brown. 

fibrous  white 
mass. 

dark 
brown. 

slight 
yellow. 

fibrous 
brownish-yellow 
mass. 

Sperm,  

dark-red. 

light-red. 

fed. 

intense 

slight  yellow. 

ditto. 

red. 

fluid  mass. 

dark-red. 

dark- 

ditto. 

fluid  orange 

brown. 

brown. 

yellow  mass. 

ditto. 

ditto. 

ditto. 

ditto. 

pink. 

light  red. 

ditto. 

ditto. 

ditto. 

ditto. 

ditto. 

ditto. 

Cod  liver,  — 

ditto. 

purple. 

purple.  * 

ditto. 

ditto. 

ditto. 

ditto. 

ditto. 

yellow. 

ditto. 
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OIL- 


-Statistics. 


Another  systematic  method  for  testing  the  purity  of 
oils,  for  which  chemists  are  indebted  to  Calvert,  has 
been  lately  published,  and  goes  far  to  solve  this  most 
intricate  department  of  analytical  chemistry.  It 
consists  in  the  employment  of  caustic  alkali,  and  of 
various  acids  at  different  degrees  of  dilution,  as  well  as 
mixtures  of  acids,  and  of  acids  and  alkalies,  successively 
applied.  The  preceding  table,  constructed  by  this  che- 
mist, indicates  the  reactions  depended  upon.  The  first 
test  in  the  list  is  employed  in  the  proportion  of  one 
volume  of  solution  to  five  of  oil,  and  is  especially  valu- 
able to  distinguish  fish  from  other  vegetal  and  animal 
oils.  The  test  and  oil  are  to  be  well  mixed,  and  then 
heated  to  the  point  of  ebullition.  In  the  case  of  sul- 
phuric acid,  the  same  proportions  as  of  caustic  soda  are 
employed  in  each  case,  and  the  mixture  well  agitated. 
With  the  acid,  of  specific  gravity  1-475,  the  appearance 
is  noted  after  standing  fifteen  minutes;  with  that  of 
1-530  after  reposing  five  minutes ;  and  with  that  having 
the  density  1-635,  after  two  minutes.  With  nitric  acid, 
the  mixture  is  made  in  a  like  proportion  in  each  case, 
and  the  reaction  noticed  after  five  minutes.  The  caus- 
tic soda  and  nitric  acid  are  applied  together,  by  adding 
ten  volumes  of  the  former  to  five  of  the  oil  which  has 
just  been  acted  upon  by  one  of  nitric  acid.  The  phos- 
phoric acid  is  employed  precisely  as  the  other  acids,  and 
is  extremely  sensitive  in  the  case  of  fish  oils.  The 
sulphuric  and  nitric  acids  are  used  in  the  proportion  of 
one  volume  of  a  mixture  of  equal  measures  of  acid  with 
five  of  oil,  and  the  appearance  is  observed  after  the 
lapse  of  two  minutes.  This  test  is  especially  applicable 
to  the  detection  of  oil  of  sesamum  in  admixture  with 
other  oils.  Lastly,  the  aqua  regia  employed  is  com- 
posed of  twenty-five  volumes  of  hydrochloric  acid,  of 
specific  gravity  1-G55,  and  one  of  nitric  acid,  of  specific 
gravity  1-330,  and  is  allowed  to  remain  at  rest  about 
five  hours.  The  reactions  given  are  those  that  ensue 
when  a  mixture  of  five  volumes  of  oil  with  one  of  aqua 
regia  is  agitated,  and  allowed  to  stand  five  minutes. 
On  the  subsequent  addition  of  caustic  alkali  to  this 
mixture,  a  very  vivid  and  distinct  coloration  is  per- 
ceptible in  many  cases,  and  this,  with  the  other  appear- 
ances mentioned,  render  this  last  a  most  valuable  agent 
for  the  detection  of  several  instances  of  admixture. 

Statistics. — Of  the  six  principal  vegetal  oils, 
namely,  palm,  cocoa  nut,  castor,  olive,  linseed,  and 
rape,  the  first  four  are  imported  in  the  state  of  oil  only ; 
the  last  two,  chiefly  as  seed.  The  following  table  exhi- 
bits the  proportions  of  the  latter  imported  in  the  year 
1850 :— 

Linseed.  Bapcsced. 
Quarters.  Quarters. 

Eussia,   482,813  ....  3,235 

Sweden,                               870    — 

Norway,   268  ....  — • 

Denmark,                              37    3,092 

Prussia   87,273  ....  645 

Hanse  Towns,   1,153....  2,872 

Holland,   7,734  ....  201 

Naples,   1,476  ....  — 

Austrian  territories,                  40   2,480 

Greece,   —      ....  1,637 

Wallachia  and  Moldavia,..        910   1,280 

Egypt,   17,517  ....  — 

East  Indian  empire              26,142    13,126 

Miscellaneous,                       262    922 

Total,   626,495  ....  29,490 


The  quantity  of  the  four  principal  vegetal  oils  im- 
ported in  1850  and  the  preceding  two  years,  is  shown 
by  the  following  table  : — 

Hundredweights. 


Palm  oil   510,218  . 

Cocoa-nut  oil,   85,463  . 

Castor  oil,   4,588  . 


1819. 
..  493,331 
. .  64,452 
. .  9,681 

Tuns. 


I860. 

448,589 
98,040 


Olive  oil   10,086 


16,964    20,783 


The  proportion  in  which  these  oils  were  furnished  by 
various  countries  in  1849,  was  : — 


Pulm  oil. 
Hundredweights. 

"Western  Africa         475,364  . . . 

United  States,   13,349 

Naples  and  Sicily,... 

East  Indies,  

Canary  Islands, .... 

Malta,  

Turkish  Empire, . . . 

Tuscany,  

Spain,  

Brazil,  

Ionian  Islands  

Morocco,  

Madeira  

Sardinia,  

Miscellaneous  


Olive  on. 
Tuus. 
1 


Castor  oil. 
Hundredweights. 


14  9,661 


3,719 


525 


353 


2,237 
1,712 
832 
753 

506 
368 

333 
461 


290 
9,315 


11 

65 


Total,  . 


493,331   16,864    9,681 


The  subjoined  table  exhibits  the  proportions  of  the 
several  fixed  oils  and  seeds  entered  in  the  port  of  Liver- 
pool in  1849  and  1850,  from  the  countries  named : — 


Poppy  seed, , 
Ground  nut, 

Castor,  

Castor  seed,. 

Eape,  

Rapcseed, . . 
Olive  


East  and  West  Indies, 

Lisbon,  

Antwerp  

Antwerp,  

Manilla,  

Barbary,  

Malaga,  

Levant  

Corfu  

Leghorn,  

Palermo,  

Gallipoli,  


1819. 

1850. 

Tuns. 

Tuns. 

3 

80 

90 

5 

45 

700 

6 

15 

3 

5 

56 

8 

2,785 

2,330 

246 

1,243 

2,100 

280 

762 

15 

2,785 

8 

2,420 

4,815 

At  the  Great  Exhibition  a  class  of  substances  was 
exhibited,  under  the  head  of  Oils,  -which  are  likely  to 
prove  of  great  commercial  importance,  as  they  possess 
properties  differing  from  the  finest  vegetal  oils;  and 
some  of  them  can,  it  appears,  be  supplied  in  large 
quantities,  and  at  moderate  cost.  The  jury,  with  a 
view  to  mark  their  appreciation  of  this  class,  awarded 
a  prize  medal  to  E.  Clakence,  Cape  of  Good  Hope, 
for  oil  obtained  from  sheep's  tails ;  and  honorable 
mention  to  several  exhibitors  from  the  United  States, 
for  oil  obtained  from  lard,  by  pressure,  at  a  very  low 
temperature.  The  collection  of  oils  exhibited  by  the 
East  India  Company  was  very  extensive,  and  contained 
a  large  number  of  highly  interesting  specimens. 

In  concluding  this  article,  the  Editor  must  express 
his  thanks  to  his  talented  student,  Mr.  J.W.  Kikaston 
of  Lincolnshire,  for  his  very  kind  and  valuable  assist- 
ance 
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OPIUM — English,  French,  German,  and  Latin 
— is  the  inspissated  juice  of  the  head  of  the  poppy 
— Papaver  somniferum.  The  word  is  derived  from 
the  Arabic  afioum.  The  poppy  is  very  extensively 
cultivated  in  Asiatic  Turkey,  Egypt,  Persia,  India, 
and  occasionally  in  France,  Germany,  and  England. 
The  young  plants  are  set  in  rows,  about  six  inches 
asunder,  and  at  first  watered  abundantly.  When 
about  six  or  eight  inches  high  they  are  richly  manured, 
and  again  abundantly  irrigated  as  they  are  about  to 
flower.  When  the  capsules  or  seed  vessels  are  nearly 
full-grown,  the  collection  of  the  opium  commences.  For 
this  purpose  a  body  of  women  or  children  go  over  the 
fields  about  sunset,  and  make  a  number  of  parallel 
longitudinal  incisions  in  each  head,  taking  care  not  to 
p.„  377.  penetrate  into  the  cavity 

etftpfo*!  where  the  seed  is  lodged. 

This  is  done  with  sharp 
shells,  or  preferably  with 
a  knife  called  a  nushtur, 
which  consists  of  three 
or  four  blades  tied  to- 
gether, so  as  to  make 
fine  parallel  gashes. 
Through  these  incisions 
the  juice  flows,  and  is 
scraped  off  early  in  the 
morning,  and  put  into 
earthen  pots,  to  be  dried 
in  the  sun.  To  this  is  frequently  added  an  inferior 
matter,  obtained  by  subjecting  the  heads  to  pressure, 
and  even  by  boiling  the  heads  in  water,  and  concen- 
trating the  extract.  The  greatest  yield  of  good  opium 
in  India  is  stated  at  forty-one  pounds  per  acre,  and 
the  average  at  from  twenty  to  twenty-five  pounds. 

Varieties. — The  quality  of  opium  varies  greatly, 
according  to  the  country  where  it  has  grown,  the 
species  of  poppy  cultivated,  the  nature  of  the  season, 
and  the  care  taken  in  its  collection  and  preservation. 
Some  varieties  are  inferior  to  others,  in  the  ratio  of 
three  to  one.  In  the  European  markets  the  preference 
is  given  to  the  opium  of  Smyrna.  This  sort  comes 
into  the  market  in  soft  lumps,  of  greater  or  less  bulk, 
the  surface  of  which  is  covered  with  dock  seeds,  from 
the  leaves  in  which  they  have  been  folded.  It  is  light- 
colored  internally,  but  the  surfaces,  when  broken  or  cut, 
darken  on  exposure  to  the  air.  The  smell  is  strong 
and  peculiar,  and  the  taste  bitter  and  acrid.  It  con- 
tains ten  to  fourteen  per  cent,  of  morphin. 

The  opium  of  Constantinople  is  found  in  regular  flat 
cakes  or  loaves,  covered  with  poppy  or  tobacco  leaves. 
I? is  drier  than  the  Smyrna  variety,  and  even  brittle. 
In  the  hand  it  softens,  and  furnishes  a  fawn-colored 
paste,  which  turns  brown  on  exposure  to  the  air.  It 
smells  like  the  Smyrna  opium,  but  fainter.  Its  yield 
of  morphin  is  six  or  seven  per  cent. 

The  Egyptian  or  Alexandrian  opium  comes  into  the 
market  in  small,  very  dry,  and  very  flat  loaves,  very 
clean  at  the  surface,  and  showing  scarcely  a  trace  of  the 
leaves  in  which  they  have  been  folded.  Its  color  is 
dark-brown  ;  its  fracture  clean  and  shining.  It  has  a 
very  feeble  smell,  and  contains  only  three  or  four  per 
cent,  of  morphin. 
vol.  n. 


The  opium  of  India  is  found  in  rounded  masses  of  a 
darker  hue,  and  more  smooth  and  soft  texture.  It 
has  ah  empyreumatic  smell,  and  a  less  bitter  but  more 
nauseous  taste.  It  is  wholly  soluble  in  water,  and  con- 
tains more  or  less  sulphate  of  lime.  Its  per  centage  of 
morphin  is  two  to  five. 

English  and  German  opium  resembles  the  East 
Indian  in  appearance,  but  is  lighter  in  hue,  and  in 
quality  equals  the  very  best  Smyrna.  Opium  col- 
lected in  France  has  yielded  sixteen  to  twenty-eight 
per  cent,  of  morphia.  The  fickleness  of  the  climate, 
and  above  all  things  the  high  price  of  labor,  render  it 
very  improbable  that  opium  can  ever  be  advantageously 
cultivated  in  Western  Europe. 

Properties. — Genuine  opium  has  a  heavy  narcotic 
smell,  a  very  disagreeable  bitter  taste,  with  a  warmish 
and  subacrid  after-taste.  It  should  be  of  a  rich  deep 
fawn  color,  or  brown,  of  a  tough  plastic  consistency, 
and  a  smooth  uniform  texture,  marking  paper  with  an 
interrupted  streak.  Its  specific  gravity  is  1'336,  which 
is  one  of  the  proofs  of  its  purity,  as  few  vegetal  sub- 
stances are  so  heavy,  except  gum-arabic  and  opoponax. 
Bad  opium  wants  the  peculiar  narcotic  odor;  it  is  friable 
or  soft,  full  of  dark-brown  or  black  patches,  or  is  all  of 
a  deep  black,  marks  with  a  continuous  brown  streak, 
tinges  water  yellow,  easily  melts  when  exposed  to  heat, 
and  tastes  sweetish. 

Opium  is  soluble  in  water,  alcohol,  and  ether,  and 
more  readily  in  proof  spirit.  It  also  dissolves  in 
acetic,  citric,  or  any  of  the  vegetal  acids  in  solution. 
Boiling  water  dissolves  about  forty-one  per  cent.,  holds 
fifty  per  cent,  hi  solution,  and  leaves  the  remaining 
nine  untouched. 

Opium  is  of  an  exceedingly  complicated  nature. 
Besides  moisture,  gum,  caoutchouc,  lignin,  and  basso- 
rin,  it  contains  at  least  thirteen  or  fourteen  distinct 
principles,  most  of  which  occur  in  no  other  substance. 
Of  these,  nine  are  of  a  basic  or  alkaline  nature — mor- 
phin, codein,  narcotin,  narcein,  paramorphin,  papaverin, 
opianin,  narcogeuin,  and  pseudomorphin ;  two  are 
neutral,  meconin  and  porphyroxin ;  whilst  four,  meco- 
nic  acid,  a  brown  extractive  matter,  a  resin,  and  a  fixed 
oil,  possess  acid  properties ;  and  an  essential  or  volatile 
oil  is  too  little  known  to  admit  of  classification. 

These  substances  occur  in  varying  proportions,  some 
of  them  in  very  minute  traces,  whilst  others  are  in 
many  samples  entirely  wanting.  It  is  still  doubtful 
whether  all  actually  exist  as  such  in  crude  opium,  or 
whether  some  of  them  are  not  alteration  products, 
formed  by  the  influence  of  the  reagents  used  to  effect 
their  extraction.  It  is  also  questionable,  as  far  at  least 
as  the  basic  constituents  of  opium  are  concerned, 
whether  they  are  totally  distinct  and  unconnected  prin- 
ciples, or  merely  successive  modifications  of  one  or  two 
bodies. 

Proximate  Principles. — The  Editor  will  next  pass 
to  a  description  of  the  various  constituents  of  opium, 
with  their  methods  of  extraction. 

Morphin. — This,  the  most  important  constituent  of 
opium,  was  discovered  in  1816  by  Sertuerner.  Its 
composition  is  indicated  by  the  formula  Hao  N  06, 
and  its  symbol  is  M.  It  crystallizes  in  four-sided  prisms 
of  an  adamantine  lustre,  containing  two  equivalents, 
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or  5'73  per  cent,  of  water,  which  is  expelled  at  248°. 
At  higher  temperatures  it  fuses  into  a  yellow  liquid; 
and  is  subsequently  decomposed. 

This  alkaloid  is  inodorous,  strongly  bitter,  insoluble 
in  cold  water.  It  dissolves  in  ninety-two  parts  of  boiling 
water,  and  is  again  deposited  in  crystals  as  the  solu- 
tion cools.  It  dissolves  in  forty  parts  of  anhydrous 
alcohol,  and  in  about  thirty  of  proof  spirit  at  a  boiling 
temperature.  It  is  sparingly  soluble  in  ether,  but 
readily  in  the  fatty  and  essential  oils.  It  dissolves  in 
the  fixed  caustic  alkalies,  and  to  a  small  extent  in 
ammonia.  In  nitric  acid  it  dissolves  with  a  blood-red 
color.  Morphin  ranks  amongst  the  more  powerful  bases ; 
its  solutions  redden  turmeric  paper,  and  turn  violet  paper 
green.  If  thrown  in  powder  into  a  saturated  solution 
of  the  sesquisulphate  of  iron,  as  nearly  neutral  as  pos- 
sible, it  strikes  a  blue  color.  The  sulphate  of  this  base 
is  formed  whilst  the  iron,  reduced  from  sesquioxide  to 
protoxide,  combines  with  morphia  acid,  a  product  of  the 
decomposition  of  a  part  of  the  morphin.  Morphin  de- 
composes iodic  acid  in  solution,  setting  the  iodine  free, 
whilst  the  other  organic  ingredients  combine  with  the 
acid  to  form  iodates.  This  reaction  is,  therefore,  used 
for  the  detection  of  morphin.  The  solution  in  question 
is  rubbed  in  a  mortar  with  a  little  mucilage  of  starch. 
A  few  drops  of  iodic  acid,  or  of  a  dilute  solution  of  the 
perchloride  of  iodine,  are  then  added.  The  blue  tint 
which  iodine  forms  with  starch  is,  in  this  case,  a  proof  of 
the  presence  of  the  alkaloid. 

"Where  alcohol  is  dear,  the  process  of  Gregory  and 
Robertson  will  be  found  preferable.  These  chemists 
extract  a  known  weight  of  opium  in  cold  water,  and 
evaporate  to  the  consistence  of  sirup.  It  is  then 
redissolved  in  water,  and  again  concentrated.  To 
the  boiling  liquid  dry  chloride  of  calcium  is  added, 
in  the  proportion  of  nearly  one-fourth  of  the  opium 
employed.  The  chloride  of  calcium  must  be  perfectly 
free  from  iron,  otherwise  the  deep-red  meconate  of  iron 
will  be  produced,  and  greatly  impede  the  purification. 
The  hot  liquid  is  now  mixed  with  cold  water,  which 
throws  down  meconate  and  sulphate  of  lime,  coloring 
matter,  resin,  and  the  volatile  oil  of  opium. 

The  precipitate  is  filtered  off,  and  the  clear  liquid 
concentrated,  when  a  fresh  deposit  of  meconate  of  lime 
will  be  formed.  Filter  again,  wash  the  precipitate  on 
the  filter  with  a  little  cold  water,  and  add  the  washings 
to  the  filtrate.  This  is  now  evaporated  down  to  the 
consistence  of  sirup,  and  allowed  to  stand  for  some 
days.  There  is  then  obtained  a  crystalline  mass — 
a  double  salt  of  morphin  and  codein — and  a  dark 
mother-liquor,  containing  an  acid  meconate  of  lime,  a 
little  morphin,  and  the  narcein,  meconin,  narcotin,  and 
paramorphin. 

The  crystalline  mass  is  drained,  pressed  between 
sheets  of  bibulous  paper,  redissolved  in  water,  acidula- 
ted with  a  very  little  hydrochloric  acid,  and  evaporated 
to  crystallization.  The  mother-liquor,  on  concentra- 
tion, generally  yields  a  further  deposit.  The  crystals 
are  redissolved  in  hot  water,  the  solution  neutralized 
with  a  little  chalk,  and  treated  with  animal  charcoal. 
The  amount  of  water  must  be  enough  to  retain  the  salt 
in  solution  on  cooling,  and  the  temperature  must  not 
exceed  190°.    After  twenly-four  hours  the  solution  is 


filtered,  and  a  few  drops  of  acid  added,  which  favors 
the  crystallization.  The  crystals  are  redissolved  and 
again  crystallized,  pressed  between  bibulous  paper 
and  dried  in  the  stove.  The  mother-liquor  is  treated 
in  the  same  manner  with  chalk  and  charcoal. 

The  salt  obtained  in  this  manner  is  a  double  one, 
free  from  narcotin.  It  is  dissolved  in  water,  boiled, 
and  treated  with  ammonia,  which  precipitates  the 
morphin.  This  is  filtered  off,  washed  with  a  little  cold 
water,  and  dried.   From  the  filtrate  codein  is  obtained. 

Morphin  is  often  contaminated  with  narcotin,  which 
may  be  entirely  removed  by  ether,  or  the  impure  mass 
may  be  treated  with  very  dilute  acetic  acid  which  dis- 
solves the  former,  leaving  the  latter  untouched.  To 
determine  the  purity — from  narcotin — of  any  sample 
of  morphin,  it  may  be  dissolved  in  hydrochloric  acid, 
and  treated  with  caustic  potassa  in  excess,  in  which 
the  morphin  will  entirely  dissolve,  while  any  narcotin 
present  remains  untouched.  If  a  very  small  portion  of 
morphin  is  placed  in  a  watch-glass  with  a  little  pure 
sulphuric  acid  and  an  equal  quantity  of  water,  and  if  a 
particle  of  bichromate  of  potassa  be  added,  a  nickel 
green  color  appears,  which  changes,  first  to  a  copper 
green,  and  finally,  to  a  dark  dirty  green. 

The  salts  of  morphia  are  mostly  crystalline,  bitter, 
very  soluble  in  alcohol,  but  insoluble  in  ether.  They 
are  precipitated  from  their  solutions  by  alkaline  car- 
bonates; caustic  alkalies  added  in  excess  redissolve  the 
precipitates.  They  are  thrown  down  by  infusion  of  gall 
nuts ;  they  strike  a  blue  color  with  the  neutral  sesqui- 
salts  of  iron,  and  decompose  iodic  acid  in  the  same 
manner  as  free  morphin.  Terchloride  of  gold  precipi- 
tates the  salts  of  morphin  with  a  yellow  color,  which 
changes  to  blue.  Nitrate  of  silver  communicates  to 
them  a  blackish-grey  color,  and  is  gradually  reduced. 

Codein  was  discovered  by  Eobiqoet  in  1833.  The 
anhydrous  substance  consists  of  C^  H20  N05.  Ander- 
son and  Begnault  give  the  formula  CS6  Ha  N06. 
By  solution  in  water,  or  in  aqueous  ether,  it  is  obtained 
in  crystals  often  of  considerable  size,  belonging  to  the 
right  prismatic  system,  but  presenting  a  considerable 
number  of  modifications.  These  crystals  contain  two 
equivalents,  or  5- 67  per  cent,  of  water,  which  they  lose 
at  elevated  temperatures,  and  at  302°  fuse  without 
decomposition  or  volatilization.  One  hundred  parts  of 
water  at  60°  dissolve  T26  of  codein,  at  110°,  3-7,  and 
at  212°,  5-9  parts.  If  more  codein  is  present  than 
boiling  water  can  dissolve,  the  undissolved  portion  fuses 
and  forms  a  kind  of  oily  layer  at  the  bottom  of  the 
vessel.  It  dissolves  in  alcohol,  more  readily  when  hot 
than  when  cold,  and  is  taken  up  very  freely  by  ether. 
It  is  insoluble  in  very  highly  concentrated  solutions  of 
potassa,  which,  joined  to  its  behavior  with  ether,  distin- 
guishes it  from  morphin. 

Codein  is  a  very  powerful  base ;  it  turns  red  litmus 
paper  blue,  and  precipitates  the  oxides  of  lead,  iron, 
cobalt,  and  nickel  from  their  solutions.  It  is  precipi- 
tated from  the  solutions  of  its  salts  by  potassa  and  by 
ammonia ;  in  the  latter  case,  however,  it  does  not  fall 
immediately,  but  is  slowly  deposited  as  small  trans- 
parent crystals. 

Codein  is  obtained  from  the  last  filtrate  in  Gregory 
and  Bobektson's  process  for  preparing  morphin.  As 
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the  codein  forms  only  from  one-sixteenth  to  one-thirtieth 
of  the  morphin,  it  is  of  course  mixed  in  this  fluid  with 
a  corresponding  amount  of  chloride  of  ammonia,  which 
must  first  be  decomposed  by  potassa.  Much  advantage 
is  gained  by  first  evaporating  the  liquid  to  crystallization, 
and  pressing  the  crystals  first  deposited :  as,  however, 
they  are  but  little  less  soluble  than  chloride  of  ammonia, 
this  process  must  not  be  earned  too  far,  or  much  of 
the  codein  will  be  wasted.  The  crystals  so  obtained 
are  dissolved  in  boiling  water,  and  a  highly  concen- 
trated solution  of  caustic  potassa  is  added  in  excess. 
Codein  is  in  part  precipitated  as  an  oily  liquid,  which 
gradually  concretes  into  a  solid  mass,  and  in  part  depo- 
sited as  crystals  when  the  liquid  cools.  By  evaporating 
the  fluid  another  crop  of  crystals  is  obtained,  and  finally, 
when  the  mother-liquor  has  been  very  highly  concen- 
trated, it  is  filled,  on  cooling,  with  morphin  in  long  silky 
crystalline  needles. 

The  crystals  of  codein  thus  obtained  are  dissolved  in 
hydrochloric  acid,  boiled  with  animal  charcoal,  and 
reprecipitated  with  a  slight  excess  of  potassa.  The 
precipitate  is  finally  dissolved  in  ether,  which  ought  to 
be  free  from  alcohol,  and  allowed  to  crystallize. 

The  salts  of  codein  are  for  the  most  part  soluble  and 
crystalline.  Their  solutions  give  with  bichloride  of 
platinum  a  pale-yellow  pulverulent  precipitate;  with 
chloride  of  mercury  a  white  precipitate,  soluble  in 
boiling  water  and  alcohol ;  and  with  chloride  of  palla- 
dium, a  yellow  precipitate,  which  is  decomposed  on 
boiling,  with  separation  of  the  metal. 

Narcotin  consists  of  CM  NOH.  It  is  a  white 
inodorous  substance,  forming  prismatic  crystals,  which 
fuse  at  338°,  and  solidify  at  266°,  the  solidification 
being  attended  with  a  loss  of  weight  amounting  to 
three  or  four  per  cent.  If  it  is  cooled  slowly,  several 
centres  of  crystallization  form  at  its  surface  and  gra- 
dually increase  in  size.  It  is  insoluble  in  cold,  and 
requires  five  hundred  parts  of  boiling  water  for  solution. 
It  dissolves  in  one  hundred  parts  of  seething  alcohol, 
but  is  taken  up  more  readily  by  this  menstruum  at 
the  boiling  point.  It  is  very  soluble  in  ether,  in  the 
fatty  and  the  essential  oils. 

Narcotin  is  without  action  on  the  sesquisalts  of  iron, 
on  iodic  acid,  and  the  terchloride  of  gold.  Nitric  acid 
colors  narcotin  an  orange-red.  In  sulphuric  acid, 
containing  about  one-thousandth  of  nitric  acid,  the 
liquid  assumes  in  the  course  pf  seven  or  eight  minutes 
an  intense  blood-red  color,  which  the  addition  of  more 
nitric  acid  destroys.  Peroxide  of  nitrogen  acts  so  ener- 
getically upon  narcotin,  that,  if  the  quantity  be  not 
very  small,  ignition  ensues  in  a  few  seconds. 

To  prepare  narcotin,  the  grounds  left  after  the  ex- 
traction of  opium  by  water  are  boiled  with  dilute  acetic 
acid,  the  liquid  is  strained  and  filtered,  and  the  clear 
liquid  is  precipitated  by  ammonia.  The  precipitate 
is  then  redissolved  in  strong  boiling  alcohol,  along  with 
a  little  animal  charcoal.  The  solution  is  filtered  whilst 
boiling,  and,  as  it  cools,  narcotin  is  deposited  in  crystals. 

Narcotin  combines  with  the  more  powerful  acids, 
forming  salts  which  are  intensely  bitter.  They  are 
thrown  down  from  their  solutions  by  infusion  of  gall- 
nuts,  and  by  the  caustic  alkalies;  but  the  precipitate 
caused  by  the  latter  does  not  redissolve  in  excess. 


Narcein — C16  NO,8 — is  extracted  from  the  dark- 
brown  mother-liquor  obtained  in  the  preparation  of 
morphin.  It  is  sparingly  soluble  in  water,  insoluble 
in  ether,  but  very  soluble  in  alcohol.  It  forms  fine 
silky  crystals,  which  have  a  metallic  taste.  It  dis- 
solves in  dilute  acids,  but  without  neutralizing  them, 
and  the  solutions  on  evaporation  deposit  narcein  un- 
altered. It  is  colored  blue  by  strong  acids  and  by 
chloride  of  calcium,  but  not  by  sesquisalts  of  iron. 

Paramorphin  or  thebain — was  discovered  by  Tni- 
boumery,  and  was  examined  by  Kane,  who  assigns 
to  it  the  formula  Ux  H3,  NOs.  Paramorphin  is  strongly 
analogous  to  narcotin ;  but  it  crystallizes  in  short  needles, 
fuses  at  a  much  lower  temperature — 266° — is  much 
more  readily  soluble  in  alcohol,  and  its  taste  is  acrid 
rather  than  bitter.  It  has  an  alkaline  reaction,  and 
combines  with  acids,  forming  crystalline  salts.  I:  is 
obtained  by  extracting  opium  with  excess  of  lime, 
treating  the  residue  with  a  dilute  acid,  and  precipitat- 
ing with  ammonia.  The  powder  is  treated  by  alcohol, 
which,  on  evaporation,  leaves  paramorphin  in  crystals. 

Papaverin  was  first  obtained  by  Merck.  It  has  the 
formula  CM  H2,  N08.  It  is  insoluble  in  water,  and 
sparingly  soluble  in  cold  alcohol  and  ether,  but  dis- 
solves more  freely  on  the  application  of  heat,  and  is 
deposited  in  irregularly  agglomerated,  colorless,  pris- 
matic crystals.  When  moistened  with  concentrated 
sulphuric  acid  it  acquires  a  deep-blue  color.  When 
treated  with  moderately  strong  nitric  acid  it  is  con- 
verted into'  a  yellow  crystalline  mass.  It  restores  the 
blue  color  of  reddened  litmus,  and  neutralizes  acids, 
forming  crystalline  salts. 

It  is  obtained  by  precipitating  the  aqueous  extract  of 
opium  with  soda,  exhausting  the  precipitate  with  alco- 
hol, and  evaporating  the  brown  tincture  thus  obtained 
to  dryness.  The  dry  resinous  residue  is  dissolved  in 
dilute  acid,  the  liquid  filtered  and  precipitated  by 
ammonia,  when  a  resinous  matter  is  obtained  which 
contains  the  papaverin.  This  is  then  redissolved  in 
dilute  hydrochloric  acid,  and  precipitated  with  acetate 
of  potassa.  The  precipitate  is  washed  with  water,  and 
treated  with  boiling  ether,  from  which,  on  cooling,  the 
papaverin  is  deposited  in  crystals. 

Opianin  was  discovered  in  Egyptian  opium  by  Hin- 
terberger.  Its  constitution  is  represented  by  C42  HSi 
NOu.  It  was  at  first  mistaken  for  narcotin.  Opianin 
crystallizes  in  long  colorless,  transparent,  diamond-like 
needles,  of  the  prismatic  system.  It  is  inodorous, 
insoluble  in  water,  and  but  sparingly  soluble  in  boiling 
alcohol,  from  which,  on  cooling,  it  completely  separates. 
The  solution  has  a  powerful  and  persistent  bitter  taste, 
Buffers  no  alteration  at  the  temperature  of  the  water 
bath,  and  has  a  decided  alkaline  reaction.  It  is  not 
affected  by  concentrated  sulphuric  acid,  but  dissolves 
in  nitric  acid  with  a  yellow  color.  Sulphuric  acid,  to 
which  nitric  acid  has  been  added,  gives  a  blood-red 
tint,  which  after  a  short  time  passes  into  a  straw- 
yellow.  Opianin  forms  salts  with  the  acids,  and  crys- 
talline double  compounds  with  the  chlorides  of  platinum 
and  mercury.  From  the  solutions  of  its  salts  it  is  thrown 
down  in  white  flakes.  It  was  obtained  by  extracting 
the  opium  with  water,  adding  ammonia  to  the  .solu- 
tion, washing  the  precipitate  obtained,  first  with  water 
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and  then  with  alcohol,  and  drying.  It  is  now  dis- 
solved in  alcohol,  deodorized  with  animal  charcoal,  and 
separated  from  morphin  by  repeated  crystallizations  out 
of  alcohol. 

Narcogenin  has  been  separated  by  Blytii,  and 
found  to  consist  of  C3(J  H,„  NO,;,. 

Along  with  narcotin,  to  which,  when  perfectly  freed 
from  other  compounds,  Blyth  assigns  the  formula 
C46  H,5  N  Ou,  Wertheim  has  discovered  two  other 
homologous  bodies. 

Pseudommphin  has  been  found  in  a  few  samples  of 
opium  by  Pelletier,  according  to  the  analysis  of 
which  it  consists  of  C27  II18  N  0M.  It  forms  shining 
scales  sparingly  soluble  in  water,  insoluble  in  alcohol 
and  ether,  but  soluble  in  alkalies.  Like  morphin  it 
is  colored  blue  by  sesquisalts  of  iron.  It  dissolves  in 
hydrochloric  and  acetic  acids,  but  its  salts  have  not 
been  fully  examined. 

Porphyroxin  or  opin,  is  a  neutral  bod}',  which  crys- 
tallizes in  colorless  minute  shining  needles.  When 
heated  it  melts,  becomes  resinous  and  friable.  It  is 
colored  of  an  olive-green  \>y  strong  nitric  or  sulphuric 
acids,  and  is  dissolved  by  dilute  hydrochloric  acid,  the 
solution  turning  red  when  boiled  or  allowed  to  stand. 
The  acid  solution  is  decolored  by  alkalies,  and  yields 
with  terehloride  of  gold  a  dirty-red  precipitate,  a  rose- 
colored  one  with  acetate  of  lead,  and  a  brown  with 
protochloride  of  iron.  The  solution  is  not  changed  by 
chlorine  water,  and  takes  a  characteristic  red  tint.  It  is 
probably  identical  with  sanguinarin  and  cholerythrin. 
Porphyroxin  is  prepared  by  taking  the  ethereal  ex- 
tract which,  after  exhaustion  with  water,  remains  from 
the  preparation  of  meconin,  and  treating  with  boiling 
alcohol  as  long  as  anything  is  taken  up.  The  crystal- 
line mass  which  separates  on  cooling  and  evaporation 
is  dried,  dissolved  in  boiling  alcohol,  and  treated  with 
ammonia  in  excess.  The  precipitate  formed  is  dis- 
solved in  hydrochloric  acid,  evaporated  to  a  sirup, 
freed  from  any  crystals  that  may  separate,  the  liquid 
again  precipitated  with  excess  of  ammonia,  and  the 
deposit  taken  up  in  boiling  alcohol,  when,  on  evaporation, 
porphyroxin  separates  in  minute  crystalline  needles. 

Meconin  is  a  neutral,  non-nitrogenous  body,  which 
does  not  form  salts.  It  is  prepared  by  exhausting 
powdered  Smyrna  opium  with  boiling  ether.  The  resi- 
due, after  distilling  off  the  ether,  is  repeatedly  boiled 
with  water,  the  solution  evaporated, the  residue  dissolved 
in  ether,  decolorized  with  animal  charcoal,  evaporated, 
and  the  meconia  obtained  recrystallized  from  water. 

Mcconic  acid  is  best  obtained  in  a  state  of  purity  by 
dissolving  the  pure  meconate  of  potassa  in  eighteen 
parts  of  hot  water,  and  adding  two  or  three  parts  of 
concentrated  hydrochloric  acid.  As  the  liquid  cools 
crystals  are  deposited,  which  are  redissolved  in  water, 
again  treated  with  hydrochloric  acid,  and  thus  obtained 
entirely  free  from  potassa.  It  should  not  be  boiled 
in  presence  of  any  acid,  as  it  is  thus  converted  into 
komcnic  acid. 

Meconic  acid  forms  beautiful  pearly  crystalline  scales, 
of  a  harsh  sour  taste,  sparingly  soluble  in  cold,  but 
more  readily  in  hot  water  and  in  alcohol.  The  anhy- 
drous acid  consists  of  C14  HO„,  and  is  denoted  by  the 
symbol  Me;  the  acid  dried  at  212°  contains  in  addi- 


tion three,  and  the  crystalline  acid  nine  equivalents 
of  water. 

By  prolonged  boiling  in  water  the  acid  is  decomposed, 
yielding  komenic,  oxalic,  and  carbonic  acids,  besides  a 
deep  dusky-yellow  coloring  matter.  Sulphuric  and 
hydrochloric  acids  at  212°  convert  mcconic  acid  into 
carbonic  and  komenic  acids.  The  same  products,  with 
the  addition  of  water,  are  obtained  on  exposing  meconic 
acid  to  a  temperature  of  248° ;  but  at  greater  heats  the 
komenic  acid  is  again  resolved  into  pyromeconic  and 
carbonic  acids.  Caustic  potassa  or  soda  in  excess  con- 
verts meconic  acid  into  oxalic  and  carbonic  acids,  and 
a  brown  matter  not  perfectly  known.  Charcoal  readily 
absorbs  meconic  acid,  and  cannot,  therefore,  be  used  in 
its  purification.  Meconic  acid  and  all  its  soluble  salts 
give  an  intense  blood-red  color  with  the  sesquisalts  of 
iron,  a  reaction  often  employed  for  the  detection  of  small 
traces  of  opium.  It  should  be  borne  in  mind  that  a 
verj'  similar  reaction  with  sesquisalts  of  iron  is  pro- 
duced by  indigotic  acid  and  the  alkaline  indigotates,  as 
well  as  by  hydrosulphocyanic  acid  and  the  soluble  sul- 
pbocyanides. 

Meconic  acid  forms  three  classes  of  salts,  containing 
respectively  one,  two,  or  three  equivalents  of  base. 

The  bibasic  meconate  of  potassa — Me,  2  KO  HO — 
is  obtained  by  adding  a  solution  of  caustic  potassa  to 
the  crude  meconic  acid,  obtained  from  the  meconate  of 
lime,  till  a  greenish  tinge  begins  to  appear.  A  gentle 
heat  is  applied  till  the  whole  is  dissolved.  As  the 
liquid  cools,  the  impure  salt  crystallizes  out  in  largo 
quantities.  This  is  purified  by  pressure  between  folds 
of  bibulous  paper,  and  repeatedly  crystallized.  This 
salt,  which  is  used  for  the  preparation  of  the  pure  acid, 
is  sparingly  soluble  in  cold  water.  The  monobasic  salt 
— Me  KO,  2  HO — is  formed  by  the  cautious  addition 
of  hydrochloric  acid ;  and  the  tribasic — Me  3  KO — by 
the  addition  of  a  proper  quantity  of  caustic  potassa. 
This  salt  is  yellow  and  soluble. 

Meconate  of  lime,  an  insoluble  bibasic  salt,  is  ob- 
tained by  adding  a  solution  of  chloride  of  calcium  to 
the  infusion  of  opium,  as  in  the  process  of  Gregory 
and  Robertson  for  preparing  morphin.  For  the  pre- 
paration of  meconic  acid,  one  part  of  this  salt  is  mixed 
with  twenty  parts  of  boiling  water  and  three  parts  of 
concentrated  hydrochloric  acid.  As  the  solution  cools, 
a  monobasic  salt — Me  Ca  0,  2  HO  -|-  aq — is  deposited 
in  silvery  crystals.  These  are  strained  off,  dried,  and 
again  treated  in  the  same  manner,  avoiding  a  boiling 
temperature,  till  a  crystal,  heated  upon  platinum  foil, 
leaves  no  residue  of  lime.  The  crude  acid  thus  ob- 
tained is  converted  into  meconate  of  potassa  and  puri- 
fied, as  stated  above. 

Meconate  of  sesquioxido  of  iron  is  a  very  soluble  salt, 
of  a  blood-red  color,  which  is  decolorised  by  sulphurous 
acid  and  protochloride  of  tin. 

The  brown  extractive  acid  requires  further  investi- 
gation. It  is  probably  a  mixture  of  different  matters, 
and,  perhaps,  a  product  of  alteration. 

The  resinous  matter  of  opium  contains  nitrogen.  It 
is  brown,  without  smell  or  taste,  insoluble  in  water  and 
ether,  but  soluble  in  alcohol.  It  is  softened  by  heat, 
and  dissolves  in  alkalies.  The  oily  matter  has  usually 
a  yellow  or  brownish  tinge,  duo  probably  to  impurities. 


OXALIC  ACID. 


It  is  acid  and  Baponifiable.  The  essential  oil  has  not 
yet  been  obtained  in  a  state  of  purity. 

The  lignin,  bassorin,  gum,  and  caoutchouc  require 
no  remarks. 

Estimation.  —  Opium  is  most  extensively  adul- 
terated, perfectly  genuine  samples  being  in  fact  very 
rare.  The  drug  of  commerce  contains  water,  clay, 
sand,  gravel,  sulphate  of  lime,  pieces  of  lead,  dung  of 
sheep  and  oxen,  extracts  of  liquorice,  of  belladonna,  of 
hemlock,  celandin,  and  lettuce,  of  glaucium  luteum, 
bruised  grapes  freed  from  their  stones,  poppy  stalks 
and  husks,  previously  beaten  up  with  white  of  egg, 
aloes,  gum-arabic,  and  tragacanth.  Sometimes  also 
the  grounds  of  opium,  from  which  the  morphin  has 
been  extracted,  are  sold  as  the  entire  drug. 

The  amount  of  water  may  be  ascertained  by  drying 
a  weighed  portion  in  the  steam  bath,  and  noting  the 
loss.  Mineral  adulterations  may  be  detected  by  inciner- 
ating a  known  quantity  of  the  drug,  and  weighing  and 
examining  the  residue. 

Generally  speaking,  however,  the  only  satisfactory 
method  of  testing  opium  is  to  determine  the  quantity 
of  morphin  which  it  contains. 

For  this  purpose  GuiLLiEitiiONT  recommends  to  take 
two  hundred  grains  of  the  sample  to  be  tested,  cut  it 
in  slices,  and  rub  it  well  in  a  mortar  with  four  times 
its  weight  of  alcohol,  strain  it  through  linen,  squeeze  the 
residue,  and  pour  upon  it  three  hundred  grains  more 
alcohol ;  mix  the  strained  liquors  together  in  a  wide- 
mouthed  flask,  and  add  about  sixty  grains  of  ammonia. 
In  twelve  hours  the  morphin  will  be  spontaneously 
separated  in  crystals.  These  are  thrown  upon  a  filter, 
washed  with  a  little  water  to  remove  meconate  of 
ammonia,  and  afterwards  shaken  in  ether,  or  preferably 
in  chloroform,  which  dissolves  out  the  narcotin,  and 
leaves  the  morphin  in  a  state  of  purity.  It  is  now  care- 
fully dried  and  weighed. 

Tiiiboumery  extracts  the  weighed  sample  of  opium 
repeatedly  with  water,  filters  the  liquors,  mixes,  evapo- 
rates to  a  thick  sirup,  and  redissolves  in  water.  A 
large  excess  of  ammonia  is  added  to  the  boiling  solu- 
tion, which  is  allowed  to  cool,  and  then  filtered.  The 
precipitate  collected  on  the  filter  is  now  thoroughly 
washed  with  cold  water,  and  dried.  It  is  next  boiled 
in  alcohol,  specific  gravity  084,  and  acetic  acid  is 
added  drop  by  drop  until  the  liquid  turns  red.  It  is 
now  filtered,  and  the  filtrate  is  again  precipitated  with 
ammonia.    The  precipitate  is  pure  morphin. 

To  detect  minute  quantities  of  opium,  if  mixed  with 
other  substances,  the  body  to  be  tested  is  treated  with 
a  little  potassa,  and  well  shaken  with  ether.  A  piece  of 
bibulous  paper  is  dipped  several  times  in  the  ethereal 
solution,  and  allowed  to  dry  between  each  immersion. 
It  is  then  moistened  with  dilute  hydrochloric  acid,  and 
exposed  to  the  steam  of  boiling  water,  when  it  acquires 
a  red  color,  more  or  less  intense,  according  to  the 
quantity  of  opium  present. 

Physiological  Effects.— Opium  is  used  medici- 
nally as  a  narcotic,  sedative,  and  anodyne,  but  it  usually 
acts  first  as  a  stimulant,  and  the  sedative  and  narcotic 
effects  are  apparently  the  subsequent  collapse  of  the 
system.  When  it  excites,  the  first  symptoms  are  heat, 
thirst,  absence  of  mind,  and  sometimes  headache  and 
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vertigo,  afterwards  exhilaration  of  mind,  which  ends  in 
sleep,  attended  often  by  the  most  wonderful  and  agree- 
able dreams.  On  awaking,  languor  and  nausea  succeed. 
In  Turkey,  Persia,  and  China  it  is  generally  employed 
as  a  source  of  pleasurable  excitement,  and  even  in 
this  country  the  habit  of  opium-eating  appears  to  be 
on  the  increase.  The  habitual  indulgence  in  this  drug 
brings  on  the  most  abject  debility  and  prostration  of 
mind  and  body.  In  largo  doses  it  produces  giddiness, 
stupor,  delirium,  convulsions,  and  death.  Upon  the 
lower  animals,  opium  and  its  various  preparations  have 
a  less  marked  action  than  upon  man.  Thus  an  ape 
has  been  known  to  take  five  hundred  grains  of  morphin 
in  a  month,  or  nearly  seventeen  grains  per  day,  while 
one-eighth  of  a  grain  is  as  much  as  can  be  safely 
administered  to  a  man  in  a  single  dose.  To  young 
children  opium,  in  every  form,  is  peculiarly  injurious. 

It  is  far  from  being  thoroughly  ascertained  upon 
which  of  the  constituents  of  opium  its  physiological 
action  principally  depends.  Morphin  is  powerfully 
narcotic  and  sedative,  but  does  not  appear  to  produce 
the  excitement  derived  from  the  use  of  natural  opium. 
Codein  is  said  by  some  to  produce  a  calm  and  gentle 
sleep,  which  does  not  leave  behind  the  dull  headache 
that  generally  follows  after  the  use  of  morphin.  Others 
state  that  it  causes  violent  excitement  and  intoxica- 
tion. Narcotin  is  generally  considered  inert,  though 
Majendie  maintains  that  it  is  very  active  when  dis- 
solved in  oil.  Mcconic  acid  and  the  soluble  meconates 
were  at  one  time  considered  to  be  the  active  ingredient 
of  the  Manna  of  St.  Nicholas,  used  as  a  slow  poison  in 
the  middle  ages ;  but  this  view  is  not  supported  by 
more  recent  observations. 

In  cases  of  poisoning  with  opium,  or  its  alkaloids,  the 
peculiar  nature  of  the  symptoms  observed  before  death 
will  generally  lead  inquiry  in  the  right  direction.  It 
evidence  on  this  head  is  wanting,  it  is  necessary  to 
shred  the  stomach,  intestines,  liver,  et  cetera,  with 
their  contents,  and  add  to  every  one  hundred  parts, 
twelve  parts  of  anhydrous  lime  or  baryta  ;  pound  the 
whole  well  in  a  mortar;  heat  to  212°,  and  pulverize 
the  mass  most  thoroughly.  The  powder  is  now  three 
times  exhausted  with  boiling  absolute  alcohol,  and 
the  liquid  filtered  after  cooling.  The  bodies  sought 
for  are  thus  obtained,  contaminated  merely  with 
fatty  or  resinous  matters.  Evaporate  now  carefully 
to  dryness,  and  treat  the  dry  residue  with  ether,  to 
remove  fatty  matters.  Morphin,  if  present,  will  re- 
main undissolved,  and  may  be  filtered  off  and  recog- 
nized by  the  usual  tests.  Codein,  narcotin,  and 
papaverin  will  be  dissolved  by  the  ether;  add  acetic 
acid,  and  precipitate  with  ammonia. 

OXALIC  ACID. — Aciclc  oxalique,  Acide  carhoneux, 
French;  Kleesiiure,  Oxalsiiure,  German. — This  acid 
was  obtained  by  Savary,  1773,  and  Wiegler,  1779, 
from  the  salt  of  sorrel  or  binoxalate  of  potassa,  and 
by  Bergmann  from  the  action  of  nitric  acid  upon 
sugar,  but  its  constitution  was  first  pointed  out  by 
Scheele. 

It  exists  naturally,  combined  with  potassa,  soda,  or 
lime,  in  a  great  variety  of  plants,  especially  oxalis  ace- 
tosetta  and  corniculata,  Rumex  acctnsella  and  acetosa, 
also  in  guano,  in  certain  urinary  sediments  and  calculi, 
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and  combined  with  protoxide  of  iron,  Humboldtite,  in 
beds  of  brown  coal. 

It  is  generated  by  the  action  of  nitric  acid  upon 
vegetal  matter,  especially  upon  substances  containing 
no  nitrogen — such  as  starch,  gum,  lignin,  washed  saw- 
dust, and  most  advantageously,  sugar  or  treacle.  It  is 
formed  also  when  cyanogen  is  decomposed  by  water, 
or  uric  acid  by  chlorine,  or  the  peroxides  of  lead  and 
manganese ;  when  organic  substances  are  treated  with 
caustic  alkali  in  large  excess ;  and  during  the  prepara- 
tion of  potassium  from  carbonate,  of  potassa  and  charcoal. 

Properties. — Oxalic  acid,  in  its  ordinary  crystalline 
state,  forms  large  transparent  colorless  prisms  belonging 
to  the  oblique  system;  specific  gravity  1 '641 ;  inodorous, 
but  intensely  sour.  It  dissolves,  if  pure,  in  eight  parts 
of  water  at  60°,  but  in  two  parts  if  contaminated  with 
nitric  acid.  Boiling  water  dissolves  its  own  weight. 
The  crystals  usually  give  out  a  sharp  crackling  sound 
during  solution.  It  dissolves  also  in  four  parts  of  alco- 
hol, and  in  sulphuric  and  hydrochloric  acids,  without 
decomposition,  at  ordinary  temperatures. 

The  crystals,  if  heated  in  the  air,  lose  two  equivalents 
of  water,  and  form  a  white,  effloresced,  powdery  mass, 
which,  at  about  200°,  sublimes,  and  is  deposited  upon 
cold  surfaces  as  transparent,  colorless,  hard,  slender 
needles.  The  so-called  dry  oxalic  acid  is  composed  of 
C2  Os,  HO  ==  45.  Some  chemists  are  of  the  opinion  that 
its  equivalent  ought  to  be  doubled,  thus :  C4  H2  Os  or  C4 
O0  -|-  2  HO  =  90.  The  radical  theory  assumes  the 
existence  of  a  hypothetical  anhydrous  acid,  C2  03  =  3G, 
of  which  the  ordinary  dry  acid  is  then  regarded  as  a 
hydrate,  HO,  C2  03.  Oxalic  acid  is  sometimes  repre- 
sented in  chemical  formulae  by  the  symbol,  0  or  Ox. 

This  is  one  of  the  most  powerful  acids.  When  dissolved 
in  two  thousand  parts  of  water  it  still  reddens  litmus. 
At  boiling  temperatures,  in  the  moist  way,  it  expels 
most  other  acids  from  their  combinations ;  a  fact  which 
depends  in  part  on  its  fixity,  and  in  part  on  the  insolu- 
bility of  most  of  its  salts.  Thus  it  decomposes  not  only 
carbonates,  nitrates,  chlorides,  but  chromates,  phos- 
phates, and  even  some  sulphates  and  fluorides. 

Oxalic  acid  is  decomposed  if  passed  through  a  red 
hot  tube,  if  treated  with  chlorine  or  bromine  gas,  or  if 
heated  with  nitric,  iodic,  sulphuric,  phosphoric,  chromic, 
and  vanadic  acids,  or  if  treated  with  the  peroxides  of 
lead  and  manganese.  In  contact  with  the  chlorides  of 
gold  and  platinum,  it  is  decomposed  under  the  influence 
of  light,  the  metal  being  precipitated,  and  carbonic  acid 
gas  evolved.  The  reaction  with  salts  of  gold  may  be 
advantageously  applied  for  estimating  the  amount  of 
oxalic  acid  present  in  any  of  its  compounds.  The  sub- 
stance in  question  is  dissolved  in  water  if  practicable, 
otherwise  in  a  little  hydrochloric  acid,  and  water  added 
in  excess.  A  solution  of  the  auro-chloride  of  sodium 
is  then  added,  the  liquid  boiled  for  some  time,  solar 
light  being  excluded,  the  precipitate  of  reduced  metal- 
lic gold  is  allowed  to  subside,  filtered  off,  washed,  dried, 
ignited,  and  weighed.  One  equivalent  of  gold  repre- 
sents three  equivalents  of  oxalic  acid. 

Manufacture. — The  manufacture  of  oxalic  acid  h 
very  simple.  Brown  sugar  or  treacle  is  submitted  to  the 
action  of  nitric  acid.  The  starch-sugar  obtained  from 
potatoes  or  horse  chestnuts  maybe  likewise  employed. 


For  this  purpose  clean  potatoes  or  horse  chestnuts,  the 
latter  previously  freed  from  their  husks,  are  ground  to  a 
pulp,  which  is  then  repeatedly  washed  with  water.  The 
mass  thus  purified  is  mixed  with  sulphuric  acid  to  the 
extent  of  about  two  per  cent,  of  the  original  weight  of 
the  potatoes,  and  a  sufficient  quantity  of  water  to 
reduce  it  to  a  tolerably  fluid  pulp.  The  whole  is  then  run 
into  a  leaden  tank,  and  boiled  by  means  of  steam  pipes 
passing  through  the  vessel.  This  operation  is  continued 
for  some  hours  until  a  drop  of  the  liquid,  when  taken 
out,  is  no  longer  turned  of  a  bluish  color  on  the  addi- 
tion of  iodine.  The  whole  is  then  strained  through  a 
horse-hair  cloth,  and  the  clear  liquid  evaporated  down 
at  a  steam  heat,  until  it  has  a  specific  gravity  of  1/75, 
or  until  a  gallon  weighs  about  fourteen  pounds.  It  is 
now  ready  for  use. 

In  the  conversion  of  sugar  or  simp  into  oxalic  acid, 
one  may  use  either  vessels  of  earthenware  or  wooden 
tanks  lined  with  lead.  The  former  are  generally  made 
to  hold  about  two  gallons  each,  and  are  set  in  large 
numbers  in  a  stout  water-bath  built  of  brickwork, 
which  is  lined  with  lead  or  cement,  and  heated  by  coils 
of  steam-piping.  The  wooden  tanks  are  generally 
about  eight  feet  square  by  three  feet  deep,  each  being 
heated  by  about  forty-eight  feet  of  one-inch  steam-pipe. 
They  should  be  provided  with  large  taps  placed  at 
the  bottom  to  draw  off  the  liquor  into  the  crystallizing 
pans. 

The  vessels  are  now  charged  with  the  sugar  or  sirup, 
and  nitric  acid  is  added.  The  usual  proportions  are — 
to  every  hundredweight  of  sugar  as  much  nitric  acid  as 
can  be  obtained  from  five  hundredweight  of  nitrate  of 
potassa,  and  two  and  a  half  or  about  three  hundred- 
weight of  sulphuric  acid.  The  nitric  acid  should 
have  a  specific  gravity  of  from  1'200  to  l-270.  If  a 
more  concentrated  acid  is  employed  great  loss  is  occa- 
sioned, since  a  large  part  of  the  sugar  is  then  converted, 
not  into  oxalic,  but  into  carbonic  acid.  The  tanks 
are  then  heated  to  about  125°.  If  the  operation  is 
properly  managed,  there  will  be  a  moderate,  steady, 
disengagement  of  gas,  and  a  very  faint  smell  of  nitric 
oxide,  but  no  appearance  of  orange  fumes.  A  slight 
addition  of  sulphuric  acid  is  generally  considered  ad- 
vantageous. When  the  operation  is  at  an  end,  the 
liquid  is  let  off  into  shallow  cooling  tanks,  which  are 
also  made  of  wood,  and  lined  with  lead,  and  is  there 
allowed  to  crystallize.  The  mother  liquor  is  ran  orT 
from  the  crystals,  and  added  to  the  materials  in  the 
next  operation.  The  crystals  are  carefully  drained, 
washed,  dried  in  a  stove,  and,  if  necessary,  redissolved 
and  recrystallized.  The  yield  is  variously  stated ;  one 
hundredweight  of  good  brown  sugar  affording,  accord- 
ing to  some,  fifty  to  sixty  pounds;  according  to  others, 
one  hundred  and  forty  pounds  of  acid.  If,  however, 
the  process  is  properly  conducted,  and  the  crystals  freed 
from  moisture  and  nitric  acid,  the  result  will  be  about 
one  hundred  and  twenty-five  pounds.  Treacle,  if  of 
good  quality,  gives  about  one  hundred  and  six  pounds 
per  hundredweight. 

Oxalates. — The  salts  of  oxalic  acid  are  either  nor- 
mal, of  the  composition,  C2  04  M — where  M  represents 
any  metal — acid,  C,  04  M,  C2  04  H,  hyperacid,  C2  04M, 
3C2  04 II,  or  basic.  Alkaline  normal  oxalates  are  reduced 
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on  ignition  out  of  contact  with  the  atmosphere  to  carbo- 
nates, carbonic  oxide  gas  being  evolved.  Oxalates  of 
the  heavy  metals  yield  either  pure  metal  and  carbonic 
acid  gas — copper,  mercury,  platinum,  silver — or  oxide, 
and  a  mixture  of  carbonic  acid  and  carbonic  oxide 
gases — iron,  manganese,  et  cetera.  Most  normal  oxalates 
are  insoluble  in  water,  but  dissolve  in  dilute  nitric  acid. 

The  most  important  of  the  salts  of  oxalic  acid  are 
the  oxalate  of  ammonia — formed  by  neutralizing  ammo- 
nia or  its  carbonate  with  oxalic  acid — and  the  acid  oxa- 
late of  potassa — salt  of  sorrel  or  sal  acetosellce — 
C2  04  K  +  C2  04  H  +  2  Aq.  The  former  is  used  in 
the  laboratory  for  detecting  and  determining  lime ; 
the  latter  is  prepared  by  neutralizing  a  given  quantity 
of  oxalic  acid  with  carbonate  of  potassa,  and  then  adding 
as  much  more  acid,  or  by  pressing  the  leaves  and  stalks 
of  the  oxalis  species,  concentrating  the  clarified  juice  to 
crystallization,  and  recrystallizing  so  as  to  get  rid  of 
impurities.  It  forms  oblique  prismatic  crystals,  which 
are  persistent  in  the  air,  and  soluble  in  fourteen  parts 
of  boiling  water.  This  salt  is  employed  for  the  same 
purposes  as  the  free  acid.  A  hyperacid  salt,  or  quad- 
roxalate,  of  the  constitution  C2  04  K,  3  C2  04  H,  is  some- 
times found  in  the  market  along  with,  or  instead  of,  the 
preceding. 

Oxalate  of  lime  is  a  white  powder,  formed  whenever 
oxalic  acid,  or  one  of  its  soluble  salts,  is  added  to  a  cal- 
careous solution.  It  is  also  found  in  a  crystallized  state 
in  animal  and  vegetal  tissues.  It  is  insoluble  in  water, 
solution  of  chloride  of  ammonia,  or  acetic  acid,  but  dis- 
solves readily  in  dilute  nitric  or  hydrochloric  acid,  and 
is  decomposed  on  prolonged  boiling  with  soluble  salts  of 
lead,  copper,  silver,  cadmium,  zinc,  nickel,  cobalt, 
strontia,  or  baryta. 

Estimation. — Oxalic  acid  may  be  very  readily  de- 
tected by  adding  to  its  solution,  which,  if  acid  should 
be  previously  neutralized  with  ammonia,  a  solution  of 
sulphate  of  lime.  A  white  cloud  is  produced  iu  a  few 
minutes. 

The  amount  of  oxalic  acid  in  any  substance  may  be 
determined  either  by  the  process  with  one  of  the  salts  of 
gold  as  described  above,  or  from  the  carbonic  acid  given 
off  on  decomposition  of  the  oxalic  acid  in  contact  with 
sulphuric  acid  and  peroxide  of  manganese.  A  weighed 
portion  of  the  oxalate  to  be  examined,  or  of  the  free 
acid,  which  must  be  subsequently  dissolved  in  water,  and 
slightly  supersaturated  with  ammonia,  is  placed  in  the 
larger  flask  of  Fresenius  and  Wills'  alkalimetrical 
apparatus,  along  with  an  excess  of  finely-powdered 
peroxide  of  manganese,  freed  previously  from  car- 
bonates by  lixiviatiou  with  dilute  hydrochloric  acid. 
Water  is  added  until  one-third  of  the  flask  is  rilled. 
The  other  flask  is  then  charged  with  sulphuric  acid, 
and  the  operation  is  conducted  exactly  as  in  the 
examination  of  a  sample  of  alkali.  When  the  process 
is  at  an  end,  which  is  shown  by  a  total  cessation  of  the 
evolution  of  gas,  even  though  a  fresh  portion  of  sul- 
phuric acid  is  sucked  over,  the  apparatus  is  weighed, 
and  the  loss  determined.  Every  twenty-two  grains  of 
carbonic  acid  lost,  represent  twenty-three  grains  of 
oxalic  acid  present  in  the  sample.  This  method  is 
capable  of  great  precision,  but  requires,  of  course,  a 
sensitive  balance. 


Patents. — A  great  object  with  manufacturers  of 
oxalic  acid  is  to  economize  nitric  acid,  by  reoxidizing 
the  nitric  oxide  given  off  in  the  process.  To  this  the  car- 
bonic acid,  which  is  always  simultaneously  generated, 
proves  an  obstacle.  Jullion's  method,  patented  in  1846, 
is  as  follows : — The  materials  are  placed  in  a  so  called 
generating  vessel,  holding  about  a  hundred  gallons. 
This  vessel  resembles  a  Woulfe's  bottle,  provided  with 
a  movable  top  fitting  air-tight.  It  is  heated  by  a  water 
bath,  or  a  steam  jacket.  The  nitric  acid  is  then  intro- 
duced, and  a  current  of  air,  or  of  oxygen  gas,  driven  in 
through  a  pipe  passing  through  one  of  the  apertures  in 
the  top.  The  nitric  oxide  given  off  by  coming  in  con- 
tact with  the  oxygen  is  partly  converted  into  nitrous 
acid  and  peroxide  of  nitrogen,  which  are  reabsorbed  by 
the  liquid  in  the  generating  vessel.  The  rest  is  led  off 
by  a  pipe  issuing  from  another  hole  in  the  top,  which 
traverses  a  furnace  where  it  is  enlarged,  and  heated  to 
600°-900°.  Here  it  is  charged  with  spongy  platinum, 
in  contact  with  which  all  the  lower  oxides  of  nitrogen 
are  converted  into  nitric  acid,  which  is  then  condensed 
in  the  usual  manner. 

In  Crane  and  Jullion's  continuous  process,  a 
covered  vessel  constructed  of  slate,  and  termed  a 
generator  is  charged  with  mother  liquor  from  a  for- 
mer operation.  Above  the  generator  are  placed  two 
feeding  vessels  containing  respectively  sirup  and  nitric 
acid  in  suitable  proportions.  The  liquor  in  the  gene- 
rator is  then  raised  to  about  180°  or  200°,  and  the 
nitric  acid  and  sirup  allowed  gradually  to  flow  in  by 
means  of  stop-cocks,  so  that  the  delivery  of  the  whole 
may  take  eighteen  hours,  by  which  time  the  operation 
is  at  an  end. 

Meantime  the  gases  given  off  from  the  decomposing 
sugar  or  sirup  are  carried  off  through  a  vent  pipe 
issuing  from  the  top  of  the  generator  into  another  vessel 
containing  water.  Here  it  meets  with  a  stream  of 
chlorine  gas  which  decomposes  the  water,  forming  a 
mixture  of  nitric  and  hydrochloric  acid  vapors,  which 
are  received  and  condensed  in  suitable  vessels. 

In  Macdougal  and  Rawson's  patent  process,  the 
gases  given  off  from  the  generating  vessel  are  drawn  by 
an  air  pump  through  a  set  of  Woulfe's  bottles  containing 
water,  into  which  air  is  also  admitted.  In  this  manner 
nearly  the  whole  of  the  nitric  oxide  is  said  to  be  recon- 
verted into  nitric  acid. 

Ecarnot  passes  his  gases  mixed  with  a  current  of 
steam  from  a  boiler,  and  with  air  supplied  by  a  blast 
over  surfaces  of  pumice-stone. 

A  variety  of  other  processes  for  the  manufacture  of 
oxalic  acid  have  been  suggested,  one  of  which,  patented 
by  Dr.  Wilton  Turner,  is  certainly  a  curiosity,  as  it, 
like  other  absurd  patent  methods,  involves  the  use  of  a 
material  much  rarer  and  more  expensive  than  oxalis 
acid  itself.  He  operates  upon  uric  acid  obtained 
from  guano.  This  is  to  be  boiled  with  water  in 
which  peroxide  of  lead  or  manganese  is  suspended. 
If  lead  is  to  be  employed,  a  known  weight  of  uric 
acid  is  put  in  an  open  iron  cylinder  sufficiently  large 
to  hold  a  quart  of  water  for  every  pound  of  uric 
acid  employed.  Clear  lime  water  is  added,  and  the 
whole  is  made  to  boil  briskly  by  a  steam  heat.  Per- 
oxide of  lead  is  then  added  gradually,  as  long  as  it  is 
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observed  to  be  whitened  by  the  liquid.  About  one 
hundred  and  sixty  pounds  of  peroxide  are  required  for 
every  hundredweight  of  uric  acid.  The  clear  liquor  is 
run  off,  the  white  sediment  of  oxalate  of  lead  is  washed 
and  boiled  with  dilute  hydrochloric  acid.  Chloride  of 
lead  remains  as  a  precipitate,  whilst  oxalic  acid  crystal- 
lizes out  of  the  solution.  Another  product  of  treating 
the  uric  acid  with  peroxide  of  lead  is  allantoin,  which  is 
converted  into  oxalic  acid  and  ammonia  by  boiling  with 
caustic  potassa.  The  ammonia  escapes,  and  may  be 
condensed  and  collected  in  a  suitable  apparatus,  whilst 
the  oxalic  acid  is  obtained  as  oxalate  of  potassa.  The 
urea  generated  in  this  process  appears  to  be  wasted. 

Uses. — Oxalic  acid  is  employed  principally  as  a  dis- 
charging agent  in  certain  styles  of  calico  printing,  for 
whitening  leather,  as  for  boot  tops,  and  for  removing  ink 
and  iron-mould  from  wood  and  linen.  Its  acid  potassa 
salt,  which  serves  for  the  same  purpose,  is  sometimes 
most  repreheusibly  sold  as  salt  of  lemons,  a  practice 
which  might  easily  occasion  fatal  accidents. 

Oxalic  acid,  if  taken  internally  to  the  extent  of  half 
an  ounce  or  upwards,  acts  as  a  violent  corrosive  poison. 
The  remedy  is  of  course  chalk,  or  any  other  form  in 
which  carbonate  of  lime  is  most  accessible. 

FAPEB. — Papier,  French  and  German;  Papyrus, 
Latin. — Mankind  have,  in  all  ages  and  circumstances, 
except  when  sunk  in  the  lowest  state  of  barbarism, 
evinced  a  strong  desire  to  transmit  to  posterity  a  record 
of  their  transactions,  or  something  that  would  be  a 
memorial  of  their  existence  and  achievements.  This 
principle  is  inherent  in  human  nature,  and  has  been 
implanted  for  the  most  beneficent  ends.  Without  it 
the  advantages  to  be  derived  from  a  knowledge  of  the 
experience  and  wisdom,  as  well  as  the  crimes  and  follies, 
of  preceding  generations,  would  have  been  lost  to  pos- 
terity, and  the  history  of  the  past  could  only  have  been 
gleaned  from  an  obscure  and  uncertain  tradition.  To 
gratify  this  natural  desire  of  living  in  future  ages,  men 
have  resorted  to  various  expedients.  In  the  primitive 
ages  they  were  satisfied  with  a  stone,  or  a  heap  of 
stones,  as  a  memorial  of  some  important  transaction  ; 
but  when  population  became  more  dense,  and  more 
regular  forms  of  government  were  established,  huge 
structures  were  erected,  which  must  have  cost  an 
almost  inconceivable  amount  of  labour  and  suffering, 
and  of  which  the  early  architecture  of  Egypt  affords 
the  most  remarkable  example.  Subsequently  these 
structures  were  covered  with  hieroglyphics,  and  finally, 
the  same  object  was  more  concisely  accomplished  by 
the  art  of  writing,  which  was  known  at  a  very  early 
period.  The  substances  used  for  writing  upon  in  pri- 
mitive times  were  first  stones  and  bricks,  and  afterwards 
leaves  and  the  bark  of  trees.  Besides  these,  lead, 
copper,  wax,  and  wood,  were  also  employed ;  in  fact, 
almost  everything  that  presented  a  smooth  surface  on 
which  inscriptions  could  be  made.  Books  are  said  to 
be  in  existence,  the  leaves  of  which  are  thin  sheets  of 
lead.  Linen  had  also  been  used  at  a  very  early  period, 
as  is  evidenced  by  the  inscriptions  upon  the  bandages 
of  some  of  the  most  ancient  Egyptian  mummies.  At 
a  later  date  skins  and  the  entrails  of  animals,  and  even 
bones,  were  applied  to  the  same  purpose. 

Papyrus. — The  material  which  eventually  came 


into  general  use,  and  nearly  superseded  all  others,  was 
the  Papyrus  of  Egypt.  It  was  made,  as  is  generally 
known,  from  a  reed  or  plant  of  the  same  name,  which 
grew  in  marshy  places,  and  along  the  banks  of  the  river 
Nile.  It  is  said  to  have  grown  in  situations  where  the 
water  was  stagnant  and  only  a  few  feet  deep.  At 
what  time  it  came  into  use  is  uncertain.  There  is 
reason  to  believe,  however,  that  its  application  as  a 
writing  material  may  be  dated  one  thousand  years  be- 
fore Christ.  The  prophet  Isaiah  speaks  of  the  paper 
reeds  of  Egypt  as  well  known,  and  he  lived  nearly 
eight  centuries  before  the  Savior.  The  papyrus  was 
undoubtedly  the  principal  writing  material  which  man- 
kind possessed  for  many  hundred  years.  As  such  it 
was  highly  valued  and  extensively  used,  and  lias 
transmitted  its  name  to  the  material  now  universally 
employed.  Pliny's  account  of  the  mode  of  preparing 
it  is  as  follows : — The  papyrus,  says  this  writer,  was 
cut  before  reaching  maturity,  being  then  in  a  soft  and 
spongy  state,  and  was  divided  by  a  peculiar  needle 
into  thin  plates  or  pellicles,  which  were  laid  lengthways 
on  a  table  alongside  of  each  other,  with  their  edges 
touching.  Another  layer  was  laid  across  at  right  angles. 
These  were  moistened  with  warm  water  and  then 
pressed,  which  caused  them  to  adhere,  so  that  the  two 
layers  became  one  compact  sheet. 

It  was  believed  that  the  water  of  the  Nile  possessed 
a  gummy  property,  causing  the  layers  to  adhere  in 
this  manner.  But  Buuce,  the  celebrated  traveller, 
denies  this,  and  affirms  that  while  in  Egypt  he  partly 
succeeded  in  making  paper  from  the  papyrus.  lie 
states  that  the  plant  contains  a  large  quantity  of 
saccharine  matter,  which  warm  water  dissolves,  and 
this  being  brought  to  the  surface  by  pressure,  acts  as 
a  glue  or  size.  After  it  was  pressed  it  was  dried  in 
the  sun,  and  was  then  steeped  in  a  size  or  starch,  made 
by  pouring  boiling  water  on  bread  and  filtering  the 
liquor  through  a  cloth,  after  which  the  leaves  were 
again  dried  in  the  sun.  The  finer  kinds  used  for 
writing  are  supposed  to  have  been  made  from  the 
inner  part  of  the  stem,  while  the  coarser  were  made 
from  the  outer  rind,  and  were  used  for  packing. 

There  is  some  difference  of  opinion  among  writers 
in  regard  to  this  account ;  but  the  Editor  conceives  that 
the  process  may  be  explained  by  supposing,  not  that 
the  reeds  were  cut  into  shreds  or  thin  slices,  but  that, 
being  composed  of  coats  or  layers,  they  were  cut  or 
slit  up  lengthways,  and  the  successive  lamina;  were 
easily  stripped  off  one  after  another.  Being  in  a  soft 
and  spongy  state,  they  were  fragile ;  and  to  render  the 
process  of  stripping  easier,  the  reeds  were  probably 
cut  into  lengths  of  ten  or  fifteen  inches.  The  lamina; 
being  too  weak  singly  to  undergo  the  process  of  prepa- 
ration were  laid  one  over  another  and  then  pressed, 
which  would  greatly  add  to  the  strength  of  the  article 
so  prepared.  When  Borne  attained  universal  empire, 
large  quantities  were  carried  thither ;  and  there  it 
underwent  a  higher  degree  of  finishing,  being  steeped 
in  a  stronger  size,  dried,  beaten  with  mallets,  and 
smoothed  with  ivory.  By  these  operations  a  high 
polish  was  given  to  its  surface,  rendering  it  probably 
equal  in  that  respect  to  the  modern  enamelled,  or  at 
least  glazed  paper.    The  article  so  finished  was  cut 
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into  a  variety  of  sizes,  but  none  exceeding  two  feet  in 
length.  Alexandria  became  the  chief  emporium  of 
this  manufacture.  In  that  celebrated  seat  of  learning 
it  was  carried  on  very  extensively,  gave  employment 
to  a  great  number  of  people,  and  was  a  most  important 
branch  of  commerce.  Towards  the  end  of  the  Roman 
Republic  the  consumption  of  papyrus  was  very  great, 
and  it  increased  considerably  during  the  reign  of 
Augustus.  The  demand  for  it  by  other  nations  was 
also  so  considerable  as  sometimes  to  occasion  a  scarcity 
of  it  at  Rome.  A  popular  tumult  which  occurred  there 
during  the  reign  of  Tiberius  was  said  to  have  arisen 
from  this  cause.  The  manufacture  probably  reached 
its  highest  point  of  prosperity  during  the  peaceful  reigns 
of  the  Antonines  ;  but  the  article  continued  for  a  long 
time  in  great  demand,  and  the  profit  derived  from  it 
must  have  been  very  considerable.  Gibbon,  in  his 
Decline  and  Fall  of  the  Roman  Empire,  tells  of  one 
Eirmus,  a  wealthy  merchant  of  Egypt,  who,  taking 
advantage  of  the  Emperor  Aurelian's  war  with  Zeno- 
bia,  raised  the  standard  of  revolt,  assumed  the  Imperial 
purple,  and,  having  obtained  possession  of  Alexandria, 
boasted  that  he  could  maintain  his  army  from  the 
profits  of  the  paper  trade  alone. 

In  evidence  of  the  extensive  use  and  admirable  fit- 
ness of  the  papyrus  as  a  writing  medium,  it  may  be 
mentioned,  that  eighteen  hundred  manuscripts  of  that 
material  have  been  taken  from  the  ruins  of  Hercula- 
neum ;  that  a  manuscript  in  the  British  Museum,  which 
appears  to  have  been  written  about  the  year  572, 
measures  eight  and  a  half  feet  in  length ;  and  that 
one  in  Paris  measures  thirty  feet.  It  appears  to  have 
been  preserved  in  the  form  both  of  books  and  manu- 
scripts. When  bound  in  a  book,  a  leaf  of  parchment 
was  inserted  between  every  five  leaves ;  when  kept  as 
a  manuscript  it  was  in  the  form  of  a  roll,  which  varied 
in  length  according  to  the  number  of  sheets  pasted 
together. 

Under  the  Roman  Empire  paper  or  papyrus  was 
loaded  with  a  heavy  tax,  which  seems  to  have  been 
generally  regarded  as  burdensome ;  for  when  Theo- 
doric,  king  of  the  Goths,  abolished  the  tax,  about  the 
beginning  of  the  seventh  century,  Cassiodorus,  a  his- 
torian of  that  period,  congratulates  the  whole  world  on  the 
removal  of  an  impost  on  an  article  so  essentially  neces- 
sary to  mankind.  It  is  somewhat  remarkable  that  the 
British  Government  is  the  only  one  which,  in  modern 
times,  has  continued  to  follow  the  example  of  the 
Romans  in  levying  this  impost;  and  it  is  still  more  sur- 
prising that  the  ruler  of  a  people  whom  it  is  the  custom 
to  associate  with  all  that  is  rude  and  barbarous,  should 
have  set  an  example  of  enlightenment  in  dark  and 
troublous  times,  which  even  the  government  of  Great 
Britain,  with  all  its  boasted  liberality,  has  not  yet  imi- 
tated. Fortunately,  however,  a  resolution  has  at  length 
been  adopted  in  the  imperial  legislature,  affirming  the 
inexpediency  of  the  tax  on  paper,  and  it  cannot  be 
doubted  that  the  days  of  this  barbarous  and  most 
impolitic  impost  are  now  numbered. 

Parchment. — Parchment  is  another  substance  which 
was  much  used  in  early  times.  It  is  made  chiefly  from 
the  skins  of  sheep  and  goats,  and  is  said  to  have  been 
invented  by  Eumenes,  a  king  of  Pergamus,  who  reigned 
vol.  n. 


about  two  hundred  years  before  Christ.  It  is  related 
that  this  monarch  resolved  to  collect  a  library  which 
would  equal  or  excel  the  famous  one  of  Alexandria ; 
and  this  so  offended  Ptolemy  king  of  Egypt,  that 
he  prohibited  the  exportation  of  papyrus.  Eumenes 
would  not,  however,  be  diverted  from  his  purpose,  and 
he,  therefore,  had  recourse  to  the  skins  of  animals,  the 
manufacture  of  which  he  so  much  improved  as  to  be 
termed  the  inventor  of  the  material.  Hence  the  word 
parchment,  from  Pergamus.  At  the  same  time,  it  is 
certain  that  the  skins  of  animals,  though  less  perfectly 
prepared,  were  used  long  before  the  time  of  Eumenes, 
and  are  spoken  of  as  being  employed  among  the  Ionians 
more  than  four  hundred  years  before  the  Christian  era. 

Leaves. — The  leaves  of  some  kinds  of  plants,  after 
undergoing  a  process  of  drying  and  rubbing,  make  a 
tolerable  kind  of  writing  material.  Mr.  Herring  says 
that  the  natives  of  India  use  them  in  preference  to  paper 
for  ordinary  correspondence,  and  even  in  important 
matters.  This  may  arise  from  a  strong  attachment  to 
old  customs,  and  not  from  any  alleged  superiority  in  the 
material.  So  lately  as  fifty  years  ago  a  Persian  manu- 
script was  in  existence,  supposed  to  have  been  written 
on  some  kind  of  leaves. 

The  substances  above  enumerated  were  all  used  for 
writing  upon ;  but,  however  suitable  for  that  purpose, 
they  were  altogether  useless  for  printing.  The  papyrus 
was  too  hard  and  brittle  either  to  receive  an  impression, 
or  to  undergo  heavy  pressure.  The  mode  of  writing 
upon  it,  which  was  with  a  style  or  sharp  metallic 
point,  shows  that  it  was  not  suitable  to  be  printed 
upon.  It  is,  therefore,  by  no  means  wonderful  that 
printing  was  not  discovered  in  the  earlier  ages  of  the 
world. 

The  relics  of  Assyrian  art  which  have  lately  been 
brought  to  light,  show  that  the  Assyrians  had  really  dis- 
covered the  art  of  printing,  as  far  as  their  materials 
would  admit;  and  their  progress  in  that  direction 
seems  to  have  been  stopped,  rather  from  want  of  suitable 
means  than  by  any  deficiency  of  ingenuity.  The  impres- 
sion of  the  foot  on  sand  might,  to  an  observing  mind, 
suggest  the  idea  of  printing,  as  that  of  weaving  might 
be  suggested  by  the  web  of  the  spider.  But  in  the 
operations  of  nature,  so  far  as  they  are  open  to  ordinary 
observation,  there  is  nothing  analogous  to  papermaking; 
and  indeed  it  is  difficult  to  understand  how  any  person 
could  conceive  the  idea  of  reducing  a  vegetal  to  a 
liquid  fibre,  for  the  purpose  of  obtaining  by  deposit  f 
thin  smooth  flexible  sheet  of  considerable  strength,  and 
calculated  to  receive  a  permanent  impression  either  by 
writing  or  printing. 

PAPER. — The  substances  hitherto  mentioned  have 
all  been  natural  productions.  The  labor  required  to  fit 
them  for  their  intended  use,  was  preparation  rather  than 
manufacture,  and  did  not  affect  their  texture.  "With 
paper  of  modern  manufacture  the  case  is  totally  differ- 
ent ;  its  only  similarity  to  leaves  and  the  papyrus  con- 
sists in  its  being  composed  of  vegetal  matter.  In 
commencing  a  short  historical  notice  and  description  of 
this  manufacture,  it  will  be  necessary  first  to  define 
what  really  constitutes  paper. 

It  is  a  universally  admitted  axiom  that  the  meaning 
of  any  word  is  determined  by  the  sense  in  which  it  has 
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long  been  used.  According  to  this  rule,  the  substance 
now  called  paper  is  an  aqueous  deposit  of  any  vegetal 
fibre,  radically  different  in  its  structure  from  all  bodies 
formerly  used  for  writing  upon,  being  a  highly  artificial 
material,  and  having  no  resemblance  in  its  texture 
to  any  natural  substance.  A  sheet  of  paper  should 
be  of  equal  thickness  throughout,  so  porous  as  to 
admit  of  an  indelible  impression,  and  yet  so  compact  as 
to  undergo  without  injury  almost  any  pressure.  The 
surface  should  be  so  smooth  as  to  be  easily  written  upon, 
and  the  sheet  so  flexible  as  to  fold  without  cracking.  It 
may  be  of  any  color,  and  of  any  length;  but  seven  feet  is 
the  greatest  width  to  which  it  has  yet  been  extended. 

Historical  Notice. — Very  little  information  can 
now  be  obtained  of  the  invention  and  early  progress  of 
the  art  of  papermaking.  The  earliest  accounts  do  not 
agree  either  in  regard  to  date  or  place  ;  but  all  point  to 
the  East  as  the  seat  of  the  discovery,  leaving  almost  no 
doubt  that  the  principle  of  the  modern  art  of  reducing 
vegetal  fibre  to  a  liquid  state  is  a  Chinese  invention, 
dating  from  about  the  beginning  of  the  Christian  era. 
A  detailed  notice  of  the  mode  of  manufacture  sup- 
posed to  be  practised  by  the  Chinese,  is  given  in  the 
Encyclopedia  Britannica ;  but,  besides  that  the  accu- 
racy of  this  account  may  be  doubted,  the  process 
involves  an  amount  of  labor  which  would  render  it 
impracticable  in  Europe.  A  great  variety  of  materials 
appear  to  be  used,  all  of  them  vegetal  substances 
reduced  to  a  liquid  fibre.  The  paper  produced  resem- 
bles what  is  commonly  termed  flimsy,  but  takes  a  finer 
and  more  delicate  impression  from  copper  plates,  and 
is  known  by  the  name  of  india  proofs.  A  small 
quantity  of  it  is  used  in  this  country  for  the  finest 
engravings.  It  is  generally  made  of  the  inner  bark  of 
the  bamboo  and  cotton  tree. 

The  first  accounts  of  paper  bearing  any  resemblance 
to  the  article  now  manufactured,  date  from  the  begin- 
ning of  the  tenth  century.  It  is  generally  supposed, 
Bays  the  writer  in  the  Encyclopedia  Britannica,  that  the 
paper  called  charta  bombycenia,  which  was  invented 
in  Greece,  supplanted  the  Egyptian  papyrus,  and  this 
paper  is  incomparably  more  lasting,  and  better  calculated 
for  all  the  purposes  of  writing.  It  is  not  precisely  known 
at  what  period  this  art,  which  supposes  a  great  variety 
of  experiments,  was  first  reduced  to  practice.  Whether 
or  not  the  Greek  mode  of  making  paper  was  imported 
from  China  it  is  now  impossible  to  determine.  Some 
•accounts  state,  that  paper  was  brought  by  the  Arabs 
to  Mecca  in  the  eighth  century,  along  with  a  know- 
ledge of  the  art,  and  by  the  end  of  the  ninth  century 
they  had  carried  it  to  the  coasts  of  Barbary  and 
Spain.  Gibbon  says,  that  the  knowledge  of  the 
inestimable  art  of  making  paper  from  linen  rags  was 
diffused  from  the  manufactures  of  Samarcand  over 
the  Western  world ;  and  in  a  foot-note  he  adds,  that 
the  librarian  Cassire  relates  from  credible  testimony 
that  paper  was  first  invented,  or  rather  introduced, 
at  Mecca  by  Joseph  Amrtj,  in  the  year  706  or 
710.  The  Escurial  library  contains  a  manuscript 
on  paper  of  this  kind  as  early  as  the  tenth  century. 
There  is  little  information  of  the  progress  of  the  art 
during  the  three  following  centuries,  or  even  until  the 
beginning  of  the  fourteenth.    From  an  American  work, 


The  Chronology  of  Papa-making,  it  appears  that  in 
the  year  1085  the  Christian  disciples  of  the  Moors 
worked  the  paper-mills  at  Toledo  in  Spain  to  better 
advantage  than  their  predecessors,  and  that  instead  of 
cotton  they  used  rags,  and  made  the  paper  with  moulds. 
From  the  time,  however,  that  paper  was  manufactured 
from  fibre,  moulds  or  sieves  must  have  been  used ;  and 
this  probably  refers,  therefore,  only  to  some  important 
improvement  which  was  effected  upon  them.  It  is 
stated  in  the  same  work  that  in  the  year  1151  the  best  | 
paper  was  made  at  Xativa  from  rags.  At  this  date 
also  occurs  the  first  notice  of  water-mills  and  the  use  of 
mallets.  But  from  the  disorganized  state  of  society  in 
Europe  during  this  period,  it  could  hardly  be  expected 
that  an  art  like  papermaking,  which  even  in  its  simplest 
form  requires  an  outlay  of  considerable  capital,  could 
make  much  progress. 

The  art  reappears  in  Germany  towards  the  end  of 
the  fourteenth  century  ;  but  it  is  stated'  'that  even  from 
the  beginning  of  that  century  paper,-mills  were  in 
operation  in  Tuscany.  A  mill  was  erected  at  Nurem- 
berg in  Germany  to  make  paper  from  linen  rags,  by 
Ullman  Stromer.  At  this  time  the  process  was 
kept  strictly  secret,  and  the  workmen  were  sworn  not 
to  divulge  it  or  carry  it  on  on  their  own  account. 
Notwithstanding  all  these  precautions  to  keep  the  art 
secret,  it  became  known,  and  was  introduced  into 
France,  Holland,  and  Genoa,  in  all  of  which  it  seems 
to  have  been  prosecuted  with  considerable  success, 
particularly  in  France,  whence  there  was  a  considerable 
quantity  exported  to  Britain  and  other  countries.  The 
trade  began  to  decline  in  France  about  the  middle  of 
last  century,  as  other  countries,  particularly  Britain, 
were  by  that  time  manufacturing  nearly  sufficient  for 
their  own  use. 

The  first  paper-mill  in  England,  of  which  there  is 
any  particular  account,  was  erected  at  Dartford  in  Kent 
in  1558,  by  Sir  John  Spielman,  a  German  jeweller 
in  the  employment  of  Queen  Elizabeth,  who,  for 
services  rendered  in  this  respect,  bestowed  upon  him 
the  honor  of  knighthood,  and  gave  him  a  license  for  the 
sole  gathering  of  rags  for  ten  years.  Mr.  Herring 
says,  it  is  quite  certain  that  paper-mills  were  in  existence 
long  before  Spielman's  time,  and  adduces  a  passage 
in  Shakspeare's  play  of  Henry  the  Sixth,  in  which 
reference  is  made  to  a  paper-mill  at  least  a  century 
before  this ;  but  he  admits  that  the  chronological  accu- 
racy of  Siiakspeare  is  not  to  be  depended  on,  and 
that  the  earliest  traces  of  the  manufacture  in  this 
country  occur  in  a  book  published  by  Caxton  in  1490. 
The  mill  to  which  reference  is  supposed  to  be  made, 
was  near  Stevenage  in  Hertfordshire.  In  the  house- 
hold book  of  Henry  the  Seventh,  there  is  an  entry  of 
a  reward  of  sixteen  shillings  and  eightpence  given  to 
the  paper  mylne,  dated  25th  May,  1498  ;  and  again  in 
1499  another  reward  of  six  shillings  and  eightpence  is 
given  to  Tate  of  the  Mylne,  supposed  to  be  the  mill  at 
Stevenage. 

In  Scotland  the  manufacture  is  of  still  more  recent 
date.  The  first  paper-mill,  according  to  current 
accounts,  was  erected  at  Netherlee,  near  Glasgow,  by 
a  Dutch  papermaker.  The  calamities  which  befell 
Scotland  during  the  reigns  of  the  last  three  Stuarts 
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prevented  the  introduction  and  development  of  manu- 
factures ;  but  after  the  Revolution,  when  protection 
was  afforded  to  life  and  property,  papermaking,  like 
other  manufactures,  began  to  revive. 

The  French  protestants  who  fled  to  England  for 
refuge  from  the  persecution  which  followed  the  revo- 
cation of  the  edict  of  Nantes  in  1685,  are  said  to  have 
introduced  many  improvements  into  the  paper  manu- 
facture. About  this  time  white  paper,  of  which  little  had 
been  made,  b^egan  to  be  more  generally  manufactured, 
and  the  quantity  rapidly  increased.  It  was  estimated 
that  about  three  hundred  thousand  reams  were  pro- 
duced in  1721,  and  this  was  supposed  to  be  about 
two-thirds  of  the  consumption  of  the  country. 

Materials  prom  which  Paper  is  made. — The 
materials  of  which  paper  is  manufactured  are  vegetal 
substances  containing  fibre,  and  are  not  so  limited  in 
number  and  kind  as  is  commonly  supposed.  Linen  and 
cotton  rags,  affording  the  greatest  facilities  of  manu- 
facture, have  most  generally  been  used,  and  are  nearly 
all  made  into  white  paper.  The  rag  merchant  packs 
them  according  to  their  quality,  and  when  brought  to 
the  mill  they  are  cut,  and  assorted  more  perfectly.  A 
large  quantity  of  the  rags  used  in  this  country  are 
imported,  aud  are  principally  of  linen. 

Ropes  and  the  sweepings  of  cotton-mills,  called 
cotton  waste,  furnish  a  large  supply  of  material  for 
papermaking.  Incongruous  as  these  may  appear, 
they  are  generally  used  together,  and  when  properly 
prepared  make  a  beautiful  paper,  but  require  a  great 
amount  of  labor.  Wrapping  paper,  for  which  great 
strength  is  the  most  important  requisite,  is  generally 
made  from  these  materials ;  and  they  can  be  used  for 
that  purpose  with  comparatively  little  labor.  But  the 
American  makers  are  in  advance  of  the  British  in  the 
use  of  these  stuffs.  By  a  peculiar  process  of  cutting, 
cleaning,  and  boiling,  Mr.  H.  V.  Butler  of  New 
Jersey  has  succeeded  in  making  from  them  the  best 
printing  papers  which  the  Editor  has  yet  seen.  The 
sweepings  of  flax-mills,  called  flax  waste,  are  very  use- 
ful in  making  strong  wrapping  paper,  where  beauty  of 
appearance  is  not  an  object,  and  furnish  a  considerable 
supply  to  the  manufacturer.  The  best  kinds  can  be 
used  for  white  paper,  but  require  much  labor  in  pre- 
paration. Jute,  surat,  or  nettle  bagging,  all  of  which 
appear  to  be  substances  of  a  similar  kind,  are  now 
extensively  used  in  making  colored  and  brown  papers. 
They  are  grown  in  India,  and  are  made  into  bags,  in 
which  form  they  are  imported  into  this  country. 

Straw. — Chemical  science  has  also  introduced  straw 
— chiefly  that  of  wheat — into  the  category  of  materials 
used  for  papermaking.  When  intended  for  printing 
papers,  it  requires  to  be  boiled  in  a  strong  lie,  to 
destroy  the  silica  it  contains.  The  fibre  is  short  and 
tender,  and  not  calculated  to  make  of  itself  a  good 
paper.  It  is,  however,  improved  by  being  mixed  with 
a  stronger  substance.  Although  it  is  only  lately  that 
straw  has  been  successfully  used  for  this  purpose,  yet 
as  early  as  1756  an  attempt  was  made  to  manufacture 
paper  from  it  in  Germany,  aud  in  18G0  the  Marquis 
of  Salisbury  presented  a  book  to  the  king  printed 
on  paper  made  from  straw.  In  1812  a  Frenchman 
announced  a  new  method,  so  simple  that  any  person 


could  make  paper  from  this  material  in  a  manner  equal 
to  the  best  workman,  and  in  1820  M.  Huygeron, 
another  Frenchman,  obtained  a  patent  in  France  for  a 
similar  process.  In  1828,  William  Magaw  of  Cham- 
bersburg,  U.S.,  took  out  a  patent  for  making  paper  from 
straw  and  blue  grass.  In  1854,  M.  Kelin  of  Belgium 
invented  a  process  for  converting  straw  into  paper, 
which  differed  from  any  other  in  use.  The  straw  was 
steeped  in  water  sixty  hours,  when  the  liquid  was  run 
off  and  the  straw  washed  with  a  plentiful  supply  of 
water.  It  was  then  passed  between  two  rollers  in  a 
damp  state,  and  afterwards  cut  into  fibres  of  suitable 
length,  and  exposed  to  the  bleaching  effect  of  the  sun's 
rays.  It  was  now  submitted  to  another  bleaching  pro- 
cess of  three  or  four  days,  and  subjected  to  the  action 
of  a  solution  of  chloroxide  of  sodium  or  potassium,  until 
it  acquired  a  sufficient  degree  of  whiteness,  when  it  was 
put  into  the  engine. 

In  1857  another  new  mode  of  preparing  straw  was 
said  to  be  discovered,  but  is  not  yet  made  public. 

Wood. — The  linden  tree  or  bass  wood  affords  another 
material  for  making  paper,  and  several  mills  in  the 
United  States  are  at  present  employed  in  manufacturing 
it  from  this  substance.  The  first  attempt  to  apply  it 
seems  to  have  been  made  in  France  in  1776.  Other 
kinds  of  timber  have  also  been  used ;  and  in  1836 
R.  and  J.  C.  Martin  secured  a  patent  for  obtaining  a 
pulp  from  wood,  by  first  saturating  with  water  planks 
or  chips,  then  subjecting  their  surfaces  to  a  cylinder 
having  teeth  resembling  a  saw  or  rasp,  by  which  the 
ligneous  fibre  was  reduced  to  a  pulp.  Sanguine  hopes 
were  at  one  time  entertained  that  this  plan  would  prove 
successful,  but  the  Editor  has  not  heard  of  its  having 
been  seriously  adopted  by  any  papermaker.  It  is 
difficult  to  reduce  wood  to  a  fibrous  liquid,  as  the  fibre 
is  short  and  weak  ;  and  no  means  have  yet  been  dis- 
covered of  converting  it  into  a  pulp  of  the  requisite 
fineness  without,  at  the  same  time,  reducing  it  to  pow- 
der. If  pine  wood  could  be  sufficiently  bleached  and 
pulverized,  a  portion  of  it  might  be  used  among  pulp 
with  advantage,  as  the  resin  it  contains  would  improve 
the  size. 

Animal  and  other  Substances.  —  Several  attempts 
have  also  been  made  to  fabricate  paper,  either  wholly 
or  in  part,  from  animal  substances,  but  hitherto  with 
little  success.  Chamois  leather,  when  properly  pre- 
pared, and  a  portion  of  it  mixed  with  pulp,  makes  a 
strong  tough  paper,  but  of  a  poor  color.  The  machinery 
for  preparing  rags  is  unsuited  for  animal  substances,  its 
effect  being  to  tear  out,  while  animal  materials  require 
to  be  bruised  or  rubbed.  Paper  from  such  materials 
was  lately  manufactured  at  a  mill  in  England,  and  was 
expected  to  be  free  of  duty,  but  the  case  was  otherwise 
decided. 

From  this  enumeration  it  will  be  seen,  that  the  field 
from  which  the  papermaker  can  draw  his  raw  material 
is  not  so  confined  as  has  been  supposed ;  and  these  are 
but  a  portion  of  the  substances  which  have  been  pro- 
posed and  experimented  upon.  Mr.  Herring  remarks 
that  the  fibre  of  vegetals  which  is  capable  of  being 
made  into  paper  may  generally  be  first  manufactured 
into  some  other  fabric,  such  as  cloth,  ropes,  or  mats,  and 
after  it  has  served  its  purpose  in  that  form  it  is  then  a 
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fit  material  for  making  paper.  And  in  regard  to  expe- 
riments with  new  substances,  he  quotes  Dr.  Forbes 
Royle,  who  ohserves,  that  the  generality  of  modern 
experimentalists  seem  totally  unacquainted  with  the 
labors  of  their  predecessors,  many  of  them  commencing 
improvements  by  repeating  experiments  which  had 
been  already  made,  and  announcing  results  as  new 
which  had  been  long  previously  ascertained.  As  an 
evidence  of  the  number  of  substances  which  have  been 
tried,  this  writer  refers  to  a  book  in  the  British  Museum, 
printed  in  Low  Dutch,  and  consisting  of  upwards  of 
sixty  specimens  of  paper,  manufactured  from  as  many 
different  materials,  all  the  result  of  one  man's  experi- 
ments, and  made  previous  to  the  year  1772.  In  point 
of  fact  almost  every  vegetal  has  been  tried.  Nettles 
have  always  been  a  favorite  article  with  experimen- 
talists. It  is  not  long  since  it  was  announced  that 
hollyhock  stalks  were  to  furnish  an  almost  inexhaust- 
ible supply  for  the  papermaker.  There  is  no  doubt 
that  it  is  possible  to  reduce  every  vegetal  to  a  fibre, 
and  with  it  to  make  paper.  But  notwithstanding  all 
the  discoveries  of  new  substances  which  have  been 
made,  and  all  the  protection  which  patents  can  afford, 
it  is  still  found  that  flax  and  hemp,  or  rags,  ropes,  and 
other  fabrics  composed  of  these  substances,  constitute 
the  staple  materials  of  the  paper  manufacturer.  And 
the  Editor  believes,  that  until  science  makes  further 
discoveries  in  the  mode  of  preparing  new  substances, 
papermakers  will  find  it  more  profitable  to  abide  by  the 
use  of  the  old  materials,  than  rashly  to  indulge  in 
experiments  on  their  own  account. 

Supply  of  Materials. — Judging  from  the  past  history 
of  papermaking,  there  does  not  seem  to  be  much 
reason  to  fear  that  the  present  sources  from  which  the 
paper  manufacturer  draws  his  raw  material  will  ever 
be  insufficient  to  supply  the  demands  of  the  trade. 
The  fact  that  it  has  always  been  when  this  manufacture 
was  first  introduced  into  a  country  that  there  was  any 
considerable  difficulty  in  obtaining  the  raw  material, 
and  that  as  the  manufacture  extended  the  supply  also 
increased  in  about  the  same  ratio,  would  seem  to 
warrant  the  conclusion,  that  fears  on  this  subject  are 
groundless,  so  long  as  the  present  sources  of  supply 
exist.  On  the  other  hand,  it  must  be  taken  into 
account  that  the  countries  from  which  the  largest 
quantity  of  rags  is  imported  are  those  along  the  shores 
of  the  Baltic  and  Italy ;  and  were  these  countries  to 
commence  manufacturing  for  themselves,  the  supply 
from  them  would  cease.  At  the  same  time,  in  propor- 
tion as  civilization  extends  and  population  multiplies, 
new  sources  will  open,  and  long  before  an  absolute 
deficiency  is  felt,  science  may  discover  new  materials  as 
well  as  new  processes. 

The  Editor  has  found  some  difficulty  in  reconciling 
the  conflicting  statements  regarding  the  importation  of 
rags  into  this  country;  but  it  appears  that  nearly  a 
seventh  part  of  the  raw  material  is  imported.  In  the 
year  1853  it  was  estimated  that  ninety  thousand  tons 
of  rags  were  used  in  the  paper  manufactories  of  Great 
Britain,  of  which  fifteen  thousand  tons  were  imported  ; 
but  that,  taking  that  year  with  the  two  preceding  ones, 
the  average  annual  importation  was  below  ten  thousand 
tons.    In  that  year  there  was  charged  with  duty,  one 


hundred  and  seventy-seven  million,  eight  hundred  and 
thirty-three  thousand,  and  ten  pounds  of  paper,  be- 
sides about  two  hundred  thousand  pounds  imported ; 
and  thirteen  million,  two  hundred  and  ninety-six  thou- 
sand, eight  hundred  and  seventy-four  pounds  were 
exported,  leaving  for  home  consumption  one  hundred 
and  sixty-four  million,  five  hundred  and  thirty-six 
thousand,  one  hundred  and  thirty-six  pounds.  If, 
therefore,  a  seventh  part  be  deducted  from  the  total 
quantity  charged  with  duty  and  imported,  as  repre- 
senting that  which  had  been  made  from  imported  rags, 
there  remains  only  one  hundred  and  fifty-two  million, 
four  hundred  and  twenty-five  thousand,  two  hundred 
and  ninety-two  pounds ;  or  there  would  have  been  a 
deficiency  of  upwards  of  eleven  million  pounds  had  this 
country  been  confined  to  the  home  market  for  its  raw 
material.  The  discovery,  therefore,  of  some  new  sub- 
stance, which  would  really  meet  the  wants  of  the  paper 
manufacturer,  and  which  could  be  provided  at  a  cost 
not  above  the  present  price  of  rags,  would  undoubtedly 
be  a  national  boon. 

As  these  remarks  may  bring  upon  the  papermaker  a 
multitude  of  suggestions,  and  load  him  with  specimens 
of  all  sorts  of  vegetals,  from  cabbage  stalks  to  bam- 
boo branches,  the  Editor  would  advise  discoverers  of 
new  materials  for  making  paper  to  work  out  their  own 
suggestions,  and  first  to  ascertain  the  cost  at  which  the 
proposed  materials  could  be  obtained,  and  also  the  cost 
at  which  they  could  be  made  fit  substances  for  the 
paper  manufacturer,  before  introducing  their  discoveries 
to  public  notice  or  incurring  the  expense  of  a  patent. 

Preparation  of  Rags. — The  proper  preparation 
of  the  rags  is  an  object  of  great  importance  to  the 
papermaker,  and  one  which  requires  both  skill  and 
attention.  It  is,  moreover,  a  subject  on  which  opinions 
are  divided.  In  these  circumstances  it  will  be  sufficient 
to  describe  the  mode  of  preparing  the  rags  at  the  most 
extensive  mill  in  this  country,  where  the  best  writing 
and  printing  papers  are  manufactured. 

Cutting  the  Rags. — The  first  process  is  the  cutting 
of  the  rags,  which  is  performed  by  females.  Each 
woman  is  stationed  at  a  small  table  about  three  feet 
square,  and  covered  with  a  netting  of  wire.  In  the 
centre  of  the  table  a  knife,  about  eighteen  inches  long 
and  five  inches  wide,  is  placed  nearly  vertical.  The 
woman  stands  at  the  back  of  the  knife,  and  a  quantity 
of  rags  are  given  to  her,  of  which  she  lays  a  small 
portion  on  the  table.  She  then  cuts  the  rags  into  strips 
three  or  four  inches  wide,  taking  off  buttons,  hooks  and 
eyes,  et  cetera,  and  laying  out  all  substances  unsuitable 
for  the  making  of  paper,  such  as  india  rubber,  and  pieces 
of  woollen  and  silk.  At  her  right  hand  is  a  box  divided 
into  several  compartments,  into  which  she  throws  the 
rags  according  to  their  qualities.  A  large  quantity  of 
sand  falls  through  the  meshes  of  the  wire-cover  into  a 
box  underneath.  All  pockets  and  seams  should  be 
ripped  up  to  allow  dirt  to  escape,  and  to  prevent,  as  far 
as  possible,  anything  getting  among  the  prepared  rags 
which  would  be  injurious  to  the  paper,  or  hard  sub- 
stances, such  as  pieces  of  iron,  which  might  break  the 
machinery. 

The  rags  are  again  examined  by  women  called 
overhaulers,  or  overlookers.     There  is  generally  one 
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overhanler  to  every  eight  or  ten  cutters.  Some  manu- 
facturers attach  great  importance  to  having  their  rags 
cut  into  pieces  four  inches  square.  But  the  mere  size 
of  the  rags  is  a  matter  of  indifference.  The  principal 
ohject  is  to  have  them  in  a  state  which  will  insure  their 
thorough  cleansing  in  future  processes,  and  cause  them 
to  float  among  water  in  the  rag-engine  without  twisting 
and  warping  round  the  roller.  Anything  smaller  than 
is  necessary  for  this  purpose  causes  a  greater  loss  of 
fibre  in  the  willow  and  duster. 

Willowing  of  Rags. — From  the  overhaulers  the  rags 
are  taken  to  the  willow,  which  consists  of  two  cast-iron 
cylinders,  two  and  a  half  feet  diameter,  and  three  and 
a  half  feet  wide,  covered  with  iron  teeth  projecting 
about  four  inches.  These  cylinders  are  set  one  behind 
the  other.  Below  them  is  placed  a  semicircular 
screen,  and  a  cover  of  the  same  shape  above.  This 
cover  is  also  provided  with  teeth,  and  is  adjusted  so 
that  the  teeth  in  the  cylinders  pass  those  in  the  cover 
at  a  distance  of  a  half  or  three-quarters  of  an  inch.  In 
front  are  a  pair  of  rollers  and  a  revolving  apron,  for 
the  purpose  of  carrying  the  rags  into  the  cylinders. 
These  revolve  with  a  rapid  motion,  and  the  rags,  being- 
thrown  by  the  first  into  the  second,  are  confined  in  the 
cylinders  about  twenty  seconds,  when  a  sliding  door, 
which  rises  three  times  in  one  minute,  allows  them  to 
he  discharged  into  a  duster.  As  often  as  this  sliding 
door  opens,  the  revolving  apron  moves  forward,  and 
charges  the  willow  with  a  fresh  supply  of  rags.  The 
latter,  being  thus  beat  and  teazed  in  the  willow,  are 
loosened  in  the  texture,  and  a  large  quantity  of  sand 
falls  through  the  screen  underneath. 

The  duster,  into  which  the  rags  are  discharged  after 
passing  through  the  willow,  is  a  large  cylinder  twelve 
feet  in  length  and  five  or  six  feet  in  diameter,  which  is 
placed  lengthwise  against  the  willow,  and  revolves 
slowly  at  right  angles  to  it.  This  cylinder  is  covered 
with  a  coarse  wire-cloth,  and  a  number  of  teeth  are 
fixed  into  it  at  regular  intervals,  which  toss  and  shake 
fhe  rags,  thereby  removing  any  remaining  dust,  which 
falls  through  the  meshes  of  the  wire-cloth.  The  rags 
are  now  deemed  ready  for  boiling.  About  five  hun- 
dredweight of  rags  are  carried  through  the  willow  in 
one  hour.  Cotton  and  flax  waste  is  passed  two  or 
three  times  through  the  willow. 

In  willowing  there  is  a  considerable  loss  of  fibre, 
particularly  when  the  process  is  repeated  more  than 
once.  The  willow  dust  is  therefore  preserved,  and  is 
used  in  some  inferior  mills  for  making  wrapping  papers. 

Boiling. — Hags  are  boiled  in  a  solution  of  alkaline 
lie  made  of  quicklime  and  soda,  generally  in  the  pro- 
portion of  one  pound  of  lime  to  two  of  soda.  This 
caustic  alkali  is  prepared  by  boiling  the  lime  and  soda 
together.  While  seething  it  should  be  well  stirred  and 
mixed,  and  afterwards  allowed  to  stand  for  a  few  hours, 
until  the  sediment  falls  to  the  bottom,  when  a  clear 
liquid  is  obtained.  The  quicklime  is  first  thrown 
among  the  hot  water,  and  some  think  it  improves  the 
lie  to  introduce  the  soda  immediately,  while  the  lime 
is  slaking,  as  a  high  degree  of  heat  is  then  evolved, 
which  dissolves  the  soda  very  quickly.  Others  slake 
the  lime  in  a  cistern  by  itself,  and  after  stirring  well, 
allow  the  heavier  and  undissolved  portion  to  fall  to  the 
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bottom,  then  run  off  the  upper  portion,  which  has  the 
appearance  of  a  fine  thick  cream,  into  another  vessel, 
and  afterwards  put  in  the  soda.  Another  method  is 
to  dissolve  the  lime  as  above,  and  run  it  into  the  boiler 
among  the  rags;  the  quantity  of  soda  to  be  used  is  then 
put  into  a  bag,  which  is  introduced  into  the  boiler  and 
its  contents  allowed  to  dissolve.  But  the  general  way 
is  to  mix  the  lime  and  soda,  and  run  the  pure  liquid 
into  the  boiler.  For  the  finest  papers  this  liquid 
should  be  quite  pure.  Six  to  ten  pounds  of  soda,  and 
three  to  five  of  lime,  are  generally  used  for  one  hundred- 
weight of  rags  ;  but  this  proportion  varies  according  to 
the  quality  of  the  rags,  and  every  manufacturer  has 
his  own  method  of  procedure. 

Bags  are  boiled  for  the  purpose  of  killing,  or  destroy- 
ing, minute  particles  of  the  stem  of  the  flax  and  shell 
of  the  cotton,  which  even  very  fine  cloth  contains. 
These  substances,  which  are  generally  called  shove, 
are  very  injurious  to  paper,  and  boiling  is  the  only  way 
to  get  rid  of  them.  It  also  loosens  the  dirt  in  the 
texture  of  the  rags,  and  considerably  improves  their 
color.  A  strong  flax  rag  will  lose  from  one-third  to 
one-fifth  of  its  weight  by  boiling  and  washing. 

It  is  not  more  than  thirty  years  since  papermakers 
began  to  boil  their  rags,  and  the  boiler  long  used  was 
simply  a  cast-iron  vessel,  large  enough  to  contain 
about  ten  hundredweight  of  rags.  It  had  a  furnace 
underneath,  and  was  heated  by  the  direct  action  of  the 
fire.  The  chief  objection  to  this  mode  was,  that  pieces 
of  rags  adhered  to  the  sides  of  the  boiler,  and  were 
burned.  Steam  was  then  tried,  and  found  to  be  much 
cleaner  in  its  operation.  Circular,  and  sometimes 
square  boiler's,  were  adopted.  When  steam  came  into 
use,  a  perpendicular  pipe  was  inserted  into  the  centre 
of  the  boiler,  which  had  a  double  bottom,  the  upper 
one  being  of  movable  perforated  plates,  and  raised 
about  nine  inches  above  the  lower.  The  steam  was 
admitted  from  the  top,  and  passed  by  the  vertical  pipe 
into  the  space  between  the  bottoms,  where  it  escaped 
into  the  boiler  by  tubes  radiating  from  the  central  pipe 
to  the  sides  of  the  vessel.  This  is  still  considered  by 
many  manufacturers  to  be  a  good  boiler.  An  addition 
was  made  to  it  by  some  papermakers,  who  inclosed 
the  steam  pipe  in  a  larger  one,  leaviug  a  space  of  two 
or  three  inches  between  the  two.  When  the  liquid 
containing  the  rags  was  brought  to  the  boiling-point, 
it  was  forced  up  between  these  pipes ;  and  round  the 
top  of  the  outer  one  was  a  large  flange,  which  spread 
the  lie  over  the  surface  of  the  rags.  A  constant  circu- 
lation was  thus  maintained  by  the  rising  of  the  lie  in 
the  space  between  the  pipes,  and  its  subsequent  descent 
through  the  rags  contained  in  the  body  of  the  vessel. 
This  is  reckoned  a  good  boiler,  and  is  still  used  by  a 
number  of  papermakers.  It  is  generally  made  seven 
feet  in  diameter  by  four  deep,  from  the  rim  to  the 
false  bottom,  and  will  boil  ten  or  twelve  hundredweight 
of  rags  in  twelve  or  fifteen  hours.  It  is  known,  from 
its  peculiar  action,  as  the  vomiting  boiler. 

The  apparatus  now  in  greatest  repute  is  the  revolving 
boiler,  of  which  at  least  three  different  kinds  are  made. 
This  form  of  boiler  was  first  applied  by  H.  V.  Butlek 
of  New  Jersey  twelve  years  ago.  It  is  a  large  iron 
cylinder  revolving  horizontally  on  bearings,  and  divided 
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into  four  compartments  with  double  ends ;  the  inner 
ends  being  perforated  plates  by  which  the  boiler  is 
drained,  and  provided  with  a  small  door,  large  enough 
to  admit  a  man,  by  which  the  vessel  is  filled  and 
emptied.  This  boiler  operates  with  less  soda,  and  the 
boiling  is  performed  in  from  eight  to  ten  hours.  Revolv- 
ing boilers  were  first  introduced  into  England  about  the 
year  1854  by  Bryan,  Donkin,  and  Company,  of  London, 
who  secured  a  patent  for  a  boiler  on  this  plan.  It  con- 
sists of  two  iron  cylinders  lying  horizontally,  one  within 
the  other.  The  outer  cylinder  is  stationary,  while 
the  inner,  which  is  perforated,  is  so  constructed  as  to 

Fig.  379. 


revolve.  There  is  a  frame  and  rack  in  front,  by  which 
the  inner  cylinder  can  be  drawn  out ;  two  large  plates 
are  then  taken  off  and  the  cylinder  turned  round,  when 
the  rags  fall  out.  The  front  end  is  bolted  on  to  the 
outer  case,  and  keeps  the  boiler  steam-tight.  In  this 
apparatus  the  rags  require  only  from  eight  to  ten 
hours'  boiling,  and  a  small  saving  of  soda  is  effected. 

Another  revolving  boiler  has  been  patented  by  Mr. 
John  Robertson,  engineer  to  Messrs.  A.  Cowan  and 
Sons,  Valleyfield,  near  Edinburgh.  This  apparatus  is 
represented  in  Figs.  379  and  380.  It  consists  of  two 
cylinders ;  the  outer  one,  A,  is  made  of  boiler-plate, 
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and  is  rivetted  to  cast-iron  flanges,  is,  which  revolve 
slowly  on  four  friction  wheels,  o,  fixed  on  two  shafts, 
d,  with  spur  wheels,  E,  on  one  end  of  them  for  receiv- 
ing a  motion.  The  inside  cylinder  is  formed  of  per- 
forated iron  plates,  with  bars  or  shelves,  ff,  projecting 
inwards,  for  the  purpose  of  agitating  the  rags.  The 
steam  and  lie  are  admitted  through  the  centre  of  the 
back  end,  H,  of  the  boiler,  in  pipes,  G  G,  leading  to  the 
space  between  the  two  cylinders.  The  rags  are  put 
in  and  taken  out  by  removing  the  other  end,  K,  of  the 
boiler,  which  end  or  door  is  also  made  of  boiler-plate, 
and  is  rivetted  to  a  cast-iron  flange  with  a  turned  face, 
fitting  into  a  corresponding  groove  in  the  flange  on  the 
body  of  the  boiler,  and  secured  by  strong  bolts,  making 
a  steam-tight  joint.  This  boiler  is  calculated  to  stand 
a  pressure  of  sixty  pounds  per  square  inch,  thereby 
subjecting  the  rags  to  a  higher  temperature  than  that 
of  boiling  water. 

An  opinion  prevails  that  a  high  degree  of  heat  is 
beneficial  in  boiling  rags — that  by  using  high-pressure 
steam  a  smaller  quantity  of  soda  is  required — while  by 
having  the  boilers  steam-tight  this  high  pressure  is 
kept  up  with  a  small  expenditure  of  steam.  In  prac- 
tice it  has  been  found  that,  while  boilers  constructed 
on  this  principle  effect  a  considerable  economy  of  time, 
there  is  no  great  saving  of  alkali,  and  that  a  small 
escape  of  steam  is  positively  beneficial. 

A  different  system  of  boiling  has  been  patented  by 
Messrs.  Cranston  and  Lovell  of  Chirnside.  Their 
apparatus  consists  of  a  series  of  oval  stationary  boilers, 


each  containing  about  seven  hundredweight  of  rags. 
These/ are  likewise  heated  with  high-pressure  steam, 
which  passes  from  one  to  another ;  and  the  boilers 
being  steam-tight,  only  a  small  quantity  of  steam  is 
required,  while  a  saving  of  alkali  is  also  effected.  The 
Editor  believes  this  mode  of  boiling  has  given  satisfac- 
tion to  those  who  have  adopted  it.  Strong  and  perfect 
boiling  is  a  highly  important  point  in  papermaking, 
and  contributes  greatly  to  the  production  of  a  clean 
and  pure  article.  Any  defect  in  this  operation  can 
never  be  remedied  by  subsequent  processes. 

Washing  Engine. — The  rags,  after  being  boiled,  are 
brought  to  the  washing  engine,  which  performs  a  very 
important  part  in  the  manufacture  of  paper.  This 
engine,  which  is  represented  in  Fig.  381,  is  a  large  iron 
vessel,  into  which  the  rags  are  put  for  the  purpose  of 
cleansing  and  reducing  them  to  what  is  called  half-stuff. 
For  this  purpose  the  rags  are  made  to  revolve  among 
water,  a  constant  supply  of  which  flows  in  at  one  end 
of  the  vessel,  and  an  equal  quantity  is  lifted  out  at  the 
other  by  means  of  a  revolving  cylinder  covered  with 
wire  cloth.  This  engine  is  of  various  sizes,  generally 
about  twelve  feet  long,  from  four  to  five  feet  in  width, 
and  two  deep.  An  iron  partition  runs  about  eight  feet 
along  the  centre,  leaving  a  space  of  two  feet  open  at 
each  end.  A  few  perforated  plates  are  placed  in  the 
bottom  to  allow  any  sand  or  dirt  to  escape,  and  a 
grooved  box  in  front  of  the  roller  to  catch  any  buttons 
or  hooks,  or  other  hard  substances,  which  may  have 
escaped  former  processes.     Across  the  centre  of  the 
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engine  is  a  spindle,  A,  of  wrought-iron,  four  or  four 
and  a  half  inches  diameter,  one  end  of  which  carries  a 
pinion,  B ;  the  other  end  rests  on  a  frame  or  lighter, 
c  C,  which  can  be  raised  or  depressed  by  means  of  a 
screw,  D.   On  this  spindle  is  an  iron  cylinder  or  roll,  E, 
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generally  twenty-four  inches  in  diameter  by  twenty- 
eight  inches  in  length,  and  mounted  with  forty  bars  or 
knives  at  regular  intervals,  projecting  about  two  inches, 
so  as  to  make  the  extreme  diameter  twenty-eight 
inches.  The  roll  makes  from  one  hundred  and 
twenty  to  one  hundred  and  thirty  revolutions  per 
minute,  and  under  it  is  fixed  a  plate  composed  of 
ten  or  twelve  knives,  five  or  six  inches  wide,  and  equal 
in  length  to  the  roll.  This  plate  is  fixed  in  a  box  or 
seat,  F,  in  the  bottom  of  the  engine.  Over  the  roll  is 
a  wooden  cover,  to  prevent  the  rags  and  water  from 
flying  off  by  the  rapid  revolution  of  the  roll ;  and  across 
this  cover  is  placed  a  screen  of  fine  wire-cloth,  against 
which  the  rags  and  water  are  dashed  by  the  motion 
of  the  roll.  In  the  figure,  the  cover  and  screen  are 
removed,  to  exhibit  the  internal  apparatus.  The  water, 
passing  through  the  screen,  is  carried  off  by  pipes, 
while  the  wire-cloth  prevents  the  rags  from  escaping. 
Formerly  these  screens,  one  before  and  one  behind  the 
roll,  were  the  only  means  of  carrying  off  the  dirty  water. 

In  the  year  1837,  Charles  Cowan  of  Valleyfield 
Mills  invented  and  patented  a  revolving  washing 
cylinder,  which  greatly  improved  the  washing  power. 
This  cylinder,  which  consists  of  fine  wire-cloth, 
contains  a  series  of  circular  buckets,  starting  from  a 
common  centre  on  a  spindle,  and  projecting  to  the 
circumference  of  the  cylinder.  The  latter  is  twenty- 
four  inches  wide  by  thirty  inches  diameter,  and  being 
immersed  in  the  engine  to  the  depth  of  six  inches, 
revolves  among  the  rags,  while  the  buckets  succes- 
sively lift  the  water  and  pour  it  out  at  the  centre  into 
a  spout.  When  the  engine  is  empty  the  rags  are 
brought  to  it  in  a  box.  The  roll  is  lifted  entirely  free 
of  the  plate  by  means  of  the  lighter  screw.  A  stream 
of  water  is  then  turned  into  the  engine;  and  as  soon 
as  it  rises  to  the  level  of  the  roll  the  workman  begins  to 
introduce  the  rags,  spreading  them  on  the  surface  of 
the  water.  About  a  hundred  and  fifty  pounds  are 
put  in  at  one  time.  The  rotatory  motion  of  the  roll 
draws  the  rags  between  the  roll  and  plate,  and  dashes 
them  from  one  side  to  the  other,  until,  being  carried 
round  in  the  spaces  between  the  knives,  they  are 
thrown  out  on  the  other  side.  By  this  action  the  level 
of  the  water  is  depressed  in  front  of  the  roll,  and  on 
passing  through  to  the  other  side,  it  endeavors  to  regain 
its  level,  whereby  it  flows  round  the  end  of  the  mid- 


feather,  back  to  the  front  of  the  roll.  A  continuous 
circulation  of  the  rags  is  thus  maintained,  and  the  flow 
of  water  into  the  engine  is  regulated  by  the  quantity 
lifted  out,  which  is  greatest  at  the  commencement ; 
for  as  the  rags  are  rubbed  down  into  fibre  less  water 
is  lifted  by  the  washing  cylinder.  Papermakers  calcu- 
late on  the  washing  engine  using  from  forty  to  sixty 
gallons  of  water  per  minute.  When  the  rags  have 
been  fifteen  to  twenty  minutes  in  the  engine  the  roll  is 
gradually  lowered,  until  nearly  its  whole  weight  rests 
on  the  plate. 

The  motion  of  the  roll  over  the  plate  draws  the  rags 
into  a  fibrous  substance  called,  as  already  stated,  half- 
stuff.  Experience  and  care  are  required  in  this  opera- 
tion. If  it  is  performed  too  quickly,  or  if  the  rags  are 
cut  too  short,  the  paper  will  be  weak,  and  a  great  loss 
of  fibre  in  future  operations  will  be  the  consequence. 
If,  on  the  other  hand,  the  rags  are  not  drawn  into  fibre 
they  do  not  bleach  equally.  It  requires  not  less  than 
two  hours  to  reduce  the  rags  to  half-stuff;  by  this  time 
they  should  be  cleansed,  and  in  a  fit  condition  for  being 
bleached. 

In  the  process  of  washing  the  rags  a  considerable 
quantity  of  fibre  passes  away  with  the  water.  To  save 
this  fibre,  which  can  be  used  for  inferior  papers,  Messrs. 
James  Paisley  and  George  Bertram  have  invented 
and  patented  a  conical  cylinder  covered  with  fine  wire- 
cloth.  The  water,  as  it  passes  from  the  engine,  enters 
the  small  end  of  the  cylinder,  and  as  it  flows  down  to 
the  wide  end,  percolates  the  wire-cloth,  leaving  what- 
ever fibre  it  contained.  This  cylinder  can  also  be 
applied  to  recover  the  fibre  which  the  waste  water  from 
the  machine  contains.  » 

Several  other  improvements  have  been  made  at 
different  times  upon  the  washing  engine,  professing  to 
increase  its  washing  power  and  save  fibre ;  but  none  of 
them,  so  far  as  the  Editor  is  aware,  have  proved  of 
practical  value. 

Bleaching. — The  quality  which  chiefly  distinguishes 
the  paper  of  the  present  day  from  that  made  thirty  or 
forty  years  ago,  is  its  pure  white  color,  which  can  only 
be  obtained  by  bleaching.  When  the  art  of  decoloring 
with  chlorine  gas  was  introduced  about  the  end  of  last 
century,  manganese  and  chloride  of  sodium  were  mixed 
together  in  a  close  vessel,  and  sulphuric  acid  was  poured 
upon  them.  The  chlorine  thus  generated  was  conveyed 
in  pipes  to  a  close  chamber,  in  which  were  placed  the 
rags  to  be  bleached.  In  the  chamber  they  were  exposed 
to  the  action  of  the  gas  for  some  hours,  and  by  this 
means  a  good  result  was  obtained ;  but  it  was  a  difficult 
operation,  and  injurious  to  the  health  of  the  workmen. 

When  chloroxideof  calcium,  or  lime  impregnated  with 
chlorine,  was  introduced,  the  method  first  practised  was 
to  put  the  lime  into  an  iron  or  lead  box  and  mix  it  with 
water.  The  gas,  having  a  stronger  affinity  for  the  water, 
combined  with  it,  forming  what  is  called  bleaching  liquor. 
When  the  rags  had  been  well  cleansed  in  the  washing 
engine,  and  reduced  to  a  coarse  fibre,  as  already 
described,  the  flow  of  water  through  the  engine  was 
stopped,  and  a  portion  of  the  bleaching  liquor  was 
introduced  among  the  half-stuff.  The  roller  was  then 
lifted  off  the  plate,  and  the  stuff  was  made  to  circulate 
in  the  engine  about  an  hour,  which  effected  a  great 
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improvement  in  the  color.  The  process  of  washing 
was  then  resumed,  and  continued  until  the  gas  was 
washed  out,  after  which  the  stuff  or  pulp  was  emptied 
into  the  beating  engine. 

To  this  method  there  were  several  objections,  one  of 
which  was  that  the  whole  of  the  gas  that  remained  in 
the  stuff  when  the  washing  was  resumed  was  lost. 
About  1820  the  present  method  of  bleaching  in  sta- 
tionary chests,  and  thereby  saving  the  liquid  which 
still  retained  a  considerable  quantity  of  gas,  was  gene- 
rally adopted  by  manufacturers. 

Present  Method  of  Bleaching. — A  quantity  of  chlor- 
oxide  of  calcium  is  put  into  a  circular  stone  cistern  filled 
with  water.  An  upright  shaft,  which  revolves  on  a  bear- 
ing in  the  bottom  of  the  cistern,  and  has  arms  projecting 
to  within  a  few  inches  of  the  side,  mixes  the  bleaching 
powder  with  the  water.  When  the  agitator  is  stopped, 
the  lime  settles  to  the  bottom,  leaving  a  clear  liquid 
with  a  green  tinge,  which  constitutes  the  bleaching 
liquor.  The  proportion  of  lime  and  water  is  generally 
one  pound  of  lime  to  two  gallons  of  water,  and  it  is 
expected  to  stand  8°  of  Twaddell's  hydrometer,  but 
seldom  stands  more  than  7°. 

When  the  rags  have  been  brought  by  the  washing 
engine  to  a  fit  condition  for  being  whitened,  they  are 
emptied  into  the  bleaching  engine,  which  is  placed  on 
a  lower  level  to  admit  of  the  stuff  being  discharged  into 
it  by  a  pipe.  The  bleaching  engine  is  similar  in  con- 
struction to  the  washing  apparatus,  but  has  no  plate, 
as  its  only  office  is  to  mix  the  stuff  with  the  bleaching 
liquor.  It  is  made  of  stone  to  resist  the  action  of  the 
chlorine,  and  a  part  of  the  bottom  is  laid  with  per- 
forated zinc  plates,  to  admit  of  the  stuff  being  drained. 
This  is  generally  done  by  a  pump,  and  the  water  is 
used  over  again  for  washing  the  next  charge  of  stuff. 
When  this  half-spent  lie  has  been  introduced  into 
the  bleaching  engine,  there  is  added  to  it  a  portion  of 
strong  liquor,  generally  from  eight  to  sixteen  gallons  to 
the  hundredweight  of  rags.  This  quantity  of  bleaching 
solution  contains  as  much  gas  as  exists  in  four  to  eight 
pounds  of  lime.  The  stuff  is  then  allowed  to  run  from 
fifteen  to  twenty  minutes,  and  is  finally  emptied  into 
the  bleaching-house,  where  it  remains  from  eighteen  to 
twenty-four  hours. 

The  bleaching-house  is  a  separate  apartment,  in 
which  are  generally  placed  two  rows  of  stone  boxes  or 
chests,  each  of  sufficient  capacity  to  receive  the  con- 
tents of  two  engines  of  stuff.  To  allow  sufficient  time 
for  bleaching,  there  ought  to  be  as  many  chests  or  boxes 
as  will  contain  the  supply  of  stuff  required  for  thirty 
hours. 

Some  papermakers  allow  the  half-stuff  ami  chlorine 
to  remain  from  forty-five  to  fifty  minutes  in  the  bleach- 
ing-engine,  under  the  impression  that  the  color  is 
thereby  improved.  It  cannot  be  denied  that  the  color 
improves  very  rapidly  under  the  process ;  but  when  it 
is  continued  more  than  twenty  minutes,  the  action  of 
the  roll  on  the  stuff  causes  the  chlorine  to  evaporate, 
which  is  easily  perceived  by  the  smell,  and  greatly 
reduces  the  bleaching  powers  of  the  liquor. 

About  four  years  ago  Mr.  Duncan  of  Denny  in- 
vented a  different  method  of  bleaching,  which  he  pro- 
tected by  a  patent.    The  principle  of  his  improvement 


consists  in  the  application  of  heat  to  the  pulp  while  in 
the  bleaching  engine.  According  to  his  published 
statement,  its  advantages  over  the  old  method  are,  that 
it  is  more  economical,  produces  a  better  pulp,  and  is 
more  quickly  effected ;  the  whole  process  not  occupy- 
ing an  hour.  But  whatever  be  its  merits,  it  does  not 
appear  that  this  mode  has  found  much  favor  with  paper 
manufacturers. 

When  the  stuff  is  sufficiently  bleached,  the  clear 
liquid  is  pumped  into  a  cistern  for  further  use — it 
being  a  property  of  the  liquid  that  it  not  only  extracts 
but  destroys  the  color,  and,  therefore,  does  not  become 
impure  by  bleaching.  On  the  other  hand,  the  stuff  or 
pulp  is  put  into  a  strong  iron  box,  and  submitted  to 
the  action  of  a  hydraulic  press,  which  prepares  it  for 
the  beating  engine. 

Beating  Engine. — The  beating  engine  is  of  nearly 
the  same  construction  as  the  washer,  and  is  used  for 
grinding  the  half-stuff  into  a  fine  pulp  fit  to  be  made 
into  paper.  The  roller  contains  fifty-four,  and  the 
plate  from  seventeen  to  twenty-four  knives.  A  stream 
of  water  is  turned  into  the  engine ;  the  half-stuff  is 
then  introduced,  and  mixing  with  the  water,  is  drawn 
between  the  roll  and  plate,  producing  a  continuous 
circulation,  as  in  the  washing  engine.  Before  the 
roll  is  lowered  to  the  plate,  the  half-stuff  is  allowed  to 
run  for  thirty  or  forty-five  minutes,  to  wash  out  the 
chlorine,  which,  if  suffered  to  remain,  is  found  to  he 
injurious  to  the  paper. 

Within  the  last  few  years  hyposulphite  of  soda  has 
been  used  to  neutralize  the  chlorine.  A  small  quantity 
of  this  salt  is  dissolved  in  water ;  and  this,  being  put 
into  the  engine,  instantly  seizes  the  chlorine,  and  by 
combination  neutralizes  it,  forming  sulphate  of  soda, 
a  substance  harmless  to  paper.  The  washing  is 
then  resumed,  and  continued  for  a  few  minutes,  to 
remove  the  new  compounds  formed.  It  may  here 
be  remarked  that  since  hyposulphite  of  soda,  or,  as  it  is 
technically  termed,  antichlor,  came  into  use,  the  time 
of  washing  in  the  beating  engine  has  been  reduced  to 
twenty  minutes,  thereby  effecting  a  saving  of  twenty- 
five  minutes,  which  can  be  applied  to  the  grinding  of 
the  pulp,  and,  at  the  same  time,  no  traces  of  chlorine 
remain  in  the  paper. 

If  the  pulp  is  required  for  printing  papers,  a  solution 
of  soda  and  rosin  is  now  put  into  the  engine;  and,  after 
being  well  mixed,  a  few  pounds  of  alum  are  added, 
which,  combining  with  the  soda,  allows  the  rosin  to 
adhere  to  the  pulp  ;  this  is  called  engine-sizing,  and  is 
done  with  the  view  of  preparing  the  paper  to  bear  ink 
when  printed.  Any  coloring  matter  which  may  be 
required  is  next  introduced ;  the  roll  is  then  gradually 
lowered  on  to  the  plate,  and  the  process  of  grinding, 
or  reducing  to  fine  fibre  or  pulp,  commences. 

The  pulp  is  made  long  or  short  according  to  the 
quality  of  the  paper.  Newspapers,  which  require 
strength,  are  made  of  long  pulp.  Writing  paper,  or 
paper  of  a  fine  texture,  is  made  of  shorter  pulp.  In 
fact,  the  quality  of  the  paper  depends  very  much  on 
the  manner  in  which  the  pulp  is  prepared  in  this  engine. 
If  the  roll  is  lowered  too  rapidly  the  fibre  is  cut,  and 
produces  a  tender  paper ;  and,  owing  to  the  porous 
nature  of  this  paper,  the  sizing,  whether  for  printing 
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or  writing,  will  be  weak.  The  stuff  should  be  what  is 
called  mellowed  in  the  engine,  and  this  is  effected  by  a 
judicious  working  of  the  roller — not  lowering  it  sud- 
denly or  much  at  one  time,  on  to  the  plate ;  but  equally 
and  gradually,  until  the  pulp  is  ground  as  fine  as  is 
required.  This  is  generally  attained  in  three  and  a 
half  to  four  hours ;  after  which  the  engine  is  emptied 
into  the  stuff  chest  or  reservoir,  which  is  a  large  cistern 
capable  of  containing  five  thousand  or  seven  thousand 
gallons  of  this  prepared  pulp. 

To  give  an  idea  of  the  number  of  cuts  or  bruises  to 
which  the  rags  are  subjected,  it  may  be  stated  that 
the  roll  containing  fifty-four  knives  revolves  a  hundred 
and  fifty  times  per  minute  over  the  plate  containing 
twenty  knives,  thereby  making  no  less  than  a  hundred 
and  sixty-two  thousand  cuts  every  minute.  This  rotary 
engine  was  invented  by  the  Dutch  about  the  middle  of 
the  last  century,  and  is  known  by  German  papermakers 
as  the  Hollander.  Although  not  free  from  some 
defects,  it  is  a  great  improvement  on  the  old  mortar 
engine.  And  while  great  advances  have  been  made 
in  papermaking  during  the  last  thirty  years,  the  chief 
improvement  on  this  engine  has  been  the  revolving 
washing  cylinder,  already  described.  The  principal 
defect  of  the  engine  arises  from  this,  that  while  a  cer- 
tain quantity  of  rags  is  put  into  it  for  the  purpose  of 
being  ground  to  fibre  or  pulp,  these  rags  are  not  of  the 
same  tenacity,  and  being  kept  under  the  action  of  the 
grinding  process  for  three  or  four  hours,  the  weaker 
rags  are  reduced  to  a  finer  pulp  than  those  of  a  stronger 
texture.  Also,  one  engine  may  be  emptied  into  the 
reservoir  which  contains  pulp  of  a  longer  or  shorter 
fibre  than  the  previous  one.  In  fact,  there  is  no 
security  against  this  evil  but  the  care  and  skill  of  the 
workman ;  and,  notwithstanding  every  precaution,  it 
sometimes  materially  affects  the  quality  of  the  paper. 

To  overcome  this  difficulty,  Joseph  Kingsland  of 
New  Jersey  has  secured  a  patent  for  a  centrifugal  pulp 
engine,  which  is  said  to  be  working  satisfactorily  in  his 
mill  in  New  Jersey,  producing  a  uniform  pulp.  This 
machine  has  been  adopted  by  Easton  and  Amos  of 
London,  by  whom  further  improvements  have  been 
made  upon  it,  and  who,  having  also  experimented  with 
it  at  Phoenix  paper-mill,  Dartford,  state,  that  having 
now  fairly  tried  it,  they  are  convinced  it  is  a  valuable 
machine,  one  capable  of  producing  better  pulp  with 
less  power  than  any  other  engine  hitherto  produced ; 
and  that,  consequently,  its  adoption  would  secure  to 
papermakers  very  considerable  advantages.  Hence 
they  are  persuaded  that  it  must  come  into  extensive 
use. 

This  invention  consists  in  placing  a  revolving  grinder 
between  two  stationary  grinders ;  the  fibre  to  be  ground 
or  reduced  to  pulp  being  caused  to  pass  in  a  current 
through  the  spaces  between  one  of  the  stationary 
grinders  and  one  side  of  the  revolving  grinder,  thence 
round  the  periphery  of  the  revolving  grinder  and  the 
other  stationary  grinder,  to  the  orifice  of  discharge. 
In  its  actual  operation  a  stream  of  pulp  well  mixed 
with  water  flows  by  a  feed  pipe  under,  say,  four  feet 
pressure  into  the  engine,  between  the  revolving  grind- 
ing surface,  which  makes  two  hundred  revolutions  per 
minute  against  the  stationary  grinder,  and  the  distance 
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between  the  two  surfaces  can  be  regulated  by  a  set  of 
screws,  thereby  producing  coarser  or  finer  fibre  as 
required.  The  moment  the  fibre  is  ground  it  passes 
into  the  reservoir.  A  constant  stream  is  thus  flowing 
through  the  engine  at  the  rate  of  a  hundred  and  fifty 
pounds  of  paper  per  hour.  The  Editor  has  no  doubt 
but  that  in  a  few  years  this  engine  will  supersede  the 
present  beating  engine,  and  will  greatly  simplify  the 
mechanical  operations  of  the  papermaker. 

The  thorough  neutralization  of  the  chlorine  is  an 
important  matter.  When  machines  began  to  be  gene- 
rally introduced,  the  engines  in  many  mills  were  not 
adapted  for  the  increased  quantity  of  work  a  machine 
could  perform,  as  compared  with  vats.  Too  little 
time  was  therefore  given  to  the  preparation  of  the 
pulp,  and  the  chlorine  was  not  sufficiently  washed  out ; 
and  as  chlorine,  if  left  in  pulp,  continues  to  act  on  the 
paper,  causing  a  premature  decay,  complaints  were 
consequently  very  frequent,  and  the  decay  was  ascribed 
to  excessive  bleaching  and  the  use  of  mineral  sub- 
stances. This,  although  a  natural  opinion,  was  not 
the  less  a  mistake.  Excessive  bleaching  will  make 
paper  weak  or  tender,  but  if  the  chlorine  has  been 
neutralized  it  will  not  otherwise  injure  it.  Mineral 
substances  were  at  one  time  pretty  freely  used,  and  in 
some  mills  this  may  still  be  the  case.  A  small  quantity 
is  not  injurious  to  paper,  and  is  sometimes  used  to  close 
the  pores,  thereby  improving  the  surface.  But  experi- 
ence has  taught  paper  manufacturers  that  the  injury 
these  substances  do  to  felts  and  wires  is  poorly  com- 
pensated by  any  little  addition  to  weight  which  is 
obtained  from  them ;  and  since  antichlor  came  into 
use,  by  which  the  chlorine  is  easily  neutralized,  the 
complaints  above-mentioned  have  been  seldom  heard. 

Papermaking  by  Hand. — Having  described  the 
method  of  preparing  rags  to  make  paper,  the  Editor 
will  briefly  advert  to  the  old  way  of  manufacturing  it. 

In  papermaking,  as  first  conducted  in  Europe,  the 
rags  were  neither  boiled  nor  bleached,  but  were  only 
cut  and  assorted ;  and  to  facilitate  the  cleaning  and 
reducing  to  pulp,  they  were  steeped  in  water,  then  laid 
in  heaps,  and  allowed  to  ferment  and  putrefy.  This 
loosened  the  texture,  and  prepared  them  for  being 
cleansed  and  reduced  to  pulp.  The  process  of  reduc- 
ing the  rags  to  pulp  was  performed  by  stamps  or 
mallets  working  in  a  strong  wooden  box  or  mortar.  A 
stream  of  pure  water  was  allowed  to  flow  through  the 
box,  thereby  carrying  off  all  impurities.  This  process 
was  continued  until  the  rags  were  clean,  and  was 
necessarily  very  slow  and  tedious.  "When  the  rags 
were  considered  fit  to  make  paper,  they  were  emptied 
into  a  chest,  from  which  the  pulp  was  lifted  into  a  vat. 
This  vat  was  simply  a  cistern  about  three  and  a  half 
feet  high,  six  feet  square  at  top,  and  tapering  nearly  to 
a  point  at  bottom ;  near  which  a  small  agitator  revolved, 
keeping  the  pulp  of  an  equal  consistency  throughout. 

The  sheet  of  paper  was  made  by  a  mould,  composed 
of  a  frame  covered  with  fine  wire-cloth,  having  a  mov- 
able edge  called  a  deckel.  This  mould  the  workman 
dipped  into  the  vat,  lifting  a  portion  of  the  pulp  on  its 
surface.  The  water  flowed  through  the  wire-cloth, 
and  left  the  fibre  on  the  top.  The  workman  then 
removed  the  deckel,  and  passed  the  mould  to  another, 
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who  turned  it  over,  and  pressed  it  on  a  felt,  to  which 
the  sheet  adhered;  the  mould  was  then  returned  to 
form  a  new  sheet. 

About  one  hundred  and  thirty  sheets  were  now  laid 
in  alternate  layers  of  felts  and  sheets,  and  the  whole 
submitted  to  powerful  pressure,  which  forced  out  a 
large  quantity  of  water,  and  made  the  paper  suffi- 
ciently firm  to  bear  handling.  The  sheets  were  then 
taken  out  of  the  felts,  and  being  laid  together,  were 
subjected  to  another  pressure,  after  which  they  were 
parted  or  turned  over,  to  prevent  their  adhering  to 
each  other.  The  paper  was  then  taken  to  a  drying- 
house,  and  hung  up  on  lines  to  dry;  from  four  to  eight 
sheets  were  hung  together.  In  favorable  weather  the 
paper  would  dry  in  from  three  to  five  days,  and  in 
damp  weather  the  drying-house  was  heated  by  steam. 
After  being  thus  exsiccated,  it  was  dipped  into  size  or 
glue,  for  the  purpose  of  closing  the  pores,  and  enabling 
it  to  bear  writing  upon.  When  sized,  it  was  gently 
pressed,  and  each  sheet  parted  from  another,  and  hung 
up  a  second  time  to  dry  in  the  loft  or  drying-house. 

The  system  of  making  paper  by  hand  was  very 
slow;  it  occupied  at  least  three  weeks  from  the  pre- 
paration of  the  rags  to  the  finishing  of  the  paper,  and 
often  subjected  the  manufacturers  to  considerable  loss. 
To  work  one  vat,  which  would  make  on  an  average  one 
hundred  and  fifty  pounds  of  paper  per  day,  or  what  can 
now  be  made  by  a  machine  in  one  hour,  required  eight 
men,  and  eight  or  ten  women. 

There  are  still  a  few  vats  working  in  the  country, 
generally  in  the  manufacture  of  paper  for  which 
great  strength  is  required ;  and  at  Maidstone,  in  Kent, 
there  are  still  two  mills  or  factories  engaged  in  hand- 
making.  These  were  established  about  one  hundred 
years  ago  by  Mr.  James  Whatman,  and  great  im- 
provements were  introduced  in  them.  The  paper  of 
one  of  these  mills  is  still  marked — J.  Whatman, 
Turkey  mill;  that  of  the  other  is  marked  simply, 
— J.  Whatman.  The  manufacture  of  these  mills  has 
not  yet  been  equalled,  whether  by  hand  or  machine 
made  paper. 

History  op  the  Paper  Machine. — The  paper 
machine,  by  which  so  great  a  development  of  the  paper 
trade  was  effected,  had  its  origin  in  France.  Louis 
Robert,  a  clerk  in  the  employment  of  Didot,  was  the 
first  who  appears  to  have  conceived  the  idea  of  making 
a  continuous  web  of  paper  on  an  endless  wire-cloth,  to 
which  a  rotary  motion  was  communicated,  therebj' 
producing  a  web  or  sheet  of  indefinite  length. 

However  simple  this  idea  may  appear  to  those  who 
are  acquainted  with  the  present  system  of  papermaking, 
it  was  nevertheless  a  most  extraordinary  conception  at 
the  time,  and  marks  out  the  inventor  as  one  of  those 
original  thinkers  whose  ideas,  being  worked  out  by 
men  acquainted  with  details,  have  done  so  much  to 
extend  manufactures  and  benefit  mankind. 

About  the  year  1798,  Robert  constructed  a  small 
model  of  a  machine,  by  which  ho  could  make  a  narrow 
continuous  strip  of  paper.  M.  Didot,  his  employer, 
became  interested  in  his  labors,  and  with  this  gentle- 
man's assistance,  a  machine  was  constructed  by  which 
paper  twenty-four  inches  wide  could  be  produced. 
But  though  this  rude  apparatus  might  be  sufficient  to 


demonstrate  the  possibility  of  applying  the  rotary 
motion  to  papermaking,  yet  either  from  the  impatience 
of  its  inventors,  or  more  probably  from  its  defective 
construction,  it  does  not  appear  to  have  been  used  for 
practical  purposes,  but  merely  as  a  subject  of  experiment. 
At  the  same  time  its  merits  did  not  pass  unnoticed. 
Although  not  immediately  put  into  practical  use  in 
France,  yet  the  French  government,  with  just  dis- 
crimination, presented  to  Robert  the  sum  of  eight 
thousand  francs,  as  a  reward  for  his  invention,  and  the 
right  to  it  was  purchased  by  M.  Didot  for  the  sum  of 
twenty-five  thousand  francs,  while  that  gentleman's 
brother-in-law,  M.  Gamble,  secured  a  patent  for 
it  in  England,  and  also  obtained  an  introduction  to 
the  Messrs.  Fourdrinier,  who  at  that  time  were 
extensive  stationers  and  papermakers.  Messrs.  Four- 
drinier entered  with  great  zeal  into  the  project, 
and  under  the  superintendence  of  Bryan  Donkin, 
they  in  three  years  succeeded  in  constructing  a  machine 
which  made  a  continuous  web  of  paper ;  but,  after 
three  years  more  of  intense  labor,  and  an  expenditure 
of  sixty  thousand  pounds  sterling,  the  patentees  found 
that  their  machine  still  required  extensive  alterations  and 
improvements.  They  therefore  applied  to  Parliament 
for  an  extension  of  their  patent  for  fourteen  years. 

The  bill  passed  through  the  House  of  Commons,  but 
as  stated  by  the  late  Dr.  Ure,  by  an  unworthy  artifice 
of  Lord  Lauderdale's,  it  was  limited  to  seven  years, 
with  an  understanding  that  the  patent  would  be  ex- 
tended other  seven  years  if  at  the  end  of  the  first  period 
they  could  show  that  they  had  not  been  remunerated 
for  their  outlay.  However,  the}'  were  prevented  from 
reaping  the  benefit  of  this  arrangement  by  a  standing 
order  of  the  House  of  Lords,  subsequently  placed  on 
their  journal,  which  allowed  an  extension  of  a  patent 
only  to  the  original  inventors.  Messrs.  Fourdrinier 
being  thus  prevented  from  reaping  any  advantage,  or 
deriving  any  remuneration  in  return  for  the  capital 
expended,  became  involved  in  difficulties,  which  led  to 
their  bankruptcy. 

To  show  the  advantage  of  this  invention,  Mr.  Four- 
drinier in  1806  published  a  statement,  showing  the 
cost  of  working  a  machine  capable  of  doing  seven  vats' 
work,  compared  with  the  cost  of  working  seven  vats. 
He  shows  the  cost  of  the  latter  to  be  two  thousand  six 
hundred  and  four  pounds  sterling  per  annum,  which 
would  now  he  considerably  increased  by  the  higher 
wages  paid  to  workmen  ;  the  cost  of  the  machine  doing 
equivalent  work  he  calculated  at  seven  hundred  and 
thirty-four  pounds  sterling  per  annum,  and  this,  on  the 
contrary,  would  now  be  diminished,  owing  to  the 
improvements  which  have  been  made,  and  the  greater 
quantity  of  paper  produced  in  the  same  time.  But 
taking  his  own  figures,  he  thus  demonstrated  a  saving, 
by  his  invention,  of  one  thousand  eight  hundred  and 
seventy  pounds  sterling  upon  seven  vats  in  one  year. 
The  cost  of  making  paper  by  vat  ho  showed  to  be 
sixteen  shillings  per  hundredweight ;  by  machine  only 
three  shillings  and  ninepence  ;  and  in  1807  he  offered 
to  make  such  machines  at  from  seven  hundred  and 
fifteen  to  one  thousand  and  forty  pounds  sterling, 
according  to  their  width.  He  also  points  out  as  ano- 
ther advantage  of  the  machine,  that  of  relieving  the 
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manufacturer  of  all  difficulties  arising  from  combina- 
tions among  workmen. 

It  is  a  lamentable  fact,  remarks  the  late  Dr.  Ure, 
that  the  attention  required  to  mature  this  valuable 
invention,  and  the  large  capital  which  it  absorbed,  led 
ultimately  to  the  bankruptcy  and  ruin  of  this  opulent 
and  public-spirited  company ;  after  which  disaster  no 
patent  dues  were  collected,  though  twelve  suits  in 
Chancery  were  instituted  ;  these  being  mostly  unsuc- 
cessful on  account  of  some  technical  objections  made 
to  their  well-specified  patent  by  that  unscientific  judge, 
Lord  Tenterden.  The  piratical  tricks  practised  by 
many  considerable  papcrmakers  against  the  patentees, 
are  humiliating  to  human  nature  in  a  civilized  and  soi 
disant  Christian  community.  Many  of  them  have  owned, 
since  the  bankruptcy  of  the  firm  removed  all  fear  of 
prosecution,  that  they  owed  the  company  from  two  thou- 
sand to  three  thousand  pounds  each  for  patent  dues  ! 

Present  Paper  Machine. — When  the  pulp  is  pro- 
perly prepared,  it  is  emptied  into  the  stuff-chest — in 
which  an  agitator  revolves  for  the  purpose  of  keeping  the 
pulp  and  water  at  an  equal  consistency — and  is  thence 
drawn  as  required  to  suit  the  machine.  Before  de- 
scribing the  latter  apparatus,  it  may  be  necessary  to 
state  that  an  important  desideratum  in  paper  is  uniform 
thickness,  and  this  can  only  be  obtained  by  a  uniform 
supply  of  pulp  and  a  regular  speed  of  machine.  For- 
merly, this  uniformity  depended  entirely  on  the  care 
and  attention  of  the  workman  ;  but  in  drawing  the  pulp 
to  supply  the  machine  by  a  pipe  from  the  chest,  the 
pressure  was  always  varying  and  making  irregular 
paper,  and  the  workman  could  scarcely  regulate  his 
valve  or  supply-cock  to  the  exactness  required.  When 
an  engine  of  pulp  was  emptied  into  the  chest  or  reser- 
voir, the  pressure  on  the  valve  was  increased,  and  the 
workman,  by  his  own  judgment,  had  to  lessen  the  ori- 
fice of  discharge  ;  but,  however  attentive  he  might  be, 
he  could  not  regulate  the  valve  with  perfect  certainty, 
or  in  precisely  the  same  ratio  as  the  increase  or  decrease 
of  pressure  in  the  chest. 

To  overcome  this  irregularity  in  thickness,  paper- 
makers  tried  various  methods,  but  the  two  modes  in 
general  use  are  by  a  pump  and  a  pulp  meter. 

Pumps  and  Pulp  Meters. — When  pulp  is  delivered 
to  a  machine  by  a  pump,  the  latter  is  applied  to  pump 
the  pulp  from  the  large  chest  into  a  small  one  placed 
above  it,  in  which  is  an  overflow,  so  that  if  the  supply 
to  the  machine  be  rapidly  stopped,  the  pulp  will  im- 
mediately flow  back  into  the  large  chest.  A  regular 
quantity  of  pulp  is  thus  kept  in  the  small  one,  to  which 
the  supply-pipe  is  attached,  and  a  uniform  pressure  is 
in  this  way  obtained. 

The  other  mode  by  pulp  meter  was  introduced  by 
Messrs.  Cowan  from  Oechelhaeuser,  the  foreign 
inventor,  and  consists  in  making  the  pulp,  which  is 
kept  at  an  equal  density,  flow  into  a  cistern,  in  which 
a  box  constantly  dips,  lifting  an  exact  quantity  of  pulp. 
The  capacity  of  this  box  can  be  increased  or  diminished, 
to  correspond  to  the  different  thicknesses  of  paper 
required.  The  writer  has  seen  this  pulp  meter  work 
for  twelve  hours,  and  the  workman  in  attendance 
never  require  to  touch  it,  while  the  paper  produced 
would  not  vary  in  weight  one  half  pound  per  ream. 


Lifter  Wheel  and  Sand  Trap. — From  the  pump  or 
pulp  meter  the  pulp  flows  into  the  lifter  wheel,  and  is 
further  diluted  with  water.  This  is  a  wheel  composed  of 
buckets,  into  which  the  save-all  water  flows,  and  is  by 
them  lifted  to  its  former  level  for  the  purpose  of  being 
used  again.  The  pulp  and  water  are  both  lifted  and 
discharged  on  to  a  sand  trap,  which  is  a  long  flat  box 
from  twenty  to  forty  feet  in  length,  and  only  four  or 
five  inches  deep.  The  pulp  flows  over  this  surface, 
and  allows  sand  to  settle  on  the  bottom.  From  this 
the  pulp  flows  into  the  strainer. 

The  Strainer  is  a  brass  frame,  of  which  the  bottom 
is  composed  of  brass  plates  finely  perforated,  and 
through  which  the  pulp  has  to  pass  longitudinally, 
thereby  keeping  back  all  knots  and  impurities.  A 
quick,  vertical  motion  is  given  to  it ;  the  pulp  flows  in 
on  the  top,  and  percolates  through  the  bottom  by  suc- 
tion ;  it  then  passes  into  the  vat.  A  great  variety  of 
these  strainers  are  in  use ;  but  the  best  which  the 
writer  knows  of  is  made  by  Easton,  and  Amos  of 
London.  Their  strainer  is  a  fixture,  and  below  it  is  a 
piston,  which  is  made  to  work  vertically  against  the 
bottom  of  the  strainer,  without  touching  it.  A  rapid 
motion  is  given  to  this  piston,  and  the  suction  thereby 
created  carries  the  pulp  through.  This  patent  strainer 
is  a  great  improvement  on  the  old  one.  While  the 
latter  has  to  be  cleaned  every  twelve  or  twenty-four 
hours,  this  will  work  for  sixty  or,  seventy  hours  without 
cleaning. 

The  Wire.— From  the  strainer  the  pulp  flows  by 
two  pipes  into  the  vat,  which  is  a,  large  box  for  con- 
taining a  supply  of  pulp,  and  from  this  it  passes  to  the 
wire.  The  latter,  which  constitutes  a  most  important 
part  of  the  mechanism,  is  generally  an  endless  web  of 
fine  wire-cloth,  of  three  thousand  six  hundred  to  five 
thousand  meshes  in  each  square  inch.  It  is  about 
thirty  feet  in  length,  and  is  made  to  revolve  on  two 
rollers — always  presenting  a  level  surface  of  twelve  or 
fifteen  feet  to  receive  the  pulp.  To  admit  this  liquid 
to  the  wire,  a  slit  or  opening  runs  along  the  front  of 
the  vat,  by  which  the  depth  of  pulp  is  regulated.  The 
latter  flows  through  this  opening  upon  an  apron  or 
delivery  board,  and  from  thence  to.  the  wire,  beneath 
which  is  placed  a  box  called  a  save-all.  The  lateral 
motion  of  the  wire  shakes  the  fibre  of  the  pulp  together, 
while  the  water  passes  through  the  meshes  of  the  wire- 
cloth  into  the  save-all,  and  thence  into  the  lifter  wheel, 
to  be  used  over  again. 

The  fibre  being  left  on  the  surface  of  the  wire, 
gradually  becomes  firmer  and  more  compact;  and  is 
regulated  in  width  by  deckel  straps  or  bands,  which 
form  ledges  at  or  near  the  sides  of  the  web,  and  prevent 
its  flowing  off  the  wire.  These  bands  or  deckels  are 
made  of  a  number  of  layers  of  cotton,  gummed  and 
sewed  together,  being  about  one  inch  in  width,  and 
half  an  inch  thick;  sometimes  they  are  made  entirely  of 
vulcanized  india  rubber.  They  travel  along  with  the 
wire,  one  on  each  side,  and  by  their  flexibility  keep  the 
pulp  to  any  required  width.  They  are  guided  by  a 
frame  which  stretches  across  the  machine,  resting  on 
its  framework ;  and  the  breadth  of  pulp  is  regulated  by 
widening  or  narrowing  the  frame. 

The  Dandy  Roll. — Travelling  with  the  wire,  the 
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pulp  passes  to  the  dandy  roll,  which  is  simply  a 
cylinder,  the  two  ends  of  which  consist  of  hrass  hoops 
fixed  on  a  shaft,  and  having  wires  extended  between 
them ;  or  it  is  sometimes  formed  of  perforated  copper, 
and  is  covered  with  fine  wire-cloth.  It  is  generally 
seven  inches  in  diameter,  and  usually  corresponds  in 
length  to  the  width  of  the  wire  upon  which  it  rests. 
The  journals  of  this  roll  turn  in  slits  in  two  upright 
stands;  one  behind  the  machine  frame  and  the  other 
in  front  of  it ;  but,  as  the  roll  actually  rests  with  its 
whole  weight  on  the  wire,  it  revolves  by  the  progres- 
sive motion  of  the  latter,  while  the  stands  prevent 
it  from  participating  in  the  lateral  motion.  This  roll, 
by  running  on  the  surface  of  the  pulp,  presses  out  a 
great  quantity  of  water,  and  renders  the  paper  finer 
and  closer  in  texture. 

The  dandy  roll  appears  to  have  been  invented  by 
Mr.  John  Wiles,  an  English  mechanist,  for  the  pur- 
pose of  pressing  out  some  of  the  superfluous  water. 
This  object  was  afterwards  more  effectually  accom- 
plished by  the  pump-box,  but  the  dandy  was  still  found 
to  be  a  valuable  invention  for  closing  the  pores  of  the 
paper.  It  is  also  by  this  part  of  the  mechanism  that 
the  water-mark  and  the  lined  appearance  which  laid 
paper  presents  are  impressed. 

Suction  Boxes. — Beneath  the  dandy  roll,  and  across 
the  machine,  two  suction  or  pump  boxes  are  placed, 
having  their  upper  sides  open.  As  the  wire  travels 
over  these  boxes,  the  action  of  the  pumps  with  which 
they  are  connected  draws  the  wire  upon  them  with  a 
pressure  sufficient  to  make  them  air-tight,  thereby 
extracting  a  large  portion  of  the  water  which  the  pulp 
at  this  point  still  retains,  and  giving  to  it  such  a  degree 
of  consistency  as  fits  it  to  bear  without  injury  the 
pressure  of  the  couch  rolls.  Before  this  apparatus  was 
introduced,  the  pulp  often  came  too  wet  to  the  couch 
rolls,  causing  the  paper  to  be  water-galled. 

The  Couch  Eolls. — The  web  of  paper  being  regula- 
ted in  width  by  the  deckels,  rendered  closer  in  texture 
by  passing  under  the  dandy  roll,  and  made  drier  and 
more  compact  by  passing  over  the  suction  boxes,  now 
arrives  at  the  couch  rolls.  These  are  two  large  rollers 
covered  with  felt;  the  under  one  revolves  inside  the 
wire,  and  gives  the  motion  to  it ;  the  upper  rests  on 
the  lower,  and  thus  both  wire  and  web  of  paper  pass 
through  between  them,  receiving  a  gentle  pressure, 
which  renders  the  paper  still  more  compact. 

At  this  point  the  paper  leaves  the  wire,  and  is 
received  on  a  soft  woollen  blanket,  or  endless  web  of  felt, 
which  revolves  continuously  on  rollers,  and  is  about 
twenty  feet  in  length.  This  endless  web  carries  the 
paper  between  two  heavy  iron  rollers,  called  press 
rolls,  which  still  expel  a  large  quantity  of  water.  The 
paper  can  now  bear  its  own  weight,  and  may  be  handled 
gently  without  injury. 

Steam  Drying. — For  many  years  after  the  intro- 
duction of  the  paper  machine,  the  paper,  after  passing 
through  the  press  rolls,  was  wound  on  reels,  cut  into 
sheets  by  hand,  and  then  hung  up  in  the  loft  to  dry. 
But  in  1821  a  very  useful  improvement  was  added  to 
the  machine  by  T.  B.  Crompton,  who  invented  and 
patented  a  new  mode  of  drying  by  heated  cylinders, 
and  a  cloth  or  felt.    According  to  Mr.  Herring,  the 


first  experiment  for  drying  paper  by  means  of  heated 
cylinders  was  made  at  Gelubrand's  calico-printing 
factory,  near  Stepney,  a  reel  of  paper  in  a  moist  state 
having  been  conveyed  thither  from  Dartford  in  a  post- 
chaise.  The  experiment,  which  was  made  in  the 
presence  of  the  patentees  of  the  paper  machine  and 
Mr.  Donkin  the  engineer,  proved  highly  satisfactory ; 
and  the  adoption  of  copper  cylinders  heated  by  steam 
was  thenceforth  considered  indispensable.  But  copper 
cylinders  were  soon  superseded  by  cast-iron  ones. 
The  former,  being  thin,  did  not  retain  the  heat  any 
length  of  time,  and  were  rapidly  heated  or  cooled  by 
the  least  variation  of  pressure  on  the  steam.  The  cast- 
iron  drying  cylinders  at  present  used  are  made  thicker, 
and  although  not  so  quickly  heated,  retain  their  heat 
longer ;  while  any  irregularity  in  the  pressure  or  tem- 
perature of  the  steam  does  not  so  easily  affect  them. 
The  number  of  cylinders  in  a  machine  varies  from 
three  to  fourteen ;  they  may  be  placed  in  a  great  many 
different  ways,  and  are  used  of  different  sizes.  But 
the  best  way  to  arrange  them,  is  to  set  them  in  pairs, 
one  over  the  other,  leaving  a  few  inches  between  the 
two  surfaces. 

The  paper,  after  passing  through  the  press  rolls,  and 
thereby  parting  with  a  quantity  of  water,  is  much 
firmer ;  but  from  the  circumstance  that  the  pressure 
on  one  side  is  exerted  against  the  felt,  it  is  rougher  on 
that  side  than  on  the  other ;  and  to  equalize  the  sides 
a  second  pair  of  press  rolls  and  a  short  felt  have  been 
introduced.  The  paper  passes  from  the  first  pair  of 
rolls,  presenting  its  rough  surface  to  the  smooth  roll. 
It  then  passes  on  to  the  first  drying  cylinder,  which 
should  only  be  slightly  heated ;  the  second  is  heated  a 
little  more,  and  so  on,  each  of  the  series  of  cylinders 
successively  increasing  in  heat.  By  this  means  the 
paper  is  dried  gradually,  and  is  found  to  be  much 
stronger  when  dried  in  this  way  than  when  passed 
over  one  or  two  very  hot  cylinders. 

Papermakers  have  paid  too  little  attention  to  the 
drying  power  of  their  machines ;  and  in  many  places, 
while  the  speed  of  the  machine  has  been  greatly 
increased,  the  number  of  drying  cylinders  has  remained 
the  same ;  consequently,  a  great  degree  of  heat  has 
to  be  kept  up,  while  the  paper,  nevertheless,  is  not  so 
well  dried ;  and  in  making  printing  paper,  or  paper 
sized  in  the  engine,  this  high  temperature  and  its  quick 
application  cause  a  great  quantity  of  size  to  evaporate, 
leaving  the  paper  imperfectly  sized.  Enterprising  and 
scientific  papermakers  have  now  remedied  this  defect 
by  increasing  the  number  of  their  cylinders.  Over  a 
few  of  the  cylinders  is  a  felt  web,  which  revolves  with 
the  cylinder,  and  the  paper  runs  between  cylinder  and 
felt.  The  object  of  the  felt  is  to  dry  the  paper  equally, 
and  keep  it  from  cockling. 

In  well-arranged  mills,  the  cylinders  are  differently 
adjusted  on  machines  for  making  writing  and  those  for 
making  printing  papers.  On  a  writing  paper  machine, 
the  paper  is  only  passed  over  a  number  of  cylinders  to 
dry  it,  then  wound  on  reels.  On  machines  for  making 
printing  paper,  the  paper  passes  over  three  or  four 
cylinders,  then  between  a  pair  of  smooth,  well-polished 
metal  rolls,  to  give  it  a  surface,  and  which  is  best 
done  when  the  paper  is  a  little  moist ;  from  these, 
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called  nipping  rolls,  the  paper  passes  over  three  or 
four  additional  cylinders. 

Calendering. — The  paper  is  now  thoroughly  dry, 
and  from  the  last  drying  cylinder  it  passes  through 
between  one  or  two  sets  of  calender  rolls,  to  bring  up 
the  surface  required.  These  calender  rolls  are  often 
five  in  number — one  large  roll,  with  four  small  ones 
placed  above  it.  The  paper  passing  in  at  the  top  cir- 
culates to  the  bottom,  and  thence  proceeds  to  the  reel, 
on  which  it  is  wound.  These  rolls  are  very  difficult  to 
keep  in  order,  and  are  giving  place  to  another  arrange- 
ment, which  consists  of  two  or  three  pairs  of  rolls,  with 
springs  on  the  top  of  the  bearings  of  the  uppermost  roll. 
The  rolls  are  placed  in  sets ;  two  rolls  in  a  set,  and  three 
sets  on  a  machine,  thereby  bringing  up  a  fine  surface. 

Having  thus  described  the  several  parts  of  the  paper 
machine,  and  followed  the  course  of  the  paper  from  its 
first  appearance  in  the  shape  of  unsightly  rags  until  it 
is  wound  on  the  reel,  it  will  be  necessary  to  add  a  con- 
nected and  complete  view  of  the  entire  mechanism,  to 
render  it  thoroughly  intelligible  to  the  reader.  With  this 
view,  the  Editor  gives  in  Fig.  382  an  engraving  of  one 
of  the  most  improved  paper  machines,  recently  designed 
and  erected  by  Mr.  George  Bertram  of  Edinburgh, 
who  is  known  throughout  Europe  for  the  durability 
and  excellence  of  his  paper  machinery.  Machines  from 
his  establishment  are  working  in  Sweden  and  Russia,  as 
well  as  in  all  parts  of  Great  Britain.  In  this  figure,  A 
denotes  the  pulp  chest ;  B,  valve  for  regulating  the  supply 
of  pulp ;  c,  spout  for  conveying  pulp  to  strainer ;  D, 
strainer ;  E,  pipe  for  conveying  pulp  from  strainer  to  vat ; 
P,  vat;  G  G,  small  agitators  for  keeping  the  pulp  of  equal 
thickness  ;  h  h  h,  rolls  for  wire  revolving  on ;  1 1 1, 
small  tube  rolls  for  supporting  wire  ;  J  J  J,  deckel  frame 
with  pulleys  for  regulating  width  of  paper ;  K,  deckel 
strap  ;  L  L,  pump  boxes  between  which  the  dandy  roll 
is  placed  ;  M  M,  couch  rolls ;  N  N,  first  and  second  press 
rolls;  o,  rolls  for  felt  revolving  on  ;  p,  drying  cylinders; 
R,  nipping  rolls  ;  s,  guide  frame  for  dry  felt ;  T,  calen- 
der rolls  for  improving  surface;  v,  reel  filling  with 
paper,  and  reel  full. 

Laid  Paper  and  Water-marh. — When  the  machine 
was  invented,  only  wove  paper  could  be  made  by 
it,  and  it  was  then  supposed  that  it  would  never  be 
possible  to  make  laid  paper  by  it,  or  introduce  a 
water-mark ;  but  the  invention  of  the  dandy  roll  and 
pump  box  have  removed  this  supposed  insurmount- 
able difficulty.  It  has  been  already  stated,  that  when 
the  wire  passes  over  the  pump  box  a  large  quan- 
tity of  water  is  immediately  extracted  from  the  pulp. 
This  gives  it  such  a  degree  of  consistency  that  any 
impression  made  on  it  at  this  point  remains,  owing  to 
its  passing  instantly  from  a  partially  fluid  state  to  one 
of  greater  consistency. 

A  dandy  designed  to  make  laid  paper  is  covered  with 
fine  wire,  laid  longitudinally,  leaving  very  small  spaces 
between  the  wires.  When  a  water-mark  is  required, 
whether  a  name  or  device,  the  figure  or  letters  are 
made  of  fine  wire  and  sewed  on  the  surface  of  the 
dandy  roll. 

Cutting  Mactiine. — Previous  to  the  introduction 
of  cutting  machines,  the  paper  was  uniformly  wound 
on  a  reel,  the  diameter  of  which  could  be  diminished 


or  enlarged,  according  to  the  size  of  sheet  required. 
When  the  reel  was  filled,  an  empty  one  was  put  on, 
and  the  paper  was  cut  off  the  full  reel  by  the  hand. 
This  method  of  cutting  occasioned  a  great  deal  of 
waste  ;  many  attempts  were  therefore  made  to  produce 
a  machine  which  would  cut  the  paper  into  sheets  as  it 
issued  from  the  machine,  or  as  it  was  wound  off  a  reel ; 
but  most  of  the  plans,  after  repeated  trials  had  been 
made  and  considerable  cost  incurred,  were  laid  aside 
as  impracticable.  Mr.  J.  B.  Crompton  of  England 
appears  to  have  been  the  first  who  produced  a  really 
useful  cutting  machine.  About  1821  he  secured  a 
patent  for  cutting  paper  into  suitable  lengths  by  a  pair 
of  shears,  as  it  issued  from  the  machine ;  and  in  1828 
he  again  obtained  a  patent  for  cutting  paper  lengthwise 
by  revolving  circular  blades  fixed  on  a  roller  parallel 
to  a  cylinder.  Finally,  in  1849,  Amos  and  Clabk 
patented  a  cutter  which  obviated  the  difficulty  that 
arose  from  the  constantly  increasing  velocity  of  ma- 
chines, causing  the  sheets  to  be  cut  into  irregular 
lengths  ;  and  this  cutter  is  the  best  yet  in  use. 

The  first  operation  of  this  cutter  is  to  cut  the  paper 
lengthwise  into  such  widths  as  may  be  required.  To 
effect  this  object,  there  are  placed  across  the  machine 
two  shafts,  armed  with  circular  blades,  which  may  be 
moved  along  the  shafts  to  adjust  them  to  any  required 
width.  These  knives  revolve  at  a  much  greater  speed 
than  the  paper,  which,  as  it  issues  from  the  making 
machine,  or  is  wound  off  the  reel,  passes  between  the 
two  shafts,  and  is  cut  by  the  knives  very  exactly.  It 
may  be  stated  that  the  knife  on  the  upper  shaft  is 
larger  in  diameter  than  that  on  the  lower,  and  as  they 
revolve  in  contact,  the  action  produced  is  similar  to 
that  of  a  pair  of  scissors. 

The  web  being  thus  cut  lengthwise,  proceeds  over  a 
large  drum  for  the  purpose  of  being  cut  across  into  the 
lengths  required  for  the  sheets.  From  the  velocity 
with  which  the  paper  travels,  this  is  a  difficult  opera- 
tion, and  requires  the  paper  to  be  momentarily  arrested 
in  its  course,  at  regular  intervals,  to  admit  of  the  sheet 
being  cut  square.'  With  this  view,  the  drum  is  so 
contrived  as  to  have  an  alternating  motion ;  at  one 
time  bringing  the  paper  forward  the  required  length, 
and  then  returning.  This  effect  is  produced  by  a 
crank  arm,  which  can  be  adjusted  at  pleasure  to  regu- 
late the  length  of  the  sheet.  In  front  of  this  drum,  at 
the  point  where  the  paper  leaves  it,  is  placed  a  solid 
board  or  wooden  block,  over  which  is  suspended  a 
movable  board  or  presser.  The  paper  passes  between 
these,  and  when  the  drum  has  brought  forward  the 
required  length  of  sheet,  the  presser,  by  a  particular 
movement,  is  made  to  descend  against  the  block,  and 
holds  the  paper  fast,  while  at  the  same  instant  a  com- 
bined motion  of  rolls  and  levers  brings  a  movable 
knife  against  a  fixed  knife,  and  the  paper  is  cut  in 
the  same  manner  as  by  a  pair  of  shears.  The  sheets 
immediately  on  being  cut  are  caught  by  boys,  and 
laid  straight  in  handfuls.  The  drum,  after  bringing 
forward  the  required  length,  immediately  retrogrades, 
while  the  pressers  prevent  the  paper  from  being  pulled 
back  along  with  it.  Three  rolls  covered  with  felt  are 
placed  on  the  top  of  the  drum  to  assist  in  bringing  for- 
ward the  paper,  and  the  moment  it  is  held  fast  in  the 
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prcssers  these  rolls  are  raised  by  a  lever  and  connecting 
rods,  so  that  tho  paper  is  left  loose  on  the  drum,  which 
by  this  arrangement  can  turn  back  without  dragging 
the  paper.  The  latter  is  continuously  passing  between 
the  knives,  and  while  the  drum  is  making  its  backward 
motion,  a  dancing  roll  takes  up  the  slack  of  the  paper. 

This  cutter  is  invaluable  in  cutting  laid  paper  on 
which  is  a  water-mark.  As  this  water-mark  requires 
to  be  in  the  centre,  from  which  it  sometimes  deviates, 
a  portion  of  the  machinery  can  at  any  time  be  stopped 
by  hand,  and  a  small  part  of  the  sheet  out  off,  thereby 
bringing  the  water-mark  again  to  its  proper  place. 

In  addition  to  the  cutter  just  described,  and  which  is 
certainly  the  best  in  use  for  cutting  paper  with  water- 
mark, there  is  another  which  also  has  its  advantages, 
and  of  which  the  annexed  engraving — Fig.  383 — has 
been  kindly  furnished  by  Mr.  Geokge  Bertram. 
This  machine  is  generally  used  for  cutting  wove  paper, 
printing  paper,  and  newspapers,  and  cuts  six  webs  at 
once.  Six  reels  turn  on  bearings  in  a  frame,  and  the 
web  from  each,  passing  round  a  smaller  roller,  is  received 
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on  a  small  drum.  All  the  six  webs,  passing  round  this 
drum,  are  collected  on  a  pair  of  small  rollers,  called 
gathering  rolls,  and  by  these  they  are  simultaneously 
subjected  to  the  action  of  the  circular  knives,  which 
cut  the  paper  lengthwise,  forming  the  required  width 
of  sheet.  By  a  wheel  and  lever,  which  regulate  the 
motion,  tho  requisite  length  of  paper  is  then  brought 
under  a  movable  upright  knife,  which  immediately 
descends  on  a  fixed  or  bed  knife,  and  severs  the  sheets 
from  the  webs.  The  sheets  are  then  carried  forward 
on  a  revolving  apron  to  boys,  who  pile  them  carefully 
in  handfuls ;  after  which  the  paper  is  taken  to  be  over- 
looked and  finished.  This  description  will  be  easily 
understood  by  the  figure,  in  which  A  represents  the 
six  reels  of  paper  on  cutter  frame  ;  B,  gathering  rolls ; 
C,  circular  knives  for  cutting  paper  longitudinally;  D, 
feeding  rolls ;  E,  movable  and  fixed  knives  for  cutting 
paper  from  web,  usually  called  cross-cutting  knife ;  F, 
endless  apron  for  carrying  paper  to  boys.  This  cutter 
has  the  advantage  of  being  capable  of  performing 
about  double  the  work  of  the  one  previously  described, 
and  is  therefore  used  in  mills  where  the  water-mark  is 
not  put  on  paper. 

Sizing. — Inferior  sorts  of  writing  paper,  and  all 
continental  writing  paper,  are  sized  in  the  pulp,  by  tho 
same  method  as  printing  paper ;  but  to  produce  a  good 
writing  paper,  it  is  necessary  to  size  it  with  animal  size 
after  it  is  made. 


Size  is  generally  made  at  the  mill  from  the  parings 
of  skins,  called  scrolls.  Formerly  the  scrolls  were 
boiled  until  the  gelatin  they  contain  was  extracted,  but 
the  size  had  often  a  turbid  appearance,  and  injured  the 
color  of  the  paper.  About  1840,  the  Messrs.  Pirie  of 
Stoneywood,  Aberdeen,  obtained  a  patent  for  an 
improved  method  of  making  size.  Their  process  con- 
sists in  steeping  the  scrolls  in  stagnant  water  until 
putrefaction  has  commenced;  the  scrolls  are  then 
beaten  with  a  mallet,  well  cleansed,  and  steeped  in 
water  strongly  impregnated  with  sulphurous  acid,  which 
acid  has  the  property  of  both  arresting  putrefaction  and 
bleaching  the  scrolls.  By  this  process  the  gelatin  is 
much  more  easily  extracted,  and  the  scrolls  do  not 
require  to  be  boiled.  They  are  put  into  a  large  wooden 
vessel  or  tub,  which  is  set  inside  a  cast-iron  one,  and 
between  the  sides  of  these  vessels  there  is  a  space  of 
about  one  inch  all  round.  This  space  is  filled  with 
water,  into  which  steam  is  admitted,  and  by  the  heat 
thus  communicated  the  gelatin  is  extracted ;  but  unless 
the  heat  is  kept  considerably  below  the  boiling  point 
the  size  will  not  be  pure.  When  drawn  off,  a  quantity 
of  alum  is  dissolved  among  it  for  the  purpose  of  pre- 
serving it.  By  this  method  a  fine  pure  size  is  obtained, 
which  does  not  injure  the  color  of  the  paper;  but  the 
process  is  complicated,  and  the  gelatin  contained  in  the 
scrolls  is  liable  to  be  injured  by  allowing  putrefaction  to 
proceed  too  far  when  the  scrolls  are  being  steeped.  It 
has  now,  however,  been  found  that  a  part  of  this  process 
may  be  omitted,  and  that  copper  instead  of  wooden 
vessels  may  be  used  without  detriment  to  the  size. 

The  sizing  of  paper  by  hand-dipping  was  a  tedious 
process,  and  occasioned  a  great  deal  of  waste.  Many 
attempts  were  therefore  made  to  size  it  in  the  web, 
which  for  a  considerable  time  were  unsuccessful.  About 
1840  several  mills  succeeded  in  attaining  this  object, 
but  with  some  little  diversity  in  their  methods.  The 
mode  adopted  by  Messrs.  Alexander  Cowan  and 
Sons  at  their  mills,  is  to  pass  the  paper  over  two  rolls, 
about  a  foot  in  diameter,  half  immersed  in  size.  Behind 
these  rolls  is  a  frame  fitted  with  small  rolls  set  at  an 
angle.  Paper,  when  undergoing  tho  process  of  wet- 
ting, expands  considerably,  and  these  rolls  have  the 
effect  of  keeping  the  web  of  paper  stretched  to  its  full 
width,  thereby  preventing  it  from  getting  into  creases 
as  it  passes  to  the  press  rolls,  where  the  superfluous 
size  is  pressed  out.  Another  and  simpler  method  is  to 
pass  it  under  a  drum  about  two  feet  diameter,  half 
immersed  in  size,  and  then  forward  to  the  press  rolls. 

The  sizing  of  paper  is  an  important  but  difficult 
process.  If  the  paper  is  very  porous,  it  is  also  gene- 
rally weak,  and  then  the  sizing  occasions  a  good  deal 
of  waste.  If  again  the  paper  has  been  blued  with 
ultramarine,  a  strong  and  offensive  smell  is  often  com- 
municated to  it.  The  best  remedy  for  this  is  to  use 
a  size  which  has  not  been  long  kept,  to  allow  the  paper 
to  lie  some  time  after  being  made,  and  after  sizing  to 
dry  as  quickly  and  as  perfectly  as  possible.  If  it  still 
retains  any  offensive  smell,  this  may  bo  partially 
removed  by  hanging  it  up  in  a  placo  where  it  can  be 
exposed  to  a  very  dry  atmosphere. 

Drying. — Manufacturers  having  succeeded  in  sizing 
in  the  web,  the  next  desideratum  was  also  to  dry  it  in 
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the  same  form,  -which,  after  many  unsuccessful  attempts, 
was  accomplished. 

The  drying  machine  is  a  large  frame  of  cast-iron, 
ahout  ninety  feet  long  and  nine  wide.  In  this 
frame  are  laid  two  and  sometimes  three  tiers  of  skele- 
ton drums  or  cylinders,  three  feet  in  diameter.  A 
shaft  passes  through  the  centre  of  each  drum,  and  to 
the  shaft  inside  of  the  drum  are  fixed  two  arms  called 
fans.  The  shaft  is  driven  by  a  separate  arrangement 
of  the  machinery,  and  is  independent  of  the  motion  of 
the  drum.  The  paper  travels  over  the  drum  at  the 
rate  of  from  forty  to  sixty  feet  per  minute,  while  the 
shaft  is  making  about  one  hundred  and  eighty  revo- 
lutions per  minute,  thereby  producing  a  considerable 
agitation  in  the  atmosphere  around  the  dryer.  Six  sets 
of  narrow  bands,  about  one  inch  wide,  pass  over  the 
drums  from  end  to  end  of  the  dryer,  for  the  purpose  of 
conveying  the  paper  from  one  drum  to  another.  In 
some  mills  the  paper  passes  at  once  from  the  sizer  over 
the  dryer ;  but  generally  it  is  wound  on  a  reel  at  the 
sizer,  and  allowed  to  stand  a  few  hours  until  the  paper 
has  cooled  a  little,  and  absorbed  the  size  which  is  lying 
on  the  surface  when  it  comes  from  the  sizer.  To  con- 
vey the  paper  over  the  drying  drums  the  end  of  the  web 
is  placed  between  the  bands — three  of  the  sets  being 
above  the  paper  and  three  below.  It  generally  takes 
about  fifteen  minutes  to  travel  over  the  dryer,  and  by 
the  time  it  has  reached  the  opposite  end  it  should  be 
quite  dry  and  ready  for  the  cutter. 

Fig.  384  is  a  sectional  view  of  the  sizing  and  drying 
apparatus,  where  A  represents  the  reel  of  paper  to  be 
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sized ;  b,  the  size  cisterns  and  press  rolls ;  c,  drying 
drums  with  fans  inside;  D,  dried  reel  of  paper;  E, 
heating  apparatus ;  F,  ventilator. 

The  drying  machine  is  of  great  advantage  to -the 
paper  manufacturer  in  regard  to  economy  of  time,  but 
not  otherwise.  Paper  when  drying  has  a  natural 
tendency  to  contract,  and  this  is  counteracted  by 
the  tension  at  which  it  must  be  kept  when  drying  on 
the  machine.  Paper  so  dried  is,  therefore,  not  so  tough 
as  it  would  have  been  by  the  old  method  of  hanging  it 
on  ropes.  To  meet  this  defect  a  much  stronger  size 
lias  to  be  used. 

Finishing. — The  finishing,  or  smoothing  the  surface 
ol  printing  paper,  is  now  performed  at  the  machine. 
After  it  is  cut  it  does  not  require  much  labor.  The 
first  process  is  overhauling  or  overlooking.  This  is 
done  by  women,  who  turn  over  and  examine  every 
sheet,  and  lay  aside  all  that  are  imperfect,  or  which 
have  any  small  defect ;  these  are  called  retree.  Sheets 
seriously  damaged  are  called  broken,  and  when  sold 
bring  about  half  the  price  of  sound  sheets.   The  paper 


is  then  counted  into  quires,  each  quire  consisting  of 
twenty-four  sheets ;  and  twenty  quires,  or  four  hundred 
and  eighty  sheets,  constitute  a  ream  of  printing,  wrap- 
ping, and  colored  paper.  The  reams  are  then  subjected 
to  heavy  pressure  before  being  put  into  covers.  An 
excise  label  is  pasted  on  the  cover  of  every  ream,  and 
in  this  form  it  is  set  aside  until  wanted  for  the  market. 

Before  being  sent  from  the  mill  the  excise-officer 
weighs  the  paper  and  writes  the  weight  on  it.  He 
also  requires  the  manufacturer  to  write  or  print  the 
weight  on  each  ream,  and  to  put  a  progressive  number 
on  each.  He  further  compares  the  weight  on  the 
ream  with  the  gross  weight,  and  if  it  exceeds  or  falls 
below  the  allowed  per-centage,  the  paper  is  liable  to  be 
confiscated.  Formerly  the  law  required  paper  to  stand 
twenty-four  hours  after  being  charged  with  duty ;  but 
this  is  now  modified,  and  by  complying  with  certain 
regulations  paper  may  now  be  sent  off  a  few  hours 
after  being  charged  with  duty. 

In  finishing  writing  paper,  a  large  amount  of  both 
labor  and  machinery  is  required.  After  it  comes 
from  the  cutter  it  is  pressed  in  strong  hydraulic 
presses,  and  then  rolled  or  glazed.  The  operation  of 
rolling  and  glazing  consists  in  subjecting  the  paper  to 
a  heavy  pressure  between  highly-polished  sheets  of 
copper  or  brass.  This  part  of  the  work  is  chiefly  per- 
formed by  women,  who  take  one  sheet  of  copper  and 
another  of  paper,  alternately,  until  they  have  about 
forty  of  each,  which  is  called  a  handful.  This  quan- 
tity is  then  passed  between  a  pair  of  rollers  about 
fourteen  inches  diameter,  set  in  a  strong  iron  frame, 
and  driven  by  steam  or  water  power,  working  under 
a  pressure  of  upwards  of  twenty  tons.  When  the 
handful  has  passed  through  the  rollers,  the  machinery 
is  so  constructed  that  the  motion  can  be  reversed,  and 
by  this  means  the  handful  is  made  to  pass  forwards 
and  backwards  several  times,  according  to  the  smooth- 
ness or  gloss  of  surface  required.  Highly-finished 
paper  called  glased,  and  sometimes  known  as  satin 
paper,  is  produced  by  simply  repeating  or  prolonging 
this  operation  until  the  desired  finish  is  obtained.  To 
the  manufacturer  it  is  a  somewhat  costly  process  ;  for 
besides  the  expense  of  labor,  which  is  considerable, 
injury  to  some  of  the  paper  is  unavoidable,  and  the 
smallest  flaw  or  speck  in  the  sheets  is  brought  strongly 
out  by  the  high  finish.  It  is  evident,  therefore,  that 
writing  paper  which  has  to  be  highly  finished,  requires 
great  care  both  in  the  preparation  of  the  pulp,  and  in 
the  manufacture  of  the  paper. 

The  smoothing  or  finishing  of  the  surface  was  for- 
merly accomplished  by  placing  the  sheets  of  paper 
between  glazed  pasteboards.  The  boards,  intermixed 
at  intervals  with  heated  iron  plates,  were  then  put  into 
a  press  and  subjected  to  heavy  pressure — a  process 
which  is  well  known  by  the  name  of  hot-pressing.  It 
was  very  beneficial  to  the  paper,  as  it  took  out  any 
superfluous  moisture,  and  made  it  handle  firmly. 

After  the  surface  is  smoothed,  writing  paper  goes 
through  the  same  process  as  that  intended  for  printing, 
so  far  as  regards  the  overhauling  and  making  into 
reams.  The  standard  quantity  in  a  ream  of  printing 
paper  is  four  hundred  and  eighty  sheets,  but  paper  is 
often  put  up  with  five  hundred  sheets  in  the  ream,  and 
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sometimes  five  hundred  and  sixteen,  and  also  five  hun- 
dred and  twenty-eight,  but  in  all  these  cases  the  number 
of  sheets  must  be  marked  on  the  ream.  The  standard 
quantity  for  a  ream  of  writing  paper  is  four  hundred 
and  thirty-two  sheets  of  whole,  and  forty  sheets  of 
broken,  twenty  of  which  must  be  above  and  below  the 
whole. 

Varieties  op  Paper. — The  name  paper  compre- 
hends a  great  number  of  kinds,  differing  very  widely 
both  in  the  mode  of  manufacture  and  in  the  purposes 
to  which  they  are  applied.  They  may,  however,  be 
all  classed  under  four  heads,  namely,  white  paper,  grey 
and  brown  paper,  colored  paper,  and  pasteboards  of  all 
kinds. 

White  paper  includes  two  kinds,  writing  and  print- 
ing, and  of  these  there  are  various  qualities.  Writing 
paper  stands  at  the  head  of  this  class,  and  the  best 
quality  is  of  a  pure  uniform  color,  strongly  sized,  and 
highly  finished.  There  are  many  sorts  of  writing 
papers;  but  it  will  be  sufficient  to  enumerate  such  of 
them  as  are  best  known  by  name  to  those  who  are 
unacquainted  with  the  trade — such  as  cream,  blue,  and 
yellow,  in  color;  laids  and  wove,  in  texture. 

Cream  is  as  nearly  as  possible  a  pure  white.  Writ- 
ing shows  always  to  most  advantage  on  this  color;  but 
it  has  the  defect  of  being  more  transparent  than  any 
other  hue;  and  the  high  finish  generally  put  on  it 
increases  the  transparency.  A  small  quantity  of 
ultramarine  and  rose-pink  improves  the  purity  of  this 
tint. 

Blue  is  a  fine  shade,  and  has  not  the  defect  of  trans- 
parency. It  was  formerly  obtained  by  mixing  a  quan- 
tity of  smalt  with  the  pulp ;  but  since  the  introduction 
of  ultramarine  smalt  is  not  much  used;  ultramarine 
gives  a  much  finer  color,  and  is  not  so  costly;  and 
except  in  the  sizing,  where  it  occasionally  causes  some 
inconvenience,  there  is  now  no  difficulty  in  employing 
it.  When  put  among  the  pulp,  both  it  and  rose-pink 
should  be  well  mixed  in  hot  water,  and  strained 
twice  either  through  a  serge  bag  or  the  finest  wire 
sieve,  and  should  be  put  into  the  engine  as  soon  as  the 
chlorine  is  neutralized. 

Yellow  is  simply  a  bluish  shade  given  by  using  a 
smaller  quantity  of  ultramarine  than  for  blue;  generally 
about  a  fourth  or  fifth  part. 

The  old  names  given  to  paper  are  still  retained, 
and  also  the  sizes;  but  as  the  machine  can  make 
paper  of  any  length,  printing  paper  is  generally  cut  to 
whatever  size  is  most  suitable  for  the  printer. 

The  kinds  of  grey  and  brown  paper  used  for  wrap- 
ping are  extremely  numerous,  and  the  varieties  of 
colored  paper  are  almost  endless;  but  further  details 
would  be  tedious  to  the  reader,  and  would  occupy  too 
much  space. 

Formerly,  paper  manufacturers  put  a  device,  called 
the  water-mark,  on  all  their  paper,  and  the  old  names, 
some  of  which  are  rather  odd,  are  supposed  to  be 
derived  from  these  devices.  A  jug  or  pot  was  put  on 
paper  of  a  small  size ;  hence  it  still  retains  the  name 
of  pott.  The  fool's  cap-and-bells  was  also  one  of  their 
devices,  and,  although  another  mark  has  long  been 
substituted,  paper  of  that  size  also  retains  the  name  of 
foolscap.    In  like  manner,  post  is  supposed  to  have 
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been  so  called  from  the  post-horn,  which  was  at  one 
time  a  common  device.  Besides  these  there  were  a 
great  variety  of  marks,  many  of  them  of  a  fanciful  kind, 
but  which  are  now  only  interesting  to  the  antiquarian. 

Water-marks  have  frequently  been  of  essential  ser- 
vice as  the  means  of  detecting  frauds  in  dating  deeds, 
et  cetera;  and  they  are  very  useful  on  bank  notes, 
cheques,  and  receipts.  Those  who  are  curious  on  this 
subject  will  find  some  amusing  information  in  Mr. 
Herring's  work  on  papermaking. 

The  following  is  a  list  of  sizes  of  writing  and  print- 
ing paper.  In  a  few  cases  there  are  two  sizes  in  use, 
and  both  are  given  : — 

Inches. 

Pott,  I2jby  is 

Foolscap,  17  by  131 

Foolscap — writing,  16£  by  13+ 

Post,  18Jbyl5iorl9   by  15J 

Copy,...  20  by  16 

Large  post  20J  by  1G1 

Medium  post  18  by  23  or  18  by  221 

Sheet  and  third  foolscap, . .  24J  by  13J  or  22  by  13j 

Sheet  and  half  foolscap,   13J  by  25 

Double  foolscap — printing,  27  by  17 

Double  foolscap — writing,  16^  by  27 

Double  pott,  IS  by  25 

Double  post,  30£  by  19 

Double  crown,  20  by  30 

Demy — writing  20  by  15 

Demy — printing,  17J  by  221 

Medium  demy,  22  by  171 

Medium  demy — printing,  23  by  18$ 

Royal — writing,  24  by  19 

ltoyal— printing,  20  by  25 

Super-royal — writing,  27  by  19 

Super-royal — printing,  21   by  17 

Imperial,  30  by  22  or  30£  by  22 

Elephant  28  by  23 

Atlas,  34  by  26 

Columber,  34 J  by  23J 

Double  elephant,  26.^  by  40 

Antiquarian,   53  by  31 

The  following  is  a  list  of  coarse  papers,  such  as  grey 
and  brown : — 

Inches, 

Tient  cap  21  bv  18 

Bag  cap,  19J  by  24 

Havon  cap,  21  by  26 

Imperial  cap,  22  by  19 

Double  two  pounds,  17  by  24 

Double  four  pounds  21  by  30 

Double  six  pounds,  19  by  28 

Middle  hand,  22  by  16 

Lumber  hand,  19J  by  29 

Of  purples  there  are — 

Copy  loaf,  lGJby21f 

Powder  loaf,  18  by  26 

Double  loaf,  16J  by  23 

Single  loaf,  21 J  by  27 

Lump,  23  by  33 

Hanbro,   16J  by  23 

Titler  29  by  35 

Prussian,  or  double  lump,  32  by  42 

Paper  Duty. — It  would  be  out  of  place  here  to 
enter  largely  into  the  duty  levied  on  paper;  but  any 
article  on  papermaking  would  be  incomplete  without 
some  notice  of  it.  It  is  usual  to  commence  remarks  on 
this  subject  by  describing  the  annoyance  and  hindrance 
which  the  collection  of  this  duty  imposes  on  the  paper 
manufacturer.  On  this  point  the  Editor  will  not  en- 
large. The  Honorable  Board  of  Inland  Revenue  has 
for  some  years  shown  a  more  favorable  disposition 
towards  manufacturers  than  formerly;  and  has  removed 
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and  modified  all  restrictions  complained  of,  so  far  as  is 
consistent  with  the  collection  of  the  revenue  and  the 
protection  of  the  honest  trader.  The  officers  of  excise, 
also,  generally  give  every  facility  in  their  power,  and 
accommodate  the  manufacturer  so  far  as  their  duty 
will  permit.  But  the  labor  and  much  of  the  annoy- 
ance caused  by  the  collection  of  this  duty  can  only  be 
removed  by  its  total  repeal. 

This  tax  was  first  imposed  in  the  year  1711.  The 
law  imposing  it,  and  the  regulations  for  its  collection, 
have  undergone  many  changes  and  alterations,  which 
it  is  not  necessary  to  particularize.  When  the  duty 
was  first  imposed  it  was  easily  and  to  a  great  extent 
evaded;  and  manufacturers  were  not  over  scrupulous 
about  the  means  of  doing  so.  This  naturally  created  a 
good  deal  of  bad  feeling  between  the  manufacturers  and 
those  officers  who  acted  honestly  in  the  discharge  of 
their  duties.  The  expedients  to  which  many  manu- 
facturers in  former  times  resorted,  and  the  indirect 
bribes  which  were  given  to  excise  officers,  form  a  dark 
page  in  the  history  of  papermaking ;  and  it  is  a  some- 
what remarkable  fact,  that  all  those  who  resorted  to 
these  unworthy  expedients  have  been  ruined,  and 
nearly  all  have  been  driven  from  the  trade. 

About  the  year  1800,  the  laws  imposing  the  duty 
were  revised,  and  paper  was  divided  into  three  classes  : 
—The  first  class  comprised  all  paper  made  from  rags, 
the  duty  on  which  was  threepence  per  pound;  the 
other  two  classes  comprised  all  paper  made  from  tarred 
ropes  and  all  pasteboards,  the  duty  on  which  was 
three  halfpence  per  pound.  In  1836  these  laws  were 
again  revised ;  the  division  of  paper  into  classes  ceased, 
and  a  uniform  duty  of  three  halfpence  per  pound  was 
imposed.  A  few  years  after  this  five  per  cent,  was 
added  to  the  duty;  and  under  these  laws  the  tax  is 
still  levied.  This  addition  of  five  per  cent,  on  the  duty 
has  been  a  heavier  burden  on  paper  manufacturers,  and 
has  been  more  complained  of  than  the  duty  itself.  It 
is  a  well-known  fact  that  no  corresponding  advance 
was  obtained  upon  the  price  of  paper  at  that  time. 
The  additional  five  per  cent,  was,  therefore,  virtually 
a  direct  tax  on  paper  manufacturers ;  and  to  show  that 
this  is  not  a  mere  trifle  about  which  there  should  be  no 
complaint,  it  may  be  stated  that  at  a  moderate  compu- 
tation a  paper  machine  makes  annually  about  seven 
hundred  and  fifty  thousand  pounds  of  paper,  the  duty 
on  which  is  upwards  of  four  thousand  six  hundred 
pounds  sterling;  and  five  per  cent,  on  this  sum 
amounts  to  upwards  of  two  hundred  and  thirty  pounds 
sterling.  But  with  the  exception  of  this  sum  the  duty 
on  paper  is  a  burden  on  the  consumer ;  and  were  the 
community  alive  to  its  baneful  effect  in  diminishing  the 
demand  for  labor  it  would  have  been  repealed  long 
ago.  The  Editor  believes  that  all  politicians  now 
admit  the  impropriety  of  taxing  the  raw  material  of 
any  manufacture.  But  paper  is  the  raw  material  upon 
which  a  large  portion  of  the  population  of  the  country 
is  employed.  Were  it  possible  to  trace  it  from  the 
time  it  was  a  piece  of  dirty  rag  until  it  appeared  as  a 
highly-finished  book,  or  an  ornamented  piece  of  papier 
mache,  or  an  embossed  envelope,  it  would  be  found 
very  difficult  to  name  any  other  material  on  which  a 
greater  amount  of  labor  is  bestowed. 


The  Editor  conceives  he  is  warranted  in  assuming  that 
the  repeal  of  the  duty  would  greatly  increase  the  con- 
sumption of  paper,  from  the  fact  that  the  trade  doubled 
itself  in  fourteen  years  after  the  duty  was  reduced  to 
three  halfpence  per  pound.  This  reduction  took  place, 
as  already  stated,  in  1836.  Now,  in  1835,  duty  was 
paid  on  seventy  million,  six  hundred  and  fifty-five 
thousand,  two  hundred  and  eighty-seven  pounds ;  in 
1850,  on  one  hundred  and  forty-one  million,  thirty- 
two  thousand,  four  hundred  and  seventy-four  pounds 
—  a  great  impetus  having  been  given  to  the  publishing 
trade,  and  to  all  those  manufactures  in  which  paper  is 
used,  which  undoubtedly  contributed  to  the  prosperity 
of  the  country ;  nor  should  the  fact  be  overlooked,  that 
the  reduction  of  the  duty  brought  the  means  of  obtain- 
ing useful  information  and  rational  enjoyment  within 
the  reach  of  the  humblest  classes  of  the  community. 

But,  like  all  other  evils,  this  duty  has  found  defend- 
ers. One  of  the  most  plausible  of  their  arguments 
is,  that  the  excise  regulations — which  require  that  the 
weight  to  within  five  per  cent,  on  paper  above  twenty 
pounds,  and  to  within  ten  per  cent,  on  paper  below 
twenty  pounds  per  ream,  be  written  or  printed  on  each 
ream — gives  security  to  the  purchaser  that  he  is  not 
imposed  on  by  a  false  weight.  One  would  suppose 
that  a  ream  of  paper  could  be  weighed  as  easily  as 
any  other  article,  and  any  fraud  of  the  kind  at  once 
detected.  But  the  argument  is  altogether  fallacious. 
Paper  is  sold  not  by  the  weight  marked  on  the  ream, 
but  by  the  real  weight ;  and  if  it  exceeds  the  required 
weight,  paper  manufacturers  lose  the  excess,  and  this 
is  to  them  a  source  of  considerable  loss. 

Another  objection  urged  to  the  repeal  of  the  duty  is 
this — it  is  so  small  that  its  repeal  would  benefit  only 
the  paper  manufacturers  and  printers,  while  the  com- 
munity generally  would  never  derive  any  advantage 
from  it.  Let  it  be  admitted  that  it  would  be  a  boon 
to  papermakers  and  printers — it  might  be  supposed 
that  this  would  be  an  argument  for  and  not  against  the 
repeal.  It  is  difficult  to  see  any  justice  in  subjecting 
these  classes  in  particular  to  an  onerous  burden,  to 
which  other  merchants  and  manufacturers  are  not 
liable ;  and  although  the  repeal  of  the  tax  would  not 
lessen  the  expenditure  of  those  who  buy  few  books 
and  no  paper,  yet  even  they  and  the  entire  community 
would  be  benefited  by  the  increased  demand  for  labor 
which  would  undoubtedly  follow  the  extinction  of  this 
most  impolitic  impost. 

Statistics. — Importance  of  the  Paper  Teade. 
— The  introduction  of  Fourdeinier's  machine,  and 
the  application  of  steam  power,  with  other  improve- 
ments, have  effected  a  complete  revolution  in  the  art 
of  making  paper,  and  have  placed  the  trade  among  the 
staple  manufactures  of  the  United  Kingdom. 

Formerly  paper-mills  were  spread  nearly  over  the 
whole  country,  especially  in  England.  Wherever  there 
was  a  good  stream  of  water,  a  paper  mill  was  almost 
invariably  to  be  found.  These  mills  were  generally 
small;  one  machine  will  now  make  as  much  in  one 
hour  as  some  of  them  made  in  a  day.  At  that  time, 
too,  the  trade  was  in  the  hands  of  a  few  wealthy  firms, 
chiefly  located  in  London,  on  whom  paper  manufac- 
turers were  to  a  great  extent  dependent.    The  exten- 
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sion  of  the  trade,  and  the  large  amount  of  capital  now 
invested  in  it,  have  to  a  considerable  extent  broken  up 
that  system ;  and  the  Editor  believes  that  the  firm  of 
Alexander  Cowan  and  Sons,  Valleyfield  Mills, 
where  the  paper  on  which  this  work  is  printed  is 
manufactured,  was  the  first  to  adopt  means  to  free 
itself  from  this  virtual  monopoly.  In  the  year  1810 
their  mill  there  was  one  of  the  largest  in  Scotland, 
yet  there  was  not  produced  then  more  than  one 
thousand  pounds  of  paper  per  day,  or  about  fifty 
reams,  whereas  above  four  hundred  reams  are  now 
made,  the  half  of  which  is  highly-finished  writing 
paper.  Some  idea  of  the  extent  of  these  works  may 
be  formed  from  the  fact,  that  there  is  made  at  an 
average  every  day  forty  miles  of  paper,  five  feet  wide, 
or  as  much  as  would  cover  above  twenty-four  acres. 
The  space  required  for  finishing  the  paper  covers 
nearly  one  thousand  three  hundred  square  yards,  or 
something  more  than  one-third  of  an  acre,  and  above 
seven  hundred  people  are  employed. 

There  has,  perhaps,  in  no  locality  been  a  greater 
extension  of  the  trade  than  on  the  river  Esk,  on  which 
these  mills  are  situated.  At  the  close  of  the  French 
war,  in  the  year  1815,  twenty-six  vats  were  in  opera- 
tion, the  produce  of  which  would  not  exceed  four 
thousand  five  hundred  pounds  of  paper  per  day,  and 
the  number  of  people  employed  could  not  be  more 
than  four  hundred ;  there  are  now  on  that  river  fifteen 


machines  at  work,  the  produce  of  which  is  not  less 
than  thirty  thousand  pounds  per  day,  and  the  number 
of  people  employed  amounts  to  about  two  thousand. 

The  subjoined  statement,  derived  from  sources  of 
undoubted  veracity,  will  show  the  extension  of  the 
trade  generally.  In  the  year  1784  the  value  of  paper 
made  in  the  country  was  estimated  at  eight  hundred 
thousand  pounds,  the  duty  on  which  was  forty-six 
thousand  eight  hundred  and  sixty-seven  pounds  ster- 
ling ;  in  the  year  1856  there  were  charged  with  duty, 
one  hundred  and  eighty-seven  millions,  seven  hun- 
dred and  sixteen  thousand,  five  hundred  and  seventy- 
five  pounds  sterling.  The  duty  on  this  would  amount 
to  one  million,  two  hundred  and  thirty-one  thou- 
sand, eight  hundred  and  eighty-nine  pounds ;  assum- 
ing the  value  of  paper  at  an  average  to  be  about 
three  times  the  amount  of  duty,  the  value  charged 
with  duty  in  that  year  would  amount  to  three  millions, 
six  hundred  and  ninety-three  thousand,  six  hundred 
and  sixty-seven  pounds  sterling.  The  number  of 
people  employed  in  the  direct  manufacture  of  paper 
is  supposed  to  be  about  thirty  thousand ;  but,  besides 
this,  there  are  thousands  who  find  occupation  in  making 
and  repairing  the  machinery  used,  and  also  in  preparing 
the  chemical  substances  required  in  the  manufacture. 

The  annexed  table  exhibits  the  quantity  of  paper  in 
the  United  Kingdom  charged  with  duty,  exported,  and 
retained  for  home  consumption  during  ten  years : — ■ 


"1847. 
Pounds. 


Charged  with  duty,   121,965,315 

Exported,   5,852,979 

Home  consumption,   116,902,336 


1848. 
Pouudg. 

121,820,229 
5,180,286 
116,639,943 


132,132,660 
5,966,319 
126,166,341 


1850. 
Pounds. 

141,032,674 
7,762,686 
133,269,988 


150,903,543 
8,305,590 
142,597,943' 


Founds. 

Charged  with  duty,   154,469,211 

Exported,   7,328,886 

Home  consumption,   14,710,325 


1858. 
Pounds. 

177,633,009 
13,296,874 
164,336,135 


The  following  table  shows  the  quantity  of  paper 
charged  with  duty  in  England,  Scotland,  and  Ireland, 


177,896,224 
16,112,020 
161,784,204 


166,776,234 
11,110,921 
155,565,310 


1850. 
Pounds. 

187,716,575 
14,798,979 
172,917,596 


respectively,  during  the  years  1855,  1856,  and  nine 
months  of  1857  :— 


England,   123,552,869 

Scotland,   35,932,985 

Ireland   7,290,380 


Total   166,776,234 


]8;o. 
139,752,062 
40,100,234 
7,864,279 

187,716,575 


109,660,884 
31,925,920 
6,081,269 

147,668,073 


These  figures  prove  the  expansion  of  which  the  trade 
is  capable;  but  however  important  the  paper  manu- 
facture may  be  as  a  source  of  national  industry,  it  is 
justly  entitled  to  a  higher  place  than  that  which 
belongs  to  it  merely  in  this  material  aspect.  There  is 
no  article  so  intimately  connected  with  mind  as  paper 
■ — none  upon  which  the  development  of  the  moral  and 
intellectual  nature  of  man  is  so  dependent ;  and  man- 
kind is  now  learning  how  much  the  welfare  of  the 
race  depends  on  the  right  cultivation  of  the  mind.  It 
is  now  universally  admitted  that  in  a  denselj'-populated 
country  there  is  no  permanent  security  for  life,  pro- 
perty, and  progress,  unless  the  whole  mass  of  society 
is  leavened  with  the  rudiments  of  knowledge  and  the 
principles  of  morality.  For  this  purpose  paper  is  essen- 
tially requisite.  It  would  be  vain  to  speculate  with 
regard  to  the  future,  but  it  is  evident  that  paper  must 


be  the  medium  of  diffusing  the  blessings  of  knowledge 
and  Christianity  throughout  the  world,  and  is  destined 
to  be  one  of  the  most  powerful  agents,  under  Divine 
Providence,  in  renovating  the  human  family. 

PERFUMEEY.— Parfumerie,  French  ;  parfilmerien, 
German. 

By  nature's  swift  and  secret  working  hand 
The  garden  glows,  and  fills  the  liberal  air 
With  lavish  odors. — Thomson. 

The  distinction  between  perfume  and  odor  is  substantial 
as  well  as  critical — the  former  designating  those  volatile 
emanations  which  are  usually  considered  agreeable, 
while  the  latter,  in  its  general  signification,  is  applicable 
to  every  scent,  irrespective  of  its  nature.  Gkemio,  in 
The  Taming  of  the  Shrew,  directs  that  the  papers  he 
sends  to  Bianca  may  be  well  perfumed,  for  she  is 
sweeter  than,  perfume  itself;  while,  in  King  John, 
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Shakspeare  mates  Constance  call  death  thou  odori- 
ferous stencli.  Of  the  five  senses,  that  of  smelling  is 
the  least  valued,  and,  as  a  consequence,  is  the  least 
tutored ;  but  from  this  one  must  not  conclude  that  it  is 
of  insignificant  importance  to  the  welfare  and  happiness 
of  mankind. 

By  neglecting  to  tutor  the  olfactory  nerve,  one  is 
constantly  led  to  breathe  vitiated  air,  and  thus  poison 
the  body  by  neglecting  the  warning  given  at  the  gate 
of  the  lungs.  Persons  using  perfumes  are  more  sensi- 
tive to  the  existence  of  a  vitiated  atmosphere  than 
those  who  consider  the  faculty  of  smelling  as  an  almost 
useless  gift. 

Historical  Notice. — There  is  no  delicate  luxury 
which  has  held  its  influence  so  long  and  so  uninter- 
ruptedly upon  refined  society  as  that  of  perfumes ;  and 
their  annals  comprise  the  history  of  the  folly,  voluptu- 
ousness, and  extravagance  of  past  ages.  The  antiquity 
of  their  use  is  very  great,  and  one  is  almost  lost  in 
searching  for  their  origin. 

Perfumes  seem  to  have  been  first  imported  from 
Elam,  now  called  Persia,  and  they  were  important  arti- 
cles of  commerce  between  that  country  and  Egypt. 
The  distant  deserts  were  often  traversed  by  camels 
laden  with  odors  of  sweet  scents;  and  when  the  Ishmael- 
itish  merchants,  to  whom  Joseph  was  sold,  were  going 
to  Egypt,  they  were  wending  their  way  with  spices  and 
balm  and  myrrh.  At  a  later  period,  but  long  before  the 
time  of  Constantine,  the  Turks  were  accustomed  to 
lubricate  their  persons  with  fragrant  unctions,  to  com- 
plete the  gratefulness  and  value  of  their  baths.  Moses 
was  commanded  to  speak  unto  the  children  of  Israel, 
that  in  the  offerings  of  the  tabernacle  they  should  bring 
sweet  spices,  and  anointing  oil,  with  sweet  incense  ;  and 
that  they  should  make  of  the  former  a  perfume,  a  con- 
fection after  the  art  of  the  apothecary,  tempered  together, 
pure  and  holy. 

Indeed,  perfumes  were  considered  among  most  of  the 
ancients  as  necessaries  of  life,  and  entered  into  nearly 
all  their  ceremonies  of  a  religious  or  social  nature.  They 
were  used  both  at  feasts  and  at  funerals,  and  were 
burned  as  well  in  honor  of  the  living  as  of  the  dead. 
The  priests  of  Memphis  offered  them  as  incense,  daily, 
to  the  sun ;  and  the  Egyptians,  by  their  aid  and  with 
resins,  have  transmitted  their  illustrious  dead,  in  mum- 
mies, through  thousands  of  years  to  living  generations. 

As  in  the  Mosaic  days,  spices  and  frankincense  were 
held  as  sacred  offerings  to  the  Lord  of  Hosts,  so  in  the 
new  era  of  religion  the  practice  was  not  discontinued, 
and  Christ  after  crucifixion  was  embalmed  in  spices  ; 
but  at  first,  it  seems,  that  certain  spices  were  devoted 
only  to  religious  uses,  for  Ezekiel  accused  the  Jews 
of  profanity  in  applying  to  their  own  purposes  the  odors 
which  were  reserved  for  sacred  things ;  and  Isaiah 
reproaches  them  as  faithless  to  God,  and  as  like  a 
spouse  painted  and  perfumed  to  please  strangers. 

The  present  mode  of  introducing  flowers  at  repasts 
was  common  among  the  Grecians  and  Romans.  Rich 
perfumes  and  precious  ointments  were  among  the  trea- 
sures found  by  Alexander  in  the  camp  of  Darius, 
and  thus,  possibly,  the  Greeks  borrowed  the  example  of 
their  use  from  the  Persians.  The  violet  was  most 
grateful  to  the  Athenian  taste,  but  every  part  of  the 
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body  had  its  appropriate  perfume ;  the  oil  extracted 
from  the  palm  was  thought  best  adapted  to  the  cheeks 
and  the  breasts ;  the  arms  were  refreshed  with  balsam 
mint ;  sweet  marjoram  supplied  an  oil  for  the  hair  arid 
eyebrows ;  and  wild  thyme  for  the  knee  and  neck. 
Perfumes,  in  time,  became  very  common  among  them. 
The  nardus  and  malobathrum  were  held  in  much  esti- 
mation, and  were  imported  from  Syria.  The  baccaris, 
the  brenihium,  the  psagda,  the  plangonium,  and  the 
sagdas,  made  principally  of  the  general  constituent  of 
all  the  ancient  ointments,  videlicet,  myrrh,  had  their 
respective  eulogists.  The  saloon,  where  any  entertain- 
ment was  given,  was  generally  perfumed  by  burning 
myrrh  or  frankincense  in  it.  A  nice  distinction  divided 
perfumes  into  two  kinds :  the  first  were  of  a  thicker 
sort,  and  applied  more  as  salves,  or  wax ;  tho  latter 
were  liquid,  and  poured  over  the  limbs.  To  indulge  in 
the  liquid  ointment  was  considered  as  effeminate  and 
voluptuous,  but  the  sober  and  the  virtuous  were  per- 
mitted to  use  the  thicker  variety  without  any  impeach- 
ment of  their  good  qualities.  The  supplies  of  perfumery 
occupied  a  considerable  place  in  the  stock  of  those 
artisans  who  contributed  to  the  embellishment  of  a 
Grecian  lady  of  fashion.  The  article  itself  bore  a  high 
price,  but  this  did  not  hinder  voluptuaries  using  it  pro- 
fusely, not,  however,  without  an  occasional  admonition 
from  the  grave  men  of  the  mischief  arising  from  its 
abuse.  The  old  people  referred  to  a  statute  of  Solon, 
forbidding  the  sale  of  perfumery,  at  least  by  the  male 
sex  ;  Sophocles  significantly  described  Venus  as 
sprinkled  with  perfume,  and  looking  in  a  mirror ;  and 
Pallas,  the  goddess  of  wisdom,  as  moist  with  olive  oil, 
and  practising  the  exercises  of  the  palajstra.  Socrates 
objected  to  the  use  of  perfumery  altogether.  There  is 
the  same  smell,  said  he,  in  a  gentleman  and  a  slave, 
when  both  are  perfumed.  In  his  opinion,  the  only 
odors  worth  cultivating  were  those  arising  from  honor 
able  toils  and  the  smell  of  gentility. 

A  knowledge  of  perfumes  soon  extended  from  Greece 
to  Rome  ;  and  the  abuse  in  the  employment  of  them 
was  such  that  Pliny  lamented  their  introduction  into 
the  camp.  Nero  is  said  to  have  consumed  in  the 
funeral  pile  of  his  wife,  Popp^ea,  more  incense  than 
could  have  been  produced  from  the  whole  of  Arabia  in 
a  year ;  and  under  the  consulate  of  Sucinius  Crassus, 
in  order  to  secure  a  sufficiency  for  church  purposes,  a 
law  was  necessary  to  restrict  the  use  of  them  to  that 
and  a  few  other  special  objects. 

With  the  decline  of  the  Roman  Empire,  the  Euro- 
pean commerce  in  perfumery  diminished  ;  and  in  the 
disastrous  epoch  of  Vandalism,  when  floods  of  bar- 
barians inundated  the  capital  of  the  world,  refined  taste 
took  its  flight,  and  perfumes  became  obsolete.  In 
modern  days,  however,  civilization  revived,  and  brought 
back  with  it  this  one  of  its  concomitants,  which  was 
soon  nurtured  into  a  vigorous  growth,  upon  the  institu- 
tion of  a  new  era  of  gallantry  and  elegance.  The 
supremacy  of  woman's  influence  being  thus  re-estab- 
lished, perfumes,  as  aids  to  beauty,  were  in  constant 
and  extravagant  demand. 

In  the  reign  of  Louis  the  Fifteenth,  the  ladies  at 
court  indulged  most  freely  in  perfumes,  and  fashion 
ordained  an  ever-varying  routine ;  so  that  the  royal 
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apartments  were  one  day  fragrant  with  the  scent  of 
the  tuberose,  and  the  next  with  that  of  amber  and 
cloves  ;  and  so  on,  consecutively,  each  succeeding  day 
bringing  a  change  of  the  reigning  odor.  In  that  luxurious 
age,  the  personal  use  of  perfumes  was  not  confined  to 
the  fair  sex,  but  the  effeminate  gallants  and  petit- 
maitres  of  the  day  gloried  in  perfuming  themselves 
with  the  favorite  scents  of  their  mistresses  or  of  pre- 
siding belles ;  so  that  allegiance  was  recognized,  not, 
as  in  more  chivalrous  times,  by  the  knight  wearing 
the  colors  of  the  fair  ono  who  had  enslaved  him,  but 
by  his  smelling  of  the  particular  odor  which  she  had 
consecrated  to  herself. 

Pathologically  considered,  the  use  of  perfumes  is  in 
the  most  eminent  degree  prophylactic  ;  the  refreshing 
qualities  of  the  citrine  odors  to  an  invalid  is  well 
known.  Health  has  often  been  restored  when  life 
and  death  trembled  in  the  balance,  by  merely  sprink- 
ling the  essence  of  cedrat  in  a  sick  chamber. 

Throughout  all  civilization,  from  the  dim  early  ages 
to  the  enlightened  days  of  the  present — through  every 
ramification  of  society,  and  in  all  the  sacred  ceremo- 
nies of  life — flowers  and  perfumes  have  ever  borne  a 
conspicuous  part,  and  by  their  graces  and  freshness, 
touching  allegories  and  seducing  sweetness,  blended 
themselves  with  the  pleasures  and  hopes  of  mankind ; 
sometimes  typifying  transient  images,  but  still,  also, 
appearing  as  the  beautiful  symbols  of  those  affections 
and  principles  which  are  most  enduring. 

Sources. — Perfumes  are  derived  from  a  variety  of 
natural  sources ;  a  few  being  of  animal  origin,  and  the 
remainder  emanating  chiefly  from  the  vegetal  kingdom. 
In  their  primitive  state  of  isolation,  they  may  be  termed 
simple,  in  contradistinction  to  the  compound  odors, 
which  are  made  up  by  combinations  of  the  former, 
varied  according  to  the  taste  and  skill  of  the  manufac- 
turer. In  this  way  an  infinite  variety  of  scents  may  be 
obtained.  But  the  art  of  the  perfumer  is  not  wholly 
restricted  to  the  preparation  of  odors ;  it  extends  also 
to  the  fabrication  of  pomades,  aromatic  vinegars,  washes, 
tooth  powders,  cosmetics,  fine  soaps,  and  all  appliances 
of  the  toilet  which  by  their  tonic,  emollient,  or  cleans- 
ing properties,  will  improve  the  health  and  beauty  of 
the  skin,  hair,  and  teeth.  In  some  of  the  preparations, 
certain  mineral  matters  enter  as  ingredients  to  impart 
color  or  consistence ;  and  but  rarely  for  any  purpose 
otherwise  connected  with  the  efficiency  of  the  product. 
In  all  instances,  however,  the  smell  is  most  important. 
When  the  perfume  does  not  exist  in  a  free  state,  it  is 
then  manufactured  from  the  raw  material  by  mecha- 
nical or  chemico-mechanical  means ;  as,  for  instance,  by 
expression,  distillation,  maceration,  infusion,  and  enfleur- 
age,  as  will  be  more  fully  explained  hereafter  in  treating 
of  the  essential  oils,  extracts,  fats,  waters,  et  cetera. 

In  enumerating  the  raw  materials  used  in  the  manu- 
facture of  perfumery,  it  will  not  be  possible  here  to  give 
more  than  the  striking  properties  and  characteristics  of 
each.  These  will,  however,  suffice  to  convey  the  neces- 
sary information  for  making  a  judicious  selection;  and 
it  is  only  necessary  to  add  that  the  purity  of  the  stock, 
and  the  manner  in.  which  it  has  been  gathered  and 
kept,  have  an  important  bearing  upon  the  quality  and 
quantity  of  the  products  to  be  obtained  from  it. 


Animal  Substances.— The  ^er/wme-njaterials  of 
this  class  are  only  three,  and  each  is  an  animal  secre- 
tion :  namely,  musk,  civet,  and  ambergris. 

Mush. — This  exists  in  the  excretory  follicle  behind 
the  navel  of  the  adult  male  of  the  moschus  moschiferus, 
or  musk  deer,  of  Siberia,  Thibet,  China,  and  other 
mountain  ranges.  These  bags,  or  pods,  as  they  are 
termed  in  commerce,  contain  from  two  to  three  drachms 
of  musk.  When  separated  from  the  sack,  it  is  called 
grain  mush.  Tongua  musk  outranks  all  others  in 
quality,  and  that  from  Russia  is  the  most  inferior. 
Thibet  musk  is  of  intermediate  quality.  The  high  price 
of  this  substance  renders  it  liable  to  adulteration  with 
dried  blood,  brown  earth,  et  cetera.  The  finer  grades 
are  frequently  weighted  by  the  fraudulent  introduction 
of  pieces  of  lead  into  the  pods.  To  test  the  quality  of 
musk,  plunge  into  the  pods  a  wire  which  has  been 
rubbed  with  garlic,  and  then  note  the  odor.  If  the 
garlic  odor  is  disguised  by  the  musk,  the  latter  may  be 
considered  of  good  strength. 

Musk,  from  its  pleasantness  and  permanence,  becomes 
a  general  basis-odor ;  and  from  these,  and  its  diffusi- 
bility,  it  may  be  called  the  wings  of  the  perfumes,  as, 
besides  carrying  with  it  the  other  fragrances,  it  survives 
to  pronounce  their  departure  and  illustrate  its  own 
durability.  It  requires,  however,  to  be  very  much 
diluted,  in  order  that  it  may  not  prevail  too  much  in 
the  scents  which  may  contain  it  as  an  ingredient. 

Civet. — The  secretion  of  the  civet  cat,  or  viverra 
civetta  ;  also,  of  the  viverra  zibetha.  It  is  scraped  out 
from  the  glandular  receptacle  near  the  anus,  and  sent 
to  market  in  small  bags  made  of  the  skin  of  the  animal. 
The  supply  comes  mostly  from  Malabar  and  Bassord. 
It  is  of  a  pale  yellow  color,  and  has  a  musky  odor  of 
such  intensity  as  to  be  offensive,  except  in  a  highly 
diluted  state.  Its  admixture  in  small  proportions  with 
other  perfumes  gives  agreeable  modifications,  and 
imparts  strength  and  permanence. 

Ambergris. — So  called  from  amhuv-gris — grey — be- 
cause of  its  having  been  considered  by  some  of  vegetal 
origin,  and  analogous  to  amber.  It  is  more  probably  a 
bezoar  from  the  whale,  and  may  be  a  product  of  disease. 
It  is  found  floating  on  the  sea,  near  the  coasts  of  China, 
Japan,  Coromandel,  Brazil,  Ireland,  and  America.  It 
is  in  small  irregular  masses  of  scaly  fracture  and  grey 
color,  with  yellow,  and  sometimes  black  streaks.  It 
emits  a  very  peculiar  and  diffusive  smell  of  great  power, 
and  is  largely  used  in  admixture  with  more  feeble  and 
less  persistent  odors. 

Spermaceti. — A  beautiful,  pearly-white,  dry,  inodor- 
ous fat,  found  in  the  bony  receptacles  of  the  head  of  the 
white  whale — physeter  macrocephalus.  It  is  obtained 
by  subjecting  the  head  matter  of  the  whale  to  hydraulic 
pressure,  for  the  separation  of  the  oily  portion.  Unless 
entirely  freed  from  oil,  it  is  liable  to  become  rancid.  It 
may  be  purified  sufficiently  by  subjecting  it  repeatedly 
to  hot  pressure ;  or,  more  expensively,  by  dissolving 
out  the  oil  with  boiling  alcohol.  Its  structure  is 
scaly,  and  it  may  readily  be  crystallized  in  plates. 
When  pure,  it  melts  at  120°.  Solar  spermaceti  is  the 
popular  name  of  an  admixture  of  true  spermaceti  with 
palmitic  acid. 

Spermaceti  has  eminent  emollient  properties,  and  is 
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used  in  perfumery  as  an  ingredient  of  pomades,  creams, 
cosmetic  pastes,  and  the  like. 

Wax. — This  is  the  solid  portion  of  the  honeycomb, 
produced  by  the  hive  bee — apis  mellifica.  In  its  native 
state  it  is  yellow,  or  brown-yellow,  and  sometimes  grey; 
but  it  can  be  bleached  perfectly  white  by  chemical 
means,  or  by  exposure,  in  thin  ribands,  to  the  combined 
action  of  light,  air,  and  moisture.  It  is  the  white  wax 
which  is  most  generally  used  by  the  perfumer ;  and  that 
bleached  by  the  latter  method  is  the  best,  as  it  is  purer, 
firmer,  and  drier  ;  moreover  it  is  tasteless.  Pure  wax 
melts  at  149°.  It  is  often  adulterated  with  earthy  mat- 
ters and  stearic  acid.  The  first  shows  itself  when,  on 
melting  the  wax,  an  infusible  and  insoluble  substratum 
remains.  The  last  is  known  to  be  present  if  efferves- 
cence and  a  gelatinous  solution  are  produced  by  boiling 
some  of  the  wax  in  distilled  water,  containing  one- 
fiftieth  of  its  weight  of  carbonate  of  soda.  There  are 
also  several  kinds  of  vegetal  wax  assimilating  to  bees- 
wax in  physical  character,  but  they  have  not  yet  been 
employed  in  the  art  of  the  perfumer. 

Suet. — As  found  in  commerce,  suet  is  generally  a 
mixture  of  beef  tallow  and  mutton  fat.  It  is  rendered 
by  heating  the  rough  fat,  and  pressing  it,  to  separate  the 
membranous  matters.  When  of  good  quality  it  is  firm, 
and  does  not  melt  below  98°. 

Suet  and  lard  form  the  body  of  pomades ;  and  that 
the  quality  of  these  latter  maybe  unexceptionable,  the  fat 
material  must  be  perfectly  fresh,  inodorous,  and  pure. 
The  rendered  suet  being  almost  always  more  or  less 
deficient  in  those  respects,  it  must,  therefore,  be  sub- 
jected to  a  purifying  process,  in  order  to  fit  it  for  use  in 
perfumery.  This  is  done  by  melting  the  fat  by  the 
heat  of  a  saline  or  steam  bath,  in  an  enamelled  iron 
vessel,  and  adding  to  it,  gradually,  powdered  alum  and 
chloride  of  sodium,  in  the  proportion  of  one  ounce  of 
the  former,  and  two  ounces  of  the  latter,  to  every  fifty 
pounds  of  fat  under  treatment. 

The  heat  is  to  be  continued  above  212°,  until  scum 
ceases  to  rise  to  the  surface,  which  contains  all  the 
organic  and  other  impurities,  and  must  be  removed  with 
a  skimming  ladle  as  fast  as  it  is  formed.  The  fat  is 
then  to  be  strained  through  bolting  cloth  into  clean 
stone  jars,  and  there  left  to  cool.  It  is  next  to  be  spread 
upon  a  circular  stone  slab,  with  its  top  surface  slanting 
from  the  centre,  over  which  a  stone  roller  is  made  to 
move  by  suitable  gearing.  As  the  roller,  or  muller,  as 
it  may  he  called,  revolves  over  the  fat,  cold  water  is 
allowed  to  trickle  upon  it,  and  this  latter  acts  by  dis- 
solving out  the  saline  and  organic  impurities,  and  in 
flowing  off  carries  them  away.  This  treatment  is  con- 
tinued until  the  fat  is  free  from  foreign  matters,  after 
which  it  is  to  be  melted,  and  heated,  as  before,  until  all 
retained  water  has  been  expelled  by  evaporation.  When 
cold,  the  fat  will  be  found  to  be  very  white  and  pure,  and 
in  a  condition  to  preserve  its  sweetness.  In  this  deo- 
dorized state  it  is  suitable  for  use  with  the  most  delicate 
odors.  An  apparatus  like  that  described  under  Dyeing, 
Vol.  I.,  page  703,  will  be  very  suitable  to  carry  out  the 
process  just  described. 

Lard. — This  is  the  fat  of  the  common  hog,  and  that 
kind  commercially  known  as  corn-fed  lard  should 
be  selected,  as  it  is  superior  to  other  grades  in  many 


respects.  Though  fine  and  white,  it  is  softer  and  more 
fusible  than  suet.  It  melts  at  81°.  The  lard  used  for 
perfumery  should  be  pan-rendered,  over  an  open  fire, 
or  by  dry  steam;  for  if  wet  steam  is  used,  and  under 
pressure,  as  is  most  generally  the  case,  then  it  contains 
foreign  organic  matters  in  solution,  which  give  it  a 
tendency  to  decomposition,  and  cause  it  to  emit  a  disa- 
greeable smell.  Moreover,  it  is  then  granular,  instead 
of  being  smooth  in  body.  To  give  it  a  condition  suitable 
for  the  perfumer,  it  must,  however,  be  carefully  ren- 
dered, and  undergo  purification  in  the  same  manner 
as  directed  for  suet. 

Both  lard  and  suet  are  used  as  body  for  pomades ; 
the  former  constituting  soft  body  for  winter  climates, 
and  the  latter  hard  body  for  summer  temperatures. 

Suet  and  lard  are  described  also  in  Vol.  I.,  page  413, 
to  which  the  reader  is  referred. 

Bears'1  Grease  and  Beef  M arrow. — The  fat  of  the 
common  bear  is  soft,  and  not  unpleasant  in  odor  when 
carefully  rendered.  It  is  a  favorite  grease  for  the  hair, 
and  for  that  purpose,  as  well  as  to  cheapen  it,  is  often 
mixed  with  marrow  obtained  from  the  marrow  bones  of 
beef  cattle. 

Coloring  Matters. — It  is  often  desirable,  as  a 
matter  of  taste,  to  tinge  these  bodies  ;  and  the  process 
to  be  followed  for  them,  and  also  for  other  fats,  whether 
solid  or  fluid,  is  as  follows  : — ■ 

Alkanet  root  is  the  coloring  matter  for  imparting  a 
pink  shade,  and  four  ounces  are  required  for  every  pound 
of  fat.  The  fat  having  been  melted  over  a  water  bath, 
the  bruised  root  is  then  added,  and  the  whole  digested  at 
a  moderate  heat  for  several  hours.  The  mixture  is  then 
strained  through  bolting  cloth,  and  the  clear  fluid  fat, 
now  colored  deep  pink,  allowed  to  cool;  and  this  may 
be  termed  the  tinctorial  substance.  One  ounce  of  this 
highly-tinged  body  will  suffice  to  impart  a  hue  to  a  pound 
of  fat ;  and  the  manipulation  consists  in  simply  melting 
the  two  together,  by  gentle  heat,  in  an  enamelled  pot. 
Yellow  coloring  body  is  similarly  made  with  annotta, 
in  the  proportion  of  one  ounce  to  the  pound  of  fat.  To 
give  a  green,  fresh  walnut  leaves  may  be  used.  A 
brown  shade  may  be  obtained  by  merely  adding  a  few 
drops  of  caramel  to  the  melted  fat,  and  continuing  the 
heat  until  the  water  which  held  the  caramel  in  solution 
has  evaporated.  Color  may  be  imparted  also  by  the 
addition  of  pigments  in  powder,  but  these  latter  are 
objectionable  for  pomade  body,  hair  oils,  and  creams. 

Cochineal. — This  is  a  small  wrinkled  insect — coccus 
cacti — indigenous  to  Mexico  and  New  Spain,  which 
feeds  upon  several  species  of  cactus.  After  having  been 
scraped  from  the  leaves,  it  is  scalded,  and  then  dried  in 
the  sun.  The  best  is  that  which  presents  a  silvery 
white  exterior.  Cochineal  gives  a  brilliant  crimson 
powder,  and  is  used  in  that  way  as  a  coloring  matter. 
A  liquid  scarlet  may  be  made  from  it  by  boiling,  say 
one  ounce  in  eight  ounces  of  distilled  water,  for  fifteen 
minutes,  and  then  adding  thirty  grains  of  powdered 
alum,  and  then  reboiling  for  three  minutes,  and  straining 
through  bolting  cloth.  Carmine,  the  brilliant  red  used 
so  extensively  as  a  finer  color  for  rouges,  powders,  et 
cetera,  is  made  from  cochineal.  It  is  soluble  in  aqua 
ammonia,  and,  thus  treated,  it  forms  the  solution  called 
liquid  carmine,  or  carmine  ink,  which  also  has  a  wide 
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range  of  application  in  the  manufacture  of  perfumery. 
Carmine  is  prepared  on  a  large  scale  by  the  practical 
chemists,  and  of  various  qualities.  French  carmine  is 
considered  the  best. 

Vegetal  Substances. — The  art  of  perfumery  is 
almost  wholly  dependent  for  its  existence  and  success 
upon  the  botanical  kingdom ;  as  the  simple  odors,  with 
very  few  exceptions,  come  exclusively  from  that  source. 
The  only  peculiarity  in  this  respect  is,  that  the  plants 
growing  in  tropical  latitudes  are  more  prolific  in  odor 
than  those  of  Northern  climes.  The  East  Indies,  Cey- 
lon, Peru,  aud  Mexico,  afford  rich  supplies  of  then- 
indigenous  stock;  and  nearer  home,  the  South  of  France, 
bordering  on  that  part  of  the  Mediterranean  between 
Toulon  and  Nice,  is  almost  entirely  cultivated  for  the 
production  of  perfume  materials.  Grasse  and  Cannes 
are  the  two  principal  flower  gardens ;  and  the  genial, 
equable  climate  of  this  region  renders  it  peculiarly  favor- 
able for  the  purpose  to  which  it  is  devoted.  To  the 
enterprise  and  skill  of  their  inhabitants  the  world  is 
indebted  for  many  of  the  finest  and  best  perfumes,  and 
they  in  return  derive  a  large  revenue  from  the  trade. 

The  odor  of  a  plant  is  due  to  a  highly  volatile  mat- 
ter, which  is  most  generally  an  oil,  called  the  essence 
or  essential  oil.  In  some  instances,  however,  the  odor 
is  a  very  delicate  and  ethereal  principle,  and,  therefore, 
not  in  a  tangible  form ,  though  very  evident  to  the  sense  of 
smell.  In  this  latter  case  it  is  extracted  and  fixed  through 
the  agency  of  a  medium  substance,  as  will  be  explained 
under  the  head  of  pomades.  The  odors,  though  every 
odor  is  not  necessarily  fragrant,  exist  already  formed  in 
the  living  plant,  or  else  are  generated,  as  in  the  instance 
of  bitter  almonds,  by  some  reaction  between  the  elements, 
which  takes  place  during  fermentation  or  distillation. 
It  is  generally  secreted  in  little  sacs  or  vesicles,  and  so 
well  confined  that  it  does  not  escape  in  many  cases  even 
during  the  drying  of  the  plant,  if  it  be  carefully  done, 
whilst  in  other  plants  again,  the  aroma  is  being  con- 
stantly produced  at  the  surface,  and  as  constantly 
exhaled  at  the  moment  of  formation.  The  organism  of 
the  plant,  and  its  vital  force,  are  the  creating  power. 

The  aroma  exists  in  every  part  of  plants,  but  not  in 
all  portions  of  the  same  plant.  Sometimes  it  is  obtained 
from  the  root  or  wood,  then  from  the  bark,  and  again 
from  the  flowers,  leaves,  fruit,  or  seeds.  Some  few 
plants  yield  odor  in  all  their  parts.  The  orange  gives 
three  distinctive  odors— oil  of  neroli  from  the  flowers  ; 
essence  of  Portugal  from  the.  rind  of  the  fruit ;  and  oil 
of  petit-grain  from  the  leaves ;  and  thus  it  appears  that 
the  oil  may  also  differ  with  the  part  of  the  plant  whence 
it  is  obtained. 

The  resinous  and  balsamic  exudations  of  plants,  such 
as  benzoin,  and  myrrh,  and  the  like,  are  often  impreg- 
nated with  the  aroma  of  the  plant. 

The  scents  of  plants  are  extracted  in  the  form  of  oils, 
or  attars,  extracts,  fragrant  waters,  et  cetera ;  and  the 
skill  and  taste  of  the  perfumer  render  them  capable  of 
being  infinitely  extended  and  diversified  by  combination. 
In  this  way  the  great  variety  of  bouquets  have  their 
origin. 

There  are  many  substances  of  vegetal  nature  also 
used  largely  in  the  art  of  perfumery  for  other  purposes 
than  as  scents.    For  obvious  reasons  the  Editor  must 


restrict  the  notices  to  those  which  are  the  most  impor- 
tant ;  and  for  the  better  understanding  of  the  subject, 
will  classify  them  into  roots,  woods,  leaves  and  flowers, 
seeds,  balsams  and  resins. 

1.  Roots. — These  yield  their  aroma  by  distillation 
with  water,  in  the  form  of  essential  oil,  or  scented 
waters.    They  may  also  be  used  in  powder. 

Angelica — from  the  garden,  or  a.  archangelica. 
The  tops  of  the  flowers  are  also  serviceable.  The  root 
is  spindle-shaped,  greyish-brown,  and  much  wrinkled 
externally,  and  whitish  and  spongy  within  when  dried. 
Its  fragrance  is  due  to  a  volatile  oil. 

Calamus,  or  Sweet  Flag — is  the  root-stem  of  the 
acorus  calamus,  and  comes  in  long,  slender  pieces,  with 
a  yellowish-brown  and  wrinkled  exterior.  It  is  white 
in  the  interior,  and  gives  off  an  aromatic  odor,  which 
may  be  obtained  in  the  form  of  volatile  oil. 

Ginger. — The  root  of  the  amomum  zingiber,  growing 
in  the  East  and  West  Indies,  and  Mexico,  enters  into 
the  combination  of  many  aromatic  waters,  and  several 
kinds  of  dentifrice.  The  ivhite  ginger  of  Jamaica  is 
considered  the  best,  being  the  selected  roots  deprived 
of  their  epidermis.  It  gives  a  yellowish-white  powder, 
and  emits  a  penetrating  aromatic  odor.  A  volatile  oil 
may  he  separated  by  distillation,  but  this  property  is 
generally  and  more  readily  extracted  in  the  form  of  a 
tincture,  by  macerating  the  root  in  alcohol. 

Orris,  or  Iris, — The  white,  fleshy  part  of  the  root  of 
the  iris  florentia,  which  is  native  to  Italy,  and  culti- 
vated in  the  South  of  Europe.  It  comes  in  pieces  of 
irregular  form  and  size,  which,  being  brittle,  are  easily 
reduced  to  powder.  It  emits  an  odor  assimilating  to 
that  from  violets,  but  very  much  inferior.  The  pow- 
der enters  largely  into  the  composition  of  tooth  and 
sachet  powders,  for  the  purpose  of  giving  volume  as 
well  as  odor.  Its  tincture,  made  by  digesting  one 
pound  of  the  powder  in  one  pint  of  alcohol  for  two 
weeks,  and  filtering,  is  used  to  give  body  to  more  feeble 
perfumes,  and  improve  the  fragrance  of  those  which 
are  deficient  in  that  property. 

Souchet. — The  root  of  the  cyperus  longas,  and  emits 
an  agreeable,  violet-like  odor.  It  is  generally  mace- 
rated in  acetic  acid,  then  dried  and  reduced  to  powder. 

Vitivert,  or  Kus-hus.— The  fleshy  part  of  a  species 
of  dry  grass  from  India.  It  has  an  aromatic  odor,  and 
is  used  in  the  same  manner  as  orris  root.  The  tinc- 
ture or  extract  of  vitivert  is  made  by  digesting  one 
pound  of  the  dried  root  in  a  quart  of  alcohol  for  two 
weeks,  and  filtering.  This  tincture  was  formerly  much 
used  in  bouquet  combinations,  and  was  an  important 
ingredient  in  the  once  celebrated  preparations  of  that 
kind  called  mousselaine  des  Indes,  bouquet  du  roi,  et 
cetera.  By  distillation,  it  yields  about  one  per  cent,  of 
volatile  oil  called  otto  of  vitivert,  and  resembling, 
according  to  Piesse,  the  otto  of  santal. 

2.  Woods. — Those  which  are  used  as  scents  yield 
their  odors  by  distillation  with  water,  or  by  digestion 
in  alcohol  or  other  solvent.  They  are  also  .used  in 
powder,  and  several  of  them  merely  as  coloring  matters. 

Aloe. — There  are  three  varieties  of  this  wood,  and 
all  come  from  China ;  namely,  first,  calambac;  second, 
agallochium ;  and  third,  aigle  or  garc.  The  first  is 
very  rare  and  high-priced,  being  used  only  for  fumiga- 
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tions  in  temples ;  is  brownish-red,  resinous  and  heavy, 
and  emits  in  burning  an  aromatic  odor.  The  agal- 
lochium  is  orange-colored,  has  a  waxy  fracture,  and  an 
odor  less  myrrhine  than  the  calambac.  This  is  the 
kind  usually  found  in  commerce.  The  aigle  or  (/arc 
wood  differs  from  the  other  two  in  having  a  greenish- 
yellow  color  and  musky  odor,  and  also  in  not  being 
bitter.  It  is  fibrous,  sometimes  spongy,  and,  when 
burned  slowly,  eliminates  an  agreeable  aroma.  The 
latter  two  are  used  as  ingredients  of  fuming  pastilles. 

Brazil. — The  chipped  wood  of  the  different  species 
of  the  cmsalpinia  growing  in  Brazil  and  the  West 
Indies.  That  from  Pernambuco  is  the  hardest  and 
best.  When  freshly  cut  it  is  light  reddish-brown,  but 
on  exposure  becomes  of  a  brighter  tint.  It  is  used  as 
a  cheap  tinctorial  matter,  and  forms  the  material 
whence  the  lakes  are  made.  Its  color  may  be  extracted 
in  soluble  form,  by  boiling  four  ounces  of  the  wood  in 
a  quart  of  water  containing  one  drachm  of  chloride  of 
tin,  and  filtering. 

Cascarilla.- — The  bark  of  the  c.  gratissimus,  as  well 
as  that  of  the  c.fragrans  and  c.fragilis,  are  used  as 
ingredients  of  fuming  pastilles.  The  first  is  a  compo- 
nent of  the  eau  a  bruler,  for  perfuming  apartments, 
and  is  the  most  fragrant  and  valuable  of  the  three 
kinds.  Its  leaves,  according  to  Piesse,  are  gathered 
by  the  Koras  of  the  Cape  of  Good  Hope  as  a  perfume. 

Cassia. — The  outer  bark  of  the  cinnamomum  cassia, 
and  the  Chinese  cinnamon,  from  Canton.  It  yields, 
by  distillation,  about  three-fourths  of  one  per  cent,  of 
volatile  oil,  of  aromatic  rather  than  flowery  odor,  and 
much  used  for  mixing  with  other  perfumes,  and  for 
scenting  soaps. 

Cedar. — The  wood  of  the  cedar  emits  an  agreeable 
odor  when  burned,  and  on  that  account  is  sometimes 
made  into  sticks  for  lighting  lamps.  In  a  finely-ground 
state  it  maybe  employed  as  a  body  for  sachet  powders, 
for  it  is  said  to  keep  away  moths.  It  gives  on  distilla- 
tion a  fragrant  volatile  oil,  occasionally  used  for  scent- 
ing toilet  soaps.  The  wood  forms  a  crimson-colored 
tincture  with  alcohol,  and  may  be  thus  employed  to 
tinge  and  scent  tooth-powders. 

Cinnamon. — The  bark  of  the  laurus  cinnamomum, 
and  that  from  Ceylon  is  the  best.  It  is  very  thin, 
brownish-red,  and  has  an  agreeable  aromatic  flavor. 
The  cassia,  which  it  resembles  closely,  is  thicker, 
rougher  on  the  surface,  and  comes  in  larger  rolls  or 
quills.  The  first  is  often  sophisticated  with  the  latter, 
and  sometimes  even  a  part  of  its  volatile  oil  is  abstracted 
by  infusion  in  alcohol.  This  latter  fraud  is  detected 
by  the  feeble  smell  and  taste  of  the  cinnamon.  The 
finely-ground  bark  is  used  for  pastilles,  sachets,  and 
tooth-powders.  Its  aroma  may  also  be  extracted  in 
the  form  of  tincture,  by  alcohol.  By  distillation,  it 
yields  an  essential  oil  of  powerful  odor,  which  is  largely 
used  in  combination  with  oil  of  cloves  and  other  strong 
essences. 

Clove. — This  bark,  known  also  by  the  name  of  can- 
nelle  giroffee,  and  bois  de  crabe,  is  brought  from  the 
West  Indies.  It  comes  in  concentric  cylinders  of 
about  two  feet  length  and  an  inch  diameter,  and  has  a 
dark-brown  color.  Its  aromatic  flavor,  though  similar 
to  that  of  cloves,  is  much  weaker. 


Guiacum. — This  wood  is  imported  from  the  West 
Indies.  It  is  hard,  compact,  and  resinous,  and  when 
burned  or  rubbed  emits  an  agreeable  odor.  It  enters 
into  the  composition  of  odontalgic  liquors. 

Rhodium. — Called  also  rose  wood  and  Cyprus  wood ; 
and  incorrectly,  by  the  French,  jacaranda.  It  is  the 
wood  of  the  convolvulus  scoparius,  and  has  a  pale-red 
color,  and  slightly  bitter  taste.  It  emits  an  agreeable 
perfume,  and  is  used  when  ground  for  sachet  powders. 
When  distilled  it  yields  a  sweet-smelling  oil,  but  this 
latter  is  seldom  used,  being  superseded  by  the  oil  of 
geranium. 

Sardal. — This  grows  in  the  island  of  Timor  and  the 
Santal  Wood  Islands,  and  is  improperly  called  sandal 
wood.  It  is  extensively  employed  by  the  Brahmins, 
Hindoos,  and  Chinese,  as  incense  in  their  religious 
ceremonies.  Its  strong,  agreeable,  and  peculiar  odor 
is  very  offensive  to  ants,  and  renders  it  a  good  material 
for  cabinet  ware.  By  distillation,  it  yields  attar  of 
santal,  which  is  dense  and  oily,  and  has  a  dark  straw 
color.  It  is  often  used  in  the  form  of  extract,  or 
tincture,  made  by  dissolving  one  ounce  of  the  attar 
in  three  pints  of  rectified  alcohol,  and  adding  four 
ounces  of  essence  of  rose,  Cameron  writes  of  this 
scent  as  follows  : — 

The  santal  tree  perfumes,  when  riven, 
The  axe  that  laid  it  low. 

Sassafras. — The  bark  of  the  Imirus  sassafras,  and 
is  used  in  the  form  of  tincture  made  by  digesting  it  in 
alcohol.  It  also  affords  a  volatile  oil,  but  its  odor  is 
not  delicate.  It  is  employed  for  perfuming  the  coarser 
grades  of  transparent  soap,  and  for  admixture  with 
other  strong  and  common  odors,  to  modify  and  improve 
their  intensity. 

3.  Leaves  and  Flowers. — The  leaves  and  flowers 
are  when  in  a  fresh  state,  of  much  greater  advantage 
than  after  being  dried.  Indeed,  very  many  are  not 
serviceable  for  the  extraction  of  their  perfume,  except 
when  recently  harvested.  Drying  is  only  resorted  to 
with  certain  kinds  for  exportation,  and  this  process 
must  be  carefully  conducted  in  air  chambers,  to  which 
the  sun  has  access  in  summer.  In  winter,  a  gentle 
heat  is  necessary.  The  flowers  or  leaves  are  placed 
upon  wicker  waiters,  and  require  to  be  stirred  occa- 
sionally, in  order  that  new  drying  surfaces  may  be 
presented,  and  fermentation  hindered.  In  Grasse  and 
Cannes  the  harvest  is  gathered  by  itinerant  agents, 
called  commissionaires,  in  the  employ  of  the  growers, 
and  through  them  the  product  is  sold  to  the  dis- 
tiller and  perfumer.  The  harvest  takes  place  at  the 
flowering  time  of  the  plant,  in  a  dry  season,  and 
towards  the  noon  of  the  day,  after  the  dew  has  eva- 
porated. 

Balm. — The  leaves  of  this  herb — melisia  officinalis 
— yield,  by  distillation,  a  volatile  essence,  sometimes 
called  the  oil  of  melissa.  It  has  a  peculiar,  fragrant 
odor,  but  is  seldom  used.  The  leaves  lose  their  fra- 
grance, in  a  great  measure,  when  exsiccating. 

Cassie. — The  flowers  or  buds  of  the  acacia  farne- 
siana  yield  a  very  intense,  but  delightful  odor,  resem- 
bling that  of  violets,  and  much  used  in  compounding 
fine  scents  for  the  handkerchief.    The  process  of  infu- 


PERFUMERY  Vegetal  Substances.  665 


sion  must  be  employed  for  its  extraction  and  prepara- 
tion. It  is  cultivated  extensively  at  Cannes.  Dbyden, 
in  his  Virgil,  thus  alludes  to  it : — 

The  short  narcissus  and  fair  daffodil, 

Pansies  to  please  the  sight,  and  casde  sweet  to  smell. 

The  Wattle,  a  plant  of  the  same  genus  as  the  fore- 
going, and  which  grows  luxuriantly  in  South  Australia, 
yields,  according  to  Piesse,  a  very  similar  perfume. 

Citron. — The  flowers  of  this  plant — citrus  medica — 
give,  by  distillation,  a  fragrant  oil,  which  is  much  in 
demand  for  the  manufacture  of  Cologne-water. 

Citronella. — This  is  supposed  to  be  one  of  the  grasses 
of  the  andropogon  genus.  The  oil  comes  from  Ceylon 
and  the  East  Indies,  and  its  odor  resembles  that  of  the 
oil  of  citron  fruit.  It  is  comparatively  inexpensive,  and 
forms  the  perfume  of  the  so-called  honey  soap. 

Elder. — The  flowers  of  this  plant — sambucus  nigra 
— have  a  peculiar  sweetish  odor,  and  are  used  for  pre- 
paring, by  distillation,  the  elder  flower- water.  This 
latter  enters  into  the  composition  of  several  cosmetic 
creams,  milks,  and  oils. 

Fennel. — The  common  fennel  herb— fceniculum  vul- 
gare — has  an  aromatic  odor  due  to  the  existence  of 
a  volatile  oil,  which  is  used  in  combination  with  other 
oils  for  scenting  soap.  The  herb  itself,  when  dry  and 
ground,  is  used  in  certain  sachet  powders. 

Geranium. — The  leaves  of  the  rose  geranium — pelar- 
gonium odoratissimum — are  very  largely  cultivated  in 
Grasse  and  Cannes  for  their  essential  oil,  which  is 
obtained  by  distillation.  The  plant  also  grows  abun- 
dantly in  Turkey.  The  odor  of  the  oil  is  very  agree- 
able and  rose-like,  and  the  color  varies  from  white  to 
brownish,  and  sometimes  greenish.  The  oil  of  the 
andropogon  nardus,  cultivated  in  the  Moluccas,  is 
often  used,  according  to  Piesse,  for  adulterating  the 
oil  of  rose-geranium.  The  delightful  odor  of  the  true 
oil  of  geranium  renders  it  a  useful  perfume.  It  is  also 
used  extensively  for  adulterating  ottar  of  rose,  than 
which  it  is  much  less  costly. 

Heliotrope. — The  aroma  of  this  plant — h.  permri- 
anum  and  h.  grandiftorum — resides  in  the  flowers, 
and  is  obtained  either  by  infusion  or  enfleurage.  The 
flowers  must  be  subjected  to  treatment  in  their  fresh 
state,  and  immediately  after  being  gathered.  The  odor 
is  suggestive  of  that  given  by  almonds  and  vanilla 
combined ;  and  its  exquisite  fragrance  adapts  it  to  the 
production  of  the  finer  kind  of  compound  scents. 

Honeysuckle. — This  flower,  also  called  woodbine — 
caprifolium  perfoliatum — is  of  luxurious  growth,  and 
yields  a  delicious  odor  by  the  process  of  enfleurage. 
The  poet  Cowpek  thus  speaks  of  it : — 

Copious  of  flower,  the  woodbine,  pale  and  wan, 
But  well  compensating  her  sickly  looks 
With  never-cloying  odors. 

Jasmine  — This  plant— jasmine  grandiflora — is  the 
yasmyn  of  the  Arabs.  The  jessamine  flowers  in  July 
and  August,  and  is  extensively  cultivated  in  the 
Southern  part  of  France.  .The  essential  oil  may  be 
obtained  by  distillation ;  but  as  its  production  is  very 
costly,  and  the  yield  very  small,  resort  is  generally  had 
to  the  process  of  enfleurage  for  the  extraction  of  the 
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aroma.  This  odor  is  peculiar,  but  richly  fragrant,  and 
enters  into  the  composition  of  many  of  the  finer  scents 
for  the  handkerchief.    The  poet  says — 

Luxuriant  above  all, 
The  jasmine  throwing  wide  her  elegant  sweets. 

Jonquil. — The  flowers  of  this  plant — narcissus  jon- 
cjuilla — give  out  an  agreeable  odor,  which  may  be 
extracted  by  the  process  of  enfleurage. 

Lavender. — This  plant,  the  common  lavender — ■ 
lavandula  vera — is  one  of  the  most  renowned  of  anti- 
quity, being  the  spikenard  of  the  ancients.  It  was 
then  only  less  employed  as  a  medicament  than  as  a 
perfume.  It  is  still  an  ingredient  of  some  few  medi- 
cinal preparations.  Its  extensive  use  in  washing  and 
bathing  is  the  origin  of  its  present  name,  from  the 
Latin  word  lavo,  to  wash.  The  plant  grows  in  the 
Southern  parts  of  Europe,  and  is  largely  cultivated  at 
Mitcham  in  Surrey.  The  British  lavender  is  the 
most  fragrant,  and  brings  four  times  the  price  of 
that  from  the  continent.  By  distillation,  the  flowers 
yield  an  essential  oil,  and  also  lavender  water.  The 
sweetness  of  this  perfume  and  its  abundance  render  it 
very  serviceable. 

The  French  lavender — I.  spica — also  yields  a  fra- 
grant oil  and  water  by  distillation ;  but  they  are  very 
far  inferior  to  those  from  the  preceding  species.  The 
oil  of  this  latter  plant  is  called  the  oil  of  spike. 

Lemon  Grass. — A  species  of  grass,  said  to  be  andro- 
pogon schoenthus,  which  grows  abundantly  in  India, 
and  is  largely  cultivated  in  Ceylon  and  the  Moluccas. 
By  distillation,  the  plant  yields  an  essential  oil,  assimi- 
lating in  odor  to  that  of  the  oil  of  lemon,  and  some- 
times called  oil  of  verbena.  This  perfume  is  very 
agreeable  and  economical,  and  well  adapted  for  exten- 
sive use,  either  alone  or  in  combination  with  other  scents. 

Lilac. — The  flowers  of  this  shrub — syringa  vulgaris 
— are  very  fragrant,  and  yield  a  perfume  by  the  pro- 
cess of  enfleurage,  resembling  that  from  the  tuberose. 

Lily. — The  lily  of  the  valley — Milium  candidum — 
bears  flowers  which  emit  a  peculiar  and  powerful  fra- 
grance. This  aroma  may  be  extracted  by  the  process 
of  enfleurage ;  but  eight  or  ten  repetitions,  with  the 
same  fat  or  bearsoil  and  fresh  leaves,  are  required  to 
obtain  the  requisite  strength. 

Magnolia. — The  flowers  of  this  plant — m.  glauca — 
are  strongly  and  gratefully  odorous.  It  abounds  in  the 
swamps  of  the  Middle  and  Southern  states  of  South 
America;  and  is  sometimes  called  white  bay,  sweet 
bay,  et  cetera.  The  aroma  is  extracted  by  the  process 
of  infusion  or  enfleurage. 

Marjoram. — A  species  of  thyme — origanum  mar- 
joram. This  herb  yields,  by  distillation,  a  strong 
scented  essential  oil,  much  used  for  perfuming  soaps. 
It  is  called  oil  of  orangeat  by  the  French. 

Meadow  Sweet. — This  plant — spiraia  ulmaria — 
affords  a  sweet-smelling  oil  by  distillation. 

Mignonette. — This  plant — reseda  odorata — is  widely 
cultivated  in  Grasse  and  Cannes  for  its  flowers,  which 
are  characterized  by  a  peculiar  and  very  delicate  fra- 
grance. The  odor  is  extracted  by  the  process  of  enfleu- 
rage ;  and  to  give  it  consistency,  the  extract  is  generally 
mixed  with  a  little  violet. 
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Mint. — The  herb — mentha  viridis — called  spear- 
mint, yields,  by  distillation,  a  strong-smelling  aromatic 
oil,  which  is  much  employed  in  mouth-washes ;  and 
also  as  an  ingredient  of  compound  perfumes  for  soaps. 

Myrtle. — The  flowers  an'i  leaves  of  the  common 
myrtle — myrtus  communis — yield,  by  distillation,  a 
very  fragrant  oil.  Myrtle-flower  water  is  sold  in  France 
by  the  name  of  eau  d'auge. 

Neroli. — There  are  two  species  of  the  orange ;  the 
Portugal  or  sweet  orange — citrus  aurantium — and  the 
bitter  or  Seville  orange  —  citrus  bigaradia.  The 
flowers  of  both  give  very  fragrant  essential  oils  and 
waters  by  distillation  ;  but  those  from  the  latter 
are  the  most  costly  and  best  esteemed.  The  oil  is 
called  oil  of  neroli ;  the  water,  orange-flower  water. 
The  leaves  and  unripe  fruit  of  the  bigaradia  also  give 
a  volatile  oil  by  distillation,  known  as  essence  of 
petit-grain.  The  essential  oil  distilled  from  the  rind 
of  the  fruit  of  the  sweet  orange,  is  called  essence  of 
Portugal. 

All  the  neroli  products  are  highly  esteemed  for  their 
delightful  odor,  and  enter  largely  into  the  composition 
of  perfumes,  particularly  that  of  the  savine  Cologne 
water,  and  other  fine  bouquets  for  the  handkerchief. 
The  essence  of  petit-grain  is  mostly  used  for  scenting 
toilet  soaps ;  and  orange-flower  water  is  very  popular 
as  a  flavoring  material.  A  few  drops  of  this  latter 
added  to  ice  water,  sweetened  with  white  sugar,  makes 
a  refreshing  summer  drink.  The  odor  obtained  from 
the  bitter  orange  flowers,  by  the  process  of  infusion,  is 
much  more  natural  and  delicate  than  that  obtained  by 
distillation. 

Patchouly. — This  herb — pogostemon  patchouly— 
growing  extensively  in  India  and  China,  affords,  by 
distillation,  a  dark-brown  essential  oil  of  very  powerful 
and  peculiar  odor,  which  is  agreeable  when  diluted.  It 
enters  into  the  composition  of  certain  bouquet  scents. 
The  dry  and  powdered  herb  is  used  for  sachet  powder, 
on  account  of  its  property  of  keeping  moths  out  of 
clothes. 

Pea. — The  flowers  of  the  sweet  pea  or  chick  vetch, 
lathyrus  odoratus,  as  it  is  also  called,  eliminate,  by  a 
process  of  infusion,  a  very  grateful  odor. 

Pink. — The  clove  pink  flower,  dianthus  caryophyllus, 
gives  out  a  delightful  aroma,  which  may  be  extracted 
by  the  process  of  enfleurage. 

Rose. — This  plant,  rosa  centifolia  provincialis,  is 
largely  cultivated  throughout  Turkey,  at  Ghazepore  in 
India,  and  in  the  Southern  part  of  France,  and  also  at 
Mitcham  in  England,  for  the  manufacture  of  rose  water, 
and  otto  or  attar  of  rose.  This  latter  is  the  essential 
oil  of  the  flowers;  and  that  made  at  Grasse  takes  the 
precedence  of  attar  from  all  other  countries.  The  bulk 
of  supplies,  however,  comes  from  Turkey  and  India. 
The  rose  water  made  at  Provence  is  distinguished  for 
its  very  superior  quality.  Both  it  and  the  attar  are 
obtained  by  distilling  the  flowers ;  two  thousand  roses 
yielding  little  more  than  a  drachm  of  the  latter.  The 
odor  may  also  be  extracted  by  infusion  or  enfleurage ; 
and  thus  obtained,  it  is  much  more  natural  and  fra- 
grant than  that  made  by  distillation.  In  Asia  Minor, 
the  attar  is  made  by  distilling  the  rose  buds,  without 
water,  by  the  heat  of  a  saline  bath. 


The  odor  is  very  popular,  but  must  be  used  in  a 
diluted  state. 

A  fictitious  rose  water,  which,  according  to  Wagner, 
might  be  used  in  perfumery,  is  made  by  decomposing  the 
volatile  oil  of  gaultheria— salicylate  of  oxide  of  methyl 
■ — with  caustic  potassa,  and  distilling.  The  distillate 
is  the  required  product,  and  possesses  an  odor  closely 
resembling  that  of  the  rose.  This  odor  characterizes 
the  products  of  the  spontaneous  decomposition  of  salicy- 
late of  potassa. 

It  has  a  very  general  application  in  the  several 
branches  of  the  art  of  perfumery. 

Rosemary.  —  This  plant — rosmarinus  officinalis — 
gives,  on  distillation,  a  thin  essence,  with  a  character- 
istic aromatic  and  stimulant  odor.  It  is  generally 
employed,  in  combination  with  other  perfumes,  as  an 
ingredient  of  Hungary  water,  Cologne  water,  and  cer- 
tain Bath  waters. 

Sage. — The  leaves  of  this  plant — salvia  officinalis — 
are  sometimes  used,  when  dried  and  ground,  for 
scenting  soaps ;  and  as  an  ingredient  for  sachet  pow- 
ders.   The  odor  is  strong,  aromatic,  and  fragrant. 

Spike. — This  perfume  has  already  been  described 
under  the  head  of  Lavender. 

Syringa. — This  plant — philadelphus  coronarius — is 
the  mock  orange  of  America.  Its  flowers  emit  an 
intense  odor,  very  similar  to  that  from  orange  blossoms; 
and  which  may  be  extracted  by  the  process  of  infusion 
or  enfleurage. 

Thyme. — The  lemon  thyme — thymus  serpyllum — 
yields  by  distillation  an  oil  of  herby,  rather  than 
flowery  odor ;  and  it  is,  therefore,  rarely  used  as  a 
perfume.  The  dried  and  ground  plant  is  sometimes 
used  in  sachet  powders.  Thyme  oil  is  generally  sold 
as  oil  of  origanum ;  but  the  odor  of  the  two  is  widely 
different — that  of  the  latter,  when  genuine,  being  more 
like  peppermint  than  thyme. 

Tuberose,  or  Tubereuse. — This  is  a  very  fleeting  per- 
fume, obtained  by  the  process  of  enfleurage,  from  the 
flowers  of  the  polianthes  tuberosa— largely  cultivated 
for  that  purpose  at  Grasse.  Its  rich  and  exquisite 
smell  makes  it  a  valuable  agent  in  compounding  the 
finer  kinds  of  bouquets.  A  little  extract  of  orris  or 
vanilla  must  be  added  to  impart  permanence  to  it. 

Verbena,  or  Vervain. — This  is  the  scented  species  of 
the  plant,  aloysia  citriodora.  By  distillation,  it  affords 
an  odor  of  rare  fragrance,  which  is  seldom  to  be  met 
with  in  commerce.  The  oil  of  lemon  grass,  diluted 
with  alcohol,  which  is  closely  assimilated  to  it,  is  gene- 
rally vended  for  it.  It  is  used  in  court  bouquet,  Por- 
tugal water,  and  a  number  of  the  finer  scents. 

Violet. — From  the  flower  of  the  viola  odorata  is 
obtained  an  odor,  which,  in  its  genuine  state,  is  of  the 
choicest  fragrance.  There  are  few  perfumes  more 
highly  esteemed.  The  flowers  are  largely  cultivated 
at  Nice,  Grasse,  and  also  in  the  vicinity  of  Florence, 
where  they  are  subjected  to  the  process  of  infusion,  in 
order  to  extract  their  delicious  aroma.  The  essence 
thus  obtained  is  of  a  beautiful  green  color,  and  has  a 
perfectly  natural  smell.  Tincture  of  orris  root  is  a  base 
imitation  frequently  sold  for  the  genuine  substance. 

Volkameria. — This  odor  is  supposed  to  be  derived 
from  the  flowers  of  the  v.  inermis,  which  grows  in 
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India.  Little  is  known  of  it,  and  Piesse!  gives  the 
following  recipe  for  the  composition  sold  under  the 
name  of  essence  of  volkameria: — Esprit  de  violette,  and 
esprit  de  tubereuse — each  one  part ;  esprit  de  jasmine, 
four  fluid  ounces;  esprit  de  rose,  eight  fluid,  and 
essence  of  musk,  two  fluid  ounces. 

Wall-Flower. — The  flowers  of  this  plant — cheiran- 
thus  cheiri — emit  a  very  delightful  aroma,  which  may 
be  extracted  by  the  process  of  infusion.  It  is  not  much 
used,  and  deserves  a  more  general  application. 

4.  Fkuits  and  Seeds. — The  materials  under  this 
head  are  not  all  used  for  their  perfume;  indeed,  the 
majority  of  them  serve  different,  though  no  less  impor- 
tant purposes. 

Almond. — This  perfume  has  been  much  esteemed 
for  many  ages.  Vjkgil  speaks  of  it  in  the  following 
lines : — 

Mark  well  the  flowering  almond  in  the  wood; 
If  odorous  blooms  the  bearing  branches  load, 
The  glebe  will  answer  to  the  sylvan  reign — 
Great  heats  will  follow,  and  large  crops  of  grain, 

The  kernel  of  the  bitter  almond — amygdalus  amara 
— gives,  on  expression,  a  fixed  oil;  and  the  pressed 
cake  which  remains,  on  being  macerated  in  water 
and  distilled,  exhales  the  volatile  oil  of  bitter  almonds, 
which  does  not  exist  ready  formed  in  the  nut,  but  is 
generated  by  the  reaction  which  takes  place  between 
two  of  its  constituents,  emulsin  and  amygdaiin,  under 
the  circumstances  just  mentioned.  This  golden  yel- 
low oil  is  of  a  pungent  agreeable  odor,  but  is  highly 
poisonous,  and  must  be  handled  and  used  with  cau- 
tion, as  it  always  contains  more  or  less  hydrocyanic 
acid.  This  acid,  which  averages  eight  to  ten  per 
cent.,  may  be  removed  by  prolonged  agitation  with  a 
large  quantity  of  milk  of  lime  and  caustic  potassa,  and 
redistilling.  The  pure  oil  is  hydrioc  of  benzoyl,  with 
some  benzoic  acid ;  and  it  owes  its  peculiar  odor  to  the 
former  of  these  components.  By  judicious  use,  alone 
or  in  combination,  it  is  very  serviceable  ;  particularly 
for  scenting  pomades,  soaps,  shaving  and  cosmetic 
creams,  and  meets  with  general  appreciation.  The 
essence  of  mirahane,  which  is  frequently  sold  as  the 
genuine  substance,  is  an  artificial  product,  known  chem- 
ically as  nitrobenzole.  Its  odor,  however,  only  approx- 
imates to  that  of  the  oil  of  bitter  almonds  ;  nevertheless, 
it  is  largely  employed  for  scenting  soaps.  Peach- 
kernels,  by  the  above  process,  also  afford  a  volatile  oil, 
which  is  often  palmed  off  as  the  genuine  oil  of  bitter 
almonds.  This  latter  is  used  for  flavoring,  as  much 
as  for  scenting.  The  kernels  or  nuts  of  the  sweet 
almond — amygdalus  didcis — do  not  yield  any  volatile 
oil,  unless  they  are  mixed  with  bitter  almonds;  but 
they  give  by  expression  a  very  mild  fixed  oil,  which  is 
much  esteemed  for  making  cosmetic  pastes,  creams,  and 
the  like.    It  is  called  oil  of  sweet  almonds. 

Ben. — This  plant  is  the  mohringa  optera  and  olei- 
fera,  indigenous  to  Arabia  and  Syria,  but  growing  also 
in  the  West  Indies.  By  expression  a  fixed  oil  results, 
which  is  colorless,  tasteless,  and  inodorous.  The  oil, 
after  repose,  separates  into  two  portions ;  one  of  which 
is  thick,  and  the  other  very  fluid,  even  at  low  tempera- 
tures. The  obstinacy  with  which  it  retains  its  neutra- 
lity, and  resists  the  rancifying  action  of  prolonged 


exposure,  combined  with  other  desirable  properties, 
render  it  an  admirable  vehicle  for  the  extraction  of 
certain  delicate  odors.  It  is,  therefore,  much  in  vogue 
in  the  process  of  infusion  and  enfleurage. 

Bergamot. — The  rind  of  the  fruit  of  the  citrus  ber- 
gamia  gives  the  well-known  oil  of  bergamot  by  expres- 
sion. Its  odor  is  mild  and  eminently  agreeable;  and 
when  mixed  with  other  odors,  greatly  enriches  their 
sweetness.  The  oil  should  be  kept  in  tightly-stoppled 
bottles,  else  its  scent  will  become  impaired. 

Caraway. — The  seeds  of  this  plant — carum  carui — 
yield,  by  distillation,  the  oil  of  caraway,  much  used  for 
perfuming  soaps,  and  particularly  that  kind  known  as 
old  Windsor.  It  also  enters  into  the  composition  of 
cheap  essences.  The  seeds,  in  a  ground  state,  are 
employed  in  certain  sachet  powders. 

Cedrat. — The  rind  of  the  citron  fruit — citrus  medica 
— yields  the  oil  of  cedrat,  both  by  expression  and  dis- 
tillation. Its  odor  is  lemon-like.  This  oil  is  expensive, 
and  is  mixed  only  with  the  finer  perfumes. 

Cloves. — The  perfume  from  this  plant,  caryophyllus 
aromaticus,  is  one  of  the  most  ancient  and  useful. 
Every  part  of  this  plant  contains  aromatic  oil,  but  the 
flower-buds  are  the  most  prolific  portion.  The  oil  may 
be  obtained  by  expression,  but  much  more  economically 
by  distillation,  which  is  the  mode  generally  followed. 
Its  odor  is  strong  and  fragrant,  and  renders  it  a  promi- 
nent ingredient  of  a  very  numerous  variety  of  perfumes. 

Cocoa. — The  kernels  of  the  cocoa  palm,  cocos  nucifera 
and  butyracea,  growing  in  Brazil,  Ceylon,  and  Bengal, 
when  ground  and  subjected  to  hot-pressure,  part  with 
a  white  butyraceous  fat,  which  has  a  disagreeable  odor, 
of  which  it  may  be  relieved  by  melting  it  with  powdered 
benzoin,  and  afterwards  straining.  It  has  a  limited 
application  for  common  pomades,  and  as  fat-stock  for 
certain  kinds  of  toilet  soap. 

Dill. — This  plant,  anethum  graveolens,  is  cultivated 
in  all  the  countries  of  Europe,  and  bears  a  strong 
smelling  aromatic  fruit  or  seed  which,  on  distillation, 
eliminates  a  volatile  oil,  and  a  pleasant-smelling  water, 
called  dill  water.  This  latter,  mixed  with  rose  water, 
is  used,  according  to  PiESsii,  as  a  cosmetic  for  clearing 
the  complexion.  The  oil  may  be  employediu  combina- 
tion with  others  for  scenting  soaps. 

Lemon. — The  rind  of  the  lemon  fruit,  citrus  limonum, 
by  expression  evolves  the  well-known  essential  oil  of 
lemons,  which  comes  principally  from  Messina,  and  has 
a  delightful  odor.  By  time  and  exposure  it  becomes 
altered,  and  loses  fragrance ;  it  must,  therefore,  be  used 
fresh.  It  enters  largely  into  the  compound  perfumes 
and  Cologne  waters,  but  will  not  answer  for  scenting 
greases,  as  it  promotes  their  rancidity.  Like  bergamot 
oil,  it  is  often  adulterated  by  the  dealers  with  oil  of 
turpentine. 

Mace-Nutmeg. — Ground  mace  is  sometimes  to  be 
found  in  sachet  powders.  It  is  the  reticulated  mem- 
brane investing  the  kernel  or  nutmeg  of  the  myrislicha 
moschata.  The  nutmeg  emits  by  distillation,  a  fine 
fragrant  volatile  oil.  It  also  yields,  by  expression,  a 
fixed  oil,  called  oil  of  mace.  It  is  concrete,  yellowish, 
and  of  an  agreeable  aromatic  odor.  Its  application  in 
perfumery  is  very  limited. 

Orange.— The  essence  of  Portugal,  heretofore  de- 
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scribed  under  Neroli,  is  obtained  by  expression  and 
distillation  from  the  rind  of  the  sweet  orange.  It  is  a 
very  agreeable  and  popular  perfume,  and  the  promi- 
nent ingredient  of  many  fragrant  waters. 

Palm. — The  palm  fruit,  avoira  elais,  on  being  boiled 
with  water,  sends  to  the  surface  a  butyraceous  orange- 
colored  fat  of  a  violet-like  odor.  It  is  met  with  chiefly 
in  admixture  with  tallow  to  make  fine  palm  soap,  and 
in  small  quantities  for  coloring  pomades.  The  odor  of 
the  oil  may  be  extracted  by  infusion  in  alcohol. 

Tonquin. — The  tonka  or  coumarouma  bean,  is  the 
seed  of  the  dipterix  odorata,  a  plant  growing  in  Guiana. 
It  emits  a  strong,  agreeable,  aromatic  odor,  which  may 
be  extracted  by  infusion  in  alcohol.  The  tincture  thus 
made  is  used  in  small  quantities  in  a  large  number  of 
compound  scents,  and  particularly  the  bouquet  du 
champ,  on  account  of  its  assimilating  in  odor  to  new 
hay.  The  bean  itself,  when  ground,  forms  an  ingre- 
dient of  many  sachet  powders. 

Vanilla. — The  pod  or  bean  of  the  vanilla  planifolia 
or  aromatica,  a  plant  of  the  West  Indies,  Mexico,  and 
South  America,  emits  a  very  fragrant  and  peculiar  odor, 
which  may  be  extracted  in  the  form  of  tincture,  by 
infusion  in  alcohol.  It  enters  largely  into  the  composi- 
tion of  bouquet  odors,  hair  washes,  et  cetera,  and  is  also 
a  favorite  material  for  flavoring  confectionary. 

5.  Balsams  and  Resins. — The  balsams  used  in 
perfumery  are,  the  Peru  balsam,  from  the  myroxylon 
peruiferum ;  tolu  balsam,  from  the  myroxylon  tolui- 
ferum ;  balm  of  gilead  or  mecca  balsam,  from  the 
amyris  opobalsamum  ;  lahdanum,  from  the  cistus  creti- 
cus ;  storax,  from  the  liquidamber  styraciflua  ;  benzoin, 
from  the  styrax  benzoin ;  and  myrrh,  from  the  balsamo- 
dendron  myrrha.  Some  are  in  the  form  of  fluid  resins, 
while  others  are  concrete,  as  labdanum,  myrrh,  and 
benzoin.  All  are  exudations  from  plants,  flowing  out 
naturally,  or  else  produced  by  incisions.  Most  of  them 
are  of  oriental  origin,  and  the  supplies  of  all  come  from 
abroad.  Their  odors  are  aromatic  and  agreeable,  that 
of  labdanum  being  amber-like.  Myrrh  has  a  peculiar 
fragrance,  and  is  more  used  for  odontalgic  preparations 
than  as  a  perfume.  This  class  of  substances  impart 
their  aroma  to  alcohol  in  the  form  of  tincture,  and  in 
that  state  are  valuable  adjuncts  to  the  perfumer.  They 
constitute  the  foundation  or  less  volatile  portions  of 
many  compound  odors,  and  give  consistency  to  the 
scent,  s.nA  fix  those  ingredients  which  are  more  delicate 
and  fleeting.  They  must  be  used  judiciously,  and  in 
small  quantities,  as  directed  for  the  odors  of  musk, 
vanilla,  and  the  like.  Benzoin  is  also  employed  in  a 
powdered  state,  as  an  ingredient  of  certain  sachet 
powders. 

The  subject  of  Balsams  is  fully  considered  in  Vol. 
I.,  pages  222-35,  of  this  Dictionary.  There  are  two 
other  materials,  neither  of  which  belong  properly  to 
any  of  the  classes  enumerated,  and  as  one  of  them  is  of 
prime  importance  in  the  art  of  the  perfumer,  they  are 
entitled  to  an  independent  paragraph. 

Alcohol  and  Caramel. — Alcohol. — The  manu- 
facture and  rectification  of  alcohol  have  already  been 
described  in  Vol.  I.,  pages  48-149.  The  Editor  will 
only  remark,  that  for  the  purposes  of  perfumery  it  should 
be  wholly  free  from  the  odor  of  f ousel  oil,  which  is 


peculiar  to  rye  and  corn  spirit.  In  that  respect,  the 
French  grape  spirit  is  peculiarly  adapted  for  the  delicate 
perfumes,  as  it  has  rather  a  grateful  aroma  itself,  which 
assimilates  well  with  that  of  the  scent  substances.  The 
grain  spirit,  on  the  contrary,  is  preferable  as  a  solvent 
for  the  strong  odors.  Hyde  proposes  to  remove  fousel 
oil  and  analogous  matters,  by  distilling  the  alcohol — 
eighty-five  to  ninety  per  cent. — with  half  a  per  cent,  of 
manganate  of  potassa  or  soda,  dissolved  in  a  small 
quantity  of  water.  The  valerianic  and  other  acids  thus 
generated  from  the  fousel  and  associate  oils,  combine 
with  the  alkali  of  the  manganic  salt,  and  remain  fixed, 
while  the  alcohol  passes  over,  pure  and  inodorous. 

Caramel. — This  useful  coloring  matter  is  made  by 
heating  brown  sugar  to  400°-430°,  dissolving  the  pro- 
duct in  water,  and  precipitating  with  alcohol.  The 
blackish  brown  deposit  is  pure  caramel,  readily  soluble 
in  water ;  and  it  may  be  separated  from  the  liquid  by 
straining.  A  commoner  article  is  the  heated  sugar 
merely  dissolved  in  water  and  strained,  the  subsequent 
precipitation  being  omitted. 

Mineral  Substances. — This  class  comprises  only 
a  few  materials,  which  are  used  rather  as  body  or 
coloring  matters.  Subnitrate  of  bismuth  is  the  pearl 
white  for  the  complexion.  A  less  objectionable  prepa- 
ration would  be  a  mixture  of  native  sulphate  of  baryta 
and  prepared  chalk — precipitated  carbonate  of  lime. 
These  latter  two,  while  being  as  white  as  the  former, 
are  not,  like  it,  discolored  by  the  sulphur  fumes  in 
the  atmosphere,  nor  so  particularly  injurious  to  the 
skin. 

Mineral  Talc. — A  smooth,  greenish-white  earth, 
forms  the  body  of  tinted  rouges.  The  different  colored 
ochres  are  also  sometimes  used  as  pigments  for  soaps. 

Extraction  op  Simple  Odors. — By  Distilla- 
tion.— This  process  is  necessary  for  the  preparation  of 
nearly  all  the  essential  or  volatile  oils,  the  fragrant 
waters,  and  more  particularly  Cologne  waters.  The 
apparatus  consists  of  a  metallic  still  and  its  appliances, 
for  general  purposes ;  but  in  certain  cases,  such  as  the 
distillation  of  vinegars  and  other  substances  that  might 
act  upon  metal,  glass  or  stoneware  retorts  are  the 
proper  implements.  These  latter,  it  should  also  be 
remembered,  are  better  applicable  for  small  and  nice 
operations. 

Essential  Oils. — These  so-called  oils  are  misnomers, 
as  they  have  none  of  the  chemical  or  physical  properties 
of  true  oils.  They  should  be  more  property  designated 
by  the  title  of  attars.  They  differ  from  the  fat  or  fixed 
oils  in  not  being  saponifiable,  or  greasy  to  the  touch. 
They  are,  moreover,  volatile ;  and  being  the  odorous 
principle  of  the  plants,  each  is  consequently  characterized 
by  a  scent.  In  specific  gravity  they  range  from  0759 — 
attar  of  coriander — to  1'094 — attar  of  sassafras.  They 
have,  generally,  an  acid  burning  taste,  and  while  many 
are  colorless,  some  are  yellow,  red,  or  brown,  others 
green,  and  a  few  blue.  They  burn  with  a  brilliant  flame 
and  much  smoke,  and  by  prolonged  exposure  become 
thick  and  resinified.  In  ultimate  composition  they 
are  chiefly  hydrocarbons  ;  but  some  few  contain  oxy- 
gen, and  a  certain  class  sulphur  as  a  constituent. 
Their  proximate  components  are  elaopten  and  stearop- 
ten,  the  former  of  which  is  more  fluid  than  the  latter, 
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and  may  be  separated  by  pressure  when  the  oil  is 
congealed. 

The  purity  of  essential  oils  is  all-important,  as  they 
are  used  solely  for  their  perfume.  Those  found  in 
commerce  do  not  always  have  that  quality,  but  are 
frequently  debased  with  alcohol,  spirit  of  turpentine, 
resin,  balsam  copaiva,  or  some  oil  of  inferior  price. 
The  detection  of  the  latter  fraud  is  very  difficult — in 
most  cases  the  specific  gravity  being  the  only  test.  The 
presence  of  resin  or  balsam  is  elicited  when  a  drop  of 
the  suspected  oil,  heated  upon  a  piece  of  paper,  leaves 
a  greasy  spot. 

Alcohol  is  to  be  tested  for,  by  placing  a  lump  of  per- 
fectly dry  chloride  of  calcium  in  a  test-tube  containing 
the  suspected  oil,  and  shaking  it  well.  If  the  attar  is 
pure,  the  chloride  of  calcium  will  remain  unaltered ; 
but  if  it  contains  alcohol,  the  lump  will  dissolve  and 
form  a  dense  substratum. 

Spirit  of  turpentine  is  often  used  to  cheapen  the 
strong-scented  attars,  such  for  example  as  the  attar  of 
lavender.  Meeo  has  proposed  an  excellent  method 
for  its  detection.  It  consists  in  placing  one  drachm  of 
the  attar  with  an  equal  volume  of  oil  of  poppy  in  a 
test-tube,  and  heating  them  in  a  water  bath.  If  the 
attar  does  not  contain  spirit  of  turpentine,  the  mixture 
remains  turbid ;  but  if,  on  the  contrary,  it  be  present, 
the  poppy  oil  is  dissolved,  and  the  menstruum  becomes 
clear. 

Attar  of  roses  is  often  mixed  with  attar  of  geranium  ; 
but  the  presence  of  this  latter  may  be  ascertained  by 
means  of  nitric  acid,  which  imparts  an  apple-green  hue 
to  the  latter,  while  it  tinges  the  rose  dark  yellow. 

The  still  used  for  the  oils  should  be  constructed  so 
as  to  serve  for  all  the  distilling  operations  of  the  labo- 
ratory, and  must,  therefore,  be  sot  for  use  either  with 
the  naked  fire  or  steam  heat,  as  may  be  desired. 
Moefit,  in  his  Chemical  Manipulations,  describes  an 
excellent  arrangement,  the  whole  of  which  is  shown 
in  front  view  by  Fig.  385,  just  as  it  appears  when 
in  operation.    The  brickwork  in  which  it  is  set  abuts 
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against  the  chimney  and  connects  with  the  flue, 
through  the  furnace  of  the  still.  This  furnace,  in- 
stead of  being  in  front  to  inconvenience  the  operator 
with  its  heat  and  dust,  is  placed  at  the  side,  the  lower 
door  being  the  entrance  to  the  ash-pit,  and  the  upper 
to  the  furnace  or  fire-holo.  The  refrigerant  or  cooling- 
tub,  a,  has  its  position  to  the  right  of  the  brickwork. 


Fig.  see. 
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The  lower  portion  or  body  of  the  still,  b,  is  made  of 
heavy  sheet-copper  tinned  interiorly.  The  head,  c,  is 
cast  wholly  from  pure  block-tin.  Projecting  from  the 
inside  of  the  still,  near  the  bottom,  is  a  tinned  copper 
tube  d,  which  passes  forward  through  the  brickwork 
and  ends  in  a  stopcock  fixture,  from  which  rises  a  glass 
tube  e.  The  tap  serves  to  shut  off  communication 
between  the  still  and  tube,  as  may  be  necessary  in  case 
of  accident  to  the  latter ;  and  the  tube  itself,  graduated 
into  inches,  presents  a  scale  which  will  at  all  times 
indicate  the  height  of  the  liquid.  This  indicator  is 
protected  by  a  half-casing  of  metal,  in  which  it  rests 
against  the  front  wall  of  the  brickwork,  a  clamp  or  two 
serving  to  keep  it  steady.  There  are  two  supplemen- 
tary parts  in  the  still,  one  of  which  is  a  colandered 
lining  of  block-tin,  shown  by  Fig.  386,  and  the  other  by 
Fig.  387,  a  perforated  false  bottom  of  the  same  mate- 
rial. The  first  is  made  to  lit  to 
the  mouth  of  the  still  in  such  a 
manner  that  the  same  head  will 
adjust  with  both  the  inner  and 
outer  vessel  equally  well.  The 
latter  is  intended  as  a  support 
for  organic  or  other  matters  alter- 
able by  contact  with  highly-heated 
surfaces,  and  is  more  particularly 
adapted  for  distillations  with  the 
naked  fire.  As  it  may  be  neces- 
sary frequently  to  remove  this 
bottom,  for  the  purpose  of  cleans- 
ing it,  or  dispensing  with  its  use 
in  some  operations,  it  is  constructed  of  two  parts,  con- 
nected by  hinges  in  the  centre,  so  as  to  form  a  fold 
which  will  pass  through  the  mouth  of  the  still. 

The  block  tin  colander,  exhibited  in  the  drawing  of 
the  still  by  dotted  lines,  is  designed  for  use  in  the  distil- 
lation of  bulky  substances,  particularly  those  of  vegetal 
origin,  by  a  direct  current  of  moist  steam.  It  allows,  in 
a  degree,  the  application  of  the  displacement  principle 
in  distillation;  for,  as  the  current  of  steam  enters,  it 
passes  upwards  through  the  holes,  thence  through  the 
mass  of  matter  supported  in  the  colander,  and  the  first 
portion  of  the  distillate  readies  the  condenser  saturated 
with  the  volatile  parts  of  the  substance  under  treat- 
ment, and  without  mixture  of  any  light,  solid  particles 
driven  over  mechanically,  as  would  otherwise  be  the 
case.  The  process  effects  filtration  at  the  same  time 
that  it  constantly  renews  the  surface  of  the  solid  matter 
to  the  solvent  action  of  succeeding  relays  of  fresh  steam, 
while  it  also  affords  the  means  of  determining  when 
the  former  is  exhausted,  and  the  distillation  should  be 
stopped. 

The  steam-pipe  is  introduced  through  the  opening,  o — 
Fig.  385 — and  leads  to  within  an  inch  of  the  bottom, 
where  it  takes  an  angular  bend,  and  ends  in  a  rose,  which 
is  a  perforated  copper  ball,  with  a  screw-cut  shoulder,  by 
which  it  is  attached  to  the  steam-pipe.  The  latter  is 
so  adjusted  in  the  opening,  by  means  of  a  shoulder  and 
coupling-nut,  as  to  form  a  tight  joint.  When  the  still 
is  to  be  used  with  the  naked  fire  alone,  this  pipe  must 
be  removed,  and  the  opening  closed  with  a  screw-plug 
provided  for  the  purpose.  It  should  be  remarked  that 
this  opening  serves  also  for  the  entrance  of  a  funnel- 
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tube  through  which  to  introduce  fresh  additions  of 
liquid  as  may  he  required,  to  maintain  a  supply  in  the 
still,  without  the  necessity  of  stopping  the  operation  or 
removing  the  head. 

The  distillate,  in  passing  from  the  still-head,  goes 
into  a  worm,  g  g,  firmly  fixed  in  the  cooler,  a.  The  worm 
is  a  series  of  hlock-tin  tubes,  as  shown  by  the  dotted 
lines.  The  mouth  of  the  first  joint  receives  the  beak 
of  the  still-head,  and  that  of  the  last  joint  empties, 
through  a  bent  nozzle,  into  the  receiving-vessel,  gene- 
rally a  glass  or  stone  jar,  as  seen  at  d.  To  facilitate  the 
cleansing  of  the  joints,  they  are  fitted  at  the  ends,  g, 
with  screw-plugs,  which  being  removed,  allow  free 
access  to  the  interior  with  a  cloth  and  ramrod. 

The  cooler  is  made  of  galvanized  iron,  or,  still  better, 
of  tinned  copper ;  and  in  order  to  accommodate  the 
long  joints  of  the  worm  which  is  soldered  to  it,  its  form 
is  oval.  The  pipe  through  which  it  receives  cold  water 
is  close  to  the  side,  and  extends  nearly  to  the  bottom,  as 
shown  at  s.  A  connection  with  the  hydrant  is  made  by 
a  branch-pipe  and  tap,  as  shown  at  m.  The  opening 
for  the  exit  of  the  warm  water  is  seen  at  /,  and  leads 
into  another  pipe,  h,  running  down  the  outside  of  the 
cooler  into  the  drain  or  gutter.  A  tap,  x,  serves  for 
draining  off  sediment,  as  it  accumulates  by  deposition 
from  the  water. 

When  it  may  be  desired  to  use  dry  steam,  then  the 
block  tin  colander,  Fig.  386,  must  be  replaced  by  one 
which  is  close  and  not  perforated.  There  will  then 
have  to  be  an  opening  and  tube  opposite  to  o,  for  car- 
rying away  excessive  steam.  The  jacket  thus  formed 
gives  the  convenience  of 
using  it  also  as  a  water  or 
saline  bath,  when  operat- 
ing with  fire  direct,  instead 
of  steam.  The  water  or 
saline  solution  is,  of  course, 
placed  in  the  outer  case 
or  body  of  the  still  proper, 
J,  and  thus  surrounds  the 
inner  vessel,  containing 
the  matter  to  be  distilled. 
Steam  may  be  supplied 
from  a  small  portable 
generator,  such  as  are 
now  made  for  purposes  of 
this  kind,  and  here  shown 
by  Fig.  388.  Great  care 
is  requisite  in  cleaning 
the  several  parts  of  the 
still  arrangement  at  every 
change  of  operation. 

In  the  distillation  of 
roots,  woods,  barks, 
flowers,  seeds,  et  cetera, 
the  best  heating  medium 
is  steam,  as  it  allows  a 
better  regulation  of  tem- 
perature than  can  be  accomplished  in  the  use  of  the 
naked  fire.  Moreover,  it  removes  all  liability  of 
scorching  the  materials.  A  current  of  steam  passing 
from  the  generator  under  a  pressure  of  fifty  pounds  to 
the  square  inch,  has  a  temperature  of  280°,  which 
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is  much  higher  than  is  needed  for  any  material  under 
present  consideration. 

The  part  of  the  plant  yielding  the  odor,  after  having 
been  bruised  or  cut  into  small  pieces,  is  to  he  placed  in 
the  colandered  vessel,  or  on  the  perforated  bottom, 
with  as  much  water  only  as  is  necessary  to  drench  the 
material ;  and  when  the  oil  to  be  obtained  is  heavier 
than  water,  the  density  of  the  latter  must  be  increased 
by  nearly  saturating  it  with  table  salt,  which  also  raises 
its  boiling  point  from  212°  to  220°.  The  head  of  the  still 
— Fig.  385 — is  then  put  in  place,  and  the  joints  closed. 
Steam  is  next  let  on  through  the  pipe,  o,  and  the  current 
continued  until  oily  distillate  ceases  to  come  over. 

If  the  quantity  of  water  is  too  much  in  proportion  to 
the  amount  of  material  to  be  distilled,  then  a  portion  of 
the  oil  remains  dissolved  therein,  and  does  not  separate. 
The  same  result  occurs  when  the  oily  constituent  is 
in  limited  quantity.  In  all  such  cases  cohobation 
is  necessary.  That  is,  the  distillate  or  liquor  first  pass- 
ing over  must  be  poured  back  repeatedly,  upon  the 
same  or  fresh  material,  and  as 
often  redistilled.  Indeed,  in 
all  distillations  where  fresh 
relays  of  water  are  used, 
the  last  running,  which  is 
of  feeble  strength,  should  be 
reserved  as  the  first  water  for 
the  next  operation  with  fresh 
material.  In  this  way  the 
small  portion  of  oil  which  it 
may  have  contained  is  econo- 
mized. As  the  volatilization 
of  the  water  is  coincident  with 
that  of  the  oil,  the  two  must 
be  received  together,  as  they 
condense,  in  a  vessel  which 
will  admit  of  the  ready  sepa- 
ration of  them  by  reason  of 
their  different  specific  gravi- 
ties. Fig.  389  represents  the 
Florentine  receiver,  which  is 
used  for  the  lighter  oils.  The 
oil,  accumulating  at  a  b,  re- 
tains its  supernatant  position 
throughout  the  distillation, 
while  the  water  beneath  flows 
out  at  c,  as  fast  as  it  runs 
from  the  still.  When  the  oil 
is  denser  than-  the  water, 
a  different  arrangement,  as 
shown  at  Fig.  390,  is  required. 
The  denser  oil  is  drawn  off, 
by  opening  the  tap  of  the 
barrel,  as  fast  as  it  separates 
and  subsides  from  the  lighter 
water. 

It  is  very  necessary  that  the 
water  in  the  refrigerant  should 
be  replaced  by  cold  water  as 
fast  as  it  becomes  warm  ;  except  for  those  oils,  such  as 
anise  and  rose,  which  thicken  readily.  The  tempera- 
ture of  the  water  must  be  regulated  in  accordance 
with  that  property. 


Fig.  390. 
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Scented  Waters. — All  substances  which  yield  essen- 
tial oils,  give  at  the  same  time  a  scented  water  of 
superior  excellence  ;  for  example,  orange  flower  water; 
and  the  difference  in  the  density  of  the  two  products 
permits  their  separation  in  the  manner  just  described. 
There  are  some  materials,  again,  which  are  too  feeble 
in  odor  to  give  an  attar,  and  may  yet  be  made  to  impart 
their  scent  to  water.  In  either  of  those  cases,  and  also 
when  it  may  be  desired  to  obtain  only  a  water  from 
those  substances  which  would  yield  an  essential  oil,  the 
quantity  of  water  employed  must  be  much  larger  than 
for  the  oil  distillations.  And  for  the  reason,  that  now 
the  object  is  to  obtain  solution  of  all  the  essential  oil  in 
water,  and  not  to  promote  the  separation  of  the  two, 
as  before  directed. 

The  process  and  manipulations  are  the  same  as  just 
described  for  distilling  the  essential  oils,  except  that 
only  the  first  three -fourths  of  the  distillate  are  preserved. 
A  little  rectified  spirit  may  be  advantageously  added, 
before  setting  aside  the  scented  water  for  preservation. 
Wet  steam  is  by  far  the  preferable  means  of  heating. 
The  flowers  should  be  as  fre3h  as  possible,  and  free 
from  stems.  Double  distilled  rose  water  is  made  by 
distilling  over  two  gallons  from  a  mixture  of  twelve 
pounds  rose  leaves,  and  two  and  a  half  gallons  water. 
In  the  same  way,  nine  pounds  of  elder  flowers  and 
four  gallons  of  water  give  three  gallons  of  elder  flower 
water. 

By  Expression. — This  method  is  adapted  only  for 
those  substances  which  are  very  rich  in  essential  oil;  as 
examples,  the  rinds  of  the  lemon,  orange,  citron,  and 
some  other  fruits.  The  chief  implement  is  a  powerful 
press.  The  material  is  either  inclosed  in  hair  bags,  or 
a  tinned  metal  box — Fig.  391 — 
resting  upon  the  bottom  of  the 
press.  The  box  must  be  lined 
with  a  perforated  cylinder — Fig. 
392— having  perpendicular  ribs 
on  the  exterior  circumference. 
These  latter,  projecting  against 
the  inner  sides  of  the  box,  form 
channels  by  which  the  flow  of 
the  expressed  oil  is  facilitated, 
and  its  free  passage  into  the 
receiving  vessel  maintained. 
Being  in  two  parts,  connected 
by  a  hinge  and  movable  pin,  it 
can  be  conveniently  emptied  and 
refilled,  as  becomes  necessary. 
The  follower— Fig.  393— being 
directed  forcibly  downwards  upon 
the  contents  of  the  box  by  the 
mechanism  of  the  press,  crushes 
the  oil  vesicles,  and  drives  out  the  oil,  and  along  with  it 
some  water  and  mucilage,  and  foreign  matters,  which 
may  be  separated  by  sufficient  repose  and  straining. 

By  Infusion  or  Maceration. — This  process  is  mostly 
used  for  those  substances,  the  odor  of  which  is  too 
delicate  for  distillation,  such  as  the  flowers  of  the 
oassie,  bitter  orange,  and  violet;  and  sometimes  also 
the  rose  and  the  like,  the  natural  perfumes  of  which  it 
is  desired  to  obtain  in  the  maximum  state  of  perfection. 
The  infusion  medium  is  a  mixture  of  beef  or  mutton 


Fig.  391. 


Fig.  392. 


Fig.  393. 


suet,  and  lard,  refined  in  the  manner  already  directed. 
The  necessary  apparatus  is  one  of  the  steam  pans  here- 
tofore referred  to,  but  it  must  be  tinned  or  enamelled 
interiorly,  and  fitted  with  a  tight  cover.  The  fat  body 
having  been  melted,  the  flowers  or  odoriferous  material 
are  wholly  immersed  in  it,  and  left  for  a  day,  care  being 
taken  to  stir  the  mixture  occasionally  with  a  wooden 
stick.  In  this  time  the  flowers  have  become  exhausted 
of  their  perfume  by  the  fat,  and  must,  therefore,  be 
separated  by  remelting,  straining  through  a  fine  hair- 
cloth sieve,  and  pressing  the  marc.  The  spent  flowers 
are  then  replaced  by  a  fresh  charge ;  and  so  these 
renewals  are  continued  until  the  fat  has  sufficient  odor. 
In  this  way  various  strengths  may  be  obtained,  and 
are  generally  designated  by  numbers,  according  to  the 
number  of  infusions  which  the  fat  has  undergone. 
After  the  last  straining  and  pressing,  the  expressed 
matter  should  be  allowed  sufficient  repose  to  clean 
itself.  The  darker  substratum  which  thus  deposits 
may  then  be  removed  from  the  clear  upper  portion, 
and  sold  as  an  inferior  quality. 

In  this  manner  the  finer  sorts  of  French  pomade  are 
prepared.  Sometimes  oil  of  ben  takes  the  place  of  suet 
as  the  infusion  medium,  and  then  the  products  have 
the  name  of  huile  antique. 

By  Enfleurage. — There  are  certain  flowers,  the 
odors  of  which  are  so  delicate  that  they  will  not  bear 
even  the  little  heat  used  in  the  preceding  method ;  and 
for  these  the  process  of  enfleurage  or  absorption  is  em- 
ployed. Jessamine,  mignonette,  tuberose,  and  similar 
flowers,  belong  to  this  category. 

Hanbury  thus  describes  the  operation  as  conducted 
at  G-rasse  and  Cannes.  The  apparatus  required  is 
merely  a  number  of  shallow  wooden  frames  of  about 
eighteen  by  fifteen  inches,  inclosing  at  half  their  depth 
a  sheet  of  glass.  The  edges  of  the  frame  rise  about  an 
inch  above  each  surface  of  the  glass,  and,  being  flat, 
the  frames  stand  securely  upon  one  another,  forming 
often  considerable  stacks.  The  technical  name  for  the 
frames  is  chassis;  those  just  described  are  called 
chassis  aux  vitres,  or  chassis  aux  pommades,  to  distin- 
guish them  from  a  different  form,  which  is  used  where 
oil  has  to  be  submitted  to  the  process  of  enfleurage. 
The  process  in  the  case  of  pomade  is  thus  conducted : 
the  unscented  fat  is  weighed  into  portions,  each  suffi- 
cient for  one  side  of  the  sheet  of  glass  of  a  chassis.  It 
is  then  spread  over  the  glass  with  a  spatula  in  a  layer 
hardly  a  tenth  of  an  inch  thick,  care  being  taken,  by 
employing  a  little  inner  frame  during  the  spreading, 
that  the  fat  does  not  come  in  contact  with  the  wood- 
work of  the  chassis.  One  surface  of  the  glass  having 
been  thus  coated,  the  other  is  covered  in  like  manner, 
and  the  chassis  is  ready  to  receive  the  flowers.  These 
are  now  thinly  sprinkled,  or  rather  laid,  one  by  one, 
upon  the  surface  of  the  fat,  where  they  are  allowed  to 
remain  until  the  next  day  or  day  after,  when  they  are 
dexterously  removed  with  nippers,  so  as  not  to  soil  the 
fat,  and  fresh  flowers  supplied.  The  chassis,  charged 
with  fat  and  flowers,  are  stacked  one  upon  the  other, 
forming,  in  fact,  a  number  of  little  rectangular  chambers, 
the  upper  and  lower  surfaces  of  each  of  which  are  of 
glass,  covered  with  a  thin  layer  of  fat  sprinkled  with 
flowers,  the  sides  being  of  wood.    In  one  manufactory 
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which  the  Editor  inspected,  only  one  surface  of  each 
chassis  was  coated  with  fat,  the  jessamine  flowers  being 
placed  in  an  abundant  layer  upon  the  other  surface. 
In  another  establishment  the  flowers  of  mignonette 
were  being  similarly  treated.  In  this  arrangement  the 
flowers  do  not,  of  course,  come  in  contact  with  the  fat, 
but  the  latter  is  simply  suspended  above  them  to  receive 
and  absorb  then-  odor.  The  flowers  require  changing, 
either  daily,  or  every  other  day,  for  a  month  or  two, 
before  the  pomade  is  sufficiently  impregnated  with  their 
odor.  It  is  of  paramount  importance  that  all  flowers 
employed  in  this  process  should  be  collected  during 
warm  weather. 

After  the  last  impregnation,  and  when  the  fat  is 
sufficiently  fragrant,  the  pomade  is  removed  with  a 
spatula,  and  put  into  close  cans. 

By  Alcoholic  Solution. — The  extraction  of  odors 
by  means  of  alcohol  from  scented  fats,  will  be  more 
fully  explained  under  the  head  of  Extraits.  The  Editor 
will  here  limit  himself  to  the  description  of  essences 
and  tinctures. 

Essences. — These,  in  the  language  of  perfumery, 
arc  nothing  more  than  solutions  of  essential  oils  in  de- 
odorized alcohol.  The  proportion  of  oil  varies  from 
two  drachms  to  two  ounces,  and  the  manipulation  con- 
sists in  merely  mixing  and  shaking  the  two  together. 
Sometimes  they  are  subsequently  distilled  with  a  little 
water,  and  then  they  are  called  distilled  aromatic 
spirits,  Cologne,  lavender,  and  similar  waters  are  thus 
made.  For  example,  Smyth  makes  his  famous  essence 
of  lavender  by  mixing  together — English  attar  of  laven- 
der, four  ounces ;  deodorized  alcohol  of  ninety-five  per 
cent.,  five  pints;  rose  water,  a  pint;  and  distilling  off, 
five  pints. 

As  examples  of  essences  by  simple  mixture  may  be 

named   Deodorised 

Alcohol 

Essential  Oil.  of  95  per  cent. 

Essence  of  lemon,  one  fluid  ounce  a  quart. 

"       bergamot,      a  quart. 

"  rose — triple,...  one  ounce  and  a  half.. . .  two  quarts. 
"       thyme,  two  drachms  two  quarts. 

Tinctures. — When  both  of  the  substances  are  fluid, 
as  in  the  case  of  certain  balsams,  then  the  spiritous 
solution  is  made  by  merely  mixing  the  two  together 
as  before,  in  suitable  proportions.    For  instance — 


Tolu  balsam. 

Tincture  or  essence  of  tolu,.. ..  three  drachms.. 


Alcohol. 

a  quart. 


There  are,  however,  many  solid  substances  which 
are  treated  with  alcohol,  for  the  extraction  of  either 
their  odor  or  coloring  matter.    These  menstrua  may 


be  made  by  merely  macerating  the  substance  in  alcohol 
for  ten  days,  and  filtering  off  the  clear  tincture ;  but  the 
shorter  and  more  efficient,  as  well  as  economical  method, 
is  that  known  as  displacement.  To  explain  the  opera- 
tion intelligibly,  let  one  suppose  that  benzoin  is  under 
treatment.  The  apparatus,  made  wholly  of  glass, 
having  been  arranged  as  shown 
by  Fig.  394,  and  a  plug  of  raw  Fie- 394- 

cotton  dropped  loosely  at  b,  the 
benzoin  in  coarse  powder  is  then 
poured  into  the  tube  portion,  A, 
until  it  reaches  the  line  c. 
Alcohol,  of  66°  Twaddell,  is  next 
added,  until  it  rises  to  the  line  d. 
As  soon  as  the  first  portion  sinks 
into  the  benzoin,  a  fresh  addition 
must  be  made  ;  and  thus  the 
succeeding  relays  go  on  displac- 
ing those  which  preceded  them, 
without  mingling  with  them. 
Each  stratum  becomes  more  and 
more  charged  with  soluble  matter 
as  it  descends ;  and  when  it 
reaches  the  bottom  of  the  mass, 
under  the  pressure  of  the  super- 
incumbent liquor,  it  runs  out 
saturated.  When,  by  successive 
additions  of  fresh  alcohol,  the 
benzoin  has  become  exhausted, 
the  liquid  passes  through  the 
mass,  and  falls  into  the  receiver, 
B,  as  tasteless  and  colorless  as 
when  first  poured  in.  This  indi- 
cates the  completion  of  the  pro- 
cess. As  atmospheric  pressure  is  an  important  ele- 
ment in  the  operation,  it  will  not  answer  to  shut  it 
off  by  closing  the  top  of  the  displacer,  without  making 
some  compensating  arrangement ;  and,  therefore,  a  com- 
munication between  the  upper  and  lower  vessels  is 
established  by  means  of  a  latent-tube  arrangement,  D. 
In  this  manner  the  apparatus  is  kept  close,  and  the 
evaporation  of  alcohol  prevented,  while  the  pressure 
produced  is  distributed  throughout  the  vessel,  and  thus 
rendered  uniform.  As  the  runnings  are  clear,  filtration 
is  rarely  necessary.  The  quantity  of  alcohol  thus  con- 
sumed need  not  be  more  than  sufficient  to  exhaust  the 
material ;  and  the  resulting  tincture  must  therefore  be 
diluted  to  the  proper  strength.  Deodorised  alcohol 
must  be  always- used. 

The  following  are  the  proportions  employed  for  the 
most  important  tinctures  or  essences  : — 


Troy.  Alcohol. 

Tincture  or  essence  of  vanilla   vanilla  bean — rasped,   eight  ounces,   eight  pints. 

"  "         musk,   grain  musk   two  drachms   eight  pints. 

"  "         frangipani,   powder  a  la  frangipani,         one  pound,   six  pints. 

11  "         rhodium   rhodium  wood — rasped,         one  pound,   two  quarts. 

"  '■         civet,   civet,  orris  root,   half  an  ounce,   two  quarts. 

"  "         tonquin,   tonka  bean,   one  pound,   eight  pints. 

*'  11         orris,   orris  root   seven  pints,   eight  pints. 

"  "         alkanet — red  color,...  alkanet,   half  an  ounce,   a  quart. 

11  "         turmeric — yellow,....  turmeric   half  an  ounce, .. .   a  quart. 


Pomades. — The  fine,  and  extra  fine  or  double  pomades 
are  made  by  the  processes  of  maceration  and  enfleurage, 
which  have  been  already  described  at  page  671.  The 


body  must  be  of  fat  purified  as  previously  directed. 
Almond  paste,  peeled  and  bruised  almonds,  may  also 
be  scented  in  the  same  manner  here  directed  for  fats. 
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Pomades — Single  Extracts. 
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Pomade  a  V Acacia. — Cassie  leaves,  fifteen  pounds  ; 
body,  fifty  pounds,  consisting  of  thirty-five  pounds  lard 
body,  and  fifteen  pounds  of  mixed  beef  and  mutton 
suets.  The  infusion  must  be  repeated  ten  times,  and 
each  time  with  a  fresh  quantity  of  fifteen  pounds  of 
flowers. 

Pomade  a,  la  Rose. — One  pound  of  body  and  twelve 
infusions,  and  each  time  with  one  pound  of  fresh  rose 
leaves. 

Pomade  a  la  Fleur  cVOranger. — Equal  parts  of 
flowers  and  body.  Eight  infusions  give  the  required 
strength. 

Pomade  a  la  Vanille. — One  pound  of  vanilla  in  shreds, 
and  twelve  pounds  body.  Infuse  for  twelve  days ;  re- 
melt,  and  infuse  for  ten  days  longer ;  melt  again,  and 
strain  through  a  fine  sieve. 

Pomade  a,  la  Tube'reuse. — The  enfleurage  must  be 
repeated  with  fresh  tuberose  flowers,  six  or  more  con- 
secutive times. 

Pomade  aux  Jasmin. — The  jessamine  flowers  must 
be  renewed  ten  times. 

Pomade  a  la  Jonquille. — The  jonquil  flowers  need 
only  five  or  six  renewals. 

Pomade  a  la  Jacinthe. — The  hyacinth  flowers  re- 
quire to  be  renewed  eight  or  ten  times  for  a  highly- 
scented  pomade. 

Compound  or  Bouquet  Pomades. — These  are 
made  by  a  judicious  mixture  of  the  single  pomades,  of 
which  the  preceding  are  some  examples. 

Pomade  aux  Fleurs  cVItalie. — Pomades  a  l'acacia,  a. 
la  tubereuse,  a  la  jacinthe,  a  la  jonquille,  each  one 
pound.  Pomades  a  la  fleur  d'oranger  and  au  jasmin, 
each  two  pounds.  Pomades  au  reseda  and  &  la  rose, 
each  eight  ounces.  Melt  together  over  a  water-bath, 
color  as  may  be  desired,  and  strengthen  the  perfume 
with  a  mixture  of  tincture  of  musk,  six  drachms  ;  tinc- 
ture of  amber,  three  drachms ;  essence  of  bergamot, 
three  drachms ;  and  essence  of  cloves,  one  ounce. 

Pomade  a  la  Frangipani. — Plain  body,  and  pomade 
aux  jasmin,  each  four  pounds.  Pomades  si  la  fleur  d'or- 
anger, two  pounds.  Pomades  h  l'acacia  and  a  la 
rose,  each  one  pound.  Melt  together  over  a  water- 
bath,  and  as  the  mass  begins  to  cool,  stir  in  a  mixture 
of  tincture  of  vanilla,  four  ounces  ;  balsam  of  pern,  one 
ounce ;  essence  of  bergamot,  two  ounces ;  essence  of 
cloves,  half  an  ounce ;  and  tinctures  of  amber  and 
musk,  each  four  ounces.    Color  brown. 

The  name  Frangipani  belongs  to  a  very  ancient 
and  illustrious  Roman  family,  and  certain  popular  pre- 
parations are  so  called  in  honor  of  the  grandson  of 
Mutio  Frangipani,  one  of  its  scions,  who  originated 
many  agreeable  combinations  of  perfumes  during  the 
time  of  Louis  XIII.  of  France. 

The  perfume  called  after  the  above,  as  found  in  com- 
merce, is  a  compounded  scent,  and  not,  as  supposed, 
a  simple  extract  of  the  plumeria  alba,  a  fragrant  plant 
of  Antigua,  originally  named  the  Frangipani  shrub, 
after  its  discoverer. 

Pomade  Imperiale.- — Pomades  k  l'acacia,  a  la  jon- 
quille, au  lilas,  au  reseda,  k  la  tubereuse,  each  eight 
ounces ;  pomade  au  jasmin,  four  pounds ;  pomade  h 
la  fleur  d'oranger,  one  pound.  Melt  together  over  a 
water  bath,  taking  care  to  add  the  pomade  au  lilas  and 
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pomade  au  jasmin  last.  When  nearly  cool,  stir  in  a 
mixture  of  essence  of  bergamot,  and  tincture  of  vanilla, 
each  one  ounce ;  tinctures  of  musk,  amber,  and  fenugree, 
each  two  drachms ;  color  green. 

The  common  grade  of  pomades  are  composed  of  the 
unscented  body  used  for  preparing  fine  pomades,  which 
is  extemporaneously  perfumed  by  merely  stirring  in  the 
essential  oils,  singly  or  in  bouquet,  according  to  the  odor 
it  is  desired  to  impart.  Beef  marrow,  or  bears'  grease, 
are  scented  in  this  manner.  White  wax  is  to  be 
added  for  slick  pomatum. 

Pomade  a  la  Graisse  a"  Ours. — Bears'  grease,  puri- 
fied, six  pounds  ;  pomade  h  la  rose,  one  pound  ;  melted 
together,  and  perfumed  with  essence  of  rose,  one  ounce; 
tincture  of  vanilla,  one  ounce. 

Pomade  de  Moelle  Bceuf. — Purified  beef  marrow, 
eight  pounds.  Melt,  and  perfume  with  tinctures  of 
musk  and  benzoin,  each  two  drachms  ;  essence  of  por- 
tugal,  one  ounce  ;  essential  oil  of  lavender,  two  ounces; 
extract  of  jasmin,  one  ounce  ;  and  attar  of  roses,  half 
an  ounce.  Color  with  a  portion  of  unscented  body,  in 
which  fresh  walnut  leaves  have  been  infused. 

Antique  Oils. — These  oils  are  prepared  as  already 
directed  for  the  process  of  maceration  and  enfleurage  ; 
and  they  correspond  with  the  pomades,  except  that 
olive  or  ben  oil  is  used  for  the  body  instead  of  solid  fat. 

Huile  Antique  de  la  Rose  de  Provens. — Oil  and  rose 
leaves,  each  one  pound.  Infuse  seven  times,  with  as 
many  relays  of  fresh  flowers. 

Huile  Antique  au  Chcvre-feuille. — Honeysuckle 
flowers  and  oil.  Infuse  eight  to  ten  times,  with  as  many 
relays  of  fresh  flowers. 

Compound  Oils. — These  are  judicious  mixtures  of 
the  single  oils.    One  example  will  suffice. 

Huile  Antique  de  Millefleurs ;  ou,  de  Bouquet  Com- 
posee. — Oils  au  jasmin,  h,  la  rose,  each  eight  ounces; 
oils  a,  l'acacia,  a  la  fleur  d'oranger,  El  la  tubereuse,  each 
four  ounces  ;  oils  h  la  jonquille,  a  la  jacinthe,  h,  la  va- 
nille,  each  two  ounces.    Mix  together. 

The  inferior  qualities  of  the  above  oils  are  made 
from  olive  oil  alone,  or  mixed  with  lard  oil,  scented, 
extemporaneously,  with  essential  oils ;  for  example  : — 

Huile  a  la  Bergamot. — Essence  of  bergamot,  two 
ounces ;  added  to  one  pound  of  olive  oil. 

Huile  de  Neroli. — Essential  oil  of  neroli,  four 
ounces ;  and  olive  oil,  one  pound. 

Single  Extracts  or  Extraits. — These  prepara- 
tions are  made  by  treating  with  alcohol  the  highly- 
scented  pomades,  or  antique  oils,  obtained  by  the  pro- 
cesses of  maceration  or  enfleurage.  In  this  way  the 
aroma  absorbed  from  the  flowers  by  the  fat  is  dissolved 
out.  These  spiritous  infusions  are  of  much  more  deli- 
cate odor  than  the  so-called  essences  or  solutions  of 
volatile  oil  in  alcohol.  Indeed,  they  represent  in 
themselves  the  primitive  odor,  in  liquid  form,  of  those 
plants  which  do  not  yield  any  volatile  oil. 

The  scented  pomade  is  placed  in  a  stone  vessel,  and 
one  pint  of  deodorized  spirit  added  to  every  pound  of 
pomade.  The  whole  is  then  heated  for  three  days  over 
a  water  bath,  and  frequently  stirred  in  the  interval ; 
after  which  the  alcoholic  liquor  is  drawn  off  from  the  fat, 
and  put  through  the  same  operation  repeatedly,  with 
fresh  quantities  of  pomade,  until  it  has  acquired  sufficient 
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strength  of  odor.  A  revolving  churn  may  be  substi- 
tuted for  the  digesters  and  water  bath ;  and  this  ar- 
rangement has  the  advantage  of  eliminating  the  perfume 
in  a  state  of  great  integrity,  there  being  no  heat  used. 
The  churn  may  be  barrel-form,  and  placed  horizontally, 
so  as  to  facilitate  the  turning  of  the  crank  which  imparts 
motion  to  the  dash -paddle  in  the  interior. 

The  liquors  thus  obtained  are  simple  extracts  of  the 
most  superior  quality  and  natural  odor,  and  form  the 
bases  of  the  compound  extracts  or  bouquets  so  popular 
as  perfumes  for  the  handkerchief. 

The  pomade  or  oil,  after  treatment,  still  retains  some 
odor,  and  is,  therefore,  valuable  material  for  the  stick 
and  common  pomades,  or  as  fat  stock  for  new  treat- 
ment with  fresh  flowers. 

Extrait  de  jasmin,  Extra.it  de  violette,  Extrait  de 
tubereuse,  are  examples  of  preparations  made  according 
to  the  preceding  directions. 

Compound  Extracts  or  Bouquets.— Extrait  de 
bouquet. — Extraits  de  jasmin  et  violette,  each  two 
pints ;  extraits  d'acacia,  rose,  oeillet,  et  des  ileurs 
d'oranger,  each  one  pint ;  flowers  of  benzoin,  two 
drachms ;  tincture  of  amber,  four  ounces.  Mix  and 
filter. 

Bouquet  d 'Amour. — -Extraits  de  rose,  jasmin,  violette, 
acacia,  each  one  pint ;  tinctures  of  musk  and  amber- 
gris, each  half  a  pint.    Mix  and  filter. 

Joclcey-club  Bouquet. — Extraits  de  rose  et  tubereuse, 
each  one  pint ;  extrait  de  cassie,  half  a  pint ;  extrait 
de  jasmin,  four  ounces ;  tincture  of  civet,  three  ounces. 
Mix  and  filter. 

Bouquet  des  Milhfleurs. — Extrait  de  rose,  one  pint; 
extraits  des  tubereuse,  jasmin,  fleur  d'oranger,  cassie,  et 
violette,  each  half  a  pint ;  essence  of  cedar,  four  ounces; 
tincture  of  vanilla,  ambergris,  and  musk,  each  two 
ounces ;  essence  of  rose,  half  a  pint ;  attar  of  berga- 
mot,  one  ounce  ;  attars  of  almonds,  neroli,  and  cloves, 
each  ten  drops.  Mix,  leave  to  repose  for  a  week,  and 
filter. 

Bouquet  de  la  Heine. — Extraits  de  rose  et  violette, 
each  one  pint ;  extrait  de  tube'reusc,  half  a  pint ;  ex- 
trait de  fleur  d'oranger,  four  ounces ;  attar  of  bergamot, 
two  drachms.    Mix  and  filter  after  a  week's  repose. 

Bouquet  Boycd. — Extrait  de  rose,  one  pint ;  extraits 
des  jasmin  et  violette,  each  eight  ounces ;  extraits 
d'acacia  et  vervcine,  each  two  and  a  half  ounces ; 
essence  of  rose,  half  a  pint ;  attars  of  lemons  and  ber- 
gamot, each  two  drachms ;  tinctures  of  musk  and 
ambergris,  each  one  ounce.  Mix,  and  after  eight  or 
ten  days'  repose,  filter. 

Bouquet  of  Sqiring  Flowers. — Extraits  de  rose  et 
violette,  each  one  pint ;  extrait  d'acacia  and  essence  of 
rose,  each  two  and  a  half  ounces ;  attar  of  bergamot, 
two  drachms ;  tincture  of  ambergris,  one  ounce.  Mix, 
and  after  ten  days,  filter. 

There  are  certain  bouquets,  of  fine  odor,  which  may 
be  compounded  direct  from  the  volatile  oils ;  as  an 
example,  there  is— 

Bouquet  de  Rondeletia. — Attar  of  lavender,  two 
ounces  ;  attars  of  cloves  and  bergamot,  each  one  ounce  ; 
attar  of  roses,  three  drachms  ;  tinctures  of  musk,  vanilla, 
and  ambergris,  each  four  ounces ;  deodorized  alcohol, 
one  gallon.    Mix,  and  after  a  month's  repose,  filter. 


Cologne  and  other  Fragrant  Waters. — These 
preparations  are  mostly  solutions  of  bouquets  of  essen- 
tial oils,  or  extracts,  in  alcohol,  improved  by  distillation. 
For  common  kinds  distillation  is  omitted. 

Eau  de  Cologne — Dorocherau's. — Inodorous  alcohol, 
one  gallon ;  attars  of  portugal  and  bergamot,  nine 
drachms ;  attar  of  neroli,  ten  drachms  ;  attar  of  petit- 
grain,  twelve  drachms  ;  attars  of  lemon,  lavender,  and 
rosemary,  each  one  ounce  ;  rose,  jasmin,  and  orange- 
flower  waters,  each  two  ounces.  Mix  by  shaking,  and 
after  two  weeks'  repose  distil,  and  set  aside  for  a  year. 

Eau  de  Cologne — Double. — Inodorous  alcohol,  three 
gallons ;  attar  of  bergamot,  twelve  ounces ;  attars  of 
eedrant,  lemon,  and  portugal,  each  two  ounces;  attar 
of  lavender,  one  ounce  ;  attars  of  neroli  and  rosemary, 
each  two  and  a  half  ounces ;  attar  of  thyme,  one 
drachm.  Mix,  and  after  a  week's  repose,  distil,  and. 
then  dilute  with. orange-flower  water  until  the  liquor 
marks. 

Eau  de  Cologne. — Spirit  from  grape,  sixty  over 
proof,  six  gallons ;  attar  of  neroli  petale,  three  ounces  ; 
attar  of  biggasade,  one  ounce ;  attar  of  rosemary,  two 
ounces ;  attar  of  orange  peel,  five  ounces ;  of  citron 
peel,  five  ounces ;  and  of  bergamot  peel,  two  ounces. 
Mix  with  agitation,  then  allow  it  to  stand  for  a  few 
days  undisturbed,  filter  and  bottle. 

Eau  de  Rondeletia.. — French  alcohol,  one  gallon  ; 
attar  of  lavender,  two  ounces ;  attars  of  cloves  and 
bergamot,  each  oneounce  ;  attar  of  roses,  three  drachms; 
tinctures  of  musk,  vanilla,  and  ambergris,  each  four 
ounces.  Mix,"  and  leave  to  repose  for  a  month,  then 
filter  and  bottle. 

Cosmetics. — The  preparations  under  this  head  are 
designed  to  soften  the  skin  and  beautify  the  complexion. 
We  annex  recipes  for  the  more  important.  The  heat- 
ing medium  in  the  manufacture  of  them  must  be  either 
a  water  or  steam  bath. 

Amandine. — Put  into  a  large  marble  mortar  two- 
ounces  gum  arabic,  and  six  ounces  white  honey,  tritu- 
rate, and  when  the  mixture  has  been  rubbed  into  a 
thick  paste,  add  three  ounces  perfectly  neutral  almond 
shaving  paste.  Then  continue  the  trituration  until  the 
mixture  has becomehomogoneous.  Two  pounds  of  fresh 
cold-pressed  sweet  almond  oil  are  next  allowed  to  flow 
from  a  can  above  into  the  water,  but  only  as  rapidly  as 
the  workman  can  incorporate  it  with  the  mass ;  other- 
wise, if  it  enters  in  too  large  quantities,  the  blending  is 
imperfect,  and  the  amandine  becomes  oily  instead  of 
jelly-like  and  transparent,  as  it  should  be  when  the 
manipulation  has  been  skilful.  In  summer  tempera- 
tures it  will  be  difficult  to  effect  a  combination  of  all 
the  oil ;  and,  therefore,  the  flow  should  be  stopped  as 
soon  as  the  mixture  becomes  bright  and  assumes  a 
crystalline  lustre.  The  perfume  should  be  mixed  with 
the  almond  oil,  and  consists  of  half  a  drachm  of  attar 
of  bitter  almonds  to  every  pound  of  paste.  A  little  attar 
of  rose  and  bergamot  may  also  be  added — about  one 
drachm  of  each.  As  soon  as  finished  it  must  be  put 
in  close  pots.  A  small  quantity,  say  a  lump  of  filbert 
size,  gives  with  warm  water  a  rich  lather,  which,  when 
rubbed  over  the  face  and  hands,  imparts  softness,  and 
prevents  chapping.  It  should  be  wiped  off,  while  still 
in  lather,  with  a  dry  towel. 
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Camphor  Ice. — Melt  together  over  a  water-bath, 
white  wax  and  spermaceti,  each  one  ounce  ;  camphor, 
two  ounces ;  in  sweet  almond  oil,  one  pound.  Next, 
triturate  in  the  manner  directed  for  amandine,  and 
allow  one  pound  of  rose  water  to  flow  in  slowly  during 
the  operation.  Then  perfume  with  attar  of  rosemary, 
one  drachm. 

Creme  de  Cathay — Farina. — Melt  together  over  a 
water-hath  white  wax  and  spermaceti,  each  two 
drachms  ;  then  add  oil  of  sweet  almonds,  four  ounces  ; 
and  mecca  balsam,  three  drachms  ;  next,  perfume  with 
rose  water,  six  drachms  ;  and  stir  until  cold. 

Glycerin  Cream. — This  superior  cosmetic  is  the 
well-known  cold  cream,  with  glycerin  substituted  for 
rose  water.  Melt  together  spermaceti,  six  ounces ;  and 
white  wax,  one  ounce  ;  in  one  pound  of  sweet  almond 
oil.  Then  remove  from  the  fire,  and  stir  in  Price's 
glycerin,  four  ounces ;  and  when  congealing,  perfume 
with  attar  of  rose,  twenty  drops.  Other  attars  may  be 
used  as  desired  in  place  of  rose. 

Pate  d'Amande  au  Miel. — Rub  together  one  pound 
of  honey  and  the  yolks  of  eight  eggs  ;  then  gradually 
add  sweet  almond  oil,  one  pound,  during  constant  tri- 
turation; and  work  in  bitter  almonds — blanched  and 
ground  to  meal — eight  ounces ;  finally  perfume  with 
attars  of  bergamot  and  cloves,  each  two  drachms. 

Pomade  Rosat—  for  the  lips. — Melt  together  white 
wax,  two  ounces ;  oil  of  sweet  almonds,  four  ounces ; 
alkanet,  three  drachms.  Digest  for  several  hours,  strain, 
and  add  twelve  drops  of  attar  of  rose. 

Creme  de  Psyche — for  the  lips. — White  wax  and 
spermaceti,  each  one  ounce  ;  oil  of  sweet  almonds,  five 
ounces.  Melt  together,  and  pour  in  mecca  balsam,  one 
drachm,  and  stir  until  the  mass  congeals,  when  add  ten 
grains  of  powdered  acetate  of  lead. 

Lait  Virginal. — Orange-flower  water,  eight  ounces ; 
and  tincture  of  benzoin,  two  drachms.  The  former  is 
added  very  slowly  to  the  latter  during  constant  tritura- 
tion, so  as  to  produce  an  opalescent  milky  fluid. 

Milk  of  Roses. — Place  over  a  water-bath,  oil  soap 
one  ounce ;  and  melt  it  in  five  or  six  ounces  of  rose- 
water  ;  then  add  white  wax  and  spermaceti,  one  ounce; 
and  continue  the  heat  until  they  have  fused.  Next 
take  one  pound  of  blanched  almonds,  beat  them  to 
meal  in  a  clean  marble  mortar,  with  three  and  a  half 
pints  of  rose-water,  admitted  portionwiso,  during  the 
trituration.  The  emulsion  of  almonds,  thus  made,  is  to 
be  strained  without  pressure  through  washed  white 
muslin,  and  run  very  slowly  into  the  previously-formed 
soap-mixture;  the  whole  being  blended  at  the  same 
time  by  energetic  trituration.  Towards  the  end  of  this 
operation,  two  drachms  of  attar  of  rose,  dissolved  in 
eight  ounces  inodorous  alcohol,  is  to  be  let  into  the 
mixture  very  gradually,  and  in  a  thin  stream,  during 
constant  rubbing  of  the  mass.  This  cautious  manipu- 
lation is  indispensable  to  the  smoothness  and  perfection 
of  the  milk.  The  last  operation  is  to  strain  ;  and  after 
the  liquid  has  had  a  day's  repose,  to  bottle  it. 

Piesse's  Milk  of  Cucumber. — Heat  two  pints  juice 
of  cucumbers  to  boiling,  cool  and  strain;  and -make 
into  milk,  as  above  directed,  with  sweet  almonds,  four 
ounces  ;  green  oil  and  wax,and  curd  soap,  each  half  an 
ounce ;  alcohol,  eight  ounces,  and  essence  of  cucumber, 


four  ounces.  This  latter  is  made  by  digesting  twenty- 
eight  pounds  bruised  cucumbers  with  two  pints  of 
alcohol  of  -837  specific  gravity- for  twenty-four  hours  ; 
and  then  distilling  off  one  pint  and  a  half. 

Crime  de  Pistache. — Pistachio  nuts,  three  ounces ; 
green  oil,  palm  soap,  wax,  and  spermaceti,  each  one 
ounce  ;  orange-flower  water,  three  and  a  quarter  pints; 
essence  of  neroli,  twelve  ounces ;  make  as  directed  for 
the  preceding  milks. 

Preparations  for  the  Hair. — In  addition  to  the 
various  kinds  of  pomades  and  antique  oils  already 
described,  there  are  other  special  preparations  used  for 
promoting  the  growth,  health,  and  beauty  of  the  hair. 
Annexed  are  formula?  for  those  most  esteemed. 

Philocome. — This  compound  is  made  without  heat. 
Equal  parts  of  purified  beef-marrow,  oils  of  noisettes 
and  sweet  almonds  are  thoroughly  mixed  by  tritura- 
tion in  an  agate  or  marble  mortar ;  and  the  whole  is 
then  perfumed  by  the  addition  of  a  sufficient  quantity 
of  a  mixture  of  extracts  of  rose,  acacia,  jasmin,  orange 
flower,  and  tuberose. 

Macassar  Oil. — Oil  of  ben,  one  gallon ;  oil  of  noi- 
sette, half  a  gallon ;  strong  alcohol,  oue  quart ;  attar  of 
rose,  two  drachms ;  attar  of  bergamot,  three  ounces ; 
attar  of  portugal,  two  ounces ;  and  tincture  of  musk, 
three  ounces ;  mix  together,  digest  with  alkanet  root — 
for  color — in  a  stoppered  bottle  for  a  week,  then  strain 
and  bottle. 

Morfit's  Hair  Tonic. — Scald  black  tea,  two  ounces, 
with  one  gallon  of  boiling  water ;  strain,  and  add  three 
ounces  of  glycerin ;  tincture  cantharides,  half  an  ounce ; 
and  bay  rum,  one  quart.  Mix  well  by  shaking,  and 
then  perfume. 

Shampoo  Liquor. — This  excellent  wash  for  the  hair 
is  made  by  dissolving  carbonate  of  ammonia,  half  an 
ounce,  and  borax  one  ounce,  in  one  quart  of  water,  and 
adding  thereto  two  ounces  of  glycerin,  New  England 
rum  three  quarts,  and  one  quart  of  bay  rum. 

The  hair  having  been  moistened  with  this  liquor,  it 
is  to  be  shampooed  with  the  hands  until  a  slight  lather 
is  formed ;  and  the  latter  being  then  washed  out  with 
clear  water,  leaves  the  head  clean,  and  the  hair  moist 
and  glossy. 

Preparations  for  the  Teeth. — Those  prepara- 
tions should  be  compounded  of  materials,  which,  while 
cleaning  the  teeth  without  injury  to  the  enamel,  will 
also  be  antiacid,  antiscorbutic,  and  tonic  in  their  action 
upon  the  gums. 

Poudre  Detersive  Dentifrice. — Willow  charcoal  and 
white  sugar  in  impalpable  powder,  each  eight  ounces  ; 
calasay  bark  in  impalpable  powder,  four  ounces ;  mix 
thoroughly  in  a  mortar,  sift  through  the  finest  bolting 
cloth,  and  perfume  with  a  mixture  of  attar  of  mint,  two 
drachms,  attar  of  cinnamon,  one  ounce,  and  tincture  of 
amber,  half  an  ounce. 

Camphorated  Chalk. — Precipitated  carbonate  of 
lime,  one  pound ;  powdered  orris  root,  three  and  a  half 
pounds ;  powdered .  camphor,  quarter  of  a  pound  ; 
reduce  the  camphor  to  fine  powder  by  triturating  it  in 
a  mortar  with  a  little  alcohol ;  then  add  the  other 
ingredients,  and  when  the  mixture  is  complete,  sift 
through  the  finest  bolting  cloth. 

Morfifs  Dentifrice. — Powdered  willow  charcoal,  four 
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ounces  ;  cinchona  bark  and  sugar  of  milk,  in  powders, 
each  one  pound ;  old  transparent  soap,  in  powder,  four 
ounces ;  mis  in  a  marble  mortar,  sift  through  the  finest 
bolting  cloth,  and  perfume  with  attar  of  orange  flower, 
one  ounce. 

Rose  Tooth-powder. — Precipitated  carbonate  of  lime, 
one  pound ;  powdered  orris,  half  a  pound ;  rose  pink, 
two  drachms.  Mix  together ;  sift  and  perfume  with 
attar  of  roses,  one  drachm  ;  and  attar  of  santal,  twenty 
drops. 

Another  Dentifrice. — Precipitated  carbonate  of  lime, 
one  pound ;  powdered  borax,  half  a  pound  ;  powdered 
myrrh,  four  ounces ;  powdered  orris,  four  ounces.  Mix, 
and  sift  through  finest  bolting  cloth. 

Opiate  Tooth-paste. — Honey,  powdered  orris,  and 
precipitated  carbonate  of  lime,  each  half  a  pound ;  rose 
pink,  two  drachms.  Rub  into  paste  with  simple  sirup, 
and  perfume  with  attars  of  cloves,  nutmeg,  and  rose, 
each  half  an  ounce. 

Eau  Botot. — Tincture  of  cedar  wood,  one  pint ;  tinc- 
ture of  myrrh  and  rhatany,  each  four  ounces ;  attar  of 
peppermint,  five  drops.  Mix. 

Violet  Mouth-wash. — Tincture  of  orris,  essence  of 
rose,  and  alcohol,  each  eight  ounces  ;  attar  of  almonds, 
five  drops.  Mix. 

Cologne  Tooth-wash. — Eau  de  cologne,  one  quart ; 
tincture  of  myrrh,  four  ounces.  Mix. 

Caelum  Aramatise — These  popular  pastilles  for  per- 
fuming the  breath  are  thus  made  : — Dissolve  three  and 
a  half  ounces  of  extract  of  liquorice  in  four  ounces  of 
water,  by  the  heat  of  a  water- bath,  and  add  of  pulverized 
gum  arabic  half  an  ounce,  and  Bengal  catechu,  in  powder, 
one  ounce.  Evaporate  to  the  consistence  of  an  extract, 
and  then  mix  in,  thoroughly,  powdered  mastic,  charcoal, 
cascarilla,  and  orris  root,  each  half  a  drachm.  When 
the  mass  has  been  reduced  to  the  proper  consistence, 
it  is  to  bo  removed  from  the  fire,  treated  with  attar  of 
peppermint,  thirty  drops ;  tinctures  of  ambergris  and 
musk,  each  five  drops ;  poured  out  upon  an  oiled  slab, 
and  rolled  to  a  very  thin  sheet.  After  cooling,  blotting 
paper  is  pressed  upon  it  to  absorb  any  adhering  oil ; 
and  the  surfaces  are  then  moistened  with  water,  and 
covered  with  silver  leaf.  When  dry  it  is  to  be  divided 
into  small  bits  of  the  size  of  a  fenugree  seed. 

Powders. — Powders  for  the  hair  and  skin  have 
almost  gone  out  of  use.  The  basis  of  them  is  either 
powdered  orris,  or  fine  dry  pearl  starch.  The  perfume 
of  the  finest  kinds  is  imparted  by  stratifying  starch  with 
fresh  flowers,  after  the  manner  of  enfleurage  with  fat. 
The  flowers  are  subsequently  separated  by  sifting.  The 
simple  perfumed  powders  thus  obtained,  by  judicious 
admixture,  form  compound  or  bouquet  powders.  The 
tediousness  and  expense  of  this  process  prevent  its 
general  employment.  The  common  mode  is  to  scent 
by  the  direct  addition  of  extracts  or  essential  oils,  or 
else  to  mix  in  powdered  fragrant  material  with  the  orris 
or  starch.  The  following  formulae  will  explain  the 
manufacture  of  them. 

Violet  Powder. — Wheat  starch,  twelve  pounds ;  pow- 
dered orris,  two  pounds.  Mix  together,  and  add  attar 
of  lemon,  half  an  ounce  ;  attars  of  bergamot  and  cloves, 
each  two  drachms. 

Poudre  oVIris. — Powdered  orris  root,  twelve  pounds ; 


powdered  bergamot,  peel,  and  acacia  flowers,  each  eight 
ounces  ;  powdered  cloves,  half  an  ounce.  Mix  and  sift. 

Prepared  Bran — for  the  hair. — Powdered  wheat 
bran,  one  pound ;  powdered  orris,  two  ounces.  Mix 
and  sift. 

Poudre  Noir — for  the  hair. — Starch  and  orris  in 
fine  powder,  each  eight  ounces ;  charcoal  and  ivory 
black,  in  fine  powder,  each  one  ounce.    Mix  and  sift. 

Poudre  Blonde — for  the  hair. — Finely  powdered 
starch  and  orris,  eight  ounces  each,  as  in  the  preceding, 
but  with  yellow  ochre  for  the  coloring  matter. 

Poudre  a  la  Vanille  Brum — for  the  skin  or  for 
sachets. — Powdered  vanilla,  rose  leaves,  lump  storax, 
benzoin,  rhodium,  pallisandre  and  ebony  woods,  each 
one  pound ;  powdered  cloves,  two  ounces ;  powdered 
musk,  two  drachms.  Mix  together  with  three  pounds 
of  starch ;  sift,  and  add  a  few  drops  of  extracts  of  tube- 
rose and  jessamine. 

Poudre  a  I'CEillet  Composie—ior  the  skin  or  sachets. 
• — Powdered  rose  leaves  and  orris  root,  each  three 
pounds  ;  powdered  bergamot  peel,  one  pound  ;  pow- 
dered cloves  and  cinnamon,  each  six  ounces ;  powdered 
acacia  and  orange  flowers,  each  eight  ounces ;  starch, 
three  pounds. 

Rouges. — Paints  or  rouges  are  the  means  by  which 
the  natural  color  of  the  skin  may  be  heightened  or 
changed.  They  are,  however,  objectionable  prepara- 
tions, and  the  use  of  them  extends  very  little  beyond 
the  theatres,  where  they  are  employed  to  produce 
stage  effect. 

French  White. — This  is  the  mineral  talc,  or  French 
chalk,  finely  levigated  and  bolted.  It  forms  the  basis 
of  the  most  harmless  rouges.  Perfume  is  added  as 
may  be  desired. 

Pearl  White. — Pure  oxide  or  subnitrate  of  bis- 
muth in  powder.  This  pigment  darkens  in  atmos- 
pheres containing  sulphide  of  hydrogen.  One  ounce 
triturated  with  four  ounces  of  orange-flower  water  makes 
liquid  white. 

Pearl  Powder. — Precipitated  carbonate  of  lime, 
finely  bolted  and  perfumed.  The  French  add  oxides  of 
zinc  and  bismuth,  each  one  ounce  to  the  pound  of 
chalk. 

Carmine  Rouge. — Finely  bolted  talc,  four  ounces  ; 
carmine,  two  drachms.  Mix  together  with  a  little  warm 
and  dilute  solution  of  gum  tragacanth.  For  lighter 
shades,  the  proportion  of  carmine  must  be  increased. 
For  commoner  pastes,  rose  pink  replaces  the  carmine 
as  coloring  matter.    It  may  be  made  into  a  pomade. 

Bloom  of  Roses. — Powdered  carmine  of  the  best  qua- 
lity, two  drachms,  digested  with  strong  ammonia,  four 
ounces,  in  a  tightly  stoppered  bottle  for  two  days,  at 
the  ordinary  temperature  of  the  atmosphere,  Then  add 
rose  water,  one  pint,  and  essence  of  rose,  four  ounces. 
After  a  week's  repose,  the  upper  stratum  of  clear  liquid 
may  be  decanted  from  the  subsident  matter,  and  bottled. 

Fard  Bleu  d'Azur. — Talc  and  ultramarine,  finely 
bolted,  equal  parts,  triturated  with  a  solution  of  gum 
tragacanth  into  a  stiff  paste. 

Toilet  Soaps. — To  this  class  belong  the  finer  kinds 
of  scented  soaps,  which  have  emollient  properties.  They 
are  rarely  made  direct  by  the  perfumer,  the  body  or 
basis  being  a  well-selected  white  soap,  subsequently 
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cleansed  and  purified.  For  the  choicest  grades,  the 
body  should  he  made  of  a  mixture  of  olive  and  sweet 
almond  oils,  as  the  fat  stock.  Lard  and  beef  tallow 
make  the  next  best  stock ;  and  for  palm  soap  a  small 
quantity  of  bleached  palm  oil  is  to  be  added  to  them. 
Cocoa  oil  and  pale  yellow  rosin  saponaceous  matters 
also  enter  into  the  composition  of  certain  toilet  soaps. 
These  body-soaps  may  be  obtained  as  wanted  from 
any  well-conducted  soap  factory.  To  be  adapted  to  the 
purposes  of  perfumery  they  must  be  perfectly  neutral, 
firm,  free  from  unpleasant  odor,  and  ^,11  tendency  to 
crust  in  cold,  or  sweat  in  damp  weather.  They  should, 
moreover,  give  a  rich  lather  without  wasting  too 
rapidly  in  the  water.  Soaps,  generally,  in  their  original 
condition,  are  usually  deficient  in  many  of  those  points ; 
and  must,  for  the  purposes  of  perfumery,  undergo  a 
refining  process,  which  is  as  follows  : — 

The  soap,  as  purchased  in  bars  or  blocks,  being  piled 
upon  the  shelf  of  the  rasping  machine,  is  next  placed 
in  the  hopper,  and  as  the  wheel  revolves,  knives  come 
against  the  soap  and  cut  it  into  meal,  which  falls 
into  the  reception  box  beneath.  It  is  now  in  a 
state  fit  to  be  melted  readily,  for  which  purpose  it 
is  transferred  to  the  steam  hath  before  mentioned  at 
pages  669  and  670,  and  mixed  with  rose  and  orange- 
flower  waters,  each  half  a  gallon,  to  every  hundred 
pounds  of  soap.  The  steam  being  let  on,  and  the 
containing  kettle  covered,  its  contents  become  gradually 
fluid,  and  in  this  state  must  be  stirred  with  a  crutch, 
which  is  a  long  stick  having  the  form  of  an  inverted  T, 
until  the  paste  becomes  uniformly  consistent  and  smooth 
throughout.  It  is  then  allowed  to  cool,  again  melted, 
but  without  fragrant  water,  and  crutched  as  before. 
"When  the  contents  of  the  vessel  comprise  several  kinds 
of  soap,  great  care  must  be  observed  not  to  put  in  all 
at  once,  but  to  add  and  melt  each  successively,  and  to 
crutch  constantly,  so  as  to  effect  an  intimate  mixture. 
When  the  paste  begins  to  cool,  coloring  matter  as  may 
be  desired  is  then  added ;  and  subsequently  the  perfume, 
which  is  reserved  to  the  last,  to  avoid  any  unnecessary 
loss  by  evaporation  from  the  hot  paste.  A  portion  of 
glycerin  might  also  be  added  at  this  stage,  with  great 
advantage  to  the  soap,  as  that  liquid  imparts  an  emi- 
nent emolient  property. 

When  extracts  or  bouquets  are  used,  as  for  scenting 
the  finest  kinds  of  soap, .  they  must  be  added  to  the 
compound  in  meal,  and  incorporated  with  the  mass  by 
kneading  it  with  the  hands  ;  for  the  application  of  heat 
would  impair  the  delicacy  of  the  odor,  as  well  as  occa- 
sion loss  by  its  evaporation.  In  large  establishments, 
this  is  done  by  passing  the  meal  repeatedly  between 
marble  rollers. 

The  soap  is  now  ready  to  be  put  into  the  cooling 
frames,  which  is  a  rectangular  well  made  of  a  series 
of  wooden  frames,  resting  successively  one  upon  the 
other.  In  a  day  or  two  it  is  sufficiently  hard  to  be 
cut  into  bars  and  tablets  of  the  size  of  the  sections 
of  each  frame,  which  are  fitted  by  means  of  a  piece 
of  brass  wire,  which  are  set  up  edgewise,  and  left  for 
several  days  to  dry,  and  are  then  barred  by  means  of 
a  wire.  The  sections  or  lifts  of  the  frame  regulate 
the  width  of  the  bars,  and  the  gages  adjust  their 
breadth — these  latter  being  made  so  as  to  cut  bars 
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or  squares  of  four,  six,  eight,  or  any  required  number 
to  the  pound  of  soap.  The  bars  are  further  subdi- 
vided into  tablets,  and  subjected  to  pressure  for  the 
purpose  of  imparting  solidity,  and  ornamenting  the 
exterior  with  some  appropriate  device,  or  impressing 
upon  it  the  maker's  name.  Moulds  for  this  purpose 
are  shown  by  Fig.  395,  and  they  may  be  varied  in  form 
and  inscription  according  to  taste ; 
but  the  character  of  the  latter  is 
generally  floral  or  medallion.  The 
press  is  of  ordinary  construction, 
with  spiral  springs  to  throw  out 
the  soap  tablet  from  the  die  box 
as  soon  as  it  is  pressed.  The  box 
is  movable,  so  that  the  die  may 
be  changed  at  will.  In  some 
factories  the  pressure  is  more 
effectually  accomplished  by  means  of  a  steam-hammer, 
which  is  made  to  give  three  successive  blows,  directly 
vertical,  to  each  tablet  of  soap.  Savonettes,  or  soap 
balls,  are  shaped  by  rotating  blocks  of  soap  upon  a 
soap-scoop  made  of  brass  with  sharp  edges. 

Almond  Soap. — This  is  a  very  white  soap,  which, 
when  genuine,  is  made  by  the  cold  process  hereinafter 
described,  and  from  pure  oil  of  sweet  almonds.  The 
kind,  however,  generally  met  with  is  made  as  follows  : 
white  curd  soap,  one  hundred  pounds,  and  cocoa-nut  oil, 
fifteen  pounds;  purified  as  before  directed, and  perfumed 
with  a  mixture  of  attar  of  bitter  almonds,  one  and  a 
half  pounds,  and  attars  of  cloves  and  caraway,  each 
eight  ounces. 

White  Windsor  Soap. — The  genuine  old  white 
Windsor  is  made  from  a  body  of  which  a  mixture  of 
lard  and  olive  oil  is  the  fat  stock ;  and  attars  of  cara- 
way, lavender,  and  rosemary,  constitute  the  perfume. 
The  modern  Windsor  soap  is  made  from  fine  white  curd 
soap,  one  hundred  and  fifteen  pounds ;  cocoa-nut  oil 
soap,  twenty  pounds ;  perfumed  with  a  mixture  of  attar 
of  caraway,  one  and  a  half  pounds ;  attars  of  thyme 
and  rosemary,  each  eight  ounces ;  and  attars  of  cassia 
and  cloves,  each  four  ounces. 

Brown  Windsor  Soap. — Curd  soap,  one  hundred 
pounds ;  cocoa-nut  oil,  and  pale  yellow  rosin  soaps, 
each  twenty-five  pounds  ;  color  with  caramel,  eight 
ounces ;  and  perfume  with  a  mixture  of  attars  of  cara- 
way, cloves,  thyme,  cassia,  petit-grain,  and  lavender, 
each  eight  ounces.  Morpit's  oleic  soap,  of  first  grade, 
is  peculiarly  adapted  as  body  for  brown  Windsor  soap, 
as  it  gives  a  rich  lather,  and  is  very  smooth,  and  highly 
emollient.  Moreover,  it  retains  its  normal  moisture 
for  a  great  length  of  time. 

Savon  an  Miel — Honey  Soap>. — White  curd  soap, 
forty  pounds ;  melted  and  crutched  with  white  honey, 
ten  pounds ;  storax,  two  pounds ;  and  powdered  ben- 
zoin, one  pound. 

An  imitation  honey  soap  is  made  by  melting  to- 
gether pale  yellow  soap,  one  hundred  pounds ;  soft 
soap,  fourteen  pounds ;  and  perfuming  with  attar  of 
citronella,  one  and  a  half  pounds. 

Frangipani  Soap. — Curd  soap,  colored  brown  with 
caramel,  seven  pounds ;  perfumed  with  a  mixture  of 
attars  of  neroli  and  vitivert,  each  four  ounces  ;  attar  of 
rose,  two  drachms ;  attar  of  santal,  one  and  a  half 
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ounces ;  and  civet,  two  drachms.  The  latter  is  to  be 
previously  triturated  with  the  attars. 

Savon  a  la  Eose. — Rose  soap  is  made  from  a  mix- 
ture of  olive  oil  soap,  sixty  pounds ;  and  curd  soap, 
forty  pounds ;  colored  with  one  pound  of  finely  bolted 
vermilion.  The  perfume  consisting  of  attars  of  rose, 
six  ounces ;  attars  of  santal  and  geranium,  each  one 
ounce ;  and  tincture  of  musk,  eight  ounces ;  must  be 
added  to  the  cold  soap  in  meal,  and  incorporated  by 
kneading.  The  oil  soap  may  be  replaced  by  curd  soap, 
but  the  quality  of  the  rose  soap  will  not  then  be  so  fine. 

Savon  au  Bouquet. — White  soap,  sixty  pouuds, 
perfumed  in  the  cold  with  eight  ounces  of  an  extract 
bouquet;  or  in  warm  paste,  with  a  mixture  of  attar 
of  bergamot,  eight  ounces ;  attars  of  cloves  and  sassa- 
fras, each  half  an  ounce  ;  attar  of  thyme,  one  ounce  ; 
attar  of  neroli,  one  ounce.  The  soap  body  must  be 
previously  colored  brown  with  one  pound  of  caramel. 
The  soap  scented  with  the  attars  is  inferior  to  that 
having  the  extract  bouquet  as  perfume.  The  perfume, 
and  with  it  the  title  of  the  soap,  can  be  varied  accord- 
ing to  the  caprice  of  fashion. 

Pontine  Soap. — Curd  soap,  fifty  pounds ;  cocoa  nut 
oil  soap,  the  same  quantity,  melted  to  paste  and  crutched 
with  ten  to  twenty  pounds  of  finely  bolted  pumice-stone 
powder.  The  perfume  is  a  mixture  of  attars  of  thyme, 
cassia,  caraway,  and  lavender,  each  one  pound. 

Spermaceti  Soap. — The  genuine  spermaceti  soap  is 
superior  to  all  others  in  emollient  properties ;  but  it  is 
rarely  made  from  pure  stock,  owing  to  the  difficulty  in 
saponifying  it.  As  generally  vended,  it  consists  of 
white  curd  soap,  fourteen  pounds;  perfumed  with  a 
mixture  of  attars  of  bergamot,  two  and  a  half  pounds, 
and  attar  of  lemon,  eight  ounces. 

Palm  Soap. — Curd  soap,  made  of  a  mixture  of  one- 
half  lard,  one-third  bleached  palm  oil,  and  the  remain- 
der olive  oil  or  spermaceti,  constitutes  the  body  of  palm 
soap.  Its  natural  odor  is  that  of  the  violet,  which  is 
sometimes  stimulated  by  the  addition  of  a  little  attar 
of  portugal,  with  a  lesser  portion  of  attar  of  cloves. 

Floating  Soap. — All  the  hard  soaps  increase  in  hulk 
by  mechanical  batting  of  the  paste ;  the  loss  of  density 
thus  produced  gives  them  the  property  of  floating  in 
water.  The  batting  or  whipping  is  best  accomplished 
by  means  of  a  churn-twirl,  rotating  on  a  pivot  in  the 
bottom  of  the  melting-pan,  and  put  in  motion  by  a 
handle. 

Transparent  Soap. — This  amber-looking  soap  is 
made  by  dissolving  bard  white  soap,- previously  re- 
duced to  meal  and  thoroughly  dried,  in  alcohol  of  66° 
Twaddell.  The  steam-bath  before  described,  fitted 
with  a  still  head,  makes  a  very  appropriate  containing 
vessel.  The  alcohol  and  soap  are  taken  in  about  equal 
proportions ;  and  as  the  solution  proceeds,  any  3pirit 
which  may  distil  over  must  bo  allowed  to  condense  in 
a  worm,  and  collect  in  a  receiver.  The  heat  should 
not  exceed  212°.  After  solution,  the.  whole  must  be 
allowed  repose  for  settling,  after  which  the  clear,  super- 
natant fluid  is  to  bo  drawn  off  from  the  sediment  into 
wooden  frames,  or  globular  moulds  of  britannia  metal, 
if  it  is  desired  to  cast  it  in  ball  form.  Previous  to 
settling,  it  may  be  colored  as  desired — red,  with  tinc- 
ture of  alkanet;  yellow,  with  tincture  of  turmeric; 


orange,  with  a  mixture  of  the  two  tinctures;  green, 
with  tincture  of  chlorophyle ;  and  blue  with  tincture  of 
indigo  carmine.  Transparent  soap  is  rather  trans- 
lucent when  first  made,  and  docs  not  clear  until  perfectly 
dry.  The  perfumes  are  the  same  as  for  the  other 
soaps. 

Soaps  by  the  Cold  Process. — All  the  foregoing 
soaps  are  made  by  boiling  the  fat  stock  with  alkali ;  but 
toilet  soap  may  also  be.  made  extemporaneously  without 
much  heat  and  the  so-called  little  pan  proeess.  Many  of 
the  French  and  American  perfumers  manufacture  their 
soaps  in  that  way.  The  lies  are  necessarily  very  strong, 
and  should  be  of  66°  Twaddell.  Cold  soaps  are  very 
white,  and  also  very  hard,  as  they  do  not  contain  any 
excess  of  water. 

While  Soap. — Lard  forty  pounds,  and  caustic  soda 
lie,  of  64°  Twaddell,  twenty  pounds.  Melt  the  fat  by  a 
heat  not  exceeding  150°,  and  add,  during  constant 
stirring,  ten  pounds  of  the  lie.  After  one  hour's 
manipulation  with  the  stirrer,  the  heat  being  continued 
all  the  time  at  a  moderate  degree,  the  remaining  ten 
pounds  of  lie  are  to  be  added.  When  the  paste  has 
become  smooth  and  uniform  throughout,  it  is  trans- 
ferred to  a  cooling  frame,  perfumed,  and  left  in  a  room 
of  moderate  temperature  for  a  few  days  to  set  and 
ripen.  It  is  then  ready  to  be  cut  into  tablets  and 
pressed. 

Almond  Soap. — Genuine  almond  soap  is  made  from 
oil  of  sweet  almonds,  fifty  pounds ;  and  soda  lie  of  66° 
Twaddell,  twenty-live  pounds,  the  latter  being  gradu- 
ally added  to  the  former  at  a  temperature  between  125° 
to  150°,  and  the  whole  stirred  constantly  until  the 
mixture  has  a  pasty  consistence.  It  is  then  transferred 
to  a  cooling  frame,  perfumed  with  attar  of  bitter 
almonds,  and  then  left  for  several  days  to  set  and 
ripen. 

Soft  Soaps. — These  differ  from  the  hard  soaps  in 
having  potassa  in  place  of  soda  as  their  alkaline  base. 
They  are  all  more  or  less  pasty  or  gelatinous ;  and  they 
may  be  made  either  by  the  boiling  or  cold  process.  Of 
the  soft  soaps  used  in  perfumery,  that  known  as  fig 
soap  is,  however,  the  only  one  that  is  boiled. 

Fig  Soap. — The  fat  stock  is  chiefly  oil — generally 
olive  oil — with  the  addition  of  a  little  tallow  to  give  it 
the  granular  appearance  called  ./w/. 

Shaving  Cream. — This  saponaceous  compound  is 
made  by  melting  twenty  pounds  of  lard  in  the  steam- 
bath,  at  a  temperature  of  212°,  and  then  letting  five 
pounds  of  caustic  potassa  lie,  of  66°  Twaddell,  run  in 
very  slowly,  during  constant  stirring  and  batting  with 
a  wooden  paddle.  The  heat  is  continued  all  the  time ; 
and  after  a  while,  when  the  paste  becomes  thick,  five 
pounds  more  of  lie  are  added  in  the  same  manner. 
After  several  hours'  stirring  the  paste  becomes  firm, 
and  is  then  finished.  Tt  is  then  transferred  to  a  mortar 
and  triturated,  until  the  soap  becomes  homogeneous 
throughout,  and  assumes  a  pearly  appearance.  Attar 
of  almonds  is  the  perfume  for  almond  cream,  and  attar 
of  rose  for  the  rose  cream,  and  they  are  dissolved  in  a 
little  alcohol,  and  added  during  the  trituration.  The 
rose  cream  is  colored  at  the  same  time  with  a  little 
tincture  of  alkanet. 

Rypophagon  Soap. — This  is  a  mixture  of  equal  parls 
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of  pale  yellow  rosin  soap  and  fig  soft  soap,  perfumed 
with  attars  of  anise  and  citronella. 

According  to  Piesse,  British  India  and  Europe  con- 
sume annually,  at  the  lowest  estimate,  upwards  of  one 
hundred  and  fifty  thousand  gallons  of  perfumed  spirit, 
under  various  titles,  such  as  eau  de  cologne,  lavender 
water,  esprit  de  rose,  et  cetera.  Some  idea  of  the  com- 
mercial importance  of  this  art  may  be  formed,  when 
one  of  the  large  perfumers  of  Grasse  and  Paris  employs 
yearly  eighty  .thousand  pounds  of  orange  flowers,  sixty 
thousand  of  cassie,  fifty-four  thousand  of  rose  leaves, 
thirty-two  thousand  of  jasmin  blossoms,  twenty  thou- 
sand of  violets,  and  sixteen  thousand  pounds  of  lilac, 
besides  rosemary,  mint,  lemon,  citron,  thyme,  and  other 
plants  in  larger  proportion. 

The  Editor  cannot  conclude  this  monograph  without 
expressing  his  thanks  to  Dr.  Campbell  Morfit  of 
New  York  for  the  valuable  assistance  he  has  rendered 
him  during  its  compilation.  Professor  Morfit  is  the 
author  of  one  of  the  best  books  on  this  subject  which 
has  recently  appeared ;  and  being  the  first  technological 
chemist  in  America,  the  Editor,  although  personally 
unknown  to  him,  feels  the  more  gratified  for  his  having 
volunteered  his  aid  in  this  article,  which  is  sure  to 
prove  interesting  to  all  readers,  whether  scientific  or 
otherwise;  for,  as  shown  in  the  introductory  notice, 
perfumes,  in  the  early  ages  of  the  world,  were  in  con- 
stant use,  and  had  the  high  sanction  of  Scriptural 
authority. 

PHOSPHORUS. — Phosphore,  French;  phosphor, 
German;  phosphorus,  Latin. — This  truly  remarkable 
substance  is  one  of  the  elementary  bodies.  It  occurs 
ahundantly  in  both  kingdoms  of  nature,  not,  how- 
ever, in  the  free  state,  but  always  in  combination, 
usually  as  phosphoric  acid  united  to  earthy  and  me- 
tallic bases.  Its  intense  affinity  for  oxygen  would 
not  allow  it  to  exist  in  nature  in  an  isolated  form  ;  for 
on  exposure  to  the  air,  even  at  the  ordinary  tempera- 
ture, it  undergoes  a  slow  combustion,  and  is  converted 
into  phosphorous  and  phosphoric  acid.  At  a  very 
slightly  elevated  heat  it  takes  fire,  and  is  resolved 
entirely  into  phosphoric  acid.  Nor  is  phosphoric  acid 
met  with  naturally  uncombined,  its  powerful  reaction 
upon  the  bases  causing  it  to  enter  quickly  into  combi- 
nation. Amongst  phosphorus  compounds,  the  most 
important  are  those  which  phosphoric  acid  forms  with 
lime  and  magnesia,  and  these  are  widely  distributed 
throughout  nature.  In  this  condition  it  is  found  in 
unstratifiod  rocks,  and  in  the  lavas  of  more  recent  date. 
As  these  disintegrate,  and  crumble  down  into  fertile 
soil,  the  phosphates  pass  into  the  organism  of  plants, 
and  ultimately  into  the  bodies  of  the  animals  to  which 
these  latter  serve  as  nutriment.  Phosphate  of  lime  con- 
stitutes by  far  the  greatest  part  of  the  hard  matter  of 
bones,  and  consequently  fulfils  a  very  important  part 
in  the  structure  of  the  animal  frame,  communicating 
stiffness  and  inflexibility  to  the  bony  skeleton.  Phos- 
phorus is  also  an  ingredient,  in  some  unknown  form  of 
combination,  of  animal  and  vegetal  fibrin  and  albu- 
men. It  is  likewise  found  in  the  brain,  and  in  the  soft 
roe  of  the  carp,  though  in  what  particular  condition  it 
exists  is  uncertain.  In  the  urine  and  excrements  it  is 
also  invariably  present.    In  the  mineral  kingdom,  it 


is  found  principally  as  phosphate  of  lime — known  to 
mineralogists  as  apatite — as  phosphate  of  magnesia,  as 
phosphate  of  alumina,  or  wavelite,  and  as  phosphates 
of  lead  and  copper,  et  cetera. 

The  term  phosphorus — derived  from  two  Greek 
words  signifying  light-producer — was  applied  by  the 
older  chemists  to  every  species  of  substance  capable 
of  becoming  luminous  without  the  application  of  heat. 
It  is  now  retained  only  by  the  one  simple  substance 
under  consideration. 

Historical  Notice. — Amongst  the  many  important 
discoveries  made  by  the  alchemists  in  their  pursuit  of 
the  philosopher's  stone,  that  of  phosphorus  holds  a  very 
high  position.  It  was  first  obtained,  in  1 677,  by  Brandt, 
a  tradesman  of  Hamburg,  while  engaged  in  prosecuting 
researches  upon  urine,  with  the  view  of  extracting  from 
it  the  mysterious  agent  that  would  effect  the  transmuta- 
tion of  the  baser  metals  into  gold.  Brandt  partially 
explained  the  secret  to  Kunckel,  a  German  chemist 
with  whom  he  was  acquainted,  and  who  subsequently 
succeeded  in  obtaining  it  even  more  pure  than  had  been 
done  by  Brandt.  He  continued  to  prepare  it,  and 
it  soon  became  known  as  Kunckel'S  phosphorus,  to 
distinguish  it  from  other  bodies  possessing  the  pro- 
perty of  luminosity.  In  1676  Kunckel  published  a 
description  of  it,  and  was  afterwards  considered  as  one 
of  its  discoverers. 

In  England,  the  celebrated  Boyle,  having  seen 
phosphorus  in  the  hands  of  Kraft  of  Dresden,  who 
had  purchased  the  secret  from  Brandt,  and  knowing 
that  it  was  extracted  from  some  matter  appertaining  to 
the  human  body,  commenced  his  investigations,  which, 
after  a  year's  labor,  were  crowned  with  success.  In 
1680  an  account  of  the  new  substance  was  published 
in  the  Philosophical  Transactions,  and  it  became  known 
under  the  name  of  English  phosphorus.  Boyle  com- 
municated his  process  to  Godfrey  Haukwitz,  who 
prepared  it  under  his  direction  in  London,  in  large 
quantities;  and  after  the  death  of  Boyle  and  Kunckel, 
Haukwitz  was  alone  in  possession  of  the  secret  and 
the  trade  in  this  substance.  Dp  to  this  time  it  was 
extremely  rare,  being  found  only  amongst  the  cabinet 
curiosities  of  the  rich ;  and  for  the  next  fifty  or  sixty 
years  its  great  price  prevented  its  employment  in  any 
branch  of  art  or  manufacture.  At  last,  in  1737,  a" 
stranger  came  to  Paris,  and  sold  to  the  French  govern-" 
ment  a  process  for  its  preparation,  which  Hellot,  con- 
jointly with  Geoffroi,  Dufay,  and  Duhausel,  was 
charged  to  submit  to  the  test  of  experiment.  The 
process  was  successful,  and  a  report  of  it  was  published 
in  the  Memoirs  of  the  Academy  for  the  year  1737. 
By  this  method,  also,  it  was  extracted  from  urine,  and 
although  the  process  succeeded  it  could  never  have 
been  employed  on  the  large  scale.  It  was  besides 
tedious  and  offensive.  To  understand  the  difficulties 
it  will  be  sufficient  to  say,  that,  after  a  protracted  series 
of  operations,  the  above-mentioned  chemists  obtained 
from  five  hogsheads  of  urine,  thirty-eight  pounds  of 
the  residue  on  evaporation,  the  whole  of  which  yielded 
only  four  ounces  of  phosphorus,  and  by  means  of  four 
distillations. 

Experiments  were  afterwards  made  by  Margraaf, 
Fourcroy,  Vauquelin,  and  others,  to  render  the 
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process  of  extracting  it  from  urine  more  easy,  but  this 
process  was  entirely  relinquished  when  Scheele  and 
G-alin  discovered  the  presence  of  phosphoric  acid  in 
the  bones  of  animals.  It  is  from  bones  that  phos- 
phorus is  still  extracted  at  the  present  day.  It  is  pre- 
pared as  an  article  of  manufacture  in  large  quantity  in 
London  and  Paris.  Kane  has  calculated  that  in  the 
latter  city  alone,  about  two  hundred  thousand  pounds 
are  yearly  produced.  In  Germany,  also,  it  is  manufac- 
tured on  a  large  scale ;  one  establishment  at  Carlsruhe 
— that  of  Otto  Padli — producing  annually,  amongst 
a  long  list  of  other  chemical  substances,  sixty  hundred- 
weight of  this  one  article.  Its  ready  inflammability 
has  always  made  it  a  subject  of  popular  interest,  while 
the  singularity,  importance,  and  variety  of  its  com- 
pounds, have  drawn  to  them  no  ordinary  share  of  the 
attention  of  chemists.  The  introduction  of  lucifer 
matches  has  enormously  increased  its  consumption; 
indeed,  at  least  ninety-five  per  cent,  of  the  whole 
quantity  produced  is  absorbed  by  this  manufacture. 

Preparation. — All  the  processes  for  obtaining 
phosphorus  are  founded  upon  the  deoxidation  of  phos- 
phoric acid — P05 — by  means  of  carbon. 

Brandt  and  Boyle  evaporated  urine  to  a  thick 
creamy  consistence.  This  was  afterwards  distilled, 
either  per  se,  or  after  being  mixed  with  sand  or  char- 
coal powder.  In  this  process  the  carbon— either  that 
which  results  from  the  charring  of  the  organic  matter 
contained  in  urine,  or  that  which  is  added  to  it — 
decomposes  the  portion  of  the  phosphoric  acid  which 
is  in  combination  with  ammonia,  while  that  which  is 
combined  with  the  soda  remains  unaltered.  Mar- 
graap  evaporated  urine  to  the  consistence  of  honey, 
then  added  one-tenth  of  chloride  of  lead,  and  half  its 
weight  of  charcoal  powder.  The  mass  was  afterwards 
thoroughly  desiccated,  and  then  distilled.  In  this  case 
the  chloride  of  lead  and  phospate  of  soda  mutually 
decompose,  yielding  phosphate  of  lead  and  chloride  of 
sodium  : — 

3  Na  0,  P05  +   3  Pb  CI   =3  Pb  0,  P03  +    Na  Ct 

Phosphate  of  Chloride  of  Phosphate  of  Chloritle  of 

8odu.  lead.  lead.  sodium. 

Oiobert  precipitated  urine,  without  previous  eva- 
poration, with  a  soluble  salt  of  lead.  The  precipitate 
of  phosphate,  sulphate,  and  chloride  of  lead  was  col- 
lected, well  washed,  and  mixed  with  a  fourth  of  its 
weight  of  powdered  charcoal.  The  mixture  was  then 
exsiccated  and  distilled.  The  great  advantage  in  the 
processes  of  Margraaf  and  Giobert  was,  that  an 
equal  quantity  of  urine  yielded  nearly  twice  as  much 
phosphorus  as  the  process  of  Boyle  and  Brandt, 
in  consequence  of  the  decomposition  of  the  phosphoric 
acid  originally  in  combination  with  soda,  and  which 
in  the  process  of  the  latter  chemists  would  remain 
unaffected. 

After  the  discovery  of  phosphoric  acid  in  the  bones 
of  the  vertebrata,  the  old  methods  of  extracting  phos- 
phorus from  urine  were  totally  abandoned,  and  it  is 
now  obtained  almost  exclusively  from  bones.  Phos- 
phoric acid  exists  in  bones  in  the  annexed  form: — 

^HO^l  ^  ^®s"  ^a  or^er  *°  extract  the  phosphorus, 


the  bones  are  first  thoroughly  calcined,  that  is,  heated 
to  redness,  with  contact  of  the  air,  until  the  organic 
matter  is  entirely  removed.  The  bone  ash  thus  ob- 
tained is  reduced  to  powder,  and  to  every  three  parts 
are  added  two  of  concentrated  sulphuric  acid,  and  six- 
teen or  eighteen  parts  of  water.  By  this  treatment  a 
portion  of  the  lime  is  separated  as  sulphate,  and  an  acid 
phosphate  of  lime  is  produced,  which  dissolves  in  the 
supernatant  liquid.  After  the  separation  of  the  sulphate 
by  deoantation  and  filtration,  the  phosphoric  solution  is 
concentrated  by  evaporation  to  a  thick  sirupy  consist- 
ence. A  quantity  of  charcoal  powder,  equal  to  one-fourth 
of  its  weight,  is  then  added,  and  the  pasty  mass  is 
exposed  to  a  strong  heat,  nearly  to  redness,  till  perfectly 
dry.  The  desiccated  mass  is  then  transferred  to  a  stone- 
ware or  iron  retort,  connected  by  a  wide  elbow-shaped 
copper  tube  with  a  receiver  containing  water,  into 
which  the  tube  dips  about  a  line.  Another  smaller 
tube,  open  at  both  ends,  is  attached  to  the  receiver, 
to  convey  the  uncondensed  gases  into  the  chimney. 
Heat  is  now  applied,  and  is  gradually  increased  to 
whiteness.  The  superphosphate  of  lime,  in  contact  with 
charcoal,  is  decomposed,  the  lime  retaining  only  the 
quantity  of  phosphoric  acid  necessary  to  reconstitute 
bone  earth.  The  excess  of  acid,  and  the  water  still 
remaining  in  the  mass,  are  deoxidised  by  the  charcoal, 
and  the  results  are  carbonic  oxide,  hydrogen,  and 
phosphorus.  The  phosphorus  gradually  rises  in  vapor, 
distils  over,  and  is  condensed  in  yellow  drops  in  the 
water  contained  in  the  receiver,  at  the  same  time  that 
the  gases  escape  by  the  smaller  tube  into  the  chimney. 

The  theory  of  this  operation  is  very  simple,  but  in 
practice  many  difficulties  occur,  and  the  requisite  pre- 
cautions will  be  pointed  out  in  the  following  detailed 
account  of  the  process. 

Preparation  of  the  Bone  Ash. — The  bones  usually 
employed  in  this  manufacture  are  those  of  oxen,  of 
sheep,  or  of  horses.  The  bones  of  sheep  are  preferred, 
as  the  ash  which  they  yield  is  less  compact,  and  more 
easily  attacked  by  an  acid.  They  contain,  besides 
subphosphate  of  lime,  carbonate  of  lime,  and  a  small 
per  centage  of  other  salts,  as  phosphate  of  magnesia, 
chloride  of  sodium,  fluoride  of  calcium,  et  cetera ;  also 
a  large  proportion  of  animal  matter,  estimated  at  from 
thirty-three  to  fifty  per  cent.,  according  to  the  kind  of 
bone,  and  the  age  of  the  animal.  The  following 
analysis  of  the  bones  of  the  ox  is  by  Berzelius  : — 

Centcsimally. 

Animal  matter  soluble  by  boiling,  and  vascular")  Qq.an 

substance,  j 

Pbospbate  of  lime,  with  a  little  fluoride  of  cal-1  -7  Q- 

cium,  /  °'d0 

Carbonate  of  lime   3-85 

Phosphate  of  magnesia,   2*05 

Soda,  and  a  little  chloride  of  sodium,   3-45 

100-00 

The  object  of  the  first  operation  is  to  cause  a  com- 
plete separation  of  the  animal  matter.  This  is  usually 
effected  by  calcination.  The  process  is  conducted  in  a 
large  reverberatory  furnace  as  follows : — The  fire  is 
first  well  kindled;  a  quantity  of  bones  are  then  intro- 
duced by  the  opening  in  the  dome  of  the  furnace. 
When  these  are  well  inflamed,  a  further  supply  is 
added  until  the  furnace  is  about  half  filled.    A  strong 
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draught  is  created  by  placing  on  the  cupola,  surrounded 
by  a  cone,  a  stove  pipe,  more  or  less  elevated,  and 
which  is  directed  into  the  chimney.  The  operation 
now  goes  on  of  itself,  and  the  combustion  is  very  com- 
plete. When  concluded,  the  ash  is  drawn  out  at  the 
furnace  door,  and  a  fresh  charge  introduced  at  the 
upper  opening,  being  careful  not  to  add  a  too  great 
quantity  at  one  time,  and  also  to  maintain  the  necessary 
draught,  so  that  the  operation  may  not  be  suspended. 
The  calcination  is  effected  at  little  expense,  as  the 
bones  themselves  yield  the  necessary  combustible  mat- 
ter. When  first  heated,  they  become  black,  owing  to 
the  disengagement  of  hydrogen,  oxygen,  and  nitrogen 
gases,  and  the  consequent  separation  of  charcoal.  A 
considerable  time  is  required  to  remove  the  whole  of 
the  charcoal  from  the  osseous  mass ;  and  if,  when  the 
ash  is  drawn  out,  many  black  portions  remain,  they  are 
returned  to  the  kiln,  and  recalcined. 

Very  frequently  bones  are  used  in  this  manufacture 
from  which  the  soluble  gelatinous  matter  has  been 
previously  extracted.  When  these  residues  are  col- 
lected in  heaps,  a  rapid  fermentation  ensues,  and  they 
become  heated  and  perfectly  dried.  They  are  afterwards 
burned  in  a  reverberatory  furnace,  or  one  of  similar 
construction.  Before  introducing  the  bones,  the  bed  of 
the  furnace  is  heated  to  redness.  They  are  submitted 
to  the  action  of  the  flame  for  the  space  of  twenty  hours, 
at  the  end  of  which  time  the  incineration  is  usually 
complete. 

The  incombustible  residue  of  these  operations  con- 
sists of  about  eighty  to  eighty-two  per  cent,  of  a  phos- 
phate of  lime — 6  Ca  0  -|-  3  POs — fifteen  to  seventeen 
of  carbonate  of  lime,  and  two  or  three  of  sand,  earthy 
matter,  chloride  of  sodium,  et  cetera.  According  to 
Graham,  bone  earth  contains  two  distinct  phosphates 
of  lime,  both  tribasic,  but  in  one  of  which  an  atom  of 
lime  is  replaced  by  one  of  water.  He  gives  as  its  for- 
mula—2  (3  Ca  0,  P05  +  HO)  +  (HO,  2  Ca  0,  P05 
-|-  HO).  The  calcined  bones  are  ground  to  fine  powder 
and  sifted.  The  powder  is  greyish-white,  and  almost 
tasteless. 

Second  Operation. — The  object  of  the  next  process 
in  this  manufacture  is  to  transform  the  insoluble  cal- 
careous phosphate  into  the  soluble  superphosphate. 
This  conversion  is  effected  by  means  of  sulphuric  acid, 
which  separates  a  portion  of  the  base  in  the  form  of 
the  nearly  insoluble  sulphate  of  lime.  The  sulphuric 
acid  also  decomposes  entirely  the  carbonate  of  lime 
present,  producing  the  same  difficultly  soluble  salt. 
The  operation  is  effected  in  a  leaden  cistern  or  in  a 
wooden  tub  lined  with  lead.  To  three  parts  by  weight 
of  the  bone  ash  are  added  two  of  concentrated  sulphuric 
acid,  and  from  fifteen  to  twenty  parts  of  water,  con- 
stantly stirring  with  a  wooden  spatula.  A  lively  effer- 
vescence ensues,  owing  to  the  escape  of  carbonic  acid. 
When  this  has  subsided,  the  whole  is  transferred  to  a 
copper  boiler,  heated  to  the  point  of  ebullition,  and  to 
promote  decomposition,  continued  at  this  temperature  for 
twenty-four  hours.  The  liquid  requires  to  be  constantly 
agitated,  to  prevent  the  concretion  of  the  mass,  which, 
if  allowed,  would  protect  a  portion  of  the  superphos- 
phate from  the  action  of  the  acid.  When  completely 
decomposed,  the  mixture  is  suffered  to  remain  at  rest 
vol.  ir. 


for  ten  hours,  so  that  the  sulphate  of  lime  may  subside. 
The  supernatant  liquid  is  afterwards  drawn  off  by  means 
of  a  leaden  siphon,  and  conducted  through  leaden  pipes 
to  the  filter,  consisting  of  a  conical  linen  bag  of  close 
texture,  which  retains  the  sulphate  of  lime,  and  allows 
the  solution  of  acid  phosphate  to  pass  through.  The 
residue  itself  is  then  thrown  upon  the  filter  and  strongly 
pressed,  and  afterwards  thoroughly  washed  with  succes- 
sive portions  of  boiling  water.  The  filtrate  is  now  con- 
centrated, by  evaporation  in  a  copper  boiler,  to  one- 
fourth  of  the  original  quantity,  and  again  filtered  to 
remove  the  portion  of  sulphate  of  lime  which  has 
become  insoluble ;  the  evaporation  is  then  resumed  till 
the  liquid  has  a  sirupy  consistence.  The  sirup,  which 
contains  the  acid  sulphate  of  lime,  the  excess  of  sul- 
phuric acid,  and  a  little  sulphate  of  lime,  is. gradually 
mixed  with  a  quantity  of  powdered  charcoal,  about  one 
fourth  of  the  original  weight  of  the  bones.  The  mass, 
after  being  evaporated  to  dryness,  is  further  dried  in  a 
cast-iron  kettle,  at  a  nearly  red  heat,  and  with  constant 
stirring  with  an  iron  spatula.  During  this  process,  the 
greatest  part  of  the  water  is  disengaged;  a  portion  of  the 
excess  of  sulphuric  acid  is  also  set  free ;  the  remainder, 
by  the  action  of  the  charcoal,  is  decomposed,  and  sul- 
phurous and  carbonic  acids  are  liberated. 

Distillation. — The  perfectly  dry  mixture  of  acid 
phosphate  of  lime  and  charcoal  is  ground  to  fine  powder 
in  an  iron  mortar,  and  transferred  as  quickly  as  possible 
into  the  retorts.  These,  which  are  of  earthenware,  are 
arranged  side  by  side  in  a  reverberatory  furnace,  as 
shown  in  Fig.  396.   The  neck  of  the  retort  fits  into  the 
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tubulure  of  a  copper  receiver  half  filled  with  water,  and 
furnished  with  a  tube  for  the  escape  of  the  gas  formed 
during  the  distillation.  Each  retort  has  its  own  receiver, 
and  all  the  receivers  are  placed  in  a  trough  filled  with 
water,  at  the  temperature  of  about  110°,  and  kept  at  that 
temperature,  in  order  that  the  phosphorus  distilling 
over  may  not  solidify  and  obstruct  the  tubulure.  In 
performing  the  distillation,  a  very  high  temperature  is 
required.  The  furnace  should  therefore  be  sufficiently 
capacious  to  hold  a  body  of  coke  or  charcoal  piled  above 
the  retort.  Earthenware  retorts  at  a  red  heat  become 
permeable  to  the  vapor  of  phosphorus,  and  consequently 
require  to  be  well  and  carefully  luted  externally.  For 
this  purpose  a  mortar,  composed  of  clay  and  horse 
dung,  may  be  applied,  or,  still  better,  a  mixture  of 
freshly  slaked  lime  and  solution  of  borax.  This  mix- 
ture should  be  laid  on  with  a  brush  in  two  or  three 
successive  coats,  and  forms,  according  to  Brande,  an 
excellent  vitriable  lute.  The  copper  tube  opening  into 
the  receiver,  and  into  which  the  beak  of  the  retort 
is  inserted,  should  be  of  considerable  size,  and  so 
bent  as  to  dip  perpendicularly  into  the  water,  other- 
wise it  will  be  apt  to  become  plugged  up  by  congealed 
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phosphorus.  It  must  also  dip  so  little,  that  "by  no 
condensation  could  the  water  be  forced  back  into  the 
retort.  The  heat  of  the  furnace  in  which  the  retorts 
are  placed  should  be  very  slowly  raised,  allowing  at 
least  three  hours  to  heat  to  redness ;  afterwards  it  is 
urged  vigorously  till  all  disengagement  has  ceased,  the 
process  requiring  from  fifteen  to  thirty  hours,  according 
to  the  size  of  the  retorts.  The  superphosphate  of  lime, 
although  dried  at  a  high  temperature,  retains  chemi- 
cally-combined water,  which  is  liberated  by  the  superior 
heat  of  the  furnace.  At  first,  therefore,  a  mixture  of  air 
and  steam  is  disengaged;  afterwards,  when  the  charcoal 
becomes  incandescent,  a  mixture  of  hydrogen  and  car- 
bonic oxide,  evidently  proceeding  from  the  decomposition 
of  the  water  by  the  hot  charcoal— HO  -4-  C  =  H  +  CO. 
When  the  retort  has  attained  a  bright  red  heat — that 
is,  after  the  lapse  of  about  four  or  five  hours — the  nature 
of  the  gaseous  products  is  changed.  The  superphos- 
phate of  lime  is  decomposed  into  basic  or  subphosphate 
of  lime,  and  phosphoric  acid.  This  last,  in  contact 
with  incandescent  carbon,  yields  phosphorus,  which 
rises  in  vapor,  distils  over,  and  condensing  in  the  liquid 
form  in  the  tubulure,  flows  down  and  collects  under  the 
surface  of  the  water.  The  phosphorus  is  accompanied 
by  a  mixture  of  carbonic  oxide  and  phosphide  of  hydro- 
gen, the  last  inflaming  spontaneously  on  contact  with 
the  air.  These  two  gases  continue  to  be  produced 
during  the  whole  operation.  Dumas  considers  it  an 
unsettled  question,  whether  the  gas  evolved  is  really 
phosphide  of  hydrogen,  and  if  it  is  not  carbonic  oxide 
saturated  with  the  vapor  of  phosphorus,  as  a  small 
quantity  always  escapes  condensation,  and  this  is  suffi- 
cient to  render  carbonic  oxide  spontaneously  inflam- 
mable by  contact  with  the  air.  The  disengagement  of 
gas  enables  one  to  trace  the  progress  of  the  operation, 
and  when  it  has  entirely  ceased,  the  process  is  termin- 
ated. In  the  retorts  are  found  a  subphosphate  of  lime 
— having  precisely  the  same  composition  as  the  original 
bone  phosphate,  6  Ca  0  -|-  3  PO— and  also  the  redundant 
charcoal.  The  lime  of  the  phosphate  acts  a  most 
important  part  in  fixing  the  phosphoric  acid,  which,  if 
not  so  combined,  would  distil  over  long  before  the  heat 
was  sufficiently  high  for  decomposition. 

The  proportion  of  the  various  ingredients  used  in  the 
production  of  phosphorus,  is  varied  by  different  manu- 
facturers. Funcke  used,  for  one  hundred  parts  of 
bone  ash,  ninety  parts  of  concentrated  sulphuric  acid, 
and  nine  hundred  and  fifty  of  water.  This  mixture 
is  digested  for  a  considerable  time  in  a  leaden  vessel, 
then  transferred  to  a  linen  filter.  The  filtrate  is  after- 
wards evaporated  to  the  consistence  of  sirup,  mixed 
with  twenty  parts  of  charcoal  powder,  and  dried.  By 
distillation  this  mixture  yields  ten  parts  of  phosphorus. 
Nicolas  used  equal  weights  of  bone  ash  and  oil  of 
vitriol.  Various  other  methods  have  also  been  pro- 
posed for  procuring  phosphorus  from  bone  ash. 
Sciieele  dissolved  the  ash  in  nitric  acid,  and  precipi- 
tated the  lime  by  sulphuric  acid.  The  rest  of  the  pro- 
cess is  conducted  as  above.  Fotjucroy  and  Vauque- 
lin  prepared  acid  phosphate  of  lime  according  to  Nico- 
las' method,  and  precipitated  its  aqueous  solution  with 
acetate  of  lead.  The  resulting  phosphate  of  lead  was 
afterwards  distilled  with  one-sixth  of  its  weight  of 


charcoal.  Berzelius  dissolved  bone  ash  in  warm 
nitric  acid,  and  precipitated  the  hot  solution  with  ace- 
tate of  lead.  Native  phosphate  of  lead  may  also  be 
employed,  provided  it  is  free  from  arseniate. 

Purification. — The  phosphorus  obtained  by  any  of 
the  above  processes  is  never  in  a  state  of  purity,  as  it 
passes  into  the  receivers.  The  ordinary  impurities  are 
adhering  charcoal,  a  reddish-brown  phosphide  of  car- 
bon formed  during  the  process,  and  another  reddish- 
looking  substance,  originally  supposed  to  be  an  oxide  of 
phosphorus,  but  ascertained  by  Schrotter  to  be  phos- 
phorus in  an  allotropic  condition.  Phosphorus,  other- 
wise pure,  generally  contains  a  small  quantity  of  this 
amorphous  modification  of  the  element.  Arsenic  is 
also  frequently  present,  in  consequence  of  the  acid  used 
in  its  preparation  having  been  formed  by  the  combus- 
tion of  arsenical  sulphur,  or  pyrites.  Wittstock 
found  in  one  sample  of  phosphorus  0'76  per  cent, 
arsenic.  The  same  chemist  examined  a  sample  of 
phosphorus  obtained  from  France,  the  coating  of  which 
was  greyish-yellow  instead  of  white.  It  appeared,  when 
freed  from  this  coating,  of  a  dark-red  color  by  trans- 
mitted light.  Its  fractured  surface  was  almost  black, 
and  it  retained  this  color  when  melted  and  slowly  solidi- 
fied. Besides  arsenic  he  found  it  to  contain  bismuth, 
lead,  iron,  copper,  and  a  large  quantity  of  antimony. 

Most  of  the  impurities  may  be  separated  by  simple 
fusion  in  hot  water,  and  afterwards  pressing  through 
buckskin,  or  still  better,  chamois  leather.  The  opera- 
tion is  effected  in  the  apparatus  represented  in  Fig. 
397.  The  phosphorus  is  first  agglomerated  by  melt- 
ing it  in  a  water  bath  at  140°.  When  it  has  again 
solidified  by  cooling,  it  is  wrapped  in  a  perfectly  clean 


Fig.  397. 
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and  well-moistened  chamois  skin,  c,  which  is  then 
tied  up,  and  immediately  plunged  into  a  copper  colan- 
der, placed  in  the  middle  of  another  vessel,  A,  filled 
with  water,  heated  to  about  120°  Fahrenheit.  When 
completely  fused,  the  bag  of  skin  is  pressed  upon  by  a 
wooden  capsule,  D  D,  by  means  of  the  lever,  G  G,  increas- 
ing the  pressure  very  gradually.  The  melted  phos- 
phorus passes  through  the  pores  of  the  skin,  and  collects 
in  the  liquid  form  at  the  bottom  of  the  vessel. 

Payen  gives  a  description  of  a  process  by  which  the 
purification  is  rendered  more  complete,  obviating  at  the 
same  time  all  danger  in  the  manipulation.  It  consists  in 
causing  it  to  pass,  when  in  a  state  of  fusion,  through 
granular  animal  charcoal.  The  apparatus  consists  of 
a  cylindrical  vessel  provided  with  a  false  bottom, 
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pierced  with  small  holes,  on  which  is  laid  the  char- 
coal in  a  layer  to  the  height  of  six  or  seven  inches. 
The  cylinder  is  then  filled  to  two-thirds  with  water 
heated  to  140°  Fahrenheit,  and  the  phosphorus,  as  taken 
from  the  receivers,  is  introduced.  Being  quickly  melted, 
it  passes  spontaneously  through  the  charcoal  filter,  and 
collects  under  the  false  bottom.  It  is  afterwards 
strained  by  hydrostatic  pressure  through  chamois  skin. 

Several  other  methods  have  been  followed  to  effect 
the  separation  of  the  red  amorphous  phosphorus.  It 
may  be  removed  by  digestion  for  a  considerable  time, 
and  with  frequent  agitation,  in  very  dilute  nitric  acid, 
or  in  chlorine  water,  contained  in  a  cask  fitted  with  a 
gas  delivering  tube,  which  dips  under  water. 

The  redistillation  of  phosphorus  is  occasionally  re- 
sorted to  as  a  means  of  purification.  On  account  of  its 
excessive  inflammability,  the  process  demands  great 
care  and  attention.  Dumas  recommends  for  the  dis- 
tillation of  phosphorus  a  double  U-shaped  tube,  into 
the  first  curve  of  which  the  phosphorus  to  be  distilled 
is  placed,  the  other  curve  serving  in  place  of  a  receiver. 
The  arrangement  is  afterwards  connected  with  an 
apparatus  from  which  issues  a  current  of  perfectly  dry 
hydrogen,  or  carbonic  acid  gas.  The  phosphorus, 
when  submitted  to  heat,  volatilizes,  and  distils  over 
with  the  gas,  and  is  condensed  in  the  second  curve  of 
the  tube,  from  which  it  is  removed  after  being  melted 
in  hot  water. 

Moulding. — Phosphorus,  as  usually  met  with  in 
commerce,  is  either  in  the  form  of  round  sticks,  or 
granular.  The  moulding  into  sticks  is  effected  by  allow- 
ing it  when  fused  to  flow  into  glass  tubes.  A  method 
frequently  adopted  is  simply  to  plunge  a  slightly  conical 
glass  tube  into  the  phosphorus  melted  under  water, 
and  causing  it  to  ascend  the  tube  by  drawing  out  the 
air  by  suction  with  the  mouth,  being  careful  to  have  a 
layer  of  water  between  the  phosphorus  and  the  mouth. 
When  the  required  quantity  has  entered  the  tube,  the 
upper  end  of  the  latter  is  closed  with  the  finger,  and 
the  whole  is  immediately  transferred  to  a  vessel  filled 
with  cold  water.  The  removal  of  the  phosphorus  from 
the  tube  may  be  accomplished  by  gently  pushing  with 
a  stout  wire  through  the  narrow  end  of  the  tube. 

A  very  simple,  and  at  the  same  time  very  efficient, 
mode  of  forming  phosphorus  into  sticks,  has  been  con- 
trived by  Sciiubeet.  By  the  old  system,  the  glass 
tubes,  into  which  the  phosphorus  was  poured  to  solidify, 
wore  frequently  broken  in  forcing  the  phosphorus  out 
by  moans  of  wires,  and  the  method  was,  moreover,  at- 
tended with  great  loss  of  time.  In  Schubert's  arrange- 
ment the  melted  phosphorus  flows  from  a  copper  receiver 
into  horizontal  glass  tubes,  the  one  extremity  of  each 
tube  being  surrounded  by  water  at  a  temperature 
above  111°;  the  other  by  cold  water.  By  suddenly 
opening  a  stopcock,  and  again  quickly  closing  it,  a  small 
quantity  of  phosphorus  is  allowed  to  pass  through  the 
glass  tubes  into  cold  water  contained  in  a  cistern,  and 
in  passing  it  closes  the  tubes,  leaving  a  projecting  rough' 
piece  of  phosphorus,  which  forms  an  excellent  handle, 
whereby  to  draw  the  sticks  from  the  tubes.  The 
operation  thus  commenced,  the  cock  is  again  opened, 
and  the  phosphorus  drawn  alternately  from  either  tube, 
cut  off  with  a  pair  of  strong  scissors,  and  allowed  to 


fall  into  the  cistern.  By  this  method,  from  fifteen  to 
twenty  pounds  of  phosphorus  may  be  formed  into  sticks 
in  less  than  a  quarter  of  an  hour. 

To  obtain  phosphorus  in  the  granular  condition,  it  is 
caused  to  fall  in  drops  into  cold  water.  Scubert's 
apparatus  will  also  be  useful  in  this  operation.  The 
cistern,  is  filled  to  about  three  parts  with  cold  water, 
and  upon  the  surface  of  this  is  placed  a  layer  of  water, 
heated  to  about  140°  Fahrenheit,  high  enough  to  cover 
the  glass  tubes  which  convey  the  phosphorus  from  the 
boiler.  This  is  done  by  pouring  the  hot  water  upon  a 
wooden  trencher,  swimming  on  the  surface  of  the  cold 
water.  The  difference  in  the  density  prevents  the  cold 
water  mixing  with  that  at  a  higher  temperature.  The 
stopcock  of  the  vessel  containing  the  melted  phosphorus 
is  slightly  opened,  so  as  to  allow  it  to  exude  in  drops. 
These,  falling  through  the  mass  of  cold  water,  become 
solid,  and  collect  in  the  granular  condition  at  the  bottom 
of  the  cistern.  Phosphorus  may  also  be  granulated  by 
shaking  it,  while  in  the  fused  state,  with  a  warm  liquid, 
till  it  solidifies.  Cassarca  recommends  for  this  purpose 
strong  alcohol. 

Properties. — Phosphorus  at  the  ordinary  tempera- 
ture, when  perfectly  pure,  is  a  soft  solid  substance, 
transparent  and  colorless.  As  generally  found  in  com- 
merce, it  is  of  a  light  amber  yellow  color,  or  even 
reddish,  much  resembling  in  appearance  imperfectly 
bleached  wax.  After  rapid  cooling  it  is  yellow,  and 
semi-opaque  like  horn,  and  has  a  waxy  lustre.  At 
32°  it  is  brittle  and  crystalline  in  its  fracture.  At 
a  higher  temperature  it  is  soft  and  very  flexible,  may 
be  several  times  bent  in  contrary  directions  without 
fracture,  and  is  easily  cut  with  a  knife.  The  addition 
of  an  extremely  small  quantity  of  sulphur,  even  a  three 
hundredth  part,  is  sufficient  to  render  it  brittle.  Being 
totally  insoluble  in  water,  it  is  tasteless;  its  solutions 
in  other  liquids  have,  however,  an  acrid  disagreeable 
taste.  Neither  has  it  any  smell,  though  on  exposure 
to  the  air  it  gives  off  vapors,  which,  undergoing  a  slow 
combustion,  have  an  odor  somewhat  resembling  that  of 
garlic,  or  of  impure  hydrogen.  Its  specific  gravity  at 
60°  is  l-77,  and  at  212°  according  to  Schrottee  1-83. 
It  atomic  weight,  according  to  Berzelius,  is  31-36. 
Many  chemists,  however,  take  it  in  their  calculations 
at  32. 

Exposed  to  heat  it  quickly  melts.  Its  fusion  com- 
mences at  108°,  and  in  close  vessels  even  at  05°. 
When  melting  it  undergoes  a  dilatation  of  0-0134 
of  its  volume,  according  to  Graham,  and  immediately 
before  fusion  becomes  transparent  and  colorless.  It 
forms  a  transparent,  oily-looking,  colorless  fluid,  pos- 
sessing a  high  refracting  power.  When  completely 
fused,  and  allowed  to  cool  slowly  and  without  agitation, 
it  remains  liquid  at  100°,  or  even  at  a  lower  tem- 
perature ;  and  during  solidification,  the  temperature 
rises  to  108°.  It  begins  to  evaporate  at  217'5°,  and  boils 
at  550°,  forming  a  colorless  vapor,  the  density  of  which 
Dumas  gives  at  4-353,  air  being  unity.  Phosphorus  vol- 
atilizes at  temperatures  considerably  below  its  boiling 
point,  and  in  small  quantities  even  at  ordinary  tempera- 
tures, as  well  in  vacuo  as  in  the  open  air.  Several  gases, 
as  oxygen,  hydrogen,  carbonic  acid,  nitrogen,  ct  cetera, 
when  placed  in  contact  with  phosphorus,  become  charged 
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with  its  vapor,  and  if  boiled  with  water,  it  renders  the 
aqueous  vapor  luminous. 

Phosphorus  is  quite  insoluble  in  water,  but  soluble — 
particularly  if  heated — in  absolute  alcohol,  in  chloro- 
form, in  fixed  and  volatile  oils,  in  native  naphtha, 
and  most  of  the  liquid  hydrocarbons,  in  chloride  of 
sulphur,  sulphide  of  phosphorus,  and  in  ether.  Its 
best  solvent,  is,  however,  bisulphide  of  carbon,  which 
dissolves  one-fourth  of  its  weight.  Phosphorus 
crystallizes  in  regular  octahedrons,  and  in  rhomboidal 
dodecahedrons.  Small  octahedral  crystals  have  been 
obtained  by  slowly  cooling  large  masses  of  phosphorus. 
If  a  mixture  of  two  parts  of  phosphorus  and  one  of 
sulphur  be  melted  under  water,  a  compound  is  obtained, 
holding  an  excess  of  phosphorus  in  solution,  and  which 
is  deposited  in  regular  octahedral  crystals  on  cooling. 
Its  solution  in  sulphide  of  carbon,  or  in  hot  naphtha, 
when  slowly  evaporated  in  a  current  of  carbonic  acid 
gas,  deposits  regular  dodecahedral  crystals  of  consider- 
able size. 

SchroTter  has  carefully  examined  the  boiling  points 
of  phosphorus  under  different  pressures,  and  obtained 
the  following  results  : — 


Imperial  inches.  Degrees. 

4-72    329 

6-81    338 

8-03    356 

10-40    392 

13-  30   408 

14-  10   424 

15-  40    439 

20-20    446 


When  phosphorus  is  exposed  to  the  air,  even  at  ordi- 
nary temperatures,  it  undergoes  a  slow  combustion, 
appears  luminous,  and  diffuses  white  vapors,  possessing 
a  peculiar  penetrating  alliaceous  smell.  The  phospho- 
rous acid,  P03,  hereby  produced,  attracting  moisture 
from  the  air,  condenses  to  a  liquid,  and  taking  an 
additional  quantity  of  oxygen,  is  converted  into  a  mix- 
ture of  phosphorous  and  phosphoric  acids,  P08  -|-  PO-. 
This  slow  combustion  is  attended  With  a  sensible  evolu- 
tion of  heat,  which  gradually  reaches  the  point  at  which 
phosphorus  takes  fire.  It  should  therefore  always  be 
preserved  under  water.  According  to  J.  Davy,  the 
luminosity  of  phosphorus  increases  with  the  degree 
of  rarefaction  of  the  air,  and  is  equally  bright  even  in 
the  vacuum  of  the  air-pump.  In  air  compressed  to 
four  atmospheres,  phosphorus  does  not  appear  lumin- 
ous till  the  temperature  is  raised.  Nor  does  it  shine 
below  32°  degrees  under  the  usual  pressure,  though  at 
a  few  degrees  higher  it  is  distinctly  perceptible.  In 
oxygen  gas,  at  the  ordinary  pressure,  phosphorus  does 
not  shine  unless  heated  to  80°,  and  may  even  be  vola- 
tilized unaltered.  The  dilution  of  the  oxygen  with 
nitrogen,  hydrogen,  or  carbonic  acid  causes  it  instantly 
to  burst  into  the  luminous  condition. 

The  absorption  of  oxygen  during  the  process  of  the 
slow  combustion  of  phosphorus,  may  be  proved  by 
floating  a  small  dish  or  watch-glass  containing  phos- 
phorus on  the  surface  of  water,  and  covering  with  a 
bell  glass.  The  oxygen  gradually  disappears,  and 
water  rises  to  fill  the  vacuum  thus  created.  This 
oxidation  of  phosphorus  in  contact  with  the  atmo- 
sphere, renders  it  a  very  useful  agent  for  the  determi- 


|  nation  of  oxygen  in  the  analysis  of  air,  or  other  gaseous 
mixture.  For  this  purpose,  a  ball  of  wetted  phos- 
phorus, fused  upon  the  end  of  a  wire,  is  introduced 
into  the  mixture  of  gases  contained  in  a  graduated 
tube,  and  standing  over  mercury.  It  is  allowed  to 
remain  in  contact  with  it  as  long  as  white  fumes  of 
phosphorous  acid  are  visible  round  the  ball.  The 
vapors  of  phosphorous  acid  are  ultimately  absorbed  by 
a  ball  of  hydrate  of  potassa  similarly  introduced.  The 
diminution  in  the  measure  of  the  gas  shows  the  quan- 
tity of  oxygen  originally  contained  in  the  mixture. 

The  luminosity  of  phosphorus  is  so  excellent  a  test 
of  its  presence,  that  if  a  drop  of  an  extremely  dilute 
solution  of  it  in  bisulphide  of  carbon  be  placed  on  a 
heated  plate  in  the  dark,  the  presence  of  one  twelve- 
thousandth  part  is  readily  detected. 

Owing  to  its  powerful  affinity  for  oxygen,  phosphorus 
reduces  the  compounds  of  the  noble  metals,  when 
placed  in  contact  with  their  solutions,  and  quickly 
becomes  covered  with  the  reduced  and  precipitated 
metal.  In  contact  with  chlorine,  bromine,  and  iodine, 
phosphorus  inflames  spontaneously,  and  without  the  aid 
of  heat,  producing  respectively,  chloride,  bromide,  and 
iodide  of  phosphorus.  When  heated  in  a  copious 
supply  of  dry  aii>  phosphorus  burns  with  a  brilliant 
white  light,  producing  white  fumes  of  anhydrous  phos- 
phoric acid,  POs,  which,  when  condensed,  much  resem- 
bles snow. 

Owing  to  the  changes  that  take  place  in  phosphorus 
on  exposure  to  the  air,  it  is  necessary,  to  preserve  it 
unchanged,  to  inclose  it  either  in  a  gas  free  from 
oxygen,  or  in  boiled  distilled  water.  It  is  best  pre- 
served in  stoppered  bottles,  completely  filled  with  boiled 
water,  and  to  exclude  light,  the  bottle  should  be  inclosed 
in  a  tin  case,  also  filled  with  water. 

Precaution. — In  consequence  of  the  great  danger 
incurred  in  the  handling  of  phosphorus,  owing  to  its 
excessive  inflammability,  it  is  necessary,  in  all  manipu- 
lations upon  this  substance,  that  a  vessel,  containing  a 
mixture  of  chalk  or  magnesia  and  water,  he  placed  in 
such  a  position  as  to  be  easily  accessible  to  the  operator. 
Phosphorus  frequently,  by  simple  contact  with  the  warm 
hand,  takes  fire,  melts,  and  continuing  to  burn,  produces 
a  painful  and  most  troublesome  sore,  inflicting  indeed, 
in  some  cases,  frightful  injuries.  The  danger  is  in  a 
great  measure  prevented  by  immediately  immersing  the 
hand  in  the  above  mixture,  as  the  earthy  base  neu- 
tralizes the  strongly  caustic  acids  formed  during  the 
combustion,  and  thus  prevents  further  penetration. 
Phosphorus  should  always,  if  possible,  be  handled  only 
under  water,  as  the  most  gentle  friction  causes  it  to 
ignite. 

Amorphous  Modifications  of  Phosphorus. — 
Phosphorus,  like  sulphur,  under  the  influence  of  appa- 
rently very  trifling  causes,  assumes  several  allotropio 
conditions,  some  of  which  have  been  already  alluded  to. 

White  Phosphorus. — This  modification  is  gradually 
produced  whenever  phosphorus  under  water  is  exposed 
to  sunshine  or  ordinary  daylight.  The  opaque  crust  is 
yellow  at  first,  but  afterwards  turns  white.  Its  specific 
gravity  is  1-515.  It  smells  like  ordinary  phosphorus, 
is  luminous  in  the  dark  on  exposure  to  the  air,  hut 
turns  red  in  daylight  much  more  quickly  than  colorless 
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phosphorus.  It  retains  its  original  appearance  when 
dried  over  sulphuric  acid,  and  sustains  no  diminution 
of  weight.  This  variety  of  phosphorus  was,  until 
lately,  considered  to  be  a  compound  of  phosphorus 
with  water,  or  a  hydrate  of  phosphorus,  and  the 
formula  assigned  to  it  by  Pelouze,  was  P2  HO. 
Had  such  a  compound  been  proved  to  exist,  it  would 
have  been  the  first  exception  to  a  well-known  chemical 
law,  that  element  combines  only  with  element,  and 
compound  with  compound.  Marchand  proved  that 
the  supposed  compound  was  not  a  hydrate ;  for  after 
having  dried  it  over  concentrated  sulphuric  acid,  he 
found  that  it  retained  only  0'4  to  07  per  cent,  of 
water ;  thus  showing  that  the  water,  instead  of  being 
in  chemical  combination,  was  present  only  hydrosco- 
pically,  or  in  mere  mechanical  mixture.  Mulder 
observing  that  it  became  red  in  aerated  water — doubt- 
less owing  to  the  action  of  light — considered  it  to  be  a 
compound  of  phosphoric  oxide  and  phosphide  of  hydro- 
gen, and  to  be  produced  by  the  decomposition  of  water. 
Rose  proved  it  to  be  pure  phosphorus,  differing  from 
the  ordinary  variety  only  in  its  state  of  aggregation. 
Gmelin,  because  it  is  not  produced  under  water  in  the 
dark,  accounts  for  its  production  on  tiie  supposition 
that  phosphorus,  under  the  influence  of  light,  decom- 
poses water,  producing  phosphoric  oxide  and  phosphide 
of  hydrogen,  and  that,  in  the  dark,  these  two  com- 
pounds are  again  resolved  into  water  and  finely  divided 
phosphorus.  The  latter  theory  is  probably  the  correct 
one,  as  it  is  a  well-ascertained  fact,  that  phosphorus 
tinder  water,  by  the  influence  of  light,  does  actually 
decompose  water,  and  that  the  results  of  the  decom- 
position are  the  two  above-mentioned  compounds — 
7  P  +  3  HO  =  PHS  +  3  P„  0. 

Liquid  Phosphorus.  —  Phosphorus,  under  certain 
conditions,  after  having  been  fused,  retains  the  liquid 
form  for  some  time  after  cooling,  and,  according  to 
some  chemists,  even  continues  permanently  in  this 
condition.  This  variety  of  phosphorus  has  the  appear- 
ance of  a  transparent  oily  liquid.  It  may  be  obtained 
by  fusing  ordinary  phosphorus  with  an  aqueous  solu- 
tion of  hydrate  of  potassa.  Under  the  solution  it 
remains  liquid  for  several  weeks  at  ordinary  tem- 
peratures, solidifies  on  being  agitated,  or  by  reducing 
the  temperature  to  about  27°,  and  afterwards  fuses  at 
its  ordinary  melting  point.  Contact  with  a  solid  body, 
especially  with  solid  phosphorus,  also  causes  it  to  soli- 
dify. If  poured  upon  bibulous  paper,  it  becomes  solid 
as  soon  as  the  adhering  liquid  has  been  absorbed  by  the 
paper,  and  with  particular  rapidity  when  touched  with 
an  iron  wire.  G-rotthus,  by  heating  phosphorus  with 
concentrated  alcoholic  solution  of  potassa,  obtained  it 
in  the  form  of  an  oil  which  remained  liquid  on  cooling, 
and  when  heated  with  water,  evolved  phosphide  of 
hydrogen  without  acidifying  the  water.  He,  therefore, 
considered  it  to  be  a  compound  of  phosphorus  and 
hydrogen. 

Black  Phosphorus. — Another  aliotropic  variety  of 
phosphorus,  distinguished  by  its  black  color,  was  dis- 
covered by  Tiienard.  To  produce  it,  phosphorus 
is  melted  at  150°,  and  while  in  a  state  of  fusion, 
is  poured  quickly  into  very  cold  water.  OsANN  states 
that  it  may  be  obtained  also  by  passing  ozonized 


air  over  fragments  of  ordinary  phosphorus  for  a 
considerable  length  of  time;  and  also  from  the  red 
oxide  of  phosphorus,  procured  by  burning  phosphorus 
fused  under  water  with  oxygen  gas.  The  red  oxide 
so  obtained  is  boiled  with  concentrated  solution  of 
phosphoric  acid.  It  thereby  soon  changes  its  color 
and  bulk,  and  assumes  a  blackish-grey  appearance.  The 
boiling  being  continued,  a  black  powder  separates, 
whilst  the  mass  becomes  greyish-brown.  Osann,  how- 
ever, considered  the  peculiar  color  of  this  phosphorus 
to  be  owing  to  the  presence  of  copper.  The  black 
variety  of  phosphorus  is  produced  whenever  fused 
phosphorus  is  suddenly  cooled.  The  black  color  dis- 
appears, and  it  is  reconverted  into  the  ordinary  condition 
by  remelting,  and  slowly  cooling. 

Red  Phosphorus. — Py  far  the  most  important  alio- 
tropic modification  of  phosphorus  is  that  known  in  com- 
merce as  the  amorphous  phosphorus  of  Siirotter,  or 
red  phosphorus.  It  was  originally  supposed  to  be  an 
oxide,  and  its  formation  was  attributed  to  the  presence 
of  moisture.  Berzelius  was  the  first  who  understood 
and  described  the  precise  nature  of  this  substance.  It 
was  afterwards  minutely  investigated  by  Siirotter  and 
others,  who  have  shown  in  a  variety  of  ways  that  the  red 
substance  is  nothing  but  phosphorus  in  a  peculiar  state  of 
aggregation.  The  latter  chemist  published  in  1848  a  de- 
scription of  it,  and  t  he  method  of  procuring  it.  He  placed 
perfectly  pure  colorless  phosphorus,  dried  as  completely 
as  possible,  in  a  glass  tube,  having  a  bulb  in  the  centre, 
and  passed  pure  and  dry  carbonic  acid  gas  over  it. 
The  phosphorus  was  then  gradually  heated  to  212°  to 
drive  off  every  trace  of  moisture,  and  the  tube  'after- 
wards sealed  hermetically,  thus  excluding  every  trace 
of  oxygen.  The  phosphorus  when  exposed  to  light 
assumed  a  red  hue,  the  depth  of  which  increased  in 
intensity  the  longer  it  was  exposed  to  the  light. 
The  same  results  were  obtained  in  hydrogen  and 
nitrogen  gas.  Hence  he  concluded  that  the  peculiar 
change  of  condition  could  not  be  ascribed  to  oxidation. 
Shrotter  proved  also  that  the  alteration  might  be 
effected  by  heat.  In  a  retort,  to  the  neck  of  which 
a  glass  bulb  was  attached  by  fusion,  he  placed  a  quan- 
tity of  dry  phosphorus  in  the  bulb  as  well  as  in  the 
body  of  the  retort.  The  extremity  of  the  neck  was 
connected  with  a  glass  tube  thirty  inches  long,  placed 
vertically,  with  its  lower  end  dipped  under  mercury. 
The  neck  of  the  retort  above  the  bulb  was  filled  with  chlo- 
ride of  calcium,  and  a  thermometer  inserted  through  the 
tnbulure.  The  phosphorus  ih  the  bulb  was  then  heated 
till  inflamed,  and  all  the  oxygen  contained  in  the  retort 
was  thus  absorbed.  The  body  of  the  retort  was  now 
heated  to  212°,  to  expel  adhering  moisture,  and  then  left 
to  cool.  Afterwards  the  phosphorus  was  gradually 
heated.  At  about  300°,  sublimation  commenced,  but 
without  change  of  color.  At  439°,  the  phosphorus, 
after  some  time,  assumed  a  carmine  color ;  it  likewise 
became  more  tenacious,  and  the  color  increased  in 
intensity  until  perfect  opacity  was  produced.  This 
change  was  owing  to  the  separation  of  a  red  powder, 
which  settled  to  the  bottom  of  the  vessel,  and  rapidly 
increased  in  quantity  till  it  extended  throughout  the 
whole  mass.  Siirotter  afterwards  obtained  it  in  the 
coherent  form,  by  exposure  during  several  days  in  a 
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closed  glass  tube  to  an  uninterrupted  heat.  This  red 
phosphorus  is  obtained  when  even  ordinary  phosphorus 
is  exposed  to  light,  either  under  water  or  alcohol,  or  in 
vacuo,  or  in  hydrogen,  nitrogen,  carbonic  acid,  carbide 
of  hydrogen,  or  any  gas  in  which  it  cannot  oxidise; 
and  also  by  exposure  to  heat  between  419°  and  480°. 
The  change  takes  place,  though  slowly,  at  419° ;  but  it 
is  most  rapid  between  464°  and  480°.  It  is  accelerated 
also  by  the  action  of  light.  By  heat  alone,  under 
diminished  pressure,  the  conversion  is  slower,  and  does 
not  appear  to  be  produced  when  the  pressure  is  reduced 
below  15J  inches.  In  direct  light,  the  metamorphosis 
is  very  active,  but  is  perceptible  also  with  a  faint  dif- 
fused light. 

The  following  process  for  preparing  this  variety  of 
phosphorus  is  extracted  from  Miller's  comprehensive 
work.  It  is  effected  in  the  apparatus  shown  in  Fig. 
398.  A  quantity  of  dried  common  phosphorus  is 
placed  in  the  flask,  A,  to  the  neck  of  which  a  long 
narrow  tube,  6,  bent  downwards,  is  attached,  the 
open  end  of  which  dips  into  a  little  mercury.  The 


Fig.  398. 


removal  of  the  air  from  the  flask  is  accomplished  by 
means  of  a  current  of  carbonic  acid  evolved  from  the 
bottle,  E,  containing  marble  and  hydrochloric  acid  ; 
the  gas  is  dried  by  passing  it  over  chloride  of  calcium, 
contained  in  the  tube,  f.  The  flask  being  emptied  of 
air,  the  tube  is  closed  by  fusion  at  the  narrow  portion, 
a,  and  the  apparatus  evolving  carbonic  acid  is  detached. 
The  flask  is  then  heated  by  means  of  an  oil  bath,  c  ; 
the  phosphorus  melts  readily;  and  by  regulating  the 
heat  steadily  between  450°  and  4G0°,  by  means  of  a 
thermometer,  I,  and  maintaining  it  thirty  or  forty 
hours,  nearly  the  whole  will  be  converted  into  the 
solid  amorphous  variety.  When  the  metamorphosis 
appears  to  be  complete,  the  apparatus  is  allowed  to 
cool.  Any  unaltered  phosphorus  is  separated  by 
digestion  in  bisulphide  of  carbon,  in  which  amorphous 
phosphorus  is  insoluble.  The  latter  is  afterwards 
collected  on  a  filter,  and  washed  with  bisulphide  of 
carbon  as  long  as  anything  is  removed  from  it,  which 


may  be  ascertained  by  evaporating  a  small  portion 
in  a  watch-glass,  when  any  dissolved  phosphorus  will 
remain  behind. 

The  red  powder  obtained  by  the  above  process, 
if  not  quite  free  from  ordinary  phosphorus,  inflames 
spontaneously,  hut  if  quite  pure  suffers  no  altera- 
tion by  exposure  to  the  air.  To  effect  complete 
purification  it  should  be  boiled  in  solution  of  potassa 
of  specific  gravity  l-30,  and  then  washed  first  with 
water  slightly  acidulated  with  nitric  acid,  and  lastly 
with  pure  water.  The  color  of  this  amorphous 
phosphorus  is  deeper  the  higher  the  temperature 
at  which  the  transformation  is  effected  ;  and  in 
that  of  the  finest  specimens  is  more  brilliant  than 
vermilion.  By  heating  the  phosphorus  more  strongly 
during  its  preparation,  the  change  may  be  effected  much 
more  rapidly ;  but  the  phosphorus  then  assumes  the 
form  of  coherent  flakes,  which  are  difficult  to  purify, 
and  are  not  easily  detached  from  the  vessel  in  which 
they  are  prepared.  The  process,  however,  requires 
great  attention,  and  is  not  unattended  with  danger  ;  as 
if  the  red  phosphorus  is  heated  to  near  500°,  the 
whole  mass  suddenly  returns  to  the  condition  of  ordi- 
nary phosphorus,  with  a  copious  disengagement  of 
heat,  succeeded  by  the  sudden  formation  of  a  large 
volume  of  the  vapor  of  phosphorus.  Red  phosphorus, 
therefore,  appears  to  contain  a  large  quantity  of  heat  in 
the  latent  condition,  which  is  liberated  as  it  passes  back 
into  the  ordinary  vitreous  state. 

In  1848  a  patent  was  granted  to  Arthur  Albright 
of  Birmingham,  for  an  invention  communicated  to  him 
by  Shrotter  of  Vienna,  for  improvements  in  the 
manufacture  of  phosphorus,  and  in  the  apparatus  to  be 
used  therein  ;  and  a  Groat  Exhibition  medal  was 
awarded  to  him  for  the  introduction  of  the  prepared 
phosphorus  as  an  article  of  commerce.  By  this  pro- 
cess, red  allotropic  phosphorus  is  prepared  on  a  con- 
siderable scale  by  Messrs.  Sturge,  also  of  Birming- 
ham. A  vertical  section  of  the  apparatus  employed 
is  represented  in  Fig.  399,  and  a  view  of  it,  as  seen 
from  above,  in  Fig.  400.  A  A  is  a  cast-iron  vessel 
set  in  brick-work,  and  having  a  fireplace  underneath, 
with  suitable'flues,  F  f.  From  the  inside  of  the  flange  of 
this  vessel,  a  similar  vessel,  B  B,  of  the  same  material, 
is  suspended,  and  secured  by  means  of  the  screw-pins, 
II.  The  space  between  the  two  vessels  contains  a 
metallic  bath,  composed  of  a  mixture  of  equal  parts  of 
tin  and  lead.  G  is  a  cast-iron  cover  to  the  inner 
vessel,  B,  fitting  the  upper  edge  by  means  of  a  groove, 
and  fastened  to  the  outer  vessel,  A,  by  the  screw-pins, 
EE  A  screw,  s,  passes  through  a  three-armed  iron 
holder,  which  is  attached  to  a  third  movable  iron 
vessel,  c  c,  placed  in  a  sand-bath,  N.  In  the  interior 
of  this  iron  vessel,  c  C,  another  vessel  of  glass  or  porce- 
lain, D  D,  is  fitted,  in  which  the  phosphorus  to  be 
operated  upon  is  placed.  J  is  a  curved  pipe  of  iron  or 
copper,  passing  freely  through  the  cover,  G,  but  screwed 
into  the  cover,  E,  and  having  an  exit  at  the  extremity 
into  a  detached  vessel,  K  ic.  This  contains  water  or 
mercury ;  if  the  latter  be  employed,  it  should  be 
covered  with  water.  The  pipe,  j,  immersed  in  the 
mercury  or  water,  serves  as  a  safety  valve,  preventing 
the  return  of  the  atmospheric  air  into  the  inner  vessel, 
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c  c.  The  spirit  lamp,  i.,  is  placed  under  the  pipe,  J, 
and  is  used,  if  necessary,  to  heat  the  curve,  and  prevent 
condensation  of  gaseous  phosphorus,  which,  if  allowed, 
would  obstruct  the  passage.  The  stopcock,  x,  is  used 
to  prevent  the  ingress  into  c  C  of  the  contents  of  K  K, 


or  of  atmospheric  air,  and  should  be  closed  as  soon  as 
the  operation  is  concluded,  and  before  the  apparatus  in 
the  furnace  is  allowed  to  become  cool,  or  the  vessel, 
K  k,  is  removed.  The  cover,  G,  is  not  essentially 
necessary,  its  principal  use  being  to  prevent  accidents. 
Between  the  end  of  the  screw,  s,  and  the  cover,  E,  a 
small  but  strong  concave  disc  or  spring  of  steel  is 
inserted,  and  so  adjusted  as  to  give  a  slight  play  to  the 

cover,  E,  in  case  of 
Fl'£-  i0°-  violent  action  aris- 

ing in  the  interior, 
or  the  stopping  up 
of  the  pipe,  j, 
by  condensed  phos- 
phorus. If  the 
operation  is  con- 
ducted with  proper 
attention,  neither  of 
these  accidents  is 
likely  to  occur. 
The  phosphorus  to  be  converted  into  the  amorphous 
state  is  to  be  previously  melted  and  cooled  under  water, 
and  afterwards  dried  as  completely  as  possible.  The 
mode  of  effecting  the  conversion  is  then  as  follows : — 
The  phosphorus  is  deposited  in  the  inner  vessel,  D  D,  and 
the  covers,  E  and  G,  replaced.  A  fire  is  then  kindled 
under  the  outer  vessel,  A  A,  and  the  temperature  raised 
to  such  a  degree  as  shall  be  sufficient  to  drive  off  the  air 
and  dther  gases  that  may  be  generated  in  the  interior 
vessel ;  these  will  escape  at  the  exit  of  the  pipe,  J, 
which  dips  into  the  mercury  or  water  contained  in  the 
vessel,  K  K.  When  mercury  is  employed,  it  is  desirable 
to  cover  it  with  a  layer  of  water,  so  that  any  phos- 
phorus which  may  distil  over,  and  pass  down  the  pipe, 


j,  may  be  covered  thereby.  The  temperature  is  now 
to  be  gradually  increased,  until  bubbles  escape  at  the 
end  of  the  pipe,  j,  which  inflame  spontaneously  as  they 
enter  the  air.  When  the  gas  has  escaped  freely  for 
some  time,  the  temperature  may  be  further  raised  to 
500°.  To  regulate  the  temperature,  a  thermometer  is 
placed  in  the  metallic  bath  before  described.  The 
length  of  time  during  which  it  is  necessary  to  maintain 
the  temperature,  depends  so  much  on  accompanying 
circumstances  that  it  can  only  be  ascertained  by  expe- 
rience. The  heat  should  never  be  raised  more  than  a 
few  degrees  above  500°.  As  soon  as  the  operation  is 
concluded,  the  vessel  is  allowed  to  become  cool.  The 
phosphorus  is  then  taken  out,  to  effect  which  it  may 
be  necessary  to  break  the  glass  or  porcelain  vessel 
containing  it.  Should  it  be  desirable  to  increase  the 
pressure  on  the  vessels,  c  0  and  D  D,  the  vessel,  K  K, 
holding  the  mercury  may  be  deepened,  that  it  may 
contain  a  greater  quantity,  and  thus  a  pressure  of  an 
atmosphere  or  even  more  may  be  gained.  In  this 
case,  it  will  be  necessary  to  remove  the  steel  spring 
at  the  end  of  the  screw,  s,  as  soon  as  the  steam  and 
inflammable  gases  which  arise  in  the  first  part  of  the 
process  have  ceased  to  issue  from  the  pipe,  J. 

The  phosphorus  is  then  to  be  levigated  under  water, 
and  drained  therefrom  by  means  of  a  bag  or  filter.  If 
the  operation  has  been  successfully  conducted,  only 
very  slight  traces  of  unaltered  phosphorus  remain  in 
the  mass.  The  levigtaed  phosphorus,  still  moist, 
should,  in  order  to  purify  it,  be  spread  thinly  for  con- 
venient working  on  separate  shallow  trays  of  sheet-iron 
or  lead.  These  trays  may  be  so  placed  alongside 
each  other  as  to  receive  the  heat  of  steam,  or  of  a  hot 
water  bath,  or  of  chloride  of  calcium,  or  of  sand,  or  of 
each  consecutively  in  this  order ;  but  whichever  be 
employed,  the  temperature  must  be  gradually  raised, 
and  the  phosphorus  frequently  stirred,  until  the  disap- 
pearance of  all  luminous  vapor  shall  show  that  the 
whole  of  the  adhering  ordinary  phosphorus  has  become 
oxidised.  The  operator  shoidd  have  water  at  hand,  to 
quench  any  fire  that  may  arise  before  the  whole  mass 
was  perfectly  oxidised.  The  phosphorus  is  afterwards 
to  be  washed  until  the  water  running  from  it  is  per- 
fectly free  from  all  traces  of  acid. 

The  process  of  oxidation  recommended  by  the 
inventor  of  the  above-described  apparatus,  for  the 
removal  of  unaltered  phosphorus  from  the  amorphous 
modification,  is  very  unsatisfactory.  A  far  better 
method,  and  one  more  quickly  and  more  easily  exe- 
cuted, is  the  application  of  an  appropriate  solvent,  as 
bisulphide  of  carbon,  oil  of  turpentine,  or  some  other 
liquid  hydrocarbon,  by  which  the  whole  of  the  adhering 
unconverted  phosphorus  is  readily  and  completely 
removed.  This  means  of  purification  is  also  advanta- 
geous, inasmuch  as -the  whole  of  the  unaltered  phos- 
phorus obtained  in  solution  may  be  recovered  by 
simple  distillation  of  the  solvent,  while  in  the  process 
of  oxidation  the  phosphorus,  being  converted  into 
phosphorous  and  phosphoric  acids,  is  lost,  the  acids 
being  dissolved  and  removed  by  the  subsequent  washing. 

Properties  of  Red  Pliosphorus. — Red  amorphous  phos- 
phorus, in  the  state  of  powder,  is  lustreless,  and  destitute 
of  crystalline  structure.   Its  color  varies  from  a  scarlet  to 
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a  carmine  red ;  sometimes  also  to  a  blackish-brown  tint. 
When  in  the  form  of  coherent  masses,  it  is  reddish- 
brown,  exhibitingperfectmetaHic  lustre  and  an  iron-black 
fracture  ;  sometimes  the  lumps  are  also  of  a  bright 
scarlet  color — usually,  however,  dark  reddish-brown. 
It  is  brittle,  very  fragile,  with  a  perfect  conchoidal 
fracture.  Its  hardness  is  intermediate  between  calca- 
reous spar  and  fluor  spar;  specific  gravity  at  60°  is 
2'14,  exceeding  that  of  ordinary  phosphorus.  Occa- 
sionally it  has  a  porous  appearance,  resembling  pumice- 
stone  in  structure,  while  some  lumps  are  light  enough 
to  swim  upon  the  surface  of  water.  When  heated  in  a 
liquid,  it  becomes  darker  in  color,  and  after  some  time 
it  acquires  a  deep  violet.  It  is  far  less  combustible 
than  ordinary  phosphorus,  and  is  not  luminous  in  the 
dark.  When  quite  pure,  it  will  bear  a  tolerably  high 
temperature ;  but  if  it  contains  any  unaltered  phos- 
phorus, is  readily  ignited  by  slight  friction  or  percus- 
sion. It  is  not  altered  by  exposure  to  the  air  at  the 
ordinary  temperature,  but  at  490°  it  takes  fire,  and  if 
heated  to  from  490°  to  500°  in  an  inert  gas,  it  passes 
into  the  state  of  ordinary  phosphorus.  Red  phosphorus 
is  insoluble  in  bisulphide  of  carbon,  alcohol,  ether, 
naphtha,  chloride  of  phosphorus,  and  other  solvents  of 
ordinary  phosphorus.  In  spirit  of  turpentine  and 
other  liquids  which  boil  at  a  high  temperature,  it  dis- 
solves very  sparingly  during  ebullition,  but  is  deposited 
on  cooling  as  ordinary  phosphorus.  It  does  not  unite 
with  sulphur  until  heated  to  444°.  It  combines  with 
cldorine  with  evolution  of  heat,  but  without  any  disen- 
gagement of  light.  The  combination  with  bromine  is 
attended  with  light.  Concentrated  sulphuric  acid  dis- 
solves it  when  heated,  with  evolution  of  sulphurous 
acid,  but  is  without  action  upon  it  in  the  cold.  It  is 
readily  soluble  in  nitric  acid  with  evolution  of  hypo- 
nitric  acid,  and  formation  of  phosphoric  acid.  A 
boiling  solution  of  potassa  dissolves  it,  with  disengage- 
ment of  phosphide  of  hydrogen,  not  spontaneously 
inflammable,  and  it  is  at  the  same  time  converted  into 
the  black  modification ;  indeed,  according  to  Siirotter, 
phosphorus  always  passes  through  the  red  state  before 
conversion  into  the  black  modification.  Red  phos- 
phorus decomposes  many  metallic  oxides — for  example, 
oxides  of  manganese,  lead,  silver,  copper,  mercury, 
especially  if  heated,  sometimes  with  explosion.  It 
deteriorates  also  when  gently  triturated  with  chlorate 
of  potassa.  If  not  perfectly  freed  from  ordinary  phos- 
phorus, it  ignites  spontaneously  when  fractured,  and  also 
exhibits  phosphorescence  in  the  dark,  and  other  pro- 
perties of  ordinary  phosphorus.  According  to  Wohler, 
red  amorphous  phosphorus  may  be  rendered  colorless 
and  perfectly  transparent,  by  fusing  it  in  a  concentrated 
solution  of  bichromate  of  potassa  mixed  with  sulphuric 
acid.  After  this  treatment  it  usually  remains  liquid 
after  cooling,  but  solidifies  instantly  when  touched  by 
a  solid  body. 

From  a  comparison  of  the  properties  of  red  allotropic 
phosphorus  and  the  ordinary  variety,  it  will  be  seen 
that  the  invention  of  Shrotter  is  a  great  boon  to 
those  engaged  in  manufactories  where  phosphorus  is 
largely  used,  and  particularly  to  producers  of  instanta- 
neous lights  or  Inciter  matches,  inasmuch  as  the  red 
phosphorus  is  perfectly  free  from  those  pernicious 


qualities  which  render  the  application  of  ordinary  phos- 
phorus to  these  purposes  so  destructive  to  health.  In 
a  commercial  point  of  view  it  is  also  advantageous,  as 
the  red  variety  may  be  transported  with  perfect  safety, 
while  the  carriage  of  ordinary  phosphorus  is  attended 
with  considerable  trouble  and  risk,  and  consequent 
expense. 

Estimation. — Phosphorus  is  quantitatively  deter- 
mined as  pyrophosphate  of  magnesia — 2  Mg  O,  P05 — or 
as  basic  phosphate  of  sesquioxide  of  iron,  being  first 
converted  into  phosphoric  acid  by  the  action  of  boiling 
diluted  nitric  acid. 

To  estimate  as  pyrophosphate  of  magnesia,  a  weighed 
portion  is  taken,  and  treated  with  nitric  acid  until 
entirely  dissolved.  The  solution  is  mixed  with  a  con- 
siderable excess  of  ammonia;  chloride  of  ammonium  is 
then  added ;  and  lastly,  sulphate  of  magnesia,  as  long 
as  a  precipitate  continues  to  be  formed.  The  mixture 
is  allowed  to  stand  twelve  hours ;  the  deposit  of  phos- 
phate of  magnesia  and  ammonia  is  then  collected  by 
filtration,  and  well  washed  with  dilute  solution  of 
ammonia,  dried,  and  heated  to  intense  redness,  to  expel 
all  traces  of  ammonia.  Every  one  hundred  parts  of 
pyrophosphate  are  equal  to  28'15  of  phosphorus. 

To  determine  as  phosphate  of  sesquioxide  of  iron,  a 
weighed  portion  of  the  phosphorus  is  taken,  and  oxi- 
dised as  above  by  dilute  nitric  acid.  To  the  solution 
of  phosphoric  acid  thus  obtained,  is  added  a  measured 
quantity  of  sesquichloride  of  iron,  and  the  whole  is 
precipitated  by  ammonia.  The  mixture  is  allowed  to 
stand  some  time  at  a  gentle  heat,  the  precipitate  after- 
wards separated  by  filtration,  washed  and  exsiccated  at 
a  gentle  heat,  which  is  afterwards  gradually  increased 
to  intense  ignition.  This  precipitate  is  a  basic  phos- 
phate of  sesquioxide  of  iron.  From  its  weight  is 
deducted  the  quantity  of  sesquioxide  corresponding  to 
that  of  the  sesquichloride  of  iron  added,  and  the 
remainder  expresses  the  quantity  of  phosphoric  acid 
contained  in  the  solution. 

Impurities. — Phosphorus  is  rarely  adulterated,  and 
the  only  impurities  contained  in  it  are  those  derived 
from  the  acid  used  in  its  preparation.  Dumas  considers 
flexibility  as  a  characteristic  of  good  phosphorus. 
Occasionally  arsenic,  antimony,  bismuth,  and  some 
other  metals  have  been  found  in  it.  If  the  acid  used 
contained  arsenious  acid,  or  an  oxide  of  antimony, 
these  are  reduced  in  the  process  of  manufacture  of 
phosphorus,  and  are  found  in  it  in  the  metallic  state.  A 
solution  of  phosphorus  in  dilute  nitric  acid  should  give 
no  precipitate  with  sulphide  of  hydrogen,  and  the  pre- 
cipitate procured  by  a  barytic  salt  should  be  entirely 
soluble  in  excess  of  nitric  acid,  proving  the  absence  of 
sulphur.  If  arsenic  is  present,  the  solution  in  nitric 
acid  deposits  a  black  precipitate  of  metallic  arsenic 
wlien  submitted  to  evaporation. 

Physiological  Effects.— Phosphorus  introduced 
into  the  stomach  of  animals  acts  as  a  caustic  poison. 
According  to  Orfila,  the  corrosion  depends  on  the 
formation  of  phosphorous  acid,  by  the  oxidation  of 
phosphorus  in  the  pulmonary  canal,  and  the  action  of 
this  acid  npon  the  tissue  with  which  it  comes  in  con- 
tact. It  is  very  rarely  used  in  medicine,  though  it  has 
been  strongly  recommended  in  cases  attended  with 
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great  prostration  of  the  -vital  powers,  and  also  in  some 
chronic  diseases  of  the  nervous  system,  In  small  doses 
its  operation  is  stimulant.  It  becomes  absorbed,  and 
communicates  an  alliaceous  smell  to  the  breath.  After 
absorption,  it  excites  the  nervous,  vascular,  and  secret- 
ing organs,  raises  the  temperature  of  the  skin,  and 
increases  the  frequency  of  the  pulse.  Its  general  effect 
is  that  of  a  powerful  sudorific  and  diuretic.  In  large 
doses  it  operates  as  an  irritant  poison,  producing 
inflammation  of  the  stomach  and  bowels,  terminating 
in  convulsions,  insensibility,  and  death.  It  is  usually 
administered  in  solution  in  ether,  chloroform,  and  in 
oils.  The  antidotes  to  be  resorted  to  in  cases  of 
poisoning  are  chalk  or  magnesia  diffused  in  milk, 
together  with  mild  demulcent  liquids  in  large  quantity. 

Statistics. — Previous  to  the  year  1845,  the  whole 
of  the  phosphorus  consumed  in  this  country  was  im- 
ported principally  from  the  Continent  of  Europe.  The 
amount  of  duty  paid  in  1844  showed  a  consumption  of 
about  one  hundred  and  twenty-five  hundredweight.  Since 
that  time  it  has  been  manufactured  to  a  considerable 
extent  in  England.  In  1853  the  conjoined  English  and 
French  product  of  phosphorus  was  estimated  at  one 
hundred  and  thirty-four  tons.  Manufactories  of  phos- 
phorus are  now  to  be  found  in  Prussia,  Baden,  Bavaria, 
Austria,  and  Sardinia.  At  the  Great  Exhibition  of 
1851,  samples  were  exhibited  by  Coignib  and  Son  of 
Lyons,  Otto  Pauli  of  Carlsruhe,  and  by  Selopsis  of 
Turin  and  Brozzo,  for  which  the  former  two  received 
prize  medals.  The  quantity  fabricated  in  Europe  pro- 
bably exceeds  three  hundred  tons  annually.  Payen 
estimated  the  annual  consumption  in  the  manufacture 
of  lucifer  matches  in  France  at  thirty  tons.  In  Eng- 
land, the  consumption  in  this  branch  of  manufacture  is 
far  greater,  one  house,  that  of  Messrs.  Dixon,  near 
Manchester,  producing  from  six  to  nine  millions  of  the 
finished  article  daily  ;  this  enormous  number  requiring 
about  live  pounds  of  phosphorus.  In  Austria  and  other 
parts  of  Germany,  on  account  of  the  abundance  and 
cheapness  of  timber  and  labor,  this  branch  of  industry- 
is  conducted  on  a  still  more  extended  scale,  several 
manufactories  making  daily  above  six  millions  of 
matches. 

PHOTOGBAPHY. — Of  the  various  applications  of 
chemistry  to  the  arts,  there  is  perhaps  none  more 
interesting  than  Photography — the  art  by  which 
the  images  formed  in  the  camera  obscura  are  fixed 
upon  various  tablets,  such  as  glass,  paper,  metallic 
plates,  leather,  et  cetera;  for  when  it  is  considered 
that  by  means  of  suitable  lenses  an  image  may  be 
formed  of  any  object,  celestial  or  terrestrial,  from  which 
light  proceeds,  the  applications  of  photography  appear 
to  be  unlimited,  and  the  art  assumes  an  intellectual 
character,  which  raises  it  above  those  other  arts  of 
civilization  that  merely  minister  in  some  particular 
way  to  comfort  or  luxury. 

The  word  photography  is  derived  from  two  Greek 
words  signifying  to  delineate  by  light.  It  has  been 
objected  to  this  term,  that  the  luminous  rays  are  not 
those  which  effect  the  chemical  changes  that  result  in 
the  production  of  an  impression  upon  the  sensitive  tablet 
on  which  the  image  is  received,  but  rather  the  violet 
rays  of  the  spectrum ;  so  that  the  word  photography  is  a 
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misnomer.  It  was,  however,  hastily  introduced,  and 
having  now  become  current  in  most  modern  languages, 
it  is  too  late  to  alter  it. 

In  point  of  fact,  it  is  neither  to  the  light  nor  to  the 
heat  of  the  solar  rays  that  one  is  indebted  for  the 
beautiful  results  of  photography,  but  to  another  mys- 
terious power,  a  principle  existing  in  combination  with 
the  light  and  heat  of  the  sun,  to  which  has  been  applied 
the  appropriate  name  of  actinism — a  term  derived 
from  the  Greek  word  for  a  sunbeam,  and  signifying 
merely  the  influence  of  the  sun's  rays,  or  ray-power, 
without  involving  the  assumption  of  any  theory  on  the 
subject. 

To  illustrate  the  composition  and  colored  refraction 
of  the  sun's  rays  :  suppose  a  beam  of  solar  light  is  ad- 
mitted into  a  darkened  room  through  an  aperture,  H, 
in  a  window  shutter,  Fig.  401,  and  that  it  is  made  to 
pass  through  a  prism  of  glass,  ABC,  with  one  of  its 
angles  downward,  instead  of  being  refracted  altogether, 
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and  appearing  still  as  white  light,  which  it  does  when 
the  refracting  surfaces  are  parallel — it  is  divided  into 
several  rays,  and  illuminates  with  different  colors  an 
oblong  space  of  a  white  card,  K  L.  placed  to  retain  it. 
If  one  examines  this  oblong  image  with  attention,  it 
will  be  observed  that  it  is  distinguishable  into  seven 
"colored  bands,  in  the  following  order — violet,  indigo, 
blue,  green,  yellow,  orange,  red.  These  are  the  seven 
prismatic  colors ;  and  the  oblong  image  which  they 
form  is  known,  in  scientific  language,  as  the  solar  or 
prismatic  spectrum. 

The  order  of  succession  is  invariable,  and  depends 
upon  the  unequal  j'efrangibility  of  the  different  colored 
rays  of  which  the  composed  white  ray  is  made  up. 
Thus  the  red  ray  deviates  least  from  the  direct  path, 
s  P ;  and  the  violet  ray,  most ;  and  the  intermediate 
rays  have  intermediate  degrees  of  refrangibility — the 
orange  is  thrown  further  from  the  direct  path  than  the 
red,  and  the  indigo  deviates  less  than  the  violet ;  and 
hence  one  speaks  of  the  violet  end  as  the  most  refran- 
gible, and  the  red  as  the  least  refrangible  end  of  the 
spectrum. 

It  is  important  to  remark,  however,  that  below  the 
ordinary  visible  red,  or  least  refrangible  ray,  another 
ray  of  a  deeper  red,  distinguished  as  the  extreme  red, 
or  crimson  ray,  may  be  detected  by  examining  the  pris- 
matic spectrum  through  a  deep  blue  glass ;  and  by 
throwing  the  spectrum  upon  a  piece  of  yellow  paper, 
another  ray  appears  at  the  violet  extremity,  named,  by 
Sir  John  Hersciiel,  the  lavender  ray. 

The  spectrum  exhibits,  therefore,  when  fully  analyzed, 
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a  wonderful  variety  of  properties,  of  which  the  diagram, 
Fig.  402,  will  give  a  sufficient  idea.  In  this  diagram, 
the  shaded  portion  represents  the  colors  as  they  occur 
in  the  decomposed  solar  beam ;  the  space  included 
between  A  and  B  exhibits  the  Newtonian  spectrum,  and 
a  and  b  are  the  rays  which  Sir  John  Herschel  has 
added,  thus  increasing  the  number  of  the  different  per- 
ceptible colors  from  seven  to  nine ;  but  all  of  which, 
as  Sir  David  Brewster  has  shown,  are  really  redu- 
cible to  three  primary  colors — red,  yellow,  and  blue. 
The  curved  lines  in  the  engraving  represent  the  relative 
amount  of  actinism,  light,  and  heat,  in  different  parts  of 
the  spectrum.    It  will  be  observed  that  the  actinism  is 
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greatest  at  E,  and  ceases  at  d  and  e  towards  either  ex- 
tremity. At  the  point  of  greatest  light,  c,  which  is  in 
the  yellow  ray,  there  is  absolutely  no  actinic  or  photo- 
graphic influence.  At  F,  however,  near  the  point  of 
greatest  heat,  D,  the  actinic  or  chemical  influence  is 
sensibly  felt ;  but  this  is  ascribed  by  M.  Claudet  to 
the  yellow  rays  being  not  merely  passive  or  inert  as 
regards  actinic  power,  but  having  a  positive  destruc- 
tive influence  on  any  effects  produced  by  the  actinic 
rays. 

Whatever  be  in  this,  it  has  been  positively  ascer- 
tained by  experiment,  that  the  yellow,  which  is  the 
most  luminous  ray,  has  only  a  small  heating  power, 
while  the  greatest  actinic  or  photographic  power  exists 
at  that  point  of  the  spectrum  where  the  light  and  heat 
are  least  sensible,  and  even,  like  the  heat  at  the  other 
extremity,  extends  a  considerable  distance  beyond  the 
spectrum  entirely,  producing  effects  on  photographic 
paper  where  the  rays  of  the  sun  are  absolutely  not 
visible. 

This  analysis  of  the  refracted  rays  of  a  pencil  of 
white  light  explains  why  a  much  longer  exposure  is 
required  to  insure  a  photographic  image  at  the  equator, 
than  in  Northern  or  Southern  latitudes;  the  yellow 
rays  being  more  abundant  in  the  former  region  than 
in  the  latter,  and  actinism  being  wanting  in  proportion ; 
in  the  latter  it  is  vice  versa. 


Historical  Notice. — The  dawn  of  photography 
is  intimately  connected  with  researches  on  light.  For 
a  long  time  the  question,  whether  light  possessed  any 
chemical  properties,  was  discussed  by  a  numerous  body 
of  scientific  men.  Scheele  was  the  first  to  draw 
attention  to  the  subject  of  the  rays  of  the  sun  possess- 
ing properties  able  to  effect  chemical  changes,  more 
especially  upon  silver  salts,  and  showed  the  compara- 
tive power  of  the  different  rays  to  darken  them.  In 
this  department  he  was  followed  by  Senebier,  Count 
Bumford,  and  Bitter,  who  was  the  first  to  notice 
that  solar  beams,  not  possessing  luminosity,  but  having 
a  remarkable  effect  in  inducing  chemical  metamor- 
phoses, existed  in  sunlight.  Between  1801,  the  period 
of  Bitter's  researches,  very  little  was  done  bearing 
upon  the  origin  of  photography,  till  the  celebrated 
Josiah  Wedgewood,  in  1802,  published  his  method 
of  producing  sun  pictures,  by  coating  white  paper  or 
enamelled  leather  with  a  solution  of  nitrate  of  silver, 
and  exposing  the  coated  surface  to  the  light  of  the 
sun  under  a  painting  on  glass.  Although  he  antici- 
pated the  advantages  which  would  accrue  from  the  art, 
he  could  not  partake  of  them  to  the  extent  he  deserved, 
owing  to  the  means  of  fixing  the  impression  being  then 
unknown  to  him,  notwithstanding  the  fact  of  Sir  Hum- 
phrey Davy  being  engaged  with  him  in  the  inquiry. 
It  appears  that  Niepce  was  the  first  who  partially  suc- 
ceeded in  fixing  the  image  produced  in  the  camera 
obscura;  but  this  was  not  till  1827,  long  after  the 
disclosures  of  Wedgewood,  and  after  many  years' 
investigation.  Previous  to  this  period,  Daguerre 
was  likewise  occupied  with  the  subject,  but  was  un- 
successful. In  1829  he  entered  into  an  agreement 
with  Niepce  to  pursue  their  several  researches  on 
this  subject  for  mutual  advantage.  At  the  period 
of  the  compact  the  latter  published  his  method, 
which  he  called  heliography.  It  consisted  in  coat- 
ing a  highly  polished  tablet  of  plated  silver  with  a 
mixture  of  petroleum  and  essential  oil  of  lavender, 
reduced  to  the  consistency  of  thin  varnish.  After  dry- 
ing at  a  gentle  heat,  the  prepared  plate  was  exposed  in 
the  camera  to  the  image  thrown  upon  it,  and  after  due 
time  the  latent  impression  was  rendered  visible  by  dis- 
engaging the  unaffected  parts.  This  was  executed 
with  a  solvent  composed  of  one  part  of  oil  of  lavender, 
and  ten  of  ordinary  white  petroleum  or  spirit  of  tar. 
On  pouring  this  liquid  over  the  plate,  the  impression 
began  gradually  to  show  itself;  when  sufficiently  de- 
fined the  plate  was  removed,  the  dissolving  liquid 
allowed  to  drain  off,  and  the  operation  terminated  by 
careful  washing.  At  this  period  they  were  anxiously 
seeking  for  a  substitute  for  the  varnish,  and  had 
recourse  to  alkaline  sulphides  and  iodine  for  blackening 
the  plates  to  form  a  ground  for  the  picture ;  but  the 
results  were  not  as  satisfactory  even  as  the  varnish 
coating,  although  the  latter  proved  subsequently  to  be 
the  most  eligible  in  the  hands  of  Daguerre.  The 
heliographic  method  of  Niepce  was  a  very  slow  and 
uncertain  process,  requiring  several  hours'  exposure  in 
a  strong  light  before  a  tolerably  defined  impression  was 
made.  Daguerre  improved  the  process  by  using  the 
resin  of  the  essential  oil  of  lavender  dissolved  in  alco- 
hol for  the  basis,  and  the  vapor  of  petroleum,  which 
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had  not  the  effect  of  removing  most  of  the  varnish  to 
the  injury  of  the  picture,  as  was  the  case  in  the  other. 
From  this  period  till  that  of  Niepce's  death  the  sub- 
ject was  actively  prosecuted  on  both  sides ;  but  it 
would  appear  that  the  latter  savant  had  lost  faith  in 
the  efficacy  of  coating  the  plates  with  a  metallic  film, 
such  as  sulphide  or  iodide  of  silver ;  whilst  Daguerre 
seemed  as  much  impressed  with  these,  or  similar  ones, 
being  the  true  media  for  taking  impressions.  After 
the  death  of  Niepce  in  1833,  the  compact  was  renewed 
between  Daguekre  and  the  son,  Isidore  Niepce,  and 
the  research  was  as  unflaggingly  pursued  as  before  till 
1839,  when  Daguerre  was  fortunate  enough  to  dis- 
cover the  beautiful  process  which  is  now  so  well  known 
under  his  name.  It  is  almost  needless  to  say,  that  upon 
the  publication  of  the  process,  communicated  to  the 
Academy  at  Paris,  the  beauty  of  the  gradations  of  light 
and  shade,  and  the  extreme  delicacy  and  truthfulness 
of  the  pictures,  took  both  the  whole  of  the  old  and 
new  world  by  surprise  ;  and  after  the  French  Govern- 
ment had  secured  to  Daguerre  and  Niepce  a  pen- 
sion adequate  to  the  importance  of  the  discovery,  and 
gave  the  process  to  the  world,  its  practice  became 
universal. 

Whilst  the  French  were  diligently  occupied  in  bring- 
ing the  process  of  producing  pictures  on  metallic  plates 
to  perfection,  in  England  the  subject  was  silently  pur- 
sued by  Mr.  Henry  Fox  Talbot.  His  experiments 
were  undertaken  in  1834,  with  the  view  of  rendering 
the  image  produced  in  the  camera  obscura  permanent 
in  the  sun ;  these  were  prosecuted  with  varied  success 
till  1839,  when  a  paper  was  read  by  him  to  the  Royal 
Society,  on  the  thirty-first  of  January  of  that  year, 
entitled — Some  Account  of  the  Art  of  Photogenic  Draw- 
ing ;  or,  the  Process  by  which  Natural  Objects  may  be 
made  to  delineate  themselves  without  the  aid  of  the 
Artists  Pencil.  This  was  the  first  account  of  this 
process — since  called  talbolype — methodized  to  the 
production  of  pictures.  In  February  of  the  same  year 
a  fuller  account  of  the  preparation  of  the  paper,  and 
the  method  of  fixing  the  picture,  was  communicated  to 
the  same  body.  Talbot's  pictures  were  produced  on 
paper  prepared  for  the  purpose ;  and  though  less  deli- 
cate in  detail,  in  consequence  of  the  inequality  of  the 
basis,  than  daguerreolypes,  still  they  could  be  viewed 
with  equal  effect  in  any  position,  and  were  conse- 
quently free  from  the  defect  experienced  in  looking  at 
the  latter. 

From  this  it  will  be  evident  that  the  British  philoso- 
pher pursued  his  investigation  independently  of  the 
French  laborers  in  the  same  field;  and  arriving  at 
results  in  a  measure  as  satisfactory  as  those  of  Da- 
guerre, he  contributed,  as  Hunt  remarks,  equally  with 
the  latter  most  important  services  to  science,  in  pro- 
ducing an  instrument  by  which  the  mysterious  pheno- 
mena of  light  could  be  satisfactorily  investigated  ;  and 
to  art,  by  giving  her  votaries  tablets  upon  which  Nature 
impresses  herself  in  all  her  delicacy  and  decision,  in  all 
her  softness  and  grandeur,  and  in  all  her  richness  of 
tone  and  breadth  of  effect. 

The  fixing  agent  first  used  by  Talbot  was  a  concen- 
trated solution  of  chloride  of  sodium,  which  had  the 
effect  of  dissolving  the  unaltered  chloride  of  silver. 
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Iodide  of  potassium  was  employed  for  a  similar  pur- 
pose ;  but  these  do  not  give  results  as  satisfactory  as 
the  hyposulphite  of  soda  introduced  by  Sir  J.  Her- 
sciiell.  Other  improvements  by  the  latter  philoso- 
pher have  also  to  be  recorded,  which,  though  not  so 
important  as  the  one  just  referred  to,  contribute,  never- 
theless, to  the  perfection  of  the  art.  This  is  particu- 
larly the  case  with  his  researches  on  the  solar  spectrum, 
the  results  of  which  have  been  already  given,  and  by 
which  he  has  laid  the  foundation  of  the  principles  of 
actinism,  and  brought  it  to  its  present  comprehensive 
state. 

Herschel  was  the  first  to  recommend  the  practice 
of  saturating  the  saline  washes  used  to  prepare  the 
paper  with  chloride  of  silver,  and  the  employment  of 
a  double  wash  of  nitrate  of  silver  to  be  used  in  suc- 
cession, alternated  with  drying  the  paper,  with  the  view 
of  doing  away  with  the  whitish  spots  so  frequently  seen 
in  the  pictures  of  Talbot  at  the  time ;  he  also  noticed 
— as  likewise  Robert  Hunt — a  method  of  fixing  the 
impression  formed  in  the  camera  with  chloride  of 
mercury,  and,  at  the  same  time,  rendering  the  paper 
to  all  appearance  fit  for  the  ordinary  uses  of  writing 
and  the  like;  whilst  nothing  was  required  to  develop 
the  picture  but  simply  washing  with  hyposulphite  of 
soda. 

Another  very  efficient  discovery  of  Talbot's  may  be 
here  recorded — namely,  the  property  of  gallic  acid  in 
rendering  the  prepared  paper  so  sensible  as  to  be  capable 
of  receiving  impressions  by  instantaneous  exposure, 
owing  to  the  gallic  acid  of  the  ingredients  continuing  and 
developing  the  effect  of  the  sun's  rays.  This  agent  was 
ultimately  superseded  by  pyrogallic  acid,  introduced  by 
Archer,  the  reducing  or  developing  action  of  which  is 
much  greater  than  that  of  the  gallic  compoun  d.  Various 
methods  for  rendering  paper  sensitive  to  the  reception 
of  solar  influence  have  been  published,  to  dwell  upon 
which  would  take  up  too  much  space.  All,  however, 
have  their  particular  advantages,  based  upon  the  judi- 
cious application  of  the  usual  compounds,  so  as  to 
produce  a  more  even  and  more  perfect  coating  with 
the  silver  salt. 

Subsequent  to  the  production  of  photographs  on 
paper  with  considerable  accuracy,  glass  was  adopted 
for  the  basis  of  the  picture ;  but  as  the  sensitive  media 
could  not  be  made  to  adhere  to  this  body  alone,  it  was 
necessary  to  employ  as  an  adjunct  some  adhesive 
matter.  The  first  trials  were  with  albumen — intro- 
duced by  Niepce  St.  Victor  in  1848 — and  gelatin, 
laid  in  a  thin  stratum  upon  the  clean  surface  of  the 
glass.  Iodide  of  potassium  or  alkaline  chlorides  were 
mixed  with  the  adhesive  composition ;  and  after  partial 
drying,  the  surfaces  were  exposed  to  solutions  of  nitrate 
of  silver,  when  a  sensitive  coating  formed  on  the  film 
on  which  the  picture  was  impressed.  Generally,  the 
pictures  obtained  on  albumenized  or  gelatinized  glass, 
owing  to  the  even  and  close  texture  of  the  coating 
material,  had  many  qualities  superior  to  those  produced 
upon  paper,  excepting  where  the  practice  of  employing 
the  latter  waxed  was  followed.  It  was  soon  after  the 
adoption  of  these  materials  by  photographers,  that 
Archer  introduced  pyrogallic  acid,  and  soon  after 
collodion,  than  which  no  other  material  is  now  more 
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extensively  used.  With  the  exception  of  modifications 
introduced  from  time  to  time  to  render  the  collodion 
film  more  sensitive,  or  to  propagate  the  impression  of 
the  rays  of  light,  and  thus  shorten  the  period  of  expo- 
sure, very  little  has  heen  done  within  the  last  few  years 
beyond  rendering  the  art  more  general  both  in  practice 
and  application.  Xyloidin,  a  compound  prepared  from 
starch  with  nitric  acid,  and  tinctured  with  iodine,  was 
introduced  a  few  years  ago ;  but  its  use  is  not  so 
extensive  as  that  of  collodion,  notwithstanding  its 
repute  for  being  a  more  compact  basis  for  the  picture, 
and  more  capable  of  receiving  the  pictorial  impression. 
The  particulars  of  these  methods  will  be  detailed 
further  on  when  describing  the  practice  of  photography. 
Besides  the  various  progressive  steps  alluded  to,  there 
are  a  few  others  which  tend  to  extend  its  usefulness, 
and  deserve  a  short  notice. 

These  are  the  methods  for  impressing  colored  pic- 
tures upon  the  prepared  surface,  and  of  engraving  the 
photographic  impression  without  the  aid  either  of  the 
artist's  graver  or  pencil, 

The  latter,  which  might  be  called  photogalvano- 
graphy,  is  not  recent,  but  almost  as  old  as  the  first 
bituminous  impressions  of  M.  Niepce,  whose  finished 
pictures  required  but  the  application  of  the  etching 
liquid  to  convert  them  into  engravings.  The  system 
of  procedure  had  been  considerably  improved  by  seve- 
ral others,  more  especially  by  Niepce  the  younger, 
Leeebours,  and  Lemercier,  the  latter  applying  it  to 
lithographic  printing.  Dr.  Dorme  of  Paris  endeavored 
to  obtain  engravings  from  daguerreotype  plates  by 
chemical  agency,  and  partially  succeeded.  His  method 
was  to  attack  the  plate  with  nitric  acid  before  the  gild- 
ing of  the  picture,  when  all  the  parts  whereon  the 
silver  waB  reduced  became  more  or  less  corroded 
according  to  the  depth  of  shade.  As  nitric  acid  hap- 
pened to  be  the  agent  used,  it  could  not  be  always 
confined  to  the  parts  where  its  action  should  be  mani- 
fested, and,  therefore,  the  results  were  precarious. 
Grove  published  a  method  for  engraving  the  daguer- 
rean  image  by  voltaic  agency  in  1842 ;  in  this  opera- 
tion, the  agent  was  chlorine  liberated  from  hydrochloric 
acid,  in  which  the  picture,  attached  to  the  positive  pole 
of  the  battery,  was  immersed.  This  method,  though 
superior  to  its  antecedents,  was  not  all  that  was  desired. 
A  patent  was  granted  in  1844  to  Fizeau  and 
Ceaudet  for  engraving  photographic  impressions. 
Here  hydrochloric  acid,  liberated  from  a  mixture  of 
chloride  of  sodium  and  nitrate  of  potassa,  to  which  a 
little  nitric  acid  had  been  added,  was  the  etching 
medium,  and  ammonia  and  a  hot  concentrated  solution 
of  caustic  potassa  the  auxiliaries  to  it  in  bringing  the 
process  to  perfection — the  former  having  the  effect  of 
removing  the  chloride  of  silver,  and  the  latter  protect- 
ing the  surface  coated  with  the  mercury  from  the  cor- 
roding action  of  the  acid.  When  sufficiently  deepened 
the  plate  was  washed  and  dried,  smeared  with  printers' 
ink,  dried,  cleaned,  and  the  unetched  parts  gilded,  after 
which  the  remaining  parts  could  be  deepened  at  will  by 
first  removing  the  ink.  Another  method  discovered 
by  H.  F.  Talbot,  and  published  by  him  in  May, 
1853,  seemed  to  be  most  satisfactory.  It  consisted  in 
coating  a  well-polished  steel  plate  with  a  mixed  gelatin 


impregnated  with  a  strong  solution  of  bichromate  of 
potassa ;  and,  when  dried,  exposing  this  plate  to  the 
rays  of  light  impinged  from  the  illuminated  subject  in 
the  camera ;  or,  better,  to  the  sun's  rays,  whilst  a  posi- 
tive photographic  picture  had  been  laid  upon  it.  As 
in  the  case  of  Niepce's  bituminous  method,  so  in  this ; 
— the  influence  of  the  light  rendered  the  parts  on  which 
it  fell  insoluble,  so  that  on  subsequently  washing  in 
water  the  gelatin  and  bichromate  solution  were  removed 
from  the  other  parts,  leaving  a  raised  facsimile  of  the 
picture,  the  lights  being  represented  by  the  bare  metal, 
and  the  shades — corresponding  to  the  lights  in  the 
original — by  the  altered  gelatin.  On  pouring  bichloride 
of  platinum  upon  the  washed  surface,  the  plate  became 
readily  etched  on  the  parts  from  which  the  gelatin  was 
removed.  When  the  action  has  been  sufficiently  con- 
tinued, it  is  arrested  by  washing  with  a  sponge,  which 
removes  the  gelatin,  and  drying.  The  plate  now 
exhibits  a  delicate  etching  of  the  picture  on  the  steel 
plate,  in  which  the  raised  surface  corresponds  to  the 
light  and  half  tones  of  the  original  design.  Pretsch 
of  Vienna  published  a  method  for  effecting  the  same 
purpose ;  it  has  much  in  common  with  Talbot's,  but 
instead  of  washing  off  the  coating  of  gelatin,  as  directed 
by  the  latter,  it  is  merely  soaked  in  water,  to  swell  the 
unaltered  gelatin,  and  give  the  appearance  of  an  en- 
graved wood-bloek  to  the  figure.  An  impression  of 
the  figure  is  then  taken  with  a  soft  material  in  the  way 
of  a  mould,  and  the  latter  is  rendered  a  conductor  of 
electricity,  and  copper  is  deposited  upon  it  to  any 
desired  extent.  In  this  way  a  true  impression  is  taken 
of  the  photograph  in  copper,  and  may  be  multiplied 
at  pleasure.  Latterly,  Poitevin  of  Paris  has  used 
the  same  materials  as  Talbot,  and  applied  them  to 
lithographic  stone,  and  the  results  appear  to  be  very 
satisfactory.  Notwithstanding  these  several  steps  to- 
wards improvement,  much  still  remains  to  be  effected, 
both  as  to  investigation  and  discovery,  to  give  the  art 
the  utility  which  it  is  calculated  to  possess. 

In  color  printing,  or  chromophotography,  also,  efforts 
have  been  made  to  impress  the  tints  of  the  object  upon 
the  picture  by  chemical  agency,  but  the  results  have 
not  been  as  successful  in  this  department  as  those  just 
detailed  of  photo^alvanography ;  still,  sufficient  indica- 
tions have  been  given  to  show  that  the  subject  is  feasible 
of  attainment.  In  chromophotography,  or  heliochromy, 
as  the  process  was  called  in  France,  Becquerel  in 
1854  aud  previously,  showed  that  colors  could  be  im- 
pressed on  the  picture  at  the  instant  of  its  formation, 
by  employing  the  violet  chloride  of  silver — a  compound 
in  which  more  or  less  of  a  basic  chloride  exists — for 
taking  the  picture.  To  give  the  subject  more  definition, 
he  coated  the  silver  plates  by  means  of  chlorine  liber- 
ated from  hydrochloric  acid  by  voltaic  agency,  and  in 
which  solution  the  tablet  was  immersed,  attached  to 
the  positive  pole  of  the  battery.  As  it  was  found  that 
the  shades  were  much  altered  by  the  thickness  of  the 
coating  of  the  violet  chloride  on  the  plate,  he  introduced 
a  voltameter  of  water  in  the  circuit,  to  measure  from 
the  volume  of  hydrogen  disengaged  the  quantity  of 
chlorine  set  free,  and  by  this  means  he  was  able  to 
determine  the  quantity  of  gas  that  passed  over  a  given 
extent  of  the  plate.    When  a  plate  so  prepared  was 
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exposed  in  the  camera  to  the  solar  light  of  the  spec- 
trum, all  the  chief  colors  were  produced,  beginning 
with  the  yellow  and  orange,  and  extending  to  the  red 
and  violet,  thus  leaving  a  colored  picture.  Bbcquerel 
observed  that  a  temperature  of  212°  to  302°,  applied  to 
the  plate  before  exposing  it  to  the  spectrum,  or  a  heat 
of  97°  kept  up  for  two  or  three  days,  modified  the 
strength  of  the  colors,  though  giving  good  yellow  and 
green  impressions.  As  these  hues  could  not  be  fixed 
so  as  to  resist  the  effect  of  diffuse  light,  they  were 
looked  upon  more  as  a  scientific  curiosity.  Niepce 
St.  Victor  being  led  to  infer  a  relationship  between 
the  color  which  many  bodies  communicate  to  flame, 
and  that  which  light  develops  in  a  plate  of  silver 
coated  as  above,  tried  the  effects  of  silver  plates  excited 
in  chlorine  water  impregnated  with  various  salts,  such 
as  chloride  of  strontium  and  the  like,  and  placed  the 
plate  in  the  camera  for  the  reception  of  the  rays  from 
colored  bodies,  when  the  image  became  impressed  with 
the  natural  tints  of  the  subject.  Thus,  an  orange  was 
obtained  by  the  use  of  chloride  of  calcium,  yellow  by 
chloride  of  sodium  or  chlorine,  red  with  chloride  of 
strontium,  green  with  boracic  acid  and  chloride  of 
nickel,  and  so  on,  employing  for  any  particular  shade 
a  substance  which  similarly  colors  the  alcoholic  flame, 
or  that  of  the  blowpipe. 

Mr.  Hill  of  the  United  States  had  been  engaged 
upon  the  same  subject,  and  gave  the  public  to  infer 
that  he  had  arrived  at  satisfactory  results  in  obtaining 
colored  photographs  as  early  as  1850,  by  means  of 
some  chance  composition  of  a  nondescript  nature ;  but 
though  he  has  given  details  of  the  pictures  he  pro- 
duced by  this  means,  the  Editor  is  unable  to  find  any 
description  of  the  method  or  substances  which  he  em- 
ployed. It  is  certain,  however,  that  no  sure  means  of 
impressing  the  hues  of  the  natural  bodies  upon  the 
daguerreotype  or  photograph  have  been  yet  arrived  at; 
and  notwithstanding  the  instances  referred  to,  that  the 
discovery  of  the  process  still  remains  a  desideratum  in 
the  science  and  art  of  photography. 

The  art  of  photography  is  dependent  partly  on  optics, 
and  partly  on  chemistry.  It  is  the  business  of  the 
optician  to  provide  a  suitable  camera  in  which  the 
photographic  tablet  may  be  placed,  and  the  image 
formed  by  the  lens  thrown  upon  it.  It  is  the  business 
of  the  chemist  to  prepare  the  sensitive  tablet  in  a  suit- 
able manner  to  receive  that  image. 

The  Optics  of  Photography. — The  simplest 
form  of  camera  obscura  is  a  dark  box,  having  a  small 
orifice  in  the  centre  of  one  end,  and  a  focusing  screen 
of  ground  glass  at  the  other.  On  throwing  a  black 
cloth  over  the  head  and  camera,  and  looking  at  the 
focusing  screen,  an  inverted  image  is  seen  of  the 
objects  towards  which  the  opening  of  the  camera  is 
presented.  When  the  hole  is  large,  this  image  is 
bright  but  indistinct ;  by  reducing  its  size,  the  image 
becomes  more  distinct,  but  fainter.  The  brightness 
and  size  of  the  pictured  objects  depend  upon  the 
distance  of  the  focusing  screen  from  the  hole ;  and 
the  smaller  that  distance  may  be,  the  smaller  are  the 
objects  and  the  brighter  the  picture.  The  shape  of 
the  aperture  does  not  determine  that  of  the  picture  or 
the  outline  of  the  objects,  a  triangular  hole  giving  the 
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same  image  as  a  round  one.  The  image  formed  in 
this  simple  camera,  although  more  or  less  indistinct,  is 
absolutely  free  from  distortion,  and  the  rules  of  plane 
perspective  are  strictly  fulfilled. 

To  understand  the  principles  on  which  the  cameras 
are  constructed,  it  must  be  remembered  that  every  visi- 
ble object  of  which  an  image  can  be  formed  by  a  lens,  is 
supposed  in  optics  to  consist  of  an  assemblage  of  lumin- 
ous points,  from  each  of  which  rays  of  light  proceed  in 
all  directions,  but  without  interfering  with 
each  other;  and  an  assemblage  of  rays 
proceeding  from  any  single  point  is  called 
a  pencil.  A  bright  object,  therefore, 
emits  a  pencil  of  light  from  each  of  the 
bright  points  composing  it.  Thus  if  A  c 
— Fig.  403 — be  a  piece  of  brass  wire,  the 
several  points  of  it,  A,  p.,  c,  emit  each  a 
pencil  of  light — not  a  single  ray — and 
these  pencils  do  not  interfere  with  each 
other.  To  illustrate  this  further,  let  E  F — 
Fig.  404 — be  the  object,  B  c  the  camera, 
L  the  hole,  and  K  D  the  focusing  screen; 
then  a  pencil  of  light  proceeding  from 
E  passes  through  the  hole  L,  and  the 
rays  continue  to  diverge  until  they  reach  the  focusing 
screen  at  e,  at  which  point  a  spot  of  light  is  produced 
of  the  same  shape  as  the  hole  at  L,  but  somewhat 
larger  than  it,  and  of  the  same  color  as  the  point  E  of 
the  object.  Similarly  the  points  F,  G,  H,  I,  et  cetera, 
emit  pencils  which  after  passing  through  the  hole  fflu- 


-  -  t 

mine  the  spots  at  /,  g,  h,  i,  et  cetera,  and  in  this  way  an 
indistinct  inverted  image  of  the  object  is  formed.  The 
size  and  shape  of  the  image  do  not  depend  upon  the 
opening,  because  the  luminous  points  of  the  object  being 
infinite  in  number,  and  in  close  juxtaposition,  the  spots 
of  light  which  compose  the  image,  although  individu- 
ally of  the  same  shape  as  the  holes,  glide  one  into  the 
other,  and  form  a  continuous  outline,  in  which  all  trace 
of  the  form  of  any  particular  spot  is  destroyed. 

To  show  that  the  image  upon  the  focusing  screen  is 
a  correct  perspective  view  of  the  object,  the  following 
illustration  is  submitted  : — Suppose  that  L — Fig.  405 
— is  the  eye  of  a  spectator,  which  is  considered  to  be 
a  mathematical  point,  and  that  straight  lines,  called 
visual  rays,  are  drawn  from  L  to  the  several  points  of* 
the  object  E  f;  these  straight  lines  constitute  the  edges 
of  a  system  of  pyramids,  of  which  L  is  the  common 
vertex,  and  if  these  are  cut  by  any  vertical  plane  at 
N  between  L  and  the  object,  the  section  is  a  plane 
perspective  view.  This  is  the  fundamental  definition 
of  a  plane  perspective  view.  Now,  let  it  be  supposed 
that  the  visual  are  rays  produced  through  L,  so  as  to 
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form  another  system  of  pyramids  on  the  opposite  side 
of  it;  it  is  evident  that  if  this  second  system  be  cut  by  a 
plane  at  M  parallel  to  that  at  n,  and  at  an  equal  distance 
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from  L,  the  inverted  image  thus  formed  would  be  an 
exactly  equal  and  similar  geometrical  figure  to  the 
image  at  N,  and  the  two  figures  would  coincide  if  one 
were  laid  against  the  other.  But  the  image  at  M,  is 
that  which  would  be  formed  by  a  camera  having  a  hole 
at  L,  and  a  focusing  screen  at  itr;  so  that  this  simple 
camera  gives  a  correct  perspective  view  of  the  object  as 
seen  from  the  aperture,  and  depicted  upon  a  plane  sur- 
face as  far  in  front  of  the  hole  as  the  focusing  screen 
behind  it. 

The  great  defect  of  the  image  produced  in  the  simple 
camera  is,  its  indistinctness,  because  the  pencils  have 
no  foci  or  point  of  concourse  of  the  rays.  In  order  to 
remedy  this  evil  convex  lenses,  or  convex  combina- 
tions of  lenses,  are  introduced  and  placed  at  L. 

The  simplest  form  of  lenticular  camera  is  that  in 
which  a  very  small  convex  lens  is  placed  at  L — Fig.  406. 
A  direct  pencil  diverging  from  a  point,  c,  of  an  object 
is  then,  after  refraction  through  the  lens,  brought  to  a 
focus  at  c,  where  a  distinct  image  is  formed;  but  the 
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oblique  pencils  from  points  A,  B,  are  brought  approxi- 
mately to  foci  at  points  a,  b,  upon  a  circular  arc,  of 
which  L  is  the  centre,  and  L  c  the  radius,  and  the  rays 
after  passing  through  the  points,  a,  b,  again  diverge 
and  produce  round  spots  or  discs  of  light  upon  the 
screen,  instead  of  a  sharp  focus  as  at  c;  the  true 
image  of  the  object  being  curved,  as  shown  in  the 
figure.  A  small  single  lens,  therefore,  gives  so  much 
curvature  of  the  imago  as  to  render  its  margin  very 
indistinct  compared  with  the  centre.  It  will  be  ob- 
served, however,  that  the  image  formed  by  a  small 
single  lens  is  free  from  distortion,  because  the  axes  of 
the  pencils  do  not  suffer  deviation  by  passing  through  it. 

In  order  to  increase  the  radius  of  curvature  of  the 
image,  the  following  plan  has  been  adopted  in  the  lenses 
used  by  photographers  for  taking  views ;  in  these  the 
light  enters  through  a  small  aperture,  and  the  time  of 
exposure  is  a  matter  of  less  consequence  than  obtain- 
ing a  picture  uniformly  sharp  to  the  edges.  Instead  of 
placing  a  small  lens  at  L,  a  large  one  is  fixed  at  some 
distance  behind  L,  as  in  Fig.  407.  A  central  pencil 
from  c  is  refracted  through  the  centre,  m,  of  this  lens, 


and  an  oblique  one  from  A,  after  passing  through  the 
hole  at  L,  is  refracted  near  its  circumference  at  n. 
This  renders  the  image  much  flatter ;  because  the 
distance,  n  a,  which  is  equal  to  the  focal  length,  me,  of 
the  lens,  is  measured  from  n  and  not  from  m,  as 
in  the  case  of  a  single  lens  placed  at  L.  But  this 
arrangement  is  open  to  the  very  serious  objection, 
that  the  image  is  greatly  distorted,  in  consequence 
of  the  axes  of  the  oblique  pencils  being  bent  out  of 
their  course  by  refraction  through  the  circumference  ot 
the  lens,  which  acts  as  a  prism  in  causing  rays  to 
deviate  from  its  edges,  and,  therefore  the  marginal 
parts  of  the  image  are  too  small  for  the  central;  be- 
sides, all  straight  lines  in  the  image  which  do  not  pass 
through  the  centre  are  curved  inwards  at  their  extre- 
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mities;  so  that  in  this  form  of  view-lens,  flatness  of 
field  is  gained  at  the  sacrifice  of  true  perspective. 

The  form  of  this  lens  is  meniscus,  or  concavo-convex, 
the  concave  side  being  turned  towards  the  objects ;  and 
the  radius  of  curvature  of  the  image  is  equal  to  the 
focal  length  of  the  lens,  plus  the  radius  of  its  convex 
surface;  it  is,  therefore,  longer  by  the  latter  quantity 
than  the  radius  of  curvature  of  the  image  formed  by  a 
small  single  lens  without  a  diaphragm  in  front. 

All  photographic  lenses  require  to  be  achromatized,  or 
so  constructed  as  to  refract  the  different  colors  equally, 
in  such  a  way  that  the  j'ellow  and  violet  foci  may 
coincide ;  because  the  yellow  rays  produce  the  visible 
image,  while  all  the  rays  ot  the  spectrum  which  lie 
between  the  green  and  the  extreme  lavender  produce 
more  or  less  chemical  effect  upon  the  sensitive  photo- 
graphic tablet.  The  common  view-lens  is  an  achro- 
matic meniscus,  and  it  may  be  achromatized  in  two 
different  ways,  one  of  which  consists  in  placing  a  double 


Fig.  40S. 


Fig  409. 


concave  lens  of  flint-glass  before  and  in  contact  with 
a  double  convex  lens  of  crown-glass,  as  shown  in  Fig. 
408 ;  and  the  other,  in  placing  a  concavo-convex  lens 
of  crown-glass  before  and  in  contact  with  a  concavo- 
convex  lens  of  flint-glass,  as  shown  in  Fig.  409.  The 
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effect  of  these  combinations  arises  from  the  circum- 
stance, that  flint-glass  and  crown-glass  possess  very- 
different  powers  of  dispersing  or  of  separating  the  rays 
of  light. 

In  the  preceding  Figs.,  c  denotes  crown,  F  flint-glass. 
Both  forms  have  equal  radii  of  the  front  and  back  sur- 
faces, equal  focal  lengths,  equal  curvature  of  the  image, 
and  an  equal  distortion ;  but  the  plan  shown  in  Fig. 
409  is  the  best,  because  there  is  rather  less  spherical 
aberration.  Even  this  is  very  bad,  and  should  be 
superseded  by  the  view-lens,  which  has  recently  been 
invented  by  Professor  Petzval,  and  which  will  be 
described  presently. 

The  best  form  of  view-lens  for  giving  pictures  en- 
tirely free  from  distortion  is  a  combination  of  two 
achromatic  plano-convex  lenses,  with  the  convex  sides 
outwards,  and  a  small  stop  midway  between  them, 
as  shown  in  Fig.  410.    If  a  ray,  P  Q,  be  refracted 


through  this  combination  in  such  a  way  that  its  course 
between  the  lenses  passes  through  the  centre  of  the 
stop,  it  is  evident,  from  the  symmetry  of  the  figure, 
that  the  emergent  ray,  K  s,  will  be  parallel  to  P  Q ; 
from  which  it  follows  that  the  axes  of  pencils  refracted 
through  this  combination  do  not  suffer  deviation,  and 
therefore  there  is  no  distortion  in  the  image.  The 
curvature  of  the  image  is,  however,  greater  than  with 
the  single  view-lens,  and  the  central  definition,  when 
the  diaphragm  is  removed,  not  quite  so  good  as  that  of 
the  portrait-lens  to  be  described  presently. 

The  best  view-lens  for  combining  tolerable  freedom 
from  distortion,  with  flatness  of  field  and  perfection  of 
focus — that  is  to  say,  the  most  generally  useful  view- 
lens  is  that  of  Professor  Petzval  of  Vienna,  and 
commonly  called  the  orthoscopic  lens,  from  the  fact 
that  the  straight  lines  of  objects  are  not  curved  in  the 

image.    Its  con- 
Fiff-  in-  struction  is  shown 
in  Fig.  411.  The 
front     lens  is 
 ^_  achromatic  and 


convexo-concave; 
1  and  the  back  lens 

achromatic,  and 
composed  of  two, 

which  only  touch  at  the  edges.  The  inner  one — that  is, 
the  one  next  to  the  front  lens — is  of  crown-glass  and 
double  concave,  with  the  deepest  concavity  next  to 
the  meniscus;  the  outer  one  is  a  meniscus  of  flint- 
glass.  The  front  lens  of  the  combination  is  convex, 
and  brings  rays  to  a  focus ;  the  back  lens  is  concave, 
and  scatters  them.  In  order  to  improve  the  defini- 
tion, and  bring  objects  at  different  distances  into  good 
focus,  a  stop  is  placed  immediately  behind  the  back 


lens.  The  distance  between  the  front  and  back 
lenses  of  the  combination  is  about  equal  to  half  the 
diameter  of  the  front  lens,  and  the  diameter  of  the  back 
lens  is  about  two-thirds  that  of  the  front  one.  In  this 
combination  the  oblique  pencils  pass  near  the  circum- 
ference of  the  front,  and  through  the  centre  of  the  back 
lens;  they  are  therefore  lengthened,  and  the  conse- 
quence is  the  production  of  a  very  flat  field.  A  small 
amount  of  distortion  is  produced  by  this  instrument, 
which  causes  straight  lines  not  passing  through  the 
centre  of  the  picture  to  be  curved  outwards  at  their 
extremities,  and  the  objects  at  the  margin  of  the  field 
are  rendered  proportionally  larger  than  those  in  the 
centre ;  but  these  defects  exist  to  a  much  smaller 
extent  than  those  of  an  opposite  kind  in  the  single 
view-lens. 

There  arc,  therefore,  three  different  view-lenses  used 
by  photographers,  namely — the  single  view-lens,  with 
a  stop  in  front,  which  gives  a  flat  field,  but  great  dis- 
tortion ;  the  symmetrical  double  combination,  which 
gives  an  image  entirely  free  from  distortion,  but  having 
considerable  curvature ;  and  the  orthoscopic  combina- 
tion of  Petzval,  which  gives  a  tolerably  flat  field,  and 
the  image  nearly  free  from  distortion.  The  second 
lens  is  the  best  when  a  sufficiently  small  stop  can  be 
used  to  obtain  good  marginal  definition.  In  other 
cases  the  orthoscopic  lens  is  the  best,  and  the  single 
view-lens  the  worst. 

The  view-lens  includes  an  angle  of  from  35°  to  40°. 
It  cannot  be  used  for  portraits  in  a  glass  room,  because 
it  would  require  too  long  an  exposure. 

The  portrait-lens  commonly  used  is  that  which  was 
invented  by  Professor  Petzval  about  seventeen  years 
ago.  In  this  combination  everything  is  sacrificed  to 
getting  a  large  central  pencil  free  from  spherical  and 
chromatic  aberration.  The  curvature  of  the  image  is 
considerable,  and  the  angular  field  of  view  rarely  ex- 
ceeds 20°.  Its  only  merit  is  quickness  of  action,  which 
is  absolutely  required  in  photographic  portraiture.  As 
soon,  however,  as  more  rapid  processes  are  discovered, 
the  portrait-lens,  with  its  large  aperture  and  many 
unavoidable  defects,  may  be  given  up. 

The  construction  of  the  portrait  combination  of 
Petzval  is  shown  in  Fig.  412.    The  front  lens  is 

Fig.  412. 


achromatic  and  convexo-concave,  the  lenses  being  m 
contact.  The  back  lens  is  achromatic,  and  formed  of 
two  lenses  separated  by  a  small  interval ;  the  inner 
one  is  of  flint-glass,  and  convexo-concave,  the  outer 
one  of  crown-glass,  and  double  convex,  with  the  flatter 
side  outwards.  The  focal  lengths  of  the  two  compound 
lenses  are  nearly  equal,  the  front  lens  having  the  longer 
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focus,  and  both  are  convex  lenses.  The  combined 
focal  length  of  the  instrument,  measured  from  the  back 
one,  is  from  three  to  four  times  the  diameter  of  the 
front  lens.  Sometimes,  when  the  light  is  strong,  or  it 
is  required  to  take  objects  out  of  doors,  a  stop  is  used. 
This  should  be  inserted  between  the  lenses,  and  the 
proper  place  for  it  must  be  determined  by  trial.  If 
placed  too  near  the  front  lens  the  image  of  a  perpen- 
dicular straight  line  brought  to  the  margin  of  the  focus- 
ing screen  is  bent  inwards  at  the  extremities,  and  if 
placed  too  near  to  the  back  lens,  outwards;  there  is  an 
intermediate  point  where  the  image  is  perfectly  straight, 
and  that  is  the  proper  place  for  the  stop.  In  mounting 
lenses  care  should  be  taken  to  exclude  stray  light,  and 
to  prevent  reflections  from  the  inside  of  the  tube,  and 
the  outside  edge  of  the  lenses  by  blackening  the  interior. 

The  Chemistry  of  Photography.— In  this  de- 
partment of  the  art,  the  principle  involved  is  the 
production  of  a  saline  surface  which  is  capable  of 
being  modified  by  the  actinic  or  chemical  rays  in 
light,  the  development  of  this  action  by  chemical 
means,  and  finally  its  fixation,  by  removing  all  matter 
which  is  capable  of  further  change  by  the  agency 
that  produces  the  picture.  The  substances  which  are 
pre-eminently  employed  in  this  art  are  the  various 
salts  of  silver,  more  especially  the  chloride,  iodide,  and 
bromide  of  this  metal.  Besides  these,  there  are  other 
compounds  which  are  capable  of  being  acted  upon 
in  a  similar  manner,  and  consequently  give,  under 
proper  treatment,  impressions  of  objects ;  such,  for 
instance,  are  compounds  of  gold,  uranium,  chromium, 
and  other  easily  reducible  substances.  It  is  well 
known  to  every  chemical  student  that  a  silver  salt,  such 
as  the  chloride,  iodide,  bromide,  phosphate,  and  the 
like,  when  freshly  precipitated  and  presented  to  the 
sun's  rays,  rapidly  assumes  a  purplish  hue,  and  finally 
turns  black.  So,  also,  in  regard  to  compounds  of  gold, 
uranium,  or  chromium,  an  effect  is  observed  when 
these  are  exposed  in  very  thin  layers,  that  shows  a 
chemical  action  has  taken  place.  In  all  these  eases 
where  diffuse  light  makes  an  impression,  the  effect  is 
due  either  to  a  reduction  of  the  salt  to  one  of  a  more 
basic  nature,  or  to  the  isolation  of  the  metal  from  the 
salifiable  bod)'.  For  example,  supposing  a  surface  coated 
with  a  thin  layer  of  chloride  of  silver  be  exposed  to  the 
light  of  the  sun  for  a  short  time,  the  resulting  darken- 
ing of  the  pure  white  of  the  salt  is  due  to  an  abstrac- 
tion of  part  of  the  chlorine  from  it ;  if  its  exposure  be 
continued  the  change  gradually  progresses,  till  finally 
the  compound  will  contain  no  chlorine,  or  at  best  but 
a  very  small  portion.  To  illustrate  this,  if  the  chloride 
of  silver  be  represented  by  Ag  CI,  the  effect  of  the 
chemical  action  of  the  actinism  or  chemical  principle  in 
light  may  be  expressed  by  the  formula — • 

2  Ag  CI  =  Ag,  CI  +  CI  or 
HO  +  2  Ag  CI  =  Ag2  CI  +  H  CI  +  0 

that  is,  two  equivalents  of  the  silver  salt  will  evolve 
one  equivalent  of  their  chlorine  when  w°,ter  is  absent, 
or  one  of  oxygen  when  water  is  present.  By  continu- 
ing the  reducing  effect  of  the  light,  the  chlorine  ulti- 
mately is  entirely  separated,  and  only  finely-divided 
metal  remains.    The  latter  change  is,  however,  rarely 


effected  in  the  ordinary  practice  of  the  photographer. 
As  with  silver,  so  with  gold  and  the  other  substances 
alluded  to ;  they  all  lose  a  portion  of  their  salifying 
element,  and  thus  acquire  a  composition  different  from 
what  they  originally  possessed,  becoming  by  such 
metamorphoses  more  permanent  under  radiant  influ- 
ences. 

In  photographic  practice,  the  action  of  the  light  is 
propagated  by  other  chemical  compounds,  generally 
those  which  have  a  great  affinity  for  oxygen,  and  by 
assimilating  which  they  pass  into  a  higher  state  of  oxida- 
tion. Such  are  the  various  preparations  of  the  protoxide 
of  iron,  protosalts  of  tin,  and  formic  and  other  organic 
acids  that  are  capable  of  assimilating  oxygen  from 
metallic  salts.  Hence  the  practice  of  developing  the 
image  incipiently  formed  by  the  light  with  a  protosalt 
of  iron,  or  any  of  the  other  compounds  just  alluded  to. 
Besides  these,  another  process  of  a  chemical  nature  is 
required  to  give  permanency  to  the  impression  pro- 
duced by  the  combined  agency — by  the  impinged  rays 
and  the  reducing  agent — and  which  has  for  its  object 
the  removal  of  the  sensitive  salt  from  the  parts  which 
form  the  lights  in  the  positive  and  the  shadows  in  the 
negative  pictures,  presently  to  be  described  in  the 
practical  details  of  the  art.  The  agents  used  for  this 
purpose  are  water,  hyposulphite  of  soda,  NaO  S2  02, 
ammonia,  cyanide  of  potassium,  and  a  few  other  com- 
pounds capable  of  dissolving  the  metallic  combinations 
employed  for  the  basis  of  the  picture.  After  bringing 
these  chemical  processes  to  bear  upon  the  production 
of  a  photographic  picture,  nothing  further  is  necessary 
beyond  the  few  simple  operations  of  drying  and 
mounting. 

The  chemical  principles  that  govern  the  art  will  be 
more  fully  enlarged  upon  in  the  description  of  the  prac- 
tical details  of  the  several  processes,  and  which,  for  the 
sake  of  clearness,  will  be  divided  into  the  daguerreo- 
type, the  collodion,  the  albumino-collodion,  the  calo- 
type,  the  photogenic  and  printing  processes,  to  which 
will  be  added  the  application  of  photography  to  other 
branches  of  art,  such  as  photolithographic,  photogly- 
phic,  and  photogalvanographic  operations. 

Practice  op  Photography. — Before  immediately 
entering  upon  a  detail  of  working,  it  may  be  well  to  re- 
mark that  in  the  images  formed  in  the  camera  obscura 
the  lights  and  shades  are  true  to  nature,  but  the  position 
of  objects  is  reversed,  as  regards  right  and  left.  In  fixing 
these  images  by  photography  upon  various  tablets, 
the  object  is  to  produce  impressions  true  to  nature  in 
the  lights  and  shades,  and  non-reversed. 

There  are  two  ways  of  doing  this.  According  to  one 
method  a  negative  photograph  is  first  produced,  from 
which,  by  a  second  photographic  process,  a  positive 
photograph  is  obtained.  The  other  method  consists  in 
obtaining  a  positive  photograph  by  one  operation. 

By  a  negative  is  meant  a  transparent  photograph  in 
which  the  lights  and  shades  are  the  opposite  to  those 
in  nature,  and  the  objects  reversed  as  regards  right 
and  left.  By  a  positive  is  meant  a  photograph  in  which 
the  lights  and  shades  are  true  to  nature. 

Two  direct  positive  processes  are  commonly  used ; 
they  are  called  the  dagtierreotype  and  the  positive 
collodion  processes.     In  the  former  the  picture  is 
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produced  upon  a  silvered  copper  plate ;  in  the  latter 
upon  glass,  or  some  black  even  substance,  such  as 
glazed  leather,  oil-cloth,  enamelled  iron,  et  cetera. 

The  Daguerreotype  Pkocess. — This  process  is 
now  hardly  ever  practised  in  Great  Britain,  and  but 
partially  in  America  ;  nevertheless,  a  short  description 
of  it  will  not  be  uninteresting : — A  silvered  copper 
plate  is  first  polished  to  the  utmost ;  it  is  then  rendered 
sensitive  to  light,  by  being  exposed  to  the  fumes  of 
iodine  and  bromine,  after  which  it  is  presented  to  the 
image  in  the  camera ;  no  visible  picture  is  produced 
until  the  plate  is  submitted  to  the  vapor  of  mercury, 
which  adheres  only  to  the  parts  that  have  been  acted 
on  by  light,  thus  forming  the  lights  of  the  picture,  whilst 
the  blackened  polished  metal  forms  the  shadows.  The 
subsequent  operations  consist,  first,  in  removing  the  film 
of  argentine,  iodide,  and  bromide  from  the  plate  by 
immersing  it  in  a  solution  of  hyposulphite  of  soda,  and 
next  in  fixing  the  picture  permanently  to  the  plate  by 
means  of  a  boiling  solution  of  sel  cPor — hyposulphite  of 
gold  and  soda — which  at  the  same  time  greatly  im- 
proves the  appearance  of  the  picture.  Such  is  a  brief 
sketch  of  this  very  beautiful  process.  It  now  remains 
to  describe  the  operations  more  in  detail. 

To  Polish  the  Plate. — The  plates  are  polished  by 
dusting  a  little  finely-powdered  rotten-stone  upon  them, 
and  rubbing  them  all  over  with  a  little  cotton  or  fine 
flannel  dipped  in  a  solution  of  nitric  acid  in  twenty 
parts  of  water.  When  all  dirt  is  removed,  they  are 
dried  by  friction  with  fine  dry  cotton  or  flannel. 
Finally,  the  slight  scratches  produced  in  the  first  opera- 
tion are  effaced  by  rubbing  the  plates  on  pads  of  vel- 
veteen nailed  to  a  board,  and  upon  which  powdered 
charcoal  of  different  degrees  of  fineness  is  laid.  When 
perfectly  clean  and  polished,  the  breath  should  con- 
dense upon  it  in  an  even  sheet. 

To  Excite  the  Plate. — Two  coating  boxes  are  required 
for  this  operation,  one  to  contain  iodine,  the  other 
lime  saturated  with  bromine.  Those  with  glass  pans 
are  the  best.  The  iodine  is  spread  evenly  over  the 
bottom  of  one  of  these  boxes,-  and  the  bromide  of  lime 
to  the  depth  of  an  inch  over  the  bottom  of  the  other. 
The  plate  is  then  laid  with  its  face  downwards  over  the 
iodine,  for  a  minute  or  two,  until  it  assumes  a  deep 
yellow  color ;  it  is  then  removed,  and  laid  over  the 
bromine  for  a  minute,  or  until  it  assumes  a  bluish  steel 
color ;  and  then  again  over  the  iodine  for  a  few  seconds, 
after  which  it  is  ready  to  bo  exposed  in  the  camera. 
In  exposing  the  plates  to  the  exciting  media,  the  time 
of  exposure  must  necessarily  be  dependant  on  the  tem- 
perature of  the  room,  and  consequently,  there  is  nothing 
to  direct  the  operator,  except  the  tint  of  color  on  the 
polished  surface  mentioned  above.  The  plate  may  he 
examined  under  a  feeble  light,  until  it  is  put  over  the 
iodine  the  second  time;  and  should  any  accident  occur 
in  taking  a  picture,  and  the  plate  be  exposed  to  light, 
there  will  be  no  necessity  to  clean  and  excite  it  again; 
for  the  mere  exposure  to  iodine  for  two  or  three  seconds 
will  obliterate  the  impression,  and  render  the  plate 
in  as  good  condition  for  receiving  a  fresh  impression 
as  it  was  before. 

The  Exposure  in  the  Camera. — The  exposure  in  the 
camera  and  development  of  the  image  should  follow 
vol.  II. 


the  exciting  of  the  plate  as  quickly  as  possible;  never- 
theless, if  the  sensitive  plates  be  put  into  a  closely- 
covered  plate  box,  face  to  face,  they  preserve  their 
sensitiveness  for  some  hours  unimpaired. 

The  time  of  exposure  in  the  camera  is  a  matter  of 
critical  importance,  and  it  can  only  be  ascertained  to 
great  nicety  by  experiment.  The  process  is  exceedingly 
sensitive  and  rapid,  and  with  the  full  aperture  of  a  por- 
trait-lens, and  a  strong  light  out-of-doors,  an  instan- 
taneous exposure  is  sufficient ;  but  under  glass,  and  with 
only  a  moderate  diffused  light,  several  seconds  are 
required,  and  sometimes  with  a  view-lens  and  small 
diaphragm  several  minutes;  much  of  course  depending 
upon  the  brightness  of  the  object  and  the  size  of  the 
diaphragm. 

The  over-exposed  parts  of  a  picture  look  blue,  and 
are  said  to  be  solarised.  The  under-exposed  parts 
appear  black  and  devoid  of  detail.  The  photographer 
should  avoid  as  much  as  possible  too  violent  contrasts 
of  light  and  shade  in  the  model,  and  aim  at  half  tone 
and  modulation  of  shade;  and  in  exposing  a  plate,  the 
exposure  should  be  timed  with  reference  to  the  sha- 
dows, and  the  lights  left  to  take  care  of  themselves. 
There  are  differences  of  opinion  with  respect  to  the 
comparative  sensitiveness  of  the  daguerreotype  and  col- 
lodion processes,  but  the  positive  collodion  process  is 
generally  believed  to  be  the  more  sensitive  of  the  two. 

The  Development  of  the  Image. — On  removing  the 
plate  from  the  camera,  it  is  placed  in  a  mercury  box 
containing  the  vapor  of  mercury  heated  to  about 
140°.  The  most  convenient  mercury  box  is  that  used 
in  America;  it  is  made  of  iron,  and  shaped  like  an 
inverted  pyramid,  the  mercury  being  at  the  bottom, 
and  the  plate  laid  horizontally  over  it.  It  is  provided 
with  a  thermometer  which  indicates  the  temperature, 
and  the  mercury  is  heated  by  a  spirit-lamp  placed  un- 
derneath. The  surface  of  the  mercury  should  be  per- 
fectly clean ;  and  it  will  frequently  require  filtering  either 
by  squeezing  through  a  wash-leather,  or  passing  through 
a  glass  filter  with  a  small  aperture  made  for  the  pur- 
pose. The  time  of  development  depends  upon  the 
size  of  the  box,  the  temperature,  and  the  quantity  of 
quicksilver  used,  and  it  may  vary  from  two  or  three 
minutes  to  a  quarter  of  an  hour — about  five  minutes 
is  a  good  average  time.  The  development  should  not 
be  stopped  until  all  the  details  in  the  shadows  are 
fully  out.  If  continued  too  long,  or  if  the  mercury  be 
too  hot,  the  picture  appears  hazy,  the  shadows  assum- 
ing a  peculiar  speckled  appearance. 

The  Fixing  and  Gilding. — On  removal  from  the  mer- 
cury box,  the  picture  may  be  exposed  to  cLvylight,  as 
no  further  development  can  take  place.  In  order  to 
remove  the  iodine  and  bromine  from  the  plate,  it  must 
be  immersed  in  a  solution  of  hyposulphite  of  soda  in 
distilled  water.  The  strength  is  immaterial ;  one  part 
hyposulphite  to  six  parts  of  water  will  do  very  well,  but 
it  is  important  always  to  filter  the  solution  through 
blotting  paper.  It  should  be  poured  into  a  flat  dish, 
and  the  plate  immersed  face  upwards  in  such  a  way  as 
that  a  wave  of  liquid  flows  quickly  over  it,  and  two 
waves  not  allowed  to  meet  upon  it  in  any  part.  The 
yellow  film  upon  the  plate  is  now  quickly  cleared  off, 
and  the  polished  silver  with  the  grey  image  upon  it 
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exposed  to  view.  The  plate  must  then  be  well  washed 
with  distilled  water,  drained,  and  laid  accurately  horizon- 
tal upon  a  levelling  stand,  ready  for  the  operation  of 
gilding.  This  is  accomplished  by  pouring  upon  the 
plate  through  a  funnel,  having  a  tuft  of  cotton  wool 
in  its  neck,  as  much  of  a  solution  of  hyposulphite  of 
gold  and  soda— sel  cfoi — as  it  will  hold  without  any 
running  over,  and  then  heating  this  liquid  to  the  boiling 
point  by  passing  a  spirit-lamp  backwards  and  forwards 
under  the  plate.  The  sel  d'or  solution  is  made  by 
dissolving  half  a  grain  of  the  compound  hyposulphate 
in  an  ounce  of  distilled  water.  While  boiling  the  solu- 
tion upon  the  plate,  bubbles  form  but  must  not  be 
allowed  to  stick  to  it;  this  is  prevented  by  tapping  the 
foot  of  the  levelling  stand  occasionally  with  the  bottom 
of  the  spirit-lamp,  and  thus  communicating  a  vibration 
to  the  plate.  As  soon  as  the  liquid  becomes  hot,  the 
lights  of  the  picture  darken;  but  after  a  few  seconds 
they  begin  to  get  whiter,  and  the  blacks  blacker. 
In  the  course  of  a  minute  or  two,  the  appearance  of 
the  picture  is  greatly  improved,  and  the  process  is 
then  arrested  by  pouring  off  the  hot  liquid,  and 
washing  the  plate  with  cold  distilled  water  poured  over 
it  from  a  bottle  having  a  glass  tube  fitted  into  the 
cork;  after  which  it  only  remains  to  dry  the  plate,  and 
the  picture  is  finished.  This  is  done  by  taking  the 
corner  of  it  in  a  pair  of  pincers,  holding  it  at  an  angle 
of  about  45°  to  the  floor,  and  passing  the  flame  of  a 
spirit-lamp  underneath,  beginning  with  the  upper 
corner,  chasing  the  line  of  wet  from  the  upper  to 
the  lower  corner,  and  removing  the  last  drop  with 
blotting  paper. 

The  rationale  of  the  daguerreotype  may  be  inferred 
from  what  has  been  said  under  the  chemistry  of  photo- 
graphy. A  film  of  iodide  and  bromide  of  silver,  sensi- 
tive to  light,  results  from  the  exposures  in  the  exciting 
boxe3.  This  attenuated  coating  is  reduced  by  the 
chemical  rays  of  the  light  impinged  upon  it,  to  the 
state  of  a  subsalt;  and  upon  exposure  to  the  mercurial 
vapor  the  metal  deposits  upon  the  part  so  attacked. 
All  the  unaffected  argentine  surface  is  deprived  of  the 
sensitive  iodo-bromide  of  silver  by  the  solution  of 
alkaline  hyposulphite — and  the  final  treatment  with 
gold  solution  has  the  effect  of  depositing  the  gold  by 
electrolysis  upon  the  parts  of  the  plate  acted  upon 
by  the  light. 

The  daguerreotype  process  may  be  considered  the 
most  perfect  of  all  the  photographic  processes  at  pre- 
sent known ;  for  certainly  it  stands  unequalled  for 
microscopic  perfection  of  detail,  modulation  of  shade, 
and  beauty  of  half-tone ;  nor  is  this  superiority  to  be 
wondered  at  when  it  is  considered  that  the  chemicals  are 
applied  in  the  form  of  impalpable  vapor,  and  that  the 
tablet  is  a  highly  polished  metal  plate ;  while  in  other 
processes  the  chemicals  are  either  contained  in  a  coarse 
material  like  paper,  or  else  in  a  gummy  film,  which  is 
spread  upon  glass,  leather,  or  enamel. 

Daguerreotypes  are  permanent  when  the  manipulation 
is  properly  performed,  the  plate  thoroughly  washed, 
and  carefully  sealed  up  in  an  air-tight  case.  In  order 
to  avoid  the  reversion  of  the  image,  a  reflector  must  be 
used  in  front  of  the  lens,  an  expedient  which  is  not 
necessary  in  any  other  process. 


The  Collodion  Processes,  Positive  and  Nega- 
tive.—  Collodion,  so  named  from  its  adhesive  nature, 
is  a  gelatinous  substance  made  by  dissolving  pyroxylin 
— gun-cotton — in  a  mixture  of  ether  and  alcohol.  It 
is  extensively  used  in  photography,  as  a  vehicle  for 
supporting  the  sensitive  chemicals. 

The  reader  will  find  a  detailed  account  of  the  me- 
thods followed  in  the  preparation  of  gim-cotton,  or 
pyroxylin,  ante  Vol.  II.,  page  329,  and  a  brief  descrip- 
tion of  the  process  for  converting  this  material  into 
collodion  at  page  334.  It  may  be  convenient,  how- 
ever, to  repeat  shortly  in  this  place,  the  process  of 
making  plain  collod;on  with  a  special  view  to  its  appli- 
cation for  photographic  purposes  : — Mix  together  in  a 
large  and  perfectly  dry  basin  equal  parts,  by  measure, 
of  commercial  oil  ot  vitriol  and  nitric  acid,  specific 
gravity  l-42.  The  temperature  of  the  mixed  acids 
rises  to  about  150° ;  and  it  must  be  maintained  at  that 
temperature  by  placing  the  basin  in  hot  water,  if 
necessary.  The  operation  must  be  conducted  under 
a  chimney  in  order  that  the  fumes  may  escape.  Then 
immerse  in  the  mixture,  in  small  quantities  at  a  time, 
the  best  cotton  wool,  such  as  is  manufactured  for  che- 
mical purposes,  pulled  out  into  thin  flat  pieces.  Put 
as  much  into  the  liquid  as  it  will  conveniently  cover, 
and  stir  it  about  with  two  thick  glass  rods  for  the  space 
of  five  minutes.  Then  pour  the  whole  contents  of  the 
basin  into  an  earthenware  colander,  so  that  the  acids 
may  drain  off,  and  wash  the  cotton  thoroughly  by 
putting  it  for  a  minute  under  a  tap ;  after  which  throw 
it  into  a  pail  of  water  and  stir  it  about  with  the  glass 
rods.  Change  the  water,  and  continue  this  washing 
for  some  minutes,  squeezing  the  gun-cotton  between 
the  hands  occasionally ;  and,  lastly,  put  it  into  warm 
water,  to  which  a  little  soda  has  been  added,  in  order  to 
neutralize  completely  all  trace  of  acidity ;  after  which 
wash  the  gun-cotton  again  thoroughly  in  several  changes 
of  water,  and  let  it  soak  in  water  for  an  hour  or  two ; 
then  remove  it,  squeeze  it,  and  spread  it  out  to  dry 
spontaneously  in  a  safe  place,  or  hang  it  up  to  dry  in 
a  net  suspended  from  the  ceiling.  When  nearly  dry 
pull  it  out  into  small  pieces  or  tufts,  and  in  this  state 
let  it  get  thoroughly  dry.  It  should  then  be  put  away 
in  a  tin  canister.  It  is  an  exceedingly  inflammable 
and  dangerous  substance,  and  has  been  known  to 
decompose  by  keeping,  and  evolve  dense  suffocating 
fumes.  Great  care  should  therefore  be  taken  in  the 
manufacture  and  preservation  of  gun-cotton. 

The  proper  strength  of  the  nitric  acid  should  be 
strictly  observed ;  for  there  are  several  kinds  of  gun- 
cotton,  some  of  which  are  quite  unsuitable  for  the  pur- 
pose. For  instance,  if  the  strongest  nitric  acid  is  used, 
specific  gravity  1'5,  the  gun-cotton  is  of  the  most 
explosive  kind,  and  will  not  dissolve  in  ether  and 
alcohol;  if,  on  the  other  hand,  the  nitric  acid  be  too 
weak,  the  gun-cotton  is  but  imperfectly  soluble,  and  a 
good  deal  of  it  becomes  disintegrated,  and  is  lost  in  the 
washing.  But  even  supposing  the  gun-cotton  to  dis- 
solve perfectly  in  the  ether  and  alcohol,  the  collodion 
may  still  be  faulty ;  for  if  the  acids  are  too  strong,  the 
collodion  film  when  spread  upon  a  glass  plate  contracts 
greatly  on  drying,  and  if  too  weak,  the  film  is  opales- 
cent, and  partially  opaque  like  tissue  paper,  instead  of 
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being  transparent  and  structureless.  Then,  again,  the 
temperature  of  the  acid  mixture  is  a  matter  of  import- 
ance ;  for  if  it  be  too  low,  the  negatives  are  deficient 
in  density;  and  if  too  high,  the  collodion  becomes 
insensitive,  and  fails  to  give  the  half-tones  of  the 
picture — the  blacks  assuming  excessive  density,  while 
the  lights  remain  clear  and  devoid  of  detail.  On  the 
whole,  the  best  proportions,  strength,  and  temperature 
of  the  acid  mixture  appear  to  be  those  indicated  in  the 
former  paragraph. 

Having  thus  shown  how  to  make  photographic  py- 
roxylin, it  remains  to  describe  the  mode  of  dissolving 
it  in  a  mixture  of  ether  and  alcohol,  so  as  to  produce 
plain  collodion.  This  is  done  as  follows : — Mix  toge- 
ther absolute  ether,  specific  gravity  -725,  one  part  by 
measure,  and  absolute  alcohol,  specific  gravity  -800, 
three  parts  by  measure ;  and  to  every  fluid  ounce  of 
this  mixture  add  from  six  to  eight  grains  of  pyroxylin, 
according  to  the  thickness  of  film  required.  Shake  the 
mixture  well  for  some  minutes.  The  pyroxylin  quickly 
dissolves.  The  bottle  should  then  be  put  aside  and 
remain  undisturbed  for  several  days,  at  the  end  of  which 
time  the  clear  liquid  may  be  drawn  off  by  means  of  a 
siphon  from  any  sediment  which  may  form,  and  it  is  then 
ready  for  use.  The  ether  and  alcohol  employed  may  be 
either  pure  or  methylated.  Absolute  methylic  ether 
and  alcohol  appear  to  answer  the  purpose  exceedingly 
well,  and  are  much  cheaper  than  pure  spirits,  since 
they  pay  no  duty.  They  have  also  this  advantage, 
that  the  iodized  collodion  does  not  become  so  quickly 
deteriorated  as  when  pure  spirits  are  used.  ' 

For  making  collodion,  the  following  proportions  by 
weight  have  also  been  severally  recommended : — 

Gun-cotton,   1....     5   1 

Ether,   120           110  ....  196 

Alcohol   60   20   12 

Whatever  be  the  quantity  of  the  fluids  taken  to  dis- 
solve the  cotton  originally,  the  solution,  if  too  thick, 
can  be  easily  diluted  to  the  suitable  degree.  This  is 
known  by  pouring  a  small  portion  of  it  on  a  plate  of 
glass,  on  which  it  should  flow  freely,  and  leave  at  the 
same  time  a  firm  film  of  collodion,  and  so  cohesive  as 
not  to  break  under  a  stream  of  water.  Any  fibres  of 
the  cotton  that  may  remain  undissolved  may  be  sepa- 
rated by  filtration.  Delamotte  and  others  add  a  few 
drops  of  ammonia  to  the  bulk  of  the  collodion  to  pre- 
vent acidity. 

To  iodize  the  collodion  many  receipts  are  followed. 
Archer's  method  is  to  make  a  saturated  solution  of 
iodide  of  potassium  in  alcohol,  and  to  add  as  much 
iodide  of  silver  as  the  liquid  will  dissolve,  even  with 
repeated  shakings,  and,  after  the  menstruum  clarifies, 
to  add  a  sufficient  quantity  to  enable  it  to  take  up  a 
coating  of  silver  from  the  argentiferous  bath.  Gene- 
rally the  iodizing  solution  is  made  differently  for  posi- 
tives and  negatives.  For  negatives  it  is  made  by 
dissolving  fourteen  grains  of  iodide  of  potassium  to 
the  ounce  of  alcohol,  specific  gravity  -825;  for  posi- 
tives by  dissolving  ten  grains  of  iodide  of  potassium 
and  two  grains  of  bromide  of  potassium  to  the  ounce 
of  alcohol,  specific  gravity  -825.  In  order  to  iodize 
the  collodion,  one  part  by  measure  of  the  iodizing 
solution  is  added  to  three  parts  by  measure  of  the 


plain  collodion.  The  mixture  is  shaken  well  together, 
and  may  be  used  at  once. 

Sometimes  iodide  of  ammonium  and  fluoride  of 
potassium  aro  used  for  positive  pictures,  in  the  propor- 
tion of  forty-two  grains  of  the  iodide  and  two  of  the 
potassium  salt  to  six  ounces  of  the  collodion.  The  two 
salts  are  put  into  the  sized  bottle  specified,  and  five  or 
six  drops  of  water  added  to  moisten,  but  not  to  com- 
pletely dissolve  them,  and  the  plain  collodion  afterwards 
added.  On  shaking  the  whole,  and  allowing  it  after- 
wards to  rest,  complete  solution  will  take  place.  The 
following  are  other  proportions  which  work  well : — 


Collodion,   6  ounces. 

Iodide  of  ammonium,   53  grains. 

Fluoride  of  potassium,   2  grains. 

Water,   5  drops. 

Collodion   6  ounces. 

Iodide  of  potassium,   12  grains. 

Iodide  of  silver,   7  to  8  grains. 


When  methylated  spirit  is  used,  and  the  gun-cotton 
properly  washed,  the  iodized  collodion  remains  color- 
less ;  but  when  pure  spirit  is  employed,  it  turns  at  once 
of  a  pale  yellow  color,  which  gradually  deepens  by 
keeping  to  an  orange-yellow,  and  ultimately  to  a  deep 
red ;  the  collodion  is  then  insensitive  and  useless. 

The  bottle  containing  plain  collodion  should  never  be 
shaken,  and  the  iodizing  solution  should  be  filtered 
through  blotting  paper.  The  iodides  of  cadmium  or 
ammonium  are  liable  to  objections,  for  the  salts  of  cad- 
mium impair  the  fluidity  of  the  collodion  and  put  the 
nitrate-bath  out  of  order,  while  the  salts  of  ammonium 
are  exceedingly  uustable.  Collodion  iodized  with 
iodide  of  cadmium  does  not  become  discolored  by 
keeping ;  but,  although  not  visibly  deteriorated,  its 
good  qualities  are  nevertheless  impaired. 

The  Negative  Collodion  Process. — The  opera- 
tions for  taking  negative  collodion  pictures  consist  in 
cleaning  the  glass  plate,  coating  it  with  iodized  collo- 
dion, rendering  it  sensitive  by  immersion  in  the  nitrate 
of  silver  bath,  exposing  it  in  the  camera,  developing 
the  latent  image,  removing  the  redundant  chemicals, 
and  washing,  drying,  and  varnishing  the  picture. 

Patent  plate-glass  should  be  employed  for  negatives ; 
because  plates  of  flatted  crown  or  common  window- 
glass,  not  being  perfectly  level,  are  liable  to  get  broken 
in  the  operation  of  printing.  The  edges  of  the  plates 
should  be  ground  by  rubbing  them  in  a  notch  made 
in  a  piece  of  stone. 

To  Clean  the  Glass  Plates. — Wash  them  well  with 
water,  and  scrub  them  with  a  hard  brush  till  they 
appear  to  be  clean.  Then  rub  them  all  over  with  a 
tuft  of  tow  dipped  in  dilute  nitric  acid ;  wash  them 
again  thoroughly  in  several  changes  of  water,  or  under 
a  tap,  wipe  them  dry  with  clean  linen  cloths,  and 
finally  polish  them  with  a  washleather  or  piece  of 
cambric.  When  a  plate  is  perfectly  clean,  the  breath 
condenses  upon  it  in  an  even  sheet  free  from  irregular 
markings. 

To  Apply  the  Collodion. — Hold  the  plate  horizon- 
tally by  one  corner  in  the  left  hand,  or  put  it  upon  a 
plateholder,  blow  off  any  dust  that  may  have  settled 
upon  it,  and  pour  in  the  centre  of  it  a  circular  patch  of 
collodion  rather  more  than  half  as  large  as  the  plate. 
Then  tilt  the  plate  so  as  to  allow  the  collodion  to  run 
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towards  the  thumb,  but  without  actually  touching  it, 
and  afterwards  to  the  adjacent  corners,  and  pour  off 
the  surplus  from  the  comer  diagonally  opposite  to  that 
by  which  the  plate  is  held,  into  the  bottle.  After 
which  rock  the  plate  backwards  and  forwards  with  the 
corner  upon  the  neck  of  the  bottle,  so  as  to  prevent 
the  formation  of  lines  in  the  collodion,  and  place  it 
upon  the  dipper  of  a  nitrate-bath,  where  it  may  remain 
from  one  to  five  minutes  according  to  the  temperature. 
It  is  now  ready  to  be  excited. 

To  Excite  the  Collodion  Film. — This  is  done  by 
immersing  the  plate,  as  soon  as  the  film  has  set,  in  a 
bath  of  nitrate  of  silver,  made  by  dissolving  thirty  grains 
of  pure  nitrate  of  silver  to  the  ounce  of  distilled  water. 
The  bath  should  be  an  upright  vessel,  of  glass  or 
porcelain,  and  moulded  in  one  piece.  Gutta-percha  is 
frequently  employed ;  but  although  very  good  for  the 
purpose,  it  is  hardly  so  trustworthy  as  glass,  and  some 
operators  have  complained  of  gutta-percha  baths  com- 
municating impurities  to  the  nitrate-bath,  and  putting 
it  out  of  order.  The  plate  should  be  completely  im- 
mersed without  pausing,  as  that  would  occasion  a  line 
across  it.  It  should  remain  in  the  bath  during  a 
minute,  moved  up  and  down  two  or  three  times  to 
take  the  ether  from  its  surface,  and  allow  an  even  coat- 
ing of  the  silver  salt  to  be  formed.  After  this  it  is 
permitted  to  remain  during  two  or  three  minutes  longer 
according  to  the  temperatae  and  the  strength  of  the 
bath.  Three  minutes  suffice  when  the  bath  is  at  60° 
to  G5°.  The  film  will  now  exhibit,  an  even  coating  of 
yellow  iodide  of  silver.  It  should  be  drained  for  a  few 
seconds  over  the  bath,  the  back  of  it  wiped  with  blot- 
ting paper,  and  then  put  into  the  dark  slide. 

It  is  important  that  the  nitrate-bath  be  made  with 
pure  nitrate  of  silver,  obtained  by  dissolving  silver  in 
pure  nitric  acid.  When  common  commercial  nitrate 
of  silver  is  used,  it  is  impossible  to  obtain  good  results 
with  certainty  and  uniformity,  and  it  generally  becomes 
necessary  to  add  acetate  of  silver  to  the  bath  in  order  to 
obtain  sufficient  density  in  the  blacks.  "When  the  nitrate 
of  silver  is  pure,  and  nearly  all  the  free  nitric  acid  got 
rid  of  by  redissolving  and  recrystallizing  it,  the  bath 
works  well  without  any  additions.  It  gradually  acquires 
iodide  of  6ilver,  nitrate  of  potassa,  and  organic  impuri- 
ties by  use. 

It  may  be  remarked  that  by  leaving  the  plate  in  the 
bath  longer  than  is  requisite,  and  when  the  collodion  is 
tender,  or  has  been  introduced  before  it  has  sufficiently 
dried  and  acquired  proper  tenacity,  it  frequently  cracks 
and  drops  in  fragments  into  the  bath.  If  the  collodion 
be  good  and  moderately  old,  the  excited  plate  possess- 
ing an  opal  hue  suffers  no  injury  by  remaining  a  little 
longer  immersed;  but  when  the  bath  is  fresh,  it  should 
be  taken  out  as  soon  as  it  becomes  sufficiently  excited, 
otherwise  the  iodide  on  the  plate  will  be  attacked. 
Some  photographers  obviate  this  inconvenience  by 
adding  about  one  grain  of  iodide  of  silver  to  the  ounce 
measure  of  silver  solution. 

The  Exposure  in  the  Camera. — This  is  a  point  on 
which  it  is  impossible  to  give  exact  directions ;  but 
the  faults  due  to  over  and  under-exposure  may  be 
clearly  poiuted  out.  In  an  under-exposed  picture  the. 
details  of  the  shadows  cannot  be  brought  out,  and  the 


blacks  acquire  excessive  opacity.  In  an  over-exposed 
picture  the  details  of  the  shadows  appear  before  the 
blacks  have  had  time  to  become  sufficiently  intense ; 
and,  since  the  development  cannot  then  be  sufficiently 
prolonged,  the  result  is  a  flat  feeble  picture,  deficient 
in  contrasts. 

The  proper  time  of  exposure  depends  on  the  aper- 
ture of  the  lens  and  its  focal  length,  and  it  varies  directly 
as  the  square  of  the  focal  length,  and  inversely  as  the 
square  of  the  diameter  of  the  aperture,  when  different 
lenses  are  employed.  By  the  focal  length  is  meant 
the  distance  of  the  focus,  or  point  of  convergence  of 
the  rays,  from  the  centre  of  the  lens ;  that  is,  the  dis- 
tance at  which  the  image  on  the  screen  appears  quite 
distinct. 

To  Develop  the  Latent  Image. — Hold  the  plate  in 
the  left  hand  by  one  corner,  or  place  it  upon  a  level- 
ing stand,  and  pour  over  it  a  sufficient  quantity  to 
cover  it,  of  either  of  the  following  mixtures : — 

Huiit'3.  Delamotto'9. 

Pyrogallic  acid  1  grain.. .    5  grains.. .  9  grains. 

Water,   1  ounce. .  10  ounces  . .  3  ounces. 

Glacial  acetic  acid,..  1  scruple.  40  drops  2  drachms. 

In  a  minute  or  less  the  dark  parts  of  the  image 
appear,  and  are  soon  followed  by  the  half  tones  and 
finer  details  in  the  shadows.  Let  the  developer  flow 
backwards  and  forwards  over  the  plate  until  the 
picture  is  fully  out,  and  sufficiently  dense.  If  the 
collodion  is  good,  and  the  nitrate  bath  in  good  order, 
the  development  need  not  be  hurried,  but  may  occupy 
several  minutes.  Under  some  circumstances  it  may 
be  well  to  add  a  few  drops  of  solution  of  nitrate  of 
silver  to  the  developer  in  a  measure,  and  pour  it  again 
over  the  plate,  in  order  to  give  the  blacks  greater 
intensity. 

When  the  negative  is  fully  out  in  all  its  details, 
wash  it  well  with  water. 

Some  persons  use  a  developer  composed  of  proto- 
sulphate  of  iron,  thus  : — 

Distilled  water,   1  ounce. 

Protosulphate  of  iron,   5  grains  or  more. 

Acetic  acid,   5  minims  or  more. 

A  shorter  exposure  will  then  suffice,  and  the  con- 
trasts of  white  and  black  are  less  violent,  and  half 
tones  prevail  to  a  greater  extent.  The  mode  of 
treatment  is  the  same  as  with  pyrogallic  acid.  Nitrate 
of  the  protoxide  of  iron  is  sometimes  substituted  for  the 
sulphate. 

To  Fix  and  Finish  the  Picture. — When  the  plate 
has  been  well  washed  after  the  development,  by 
pouring  water  over  it  from  a  jug,  the  yellow  iodide  of 
silver  should  be  dissolved  out  by  means  of  either  a 
saturated  solution  of  hyposulphite  of  soda,  or  a  solu- 
tion of  cyanide  of  potassium — strength  about  five  grains 
to  the  ounce  of  water.  This  should  be  poured  over 
the  plate,  and  should  be  allowed  to  run  backwards  and 
forwards  over  it  until  the  whole  of  the  yellow  iodide  of 
silver  in  the  plate  has  disappeared  ;  after  which  it 
should  be  thoroughly  well  washed,  by  pouring  water 
over  it  from  a  jug,  and  set  up  to  drain  and  dry ;  or  it 
may  be  dried  before  a  fire.  It  is  then  ready  to  be 
varnished. 
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The  best  kind  of  varnish  to  apply  to  a  cold  plate  is 
made  by  dissolving  powdered  dammara  resin  in  benzol. 
This  is  poured  over  the  picture  in  the  same  way  as  the 
collodion  on  the  plate.  It  dries  in  a  few  minutes.  But 
a  better  varnish,  used  with  a  heated  plate,  is  made  by 
dissolving  shell-lac  in  alcohol.  This  is  called  spirit 
varnish.  Before  applying  it,  the  plate  should  be  heated 
before  a  fire  to  about  100°,  and  after  applying  it,  to 
about  150°.  When  dry,  this  varnish  is  extremely  hard 
and  difficult  to  scratch,  and  it  protects  the  picture 
effectually  from  injury  in  printing. 

The  negative  is  now  finished.  An  unlimited 
number  of  prints  may  bo  taken  from  it,  by  the  printing 
process. 

The  Positive  Collodion  Process. — A  collodion 
negative  is  intended  to  be  looked  through  ;  a  collodion 
positive  to  be  looked  at.  A  negative  must  possess 
density  when  looked  through,  and  the  color  of  the 
surface  deposit  is  of  no  consequence.  A  positive  need 
not  possess  density  when  looked  through,  and  the  color 
of  the  surface  deposit  is  of  great  consequence,  for  it 
should  be  white.  Hence  the  difference  between  the 
processes.  Now  it  is  found  that  organic  matter  com- 
bined with  the  silver  of  the  image  gives  density  and 
a  bad  surface  color;  while  the  absence  of  organic 
matter  gives  a  good  surface  color,  but  no  density.  It 
is  evident,  therefore,  that  in  the  positive  process  an 
inorganic  developer,  such  as  protosulphate  of  iron, 
must  be  used  instead  of  pyrogallie  acid,  which  is  an 
organic  substance ;  while  the  nitrate  bath  should  be 
acidified  with  nitric,  and  not  with  acetic  acid.  Bear- 
ing these  things  in  mind,  the  processes  become  nearly 
identical  in  manipulation ;  the  only  difference  being, 
that  in  the  development  of  positives,  the  operation  is 
much  quicker,  since  it  is  only  a  superficial  indication 
of  detail  that  is  wanted,  and  not  density. 

A  positive  is  true  to  nature,  because  wherever  the 
light  acts  a  white  precipitate  of  metallic  silver  is 
formed ;  while  the  parts  where  light  does  not  act 
remain  clear  glass,  and  these  are  converted  into  dense 
blacks  by  simply  applying  black  varnish  to  the  back 
of  the  glass. 

The  nitrate-bath  for  positives  is  composed  of — 

Distilled  water,   1  ounce. 

Nitrate  of  silver,   40  grains. 

Nitric  acid,   1  minim. 

The  developer  is  made  thus : — Dissolve  one  ounce 
of  powdered  nitrate  of  baryta  in  sixteen  ounces  of 
boiling  distilled  water,  and  when  cold,  add  two  drachms 
of  nitric  acid,  specific  gravity  1-42.  Next  add  one 
ounce  and  a  half  of  powdered  protosulphate  of  iron. 
Shake  well  until  the  iron  salt  is  dissolved.  The 
mixture  becomes  white  and  turbid,  in  consequence  of 
the  formation  of  sulphate  of  baryta.  Let  this  settle  to 
the  bottom  of  the  bottle,  and  then  decant  and  filter 
the  clear  liquid,  which  is  of  a  green  color,  and  is  a 
mixture  of  protonitrate  and  protosulphate  of  iron. 
Add  two  ounces  of  alcohol  to  make  it  flow  better 
over  the  collodion  film.  It  is  now  ready  for  use.  It 
deteriorates  by  keeping,  and  acts  much  better  when 
fresh. 

One  ounce  of  protosulphate  of  iron  decomposes 


about  one  ounce  of  nitrate  of  baryta,  forming  insoluble 
sulphate  of  baryta,  and  soluble  protonitrate  of  iron. 
The  remaining  half  ounce  of  undecomposed  proto- 
sulphate of  iron  forms  the  energetic  part  of  the 
developer. 

The  nitric  acid  should  be  added  to  the  nitrate  of 
baryta,  and  not  after  the  addition  of  the  iron  salt,  as 
some  sesquioxidation  of  the  iron  might  then  occur, 
which  would  occasion  a  browning  of  the  solution,  and 
cause  a  precipitate. 

Some  operators  use  nitrate  of  potassa  instead  of 
nitrate  of  baryta,  but  this  is  not  right,  because  the 
sulphate  of  potassa  formed  is  soluble,  and  remains 
in  the  solution,  while  the  sulphate  of  baryta,  being 
insoluble,  can  be  removed.  The  use  of  acetic  acid 
instead  of  nitric  acid,  is  also  wrong,  because  it  injures 
the  color  of  the  whites,  being  an  organic  substance. 

The  development  of  a  positive  only  occupies  a  few 
seconds,  and  it  must  be  stopped  as  soon  as  there  is  the 
faintest  indication  of  the  details  in  the  shadows.  The 
plate  should  then  be  well  washed  to  remove  all  traces 
of  iron,  and  the  picture  fixed  with  a  liquid  composed  of: 

Parts, 

Water,   60 

Cyanide  of  potassium,   6 

Nitrate  of  silver,   1 

The  picture  should  be  fixed  with  cyanide  of  potas- 
sium, and  not  with  hyposulphite  of  soda,  for  two 
reasons; — first,  because  the  cyanide  removes  more 
perfectly  any  organic  compound  of  silver  which  might 
injure  the  color  of  the  picture  ;  and,  secondly,  because 
the  hyposulphite  of  soda  injures  the  color  by  blacken- 
ing the  silver. 

A  black  ground  may  be  given  to  the  picture,  either 
by  backing  the  plate  with  velvet,  or  by  passing  upon  it 
black  varnish.  This  is  made  by  dissolving  asphaltum 
in  benzol,  and  adding  a  little  incKa-rubber  to  prevent 
it  from  cracking,  a  fault  to  which  it  is  very  liable. 
Printers'  ink  makes  a  good  varnish,  which  does  not 
crack.  To  apply  it,  rub  it  upon  the  back  of  the  glass, 
and  also  upon  a  piece  of  paper,  and  then  press  the 
blackened  side  of  the  paper  against  the  blackened  side 
of  the  glass,  and  put  the  picture  at  once  into  its  case. 
Collodion  positives  should  always  be  taken  in  a  non- 
reversing  slide. 

Positive  pictures  may  be  obtained  from  negatives  in 
a  variety  of  ways.  Fry,  after  developing  the  image 
with  the  prosalts  of  iron  above -described,  changed  the 
negative  to  a  positive  by  pouring  upon  it  a  mixture  of 
pyrogallie  acid  and  hyposulphate  of  soda  which  had 
undergone  partial  decomposition,  and  warming  gently. 
By  this  treatment  the  darkened  parts  are  rendered 
brilliantly  white  from  the  formation  of  metallic  silver. 
Archer  pours  a  mixture  of  one  part  of  a  saturated 
solution  of  protochloride  of  mercury — Hg  CI — acidu- 
lated with  hydrochloric  acid  and  six  parts  of  water 
upon  one  corner  of  the  plate,  and  allows  it  to  flow  over 
the  fixed  negative  picture.  At  first  the  shades  are 
deepened,  but  quickly  the  appearance  alters,  and  a  very 
delicate  white  picture  results.  This  picture  may  be 
alternately  changed  from  positive  to  negative,  and  vice 
versa,  by  the  agency  of  ammonia  and  the  mercurial 
compound  above  applied  alternately. 
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AND  PRESERVATIVE  PROCESSES. 


The  Dry  Collodion  Process. — In  the  former 
processes  the  excited  collodion  film  is  exposed  and 
developed  in  its  wet  state,  immediately  after  its  re- 
moval from  the  nitrate-bath ;  but  by  attending  to  the 
following  directions,  it  may  be  used  dry,  and  kept  for 
many  months  in  a  sensitive  state.  On  removal  from 
the  nitrate-bath  wash  the  film  thoroughly  in  distilled 
water,  so  as  to  remove  as  much  as  possible  of  the  free 
nitrate  of  silver  from  it.  Then  pour  over  it  a  tepid 
solution  of  gelatin,  made  by  dissolving  about  six  grains 
of  gelatin  to  the  ounce  of  distilled  water,  and  adding 
about  one  drachm  of  alcohol,  specific  gravity  -820.  Set 
up  the  plate  upon  one  corner  against  a  wall  to  drain 
and  dry  in  the  dark.  The  exposure  in  the  camera 
must  be  about  six  times  longer  than  with  wet  collodion. 

To  develop  the  picture,  first  immerse  it  for  a  few 
minutes  in  a  dish  of  distilled  water,  then  pour  over  it 
the  usual  pyrogallic  acid  developer,  to  which  a  drop  or 
two  of  a  thirty-grain  solution  of  nitrate  of  silver  are 
added.  The  image  comes  out,  and  is  developed  as 
quickly  as  an  ordinary  wet  collodion  plate.  It  is  then 
washed  and  finished  in  the  usual  way. 

It  is  important  to  observe  in  this  process  that  the 
measure  in  which  the  developer  is  mixed  should  be 
chemically  clean;  it  ought,  therefore,  to  be  cleansed 
with  cyanide  of  potassium,  and  well  washed  after  every 
picture.  In  the  ordinary  wet  process  it  is  not  abso- 
lutely necessary  to  take  this  precaution,  although  it  is 
well  to  do  so.  The  nitrate  of  silver  added  to  the 
developer  should  be  fresh  solution,  and  not  taken  from 
the  nitrate-bath. 

The  process  just  described  was  invented  and  patented 
by  Dr.  Hill  Norris  of  Birmingham.  It  is  extensively 
employed,  and  gives  universal  satisfaction.  A  very 
similar  process  has  been  introduced  lately  by  Mr. 
Fothergill  ;  it  consists  in  substituting  albumen  for 
gelatin,  all  the  otheur  operations  remaining  the  same. 
When  the  plates  are  not  required  to  be  kept  for  more 
than  a  few  days,  this  process  succeeds  pretty  well ;  but 
for  long  keeping  Dr.  Norris's  mode  is  the  best.  In 
Fothergill's  process  the  albumen  is  applied  to  the 
plate  after  washing  off  the  nitrate  of  silver,  and  the 
plate  is  then  washed  again  so  as  to  remove  the  albu- 
men. The  pores  of  the  collodion  are  probably  filled 
with  a  compound  of  albumen  and  silver,  which  has 
been  improperly  termed  albuminate  of  silver. 

The  Collodio-Albumen  Process. — This  is  a  dry 
negative  process  which  differs  in  an  important  particu- 
lar from  Dr.  Hill  Norris's  or  Mr.  Fothergill's. 
After  the  excited  collodionized  plate  has  been  washed 
with  water,  iodized  albumen  is  poured  over  it,  and  it  is 
either  allowed  to  dry,  or  dried-before  a  fire.  It  is  then 
insensitive  to  light.  It  is  excited  by  immersing  it  in 
a  bath  of  acotonitrate  of  silver;  after  which  it  is  washed 
and  dried.  The  development  is  effected  by  immersing 
the  plate  in  a  solution  of  gallic  acid,  to  which  a  few 
drops  of  acetonitrate  of  silver  are  added.  The  nega- 
tive is  then  fixed  and  finished  in  the  usual  way. 

The  iodized  albumen  is  composed  of  about  equal 
parts  of  albumen  and  water,  to  every  ounce  of  which 
about  six  grains  of  iodide  of  potassium  are  added. 
This  is  then  beaten  up  to  a  froth,  and  allowed  to  settle 
in  the  usual  way.    The  bath  of  acetonitrate  of  silver 


contains  fifty  grains  of  nitrate  of  silver  and  one  drachm 
of  acetic  acid  to  the  ounce  of  water. 

This  process  is  more  complicated  and  troublesome 
than  any  other,  and  the  negatives  are  of  a  bad  color, 
having  a  strong  tinge  of  yellowish-green. 

Preservative  Processes. — In  certain  processes, 
instead  of  allowing  the  excited  collodion  film  to  get 
dry,  a  sirup  is  poured  over  it,  which  is  completely 
washed  off  before  the  development.  Golden  sirup, 
honey,  and  oxymel  have  been  employed.  The  former 
is  probably  the  best,  from  its  not  containing  either 
grape  sugar — which  is  a  reducing  agent  and  causes 
partial  decomposition  and  stains,  when  the  plate  is  kept 
too  long — or  an  acid,  which  renders  the  plate  extremely 
insensitive,  and  destroys  the  half-tones.  In  using 
golden  sirup,  the  nitrate  of  silver  is  first  washed  oil 
and  then  the  sirup  applied ;  after  exposure  the  plate  is 
well  washed  to  remove  the  sirup,  and  then  developed 
as  in  Dr.  Norris's  process. 

The  objections  to  the  moist  preservative  processes  are, 
that  wet  sticky  plates  are  liable  to  contract  dust,  and 
cannot  be  closely  packed  one  upon  the  other  for  a 
journey  as  dry  plates  can.  This  mode  of  operating  is, 
however,  useful  when  the  plate  is  prepared  in  the  morn- 
ing and  developed  in  the  evening  of  the  same  day. 

To  describe  fully  all  the  difficulties  which  beset  the 
tyro  in  the  manipulation  of  the  various  collodion  pro- 
cesses, and  to  point  out  the  causes  of  failure  and  the 
means  of  remedying  them,  would  occupy  too  much 
space  to  be  attempted  in  this  work.  In  fact,  each 
separate  process,  to  be  thoroughly  explained  and  dis- 
cussed, would  occupy  a  volume.  There  is,  however, 
a  strong  analogy  between  them  all,  and  a  theory  which 
appears  to  include  them  all.  This  the  Editor  will  now 
proceed  to  discuss. 

Theory  op  the  Collodion  Processes. — The 
sensitive  collodion  film  is  composed  of  iodide  of  silver, 
free  nitrate  of  silver,  and  collodion.  The  iodide  of 
silver  is  formed  by  immersing  the  iodized  collodion 
film  in  the  bath  of  nitrate  of  silver,  so  that  iodide  of 
potassium,  plus  nitrate  of  oxide  of  silver,  becomes 
iodide  of  silver,  plus  nitrate  of  oxide  of  potassium — 
that  is,  nitrate  of  potassa.  Now  the  collodion  in  the 
above  combination  appears  to  have  a  retarding  effect 
on  the  action  of  light,  because  when  a  mixture  of 
iodide  of  silver  and  nitrate  of  silver  alone  is  exposed  to 
light,  it  darkens  more  rapidly  than  when  collodion  is 
present.  The  collodion  must  not,  therefore,  be  con- 
sidered as  an  accelerator,  but  as  the  vehicle  for  sup- 
porting the  sensitive  chemicals  upon  the  glass,  and 
forming  with  the  reduced  silver  an  opaque  compound 
in  the  darker  parts  of  negatives.  In  the  development 
of  the  picture,  the  pyrogallic  acid  accelerates  the 
reduction  of  the  silver  salts  on  those  parts  on  which 
the  rays  of  sunlight  have  fallen,  producing  finely- 
divided  metallic  silver,  which  constitutes  the  blacks  of 
the  negative.  The  acetic  acid,  added  to  the  pyrogallic 
developer,  prevents  its  spontaneous  or  too  rapid  decom- 
position when  mixed  with  the  nitrate  of  silver.  When, 
in  the  development  of  a  positive,  protosulphate  of  iron 
is  used  instead  of  pyrogallic  acid,  the  difference  between 
it  and  the  organic  acid  mentioned  is  attributable  to  the 
fact,  that  it  does  not  reduce  as  much  of  the  metal  as 
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the  latter;  consequently  the  precipitate  is  thin  and 
transparent,  and  looks  white  when  viewed  by  reflected 
light. 

When  cyanide  of  potassium  is  used  to  fix  the  picture, 
that  is,  to  remove  the  iodide  of  silver,  it  has  but  little 
action  on  the  image,  while  it  decomposes  the  iodide  of 
silver,  and  forms  a  soluble  double  cyanide  of  silver  and 
potassium,  together  with  iodide  of  potassium.  When 
hyposulphite  of  soda  is  used,  the  iodide  of  silver  is 
decomposed,  and  the  products  are  a  soluble  double 
hyposulphite  of  silver  and  soda,  together  with  iodide 
of  sodium. 

It  appears  that  the  maximum  degree  of  sensitiveness 
in  the  film,  is  when  it  contains  a  certain  excess  of  free 
nitrate  of  silver ;  so  that,  in  the  dry  processes,  the 
i  sensitiveness  is  reduced  to  a  minimum  by  washing  off 
the  free  nitrate ;  and  in  developing  dry  plates  it  is 
necessary  to  add  nitrate  of  silver  to  the  developer, 
to  insure  depth  of  shade  by  the  deposition  of  more 
silver  on  the  affected  parts.  It  is  necessary  to  wash 
off  the  free  nitrate  of  silver  from  the  plate  for  this 
reason,  that  if  allowed  to  remain  and  get  dry  in  the 
film  it  becomes  concentrated  by  evaporation,  and  a 
concentrated  solution  of  nitrate  of  silver  has  the  pro- 
perty of  dissolving  iodide  of  silver,  and  rendering  the 
film  transparent  and  insensitive,  by  forming  a  salt 
called  iodonitrate  of  silver. 

The  Albumen  Negative  Process  upon  Glass. 
— As  indicated  in  the  brief  historical  notice  to  this 
article,  albumen  has  long  been  employed  upon  glass 
as  the  basis  of  photographic  pictures,  so  likewise  has 
gelatin,  and  the  results  which  both  these  yield  are  very 
satisfactory.  The  principal  operations  concerned  in 
taking  the  picture  with  prepared  albumen  are,  with  few 
exceptions,  the  same  as  those  practiced  in  working 
with  collodion.  The  following  description  will  indicate 
any  slight  differences  in  the  manufacture. 

To  Prepare  the  Albumen. — Collect  in  a  basin  the 
whites  of  a  number  of  eggs,  carefully  separating  the 
germ,  and  all  portions  of  yolk.  To  each  ounce  of  this 
albumen  add  one  drachm  of  distilled  water,  in  which  are 
dissolved  six  grains  of  iodide  of  potassium  ;  also  to  every 
five  ounces  of  the  mixture  add  one  drop  of  ammonia. 
Beat  the  whole  to  a  stiff  froth  with  a  bunch  of  quills, 
and  allow  the  liquid  to  settle  till  the  following  day. 

To  Albumenize  the  Plate. — The  glass  plate  must  first 
be  cleaned  very  thoroughly,  dried,  and  polished  with  a 
cambric  handkerchief  just  before  use.  Attach  to  the 
under  side  of  it  a  gutta-percha  plateholder,  having  a 
wooden  handle  a  foot  long.  Then  breathe  on  the  plate, 
and,  holding  it  horizontally  in  the  left  hand,  pour  upon 
the  centre  of  it  a  sufficient  quantity  of  the  albumen 
from  the  basin  to  cover  it,  allowing  the  albumen  to 
filter  through  an  opening  in  the  dry  froth  or  crust. 
Make  the  albumen  flow  backwards  and  forwards  over 
the  plate  three  or  four  times,  and  then  allow  the  excess 
to  run  off  into  a  separate  basin,  from  which  it  must  be 
carefully  filtered  before  being  used  a  second  time.  In 
coating  the  plate,  be  careful  to  remove  with  the  point 
of  a  fine  camel- hair  pencil  any  air-bubbles  which  may 
have  formed  upon  it.  Next,  take  the  handle  of  the 
holder  between  both  hands,  and,  with  the  plate  in 
a  vertical  position,  spin  it  round  quickly  for  a  minute 


or  so,  in  order  to  drive  the  albumen  to  the  edges  by 
centrifugal  force.  This  done,  remove  the  excess  of 
albumen  from  the  edges  by  means  of  a  pipette,  and 
dry  the  plate  before  a  clear  fire,  keeping  it  rotating  all 
the  time  by  means  of  the  handle,  as  before  directed. 
When  dry  it  is  ready  for  the  next  operation.  Albu- 
menized  plates  may  be  put  away  in  a  platebox,  and 
kept  in  a  dry  place  for  a  considerable  time  without 
deterioration.  Care  must  be  taken  in  the  operation  of 
albumenizing  the  plate  that  no  particles  of  dust  adhere 
to  it. 

Many  practitioners  find  it  more  convenient  to  apply 
a  dilute  solution  of  albumen  at  first,  and  then  by  means 
of  a  pipette,  in  which  as  much  of  the  prepared  albumen 
lias  been  taken  up  as  will  suffice  for  one  plate,  applying 
it  in  horizontal  lines  almost  bordering  upon  one  another. 
A  gentle  horizontal  oscillating  motion  afterwards  serves 
to  spread  it  in  an  even  layer,  leaving  an  excess  in  no 
part.  There  are  many  other  methods  recommended  in 
treatises  and  journals,  but  they  need  not  be  dwelt  upon 
here  ;  for  every  operator,  knowing  that  the  desideratum 
is  to  get  a  smooth  homogenous  layer  of  the  albumen  on 
the  plate,  will  contrive  in  his  own  peculiar  way  to  do 
so  effectually. 

To  Excite  the  Plate. — Place  it  on  a  dipper,  and 
immerse  it  quickly  and  without  hesitation  in  a  vertical 
bath  of  acetonitrate  of  silver,  made  thus : — Distilled 
water  one  ounce,  nitrate  of  silver  fifty  grains,  glacial 
acetic  acid  one  drachm.  Leave  it  in  the  bath  for  a  couple 
of  minutes,  then  wash  it  well  in  clean  water,  and  lastly 
in  distilled  water,  and  set  it  up  to  dry.  When  dry  put  it 
away  in  the  platebox  until  ready  for  use  in  the  camera. 
It  may  be  preserved  in  a  sensitive  state  for  several 
days.  Some  persons  add  a  few  drops  of  a  solution  of 
iodide  of  potassium  to  a  new  nitrate-bath,  and  filter  it 
on  the  following  day,  in  order  to  saturate  it  with  iodide 
of  silver.  When  this  is  done  a  new  bath  is  not  so  liable 
to  attack  the  iodide  of  silver  in  the  film. 

The  Exposure. — Albumenized  plates,  from  which 
the  excess  of  free  nitrate  of  silver  has  been  removed 
by  washing,  are,  whether  used  in  a  dry  or  wet  state, 
extemely  sensitive  to  light;  but,  when  only  slightly 
washed,  exposed  at  once,  and  developed  with  a  strong 
developer,  a  much  shorter  exposure  is  sufficient.  This 
should  be  timed  solely  with  reference  to  the  shadows, 
the  lights  being  left  to  take  care  of  themselves.  AVhen 
the  camera  is  properly  constructed,  so  as  to  prevent 
stray  light  from  falling  on  the  plate,  it  is  hardly  possible 
to  over-expose  a  dry,  washed,  albumenized  plate. 

To  Develop  the  Image. — Immerse  the  plate  in  dis- 
tilled water ;  then  place  it  on  a  levelling-stand,  and 
pour  over  it  a  saturated  solution  of  gallic  acid,  to  which 
a  few  drops  of  acetonitrate  of  silver  have  been  added. 
The  development  occupies  about  twenty  minutes. 

To  Fix  the  Picture. — Wash  the  plate  in  rain  water, 
and  pour  over  it  a  nearly-saturated  sorhtion  of  hyposul- 
phite of  soda.  This  will  quickly  remove  the  yellow 
iodide  of  silver  from  the  film.  Then  wash  the  plate 
well  under  a  tap,  and  dry  it  before  the  fire. 

The  negative  may  be  varnished  with  any  good  var- 
nish, but  this  is  not  always  done. 

A  great  many  modifications  have  been  adopted  with 
albumen  to  give  greater  sensitiveness  and  quickness  of 
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effect.  Serum  of  milk,  honey,  and  a  dense  solution  of 
sugar  have  been  mixed  with  the  albumen,  in  order  to 
get  a  coating  of  silver  possessing  more  body  than  can 
be  obtained  by  the  albumen  alone.  Hunt  introduced 
the  use  of  fluoride  of  potassium  mixed  with  iodide ; 
and  this  method,  in  the  hands  of  M.  Blanquart 
Everard,  is  said  to  be  so  sensitive  as  to  give  pictures 
on  instantaneous  exposure.  • 

The  Calotype  or  Paper  Processes. — These  pro- 
cesses are  founded  on  the  same  principle  as  the  collodion 
and  albumen  methods,  the  only  difference  being  that  the 
vehicle  for  supporting  the  chemicals  is  paper  instead  of 
a  collodionized  or  albumenized  plate.  They  may  be 
divided  into  two  classes  according  to  the  mode  of 
operation  pursued,  and  the  chief  difference  between 
them  consists  in  the  mode  of  rendering  the  paper 
sensitive,  that  is,  in  the  order  in  which  the  ingredients 
are  introduced,  the  mode  of  development  being  nearly 
the  same  in  all,  and  merely  involving  a  difference  in  the 
strength  of  the  developer  and  the  mode  of  applying  it, 

Considerable  attention  must  be  paid  to  the  quality  of 
the  paper,  for  every  kind  is  far  from  being  applicable. 
That  most  suitable  is  a  white  paper  as  pure  as  possible 
from  mineral  matters,  having  a  close  fibre,  sized  either 
with  starch  or  gum,  and  well  pressed,  to  render  the 
surface  fine  and  even  and  homogeneous  throughout. 
Unsized  paper  does  not  give  satisfaction  when  silver 
salts  are  the  sensitive  agents,  as  it  absorbs  too  much  of 
the  materials,  and  the  picture  is  developed  rather  in 
the  body  of  the  material  than  upon  its  surface.  These 
requirements  are  happily  understood  to  a  great  degree, 
and  manufacturers  devote  attention  to  the  production 
of  a  paper  possessing  many  of  the  qualities  which  the 
photographer  requires. 

The  calotype  processes  may  be  classed  under  two 
heads.  In  the  first  the  paper  is  coated  with  insensitive 
iodide  of  silver,  and  then  excited  by  a  weak  solution  of 
acidified  gallonitrate  of  silver  ;  in  the  second  class,  the 
paper  is  first  coated  with  an  alkaline  iodide,  and  then 
excited  by  immersion  in  ^.strong  bath  of  nitrate  of  silver, 
the  excess  of  free  nitrate  being  subsequently  removed 
by  washing.  Of  these,  one  will  be  selected  for  minute 
description,  which  appears  to  be,  of  all  the  calotype  pro- 
cesses, the  simplest  in  manipulation  and  most  scientific 
in  principle.  In  the  processes  of  Class  I.  the  paper  is 
iodized  with  iodide  of  silver ;  in  those  of  Class  II.  with 
a  soluble  alcaline  iodide.  The  first  kind  of  iodized 
paper  may,  for  convenience,  be  called  argento-iodized 
paper,  the  second  kind  simply  iodized  paper. 

Chloride  of  Silver  Paper. — For  a  variety  of  purposes, 
more  especially  for  copying  from  negative  pictures, 
papers  on  which  a  surface  of  chloride  of  silver  has  been 
produced  is  extensively  used.  The  manipulations  by 
which  the  above  is  effected  consist  in  first  saturating 
wholly  or  in  part  with  chloride  of  sodium  solutions, 
and  subsequently  with  those  of  nitrate  of  silver";  chlo- 
ride of  silver  is  formed  by  a  well-known  process  of 
double  decomposition,  thus — 

Na  CI  +  Ag  0,  N06  =  Ag  CI  -f  Na  0,  N06. 

The  strength  of  the  solutions  employed  are  various, 
dependant  always  upon  the  amount  of  sensitiveness 
required.     In  practice  the  quantity  of  materials  per 


ounce  of  distilled  or  rain  water  indicated  below  are  the 
most  general : — 

Grains.  Grains.  Grains. 

I.  II.  III. 

Chloride  of  sodium,   30   .-   25    20 

Nitrate  of  silver,   120    100   GO 

These  solutions  are  applied  in  even  strata  to  the 
paper,  preference  being  given  by  some  persons  to  the 
alkaline  salt,  by  others  to  the  silver  compound ;  and  it 
would  appear  that  the  latter  practice  is  more  com- 
mendable, as  it  insures  a  surface  better  coated  with 
the  silver  than  if  it  were  applied  after  the  soda  salt. 
The  manner  of  coating  these  papers  being  the  same  as 
when  preparing  them  with  iodine  compounds  for  taking 
impressions  in  the  camera,  and  which  is  to  be  detailed, 
will  not  be  dwelt  upon.  It  may  be  remarked,  how- 
ever, that  when  they  are  to  be  used,  the  sensitive  side 
should  he  recently  washed  with  a  dilute  solution  of 
nitrate  of  silver,  as  it  adds  considerably  to  the  effect  of 
the  light  upon  them. 

Iodide  of  Silver  Paper. — It  may  be  premised  here 
that,  however  varied  the  methods  of  manipulation  of 
different  photographists  may  be,  if  they  be  not  calcu- 
lated, firstly,  to  secure  a  uniform  coating  of  iodide  of 
silver  over  every  part  of  the  surface  of  the  paper ;  and, 
secondly,  an  even  distribution  of  a  small  quantity  of 
nitrate  of  silver,  or,  where  great  sensitiveness  is  required, 
of  this  salt  mixed  with  a  reducing  agent — gallic  acid — 
and  an  entire  absence  of  alkaline  salts  before  the  paper 
is  placed  in  the  camera,  thej'  should  not,  as  the  science 
and  practice  of  photography  is  at  present  understood, 
be  adopted.  Without  these  conditions  being  supplied 
good  pictures  cannot  be  obtained  by  this  method. 

Calotype  Processes — Class  I. — There  are  two 
methods  which  come  under  this  head.  In  the  first, 
argento-iodized  paper  is  prepared  by  what  is  called  the 
double  wash ;  in  the  second,  by  the  single  wash.  In 
all  other  respects  the  two  methods  are  identical. 

To  Argento-iodize  the  Paper  by  the  Double  Wash. — 
Float  the  face  of  the  paper  on  a  bath  containing  twenty 
grains  of  nitrate  of  silver  to  the  ounce  of  distilled  water. 
Let  it  remain  a  minute  or  two  in  the  bath,  then  hang 
it  up  to  dry.  Next  immerse  it  in  a  solution  containing 
twenty-five  grains  of  iodide  of  potassium  to  the  ounce 
of  distilled  water.  Let  it  remain  a  minute  or  two  in 
this  solution,  the  exact  time  depending  on  the  kind  of 
paper  employed,  and  requiring  to  be  ascertained  by 
experiment.  If  too  short  a  time  is  allowed,  the  whole 
of  the  nitrate  of  silver  is  not  decomposed,  and  the  paper 
darkens  in  the  light;  if,  on  the  contrary,  too  long  a 
time  is  allowed,  the  iodide  of  potassium  in  the  bath 
dissolves  the  iodide  of  silver  in  the  paper.  The  time  of 
immersion  in  the  iodide-bath  is  therefore  rather  critical. 
On  removing  the  paper  from  the  bath,  let  it  drain,  and 
then  immerse  it  in  a  pan  of  water,  in  which  it  must  be 
allowed  to  soak,  the  water  being  changed  several  times, 
until  the  whole  of  the  free  iodide  of  potassium  is 
removed.  This  soaking  operation  is  rather  trouble- 
some, and  the  texture  of  the  paper  is  decidedly  injured 
by  it.  Should  any  excess  of  iodide  of  potassium  remain 
in  any  part  of  the  paper,  it  would  decompose  the  weak 
exciting  solution  and  produce  insensitive  iodide  of 
silver,  and  consequently  a  white  patch  in  the  negative. 
When  the  paper  has  been  sufficiently  washed,  hang  it 
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up  to  dry.  It  is  of  a  yellow  primrose  color.  When 
dry,  it  may  be  kept  for  use  in  a  portfolio.  It  is  not 
sensitive  to  light. 

To  Argento-iodise  the  Paper  by  the  Single  Wash. — 
Lay  the  paper  on  a  board  with  a  piece  of  blotting  paper 
under  it,  and  brush  over  it  a  solution  called  double 
■iodide;  that  is,  a  solution  of  iodide  of  silver  in  iodide 
of  potassium.  The  best  kind  of  brush  is  a  large  round 
one  of  camel's  hair,  bound  with  string  or  silver  wire. 
Apply  the  solution  copiously  both  longitudinally  and 
transversely,  inclining  the  board,  and  keeping  a  fiow- 
i  ug  edge.  Hang  up  the  paper  to  dry  in  a  room  having 
a  pure  atmosphere,  free  from  sulphurous  or  other  acid 
vapors.  When  very  nearly  or  even  quite  dry,  im- 
merse the  paper  in  a  pan  of  water  as  before,  to  remove 
completely  the  excess  of  iodide  of  potassium  which  it 
contains.  Two  or  more  papers  should  not  be  soaked 
in  the  same  pan,  but  each  paper  ought  to  have  a 
separate  one.  When  sufficiently  washed — an  opera- 
tion which  requires  several  hours — dry,  and  keep  it 
for  use. 

The  solution  called  double  iodide  is  made  by  dissolv- 
ing twenty  grains  of  nitrate  of  silver  in  one  ounce  of 
distilled  water,  and  adding  crystals  of  iodide  of  potas- 
sium, a  few  at  a  time,  until  the  yellow  turbidity  at  first 
produced  in  the  solution  is  quite  cleared  up.  The 
quantity  required  is  nearly  half  an  ounce.  The  men- 
struum should  be  filtered  before  use. 

Argento-iodized  paper  will  retain  its  good  qualities 
for  some  weeks.  Some  persons  even  affirm  that  it  may 
be  kept  for  an  indefinite  period  in  a  dry  place.  It 
is  said,  on  good  authority,  to  be  much  improved  by 
exposing  it  for  an  hour  or  two  to  strong  sunshine. 
When  this  is  done,  it  should  not  be  excited  imme- 
diately after  insulation,  but  kept  for  some  days  previ- 
ously in  the  dark,  since  it  has  been  found  that  paper 
absorbs  light  in  sufficient  quantity  to  react  on  a  sensi- 
tive surface  placed  in  contact  with  it  in  the  dark. 

In  comparing  the  two  foregoing  methods  of  iodizing 
the  paper,  it  will  be  seen  that  the  first  is  the  most 
economical,  but  at  the  same  time  the  least  certain.  A 
considerable  quantity  of  iodide  of  potassium  is  wasted 
in  the  second  mode  of  iodizing,  and  the  washing  opera- 
tion is  rather  more  tedious. 

Tbe  paper  having  been  iodized  by  either  of  these 
methods,  may  be  proceeded  with  as  follows : — 

To  Excite  the  Paper. — Make  a  saturated  solution  of 
gallic  acid  in  cold  distilled  water,  which  call  solution  A; 
and  another,  by  dissolving  fifty  grains  of  nitrate  of 
silver  in  one  ounce  of  distilled  water,  and  adding  one 
drachm  of  glacial  acetic  acid,  which  call  solution  B. 
Immediately  before  use,  mix,  in  a  chemically  clean 
measure,  one  ounce  of  distilled  water,  fifteen  drops  of 
solution  B,  and  about  as  many  drops  of  solution  A,  the 
number  of  the  latter  depending  on  the  temperature 
and  kind  of  paper  employed. 

Lay  the  paper  on  a  board  with  a  piece  of  blotting 
paper  beneath,  and  apply  this  mixture  copiously  to  it 
with  a  clean  Buckle's  brush.  Hold  up  the  paper  to 
drain  for  a  minute,  then  abstract  the  surface  mois- 
ture with  clean  blotting  paper,  and  place  it  in  the 
dark  slide. 

The  Exposure. — The  average  time  of  exposure,  with 
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a  good  light,  a  lens  of  fifteen  inches  focus,  and  a  half- 
inch  stop,  is  seven  minutes. 

To  Develop  the  Picture. — Lay  it  on  a  board,  and 
brush  over  it  with  a  clean  Buckle's  brush,  a  mixture 
composed  of  three  parts  of  solution  A,  and  two  parts 
of  solution  B.  The  picture,  the  darker  parts  of  which 
are  at  first  faintly  visible,  soon  comes  out  of  a  fiery  red 
tint.  At  this  stage  of  the  development  it  is  necessary 
to  check  it,  in  order  to  obtain  dense  blacks  instead  of 
feeble  reds  in  the  darker  parts  of  the  negative.  To 
accomplish  this,  brush  over  the  picture,  and  complete 
the  development  with  a  solution  of  gallic  acid  alone. 

Under  this  treatment  the  reds  soon  darken  and 
intensify,  and  become  eventually  opaque  blacks.  The 
active  development  should  occupy  about  twenty  min- 
utes. It  is  an  excellent  plan,  after  having  brushed  on 
the  gallic  acid,  to  lay  the  paper  face  downwards  on  a 
horizontal  glass  slab,  on  which  a  quantity  of  gallic  acid 
solution  has  been  previously  spread. 

To  Fix  the  Picture. — When  the  details  are  fully 
out,  and  the  blacks  of  the  proper  intensity,  wash  the 
negative  with  water,  and  then  immerse  it  in  a  solution 
containing  one  part  of  hyposulphite  of  soda  to  four 
of  water.  Let  it  remain  until  the  whole  of  the  yellow 
iodide  of  silver  dissolves ;  then  wash  and  soak  in  water 
for  several  hours,  changing  the  water  several  times,  in 
order  to  remove  the  whole  of  the  hyposulphite  from 
the  paper,  and  hang  it  up  to  dry. 

The  negative  is  now  finished,  and  may  be  waxed  at 
any  convenient  time  in  order  to  render  it  more  trans- 
parent. This  is  done  by  melting  some  white  wax  in 
a  vessel  placed  in  a  shallow  pan  of  boiling  water,  apply- 
ing it  with  a  clean  hogs' -hair  paint-brush  to  the  picture, 
which  should  be  placed  between  sheets  of  blotting 
paper,  and  a  moderately-hot  iron  passed  over  the 
whole  until  no  shining  patches  of  wax  are  seen. 

There  are  one  or  two  important  points  to  be  observed 
in  this  process.  If  the  iodized  paper  is  excited  with  a 
weak  solution  of  aceto-nitrate  of  silver  containing  no 
admixture  of  gallic  acid,  it  is  quite  as  sensitive,  or  even 
more  sensitive  than  before,  but  the  negative  is  devoid 
of  density,  and  the  dark  portions  are  grey,  feeble,  and 
metallic,  like  the  dark  parts  of  a  collodion  positive  on 
glass  when  viewed  by  transmitted  light.  This  shows 
that  it  is  necessary  to  employ  a  substance — gallic  acid 
— that  will  continue,  as  it  were,  the  chemical  effect  of 
the  radiant  agent,  or  the  proper  tones  cannot  be  pro- 
duced. If,  on  the  other  hand,  too  much  gallic  acid 
is  added  to  this  solution,  the  reducing  effect  will  be  so 
great  that  the  paper  is  liable  to  become  brown  all  over, 
particularly  in  hot  weather.  The  process  has,  there- 
fore, its  drawbacks  and  uncertainties,  particularly  in 
that  season  of  the  year  when  photographic  tourists  are 
most  in  want  of  a  good  process.  A  good  test  of  the 
proper  state  of  the  sensitive  paper  is  to  take  a  strip 
into  the  light.  If  it  darkens  instantly  to  a  cold  grey 
tint,  incapable  of  being  intensified  by  the  further  action 
of  light,  the  negatives  will  probably  be  grey  and  feeble ; 
but  if  it  assumes  a  redder  tint,  which  becomes  still 
darker  by  continuing  the  exposure,  there  is  sufficient 
matter  present  to  give  a  good  intense  picture. 

Calotype  Processes — Class  II. — In  these  pro- 
cesses the  operations  consist  in  first  impregnating  the 
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paper  with  an  alkaline  iodide;  next,  rendering  it  sensi- 
tive by  immersion  in  a  strong  bath  of  aeeto-nitrate  of 
silver ;  and  developing  with  gallonitrate  of  silver  rather 
weaker  than  that  used  in  the  foregoing  process. 

To  Iodise  the  Paper.— Immerse  a  number  of  sheets, 
one  at  a  time,  in  a  solution  of  iodide  of  potassium  con- 
taining twenty  grains  of  the  salt  to  the  ounce  of  dis- 
tilled water.  Let  them  remain  together  in  the  bath 
for  at  least  a  couple  of  hours,  then  hang  up  to  dry, 
after  which  they  may  be  kept  in  a  portfolio  for  use. 

To  Excite  the  Paper. — Immerse  it  in  a  bath  of 
acetonitrate  of  silver,  containing  thirty-five  grains  of 
nitrate  of  silver,  and  two  scruples  of  glacial  acetic  acid 
to  the  ounce  of  water.  First,  float  the  face  of  the  paper 
for  a  few  seconds  on  the  bath,  then  immerse  it  entirely 
for  nearly  three  minutes,  and  then  remove  it  into  a  dish 
of  distilled  water.  Einse  well,  then  press  it  between 
blotting  paper  and  put  it  into  the  slide,  with  its  face  to 
the  front  shutter. 

The  Exposure.— 1h\s  is  about  the  same  as  in  the 
former  process. 

The  Development. — The  paper  will  scarcely  exhibit 
any  trace  of  an  image.  Immerse  it  in  a  solution  of 
gallic  acid,  to  which  a  few- drops  of  aceto-nitrate  have 
been  added.  The  picture  should  not  exhibit  itself  of 
a  grey  tint  but  red,  which  should  darken  in  the  course 
of  the  development  to  an  intense  black  in  the  deepest 
parts.  The  dish  should  be  chemically  clean,  and  the 
developer  should  remain  colorless  throughout ;  the 
whites  of  the  picture  will  not  then  be  discolored,  and 
the  development  will  proceed  much  more  quickly. 

If  the  picture  comes  out  grey  and  metallic,  exhibit- 
ing all  the  detail,  and  having  but  little  intensity,  it 
indicates  a  want  of  a  reducing  agent  in  the  sensitive 
film.  To  remedy  this,  add  a  little  citrate  of  soda  to  the 
iodizing  solution.  This  will  entirely  alter  the  character 
of  the  picture,  increasing  the  density  of  the  black,  and 
also  the  necessary  time  of  exposure.  Sugar,  honey, 
gelatin,  and  substances  of  this  kind  added  in  large 
quantity  to  the  iodizing  solution  produce  little  or  no 
effect.  Serum  of  milk  contains  some  organic  salts— 
lactates — which  are  decomposed  and  form  correspond- 
ing salts  of  silver. 

As  a  rule,  it  may  be  considered  that  organic  salts, 
which  at  once  decompose  nitrate  of  silver  and  form  an 
insoluble  organic  compound  with  oxide  of  silver,  act 
most  powerfully  in  producing  blacks ;  for  instance,  as 
gallic  acid,  which  when  added  to  nitrate  of  silver,  forms 
a  mixture  which  is  immediately  decomposed  by  light, 
metallic  silver  being  produced.  It  is  a  convenient  plan, 
when  travelling,  to  develop  without  a  dish,  by  turning 
up  the  edges  of  the  picture  and  making  it  into  a  tray, 
into  which  the  developer  may  be  poured  and  spread 
with  a  glass  rod. 

To  Fix  the  Picture.— Proceed  as  described  in  the 
former  process. 

Having  described  the  simplest  form  of  the  second 
class  of  processes,  it  remains  to  indicate  the  various 
modifications  which  it  has  assumed.  The  first  and  most 
important  of  these  consists  in  waxing  the  paper  before 
iodizing  it.  This  modification  has  received  the  name 
of  the  Waxed-paper  Process. 
Wax  being  nearly  inert  as  regards  its  power  of  com- 


bining with  silver  and  forming  an  organic  compound 
of  that  metal,  its  presence  does  not  modify  the  charac- 
ter of  the  negative  in  any  appreciable  way  as  regards 
density;  nor  does  it  appear  that  any  other  good  is 
derived  from  the  introduction  of  wax  in  the  first  stage 
of  the  process,  than  stiffening  the  paper,  and  rendering 
it  less  liable  to  be  torn  in  the  various  operations.  The 
wax  and  fatty  impurities  contained  in  all  the  commercial 
samples  cause  it  to  repel  water,  so  that  there  is  some 
difficulty  in  getting  a  sheet  of  waxed  paper  to  imbibe 
the  solutions.  This  may  be  overcome  by  dissolving  a 
few  shreds  of  gelatin  in  the  iodizing  solution,  and  by 
adding  a  little  alcohol  to  the  gallic  acid.  In  all  other 
respects  the  waxed-paper  process  is  the  same  as  that 
previously  described. 

The  other  processes  of  Class  II.  are  merely  modifi- 
cations of  the  waxed-paper  process  in  its  simplest  and 
best  form,  as  described  above.  They  consist  in  adding 
various  organic  substances,  such  as  rice-water,  gelatin, 
honey,  and  the  like,  and  also  bromides,  cyanides,  fluo- 
rides, et  cetera,  to  the  iodizing  solution.  Most  of  these 
organic  substances  are  nearly,  if  not  absolutely  inert, 
and  many  of  the  salts  added  are  of  very  questionable 
utility.  It  would  appear,  however,  that  the  bromide 
of  potassium  may  be  employed  to  replace  the  iodide  of 
this  base  with  a  good  effect,  especially  in  taking  land- 
scape views,  since  it  gives  a  better  result  as  to  light  and 
shade.  A  word  or  two  may  be  said  on  the  subject  of 
substituting  iodide  of  cadmium  for  iodide  of  potassium 
in  the  paper  processes.  It  is  a  tolerably  good  salt  to 
employ  when  pure,  and  the  negative  is  free  from  the 
white  spots  which  sometimes  occur  when  a  crystal  of 
iodide  of  potassium  remains  undecomposed.  But  the 
nitrate  of  cadmium  introduced  into  the  nitrato-bath  has 
an  acid  reaction  which  resembles,  in  a  slight  degree,  the 
reaction  of  the  nitric  acid.  This  renders  the  paper  less 
sensitive,  increases  the  difficulties  of  bringing  out  the 
details  of  the  shadows,  and  diminishes  the  density  of 
the  blacks. 

Before  concluding  an  article  which  embraces  a  de- 
scription of  the  most  important  modes  at  present 
known,  of  obtaining  negatives  on  paper,  it  may  be 
well  to  discuss  the  points  in  which  these  processes  are 
inferior  to  the  analogous  ones  on  glass. 

The  principal  fault  of  a  calotype  negative  consists  in 
the  fact,  that  a  sheet  of  paper,  waxed  in  the  ordinary 
way,  is  not  evenly  transparent  when  held  against  the 
light,  but  exhibits  a  granular  appearance,  and  some- 
times the  marks  of  the  wire  frame  used  in  its  manu- 
facture. Before  a  paper  negative  can  be  expected  to 
rival  one  on  glass,  this  radical  defect  must  be  overcome. 
Now,  it  will  be  found  that  if  a  sheet  of  paper  is  dipped 
for  a  minute  or  two  in  linseed  oil  and  dried,  it  will 
exhibit  precisely  the  same  defects  as  one  that  is  waxed ; 
but  if  left  in  the  oil  for  a  week,  so  as  to  imbibe 
it  thoroughly,  it  will  appear  as  evenly  transparent  as 
could  possibly  be  desired.  It  is  obvious,  therefore,  that 
the  radical  fault  of  a  calotype  negative  consists  in  the 
paper  not  thoroughly  imbibing  the  wax,  which  would 
evidently  be  a  work,  not  of  minutes  but  of  hours,  or 
even  days.  Fortunately,  however,  the  inconvenience 
may  be  repaired  by  a  very  simple  process.  If  one  half 
of  a  sheet  of  paper  be  immersed  in  a  mixture  con- 
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taining  equal  parts  of  hydrochloric  acid  and  water, 
thoroughly  rinsed  in  several  changes  of  water,  and 
dried,  it  will  be  found,  in  waxing  the  whole  sheet, 
that  the  half  which  has  been  treated  in  the  manner 
described  imbibes  the  was  much  more  readily  than  the 
other  half,  and  presents  a  beautifully  even  appearance. 

A  finished  negative  on  plain  paper  may  be  treated 
with  hydrochloric  acid  with  perfect  safety,  since  it  does 
not  attack  the  image,  unless  very  strong. 

Another  frequent  defect  of  paper  negatives  is  a  want 
of  half  tone,  too  great  intensity  in  the  blacks,  and  too 
little  detail  in  the  shadows.  In  such  cases  the  fault 
may  generally  be  corrected  by  lessening  the  quantity 
of  the  organic  reducing  agent,  by  diminishing  the  acidity 
of  the  nitrate-bath,  and  increasing  the  time  of  exposure. 

Lastly,  the  paper  processes  are  very  insensitive  when 
compared  with  wet  collodion.  This  may  proceed  from 
the  great  quantity  of  acid  used  in  the  acetonitrate- 
bath  in  paper  work,  as  compared  with  the  neutral,  or, 
at  least,  but  slightly  acid  one,  in  collodion  work. 

The  best  paper  to  employ  in  these  processes  is 
Hollingworth's  thin  photographic  paper;  What- 
man's is  also  recommended. 

The  Printing  Processes. — There  are  several 
methods  of  printing  positives  from  a  negative.  Some  of 
these  consist  in  producing  prints  upon  paper,  others  in 
producing  prints  upon  glass,  which  are  intended  to  be 
viewed  as  transparencies.  The  negative  processes  are 
always  employed  for  the  latter,  and  the  negative  is 
either  copied  by  superposition  upon  a  dry  albumenized 
or  collodionized  plate,  or  by  means  of  a  lens  upon  a  wet 
one.  In  the  former  case,  an  exposure  of  a  second  or 
two  to  diffused  light  is  sufficient.  In  the  latter,  a  por- 
trait lens  is  employed,  with  a  stop  between  the  lenses, 
and  the  time  of  exposure  depends  on  the  size  of  the  stop. 
The  negative  should  be  so  placed  as  that  the  light  from 
the  northern  sky  is  transmitted  through  it.  Stereo- 
scopic transparent  prints  are  very  beautiful  when  pro- 
perly executed. 

There  are  many  ways  of  printing  upon  paper.  They 
may  be  classified  as  carbon  printing,  uranium  printing, 
ink  printing,  and  silver  printing.  These  various  pro- 
cesses differ  in  principle,  and  must  be  treated  separately. 

Carbon  Printing. — This  process  is  the  most  eco- 
nomical, simple,  and  permanent  of  any.  As  first 
practised  and  published  by  Mr.  Pouncy  of  Dor- 
chester, it  consists  in  blackening  a  sheet  of  paper 
all  over  with  a  mixture  of  vegetal  carbon,  gum 
arabic,  and  bichromate  of  potassa,  drying  it,  and 
exposing  it  to  light  under  a  negative.  Where  the 
light  acts  the  bichromate  is  reduced,  and  the  black 
mixture  rendered  insoluble.  The  paper  iB  then  im- 
mersed for  some  hours  in  water,  which  entirely  removes 
the  unaltered  carbon  mixture  from  the  paper,  leaving 
the  lights  tolerably  pure.    The  print  is  then  finished. 

Simple  as  this  process  may  appear,  it  was  found  to 
succeed  only  in  the  hands  of  the  inventor,  who  disposed 
of  it  for  a  sum  of  money,  reserving  to  himself  the  sale 
and  secret  of  a  peculiar  paper  which  he  professed  to 
be  essential  to  its  success.  Even  in  Mr.  Pouncy's 
prints  the  lights  were  by  no  means  quite  pure,  and  the 
blacks  were  disfigured  by  a  yellowish  or  greenish  tinge ; 
while  many  experienced  photographers  who  had  sub- 


scribed to  raise  the  amount  demanded  for  the  publication 
of  the  secret,  complained  that,  after  following  most  care- 
fully the  inventor's  published  directions  and  using  his 
own  paper,  their  efforts  had  resulted  only  in  repeated 
failures.  While  this  article  is  going  through  the  press, 
however,  the  Editor  learns  that  the  difficulties  and 
uncertainty  attending  the  process  have  been  overcome 
by  an  amateur  photographer,  Mr.  W.  Blair  of  Perth, 
who  observed  that  the  greater  part  of  the  black 
compound  lay  on  the  surface  of  the  paper,  without 
penetrating  it,  thereby  preventing  the  light  which 
passed  through  the  negative  from  reaching  the  paper ; 
and  what  did  reach  the  paper  acted  with  greater  or 
less  effect  at  different  points,  according  to  the  varying 
thickness  of  the  carbon  coating,  which  it  is  impossible 
to  spread  with  the  brush  with  absolute  regularity.  On 
thinking  over  this  matter  it  occurred  to  him,  that  to 
get  a  good  picture  with  anything  like  certainty  and 
ease,  the  process  must  in  some  way  be  reversed,  and 
that  the  carbon  must  be  lighted  or  sunned  from  the 
other  side,  that  is,  on  the  side  next  the  paper;  and  that 
the  only  way  to  do  this  was  to  use  thin  paper,  and  turn 
the  back  or  white  side  of  it  to  the  negative.  Having 
found  by  experiment,  also,  that  something  must  be 
laid  on  the  paper  besides  the  very  soluble  gum,  to 
prevent  the  carbon  from  being  removed  in  the  final 
washing,  and  conceiving  that  albumen  possessed  the' 
desired  property,  he  tried  the  reversed  method  with 
Marion's  albumenized  thin  paper,  and  found  it  to 
succeed  perfectly,  yielding,  with  full  sunshine  and  an 
exposure  of  one  or  two  hours,  prints  which  are  pro- 
nounced by  a  high  photographic  authority  to  be 
remarkable  for  the  vigor  of  the  blacks  and  the  purity 
of  the  whites.  The  blacks,  says  Mr.  Sutton,  pre- 
cisely resemble  those  of  an  engraving,  being  entirely 
devoid  of  gloss,  free  from  the  greenish  yellow  tinge 
observable  in  Mr.  Pouncy's  prints,  and  reminding  one 
of  black  cloth.  If  the  process,  on  further  trial,  shall 
continue  to  deserve  these  commendations,  it  will  be 
creditable  to  Mr.  Blair,  that,  unlike  many  photo- 
graphers, he  has  given  his  secret  to  the  world  gratui- 
tously: for  carbon  printing,  on  account  of  the  absolute 
permanence  which  it  ensures — a  quality  which  has 
long  been  the  great  desideratum  in  photography — 
must  ultimately,  if  carried  to  high  perfection,  supersede 
all  other  processes. 

Uranium  Printing. — In  this  process  a  sheet  of  paper 
is  immersed  in  a  saturated  solution  of  nitrate  of  uranium, 
and  dried  in  the  dark.  It  is  then  exposed  under  a 
negative  to  sunshine  for  a  few  minutes.  Where  the 
light  acts,  the  uranic  salt  is  reduced,  and  a  faint  positive 
picture  obtained.  This  is  intensified  to  a  deep  purple 
tint  by  immersing  the  paper  in  a  solution  of  chloride  of 
gold ;  strength,  half  a  grain  to  the  ounce  of  distilled 
water.  After  which  it  is  well  washed  in  water,  dried, 
and  the  print  is  finished. 

Ink  Printing.- — By  means  of  this  process,  positive 
prints  may  be  obtained  in  common  writing  ink.  A 
sheet  of  paper  is  immersed  in  a  nearly  saturated  solution 
of  bichromate  of  potassa,  and  dried.  It  is  then  exposed 
under  a  negative  to  sunshine  for  a  few  minutes.  Where 
the  light  acts  the  bichromate  is  reduced,  and  a  brown 
positive  upon  a  yellow  ground  obtained.    This  is  well 
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•washed  in  many  changes  of  water,  and  the  yellow 
bichromate  thereby  removed.  The  print  is  now  fixed, 
and  is  of  a  pale  brown  tint  upon  a  white  ground.  It  is 
intensified  by  being  immersed  for  a  few  minutes  in  a 
.solution  of  protosulphate  of  iron,  five  grains  to  the 
ounce ;  then  washed  in  several  changes  of  water ;  and, 
lastly,  immersed  in  a  moderately  strong  solution  of 
tannic  acid.  The  ferruginous  salt,  which  adheres  only 
to  the  image,  is  thereby  converted  into  tannate  of  iron, 
or  common  writing  ink. 

The  Silver  Printing  Processes. — There  are  two 
different  methods  of  printing  with  the  salts  of  silver — 
one  called  sun  printing,  in  which  the  print  is  produced 
in  its  full  intensity  by  exposing  a  sensitive  paper  to 
light  under  a  negative ;  the  other,  called  development 
printing,  in  which  a  faint  image,  obtained  by  the  direct 
action  of  light,  is  intensified  by  a  process  of  development. 

In  sun  printing,  the  paper  may  be  either  plain  or 
albumenized ;  but  as  the  methods  of  toning  the  print 
are  different  in  the  two  cases,  they  must  be  described 
separately. 

Sun  Printing  upon  Plain  Paper. — Dissolve,  with 
the  aid  of  heat,  four  grains  of  gelatin  and  four  grains 
of  common  salt  to  the  ounce  of  filtered  rain  water. 
When  cold  strain  it  through  a  fine  muslin  into  a  shallow 
dish  larger  than  the  sheet  of  paper  to  be  printed  upon. 
Use  the  best  Saxe  paper,  and  float  the  face  of  it  for  a 
couple  of  minutes  upon  the  above  solution.  Hang  it  up 
by  one  comer  to  dry.  When  dry  lay  it  upon  a  board, 
and  brush  over  it  a  solution  of  ammonio-nitrate  of  silver, 
made  thus : — Dissolve  fifty  grains  of  nitrate  of  silver  to 
the  ounce  of  distilled  water,  and  add  liqour  ammonia?  to 
the  solution,  drop  by  drop,  until  the  brown  turbidity, 
which  is  at  first  formed,  is  entirely  redissolved,  and  the 
liquid  rendered  again  clear  and  colorless.  This  tur- 
bidity is  due  to  oxide  of  silver  which  is  at  first  thrown 
down,  and  then  redissolved  by  the  addition  of  more 
ammonia.  The  best  kind  of  brush  to  employ  is  what 
is  called  a  Buckle's  brush,  made  by  pushing  a  tuft  of 
cotton  wool  into  the  open  end  of  a  glass  tube.  The 
paper  should  be  brushed,  first  longitudinally,  then 
transversely,  and  after  being  left  to  imbibe  for  two  or 
three  minutes,  it  should  be  brushed  again,  then  hung 
up  to  dry.  As  soon  as  it  is  dry — for  it  would  turn  brown 
by  keeping — it  should  be  exposed  to  light  under  the 
negative  until  it  is  rather  deeply  printed,  then  taken 
from  the  pressure  frame,  well  washed  in  rain  water, 
then  in  water  to  which  a  few  drops  of  ammonia  are 
added,  afterwards  in  water  again.  The  picture  is  now 
a  deep  slate  color,  and  still  sensitive  to  light. 

The  next  process  is  to  tone  it,  that  is,  to  substitute 
gold  or  oxide  of  gold,  for  the  silver,  which  forms  the 
shadows  of  the  picture.  This  is  done  by  immersing 
the  print  for  two  or  three  minutes  in  the  following 
solution : — ■ 

Distilled  water,  ,  2  ounces. 

Hyposulphite  of  gold  and  soda,  . .  .1  grain. 

Pure  hydrochloric  acid,  5  minims. 

In  this  bath  the  tint  of  the  shadows  changes  to  a 
deep  purple,  and  the  lights  sometimes  become  slightly 
yellower.  While  in  the  touing-bath  the  changes  of 
color  may  be  watched  by  feeble  diffused  daylight.  The 


print  must  then  he  washed  in  several  changes  of  water, 
until  all  traces  of  acidity  are  removed,  and  fixed 
by  immersion  in  a  solution  of  one  part  of  hyposulphite 
of  soda  to  twenty  parts  of  water.  In  this  it  should 
remain  about  twenty  minutes,  and  the  solution  should 
then  be  thrown  away,  and  the  print  well  washed  and 
soaked  in  water,  many  times  changed  during  some 
hours,  after  which  it  is  dried.  The  print  is  then  finished. 

Sun  Printing  upon  Albumenized  Paper. — A  mixture 
of  equal  parts  of  albumen  and  water,  to  every  fluid 
ounce  of  which  six  grains  of  salt  are  added,  must  be 
beaten  up  to  a  froth,  and  allowed  to  settle.  Filter  the 
clear  liquid  through  two  layers  of  damped  muslin  into 
a  shallow  dish,  and  float  the  sheet  of  paper — Canson's 
or  Marion's — upon  it  for  a  minute,  then  hang  it  up  to 
dry.  When  exsiccated  excite  it  by  floating  it  upon  a 
solution  of  nitrate  of  silver,  containing  forty  grains  to  the 
ounce  of  distilled  water.  Hang  it  up  to  dry.  The  paper 
should  be  exposed  under  the  negative  until  the  print  is 
darker  than  it  is  intended  to  be  ultimately.  On  removal 
from  the  pressure  frame  put  the  print  into  the  following 
solution  : — One  part  hyposulphite  of  soda  to  six  parts 
of  water,  to  every  ounce  of  which  half  a  grain  of 
chloride  of  gold  is  added.  Leave  it  in  the  solution 
until  the  red  tint  which  it  at  first  assumes  has  deepened 
considerably.  Then  remove  it,  wash  it  in  several 
changes  of  water,  and  let  it  soak  for  several  hours ; 
desiccate  it,  and  it  is  finished. 

Printing  by  Development. — Hollingwortii's  thin 
paper  is  to  be  preferred  to  any  other.  Immerse  it  in  a 
solution  containing  six  grains  of  salt  and  one  part  of 
iodide  of  potassium  to  the  ounce  of  rain  water.  When 
dry,  brush  over  it,  precisely  as  in  the  ammonio-nitrate 
process,  the  following  solution  of  nitrate  of  silver : — 

Distilled  water,   1  ounce. 

Nitrate  of  silver,  30  grains. 

Lemon  juice,   6  drops. 

Expose  in  the  pressure  frame  until  a  faint  image  is 
produced  ;  this  will  require  a  few  seconds  only.  Then 
turn  up  the  edges  of  the  paper  so  as  to  form  the  print 
into  a  tray ;  place  it  upon  a  perfectly  horizontal  sheet 
of  glass,  and  pour  into  it  a  small  quantity  of  a  saturated 
solution  of  gallic  acid,  which  spread  quickly  over  all 
parts  of  the  print  with  a  bent  glass  rod.  The  image 
immediately  begins  to  intensify.  At  first  it  comes  out 
of  a  fiery  red  tint,  which  ultimately  passes  to  a  black. 
As  soon  as  it  is  sufficiently  developed,  wash  it  in  two  or 
three  changes  of  water,  and  fix  it  by  the  same  treatment 
as  that  described  in  the  ammonio-nitrate  process ;  but 
gold  toning  is  unnecessary.  Prints  produced  by  this, 
or  by  the  ammonio-nitrate  process  with  gold  toning, 
are  permanent.  Those  printed  by  the  albumenized 
paper  process  frequently  fade. 

Before  closing  this  part  of  the  subject,  it  may  be 
mentioned  that  the  light  of  the  sun  is  not  directly  essen- 
tial to  the  production  of  pictures,  the  light  of  the  moon 
and  stars  being  sufficient  to  give  an  impression  of  those 
bodies — a  fact  highly  interesting  to  astronomers.  Con- 
siderable condensation  of  the  light  is  required,  and  also 
a  lengthened  exposure.  With  the  exception  of  the 
mechanical  adaptations  for  throwing  the  light  on  the 
sensitive  plate,  and  retaining  the  image  on  the  same 
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Fig.  413. 


part  during  the  necessary  time,  the  operations  are 
the  same  as  in  ordinary  photographic  practice.  A 
method  has  recently 
been  invented  by  Mr. 
John  Mohle  of  Lon- 
don for  taking  positive 
photographs  by  means 
of  artificial  light,  and 
which  is  reported  to  be 
quite  satisfactory.  The 
author  has  given  the 
method  the  title  Pho- 
togenic, and  the  appa- 
ratus suited  for  the 
purpose  he  calls  the 
Photogen.  The  latter 
is  a  kind  of  lamp, 
hexagonal  in  form,  and 
supported  upon  a  stand 
of  suitable  height.  The 
base,  frame,  dome,  and 
chimney  are  of  galva- 
nized iron,  and  the 
sides  of  glass.  In  the 
bottom,  as  shown  in  the  sketch — Fig.  413 — are  a  num- 
ber of  holes  to  admit  air,  and  a  pan  is  fixed  in  the 
centre,  wherein  the  combustibles  for  yielding  the  arti- 
ficial light  are  consumed.  The  composition  which  the 
inventor  uses  is — 

Pure  saltpetre — nitrate  of  potassa,   112  parts. 

Flowers  of  sulphur,   42  " 

Black  antimony — sulphide,   12  " 

It  is  said  that  the  light  emitted  by  the  combustion  of 
this  matter  is  highly  charged  with  the  actinic  rays  that 
effect  the  decomposition  of  the  photographic  agents, 
and  that  the  portraits  which  are  taken  by  it  leave 
nothing  to  be  desired.  A  square  of  blue  glass  intro- 
duced between  the  light  and  the  sitter  protects  the 
latter  from  the  glare,  at  the  same  time  that  it  does  not 
weaken  the  effect  in  the  camera.  All  the  other  ope- 
rations are  the  same  as  when  taking  portraits  in  the 
sunlight.  It  is  needless  to  say  that  the  invention,  when 
it  becomes  more  known,  will  be  a  great  acquisition  to 
photographers  and  amateurs  generally,  as  it  will  place 
them  beyond  dependence  upon  the  changes  of  the 
weather  in  times  and  seasons. 

Photo-Lithography. — This  is  a  process  of  obtain- 
ing a  lithograph  upon  stone  by  means  of  photography, 
from  which  copies  may  be  printed  in  printers'  ink  in  the 
usual  way.  The  best  method  appears  to  be  that  which 
was  recently  patented  in  England  by  Messrs.  Cutting 
and  Bradford  of  Boston,  U.S. 

They  spread  a  composition  of  water,  one  quart; 
gum  arabic,  four  ounces;  sugar,  one  hundred  and 
sixty  grains,  and  bichromate  of  potassa,  one  hundred 
and  sixty  grains  upon  the  stone,  which  must  be  pre- 
served in  the  dark  until  required,  and  when  the 
coating  is  dried  it  may  be  exposed  in  the  camera  a 
suitable  length  of  time,  or  it  may  be  covered  by  the 
print  or  picture  to  be  reproduced  and  exposed  to  the 
light.  After  it  is  thus  lighted  it  is  washed  with  a 
solution  of  soap,  which  removes  the  coating  from 


every  part,  except  where  the  light  has  operated  in 
rendering  the  gum  and  chromium  compound  insoluble 
in  the  menstruum. 

It  would  appear,  by  the  terms  of  the  specification, 
that  an  insoluble  soap  is  supposed  to  be  deposited,  or 
produced,  on  the  surface  of  the  stone,  but  the  explana- 
tion given  by  the  patentees  is  very  dubious. 

The  most  delicate  grades  and  tints  of  light  and  shade 
may  thus  be  produced  upon  the  stone,  true  to  nature 
as  the  photographic  picture  itself.  The  stone  having 
been  thoroughly  washed  with  clean  water  and  dried, 
now  receives  a  coating  of  ink  from  the  roller,  which, 
uniting  with  the  soap  already  deposited  thereon,  serves 
to  give  additional  body  to  the  picture,  and  shortly  after 
the  stone  is  ready  for  the  printer;  the  portions  which 
have  been  protected  by  the  undissolved  or  lighted  gum 
when  wet  resisting  the  ink. 

Previous  to  the  commencement  of  the  above-described 
process  the  stone  is  to  be  prepared,  and  this  preparation 
will  vary  according  to  the  nature  of  the  picture  or  sub- 
ject to  be  produced.  If  it  be  a  manuscript,  a  lithograph, 
line  engraving,  or  any  plan  or  fine  drawing  without 
gradations  of  light  or  shadow,  running  the  one  into  the 
other,  a  polished  surface  may  be  employed.  This  will 
not  answer,  however,  so  well  for  portraits,  landscapes, 
and  a  great  variety  of  other  pictures  in  which  the 
variations  of  shade  blend  the  one  into  the  other:  in 
such  cases  it  becomes  necessary  to  give  the  stone  a 
roughened  surface,  or,  in  the  language  of  the  workman, 
the  stone  is  grained.  Into  such  a  surface  the  chromated 
solution  of  gum  sinks  deeper,  and  is  then  removed  more 
or  less  according  as  it  has  been  fixed  by  the  light,  and 
thus  the  required  variations  of  intensity  and  the  grada- 
tions of  light  and  shadow  are  produced.  Where  a 
polished  stone  is  employed,  the  chromated  gum  lies 
upon  the  surface,  and  it  is  found  that  the  variations  of 
light  and  shadow  cannot  be  produced  with  that  nicety 
necessary  to  make  a  perfect  graduated  picture  such  as 
a  portrait  that  shall  be  easily  printed. 

The  claim  of  the  patentee  is  simply  confined  to  the 
use  of  gum-arabic  mixed  with  sugar,  and  of  soap  for 
removing  the  unchanged  coating,  and  depositing  an 
insoluble  saponaceous  film  on  the  stone,  that  enables 
the  latter  to  combine  with  the  ink.  All  the  other 
ingredients  may  be  modified  as  to  quantity  at  pleasure. 

Photoglyphic  Engraving. — The  process  thus 
designated  was  patented  by  Mr.  Fox  Talbot  in  April, 
1858  ;  it  consists  in  etching,  by  purely  chemical  means, 
a  positive  photograph  printed  upon  a  copper  plate. 

Plates  of  steel,  copper,  or  zinc,  such  as  are  com- 
monly used  by  engravers,  are  employed.  Before  using 
a  plate  its  surface  should  be  well  cleaned.  It  should 
then  be  rubbed  with  a  linen  cloth  dipped  in  a  mixture 
of  caustic  soda  and  whiting,  in  order  to  remove  any 
remaining  trace  of  greasiness.  The  plate  is  then  to 
be  rubbed  dry  with  another  linen  cloth.  This  process 
is  then  to  be  repeated,  after  which  the  plate  is  in  general 
sufficiently  clean. 

The  sensitive  coating  for  receiving  the  image,  is 
prepared  by  adding  to  about  a  quarter  of  an  ounce  of 
gelatin,  dissolved  in  eight  or  ten  ounces  of  water,  by 
the  aid  ot  heat,  one  ounce,  by  measure,  of  a  saturated 
solution  of  bichromate  of  potassa  in  water,  and  straining 
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the  mixture  through  a  linen  cloth.  The  best  sort  of 
gelatin  for  the  purpose  is  that  used  by  cooks  and  con- 
fectioners, and  commonly  sold  under  this  name.  In 
default  of  this,  isiuglass  may  be  used,  but  it  does  not 
answer  so  well.  Some  specimens  of  isinglass  have 
an  acidity  which  slightly  corrodes  and  injures  the 
metal  plates.  If  this  accident  occurs,  ammonia  should 
be  added  to  the  mixture,  which  will  be  found  to  correct 
it.  This  mixture  of  gelatin  and  bichromate  of  potassa 
keeps  good  for  several  months,  owing  to  the  antiseptic 
and  preserving  power  of  the  bichromate.  It  remains 
liquid  and  ready  for  use  at  any  time  during  the  summer 
months,  but  in  cold  weather  it  becomes  a  jelly,  and 
has  to  be  warmed  before  employing  it.  It  should  be 
kept  in  a  cupboard  or  dark  place.  The  proportions 
given  above  are  convenient,  but  they  may  be  consider- 
ably varied  without  injuring  the  result.  The  engraving 
process  should  be  carried  on  in  a  partially  darkened 
room,  and  is  performed  as  follows : — 

A  little  of  the  prepared  gelatin  is  poured  on  the 
plate  to  be  engraved,  which  is  then  held  vertically,  and 
the  superfluous  liquid  allowed  to  drain  off  at  one  of  the 
corners.  It  is  then  held  in  a  horizontal  position  over 
a  spirit  lamp,  which  soon  dries  the  gelatin,  and  the 
latter  is  left  as  a  thin  film  of  a  pale  yellow  color, 
covering  the  metallic  surface,  and  generally  bordered 
with  several  narrow  bands  of  prismatic  colors.  These 
tints  are  of  use  to  the  operator,  by  enabling  him  to 
judge  of  the  thinness  of  the  film.  When  it  is  very 
thin,  the  prismatic  colors  are  seen  over  the  whole  sur- 
face of  the  plate.  Such  plates  often  make  excellent 
engravings;  nevertheless,  it  is  perhaps  safer  to  use 
gelatin  films  which  are  a  little  thicker.  Experience 
alone  can  guide  the  operator  to  the  best  result.  The 
object  to  be  engraved  is  then  laid  on  the  metal  plate, 
and  screwed  down  upon  it  in  a  photographic  copy- 
ing frame.  Such  objects  may  be  either  material 
substances,  as  lace,  the  leaves  of  plants,  et  cetera, 
or  they  may  be  engravings,  writings,  photographs,  or 
the  like. 

The  plate  bearing  the  object  upon  it  is  then  to  be 
placed  in  the  sunshine,  for  a  space  of  time  varying 
from  one  to  several  minutes,  according  to  circum- 
stances ;  or  else  it  may  be  placed  in  common  daylight, 
but  of  course  for  a  longer  time.  As  in  other  photo- 
graphic processes,  the  judgment  of  the  operator  is  here 
called  into  play,  and  his  experience  guides  him  as 
to  the  proper  time  of  exposure.  When  the  frame  is 
withdrawn  from  the  light,  and  the  object  removed 
from  the  plate,  a  faint  image  is  seen  upon  it,  the  yellow 
color  of  the  gelatin  having  turned  brown  wherever 
the  light  has  acted.  The  process,  thus  far,  is  similar 
to  one  which  was  patented  by  Talbot  in  1852.  The 
novelty  of  the  invention  consists  in  the  improved  method 
by  which  the  photographic  image,  obtainedin  the  manner 
above  described,  is  engraved  upon  the  metal  plate. 
The  first  improvement  dispenses  with  the  operation  of 
washing  the  plate  bearing  the  copied  image  in  water, 
or  a  weak  alcoholic  solution,  in  order  to  dissolve  the 
gelatin  from  the  parts  on  which  the  light  had  not  fallen, 
as  recommended  in  Talbot's  patent  of  1852.  Instead 
of  this,  he  immediately  spreads  over  the  surface  of  the 
plate  bearing  the  picture,  carefully  and  very  evenly,  a 


little  finely-powdered  gum  copal — in  default  of  which 
common  resin  may  be  employed.  It  is  much  easier 
to  spread  this  resinous  powder  evenly  upon  the  surface 
of  the  gelatin,  than  it  is  to  do  so  upon  the  naked  sur- 
face of  a  metal  plate.  The  chief  error  the  operator 
has  to  guard  against,  is  that  of  putting  on  too  much 
of  the  powder ;  the  best  results  are  obtained  by  using 
a  very  thin  layer  of  it,  provided  it  is  uniformly  distri- 
buted. If  too  much  of  the  powder  is  laid  on  it  impedes 
the  action  of  the  etching  liquid.  When  the  plate  has 
been  thus  very  thinly  powdered  with  copal,  it  is  held 
horizontally  over  a  spirit-lamp,  in  order  to  molt  the 
gum.  This  requires  a  considerable  heat.  It  might 
be  supposed  that  this  heating  of  the  plate  after  the  for- 
mation of  a  delicate  photographic  image  upon  it,  would 
disturb  and  injure  the  image,  but  it  has  no  such  effect. 
The  melting  of  the  copal  is  known  by  its  change  of 
color.  The  plate  should  then  be  withdrawn  from  the 
lamp  and  suffered  to  cool.  This  process  he  calls  the 
laying  an  aquatint  ground  upon  the  gelatin,  and  which 
he  considers  a  new  process.  In  the  common  mode  of 
laying  an  aquatint  ground,  the  resinous  particles  are 
laid  upon  the  naked  surface  of  the  metal  before  the 
engraving  is  commenced.  The  gelatin  being  thus 
covered  with  a  layer  of  copal,  disseminated  uniformly 
and  in  minute  particles,  the  etching  liquid — sesqui- 
chloride  of  iron — is  to  be  poured  on.  It  is  prepared  by 
dissolving  sesquioxide  of  iron,  with  the  aid  of  heat,  in 
hydrochloric  acid.  After  straining  the  solution  to  remove 
impurities,  it  is  evaporated  till  it  is  considerably  reduced 
in  volume,  and  is  then  poured  off  into  bottles  of  a  con-' 
venient  capacity.  As  it  cools,  it  solidifies  into  a  brown 
semi-crystalline  mass.  The  bottles  are  then  well 
corked  up  and  kept  for  use. 

This  substance,  when  laid  upon  a  metallic  surface  of 
iron,  copper,  or  zinc,  attacks  these  bodies  by  virtue  of 
its  excess  of  acid,  being  itself  reduced  to  the  state  of  a 
protosalt  of  iron,  or  if  the  action  be  continued  with 
exposure  to  air,  to  sesquioxide,  thus : — 

Fe2  Cl3  +  Fe  =  3  Fe  CI,  or 
Fe2  Cl3  +  Zn3  +  03  =  3  Zn  CI  +  Fe2  03. 

Hence  its  use  in  the  present  invention. 

A  bottle — number  one — is  filled  with  a  saturated 
solution  of  sesquichloride  of  iron  in  water.  A  bottle — 
number  two — with  a  mixture  consisting  of  five  or  six 
parts  of  the  saturated  solution,  and  one  part  of  water ; 
and  a  bottle — number  three — with  a  weaker  liquid, 
consisting  of  equal  parts  of  water  and  of  the  saturated 
solution.  Before  employing  these  solutions  to  etch  the 
photoglyphic  plate,  Talbot  directs  that  it  is  necessary 
to  make  trial  tests  of  their  power,  by  applying  a  portion 
of  number  two  bottle  to  metallic  surfaces  prepared  as 
directed,  observing,  that  when  the  etching  goes  on  too 
rapidly,  a  quantity  of  the  saturated  liquid  in  number 
one  bottle  should  be  added  to  it.  On  the  contrary,  if 
the  etching  does  not  commence  for  a  few  minutes,  or 
proceeds  only  slowly,  it  is  a  sign  that  the  liquid  is  too 
dense,  and  requires  dilution  either  with  water  or  the 
contents  of  the  third  bottle ;  either  of  which  ought,  how- 
ever, to  be  added  very  sparingly,  as  a  small  proportion 
of  either  gives  great  activity  to  the  etching  liquid. 
After  the  strength  and  power  of  the  solution  have  been 
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determined  by  three  or  four  such  trials,  it  may  be 
poured  on  the  prepared  plate,  and  spread  evenly  with 
a  camel-hair  brush.  The  liquid  penetrates  the  gelatin 
wherever  the  light  has  not  acted  on  it,  but  it  refuses  to 
penetrate  those  parts  upon  which  the  light  has  suffi- 
ciently acted.  In  this  way  the  etching  proceeds  till  all 
the  details  of  the  picture  have  become  visible,  and  pre- 
sent a  satisfactory  appearance  to  the  eye,  which  generally 
occurs  in  two  or  three  minutes,  the  operator  stirring  the 
liquid  all  the  time  with  a  camel-hair  brush,  and  thus 
slightly  rubbing  the  surface  of  the  gelatin,  which  has  a 
good  effect.  When  it  seems  likely  that  the  etching  will 
improve  no  further,  it  must  be  stopped.  This  is  done 
by  wiping  off  the  liquid  with  cotton  wool,  and  then 
rapidly  pouring  a  stream  of  cold  water  over  the  plate, 
which  carries  off  all  the  remainder  of  it.  The  plate  is 
then  wiped  with  a  clean  linen  cloth,  and  rubbed  with 
soft  whiting  and  water  to  remove  the  gelatin.  The 
etching  is  then  found  to  be  completed. 

Another  etching  process,  very  slightly  differing  from 
the  former,  is  also  recommended.  When  the  plate  is 
ready  for  etching,  pour  upon  it  a  small  quantity  of 
the  liquid  number  one — saturated  solution.  This  should 
be  allowed  to  rest  upon  the  plate  one  or  two  minutes. 
It  has  no  very  apparent  effect,  but  it  acts  usefully  in 
hardening  the  gelatin.  It  is  then  poured  off  from  the 
plate,  and  a  sufficient  quantity  of  solution,  number  two, 
is  poured  on.  This  effects  the  etching  in  the  manner 
before  described,  and  if  this  appears  to  be  quite  satis- 
factory, nothing  further  is  required  to  be  done.  But 
it  often  happens  that  certain  faint  portions  of  the 
engraving,  such  as  distant  mountains  or  buildings  in  a 
landscape,  refuse  to  appear,  and  as  the  engraving  would 
be  imperfect  without  them,  the  operator  is  in  that 
case  to  take  some  of  the  weak  liquid,  number  three, 
in  a  small  saucer,  and  without  pouring  off  the  liquid, 
number  two,  which  is  etching  the  picture,  to  touch 
with  a  camel-hair  brush,  dipped  in  liquid,  number 
three,  those  points  of  the  picture  where  he  wishes 
for  an  increased  effect.  This  simple  process  often 
causes  the  wished-for  details  to  appear,  and  that 
sometimes  with  great  rapidity,  so  that  caution  is 
required  in  the  operator  in  using  this  weak  solution, 
especially  lest  the  etching  liquid  should  penetrate  to 
the  parts  which  ought  to  remain  white.  But  in  skilful 
hands  its  employment  cannot  fail  to  be  advantageous, 
for  it  brings  out  soft  and  faint  shadings,  which  improve 
the  engraving,  and  which  would  otherwise  probably  be 
lost.  Experience  is  requisite  in  this  as  in  most  other 
delicate  operations  connected  with  photography.  The 
claims  of  this  invention  are  the  etching  of  the  plate 
without  disturbing  the  coating  of  gelatin  and  bichro- 
mate of  potassa,  by  washing ;  the  laying  of  an  aqua- 
tint of  resin  or  copal  upon  the  surface  of  the  gelatin, 
after  the  production  of  the  image,  and  the  application 
of  heat  to  melt  it,  and  the  use  and  employment  of 
sesquichloride  of  iron  as  an  etching  liquid  instead  of 
nitric  acid,  for  the  production  of  photoglyphic  en- 
gravings. 

PHOTOGALVANOaEAPHY. — This  process,  to  which 
allusion  has  been  made  in  the  historical  notice,  page 
692,  consists  in  obtaining  from  a  photograph,  and  by 
means  of  electro-plating,  a  metal  plate  in  raised  and 


sunk  parts,  from  which  impressions  can  be  printed  in 
printers'  ink. 

The  positive  print — generally  on  paper — is  laid  face 
upwards,  on  a  sheet  of  glass  coated  with  gelatin,  con- 
taining bichromate  of  potassa,  and  dried;  it  is  then 
exposed  to  light  in  a  pressure  frame  for  a  few  hours. 
The  time  of  exposure,  of  course,  depends  on  the  inten- 
sity of  the  light.  Sunshine  is  preferred,  but  is  not 
necessary.  The  picture  on  the  gelatin  is  developed  in 
raised  and  sunk  parts  by  immersion  in  water.  Where 
the  light  has  not  acted,  the  gelatin  swells  and  forms  a 
ridge,  or  a  series  of  minute  granulations,  but  where  it 
7ms  acted,  the  gelatin  is  hardened  and  does  not  swell. 
The  picture  thus  formed  is  very  curious,  and  resembles 
a  positive  by  reflected  light,  the  shadows  and  dark  parts 
being  rough,  and  the  lights  smooth  and  polished. 

A  mould  of  the  picture  is  then  taken  in  gutta-percha, 
about  half  an  inch  thick.  This  mould  is  an  intaglio 
picture,  precisely  resembling  the  finished  copperplate. 

A  copperplate  is  made  from  the  gutta-percha  mould, 
by  electrolysis.  This  part  of  the  process  is  very  slow, 
occupying  perhaps  a  week  or  two.  The  copperplate 
thus  obtained  is  called  the  matrix.  It  precisely  resem- 
bles the  original  gelatin  picture. 

The  plate  from  which  the  proof  is  to  be  printed  is 
obtained  by  the  electrotype  process  from  the  matrix. 
This  is  a  slower  process  than  the  last,  because  the 
copper  is  much  thicker.  It  occupies  about  three  or 
four  weeks. 

The  entire  operation,  therefore,  occupies  about  six 
weeks.  From  the  final  plate,  four  or  five  hundred  good 
impressions  may  be  struck  in  the  ordinary  way.  A 
considerable  number  of  plates  may  be  obtained  from  the 
matrix ;  also  of  matrices  from  the  gutta-percha  mould, 
and  of  gutta-percha  moulds  from  the  gelatin  picture. 
Here,  then,  are  the  means  of  almost  indefinite  multipli- 
cation. The  most  elaborate  subjects  may  be  engraved 
by  this  process  in  as  short  a  time  as  the  simplest ;  the 
amount  of  detail  in  a  photograph  or  photogalvanograph 
making  no  difference — for  light,  chemistry,  and  elec- 
tricity do  the  work.  The  time  at  present  required  for 
any  subject  is  a  few  weeks ;  the  time  frequently  spent 
on  engravings  is  two  or  three  years. 

The  Stereoscope. — Before  closing  this  article  on 
photography,  it  may  be  well  to  dwell  for  a  short  time 
upon  an  instrument  which  creates,  as  it  were,  the 
pictured  objects  anew,  and  gives  to  them  all  the  fulness 
and  solidity  which  they  exhibit  in  nature.  Such  is 
the  stereoscope ;  and  it  may  be  stated  with  truth  that 
it  has  more  than  doubled  the  pleasure  and  gratification 
derived  from  the  beautiful  productions  of  the  photo- 
graphic art.  As  a  full  exposition  of  the  very  simple 
optical  principles  on  which  the  stereoscope  is  con- 
structed would  occupy  more  space  than  can  be  devoted 
to  it,  the  Editor  will  give  only  the  leading  facts  con- 
nected with  it,  together  with  brief  directions  for  the 
taking  of  portraits  or  pictures  to  be  seen  in  this  instru- 
ment. Every  one  knows  that  by  its  agency  two  dis- 
similar pictures,  of  the  same  object  or  group  of  objects, 
placed  on  the  same  plane  at  a  proper  distance,  are 
resolved  into  one  ;  and  that  this  exhibits  all  the  attri- 
butes of  the  original,  such  as  length,  breadth,  thickness, 
and  relative  distance. 
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The  stereoscope — so  named  from  two  Greek  words 
expressing  to  see  solid — has  given  rise  to  much  un- 
pleasant discussion,  with  reference  to  the  honor  of  its 
invention.  There  can  be  no  doubt  that  Professor 
Wheatstone  constructed  the  first  reflecting  stereo- 
scope, and  his  memoir  describing  the  instrument 
appears  in  the  Philosophical  Transactions  for  1838, 
having  been  read  before  the  Royal  Society  of  London 
in  June  of  that  year.  No  claimant  appears  prior  to 
this,  and  therefore  there  can  be  no  doubt  that  to 
Wheatstone  belongs  the  honor  of  having  invented 
the  stereoscope,  or  an  instrument  calculated  to  exhibit 
two  slightly  different  pictures  of  the  same  object  in 
such  a  manner  as  to  produce  the  appearance  of  a  single 
object,  or  group  of  objects,  invested  with  the  attribute 
of  solidity.  Sir  David  Brewster,  however,  in  the 
latest  edition  of  his  Optics,  not  only  claims  for  himself 
the  merit,  to  which  he  is  justly  entitled,  of  having 
invented  the  first  really  useful  form  of  the  lenticular 
stereoscope  in  1844,  but  even  prefers  the  claim  of  Mr. 
Elliot,  an  Edinburgh  mathematician,  to  that  of  Pro- 
fessor Wheatstone,  as  the  original  inventor  of  the 
instrument.  In  the  Cosmos  for  June,  1856,  the  latter 
distinguished  philosopher  indignantly  confutes  this 
statement,  and  cites  Mr.  Elliot's  own  admission,  that 
in  claiming  priority  of  invention  he  labored  under  a 
mistake  as  to  dates ;  having  thought  that  a  republica- 
tion of  Wheatstone's  memoir  which  appeared  in  the 
Philosophical  Magazine  for  April,  1852,  was  the  first 
and  original  account  of  an  instrument  which  had  been 
recently  invented.  It  appears,  however,  that  Mr. 
Elliot  is  really  entitled  to  the  merit  of  having  con- 
structed a  kind  of  lenticular  stereoscope  so  early  as  in 
1839  ;  and  the  only  question  which  remains  unsettled 
is  the  claim  of  Professor  Wheatstone  to  the  prior 
invention  of  this  form  of  the  instrument  also — a  claim 
which  he  rests  on  certain  expressions  in  a  letter  received 
from  Sir  David  Brewster  himself.  But  the  reader 
who  desires  fuller  information  on  this  subject  is  referred 
to  the  eighth  volume  of  the  Cosmos,  and  without  entering 
further  into  the  question  of  these  conflicting  claims,  it 
may  be  stated  as  a  fact  beyond  doubt  that  to  Sir 
David  Brewster  belongs  the  honour  of  having,  in 
1844,  invented  a  lenticular  stereoscope  which,  in  con- 
venience and  portability,  far  excelled  any  other  form 
of  the  instrument  previously  known,  and  first  brought 
it  into  general  use — an  instrument  which  soon  became 
very  popular,  and  still  contributes  to  the  pleasure 
and  gratification  of  thousands.  Messrs.  Knight  of 
London  have,  within  the  last  few  years,  patented  a  new 
form  of  stereoscope,  similar  to  Brewster's  however, 
excepting  the  eye-tubes,  which  are  dispensed  with ; 
their  place  being  supplied  either  by  a  plano-concave 
and  plano-convex  lens  of  the  same  focal  length,  fixed 
to  one  another  by  their  plane  sides,  or  by  prismatic 
ones. 

The  construction  of  the  stereoscope  is  founded  upon 
the  faculty  of  binocular  vision,  or  that  property  by 
which  only  one  object  is  seen,  notwithstanding  that  the 
form  of  it  is  depicted  on  the  retina  of  each  eye.  On 
looking  at  any  object  it  is  evident  that  more  of  it  is  seen 
with  the  right  eye  on  the  right  side  than  with  the  loft, 
and  equally  the  left  eye  observes  more  on  the  left  side 


than  the  right.  Hence  the  picture  presented  to  the 
right  eye  is  slightly  different  from  the  view  which  the 
left  takes  of  the  same  object ;  but  by  looking  with  both 
eyes  all  the  parts  noticed  in  the  two  monocular  views 
are  visible,  and  the  pictures  presented  to  both  appear 
to  each  in  the  same  spot,  or  overlap  each  other,  so  that 
only  one  object  is  seen,  but  a  view  of  it  slightly  different 
from  that  which  would  be  taken  by  one  eye.  It  is  partly 
owing  to  this  circumstance,  and  partly  in  consequence 
of  the  greater  or  less  convergence  of  the  rays  from  the 
different  points  of  an  object  in  proportion  as  they  are 
nearer  or  more  distant,  that  the  idea  of  solidity  is  realized ; 
and  this  explains  the  cause  of  the  difference  observed 
between  a  picture  of  a  bust  or  statue  and  the  original, 
or  of  a  landscape  painting,  and  that  which  it  represents. 

On  these  simple  facts  the  stereoscope  was  founded, 
it  being  considered  that  by  representing  two  pictures 
of  the  same  object  exactly  corresponding  to  those  which 
would  be  formed  on  the  retina  of  each  eye,  the  head 
remaining  stationary,  a  means  of  converging  them  into 
one,  so  that  they  might  have  the  appearance  exhibited 
by  them  in  nature,  could  be  devised.  The  difficulty  of 
producing  two  such  pictures  had  been  a  drawback  to 
the  project ;  and  it  was  not  till  photography  had  obvi- 
ated this  inconvenience,  by  producing  pictures  of  the 
object  corresponding  to  those  which  the  right  and  left 
eye  respectively  take  of  it  from  a  given  point,  that  its 
value  was  fully  appreciated.  On  looking  at  the  stereo- 
scopic pictures  singly  with  both  eyes,  no  appreciable 
estimate  of  solidity  or  distance  can  be  formed.  If, 
however,  the  observer  could  contrive  so  to  converge 
the  optical  axes  as  to  throw  the  two  pictures  into  one, 
then,  indeed,  all  the  solidity  possessed  by  the  originals 
would  appear.  It  is  needless  to  say,  however,  that  very 
few  are  capable  of  doing  this ;  and,  when  effected,  it 
is  with  much  pain  to  the  eyes.  But  this,  which  is  so 
difficult  with  the  unaided  eye,  is  what  the  stereoscope 
accomplishes — that  is  to  say,  it  brings  the  correspond- 
ing points  in  each  picture  together,  and,  by  their  coinci- 
dence, gives  the  appearance  of  solidity  and  distance  to 
them,  just  as  in  natural  vision  the  binocular  pictures 
are  resolved  into  one  view,  leaving  the  impression  of 
one  or  a  series  of  objects,  as  the  case  may  be,  having 
length,  depth,  and  breadth. 

To  simplify  this  a  little  more,  if  two  stereoscopic 
pictures  of  the  same  object  be  mounted,  so  that  the 
distance  from  their  centres  shall  be  equal  to  that  between 
the  pupils  of  the  human  eyes,  and  placed  at  one  end 
of  a  box  eighteen  inches  long,  divided  by  a  partition, 
and  having  two  holes  in  the  other  end  to  correspond 
with  the  eyes  of  the  observer;  on  illuminating  the  pic- 
tures only  one  will  be  discerned  in  consequence  of  the 
rays  from  each  being  refracted,  first  from  the  pupil  of 
each  eye  at  a  slight  angle  to  the  retina,  and  thence  in  a 
straight  line  till  the  two  lines  meet  or  converge,  at 
which  point  not  two,  but  one  picture  will  be  seen,  but 
this  one  will  exhibit  all  the  details  of  solidity  and  rela- 
tive distance.  Such  was  the  instrument  contrived  by 
Elliott  ;  but  the  distance  from  the  eyes  at  which  it 
was  necessary  to  place  the  pictures  to  bring  them  to 
coincide,  is  reduced  by  the  use  of  reflectors  or  lenses, 
as  in  the  instruments  of  Wheatstone,  Brewster, 
and  others. 
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Mr.  Sutton  gives  the  following  explanation  of  the 
principle  of  the  stereoscope : — 

Let  L,  K — Fig.  41 4 — be  the  eyes  of  a  spectator ;  A,  C,  B, 
lamp-posts  of  different  heights,  having  lights,  or  lumin- 
ous points,  A,  b,  c,  at  the  top.    Draw  the  visual  rays, 


L  A,  L  c,  L  B,  K  A,  R  c,  R  B.  Cut  them  by  a  vertical 
plane,  P  Q,  parallel  to  the  line  which  joins  L  and  R. 
Then  the  points  a,  c,  b,  a,  c,  b,  where  the  visual  rays 
pass  through  this  plane  will  be  the  images  of  A,  B,  c, 
as  seen  from  the  stations  L  and  R,  P  Q  being  supposed 
to  be  the  plane  of  a  perspective  picture.  If  the 
plane,  P  Q,  be  placed  as  shown  in  the  figure,  so  that  the 
perspective  view  as  seen  from  L  may  be  completely 
exterior  to  that  seen  from  R,  the  pictures  will  be  as 
represented  on  a  card  beneath  L  and  R  in  the  lower 
part  of  the  figure. 

Now,  if  the  perpendicular  distance  between  L  and 
the  plane  P  Q  be  such  that  the  points  a,  b,  c  can  be 
distinctly  seen  by  an  eye  at  L ;  that  is  to  say,  if  this 
perpendicular  distance  be  not  too  short  for  distinct 
vision,  and  if  the  card,  P  Q,  he  placed  before  the  eyes, 
as  in  the  figure,  the  right  picture  being  cut  off  from  the 
left  eye  and  the  left  picture  from  the  right  eye  by  a 
partition,  as  shown,  then  instead  of  seeing  two  pictures, 
a b  c,  abc,  only  one  image  will  be  seen,  and  that  one 
image  will  appear  to  be  the  lights,  A,  B,  c,  in  then- 
natural  position,  and  at  their  true  distance.  For  when 
the  left  eye  is  directed  to  a  along  the  line  L  a,  the  right 
eye  is  directed  to  a  along  the  line  R  a,  and  the  optic 
axes  La,  R a,  would  meet  at  A,  so  that  the  spectator, 
instead  of  seeing  two  images,  a,  a,  upon  a  plane,  P  Q, 
sees  one  image,  A,  at  the  true  distance  and  in  the  true 
position  of  the  light,  A.  Similarly  with  respect  to  the 
other  images,  b,  c,  b,  c,  which  combine  and  produce 
single  images  apparently  at  B  and  c. 
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It  is  evident  that  the  perpendicular  distance  of  p  Q 
from  L  or  R,  which  call  P,  will  depend  upon  the  size  of 
the  angle,  a  l  b  or  a  r  b  ;  for  the  smaller  that  angle 
is,  the  farther  the  plane,  P  Q,  may  be  placed  from 
L  and  R,  and  therefore  the  more  easy  it  will  become  for 
the  images  a,  b,  c,  to  be  seen  distinctly  by  persons  of 
ordinary  vision.  Most  persons  can  see  a  thing  dis- 
tinctly at  a  distance  of  eight  inches.  If  then  F  =  8, 
the  angle  alb  may  be  about  16°. 

Now  suppose  that  at  each  of  the  stations,  L,  r,  a  pho- 
tographic camera  is  placed,  the  lens  of  which  is  eight 
inches  focus,  and  adjusting  these  cameras  with  their  axes 
strictly  parallel,  take  the  pictures  of  A,  B,  e,  including 
an  angle  of  16°.  Then  when  these  pictures  are  properly 
mounted  they  will  he  identical  with  the  perspective 
views  of  A,  B,  c,  upon  the  plane  P  Q  ;  and  if  placed  in 
a  box  having  a  partition  in  the  middle  and  holes  to  look 
through  at  P  and  Q  at  a  distance  of  eight  inches  from 
the  pictures,  the  spectator  on  looking  t  hrough  the  holes 
will  perceive  a  single  image  cf  the  points,  A,  B,  c,  at 
their  true  distance,  and  in  their  true  relative  positions. 

A  box  so  constructed  may  te  called  a  simple  stereo- 
scope, because  it  does  not  involve  the  use  either  of 
lenses  or  reflectors,  and  the  pictures  properly  taken  and 
viewed  in  it  have  the  inexpressible  charm  of  truthfulness. 

Of  what  use  then,  it  may  be  asked,  are  lenses  and 
reflectors  ?  In  the  first  place,  the  simple  stereoscope, 
when  adapted  to  persons  of  ordinary  sight,  does  not 
include  an  angular  field  of  more  than  16° ;  which  is  in 
general  too  small.  A  photographic  picture  should 
include  at  least  an  angular  field  of  from  25°  to  30°. 
This  can  only  be  effected  by  bringing  the  pictures  as 
near  to  the  eyes  as  five  inches,  at  which  distance  most 
persons  find  a  difficulty  in  seeing  them  distinctly  ;  but 
this  difficulty  is  overcome  by  placing  a  whole  lens  of 
five  inches  focus  in  each  of  the  holes  L,  R,  and  viewing 
the  pictures — which  must  be  taken  with  a  lens  of  five 
inches  focus — through  them. 

Reflecting  Stereoscope. — Fig.  415  represents  the  ste- 
reoscope of  Wheatstone.  It  consists  of  two  plane 
mirrors,  A  A,  so  adjusted  as  to  form  an  angle  of  90°  with 
each  other.  They  are  fixed  by  their  common  edge 
against  an  upright,  B,  in  such  a  way  as  to  reflect  the 
images  placed  in  the  side-frames,  E  p,  fixed  on  the 


Fig.  415 


upright  boards,  D  D.  The  latter  are  attached  to  the 
sliding-boards,  c  c,  movable  from  either  end  by  the 
wooden  screw,  I  r,  formed  with  a  right  and  left  hand 
thread  for  that  purpose. 

To  see  the  pictures  by  this  instrument,  the  observer 
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must  stand  before  the  mirrors,  having  the  right  and  left 
eye  respectively  before  the  right  and  left  hand  mirror ; 
then,  on  moving  the  frames  e  e,  by  the  screw  r  I, 
backwards  or  forwards,  the  reflected  images  will  be 
made  to  coincide  at  the  optic  axes  and  produce  a  single 
image  of  the  same  apparent  magnitude  as  that  observed. 
When  properly  executed  pictures — such  as  are  taken  in 
a  binocular  camera,  and  which  are  seen  with  the  same 
inclination  of  the  optic  axes — are  introduced,  the  instru- 
ment may  be  simplified  by  omitting  the  screw  and 
movable  boards,  the  side  ones  being  fixed  in  their 
proper  places. 

Mr.  Sutton,  discussing  the  subject  of  the  reflecting 
stereoscope,  says : — Referring  again  to  Fig.  414 :  if  the 
visual  rays  are  cut  by  a  plane,  p  q,  instead  of  P  Q,  the 

Fig.  416.  ,'A 
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pictures  will  be  larger  than  before,  and  instead  of 
being  entirely  exterior  one  to  another,  will  overlap, 
and  be,  as  it  were,  mixed  together.  But  if  the  pictures 
be  taken  in  cameras  placed  at  L  and  R,  with  lenses  of 
focal  lengths  ljb  or  rji,  having  their  axes  parallel, 
and  then  by  means  of  reflectors  the  images  of  the 
pictures  so  taken  be  thrown  into  their  proper  positions 
on  the  plane,  p  q,  and  these  images  viewed  by  eyes 
at  L  and  r,  a  truthful  solid  image  will  be  produced,  as 
in  the  former  case ;  because  the  left  eye  will  not  then 
see  the  picture  from  the  right  station,  nor  the  right  eye 
that  from  the  left  station.  The  principle  of  this  arrange- 
ment is  exhibited  in  Fig.  416,  where  de,  ef  are  the 
reflectors  placed  at  right  angles  to  each  other,  and  o  b, 
b  a  the  pictures  at  right  angles  to  the  dotted  line,  or 
base,  m  N,  passing  through  the  point  E,  the  distance  of 
the  reflectors  from  that  angular  point  being  equal  to 
L  m  or  R  n,  and  therefore  to  the  focal  length  of  the  lens 
with  which  the  pictures  are  taken.  The  distance  of 
the  middle  points,  m  n,  of  the  pictures  from  the  dotted 
base,  is  half  the  distance  l  r.  The  pictures  are  taken 
in  a  nonreversing  slide,  so  that  their  images  on  the 
plane  p  q,  as  seen  in  the  reflectors,  are  not  reversed ; 
this  is  an  important  point  to  attend  to.  The  image  of 
the  left  hand  picture  is  amb;  that  of  the  right  hand 


picture  b  n  a,  the  lines,  p  b,  qa,  being  separated  for  the 
sake  of  distinctness,  but  in  point  of  fact  the  images  lie 
on  the  same  plane.  The  left  eye  cannot  of  course  see 
the  image  of  the  right  picture,  and  vice  versa,  so  that 
the  images  overlapping  produce  no  confusion.  The 
image  of  each  picture  and  the  picture  itself  are  symme- 
trically situated  with  respect  to  the  reflector  by  which 
it  is  viewed. 

All  this  being  understood,  the  mode  in  which  the 
instrument  acts  will  now  be  intelligible.  A  pencil  from 
b  in  the  left  picture,  after  reflection  at  the  left  mirror, 
d  e,  enters  the  left  eye  as  if  it  had  come  from  the  point 
b  on  the  line^S;  the  point,  b,  is  therefore  seen  by  the 
left  eye  in  the  direction  l  6.  Similarly,  a  pencil  from 
b  in  the  right  picture,  after  reflection  at  the  right  mirror, 
f  e,  enters  the  right  eye  as  if  it  had  come  from  the 
point  b  on  the  line  qb;  the  point  b  is  therefore  seen 
by  the  right  eye  in  the  direction  r  b.  These  two  lines, 
r6,  lab,  are  the  instantaneous  directions  of  the  optic 
axes,  and  being  produced  they  meet  at  b,  which  is  the 
true  position  of  the  object,  B.  Similarly  with  respect 
to  the  other  objects,  A,  c.  Therefore  by  means  of  the 
reflecting  stereoscope  a  true  representation  is  afforded 
in  natural  relief  and  actual  distance  of  the  objects  in 
the  picture. 

The  reflecting  stereoscope  is  not  open  to  any  single 
practical  or  theoretical  objection.  As  an  optical  instru- 
ment it  is  absolutely  perfect,  being  subject  to  no  defects 
of  distortion  or  aberration.  For  any  scientific  purpose, 
therefore,  the  reflecting  stereoscope  should  always  be 
preferred  to  the  other.  The  reflectors  may  be  made 
of  polished  speculum  metal  if  objection  be  raised  to 
glass  mirrors,  and  the  pictures  may  be  taken  simulta- 
neously in  a  camera  with  double  lenses  two  and  a  half 
inches  from  centre  to  centre. 

The  Lenticular  Stereoscope. — The  best  construction 
of  this  instrument  for  exhibiting  paper  positives  is 
shown  in  Fig.  417,  which  scarcely  needs  explanation. 

The  whole  lenses  fixed  in  the  front  of  the  box  are 
placed  two  and  a  half  inches  from  centre  to  centre,  and 
should  not  be  less  than  one  inch  in  diameter.  They 
should  be  five  inches  focus,  and  achromatized  meniscus 
lenses  with  the  hollow  side  outwards ;  in  fact  the  same 
lenses  as  those  used  for  taking  the  pictures,  which  may 

Fig.  417. 


be  unscrewed  from  the  camera,  and  screwed  to  the 
stereoscope.  The  back  of  the  solid  box  should  have 
holes  in  it  as  represented  by  the  dotted  lines,  and  also 
a  partition  in  the  middle.  The  orifices  should  be  two 
and  a  half  inches  from  centre  to  centre,  and  their  dia- 
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meter  determined  by  trial — generally  about  one  inch. 
The  inside  of  the  front  box  should  be  properly  blackened. 
The  picture  may  be  either  square  or  circular,  mounted 
two  and  a  half  inches  from  centre  to  centre,  and  about 
two  and  one-fourth  inches  in  diameter.  By  the  centre 
of  each  picture  is  meant  the  point  where  the  axis  of 
the  lens  cuts  it. 

Brewster's  Stereoscope. — The  stereoscope, 
modified  by  Sir  David  Brewster,  is  shown 
in  its  most  popular  form  in  Fig.  418.  It  is  a 
box  having  an  aperture  at  the  bottom,  but 
most  generally  at  the  front,  as  seen  in  the 
drawing;  an  aperture  at  the  side  allows  the 
slide  bearing  the  pictures  to  be  introduced. 
In  the  two  brass  tubes,  R,  L,  half  or  quarter 
lenses  are  fixed,  so  that  their  curved  circum- 
ferences will  be  inwards,  or  nearest  one 
another,  for  the  purpose  of  aiding  the  eyes  in 
bringing  the  pictures,  or  representation  of 
them,  to  coincide  at  the  point  of  convergence  of  the 
visual  axes.  The  tubes  are  made  to  slide  up  and  down 
to  suit  the  focal  lengths  of  different  eyes.  By  adjusting 
the  lenses,  the  observer,  on  looking  through  both,  sees 
only  one  picture  midway  between  the  two,  and  exhibit- 
ing the  object  or  objects  in  bold  life-like  relief.    It  is 

Fig.  418. 


the  centre  of  the  picture.  He  further  states  that  it 
is  almost  impossible  to  take  true  stereoscopic  portraits 
with  a  single-lensed  camera,  owing  to  the  difficulty  of 
measuring  the  proper  angle  at  which  the  two  should  be 
taken,  and  of  the  sitter  maintaining  the  same  expres- 
sion.   Instead  of  employing  two  lenses,  he  bisects  one, 

Fis.  419. 


necessary  to  have  the  central  points  of  the  pictures 
within  two  and  a  half  inches  of  one  another,  as  also 
the  tubes,  in  order  to  correspond  with  the  position  of 
the  eyes. 

Stereoscopic  Pictures. — To  obtain  two  pictures  in 
their  proper  position  for  the  stereoscope  by  means  of 
one  camera,  it  is  evident  that  the  instrument  must 
have  two  apertures,  and  that  these  must  correspond  to 
the  position  of  the  eyes.  The  stereoscopic  camera  is 
constructed  on  this  principle,  with  two  lenses  in  front, 
of  the  same  focal  length,  two  and  a  half  inches  apart, 
focussing  glass,  and  other  requisites,  as  in  the  ordinary 
instrument.  Brewster,  however,  contends  that  exact 
pictures  of  natural  objects  cannot  be  taken  by  the 
cameras  in  general  use,  in  consequence  of  the  lenses 
being  too  large,  and  causing  a  distortion  in  all  the 
lines  and  portions  of  the  object  which  do  not  fall  in 


and  employs  the  half  in  each  aperture,  with  the  view  oi 
obtaining  better  results ;  for,  as  he  says,  it  is  impossible 
to  grind  or  polish  two  lenses,  whether  single  or  achro- 
matic, of  exactly  the  same  focal  length,  even  when  the 
same  glass  is  used  for  both  the  sections.  To  overcome 
this  difficulty,  the  single  lens  must  be  bisected  and 
ground  to  a  circular  form,  and  afterwards  placed  in  the 
camera  with  their  diameters  of  bisection  parallel  to  one 
another  as  in  Fig.  419. 

When  portraits  or  views  are  to  be  taken  in  the 
monocular  camera  for  the  stereoscope,  Wheatstone 
makes  the  position  of  the  camera  dependent,  not  upon 
the  distance  of  the  object  from  it,  but  upon  the 
distance  at  which  the  pictures  are  observed  in  the 
stereoscope.  Thus,  when  they  are  to  be  viewed  at  a 
distance  of  eight  inches,  he  directs  that  the  two  pictures 
should  be  taken  at  an  angle  of  18° ;  that  is,  if  the  object 
be  the  centre  of  the  circle  of  which  its  distance  from 
the  camera  forms  the  radius,  the  pictures  must  bo 
taken  from  points  on  this  circle  18°  apart.  Brewster, 
on  the  other  hand  deduces  the  angle  at  which  the 
portraits  or  views  should  be  taken  from  the.  distance  of 
the  subject,  and  the  angle  which  the  distance  between 
the  eyes  subtends  at  that  distance.  This  imgle  he 
finds  by  the  formula — 


Tang,  i  A: 


id   1-25 


d  being  the  distance  between  the  eyes  ;  D  the  distance 
of  the  sitter,  and  A  the  angle  which  that  between  the 
eyes — two  and  a  half  inches— subtends.  By  this  he 
finds  the  angle  formed  by  the  two  directions  of  the 
camera,  when  the  distance  of  the  olject  from  it  is  that 
specified,  to  be  as  follows : — 

Feet.  Degrees. 

1  11-54 

2.   5-58 

3   3-59 

4   2-59 

5   2-23 

6   1-59 

7.....   1-42 

8   1'30 

9   1-20 

10   1-12  gg 

When  the  distance  of  the  subject  from  the  camera  is 
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one  hundred  feet,  the  latter  should  be  placed  at  points 
in  the  circle  of  which  this  is  radius  four  feet  distant 
from  one  another ;  for  one  hundred  and  fifty,  six  feet, 
and  so  on. 

To  pursue  the  subject  of  the  stereoscope  through 
all  its  details,  as  exhibited  in  the  tubular  reflecting, 
the  single  and  double  reflecting  stereoscopes,  the 
opera-glass,  reading  stereoscopes,  et  cetera,  is  incom- 
patible with  the  limits  of  this  work ;  the  student  who 
may  desire  further  acquaintance  with  the  subject  is 
referred  to  Brewster  on  the  Stereoscope,  or  any  of 
the  works  on  optical  science  which  are  to  be  found 
in  libraries.  The  following  remarks  will  not  be  out 
of  place  : — ■ 

In  printing  stereoscopic  pictures  from  a  negative, 
taken  in  a  double-lens  camera  by  contact  in  the  pres- 
sure frame,  it  must  be  borne  in  mind  that  the  print 
requires  to  be  cut  in  half  and  the  pictures  transposed, 
in  order  to  bring  the  picture  that  was  taken  from  the 
left  station  before  the  left  eye  in  the  stereoscope,  and 
vice  versa.  If  this  be  not  attended  to,  a  pseudoscopic 
effect  is  produced. 

In  printing  stereoscopic  transparencies  by  means  of 
a  lens,  the  following  plan  may  be  adopted  : — A  copy- 
ing camera,  rather  more  than  double  the  length  of  the 
stereoscopic  camera,  is  provided,  and  the  lenses  of  the 
stereoscope  are  fixed  in  the  middle  of  it.  There  must 
also  be  a  partition  dividing  the  camera  in  half  length- 
wise. In  this  way  the  left  lens  copies  the  left  picture, 
at  the  same  time  that  the  right  does  the  opposite.  The 
negative  must  be  placed  with  its  back  next  to  the  lenses 
at  one  end  of  the  box,  and  the  sensitive  positive  plate 
in  a  common  slide  at  the  other  end.  The  camera  is 
then  directed  towards  the  sky,  and  the  wet  collodion 
process  employed.  An  exposure  of  a  few  seconds  is 
sufficient.  The  positive  need  not  be  divided  and  the 
pictures  transposed ;  for,  when  placed  in  the  stereoscope 
with  its  plane  side  next  to  the  lenses,  and  a  ground 
glass  laid  against  the  film,  the  pictures  are  in  their  right 
position  to  be  viewed.  By  putting  the  lenses  midway 
between  the  negative  and  positive,  the  positive  becomes 
of  the  same  size  as  the  negative.  The  best  lenses  to 
employ  are  portrait  ones,  with  a  small  stop  between  the 
back  and  front  lenses  in  each. 

In  the  stereoscopes  and  stereoscopic  pictures  com- 
monly sold  there  are  the  following  five  serious  defects : 

1.  The  pictures  are  frequently  taken  in  converging 
cameras,  and  then  mounted  upon  the  same  flat  surface. 

2.  The  pictures  are  generally  mounted  so  wide 
apart,  that  the  most  distant  objects  in  each  are  wider 
apart  than  the  distance  between  the  centres  of  the 
eyes. 

3.  An  attempt  is  made  to  obviate  the  evil  pro- 
duced by  the  above  practice,  by  using  semi-lenses  in 
the  stereoscope,  which  displace  the  images.  This  of 
necessity  produces  distortion,  because  straight  lines 
are  always  represented  by  curves,  when  the  outside 
part  of  a  lens  is  used  to  view  objects  through,  instead 
of  the  centre. 

4.  The  displacement  of  the  images  is  in  general 
so  great  as  to  cause  the  optic  axes  to  converge  to  points 
situated  within  two  or  three  feet  from  the  nose,  instead 
of  the  true  distance  of  the  objects.    The  effect  of  this 


is  to  make  the  solid  picture  look  like  a  small  model  of 
the  object,  which  the  spectator  could,  if  he  chose,  lay 
his  hand  upon,  or  touch  with  a  yard  measure. 

5.  The  focal  length  of  the  lenses  of  the  stereoscope 
is  in  general  six  inches,  while  that  of  the  lenses  in  the 
camera  is  only  four  inches.  This  makes  objects  appear 
much  smaller  than  they  do  in  nature. 

To  sum  up  :  The  common  stereoscope  and  pictures 
make  objects  look  very  near,  very  small,  and  distorted. 
The  lenticular  stereoscope,  represented  in  Fig.  417, 
makes  them  look  of  their  true  size,  at  their  true  dis- 
tance, and  without  perceptible  distortion. 

In  the  preceding  it  has  been  announced  that  the 
object  of  the  stereoscope  is  to  exhibit  tnings  precisely 
as  one  sees  them  in  natural  vision ;  that  is,  with  eyes 
two  and  a  half  inches  apart.  But  if  it  be  thought 
desirable  for  any  purpose  to  represent  things  as  one 
should  see  them,  were  the  eyes  wider  apart  than  two 
and  a  half  inches,  then  the  distance  between  the  sta- 
tions may  be  exceeded. 

Mr.  Sutton  of  Jersey  kindly  supplied  the  Editor 
with  some  valuable  matter  for  this  monograph. 

PLATINUM. — Platine,  French;  Platin,  German. — 
Whoever  attentively  regards  the  progress  of  any 
science,  and  sympathizes  with  those  whose  labors  are 
ardently  directed  to  its  development,  must,  considering 
the  difficulties  that  have  to  be  overcome,  necessarily 
feel  interested  in  every  discovery  which  tends  to  give 
greater  certainty  to  their  researches,  and  enable  them 
to  deduce  laws  for  its  extension  and  simplification. 
On  this  ground  the  subject  of  the  present  article  can- 
not fail  to  recommend  itself  to  every  chemical  student, 
since  to  it  in  a  great  degree  may  be  attributed  the  pre- 
cision observed  in  the  results  of  every  well-conducted 
analytical  research.  Although  numerous  subjects  had 
been  investigated  before  the  discovery  of  platinum, 
and  well-based  conclusions  drawn  from  them,  still  the 
methods  by  which  these  investigations  were  conducted 
were  most  circuitous ;  and,  in  the  absence  of  a  metal 
like  platinum,  the  stoichiometrical  equivalents  of  bodies 
were  frequently  mere  approximations  that  required  to 
be  rectified  by  more  appropriate  apparatus  and  modes 
of  analysis.  In  the  multifarious  operations  of  fusion, 
solution,  evaporation,  and  weighing,  connected  with  the 
labors  of  the  chemist,  no  other  substance  can  bear 
comparison  with  platinum.  The  corrosive  agents  used, 
and  the  unconquerable  power  of  affinity,  affected  more 
or  less  all  the  utensils  which  the  operator  could  com- 
mand previous  to  the  discovery  of  this  metal,  so  that 
when  the  most  devoted  care  was  bestowed  upon  any 
research  the  results  did  not  indicate  the  truth,  and 
could  not  be  depended  upon  even  when  they  were  rec- 
tified by  an  approximate  estimation  of  the  amount  of 
the  error.  It  is  not  so  now;  for,  unlike  gold,  silver,  or 
porcelain,  platinum  stands  the  test  of  intense  heat,  and 
so  enables  the  operator  to  determine  the  effects  of 
temperature  and  chemical  action  on  the  most  refrac- 
tory bodies;  resists  the  effects  of  the  strongest  acids 
singly ;  and  from  the  facility  it  offers  of  being  forged 
into  every  convenient  shape — such  as  basins,  -crucibles, 
weights,  and  the  like — it  facilitates  working  in  the 
laboratory  to  a  surprising  extent.  But  it  is  not  to  the 
student  or  chemical  philosopher  alone  that  platinum  is 
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of  advantage— the  manufacturer  likewise  is  benefited  by 
it;  thus,  in  the  distillation  of  sulphuric  acid  it  can 
hardly  be  replaced  by  any  other  material,  and  in  the 
preparation  of  drugs  and  extracts  nothing  safer  than 
platinum  can  be  employed. 

This  metal  is  not  very  abundant,  though  distributed 
in  small  quantities  over  extensive  districts,  and  in 
numerous  and  diverse  localities.  The  first  account  of 
it  with  which  Europeans  are  acquainted  is  that  of 
Antonio  d'Ulloa,  who  observed  it  in  the  auriferous 
sands  of  South  America.  This  notice  was  published 
in  1736;  but  the  savans  of  this  country  and  of  the 
continent  could  form  no  idea  of  its  nature  till  1741, 
when  Mr.  Woods,  an  assayer  of  Jamaica,  sent  a 
portion  of  the  ore  to  Europe.  Among  the  metallur- 
gists of  South  America,  however,  it  was  long  known, 
and  bore  the  name  platina,  a  diminutive  of  the 
Spanish  name  plaia  for  silver.  This  term  must  have 
been  applied  on  account  of  its  occurrence  in  bright 
polished  grains,  appearing  in  color  and  brilliancy  like 
silver.  At  that  period,  however,  nothing  being  known 
of  its  properties  further  than  that  it  possessed  great 
weight,  it  was  regarded  as  having  no  value,  and,  there- 
fore, any  quantity  which  might  have  been  collected 
was  thrown  aside  as  useless — in  fact,  it  was  put  be- 
yond the  reach  of  the  miner,  by  casting  it  into  the 
deep  rivers,  lest  they  might  use  it  to  sophisticate  the 
gold  they  collected.  On  this  account  a  large  quan- 
tity of  platinum  ore  has  doubtless  been  put  out  of  the 
reach  of  present  or  future  use  for  a  considerable  time 
to  come.  Wood  gave  the  first  scientific  account  of 
it  in  a  paper  published  in  the  Philosophical  Transac- 
tions in  1750 ;  and  in  1752  its  proportion  in  the  pla- 
tinum sand  was  determined  by  Scheffer.  Lewis 
wrote  upon  it  in  1754 ;  MarggrAF  in  1757 ;  and  since 
then  researches  upon  it  have  been  published  by  Berg- 
mann,  Von  Siokingen,  Mussin-Pouschkin,  Eour- 
t'ROY,  and  Vauquelin,  Wollaston,  Descotils,  Ten- 
nant,  Berzelius,  Edward  Davy,  Doboreiner, 
and  Claus  ;  from  which  investigations  resulted  the 
discovery  of  palladium,  rhodium,  iridium,  osmium, 
and  ruthenium  in  the  ore,  and  all  alloyed  with  pla- 
tinum. 

Local  Sources. — The  principal  districts  which 
afford  platinum  are  those  of  Brazil,  Peru  in  South 
America,  and  Antioquia  in  the  North,  also  the  slopes  of 
the  Ural  Mountains.  In  Borneo,  and  in  almost  all  the 
gold-washing  districts  throughout  the  world,  traces  of 
the  metal  have  been  detected.  Along  the  coast  of  the 
South  Sea,  and  on  the  Western  slopes  of  the  Cordilleras 
of  the  Andes,  between  the  second  and  sixth  degree  of 
north  latitude,  platinum  occurs ;  but  the  most  produc- 
tive washings  are  those  of  Condoto  in  the  province  of 
Novita,  of  Santa  Bita  or  Viroviro,  of  Santa  Lucia,  of 
the  ravine  of  Iro,  and  Apoto,  between  Novita  and 
Taddo.  The  deposit  of  gold  and  platinum  is  found  in 
alluvial  ground  at  a  depth  of  twenty  feet ;  both  metals 
are  separated  sometimes  by  picking  out  the  grains  of 
platinum  ore,  and,  when  this  method  cannot  be  con- 
veniently adopted,  by  amalgamating  the  gold,  by  which 
process  the  platinum  is  left. 

In  the  provinces  of  Matto  Grosso  and  Mineas  Gereas 
in  Brazil,  platinum  is  found  in  the  alluvial  deposits  which 
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produce  gold.  The  ore  of  these  localities  differs  from 
that  of  Peru,  being  met  with  in  grains  of  a  globular 
form,  and  which  exhibit  a  surface  made  up  of  small 
spheroidal  protuberances  strongly  adhering  together, 
the  interstices  being  clean  and  even  brilliant.  None 
of  the  magnetic  iron  ore  or  small  zircons  observed  in 
the  Peruvian  product  are  observable  in  it.  It  is,  how- 
ever, mixed  with  small  radiated  or  fibrous  grains  of 
palladium. 

The  veins  of  manganese  in  the  weathered  syenite 
near  Santa  Bosa  de  Osos,  in  the  Columbian  province 
of  Antioquia,  afford  platinum;  and  it  has  been  ob- 
tained from  the  valley  of  the  river  Jaeky  in  Saint 
Domingo.  Like  the  platinum  sands  of  Peru,  the  pro- 
duct of  this  district  appears  in  brilliant  rounded  grains, 
as  if  polished  by  friction.  It  yields  chromium,  copper, 
osmium,  iridium,  ruthenium,  palladium,  and  probably 
titanium.  The  total  quantity  derived  from  South 
America  does  not  exceed  eight  hundred  and  fifty 
pounds  annually,  a  product  which  is  much  inferior  to 
the  washings  in  the  districts  of  the  Ural  Mountains 
where  the  metal  is  found.  In  1819  a  whitish  kind  of 
gold  was  detected  in  the  mine  of  Neiwin  Korner ;  but 
its  nature  was  not  ascertained  till  1822,  when  platinum 
was  detected  in  it.  Platinum  washings  were  esta- 
blished in  1824,  and  since  that  period  considerable 
quantities  are  annually  produced  by  them ;  they  are 
situated  on  the  Western  slopes  of  the  chain  of  moun- 
tains, and  the  ore  is  met  in  alluvial  deposits  partly, 
and  in  other  localities  injected  into  the  greenstone 
and  serpentine  rocks.  The  chief  workings  are  at 
Nischne-Tagilsk,  Goroblagodat — Kuschwa — Nischne- 
Turinsk,  where  the  metal  occurs  almost  without  gold ; 
Bogoslowsk  in  important  quantities ;  also  at  Sla- 
toust,  Werch-Isetsk,  Newiansk,  and  Bilimbajewsk.  In 
most  of  these  washings  the  platinum  ore  constitutes 
from  one-four-thousandth  to  one-fourteen-hundredth 
of  the  sand,  and  contains  on  an  average  about  seventy 
per  cent,  of  platinum.  That  from  Goroblagodat 
yields  eighty-eight  per  cent.  Another  ore,  osmide  of 
iridium,  is  also  met  with  in  small  quantity  in  these 
districts,  yielding  on  an  average  two  per  cent,  of 
platinum. 

Platinum  is  also  found  in  greater  or  less  quantities 
in  other  countries ;  for  instance,  in  the  Batoo  Moun- 
tains in  Borneo,  and  in  the  gold  sands  found  on  the 
North  of  Ava,  black  magnetic  particles  are  collected 
which  yield  twenty  per  cent,  of  the  metal.  The 
gold  sands  of  the  Bhine  afford  a  small  per  centage 
of  platinum;  so  also  does  the  palladium  from  Weil- 
helm  Works  on  the  Hartz.  It  has  been  detected 
in  the  departments  De  la  Charente  and  Deux  Sevres 
in  France,  in  Guadalcanal  in  Spain,  and  in  Ohla'- 
pian  in  Hungary.  According  to  Pettenkoffer,  all 
silver,  unless  subjected  to  a  particular  process  of  puri- 
fication, contains  traces  of  this  metal ;  he  found  it 
in  the  gold  reclaimed  from  the  furnace  slags  of  Munich. 
Gueyrnard  latterly  detected  it  in  the  grey  copper 
from  the  Department  des  Hautes  Alps,  and  in  the 
bournonite  from  Saint  Arey  on  the  Mure.  Bitter- 
son  observed  it  in  the  gold  sands  of  California,  and 
Mallet  in  the  auriferous  gleanings  from  the  Wicklow 
Mountains. 
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Platinum,  though  invariably  found  in  the  metallic 
state,  has  never  been  discovered  pure  and  unalloyed. 


The  annexed  table  exhibits  a  few  analyses  of  the  pro- 
duct from  different  localities : — 


COMPOSITION  OP  CRUDE  PLATINUM  OKES. 
Berzelius. 


Svanberg. 


Platinum,   78-94 

Palladium   0-28 

Rhodium,   0-86 

Iridium,   4-07 

Osmium,   — 

Iron,   11-04 

Copper,   0-70 

Manganese,  

Osmium-iridium,   1*96 

Grains  of  saud,  

Lime  

Loss,   1-25 

100-00 


b. 
73-58 

0-  30 

1-  15 

2-  35 

12-98 
5-20 


j-....     2-30  j 
2-14 


100-00 


86-50 
1-10 
1-15 


8-32 

0-  45 

1-  40 

1-08 
100-00 


a. 

84-30 
1-06 
3-46 
1-46 
1-03 
5-31 
0-74 


0-60 

0-  12 

1-  92 

100-00 


e. 
86-16 

0-  35 
2-16 

1-  09 
0-97 
8-03 
0-40 

0-  10 

1-  91 


101-17 


/■ 

84-34 

1- J56 
3-13 

2-  58 
0-19 
7-52 
trace 

0-  31 

1-  56 


101-29 


55-44 
0-49 
6-86 
27-79 
trace 
4-14 
8-30 


103-02 


The  sample  a  in  the  foregoing  table  was  a  dark-grey 
ore  from  Nischne-Tagilsk  in  the  Ural,  which  was  non- 
magnetic ;  the  sample  b,  from  the  same  locality,  but 
magnetic ;  c  was  from  the  washings  at  Goroblagodat  in 
the  same  region,  and  perfectly  non-magnetic ;  d  was 
obtained  from  Barbacoas,  and  consisted  of  very  large 
grains ;  e  was  from  Choco,  an  ore  freed  from  ferru- 
ginous particles  as  much  as  possible  with  the  magnet ; 
/  from  the  river  Pinto.  This  variety  was  classified  into 
several  subvarieties ;  thus,  a,  rounded  grains,  having 
considerable  lustre  and  a  color  inclining  to  leaden-grey, 
of  specific  gravity  equal  17'88  ;  b,  angular  grains,  of  a 
light  grey  color  and  little  lustre,  of  specific  gravity 
17-08  ;  c,  rough  grains,  somewhat  yellowish,  but  hav- 
ing black  points,  specific  gravity  14-24 ;  and  d,  black 
shining  grains,  specific  gravity  7'99.  Of  these,  the  a 
variety  was  analysed,  and  the  numbers  stand  under/ 
in  the  table.  The  results  under  g  are  of  the  osmium- 
iridium  from  South  America. 

Generally  the  ore  of  platinum  is  met  with,  as  already 
stated,  in  small  grains  ;  but  considerable  masses  of  the 
metal  have  occasionally  been  discovered.  The  largest 
lump  that  has  been  found  in  America  is  retained  in 
Madrid;  it  weighs  eleven  thousand  six  hundred  and 
forty  grains,  or  two  pounds  troy,  and  appears  in  size 
nearly  equal  to  a  turkey's  egg.  This  specimen  was 
found  in  1814  in  the  gold  mine  of  Gondoto.  A  lesser 
lump  was  brought  from  Choco  by  Humboldt,  and 
presented  to  the  cabinet  of  Berlin ;  it  weighs  one  thou- 
sand and  eighty-eight  grains,  or  little  more  than  two 
and  a  half  ounces.  Much  larger  masses  of  the  metal 
have  been  found  in  the  Eussian  territory  already  men- 
tioned. A  nugget  of  platinum,  found  at  Nischne- 
Tagilsk,  and  still  retained  in  the  St.  Petersburg  collec- 
tion, weighs  ten  pounds  fifty-four  zolotnik — 9-2364 
Prussian  pounds  weight — but  its  specific  gravity  is 
only  16-0.  Another  lump  of  nearly  double  the  size  of 
the  former,  was  discovered  in  1830  in  the  same  works ; 
it  weighs  twenty  pounds  thirty-four  zolotnik  Eussian — 
equal  to  19'684  pounds  avoirdupois ;  and  later,  another 
mass  weighing  22-744  pounds  was  found.  In  the  royal 
mineral  collection  of  Berlin  is  a  piece  of  platinum  ore 
which  was  presented  to  the  cabinet  by  Count  Demi- 
doff. 

Schubart  states  that  from  1822  to  1835  no  less 


than  thirty-one  thousand  and  seventy-two  Prussian 
pounds  of  platinum  were  obtained  from  the  Ural 
Mountains ;  in  1836  one  hundred  and  eighteen  puds 
two  pounds,  and  in  1848  one  hundred  and  fourteen 
puds,  equal  to  three  thousand  nine  hundred  and  eighty- 
seven  and  a  half  Prussian  pounds  were  obtained. 

Preparation  of  Platinum. — When  obtained 
directly  from  the  ore  the  difficulty  of  preparing  the 
metal  pure  increases  according  to  the  number  of  other 
components  associated  with  it;  if  the  platinum  be 
alloyed  only  with  gold,  all  that  is  necessary  is  to  treat 
it  at  once  with  nitro-hydrochloric  acid  till  the  whole  is 
dissolved,  to  remove  the  excess  of  acid  by  evaporation, 
and  then  produce  the  ammonio-chloride  of  platinum 
by  the  addition  of  chloride  of  ammonium.  The  ter- 
ehloride  of  gold  may  be  washed  out  of  the  yellowish- 
red  crystalline  salt  by  water.  If  other  metals  be 
united  with  the  platinum,  as  in  the  samples  of  which 
the  analyses  have  been  given  above,  then  the  sand  is 
alternately  treated  with  strong  nitric  and  hydrochloric 
acids,  till  all  the  copper,  iron,  lead,  and  silver,  manga- 
nese, et  cetera,  are  removed ;  the  washed  residue  is 
then  acted  upon  with  aqua  regia  till  the  whole  of  the 
metals  dissolve.  A  moderately  dilute  solution  of  sal- 
ammoniac  is  now  added  to  the  clear  filtered  liquid, 
which  should,  however,  be  as  free  of  acid  as  possible, 
and  the  precipitated  double  salt  of  ammonia  and  pla- 
tinum collected,  washed  well  with  cold  water,  dried, 
and  reduced  to  the  metallic  state.  The  latter  opera- 
tion is  effected  by  gently  heating  the  mass  at  first,  and 
indeed  till  the  whole  of  the  ammoniacal  salt  is  expelled, 
and  subsequently  bringing  it  to  a  strong  red  heat. 
The  residue  now  will  be  pure  metallic  platinum  in  a 
very  finely-divided  condition,  or,  as  it  is  ordinarily 
termed,  platinum  mohr — -platinum,  blade.  The  rho- 
dium, palladium,  osmium,  and  iridium,  provided  a  little 
nitric  acid  be  added  previous  to  precipitation,  remain 
in  the  mother-liquid,  and  can  be  recovered  subse- 
quently. 

The  product  thus  obtained  may  be  again  dissolved 
in  aqua  regia,  and  reprecipitated  as  before,  when  any 
palladium  which  might  have  been  thrown  down  before 
will  be  removed  in  the  liquor  and  washings  of  the 
ammonio-platinum  salt.  The  metal  obtained  by  heat- 
ing to  redness  the  last-mentioned  compound,  or  by 
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electrical  precipitation,  by  means  of  a  plate  of  zinc, 
from  an  acid  solution  of  the  bichloride  of  platinum,  is 
— after  washing  and  drying,  and  subsequently  heating 
to  redness — in  the  form  of  a  black  slightly  adhesive 
mass,  which  may  be  reduced  to  a  powder  of  the  same 
appearance,  capable  by  pressure  and  friction  of  being 
made  to  assume  the  metallic  lustre. 

Properties. — In  its  purity  platinum  has  a  white 
color,  nearly  approaching  to  that  of  silver.  Its  density 
is,  with  the  exception  of  iridium,  the  greatest  of  any 
known  body.  Several  results  nearly  coinciding  have 
been  arrived  at  regarding  its  weight,  among  which  are 
the  following : — Clarke  found  the  specific  gravity  of 
hammered  platinum  to  be  20-875 ;  Borda,  20-98 ; 
Siokengen,  21-061;  Wollaston,  21 '25;  Berzelius, 
21-45;  Klaprotii,  21-74;  and  Cloud,  at  62-6°, 
23-543.  When  compressed  by  welding,  and  drawn 
out  into  thick  wire,  it  indicated  21-4,  and  after  being 
still  further  extended,  21-5.  It  is  infusible  at  the 
highest  temperature  of  a  wind  furnace,  though  capable 
of  being  welded  like  iron  at  a  white  heat ;  the  tem- 
perature of  the  oxyhydrogen  blowpipe,  however,  as 
also  that  of  the  flame  of  a  powerful  voltaic  current, 
readily  melts  and  even  boils  it,  dispersing  a  portion 
into  vapor,  which  appears  to  burn  and  form  an  oxide 
of  the  metal.  Dumas  observed  that  it  becomes  harsh 
and  brittle  when  heated  powerfully  in  contact  with 
charcoal,  owing  to  its  combination  with  a  little  carbon, 
or  silica,  or  phosphorus.  Platinum  is  very  malleable, 
and,  therefore,  can  be  beaten  out  into  very  thin  plates, 
and  drawn  into  wires  one-two-thousandth  of  an  inch 
in  diameter ;  and  with  proper  means,  such  as  inclosing 
it  within  a  silver  wire,  into  wire  only  one-thirty-thou- 
sandth of  an  inch.  The  least  admixture  of  iridium 
deprives  it  of  this  quality  to  a  greater  or  less  extent. 
Air  and  moisture  have  no  effect  upon  the  metal  even  in 
the  heat ;  unlike  gold  and  silver,  sulphur  and  mercury 
do  not  injure  it  even  when  intensely  heated.  Nitrate  of 
potassa,  however,  and  potassa  and  lithia,  at  a  high 
temperature,  oxidise  it ;  but  it  remains  uninjured  by  the 
strongest  simple  acids.  The  combination  of  hydro- 
chloric and  any  other  of  the  mineral  acids  dissolves  it 
readily ;  so  likewise  chlorine  water,  or  a  mixture  of  a 
chloride  or  nitrate,  and  of  nitric  or  hydrochloric  acid, 
and  in  every  instance  a  bichloride — Pt  Cla — of  the  metal 
results.  With  phosphorus,  arsenic,  antimony,  bismuth, 
cadmium,  tin,  and  lead,  platinum  forms  alloys  at  mo- 
derately high  temperatures ;  and  if  the  heat  be  increased 
it  combines  even  with  silver  and  copper,  in  which  state 
it  is  sometimes  readily  dissolved  by  nitric  acid,  although 
this  has  no  action  upon  it  in  its  purity.  Platinum  is  not 
such  a  good  conductor  of  heat  and  electricity  as  other 
metals  of  less  density.  Despretz  has  given  the 
following  numbers  indicative  of  the  comparative  con- 
ducting power  of  the  metals,  assuming  that  of  gold  to 
be  equal  to  one  thousand : — 

Gold,   1000 

Platinum,   981 

Silver,   973 

Copper,   896 

Iron,   874 

Zinc,   363 

Tin,   304 

Lead,   180 


Wollaston  has  shown,  however,  that  the  above 
results  are  untenable,  since,  according  to  a  simple 
experiment  devised  by  him,  if  rods  of  the  several  metals 
of  equal  length  and  weight  be  covered  with  wax,  and 
equally  heated  at  one  end,  the  wax  on  the  copper 
rod  will  have  melted  at  the  distance  of  3'5  inches, 
on  the  silver  at  2-5  inches,  and  on  the  platinum  and 
palladium  only  at  the  distance  of  an  inch.  Its  expan- 
sion is  less  than  any  of  the  other  metallic  bodies, 
being  only  0-0009918  between  32°  and  212°,  or  one 
thousand  one  hundred  and  eighth  of  its  bulk.  Its 
specific  heat,  according  to  Dulonq  and  Petit,  is 
0-03414. 

Such  are  the  principal  properties  of  forged  platinum, 
or  of  the  metal  made  into  utensils,  wire,  or  thin 
leaves ;  but  in  its  other  states,  such  as  platinum  black 
and  spongy  platinum,  it  exhibits  other  properties, 
which  are  highly  interesting  and  characteristic  of  this 
metal. 

Spongy  platinum  is  obtained,  as  already  intimated, 
by  heating  the  ammonio-ehloride  of  platinum  to  red- 
ness ;  and  provided  the  salt  be  pure,  no  other  sub- 
stance will  contaminate  it.  The  substance  appears  of 
a  dull  grey  color,  soft  and  porous ;  when  ignited 
strongly  it  adheres  together,  and  by  subjecting  it  to 
pressure  with  hard  bodies,  it  is  made  into  the  form  of 
laminoe,  having  the  metallic  lustre.  The  interest 
attached  to  this  body  arises  from  the  fact  that  without 
any  apparent  change  it  induces  the  combination  of 
gases  with  one  another,  or  the  oxidation  of  bodies,  to  a 
remarkable  extent.  Dobereiner  was  the  first  to  bring 
this  remarkable  fact  before  the  consideration  of  the 
scientific  world,  by  showing  that  a  stream  of  hydrogen 
and  of  oxygen  gases  directed  upon  it  are  inflamed 
merely  by  its  contact,  and  that  hydrogen  alone  is 
capable  of  making  it  red  hot.  Dulong  and  Thenard 
showed  that  this  metal,  in  the  more  compact  form  of 
fine  wire  and  foil,  is  capable  of  inducing  the  union  of 
oxygen  and  hydrogen  in  a  limited  degree,  and  Fara- 
day has  shown  what  precautions  arc  necessary  to  be 
observed  to  insure  success  in  the  trial — namely,  clean- 
liness of  the  metal  effected  by  fusing  potassa  on  its 
surface,  and  after  washing  in  water,  rinsing  it  in  hot 
oil  of  vitriol,  and  again  with  water.  In  this  state  pla- 
tinum foil  will  act  upon  a  mixture  of  the  two  gases  in 
the  proportion  of  one  volume  of  oxygen  and  two  of 
hydrogen,  so  as  to  speedily  become  red  hot.  Contact 
with  the  skin,  a  cloth,  or  mere  exposure  for  a  few 
days  divests  it  in  a  great  degree  of  this  property ;  so 
likewise  do  sulphide  of  hydrogen,  carbonic  oxide,  and 
defiant  gases.  The  explanation  given  of  this  remark- 
able effect  is,  that  it  results  from  the  concurring  influence 
of  two  forces,  namely,  the  self-repulsive  energy  of 
similar  gaseous  particles,  and  the  adhesive  attraction 
exerted  between  them  and  the  platinum.  Each  gas, 
repulsive  to  itself,  and  not  repelled  by  the  platinum, 
comes  into  the  most  intimate  contact  with  that  metal, 
and  both  gases  are  so  condensed  upon  its  surface  that 
they  are  brought  within  the  limits  of  their  mutual 
attraction,  and  so  combine. 

Spongy  platinum  has,  besides  the  power  of  causing 
the  ignition  of  oxygen  and  hydrogen  gases,  that  of  con- 
densing vapors  upon  its  surface  and  in  its  pores  to  a 
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surprising  extent.  Thus,  when  exposed  to  the  air, 
ordinaiy  freshly-prepared  spongy  platinum  absorbs 
oxj'gen  gas  to  the  extent  of  many  times  its  volume, 
but  little  or  no  nitrogen.  In  this  state  it  iuduees  the 
combustion  or  oxidation  of  several  gases  of  a  combus- 
tible nature,  and  also  of  liquids.  Thus  it  is  that  hydro- 
gen is  burned  and  oxidised  into  water,  and  alcohol  into 
acetic  acid.  There  are  several  forms  of  finely-divided 
platinum,  which  exhibit  greater  power  of  condensation 
of  gases,  and  so  of  effecting  chemical  changes  with 
greater  force  than  spongy  platinum.  Such  is  the  pro- 
duct resulting  from  the  combustion  of  bibulous  paper 
which  had  been  saturated  with  a  solution  of  bichloride 
of  platinum  and  dried,  and  that  produced  by  voltaic 
action  in  an  acid  solution  of  bichloride  of  platinum  by 
a  bar  of  zinc;  but  the  most  remarkable  for  this  effect 
is  the  platinum  black  of  Liebig.  It  is  prepared  by 
boiling  bichloride  of  platinum  solution  with  an  excess 
of  potassa  or  carbonate  of  soda,  by  which  the  heavy 
metal  is  reduced  to  the  state  of  a  proto-compound,  and 
on  now  pouring  alcohol  gradually  into  the  solution,  a 
precipitate  of  a  black  color  falls,  which  is  the  compound 
in  question.  It  is  in  a  finely-divided,  and  probably  in 
a  more  amorphous  state  than  any  of  the  other  com- 
pounds. When  this  body  is  well  washed  and  dried,  it 
takes  up  as  much  as  two  hundred  and  fifty  times  its 
volume  of  oxygen,  and  if  absolute  alcohol  be  dropped 
upon  it  in  this  state  ignition  immediately  takes  place. 
The  combustible  gases  are  quickly  inflamed  by  it,  and 
spirits  of  wine  energetically  acetified.  As  with  the 
others,  exposure  for  some  time  to  moist  ah-,  ammoniacal 
vapors,  or  sulphide  of  hydrogen  gases,  destroys  in  part 
or  wholly  its  power  of  effecting  these  changes;  but 
washing  with  an  acid  and  water,  or  heating  it  to 
redness,  restores  its  usual  properties  again.  Liebig's 
platinum  black,  however,  when  treated  with  dry 
ammoniacal  gas  is  rendered  red  hot,  and  considerable 
quantities  of  the  vapors  are  absorbed. 

Platinum  is  capable,  under  certain  conditions,  of 
uniting  with  most  of  the  non-metallic  elements,  and 
forming  combinations  that  enter  into  new  formations  of 
the  binary  saline  class ;  and  with  the  metallic  bodies 
in  the  form  of  alloys,  but  which  are  of  little  import- 
ance. The  chemical  symbol  of  platinum  is  Pt.,  and  its 
combining  weight  99. 

Metallurgy  op  Platinum. — The  complex  nature 
of  the  crude  ore  of  platinum  has  attracted  considerable 
notice,  and  has  led  chemists  to  publish  several  methods 
for  its  preparation,  as  well  as  for  the  estimation  of  the 
associated  bodies. 

Whatever  method  is  chosen,  the  crude  ore  is  sub- 
mitted to  a  purifying  process  before  the  business  of 
extracting  the  platinum  commences.  For  instance,  the 
gold  which  may  be  mixed  with  the  particles  of  pla- 
tinum or  alloyed  with  it,  is  separated  usually  by  adding 
mercury,  and  removing  the  residual  matter  from  the 
amalgam.  Particles  of  titanate  of  iron  may  be 
abstracted  from  it  by  the  magnet,  or  if  the  ore  itself 
should  be  partly  attracted,  the  sortment  will  afford 
different  qualities  of  ore.  At  St.  Petersburg,  where 
the  platinum  of  all  the  ore  found  in  the  Ural  is  extracted, 
the  following  process  is  pursued : — Into  each  of  thirty 
open  platinum  basins  capable  of  holding  eight  pounds, 


that  are  ranged  on  a  sand-bath  covered  by  a  glazed 
dome  with  movable  panes,  and  the  whole  surmounted  by 
a  ventilator  which  carries  off  the  liberated  acid  vapors, 
a  certain  quantity  of  the  material  is  introduced,  and  a 
mixture  composed  of  three  parts  of  hydrochloric  acid 
42°  Twaddell,  and  one  of  nitric  at  73°  Twaddell,  poured 
upon  it.  The  whole  is  then  heated  during  eight  to  ten 
hours,  or  till  the  evolution  of  red  fumes  ceases ;  and 
after  allowing  the  undissolved  matter  to  subside,  the 
liquid  is  decanted  into  a  large  cylindrical  vessel,  the 
residue  is  washed  with  water,  and  the  washings  added 
to  the  first  liquor.  The  undissolved  matter  is  treated 
with  further  quantities  of  acid  till  the  whole  becomes 
soluble,  and  the  liquors  commingled  in  the  common 
receptacle  already  mentioned.  Aqua  regia  to  the 
amount  of  from  ten  to  fifteen  times  the  weight  of  ore 
operated  upon  is  required,  according  as  the  granules  of 
the  ore  are  smaller  or  larger  in  bulk.  Moderately  dilute 
aqua  ammonia  is  now  added  to  the  acid  liquor  in  the 
glass  vessel,  when  a  precipitate  occurs,  and  on  its  sub- 
sidence the  supernatant  liquor  is  decanted  into  other 
vessels  and  evaporated  to  about  one-twelfth  in  glass 
retorts,  embedded  in  a  sand-bath ;  on  allowing  this 
liquor  to  cool  the  double  chloride  of  ammonium  and 
iridium  crystallizes  out  in  the  form  of  a  dark  purple 
powder,  which  is  separated,  and  the  mother-liquor 
evaporated  to  dryness  in  porcelain  vessels,  the  residue 
calcined  and  treated  anew  like  fresh  ore.  The  preci- 
pitate obtained  in  the  first  instance  is  dried,  calcined, 
and  heated  to  redness  for  obtaining  the  metal  in  a 
spongy  state.  In  order  to  agglomerate  this  sponge,  it 
is  pounded  in  a  bronze  mortar,  the  powder  passed 
through  a  fine  sieve,  and  the  product  introduced  into 
the  mould  in  which  the  ingot  is  to  be  formed.  Here 
it  is  compressed  with  a  rammer  which  is  forced  in  by  a 
coining  press,  and  when  reduced  to  the  proper  size,  it  is 
removed  from  the  mould  and  baked  for  thirty-six  hours 
in  a  porcelain  kiln,  after  which  it  may  be  forged  with 
ease,  provided  the  iridium  had  been  separated  from  it. 
The  ingot  of  platinum  contracts  to  the  extent  ot  one- 
sixth  or  one-fifth  of  its  volume  during  the  roasting  in  the 
oven.  The  cost  of  preparing  platinum  is  estimated  to 
be  about  twenty-five  to  twenty-seven  shillings  per 
pound  in  Eussia. 

Wollaston's  method,  of  which  the  preceding  is  a 
modification,  is  the  most  perfect,  and  that  best  calcu- 
lated to  yield  a  pure  metal.  Vauquelin  struck  upon 
the  same,  but  in  its  details  that  of  the  former  is  the 
most  complete.  For  the  preparation  of  the  pure  metal, 
the  platiniferous  grains  are  treated  with  aqua  regia  and 
chloride  of  ammonium,  as  in  the  preceding  case  ;  only, 
to  prevent  the  solution  of  the  iridium  it  is  necessary  to 
dilute  the  acids,  so  that  it  will  remain  in  the  residue. 
It  is  well  to  reduce  the  strength  of  the  hydrochloric 
acid  with  an  equal  quantity  of  water,  and  also  that  the 
aqua-fortis  and  muriatic  acid  be  quite  pure.  Wollas- 
TON  has  indicated  that  a  quantity  of  hydrochloric  acid, 
equivalent  to  one  hundred  and  fifty  of  dry  acid,  and 
as  much  nitric  acid  as  will  contain  forty  parts,  is  sufficient 
for  the  solution  of  a  hundred  parts  of  the  platiniferous 
matter;  but  as  it  is  best  to  have  an  excess  of  the  ore, 
one  hundred  and  twenty  parts  of  the  latter  should  be 
employed.    The  action  of  the  compound  acid  should 
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take  place  slowly,  and  a  very  gradually  increasing 
temperature  be  applied  till  the  operation  be  completed, 
which  happens  in  about  four  days.  After  this  the  con- 
tents of  the  vessel  are  allowed  to  repose,  in  order  that 
the  iridium  suspended  in  small  particles  in  the  liquid 
may  deposit ;  this  done  the  clear  solution  is  to  be 
drawn  off,  and  after  the  separation  of  any  subsided 
matter,  forty-one  parts  of  chloride  of  ammonium  are 
added,  when  the  yellow  crystalline  chloroplatinate  of 
ammonia  falls.  This  precipitate  weighs  one  hundred 
and  sixty-five  parts,  and  contains  sixty-six  parts  of 
platinum.  Palladium,  iridium,  rhodium,  ruthenium, 
osmium,  gold,  silver,  iron,  and  any  other  foreign  matters, 
are  all  or  in  part  contained  in  the  mother  liquor  from  the 
last  precipitate,  together  with  eleven  parts  of  platinum. 
To  obtain  it  the  whole  of  the  metals  are  precipitated 
by  means  of  a  clean  plate  of  zinc  or  of  iron,  the  metallic 
deposit  well  washed,  redissolved  in  aqua  regia  as  before, 
and  the  platinum  thrown  down  with  chloride  of  ammo- 
nium, after  having  added  one  part  of  strong  hydro- 
chloric acid  to  every  thirty-two  parts  of  the  liquor, 
with  the  view  of  holding  the  palladium  and  lead  from 
falling  down  with  the  yellow  platinum  salt.  By  a  later 
method,  Wollaston  neutralizes  the  acid  solution  with 
carbonate  of  soda,  and  precipitates  the  palladium  from 
the  liquid  with  the  cyanide  of  mercury,  in  the  form  of 
whitish  flakes.  When  this  is  removed  by  filtration, 
the  platinum  may  be  removed  from  the  mother-liquor 
by  the  addition  of  forty-one  parts  of  chloride  of  ammo- 
nium. 

The  precipitate  from  the  first  liquor,  as  well  as  that 
from  the  re-solution  of  the  residuary  matter  in  aqua 
regia,  must  be  as  well  washed  with  cold  water  as  possible, 
quite  free  from  the  chloro-iridate  of  ammonia;  it  is  then 
to  be  dried  carefully  by  pressure  between  folds  of 
bibulous  paper  or  other  absorbent  matter.  After  the 
whole  of  the  moisture  is  dispersed,  the  substance  is 
introduced  into  a  black-lead  crucible,  and  subjected  to 
a  temperature  merely  sufficient  to  expel  the  ammoniacal 
salt  and  the  radical  of  the  platinum  compound.  Should 
the  heat  be  raised  too  high,  it  would  cause  the  aggluti- 
nation of  the  metal,  so  as  to  render  its  subsequent 
compression  into  ingots  difficult,  at  the  same  time  that 
it  would  decrease  its  welding  power.  The  loose  pla- 
tinum powder  is  next  rubbed  between  the  palms  of  the 
hand  very  gently,  sifted  through  a  linen  cloth,  and  the 
coarse  particles  that  remain  behind  reduced  in  a  wooden 
dish  with  a  pestle  of  the  same  material,  with  as  little 
force  as  possible.  This  portion  is  then  sifted  like  the 
rest,  and  the  fine  powder,  which  ought  not  to  exhibit  any 
metallic ,  lustre,  or  the  finer  parts,  may  be  separated 
by  elutriation  and  decantation.  Having  sufficiently 
reduced  the  mass,  it  is  mixed  with  water  to  a  pastelike 
consistency,  and  introduced  into  a  brass  mould  or 
cylinder  6'75  inches  high,  1-12  inch  wide  at  the  top, 
and  123  at  the  bottom,  which  is  inclosed  by  a  steel 
stopper  that  enters  it  to  the  distance  of  a  quarter  of  an 
inch,  having  the  inner  face  smeared  with  grease.  The 
whole  is  now  wrapped  round  with  bibulous  paper,  and 
placed  in  a  vessel  of  water  so  as  to  fill  it  with  the 
liquid,  when  the  metal  sinks  and  fills  every  portion  of 
it  equally,  and  cavities  in  the  ingot  are  avoided. 

A  piece  of  bibulous  paper  is  now  laid  on  the  top  of 
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the  platinum,  and  then  woollen  cloths,  "and  the  excess 
of  moisture  removed  by  pressing  the  contents  of  the 
cylinder  by  a  wooden  pestle  forced  by  the  hand.  The 
cloths  and  paper  are  removed  at  this  stage,  and  a  disc 
of  copper  substituted,  the  paste  having  sufficient  con- 
sistency to  allow  the  mould  to  be  placed  horizontally 
in  a  press,  to  be  condensed  preparatory  to  its  forging. 
The  kind  of  apparatus  which  Wollaston  invented  is 
represented  in  Fig.  420.  After  the  pressure  is  suffi- 
ciently exerted,  the  cylinder  is  opened,  and  the  ingot, 
shaped  in  the  form  of  the  cylinder,  taken  out  without 
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danger  of  breaking  in  the  hands,  and  heated  nearly  to 
redness  in  a  charcoal  fire,  in  order  to  drive  off  moisture, 
bum  the  grease,  and  give  it  greater  compactness.  It 
is  now  laid  endwise  on  a  support  of  clay,  which  is 
strewn  over  with  quartz  sand,  and  introduced  upon  the 
bars  of  a  wind  furnace,  but  so  that  it  will  be  two  inches 
and  a  half  above  them.  A  brisk  coke  fire  is  to  be  sup- 
plied, and  while  exposed  to  the  intense  heat  of  the  fire 
the  cylinder  is  covered  with  a  crucible  of  very  refractory 
clay,  but  in  such  a  way  as  not  to  touch  the  metal. 
Twenty  minutes'  ignition  is  given,  but  the  intensity 
of  the  temperature  is  moderated  during  the  last  few 
minutes.  The  defect  of  blistering  so  frequently  ob- 
served in  platinum  arises  from  improper  treatment  of 
the  metal  at  this  stage,  and  to  remedy  it  the  highest  pos- 
sible heat  of  a  wind  furnace  should  be  applied.  Whilst 
still  red  hot  the  ingot  is  taken  from  the  furnace,  placed 
upon  the  anvil  endwise,  and  struck  with  a  hammer 
repeatedly.  Should  it  bend  under  this  treatment,  it 
must  not  be  straightened  by  striking  it  in  a  horizontal 
position,  but  the  blows  must  be  directed  on  the  edges 
as  to  rectify  the  bend,  and  so  still  preserve  it  straight. 
After  the  ingot  is  sufficiently  condensed  by  this  means, 
it  is  in  a  position  to  bear  forging  and  working  into  any 
desired  shape,  like  any  other  metal.  To  separate  the 
ferruginous  scales  with  which  it  may  become  coated 
during  its  exposure  in  the  furnace,  the  ingot  must  be 
coated  with  a  mixture  of  equal  parts  of  borax  and 
cream  of  tartar,  in  a  moist  state ;  placed  upon  a  pla- 
tinum support ;  a  refractory  crucible  inverted  upon  it, 
without  touching ;  and  then  introduced  into  the  furnace, 
and  there  brought  to  a  full  red  heat.  It  is  next  with- 
drawn, and  immersed  in  a  bath  of  dilute  sulphuric  acid, 
which  has  the  effect  of  dissolving  the  incrusted  flux  and 
any  adhering  iron.  The  ingot  may  now  be  hammered 
out  into  foil  or  drawn  into  wire  as  required.  Wollas- 
ton found  the  specific  gravity  of  the  metallic  powder 
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compressed  in  the  mould  to  be  10-0,  after  strong  igni- 
tion 17'0  to  17'7,  after  hammering  21-25,  when  drawn 
into  thick  wire  21'4,  and  into  fine  wire  21'5. 

The  manner  of  manufacturing  crucibles  and  such 
vessels  designed  for  chemical  purposes,  is  to  introduce 
the  powder  platinum  into  a  steel  mortar  of  the  intended 
shape  of  the  crucible,  and  then  the  stamp  is  forced  in 
by  means  of  a  press  or  by  repeated  blows  of  a  hammer. 
On  removing  the  steel  base  of  the  mortar,  the  cylinder 
of  platinum  may  be  forced  out  by  carefully  pressing 
the  stamp  further  inwards.  The  cylinder  is  then  care- 
fully ignited  in  a  platinum  crucible,  at  first  in  an 
ordinary  assay  or  air  furnace,  and  afterwards  in  a  blast 
one  to  the  highest  degree,  after  which  it  may  be  beaten 
on  the  anvil. 

The  following  directions  for  mending  platinum  ves- 
sels in  use  in  the  laboratory  may  not  be  uninteresting. 
An  injured  platinum  vessel  may  be  mended  in  the 
following  manner  : — The  cracked  or  perforated  vessel 
is  thoroughly  cleansed,  either  by  fusing  potassa  in  it, 
and  then  treating  it  with  an  acid,  or  by  scraping  the 
part  and  afterwards  filing  down  the  asperity  of  the  sur- 
face ;  a  clean  piece  of  foil  of  a  thickness  suited  to  the 
vessel  is  then  laid  on  the  defective  part,  and  the  whole 
heated  to  bright  redness  in  a  smith's  forge,  after  which 
the  article  is  removed  to  the  anvil  as  quickly  as  possi- 
ble, and  while  yet  red  hot,  struck  quickly  with  a  hammer 
to  weld  the  piece  to  the  body  of  the  vessel.  After  the 
adhesion  of  the  two,  the  part  may  be  beaten  out  after 
successive  heatings,  to  give  it  a  smooth  surface.  To 
renovate  a  crack  on  the  edge  of  a  crucible,  a  narrow 
bent  strip  of  platinum  foil  is  suspended  over  it,  and 
pressed  as  near  as  possible  to  the  side  of  the  vessel;  the 
whole  being  then  heated  in  the  flame  of  a  blowpipe 
lamp  to  whiteness,  and  while  in  this  state  struck  on 
the  pointed  end  of  the  anvil  lightly,  but  quickly,  with 
the  hammer.  The  part  maybe  smoothened  by  repeat- 
ing the  heating,  and  striking  it  whilst  hot  on  the  anvil. 
When  the  injury  is  in  the  form  of  a  perforation,  a  pla- 
tinum wire  is  selected  of  the  size  of  the  hole  and  struck 
flat  at  its  end ;  this  is  then  passed  through  the  vessel, 
cut  off  close  at  the  other  side,  and  the  end  flattened  by 
a  few  strokes  of  the  hammer.  The  vessel  is  now  heated 
in  the  fire  till  it  becomes  nearly  white  hot,  and  struck 
in  the  manner  directed  above,  when  a  secure  welding 
takes  place.  Should  the  hole  be  large,  a  piece  of  pla- 
tinum plate  of  the  suitable  size  is  taken  and  secured  to 
the  edge  of  the  vessel  by  a  number  of  platinum  rivets ; 
it  is  then  transferred  to  the  fire,  and  when  sufficiently 
heated  beaten  on  the  anvil  with  the  flat  smooth  ham- 
mer. In  either  of  these  cases  the  new  joint  is  indis- 
cernible when  properly  effected. 

Platinum  crucibles  and  vessels  are  liable  to  injury 
from  the  following  agents  : — Nitrohydrochloric  acid, 
chlorine  water,  a  mixture  of  hydrochloric  acid  with 
chromic  acid  or  its  salts,  or  with  a  peroxide,  such  as 
manganese,  attack  the  metal  and  readily  dissolve  it. 
Lead,  bismuth,  zinc,  or  any  other  metal  heated  in  a 
platinum  vessel  to  its  melting  point,  or  nearly  to  that 
degree,  alloys  itself  with  the  platinum,  and  either  pro- 
duces a  hole  at  once  or  an  alloy,  which  is  acted  upon 
by  acids.  The  most  destructive  of  this  class  are  those 
of  arsenic  and  antimony ;  and  hence,  not  only  must  the 


operator  carefully  avoid  heating  these  to  redness  in  a 
platinum  vessel,  but  likewise  their  oxides  and  the  salts 
which  they  form  with  other  bases.  This  is  more  espe- 
cially the  case,  if  charcoal  or  any  carbonaceous  matter 
be  present  that  would  cause  a  reduction  of  the  arsenical 
or  stibic  compound.  Many  other  oxides  of  an  easily 
reducible  nature  injure  crucibles  when  carbonaceous 
matters  are  not  carefully  excluded.  This  also  applies 
to  phosphoric  acid  and  its  salts,  since  in  contact  with 
carbon  at  a  high  heat  reduction  takes  place,  and  a 
brittle  and  easily  fusible  phosphide  of  platinum  results. 
Alkaline  sulphides  or  cyanides  should  not  be  fused  in 
platinum  vessels,  as  these  agents  dissolve  considerable 
quantities  of  the  metal.  Silicium  at  a  high  heat  unites 
with  platinum,  rendering  it  brittle  and  disposed  to 
crack ;  hence  vessels  of  this  metal  ought  never  to  be 
heated  exposed  in  an  open  fire  ;  they  should  be  pro- 
tected by  an  outer  earthen  crucible,  contact  of  the  two 
being  prevented  by  calcined  magnesia.  Potassa,  soda, 
lithia,  and  their  nitrates,  when  fused  in  a  platinum 
vessel,  oxidise  part  of  the  metal,  which  is  dissolved  in 
the  form  of  an  alkaline  platinate.  This  is  more  par- 
ticularly the  case  with  lithia.  Sulphur  does  not  affect 
it  unless  arsenic  or  some  other  deleterious  body  be 
present,  neither  has  pure  phosphoric  acid  any  action 
upon  it. 

The  purity  of  platinum  vessels  is  tested  by  treating 
them  with  the  simple  acids — hydrochloric  and  nitric — 
in  succession,  and  examining  the  acid  liquor  to  ascertain 
the  nature  of  the  dissolved  matter,  should  any  exist. 
It  frequently  happens  that  platinum  vessels  in  frequent 
use  in  the  laboratory  get  tarnished,  in  which  case  they 
may  be  again  rendered  bright  and  clean  by  smearing 
over  their  surface  a  paste  made  with  equal  parts  of 
pounded  borax  and  cream  of  tartar — bitartrate  of 
potassa — and  fusing  it  in  the  heat.  On  immersing  the 
vessel  subsequently  in  a  bath  of  pure  dilute  sulphuric 
acid,  all  extraneous  matters  are  dissolved,  and  it  pre- 
sents a  clean  bright  surface. 

Platinum  is  rarely  applied  to  the  purposes  of  the 
jeweller,  silver  being  preferred;  indeed,  its  chief  use, 
except  in  Eussia,  where  it  is  coined,  is  for  chemical 
apparatus  and  philosophical  instrument  making,  in  the 
construction  of  electrical  batteries,  dentistry,  et  cetera. 
It  is  chiefly  absorbed  in  the  construction  of  stills  for 
sulphuric  acid  rectifiers,  pans,  stills,  and  digesters 
employed  in  the  manufacture  of  drugs  and  many  of  the 
purer  chemical  preparations.  Like  silver  and  gold,  this 
metal,  when  it  is  past  use  in  the  various  forms  in  which 
it  is  manufactured,  is  carefully  collected  and  returned 
to  the  platinum  founders,  to  be  again  worked  up  into 
the  same  or  other  articles.  It  is  usual  to  allow  half 
price  for  returned  platinum ;  but  this  standard  is  evi- 
dently too  low  when  compared  with  the  price  of  the 
manufactured  goods.  The  amount  of  platinum  manu- 
factured and  traded  with  annually  averages  from  five 
thousand  eight  hundred  to  six  thousand  three  hundred 
pounds  troy,  of  which  North  and  South  America  yield 
about  seven  hundred  to  eight  hundred  and  fifty  pounds, 
and  Russia  five  thousand  one  hundred  to  five  thousand 
four  hundred  and  fifty.  What  is  obtained  from  other 
sources  is  small,  and  does  not  enter  into  the  foregoing 
statistics. 
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Alloys. — Platinum  forms  alloys  with  several  metals, 
the  most  interesting  to  the  artisan  being  those  which  it 
yields  with  zinc,  iron,  lead,  copper,  and  silver  with  zinc. 
When  one  and  a  half  to  two  parts  of  zinc  are  mixed  with 
one  part  of  spongy  platinum  and  heated,  vivid  combus- 
tion of  the  mass  is  observed  to  take  place,  even  before 
it  has  attained  a  red  heat.  The  compound  mass  has  a 
bluish-white  appearance,  acquires  considerable  hard- 
ness, and  is  easily  melted,  the  zinc  becoming  an  oxide 
if  air  be  admitted.  With  a  quarter  of  its  weight  of 
zinc,  platinum  is  rendered  brittle  ;  and  zinc,  with  about 
a  twentieth  of  its  weight  of  platinum  with  iron.  A 
powerful  heat  is  required  to  effect  the  combination  of 
iron  and  platinum,  which,  however,  constitute  a  very 
hard  alloy,  scarcely  acted  upon  by  the  file,  and  some- 
what malleable.  Faraday  and  Stodart  have  made 
several  experiments  upon  the  alloys  formed  from  steel 
and  platinum.  Those  averaging  from  four  to  nine 
parts  of  steel  to  one  of  platinum,  are  characterized  by 
their  close  texture,  which  enables  them  to  take  a  high 
polish,  and  by  their  not  tarnishing  in  the  air.  An  alloy 
of  sixty-seven  parts  of  steel  and  one  of  platinum,  they 
found  to  be  well  adapted  for  the  manufacture  of  cutting 
or  edged  tools.  One  part  of  platinum  and  a  hundred  of 
steel  is  a  metal  less  hard  than  silver  steel,  but  tougher. 
With  one  of  platinum  and  two  hundred  of  steel,  a 
metal  was  formed  which  Bryant  recommends  for  the 
manufacture  of  razors. 

With  Lead. — Alloys  of  lead  and  platinum  have  few 
peculiar  or  striking  characteristics,  except  that  they 
melt  readily,  possess  a  color  approaching  to  purple, 
and  break  or  split  under  the  hammer. 

With  Copper. — A  sustained  white  heat  is  required 
to  induce  combination  of  copper  and  platinum.  In 
equal  quantities  they  melt,  and  form  a  golden-colored 
alloy  very  malleable ;  with  one-sixth  to  one-twenty- 
fifth  of  platinum,  the  color  of  the  alloy  is  between  pale 
red  and  rose  red ;  the  metal  works  well  under  the  ham- 
mer, and  takes  a  good  polish,  but  it  is  a  little  duller 
in  its  aspect  than  pure  copper.  An  alloy  of  copper 
and  platinum  has  been  introduced  for  mounting  teles- 
copic and  other  lenses.  Cooper  prepared  an  alloy  of 
seven  parts  of  platinum,  sixteen  of  copper,  and  one  of 
zinc,  which  is  similar  to  sixteen  carat-gold,  is  very 
extensible,  and  remains  unaffected  by  strong  nitric  and 
sulphuric  acids. 

With  Silver. — Silver,  when  combined  with  platinum, 
becomes  darker  in  color,  less  malleable  and  harder 
than  it  is  per  se,  and  in  proportion  as  the  admixture  of 
platinum  is  increased,  its  melting  point  becomes  higher. 
Equal  weights  of  silver  and  platinum  give  a  hard  dull- 
hued  alloy,  very  brittle  under  the  hammer;  when  the 
proportion  of  silver  is  more  than  five  per  cent,  and 
cupelled  with  lead,  no  brightening  occurs.  Sulphuric 
acid  dissolves  part  of  the  silver  from  the  alloys  rich  in 
this  metal,  but  nitric  acid  does  not  effect  the  analysis 
of  both  metals,  as  the  solution  contains  both  silver  and 
platinum. 

With  Gold. — Platinum  unites  with  gold,  but  when 
the  proportions  are  equal  it  requires  the  strongest  heat 
of  a  wind-furnace  to  effect  the  fusion ;  and  when  the 
combination  of  the  two  metals  in  the  ratio  of  three  of 
gold  to  seven  parts  of  platinum  is  essayed,  the  tem- 
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perature  of  the  oxyhydrogen  blast  is  necessary.  The 
alloys  in  every  instance  are  characterized  by  having  a 
lighter  color  than  gold,  a  great  density,  and  when  the 
gold  averages  a  sixth  to  a  fifth  of  the  weight,  consider- 
able elasticity. 

Combinations  op  Platinum. — This  metal  is  ca- 
pable of  uniting  with  most  of  the  non-metallic  elements; 
with  several  of  them  it  readily  combines,  whilst  with 
others  the  conditions  requisite  to  effect  the  combination 
are  varied.  In  a  practical  point  of  view,  however, 
these  are  uninteresting,  as  no  particular  application  of 
them  has  been  made,  with,  perhaps,  the  exception  of 
the  bichloride,  which  is  in  continued  request  in  the 
laboratory,  and  in  some  cases  in  the  potter's  art,  for 
producing  bright  steel  greys.  Some  of  the  compounds 
thus  produced,  more  especially  the  chloride,  enter  into 
the  formation  of  other  well-marked  bodies  of  a  com- 
pound saline  nature,  wherein  the  platinum  compound 
remains  intact,  and  occupying  as  it  were  the  part  of  a 
radical  in  the  new  salt. 

It  would  be  useless  to  describe  these  combinations 
here,  the  more  so  as  they  serve  but  little  the  purposes 
of  the  manufacturer.  The  bichloride  of  platinum,  which 
is  the  most  useful  of  the  class  referred  to,  may  be  pre- 
pared as  stated  when  speaking  of  the  preparation  oi 
platinum,  namely,  by  treating  the  metal  with  aqua 
regia  containing  an  excess  of  hydrochloric  acid,  and 
evaporating  till  all  the  free  acid  is  removed.  The  salt 
has  a  dark  red  crystalline  appearance,  is  deliquescent, 
and  gives  with  water  and  alcohol — in  which  menstrua 
it  is  soluble  in  all  proportions — dark  red  solutions.  Its 
symbol  is  Pt  Cl2,  and  its  atomic  or  equivalent  weight 
one  hundred  and  seventy. 

POTASSIUM. — Potassium,  French ;  Kalium,  German 
and  Latin. — The  discovery  of  this  interesting  metal 
was  made  as  lately  as  the  commencement  of  the  present 
century.  The  compound  nature  of  the  alkaline  base — 
potassa — had  long  been  suspected,  though  never  pre- 
viously proved  to  a  certainty.  Nor  were  philosophers 
agreed  as  to  its  supposed  constitution ;  for  while  La- 
voisier suspected  it  to  be  a  true  metallic  oxide,  the 
more  generally  received  opinion  was,  that  nitrogen 
was  an  ingredient  in  its  composition.  The  proof  of 
its  compound  nature,  until  then  merely  hypothetical, 
was  reserved  for  that  distinguished  philosopher,  Sir 
Humphrey  Davy,  who  in  1807  succeeded  by  means 
of  a  powerful  voltaic  battery  in  separating  potassium, 
with  the  metals  of  the  other  alkalies  and  of  the  alka- 
line earths,  from  their  combinations.  This,  unlike  the 
great  majority  of  discoveries  at  that  period,  was  not 
the  result  of  accident,  but  of  true  scientific  reasoning, 
and  was  confidently  expected  to  follow  the  application  of 
that  agent,  the  extraordinary  powers  of  which  had  been 
until  this  period  so  little  understood  and  investigated, 
but  which  has  since  been  so  beneficially  applied  to  the  s 
wants  of  mankind.  Lord  Brougham,  referring  to  the 
discovery  of  this  and  the  other  alkaline  metals,  remarks, 
that  he  could  well  remember  that  in  discussing  the  sub- 
ject, they  used  to  look  forward  with  perfect  confidence 
to  the  analysis  of  those  bodies  which  had  hitherto  proved 
the  most  stubborn,  and  expected  soon  to  find  the  fixed 
alkalies,  and  even  the  alkaline  earths,  shown  to  be 
oxides,  as  by  some  very  imperfect  experiments  they 
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had  at  one  time  been  supposed  to  be  proved.  The 
discovery  was  not  long  delayed.  In  October,  1807, 
Davy,  after  in  vain  endeavoring  to  decompose  the 
alkalies  when  mixed  with  water — for  then  he  could 
only  decompose  that  fluid — exposed  them  in  the  dry 
state,  but  made  liquid  by  fusion;  and  to  his  great 
delight  he  found,  as  he  had  expected,  that  the  process 
of  decomposition  proceeded,  the  oxygen  appearing  at 
the  positive  wire,  while  globules  of  a  metallic  substance 
were  found  at  the  negative  one.  The  glory  of  having 
made  the  greatest  discovery  of  the  age  was  plainly 
Davy's.  His  praise  would  have  been  the  same  if, 
instead  of  at  once  discovering  the  alkalies  to  be  oxides, 
and  the  metals  forming  the  bases  to  be  lighter  than 
water,  while  one  of  them  burned  unheated  in  the  open 
air,  he  had  only  shown  these  salts  to  be  oxides  of  well- 
Id!  own  metals ;  but  as  his  investigation  had  been  crowned 
with  the  discovery  of  strange  substances — metallic,  and 
yet  like  no  other  metals — the  admiration  excited  was 
still  greater. 

The  investigation  of  Davy  was  afterwards  prosecuted 
by  Gay-Lussac  and  Thenard,  who,  however,  for 
some  time  still  regarded  the  metal  to  be  a  compound 
of  the  alkali  with  hydrogen.  Berzelius,  on  the  con- 
trary, repeating  Davy's  experiments,  satisfied  himself 
of  the  correctness  of  the  theory  of  the  latter  chemist. 

Sources. — In  consequence  of  its  intense  affinity  for 
oxygen,  potassium  is  never  met  with  in  nature  uncom- 
bined.  It  occurs  principally  as  carbonate  of  the  oxide 
or  potassa  in  the  ashes  of  land  plants,  and  also  as  chlo- 
ride in  those  of  marine  plants.  In  the  mineral  kingdom, 
it  is  found  as  sulphate,  as  well  per  se,  as  in  combination 
with  earths  and  water,  and  especially  in  alum  and  alum- 
stone.  In  polyhallite  it  is  associated  with  the  sulphates 
of  lime  and  magnesia.  As  nitrate  of  potassa,  or  salt- 
petre, it  is  found  in  large  quantities  on  the  surface  of 
the  earth ;  as  chloride,  it  exists  sparingly  in  rock-salt, 
in  sea-water,  and  in  many  salt  springs,  and  other 
mineral  waters.  It  is  also  an  ingredient  in  several 
rocks,  especially  in  felspar,  leucite,  apophyllite,  and 
potassa  tourmalin,  in  all  of  which  it  exists  as  silicate 
of  potassa.  Being  always  contained  in  plants,  its  salts 
are  of  course  a  most  important  ingredient  in  soils. 

Preparation. — The  expensive  and  troublesome 
method  of  Davy,  for  the  production  of  this  metal,  has 
long  been  abandoned,  or  at  least  is  exhibited  only  as  an 
interesting  example  of  the  power  of  electricity  in  pro- 
ducing chemical  decomposition.  The  following  pro- 
cess invented  by  Gay-Lussac  and  Thenard,  and 
subsequently  modified  by  Brunner,  Wohi.er,  and 
MiTSCHERLicii,  is  that  most  frequently  adopted.  The 
salt  made  use  of  is  the  carbonate  of  potassa,  and  by 
careful  manipulation,  large  quantities  of  metal  may  be 
obtained.  The  reducing  agent  employed  is  charcoal  in 
a  state  of  the  most  minute  division.  These  ingredients 
are  most  readily  procured  in  a  proper  admixture 
by  the  calcination  of  argol,  or  crude  bitartrate  of 
potassa.  Mitscherlicii  directs  six  pounds  of  tartar  to 
be  ignited  in  a  covered  iron  pot,  till  gases  cease  to  be 
evolved.  The  product,  termed  black  flux,  is,  while  still 
hot,  to  be  pulverized  and  mixed  with  ten  ounces  of 
coarsely-powdered  charcoal.  This  addition  is  intended, 
by  making  the  mass  more  porous,  to  allow  of  the  more 


easy  escape  of  the  gases  subsequently  developed.  The 
whole  is  then  transferred  as  quickly  as  possible  to  a 
wrought-iron  quicksilver  bottle,  to  the  moutli  of  which  an 
iron  tube,  not  exceeding  five  inches  in  length,  is  screwed, 
to  serve  as  a  connection  to  a  copper  receiver,  partly 
filled  with  rectified  naphtha,  and  so  constructed  with 
partitions  as  to  exclude  the  air.  Another  tube  is  inserted 
in  this  receiver,  directly  opposite  to  the  tube  in  the  bottle, 
so  as,  if  necessary,  by  means  of  a  strong  steel  rod,  to 
cleanse  the  connecting  tube,  which  occasionally  becomes 
clogged  by  the  products  of  decomposition.  This  tube 
serves  also  as  an  escape  aperture  for  the  gases.  The 
whole  arrangement  is  fixed  in  a  wind  furnace,  as  shown 
in  Fig  421.    This  furnace  should  have  a  wide  grate, 


Fig.  421, 


and  a  chimney  ten  feet  high.  The  receiver  is  kept 
cool  by  means  of  ice  applied  to  the  outside.  A  strong 
and  uniform  heat,  produced  by  the  combustion  of  dry 
wood,  is  then  applied  to  the  bottle,  and  when  the  mass 
is  sufficiently  heated,  the  decomposition  of  the  alkali 
by  the  charcoal  begins,  indicated  by  the  appearance  of 
a  pink  flame  at  the  mouth  of  the  tube.  The  potassium 
now  distils  over,  accompanied  by  carbonic  oxide  and 
some  solid  products,  and,  dropping  into  the  naphtha  in 
the  receiver,  is  effectually  protected  from  the  action  of 
the  air. 

Instead  of  the  iron  bottle  used  in  the  above  process, 
a  gun  barrel  is  sometimes  employed,  and  is  bent 
upwards  at  the  thick  end  at  a  very  obtuse  angle,  and 
downwards  at  the  other  end  for  about  four  inches, 
the  middle  part  being  laid  horizontally  in  the  furnace. 
This  is  the  form  of  apparatus  originally  employed  by 
Gay-Lussac  and  Thenard.  The  ingredients  used 
by  these  chemists  were  hydrate  of  potassa,  and  metal- 
lic iron  in  the  form  of  wire,  filings,  or  borings.  The 
latter  were  placed  in  the  middle  of  the  tube,  and  the 
potassa  salt  contained  in  the  anterior  bent  portion  of 
the  tube  was  gradually  fused  and  allowed  to  flow 
down;  and  coming  in  contact  with  the  iron  at  a  white 
heat  was  decomposed,  yielding  potassium  and  hydrogen 
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gas,  which  latter  escaped  hy  the  lower  end  of  the 
barrel,  and  the  potassium  was  collected  as  previously 
described.  To  preserve  the  iron  bottle  or  gun  barrel 
used  in  these  processes  from  wasting  away  rapidly 
by  the  action  of  the  intense  heat,  it  has  been  recom- 
mended to  coat  them  externally  with  luting.  Gay- 
Lussac  and  ThjSnard  used  for  this  purpose  a  mix- 
ture of  one  part  of  clay,  five  of  fine  sand,  and  a  small 
quantity  of  horse  dung;  this  luting  is  slowly  dried,  and 
the  cracks  filled  up  with  fresh  material.  Mantell 
incloses  the  gun  barrel  in  a  tube  of  baked  clay,  of 
such  a  width  as  to  allow  of  the  expansion  of  the  barrel. 
Sciiadler  and  Werner  surround  the  bottle  with 
a  wire  net,  and  on  this  the  former  applies  a  luting 
composed  of  two  parts  of  pounded  Hessian  crucibles, 
one  part  of  pipe-clay,  and  some  cow  hair;  the  latter 
two  or  three  coatings  of  thin  paste  consisting  of  coarse 
quartz  sand  and  a  little  clay.  Antiion  covers  the 
bottle  with  a  mixture  of  loam  and  sand,  and  Gale 
with  a  mixture  of  equal  parts  of  sand,  clay,  and  soap- 
stone. 

Instead  of  the  mixture  of  charred  tartar  and  charcoal, 
recommended  by  Mitscherlich,  one  of  carbonate  of 
potassa  and  charcoal  in  proper  proportions  may  be  used. 
Kukla  evaporates  to  dryness  a  mixture  of  three  parts 
of  pearlash  dissolved  in  water,  with  the  addition  of  one 
part  of  flour,  carbonizes  the  residue,  mixes  it  when  cold 
with  sufficient  water  to  moisten  it  slightly,  and  transfers 
it  to  the  bottle.  It  is  always  desirable  to  employ  an 
excess  of  charcoal,  as  the  rapid  choking  of  the  tube,  as 
well  as  the  fusion  and  projection  of  the  contents  of  the 
bottle,  is  thus  prevented.  If  a  complete  stoppage  is 
actually  formed  in  the  tube,  the  greatest  care  must  be 
exorcised  in  reopening  it;  and  if  the  attempt  be  success- 
ful, which  is  not  always  the  case,  masses  of  burning 
potassium  may  bo  forcibly  projected  by  the  sudden 
expansion  of  the  compressed  gas  in  the  bottle,  and  occa- 
sion serious  injury  to  the  operator.  The  latter  should 
therefore  expose  himself  as  little  as  possible,  and  his 
hands  should  be  carefully  protected  by  leathern  gloves. 
The  metal  adhering  to  the  borer  should  also  be  quickly 
scraped  off  into  naphtha  or  rock  oil,  and  should  it  take 
fire,  extinguished  by  covering  with  a  plate. 

The  theory  of  the  production  of  potassium  from  the 
carbonate  of  potassa,  by  heating  in  contact  with  char- 
coal, is  not  clearly  understood.  In  its  simplest  form, 
the  decomposition  may  be  represented  thus — K  0, 
C02  +  Ca  =  K  +  3  C  0.  Unfortunately,  however,  the 
greatest  portion  of  the  potassium  at  the  moment  of 
separation  enters  into  combination  with  the  carbonic 
oxide,  forming  a  grey  powder  termed  croconaceous 
matter,  and  from  which,  by  digestion  in  water,  cro- 
conate  and  rhodizonate  of  potassa  may  be  separated. 
The  grey  powder  is  possessed  of  most  powerfully  explo- 
sive properties,  and  if  the  greatest  care  be  not  exercised 
in  removing  it  from  the  tube  and  other  parts  of  the 
apparatus — such  as  <brefully  excluding  it  from  the 
atmosphere  until  quite  cool,  and  soaking  well  in  naph- 
tha previous  to  attempting  its  removal — the  most  dan- 
gerous accidents  may  occur.  The  loss  in  potassium, 
owing  to  the  formation  of  these  compounds,  is  very 
great — amounting  even  under  the  most  favourable  cir- 
cumstances to  at  least  one  half  of  the  metal  contained 


in  the  mixture.  Pleichl  obtained  from  six  pounds 
of  tartar,  carbonized  and  mixed  with  six  ounces  of 
charcoal,  nine  and  a  quarter  ounces  of  potassium,  equal 
to  9'2  per  cent.  This  is  nearly  one  half  of  the  total 
amount  present,  and  may  be  considered  a  good  yield. 
In  most  cases  the  product  is  much  less. 

Purification. — Potassium,  as  obtained  in  the  pro- 
cesses above  described,  is  found  in  the  receiver  in  the 
form  of  globules  mixed  with  carbonaceous  matter. 
From  this  the  visible  globules  are  picked  out  with 
a  pair  of  forceps,  and  by  distilling  the  black  residue 
a  further  quantity  may  be  separated.  The  metal  thus 
collected  is,  to  separate  remaining  impurities,  tied 
up  in  a  linen  bag  and  heated  to  about  150°,  and  then 
pressed  out  with  a  pair  of  wooden  tongs.  A  far  more 
effectual  method  of  purification  is,  however,  by  distilla- 
tion from  a  small  iron  retort,  with  which  a  short  wide 
tube  is  connected,  as 
represented   in   Fig,  FiK- 422- 

422.  This  bottle  is, 
after  being  filled  with 
the  crude  metal,  slowly 
raised  to  a  strong  red 
heat  in  a  small  air  fur- 
nace. The  potassium 
after  some  time  begins 
to  pass  over,  and  is  received  into  naphtha.  The  pro- 
cess requires  to  be  conducted  with  great  caution,  other- 
wise a  dangerous  explosion  may  ensue.  Under  any 
circumstances  there  is  a  considerable  loss  of  metal  from 
oxidation  and  other  causes. 

Properties. — Potassium  is  of  a  bluish,  or  silver- 
white  color,  and  is  possessed  of  a  high  degree  of  metallic 
lustre.  Its  consistence  is  very  variable  according  to 
the  temperature ;  below  32°  it  is  brittle,  and  its  fracture* 
has  a  crystalline  texture.  At  60°  it  is  malleable,  and 
easily  cut  with  a  knife.  At  about  130°  it  enters  into 
perfect  fusion,  and  in  appearance  resembles  mercury; 
and  at  a  bright  rod  heat  it  boils  and  rises  in  green 
vapor.  Its  specific  gravity  at  G0°  is  0'865;  it  is, 
therefore,  lighter  than  water.  When  exposed  to  the 
air,  potassium  is  instantly  tarnished  by  the  formation 
of  a  film  of  oxide;  indeed  so  powerful  is  its  affinity  for 
oxygen,  that  when  thrown  on  the  surface  of  water,  it 
instantly  takes  fire,  forming  potassa  and  liberating 
hydrogen  gas.  Potassium  must  always,  therefore,  be 
kept  in  naphtha,  rock  oil,  or  some  liquid  free  from  oxy- 
gen. The  brilliant  lustre  of  this  metal  is  most  beauti- 
fully shown  by  heating  it  in  melted  tallow,  or  by  press- 
ing a  small  portion  between  two  plates  of  glass.  The 
symbol  for  potassium  is  K,  and  its  equivalent  39. 
Owing  to  its  intense  affinity  for  oxygen  and  the  other 
metalloids,  potassium  is  a  most  powerful  instrument  of 
research ;  thus,  it  decomposes  all  oxides,  in  most  cases 
with  complete  reduction ;  and,  with  the  aid  of  heat,  all 
carbonates,  phosphates,  sulphites,  sulphates,  nitrates,  and 
many  other  salts,  withdrawing  the  oxygen  not  only  from 
the  acid,  but  also  from  the  base.  By  its  means  many 
metals,  previously  unknown  in  the  separate  state,  have 
been  withdrawn  from  their  combinations,  and  may  now 
be  prepared  in  any  quantities  to  supply  the  demand 
for  them  in  the  arts  and  manufactures.  Potassium  has 
also  been  employed  in  surgery,  as  a  substitute  for  the 
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actual  cautery;  in  some  cases  with  most  beneficial 
results. 

Oxides  op  Potassium. — By  combining  with  oxygen, 
this  metal  forms  three  compounds — suboxide,  K2  0 ; 
protoxide,  KO;  and  peroxide,  K03.  The  first  named  is 
produced  when  potassium  is  heated  with  a  limited  sup- 
ply of  air  in  a  close  vessel,  or  when  it  is  heated  with 
the  higher  oxides.  The  protoxide  is  obtained  when  an 
equivalent  of  potassium  is  allowed  to  act  upon  one  of 
water,  in  a  vessel  from  which  the  air  is  carefully  ex- 
cluded. 

The  decomposition  is  as  follows: — 


-f-  HO 


KO 


+  H 


rotassium.  Water.  Protoxide  of  potassium.  Hydrogen. 

It  is  also  procured  by  exposing  the  peroxide  to  a 
strong  heat.  The  latter — the  highest  oxide — is 
produced  when  the  metal  is  burned  with  free  access  of 
air  or  oxygen  gas,  by  burning  the  suboxide  and  the 
protoxide,  and  also  by  the  continued  ignition  of  the 
nitrate  of  potassa.  None  of  these  oxides,  per  se,  are  of 
use  in  the  arts  or  manufactures,  and  therefore  will  not 
require  further  mention.  The  protoxide,  however,  in 
combination  with  water,  is  a  most  important  salt,  and 
demands  a  more  detailed  notice. 

Hydrate  op  Potassa — Caustic  Potassa. — This 
salt  is  most  conveniently  prepared  by  decomposing 
carbonate  of  potassa  by  hydrate  of  lime.  One  part  of 
the  carbonate  is  heated  with  twelve  parts  of  water  till 
the  solution  boils;  slaked  lime — prepared  by  mixing 
three  parts  of  warm  water  with  a  little  less  than  one  of 
burned  lime,  and  keeping  it  in  a  covered  pan  till  the 
latter  is  reduced  to  a  soft  powder — is  gradually  added 
with  constant  agitation.  The  vessel  is  then  covered, 
and  its  contents  boiled  for  a  quarter  of  an  hour.  The 
caustic  solution  is  now  tested  by  deeaDting  a  small 
portion  and  pouring  it  into  hydrochloric  acid ;  if  there 
be  no  effervescence,  the  potassa  is  completely  decom- 
posed ;  in  the  contrary  case,  longer  boiling,  perhaps 
with  the  addition  of  more  lime,  is  requisite.  When  a 
portion  of  the  liquid  no  longer  disengages  carbonic  acid 
on  the  addition  of  a  stronger  one,  the  whole  is  allowed 
to  remain  at  rest  for  some  time,  in  order  that  the  car- 
bonate and  the  excess  of  hydrate  of  lime  may  subside. 
The  clear  liquor  is  then  siphoned  off,  concentrated  by 
evaporation  in  covered  iron  pots,  and,  should  it  become 
turbid,  set  aside  for  some  time  and  then  again  decanted. 
Lastly,  the  solution  is  rapidly  boiled  down  in  a  polished 
iron  or  silver  vessel  till  it  acquires  the  consistence 
of  oil,  and  on  cooling  concretes  into  hard  masses. 
Carbonate  of  potassa  is  also  decomposed  by  lime  at 
ordinary  temperatures ;  but  in  this  case  the  decompo- 
sition is  effected  less  rapidly,  and  the  carbonate  of  lime 
formed  being  much  less  dense  than  when  ebullition  is 
used,  its  separation  is  much  more  difficult.  As  thus 
prepared,  this  hydrate  frequently  contains  considerable 
quantities  of  alumina,  silica,  and  phosphoric  acid. 

For  use  in  the  laboratory,  hydrate  of  potassa,  pre- 
pared as  above,  is  treated  with  rectified  spirit  of  wine 
in  a  stoppered  bottle.  The  solution  is  allowed  to 
deposit,  decanted  and  evaporated  in  a  silver  dish,  until 
fume3  cease  to  be  evolved,  adding  from  time  to  time 
during  the  evaporation  some  water  to  prevent  blacken- 


ing of  the  mass.  Except  a  minute  trace  of  alumina, 
this  hydrate,  if  carefully  manufactured,  is  free  from 
other  impurities. 

To  obtain  it  perfectly  free  from  alumina,  Schubert 
directs  hydrate  of  potassa  to  be  prepared  by  decompos- 
ing the  sulphate  of  that  base  by  means  of  hydrate  of 
baryta.  A  solution  of  this  latter  salt  is  added  to  one 
of  pure  sulphate  of  potassa  in  exactly  sufficient  quantity 
to  effect  decomposition.  The  decanted  solution  is  then 
evaporated  as  previously  described. 

A  still  better  method  for  the  production  of  this  salt 
in  a  state  of  chemical  purity  is  the  following,  recom- 
mended by  Wohler.  Put  one  part  of  nitrate  of 
potassa,  and  two  or  three  parts  of  sheet  copper  cuttings, 
in  an  iron  or  copper  crucible  in  alternate  Layers ;  cover 
the  latter,  and  expose  it  for  half  an  hour  to  a  moderate 
red  heat.  Allow  the  mass  to  cool,  treat  it  with 
water,  let  the  solution  deposit  in  a  tall  cylinder,  and 
afterwards  remove  it  by  means  of  a  siphon.  By 
evaporation  the  perfectly  pure  hydrate  may  then  be 
obtained. 

According  to  Fuchs,  hydrate  of  potassa  may  be 
economically  obtained  from  certain  varieties  of  felspar 
and  from  mica.  For  this  purpose  the  minerals  are 
calcined  with  lime,  then  left  for  some  time  in  contact 
with  water,  and  the  solution  is  afterwards  filtered  and 
evaporated.  From  his  statement  it  appears  that  nine- 
teen per  cent,  of  potassa  may  be  obtained  from  felspar, 
and  fifteen  per  cent,  from  mica. 

Hydrate  of  potassa  is  a  white  opaque  mass,  which, 
when  broken,  exhibits  a  crystalline  fracture.  Its  specific 
gravity  is  1*7.  It  fuses  at  a  low-red  heat,  and  at  a 
white  heat  volatilizes  unaltered.  Its  taste  is  acrid  and 
corrosive.  It  has  a  strongly  alkaline  reaction,  a  rapid 
solvent  action  on  animal  matters,  and  is  the  most 
powerful  base  known.  Its  formula  is  KO,  HO ;  it  is 
very  deliquescent,  very  soluble  in  water,  and  crystal- 
lizable.  The  following  table,  deduced  from  Damon's 
experiments,  shows  the  quantity  of  anhydrous  potassa 
contained  in  solutions  of  various  densities : — 

Boiling  point. 

Specific  gravity.  Totassa  per  cent.  Uegrees. 

1-68    51-2    329 

1-60    46-7    290 

1-52    42-9    276 

1-47    39-6    265 

1-44    36-8    255 

1-42    34-4    246 

1-39    32-4    240 

1-36    29-4    234 

1-33    26-3    229 

1-28    23-4    224 

1-23    19-5    220 

1-19    1G-2    218 

1-15    13-0    215 

1-11    9-5    214 

1-06    4-7    213 

The  latter  is  about  the  strength  of  the  solution  of  potassa 
of  the  London  Pharmacopo;ia. 

The  impurities  most  frequen%  met  with  in  solution 
of  and  solid  hydrate  of  potassa  are  carbonate  of  lime, 
oxide  of  iron,  silica,  alumina,  carbonate  and  sulphate 
of  potassa,  and  chloride  of  potassium.  Carbonic  acid 
is  indicated  by  effervescence  on  the  addition  of  an  acid. 
Carbonate  of  lime  and  oxide  of  iron  remain  insoluble 
when  the  salt  is  treated  with  water.    Silicic  acid  and 
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alumina  are  precipitated  when  an  acid  is  gradually- 
added  to  saturation,  and  the  latter  is  redissolved  by  a 
slight  excess  of  acid.  The  presence  of  a  sulphate  is 
shown  by  the  addition  of  nitrate  of  baryta  to  a  solution 
previously  acidulated  with  nitric  acid,  and  of  chloride 
of  potassium,  by  adding  nitrate  of  silver  to  a  portion  of 
the  same  solution. 

Hydrate  of  potassa  is  a  most  valuable  agent  to  the 
chemist,  and  especially  in  the  estimation  of  the  carbon 
of  organic  bodies.  It  is  also  used  to  displace  metallic 
oxides  from  their  combinations,  as  a  solvent  for  oxides 
of  zinc  and  alumina,  also  for  the  decomposition  of 
silieious  minerals  by  fusion,  for  drying  certain  gases, 
and  a  variety  of  other  purposes.  In  surgery,  it  is  used 
in  the  solid  state,  cast  into  sticks,  as  a  most  powerful 
caustic.  In  medicine,  its  solution  is  also  frequently 
employed,  especially  as  an  antacid. 

Physiological  Effects. — In  the  solid  state  its  local 
action  is  remarkably  energetic,  rapidly  destroying  the 
tissue  with  which  it  comes  in  contact.  When  dissolved 
it  is  also  powerfully  corrosive,  and  consequently  an 
energetic  poison  in  large  doses.  It  excites  no  consti- 
tutional action,  except  what  depends  on  the  local 
injury  it  occasions.  In  medicinal  doses  it  possesses 
antacid  and  antilithie  properties,  and  is  administered 
in  some  bitter  infusion. 

Carbonate  of  Potassa  —  Potashes,  Pearlash, 
Salt  of  Tartar, — This  salt  is  most  readily  obtained  in 
a  state  of  purity  by  heating  the  crystallized  bicarbonate 
to  a  temperature  exactly  sufficient  to  expel  its  water 
and  half  of  its  carbonic  acid,  which  is  effected  below  a 
red  heat.  The  residue  dissolved  in  water  and  filtered 
yields  the  pure  salt  by  evaporation.  The  solution  in 
water  and  filtration  is  for  the  purpose  of  separating  a 
small  quantity  of  silica  usually  contained  in  the  bicar- 
bonate, and  which  is  rendered  insoluble  by  heating.  If, 
however,  the  salt  is  heated  too  strongly,  a  silicate  of 
potassa  is  formed,  which  dissolves  with  the  carbonate ; 
while,  on  the  other  hand,  if  not  sufficiently  heated,  the 
residue  still  contains  soluble  silica.  The  pure  salt  may 
also  be  obtained  by  heating  the  bitartrate  of  potassa, 
or  a  mixture  of  nitrate  and  bitartrate  to  redness,  lixivi- 
ating the  residue,  and  evaporating  to  dryness ;  also,  by 
passing  carbonic  acid  into  solution  of  potassa  till  satu- 
rated, evaporating  to  dryness,  and  exposing  the  mass 
to  a  dull  red  heat. 

Properties. — Carbonate  of  potassa— KO,  C02 — is 
very  soluble  in  water,  and  the  solution,  when  concen- 
trated to  about  1-2  and  suffered  to  cool,  deposits  crys- 
tals containing  two  equivalents  of  water,  and  therefore 
having  the  formula  KO,  C02,  2  HO.  As  usually  met 
with,  it  forms  a  white  solid  anhydrous  mass,  deliquescent, 
and  at  a  red  heat  fusible  without  alteration.  Its  solu- 
tion has  a  powerfully  alkaline  reaction  and  taste,  but  is 
only  slightly  caustic.  It  rapidly  abstracts  water  from 
the  atmosphere,  and  yields  a  dense  solution  originally 
termed  oil  of  tartar  per  deliquiwm.  The  specific 
gravity  of  the  pure  anhydrous  salt  is  2-24.  It  is  inso- 
luble in  absolute  alcohol.  Boiling  water,  on  the  con- 
trary, dissolves  more  than  its  own  weight  of  this  salt. 
A  cold  saturated  solution  contains  about  forty-eight 
per  cent.,  and  its  density  is  about  1-5.  The  subjoined 
table  by  Tunnermann  shows  tire  quantity  of  anhy- 


drous salt  contained  in  solutions  of  the  densities  enu- 
merated : — 


Specific  gravity.  Per  cent 

1-4812    40-504 

1-4750    40-139 

1-4626    39-160 

1-4504    38-181 

1-4384    37-202 

1-4265    36-223 

1-4147    35-244 

1-4030    34-265 

1-3915    33-286 

1-3803    32-307 

1-3692    31-328 

1-3585    30-349 

1-3480    29-360 

1-3378    28-391 

1-3277    27-412 

1-3177    26-432 

1-3078    25-454 

1-2980    24-475 

1-2836    23-496 

1-2694    22-517 

1-2554    21-538 

1-2417    20-539 


Specific  gravity.  Per  cent. 

1-2282    19-580 

1-2150   18-601 

1-2020    17-622 

1-1892    16-643 

1-1766    15-664 

1-1642   14-685 

1-1520    13-706 

1-1400    12-727 

1-1282    11-748 

1-1166    10-769 

1-1052    9-790 

1-0940    8-811 

1-0829    7-832 

1-0719    6-853 

1-0611    5-874 

1-0505    4-895 

1-0401    3-916 

1-0299    2-934 

1-0108    1-958 

1-0098    0-979 

1-0048    0-489 


The  carbonate  of  potassa  of  commeroe. — usually 
termed  potashes  or  pearlash — is  an  article  of  great 
importance  in  the  arts  and  manufactures;  and  it  is, 
therefore,  necessary  to  dwell  at  some  length  on  its 
production,  the  methods  for  procuring  it  on  the  large 
scale,  and  its  purification  for  manufacturing  purposes. 
As  previously  mentioned,  potassa  is  an  essential  ingre- 
dient in  plants,  and  it  is  from  this  source  that  the 
carbonate  is  obtained  for  commercial  purposes ;  for 
though  some  other  salts  of  this  base  are  frequently  met 
with  in  nature  and  in  large  quantities,  still  potashes 
are  never  procured  on  the  large  scale  by  a  chemical 
decomposition  of  these  salts.  The  great  natural  depo- 
sitory of  potassa  is  the  felspar  of  granite  and  other 
unstratified  rocks,  where  it  exists  in  combination  with 
silica,  and  quite  insoluble  in  water.  Its  extraction 
directly  from  this  source,  though  it  has  been  attempted 
on  the  large  scale,  is  attended  by  difficulties  so  great 
as  probably  never  to  allow  its  successful  prosecution. 
As  the  rocks  disintegrate  into  soils,  however,  the  alkali 
acquires  solubility ;  and,  being  taken  up  by  plants,  it 
accumulates  in  their  substance  in  a  condition  highly 
favorable  to  its  subsequent  applications.  The  precise 
condition  in  which  potassa  is  contained  in  the  vegetal 
kingdom,  is  to  a  great  extent  involved  in  mystery; 
and  the  same  may  be  said,  also,  as  to  the  part  it  plays 
in  the  organism  of  plants.  A  considerable  portion, 
however,  undoubtedly  exists  in  combination  with  vege- 
tal acids — as  tartaric,  citric,  malic,  and  oxalic — and  in 
smaller  quantities  in  some  plants  as  carbonate.  Besides 
potassa,  however,  all  vegetals  contain  other  inorganic 
constituents  in  variable  proportion — as,  for  instance, 
chlorides  of  potassium  and  sodium,  sulphates  of  potassa 
and  soda,  carbonates  and  phosphates  of  lime  and  mag- 
nesia, silicate  of  alumina,  some  metallic  oxides,  as 
those  of  manganese,  iron,  and  copper,  and  also  nitric 
acid,  iodine,  and  bromine,  in  combination  with  oxides 
and  metals.  The  alkalies,  potassa  and  soda,  appear  to 
be  capable  of  replacing  each  other  in  the  constitution  of 
plants,  as  it  is  found  that  in  those  growing  on  the  shores 
of  the  ocean,  where  the  latter  base  is  of  course  more 
abundant,  it  usually  predominates;  while  in  plants 
produced  on  an  inland  soil,  potassa  is  always  prepon- 


728 


rOTASSIUM  Carbonate — Its  Production. 


derant;  indeed,  according  to  Chaptal  and  Fonte- 
nelle,  the  same  plants  which,  when  cultivated  at  a 
short  distance  from  the  sea,  yield  soda  salts,  when 
reared  at  a  distance  of  ten  leagues  produce  salts  of 
potassa.  Other  researches  which  have  been  made 
upon  this  subject  leave  no  doubt  that  plants,  in  the 
absence  of  a  particular  ingredient  in  a  soil,  can  take 
up  some  other,  which,  as  regards  chemical  action, 
is  endowed  with  similar  properties,  and  that  bases 
replace  each  other  and  act  conjointly  with  reference 
to  the  functions  of  plants.  This  property  of  plants  to 
secrete  other  principles  than  those  generally  supposed 
to  be  essential  to  their  growth,  and  which  appear  to  be 
their  natural  sustenance,  is  very  remarkable ;  it  is, 
nevertheless,  of  frequent  occurrence — indeed,  the  ashes 
of  two  specimens  of  the  same  species  of  plants  are 
seldom  perfectly  alike  in  composition,  and  are  often 
considerably  at  variance.  Thus,  Saussure  found  in 
the  ash  of  a  fir  the  following  ingredients  : — 

Per  centago. 

Carbonate  of  potassa,   3-6 

"        lime,  :   46-34 

"         magnesia   6-77 

In  the  ash  of  the  same  tree,  but  grown  in  another 
locality,  he  found  of — 

Per  ccntago. 

Carbonate  of  potassa,   7-36 

"        lime,   51-19 

"        magnesia,   0-00 

In  both  cases  the  proportion  of  oxygen  in  the  base 
of  the  salts  is  precisely  the  same — namely,  90.  It 
appears,  therefore,  that  the  action  of  a  base  is  depend- 
ent upon  the  amount  of  oxygen  it  contains,  and  is, 
indeed,  measured  by  that  quantity ;  the  bases  of  such 
ashes — independent  of  that  portion  which  is  in  com- 
bination with  mineral  acids — must  together  contain 
one  and  the  same  quantity  of  oxygen.  This  view  is 
confirmed  by  the  experiments  of  Will  and  Fresenius, 
who  obtained  from  the  ashes  of  tobacco  very  variable 
results  as  to  the  proportion  of  the  different  ingredients ; 
but  as  regards  the  oxygen  of  the  baBe,  the  total  amount 
in  one  case  was  24-27,  and  in  the  other  24-57.  The 
nature  of  the  ash  also,  as  proved  by  Saussure,  varies 
in  the  same  specimen  with  the  part  of  the  plant  from 
which  it  is  obtained,  and,  even  in  the  same  part  is  not 
uniform  throughout  the  different  periods  of  develop- 
ment and  changes  of  season. 

The  first  operation  in  the  production  of  potassa  is  the 
combustion  of  the  wood,  when,  after  the  volatilization 
of  the  destructible  matters — as  carbon,  hydrogen,  et 
cetera — all  the  mineral  constituents  abstracted  from  the 
soil  naturally  remain  in  a  fixed  state.  This  residue 
may  contain  all,  or  only  a  portion  of,  the  constituents 
previously  mentioned  as  the  mineral  food  of  plants. 
The  bases — potassa  and  soda — are  found  for  the  most 
part  as  carbonates,  formed  during  incineration  from 
the  decomposition  of  the  vegetal  acids  with  which  they 
were  combined.  In  general,  the  herbaceous  plants 
yield  much  more  ash  than  shrubs,  and  these  again 
more  than  trees.  In  the  latter  the  bark  and  leaves 
afford  the  largest  quantity,  next  the  branches  and 
twigs,  while  in  the  trunk  only  a  very  small  quantity  is 
contained.    The  subjoined  table  shows  the  centesimal 


amount  of  ash  obtained  from  the  plants  mentioned, 
together  with  the  name  of  the  authority  : — 


Trees.  Part  burnt.    Per  centage. 

Oak,  wood,   3-30  , 

"   branches,.   0-40  . 

"   bark,   6-00  . 

"   leaves,. . ..  5*5 

Red  beech,  wood,   0-612. 

"   bark,   6-62  . 

Hornbeam,  wood,   0-60  . 

"   sap  wood,  0-7 

"   bark   13-4  . 

Alder,  wood,   0-40  . 

Birch,   wood   0-30  . 

Pinus  picea,  wood,   1-50  . 

"       "   seeds,   4-47  . 

"    abies,  wood   0-25  . 

"       "   bark,   1-78  . 

"       "   needles,..  2-31  . 

"    sylvatica,..  wood,. . . .  1-19  . 

"         "      ..needles,..  2-60  . 

"         "      ..  seeds,   4-98  . 

Lime,  wood,   5-00  . 

Poplar,  wood,   0-80  . 

Elm,  wood,   2-28  . 

Ash,  wood   2-30  . 

Shrubs. 

Elder,   1-64  . 

Hazel,   0-50  . 

Wortleberry,   2-60  . 

"    0-68  . 

Blaeberry,   0-71  . 

Juniper,   1-84  . 

Wild  rose,   0-71  . 

Heath   1-41  . 

Green  weed,   1-62  . 

Heckle,   1-66  . 

Blackberry   0-76  . 

Broom,   1-48  . 

Sumach,   1-71  . 

Herbs. 

Potato  straw,   15-00  . 

"     leaves,   1-15  . 

Peas  haulm,    5-05  . 

"        "    11-30  . 

"       "    8-10  . 

Oat  straw   5-10  . 

Nettle   10-67  . 

Thistle,   4-03  . 

Rushes,   4-33  . 

Wheat  straw,   4-40  . 

"       "    7-00  . 

"       "    4-30  .. 

Rye  straw,   0-30  . 

"      "    3-60  .. 

Maize  straw,   12-20  . 

Cane  straw,   1-70  . 

Fern,   2-75  . . 

"    2-90  .. 

"    5-00  .. 

Plantain  leaves,   9'22  .. 

"     branches,   2-30  . . 

Acacia,   2-46  . . 

Vine,   4-66  . . 

Grape  stalk,   8-89  . . 

Vine  pith   7-29 


Authority, 

Berthier. 
Saussure. 

Berthier  and  Saussure. 

Saussure. 

Mollerat. 

Hertwig. 

Saussure. 


Karsten. 


Will  and  Fresenius. 
Karsten.  - 
Hertwig. 

Saussure. 

Will  and  Fresenius. 
Berthier. 
Saussure. 
Mollerat. 


.  Berthier. 
.  Saussure. 

.  Mollerat. 


Berthier. 

Mollerat. 

Hertwig. 

Boussingault. 

Saussure. 

Boussingault. 

Pertuis. 


Berthier. 
Boussingault. 
Saussure. 
Karsten. 
Boussingault. 
Saussure. 
Karsten. 
it 

Mollerat. 

Pertuis. 

Abbene. 


Blengirie. 


The  proportion  of  carbonate  of  potassa  contained  in 
the  ashes  of  wood  is  also  very  variable,  and  it  is  always 
associated  with  a  greater  or  less  quantity  of  carbonate 
of  soda.  Other  soluble  salts  are  sulphates  and  silicates 
of  these  alkalies,  and  chlorides  of  the  metals.  If  the 
ash  is  treated  with  water,  these  salts  are  separated, 
whilst  carbonates,  phosphates,  and  silicates  of  the 
alkaline  earths  remain  insoluble.  The  value  of  a  par- 
ticular ash  is,  therefore,  determined  by  the  estimation 
of  the  relative  proportion  of  its  soluble  and  insoluble 
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constituents.  In  the  appended  table  are  given  the 
experiences  of  Berthier  and  others  on  this  point :— 


Solublo. 

Insoluble. 

Authority. 

19*22 

80*78 

•  •    JhtU  i  M.T. 

18'00  . . 

. .  82*08  . 

16*30  . . 

. ,  83*70  . 

12*00  . . 

. .  88*00  . 

(( 

15*50  . . 

. .  84*50  . . 

6*25  . . 

. .  93*75  . 

(| 

10*80  . 

*  *  o?^?  * 

., 

16*00 

*  *  o,  ' 

1  Q.fiil 

10  o\)  . . 

. .  ol*20  . 

25*70  . . 

. .  74*30 

50*00  .. 

..  50*00  .' 

13*60  .. 

..  86*40  .. 

12*70  .. 

..  86*30  .. 

. .  Hertwig. 

25*00  .. 

..  75*00  . 

. .  Berthier. 

15*40  .. 

..  84*60  .. 

31*50  .. 

..  68*50  .. 

10*10  .. 

..  89*90  .. 

4*20  .. 

..  95*8  .. 

29*00  .. 

..  71*10  .. 

(i 

32*91  .. 

..  65*97  .. 

. .  Hertwig. 

u 

27*82  .. 

..  72*18  .. 

19*47  .. 

..  80*26  .. 

.  .Fresenius. 

Extraction  of  Potashes. — The  American  process  for 
the  extraction  of  potashes  is  thus  described  by  Morfit. 
The  incineration  of  the  plant  is  effected  in  dry  pits, 
sunk  into  the  ground  to  a  depth  of  three  or  four  feet. 
The  plant  is  thrown  in  in  portions,  and  burned  until 
the  pit  is  nearly  full  of  ashes.  The  latter  are  then 
removed,  mixed  with  about  five  per  cent,  of  lime,  and 
drenched  with  successive  portions  of  fresh  water.  The 
ash-tubs  or  vats  employed  in  this  operation  are  usually 
formed  from  tar-barrels,  by  cutting  them  in  half.  A 
number  of  these  are  furnished  with  two  cross-beams, 
upon  which  rests  a  false  cullendered  bottom  covered 
with  straw,  and  below  this  is  a  cock  for  the  removal 
of  the  lie.  The  first  liquor  running  through  being 
saturated  is  passed  at  once  to  the  evaporating  pan ; 
while  the  second  or  third  runnings,  being  weaker,  are 
reserved  and  poured  upon  fresh  ash  until  completely 
saturated.  The  evaporating  pans  are  broad  and  shal- 
low, and  made  of  iron  with  corrugated  bottoms,  to 
produce  greater  extent  of  heating  surface  ;  and  as 
evaporation  progresses,  new  supplies  of  strong  liquor 
are  poured  in,  and  the  heat  is  continued  until  a 
sirupy  consistence  is  attained,  when  the  fire  is  gradu- 
ally slackened,  and  the  contents  of  the  pan,  becoming 
solid,  are  dug  out  and  placed  aside  as  crude  potashes. 
By  subjecting  this  mass  to  the  heat  of  a  reverberatory 
furnace,  most  of  the  sulphur,  and  all  excessive  water 
and  empyreumatic  matters  are  expelled,  causing  a  loss 
of  ten  to  fifteen  per  cent.  This  modified  product  is 
white,  with  a  bluish  tinge,  contains  more  carbonic  acid 
than  the  original  crude  product,  and  takes  the  name 
oi  pearlash. 

The  process  employed  in  Kussia  and  Northern  Europe 
is  the  same  in  principle  as  that  above  described,  and  is 
conducted  in  a  similar  manner,  except  that  no  lime  is 
used  in  the  lixiviation  process.  The  difficulty  expe- 
rienced in  the  removal  of  the  potashes  from  the  evapo- 
rating pans  may  be  avoided,  in  a  great  measure,  by 
constant  agitation  of  the  lie  while  cooling.  The  salt 
thus  obtained,  however,  contains  twice  as  much  water 
as  in  the  ordinary  method.  By  some  producers  a 
separation  of  the  greater  part  of  the  difficultly  soluble 
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sulphate  of  potassa — a  salt  largely  consumed  by  the 
manufacturers  of  alum — is  effected  by  evaporation  and 
cooling  from  the  lie,  which  has  been  saturated  with 
the  soluble  constituents  of  the  ash,  and  a  much  superior 
variety  of  potashes  is  obtained. 

The  insoluble  portion  of  the  ashes  of  plants,  and 
which  remains  in  the  lixiviating  vat,  is  employed  in 
glasshouses  for  the  production  of  green  bottle-glass, 
and,  on  account  of  the  phosphates  it  contains,  is  also 
valuable  as  a  manure. 

The  production  of  potashes  is  principally  carried  on 
in  those  countries  where,  being  thinly  populated,  wood 
is  very  abundant.  In  Russia,  straw  and  weeds  are 
burnt  for  the  potassa  they  contain ;  and  in  some  dis- 
tricts of  France,  yeast,  the  lees  of  wine,  and  distillery 
refuse  are  also  applied  to  the  same  purpose ;  while  in 
Java,  potashes  are  extracted  from  the  stems  and  leaves 
of  the  indigo  plant,  after  the  separation  of  the  coloring 
matter. 

The  principal  varieties  of  potashes  met  with  in  com- 
merce are  American,  Russian,  German,  Saxon,  and 
Dantzig.  They  vary  but  little  in  appearance,  and 
derive  their  names  from  the  locality  whence  they  are 
imported.  The  proportion  of  carbonate  of  potassa 
contained  in  the  crude  ashes  varies  from  forty  to 
eighty  per  cent.,  and  the  residue  for  the  most  part 
consists  of  sulphate  and  silicate  of  potassa  and  chloride 
of  potassium.  According  to  the  analysis  of  Vauque- 
lin,  American  potashes  contain  of  pure  hydrated 
potassa — either  in  the  free  state,  or  combined  with 
carbonic  acid — 74  per  cent.,  Russian  potashes  67,  and 
American  pearlashes  65*5  per  cent.  Various  European 
specimens,  also  examined  by  this  chemist,  yielded  from 
38*5  to  62  per  cent. 

Valuation  of  Potashes — Alkalimetry. — The  com- 
mercial value  of  potashes  depends  entirely  upon  the 
proportional  amount  of  carbonate  or  caustic  alkali 
contained  in  them ;  and  it  is,  therefore,  important  to  be 
able  to  effect  the  estimation  of  these  salts  otherwise 
than  by  a  complete  chemical  analysis,  as  the  tedious- 
ness  of  the  operation,  the  great  practice  required  in 
manipulation,  and  the  cost  of  apparatus,  render  any 
such  method  nearly  impracticable  to  the  manufacturer. 
Several  processes  have  been  devised  to  ascertain  the 
amount  of  available  alkali  in  the  crude  product  with 
sufficient  accuracy  for  the  purposes  of  commerce. 
Amongst  these,  the  one  most  frequently  adopted  is 
that  first  broached  by  Richter,  afterwards  practised 
by  Descroizelles,  and  subsequently  improved  by 
Gay-Lussac.  It  consists  in  determining  the  quantity 
of  an  acid  required  to  neutralize  the  alkaline  reaction  of 
a  known  weight  of  the  salt  to  be  examined,  which,  of 
course,  represents  the  amount  of  available  alkali  pre- 
sent. Sulphuric  acid  is  generally  employed  for  this 
purpose ;  for  while  it  wholly  expels  the  carbonic  acid, 
and  combines  with  the  whole  of  the  free  alkali,  it  does 
not  extend  its  decomposing  influence  to  the  foreign 
salts  in  any  important  degree.  The  measure  used  in 
this  process,  termed  an  alkalimeter,  is  shown  in  Fig. 
422.  The  cylinder  is  usually  about  twelve  inches  in 
height,  and  three-fifths  of  an  inch  internal  diameter, 
and  is  graduated  uniformly  downwards  into  one  hun- 
dred divisions. 
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For  estimating  the  value  of  potashes,  the  following 
is  the  most  convenient  method.  A  quantity  of  sul- 
phuric acid  is  taken  and  gradually  added  to  about  nine 
times  its  bulk  of  water,  and  the  mixture  is  allowed  to 
cool;  11275  grains  of  perfectly  pure  anhydrous  car- 
bonate of  soda  are  then  taken  and  dissolved  in  about 
a  half-pint  of  water,  and  the  solution  is  heated.  The 
alkalimeter  is  now  filled  to  exactly  one 
Fig.  422.  hundred  measures  with  the  mixture  of 
acid  and  water,  and  the  latter  is  gra- 
<^  dually  poured  into  the  soda  solution 

to  complete  saturation.  The  number 
of  measures  of  acid  used  is  then  care- 
fully  read  off,  and  these  are  exactly 
equivalent  to  one  hundred  grains  of 
pure  potassa.  If,  therefore,  eighty  mea- 
sures of  acid  are  required,  by  adding  to 
every  eighty  measures  remaining  twenty 
additional  measures  of  water,  an  acid  is 
:  obtained  of  which  one  hundred  alka- 
JSj  limeter  measures  exactly  represent  one 
hundred  grains  of  potassa — that  is,  one 
grain  to  each  measure.  If  a  greater 
or  less  quantity  of  acid  is  required  for  the  saturation 
of  the  carbonate  of  soda,  the  quantity  of  water  required 
to  be  added  to  the  acid  is  diminished  or  increased 
according  to  such  proportion,  so  that  one  hundred 
measures  of  the  acid  liquid  shall  contain  exactly  the 
quantity  of  the  stronger  acid  used  to  effect  the  neu- 
tralization of  the  soda  salt. 

All  that  is  now  required,  in  order  to  ascertain  the 
quantity  of  real  potassa  in  any  sample  of  potashes  or 
pearlash,  is  to  dissolve  one  hundred  grains  of  the 
sample  in  warm  water,  filter,  to  remove  all  insoluble 
matters,  and  add  the  dilute  acid  in  small  successive 
portions,  until,  by  the  test  of  litmus  paper,  the  solution 
is  exactly  neutralized.  Each  division  of  the  acid  added 
indicates  one  grain  of  pure  potassa. 

With  regard  to  the  performance  of  the  operation,  it 
is  necessary  to  exercise  great  care  to  hit  the  exact 
point  of  saturation  of  the  alkali.  With  caustic  alkali 
this  may  be  effected  with  ease ;  but  in  the  case  of  the 
salt  under  discussion,  the  liberated  carbonic  aeid,  which 
imparts  a  red  tint  to  the  litmus  paper,  causes  some 
difficulty.  The  first  addition  of  the  acid,  however,  does 
not  produce  effervescence,  because  the  carbonic  acid 
expelled,  instead  of  escaping,  combines  with  the  car- 
bonate as  yet  undecomposed,  converting  it  into  bicar- 
bonate ;  hut  as  soon  as  half  the  quantity  of  potassa  con- 
tained in  the  solution  is  saturated,  effervescence  ensues, 
and  the  solution  containing  free  carbonic  acid  now 
changes  the  blue  color  of  litmus  to  purple  or  bluish-red. 
On  the  addition  of  more  aeid,  with  constant  stirring  of 
the  solution,  and  with  increased  caution  as  the  point 
of  neutralization  is  approached,  which  is  known  by 
repeatedly  testing  with  the  litmus,  until  only  one  drop 
is  added  at  a  time,  when  the  alkali  is  exactly  saturated, 
the  slightest  excess  of  acid  produces  a  permanently  red 
stain  after  drying.  The  alkalimeter  is  then  allowed  to 
rest  for  a  short  time,  in  order  that  the  liquid  may  drain 
from  the  sides,  and  the  number  of  divisions  of  acid 
employed  is  carefully  read  off,  and  the  per  centage 
amount  of  potassa  contained  in  the  salt  examined  is  at 


onee  ascertained,  being  equivalent  to  the  number  of 
measures  of  acid  used. 

A  modification  of  the  above  alkalimetrical  process 
has  lately  been  proposed  by  Mohr  which  gives  good 
results.  Instead  of  sulphuric  acid,  he  employs  crystal- 
lized oxalic  acid.  The  great  disadvantage  of  this 
method  is,  that  besides  the  solution  of  acid,  a  standard 
solution  of  soda  is  required  as  a  counter  test.  In  his 
process  the  alkali  to  be  examined  is  dissolved  in  water, 
and  the  solution  colored  blue  with  tincture  of  litmus. 
As  much  of  the  test  acid  is  then  added  as  will  suffice 
to  impart  a  violet  color  to  the  fluid.  The  latter  is  then 
boiled,  and  receives  a  further  addition  of  acid  until  the 
color  is  decidedly  yellowish-red.  The  alkali  is  lastly 
oversaturated  with  acid,  and  the  last  traces  of  carbonic 
acid  are  removed  by  boiling,  et  cetera.  The  excess  of 
acid  used  is  now  ascertained  by  addition  of  the  test 
solution  of  soda  to  exact  neutralization,  and  deducting 
this  from  the  whole  quantity  employed,  the  quantity  of 
crystallized  oxalic  acid  required  for  the  saturation  of 
the  alkali  is  ascertained.  Every  sixty-three  grains  of 
this  acid  represent  forty-eight  grains  of  pure  potassa. 

In  the  laboratory  of  the  chemist,  indeed  wherever 
the  examination  of  alkaline  solutions,  besides  those  of 
potassa,  is  frequently  practised,  an  acid  is  prepared 
that  may  be  adjusted  for  all  alkalies,  that  is,  of  such  a 
strength  that  one  thousand  grains  measure  will  exactly 
saturate  a  certain  quantity  of  each  base.  The  mode  of 
effecting  this  object  is  as  follows  : — An  alkalimeter  is 
used  of  similar  construction  to  that  previously  described. 
Into  it  are  poured  one  thousand  grains  of  water,  and 
the  space  it  occupies  is  accurately  graduated  into  one 
hundred  equal  parts.  Opposite  to  the  numbers  23-44, 
54'63,  58'96,  and  65'0,  lines  are  traced — the  first  of 
which  is  marked  soda ;  the  second,  carbonate  of  soda  ; 
the  third,  potassa  ;  and  the  fourth,  carbonate  of  potassa. 
Dilute  sulphuric  acid  is  now  prepared,  of  specific  gravity 
1*127  at  G0°,  and  is  made  by  adding  to  one  measure  of 
concentrated  aeid  four  measures  of  water.  This  standard 
acid  is  of  such  strength,  that  when  poured  into  the  tube 
till  it  reaches  either  of  the  four  marks  above-mentioned, 
the  exact  quantity  is  obtained  for  the  neutralization  of 
one  hundred  grains  of  the  alkali,  the  name  of  which  is 
written  opposite  to  it.  If  water  be  now  added  until  it 
reaches  the  beginning  of  the  scale,  each  measure  of  the 
mixture  will  exactly  neutralize  one  grain  of  the  alkali 
named,  and  at  once  shows  the  centesimal  amount  of 
pure  caustic  or  carbonate  of  alkali  contained  in  the 
sample  under  examination.  The  strength  of  the  acid 
is  verified  by  the  means  previously  described,  and  the 
process  is  conducted  precisely  in  the  manner  directed 
in  the  estimation  of  the  potassa  salt. 

The  various  kinds  of  alkali  of  commerce  usually 
contain  a  greater  or  less  proportion  of  chlorides  and 
sulphates.  The  presence  of  these  does  not  interfere  in 
the  slightest  degree  with  the  above  methods  of  estima- 
tion. In  some  cases,  however,  sulphides,  sulphites, 
and  hyposulphites  are  also  present,  and  these,  neutral- 
izing a  certain  quantity  of  the  test  acid,  render  the 
determinations  more  or  less  inaccurate.  The  first  of 
these  salts  evolves  sulphide  of  hydrogen,  the  second 
sulphurous  acid,  and  the  last  hyposulphurous  acid, 
which  is  immediately  decomposed  into  sulphurous  acid 
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and  sulphur.  Ou  the  addition  of  an  acid,  therefore,  to 
a  portion  of  the  salt  under  examination,  the  presence  of 
sulphite  or  hyposulphite  is  indicated  by  the  intensely 
penetrating  nature  of  the  sulphurous  vapor  eliminated, 
while  a  sulphide  is  shown  to  be  present  by  the  black- 
ening of  a  slip  of  paper  moistened  with  acetate  of  lead 
and  a  little  ammonia,  and  placed  in  contact  with  the 
evolved  gas.  A  single  experiment  serves  for  the  detec- 
tion of  both  gases,  as  it  has  been  lately  shown,  though 
previously  disputed,  that  the  two  may  be  simultaneously 
evolved.  Should  the  salts  of  these  acids  be  proved  to 
be  present,  the  error  they  would  introduce  is  easily 
obviated  by  the  addition  of  a  little  neutral  chromate  of 
potassa,  the  acid  of  which  immediately  transforms  the 
sulphites,  hyposulphites,  and  sulphides  into  sulphates, 
with  separation  of  water  and  sulphur. 

An  alkalimetrical  process,  varying  in  principle  from 
those  above  described,  has  been  devised  by  Fresenius 
and  Will,  and  consists  in  ascertaining  the  amount  of 
carbonic  acid  contained  in  the  sample  to  be  examined, 
and  which  is  displaced  on  the  addition  of  an  acid.  As 
in  the  preceding  processes,  any  insoluble  matters  must 
be  separated  by  treatment  with  water  and  filtration, 
and  if,  besides  carbonate,  caustic  alkali  is  also  present, 
this  must  be  converted  into  carbonate  as  follows : — 
The  solution  of  the  weighed  portion  of  the  sample  after 
filtration  is  evaporated  nearly  to  dryness,  and  solution 
of  carbonate  of  ammonia  is  added  in  excess ;  the 
evaporation  is  then  continued,  and  the  residue  is  finally 
dried  at  a  high  temperature,  so  as  to  expel  all  traces  of 
undecomposed  carbonate  of  ammonia.  This  salt  yield- 
ing its  carbonic  acid  to  the  more  powerful  base,  converts 
the  whole  of  the  latter  existing  as  caustic  into  carbon- 
ate of  the  alkali.  The  dry  residue  is  then  transferred 
to  an  apparatus — Fig.  423 — carefully  rinsing  the  dish, 
and  adding  the  washings  to  the  salt.    The  rest  of  the 


operation  is  conducted  precisely  as  described  in  the 
estimation  of  manganese  ore — omitting  the  oxalate  of 
potassa.  Every  twenty-two  grains  loss  of  weight  in  the 
apparatus  represents  forty-seven  of  potassa,  or  thirty- 
one  of  soda,  according  to  the  salt  under  examination. 
Bicarbonate  of  Potassa. — The  discovery  of  this  salt 


was  made  in  1752  by  Cartheusek.  He  directs  it  to 
be  prepared  by  adding  to  a  solution  of  the  neutral 
carbonate  of  potassa  as  much  carbonate  of  ammonia  as 
will  yield  to  the  potassa  salt  a  quantity  of  carbonic  acid 
equal  to  that  already  present.  The  proportions  em- 
ployed by  Duflos  are  four  parts  of  carbonate  of 
potassa,  four  of  water,  and  one  of  carbonate  of  ammonia. 
The  operation  is  conducted  in  a  retort,  that  the 
evolved  ammonia  may  be  collected.  After  boiling  for 
an  hour,  the  solution  is  left  to  cool,  when  a  separation 
of  crystals  of  bicarbonate  ensues.  These  are  removed, 
and  to  the  mother-liquid  is  added  an  equal  quantity  of 
the  ammoniacal  salt,  and  the  process  is  continued  as 
before.  Bicarbonate  of  potassa  is  also  produced  when 
a  solution  of  neutral  carbonate  is  saturated  with  car- 
bonic acid,  and  this  process  is  the  one  usually  employed. 
The  carbonic  acid  gas  eliminated  during  the  fermenta- 
tion of  saccharine  solutions  is  frequently  applied  to  the 
production  of  this  salt,  or  it  may  be  liberated  from 
marble  or  chalk  by  means  of  dilute  sulphuric  or  hydro- 
chloric acid.  Before  coming  in  contact  with  the  potassa 
solution,  the  gas  is  conducted  through  a  bottle  half  filled 
with  water,  to  wash  away  any  impurities  that  may  be 
mechanically  carried  over.  When  the  solution  no  longer 
absorbs  carbonic  acid  it  is  set  aside,  to  allow  the 
deposition  of  crystals,  of  which  a  further  quantity  may 
be  obtained  by  concentration  of  the  mother-liquid,  and 
a  further  addition  of  carbonic  acid. 

Properties. — Bicarbonate  of  potassa,  in  the  crystal- 
line condition,  has  the  form  of  an  oblique  rhombic 
prism,  and  is  combined  with  an  equivalent  of  water. 
Its  formula  is  KO,  2  C02,  HO.  It  is  unalterable  in 
the  air,  but  when  strongly  heated  loses  half  its  acid 
and  the  whole  of  the  water,  reverting  to  the  state  of 
neutral  carbonate.  When  heated  in  water,  also,  it 
is  partially  decomposed,  and,  by  long  boiling,  com- 
pletely, with  production  of  neutral  carbonate.  The  taste 
and  reaction  of  bicarbonate  of  potassa  is  slightly  alka- 
line. It  dissolves  in  four  parts  of  water  at  60°,  and  in 
little  more  than  its  own  weight  of  this  liquid  at  a 
boiling  heat.  In  alcohol  it  is  nearly  insoluble.  It 
is  occasionally  employed  in  the  preparation  of  pure 
neutral  carbonate  of  potassa. 

Physiological  Effects. — This  salt,  as  well  as  the  pre- 
ceding, is  possessed  of  antacid  properties.  It  is,  how- 
ever, much  less  corrosive  than  the  neutral  carbonate. 
Like  this  latter  salt,  it  has  also  diuretic  and  antilithic 
properties ;  and  being  less  unpleasant  to  the  taste,  as 
well  as  less  irritating,  it  may  be  administered  in  much 
larger  doses.  It  is  frequently  used  also  for  producing 
effervescing  powders. 

Sulphate  of  Potassa — Vitriolated  Tartar,  Sal- 
polycrest. — This  salt  is  most  conveniently  prepared  by 
neutralizing  with  carbonate  of  potassa  the  bisulphate  of 
this  base,  as  obtained  in  the  preparation  of  nitric  acid,  or 
by  expelling  the  excess  of  sulphuric  acid  by  heating  the 
bisulphate  to  redness.  It  may  also  be  formed  syntheti- 
cally by  saturating  carbonate  of  potassa  with  diluted 
sulphuric  acid,  and  evaporating  the  liquor  that  crystals 
may  be  formed.  Sulphate  of  potassa — KO,  S03 — is 
especially  distinguished  by  its  hardness.  The  form  of 
the  crystal  is  that  of  a  six-sided  prism.  These  crystals 
contain  no  water  of  combination ;  but  when  heated, 
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decrepitate,  owing  to  the  volatilization  of  a  small  portion 
of  this  liquid  mechanically  held.  Exposed  to  red  heat, 
sulphate  of  potassa  fuses,  but  without  decomposition, 
and  at  a  white  heat,  volatilizes.  The  taste  of  this  salt  is 
bitter,  and  feebly  saline.  It  dissolves  in  about  eleven 
parts  of  water  at  60°,  and  four  at  212°.  In  alcohol,  and 
in  solution  of  potassa,  it  is  quite  insoluble.  It  is  princi- 
pally employed  in  the  production  of  alum  and  saltpetre. 
Both  sulphate  and  bisulphate  of  potassa  are  also  used 
in  medicine  as  gentle  laxatives,  and  the  latter  salt 
occasionally  to  replace  the  vegetal  acids  in  the  prepara- 
tion of  effervescing  draughts. 

Nitrate  of  Potassa — Saltpetre. — This  important 
salt  is  found  abundantly  as  a  natural  product,  usually 
associated  with  the  nitrates  of  lime,  magnesia,  et  cetera. 
It  is  obtained  in  a  state  of  purity  by  decomposing 
carbonate  of  potassa  by  nitric  acid.  The  solution  by 
evaporation  deposits  crystals  of  the  pure  salt.  It  may 
be  obtained  also  from  the  saltpetre  of  commerce,  by 
pounding  the  latter,  moistening  it  with  one-sixteenth 
of  its  weight  of  nitric  acid  and  a  small  quantity  of 
water,  evaporating  the  liquid  to  dryness  with  constant 
stirring,  and  repeating  the  process  if  the  salt  still  con- 
tains chlorine. 

Properties. — Nitrate  of  potassa — KO,  N06 — is  dimor- 
phous. Its  ordinary  form  belongs  to  the  right  prismatic 
system.  More  rarely,  the  crystals  are  obtuse,  flattened 
rhombohedrons.  Under  both  conditions  it  contains  no 
combined  water,  but  its  crystals  are  never  quite  free 
from  water  lodged  mechanically  within  them ;  and 
hence,  on  heating,  decrepitation  ensues.  The  taste  of 
this  salt  is  saline,  accompanied  with  a  sense  of  coolness. 
It  is  soluble  in  seven  parts  of  water  at  60°,  and  in  an 
equal  weight  at  212°.  At  616°  it  undergoes  the  igneous 
fusion,  and  at  a  strong  red  heat  is  completely  decom- 
posed with  evolution  of  oxygen  and  nitrogen  gases, 
leaving  a  mixture  of  potassa  and  peroxide  of  potassium. 
When  mixed  with  combustible  matter  and  heated,  or 
when  thrown  in  a  state  of  fusion  on  some  of  the 
metals,  rapid  oxidation  takes  place  at  the  expense  of 
the  oxygen  of  the  nitric  acid. 

The  saltpetre  of  commerce  is  derived  principally  from 
the  East  Indies,  where,  as  also  in  Persia,  Egypt,  and 
Spain,  it  appears  as  an  efflorescence  on  the  surface  of 
the  soil.  In  some  other  countries,  as  the  coast  of  the 
Adriatic,  in  Ceylon,  North  America,  Africa,  and  Tene- 
riffe,  it  is  found  on  the  walls  of  natural  caverns  formed 
in  limestone  rocks,  and  which  contain  also  felspar  and 
magnesia.  It  is  also  found  widely  distributed  in  some 
parts  of  Hungary,  but  in  no  case  extending  to  any  great 
depth  below  the  surface  of  the  ground,  nor  even  to  such 
a  depth  as  the  air  cannot  penetrate.  Its  appearance 
on  the  surface  of  the  ground  is  explained  by  its  ready 
solubility  in  water,  as  when  its  solution,  in  obedience 
to  the  law  of  capillary  attraction,  rises  to  the  surface, 
the  liquid  is  vaporized  by  the  action  of  sun  and  air, 
and  its  place  is  immediately  occupied  by  a  fresh  portion 
from  below,  which  disappears  in  the  same  manner, 
until  at  last  an  incrustation  of  the  salt  is  formed  of  con- 
siderable thickness,  either  in  solid  crystals,  or  as  an 
effloresced  mass. 

Exudations  containing  saltpetre  are  not  unfrcquently 
met  with  upon  new  walls,  and  also,  under  certain  cir- 


cumstances, on  old  walls.  Thus,  in  densely-populated 
towns,  where  the  excrements  of  beasts  of  burden,  refuse 
from  slaughter-houses  and  from  other  trades  of  a  similar 
kind,  the  water  from  the  houses,  the  refuse  of  markets, 
et  cetera,  mix  with  the  fluid  in  the  drains,  and  are  in  a 
constant  state  of  putrefaction — the  coating  of  mortar  on 
external  walls,  and  especially  near  the  base,  gradually 
becomes  covered  with  a  white  crystalline  efflorescence, 
and  the  phenomenon  is  known  as  saltpetre  rot.  Indeed, 
whenever  either  accidentally  or  purposely  a  strong 
base,  as  lime,  magnesia,  or  potassa,  comes  in  contact 
with  decaying  vegetal  or  animal  nitrogenous  matters 
in  presence  of  moisture,  nitric  acid  is  always  generated, 
and,  combining  with  the  bases,  produces  nitrates ;  and 
these  by  contact  with  a  potassa  salt  readily  yield  nitrate 
of  potassa.  The  principle  was,  indeed,  formerly  exten- 
sively applied  to  the  production  of  this  salt. 

Formation  of  Saltpetre — Nitrification. — Concerning 
the  production  of  saltpetre,  various  theories  have  been 
from  time  to  time  promulgated,  each  of  which  has  had 
large  numbers  of  supporters,  eminent  for  extensive 
chemical  knowledge.  Glauber,  and  subsequently 
Stahl,  occupied  themselves  with  this  subject.  About 
a  century  after  the  investigations  of  the  latter  chemist, 
Lavoisier  published  a  theory  of  the  process;  and 
since  then,  amongst  others,  Kuhlmann,  Thouvenel, 
Thenard,  Longchamp,  Gay-Lussao,  and  Liebig, 
have  devoted  a  considerable  share  of  attention  to  the 
subject.  The  whole  explanation  of  the  process  hinges 
upon  the  source  of  the  elements  of  the  nitric  acid,  and 
more  especially  upon  the  source  of  the  nitrogen.  The 
theory  first  published  by  Longchamp  supposes  direct 
union  of  the  nitrogen  and  oxygen  of  the  atmosphere 
to  be  induced  by  electricity ;  and  the  nitric  acid  thus 
produced  being  brought  to  the  ground  in  rain,  com- 
bines with  potassa  and  other  bases  capable  of  being 
converted  into  saltpetre  by  the  action  upon  them  of 
potassa  salts.  In  reply  to  this,  it  may  be  observed  that 
although,  as  first  observed  by  Cavendish,  lightning,  in 
passing  through  the  air,  certainly  induces  combination 
of  the  elements  of  nitric  acid,  still  this  action  is  so  limited, 
and  of  such  rare  occurrence,  that  its  adoption  as  an 
explanation  of  the  formation  of  saltpetre  is  quite  inad- 
missible. Longchamp,  subsequently  convinced  of  the 
untenability  of  his  theory,  adopted  another  one,  in 
which  he  was  supported  by  Dr.  John  Davy,  Proust, 
and  others.  This  latter  ascribes  the  union  of  the  two 
elements  to  an  action  excited  by  the  porous  mineral 
constituents  of  the  soil,  similar  to  that  of  platinum 
black.  The  advocates  of  this  view  cite  in  defence  of 
it  the  following  experiments : — When  earth  forming 
nitre  is  freed  from  all  its  soluble  salts  by  lixiviation, 
and  is  then  exposed  for  several  years  to  the  action  of 
the  air,  it  yields  a  second  crop  of  nitre,  and  these  crops 
may  be  obtained  three  or  four  times  in  succession, 
although  in  different  proportions.  The  supporters  of  this 
theory,  supposing  that  all  bodies  containing  nitrogen 
are  removed  by  the  first  lixiviation,  contend,  therefore, 
that  the  nitrogen  of  the  nitric  acid  subsequently  pro- 
duced, must  have  been  derived  from  the  air.  That 
this  conclusion  is  not  justified  by  the  circumstances  of 
the  case,  was  shown  by  Gay-Lussac,  who,  having 
estimated  the  amount  of  substances  containing  nitro- 


POTASSIUM  Saltpetke. 


733 


gen,  and  compared  this  with  the  quantity  of  nitric  acid 
actually  generated,  found  that  the  proportion  of  the 
latter  always  corresponded  with  the  quantity  of  nitro- 
genous matter  present  in  the  mixture,  and  that  the 
yield  of  saltpetre  was  increased  or  diminished  by  an 
augmentation  or  decrease  in  the  quantity  of  nitrogen- 
ized  matters  added.  The  conclusion  that  nitric  acid  is 
formed  in  such  a  case  at  the  expense  of  atmospheric 
nitrogen,  is,  therefore,  not  in  any  way  confirmed ; 
indeed  all  experiments  on  the  subject  completely  con- 
tradict the  assertion  that  nitric  acid  may  be  generated 
in  mixtures  of  earth  destitute  of  nitrogenous  matter. 
Considering,  however,  that  nitrogenized  organic  bodies 
receive  their  nitrogen  from  the  atmosphere  in  the  form 
of  ammonia,  the  primary  origin  of  the  nitric  acid  of 
saltpetre  must  be  the  ammonia  of  the  atmosphere ; 
and,  in  addition,  it  may  be  affirmed  that  ammonia  is 
not  only  the  ultimate  source,  but  that  it  is  also  the 
immediate  source  of  nitric  acid;  and  hence  the  pro- 
duction of  the  latter  may  be  expected  wherever  the 
ammonia  and  the  conditions  for  its  oxidation  are  found 
united.  The  truth  of  this  theory  is  confirmed  by  the 
experiments  of  Maetigny,  who  found  ammonia  which 
had  been  confined  with  air  over  milk  of  lime,  converted 
after  six  months  into  nitric  acid ;  by  those  of  Kuhl- 
mann,  who  obtained  a  large  quantity  of  nitric  acid  where 
a  mixture  of  sulphate  of  ammonia,  sulphuric  acid,  and 
bichromate  of  potassa,  peroxide  of  manganese,  or  lead, 
were  heated  together ;  and  by  Dumas,  who  has  shown 
that  when  a  current  of  moist  air,  mixed  with  ammonia, 
is  passed  over  chalk  moistened  with  a  solution  of  potassa, 
at  a  temperature  of  212°,  there  is  formed  after  some 
time  a  considerable  quantity  of  nitrate  of  potassa. 

If,  therefore,  nitric  acid  is  derived  directly  from  the 
oxidation  of  the  ammonia  of  putrefying  organic  matters, 
it  appears  probable  that  wherever  the  necessary  bases 
are  present  in  admixture,  for  fixing  the  acid,  there  salt- 
petre would  be  found.  But,  as  in  many  other  cases  of 
decomposition,  all  the  necessary  conditions  for  the 
exertion  of  chemical  affinities  may  be  prepared,  and  yet 
the  action  will  not  ensue  unless  some  impulse  be  given 
from  without.  This  impulse  proceeds  most  generally 
and  energetically  from  some  chemical  action  already 
in  the  course  of  operation.  As  has  already  been  stated, 
the  experimental  conversion  of  ammonia  into  nitric  acid 
has  only  succeeded  at  a  high  temperature  or  by  the 
intervention  of  a  free  base,  neither  of  which  conditions 
frequently  occurs  in  nature.  The  impulse  which  decom- 
posing bodies  can  thus  communicate,  is,  however,  in  all 
probability,  sufficiently  powerful  to  give  rise  to  the 
formation  of  saltpetre  at  ordinary  temperatures,  and  the 
time  allowed  for  its  production  in  nature  very  much 
exceeds  the  duration  of  ordinary  experiments.  It  is 
highly  probable  that  ammonia  also  plays  a  double  part 
in  the  formation  of  saltpetre ;  first,  in  surrendering  its 
elements  to  oxidation,  and  then  also  in  saturating  the 
acid,  producing  nitrate  of  ammonia.  This  salt  then 
coming  in  contact  with  earthy  and  alkaline  carbonates, 
decomposition  ensues,  nitrates  of  the  earths  or  alka- 
lies, and  carbonate  of  ammonia  being  produced ;  thus 
N  H4  0,  N05  +  MO,  C02  =  MO,  N06  +  NH4  0,  C02. 
The  ammonia  therefore  not  only  parts  with  its  elements 
for  the  production  of  nitric  acid,  but  also  acts  as  a 


carrier  of  the  acid  to  a  stronger  base.  The  ammonia 
now  become  carbonate,  and  this  salt  possessing  basic 
properties,  it  resumes  its  functions  in  a  higher  degree 
on  account  of  the  presence  of  moisture. 

As  already  noticed,  saltpetre  is  found  in  several 
countries,  as  a  saline  efflorescence  on  the  surface  of  the 
earth.  In  India,  the  district  of  Tirhfit  is  the  most  pro- 
ductive of  this  salt,  and  it  is  always  more  abundant  in 
those  parts  containing  a  redundancy  of  carbonate  of 
lime.  An  average  sample  of  the  soil  analysed  by 
Stevenson,  gave  the  following  results : — 

Per  centagB, 

Matter  insoluble  in  acids,   50*0 

Carbonate  of  lime  .,   41'3 

Matter   f  SulPhate  of  s0(3a   2-7 

Bdlnhlp  J  Cnloride  of  sodium,   1-4 

1  Nitrate  of  lime,   0-9 

m  watei,  ^  Nitrate  of  potassa)   0-7 

100-0 

The  process  for  the  extraction  of  the  saltpetre  is 
commenced  by  scraping  off  the  surface  from  old  mud 
heaps,  mud  buildings,  waste  grounds,  et  cetera,  where 
the  saltpetre  has  developed  itself  in  a  thin  white  efflor- 
escence resembling  frost  rind.  This  saline  earth  being 
removed  to  the  factories,  is  subjected  to  the  process  of 
lixiviation.  This  is  effected  in  a  large  mud  filter,  lined 
on  the  inside  with  stiff  clay.  The  filter  has  a  false  bottom 
of  bamboo,  covered  with  close-wrought  grass  mats,  on 
which  are  placed  vegetal  ashes.  Upon  these  the  saline 
earth  is  laid.  "Water  is  then  added  to  remove  the  soluble 
salts,  and  the  solution  thus  obtained,  filtering  through 
the  mats,  drops  into  the  empty  space  between  the  real 
and  false  bottom,  and  is  conveyed  away  into  an  earthen 
receiver.  In  its  passage  through  the  wood  ashes,  the 
carbonate  of  potassa  contained  in  the  latter  reacts  upon 
the  nitrate  of  lime,  producing  nitrate  of  potassa  and 
carbonate  of  lime :  thus  Ca  0,  N06  +  KO,  C02  =  Ca  0, 
C02  -|-  KO,  N06.  The  solution  is  now  evaporated  in 
earthen  pots,  filtered,  and  put  aside  to  crystallize.  The 
impure  salt  thus  obtained  is  termed  dhouah.  It  contains 
from  forty-five  to  seventy  per  cent,  of  nitrate  of  potassa. 
This  is  redissolved  and  reerystallized  by  the  native 
merchants,  and  when  thus  purified  is  known  by  the 
natives  as  kalmee. — Stevenson. 

In  Ceylon  the  nitrous  efflorescence  on  the  walls  of 
the  natural  caverns  is  detached,  during  six  months  of 
the  year,  with  picks,  together  with  a  small  portion  of 
the  rock,  which  latter,  as  it  contains  felspar,  is  doubtless 
the  source  of  the  potassa.  The  fragments  are  pounded, 
mixed  with  an  equal  portion  of  wood  ashes,  and  water 
is  poured  upon  the  mixture.  The  earthy  nitrates  yield 
their  acid  to  the  potassa  contained  in  the  ashes,  and  the 
earths  are  precipitated  as  carbonates  of  lime  and  mag- 
nesia. The  clear  decanted  lie,  containing,  besides  the 
nitre  of  the  rock,  also  that  formed  by  the  decomposition 
of  the  earthy  nitrates,  is  evaporated  in  pits,  exposed  to 
the  sun,  and  afterwards  in  pans  by  means  of  artificial 
heat.  The  crude  saltpetre  which  crystallizes  on  cooling, 
is  then  fit  for  exportation. 

During  the  period  of  the  great  war  with  France,  at 
the  end  of  the  last  and  the  commencement  of  the 
present  century,  the  immense  quantities  of  saltpetre, 
required  for  the  manufacture  of  gunpowder,  were  pro- 
duced in  that  country  by  an  artificial  process.  The 
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great  difficulty  experienced  by  the  government  of  that 
country,  in  obtaining  the  necessary  supply  of  this 
indispensable  material  of  warfare,  induced  them  to  offer 
a  prize  for  the  best  treatise  upon  the  principles  of  its 
production,  and  the  best  method  of  putting  them  in 
practice.  The  number  of  competitors  was  sixty-six. 
From  the  most  valuable  of  these  treatises,  a  process  of 
manufacture  was  deduced,  which,  though  tedious  and 
costly,  was  perfectly  successful,  the  execution  of  which 
was  intrusted  to  Berthollet,  one  of  the  most  eminent 
chemists  of  that  period,  and  who  traversed  the  nation 
from  one  extremity  to  the  other,  giving  instructions  as 
to  the  mode  of  procedure.  The  process,  of  which  the 
following  is  an  outline,  though  no  longer  practised  to 
any  considerable  extent,  is  of  great  importance.  Ani- 
mal refuse  of  all  kinds  is  mixed  with  old  mortar,  or 
slaked  limo  and  earth,  and  the  mass  placed  in  heaps, 
and  protected  from  rain,  is  freely  exposed  to  the  air. 
From  time  to  time  these  heaps  are  turned  over  and 
watered  with  fluids  containing  putrid  nitrogenous  mat- 
ters, such  as  stale  urine,  cesspool  liquors,  or  waters  in 
which  animal  flesh  or  cheese  has  been  soaked  or  washed. 
After  a  certain  period  a  white  mouldy  appearance  is 
observed  on  the  surface  of  the  heap,  consisting  of  the 
nitrates  of  alumina,  lime,  magnesia,  et  cetera.  When 
the  process  is  at  an  end,  the  earth  is  said  to  be  ripe, 
and  is  lixiviated  with  water  in  troughs  in  double 
bottoms,  using  only  as  much  liquid  as  is  necessary  for 
the  extraction  of  the  salts.  To  the  lie  thus  obtained, 
potashes,  sulphate  of  potassa,  or  chloride  of  potassium 
is  added  in  sufficient  quantity  to  convert  the  nitrates 
of  the  earths  into  nitrate  of  potassa.  If  sulphate  of 
potassa  is  used,  milk  of  lime  is  also  added  to  decompose 
the  sulphate  of  magnesia  that  will  be  formed.  After 
deposition  of  the  heavy  precipitate,  the  clear  solution 
containing  nitrate  of  potassa,  chlorides  of  potassium 
and  sodium,  and  a  little  sulphate  of  lime,  is  drawn  or 
siphoned  off,  concentrated  by  boiling,  and  by  repeated 
crystallization  the  salt  is  obtained  comparatively  pure. 

Besides  solid  and  liquid  animal  refuse,  some  vegetal 
substances  are  also  applicable  to  the  production  of  salt- 
petre. Thus,  several  weeds  belonging  to  the  families 
solanacece,  euphorbiacice,  and  fungi,  pea,  bean,  and  Indian 
corn  straw,  are  especially  valuable.  In  some  countries, 
as  for  instance  in  Sweden,  where  saltpetre  is  one  of 
the  government  taxes,  vegetal  matters  are  employed 
either  with  or  without  animal  refuse.  In  the  construc- 
tion of  the  heap,  the  vegetal  substance  is  first  spread 
out  upon  a  layer  of  earth ;  upon  these  the  other  solid 
matters  are  laid  to  a  height  of  some  feet,  and  the  whole 
is  covered  with  a  second  layer  of  earth.  This  heap  is 
watered  from  time  to  time  with  urine,  in  quantity  just 
sufficient  to  keep  it  moist  throughout.  During  the 
summer,  the  heap,  which  has  decayed  to  a  uniform 
mass,  is  turned  over  once  weekly,  and  in- winter,  once 
monthly,  care  being  taken  to  keep  the  whole  as  loose 
as  possible. 

In  Switzerland  the  earth  below  the  flooring  of  stables, 
or  in  the  neighborhood  of  dunghills,  or  in  the  cellars 
of  dwelling-houses,  where  the  remains  of  vegetal  or 
other  organic  matters  have  been  left  to  decompose,  is 
the  material  used  for  the  production  of  saltpetre.  In 
Prussia  a  peculiar  continuous  process  is  practised.  The 


heaps  are  constructed  with  perpendicular  sides ;  that 
opposed  to  the  wind  is  simple  and  flat,  while  the  oppo- 
site one  forms  a  series  of  steps  down  to  the  bottom ; 
on  each  step  is  a  gutter,  which  carries  back  the  excess 
of  liquid  poured  upon  it  to  a  cistern.  In  this  arrange- 
ment, the  watering  takes  place  at  the  back,  while  the 
evaporation  proceeds  principally  at  the  sides  exposed 
to  the  wind,  so  that  the  saltpetre  is  gradually  drawn 
towards  the  latter  part,  whence  it  is  removed,  and  an 
equal  quantity  of  fresh  earth  is  added  behind.  The 
great  advantage  of  this  method  is  that  a  heap  is  never 
totally  destroyed,  and  the  great  difficulty  experienced 
in  the  commencement  of  the  process  of  nitrification  is 
entirely  removed.  The  preparation  of  saltpetre,  by 
decomposing  nitrate  of  soda,  is  pursued  in  some  localities 
where  potashes  can  be  obtained  at  a  low  price.  In  this 
case  the  change  is  very  simple,  nitrate  of  potassa  and 
carbonate  of  soda  being  produced.  Thus,  Na  0,  N06 
+  KO,  C02  =  Na  0,  C02  +  KO,  N05.  All  that  appears 
difficult  in  this  process  is  the  removal  of  the  carbonate 
of  soda,  but,  as  remarked  by  Knapp,  a  greater  difficulty 
arises  from  the  presence  of  chloride  of  sodium  in  com- 
mercial nitrate  of  soda ;  for  as  soon  as  a  little  more 
potashes  are  added  than  correspond  with  the  quantity 
of  pure  nitrate  of  soda,  the  excess  decomposes  chloride 
of  sodium  to  no  purpose ;  and  in  the  opposite  case  the 
product  is  contaminated  with  portions  of  undecomposed 
nitrate  of  soda. 

Purification. — The  crude  saltpetre  as  obtained  by 
the  above  processes,  as  well  as  the  rough  salt  im- 
ported from  Ceylon  and  the  East  Indies,  always  contains 
more  or  less  impurity,  which  may  be  organic,  that  is, 
vegetal  or  animal  matter,  or  inorganic,  as  other  alka- 
line and  some  earthy  soluble  salts,  or  both.  The 
foreign  matters  most  frequently  present,  and  in  the 
largest  proportion,  are  the  chlorides  of  potassium  and 
sodium,  in  some  cases  exceeding  twenty-five  per  cent, 
of  the  crude  salt.  These  latter  are  of  all  impurities  the 
most  objectionable,  and  the  most  difficult  to  remove. 
The  process  of  separation  most  frequently  practised 
depends  upon  the  fact  that  the  solubility  of  nitre 
rapidly  increases  with  elevation  of  temperature,  while 
that  of  the  two  chlorides  remains  nearly  constant. 
A  roomy  copper  boiler  is  the  one  most  frequently 
employed.  A  rough  estimation  of  the  amount  of 
impurity  present  having  been  previously  made,  and 
the  solubility  of  pure  nitrate  of  potassa  being  known, 
namely,  three  parts  to  one  of  water,  the  crude  salt  is 
added  to  the  boiling  water,  until  as  much  nitrate  of 
potassa  is  present  as  can  be  dissolved,  the  heat  at  the 
same  time  being  increased  until  the  saturated  solution 
also  enters  into  ebullition.  The  solution  is  now  kept 
constantly  stirred,  and  the  scum  which  collects  on 
the  surface  is  removed.  A  large  proportion  of  the 
chloride  of  sodium  subsides,  and  is  scooped  out  from 
the  bottom  of  the  pan.  A  further  quantity  of  water  is 
then  gradually  added,  amounting  to  two-thirds  of  that 
originally  employed,  and  afterwards  an  aqueous  solu- 
tion of  common  glue,  containing  one  pound  of  the  lat- 
ter to  every  ton  and  a  half  of  crude  saltpetre  operated 
upon,  and  the  whole  is  again  boiled  and  well  agitated. 
The  glue  thus  diffused  through  the  liquid  enters  into 
combination  with  the  organic  extractive  matter  present, 
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and  carries  it  to  the  surface  in  the  form  of  scum,  which 
is  carefully  removed ;  and  after  boiling  for  some  time, 
the  solution  is  perfectly  clarified.  The  whole  is  then 
allowed  to  stand  at  rest  for  twelve  hours,  the  heat 
being  continued  at  about  190°,  so  as  to  prevent  crystal- 
lization of  the  salt,  which,  if  allowed,  renders  the  after 
process  much  more  tedious.  The  supernatant  liquid 
is  now  carefully  drawn  off  from  the  deposit  of  common 
salt  and  other  matters  into  the  crystallizing  pan.  This 
latter  is  a  shallow  copper  vessel,  the  edge  of  which  is 
firmly  secured  to  a  platform  of  oak.  It  is  formed  of 
two  inclined  planes,  so  arranged  that  the  deepest  point 
is  at  one  of  the  narrow  sides.  As  the  liquor  cools,  the 
crystals  quickly  form,  and  if  the  liquor  is  left  tranquil, 
they  are  of  large  size  and  clustered  together.  If,  how- 
ever, the  liquid  be  constantly  agitated  while  in  the  act 
of  cooling,  the  salt  separates  in  fine  crystalline  needles, 
termed  saltpetre  flour,  and  as  it  forms,  is  drawn  out 
of  the  lie  towards  the  top  of  one  of  the  inclined  planes 
of  the  pan,  where  it  remains  until  the  mother-liquor 
has  drained  from  it.  This  method  of  crystallization, 
first  recommended  by  Beaume'  and  Lavoisiek,  is 
far  preferable  to  the  old  process  in  which  the  salt  is 
allowed  to  separate  from  the  tranquil  liquid ;  as  in  this 
case,  owing  to  the  formation  of  larger  crystals,  and  in 
clusters,  a  much  greater  proportion  of  mother-liquor  is 
retained,  and  a  second  solution  and  crystallization  is 
required  to  render  the  salt  sufficiently  pure  for  commer- 
cial purposes.  The  salt  separated  as  above,  when 
sufficiently  dry,  can  contain  only  a  very  small  quantity 
of  mother-liquor,  and  consequently,  also  of  the  impu- 
rities therein  contained.  To  effect  the  removal  of  the 
last  traces  of  these,  the  crystalline  mass  is  next  washed 
in  tubs  provided  with  a  false  bottom  drilled  with  holes. 
These  tubs  are  filled  completely  with  the  salt,  the  latter 
being  heaped  up  some  inches  above  the  rim.  The 
washing-liquor  is  a  saturated  solution  of  pure  nitrate 
of  potassa,  which,  although  it  dissolves  other  salts  that 
may  be  present  as  readily  as  would  be  the  case  with 
pure  water,  of  course  can  have  no  effect  upon  the  salt- 
petre. This  liquor  is  poured  upon  the  salt,  so  as 
thoroughly  to  wet  the  mass,  and  by  means  of  a  plug, 
is  prevented  from  running  off  for  a  period  of  three  hours, 
after  which  the  plug  is  removed,  and  the  salt  well 
drained.  This  operation  is  again  repeated,  in  this  case 
with  pure  water,  and  these  washings  constitute  the 
solution  of  nitrate  of  potassa  which  is  employed  for 
the  first  washing  of  a  fresh  portion  of  the  salt.  After 
being  well  drained,  for  which  a  period  of  some  days  is 
required,  the  saltpetre  flour  is  dried  with  constant 
agitation  in  a  pan  economically  heated  by  the  flue  of 
the  boiler  fire. 

Refraction  of  Saltpetre.- — A  considerable  proportion 
of  the  crude  saltpetre  of  commerce  always  consists  of 
foreign  matterB,  and  as  its  value  is  solely  dependent 
upon  the  amount  of  pure  nitrate  of  potassa  which  it 
contains,  it  is  important  to  have  some  readily  available 
means  of  ascertaining  with  accuracy  the  quantity  of 
the  pure  salt,  or,  which  answers  the  purpose  equally 
well,  the  amount  of  impurities  contained  in  a  given 
sample.  The  determination  of  these  impurities,  or  the 
loss  which  results  from  the  purification  or  refining  of 
saltpetre,  is  technically  termed  the  refraction. 


The  foreign  matters  usually  met  with  in  crude  salt- 
petre are  chlorides  of  potassium,  sodium,  and  magne- 
sium, sulphates  of  potassa  and  lime,  nitrate  of  soda, 
water,  and  traces  of  organic  matter.  The  accurate 
quantitative  analysis  of  such  a  mixture  of  salts  is  not  a 
very  easy  problem ;  and  yet  their  separation  is  essen- 
tially necessary,  to  render  saltpetre  available  for  the 
purpose  to  which  it  is  almost  wholly  applied,  namely, 
the  production  of  gunpowder. 

Several  processes  have  from  time  to  time  been 
suggested  for  the  refraction  of  saltpetre,  many  of  which 
are  however  of  little  value,  though  even  now  exten- 
sively practised  both  in  this  and  other  countries. 
Whatever  method  be  adopted,  especial  care  must  be 
exercised  to  procure  a  fair  average  sample  of  the  salt 
to  be  examined. 

The  method  of  refraction  principally  employed  in 
France,  is  that  introduced  by  Riffaut,  which,  besides 
being  very  tedious,  gives  only  approximate  results.  It 
consists  in  washing  a  weighed  quantity  of  the  dry  crude 
salt,  with  a  saturated  aqueous  solution  of  pure  nitrate 
of  potassa.  This,  although  it  cannot  extract  nitrate  of 
potassa  from  the  sample,  effects  the  removal  of  all 
foreign  soluble  salts.  When  these  are  extracted,  the 
salt  remaining  on  the  filter  is  dried  and  weighed, 
and  the  amount  of  loss  sustained  by  the  original  sam- 
ple is  taken  to  represent  the  amount  of  impurity  pre- 
sent. This  method  is  liable  to  so  many  sources  of 
error,  as  to  render  it  quite  inapplicable  in  cases  where 
even  a  tolerable  degree  of  accuracy  is  required.  Under 
the  most  favorable  circumstances,  it  indicates  from 
one  to  three  per  cent,  more  nitrate  of  potassa  than  is 
actually  present  in  the  sample. 

A  better  method  is  that  suggested  by  Gay-Ltjssac, 
but  which,  as  it  requires  great  care  and  dexterity  in 
its  execution,  is  unfitted  for  practical  use,  except  to  the 
experienced  chemist.  In  this  process  the  nitrate  of 
potassa  is  converted  into  carbonate  by  fusion  with 
charcoal ;  and  the  quantity  of  potassa  contained  in  the 
new  salt  is  estimated  exactly  as  directed  when  treating 
of  the  valuation  of  potashes,  or  Alkalimetry.  Every 
forty-seven  grains  of  potassa  found,  indicate  one  hun- 
dred and  one  grains  of  nitrate  of  potassa  contained  in 
the  sample  under  examination. 

Various  other  processes  are  practised  by  different 
analysts,  in  which  the  amount  of  nitrate  of  potassa 
contained  in  a  given  sample  of  crude  saltpetre  is 
deduced  from  the  quantity  of  nitric  acid  present,  and 
therefore  they  consist  in  the  determination  of  this  acid 
by  any  available  means.  Amongst  them  the  method  of 
Gossart,  as  modified  by  Pelouze,  is  the  most  fre- 
quently applied.  This  consists  in  the  determination  of 
the  amount  of  protoxide  of  iron  converted  to  the  state 
of  sesquioxide,  by  a  weighed  portion  of  the  salt  to  be 
examined.  The  theory  of  this  reaction  is  represented 
by  the  following  equation— 6  Pe  CI  +  KO,  N06  + 
4  H  CI  =  4  HO  +  K  CI  +  N02  +  3  Fe2  Cl3.  That 
is  to  say,  every  one  hundred  and  sixty-eight  parts,  or 
six  equivalents  of  iron  converted  from  the  state  of 
protochloride  to  that  of  sesquichloride,  represent  fifty- 
four  parts,  or  one  equivalent  of  nitric  acid.  The  pro- 
cess is  conducted  as  follows : — Thirty-one  grains  of 
pianoforte  wire  are  dissolved  in  about  fifteen  hundred 
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grains  measure  of  concentrated  hydrochloric  acid ;  to 
this  is  now  added  18-7  grains  of  the  saltpetre  to  be 
examined,  and  the  flask  containing  the  mixture  is 
immediately  closed  and  heated  till  the  liquid  boils. 
The  latter  quickly  assumes  a  brown  color,  and  the 
dense  vapors  of  hydrochloric  acid  and  nitric  oxide 
which  issue  from  the  flask  prevent  the  access  of  air, 
which,  if  allowed  to  come  in  contact  with  the  mixture, 
by  its  action  upon  the  nitric  oxide,  which  it  converts 
to  nitrous  acid,  would  oxidize  a  certain  quantity  of 
iron,  and  thus  render  the  estimate  of  the  nitrate  of 
potassa  apparently  higher  than  it  really  is.  When  the 
solution  has  become  of  a  clear  yellow  color,  and  per- 
fectly transparent,  the  flask  containing  it  is  removed 
from  the  source  of  heat,  and  the  liquid  is  transferred 
to  a  convenient  vessel  and  diluted  with  two  pints  of 
water.  A  solution  of  permanganate  of  potassa  of 
known  strength  is  now  cautiously  added  from  a  gra- 
duated burette,  constantly  agitating  the  mixture ;  and 
as  soon  as  the  latter  acquires  a  faint  rose-red  tint,  the 
addition  of  permanganate  of  potassa  is  discontinued, 
and  the  quantity  employed  to  sesquioxidize  the  iron  read 
off  on  the  burette.  The  proportion  of  nitric  acid  con- 
tained in  the  sample  is  now  readily  deduced  as  follows  : 
— Suppose  the  test  solution  of  permanganate  of  potassa 
employed  to  be  of  such  strength,  that  one  hundred 
alkalimetrical  measures  are  required  to  sesquioxidize  fifty 
grains  of  iron;  and  that  fourteen  divisions  were  required 
to  complete  the  oxidation  of  the  iron  left  in  the  state 
of  protochloride  after  treatment  with  the  saltpetre  as 
above  directed,  the  amount  of  protochloride  correspond- 
ing to  the  fourteen  divisions  is  at  once  found  by  a 
simple  calculation — for  if  one  hundred  measures  of  the 
solution  of  permanganate  are  required  to  sesquioxidize 
fifty  grains  of  iron,  fourteen  measures  will  suffice  for 
seven  grains.  If  this  quantity  be  now  subtracted  from 
the  thirty-one  grains  of  iron  originally  employed,  the 
remaining  twenty-four  grains  represent  the  quantity 
sesquioxidized  by  the  18'7  grains  of  saltpetre  employed. 
Now,  as  thirty-one  grains  of  iron  require  18-7  of  pure 
nitrate  of  potassa  to  effect  its  complete  oxidation,  twenty- 
four  grains  of  iron  will  require  14-48  of  pure  nitrate ; 
this  represents  the  amount  contained  in  the  18 '7  grains 
submitted  to  examination,  and  by  the  calculation,  as 
18-7  :  14-48  :  :  100  :  77'43  =  the  per  centage  amount 
of  pure  nitrate  of  potassa  contained  in  the  sample. 

In  the  process  recommended  by  Stein,  the  propor- 
tion of  pure  nitrate  of  potassa  contained  in  a  given 
sample  of  saltpetre  is  estimated  by  the  amount  of 
arsenious  acid  which  it  can  convert  to  the  state  of 
arsenic  acid.  This  method,  though  it  gives  accurate 
results,  owing  to  the  length  of  time  required  to  perform 
the  analysis,  is  inapplicable  for  ordinary  commercial 
determinations,  and  will,  therefore,  not  be  further  con- 
sidered. 

In  the  Editor's  laboratory  the  method  of  refraction 
usually  pursued  is  that  recommended  by  Zenner. 
The  process  for  the  determination  of  the  nitric  acid 
depends  upon  the  ease  with  which  the  nitrates  of  the 
heavy  metallic  oxides  are  decomposed  by  heat.  It  is 
conducted  as  follows: — From  ten  to  fifteen  grains  of 
the  salt  to  be  examined  are  introduced  into  a  wide- 
bottomed  porcelain  crucible,  and,  after  fitting  with  a 


lid,  the  latter  is  heated  until  the  salt  fuses  smoothly 
and  without  bubbles.  The  loss  of  weight  in  this 
operation  represents  the  amount  of  water  present. 
A  quantity  of  freshly-dried  powdered  sulphate  of  lead, 
amounting  to  eight  or  ten  times  the  weight  of  the 
saltpetre,  is  then  placed  upon  the  latter,  and  the  cruci- 
ble is  again  weighed.  It  is  now  placed  over  the  lamp 
and  gently  heated,  when  decomposition  ensues  as  fol- 
lows : — 

KO,  N05  +  Pb  0  S03  =  KO,  SO„  +  Pb  0  +  N04  +  0. 

As  soon  as  the  crucible  becomes  hot,  red-colored  fumes 
of  nitrous  acid  are  seen  to  escape  from  under  the  lid ; 
when  this  has  ceased,  and  no  more  can  be  detected  by 
the  smell,  the  lid  is  lifted.  Should  any  nitrous  vapors 
remain  in  the  crucible,  the  heat  is  continued  a  little 
longer.  After  cooling,  the  crucible  is  weighed,  and  the 
loss  sustained  gives  the  amount  of  nitric  acid  contained 
in  the  salt.  Every  fifty-four  grains  of  nitric  acid  thus 
liberated  represent  one  hundred  and  one  grains  of  pure 
nitrate  of  potassa.  This  process  is  recommended  not 
only  for  its  accuracy,  but  also  for  the  simplicity  of  its 
manipulation,  and  the  short  time  required  for  its  per- 
formance. The  presence  of  chlorides,  sulphates,  or 
earthy  matters  does  not  in  the  slightest  degree  inter- 
fere with  its  application ;  but  should  the  total  amount 
of  impurities  exceed  five  per  cent.,  it  is  necessary  to 
mix  the  saltpetre  with  about  four  or  five  times  its 
weight  of  the  lead-salt  in  a  small  mortar,  and  after 
having  transferred  the  mixture  to  the  crucible,  to  rinse 
the  mortar  with  small  quantities  of  the  reagent,  which 
are  then  placed  on  the  top  of  the  first  in  the  crucible. 

The  quantity  of  sulphate  of  potassa  contained  in  salt- 
petre is  determined  by  taking  a  weighed  portion,  dissolv- 
ing in  water,  acidulating  the  solution  with  nitric  acid,  and 
adding  nitrate  of  baryta  as  long  as  a  precipitate  is  pro- 
duced. Every  116-6  grains  of  sulphate  of  baryta  thus 
obtained  represent  eighty-seven  grains  of  sulphate  of 
potassa.  The  amount  of  chloride  of  potassium  is 
estimated  by  adding  to  a  solution  of  another  portion, 
nitrate  of  silver.  Every  143-5  grains  of  chloride  of 
silver  produced,  indicate  74'5  grains  of  chloride  of 
potassium.  Lastly,  the  quantity  of  insoluble  matter  is 
determined  by  dissolving  a  given  weight  of  the  sample 
in  water,  filtering,  washing,  and  drying  the  insoluble 
residue,  and  weighing  it. 

Should  the  saltpetre  under  examination  be  contam- 
inated with  chloride  of  sodium,  or,  still  more  detri- 
mentally, by  nitrate  of  soda,  the  above  methods  of 
estimation  do  not  give  accurate  results.  In  this  case, 
it  is  necessary  to  determine  the  respective  quantities 
of  the  two  bases — potassa  and  soda.  This  is  effected 
most  conveniently  by  converting  these  bases  into 
anhydrous  sulphates,  and  weighing.  The  dry  mass  is 
then  redissolved  in  water,  and  the  sulphuric  acid  esti- 
mated by  precipitation  as  sulphate  of  baryta.  Now, 
as  one  hundred  parts  of  sulphate  of  potassa  give 
one  hundred  and  thirty-four  of  sulphate  of  baryta, 
whilst  the  same  amount  of  sulphate  of  soda  gives  one 
hundred  and  sixty-four  parts  of  the  barytic  salt,  it  is 
evident,  that  if  the  weight  of  the  mixed  sulphates  of 
the  alkalies,  together  with  that  of  the  sulphate  of  baryta, 
be  known,  the  respective  quantities  of  potassa  and 
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soda  may  be  easily  ascertained.  Thus,  if  a  larger 
quantity  of  sulphate  of  baryta  be  obtained  than  the 
ratio  134  :  100,  the  excess  would  be  due  to  the  salt  of 
soda,  from  which  the  quantity  of  soda  existing  in  the 
sample  in  the  state  of  nitrate  may  be  calculated,  since 
every  one  hundred  parts  of  sulphate  of  soda  represent 
119-7  of  the  nitrate. 

The  principal  use  of  saltpetre  in  the  arts,  is  in  the 
production  of  gunpowder,  for  an  account  of  which  the 
reader  is  referred  to  page  335,  et  sequitur.  In  the  East 
Indies  it  is  employed  for  the  preparation  of  cooling 
mixtures.  On  account  of  its  powerful  antiseptic  pro- 
perties, it  is  much  used  in  the  preservation  of  meat  and 
animal  matters  in  general.  In  the  laboratory  of  the 
chemist,  nitrate  of  potassa  is  chiefly  employed  as  an 
oxidising  agent.  It  is  used  also  in  the  preparation  of 
lucifer  matches.  The  physiological  effects  of  nitrate  of 
potassa  are,  in  small  doses,  diuretic  and  sedative ;  in 
doses  of  from  half  an  ounce  to  one  ounce,  it  is  poisonous, 
exciting  spasms,  vomiting,  bloody  stools,  convulsions, 
and  in  many  cases  death. 

Chlorate  of  Potassa. — This  salt,  when  first  pre- 
pared, was  confounded  with  the  one  just  described,  but 
was  distinguished  as  a  peculiar  salt  by  Berthollet 
in  1786.  The  Editor  finds  it  is  most  economically 
prepared  by  exposing  equivalent  proportions  of  car- 
bonate of  potassa  and  hydrate  of  lime  to  a  current  of 
chlorine.  During  the  absorption  of  the  gas  the  mass 
becomes  hot,  and  evolves  water ;  when  saturated,  it  is 
gently  heated  to  complete  the  decomposition.   The  fol- 


lowing equation  represents  the  change  :  6  KO,  C02  + 
6  Ca  0  HO  +  6  CI  =  5  K  CI  +  6  Ca  0,  C02  +  KO,  CI 
06  -f-  6  HO.  By  treatment  of  the  mass  with  water,  the 
carbonate  of  lime  is  separated,  and  the  chlorate  of 
potassa  is  then  freed  from  the  more  soluble  chloride  of 
potassium  by  evaporation,  and  repeated  crystallization. 
The  usual  method  of  preparing  this  salt  is  by  passing 
chlorine  slowly  through  a  solution  of  carbonate  of 


Fig.  424. 


138 


=  2  Eqs.  carbonate  of  \ 
potassa,  2  (KO,  CCy  j 


44  =  2  Eqs.  carbonic  acid  (C02)_ 
47  =  1  Eq.  potassa  (KO)- 

8  =  1  Eq.  oxygen  (0) — 


potassa.  The  apparatus  employed  is  shown  in  Fig. 
424.  The  gas  is  absorbed  with  evolution  of  carbonic 
acid.  When  this  has  ceased,  the  solution  is  set  aside 
to  crystallize,  and  the  salt  obtained  is  purified  as  above 
directed.  In  this  process  the  subjoined  changes  take 
place : — 


{182  =  2  Eqs.  bicarbonate  of 
potassa,  2  (KO,  2  C02). 


138  r=  2  Eqs.  carbonate  of 
potassa,  2  (KO,  C02) 


39  =  1  Eq.  potassium  (K)__ 
71  =  2Eq,cblorine(2C1){^-l^ 


f  43-5  =  1  Eq.  hypochlo-1, 
rt      rous  acid  (CI  0) ... .  j' 


f  90-5  —  1  Eq.  hypochlorite  of 
I.    potassa  (KO,  CI  0). 


_74-5  =  1  Eq.  chloride  of  potassium  (K  CI) 


In  proportion  as  the  quantity  of  chlorine  increases, 
the  bicarbonate  becomes  decomposed,  carbonic  acid  is 
eliminated,  and  an  additional  quantity  of  hypochlorite 


of  potassa  is  produced.  When  the  solution  is  strongly 
charged  with  hypochlorite,  the  action  of  the  chlorine  on 
the  potassa  salt  is  changed.    Thus : —  • 


142  =  4  Eqs.  chlorine  (CI)- 


276  : 


:  4  Eqs^carbojate  of  f  ^  =  *  Sls-  potassium  (K),_ 


potassa'  (KO,  C02)       |  «  =  *  |£  few 


.  298  =  4  Eqs.  chloride  of  potassium  (K  CI) 


-eliminated. 


90-5  =  1  Eq.  hypochlorite  \_ 
of  potassa  (KO,  CI  0).  f 

The  residual  liquor,  after  crystallization  of  chlorate 
of  potassa,  contains,  besides  a  small  proportion  of  this 
salt,  a  considerable  quantity  of  hypochlorite  of  potassa 
and  chloride  of  potassium. 

Manufacture. — Chlorate  of  potassa  is  now  produced 
on  a  large  scale  by  the  following  method,  which  has 
been  found  to  answer  better  than  any  other.  One  part 
of  chloride  of  potassium  and  two  parts  of  hydrate  of 
lime  are  reduced  with  water  to  a  thin  cream,  and  chlo- 
rine gas— prepared  in  the  ordinary  way  from  binoxide 
of  manganese  and  hydrochloric  acid — passed  through 
the  menstruum  till  it  assumes  a  pinkish  color,  which 
is  due  to  the  formation  of  traces  of  hypermanganic  acid. 
vol.  n. 


-122-5  =  1  Eq.  chlorate  of  potassa  (KO,  CI  06). 


A  little  manganese  passes  over  during  the  operation, 
and  when  no  more  chlorine  is  required  for  the  alkaline 
bases,  water  is  decomposed  and  hypermanganic  acid 
produced.  The  annexed  equation  represents  the  prin- 
cipal change : — 

KC1        +         6CaO         +         6  CI  = 


Chloride  of  potassium. 

KO  CI  05 


+ 


Chlorate  of  potflssa. 


Chloride  of  calcium. 


The  vessel  holding  the  solution  is  of  any  convenient 
form,  and  is  provided  with  agitators  of  all  shapes  and 
sizes,  depending  upon  the  whim  or  caprice  of  each 
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manufacturer.  It  is  connected  with  a  similar  one  con- 
taining a  fresh  charge  of  the  same  materials,  by  means 
of  a  waste-pipe,  through  which  all  the  escaping  gas 
passes  to  be  there  absorbed.  When  the  liquor  in  the 
former  is  ready  to  be  drawn  oif,  the  gas  is  made  to 
enter  the  latter,  and  the  connecting-pipe  between  the 
two  cisterns  takes  the  unabsorbed  chlorine  to  the  first 
vessel,  which,  when  empty,  is  re-filled  immediately,  so 
that  very  little  time  or  gas  is  lost.  The  saturated  liquor 
is,  when  drawn  off,  evaporated  to  34°  Twaddell,  and  the 
mother-lie  to  46°,  if  two  crops  of  crystals  are  desired ; 
if  only  one,  then  the  menstruum  is  at  once  evaporated  to 
60°.  The  crystals,  after  being  well  washed,  are  drained 
on  a  cone  having  a  small  aperture  at  the  bottom,  and 
are  afterwards  dried  upon  iron  plates  heated  by  steam. 
The  chloride  of  calcium  is  the  only  other  compound 
present.  Some  manufacturers  re-crystallize  them,  so 
as  to  produce  a  first-rate  article.  The  principal  manu- 
facturers of  this  salt  are,  Albrights  of  Birmingham, 
Gambles  of  St.  Helen's,  James  Muspratt  and  Sons 
of  Liverpool,  and  Frederic  Muspratt  of  Woodend, 
near  Warrington,  Lancashire.  The  annual  production 
is  nearly  five  hundred  tons.  The  principal  use  to 
which  it  is  applied  are  in  bleaching,  making  lucifer 
matches,  and  for  pyrotechnic  purposes. 

The  Editor  thinks  that  some  means  might  be  adopted 
for  using  this  salt  in  the  bleaching  of  palm  oil,  et  cetera, 
instead  of  the  chromate ;  it  is  cheaper,  and  it  contains 
more  of  available  oxygen. 

Properties. — Chlorate  of  potassa — KO,  CI  06 — is  a 
colorless,  transparent,  anhydrous,  crystalline  salt,  hav- 
ing a  glassy  lustre.  The  crystals  are  oblique  rhombic 
prisms.  The  taste  of  the  salt  is  cooling  and  austere. 
If  it  be  triturated,  it  appears  phosphorescent.  When 
heated  to  between  400°  and  500°,  it  decrepitates  and 
fuses;  at  a  stronger  heat,  it  loses  the  whole  of  its 
oxygen,  leaving  a  residue  of  chloride  of  potassium. 
According  to  Gay-Lussac,  it  is  soluble  in  thirty-three 
parts  of  water  at  32°,  in  seventeen  at  59°,  and  in  five 
parts  at  212°.  It  is  slightly  soluble  in  alcohol.  Its 
action  upon  many  combustible  bodies  is  very  energetic, 
and  when  rubbed  with  charcoal,  sulphur,  and  phospho- 
rus, the  mixture  inflames  and  explodes.  Its  principal 
use  is  in  the  manufacture  of  lucifer  matches,  and  percus- 
sion powder  for  gun  caps.  It  was  proposed  by  Berthol- 
let  as  a  substitute  for  saltpetre  in  the  manufacture  of 
gunpowder,  and  the  attempt  was  made  at  Essone  in  1788 ; 
but  no  sooner  was  the  mixture  of  the  chlorate  with  the 
sulphur  and  charcoal  submitted  to  trituration,  than  a 
violent  explosion  took  place,  which  proved  fatal  to 
several  persons.  Chlorate  of  potassa  has  also  been 
used  in  medicine  for  imparting  oxygen  to  the  system  ; 
but,  curious  to  say,  as  shown  by  Wohler,  it  passes  off 
by  the  kidneys  unaltered,  and  according  to  Christison, 
has  no  physiological  or  therapeutic  action  whatever. 

Chromate  op  Potassa. — This  salt,  though  much 
more  important  as  a  compound  of  chromium  than  of  po- 
tassium, yet  requires  to  be  noticed  under  this  head.  The 
metal,  chromium,  so  called  from  its  tendency  to  produce 
colored  salts,  the  name  being  derived  from  the  Greek 
word  signifying  color,  was  discovered  by  Vauquelin 
in  1797,  in  the  examination  of  red  chromate  of  lead 
from  Siberia.    The  most  important  native  compound 


of  this  metal  is  a  combination  of  oxide  of  chromium 
and  iron,  commonly  termed  chromate  of  iron,  which  is 
found  abundantly  at  Unst  in  Shetland,  and  in  other 
parts  of  Europe  and  America.  Dumas  directs  chro- 
mate of  potassa  to  be  prepared  from  the  double  oxide 
of  chromium  and  iron — Fe  O  -f-  2  Cr2  03 — as  follows : — 
The  ore  is  to  be  pulverized  and  mixed  with  an  equal 
weight  of  nitrate  of  potassa,  and  the  mass  gradually 
heated  to  redness.  In  this  operation,  chromate,  silicate, 
aluminate,  and  occasionally  manganate  of  potassa  are 
produced,  and  the  oxide  of  iron  is  set  free.  The  soluble 
salts  contained  in  the  mixture  are  extracted  by  washing, 
and  the  residue,  which  still  contains  chromium,  is 
digested  with  hydrochloric  acid — which  dissolves  the 
oxide  of  iron  and  alumina — and  again  heated  with  nitre 
as  before.  The  aqueous  solution  is  then  exactly  neu- 
tralized with  nitric  acid,  and  by  evaporation  the  alumina 
and  silica  are  separated.  The  crystals  of  chromate  are 
then  freed  from  those  of  nitrate  of  potassa,  and  purified 
by  recrystallization.  It  is  important  in  the  preparation 
of  this  salt  to  use  a  very  small  proportion  of  saltpetre,  so 
that  the  whole  of  the  alkali  may  combine  with  chromic 
acid,  and  constitute  a  neutral  chromate ;  to  oxidise  the 
whole  of  the  chromium,  the  fusion  is  repeated  with 
those  portions  of  the  ore  unattacked  by  the  first  opera- 
tion. The  process  for  the  manufacture  of  chromate  of 
potassa  has  lately  been  rendered  more  economical  by 
the  substitution  of  lime  for  the  nitrate  in  the  prelimi- 
nary calcination.  A  mixture  of  the  chrome  iron  ore 
and  lime  or  chalk  in  very  fine  powder,  being  calcined, 
oxygen  is  absorbed,  and  a  chromate  of  lime  formed, 
which  is  extracted  from  the  mass  by  water.  The 
solution  is  then  decomposed  by  means  of  a  potassa  salt, 
and  the  chromate  of  potassa  produced  is  separated 
from  the  calcareous  compound  by  crystallization  in  the 
usual  manner. 

Properties. — Chromate  of  potassa- — KO,  Cr08- — is 
deposited  from  a  concentrated  solution  in  small  pris- 
matic anhydrous  crystals.  It  has  an  unpleasant  metal- 
lic taste,  and  an  alkaline  reaction.  It  is  very  soluble 
in  boiling  water.  At  60°  this  liquid  dissolves  half  its 
weight  of  the  salt.  In  alcohol  it  is  insoluble.  Its  color- 
ing power  is  so  great,  that  one  part  gives  a  distinctly 
yellowish  hue  to  forty  thousand  parts  of  water.  As 
met  with  in  commerce,  chromate  of  potassa  frequently 
contains  sulphate ;  the  sophistication  may  be  detected 
by  acidifying  a  solution  of  the  salt  with  hydrochloric 
acid,  and  adding  chloride  of  barium,  when,  if  a  sulphate 
be  present,  insoluble  sulphate  of  baryta  precipitates. 
The  principal  use  of  this  salt  is  in  the  preparation  of  the 
chromates  of  lead,  zinc,  et  cetera,  which  are  extensively 
employed  in  painting,  and  the  former  also  as  an  oxidis- 
ing agent  in  the  ultimate  analysis  of  organic  substanceB. 

Bichromate  op  Potassa. — This  salt  is  of  great  im- 
portance in  the  arts  and  manufactures,  and  especially 
in  calico  printing.  By  a  reference  to  the  article  on 
Dyeing,  Vol.  I.,  page  643,  et  sequitur,  the  reader  will 
become  acquainted  with  the  variety  of  purposes  to 
which  it  is  applied  in  this  most  useful  and  beautiful 
art.  The  principal  manufactories  of  the  bichromate  or 
chrome  are  at  Glasgow.  It  is  obtained  from  the  salt 
last  described  by  adding  a  sufficient  quantity  of  acid — 
usually  sulphuric — to  impart  to  the  solution  a  sour 
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taste.  The  mixture  is  then  set  aside  for  a  few  days, 
when  deep  orange-red  crystals  are  deposited.  The 
change  may  be  thus  represented — 2  KO,  Cr  03  +  S03 
=  KO,  2  Cr  03  +  KO,  S03.  The  use  of  nitric  acid  is 
much  to  be  preferred ;  as  if  sulphuric  acid  be  employed 
there  is  considerable  difficulty  in  separating  the  sul- 
phate from  the  chromate,  while  if  nitric  acid  be  em- 
ployed the  nitrate  of  potassa  produced,  being  much 
more  soluble  than  the  bichromate,  admits  of  more 
easy  separation.  For  the  same  reason,  if  acetic  acid 
be  taken  the  salt  is  obtained  in  a  still  greater  degree 
of  purity.  Owing  to  the  higher  value  of  these  acids, 
however,  they  will  probably  never  entirely  supersede 
sulphuric  acid  in  this  manufacture. 

Properties. — Crystallized  bichromate  of  potassa — 
KO,  2  Cr  Os — has  the  form  of  quadrangular  prisms  and 
tables,  is  anhydrous,  permanent  in  the  air,  and  of  a 
beautiful  orange-red  color.  The  crystals  are  soluble  in 
about  ten  times  their  weight  of  water  at  60°,  and  much 
more  so  in  boiling  water.  When  heated  to  redness,  they 
fuse  without  decomposition  into  a  transparent  red  liquid, 
which  on  cooling  concretes  to  a  crystalline  mass,  and, 
owing  to  the  unequal  contraction  of  the  crystals,  after- 
wards crumbles  to  powder.  At  a  white  heat  a  portion 
of  the  chromic  acid  is  reduced  to  a  lower  oxide,  and 
the  residue  consists  of  sesquioxide  of  chromium,  and 
neutral  chromate  of  potassa.  When  this  salt  is  dis- 
solved in  hydrochloric  acid,  and  the  solution  boiled,  a 
salt  is  produced  containing  an  equivalent  of  chloride  of 
potassium  united  to  two  of  chromic  acid — K  CI,  2  Cr  03 
— in  which  the  chloride  of  the  alkaline  metal  acts  as 
a  base  to  the  chromic  acid.  According  to  Gregory, 
both  chromates  of  potassa  have  a  very  deleterious 
action  on  the  system  when  their  solutions  are  fre- 
quently brought  in  contact  with  the  skin — producing 
sores  which  are  painful  and  difficult  to  heal.  Bichro- 
mate of  potassa  is  occasionally  employed  in  conjunction 
with  chromate  of  lead  as  a  source  of  oxygen  in  organic 
elementary  analysis.  The  solution  of  both  chromates 
is  possessed  of  powerful  antiseptic  properties.  Large 
quantities  of  this  salt  are  used  in  the  bleaching  of  palm 
oil  as  a  source  of  oxygen,  which  is  liberated  as  follows : 
K0  2Cr03        -f        4HC1        =       K  CI  + 


Cr,  CI, 


+ 


i  HO 


Chloride  of 
potassium. 

+  30 


Chloride  of  Potassium. — This  salt  may  be  pre- 
pared by  inclosing  potassium  in  chlorine  gas,  when  the 
metal  takes  fire,  burning  even  more  brilliantly  than  in 
oxygen,  and  at  the  same  time  combination  ensues 
between  the  two  elements.  It  is  formed  also  when 
potassa  or  its  carbonate  is  dissolved  in  hydrochloric  acid 
• — in  the  case  of  the  latter  with  evolution  of  carbonic 
acid.  As,  however,  this  salt  is  frequently  obtained  as 
a  by-product  in  several  chemical  and  pharmaceutical 
operations,  it  is  seldom  necessary  to  prepare  it  directly. 
As  previously  noticed,  it  is  obtained  in  considerable 
quantities  in  crude  saltpetre  and  in  pearl  ash,  and  exists 
also  in  the  mother  liquor  of  the  chlorate  of  potassa. 
Prom  these  sources  it  may  readily  be  obtained  in  a 
state  of  purity  by  successive  crystallizations. 


Properties. — Chloride  of  potassium — K  CI — is  an 
anhydrous  salt,  the  form  of  the  crystal  of  which  is 
cubic.  It  has  a  saline  and  slightly  bitter  taste ;  dis- 
solves in  three  parts  of  water  at  60°,  and  in  a  much 
less  quantity  of  boiling  water.  It  is  insoluble  in  alcohol. 
When  heated,  it  decrepitates,  and  at  a  red  heat  fuses 
without  decomposition.  At  a  very  high  temperature, 
in  open  vessels,  it  slowly  volatilizes  in  the  form  of 
white  fumes,  but  in  a  covered  vessel  may  be  intensely 
heated  without  perceptible  loss.  Chloride  of  potassium 
is  a  salt  of  great  importance  in  the  arts  on  account  of 
the  facility  with  which  it  is  transformed  into  other 
salts  of  potassa  ;  hence,  its  use  in  the  decomposition  of 
the  nitrates  of  lime,  et  cetera,  in  the  production  of  salt- 
petre. It  is  also  equally  valuable  in  the  preparation 
of  potassa  alum. 

Iodide  of  Potassium. — This  important  salt,  like  the 
chloride,  may  be  prepared  directly  by  combining  the 
two  elements,  by  heating  them  in  contact  with  each 
other.  The  various  methods  for  procuring  it  on  the 
large  scale,  its  properties,  actions,  and  uses  in  the  arts, 
have  been  detailed  under  the  article  Iodine,  to  which 
the  reader  is  referred. 

Bromide  of  Potassium. — Bromine  and  potassium 
are  contained  in  sea-water,  but  whether  the  bromine  is  in 
combination  with  potassium  or  with  some  other  metal, 
as,  for  example,  sodium  or  magnesium,  has  not  yet  been 
ascertained,  so  difficult  is  the  problem. 

The  process  of  the  London  college  is  the  one  usually 
followed  in  the  preparation  of  this  salt.  One  ounce  of 
iron  filings,  and  afterwards  two  ounces  of  bromine,  are 
added  to  one  and  a  half  pints  of  water,  and  the  mixture 
is  allowed  to  stand  for  half  an  hour,  constantly  agitating. 
A  gentle  heat  is  then  applied  until  a  greenish  color  is 
developed.  A  solution  containing  two  ounces  and  one 
drachm  of  carbonate  of  potassa  to  a  pint  and  a  half  of 
water,  is  then  added,  and  the  precipitate  of  carbonate 
of  iron  produced  is  removed  by  filtration ;  and  by 
evaporation  of  the  filtrate  the  salt  is  obtained  in  crystals. 
In  this  process  a  bromide  of  iron  is  first  formed,  which 
is  then  decomposed  by  the  carbonate  of  potassa,  thus: — 

Fe  Br    +    KO  C02    =    Fe  0,  C02    -f    K  Br 

Bromido  Carbonate  Carbonate  Bromide  of 

of  iron.  of  potassa.  of  iron.  potassium. 

Another  method  of  procuring  this  salt  consists  in 
adding  to  a  hot  solution  of  potassa,  as  much  bromine  as 
the  liquid  will  dissolve.  A  brownish  fluid  is  thus  pro- 
duced, through  which  sulphide  of  hydrogen  is  passed 
until  it  becomes  colorless.  Gentle  is  the  heat  then  to  be 
applied  to  expel  the  excess  of  the  latter  reagent,  and  the 
sulphur  which  has  precipitated  is  removed  by  filtra- 
tion. The  filtrate  on  evaporation  will  then  yield  crystals 
of  bromide  of  potassium.  The  action  of  bromine  upon 
a  solution  of  potassa  is  analogous  to  that  of  chlorine,  as 
noticed  under  chlorate  of  potassa,  and  may  be  thus 
expressed : — 

6  KO    -f    6  Br   =     5  K  Br      -f      KO,  Br  03 

Potassa.  Bromine.  Bromide  of  Bromato  of  potassa. 

potassium. 

When  sulphide  of  hydrogen  is  passed  through  a 
solution  containing  bromate  of  potassa,  decomposition 
ensues,  the  hydrogen  of  the  gaseous  acid  abstracts  the 
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whole  of  the  oxygen  from  the  bromate,  and,  at  the  same 
time,  the  free  sulphur  precipitates,  thus  : — 

KO,  Br05         +         6HS  = 


Bromate  of  potassa. 

K  Br  + 


Sulphide  of  hydrogen. 

6  HO  + 


6  S 


Bromide  of  potassium. 


The  filtered  solution  contains,  therefore,  only  bromide 
of  potassium.  Occasionally  a  modification  of  this  latter 
process  is  employed,  in  which  the  oxygen  of  the  bromate 
of  potassa  is  removed  by  heating  the  salt  to  redness, 
instead  of  by  the  sulphide  of  hydrogen. 

Properties. — Bromide  of  potassium — K  Br — crystal- 
lizes in  cubes  or  rectangular  four-sided  tables,  has  a 
sharp,  pungent,  saline  taste,  and  is  persistent  in  the  air. 
When  heated,  it  decrepitates,  and  at  a  red  heat  fuses 
without  decomposition.  It  is  very  soluble  in  water, 
and  slightly  so  in  alcohol.  At  a  red  heat  it  is  decom- 
posed by  chlorine,  but  not  by  iodine  ;  and  bromine  is 
also  disengaged  in  the  cold  by  the  mineral  acids. 

Adulteration. — Commercial  bromide  of  potassium 
frequently  contains  chloride,  and  sometimes  also  iodide 
of  potassium.  The  presence  of  the  latter  is  most  con- 
veniently detected  by  the  addition,  to  an  aqueous 
solution  of  the  salt,  of  protoohloride  of  palladium,  which 
in  presence  of  iodide  gives  a  brownish-black  precipitate. 
Nitrate  of  protoxide  cannot  be  substituted  for  the 
chloride  of  palladium,  as  in  this  case  bromine  is  also 
precipitated.  The  most  frequent  adulteration,  however, 
is  with  chloride  of  potassium,  and  yet  the  London 
college  gives  no  test  for  the  detection  of  this  sophisti- 
cation. The  best  method  is  that  suggested  by  BosiS, 
and  is  conducted  as  follows : — The  suspected  salt  is 
mixed  with  an  excess  of  bichromate  of  potassa,  and 
introduced  into  a  tubulated  retort  with  the  addition  of 
concentrated  sulphuric  acid,  and  a  receiver  is  adapted, 
containing  aqueous  ammonia.  On  the  application  of 
heat,  if  the  salt  be  pure,  only  bromine  distils  over,  and 
the  volatile  alkali  remains  perfectly  colorless.  If,  how- 
ever, a  chloride  be  present,  chloro-cJiromic  acid  also 
passes  over,  and  the  ammonia  becomes  yellow ;  and  in 
the  solution  chromic  acid  may  now  be  detected  by  the 
production  of  a  yellow  precipitate,  on  addition  of  acetate 
of  lead. 

Physiological  effects. — Bromide  of  potassium  is  a 
diuretic  and  cathartic.  Like  the  preparations  of  iodine, 
mercury,  et  cetera,  it  appears  to  exercise  that  influ- 
ence over  the  nutrition  of  the  body  designated  by  the 
terms,  resolvent,  alterative,  and  deobstruent.  Under 
its  continued  use,  PereiuA  states  that  enlargements 
of  the  spleen  and  liver,  and  swellings  of  the  lymphatic 
glands  have  disappeared ;  and  Dr.  Williams  is  of 
opinion  that  it  possesses  unusual,  if  not  specific  powers, 
in  the  cure  of  diseases  of  the  spleen.  It  has  also  been 
used  advantageously  in  scrofulous  tumors,  and  in 
bronchocele. 

Cyanide  of  Potassium. — This  useful  salt  is  most 
advantageously  prepared  from  ferrocyanide  of  potassium 
or  yellow  prussiate  of  potassa,  which  is  to  be  carefully 
desiccated,  and  reduced  to  fine  powder,  eight  parts  of 
which  are  mixed  with  three  parts  of  carbonate  of  potassa 
and  one  of  charcoal,  both  in  impalpable  powder.  This 
mixture  is  to  be  exposed  to  a  strong  red  heat  in  a  closed 


iron  crucible.  After  cooling,  the  mass  is  to  he  finely 
powdered,  placed  in  a  funnel  moistened  with  a  little 
alcohol,  and  then  washed  with  cold  water.  The  color- 
less strong  solution  of  cyanide  of  potassium  which  passes 
through,  is  then  rapidly  evaporated  to  dryness  in  a 
porcelain  basin  and  fused  at  a  red  heat.  This  salt,  as 
obtained  by  ignition  of  the  above  ingredients,  without 
the  charcoal,  usually  contains  a  little  cyanate,  which, 
however,  does  not  interfere  with  its  use  for  forming 
and  dissolving  cyanides  of  gold  and  silver  for  the  pro- 
cesses of  voltaic  gilding  and  plating. 

The  preparation  of  cyanide  of  potassium  in  a  state  of 
perfect  purity,  is  always  attended  with  difficulty,  owing 
to  the  action  of  the  carbonic  acid  of  the  air  upon  its 
solution,  and  the  tendency  of  the  menstruum  itself  to 
undergo  spontaneous  decomposition,  even  when  secluded 
from  the  air.  It  is  obtained  in  a  state  of  great  purity 
by  adding  absolute  hydrocyanic  acid,  or  a  strong  solution 
of  this  acid,  to  an  alcoholic  solution  of  potassa  ;  a  portion 
of  the  cyanide  falls  down  as  a  white  crystalline  preci- 
pitate, which  should  be  washed  with  alcohol  and  dried. 
An  additional  quantity  may  be  obtained  from  the 
mother  liquor  by  evaporation  of  the  latter  in  a  retort. 
Cyanide  of  potassium  crystallizes  in  colorless  cubes, 
which  deliquesce  in  damp  air,  at  the  same  time  be- 
coming opaque.  It  is  very  soluble  in  water.  In  close 
vessels  it  may  be  heated  to  redness  without  altera- 
tion, but  by  exposure  to  the  air  absorbs  oxygen,  and 
becomes  cyanate  of  potassa — KO,  Cy  0.  The  purity 
of  this  cyanide  is  best  ascertained  by  its  property  of 
dissolving  the  red  oxide  of  mercury,  twelve  grains  of 
the  pure  salt  dissolving  twenty  of  the  finely-pulverized 
mercurial  salt.  The  principal  use  of  cyanide  of  potas- 
sium is  in  electro-plating  and  gilding,  also  in  photo- 
graphy. Being  similar  and  equally  powerful  in  its 
action  upon  the  animal  economy  with  hydrocyanic  acid, 
and  as  the  dry  salt  may  be  preserved  in  a  well-stopped 
bottle  without  change,  it  might  be  substituted  with 
advantage  for  the  latter  in  medicine,  as  the  acid  so 
readily  undergoes  decomposition. 

Ferrocyanide  and  ferricyanide  of  potassium,  termed 
also  yellow  and  red  prussiate  of  potassa,  are  respectively 
compounds  of  the  metal  potassium,  with  the  salt  radicals, 
ferrocyanogen — Fe  Cy3,  and  ferricyanogen — Fe2  Cy6. 
The  preparation,  manufacture  on  the  large  scale,  proper- 
ties, et  cetera,  of  these  salts  have  been  fully  discussed 
under  the  article  Ikon,  Vol  II.,  page  451  et  seq. 

Sulpiiocyanide  of  Potassium. — This  salt  is  a  com- 
bination of  potassium  with  the  salt-radical  sulphocy- 
anogen  Cy  S2  =  Csy.  It  is  present  in  the  saliva  of 
man  and  some  other  animals.  It  is  prepared  by  heating 
the  powdered  anhydrous  ferrocyanide  of  potassium 
with  an  equal  weight  of  powdered  sulphur  in  an  iron 
pot.  The  mixture  is  kept  in  a  fused  state  for  half  an 
hour,  at  a  temperature  above  the  melting  point  of 
sulphur,  but  below  that  at  which  bubbles  of  gas  rise 
through  the  melted  mass.  The  latter  consists  of 
a  mixture  of  sulpiiocyanide  of  potassium  and  sulpho- 
cyanide  of  iron,  with  the  excess  of  sulphur.  This  is 
treated  with  water,  the  insoluble  matters  removed  by 
filtration,  and  to  the  colorless  or  slightly  red  filtrate, 
first  heated  to  boiling,  carbonate  of  potassa  is  added  as 
long  as  a  precipitate  is  produced.    The  liquid  filtered 
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from  this  precipitate,  on  evaporation,  yields  crystals  of 
sulphocyanide  of  potassium,  from  which  any  adhering 
carbonate  of  potassa  may  be  removed  by  solution  in 
alcohol. 

Sulphocyanide  of  potassium — K  Cy  S2— crystallizes 
in  long  white  striated  prisms,  which  are  anhydrous,  and 
resemble  nitrate  of  potassa  in  appearance  and  taste. 
They  deliquesce  in  a  moist  atmosphere,  and  are  very 
soluble  in  hot  alcohol,  from  which  the  salt  crystallizes 
on  cooling.  Sulphocyanide  of  potassium  communicates 
a  deep  port- wine  color  to  strong  solutions  of  sesquioxide 
of  iron,  and  is,  consequently,  much  employed  as  a  test 
for  that  metal  in  its  higher  state  of  oxidation.  Nitric 
acid  must  not  bo  present  when  testing  for  iron  with 
this  reagent.  The  Editor  considers  the  sulphocyanide 
a  very  beautiful  indication  of  the  presence  of  iron.  In 
the  most  dilute  solutions  a  red  coloring  is  at  once 
apparent. 

B  [tartrate  of  Potassa — Tartar — Argol — Cream 
of  Tartar. — This  salt  is  a  constituent  of  many  vegetals, 
and  especially  of  the  grape.  The  substance  known  as 
argol  or  crude  tartar,  consisting  of  bitartrate  of  potassa, 
tartrate  of  lime,  and  coloring  matter,  is  found  as  a  con- 
cretion upon  the  inside  of  wine  casks,  in  which  newly- 
made  wine  has  been  kept  for  some  time.  From  this 
deposit  the  pure  salt  is  obtained.  The  following  is 
the  process  of  purification  pursued  at  Montpellier,  as 
described  by  Figues  : — The  argol  is  boiled  in  water,  and 
the  solution  allowed  to  cool ;  the  crystalline  deposit  thus 
obtained  is  washed  with  cold  water,  and  then  redis- 
solved  in  boiling  water,  to  which  is  added  pipe  clay  to 
the  amount  of  five  per  cent,  of  the  weight  of  the  salt, 
together  with  a  small  proportion  of  animal  charcoal. 
The  addition  of  these  substances  promotes  the  separa- 
tion of  coloring  matter.  When  the  latter  has  com- 
pletely subsided,  the  clear  liquor  is  allowed  to  cool 
slowly,  when  crystals  of  the  pure  bitartrate  separate. 
At  Venice,  the  process  of  purification  consists  in  the 
separation  of  the  grosser  impurities  by  repeated  solu- 
tion and  recrystallization  of  the  salt,  after  which  white 
of  egg  and  wood  ashes  are  added  to  the  boiling  solution 
of  the  crystals,  and  during  the  effervescence  which 
ensues  the  impurities  rise  to  the  surface  and  are  skim- 
med off.  According  to  Duflos,  the  crystals  are  most 
readily  freed  from  lime  by  placing  them  in  contact  with 
dilute  hydrochloric  acid,  and  subsequently  draining  and 
washing  them. 

Bitartrate  of  potassa — K  0,  2  T — as  usually  met  with, 
forms  a  white  crystalline  mass,  having  an  acid  and  gritty 
taste.  The  crystals,  which  are  irregular  six-sided 
prisms,  contain  one  equivalent  of  water,  which  is  not 
given  off  at  a  heat  much  below  the  point  at  which  the 
salt  is  decomposed.  Water  at  68°  dissolves  the  one  hun- 
dred and  eighty-fourth  part,  and  at  212°  one-fifteenth 
of  its  weight.  When  heated,  bitartrate  of  potassa  swells 
up,  evolves  various  volatile  products,  gives  out  an  odor 
of  caromel  or  burnt  sugar,  and  a  mixture  of  charcoal 
and  carbonate  of  potassa,  termed  black  flux,  remains. 
Heated  with  an  equal  weight  of  nitrate  of  potassa,  it 
leaves  a  residue  of  pure  carbonate  of  potassa. 

Powdered  bitartrate  of  potassa,  or  cream  of  tartar,  is 
frequently  adulterated  with  various  white  mineral  and 
organic  powders.    The  proofs  of  its  freedom  from  these 
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are  complete  solubility  in  water,  and,  according  to  the 
Edinburgh  College,  its  decomposing  power  over  nitrate 
of  lead.  The  principal  use  of  bitartrate  of  potassa  is  in 
dyeing,  owing  to  its  power  of  dissolving  metallic  oxides. 
It  is  used  also  in  medicine. 

Physiological  Effects. — In  small  doses  this  salt  has  a 
refrigerant  and  diuretic  action;  in  doses  of  half  an 
ounce  it  forms  a  brisk  yet  gentle  purgative.  It  is 
frequently  used  in  admixture  with  sulphur  as  a  mild 
laxative.  In  excessive  doses  it  produces  Inflammation 
of  the  stomach  and  intestines. 

Of  other  organic  salts  of  potassa,  none,  with  the 
exception  of  the  oxalate  and  acetate  of  potassa,  are 
used  to  any  great  extent  in  the  arts  or  manufactures. 
These  latter  are  prepared  by  saturating  a  solution  of 
carbonate  of  potassa  with  the  respective  acid,  and 
evaporating  to  the  crystallizing  point,  or  to  dryness. 
Oxalate  of  potassa — KO,  C2  03  -j-  HO — is  used  in  the 
laboratory  principally  in  the  estimation  of  manganese 
ores.  An  acid  oxalate — termed  salt  of  sorrel,  or  salt 
of  lemons — is  employed  to  remove  ink-stains  and  iron- 
moulds  from  linen.  Acetate  of  potassa — KO,  C4  H3 
03  =  KO  A — is  chiefly  employed  in  medicine. 

Analysis. — The  salts  of  this  metal  are  distinguished 
from  all  other  substances  by  the  following  tests : — 
Sulphide  of  hydrogen,  sulphide  of  ammonium,  and 
alkaline  carbonates,  effect  no  change  in  their  solu- 
tions. Tartaric  acid,  added  in  excess  to  a  solution  of 
a  potassa  salt,  produces,  especially  after  violent  agita- 
tion, a  white,  crystalline,  quickly-subsiding  precipitate 
of  bitartrate  of  potassa.  Perchloric  acid  has  a  similar 
effect.  Fhiosilicic  acid  affords  a  transparent,  gelatin- 
ous precipitate,  which,  when  it  subsides,  is  iridescent, 
and  dries  into  a  white  powder.  An  alcoholic  solution 
of  picric  acid  throws  down  sparingly  soluble  yellow 
crystals  of  picrate  of  potassa.  When  heated  on  a 
platinum  wire  before  the  blowpipe,  potassa  salts  com- 
municate a  characteristic  violet  or  purple  tinge  to  the 
flame.  This  reaction  is  obscured  by  salts  of  soda. 
By  the  test  recommended  by  Harkort,  potassa  salts 
may,  however,  be  detected  before  the  blowpipe  when 
soda  salts  are  also  present.  It  depends  upon  the  fact, 
that  oxide  of  nickel  when  fused  with  borax  in  the  blow- 
pipe flame,  gives  a  brown  glass ;  and  this  glass,  when 
molted  with  a  potassa  salt,  becomes  blue.  Of  all  the 
tests  for  the  detection  of  potassa  salts,  bichloride  of 
platinum  is,  however,  the  most  delicate.  This  reagent 
produces,  in  solutions  of  these  salts,  a  yellow  crystalline 
precipitate  of  bichloride  of  platinum  and  chloride  of 
potassium — Pt,  Cl2  -|-  K  CI.  In  applying  this  test,  the 
absence  of  salts  of  ammonia  must  be  previously  ascer- 
tained, as  these  give  rise  to  an  analogous  precipitation. 
A  little  hydrochloric  acid  is  added  collaterally  with  the 
bichloride  of  platinum,  and  if  the  precipitate  does  not 
appear  after  a  short  time,  the  mixture  is  evaporated  to 
dryness  at  212°;  and  if  potassa  be  present,  on  the 
addition  of  spirit  of  wine,  the  double  chloride  is  left  in 
the  form  of  yellow  shining  crystals. 

Estimation. — In  the  determination  of  salts  of 
potassa,  they  are  almost  invariably  converted  into  the 
state  of  bichloride  of  platinum  and  chloride  of  potas- 
sium. The  estimation  is  effected  as  follows: — The 
salt,  first  converted  into  chloride,  is  mixed  with  hydro- 
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chloric  acid  and  bichloride  of  platinum  in  excess,  and 
the  mixture  is  evaporated  to  dryness  at  212°.  To  the 
residue  alcohol  is  added,  and  after  standing  some 
time,  the  whole  is  thrown  upon  a  weighed  filter,  and 
the  insoluble  double  salt  of  platinum  and  potassium  is 
affused  with  spirit,  until  the  washings  leave  no  residue 
on  evaporation.  The  salt  is  then  dried  and  weighed. 
Every  2435  grains  of  bichloride  of  platinum  and 
chloride  of  potassium  thus  obtained,  represent  thirty- 
nine  grains  of  potassium,  or  forty-seven  of  potassa. 

It  not  unfrequently  occurs  in  chemical  investigations 
that  a  salt  of  potassa,  and  one  of  soda,  exist  collaterally, 
and  it  is  desired  to  estimate  the  relative  proportions 
of  each.  In  such  a  case,  the  most  convenient  method 
is  as  follows : — The  two  bases  are  converted  into  sul- 
phates by  any  available  means,  and  weighed  in  this 
condition.  After  noting  the  weight,  the  mixed  salts 
are  redissolved  in  water,  and  treated  with  a  solution  of 
chloride  of  barium.  The  precipitate  of  sulphate  of 
baryta  thus  obtained  is  collected  by  filtration,  washed, 
dried,  ignited,  and  weighed.  From  these  data  the 
respective  quantities  of  soda  and  potassa  may  now  be 
calculated ;  for,  as  one  hundred  parts  of  sulphate  of 
potassa  give  one  hundred  and  thirty-four  of  sulphate 
of  baryta,  and  one  hundred  parts  of  sulphate  of  soda 
afford  one  hundred  and  sixty-four  of  sulphate  of  baryta, 
the  larger  quantity  of  the  latter  salt  obtained  than  the 
ratio  134  :  100 — is  due  to  the  salt  of  soda,  and  the  pro- 
portion of  the  latter  base  present  may  easily  be  calcu- 
lated, since  one  hundred  parts  of  sulphate  of  soda 
represent  437  of  soda.  The  proportion  of  potassa 
is  then  known  by  deducting  the  quantity  of  sulphate  of 
soda  found  from  the  weight  of  the  mixed  sulphates. 
Every  one  hundred  parts  of  sulphate  of  potassa 
remaining,  represent  fifty-four  of  potassa. 

POTTEEY. — Potterie,  French;  steingut,  porzella, 
topfen,  German. — The  earliest  exponents  of  the  potter's 
art  supply  indubitable,  and,  in  some  respects,  unique 
data,  for  elucidating  the  theology,  the  literature,  the 
manners  and  customs  of  the  most  remarkable  nations 
of  antiquity.  Hence,  from  this  cause  alone,  the  history 
and  practice  of  this  art  excite  a  deep  and  peculiar 
interest,  irrespective  of  any  other  considerations  to 
which  its  operations  may  give  rise.  These,  however, 
aro  such  as  present  their  own  special  claim  to  notice, 
since  the  art  itself,  in  its  varied  and  comprehensive 
application,  embodies  the  most  complete  and  perfect 
medium  for  the  exhibition  of  industrial  skill.  No 
branch  of  manufacture  presents  so  ancient  and  intimate 
an  alliance  between  art  and  utility  as  that  of  the  potter. 
One  of  the  most  ancient  and  characteristic  channels  of 
national  industry,  the  production  of  pottery  takes  its 
rise  from  a  date  which,  in  the  Eastern  hemisphere,  is 
lost  in  the  darkness  of  remote  antiquity.  The  extreme 
plasticity  of  certain  earths  and  their  almost  universal 
diffusion ;  the  ease  with  which  they  can  be  fashioned 
into  forms  suited  to  ordinary  domestic  requirements ; 
the  consistency  also  which  even  natural  heat  will 
impart  to  them — have  necessarily  conduced  to  the 
general  adoption  of  this  class  of  manufactures,  even  in 
the  primitive  stages  of  savage  life.  The  peculiar  con- 
dition of  plasticity,  from  the  earliest  ages,  has  rendered 
the  potter's  clay  the  most  obvious  material  for  the 


gratification  of  that  inherent  desire  to  form  or  model 
the  lineaments  of  some  ideal  image,  or  some  palpable 
reality,  which  is  a  distinguishing  characteristic  of  man's 
nature,  and  is  patent  as  well  in  the  infancy  of  society 
as  in  the  early  days  of  any  individual.  At  what 
period  the  indulgence  of  a  mixed  mimetic  and  creative 
faculty  was  first  applied  to  meet  the  requirements  of 
primitive  life,  is  a  point  of  chronology  that  can  never  be 
exactly  determined.  As  well  might  the  Editor  attempt 
to  pen  a  diary  of  the  reminiscences  of  his  childhood,  or 
chronicle  the  months  and  days  when  he  drew  figures 
on  the  sand,  as  seek  to  investigate  and  define  the 
original  invention  and  first  production  of  pottery. 
Beongniart  urges  that  when  the  antiquity  of  an  art 
may  be  established  by  a  train  of  simple  reasoning  and 
by  the  most  natural  deductions,  one  is  not  to  evade 
admitting  the  fact  through  the  fear  of  appearing  to  rest 
content  with  common  and  ordinary  considerations. 
This  observation  is  very  happily  applicable  in  the 
instance  of  pottery.  Monuments,  almost  infinite  in 
number  and  variety,  the  authenticity  of  which  cannot 
be  questioned,  and  so  simple  and  clearly  intelligible 
that  no  deep  study  is  required  to  appreciate  their 
interest  and  value — demonstrate  that  the  potter's  art, 
from  primaeval  times,  has  been  intimately  associated 
with  productions  the  most  useful  to  man,  as  well  as  the 
most  beautiful  in  themselves. 

The  ceramic  art,  both  in  its  theory  and  its  practice, 
unites  a  combination  of  qualities  unknown  in  any  other 
expression  of  human  skill.  No  other  industry  presents 
so  many  divers  considerations,  all  of  them  of  the 
utmost  interest,  and  each  one  rich  in  economic  and 
scientific  application.  Finding  its  materials  at  the 
surface  of  the  earth,  pottery  exhibits  products  the  most 
simple  and  yet  the  most  varied — the  easiest  to  fabricate, 
but  still,  though  fragile,  of  incomparable  durability. 
Man,  when  in  his  weakest  and  most  isolated  condition, 
is  able  to  extract  clays  for  pottery  from  the  ground 
beneath  his  feet;  these  materials,  the  spontaneous  gift 
of  nature,  he  fashions  on  the  instant  in  accordance  with 
his  will ;  and,  without  either  science  or  preparation,  he 
even  gives  to  them  forms  of  a  hardness  sufficient  to 
satisfy  the  first  demands  of  social  refinement.  The 
products  of  these  substances — so  simple  in  their  cha- 
racter, so  abundant,  so  easy  to  bring  together,  so 
readily  endowed  also  with  every  quality  best  calculated 
to  facilitate  their  practical  application — are  absolutely 
endless  in  their  variety,  while,  in  their  most  successful 
exponents,  their  beauty  may  be  pronounced  matchless. 
Every  species  of  form — from  the  classical  severity  of 
tho  early  Greek  period  to  the  florid  luxuriance  of  the 
wares  of  Saxony,  France,  and,  one  may  now  fairly  add, 
England — here  finds  a  fitting  and  worthy  medium. 
Artistic  excellence,  both  in  the  painter  and  the 
modeller,  can  here  develope  its  highest  capabilities. 
A  material,  which  science  teaches  to  present  tho  most 
lustrous  surface,  which  is  solid,  imperishable,  and 
admirably  qualified  for  the  application  of  varied  and 
brilliant  colors,  offers  such  inducements  to  the  painter 
for  the  practice  of  his  art,  that  the  pencil  of  the  glorious 
Rafpaelle  himself  was  occasionally  employed  in  its 
decoration. 

The  potter's  wheel,  an  implement  identified  with  the 
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most  important  class  of  fictile  productions,  may  have 
been  the  first  piece  of  mechanism  invented  by  the 
grandsons  of  Noah,  and  originally  employed  while  the 
earth  was  yet  moist  from  the  waters  of  the  flood;  or  it 
may  have  been  produced  in  various  parts  of  the  ante- 
diluvian world,  long  before  the  tremendous  visitation  of 
the  deluge.  Certainly  the  most  ancient  mechanical 
appliance  that  industrial  art  has  adapted  to  its  use,  the 
potter's  wheel  is  no  less  distinguished  for  its  simplicity; 
and,  at  the  same  time,  it  exhibits  so  perfect  a  con- 
trivance for  imparting,  under  expert  direction,  beauty 
and  utility  to  shapeless  masses  of  matter,  that  it  has 
descended  from  age  to  age  to  the  operator  of  the  present 
day  without  any  important  modification.  Indeed,  so 
absolutely  identical  is  the  mode  of  working,  with  refer- 
ence both  to  the  mechanical  and  the  manipulatory 
processes  now  in  use  in  this  primitive  branch  of  fictile 
art,  with  the  system  prevalent  some  thousands  of  years 
before  the  Christian  era,  that  were  it  possible  to 
resuscitate  the  mummy  of  an  ancient  Egyptian  thrower, 
he  might  immediately  find  lucrative  employment  with 
the  Mintons,  Copelands,  Chamberlains,  Kerrs, 
and  others,  of  the  present  day.  According  to  Genesis, 
one  is  warranted  in  concluding  that  the  potter's  wheel 
was  known  to  all  the  early  families,  and  that  it  was 
retained  and  used  by  them  when  they  had  been  dis- 
persed abroad  over  the  face  of  the  earth. 

In  countries  where  the  drying  influences  of  the  sun 
and  air  are  pre-eminently  powerful,  the  desiccation  of 
clays  after  rain  must  necessarily  have  attracted  atten- 
tion. The  plastic  nature  of  these  simple  substances 
while  in  one  condition,  and  their  compact  mass  when 
in  another,  together  with  the  ease  with  which  in  the 
former  state  they  could  be  manipulated,  and  in  the 
latter,  fixed  into  form,  cannot  fail,  at  an  early  period, 
to  have  indicated  their  applicability  to  those  useful 
purposes  that  provide  for  some  of  the  most  urgent 
requirements  of  human  life.  The  want  of  vessels  that 
would  contain  liquids,  and  also  resist  the  action  of  fire, 
would  naturally  arouse  the  exercise  of  man's  inventive 
powers.  The  hard  shells  of  certain  vegetal  produc- 
tions, such  as  gourds  and  the  larger  kinds  of  nuts, 
together  with  the  skins  of  animals,  might  be  easily 
transformed  into  recipients  for  fluids.  The  preparation 
of  these  materials,  however,  implies  the  possession  of 
tools,  together  with  a  previous  knowledge  of  some  ele- 
mentary manual  arts.  But  then,  such  vessels  being 
obtained,  and  the  action  of  fire  and  its  use  in  the 
preparation  of  food  being  understood,  but  little  of  real 
assistance  could  thus  be  acquired.  Vessels  of  this 
description  would  scarcely  be  competent  to  render 
available  the  known  services  of  fire.  In  such  circum- 
stances, some  savage  tribes  have  been  constrained  to 
adopt  the  expedient  of  dropping  hot  stones  into  the 
liquids  in  their  frail  vessels,  in  the  hope  of  so  imparting 
to  them  some  degree  of  warmth — a  dilatory  and 
unsatisfactory  process,  and  one  that  would  be  grate- 
fully abandoned  upon  the  discovery  that  certain  earthen 
substances  possessed  the  property  of  resistance  to  the 
action  of  fire. 

Whether  the  fashioning  and  hardening  of  clay  was 
first  practised  by  the  potter  or  the  brickmaker,  must 
ever  remain  a  matter  of  speculation.  Probably  both  uses 


of  the  common  material  were  discovered  about  the 
same  period,  and  under  the  same  circumstances. 
Bricks,  thoroughly  burned,  it  is  known,  were  employed 
at  the  building  of  Babel,  two  thousand  two  hundred 
years  before  the  Christian  era.  And,  again,  it  is  also 
certain  that  pottery,  properly  so  called,  had  attained 
to  an  important  condition  of  usefulness  in  very  remote 
ages,  since  the  earliest  authentic  records  allude  to  the 
potter's  wheel  as  an  implement,  even  then,  of  high 
antiquity.  In  all  parts  of  the  habitable  globe  the  same 
requirements  would  be  felt ;  and  as  similar  means  for 
satisfying  them  would  everywhere  abound,  men  would 
naturally  be  prompted  to  the  exercise  of  that  kindred 
ingenuity,  which  had  been  implanted  alike  in  them  all 
as  a  universal  heritage  :  and  thus,  amongst  races  rude 
and  uncultivated,  and  in  all  other  respects  utterly 
ignorant  of  the  arts  that  minister  to  human  conve- 
nience, it  has  been  satisfactorily  traced  that  earthen 
vessels  had  been  in  use  centuries  before  the  existence 
of  any  such  people  was  conjectured.  Vases,  for 
example,  have  been  discovered  amongst  the  aboriginal 
Indians  on  the  Musquito  shore,  which  by  them  were 
treasured  as  vestiges  of  antiquity ;  and  there  is  every 
reason  for  believing  that  these  fictile  works  were  the 
production  of  the  ancestors  of  the  people  amongst  whom 
they  were  found,  since  the  remains  of  ancient  potteries 
exist  far  up  the  Black  River  in  that  region.  Plato 
describes  the  ceramic  art  as  amongst  the  earliest  on 
record.  Vitruvius,  again,  affirms  that  in  the  Augustan 
age  the  Romans  made  their  water-pipes  of  potters'  clay ; 
and  after  the  Roman  conquest  potteries  were  established 
in  England,  where  the  fabrication  of  similar  pipes  for  the 
same  purpose  was  introduced.  These  pipes  were  about 
two  inches  in  thickness,  and  firmly  joined  together  with 
common  mortar,  mixed  with  oil ;  and,  to  prove  both 
the  durability  of  the  material,  and  the  tenacity  of  the 
compound,  some  relics  that  were  dug  up  about  a  cen- 
tury ago  in  Hydepark,  London,  were  found  to  be  in  the 
most  perfect  condition,  and  as  well  suited  for  their  use 
as  when  they  were  at  first  manufactured.  A  claim  has 
been  advanced  on  the  part  of  the  ancient  Britons  to  a 
knowledge  of  the  art  of  working  pottery  anterior  to  the 
Roman  invasion ;  and  the  fact  that  cinerary  urns  of 
earthenware  have  been  repeatedly  exhumed  from  Celtic 
barrows  in  different  parts  of  the  kingdom,  tends  to 
warrant  the  assertion.  Many  writers  are  inclined  to 
the  opinion  that  the  aboriginal  Britons  were  indebted 
for  these  works  to  the  Venetians.  There  appears  no 
reason,  however,  for  withholding  from  our  Celtic  fore- 
fathers the  credit  of  having  produced  their  own  rude 
pottery,  at  a  period  antecedent  to  the  earliest  visit 
paid  to  their  shores  by  adventurous  and  enterprising 
voyagers  from  lands  lying  nearer  to  the  sun-rising. 
Remains  of  considerable  Roman  potteries  are  to  be 
traced  in  various  parts  of  England,  and  especially  in 
Staffordshire,  on  the  site  of  the  great  potteries  of  the 
present  day. 

There  is  something  strangely  suggestive  in  the  relics 
of  ancient  pottery-kilns  that  still  linger  on  the  scene  of 
their  former  active  operations.  The  modern  Stafford- 
shire potter  has  derived  no  heritage  from  his  Roman 
predecessor.  There  had  been  no  continuity  of  work. 
Centuries  of  disuse  had  obliterated  the  very  memory 
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of  those  remote  artificers,  and  tradition  had  not  even 
whispered  of  their  scene  of  action.  The  potter  estab- 
lished himself  in  Staffordshire,  altogether  unconscious 
of  his  vicinity  to  the  spot  in  which  long-buried  laborers 
in  his  own  handicraft  had  exercised  their  mutual  calling. 
He  saw  that  the  natural  materials  suitable  for  his  pur- 
pose were  there  abundant ;  and,  having  settled  down, 
he  plied  his  wheel,  and  threw  his  clay,  and  burned  his 
pots — absolutely  ignorant  the  while  that  he  was  reviv- 
ing operations  with  which  that  district,  in  ages  long  past 
away,  had  been  familiar.  It  was  not  until  after  many 
years  of  laborious  occupation,  that  the  upturned  frag- 
ments of  unwonted  vessels  casually  revealed  the  ruins 
of  an  ancient  furnace,  and  significantly  declared  that  the 
potter's  wheel  was  again  revolving  above  the  potter's 
tomb. 

The  antiquity  and  the  nobility  of  the  potter's  art  is 
demonstrated  by  repeated  references  to  it  in  Holy 
Writ,  and  especially  in  similitudes  which  emanate 
directly  from  the  Divine  imagery.  Indeed,  from  Pro- 
verbs, the  twenty-sixth  chapter  and  twenty-third  verse, 
one  would  almost  be  led  to  suspect  that  the  art  of 
glazing  earthenware  vessels  had  been  discovered  seven 
hundred  years  before  the  Christian  era.  The  words 
are,  Burning  lips  and  a  wicked  heart  are  like  a  pot- 
sherd covered  with  silver  dross.  Now  it  is  a  well- 
known  fact  that  silver  is  generally  refined  by  means 
of  lead;  the  two  metals  usually  occur  together,  and  if 
lead  be  strongly  heated  in  an  earthen  vessel  a  partial 
glaze  is  communicated  to  the  surface,  and  this  probably 
led  to  the  discovery  of  a  glaze. 

Not  only  do  the  Scripture  texts  now  alluded  to  estab- 
lish for  the  operations  to  which  they  refer  a  very  early 
date,  but,  what  adds  materially  to  the  peculiar  interest  of 
the  principal  and  most  essential  processes,  they  show 
that  the  mode  of  fabrication  remains  up  to  the  present 
time  substantially  the  same.  By  the  ancients  also  the 
plastic  art  was  employed  for  the  highest  and  noblest 
purposes.  Homage  to  the  dead,  and  victory  to  the 
living,  were  typified  in  the  votive  products  of  the 
potter's  skill.  Eminence  in  the  art  was  distinguished 
by  public  patronage,  and  chronicled  by  poets  and 
historians.  The  profession  of  ceramic  artists  was 
held  in  high  honor,  and  a  college  of  potters  was 
established  at  Numa  eight  centuries  before  the  Chris- 
tian era. 

The  term  Pottery,  which  is  derived  from  the  Latin 
Pvtorium,  the  name  given  by  the  Romans  to  drinking 
vessels,  does  not  convey  any  signification  that  denotes 
either  form  or  substance. 

The  word  Ceramic,  the  generic  title  by  which  works 
in  this  department  of  art-manufacture  are  now  known, 
is  derived  from  the  Greek.  The  Greek  word,  however, 
differs  from  its  Latin  synonym,  in  the  circumstance  that 
it  primarily  signifies  the  horn  of  an  animal;  and  it 
has  obtained  its  secondary  and  generally  recognized 
signification  from  the  early  use  of  horns  for  drinking 
vessels,  as  also  from  the  more  or  less  literal  adoption 
of  the  form  of  drinking-horns  in  the  plastic  materials 
with  which  such  vessels  have  been  fabricated.  Repre- 
sentations of  genuine  drinking-horns,  the  primitive 
ceramic  vessels,  are  of  frequent  occurrence  in  illustra- 
tions of  ancient  festivals;  and,  though  they  appear 


much  varied  in  their  constructive  details,  the  original 
type  is  distinctly  apparent  in  them  all. 

The  addition  of  the  heads  of  animals  at  the  ex- 
tremity of  the  horns  seems  to  have  been  very  popular ; 
and  numerous  examples  are  extant  in  which  the  heads 
of  the  eagle,  dog,  and  other  creatures,  appear  thus 
cumstanced. 

The  name  thus  originally  applied  to  drinking  vessels 
alone,  was  next  adopted  by  the  potter  in  reference  to 
such  of  his  productions  as  were  designed  for  somewhat 
similar  uses,  and  in  which  the  same  forms  were  intro- 
duced ;  and  then  it  was  gradually  extended  in  its  appli- 
cation, until  it  comprehended  the  entire  range  of  fictile 
manufacture. 

Notwithstanding  the  fact  that  articles  of  domestic 
utility  were  the  first  to  exercise  the  skill  of  the  potter, 
but  little  is  known  of  the  forms  and  composition  of 
these  earliest  vessels.  Their  fragility  indeed,  coupled 
with  their  trifling  intrinsic  value,  would  naturally  ren- 
der it  improbable  that  more  than  a  few  occasional 
relics  should  survive  the  period  of  their  original  fabri- 
cation. Some  few  primitive  specimens  still  extant, 
that  from  their  character  seem  obviously  to  have  been 
destined  for  household  uses,  Brongniart  objects  to 
recognize  in  that  capacity,  in  consequence  of  the  per- 
meable nature  of  the  clay  of  which  they  are  composed. 
But  it  may  be  suggested  that  this  eminent  savant 
would  scarcely  have  advanced  such  an  opinion,  had  not 
the  early  practice  of  saturating  these  vessels  with  oil 
for  the  purpose  of  obviating  their  porosity  escaped  his 
observation.  The  lapse  of  centuries  and  long  disuse 
would  have  caused  the  total  evaporation  of  the  coun- 
teracting medium ;  but  that  porous  clay,  by  the  appli-  • 
cation  of  oil,  may  be  rendered  impermeable  by  ordinary 
liquids,  does  not  admit  a  doubt. 

It  would  naturally  have  been  most  desirable  that 
a  ceramic  museum,  or  an  essay  on  ceramic  manufac- 
tures, should  commence  with  examples  of  the  first 
pottery  that  ever  was  made.  This  the  very  nature  of 
the  fictile  art  has  rendered  impossible ;  and  yet,  though 
the  actual  objects  may  be  wanting,  their  pictorial 
representation  has  been  preserved  in  the  varied  deco- 
rations of  other  and  later  productions  of  the  same 
class ;  and  thus,  through  the  agency  of  pottery  when 
in  a  more  advanced  condition,  the  image  and  purpose 
of  the  earliest  works  of  the  potter  have  been  preserved 
and  handed  down  to  modern  times. 

Like  the  first  rise  of  nations,  the  first  applications  of 
art  and  the  original  productions  of  manufacture  are 
for  the  most  part  mythic  and  fabulous.  After  a  while, 
probable  traditions  arise;  and  then,  as  the  stream  of  time 
flows  steadily  onwards,  veritable  history  at  length  stands 
confessed  with  well-defined  lineaments.  Such  is  pre- 
cisely the  condition  of  the  ceramic  art.  The  very 
weakness  of  its  primitive  elements  is  such  as  to  baffle 
the  most  penetrating  research.  Gradually  some  works 
appear  impressed  with  the  capacity  of  endurance.  In 
due  time  the  number  of  these  clay-constructed  con- 
querors of  time  increases,  and  they  assume  variously 
diversified  forms.  There  succeeds  but  a  brief  interval, 
before  the  history  of  pottery  supplies  one  of  its  most 
graphic  chapters  to  the  history  of  mankind. 

Bricks. — The  sun-dried  products  of  Egypt,  Assyria, 
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and  Chaldea,  embodying  the  earliest  existing  illustra- 
tions of  fictile  manufacture  in  its  simplest  application, 
are  the  only  examples  of  their  era  that  have  survived 
the  ravages  of  time. 

The  bric/c,  without  doubt,  was  one  of  the  primitive 
efforts  of  plastic  labor.  Its  geometrical  form  would  of 
necessity  be  suggested  by  the  want  of  some  construc- 
tive materials,  with  which  buildings  might  be  erected 
with  a  greater  uniformity  of  surface  and  precision  of 
outline  than  could  be  obtained  by  rough  coatings  of 
mud.  When  once  adopted,  the  palpable  utility  of 
bricks  would  render  their  introduction  universal,  and 
their  use  permanent.  The  use  of  bricks,  indeed,  has 
continued  with  but  slight  modifications  from  the  build- 
ing of  the  Tower  of  Babel  to  the  present  day. 

Birch,  in  his  learned  History  of  Ancient  Pottery, 
displays  much  research  in  treating  upon  the  historical 
value  attached  to  these  silent,  yet  eloquent  witnesses  of 
the  past.  He  affirms  that  the  bricks  of  Egypt  not  only 
afford  testimony  to  the  truth  of  Scripture  as  to  their 
composition  of  straw  and  clay ;  but  also  that,  by  the 
hieroglyphics  impressed  upon  them,  they  transmit  the 
names  of  a  series  of  kings,  and  thus  testify  to  the 
existence  and  date  of  edifices,  all  knowledge  of  which, 
except  for  these  relics,  would  have  utterly  perished. 

The  bricks  of  Assyria  and  Babylonia,  in  addition  to 
similar  information,  by  their  cuneiform  inscriptions 
denoting  the  localities  of  the  buildings  for  which  they 
were  made,  have  determined  the  sites  of  ancient 
Mesopotamia  with  a  precision  and  completeness  that 
could  have  been  obtained  from  no  other  sources. 

The  general  form  of  all  these  bricks  is  rectangular, 
those  presenting  a  curved  outline  being  of  very  rare 
occurrence.  In  so  arid  an  atmosphere  as  that  of 
Egypt,  a  country  in  which  rain  seldom  falls,  sun-dried 
bricks  would  effectually  resist  the  action  of  any  mois- 
ture to  which  they  might  be  exposed,  and  they  would 
endure  for  ages.  Vyse  states  that  the  pyramids  of  Dash- 
our,  Ulahoon,  Howara,  Abu  Roash — the  walls  of  Sais 
— the  fortresses  at  Samneh,  Centra  Pselcis— the  walls 
also  of  the  Memnonium  at  Thebes,  and  the  great  wall 
that  inclosed  Egypt  on  the  Eastern  side  from  Pelusium 
to  Heliopolis,  a  distance  of  one  thousand  five  hundred 
stadia,  or  furlongs,  were  constructed  of  these  sun-dried 
bricks.  And,  in  addition  to  these  more  important  works, 
the  same  materials  were  in  constant  use  for  the  erec- 
tion of  private  tombs  and  other  edifices.  Sir  Gardinek 
Wilkinson  adds  that  this  material  was  employed  in 
the  great  wall  built  by  Sesostris  across  Egypt — the 
Gisr-el-Agoos — and  for  a  small  temple  at  Ekmin. 

The  rich  alluvial  soil  of  both  the  Delta  and  the 
Fayoum,  at  a  remote  period  of  Egyptian  history,  must 
have  determined  that  the  brick-manufacture  should  be 
established  in  those  districts.  The  mud  and  slime 
yearly  deposited  by  the  Nile  were  peculiarly  adapted 
for  pottery  purposes.  Birch  states  that  an  analysis 
proves  about  one-half  of  the  substance  of  this  deposit 
to  consist  of  argillaceous  earth,  one-fourth  being  car- 
bonate of  lime,  while  the  residue  comprises  oxide  of 
iron,  carbonate  of  magnesia,  and  water.  Close  to  the 
river's  banks  the  deposit  is  much  mixed  with  sand, 
which  it  loses  in  proportion  as  it  is  carried  by  the 
water  further  from  them,  so  that  at  a  certain  distance 
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it  consists  of  pure  argil  or  clay,  which  at  the  present 
day  forms  excellent  bricks,  tobacco-pipes,  and  stucco. 
Amongst  the  earliest  bricks  in  existence,  those  may 
undoubtedly  be  reckoned  which  were  made  for  the  con- 
struction of  the  various  brick-built  pyramids,  although 
it  is  not  possible  at  present  to  determine  the  relative 
antiquity  of  all  these  edifices.  Several  of  them,  how- 
ever, have  been  ascertained  to  be  tombs  of  monarchs 
of  the  twelfth  dynasty.  Bricks  of  this  class,  formed  of 
Nile -mud  held  together  by  chopped  straw,  continued  to 
be  manufactured  in  Egypt  until  about  the  tenth  century 
before  Christ. 

The  next  step  in  the  progress  of  the  brick  manufac- 
ture was  the  substitution  of  kiln-baked  for  sun-dried 
clay.  An  earthenware  of  a  dull,  coarse  appearance, 
without  any  surface,  polish,  or  glaze,  was  produced  by 
this  process  ;  and  it  was  employed  for  making  sarco- 
phagi, sepulchral  cones,  figures,  vases,  and  other 
objects,  in  addition  to  the  simpler  bricks.  All  this 
baked  pottery  is  terra-cotta  in  its  simplest  form.  The 
external  color  is  always  some  shade  of  red,  though 
both  the  tint  and  the  texture  vary  considerably  in 
accordance  with  the  degree  of  heat  to  which  the  pot- 
tery may  have  been  exposed.  A  comparatively  low 
temperature  was  sufficient  for  producing  the  soft  pale 
tint,  that  appears  to  have  been  so  generally  preferred  ; 
in  this  condition,  however,  the  terra-cotta  is  absorbent, 
though  not  sufficiently  porous  to  allow  water  to  escape. 
The  absorbent  property  of  this  Egyptian  terra-cotta  is 
found  to  have  been  determined  by  the  temperature  of 
the  furnace  in  which  it  was  baked.  The  average  size 
of  the  sun-dried  bricks  used  by  the  ancient  Egyptians 
was  seventeen  inches  in  length,  eight  inches  in  width, 
and  in  thickness  five  inches;  those  that  were  baked 
were  generally  somewhat  smaller,  and  they  appear 
to  have  been  chiefly  used  in  constructions  that  were 
exposed  to  a  contact  with  water. 

Both  the  Assyrians  and  the  Babylonians  used  sun- 
dried  bricks,  as  well  as  those  that  were  baked  in  the 
furnace.  The  former  were  chiefly  employed  in  the 
construction  of  the  massive  and  lofty  mounds  upon 
which  the  more  important  edifices  were  constructed, 
the  latter  being  substituted  when  more  finished  and 
careful  brick-work  was  required.  The  kiln-baked 
bricks  are  generally  of  a  pale-red  hue,  and  they  bear 
an  inscription  in  the  arrow-head  character,  which  is 
impressed  on  the  mass  in  true  intaglio,  and  not  obtained 
in  a  sunk  bas-relief  as  in  the  Egyptian  examples.  In 
the  Assyrian  bricks  the  inscriptions  cover  one  of  the 
sides,  or  they  sometimes  run  along  the  edge ;  but  the 
Babylonian  brick-makers  stamped  their  inscriptions 
with  moulds  that  covered  only  a  comparatively  small 
portion  of  the  surface  of  each  brick,  somewhat  after  the 
Egyptian  fashion.  The  inscription  upon  the  specimen 
from  Babylonia — Fig.  425 — now  preserved  in  the  col- 
lection of  the  Royal  Society  of  Literature,  is  read  by 
Sir  H.  Rawlinson  as  follows : — 

(of)  NEBUCHADNEZZAR, 

the  king  of  Babylon, 

founder  of  Beth  Digla,  or  Saggalu, 

and  of  Beth  Tzida, 

son  of  Nebopalasar  (I  am). 

Dr.  HincKs  and  Mr.  Layard  read  Beth  Shaqgali  in- 
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stead  of  Beth  Dujla.  The  rectangular  bricks  of  Assyria 
vary  in  size  from  a  square  of  twenty-two  inches  to  one 


Fig.  425. 


of  twelve  inches,  many  of  the  varieties  being  elon- 
gated rectangles  ;  their  thickness  also  varies  from  four 
and  a  half  to  three  inches.  The  Babylonian  bricks  are 
smaller,  their  maximum  dimensions  being  a  square  of 
fourteen  inches  by  four  inches  in  thickness.  Occasion- 
ally bricks  of  various  shapes,  and  variously  colored, 
are  found  throughout  Mesopotamia. 

The  inscriptions  that  impart  a  peculiar  value  to  the 
kiln-burnt  bricks  of  Assyria  consist  of  various  formulas, 
that  have  more  or  less  direct  reference  to  the  edifice  of 
which  it  was  intended  that  they  should  form  parts, 
together  with  the  name,  titles,  and  sometimes  some 
steps  in  the  genealogy  of  the  reigning  king.  The 
formula  upon  each  brick  in  a  building  was  the  same, 
with  some  unessential  but  very  significant  variations, 
such  as  the  interchange  of  certain  cuneiform  equiva- 
lents. It  is  these  variations,  as  Birch  observes,  that 
teach  the  secret  of  the  language.  The  inscription  on 
the  bricks  of  the  N.W.,  or  oldest  palace  of  Nimrud, 
which  is  in  three  lines,  Sir  H.  Rawlinson  has  read  as 
follows : — 

This  is  the  palace  of  Asar-aden  Pal,  powerful  king,  king  of 
Assyria ; 
Son  of  Abed-bar,  king  of  Assyria ; 
Son  of  Pul,  powerful  king,  king  of  Assyria. 

By  the  Greeks  sun-dried  bricks  were  occasionally 
used  for  the  construction  of  fortifications,  since  they 
were  found  to  offer  a  more  effectual  resistance  to  the 
battering-ram  than  such  as  had.  been  submitted  to  the 
action  of  the  furnace.  The  walls  of  Mantineia  afford 
a  celebrated  example.  The  same  primitive  and  simple 
materials  were  also  employed  in  the  walls  of  the  temples 
of  the  Leprsean  Demeter  in  Africa,  and  of  the  Stirian 
Demeter  at  Styros,  and  in  those  of  the  shrine  of 
iEsculapius  at  Panopeus.  Kiln -baked  bricks,  however, 
formed  very  commonly  the  walls  of  their  less  important 
buildings  amongst  the  Greeks ;  and,  in  some  instances, 
they  may  have  been  introduced  by  them  into  their 
nobler  edifices.  But  Greece  was  a  land  abounding  in 
stone,  and  the  Greeks  preferred  the  natural  building 
material  of  their  country  to  the  productions  of  the 
kiln.    Greek  bricks  were  named  from  their  dimensions 


measured  in  palms — diddron,  of  two  palms,  or  six 
inches  in  breadth,  the  length  being  one  foot;  tetra- 
doron,  of  four  palms,  a  square  of  one  foot ;  and 
pentadoron,  of  five  palms,  a  square  of  fifteen  inches. 
In  addition  to  these,  with  the  view  both  to  render  their 
works  more  solid,  and  to  improve  their  appearance,  the 
Greeks  occasionally  made  use  of  bricks  of  half  the 
foregoing  dimensions.  Vitruvius  describes  another 
Greek  brick  under  the  title  of  lydron,  which  was  six 
palms  in  length  and  four  in  width — that  is,  eighteen 
inches  by  twelve  inches. 

Bricks  were  used  in  profuse  abundance  b.y  the 
Romans,  both  in  the  imperial  city  itself  and  throughout 
the  empire.  It  was  the  boast  of  Augustus,  indeed, 
that  he  had  found  a  brick-built  Rome,  but  that  he  left 
it  a  city  of  stone  ;  from  the  time  of  Trajan,  however, 
the  ancient  system  of  brick  construction  again  became 
prevalent,  and  was  never  subsequently  discontinued. 
The  Romans  frequently  used  their  bricks  in  layers, 
alternately  with  masonry  of  rough  stones,  and  they  also 
as  commonly  constructed  edifices  of  every  description 
entirely  with  bricks.  The  clay  of  the  Roman  brick  is 
remarkable  for  its  hardness,  and  it  generally  has  a  fine 
red  color.  The  baked  bricks  were  designated  cocti  or 
coctiles,  and  the  various  sizes  in  constant  use  were 
further  distinguished  by  the  terms  bipedales  and  sesqui- 
pedales,  or  two  feet  and  eighteen  inch  bricks.  Very 
minute  particulars  respecting  the  bricks  of  the  Romans 
are  given  by  both  Pliny  and  Vitkuvius,  and  the 
examples  that  are  continually  found  in  this  country 
in  considerable  numbers  fully  corroborate  the  accuracy 
of  their  statements.  The  general  sizes  of  the  existing 
Romans  bricks  are  seventeen  by  eleven  inches,  and 
fifteen  by  fourteen  inches,  the  prevalent  thickness  being 
about  two  inches.  Upon  some  of  the  earlier  Roman 
bricks,  the  names  of  the  consuls  who  were  in  office  at 
the  time  of  their  fabrication  may  still  be  traced.  The 
inscriptions  stamped  upon  other  specimens  proved  that 
the  wealthy  Romans  of  the  imperial  city  derived  no 
unimportant  portions  of  their  revenues  from  these,  the 
simplest  of  fictile  manufactures.  The  largest  number 
of  Roman  bricks — or,  possibly,  of  bricks  that  may  have 
been  made  by  Anglo-Saxon  potters  after  the  Roman 
fashion — that  is  now  known  to  exist  and  to  be  in  use 
in  any  one  spot  in  England,  may  be  seen  forming  parts 
of  that  most  venerable  and  interesting  edifice,  the  abbey 
church  of  St.  Alban. 

Tiles. — In  addition  to  the  large  bricks,  whether  sun- 
dried  or  furnace-baked,  that  were  made  for  constructive 
uses  of  whatsoever  kind,  the  ancients  also  manufac- 
tured vast  quantities  of  thin  tiles,  of  various  sizes,  and 
employed  them  for  a  multiplicity  of  useful  purposes. 
Roofing-tiles  were  made  much  after  the  manner  of  simi- 
lar appliances  at  the  present  time.  Small  flat  tiles,  and 
large  ones  also,  were  in  habitual  use  for  inlaying.  Wall 
surfaces  were  variously  decorated  by  this  process,  which 
was  also  applied  to  the  adornment  of  door-jambs  and 
other  similar  parts  of  buildings.  Still  smaller  tiles,  or 
tessera?,  produced  the  inlaid  or  tesselated  pavements  that 
are  so  happily  characteristic  of  ancient  architecture. 
For  all  these  purposes  the  tiles  employed  were  formed 
in  the  East  of  a  paste  or  body  that  would  readily 
receive  the  glazing,  with  which  in  those  regions  their 
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surfaces  were  uniformly  covered.  The  glazed  tiles  of 
the  Egyptians,  of  which  examples  remain  of  a  period 
as  eariy  as  that  of  the  sixth  dynasty,  were  composed  of 
a  sandy  friable  compound,  containing  but  little  true 
clay,  and  exhibiting  in  different  specimens  considerable 
variety  in  the  proportions  and  sometimes  in  the  nature 
of  its  constituents,  according  to  the  manufactory  or 
the  period  of  production.  This  comparatively  imprac- 
ticable material  was  employed  by  the  Egyptian  potters 
because  their  silieious  glaze — the  use  of  lead  in  glazing 
not  having  yet  been  discovered — required  to  be  applied 
to  fabrics  also  silieious,  and  in  which  the  sand  was  held 
in  a  granular  condition — a  result  that  was  effected  in 
the  tile-body  by  the  clay.  The  glaze  itself,  apparently 
formed  of  pulverized  silica  and  soda,  obtained  its  colors 
from  the  admixture  of  metallic  oxides.  An  oxide  of  cop- 
per produced  the  well-known  and  deservedly  famous 
Egyptian  celestial-blue  glaze  that  still  retains  its  lustre 
untarnished,  and  will  endure  a  comparison  with  the  finest 
productions  of  modern  science.  The  green  glaze  is  of 
a  kindred  nature  with  the  blue;  and  manganese,  gold, 
silver,  tin,  and  probably  the  suboxide  of  copper  were  the 
agents  that  produced  the  violet,  yellow,  white,  and  red 
hues.  Of  these  colors,  the  blue  is  the  one  that  is  pre- 
eminently characteristic  of  the  potters  of  Egypt. 

The  Assyrians  applied  a  glaze  or  enamel  to  some  of 
their  kiln-dried  bricks,  on  one  face  only,  which  was  also 
enriched  with  various  architectural  devices,  and  so  they 
provided  themselves  with  substitutes  for  inlaying-tiles. 
The  colors  used  by  them  were  blue,  yellow,  white,  red, 
and  black.  The  specimens  that  remain  are  compara- 
tively few  in  number,  and  in  both  their  enamel  and 
their  hues  they  have  lost  much  of  their  original  effec- 
tiveness. That  the  Babylonians  adopted  a  similar 
usage,  is  attested  by  the  fragments  of  glazed  ware  that 
are  scattered  throughout  the  ruins  of  ancient  Chaldea. 
By  the  Eastern  nations  of  antiquity  tiles  of  another 
class  were  in  constant  use  for  the  reception  of  inscrip- 
tions, and  in  very  many  instances  they  were  made  to  dis- 
charge the  duties  now  assigned  to  writing-paper.  The 
Assyrians  were  the  great  writers  upon  tiles,  and  they 
also  employed  cylinders  and  prisms  for  the  same  pur- 
pose. Documents  of  every  conceivable  variety  were 
engraven  on  these  singular  but  imperishable  tablets, 
and  the  writing  itself  was  executed  with  a  minuteness, 
as  well  as  a  delicacy  and  precision,  that  are  truly  extra- 
ordinary. Many  of  these  fictile  records  are  of  simple 
terra-cotta  of  the  finest  quality,  while  others  are  coated 
with  a  vitreous  enamel.  After  the  ancient  national 
spirit  of  Egypt  had  in  a  great  measure  passed  away 
with  the  departure  of  Egyptian  independence,  the  papy- 
rus often  yielded  on  the  banks  of  the  Nile  to  terra-cotta, 
as  the  material  for  writing.  Egyptian  inscriptions  on 
tiles,  however,  differ  from  the  Assyrian  in  this  impor- 
tant quality — that  they  were  written  in  the  ordinary 
black  ink  with  a  reed,  and  not  incised  with  a  sharp 
graving  instrument  before  the  tile  was  placed  in  the 
furnace. 

Tiles  were  extensively  used  by  the  Greeks,  both  for 
roofing  and  for  the  flues  of  baths,  and  also  in  the  con- 
struction of  many  of  their  tombs.  The  roofing-tiles 
are  of  large  size,  flat,  and  square,  sometimes  with  flanges, 
and  they  have  semicylindrical  imbrices  or  rain-tiles  to 


cover  their  lines'  of  junction.  Two  of  the  flat  tiles  in 
the  British  Museum  measure  two  feet  three  inches,  by 
eight  inches.  Many  of  these  tiles  are  variously  stamped 
with  brief  inscriptions  in  oblong  labels.  The  imbrices 
are  without  inscriptions,  but  have  painted  ornaments. 
Another  variety  of  Greek  roofing-tiles  were  placed  on 
the  ends  of  the  flat  tiles  for  the  purpose  of  additional 
security;  these  tiles,  which  are  very  ingeniously  adapted 
for  the  duties  required  from  them,  are  sometimes  found 
to  have  been  inscribed.  The  sepulchral  tiles  are  of 
two  kinds :  those  of  the  first  variety  are  flat,  and  they 
were  used  to  form  a  floor  on  which  the  remains  of  the 
deceased  were  placed ;  the  other  tiles  are  curved  for  the 
purpose  of  forming  an  arched  covering.  Drain-tiles,  as 
well  as  those  used  for  flues,  were  made  by  the  Greeks 
of  terra-cotta,  and  it  is  highly  probable  that  they  both 
employed  the  same  material  in  the  formation  of  the 
hollow  floors  of  their  own  hypocausts,  and  transmitted 
that  application  of  it  to  the  Romans.  The  well-known 
Keramicus,  as  its  name  significantly  declares,  was  a  quar- 
ter of  Athens  almost  exclusively,  devoted  to  the  manu- 
facture of  bricks  and  tiles.  Bricks  and  tiles  were  but 
rarely  in  use  amongst  the  Etruscans ;  and  the  latter,  when 
employed  by  that  remarkable  people,  were  apparently 
for  the  most  part  restricted  to  sepulchral  purposes. 
Some  late  tiles  of  this  class  have  been  discovered,  which 
are  impressed  with  brief  commemorative  legends ;  and  a 
single  instance  has  been  recorded  of  an  Etruscan  monu- 
mental tile,  upon  which  the  figure  of  the  deceased  had 
been  incised,  somewhat  after  a  mediaeval  fashion,  in 
addition  to  the  customary  inscription. 

By  the  Romans  tiles  were  used  in  great  abundance, 
and  they  were  adapted  to  various  requirements.  Roman 
tiles  are  found  in  much  greater  quantities  than  bricks, 
so  much  so,  indeed,  that  it  is  by  no  means  uncommon 
to  apply  the  one  term — Roman  tiles— as  well  to  the 
bricks  as  to  the  tiles  themselves.  The  Latin  equivalent 
for  this  word  tile — tegula — is  derived  from  the  verb 
tcgere — to  cover — which  expresses  the  primary  appli- 
cation of  Roman  tiles.  Thus  Isidorus  writes,  Tegula, 
quod  cedes  tegat — a  tegula  or  tile — because  it  covers 
houses ;  and  he  adds,  Imbrex,  quod  accipiat  imbres 
— an  imbrex,  or  curved  joint-tile — because  it  receives, 
that  is,  wards  off,  the  showers.  The  tile-makers  were 
distinguished  by  the  title  of  Tegularii.  Roman  tiles 
closely  resemble  the  bricks  in  their  composition  and 
mode  of  production,  but  their  paste  is  generally  some- 
what inferior  in  quality,  and  the  tile  is  always  much 
thinner  than  the  brick  in  proportion  to  its  superficial 
extent.  The  flat  roofing  iiles,  in  common  with  those 
devoted  to  other  uses,  have  inscriptions  stamped  upon 
them,  their  own  special  characteristic  being  their  flanges. 
These  flanged  tiles  were  used  for  roofing  both  public 
and  private  edifices,  for  hypocausts,  and  for  pavements, 
and  numerous  instances  occur  in  which  they  appear 
banded  into  the  Roman  wall  masonry.  The  flanges  of 
two  adjacent  tiles,  which  generally  rise  two  and  a  quar- 
ter inches  above  their  flat  faces,  were  covered  by  an 
imbrex  set  inverted  over  them,  and  by  a  repetition  of 
this  process  the  required  roofing  was  completed.  The 
end-tiles  are  found  to  have  been  suitably  modified  in 
form  and  adjusted  to  their  office ;  the  existing  specimens 
are  provided  with  spouts,  and  decorated  either  with  the 
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brush  or  in  relief.  Some  roofing-tiles,  however,  were 
made  quite  flat,  and  were  hung,  lozeuge-wise,  from  one 
corner,  overlapping  one  another  like  scales,  or  like 
feathers,  as  the  Romans  evidently  preferred  to  draw 
the  similitude,  since  they  designated  this  style  of  tile-roof 
peacock-work,  opus  pavionacum. 

Flue-tiles,  which  are  necessarily  hollow,  almost 
invariably  measure  sixteen  and  a  half  inches  in  length, 
by  six  and  a  half  inches  in  width  and  five  in  depth. 
They  have  their  surfaces  scored  either  with  wavy  lines 
or  more  systematic  patterns. 

Drain-tiles,  or  terra-cotta  pipes,  are  larger  than 
those  used  for  flues,  and  they  were  formed  in  a  manner 
consistent  with  their  object. 

Wall-tiles,  employed  by  the  Romans  for  casing 
interior  wall  surfaces,  are  large  thin  squares  of  terra- 
cotta, and  they  generally  were  decorated  on  one  side 
with  incised  figures  and  patterns. 

The  small  paving-tiles,  so  well  known  as  tesserm  and 
tessellce — the  latter  term  a  diminutive  of  the  former — 
the  components  of  tesselatecl  pavements,  declare  their 
square  form  under  their  title,  which  is  evidently  derived 
from  the  Greek  rtaaacs; — tessares — four.  They  were 
made  by  cutting  larger  tiles  into  small  cubes,  or  else 
they  were  formed  in  the  first  instance  in  distinct 
moulds.  They  vary  in  size  from  about  an  inch  to  a 
quarter  of  an  inch  square.  The  red  portions  of  the 
mosaic  work  of  pavements  were  produced  by  these 
small  terra-cotta  cubes,  which  were  also  used,  though 
less  frequently,  in  the  formation  of  Roman  mosaics  for 
other  purposes.  It  may  be  observed,  that  of  the  Roman 
tesselated  pavements  now  known  to  be  in  existence 
none  are  earlier  than  the  Augustan  age,  while  the 
greater  number  date  from  the  succeeding  century. 

There  remains  to  be  noticed  one  other  distinctive 
application  of  their  large  flat  tiles  by  the  Romans, 
which  is  their  use  of  them  both  in  the  formation  of 
their  graves  and  for  preserving  their  commemorative 
monumental  inscriptions.  In  close  conformity  with 
the  Greek  usage,  some  tiles  laid  flat  formed  the  flooring 
upon  which  the  body  might  rest,  and  others  set  sloping 
in  opposite  directions  provided  a  simple  ridged  cover- 
ing to  protect  it  from  the  superincumbent  earth.  The 
vases  that  contain  burnt  bones  are  sometimes  found  to 
have  been  protected  in  a  similar  manner.  The  inscribed 
tiles,  having  their  Greek  or  Latin  legend  generally 
written  across  them  from  side  to  side,  were  placed  very 
much  in  the  same  manner  as  modern  gravestones. 

The  inscriptions  that  are  preserved  upon  the  various 
tiles  that  have  come  down  from  the  Roman  times, 
abound  in  highly  interesting  as  well  as  very  valuable 
information.  Considerable  numbers  are  inscribed  with 
the  names  or  initials  of  the  consuls  of  the  year  when 
particular  specimens  were  manufactured.  Still  larger 
numbers  set  forth  the  names  of  the  potteries  and 
of  the  estates,  with  their  proprietors,  from  which  the 
clay  was  procured  and  where  the  tiles  were  made, 
together  with  notices  of  the  manufacturers,  and  various 
brief  descriptive  or  auspicious  sentences  and  mottoes. 
The  consular  tiles,  as  they  may  be  distinguished,  are 
found  only  in  Italy ;  they  appear  to  have  been  thus 
stamped,  in  conformity  with  some  law  of  about  the 
time  of  Trajan,  as  a  guarantee  of  the  quality  of  the 


clay  used  in  the  fabrication  of  them.  Large  col- 
lections of  these  tiles,  obtained  from  almost  every 
great  edifice  of  ancient  Rome,  are  still  in  existence, 
and  many  are  yet  in  use  upon  the  roofs  of  the 
churches  of  the  modern  city.  The  tile-inscription, 
whatever  its  character,  was  produced  from  a  stamp  or 
die  in  a  low  sunk  relief,  the  raised  letters  being  on  a 
level  with  the  face  of  the  tile  itself.  In  the  centre  of 
the  circular  composition  upon  a  tile  now  in  the  British 
Museum,  is  a  small  medallion  formed  of  a  figure  of 
victory,  which  was  the  mark  of  the  potter;  this  is 
encircled  by  two  bands  of  letters ;  those  of  the  outer 
band  are  larger  than  the  others,  and  with  them  the 
inscription  commences.  It  may  be  read  thus  : — 
OPUS  DOL  (IARE)  DE  FIGUL  (INIS)  PUBLI- 
NIANIS  (EX)  PREDI  AEMILIAES  SEVERAES 
— Pottery  from  the  Publinian  potteries,  from  the  estate 
of  Emilia  Severa.  This,  though  a  characteristic,  is 
by  no  means  a  perfect  specimen  of  these  remarkable 
inscriptions.  As  a  matter  of  course,  in  other  speci- 
mens, the  productions  of  different  establishments  and 
various  makers,  the  central  devices  exhibit  a  variety  of 
characters  ;  they  are  not  very  numerous,  however,  and 
sometimes  they  are  altogether  omitted.  The  most 
complete  stamps,  says  Birch,  have  the  date  of  the 
emperor  or  of  the  consulship,  the  name  of  the  estate 
which  supplied  the  clay,  that  of  the  pottery  which 
baked  it,  and  of  the  potter  who  prepared  it,  sometimes 
even  of  the  slave  who  moulded  the  tile,  and  the  very 
dimensions  of  the  tile  itself.  In  a  few  instances  also 
the  tiles  have  inscriptions,  indicating  the  places  where 
they  were  to  be  used.  The  greater  number  of  these 
appear  to  have  been  directly  associated  with  the  Roman 
soldier}7,  by  whom  in  many  instances  they  were  made, 
and  in  whose  quarters,  camps,  and  places  of  interment 
they  were  applied  to  their  destined  uses.  These  relics 
have  served  to  trace  out  the  stations  of  various  legions, 
and  even  their  line  of  march  from  station  to  station. 
In  some  instances  the  tiles  specify,  not  a  particular 
legion  only,  but  certain  cohorts  of  those  legions.  The 
numbers  and  the  titles  of  the  legions  are  given  in  these 
singularly  interesting  inscriptions,  as  the Seeond,  August.; 
the  Sixth,  Victorious,  Pious,  and  Fortunate.  The  let- 
ters are  always  sharply  expressed,  as  if  from  well  cut 
metallic  dies,  and  they  are  more  generally  arranged  in 
the  form  of  a  foot  than  of  a  circle.  The  route  of  the 
twenty-second  legion  has  been  traced  through  Ger- 
many by  the  tiles  that  lingered  at  its  successive  sta- 
tions ;  and  in  this  country  these  tiles  have  declared 
what  legions  they  were  that  occupied  quarters  at  places 
most  distinguished  in  Roman  Britain.  Thus  the  tiles 
of  the  sixth  and  ninth  legions  have  been  found  at 
York  ;  those  of  the  twentieth,  Valerian  and  Victorious, 
at  Chester;  and  others  of  the  second,  at  the  ancient 
Isca  Silurum,  or  Caerleon. 

Chinese  Ceramic  Manufactures.  —  It  is  not 
known  whether  there  have  been  preserved  amongst 
the  Chinese  any  specimens  either  of  terra-cotta  or  of 
glazed  pottery  of  a  date  earlier  than  the  great  tower  of 
Nankin,  which  was  completed  in  1431,  after  nine- 
teen years'  work ;  several  similar  edifices  having  been 
successively  erected  and  destroyed  upon  the  same  site. 
It  consists  of  nine  stories  in  height,  and  is  constructed 
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entirely  of  glazed  tiles  and  slabs  of  earthenware.  At 
the  present  clay  the  manufacture  of  common  pottery  is 
carried  on  to  a  great  extent  in  China.  Some  vessels 
of  this  class,  of  very  large  size,  are  employed  by  wealthy 
Chinese  as  reservoirs  for  gold  fish  and  aquatic  plants, 
or  for  containing  and  storing  up  fruits  and  grain,  and  for 
other  like  purposes ;  but  the  smaller  productions  of  the 
terra-cotta  potteries  of  China,  which  are  greatly  encour- 
aged by  the  government,  are  almost  exclusively  devoted 
to  providing  for  the  requirements  of  the  humbler  classes 
of  the  vast  population.  As  an  article  of  export,  the 
common  opaque  pottery  of  China  has  been  completely 
set  aside  by  the  beautiful  and  universally  admired 
ware,  distinguished  by  the  title  of  Porcelain,  which 
is  formed  from  a  fine  and  hard  paste,  possessing  the 
peculiar  quality  of  being  translucid.  Thus  porcelain 
occupies  a  position  midway  between  pottery  and  glass. 
It  is  presumed  to  be  of  Chinese  origin,  and  it  certainly 
was  known  and  extensively  manufactured  in  China 
from  a  very  early  period.  The  Chinese,  indeed,  claim 
for  their  ceramic  manufactures  the  same  far-extending 
antiquity  that  they  assign  to  the  history  of  their  extra- 
ordinary empire.  The  isolation,  however,  which  it  has 
been  the  policy  of  the  natives  of  China  to  maintain 
during  so  many  ages,  coupled  with  the  guarded  secrecy 
that  so  generally  has  enveloped  their  manufacturing 
processes  until  very  recently,  has  precluded  the  possi- 
bility of  national  intercourse,  and  rendered  hopeless  the 
attainment  of  any  credible  and  satisfactory  information 
relative  to  the  rise  and  progress  of  a  particular  industry 
in  that  country. 

The  first  European  who  is  recorded  to  have  pene- 
trated into  China,  and  to  have  explored  Chinese 
productions  on  their  own  soil,  was  the  Venetian,  Marco 
Polo.  Writing  in  the  thirteenth  century,  this  famous 
traveller  alludes  to  the  extent  and  importance  of  the 
porcelain  manufactures  in  the  Celestial  Empire,  and  he 
states  of  one  place,  Kinsai,  that  there  was  nothing 
further  to  be  observed,  than  that  cups  or  bowls  and 
dishes  of  porcelain  wares  were  there  manufactured. 
Marco  Polo  returned  to  Venice  in  the  year  1295,  and 
died  there  in  1323.  It  seems  to  be  highly  probable 
that  Chinese  porcelain  had  been  exported  in  consider- 
able quantities  to  other  Eastern  countries,  many  cen- 
turies before  it  was  seen  in  China  by  Marco  Polo, 
Thus  mention  is  made  of  a  service  consisting  of  forty 
pieces  having  been  sent  in  1171  to  Noureddin,  the 
caliph  of  Syria,  by  his  lieutenant,  Saladin,  who  after- 
wards became  the  hero  of  the  crusades.  This  present 
may  be  considered  to  have  travelled  by  way  of  Egypt, 
into  which  country  and  into  Persia  there  can  be  no 
doubt  of  porcelain  having  been  introduced  direct  from 
China,  at  a  very  early  period,  as  an  article  of  commerce. 
In  1474  the  Venetian  ambassador  at  the  court  of  Persia 
considered  it  to  be  his  duty  to  submit  to  his  govern- 
ment a  special  communication  upon  the  subject  of  this 
art-manufacture.  Fifteen  years  later,  amongst  other 
rare  and  costly  presents,  an  ambassador  from  the 
soldan  of  Egypt  brought  to  Lorenzo  di  Medici  some 
large  vases  of  Chinese  porcelain — vassi  grandi  di  por- 
cellana.  Early  in  the  following  century  the  Portu- 
guese, who  were  the  first  adventurers  that  doubled  the 
Cape,  imported  the  finest  wares  of  the  East,  in  large 


quantities,  into  Europe,  and  from  that  period  the 
different  European  nations  gradually  became  familiar- 
ized with  porcelain.  Cavendish,  the  celebrated 
traveller  in  the  time  of  Queen  Elizabeth,  is  generally 
supposed  to  have  presented  to  his  royal  mistress  the 
first  pieces  of  oriental  porcelain  that  came  into  Eng- 
land; but  it  has  been  also  considered,  that  a  few 
specimens  of  this  precious  ware  had  found  their  way 
to  these  shores  as  early  as  the  commencement  of  the 
sixteenth  century.  Archbishop  Wareham's  silver- 
mounted  bowl  of  the  pale  green  thick  porcelain, 
preserved  at  New  College,  Oxford,  is  one  of  the  earliest 
specimens  known  now  to  be  in  existence  in  this 
country.  In  the  year  1600  the  English  East  India 
Company  was  formed,  but  it  did  not  succeed  in 
establishing  a  regular  importation  of  china  until  after 
it  had  been  for  thirty  years  in  operation. 

From  the  earliest  period  the  Chinese  have  system- 
atically refused  to  export  the  finest,  richest,  and  most 
valuable  of  their  porcelain,  except  in  very  rare 
instances.  It  has  also  been  their  uniform  practice  to 
keep  the  composition  of  this  manufacture  a  profound 
secret ;  and  accordingly  they  have  always  endeavored 
to  mislead  all  inquiring  strangers,  with  the  most 
marvellous  tales  respecting  the  nature  and  the  pre- 
paration of  the  materials.  Thus  Marco  Polo  has 
recorded  that  the  Chinese  collect  a  certain  kind  of 
earth,  as  it  were,  from  a  mine,  and  laying  it  in  a  great 
heap,  suffer  it  to  be  exposed  to  the  wind,  rain,  and 
sun  for  thirty  or  forty  years,  during  which  time  it  is 
never  disturbed.  By  this  means  it  becomes  refined 
and  fit  for  being  wrought  into  the  vessels  above  men- 
tioned. Such  colors  as  may  be  thought  proper  are 
then  laid  on,  and  the  ware  is  afterwards  baked  in 
ovens  or  furnaces.  Those  persons,  therefore,  who 
cause  the  earth  to  be  dug,  collect  it  for  their  children 
and  grandchildren.  * 

Other  early  writers  have  stated  that  the  porcelain- 
composition  is  formed  from  marine  shells,  egg  shells, 
gypsum,  and  other  strange  substances,  which  are 
tempered  and  thickened,  in  order  to  their  being 
adapted  to  their  future  application,  by  being  buried  in 
the  earth  for  eighty  or  one  hundred  years.  Hence  Dr. 
Johnson's  fanciful  derivation  of  the  term  porcelain 
itself — pour  cent  annees.  Lord  Bacon  entertained  the 
idea  that  there  were  strata  or  beds  of  the  porcelain- 
clays  in  China  which,  being  buried  beneath  the  surface 
of  the  ground,  by  length  of  time  became  congealed  and 
glazed  into  that  fine  substance  which  afterwards  pro- 
duced the  China  wares.  At  length  some  light  was 
thrown  upon  the  subject  by  the  French  Jesuit  mission- 
ary, D'Entrecolles,  who  learned  many  particulars 
respecting  the  production  of  porcelain,  both  from  his 
converts  and  from  Chinese  books  upon  the  subject, 
and  was  permitted  in  person  to  witness  the  actual 
processes  of  the  manufacture.  He  fully  detailed  all 
the  particulars  in  a  letter,  dated  Jao-tcheou,  September 
1,  1712,  which,  together  with  specimens  of  the  two 
principal  materials,  he  transmitted  to  Paris.  These 
specimens  formed  the  basis  of  a  series  of  experiments 
by  Beaumur  that  ultimately  led,  when  the  proper 
materials  had  been  discovered  in  France,  to  the  pro- 
duction of  the  fine  porcelain  of  SeVres. 
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The  high  antiquity  of  the  art  of  making  porcelain, 
and  the  perfection  to  which  it  had  attained  amongst 
the  Chinese  long  before  any  specimens  had  reached 
Europe,  had  for  many  years  been  well-authenticated 
facts,  before  any  definite  and  precise  information  had 
been  obtained  from  records  preserved  amongst  the 
Chinese  themselves.  This  equally  valuable  and  in- 
teresting source  of  information  was  reserved  for  M. 
Stanislaus  Julien,  the  eminent  Chinese  scholar,  to 
lay  open  before  us  in  his  translation  of  a  work  upon 
the  history  of  the  porcelain  of  King-te-Tchin,  published 
by  him  at  Paris  in  1856,  with  an  elaborate  preface  and 
notes  obtained  from  the  writings  of  various  Chinese 
authors.  Having  referred  to  the  remarkable  circum- 
stance, that  the  Chinese  possess  an  exact  chronology 
from  the  most  remote  antiquity  to  the  present  time, 
M.  Julien  states  that  their  official  annals  record  the 
Emperor  Hoang-ti  to  have  been  the  inventor  of  pottery, 
two  thousand  seven  hundred  years  before  the  Christian 
era.  Porcelain,  the  same  chroniclers  declare  to  have 
been  first  fabricated  under  the  Han  dynasty,  who  flour- 
ished about  185  before  Christ,  thus  claiming  for  the 
discovery  of  porcelain  an  antiquity  approaching  to  two 
thousand  years,  and  a  priority  of  at  least  one  thousand 
six  hundred  years  over  the  first  manufacture  of  this 
ware  in  Europe.  After  sketching  out  the  progressive 
development  of  the  porcelain  manufacture  under  differ- 
ent dynasties,  M.  Julien  proceeds  to  enumerate  fifty- 
six  establishments  for  its  production ;  after  which  he 
describes  minutely  the  great  manufactory  of  King-te- 
Tchin,  that  for  more  than  eight  centuries  has  enjoyed 
the  especial  patronage  of  the  Chinese  emperors.  Three 
thousand  furnaces  are  now  in  constant  operation  at 
King-te-Tchin,  which  may  be  said  to  send  their  pro- 
ductions to  the  whole  world.  Their  works  may  be 
grouped  in  two  great  classes — the  one  consisting  of 
imitations  of  the  ancient  porcelains  of  the  empire,  and 
the  other  comprising  new  varieties  of  both  form  and 
color.  Amongst  the  porcelains  held  in  the  highest 
esteem  in  China,  as  well  as  by  Europeans,  and  which 
were  made  at  early  periods,  are  the  celebrated  cracJcle 
vases  that  are  covered  with  a  minute  and  delicate 
network  of  fine  surface  cracks,  produced  during  the 
process  of  manufacture  by  plunging  the  heated  por- 
celain in  cold  water,  or  by  mixing  stearite  with  the 
glaze.  The  cracks  having  been  filled  up  with  some 
thick,  colored  composition,  or  with  a  flux  that  has 
been  tinctured  ruby-red  by  dissolved  gold,  the  por- 
celain receives  its  finish.  The  egg-shell  is  another 
early  porcelain  in  the  highest  repute.  Its  texture 
is  so  slight  and  delicate  as  to  be  almost  transparent, 
and  yet  jars  and  vases  of  considerable  size  were 
made  of  it,  as  well  as  cups,  plates,  and  other  smaller 
objects.  It  attained  to  its  highest  perfection  during 
the  second  half  of  the  fifteenth  century  of  this  era, 
when  it  was  fabricated  as  thin  as  bamboo  paper.  Some 
of  the  finest  examples  of  this  porcelain  are  of  a  pure 
white ;  in  others  the  glaze  is  creamy,  and  minutely 
granulated  ;  and  many  others  are  painted  chiefly  with 
a  cobalt-blue  of  exquisite  beauty.  The  true  cobalt 
became  exhausted  in  China  about  1500,  when  foreign 
cobalt  was  for  the  first  time  introduced  into  the 
Chinese  ceramic  manufactories.    A  native  pigment, 


found  in  abundance  in  all  the  provinces  of  the  empire, 
and  which  is  presumed  to  be  a  cobaltiferous  manganese, 
is  still  used  by  the  Chinese  artists,  who  now  obtain 
their  true  cobalt  from  England. 

Not  the  least  remarkable  portions  of  M.  Julien's 
work  are  those  which  describe  the  practice  of  making, 
at  King-te-tchin,  an  inferior  species  of  porcelain  for  the 
express  purpose  of  exportation,  and  which  also  direct 
attention  to  the  fraudulent  and  deceptive  practices  of 
Chinese  porcelain  dealers  in  their  transactions  with 
foreign  purchasers.  Such  impositions  have  not  re- 
stricted their  sphere  of  action  even  to  the  wide  limits 
of  the  Chinese  empire ;  nor  are  the  inexperienced  and 
unwary  the  only  persons  who  have  by  these  means 
been  misled.  In  his  highly  interesting  and  most 
valuable  work,  On  the  Manners  and  Customs  of  the 
Ancient  Egyptians,  Sir  Gardiner  Wilkinson  states 
that  great  curiosity  and  surprise  were  excited  by  the 
discovery  in  certain  of  the  most  ancient  tombs  at 
Thebes  of  small  bottles  of  porcelain,  unquestionably  of 
Chinese  manufacture,  and  bearing  inscriptions  in  that 
language.  These  bottles  are  about  two  inches  in 
height ;  one  side  of  them  is  ornamented  with  a  flower, 
and  the  other  bears  the  legend.  Thsy  are  formed,  not 
of  ver}'  fine  porcelain,  but  of  such  as  might  have  been 
produced  before  the  processes  of  the  manufacture  had 
attained  to  an  advanced  degree  of  perfection — a  cir- 
cumstance that  was  considered  to  corroborate  their  sup- 
posed production  at  a  Pharaonic  period,  no  less  remote 
than  thatof  the  eighteenth  dynasty — before  Christ  1575 
1289 — in  a  tomb  of  which  era  one  of  the  specimens  was 
found  by  Rosellini.  Subsequent  investigations  have 
proved  that  the  characters  of  the  writing  upon  these 
bottles  were  not  introduced  into  China  until  about  40 
before  Christ,  and  also  that  the  verses  inscribed  upon 
two  of  their  number  are  to  be  found  in  the  works  of 
Chinese  writers  of  the  eighth  century  of  this  age.  Simi- 
lar bottles  have  since  been  purchased  in  China,  where 
they  are  commonly  used  to  contain  snuff,  medicines, 
and  other  articles  of  which  small  quantities  only  are 
required.  These  modern  bottles  have  precisely  the 
same  inscriptions  with  those  of  the  Theban  tombs. 
Another  of  these  bottles  has  been  obtained  at  Khorsa- 
bad,  and  at  Candy  they  have  been  seen  exposed  for 
sale  in  a  large  basket.  Hence  it  is  evident  that  they 
are  exported  at  the  present  time  from  China,  and  would 
easily  reach  the  Arabs  of  modern  Egypt,  by  whom 
they  were,  in  all  probability,  placed  in  the  tombs  for 
the  deliberate  purpose  of  deception.  Such  are  the 
evidences  that  archaeologists  of  this  day  adduce,  before 
they  accept  the  authenticity  of  a  startling  discovery ; 
and,  in  this  particular  instance,  it  is  in  consequence  of 
these  results  of  careful  inquiries  that  the  learned 
writer  upon  Egyptian  antiquities,  who  first  noticed  the 
little  Chinese  bottles,  is  quite  prepared  to  abandon  all 
notion  of  their  antiquity.  It  has  been  suggested  by 
Marryat  that  the  small  seals  of  pure  white  Chinese 
porcelain,  highly  vitrified,  that  have  been  dug  up  both 
in  Cornwall  and  Ireland,  may,  in  like  manner,  have 
been  purposely  deposited  to  try  the  assumed  credulity  of 
archaeologists.  These  seals  are  all  alike  in  form  and 
size;  the  handle  is  formed  of  the  figure  of  a  monkey 
sitting  upon  an  exact  cube  rather  more  than  half  an  inch 
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square,  and  on  the  bottom  of  this  cube  is  engraved  the 
motto  of  the  seal.  It  does  not  appear  that  such  seals 
are  now  made  in  China,  though  it  is  quite  possible  that 
they  may  yet  be  discovered  there  in  abundance.  How- 
ever they  may  have  found  their  way,  either  to  Cornwall 
or  to  the  depths  of  an  Irish  bog,  this  one  thing  is  certain 
— that,  by  some  moans,  there  they  have  been  seen. 

While  the  history  of  the  porcelain  manufactures  of 
China  to  a  certain  extent  has  been  laid  open  through 
the  intelligent  perseverance  of  M.  Julien,  all  refer- 
ence to  the  primitive  operations  of  the  Chinese 
ceramists  still  continues  to  be  raised  but  little  above 


conjecture  and  speculation.  When  seeking  to  trace  the 
progressive  outline  of  the  history  of  the  ceramic  art,  it, 
accordingly,  becomes  necessary  to  have  recourse  to  the 
accredited  traditions  of  Egypt,  Assyria,  and  Greece. 

Egyptian  Pottery. — The  memory  of  the  earliest 
miscellaneous  pottery  of  Egypt  has  been  preserved 
through  the  instrumentality  of  hieroglyphics,  which 
commence  from  the  remote  era  of  the  third  and  fourth 
dynasties,  before  Christ  3000-2000,  and  represent  vari- 
ous kinds  of  fictile  vessels,  the  earliest  of  a  red  earthen- 
ware, in  use  for  the  ordinary  purposes  of  domestic  life.  A 
succession  of  these  curious  sepulchral  pictures  enables 


Fig.  428. 


Fig.  427. 
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one  to  trace  the  progress  of  the  potter's  art  amongst 
the  ancient  Egyptians,  and  its  practice  also,  from  the 
almost  primoeval  period  of  the  third  dynasty,  until  the 
power  of  Rome  had  extended  its  influence  along  the 
valley  of  the  Nile.  Vessels  of  every  variety  of  form,  size, 
and  application  are  thus  represented;  and  by  the  same 
means  mankind  is  rendered  familiar  with  the  simple 
manufacturing  processes  prevalent  amongst  the  potters 


of  Egypt.  In  the  tombs  that  the  living  Egyptians  pre- 
pared with  such  sedulous  care  for  their  own  final  rest, 
and  which  they  delighted  to  fill  with  graphic  pictures 
of  Egyptian  life,  the  clay  is  seen  in  the  act  of  pre- 
paration, and  the  artificers  at  work  upon  it ;  and 
close  at  hand  are  the  furnaces  in  which  their  produc- 
tions were  to  be  baked.  The  wall-paintings  of  the 
tombs  excavated  at  Beni-Hassan  while  the  sovereigns 


of  the  twelfth  dynasty  were  in  power,  have  supplied 
illustrative  examples— Figs.  426,  427,  428,  429,  and 
430.  After  the  clay  had  been  dug  up,  it  was  prepared 
by  kneading  with  the  feet — a  process  denominated 
hi  hat — Fig.  426.  The  clay  in  this  state  was  divided 
into  suitable  masses  by  the  workmen — Fig.  427 — and 
carried  by  them — Fig.  428 — to  be  wrought  on  the  wheel 
or  by  the  lathe.  The  wheel  is  represented  twice  in 
Fig.  429 ;  it  was  a  flat  table,  circular  or  hexagonal  in 
form,  and  it  appears  to  have  been  turned  with  the  left 
hand,  whilst  the  right  was  engaged  in  forming  the 


required  vessel.  The  various  objects,  when  formed, 
were  placed  in  a  blast  furnace,  cylindrical  in  shape,  from 
the  head  of  which  the  flames  issued  forth — Fig.  430. 

With  the  advance  of  civilization,  the  potters  of  Egypt 
very  considerably  extended  the  range  of  their  oper- 
ations, and  introduced  into  their  various  productions 
many  important  improvements.  Egyptian  pottery, 
however,  does  not  appear  at  any  time  or  under  any 
circumstances  to  have  aimed  at  a  high  art-character. 
It  was  a  manufacture  designed  for  purposes  of  practical 
utility,  and  its  decorations  were  held  to  be  altogether 
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subordinate  to  its  usefulness.  At  the  same  time,  the 
Egyptian  potters  were  by  no  means  destitute  of  some 
sense  of  the  beautiful,  both  in  form  and  in  adornment, 
though  in  their  most  perfect  works  tbey  fall  far  short 
of  the  artistic  excellence  generally  prevalent  in  the  fic- 
tile productions  of  the  Greeks.  True  Egyptian  vases 
may  be  said  to  be  distinguished  by  the  absence  of  a 
high  mechanical  finish,  by  the  prevalence  of  forms 
which  are  evidently  imitations  of  well-known  fruits  and 
flowers,  by  their  pointed  bases,  and  by  the  extreme 
smallness  of  their  necks  and  orifices.  There  are  also 
certain  peculiar  national  conventionalisms  of  style  and 
treatment,  that  impart  a  peculiar  Egyptian  character  to 
the  pottery  of  Egypt  so  long  as  the  country  itself  main- 
tained its  own  independence.  Subsequently,  after  the 
substitution  of  Greek  and  Roman  power  for  that  of 
Egypt  herself,  the  pottery  of  the  Egyptians  in  many 
respects  became  assimilated  with  the  cognate  produc- 
tions of  Greece  and  Rome.  It  must  be  added  that  the 
more  artistic  of  the  ceramic  works  of  the  Egyptians  exist 
in  comparatively  small  numbers,  while  in  the  greater 
proportion  of  them  the  simplicity  of  their  character 
scarcely  rises  above  rudeness.  The  most  important 
feature  in  early  Egyptian  pottery  consists  in  their  hiero- 
glyphic legends,  which  very  greatly  enhance  the  value 
of  the  relics  themselves,  since  they  enable  students  to 
determine  the  age  of  specimens  that  are  identical,  both 
in  their  composition  and  in  their  type  and  ornaments, 
and  to  assign  them  their  proper  places  in  the  history  of 
Egyptian  art. 

In  addition  to  their  bricks,  the  Egyptians  manu- 
factured various  objects  in  clay,  which  they  considered 
capable  of  receiving  a  sufficient  degree  of  hardness 
from  the  action  of  the  sun.  The  perishable  nature  of 
such  wares  has  not  permitted  many  objects  of  this 
class  to  remain.  The  few  that  have  been  preserved 
are  of  a  late  date,  and  they  almost  exclusively  consist 
of  the  small  figures  so  commonly  used  in  Egypt  as 
votive  offerings,  together  with  various  decorations  for 
the  interior  of  tombs.  These  relics  were  evidently 
fabricated  in  imitation  of  more  valuable  and  costly 
works,  for  which  they  may  have  been  originally  substi- 
tuted; or  they  may,  in  the  first  instance,  have  been 
designed  to  provide  for  the  requirements  of  such  as 
could  not  obtain  fictile  productions  of  a  higher  order. 

The  earliest  and  simplest  pottery  that  the  Egyptians 
placed  in  the  furnace  to  be  baked  by  an  artificial  heat, 
was  formed  from  the  ordinary  unctuous  and  plastic  clay 
which  is  regularly  deposited  by  the  inundations  of  the 
Nile.  The  earthenware  thus  produced  is  coarse  and 
porous,  without  polish,  and  of  a  dull  dark-red  color, 
externally  tinged  with  a  purple  hue,  or  inclining  to  a 
reddish-yellow  when  the  action  of  the  fire  had  been  but 
comparatively  successful.  Improvements  were  gradually 
introduced  into  the  paste  of  their  terra-cotta  by  the 
Egyptian  potters;  and  their  manufacturing  processes 
also,  in  course  of  time,  underwent  such  modifications 
as  enabled  them  successfully  to  undertake  the  pro- 
duction of  an  almost  infinite  variety  of  objects.  The 
great  majority  of  these  works  may  be  included  under 
the  comprehensive  title  of  Vases— vessels  varying  in 
dimensions  from  being  several  feet  in  height,  to  being 
scarcely  a  single  inch,  and  of  corresponding  circum- 


ferences ;  and  adapted,  in  their  diversified  forms,  to 
the  special  requirements  of  every  imaginable  use. 
Those  destined  to  contain  liquids  are  of  a  jar  shape. 
The  Nile  water,  intended  for  oblations,  was  placed  in 
others  that  are  tall  and  thin,  with  a  spout.  Bread, 
roast  meats,  and  water  fowl  were  placed,  says  Birch, 
in  deep  dishes.  Oils  and  drugs  were  kept  in  tall 
conical  jars,  carefully  covered  and  tied  down — oint- 
ments, salves,  and  extracts,  in  small  pots.  Other 
cosmetics  were  held  in  a  jug  with  a  spout;  wine, 
honey,  and  other  liquids  were  deposited  in  open- 
mouthed  jars,  out  of  which  they  could  readily  be 
drawn.  Almost  every  purpose  to  which  jars  and  other 
vessels  of  pottery,  together  with  baskets  and  vessels 
formed  of  the  common  metals,  are  put  in  this  country, 
was  discharged  by  some  species  of  terra-cotta  vase, 
in  the  case  of  the  ancient  Egyptians.  In  vases  of 
different  kinds  water  was  raised  from  the  Nile  and 
distributed  by  the  water-carriers,  and  conveyed  to  the 
lips  of  both  men  and  animals.  Other  vases  were  used 
in  making  and  storing  wine,  in  bringing  it  out  for  use, 
and  in  drinking  it.  The  butcher,  the  poulterer,  and 
the  cook,  had  each  their  own  vases,  in  which  they 
disposed  of  their  viands.  Even  the  weaver  used  terra- 
cotta vessels  to  hold  his  flax,  and  reeled  it  out  of  them. 
Jars  held  the  colors  of  the  artist,  and  the  cements  of 
the  plasterer.  The  grains  of  corn,  before  they  were 
pounded  in  the  mortar,  and  the  flour  after  it  had  been 
thus  produced,  were  kept  in  vases.  Vases  held  the 
embalmer's  bitumen,  and  the  water  used  by  the  scribes. 
Vases  also  provided  the  hod  of  the  laborer,  the  smelter's 
bucket  and  crucible,  the  jar  of  the  cow-doctor,  and  the 
pail  of  the  milk-man. 

The  pots  which  contained  and  preserved  the  mum- 
mies of  the  sacred  ibis  at  Memphis  were  formed  of  a 
coarse  red  pottery,  or,  in  some  instances,  of  a  finer 
glazed  ware.  Similar  vessels  were  also  used  as 
receptacles  for  the  mummies  of  certain  sacred  animals. 
Sepulchral  vases  of  various  forms  were  employed  in 
their  interments,  by  the  humbler  Egyptians,  for 
receiving  the  intestines,  after  they  had  been  removed 
from  the  bodies  and  had  been  embalmed.  The  shalti, 
or  sepulchral  figures,  which  were  deposited  with  the 
mummies,  and  formed  a  part  of  the  funeral  relics,  were 
made  of  terra-cotta,  and,  in  some  few  instances,  of  sun- 
dried  clay.  The  models  of  coffins  or  mummy  cases, 
which  Herodotus  records  to  have  been  shown  by  the 
Egyptian  undertakers  to  the  relatives  of  the  deceased, 
were  produced  in  terra-cotta.  The  sepulchral  cones, 
again,  that  were  introduced  for  the  purpose  of  decora- 
tion into  the  interior  of  the  Egyptian  sepulchres,  were 
of  the  same  material.  These  singular  objects,  that 
have  excited  so  much  curiosity,  and  caused  such 
diversified  speculations,  vary  from  six  to  twelve  inches 
in  length,  and  are  about  three  inches  in  diameter  at 
their  base.  They  bear  stamped  inscriptions,  always  of 
a  funereal  character,  and,  in  almost  every  instance, 
stating  the  name  of  the  person  to  be  commemorated, 
and  conveying  some  personal  information  respecting 
him.  Figures  and  scenes,  also,  of  a  sepulchral  import, 
are  occasionally  introduced  instead  of  inscriptions. 
The  inscriptions  upon  these  cones  contribute,  in  no 
slight  degree,  to  elucidate  the  interior  organization  of 
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ancient  Egypt,  and.  to  illustrate  its  political  and  social 
condition,  by  setting  forth  a  long  list  of  public  function- 
aries with  their  relative  degrees  of  precedency.  As 
the  eye  ranges  over  these  tickets  of  the  dead,  remarks 
Birch,  one  is  forcibly  reminded  of  the  visiting  cards  of 
the  living.  Sacred  scribes,  royal  officers  and  secret- 
aries, clerks  and  accountants,  priests,  viceroys,  coun- 
sellors, seal-bearers,  scribes  of  the  treasury  and  of  the 
granaries,  chamberlains,  prefects,  incense-bearers — all 
of  them  tenants  of  the  sepulchres  ef  the  ancient 
No-ammon  or  Diospolis,  and  of  still  more  ancient  Noph 
or  Memphis,  seem  to  have  left  these  relics  behind  them 
as  if  to  make  a  call  on  posterity.  Recent  discoveries 
at  Warka  in  Babylonia  have  proved  that  these  cones 
were  used  as  bricks,  in  the  formation  of  the  interior 
walls  of  the  sepulchres,  where  they  were  arranged  in 
patterns,  their  inscribed  bases  being  outwards. 

In  addition  to  their  varieties  of  form  and  size,  the 
vases  of  the  Egyptians  may  be  distinguished  by  their 
having  either  two  or  more  handles,  or  a  single 
handle,  or  by  their  being  altogether  unprovided  with 
any  such  appendage.  The  British  Museum  contains 
many  highly  interesting  specimens  of  each  class.  The 
similarity  that  is  so  evident  between  these  vases  and 
the  painted  representations  of  them  that  frequently 
occur  in  the  hieroglyphics,  corroborates,  in  the  most 
satisfactory  manner,  the  descriptive  fidelity,  and  con- 
sequently the  historical  truthfulness  of  the  Egyptian 
picture-writings.  This  pottery  of  Egypt  also  most 
clearly  indicates  that,  while  it  retains  certain  qualities 
peculiar  to  itself,  it  is  the  evident  prototype  of  the  more 
beautiful  ceramic  productions  of  the  Greeks. 

Amongst  the  objects  made  from  baked  clay  in  Egypt 
during  the  era  of  the  Roman  dominion,  are  lamps  that 
bear  a  close  resemblance  to  the  terra-cotta  lamps  of 
Roman  Italy ;  they  take  but  a  low  rank,  however,  as 
works  of  art.  Lamps  of  early  date,  and  of  higher  artistic 
qualities,  have  not  been  preserved  in  Egypt. 

Polished  Egyptian  Pottery. — The  smaller  and  finer 
productions  of  the  Egyptian  potters,  and  such  as  were 
destined  for  uses  immediately  connected  with  the 
refinements  of  life,  were  either  polished  by  a  mechan- 
ical process,  or  covered  with  a  vitreous  glaze,  so  thin 
as  to  escape  detection.  Different  clays  were  employed 
in  the  production  of  the  polished  vessels  that  were 
adapted  to  various  uses;  a  distinct  and  beautiful 
variety  is  of  a  uniformly  rich  red  color  throughout, 
which  was  evidently  held  in  high  esteem  by  the 
Egyptians  themselves.  Many  of  the  existing  speci- 
mens are  elegant  in  their  design,  and  modelled  with 
much  skill.  This  ware,  however,  notwithstanding  its 
merit,  is  inferior  to  the  red  pottery  of  the  Romans; 
at  the  same  time,  it  undoubtedly  possesses  the  required 
property  of  cooling  liquids  poured  into  it.  According  to 
Brongniart,  the  analysis  of  the  polished  red  ware  is — 
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Silica,   56-13 

Alumina,   18*54 

Oxide  of  iron  and  manganese,   9-00 

Carbonate  of  lime,   5'24 
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Water   5-56 

Carbonic  acid,   4-46 
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Some  vessels  of  this  ware  have  been  found  in  the  tombs 
at  Thebes.  Other  varieties  are  formed  from  a  brown 
or  a  black  paste — in  the  others  again,  the  paste  is  of  a 
light-red  tint.  A  white  chalk  coating  generally  covers 
the  vessels  and  other  objects  of  these  classes,  which 
may  be  considered  generally  to  have  been  made  in 
imitation  of  similar  objects  in  more  precious  materials. 
Amongst  the  more  characteristic  specimens  of  this 
polished  ware  that  remain,  are  small  cruses  or  lecythi, 
for  containing  liquids,  of  which  small  quantities  only 
were  required.  Some  of  these  lecythi  are  double,  and 
have  their  globular  bodies  and  tall  necks  united  by  a 
narrow  band  of  the  terra-cotta.  Other  examples  have 
oval  bodies,  narrow  necks,  and  pointed  bases ;  another 
kind  of  jug  has  a  eompresed  body  and  wide  open 
mouth,  and  sometimes  it  appears  with  two  handles ; 
again,  other  vessels  are  egg-shaped,  while  in  some 
human  and  animal  forms  are  introduced. 

To  this  same  class  of  polished  pottery  belong  the 
vases  that  were  made  in  Egypt  after  the  subjugation 
of  the  country  by  Alexander  the  Great,  and  which 
have  been  distinguished  by  the  title  of  Graco-Egyptian. 
The  texture  of  this  pottery  is  comparatively  fine  and 
homogeneous,  though,  in  some  examples,  it  is  very 
coarse  and  mixed  up  with  white  or  grey  particles  of  a 
stony  nature.  In  color,  different  specimens  vary  from 
a  deep  to  a  pale  tint  of  red  or  grey.  Vases  of  various 
forms,  and  large  bowl-like  jars,  are  the  the  principal 
works  of  this  class  that  have  been  found ;  and  they  are 
adorned  with  figures,  flowers,  architectural  devices  and 
patterns,  that  are  painted  in  black  or  red  upon  the 
clay. 

Glazed  Egyptian  Pottery. — The  substance  already 
described  as  having  been  used  in  the  production  of  their 
highly  glazed  tiles,  was  also  commonly  employed  by 
the  Egyptians  for  fabricating  a  vast  number  of  other 
objects,  all  of  them  peculiarly  characteristic  of  their 
makers.  To  this  glazed  pottery  of  Egypt  the  term 
Porcelain  has  very  generally  been  applied :  but  this  use 
of  the  word  is  altogether  incorrect,  since  the  glazed  fictile 
works  of  the  Egyptians  possess  neither  the  hardness, 
the  compactness,  nor  the  translucence  of  that  peculiar 
class  of  ceramic  productions.  The  nature  of  the  material 
that,  in  this  glazed  pottery,  was  substituted  for  potter's 
clay,  also  distinguishes  it  from  what  might  be  appro- 
priately styled  glazed  terra-cotta.  The  constituent 
parts  of  this  pottery  have  been  found  to  consist  of  silica, 
alumina,  carbonate  of  lime,  magnesia,  and  water ;  but 
it  does  not  appear  that  these  substances  were  combined 
in  any  definite  or  fixed  proportions.  Whatever  amount 
of  clay  was  incorporated  with  the  compound,  was  evi- 
dently employed  for  the  purpose  of  holding  together  the 
arenaceous  portions  of  the  mass ;  and  on  the  other  hand, 
the  presence  of  the  sand  was  necessary  in  order  to 
secure  the  adhesion  of  the  silicious  glaze  or  enamel, 
which,  with  its  coloring  obtained  from  metallic  oxides, 
was  to  cover  the  surface  of  every  object.  This  peculiar 
and  very  beautiful  ware  was  both  extensively  used  in 
Egypt,  and  also  considered  to  be  of  sufficient  value 
to  be  imported  into  foreign  countries  ;  as  is  proved  by 
the  circumstance,  that  objects  formed  of  it  have  been 
discovered  in  Greece  and  Italy.  In  Egypt  this  ware 
was  manufactured  as  early  as  the  sixth  dynasty. 
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The  vases  made  of  glazed  pottery  are  of  small  size, 
few  of  them  being  more  than  twelve  inches  in  height ; 
and  such  vases  as  were  produced  in  this  manner,  were 
evidently  designed  rather  for  decorative  than  for  useful 
purposes.  They  vary  in  form  and  in  their  style  of 
adornment,  many  of  them  being  evidently  modelled  in 
imitation  of  similar  productions  in  the  precious  metals. 
Examples  have  been  observed  that  are  inlaid  with  a 
compound  of  a  different  color  from  the  body  of  the  vase. 
Inscriptions  occur  amongst  the  devices  and  patterns 
introduced  into  these  works  by  the  Egyptian  potters ; 
and  it  is  worthy  of  particular  notice  that  an  Assyrian 
stylo  of  art  is  apparent  in  some  specimens  of  the  glazed 
pottery,  themselves  undoubt- 
edly of  Egyptian  production, 
that  have  been  discovered 
amongst  the  relics  of  ancient 
Egypt. 

In  addition  to  the  ahabti  or 
shabshab  of  terra-cotta,  the 
same  kind  of  sepulchral  figures 
were  made  in  great  abundance 
in  Egypt,  of  the  brightly- 
colored  glazed  pottery.  So 
numerous,  indeed,  are  these 
singular  relics,  that  the  pro- 
duction of  them  must  have 
constituted  a  staple  manufac- 
ture in  the  potteries  of  ancient 
Egypt.  Known  to  have  been 
used  only  in  Egypt,  where 
they  were  universally  em- 
ployed by  persons  of  all  ranks 
in  their  burial  ceremonials, 
the  shabti — Eig.  431 — which 
vary  in  height  from  about  a 
single  inch  to  about  nine  or 
ten  inches,  may  be  supposed 
to  represent,  and  to  have  been 
substituted  for,  the  human  vic- 
tims that  at  one  time  were 
sacrificed  at  the  funerals  of  the 
great  and  wealthy.  It  appears 
from  the  formula  inscribed 
upon  the  shabti  themselves, 
that  the  use  of  these  figures  was  to  aid  the  deceased 
in  his  labors  of  preparing  and  irrigating  the  ground, 
and  raising  the  crop  in  the  mystical  fields  of  the 
Aaheura,  or  Aahlu,  probably  the  bean-fields  of  the 
Egyptian  Elysium,  and  in  the  transport  of  the  food 
from  the  west  to  the  east. — Birch. 

In  adtlition  to  this  formula  from  the  sixth  chapter  of 
the  Great  Bitual  of  the  Egyptians,  the  inscriptions  upon 
the  shabti  generally  set  forth  in  hieroglyphics  the  name, 
style,  and  titles  of  the  deceased ;  and  they  are  arranged 
in  horizontal  lines  down  the  front  of  the  figure,  and  in 
perpendicular  ones  upon  its  back.  Some  of  the  figures 
are  found  to  have  been  executed  with  the  utmost  care, 
and  with  no  common  skill.  The  inscriptions  are  either 
incised  or  produced  in  intaglio  from  a  stamp,  or  some- 
times they  are  merely  written  upon  the  surface  of  the 
glazed  ware.  Examples  have  been  noticed  which  had 
been  made  ready  for  sale,  having  the  formula  inscribed 


upon  them,  and  with  blanks  left  to  be  filled  up  with 
such  names  and  titles  as  might  be  required.  The 
shabti  are  generally  repetitions  of  the  same  type,  which 
represents  the  deceased  as  swathed  in  bandages,  after 
the  manner  of  a  mummy  set  upright,  the  head  and 
hands  alone  being  exposed  to  the  view.  The  head  has 
a  peculiar  covering,  with  pendent  ends.  From  the  chin 
depends  the  beard,  apparently  inclosed  in  a  beard-case ; 
in  the  right  hand  is  a  pickaxe,  while  the  left  hand  holds 
a  hoe  and  a  cord,  to  which,  and  hanging  over  the 
shoulder,  there  is  attached  a  basket  containing  the 
seed-corn.  The  figure  stands  on  a  plinth,  and  some- 
times at  the  back  there  is  a  small  slab  for  the  purpose, 
as  it  would  seem,  of  attaching  it  to  the  wall  of  the 
tomb.  At  the  era  of  the  eighteenth  and  nineteenth 
dynasties,  shabti  of  a  different  and  rarer  type  prevailed. 
They  represented  the  deceased  as  standing,  and  habited 
in  the  costume  of  the  period.  The  prevalent  color  is 
the  bright  Egyptian  celestial-blue ;  but  some  shabti  are 
of  a  dark  blue  or  purple  hue,  and  a  few  others  have 
been  observed  that  are  either  green  or  brown. 

The  same  material  was  also  employed  by  the  ancient 
Egyptian  potters  for  the  manufacture  of  innumerable 
small  figures,  and  other  objects,  to  be  worn  as  amulets 
by  both  the  dead  and  the  living,  together  with  bugles 
and  beads  of  various  sizes  and  forms,  for  which  there 
once  existed  a  demand  so  great,  that  they  yet  remain 
in  prodigious  numbers.  The  amulets  comprise  statu- 
ettes, on  a  diminutive  scale,  of  the  deities  of  the 
Egyptian  Pantheon,  with  the  sacred  animals,  and  their 
various  emblematic  insignia;  and  they  were  adjusted 
to  the  requirements  of  the  wearers,  by  being  made  in 
the  form  of  pendants,  studs,  ear-drops,  fibulae,  and 
rings.  Concentric  rows  also  were  strung  together, 
which  would  produce  necklaces,  bracelets,  and  anklets. 
Vast  quantities  of  beads  and  bugles  were  used  in  form- 
ing the  decorative  or  mystic  network,  so  commonly 
placed  about  the  mummies  of  the  dead,  and  associated 
with  amulets.  The  more  elaborate  of  the  beads  that 
were  applied  to  this  singular  use,  were  made  in  the 
form  of  different  fruits  and  flowers,  instead  of  having 
the  spherical,  globular,  cylindrical,  or  annular  forms 
more  generally  prevalent.  In  addition  to  the  beaded- 
work,  mummies  have  a  pectoral  ornament,  also  of 
enamelled  pottery,  which  is  almost  universally  in  the 
form  of  an  Egyptian  pylon  or  doorway,  and  is  decorated 
with  different  symbolical  groups  and  figures,  all  of  them 
having  some  sepulchral  import.  There  yet  remains  to 
be  noticed  another  class  of  sepulchral  ornaments,  of  a 
kindred  nature  with  the  beads  and  bugles  and  amulets 
that  cover  the  external  bandages  of  the  embalmed 
dead  of  ancient  Egypt.  These  are  the  various  other 
amulets  and  beads,  which  were  evidently  made  for  the 
express  purpose  of  being  suspended  about  the  necks  of 
the  mummies.  The  figures  introduced  into  these 
objects  appear  to  have  been  selected  upon  some 
definite  principle,  and  in  conformity  with  a  fixed  rule  ; 
and  they  comprehend  almost  every  mystic  form  or 
device  that  the  Egyptians  were  wont  to  associate  with 
the  interment  of  their  dead,  and  which  were  ordered 
to  be  placed  upon  certain  parts  of  the  body  of  the 
deceased,  for  the  purpose  either  of  conferring  blessings 
or  of  averting  evil.     Finger-rings — tebu — formed 
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entirely  of  enamelled  pottery,  and  adorned  with  charac- 
teristic and  appropriate  devices,  were  common  in 
Egypt,  and  it  is  probable  that  they  were  used  as  well 
for  sepulchral  purposes  as  for  the  personal  decoration 
of  living  Egyptians.  Many  of  these  relics  that  yet 
exist,  are  impressed  with  the  names  of  well-known 
Egyptian  kings,  a  circumstance  that  leads  to  the  infer- 
ence that  these  rings  were  worn,  either  in  life  or  death, 
by  personages  of  exalted  rank,  since  the  use  of  the 
king's  name  seems  to  have  been  restricted  to  function- 
aries of  state — as  the  royal  arms  appear  in  England 
to  have  been  introduced,  in  the  middle  ages,  only  into 
the  monumental  heraldry  of  those  who  had  formerly 
held  offices  either  immediately  under  the  crown,  or 
about  the  person  of  the  sovereign. 

The  enamelled  rings  of  Egypt,  like  the  beads  and 
statuettes  and  other  decorative  objects,  were  much 
prized  by  the  Greeks  and  Etruscans.  They  have  been 
found  in  the  sepulchres  of  Etruria  in  settings  of  the 
exquisite  gold  filagree-work  of  the  Etruscans,  inter- 
mixed with  precious  stones  and  beads  of  gold,  precisely 
as  one  would  now  testify  admiration  for  the  small 
cameo  gems  of  Wedgewood.  In  a  tomb  at  the 
Polledrara  near  Vulci,  in  Italy,  a  heap  of  Egyptian 
beads  and  bugles  was  discovered,  which  had  apparently 
formed  a  network  covering,  after  the  fashion  of  Egypt, 
to  some  bronze  objects;  but,  the  strings  having  yielded 
to  the  influence  of  time,  the  beads  and  bugles  had 
fallen  to  the  ground.  Another  tomb — one  of  those  at 
Egyptian  Thebes — contains  a  painted  representation  of 
the  processes  of  finishing  and  stringing  these  simple 
and  familiar  objects.  Three  men  are  seen  hard  at 
work :  one  stands,  and  files  bugles  of  green  enamelled 
ware ;  a  second  is  seated,  with  a  basket  full  of  these 
bugles  before  him,  some  of  which  he  has  arranged  in 
a  row  for  a  necklace ;  and  the  third  is  drilling  a  hole 
in  a  piece  of  wood. 

Their  enamelled  ware  was  employed  by  the  Egyp- 
tians for  the  purpose  of  inlaying  some  of  their  figures, 
and  for  decorating  their  coffins  by  a  similar  process. 
In  figures,  when  vitreous  pastes  were  inlaid,  says  Birch, 
the  portions  made  of  this  material  were  the  extremities, 
as  the  fingers  and  toes,  the  beard  and  eyes,  and  parts 
of  the  dress,  such  as  the  collar  round  the  neck,  the 
bracelets,  and  anklets.  One  of  the  finest  specimens  of 
this  application  of  the  Egyptian  enamelled  ware  in 
inlaying,  adds  the  same  able  writer,  is  a  head-dress  or 
wig,  found  at  Thebes,  which  formed  part  of  a  small 
figure  of  a  king,  probably  about  three  feet  high.  The 
mass  of  which  it  is  composed  is  of  a  deep-blue  color, 
the  fashionable  head  powder  of  the  day  being  probably 
of  that  hue.  So  regular  is  the  arrangement  of  the  curls, 
that  they  appear  to  have  been  pressed  out  of  a  mould. 
A  rich  fillet  or  diadem,  which  passed  round  the  head, 
is  inlaid  with  small  tesserae,  about  half  an  inch  long  and 
one-eighth  of  an  inch  wide,  of  bright-red  paste,  imitat- 
ing jasper,  and  of  gilded  porcelain.  In  some  instances 
the  enamelled  pottery  is  found  to  have  been  used  with 
other  substances,  as  ivory  and  various  stones,  for  the 
purpose  of  inlaying.  It  was  also  applied  to  inlay  a 
variety  of  domestic  objects,  some  minutely  small  and 
others  of  a  considerable  size.  The  British  Museum 
contains,  besides  other  inlaid  objects,  a  box  of  dark 


wood,  taken  from  a  tomb  at  Thebes,  that  has  on  the 
lid  and  sides  a  square  border  formed  of  tessera;  of  blue 
enamelled  pottery,  alternating  with  similar  pieces  of 
ivory  stained  red.  Two  other  remarkable  Egyptian 
specimens  in  the  national  collections  are  tiles,  one  of 
which  is  rectangular  and  measures  six  by  four  inches  ; 
it  is  of  the  celebrated  blue  ware,  on  which  is  traced  in 
a  darker  blue  outline  the  figure  of  the  royal  scribe, 
Admenemapt,  worshipping  Osiris ;  the  other  tile, 
which  is  circular,  is  inlaid  with  a  very  curious  repre- 
sentation of  a  spider  in  the  centre  of  its  web. 

Besides  their  enamelled  beads  the  Egyptians  have 
left,  as  illustrations  of  their  social  and  domestic  his- 
tory, specimens  of  their  draftsmen  made  of  the  same 
material,  and  various  miscellaneous  articles,  that  may 
have  once  been  used  either  as  personal  ornaments,  or 
as  children's  toys— the  two  classes  of  objects  may  often 
be  grouped  together — or  for  the  various  decorative 
requirements  of  daily  life. 

The  same  vitreous  glaze  which  they  used  with  such 
excellent  effect  in  their  enamelled  silicious  pottery, 
the  Egyptians  also  applied  with  a  similar  aim  to  a 
vast  number  of  works  of  a  highly  artistic  character, 
executed  by  them  in  steaschist,  or  some  other  hard 
substance  of  the  same  kind.  This  steaschist,  which 
closely  resembles  the  jade  employed  by  Chinese  artists 
in  many  of  their  carvings,  is  a  material  that  may  be 
worked  to  great  advantage  by  skilful  hands.  The 
Egyptians  produced  in  it  amulets,  rings,  and  other 
objects,  which  are  still  distinguished  for  the  sharpness 
and  precision  of  their  carving  and  their  delicate  finish. 
The  stone,  when  cut  and  inlaid  with  niello-like  incised 
work,  was  coated  with  enamel  and  subjected  to  the 
action  of  the  furnace,  the  result  being  a  species  of  glazed 
stoneware  that  at  once  bore  a  close  resemblance  to  true 
pottery  and  was  altogether  distinct  from  it.  Amongst 
the  most  highly  finished  and  beautiful  of  the  examples 
of  these  singular  works  of  Egyptian  art,  that  are  known 
to  he  yet  in  existence,  are  signet  rings  and  inscribed 
amulets.  The  form  generally  prevalent  for  rings 
executed  in  this  manner  is  the  scarabaeus  beetle, 
called  in  the  language  of  Egypt  Icleper,  or  creator,  and 
regarded  by  the  Egyptians  with  peculiar  reverence  as 
the  sacred  emblem  of  the  Deity,  who  made,  as  they 
held,  all  things  out  of  clay.  The  hieroglyphics  en- 
graved upon  these  scarabsei  are  executed  in  flat  intaglio, 
sometimes  with  a  wonderful  accuracy  and  delicacy, 
completely  rivalling  those  on  gems.  On  some  only  a 
solitary  hieroglyphic  is  put ;  but  on  others  as  many  as 
three  lines  of  these  symbols  are  inscribed.  They  are 
of  all  ages — from  the  fourth  dynasty  down  to  the 
Roman  empire ;  the  principal  period  of  their  manufac- 
ture was,  however,  the  reign  of  Tothmes  the  Third, 
of  the  eighteenth  dynasty,  one-tenth  of  these  amulets 
bearing  his  name/ — Birch.  The  same  judicious  writer 
directs  attention  to  the  fact,  that  many  of  these  carved 
works  attest  a  certain  community  of  art  in  Egypt  and 
Assyria.  It  is  also  observable  that  the  devices,  legends, 
and  mottoes  of  the  rings,  amulets,  and  other  objects 
clearly  indicate  that  they  were  adapted  to  certain  dis- 
tinctive conditions  of  different  classes  of  the  Egyptian 
community. 

The  busy  and  enterprising  multitudes  who  consti- 
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tuted  the  races  that  are  now  distinguished  as  ancient 
Egyptians,  have  transmitted  both  the  salient  points 
and  the  minor  details  of  their  national  history  and 
of  their  private  life,  in  part  written  in  their  mystic 
hieroglyphics,  and  in  part  conveyed  with  graphic 
fidelity  by  means  of  the  varied  productions  of  their 
arts  and  manufactures.  From  both  these  channels 
of  information  it  is  evident,  that  a  consideration  of 
primary  importance  with  the  living  Egyptian  was  the 
preparation  and  appropriate  decoration  and  furnish- 
ing of  his  tomb.  To  this  very  circumstance  posterity 
is  mainly  indebted  for  what  is  known,  if  not  of 
Egypt,  certainly  of  the  Egyptians.  They  considered 
it  to  be  right  to  adorn  their  sepulchral  chambers  with 
painted  scenes  and  incidents,  as  they  occurred  daily  on 
every  side  of  them ;  and  with  the  mummies  of  their 
dead  they  had  been  taught  to  deposit  vases  filled  with 
various  substances  for  the  use  of  the  deceased,  together 
with  a  multiplicity  of  personal  ornaments  and  other 
objects.  Hence  all  these  relics  have  come  down 
preserved,  as  if  for  especial  information,  from  century 
to  century  in  their  silent  treasuries.  The  uses  to 
which  they  were  put  by  their  makers  have  insured 
their  preservation ;  and  the  relics  themselves,  in  their 
turn,  have  reciprocated  the  good  deed,  by  declaring  in 
what  manner  the  ancient  Egyptians  used  them,  and 
by  elucidating  the  several  purposes  which  they  were 
intended  to  serve.  Nor  is  the  value  of  the  ancient 
pottery,  either  preserved  or  represented  amidst  the 
remains  of  ancient  Egypt,  limited  in  its  historical 
capacity  to  the  land  and  the  people  of  the  Pharaohs 
and  the  Ptolemies.  Certain  fictile  relics  still  in  exist- 
ence bear  inscriptions  which  declare  that  they  were 
fabricated  to  contain  and  to  preserve  tribute — han — 
of  wine,  incense,  and  the  like,  in  the  storehouses  of 
the  king ;  and  there  is  every  reason  for  believing  that 
the  same  vessels  conveyed  these  offerings  from  distant 
tributary  lands  to  the  banks  of  the  Nile.  The  father  of 
European  history  has  left  it  on  record  that  in  his  time 
—before  Cueist  four  hundred  and  forty  years — wine 
was  exported  from  Syria  to  Egypt  in  such  amphoraa  as 
are  represented,  tribute-laden,  in  the  triumphal  proces- 
sion of  Totiimes  III.,  and  which  may  be  seen  in  the 
national  museum.  Some  of  these  very  vessels,  there- 
fore, may  have  been  sent  to  one  of  the  last  of  the 
Pharaohs,  who  reigned  in  the  lifetime  of  Herodotus  ; 
while  others,  in  all  probability,  formed  a  part  of  the 
tribute  paid  to  his  more  powerful  predecessors.  These 
productions  of  the  potter  may  accordingly  be  regarded 
with  a  twofold  interest,  since  they  both  call  one  back 
to  the  Egypt  of  antiquity,  and  also  afford  an  insight 
into  the  condition  of  art  amongst  some  Asiatic  people, 
otherwise  unknown,  who  were  contemporary  with  the 
Pharaohs  of  the  nineteenth  dynasty. 

Assyrian  Pottery — With  the  exception  of  bricks 
both  sun-dried  and  kiln-burnt,  and  of  inscribed  tiles  and 
cylinders,  the  ceramic  productions  of  the  ancient  Assy- 
rians and  Babylonians  have  not  been  discovered  in  any 
great  numbers  in  Mesopotamia.  Nor  have  the  bas- 
reliefs  and  cuneiform  writings — so  far  as  the  latter  have 
been  read — that  recent  researches  have  brought  to  light 
in  this  remarkable  region,  done  much  to  elucidate  the 
practice  of  the  potter's  art  as  it  may  be  presumed  to  have 


once  flourished  upon  the  banks  of  the  Tigris  and  the 
Euphrates.  The  Assyrian  sculptures  are  art-written 
records,  not  of  the  Assyrian  people,  but  of  their  kings: 
hence,  any  illustration  of  Assyrian  life  that  these  most 
interesting  relics  may  afford,  is  rather  incidental  and  sub- 
ordinate in  its  character,  than  a  primary  and  direct  motive 
of  the  composition.  Not  thus  did  the  Egyptians  apply 
their  hieroglyphics.  Their  Pharaohs,  indeed,  appear  in 
the  full  and  significant  grandeur  of  their  pre-eminence; 
but  with  them  their  people  are  habitually  associated. 
Egyptian  life,  in  every  phase  of  its  varied  conditions, 
and  in  all  the  diversified  yet  ever  characteristic  associ- 
ations of  Egypt  itself,  was  what  those  active  and 
imaginative  sons  of  the  Nile  delighted  to  depict :  and 
hence  they  stand  alone  amongst  the  nations  of  anti- 
quity, in  their  love  for  that  graphic  species  of  history 
which  records  and  transmits  to  distant  generations 
complete  biographies  of  a  people. 

In  addition  to  the  innumerable  sun-dried  bricks  that 
were  used  for  constructing  the  enormous  mounds  upon 
which  the  cities  of  ancient  Assyria  were  erected,  a  few 
rudefigures  onlyof  unbaked  clay  ha  vebeen  found  beneath 
the  pavement-slabs  of  the  Assyrian  palaces ;  and  these 
were  probably  placed  there  as  propitiatory  offerings. 
The  few  objects  of  unglazed  terra-cotta  which  have 
been  discovered,  consist  of  vases  and  other  vessels  of 
various  forms  and  sizes,  many  of  them  being  evidently 
made  expressly  for  sepulchral  uses,  with  some  lamps  of 
peculiar  shape,  and  some  small  figures  and  architectural 
ornaments.  Of  these  the  larger  portion  may  be  assigned 
to  different  periods  subsequent  to  the  fall  of  Nineveh, 
while  certain  specimens  have  been  found  in  circum- 
stances which  prove  them  to  have  been  coeval  with  the 
ancient  Assyrian  edifices.  One  saucer-shaped  patera 
La  yard  found  built  into  the  back  of  a  wall  of  the  N. 
W.  Palace  at  Nimriid,  evidently  through  the  mistake 
of  the  workman.  Another  vessel  in  the  shape  of  a 
cylindrical  jar,  eighteen  inches  high,  and  nineteen  inches 
in  diameter,  was  found  in  the  same  palace  between  two 
colossal  bulls  at  the  entrance  of  a  chamber ;  it  is  of  a 
pale  yellow  clay,  and  ornamented  with  Assyrian  mytho- 
logical figures.  Other  vases  were  discovered  inside 
sarcophagi,  also  made  of  earthen  materials.  Similar 
objects,  the  greater  number  being  sepulchral,  were 
picked  up  at  Kouyunjik  above  the  ruins  of  the  palaces 
in  the  mounds;  they  closely  resemble  the  ordinary 
Roman  pottery  of  the  same  class,  and  they  were 
probably  produced  in  Roman  times,  by  the  races  who 
established  themselves  upon  the  huge  mounds  after  the 
fall  of  the  buried  cities.  Vases  of  the  same  class  have 
also  been  found  at  Khorsabad,  and  examples  of  terra- 
cotta coffins  have  been  exhumed  at  Kalah  Shergat. 
The  ornaments  of  all  are  of  a  very  simple  character, 
and  there  is  but  little  to  distinguish  as  Assyrian  such  of 
these  works  as  are  not  unquestionably  of  a  high  anti- 
quity. It  has  been  remarked  that  this  terra-cotta  ware 
evidently  continued  to  be  made  till  a  late  period  in  the 
country  that  once  had  been  Assyria,  since  vessels  have 
been  discovered  there  having  covers  inscribed  with 
Hebrew  and  Sj'riae  characters.  The  old  Assyrians 
would  certainly  have  written  upon  these  vessels  their 
own  arrow-headed  inscriptions.  They  may  be  as  late 
as  the  fourth  century  after  Christ.    It  must  be  added, 
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however,  that  it  is  by  no  means  impossible  for  some  few 
ceramic  relics  of  the  old  Assyrian  period  to  be  intermixed 
amongst  this  more  recent  pottery.  The  terra-ootta 
figures  and  architectural  ornaments  of  the  Assyrians, 
like  those  of  Babylonia,  were  probably  coated  with 
rich  gilding,  and  consequently  they  may  for  this 
reason  have  perished  through  the  cupidity  of  the 
spoilers.  The  few  relics  of  this  description  that  have 
been  discovered  are  small  in  size,  and  by  no  means 
worthy  of  high  admiration  as  works  of  art.  Besides  the 
figures,  some  moulds  for  making  small  figures  have  been 
found  formed  of  terra-cotta — also  some  seals,  now  in  the 
British  Museum,  about  an  inch  in  diameter,  of  which 
the  material  is  fine  dark  clay,  and  which  had  beeu 
stamped  with  the  device  of  a  king  stabbing  a  lion  with 
a  sword.  Layard  informs  us  that  in  removing  one  of 
the  slabs  sculptured  with  the  hunting  scenes  of  Ashur- 
bani-pal  at  Kouyunjik,  several  small  terra-cotta  figures 
of  dogs  were  found,  standing,  made  of  a  coarse  clay 
covered  with  a  blue,  red,  or  black  paste,  and  having 
names  inscribed  on  them  in  cuneiform  characters,  such 
as,  the  guardian  of  the  house,  the  lion-tamer,  and  others. 
Rawlinson  supposes  these  to  be  images  of  certain 
hounds,  formerly  favorites  with  the  king,  which  had 
been  killed  in  hunts  of  lions  and  other  wild  animals. 

Very  different  from  the  formulae  which  they  im- 
pressed with  stamps  upon  their  kiln-baked  bricks  were 
the  legends  that,  in  accordance  with  a  custom  peculiar 
to  themselves  amongst  the  nations  of  antiquity,  the 
Assyrians  inscribed  upon  cylinders,  prisms,  and  small 
tiles  of  very  fine  and  sometimes  highly-polished  terra- 
cotta. Thus  they  wrote  the  records  of  the  king's 
victories  and  the  annals  of  his  reign ;  thus  their  title- 
deeds,  and  deeds  attest- 
Fig.  432.  ;ng  an(j  confirming  the  sale 

of  land  and  other  proper- 
ties, were  written;  and  thus 
their  astronomers  noted 
down  the  results  of  their 
observations  and  calcula- 
tions. A  chamber  filled 
with  terra-cotta  archives 
and  miscellaneous  records 
— books,  they  would  now 
be  called — was  found  in 
the  palace  of  Senna- 
cherib at  Kouyunjik,  one 
of  which,  a  hexagonal 
prism  of  terra-cotta,  in- 
scribed with  the  records 
of  a  king's  reign,  now 
deposited  in  the  British 
Museum,  is  represented 
in  Fig.  432.  Probably 
this  chamber  was  the 
private  library  of  that  monarch.  Similar  collections 
have  been  discovered  in  other  parts  of  Assyria,  from 
which  there  have  been  obtained  about  twenty  thou- 
sand inscribed  tablets,  containing  the  native  literature 
of  the  country  as  it  issued,  not  from  the  press,  but  from 
the  kiln.  Thus,  while  the  paper  and  parchment  learning 
of  the  Byzantine  and  Alexandrian  schools  has  almost 
disappeared  after  a  few  centuries,  the  granite  pages  of 


Egypt  and  the  clay  leaves  of  Assyria  have  escaped  the 
ravages  of  time  and  the  fury  of  barbarism. 

In  addition  to  their  terra-cotta  writings,  the  Assyrians, 
in  common  with  the  Egyptians,  employed  the  same 
plastic  material  that  formed  their  cylinders  precisely  in 
the  same  manner  as  sealing-wax  was  used  in  Europe 
in  the  middle  ages,  and  is  still  in  use  at  the  present  day. 
The  clay,  when  in  a  moist  state,  was  either  impressed 
upon  the  face  of  the  document,  or  appended  to  it  by 
means  of  a  slip  or  cord.  One  of  these  seals,  found 
with  the  terra-cottas  supposed  to  contain  the  royal 
archives  at  Kouyunjik,  was  stamped  with  the  signet 
of  Sabaco,  who  reigned  in  Egypt  seven  hundred  and 
eleven  years  before  Christ,  and  was  contemporary 
with  Sennacherib. 

Glazed  and  Enamelled  Pottery  was  evidently  in  use 
amongst  the  Assyrians  for  various  religious,  sepulchral, 
domestic,  and  architectural  purposes,  much  in  the  same 
manner  as  with  the  Egyptians.  The  Assyrian  produc- 
tions of  this  class,  however,  are  proved  by  such  remains 
of  them  as  still  exist  to  have  been  inferior  to  those  of 
Egypt,  both  in  their  manufacture  and  in  their  artistic 
qualities.  Very  few  vases  of  this  ware  have  been 
found  in  a  state  of  good  preservation  amidst  the  wreck 
of  the  Assyrian  palaces ;  but  fragments  abound  in  that 
country  of  ruins,  which  demonstrate  the  existence  of 
this  ware  in  ancient  times  under  a  considerable  variety 
of  forms,  though  never,  as  it  would  seem,  in  any  great 
abundance.  Some  of  the  shattered  fragments  now  in 
the  British  Museum  are  parts  of  vessels  that  were  lined 
with  a  coarse  blue  glaze ;  others,  found  in  different 
localities,  are  of  a  pale  lilac  hue,  or  they  have  yellow 
patterns  on  a  blue  ground;  or  the  ground  is  white, 
upon  which  there  are  stripes  of  brown  and  purple  :  but 
the  most  prevalent  color  is  a  fine  bright  blue,  verging 
towards  a  green  when  the  surface  has  been  slightly 
decomposed.  The  body  of  this  ware  is  formed  of  the 
fine  clay  deposited  during  the  inundations  of  the  great 
rivers,  the  glazes  being  a  vitreous  silicated  substance 
variously  colored  with  metallic  oxides.  A  recent 
analysis  has  shown,  that  the  opaque  white  employed  in 
the  decoration  of  an  Assyrian  enamelled  brick  was  pro- 
duced with  tin,  the  yellow  with  antimoniate  of  lead, 
the  brown  with  iron,  and  the  blue  and  green  with 
copper ;  the  flux  and  glazes  proved  to  consist  of  silicate 
of  soda  and  lead.  The  enamel — as  was  proved  to  be 
the  case  from  its  having  trickled  down  the  sides  when 
in  a  melted  state — was  placed  only  upon  one  surface 
of  the  brick,  with  the  view  to  securing  its  adhesion ; 
and  the  brick  itself  was  laid  horizontally,  with  the 
enamelled  face  uppermost,  when  in  the  furnace.  This 
brick  was  probably  slightly  baked  before  it  was  painted, 
and  then  when  the  colors  had  been  applied  to  it  after 
it  had  become  cold,  it  was  a  second  time  placed  in  the 
furnace.  The  walls  of  Nimrfid  were  evidently  faced 
with  these  enamelled  bricks,  that  were  variously  colored 
and  otherwise  decorated,  and  thus  formed  an  effective 
species  of  mosaic.  Architectural  cornices  and  other 
decorative  accessories  were  also  formed  in  a  somewhat 
similar  manner  from  different  pieces  of  this  enamelled 
terra-cotta. 

Babylonian  Pottery. — In  their  construction  from 
sun-dried  bricks  almost  identical  with  those  that  were 


758 


POTTERY  Babylonian. 


raised  by  the  Assyrians  higher  up  the  streams  of  the 
great  rivers,  the  vast  ruined  mounds  of  Babylonia  yield 
various  ceramic  relics,  that  bear  a  close  general  resem- 
blance to  the  corresponding  remains  which  have  been 
discovered  under  similar  circumstances  in  Assyria. 
These  examples  of  pottery  are  not  sufficiently  numer- 
ous to  supply  detailed  information  respecting  the  fictile 
processes  of  Babylonia.  The  pottery  of  these  mounds, 
also,  is  composed  of  productions  of  very  different 
periods,  the  works  of  distinct  races.  Some  without  a 
doubt  was  made  in  the  days  of  Babylonian  greatness ; 
but  the  greater  portion  must  be  assigned  to  eras  sub- 
sequent to  the  fall  and  ruin  of  the  city  and  empire  of 
the  Chaldees,  when  various  races  succeeded  each  other 
in  the  occupancy  of  what  once  had  been  Babylon. 

The  cups,  vases,  and  other  vessels  of  terra-cotta  in 
use  by  the  Babylonians,  appear  to  have  been  of  a  simple 
character.  The  paste  is  generally  of  a  light  red  color, 
but  sometimes  of  a  yellow  hue,  with  a  tinge  of  green ; 
and  it  has  not  been  submitted  to  the  action  of  a  very 
high  temperature.  The  figures  were  produced  in 
moulds ;  and  the  vases,  formed  upon  the  wheel,  were 
devoid  both  of  painting  and  any  other  decoration.  In 
the  case  of  the  larger  specimens,  modelled  figures  and 
heads  were  sometimes  introduced  at  the  handles  for 
the  purpose  of  adornment.  A  few  small  pieces  of  very 
fine  terra-cotta  have  been  found  in  this  region,  in  the 
form  of  bas-reliefs  of  great  interest.  One,  the  best  of  the 
series,  now  in  the  British  Museum,  represents  a  man 
holding  by  the  collar  a  very  large  and  noble-looking 
dog.  The  design  has  been  modelled  by  the  hand,  and 
it  is  remarkable  for  its  spirit  and  freedom.  This  speci- 
men was  obtained  near  Babylon,  Other  small  bas- 
reliefs  of  female  figures  have  been  found  at  Warka; 
but  they  have  all  been  produced  from  moulds,  and  may 
be  assigned  to  a  less  remote  period.  The  larger  statues, 
such  as  would  be  made  to  represent  the  gods  and  heroes 
of  Babylon,  may  be  considered  to  have  been  formed  of 
terra-cotta.  Such  was  the  image  made  of  clay  and 
metal,  recorded  by  Daniel  to  have  been  seen  in  his 
dream  by  Nebuchadnezzar  ;  and  such,  too,  was  that 
other  image  of  Bel,  declared  by  the  same  prophet  to 
have  been  composed  of  clay,  and  then  covered  with  a 
coating  of  brass  or  bronze.  The  colossi  mentioned  by 
Diodords,  were  probably  produced  in  the  same  man- 
ner ;  and  the  famous  golden  idol  of  Nebuchadnezzar 
may  have  been  a  work  of  the  king's  potters,  overlaid 
■ — as  was  the  custom  amongst  the  Babylonians — with 
rich  and  costly  gilding. 

Gilding,  overlays  of  silver,  and  variously-colored 
glazes  were  applied  by  the  Babylonians  to  the  bricks 
with  which  they  constructed  their  more  important 
edifices.  The  walls  of  the  Median  Ecbatana  are 
described  by  Herodotus  as  having  been  built  with 
bricks  of  different  colors  ;  and  the  supposed  temple  of 
Belus  at  the  Birs  Nimrud  affords  another  remarkable 
instance  of  the  same  polychromatic  construction.  In 
1854,  Sir  H.  Rawlinson  dug  out  from  the  angles  of  the 
stages  of  the  brickwork  three  inscribed  cylinders,  from 
which  he  has  discovered  that  the  Birs  Nimrud  was 
dedicated  by  Nebuchadnezzar  to  the  seven  planets ; 
the  building  was,  accordingly,  constructed  in  seven  stages 
or  platforms,  each  one  smaller  than  the  one  below  it, 


and  formed  of  bricks  differently  tinted.  Mr.  Loftus 
has  added  much  very  valuable  information  to  what  had 
been  previously  ascertained  upon  the  subject  of  Baby- 
lonian pottery.  At  Warka  he  found  walls  formed  of 
sun-dried  bricks,  banded  at  intervals  with  layers  of  reeds ; 
some  of  these  bricks  were  stamped  with  inscriptions. 
Kiln-dried  bricks  of  small  size,  and  red  brick  cones 
similar  to  those  constantly  to  be  seen  in  Egypt,  were 
discovered  at  the  same  place ;  the  latter  had  their  bases 
colored  red,  and  they  were  embedded  in  a  cement  of 
mnd  and  straw  as  building  materials.  At  Warka, 
also,  Mr.  Loetus  found  an  edifice  built  of  similar  cones, 
three  and  a  half  inches  long,  and  laid  horizontally,  their 
crests  and  bases  alternating,  and  embedded  in  cement. 
They  were  formed  of  a  dull  yellow  clay ;  but,  their 
bases  having  been  dipped  in  black  or  red  paint,  they 
thus  might  be  arranged  in  such  a  manner  as  would  form 
various  ornamental  patterns.  Ornamental  brickwork 
constructed  of  bricks  of  the  ordinary  shape  and  executed 
with  singular  skill,  together  with  enamelled  bricks  of 
various  hues  decorated  with  stars  having  seven  rays ;  a 
pavement  of  vitrified  slabs;  glazed  lamps  of  terra  cotta ; 
and  most  curious  coffins  of  enamelled  ware  in  the  shape 
of  gigantic  slipper-baths — were  amongst  the  fictile  relics 
discovered  by  this  indefatigable  explorer  at  Warka, 
which  appears  to  be  identical  with  the  ancient  TJr  of 
the  Chaldees.  The  Warka  coffins  were  found  in  pro- 
digious quantities,  piled  up  to  the  height  of  forty-five 
feet.  They  were  formed  of  pale  straw-colored  paste, 
imperfectly  baked ;  the  whole  being  covered  with  a  blue 
glaze  that  has  acquired  a  greenish  hue  through  age. 
These  singular  relicsMr.  LoETUsassigns  to  the  Sassanian 
period  of  Babylonian  history,  when  Warka  must  have 
been  a  vast  necropolis ;  they  are  variously  ornamented 
with  raised  bands  and  patterns,  and  also  with  numerous 
small  figures  in  low  relief,  and  they  have  richly  adorned 
lids  of  the  same  material  with  themselves  that  cover 
the  openings.  Several  specimens  have  been  added  to 
the  oriental  collections  in  the  British  Museum. 

Fragments  of  glazed  or  enamelled  pottery  are  inter- 
mixed with  the  debris  of  the  common  terra-cotta  wares 
throughout  the  ruins  of  ancient  Babylonia,  and  they 
consist  of  the  remains  of  vases  and  different  vessels  in 
addition  to  the  colored  bricks  so  much  in  favor  with 
the  Babylonians. 

Documents  inscribed  upon  cylinders  and  slabs  of  fine 
terra-cotta  after  the  custom  prevalent  amongst  the  Assy- 
rians, have  been  discovered  in  the  ruinous  heaps  that 
have  of  late  attracted  so  much  attention  in  the  ancient 
Babylonia  Proper.  These  terra-cottas  exhibit  great 
varieties  in  their  forms,  but,  so  far  as  they  have  been 
deciphered,  appear  to  comprise  precisely  the  same  classes 
of  records  with  those  of  Assyria.  In  one  fragment,  at  the 
edges  there  are  the  names  and  seals  apparently  of  the 
witnesses  who  attest  a  deed.  Another  fragment  of  the 
utmost  value  is  a  part  of  a  great  cylinder,  now  in  the 
museum  of  the  India  House,  and  containing,  according 
to  Sir  H.  Eawlinson,  a  transcript  of  the  statistical 
tables  of  Nebuchadnezzar,  in  which  the  temples  either 
built  or  endowed  in  Babylonia  by  that  monarch  are 
enumerated.  Several  other  Babylonian  cylinders  are 
preserved  in  the  various  museums  of  Europe.  Sir  H. 
Eawlinson  states  that  they  are  seven  in  number,  or 
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rather  that  there  are  seven  distinct  historical  records 
preserved  on  as  many  different  cylinders.  Of  these 
records,  the  one  that  descrihes  the  Birs  Nimrud,  is 
repeated  in  each  of  the  three  cylinders  that  he  himself 
discovered  in  that  celebrated  heap  of  ruins. 

Etruscan  Pottery. — As  in  Egypt  and  Assyria,  so 
also  in  Europe,  the  first  appearance  of  the  potter's  art 
is  coeval  with  the  first  dawn  of  civilization.  In  Etruria, 
that  region  of  Italy  which  lies  to  the  north  of  the  Tiber, 
from  a  remote  antiquity  the  remarkable  race  were  estab- 
lished who  gave  their  name  to  the  country  where  they 
flourished,  and  whose  half-legendary  history  is  the 
earliest  that  appears  in  European  annals.  It  is  a 
custom  prevalent  amongst  writers  upon  ancient  art,  to 
describe  the  Etruscans  as  having  obtained  from  Egypt 
the  original  germ  of  all  their  art-industries ;  it  would, 
however,  be  difficult  to  demonstrate  the  fact  of  any 
intercourse  between  Etruria  and  Egypt,  antecedent  to 
the  earliest  operation  of  Etruscan  art.  The  fact  appears 
to  be  that  the  Etruscans,  like  every  other  people,  in  the 
first  instance,  were  the  inventors  of  their  own  arts,  and 
applied  their  inventions  to  meet  the  requirements  of 
their  daily  lives.  It  is  true  that  there  is  conclusive 
reason  for  considering  the  sombre  and  severe  spirit  of 
the  Etruscan  race  to  have  been  rather  receptive  than 
productive  ;  and,  consequently,  this  remarkable  nation 
is  found  readily  to  have  accepted  and  appropriated  to 
its  own  use  whatever  improvements  in  the  arts  it  might 
have  discovered  during  the  progress  of  time,  through  a 
gradually-extending  intercourse  with  foreign  visitors. 
Thus  the  arts  of  Egypt,  transmitted  through  the  Greeks, 
may  be  said  ultimately  to  have  reached  Etruria ;  and 
thus  the  Etruscans,  having  been  instructed  in  their 
style  by  the  artists  of  Greece,  conformed  to  the  Greek 
system,  and  in  fact  appropriated  it  as  their  own.  But, 
on  the  other  hand,  it  is  no  less  certain  that  the  primitive 
Etruscans  were  possessed  of  sufficient  inventive  powers 
to  produce  an  indigenous  pottery  suited  to  their  own 
wants,  and  the  materials  for  which  nature  had  strewed 
in  abundance  at  their  feet. 

The  earliest,  and  as  would  naturally  be  expected, 
the  simplest  relics  of  Etruscan  pottery  that  yet  remain, 
must  be  attributed  to  an  era  long  subsequent  to  the 
genera]  practice  of  the  ceramic  art  in  Etruria — that  is, 
they  appear  to  have  been  produced  in  the  eighth  and 
seventh  centuries  before  this  era.  They  chiefly  consist 
of  vases  of  a  dark  color,  fabricated  from  a  coarse  brown 
ware,  and  in  some  instances  apparently  modelled  in 
imitation  of  vessels  formed  of  wood.  These  vases  vary 
considerably  in  size,  and  many  examples  are  adorned 
with  figures  in  relief;  but  no  instances  have  been 
observed  in  which  paint  was  used  as  a  decorative 
medium.  They  have  been  for  the  most  part  discovered 
at  Cervetri — the  ancient  Caere — Vulci,  and  Chiusi ;  and 
it  is  evident  that  they  were  not  by  any  means  first  efforts 
in  the  practice  of  the  potter's  art.  Indeed,  seven  hun- 
dred years  before  Christ,  the  Etruscans  had  been  a 
flourishing  people.  It  is  a  subject  for  much  regret  that 
the  history  of  European  pottery,  which  opens  upon 
Etruscan  ground,  should  not  be  able  to  trace  out  its 
course  clearly  from  its  original  fountain-head ;  but  the 
antiquity  of  Etruria,  as  a  country  regularly  inhabited  by 
a  race  who  enjoyed  at  least  a  comparative  civilization, 


intercepts  the  researches  of  the  historical  inquirer,  and 
convinces  him  that  he  must  be  content  to  commence  his 
record  with  the  earliest  actual  specimens  of  Etruscan 
fictile  works,  that  time  has  been  willing  to  transmit  to 
the  present  age.  The  want  of  a  literature  amongst  the 
Etruscans,  also,  adds  seriously  to  the  difficulties  which 
attend  the  investigation  of  the  ancient  arts  of  Etruria. 
Roman  writers,  however,  have  supplied  much  informa- 
tion that  might  naturally  have  been  expected  from  the 
Etruscans  themselves.  It  is  chiefly  by  this  means  that 
the  knowledge  possessed  of  the  more  important  works 
of  the  ancient  Etruscan  potters  is  derived,  since  the 
Romans,  in  the  early  days  of  Rome,  unable  to  execute 
such  works,  were  obliged  to  have  recourse  to  Etruscan 
artists  for  the  plastic  decorations  of  their  temples.  Such 
testimony  is  conclusive  in  establishing  the  fact,  that 
the  Etruscans  at  a  very  early  period  had  established  a 
school  of  art  peculiarly  their  own,  which,  in  its  char- 
acteristic features,  had  attained  to  a  high  degree  of 
perfection. 

According  to  Pliny,  the  art  of  working  in  terra-cotta 
was  principally  cultivated  at  an  early  period  in  Italy  by 
the  Etruscans.  The  same  writer  states  that  the  art  of 
statuary  was  so  old  in  Italy  that  its  origin  was  unknown. 
One  may  reasonably  infer  that  in  the  days  of  Pliny  the 
origin  of  the  potter's  art  in  Europe  was  equally  obscure; 
and  thus,  accordingly,  it  may  be  safely  conceded  to  the 
Etruscans — the  people  amongst  whom  that  art  appears 
to  have  been  known  and  practised  from  a  remote 
antiquity.  Birch  suggests  that  the  Etruscan  potters 
may  have  worked  from  foreign  models,  and  perhaps 
from  the  statues  of  the  Egyptians,  with  which  they  first 
became  acquainted  when  Psammeticus  I.  threw  open 
Egypt  to  the  commerce  of  the  world  in  the  second 
century  of  Rome,  six  hundred  and  fifty-four  years 
before  Christ.  But  Etruria  had  attained  to  celebrity 
for  its  pottery  before  Egypt  had  been  made  accessible 
by  Etruscans ;  and,  in  fact,  there  exists  no  really  valid 
reason  for  withholding  from  the  Etruscan  potters  the 
credit  of  producing  their  own  pottery  from  their  own 
designs,  until  the  potent  influence  of  Greek  art  appears 
to  have  prevailed  over  the  native  sympathies  of  the 
Etruscan  people.  The  change  thus  effected  may  be 
said  to  have  taken  place  during  the  first  half  of  the 
fifth  century  previous  to  the  Saviour.  Prior  to  that 
period  the  arts  of  Etruria  may  be  regarded  as  Etruscan, 
and  therefore  independent  of  Hellenic  influence. 

With  the  exception  of  vases,  of  which  vast  numbers 
have  been  found,  but  few  productions  of  the  Etruscan 
potters  have  been  preserved  until  the  present  day. 
The  safety  of  the  vases  has  been  the  result  of  the  free 
use  made  of  them  by  the  Etruscans  themselves  in  their 
sepulchral  rites.  They  deposited  numerous  vases  in  their 
tombs,  and  closed  them  up  in  the  same  security  that 
they  so  studiously  sought  to  obtain  for  the  remains  of 
their  dead.  And  the  fictile  relics  rested  undisturbed 
for  centuries,  until  the  inquiring  and  exploring  spirit  of 
modern  times  should  exhume  them  as  monuments  of 
ancient  history.  The  statues  and  reliefs  in  terra-cotta 
for  which  the  Etruscans  were  celebrated,  with  their 
architectural  works  executed  in  the  same  material, 
would  almost  inevitably  perish  in  the  sharp  vicissi- 
tudes of  succeeding  years ;  and,  indeed,  such  examples 
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as  do  exist  owe  their  preservation  to  the  circumstance 
of  their  having  been  deposited,  like  the  vases,  beneath 
the  surface  of  the  ground. 

Bricks  and  tiles  appear  to  have  been  but  little  used 
by  the  Etruscans,  except  for  sepulchral  purposes. 
The  recesses  of  the  chambers  that  held  the  small 
sarcophagi  within  which  the  ashes  of  the  dead  were 
deposited,  were  closed  by  tiles  bearing  inscriptions ; 
and  similar  tiles,  at  a  much  later  period,  were  used  to 
cover  such  bodies  as  were  interred,  and  not  burnt. 
Various  decorative  accessories  of  the  tombs  of  an 
architectural  character,  were  also  modelled  in  terra- 
cotta; and  there  is  every  reason  for  believing  that 
friezes,  antefixae,  and  other  architectural  details  formed 
of  the  same  material,  were  in  general  use.  Recent 
excavations  in  Etruria,  however,  have  failed  to  pro- 
duce examples  of  genuine  architectural  bas-reliefs, 
such  as  were  so  freely  introduced  into  their  buildings 
by  the  Romans.  Terra-cotta  sarcophagi  have  fre- 
quently been  found,  which  are  identical  both  in  their 
general  character  and  their  style  of  adornment  with 
the  more  costly  works  of  the  same  class  in  alabaster, 
tufo,  and  other  similar  materials.  Some  few  are  of 
sufficient  size  to  receive  a  human  body  laid  at  full 
length.  The  British  Museum  contains  two  such 
sarcophagi,  which  have  been  obtained  from  Vulci : 
their  sides  and  ends  are  covered  with  bas-reliefs,  and 
on  the  covers  there  repose  recumbent  effigies  of 
Etruscan  females,  modelled  at  full  length.  The  paste 
of  which  these  terra-cottas  are  composed,  is  either  a 
pale  red  or  a  pale  yellow  in  color.  But  Etruscan 
terra-cotta  sarcophagi  more  generally  are  very  small, 
and  appear  at  first  sight  to  be  models  rather  than 
actual  depositories  of  the  remains  of  the  dead.  They 
were  intended  to  be  the  receptacles  of  the  ashes 
after  cremation,  and  they  may  be  regarded  as  the 
prototypes  of  the  sepulchral  urns  which  the  Romans 
ranged  in  rows  of  small  cells  or  niches,  around  their 
columbaria  or  sepulchral  chambers. 

The  effigies  that  rest  upon  sarcophagi  are  the  only 
statues  of  full  size  in  terra-cotta  by  Etruscan  artists, 
which  are  known  now  to  be  in  existence.  The  few 
examples  that  have  been  discovered  closely  resemble 
in  their  artistic  treatment  the  early  bronzes  and  sepul- 
chral wall-paintings  of  Italy.  It  does  not  follow  from 
this  circumstance  that  the  terra-cotta  figures  were 
modelled  from  types  either  in  metal  or  from  paintings ; 
on  the  contrary,  the  resemblance  between  these  figures, 
executed  by  different  processes,  simply  confirms  the 
independent  and  consistent  action  of  the  artists  of 
Etruria.  A  most  remarkable  recumbent  effigy  in 
pale  red  terra-cotta,  having  the  clay  intermixed  with 
volcanic  sand,  was  found  at  Cervetri,  where  other 
somewhat  similar  figures  have  also  been  discovered, 
all  of  which  are  genuine  Etruscan,  and  apparently 
older  than  the  foundation  of  Rome.  Besides  the 
monumental  figures,  some  few  curious  and  interesting 
busts  have  been  found,  formed  of  clay,  in  the  sepul- 
chres of  Etruria. 

The  Vases  of  the  Etruscans  admit  of  the  following 
classification : — 

1.  Vases  of  brown  terra-  cotta. 

2.  Vases  of  black  terra-cotta. 


3.  Vases  of  red  terra-cotta. 

4.  Vases  painted. 

Also  a  small  class  of  vases  of  a  yellow  ware. 

The  brown  vases  have  already  been  stated  to  be  the 
oldest  existing  specimens  of  Etruscan  pottery.  Their 
color  is  a  greyish  brown,  and  sometimes  the  clay  is  red 
in  the  centre.  They  are  in  various  shapes,  the  most 
curious  being  an  example  in  the  British  Museum  in 
the  form  of  a  Tugurium,  or  ancient  Etruscan  cottage — 
Fig.  433 — with  a  movable  door  and  a  vaulted  roof  that 


Fig.  433. 


apparently  was  intended  to  represent  the  beams  of  the 
timber-covering  of  an  actual  dwelling.  The  ashes 
of  some  deceased  Italian,  who  may  be  considered  to 
have  lived  and  died  before  the  name  of  Rome  had 
been  spoken  amongst  men,  were  inserted  through  the 
door,  which  was  then  secured  by  a  cord.  The  smaller 
vessel  was  then  placed  within  a  large  two-handled 
vase  of  equally  rude  character,  and  thus  protected 
from  the  superincumbent  mass  of  earth. 

It  is  a  remarkable  fact  that  hut-shaped  sepulchral 
urns  have  been  discovered  in  several  parts  of  Germany, 
which  closely  resemble  those  that  once  were  buried  in 
the  tombs  of  Etruria.  The  German  specimens  are 
distinctly  Teutonic ;  and  they  are  to  be  attributed  to  an 
age  before  the  predominance  of  Roman  art,  but  while 
bronze  weapons  were  in  use.  One  found  at  Mount 
Chemnitz  in  Thiiringen,  is  cylindrical  with  a  conical 
roof  or  cover ;  a  square  orifice  in  this  vase  represents 
the  doorway  or  window  of  the  hut,  through  which  the 
ashes  of  the  dead  were  introduced,  when  the  whole 
was  secured  by  a  small  door  fastened  with  a  metal  pin. 
Similar  vases  have  been  exhumed  at  Roenne,  Parchim, 
and  in  the  island  of  Bornholm.  A  vase  of  this  descrip- 
tion, found  at  Aschersleben,  has  its  cover  modelled  in 
the  form  of  a  tall  conical  thatched  roof,  and  it  has  the 
door  with  its  ring  still  remaining.  Another,  with  a 
taller  body  and  flatter  roof,  with  a  door  at  the  side, 
was  discovered  at  Klus,  near  Halberstadt.  The  larger 
vases  were  used  to  contain  and  preserve  the  ashes  of 
the  dead;  and  they  are  found  in  some  instances  to 
have  been  placed,  for  greater  security,  within  vases  of 
coarser  fabric  and  a  different  shape,  or  to  have  been 
protected  by  some  covering  of  stones  or  tiles.  The 
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other  smaller  vessels  held  the  offerings,  consisting  of 
different  viands,  that  the  Teutonic  races  deposited  with 
their  dead. 

The  ancient  brown  vases  of  Etruria  are  not  uncom- 
monly found  beneath  beds  of  lava.  Many  of  them  are 
highly  polished  by  friction,  so  that  they  have  the 
appearance  of  basalt,  but  they  have  no  glaze  upon 
their  surfaces. 

Next  in  the  order  of  time  are  the  black  vases,  some 
of  which  are  thick  and  heavy,  while  others  are  thin 
and  light.  The  black  surfaces  of  many  of  these  vases 
have  a  lustrous  jet-like  polish,  which  occasionally  may 
have  been  produced  upon  the  lathe.  They  frequently 
exhibit  traces  of  the  imitation  of  other  Etruscan  works 
of  art  in  both  wood  and  metal ;  but  they  show  no  signs 
whatever  of  any  imitation  of  foreign  productions.  In 
the  earliest  examples  the  ornamentation  consists  simply 
of  rude  zigzags,  spirals,  and  festoons  of  lotus-like 
flowers  and  similar  devices,  hatched  upon  their  sur- 
faces. Somewhat  later  animal  forms,  with  human 
figures,  heads,  and  other  objects,  make  their  appearance. 
These  figures  are  commonly  disposed  so  as  to  form 
friezes  running  round  the  body  of  the  vase.  They  are 
generally  in  a  bold  relief,  which  has  been  obtained  either 
from  the  impress  of  dies,  or  by  modelling,  or  by  passing 
a  cylinder  cut  in  intaglio  round  the  vase  while  the 
clay  was  moist.  The  treatment  of  the  figures  in  these 
friezes  is  peculiar,  and  it  not  uncommonly  indicates 
that  the  rudeness  of  the  work  has  resulted  rather  from 
the  intractable  nature  of  the  material,  than  from  the 
incapacity  of  the  artist.  The  early  usage  of  producing 
ornaments  by  means  of  incised  lines,  is  occasionally 
introduced  for  the  purpose  of  carrying  out  the  details 
of  the  reliefs.  The  designs  of  these  friezes  are  obscure 
and  uncertain ;  and,  in  connection  with  the  absence  of 
inscriptions  having  reference  to  either  the  subjects,  the 
artists,  or  the  potters,  they  serve  to  corroborate  the 
assumed  high  antiquity  of  the  vases.  When  inscrip- 
tions do  occur,  they  appear  to  be  merely  the  potter's 
memoranda,  which  were  scratched  in  with  a  pointed 
instrument  at  the  bottom  of  the  vases  after  they  had 
been  finished.  Vessels  differing  very  greatly  from  one 
another  in  form  and  size,  and  evidently  no  less  different 
in  their  several  uses,  have  been  found  of  this  ware ; 
amongst  them  are  cinerary  vases  of  the  most  singu- 
lar character,  being  rude  representations  of  the 
human  figure.  Collections  of  these  vases  have  been 
found  in  many  sepulchres,  which  contain  various  vases 
and  other  objects,  the  use  of  which  is  unknown. 
Large  vases  sometimes  contain  numerous  smaller  ones ; 
spoons  also  and  vase-stands  have  been  found  with 
them.  It  is  probable  that  Juvenal  referred  to  pottery 
of  this  class,  when  he  spoke  of  the  black  saucer  of 
Numa;  and  that  this  is  the  black  ware  that  Pliny 
records  to  have  been  fabricated  by  the  corporations  of 
potters  in  the  days  of  Numa,  seven  hundred  years 
before  Chkist.  Horace,  Martial,  and  Juvenal 
also  appear  to  have  had  it  in  view  in  certain  well- 
known  passages  of  their  writings.  The  tombs  which 
have  produced  these  vases  in  the  greatest  abundance 
are  in  the  vicinity  of  the  ancient  Veii,  Caere,  Clusium, 
and  also  at  Volaterra  and  Cortona ;  but  they  very  rarely 
occur  to  the  south  of  the  Tiber.  An  analysis  of  the 
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paste  of  the  black  Etruscan  vases  has  given  a  mean 
result  of — 

Centesimally. 


Silica,   63-24 

Alumina,   14-42 

Oxide  of  iron  and  manganese,   7-80 

Carbonate  of  lime   3-25 

Carbonate  of  magnesia,   2-12 

Carbon,  ,   1-83 

Water,   7-34 


100-00 

The  vases  of  red  ware,  which  may  be  assigned  to 
the  earliest  period  of  existing  Etruscan  pottery,  are 
found  in  the  same  ancient  sepulchres  with  the  black 
vases,  but  in  much  smaller  numbers.  These  vases  are 
of  a  dull  red  hue,  and  of  a  gritty  material,  apparently 
containing  an  admixture  of  the  tufo  of  the  soil.  If 
large  in  size,  their  bodies  are  reeded,  and  ornamental 
patterns  are  boldly  modelled  about  their  necks ;  some- 
times they  have  handles ;  and  the  characteristic 
Etruscan  frieze  appears  in  some  of  them,  with  repre- 
sentations of  animals,  chariots,  hunting  scenes,  and 
banquets.  They  generally  are  found  standing  in  flat 
circular  dishes  or  saucers,  of  similar  ware,  but  made  of 
a  finer  paste,  and  ornamented  with  other  friezes  im- 
pressed upon  them  in  bas-relief  with  a  cylinder.  Some 
few  vases  of  this  class,  instead  of  a  decided  red,  are  of 
a  pale  salmon  tint ;  and  they  have  a  slightly  freckled 
appearance,  which  is  produced  by  black  specks  of  some 
volcanic  substance  mingled  with  the  clay.  The 
Etruscan  sepulchres  also  continually  produce  vases  of 
a  pale  yellow  color  and  of  a  fine  quality,  some  of 
which  are  probably  of  very  ancient  date,  while  others 
appear  to  have  been  manufactured  at  subsequent 
periods. 

Some  vases  found  at  Caere,  composed  of  a  pale 
reddish-brown  clay,  specked  with  black  volcanic  sand, 
and  sparkling  with  mica,  are  amongst  the  earliest 
specimens  of  the  painted  pottery  of  Etruria.  They  are 
adorned  with  various  patterns,  and  also  with  flowers 
and  figures,  painted  in  white  upon  a  black  back-ground, 
or  upon  the  clay  in  its  natural  color ;  the  peculiarity 
of  the  work  being  that  the  painting  was  executed  after 
the  manner  of  an  opaque  fresco,  and  not  burnt  in  upon 
the  vases  in  the  furnace.  These  painted  vases  may 
have  been  produced  a  century  or  more  anterior  to  the 
mythic  arrival  of  the  Greek  potters,  who,  according  to 
Pliny,  were  brought  by  the  fugitive  Demaratus  from 
Corinth  to  Etruria  between  the  years  five  hundred  and 
twenty  and  six  hundred  and  sixty  before  Christ. 
To  this  incident  has  been  attributed  the  first  introduc- 
tion of  archaic  Greek  vase-painting  amongst  the  Etrus- 
cans. The  Etruscan  sepulchres  have  yielded  many 
vases  having  pale  buff  back-grounds,  upon  which  figures 
of  animals  are  painted  with  fantastic  and  floral  borders, 
all  in  a  deep-red,  that  may  be  assigned  to  this  period. 

Next  in  the  order  of  chronological  succession  are 
the  red  or  orange-colored  vases  with  black  figures,  the 
subjects  being  generally  mythological,  and  the  execu- 
tion of  them  indicative  of  at  least  some  progress  in  the 
art  of  pictorial  representation,  though  still  there  is  much 
of  rudeness  that  lingers  about  them  in  combination  with 
a  strange  uncouthness  in  many  of  the  figures.  In  other 
examples  the  adjustment  of  the  colors  is  reversed,  and 
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tlie  figures  are  red  upon  a  dark  ground.  These  figures 
are  relieved  by  lines  of  black,  obtained  by  cutting  down 
through  the  red  pigment  to  the  black  glaze  of  the  vase. 
This  same  arrangement  of  the  tints  prevails  in  the 
finest  and  most  perfect  specimens  of  Etruscan  and  Italo- 
Greek  vase-painting.  The  figures  are  red  upon  a 
ground  of  polished  black.  These  vases  were  produced 
after  Greek  art  had  found  a  second  home  in  Italy ;  and, 
consequently,  though  both  made  in  ancient  times  and 
at  the  present  day  discovered  in  Italy,  they  may  be 
classed  with  the  works  that  were  produced  by  Greek 
ceramic  artists.  The  shade  of  the  ground  in  some  of 
the  Etruscan  vases  is  a  dark-brown ;  in  others  the  clay 
is  ash-colored;  and  in  both  cases  the  designs  are 
painted  in  black  and  crimson,  with  incised  lines  exe- 
cuted with  a  graving-tool,  to  mark  the  outlines  of  the 
figures  with  more  distinctness,  and  also  to  impart  the 
effect  of  energetic  action  to  the  development  of  the 
muscles.  The  figures  are  very  generally  represented 
on  a  ground  semee  with  flowers.  In  addition  to  those 
vases  found  in  Etruria,  which  must  be  distinguished  as 
Italo-Greek  from  their  having  been  made  by  Greeks 
resident  in  Italy,  many  imitations  of  Greek  vases  of 
every  kind  were  made  by  Etruscan  potters  throughout 
the  period  in  which  their  own  artistic  powers  were 
experiencing  a  continual  decline.  In  these  examples 
certain  Greek  attributes  are  rendered  after  an  Etruscan 
manner,  and  the  whole  work  is  destitute  of  both  origi- 
nality and  feeling.  The  subjects  generally  show  traces 
of  Etruscan  influence,  and  often  resemble  the  relieved 
friezes  of  the  true  Etruscan  solid  black  ware.  A  paler 
ware  was  also  manufactured  at  the  same  time,  with 
unimportant  subjects,  and  figures  badly  drawn  and 
painted  of  a  pallid  tint,  and  with  a  glaze  of  a  leaden 
hue.  Other  pale  vases  of  still  later  date  have  been 
found  in  the  sepulchres  of  Orbetello  and  Volaterra, 
with  figures  armed  after  the  Roman  fashion,  painted 
of  a  light  tone,  the  accessories  being  white,  and  the 
glaze  devoid  of  lustre ;  and,  in  their  turn,  these  last 
vases  are  succeeded  by  others,  in  which  various  figure 
subjects,  with  old  Latin  inscriptions,  are  painted  in 
opaque  white  upon  a  black  ground.  Their  date  is 
about  two  hundred  years  before  Christ. 

The  inscriptions  which  are  associated  with  the  sub- 
jects that  appear  upon  Etruscan  vases,  like  those  on 
the  Greek,  are  either  painted  in  an  opaque  white  or  red 
upon  the  glaze,  and  are  descriptive  of  the  figures  and 
incidents  represented  in  the  paintings,  or  they  are 
incised ;  in  the  latter  case  the  inscriptions  generally 
refer  to  the  proprietors  of  the  vases.  Many  ot  these 
inscriptions  are  very  difficult  to  read,  from  the  rudeness 
of  the  Etruscan  language  in  which  they  are  written, 
and  also  in  consequence  of  the  obscurity  of  the  legends 
themselves. 

The  same  sepulchres  that  have  supplied  such  abun- 
dant and  diversified  stores  of  the  ceramic  productions  of 
the  ancient  Etruscans,  have  also  preserved  numerous 
examples  of  their  exquisitely  engraved  gems,  of  their 
noble  bronzes,  and  their  beautiful  and  delicate  gold 
filagree  work.  However  admirable  many  of  their  vases 
may  be,  with  their  pottery  the  Etruscans  never  were 
so  successful  as  with  their  works  in  metal.  And  the 
Etruscan  artists  evidently  felt  that  they  were  able  to 


 ETKUSCAN. 


exercise  a  more  complete  mastery  over  metals  than 
over  clay,  since  it  is  found  that  in  their  best  and  most 
characteristic  pottery  they  have  assimilated  their  fictile 
productions  to  their  bronzesi  This  assimilation  ceased 
as  soon  as  the  ceramists  of  Greece  had  established 
themselves  in  Etruria.  From  that  time  the  Etruscan 
potters  conformed  to  the  Greek  system,  and  the  finest 
ceramic  works  that  thenceforth  were  produced  in 
Etruria  must  be  distinguished  as  Etrusco-Greek — they 
were  the  productions  either  of  Greeks  who  had  settled 
in  Etruria,  or  of  Etruscans  who  had  been  instructed 
and  directed  by  Greeks.  The  grand  distinction,  then, 
between  the  two  great  classes  of  Etruscan  sepulchral 
deposits  is  this,  that  the  most  admirable  pottery  is 
Etrusco-Greek,  while  the  best  metal-work  is  genuine 
Etruscan.  Still,  in  the  same  deposits  pottery  is  found 
in  abundance,  which  is  no  less  truly  Etruscan  than  the 
works  in  metal,  and  which,  at  the  same  time,  possesses 
many  qualities  that  are  eminently  meritorious.  In 
treating  of  the  pottery  of  Greece,  it  will  appear  that 
the  most  precious  relics  of  that  wonderful  art-manufac- 
ture have  been  discovered  in  far  greater  numbers  in 
Italy  than  in  Greece  itself.  In  Etruria  the  Greek 
settlers  produced  in  abundance  a  pottery  that  was 
thoroughly  Greek,  and  their  Etruscan  contemporaries 
both  imitated  their  productions  and  conformed  to  their 
style.  A  few  lingering  traces  of  the  old  native  feeling 
and  association  may  occasionally  be  discerned  in  vases, 
which  appear  to  indicate  that  they  were  produced  by 
Etruscans  in  Etrusco-Greek  times,  while  the  Greek 
style  was  in  the  ascendant,  and  yet  before  Etruscan 
usages  and  habits  had  been  altogether  superseded.  It 
is  remarkable  that,  in  the  prolific  deposits  which  have 
been  discovered  wherever  the  cities  and  cemeteries  of 
Etruria  have  been  explored,  vases  have  been  found 
that  were  genuine  Etruscan  in  the  same  group  with 
others  no  less  essentially  Greek.  At  Corneto,  the 
ancient  Tarquinii,  the  discoveries  have  been  rich  in 
the  most  characteristic  specimens  of  pure  Etruscan 
vases,  black  and  solid,  with  embossed  figures.  The 
same  may  be  said  of  Sarteano  and  Perugia,  and  more 
particularly  of  Cervetri  or  Ctere,  and  of  Veii,  now  Isola 
Farnese,  and  of  Vulci,  or  Ponte  della  Badia.  At  Veii 
and  Vulci,  with  the  embossed  black  ware,  painted  vases 
and  others  of  every  variety  produced  in  Etruria  have 
been  found.  The  sepulchres  at  Vulci  have  also  yielded 
immense  quantities  of  plain  solid  black  vases,  and  of 
others  that  are  painted  black  only,  which  were  found 
in  immediate  association  with  bronzes,  ivories,  gold 
filagrees,  and  other  objects  peculiarly  Etruscan.  And, 
with  these  evident  relics  of  the  native  pottery  of  Etruria 
were  discovered,  in  equally  great  numbers,  vases  of  the 
Italo-Greeks  in  the  utmost  variety,  and  of  the  highest 
excellence.  These  vases  were  in  all  styles  and  of  all 
epochs  of  art,  including  both  those  with  maroon  figures 
upon  buff  grounds,  of  the  primitive  archaic  period,  and 
the  various  productions  of  the  latest  decadence.  The 
sepulchres  themselves  were  most  simple  and  unpre- 
tending ;  but  their  ceramic  contents,  which  for  the  first 
time  were  systematically  ,  explored  in  1829,  have  never 
been  surpassed  in  value  and  interest.  The  finest 
known  specimens  of  vases  with  black  figures,  including 
such  as  have  the  black  figures  represented  upon  white 
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grounds,  have  been  found  at  Vulci.  No  less  remark- 
able also  for  beauty  of  form,  for  excellence  and  energy 
of  drawing,  and  for  the  vivid  richness  of  their  glaze 
and  color,  are  the  Vulcian  vases  with  red  figures.  The 
numerous  inscriptions,  also,  with  which  these  vases 
abound,  and  the  occurrence  in  them  of  subjects  new 
to  classical  authorities,  combine  with  their  admirable 
artistic  qualities  to  enhance  their  importance ;  so  that 
these  deposits  may  be  considered  to  have  effected  more 
for  the  advancement  of  our  knowledge,  not  merely  of 
ancient  pottery,  but  of  ancient  art  also,  than  any  pre- 
vious discoveries.  Very  remarkable  discoveries  of 
Greek  pottery  have  been  made  in  many  other  parts  of 
Etruria,  but  none  that  may  be  put  into  comparison 
with  those  that  disclosed  the  long-hidden  treasures  of 
Vulci.  Many  of  the  finest  and  most  characteristic 
specimens  from  almost  every  principal  discovery  in 
Etruria,  have  been  added  to  the  ceramic  collections  of 
the  British  Museum. 

Greek  Pottery. — Under  this  collective  term  it  will 
be  understood  that  the  productions  of  Greek  ceramic 
artists  are  alike  comprehended,  whether  their  works 
have  been  preserved  and  discovered  within  the  limits 
of  Greece,  or  either  to  the  West  or  East  of  Greece  Pro- 
per, in  Italy  and  Asia  Minor.  Whatever  the  region 
that  may  have  produced  it,  as  the  result  of  modern 
investigations,  in  all  true  Greek  pottery  the  impress 
of  the  arts  of  Greece  is  equally  apparent ;  and  all  the 
relics  of  those  arts  may,  accordingly,  with  the  most 
strict  correctness,  be  grouped  together. 

The  Greeks  resembled  other  nations  in  their  having 
established  a  pottery  manufacture  of  their  own  for  their 
own  use,  at  the  earliest  dawn  of  their  history,  and, 
indeed,  before  their  history  had  succeeded  to  the  era 
of  mythic  legends.  The  earliest  productions  of  the 
Greek  potters  also,  like  those  of  other  countries,  com- 
prised works  in  the  three  varieties  of  sun-dried  clay, 
kiln-baked  terra-cotta,  and  a  similar  terra-cotta  covered 
with  a  glaze,  which  last  class  of  fictile  productions  has 
commonly,  but  erroneously,  been  designated  porcelain. 
In  addition  to  building  materials,  the  ancient  Greeks 
formed  various  objects  in  sun-dried  clay,  which  they 
applied  to  the  internal  decoration  of  their  temples  and 
dwellings ;  and  Pausanias  has  recorded  the  existence 
in  his  time  of  a  statue  of  Prometheus  in  this  material. 
As  a  matter  of  course,  these  fragile  productions  have 
long  ceased  to  exist,  and  have  left  the  practical  eluci- 
dation of  the  pottery  of  the  Greeks  to  those  other 
works  which,  instead  of  representing  the  lineaments  of 
Prometheus  himself,  have  acquired  both  strength 
and  durability  through  the  action  of  the  Promethean 
element,  fire. 

The  use  of  simple  unglazed  terra-cotta  amongst  the 
ancient  Greeks  was  very  extensive.  It  provided  for 
the  requirements  of  daily  life,  and  it  was  equally  ready 
to  supply  what  might  be  demanded  for  more  important 
purposes,  whether  in  religious  and  votive  matters,  or 
in  connection  with  incidents  of  public  interest,  or  for 
every  species  of  decoration.  Terra-cotta,  also,  was  in 
constant  request  with  the  Greeks  in  connection  with 
their  sepulchral  and  commemorative  usages.  Friezes 
and  other  architectural  members  of  the  Greek  temples 
were,  in  some  instances,  executed  in  terra-cotta ;  but 


the  examples  that  remain  in  Greece  are  of  a  period 
after  the  establishment  of  the  Eoman  dominion,  and 
those  of  Southern  Italy  and  Grecia  Magna  can  scarcely 
be  considered  purely  Greek.  Statues,  statuettes,  and 
miscellaneous  figures,  with  bas-reliefs,  and  other  objects 
in  more  salient  relief,  were  produced  in  the  same 
material  in  great  numbers.  Terra-cotta  was  also 
employed  by  the  sculptors  and  other  artists  of  Greece 
for  modelling  their  compositions,  before  they  proceeded 
to  execute  them  in  more  costly  materials.  Objects  of 
various  kinds  in  terra-cotta  once  existed  in  immense 
numbers  at  Athens,  as  may  be  inferred  from  a  passage 
of  Demosthenes.  It  appears  that  there  were  competi- 
tive exhibitions  of  these  plastic  works  at  Athens  and 
the  other  cities  of  Greece  on  certain  festive  occasions, 
a  circumstance  that  will  account  for  the  artistic 
eexcllence  to  which  they  commonly  attained.  Such 
works  continued  to  be  produced  until  a  late  period  of 
the  Roman  empire ;  and  yet,  but  few  examples  of 
fine  Greek  terra-cottas  have  been  handed  down. 
They  were  but  sparingly  used  in  the  tombs,  and,  there- 
fore, they  have  perished  amidst  the  wreck  of  shrines 
and  palaces ;  and  with  the  homes  of  the  Greeks  who 
made  and  fashioned  them,  they  have  disappeared  from 
the  face  of  the  earth.  Neither  have  the  terra-cotta 
moulds,  that  were  certainly  used  for  the  casting  of 
bronze  statues,  been  discovered.  Small  figures,  how- 
ever, made  by  the  same  process  by  inferior  artists, 
which  once  were  used  by  the  Greeks  as  ornaments 
or  as  household  gods,  and  which  closely  resemble 
modern  plaster  casts,  have  been  found  in  abundance 
near  the  sites  of  many  of  the  cities  of  antiquity.  The 
paste  employed  in  producing  their  terra-cotta  figures 
by  the  Greeks,  is  distinguished  from  that  of  the  vases 
by  its  being  softer  and  more  porous.  It  yields  easily 
to  the  touch  of  a  steel  instrument,  and  emits  a  dull 
sound  when  struck ;  nor  does  it  attain  to  any  great 
degree  of  hardness  when  submitted  to  a  high  tempera- 
ture. Its  color  varieB  from  a  deep-red  to  pale-straw ; 
and  a  similar  degree  of  variety  may  be  observed  in  the 
texture  and  density  of  objects  from  different  localities. 
The  terra-cotta  of  antiquity  may  be  distinguished  from 
modern  works  of  the  same  class,  by  its  greater  lightness 
as  well  as  by  its  softness. 

The  terra-cotta  figures  and  architectural  ornaments 
of  the  Greeks,  were  constantly  painted  by  a  body  of 
artists  who  appear  to  have  devoted  themselves  entirely 
to  such  occupations.  They  adopted  both  a  conven- 
tional system  of  polychromatic  adornment,  and  also 
such  coloring  as  might  be  considered  to  have  been 
based  upon  the  natural  and  appropriated  distribution 
and  harmony  of  the  different  tints.  Gilding  was  occa- 
sionally introduced,  though,  as  it  would  seem,  only  with 
a  sparing  hand.  The  colors  employed  were  apparently 
in  most  cases  derived  from  coarse  earths,  of  the  same 
kind  as  those  from  which  the  ware  itself  was  fabricated. 
Colors  of  metallic  origin  were  more  rarely  introduced. 
Egypt  supplied  smalt  for  the  cerulean  blue ;  a  Cyprian 
blue  was  also  used,  and  subsequently  indigo.  Other 
colors  were  obtained  from  various  parts  of  Greece,  or 
from  Greek  colonies  and  dependencies.  Pliny,  as 
quoted  by  Birch,  speaks  of  a  painter  upon  terra-cotta 
in  the  words,  figlinum  opus  encausto  pinxit;  but  it  has 
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not  yet  been  ascertained  whether  any  examples  of 
encaustic  painting  upon  Greek  terra-cotta  have  been 
discovered. 

Amongst  the  almost  innumerable  variety  of  objects 
that  the  ancient  Greeks  made  in  terra-cotta,  were  small 
cones  or  pyramids,  about  three  and  a  half  inches  high, 
and  perforated  near  the  top.  They  were  commonly 
inscribed,  and  they  are  supposed  to  have  been  attached 
to  the  necks  of  cattle.  They  are  frequently  found  in 
the  fields  in  Attica  and  other  parts  of  Greece.  Similar 
cones  have  also  been  found,  which  are  perforated  ver- 
tically. Some  specimens,  almost  of  a  bell-shape,  were 
discovered  near  Sebastopol  and  at  Kertch.  Small  fiat 
discs  of  pale-red  or  yellow  terra-cotta,  pierced  with  two 
holes,  and  ornamented  on  one  side  with  a  star  in  relief, 
and  with  the  letters  A  and  E  on  the  other  side,  have 
been  found  in  excavations  at  Tarsus.  Others  have 
been  discovered  in  Lycia. 

The  Greeks  habitually  made  from  baked  clay  the 
lamps  which  provided  light  within  their  dwellings. 
They  are  found  to  have  assumed  a  great  variety  of 
shapes,  many  of  them  exactly  resembling  those  dis- 
covered at  Eome,  and  others  differing  most  essentially 
both  from  the  prevailing  Roman  types  and  from  one 
another.  The  distinguishing  characteristics  of  the 
Greek  lamps,  are  the  superior  fineness  of  their  paste, 
and  its  paler  hue  after  leaving  the  furnace,  their 
smaller  size  and  more  delicate  art,  and,  above  all,  their 
inscriptions.  The  Greek  lamps  of  terra-cotta  that  have 
hitherto  been  discovered  are  all  of  the  period  of  the  Ro- 
man dominion,  and  consequently  they  may  be  grouped 
with  corresponding  works  produced  in  other  parts  of  the 
empire.  In  the  neighborhood  of  ancient  Greek  cities 
they  exist  in  great  numbers.  Several  hundreds  have 
been  taken  from  excavations  at  Tarsus  and  at  Calymna, 
and  many  other  places  have  been  almost  as  prolific  in 
these  interesting  fictile  relies  of  the  Greeks. 

Greek  Vases. — Fictile  vessels  of  various  shapes 
and  sizes  were  employed  by  the  Greeks,  as  they  were 
by  the  Egyptians,  for  every  conceivable  purpose  which 
it  would  be  possible  for  them  to  accomplish.  They 
performed  the  several  duties  which  are,  in  this  coun- 
try, assigned  to  casks,  boxes,  cases  of  whatsoever  kind, 
baskets,  and  such  articles  of  furniture  as  are  intended 
to  contain  and  preserve  different  articles,  as  well  as 
those  offices  which  are  considered  to  be  peculiarly  appro- 
priate to  pottery  and  porcelain.  The  vases  of  the  Greeks 
accordingly  admit  of  a  ready  classification,  not  only  in 
their  artistic  capacity  and  their  chronology,  but  also  in 
reference  to  the  uses  which  they  were  severally  in- 
tended to  fulfil.  By  far  the  greater  number  of  these 
vases  was  decorated  with  painted  figures  and  various 
devices,  and  their  surfaces  were  covered  with  a  glaze  ; 
but  there  were  some  varieties  of  vases  which,  in  addi- 
tion to  the  glazed  examples  of  the  same  classes,  were 
made  in  great  quantities  in  simple  unglazed  terra-cotta. 
The  most  capacious  of  these  terra-cotta  vases,  were 
tubs  or  casks  called  pitlioi,  and  they  were  calculated  to 
contain  enormous  quantities  of  wine,  honey,  corn,  or 
other  stores.  They  have  the  shape  of  either  oblong 
or  globular  caldrons,  with  wide  mouths.  When  full 
the  pitJws  had  its  mouth  closed  with  a  large  circular 
stone  entitled  Icithon.    Fragments  only  of  pithoi  have 


hitherto  been  found  in  Greece  itself;  but  Italy  has 
yielded  some  complete  specimens  of  gigantic  dimen- 
sions. Others  have  been  discovered  in  Asia  Minor, 
and  still  more  recently  in  the  Crimea.  They  were 
constructed  by  a  peculiar 
process,  which  may  be  FJg.484. 
described  as  plastering  the  ^eaWKMiga--. 
clay  upon  a  frame-work  of 
wood.  Thepithoi  are  best 
known  from  the  circum- 
stance of  Diogenes  having 
established  himself  in  one 
of  them,  as  in  a  domicile 
well  suited  to  the  simple 
requirements  of  a  philo- 
sopher, from  which  he 
stretched  out  his  body  on 
the  occasion  of  his  celebrated  interview  with  Alexander. 
This  incident  is  represented  in  some  works  of  ancient 
ceramic  art — Fig.  434 — one  of  them,  a  fragment  of  a 
lamp,  being  in  the  British  Museum. 

The  terra-cotta  vase  that  was  in  most  general  use. 
both  for  commercial  and  domestic 
purposes,  was  the  ampliora.  It  is  Fig.  435. 
either  cylindrical  in  form  or  egg- 
shaped,  and  always  has  two  handles. 
The  cylindrical  amphora — Fig.  435 — 
has  a  tall  neck,  on  either  side  of 
which  the  handles  rise  from  the 
shoulders  to  the  head  of  the  vase. 
Its  base  is  generally  a  solid  cone,  for 
the  purpose  of  fixing  it  in  an  upright 
position  upon  the  deeply  sanded  floor 
of  the  storehouse  in  which  it  would 
be  deposited.  Amphora?  of  the  form 
represented  in  Fig.  436,  are  much  less 
common  than  those  of  the  cylindrical 
figure.  These  vessels  of  the  long 
shape  are  represented  upon  Athenian 
and  other  Greek  coins.  Upon  the 
silver  tctradrachma:  of  Athens,  they 
appear  lying  horizontally  with  an  owl 
perched  upon  them,  and  they  pro- 
bably allude  to  the  Attic  export  trade  in  oil,  which  was 
shipped  in  these  vases.    Throughout  Greece  itself,  and 

Fig.  438.  Fig.  437. 


wherever  Greek  influence  had  ever  extended,  there  the 
remains  of  amphora  have  been  discovered.    In  many 
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instances  the  vessels  themselves  have  been  preserved  ; 
but  the  more  prevalent  relics  are  the  handles,  which 
are  constantly  found  in  great  abundance  when  all  other 
parts  of  the  vessels  have  disappeared.  These  handles 
are  either  slightly  curved,  as  in  Fig.  435,  or  they  rise 
perpendicularly  from  the  body  of  the  vase,  and  are 
attached  to  its  head  by  horizontal  shoulders,  after  the 
manner  of  Fig.  437.  The  handles  are  solid,  and  vary 
in  height  from  about  ten  to  twelve  inches,  the  amphora; 
varying  from  three  to  four  feet.  A  peculiar  interest 
attaches  itself  to  these  amphora  handles,  in  conse- 
quence of  their  being  generally  impressed  with  a 
stamped  inscription  contained  within  a  circular  medal- 
lion, or  an  oblong,  oval,  or  lozenge-shaped  cartouche. 
These  inscriptions  record  the  names  of  local  magis- 
trates and  merchants,  with  that  of  some  month ;  and 
they  sometimes  are  accompanied  with  a  device  typical 
of  the  place  of  their  manufacture.  Thus  the  Ehodian 
amphorae  are  stamped  with  a  head  of  Apollo  sur- 
rounded with  rays,  or  with  a  full-blown  rose,  which 
was  the  emblem  of  Rhodes  so  long  as  the  island 
retained  its  independence,  the  Apollo  Helios — the  sun 
— being  identical  with  the  famous  colossus.  In  many 
examples  the  medallion  is  found  to  have  been  stamped 
upon  the  body  of  the  vase.  The  paste  from  which  the 
amphora;  of  Rhodes  were  formed,  is  singularly  pure 
and  tenacious.  The  color  is  pale  externally,  deepen- 
ing within  to  a  bright  salmon  hue.  The  clay  of  the 
Cnidian  amphora;  is  coarser  than  that  of  the  Rhodian. 
In  color  it  is  darker  and  duller,  and  it  breaks  with  a 
rugged  instead  of  a  sharp  and  clean  fracture,  display- 
ing particles  of  a  black  micaceous  sand.  The  com- 
position of  these  vases  exhibits  other  varieties  in  speci- 
mens fabricated  in  different  localities,  and  the  types 
apparent  in  the  stamps  comprehend  various  devices. 

Greek  vases  in  terra-cotta  have  been  occasionally 
discovered,  which  were  evidently  designed  for  a  diver- 
sity of  uses.  There  is  a  vase  of  a  pale  clay  in  the 
British  Museum  that  is  covered  with  a  coating  of  lime, 
and  when  found  contained  human  bones;  this  is 
evidently  a  sepulchral  vase.    Several  other  vases,  also 
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apparently  sepulchral,  have  been  discovered  in  Italy. 
Others  again,  from  their  forms  and  the  style  of  their 
decorations,  may  be  presumed  to  have  been  made  for 
ornamental  purposes.  The  most  remarkable  are  those 
that  have  been  modelled  in  the  forms  of  the  heads  of 
Bacchantes  and  other  figures.    This  last  class  of 


terra-cotta  vases  comprehends  many  curious  specimens 
of  the  rhyton,  a  drinking  goblet,  modelled  in  the  shape 
of  animals'  heads,  Fig.  438,  or  having  long  reeded 
bodies,  with  amochoce  or  jugs  and  other  vessels  orna- 
mented with  figures  in  high  relief.  Many  of  these 
objects  have  evidently  been  adapted,  from  works  in 
metal,  to  the  plastic  materials  that  have  survived  the 
destruction  of  their  metallic  models.  The  tombs  of 
Italy,  and  sometimes  those  of  Greece,  have  been  found 
to  contain  vases  of  simple  terra-cotta,  that  had  been 
substituted  for  the  glazed  ware  more  generally  employed 
in  the  sepulchral  rites  then  prevalent  in  those  countries. 
Such  vessels  exhibit  a  great  diversity,  both  in  their 
sizes  and  forms  and  in  their  decorations.  Color  was 
freely  introduced  as  a  means  for  executing  the  decora- 
tions of  terra-cotta  vases  of  every  class ;  modelling  in 
relief,  however,  must  be  regarded  as  the  system  of 
ornamentation  more  generally  prevalent. 

Greek  Glazed  Vases  in  their  general  character- 
istics resemble  those  fabricated  in  unglazed  terra-cotta, 
their  own  distinctive  qualities  consisting  in  their 
peculiar  excellence  as  works  of  ceramic  art,  together 
with  the  glaze  that  is  suffused  over  their  surfaces. 
The  paste  or  body  of  which  these  vases  are  composed 
is  remarkably  fine  and  light,  tender  in  its  texture  and 
very  porous,  deeper  in  tone  than  the  ordinary  terra- 
cotta, and  giving  forth  a  metallic  sound  when  struck. 
In  different  vases,  however,  which  possess  in  the  same 
degree  all  the  other  characteristic  qualities  of  their 
class,  the  texture  varies  considerably,  being  sometimes 
so  hard  as  scarcely  to  admit  of  being  cut  with  a  knife, 
while  in  other  cases  it  is  sufficiently  soft  to  receive 
impressions  from  a  finger-nail.  Natural  clays,  selected 
from  their  fitness  for  the  purposes  required  to  be  fulfilled 
by  them,  appear  to  have  been  almost  exclusively  used 
by  the  Greek  potters ;  and,  indeed,  it  is  doubtful  whether 
they  ever  introduced  any  foreign  substances  into  their 
clays.  As  a  matter  of  course  they  may  have  mixed 
together  clays  which,  as  their  experience  had  taught 
them,  were  distinguished  by  contrary  qualities,  both 
before  they  were  placed  in  the  furnace  and  while 
exposed  to  the  action  of  the  fire ;  and  thus  pastes  may 
have  been  obtained  which  were  either  more  or  less  fat 
or  dry,  and  might  prove  more  readily  fusible,  or  might 
be  more  refractory  in  resisting  the  influence  of  a  high 
temperature.  For  the  vases  of  the  red  ware  it  has 
been  supposed  that  the  paste  received  an  admixture  of 
oxide  of  iron;  and  certainly,  in  some  of  these  specimens, 
the  paste  has  been  found  to  contain  this  metallic  oxide 
somewhat  largely.  At  the  same  time,  it  is  most  true 
that  many  clays  are  naturally  impregnated  with  that 
substance.  In  the  Greek  vases  of  Campania  the  pastes 
have  been  proved  to  contain  a  considerable  proportion 
of  the  oxide  of  iron,  as  is  apparent  from  the  following 
mean  of  eight  analyses  of  this  pottery,  made  by  M. 
Salvetat  at  Sevres : — 

Centesimnlly. 


Silica,   55-88 

Alumina   18-88 

Oxide  of  iron,   15.8 

Lime   7-48 

Magnesia,   1*63 

Loss,   0*33 


100-00 
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BRONGNrATtT  gives  the  following  as  the  mean  result 
of  his  analyses  of  the  paste  of  Italo-Greek  vases  :— 


Silica,   55-49 

Alumina,   19-21 

Oxide  of  iron,   16-55 

Carbonate  of  lime,   7*48 

Magnesia,   1-78 


The  comparative  results  of  several  other  analyses  of 
this  paste,  show  the  wide  range  of  the  proportions 
assumed  by  the  component  elements  in  vases  from 
different  localities.  In  these  analyses  the  silica  varies 
from  55  to  32 ;  the  alumina  from  24  to  15 ;  the  lime 
from  10  to  7 ;  and  the  oxide  of  iron  from  24  to  12. 

The  ordinary  paste  of  Greek  vases  in  other  localities 
has  a  natural  character,  and  is  comparatively  free  from 
the  presence  of  the  metallic  oxide. 

In  the  paler  pastes  the  proportion  of  the  lime  is 
increased.  The  ware  has  been  found  to  fuse  at  40° 
Wedgwood,  and  it  certainly  was  exposed  by  the  Greeks 
only  to  a  low  temperature.  It  is  remarkably  porous, 
allowing  water  to  exude.  Its  extreme  lightness  was 
considered  by  the  ancients  one  of  its  most  important 
qualities.  Certain  sites  in  ancient  times  enjoyed  a  high 
reputation  for  their  plastic  clays.  The  excellent  ma- 
terials for  their  pottery,  however,  were  found  by  the 
Greeks  to  have  been  distributed  by  nature  through  every 
region  in  which  their  artists  practised  their  vocation. 

The  colors  used  by  the  artists  who  painted  the 
glazed  vases  of  the  Greeks,  were  chiefly  black,  white, 
brown,  yellow,  and  red ;  the  last  three  being  variously 
modified  in  their  tone.  These  hues  were  protected, 
at  the  same  time  that  their  brilliancy  was  enhanced,  by 
a  fine  thin  glaze,  which  is  both  lustrous  and  trans- 
parent. The  white  and  other  hues  used  upon  these 
vases  are  not  enamels,  but  opaque  clays,  or  engobes, 
painted,  after  sketches  of  the  designs  had  been  executed, 
upon  the  clay.  In  many  specimens,  from  which  the 
coloring  has  peeled  off,  the  sketches  exhibit  an  admir- 
able freedom  of  hand,  and  the  most  spirited  treatment. 
The  glaze  was  spread  over  the  entire  external  surface 
of  the  vases,  except  the  under  part  of  their  bases,  and 
then  the  vases  were  baked;  and  afterwards  the  painting 
was  completed.  The  additional  colors  that  were  laid 
on  after  the  firing,  were  also  subjected  to  the  action  of 
the  furnace,  but  at  a  comparatively  low  temperature. 
The  white  paint  has  been  considered  to  have  been  a 
white  alumina  or  pipe-clay,  or  a  carbonate  of  lime;  or 
a  mixture  of  carbonate  of  lime  and  oxide  of  iron. 
The  same  oxide  has  been  detected  in  the  rich  crimson 
of  the  oldest  vases,  and  iron  in  another  proportion  in 
the  lighter  red.  The  yellow  is  an  ochre.  Bkong- 
niart,  contrary  to  an  opinion  accepted  by  many 
persons,  denies  the  presence  of  manganese  in  the  black 
paint  used  by  the  Greek  vase-painters,  and  attributes 
that  important  color  to  a  metallic  oxide.  Various 
other  theories  exist  with  reference  to  the  true  nature 
of  this  black,  which  assumes  different  hues  under 
different  conditions.  On  the  vases  of  Vulci,  for  ex- 
ample, it  has  a  greenish  hue.  It  often  approaches  a 
deep  grey  on  the  Campanian  vases,  while  on  those  of 
Nola  and  Care  its  blackness  is  rich  and  glossy,  like 
that  of  polished  jet. 

The  Greek  glaze  differs  essentially  from  the  lead  and 


tin  enamels  of  Assyria,  and  the  copper  enamel  of 
Egypt,  since  it  is  an  alkaline  silicate,  containing  a 
certain  portion  of  oxide  of  iron.  The  black  glaze 
employed  in  the  Greek  vases,  especially  those  found  in 
Campania,  has  been  supposed  to  be,  in  great  part,  due 
to  volcanic  ashes  spread  by  the  brush  over  the  parts 
required,,  the  vase  being  then  exposed  to  the  heat 
necessary  for  their  fusion.  The  analysis  of  this 
Campanian  glaze,  according  to  Salvetat,  produces 
the  following  results : — 


Silica   46-30 

Alumina,   11-90 

Lime,   5' 70 

Soda,  ,   17-10 

Oxide  of  iron,    16*10 

Loss   2-90 


100-00 

Except  in  the  quantity  of  soda,  this  compound  differs 
but  little  from  some  volcanic  ashes.  In  other  analyses 
of  the  black  glaze,  the  results  have  given — ■ 


Silica  63-00  or  55-49  and  55-88 

Alumina,  20-00  "  19-21  "  18-88 

Oxide  of  iron                    4-00  "  16-55  ''  15-80 

Carbonate  of  lime             9-00  "  7-48  "  7-48 

Magnesia,                      2-00  "  1-27  "  1-63 

Water                          2-00  "  —  "  — 

Loss,                             —  "  —  »  -73 


100-00  100-00  100-00 
In  executing  the  subjects  painted  upon  vases,  the  early 
practice,  as  exemplified  in  vases  about  seven  hundred 
years  before  Christ,  was  to  sketch  the  figures  and 
patterns  in  red  upon  a  reddish  body,  and  then  to-  color 
the  composition  with  a  black  glaze,  after  which  the 
vases  were  fired.  Engobes  of  white  and  red  were  added 
in  parts,  and  portions  of  the  figures  were  picked  out 
by  incising  through  the  glaze  with  a  pointed  instru- 
ment. Somewhat  later  the  design  was  sketched  in 
black  instead  of  red.  In  other  early  examples  the 
ground  of  the  vases  is  of  an  ash-color,  and  the  designs 
were  executed  in  black,  white,  and  red,  with  incised 
lines.  In  these  vases  the  grounds  were  very  com- 
monly represented  as  being  semee  with  flowers.  To 
this  class  of  vases  there  succeed  those  with  black  figures 
laid  upon  light  grounds.  They  have  the  inner  lines  of 
the  figures  cut  down  to  the  ground  of  the  vases  with  the 
graving-tool,  and  their  accessories  have  been  picked 
out  in  crimson  or  maroon  color,  and  white.  About  four 
hundred  years  before  Christ  the  vases  attained  to  their 
highest  degree  of  artistic  perfection,  when  the  figures 
and  other  objects  appeared  in  red  upon  grounds  covered 
with  the  black  glaze,  which  had  followed  the  contours 
of  the  several  objects.  In  these  vases,  in  place  of  the 
earlier  incised  lines,  the  inner  lines  were  executed  in 
black  with  the  brush — a  technical  change  which  greatly 
facilitated  the  free  and  effective  action  of  the  artist.  The 
subjects  represented  upon  the  vases  of  this  period  are 
such  as  may  have  been  suggested  by  the  contemporary 
works  of  the  great  painters,  and  by  those  also  of  the 
favorite  authors  of  the  day.  They  for  the  most  part 
represent  mythic  scenes,  genuine  historical  subjects 
unfortunately  being  rare.  The  sepulchral  hcythi  of 
the  same  period,  and  the  aldbastra  or  unguent  vessels, 
were  formed  of  a  fine  white  clay  covered  with  a  white 
pigment,  on  which  designs  have  been  traced  in  black, 
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red,  and  brown.  The  progressive  decline  of  Greek  art 
after  the  time  of  Alexander  the  Great,  is  very  clearly 
indicated  by  examples  of  vases  still  in  existence,  and 
which  are  to  bo  referred  to  that  period  of  decadence. 
In  their  shapes  the  vases  gradually  became  less  and 
less  elegaut.  The  subjects  introduced  upon  them  lost 
their  noble  simplicity,  and  became  confused  and  exag- 
gerated. Modelling  in  relief  was  intermixed  with  the 
painted  compositions.  The  figures  that  still  were 
painted  became  indistinct  in  their  outlines,  and  were 
often  crowded  with  details  carelessly  designed,  and 
accompanied  with  the  most  unsatisfactory  efforts  to 
accomplish  perspective  and  the  effect  of  distance.  The 
designs  in  these  later  vases,  whatever  they  may  be, 
were  drawn  in  red  upon  a  black  ground,  the  inner 
markings  of  the  figures  having  been  less  carefully  indi- 
cated than  was  invariably  the  case  in  earlier  examples. 
Patches  also  of  white  and  red  have  been  introduced 
into  the  accessories,  which  effectually  destroy  the  mono- 
chrone  simplicity  of  the  earlier  paintings. 

The  true  glory  of  the  vases  of  the  Greeks  consists 
in  the  gracefulness  and  beauty  of  their  shapes.  It  is 
in  their  application  of  form  in.  art  that  the  Greeks  may 
justly  claim  to  have  excelled  all  other  nations.  What- 
ever the  particular  aim  of  the  Greek  potter,  the  plastic 
material  under  his  command  assumed  a  chaste  sim- 
plicity or  a  dignified  nobleness  of  form.  Greek  vases, 
accordingly,  are  to  be  studied  not  merely  in  consequence 
of  their  archaeological  and  artistic  interest,  but  also  as 
examples  of  the  most  masterly  treatment  of  the  ceramic 
art.  In  many  instances,  pecu- 
liarly adapted  to  the  require- 
ments of  Greeks  who  lived  in 
ancient  Greece,  these  vases  may 
have  ceased  to  fulfil  the  require- 
ments of  an  existing  generation. 
While,  therefore,  the  modern 
potter  judiciously  declines  to 
produce  mere  servile  imitations 
of  even  the  noblest  Grecian 
models,  he  finds  in  the  humblest 
as  well  as  the  most  important 
vases  of  the  Greeks,  subjects  for 
careful  and  thoughtful  study; 
and  he  learns  from  them  by  what 
means  he  may  improve  the  prac- 
tical application  of  his  own  art, 
without  sacrificing  its  originality 
or  perverting  its  usefulness. 
And  when  they  proceeded  to 
apply  painting  to  their  beauti- 
fully formed  vases,  the  Greeks  did  more  than  increase 
their  commercial  value,  and  improve  their  appearance  as 
objects  of  daily  use.  The  vases  thus  were  empowered 
to  transmit  to  distant  ages  the  traditions  of  the  Greek 
schools  of  art ;  and  they  became  an  inexhaustible  source 
for  illustrating  the  mythology,  the  manners,  customs, 
and  literature  of  Greece. 

At  first  sight  it  might  be  supposed  that  all  the  Greek 
vases  hitherto  discovered,  however  great  their  variety, 
and  however  large  their  numbers,  were  either  directly 
or  indirectly  designed  for  the  express  purpose  of  taking 
a  part  in  the  sepulchral  and  monumental  ceremonials 


of  the  Greeks.  Such  an  opinion  might  have  been 
deduced  from  the  circumstance  that  every  known 
example  has  been  obtained  from  some  Greek  sepul- 
chre. But  upon  more  mature  reflection,  in  the  great 
majority  of  instances  these  vases  appear  to  have  been 
used  in  many  ways  by  the  living,  before  they  were 
consigned  to  the  still  more  secure  guardianship  of  the 
dead.  It  has  been  proved  that  vases  that  had  been 
won  as  prizes  in  the  public  games,  were  afterwards 
placed  in  the  victors'  tombs.  In  scenes  painted  upon 
other  vases  obtained  from  sepulchral  deposits,  various 
kinds  of  vases  are  represented  in  use ;  and  the  very 
forms  and  adornments  of  many  varieties  can  scarcely 
fail  to  bo  accepted  as  conclusively  demonstrative  of  the 
purposes  to  which  they  had  been  applied,  previous  to 
their  final  consignment  to  the  sepulchres. 

At  a  very  early  period  of  Greek  history,  fictile  vases 
were  not  employed  to  receive  and  preserve  the  ashes 
of  the  dead.  The  Etruscans,  as  is  proved  by  their 
cemeteries,  buried  their  dead;  tire  bodies  being  laid 
upon  couches  in  the  sepulchral  chambers,  with  their 
personal  ornaments,  their  arms,  furniture,  and  vases. 
After  the  heroic  age,  when  cremation  was  generally 
prevalent  amongst  the  Greeks,  vases  began  to  be  used 
as  receptacles  of  the  ashes ;  but  they  also  continued  to 
be  placed  in  the  sepulchres  for  votive  purposes,  and  as 
either  memorials  of  the  past  or  in  imaginary  association 
with  the  future.  Amongst  the  Romans  the  custom 
prevailed  of  employing  fictile  vases  in  their  religious 
rites,  including  such  as  were  connected  with  the  inter- 


ment of  the  ashes  or  remains  of  their  dead.  For  such 
purposes  the  finest  vases  of  the  Greeks  were  conveyed 
to  Rome,  where,  after  the  libations  had  been  duly  per- 
formed, the  vases  themselves  were  broken,  and  the 
fragments — like  the  broken  sword-blades  in  the  Celtic 
barrows — deposited  in  the  corners  of  the  sepulchres. 

The  character  of  the  sepulchres  in  which  the  vases 
have  been  found  varies  considerably  in  different  locali- 
ties of  Greece,  Italy,  and  Asia  Minor.  Thus,  the  places 
of  interment  in  Greece  itself  are  graves  small  in  size, 
and  sunk  to  the  depth  of  several  feet  below  the  surface ; 
while  in  Italy,  sepulchral  chambers  and  stone-built 
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tombs  predominate.  The  chambers  from  which  the 
largest  and  finest  vases  have  been  obtained,  are  exca- 
vations in  the  rocks,  such  as  the  Etruscan  tomb  at 
Veii,  represented  in  Fig.  439.  Others  of  the  early 
tombs  of  Italy  were  tunnelled  in  the  earth.  In  Southern 
Italy,  and  particularly  in  Campania,  they  are  large 
chambers  beneath  the  surface ;  or  smaller  tombs,  formed 
of  slabs  of  stone,  somewhat  after  the  manner  of  medi- 
aaval  stone-coffins,  contained  both  the  remains  of  the 
dead,  and  the  vases  that  were  deposited  with  them. 
Fig.  440  represents  a  tomb  of  this  description,  which 
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has  been  partially  uncovered.  In  both  examples  the 
ordinary  arrangement  of  the  vases  is  clearly  shown. 
The  later  resting-places  of  the  Roman  soldiery  and  of 
the  poorer  classes  of  Roman  citizens,  made  of  tiles, 
wore  of  the  same  shape.  Other  tombs  of  larger  dimen- 
sions are  also  found,  sometimes  carefully  constructed 
of  hewn  stones,  while  others  are  formed  of  rough  and 
massive  stonework.  The  human  remains  and  the  vases 
are  very  commonly  accompanied  with  weapons,  orna- 
ments, and  other  relics,  of  bronze,  iron,  and  the  pre- 
cious metals.  It  is  by  no  means  uncommon  to  discover 
a  large  number  of  vases  in  a  single  tomb;  thus  Sir 
William  Hamilton  has  recorded  having  seen  a 
sepulchre  in  the  archiepiscopal  garden  at  Polignano,  in 
which  the  archbishop  had  himself  found  more  than 
sixty  vases,  including  several  of  the  largest  size  and 
the  utmost  beauty.  When  discovered,  the  vases  are 
found  to  be  arranged  about  the  human  remains,  piled 
up  in  corners,  and  hung  around  the  inside  of  the 
tomb  upon  hooks,  or  nails,  of  bronze  or  iron.  Very 
many  have  received  some  degree  of  injury ;  others  are 
in  a  complete  state  of  preservation.  Some  few  still 
retain  the  rivets  with  which,  having  been  broken, 
they  had  been  mended  in  ancient  times.  The  oldest 
express  mention  of  these  vases  in  Greek  authors  is 
made  by  the  poet  Pindar,  who  flourished  five  hun- 
dred and  twenty-five  years  before  Christ.  Those 
deposited  in  the  Athenian  graves  are  distinctly  alluded 
to  by  Aristophanes.    Painted  vases  are  mentioned 


by  ATHENiEUS,  Suetonius,  Strabo,  and  the  later 
scholiast  of  Theocritus.  To  determine  the  age  of  the 
oldest  existing  specimens  with  anything  approaching  to 
exact  accuracy,  is  not  possible.  Some  seem  to  be  coeval 
with  the  first  dawn  of  Hellenic  civilization,  and  many 
have  been  made  at  the  same  period  with  the  earliest  fictile 
works  of  the  Etruscans.  Between  Olympiads  eighty- 
four  and  ninety — before  Christ  four  hundred  and 
forty-four  and  four  hundred  and  four — glazed  vases  of 
great  excellence  were  produced.  During  the  succeeding 
half  century,  the  art  attained  its  highest  perfection.  The 
close  of  another  fifty  years  brought  with  it  unquestion- 
able evidences  of  an  incipient  decadence.  Alexander 
the  Great  introduced  into  Greece  vases  made  of  the 
precious  metals,  after  which  the  finest  varieties  of  fictile 
vases  fell  into  disuse.  Before  the  middle  of  the  third  cen  - 
tury  before  Christ,  Plutarch  has  represented  metal 
vases  to  have  been  in  common  use  at  Sparta;  and, 
consequently,  it  may  be  inferred  that  pottery  of  every 
kind  was  becoming  comparatively  rare.  During  the 
first  century  before  Christ,  vases  of  earthenware  were 
entirely  superseded  by  works  in  metal ;  and  in  the  time 
of  Augustus  they  were  regarded  both  as  rarities  and 
as  objects  of  antiquarian  curiosity.  The  best  and  most 
accurate  chronological  classification  of  Greek  vases 
appears  to  be  as  follows: — 

Period  I. — Archaic  Greek  vases,  four  hundred  and 
fifty  years  before  Christ. 

Period  II. — Fine  Greek  vases,  from  four  hundred  and 
fifty  to  four  hundred  years  before  Christ. 

Period  III. — Finest  Greek  vases,  from  four  hundred 
to  three  hundred  and  seventy-five  years  before  Christ. 

Period  IV. — Greek  vases  of  the  decadence,  from  three 
hundred  and  seventy-five  to  two  hundred  and  twenty- 
five  years  before  Christ. 

Period  V. — Debased  Greek  vases,  after  two  hundred 
and  twenty  years  before  Christ. 

A  second  classification,  which  has  reference  to  the 
uses  of  the  vases  and  their  nomenclature,  must  be 
determined  by  their  sizes  and  shapes,  and  in  some 
degree  also  by  their  artistic  character.  Amongst  the 
most  important,  and  also  the  most  characteristic  of 
the  varieties  which  may  be  considered  to  have  been 
satisfactorily  identified,  the  amphora  is  the  best  known. 
In  their  general  character,  the  painted  and  glazed 
amphora;  resemble  those  in  terra-cotta — Fig.  435 — but 
at  the  same  time  they  admit  several  important  modifi- 
cations of  the  prevalent  type.  The  painted  amphora; 
generally  were  provided  with  flat  circular  feet,  as  in 
the  example  represented  in  Fig.  436.  The  forms  and 
arrangement  of  these  feet  vary  in  different  specimens ; 
and  other  variations  of  design  and  treatment  are 
apparent  in  the  forms  and  decorations  of  the  handles, 
and  in  the  contour  and  proportions  of  the  vases  them- 
selves. The  style  and  execution  of  their  decorative 
accessories  necessarily  depend  upon  the  period  to  which 
they  may  be  assigned.  The  amphorae  include  in  their 
numbers  the  most  admired  and  the  most  admirable  of 
the  vases  of  the  Greeks. 

The  pithos  is  a  jar,  with  a  wide  open  mouth,  of 
large  size. 

The  stamnos,  a  jar  used  to  contain  wine  and  oil,  has 
two  small  handles,  and  still  retains  its  name  in  Greece. 
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Amongst  other  uses,  the  hyrche,  a  large  species  of 
amphora,  served  to  hold  the  tickets  on  occasions  when 
lots  were  drawn  at  Athens.  The  lagynos  is  smaller, 
and  has  a  long  narrow  neck.  It  was  used  at  table  by 
the  Greeks,  and  is  the  vessel  which  the  stork  is  repre- 
sented in  the  fable  to  have  set  before  the  fox  at  dinner. 
The  title  ascos  is  applicable  to  several  vases,  which  are 
more  or  less  direct  imitations  of  the  ascoi,  or  wine-skins, 
commonly  used  in  Greece. 

The  cados  appears  to  be  a  globular  vessel  for  con- 
taining fluids. 

Fig.  411.  Fig.  412. 


The  calpis — Fig.  441 — a  water-vase,  used  also  for 
unguents,  and  sometimes  made  to  contain  the  lots  of 
the  judges,  is  principally  found  in  the  sepulchres  of 
Southern  Italy.    It  has  three  handles,  like  the  hydria 


Fig.  443. 


Fig.  444. 


— Fig.  442 — -which  predominates  at  Vulci  and  other 
more  Northern  districts.  The  hydria  is  the  older  type, 
and  it  has  been  identified  from  the  circumstance  of  the 
word  HTAPIA  being  inscribed  over  a  vase  of  this 
shape  in  a  vase-painting,  representing  Polyxena  going 
out  from  Troy  to  draw  water  from  the  fountain.  In 
other  painted  scenes,  liydrise  are  represented  on  the 
heads  of  females  who  have  been  drawing  water.  These 
vases  are  generally  black,  and  are  ornamented  with  a 
frieze  above  the  principal  painting. 

The  crossos,  a  two-handled  vase,  was  used  in  water- 
drawing. 

The  distinctive  peculiarity  of  the  rhyton — Fig.  438 
— consists  in  its  form  being  such,  that  it  could  not  be 
set  down  except  when  empty.  It  was  made  in  the 
highest  perfection  in  the  time  of  Ptolemi  Piiila- 
df.lpiius,  about  three  hundred  years  before  Chkist. 

The  lecythus — Fig.  443 — or  oil-cruet,  found  chiefly 
VOL.  II. 


in  Greece  and  in  Southern  Italy,  commences  with  the 
early  vases  having  black  figures,  and  terminates  with  the 


best  vases  with  red  figures  and  white  grounds.  Another 
well-known  vase,  of  a  jug-like  shape,  and  having  a 
spout  and  a  single  handle,  is  the  mnochoe,  which  appears 
in  the  frieze  of  the  Parthenon ;  the  olpe  is  supposed  to 
be  a  variety  of  this  vase.  Other  varieties  of  it  are  the 
prochoos,  the  aryballos — Fig.  444 — the  arystichos,  the 
aryter,  and  the  colylos.  The  aryballos  is  represented 
by  Fig.  444,  and  the  cyathos  by  Fig.  445. 

The  crater,  a  large  open  bowl  with  two  handles,  used 
as  a  wine-cooler,  and  found  in  Southern  Italy,  has 
various  modifications,  severally  distinguished  as  the 
holmos,  oxybaphon,  psycter,  and  celebe.  A  stand, 
having  a  hollow  reeded  foot,  upon  which  the  crater 
was  commonly  placed,  was  called  the  liypocraterion. 
Various  other  vases  of  bowl-like  forms,  and  adapted  to 
a  diversity  of  uses,  are  severally  distinguished  as  the 
elytra,  the  ihermanter,  the  liolcion,  and  others. 

Many  vases,  in  addition  to  the  rhyton,  were  made 
expressly  to  serve  as  drinking  cups  or  seyphi.  Of 
these  Homer  mentions  several  varieties  of  unknown 
forms.  The  most  celebrated  vase  of  this  class  is 
the  Tazza-shaped  cylix — Fig.  446 — which  takes  rank 
amongst  the  most  beautifully  formed  of  the  Greek 
fictile  works.  The  cantharos  and  the  carchesion,  also, 
were  popular  drinking  vases,  and  the  phiale,  a  flat  and 
saucer-shaped  vase,  was  almost  exclusively  used  in 
religious  ceremonials.  In  addition  to  those  already 
specified,  a  numerous  series  of  other  names  for  their 
different  vases  has  been  transmitted  to  modern  times 
in  the  literature  of  the  Greeks. 

The  potters  of  Greece,  like  their  predecessors  in 
Egypt,  used  the  wheel,  which  is  mentioned  in  Homer. 
The  processes  of  modelling  and  moulding  were  also  in 
constant  use  by  them.  To  one  or  other  of  these  two 
processes  the  Greek  potter  would  have  recourse  at 
every  period  of  his  art,  in  order  to  enable  him  to  pro- 
duce the  handles  and  certain  other  parts  of  his  vases, 
together  with  such  of  their  constructive  and  decorative 
accessories  as  he  might  desire  to  execute  in  relief. 
The  invention  of  moulding,  when  once  introduced, 
appears  to  have  become  generally  prevalent,  and  to 
have  been  employed  for  the  production  of  many  of  the 
smaller  plastic  works,  in  addition  to  the  details  and 
accessories  of  vases.  When  completed  on  the  wheel, 
and  after  the  modelled  or  moulded  additions  had  been 
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incorporated  with  the  bodies  of  the  vases,  the  ware 
was  partially  dried,  either  in  the  sun  or  in  a  furnace,  at 
a  low  temperature,  and  then  the  painting  took  place. 
When  the  glaze  had  been  laid  on  as  well  as  the  paint, 
the  rases  were  placed  in  the  furnace  and  carefully 


baked.  The  furnaces  themselves  are  often  represented 
in  gems,  and  upon  the  vases  which  they  produced. 
They  appear  to  have  been  of  a  very  simple  character, 
closely  resembling  the  tall  ovens  of  the  Egyptians — 
Eig.  430. 


Fig.  446. 


Amongst  the  Greeks  themselves  the  vases  of  Athens 
were  those  which  enjoyed  the  highest  reputation.  They 
have  been  found  ingreatnumbersin  Athenian  sepulchres, 
and  many  of  the  existing  specimens  are  unquestionably 


works  of  the  very  highest  excellence.  Some  of  the 
most  admirably  executed  of  the  Athenian  vases — Fig. 
447 — are  without  any  decorative  figures  or  patterns, 
but  are  simply  painted  black,  and  they  rely  for  their 


Fig.  447. 


effect  upon  their  beauty  of  form  and  the  careful  delicacy 
of  their  finish.  Other  examples  exhibit  a  diversity  of 
enrichments  produced  by  the  painter's  art.  Of  these  the 
Athenian  lecythus,  with  a  representation  of  Electra 
and  her  attendants  meeting  Orestes  at  the  tomb  of 
Agamemnon,  is  a  characteristic  specimen — Fig.  448. 


The  figures  which  are  represented  upon  this  vase 
will  not  fail  to  excite  attention. 

The  neighboring  isles  both  imported  their  vases 
from  Athens,  and  produced  other  ceramic  works  of  the 
same  class  themselves.  In  the  other  parts  of  the  main- 
land of  Greece  vases  are  frequently  found.    Next  to 
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Athens,  Corinth  has  been  the  most  productive ;  but, 
notwithstanding  the  ancient  celebrity  of  the  vases 
made  in  many  of  the  Greek 
cities,  a  small  number  only  of 
relics  have  been  discovered 
on  their  sites.  At  Athens 
there  were  two  pottery-quarters 
of  the  city,  or  ceramici — one 
within,  and  the  other  without 
the  walls.  Of  the  isles  of  Greece, 
Samos  from  the  oldest  times 
was  the  most  renowned  for  its 
fictile  wares.  Samian  pottery 
was  always  distinguished  for 
its  hardness,  and  for  the  fine- 
ness and  the  brilliancy  of  the 
red  color  of  its  paste.  It 
maintained  its  reputation  until 
the  days  of  the  Roman  empire, 
when  the  island  supplied  services 
of  its  pottery  to  the  imperial  city. 
Melos  and  iEgina  were  also 
famous  for  the  productions  of 
their  kilns.  Passing  eastward, 
the  inquirer  discovers  remains  of 
ancient  pottery  which  convince 
him  that,  throughout  the  Greek 
settlements  of  the  Lesser  Asia, 
the  ceramicart  had  flourished  fromthedays  of  the  earliest 
civilization.  Such  inferences  are  in  exact  accordance 
with  the  historical  records  preserved  in  the  writings  of 
antiquity.  Thus  Pliny  has  specified  the  qualities  of 
extreme  thinness  and  lightness  as  being  characteristic 
of  the  vases  of  Erytbrse  in  Ionia ;  and  he  adds  that 
two  amphora,  peculiarly  remarkable  for  those  much 
esteemed  qualities,  the  rival  productions  of  a  distin- 
guished Erythraean  potter  and  one  of  his  pupils,  were 
consecrated  in  a  temple  of  that  city;  and  the  same 
writer  has  specially  recorded  the  celebrity  enjoyed  in 
his  times  by  the  potteries  of  Tralles  and  Pergamos. 
These  statements  are  corroborated  by  other  ancient 
authors. 

Whatever  success  may  have  attended  the  operations 
of  the  Greek  potters  in  the  various  provinces  of  the 
Lesser  Asia,  they  sink  into  insignificance  when  brought 
into  comparison  with  the  remains  of  Greek  ceramic 
works  that  have  been  brought  to  light  in  Italy.  On 
Italian  soil,  in  ancient  times,  the  ceramic  art  found  a 
congenial  home ;  and  the  Greeks  who  settled  there 
worked  in  happy  harmony  with  the  Etruscan  occu- 
pants of  the  country.  The  finest  vases  of  pure  Greek 
design  and  workmanship,  and  by  far  the  greatest  num- 
ber of  Greek  vases  of  every  class,  have  been  discovered 
in  Italy.  Throughout  Etruria,  vases  that  are  decidedly 
Greek  in  their  characteristics  of  style  and  treatment, 
are  continually  discovered  in  close  association  with 
others  in  which  Etruscan  types  are  prevalent.  It  is 
highly  probable  that  not  a  few  of  the  Italo-Greek  vases 
were  imported  into  Italy  from  the  potteries  either  of 
Athens  or  of  some  of  the  Greek  isles  ;  but  at  the  same 
time  it  may  be  considered  to  be  beyond  all  question 
certain  that  vast  quantities  of  this  beautiful  ware  were 
produced  in  Italy  itself,  by  the  Greeks  who  had  settled 


and  become  established  there.  The  same  general . 
system  of  coloring  is  observed  to  have  prevailed  in  all 
the  vases  of  Italy,  whether  they  are  to  be  considered 
of  Greek  or  of  Etruscan  origin  :  thus,  the  figures  in  the 
early  Greco-Italian  vases  are  black ;  but  during  the 
best  period  of  Greek  art,  from  the  epoch  of  Piieidias 
and  Polygnotus,  before  Christ  four  hundred  and 
sixty,  to  before  Cueist  four  hundred,  the  figures  are 
red  upon  a  black  ground.  A  curious  and  also  an  emi- 
nently characteristic  example  of  the  vases  of  the  best 
Greek  period  is  the  liydria  in  the  British  Museum,  Eig. 
419,  upon  which  is  represented  the  device  adopted  by 

Fig.  449. 


Medea  to  induce  the  daughters  of  Peleus  to  put  to 
death  their  aged  father.  The  ram,  which  had  been 
restored  to  youth  by  the  enchantress,  is  in  the  act  of 
leaping  from  the  olla  or  cauldron ;  he  faces  Medea. 
Jason  is  on  the  opposite  side,  and  the  other  figures  of 
the  composition  are  behind  these  two  principal  actors  in 
the  scene.  The  design  is  painted  in  red  on  a  black 
ground ;  the  outlines  are  drawn  in  black,  and  the  minor 
workings  are  faintly  traced  in  red,  with  accessories  in 
white  and  crimson.  Another  fine  liydria  of  the  same 
style  and  period,  in  which  horses  and  biga3  are  intro- 
duced with  figures,  is  represented  in  Fig.  450.  It  was 
found  at  Vulci,  and  is  preserved  in  the  Museum  of 
Practical  Geology.  In  height  it  measures  twenty-two 
inches. 

In  every  district  of  Central  and  Southern  Italy  the 
active  influence  of  Greek  art  is  indicated  by  the  pre- 
sence of  fictile  remains,  frequently  of  great  excellence 
and  in  large  numbers.  The  character  of  the  vases, 
however,  differs  very  considerably  in  different  localities, 
and  with  rare  exceptions  they  indicate  some  degree  of 
artistic  decadence.  Here,  as  farther  north,  the  produc- 
tions of  Greek  settlers  or  works  imported  from  Greece 
may  be  considered  to  be  intermixed  with  relics  in 
which  local  influences  are  more  distinctly  evident. 
The  vases  also,  in  almost  every  instance,  are  to  bo 
assigned  to  some  period  not  earlier  than  the  fourth 
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century  before  our  era,  many  of  them  being  about  two 
centuries  later.  It  is  remarkable  that  after  the  arms 
of  Borne  had  conquered  Southern  Itaty,  about  the 
second  century  before  Christ,  the  Greco-Italian  settle- 
ments relapsed  into  utter  barbarism.    A  progressive 


decadence  in  art  may  be  observed  in  the  vases,  as  they 
approach  more  nearly  to  that  era.  Their  forms  are 
less  graceful,  the  subjects  show  a  painful  deterioration 
in  moral  feeling,  and  the  execution  of  the  whole  is  com- 
paratively coarse  and  degenerate.    The  Capuan  vases 


are  among  the  most  interesting  relics  that  Campania 
has  yielded  to  modern  research.  Those  found  at  Nola 
are  equally  remarkable,  and  they  comprise  examples 
of  all  the  principal  classes,  with  a  few  local  types. 
Their  distinguishing  characteristics  are  their  smaller 
size,  their  peculiar  elegance  of  form,  and  the  exquisite 
beauty  of  their  glaze,  which  is  frequently  an  intense 
black.  The  figure  subjects  that  adorn  these  vases 
comprehend  many  well-known  mythic  scenes  and  per- 
sonages, together  with  incidents  from  private  life  or 
local  history,  which  it  is  difficult,  if  not  impossible,  to 
explain.  In  the  execution  of  these  subjects,  the  figures 
are  generally  left  in  red,  by  painting  with  a  rich  and 
lustrous  black  glaze  upon  a  red  body  or  ground.  The 
details  of  the  figures  are  also  sketched  in  with  the 
same  black  glaze,  and  a  little  white  is  occasionally 
introduced.  Figs.  451  and  452  show  the  forms  and 
painted  decorations  of  two  beautiful  Campanian  vases 
that  are  in  the  Museum  of  Geology.  Fig.  452  was 
found  at  Nola.  Fig.  453,  from  the  same  collection,  is 
a  no  less  excellent  example  of  a  Campanian  ribbed 
vase,  of  about  two  hundred  years  before  Christ. 
It  was  turned  on  the  lathe ;  the  body  is  red  and  the 
glaze  black.  The  ornament  on  the  neck  is  in  engobe 
over  the  glaze,  and  in  part  incised  through  the 
glaze.  Among  the  shapes  particularly  local  at  Nola 
is  a  species  of  anochoe,  modelled  in  the  form  of  a 


head  generally,  but  not  always,  that  of  a  female. 
Vases  of  Nolan  fabric  are  found  distributed  through- 
Fig.  451. 


ont  Campania.  The  vases  of  Pxstum  have  pale  red 
figures  on  a  black  ground,  with  a  dull  varnish.  They 


POTTERY- 


-Roman. 


773 


are  of  a  late  period,  but  singularly  good  as  exam- 
ples of  the  age  to  which  they  belong.  Still  further 
South,  the  region  now  called  the  Basilicata  has  pro- 


Fig.  452. 


duced  an  abundant  store  or  vases,  which  illustrate  in  a 
significant  manner  the  decadence  of  Greek  art.  Here 
and  there  specimens  are  found 
Fig.  453.  0f  such   rich  and  superior 

character,  that  they  are  un- 
doubtedly importations  from 
Greece  itself,  and  several  styles 
or  gradations  of  style  may  be 
observed  in  the  genuine  Basi- 
licatan  vases  ;  but  the  pre- 
vailing characteristics  of  these 
vases,  in  addition  to  the  general 
inferiority  of  their  shapes, 
are  clumsy  forms  and  indis- 
tinct representations  of  figures, 
crowded  with  details,  and  ac- 
companied with  most  unsatis- 
factory attempts  to  render 
objects  in  perspective.  In  these 
vases  the  design  is  drawn  in  red 
on  a  black  ground,  in  the  same 
manner  with  the  examples  of 
a  purer  period ;  but  the  drawing 
is  bad,  and  the  inner  markings 
of  the  figures  are  carelessly 
indicated,  and  white  and  red 
patches  are  freely  introduced  into  the  accessories;  the 
glaze  also  has  a  leaden  hue.  The  subjects  are  gene- 
rally Dionysiac  and  Erotic  scenes,  and  they  commonly 
are  treated  in  a  manner  altogether  inconsistent  with 
that  simplicity  and  dignity  which  are  distinctive  cha- 
racteristics of  the  highest  class  of  ceramic  paintings. 
The  vases  found  at  Ruvo  comprehend  the  finest  works 
of  their  class  that  have  been  discovered  in  the  Basili- 
cata. The  Museum  of  Geology  supplies  a  characteristic 
specimen  of  a  vase  of  Ruvo — Fig.  454.  It  is  of  an 
early  period,  about  three  hundred  and  fifty-seven  years 
before  Ciihist,  and  the  execution  is  the  same  with 


that  employed  in  the  production  of  the  Campauian 
vases— Figs.  451  and  452.  It  is  a  singular  circum- 
stance that  in   Southern  Italy  the  vases  that  are 

Fig.  454. 


discovered  are  far  more  frequently  found  broken  into 
fragments,  than  in  a  condition  that  is  even  compara- 
tively perfect.  The  ceramic  works  produced  in  Sicily, 
either  by  Greek  settlers  or  under  Greek  influence, 
differ  in  no  material  points  from  the  corresponding 
remains  that  are  found  in  Italy ;  and  the  Greek  vases 
that  have  at  different  times  been  brought  to  light  along 
the  African  coast,  with  those  more  recently  discovered 
in  the  Crimea,  appear  to  have  been  importations  from 
Athens,  or  from  some  other  potteries  of  Greece. 

Roman  Pottery. — Terra-colta  was  used  by  the 
Romans  from  the  earliest  times  of  the  republic,  and 
also  during  the  era  of  the  kings,  for  the  production  of 
architectural  details,  accessories,  and  decorations,  as 
well  as  for  works  of  statuary.  Capitals  and  bases  of 
columns,  corbels,  the  crests  of  cornices,  the  frames  of 
windows  and  doors,  spouts,  bas-reliefs  for  friezes,  and 
almost  every  variety  of  object  that  was  employed  in 
Roman  architecture,  were  constantly  executed  in  this 
material.  The  most  ancient  statues  of  the  Romans, 
with  the  bas-reliefs  and  figure-decorations  of  their 
temples  and  other  public  edifices,  were  of  terra-cotta  ; 
and  they  continued  to  be  thus  produced  through  the 
agency  of  the  potter,  until  the  extension  of  the  Roman 
power  into  Greece  disclosed  to  the  conquerors  other 
and  still  nobler  moans  by  which  such  works  could  be 
called  into  existence.  It  is  worthy  of  special  notice, 
however,  that  the  introduction  both  of  Greek  sculpture, 
and  of  sculptors  from  Greece  into  Rome,  did  not 
supersede  the  demand  for  works  of  great  importance 
executed  in  terra-cotta.  Terra-cotta  was  also  used 
by  sculptors  in  marble  and  bronze  for  their  models. 
A  vast  number  of  figures  of  diminutive  size  is 
found  throughout  the  republic  to  have  been  made  of 
the  same  material,  and  they  extend  until  the  middle 
period  of  the  empire ;  they  comprehend  figures  of 
every  imaginable  class,  which  were  apparently  used 
at  the  festival  of  the  Sigillaria,  or  sometimes  for 
other  purposes.    Having  stated  that  it  would  be  im- 
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possible  to  enumerate  all  the  purposes  to  which  the 
Romans  applied  terra-cotta,  Birch  observes  that 
some  of  these  are  too  remarkable  to  be  passed  over 
without  special  notice ;  and  he  proceeds  to  specify 
bee-hives,  or  amphora;  used  for  hiving  bees,  that  were 
made  by  the  Romans  in  terra-cotta,  with  cones  that 
were  heated  and  placed  before  other  bee-hives  in  order 
to  burn  the  butterflies  and  other  insects  which  attacked 
the  bees ;  money-boxes  also ;  tessera;,  or  tickets  of 
admission  to  the  games  ;  moulds  from  which  spurious 
coins  could  be  forged ;  toys  of  every  kind ;  small  altars 
for  the  sacrifices  offered  to  the  Lares;  and  cages  in 
which  dormice  were  fattened,  in  order  to  prepare  them 
for  the  palates  of  Roman  epicures. 

Roman  Terra-cotta  Vases. — Like  the  Greeks,  and 
also  like  the  Egyptians  before  them,  the  Romans 
employed  vessels  of  fictile  manufacture  for  every  pos- 
sible purpose  connected  with  their  commerce,  and  with 
the  ordinary  requirements  of  daily  life.  Vases  of 
terra-cotta  were  made  by  them  in  every  variety  of 
shape  and  size.  Specimens  of  enormous  dimensions 
and  capacity  were  fabricated  at  all  periods,  and  they 
were  employed  as  well  for  storing  up  figs,  honey,  corn, 
oil,  wine,  and  other  commodities,  as  for  their  transport 
from  place  to  place.  The  largest  store  or  transport 
vases  were  called  dolia,  and  sometimes  cadi.  Amphora;, 
having  bodies  generally  more  globular  than  those  of 
Greece,  were  in  constant  use  for  a  variety  of  purposes 
amongst  the  Romans;  and,  like  many  other  Roman 
fictile  productions,  they  almost  always  have  the  name 
of  the  maker  stamped  upon  them.  The  paste  of  these 
useful  and  much-used  vessels  is  coarser  than  that 
employed  by  the  Greeks ;  and  it  has  been  observed 
that  until  a  late  period  vessels  made  of  the  same  paste 
with  the  amphora;  were  used  for  sepulchral  purposes, 
sometimes  as  sarcophagi  or  urns  for  the  reception  of 
the  ashes  of  the  dead,  and,  in  some  instances,  as  cases 
in  which  more  precious  vases  might  be  preserved. 
The  vases  used  for  sacrificial  purposes,  in  like  manner, 
were  principally  of  terra-cotta ;  and  bo  also  were  the 
cups  and  other  vessels  which,  in  the  case  of  many 
classes  of  the  Romans,  sufficed  for  the  purposes  of  the 
table.  The  names  given  by  the  Romans  to  their 
various  vases  are  commonly  of  Greek  origin.  Some 
are  Latin,  and  speak  for  themselves,  and  others,  and 
these  are  not  a  few,  are  obscure  as  well  in  their  dis- 
tinctive signification  as  in  their  origin.  As  their 
general  characteristic,  the  Roman  potteries  must  be 
considered  to  have  produced  useful  vases,  and  such  as 
were  well  adapted  to  the  requirements  of  life,  but 
which  can  by  no  means  be  regarded  as  beautiful  or 
fine,  and  therefore  worthy  of  taking  rank  amongst 
works  of  art.  The  paste,  except  in  the  case  of  the 
coral  red  ware,  is  much  coarser  than  that  employed 
by  the  Greeks ;  but  the  processes  of  manufacture  were 
the  same,  comprising  the  wheel  and  all  the  modifica- 
tions of  modelling,  moulding,  and  stamping.  The 
vessels  of  very  largo  size,  from  the  necessity  of  the 
case,  were  built  upon  framework.  Brogniart  has 
classified  the  terra-cotta  pottery  of  the  Romans  in  the 
following  four  groups,  distinguished  by  the  color  of  the 
.  vessels: — 1,  Pale  yellow  paste,  comprising  the  casks, 
jars,  and  amphora; ;  2,  Dull  red  and  reddish-brown, 


including  the  pottery  of  the  first  century;  3,  Grey  or 
ash-colored,  which  comprehends  all  Roman  pottery  of 
a  date  later  than  the  first  century ;  and  4,  Black,  under 
which  division  are  grouped  the  Gallo-Roman  wares,  and 
those  of  the  provincial  potteries.  This  appears  to  be 
the  most  satisfactory  of  the  many  systems  that  have 
been  proposed  for  the  classification  of  Roman  pottery. 
In  adopting  it  it  will  be  necessary  to  observe,  that  the 
wares  of  the  different  classes  are  now  commonly  found 
together,  and  they  consequently  were  employed  simul- 
taneously by  the  Romans  themselves. 

Besides  the  larger  vessels  of  the  yellow  ware,  there 
are  some  subdivisions  of  this  class  in  which  the  paste 
is  fine  in  quality,  and  of  either  a  rosy  or  a  very  white 
hue,  and  sometimes  intermixed  with  grains  of  quartz. 
The  vases  formed  of  this  paste  are  small,  and  of 
a  superior  order  as  ceramic  works.  The  largest  and 
most  comprehensive  class  of  Roman  pottery  is  the 
second,  which  comprises  nearly  all  the  vessels  used  for 
domestic  purposes.  This  red  ware  varies  in  color  from 
a  pale  salmon  hue  to  a  deep  coral,  and  in  quality  from 
a  coarse  and  gritty  compound  to  a  fine  compact  paste. 
Grains  of  quartz  and  mica  are  occasionally  found  inter- 
mingled with  this  paste.  This  ware  is  generally  red 
externally,  and  without  glaze  ;  but  not  unfrequently  it 
is  covered  with  an  engobe  of  white  pipe-clay,  or  more 
rarely  with  a  black  coating,  susceptible  of  a  good 
polish  from  friction.  A  subdivision  of  this  ware,  which 
lias  been  distinguished  as  false  Samian,  has  the  red 
paste  covered  with  a  thin  coating  of  still  brighter  red, 
formed  from  sulphate  of  iron.  The  greater  number  of 
the  vessels  that  wesg  made  of  the  Roman  grey  ware 
were  such  as  would  be  used  in  cooking,  and  conse- 
quently would  be  exposed  to  the  heat  of  the  fire. 
There  is  a  distinct  class  of  productions  of  this  color, 
which  closely  resembles  the  modern  stoneware  of 
Staffordshire ;  it  is  heavy  and  sonorous  when  struck. 
The  black  ware,  which  was  chiefly  used  for  the 
requirements  of  the  table,  is  distinguished  by  the  fine- 
ness of  its  paste,  and  the  skill  with  which  the  vessels 
were  made ;  its  ornamentation  is  rude  both  in  style 
and  in  execution. 

Roman  Terra-cotta  Lamps,  which  are  found  in  con- 
siderable numbers  throughout  the  regions  that  once 
were  comprehended  within  the  wide  range  of  the 
Roman  empire,  form  one  of  the  most  interesting  pro- 
ducts of  the  Roman  potter's  art.  The  greater  number 
are  of  a  red  ware ;  but  many  are  of  a  pale  yellow  or 
white  hue,  while  others  are  black.  The  paste  also 
varies  considerably  in  quality,  though  it  very  rarely  is 
as  fine  as  that  used  in  the  production  of  their  lamps  by 
the  Greeks.  In  form,  these  lamps  are  either  circular, 
with  a  projecting  nozzle  and  a  handle,  or  elliptical  or 
shoe-shaped.  Some  were  placed  on  stands,  others 
were  designed  to  be  suspended,  and  others  again  were 
not  intended  to  require  any  external  appendages. 
Many  specimens  have  more  than  one  nozzle,  and 
examples  are  occasionally  found  in  which  various 
capricious  shapes  have  been  substituted  for  those  which 
conform  to  the  established  types.  Lamps  are  first  men- 
tioned by  the  Athenian  Pherecrates,  who  was  con- 
temporary with  Alexander  the  Great ;  but  all  those 
lamps  that  have  been  discovered  in  modern  times  were 
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evidently  made  during  the  imperial  age  of  Rome.  They 
were  manufactured  from  moulds,  and  variously  orna- 
mented with  groups  of  figures,  devices,  and  patterns. 
Had  the  Romans  of  the  empire  been  gifted  with  a 
historical  taste,  their  lamps  would  have  contributed 
in  no  slight  degree  to  the  illustration,  both  of  their 
personal  memoirs  and  of  their  national  history ;  but 
the  lampmakers  of  those  times  knew  well  the  frivolous 
character  of  the  purchasers  for  whom  they  worked,  and 
therefore  they  were  content  to  decorate  their  produc- 
tions with  figures  of  popular  divinities,  demi-gods,  and 
heroes,  and  with  representations  of  incidents,  fables, 
and  ornaments  such  as  would  be  sure  to  be  in  harmony 


with  the  prevailing  sentiments  of  the  day.  Among  the 
most  remarkable  examples  that  have  come  down  to  us, 
are  several  lamps  bearing  the  devices  and  monograms 
adopted  by  the  early  Christians,  with  which  may  be 
included  one — Fig.  455 — upon  which  is  stamped  in 
relief  the  golden  candlestick  of  Israel,  as  it  appears 
upon  the  arcli  of  Titus.  After  the  Roman  manner,  in 
addition  to  their  decorations,  these  lamps  are  generally 
inscribed  with  the  names  of  the  potters  and  potteries, 
or  with  the  places  where  they  were  made,  or  with  the 

Fig.  4B6. 


tille  ot  the  class  or  style  of  the  lamps  themselves ; 
while  other  inscriptions  refer  to  the  period  of  their 
production,  or  are  of  a  votive  character,  or  they  are 
stamped  with  the  word  saecvl,  or  saecvlama — as 
Fig.  456 — in  reference  to  the  games  of  the  period. 

Roman  Red  Lustrous  Pottery. — This  peculiar  class 
of  fictile  productions,  commonly  known  as  Samian 
or  Aretine  ware  from  the  celebrated  potteries  of  Samos 
and  Aretium,  now  Arezzo,  in  Tuscany,  appears  to 
have  been  in  universal  use  wherever  the  Roman  arms 
and  the  Roman  name  were  known  in  the  ancient  world, 
numerous  remains  of  it  having  been  discovered  in  every 


region  in  which  the  Roman  people  had  settled  after 
their  conquests.  The  period  of  its  manufacture  is  con- 
sidered to  extend  from  the  first  to  the  third  century  of 
this  era ;  and  it  would  appear  to  have  been  produced 
in  large  quantities,  as  well  in  Roman  Gaul  and  Germany, 
as  in  Italy  and  at  Samos.  There  is  no  evidence  to 
show  that  the  Samian  was  ever  manufactured  in  this 
island,  though  its  remains  are  sufficiently  common,  and 
especially  at  the  more  important  Roman  stations  in 
Britain.  It  was  apparently  imported  into  this  country, 
as  it  might  have  been  into  many  other  parts  of  the 
empire.  The  paste  is  of  a  rich  sealing-wax  red  color, 
and  well  worked  before  it  was  wrought  into  vessels  of 
various  forms ;  Brogniart,  indeed,  considers  that  it 
was  worked  in  the  most  perfect  manner,  and  with  the 
aid  of  the  greater  part  of  the  processes  and  means  now 
employed  in  the  most  perfect  manufacture.  The 
vessels  vary  considerably  in  form,  but  are  rarely  of  a 
large  size.  They  are  thin  and  delicate  in  their  struc- 
ture, and  it  may  be  inferred  that  they  were  considered 
valuable  in  ancient  times  from  the  fact  of  fragments 
being  often  discovered  neatly  riveted  with  lead.  The 
red  hue  of  the  body  or  paste  is  derived  from  the  sesqui- 
oxide  of  iron;  and  the  brilliant  glaze,  which  appears 
to  have  been  formed  of  a  silicate  with  an  alkalino- 
earthy  base,  is  colored  red  by  the  same  means. 
Fragments  of  this  ware  have  given  the  following 
analyses : — 
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Alumina,   22-08 
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,  17-77 


20-96 

5-  95 

6-  77 


10-23 
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.  2-29 
y  alkalies  in  small  quantities. 


The  glaze  has  been  found  to  consist  of  64  silica,  and 
11  '0  sesquioxide  of  iron.  It  is  remarkable  that  this 
ware,  wherever  it  may  be  discovered,  is  always  exactly 
identical  in  its  structure,  forms,  and  style  of  ornamen- 
tation. 

Across  the  centre  of  the  bottoms  of  most  Samian 
vessels  are  stamped  the  names  of  the  potters,  and  they 
also  appear  upon  the  exterior  surface  of  the  embossed 
examples.  The  vessels  themselves  are  either  plain 
with  mouldings,  or  they  have  delicate  and  fine  patterns 
that  have  been  appropriately  designated  engine-turned, 
or  they  are  embossed  with  foliage  and  groups  of  figures. 
The  scrolls,  foliage,  and  other  arabesques  which  appear 
on  the  Samian  vessels  very  commonly,  have  a  de- 
cidedly architectural  character,  and  they  rarely  fail  to 
demonstrate  the  sound  taste  of  the  artists  employed  in 
their  production.  A  common  form  of  Samian  bowl, 
with  characteristic  arabesques  moulded  in  relief,  is 
shown  in  Fig.  457.  The  figure  designs  embrace  an 
almost  infinite  series  of  curious  and  interesting  repre- 
sentations of  popular  subjects  which,  like  those 
introduced  upon  their  terra-cotta  lamps,  are  strikingly 
illustrative  of  the  social  and  religious  habits  and  cus- 
toms of  the  Romans.  Divinities  and  their  emblems 
may  be  reckoned  amongst  these  subjects,  with  priests 
and  sacrificial  ceremonies,  bacchanalian  processions 
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and  (lances,  mythic  and  mythological  scenes,  fabulous 
and  imaginary  animals,  other  animals  more  true  to 
nature,  shows  of  gladiators,  musicians,  and  others. 
The  fragment  in  the  British  Museum,  represented  in 
Fig.  458,  is  in  the  highest  degree  characteristic  of 

Fig.  457. 


Samian  ornamentation  ;  the  figures  are  gladiators 
engaged  in  combat.  Some  few  examples  have  the 
figures  modelled  in  high  relief,  and  affixed  to  the  ware 
during  the  process- of  its  production,  instead  of  being 
moulded  upon  it.  Moulds  or  materials  used  in  pro- 
Fig.  458. 


dncing  the  embossed  Samian  have  been  occasionally 
discovered  ;  they  contain  the  designs  impressed  upon 
them  in  intaglio — as  in  the  fragment — Fig.  459 — found 
near  Mayence — by  means  of  a  master-mould  in  relief. 
Specimens  of  such  master- moulds  have  also  been  found ; 

Fig.  459. 


Fig.  460. 


and  modelling  tools,  styles,  punches,  and  other  little 
instruments  of  ivory  and  bone,  have  lingered  amidst  the 


remains  of  several  ancient  Samian  potteries,  as  if  for 
the  express  purpose  of  telling  their  tale  to  the  inquir- 
ing explorers  of  modern  times.  This  ware  was  evidently 
used  much  after  the  same  manner  that  porcelain  is 
at  the  present  day.  It  is  frequently  mentioned  by 
Pliny  and  other  Roman  writers,  with  whose  words  the 
existing  relics  are  found  to  correspond  with  the  most 
satisfactory  precision. 

Examples  have  been  sometimes  discovered  in  this 
country,  and  also  in  various  other  places,  of  glazed 
Roman  pottery  of  a  much  paler  red  than  the  Samian, 
and  altogether  inferior  to  that  celebrated  ware.  Other 
rare  varieties  are  grey,  yellow,  brown,  orange,  or  black  ; 
these  wares  sometimes  have  a  lustrous  glaze  which 
shows  the  color  of  the  paste,  and  in  other  examples 
the  glaze  has  various  hues  of  its  own. 
-  Roman  Black  Lustrous  Pottery,  made  of  any  tena- 
cious clay  in  the  neighborhood  of  the  manufacturer, 
varies  in  its  color  from  a  rich  deep  black  to  a  slate  or 
olive  hue.    The  paste,  in  many  instances,  is  red,  grey, 
or  even  white  ;  the  black  tint  of  the  ware  being  due  to 
the  glaze,  which  is  lustrous  and  has  a  metalloid  aspect. 
Many  vessels  of  this  class  are  of 
small  size  and  simple  in  form,  asin 
Fig.  460  ;  others  are  ornamented 
with  incised  lines  and  herring- 
bone patterns,  or  with  clusters  of 
small  studs ;  and  it  is  also  common 
to  find  them  having  their  sides 
depressed  in  compartments,  after 
the  manner  shown  in  Fig.  461. 
In  this  example,  found  in  London, 
the  sides  are  depressed  in  seven 
compartments,  and  there  is  also 
a  small  pattern  produced  by  tool-marks  in  bands. 
Another  mode  of  ornamentation  exhibited  in  this  ware 
consists  of  scroll-work,  foliage, 
and  hunting  scenes,  with  other  FiS' ial- 

figures,  executed  in  low  relief 
upon  the  vessels  after  they  had 
left  the  lathe,  by  means  either 
of  a  deposit  of  semifluid  clay, 
which  could  be  modelled,  or  by 
an  engobe  of  white  pipeclay. 
Vessels  of  this  class,  though  not 
so  generally  diffused  as  the  Sa- 
mian, are  found  in  considerable 
numbers  in  all  the  countries  that 
once  were  subject  to  the  Roman 
rule.  In  this  island  great  quanti- 
ties have  been  discovered,  which 
exhibit  some  varieties  of  character. 
The  most  characteristic  examples 
are  from  the  neighborhood  of  Cas- 
tor in  Northamptonshire,  where 
Roman  kilns  for  their  production  also  yet  remain  ;  this 
class  of  Roman  pottery  has  accordingly  obtained  the 
title  of  Castor  ivare.  The  fragment  represented  in 
Fig.  462  is  from  Castor ;  and  the  vase — Fig.  463 — 
which  is  a  most  characteristic  example,  was  found  at 
Water  Newton,  also  in  Northamptonshire.  So  perfect 
are  the  remains  of  the  Roman  kilns,  that  the  different 
processes  employed  for  firing  the  wares  have  been 
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accurately  distinguished ;  and  it  has  been  ascertained 
that  in  the  case  of  the  black  ware,  the  fire,  or  rather 
the  smoke  of  the  furnace,  was  smothered  upon  the 

Fig-  462  Vig.  403. 


vessels  when  in  the  kiln,  and  it  is  supposed  that  the 
carbon  was  thus  deposited  on  the  heated  surfaces  of 
the  vessels,  giving  them  their  black  glaze.  It-must  be 
added  that  occasionally  vases  have  been  found  which 
are  identical  with  the  black  Castor  ware,  with  the  sole 
exception  that  in  color  they  are  of  different  shades  of 
.  yellow  and  yellowish-grey. 

Celtic,  Anglo-Saxon,  and  Teutonic  Pottery. 
—The  sepulchral  mounds  erected  over  the  graves  of 
deceased  chieftains  of  the  early  European  races,  have 
contributed  many  examples  of  the  vases  that  were  fabri- 
cated, both  before  and  after  the  era  of  the  Roman 
dominion,  in  countries  beyond  the  limits  of  Italy  and 
Greece.  The  fictile  works  of  the  rude  and  primitive 
races  who  inhabited  Western  and  Northern  Europe  in 
ages  anterior  to  the  spread  of  the  Roman  power,  are 
precisely  what  might  have  been  expected — simple,  and, 
indeed,  barbarous  in  their  composition,  their  forms, 
their  ornamentation,  and  manufacture.  Nor  does  the 
civilizing  influence  of  the  imperial  sway  appear  to  have 
long  survived  the  decline  and  fall  of  the  empire ;  since 
the  pottery  which  may  be  assigned  to  the  centuries 
that  immediately  succeeded  to  the  era  of  Roman  occu- 
pation, exhibit  scarcely  any  higher  qualities  than  those 
of  the  primitive  period.  It  is  probable,  however,  that 
the  ceramic  relics  exhumed  from  Anglo-Saxon  tumuli, 
and  from  other  sepulchral  mounds  of  the  same  age, 
may  represent  but  imperfectly  the  various  kinds  of 
pottery  then  in  use,  and  particularly  such  as  were 
employed  for  domestic  purposes.  The  arts  of  the 
Romans,  indeed,  seem  to  have  passed  away  almost 
with  the  receding  steps  of  the  legions ;  and,  on  the 
other  hand,  it  is  certain  that  much  yet  remains  to  be 
accomplished,  before  the  manufactures  of  the  Celtic 
and  Teutonic  races  can  be  considered  to  have  been 
thoroughly  investigated.  Urns  and  vases  of  various 
sizes  and  forms,  generally  without  handles,  and  as 
commonly  inverted  as  placed  erect,  are  found  in 
Anglo-Saxon  tumuli ;  and,  with  objects  evidently  of 
British  or  Saxon  design,  others  are  occasionally  ob- 
served which  are  no  less  certainly  imitations  of  Roman 
works.  The  rudeness  of  the  greater  number  of  the 
specimens  of  Anglo-Saxon  pottery,  is  indeed  as  remark- 
able as  the  tendency  which  it  so  generally  exhibits  to 
assimilate  rather  to  the  British  than  to  the  Roman 
types.  The  paste  both  of  the  Celtic  and  Saxon  pottery 
is  coarse,  and  consists  of  the  clay  found  on  the  spot, 
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and  without  much  preparation,  and  it  has  undergone  a 
baking  of  only  a  very  imperfect  kind.  The  vessels  are 
of  a  dull  blackish-brown  hue.  They  are  generally  oi 
an  urn  shape,  tapering  towards  the  base,  and  having 
wide  mouths  with  bevelled  and  overlapping  lips  ;  and 
their  style  of  ornament  consists  for  the  most  part  of 
simple  cords  or  bands  of  punctured  zigzag  and  herring- 
bone work,  intermixed  with  dots  and  small  projecting 
bosses.  The  two  vases  represented  in  Fig.  464, 
exemplify,  in  a  highly  characteristic  manner,  this  class 
of  early  pottery.  Contemporary  fictile  works,  found 
at  the  North  of  the  Tweed,  closely  resemble  the  relics 
of  the  same  class  that  have  been,  exhumed  from  bar- 
rows in  South  Britain.  The  urns  and  vases  discovered 
in  Ireland  are  also  closely  analogous  to  the  British ; 
but  they  are  frequently  finer  in  their  texture  and 
color,  more  complex  in  shape,  and  more  elaborate  in 
ornament.    Their  general  resemblance  to  basket-work 
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also  is  more  distinct  and  decided  than  in  the  British 
specimens.  In  France  the  Roman  dominion  has 
almost  obliterated  any  traces  of  the  primitive  Gallo- 
Celtic  potteries,  so  that  a  very  small  number  of  rude 
relics  of  an  ante-Roman  period  has  been  discovered ; 
and  but  little  more  is  at  present  known  of  the  opera- 
tions of  the  Gallic  potteries  during  the  centuries  which 
succeeded  to  the  Roman  sway. 

The  Teutonic  pottery,  which  is  found  throughout 
Germany,  bears  a  considerable  resemblance  to  that  of 
the  Anglo-Saxons.  The  urns  are  formed  of  a  friable 
paste  composed  of  clay  and  sand,  intermixed  with 
particles  of  mica,  and  the  compound  varies  in  color  in 
different  localities.  Like  the  Celtic  pottery,  many  of 
the  smaller  vases  have  been  modelled  by  the  hand ; 
but  some  of  these,  and  the  greater  number  of  the  larger 
urns,  bear  decided  marks  of  having  been  turned  upon 
the  wheel.  Handles  are  not  uncommon  in  these 
vessels.  They  are  ornamented  with  incised  and  punc- 
tured patterns,  or  with  small  bosses,  and  their  deco- 
rative accessories  are  also  frequently  produced  by 
painting  in  various  colors.  In  addition  to  sepulchral 
urns,  vessels  have  been  found  in  abundance  through- 
out the  whole  of  Germany,  of  such  forms  and  sizes  as 
denote  their  original  application  to  various  domestic 
uses.  Some  few  of  the  smaller  works  are  apparently 
toys ;  and  others  of  larger  dimensions  and  still  more 
singular  aspect,  resemble   the  hut-shaped  cinerary 
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urns  of  the  ancient  Etruscan  inhabitants  of  Alba 
Longa,  and  were  actually  used  for  sepulchral  purposes. 

Mediaeval  Pottery.  — The  manufacture  of  deco- 
rative pottery  appears  to  have  been  unknown  in  Europe 
during  that  dark  and  stormy  period  which  succeeded 
the  fall  of  the  Western  Empire.  Throughout  these 
ages,  however,  there  is  every  reason  for  believing  that 
such  simple  fictile  vessels  as  would  be  required  for  the 
ordinary  domestic  requirements  of  daily  life,  were  pro- 
duced by  the  different  European  nations.  In  process 
of  time  the  potter's  art  reappeared  in  Spain,  having 
been  carried  thither  by  the  Mahommedans  when  they 
overthrew  the  Gothic  monarchy  in  711.  But  the 
influence  of  the  Hispano-Moors  did  not  extend  beyond 
the  region  which  had  submitted  to  their  arms,  and, 
consequently,  several  centuries  elapsed  during  which 
the  ceramic  productions  of  the  rest  of  Europe  knew  no 
improvement.  And  when  at  last  improvements  began 
to  be  gradually  introduced,  earthen  vessels  still  con- 
tinued for  a  long  space  of  time  to  be  esteemed  simply 
as  articles  of  present  utility,  so  that  but  few  specimens 
have  been  preserved,  and  only  casual  notices  of  these 
objects  have  found  their  way  into  mediaeval  documents 
and  records.  It  is  known  that  the  Arabs  employed 
lead  glaze  in  the  ninth  century,  and  that  the  Moors 
introduced  their  plombiferous  glaze  into  Spain  early  in 
the  thirteenth  century,  about  which  time  its  use  seems  to 
have  spread  into  other  countries.  Stanniferous  glazes 
were  also  brought  into  Europe  by  the  Hispano-Moors, 
and  probably  the  use  of  both  tin  and  lead  in  glazes  or 
enamels  became  known  in  the  West  at  about  the  same 
period,  though  the  exact  manner  and  time  in  which  the 
knowledge  of  these  glazes  passed  into  the  different 
European  countries  has  yet  to  be  determined. 

Inlaid  Tiles. — There  is  one  class  of  the  fictile  pro- 
ductions of  the  middle  ages  which  claims  distinct  and 
special  notice.  This  class  comprehends  the  various 
decorative  tiles  that  were  designed  to  form  pave- 
ments, and  in  some  instances  to  serve  as  surface- 
coverings  of  an  ornamental  character  for  walls.  For 
England,  in  the  thirteenth  and  three  following  centuries, 
paving-tiles  were  produced  in  great  abundance,,  and  in 
an  almost  infinite  variety.  The  devices  were  obtained 
by  impressing  or  incising  the  desired  designs  upon  the 
slabs  of  dark  colored  clay,  the  intaglios  being  then 
filled  in  with  a  white  composition ;  the  surfaces  were 
generally  covered  with  a  thick  and  lustrous  glaze,  but 
in  some  instances  the  terra-cotta  was  left  without  any 
such  protection.  The  designs  that  have  been  observed 
upon  these  tiles  comprehend  geometrical  and  other 
patterns,  miscellaneous  devices,  figures,  architectural 
details,  heraldry,  and  inscriptions,  and  they  are  invari- 
ably both  curious  and  interesting.  In  some  instances 
the  designs  are  executed  in  low  relief ;  and  occasionally 
inlaid  tiles  have  been  observed  that  were  produced 
for  the  purpose  of  monumental  commemoration.  A 
noble  pavement  of  early  tile-work  has  been  preserved 
in  the  Chapter-house,  Westminster ;  other  examples  of 
great  excellence  remain  at  Great  Malvern,  Gloucester, 
Worcester,  and  Ely  Cathedrals,  at  St.  Alban's  Abbey, 
and  in  many  other  churches ;  but  the  very  finest 
specimens  are  those  which  have  very  recently  been 
discovered  upon  the  site  of  Chertsey  Abbey  in  Surrey. 
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Moulded  terra,  for  architectural  purposes,  was  also 
produced  in  great  abundance  and  of  excellent  character 
in  England,  at  the  same  period  with  the  inlaid  tiles. 

Spanish  Pottery. — Tiles  of  enamelled  earthen- 
ware, called  by  the  Spaniards  Azulejos,  were  used 
for  the  pavement  and  the  surface-decoration  of  their 
buildings  by  the  Arabs  wherever  they  extended  their 
conquests.  By  the  Spanish  Moors  these  beautiful  tiles 
were  made  in  great  abundance,  and  with  those  exam- 
ples of  them  which  yet  remain,  vases  and  other 
objects  of  decorative  pottery  may  be  associated.  The 
Moors,  indeed,  appear  to  have  continued  their  ceramic 
manufactures  without  intermission  throughout  their 
partial  occupation  of  Spain,  and  until  their  final  expul  ■ 
sion  about  the  commencement  of  the  seventeenth 
century.  The  colors  introduced  into  the  ornamenta- 
tion of  the  Hispano-Moorish  pottery  are  rich  and 
gorgeous,  abundantly  intermixed  with  gold,  yet  always 
adjusted  and  blended  together  with  judicious  taste,  and 
a  thorough  appreciation  of  harmony.  The  enamel  is 
generally  of  a  yellowish- white,  over  which  an  iridescent 
lustre  plays  with  remarkable  splendor.  The  designs 
and  forms  alike  indicate  their  Oriental  origin ;  the 
former  comprise  arabesques,  scroll-work,  flowers,  and 
conventional  foliage,  with  occasional  birds  and  animals; 
and,  in  some  examples,  Spanish  shields  of  arms  and 
Arabic  inscriptions.  The  patterns  are  infinitely  diversi- 
fied, and  elaborate  and  intricate  in  the  highest  degree. 
Sometimes  the  Arabic  legends  appear  on  Gothic  shields, 
and  occasionally  there  may  be  seen  instances  of  Chris- 
tian devices  and  inscriptions.  The  tiles  are  formed  of 
a  pale  clay,  the  surface  being  covered  over  with  an 
opaque  white  enamel,  upon  which  the  elaborate  designs 
are  executed  in  colors.  The  celebrated  fortress-palace 
of  the  Alhambra  has  supplied  the  most  beautiful  exam- 
ples of  the  tiles — azulejos — of  the  Hispano-Moors,  and 
also  the  most  remarkable  vase  of  their  production  that 
is  known  to  be  in  existence.  Other  relics  yet  remain 
in  different  places  where  the  Moors  once  were  powerful ; 
and  the  art  of  producing  azulejos,  learned  by  their 
ancestors  from  the  Moors,  is  still  practised  by  the 
Spaniards  of  the  present  day. 

Italian  Pottery. — Partly  from  the  fictile  produc- 
tions of  the  Saracens  or  Moors,  as  the  Arabs  of  Europe 
were  called,  and  in  part  also  from  the  ceramic  manu- 
factures of  the  Byzantine  Greeks,  Italy  may  be  con- 
sidered to  have  obtained  the  elementary  principles 
of  those  processes  which  she  cultivated  with  such 
distinguished  success  during  the  fifteenth  and  six- 
teenth centuries.  As  early  as  527,  the  Saracens 
conquered  Sicily,  and  adorned  their  great  mosque  at 
Palermo  with  colored  and  enamelled  tiles,  similar  to 
those  of  the  Alhambra.  In  this  same  ninth  century 
the  Saracens  obtained  a  footing  in  Apulia.  The  island 
of  Majorca  somewhat  later  became  a  stronghold  of  the 
same  invaders,  and  there  they  systematically  carried  on 
their  characteristic  ceramic  manufactures  with  the 
utmostvigor.  In  the  year  1115,  the  Saracen  king  of 
Majorca  was  defeated  and  slain  by  the  Pisans,  after  a 
fierce  and  protracted  struggle,  when  the  Pisan  galleys, 
amongst  other  spoils  and  booty,  carried  specimens  of 
rich  Moorish  pottery  in  triumph  to  their  native  city. 
Fictile  plates,  known  as  baccini,  are  said  to  have  been 
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incrusted  in  the  walls  of  the  churches  of  Pisa,  as 
trophies  commemorative  of  this  event ;  and  it  is  certain 
that  the  most  ancient  Pisan  churches,  as  well  as  those 
of  other  parts  of  Italy,  still  retain  examples  of  these 
baccini,  which  are  apparently  of  Moorish  origin.  It 
will  be  remembered  that  the  Moors  themselves  employed 
their  enamelled  tiles  for  the  decoration  of  the  walls  of 
their  edifices,  and  accordingly  a  similar  treatment  of 
the  spoils  of  the  conquered  Majorcans  would  naturally 
suggest  itself  to  the  victorious  Pisans;  and  thus  the 
usage  might  prevail  in  Italy  of  incrusting  the  walls  of 
churches  with  iriccmi-plates,  discs,  or  patera?  of  fictile 
ware.  In  addition  to  the  spoils  of  the  Majorcans,  and 
the  works  of  the  Italo-Moors  in  Apulia,  and  of  their 
brethren  in  Sicily,  other  fictile  productions  would 
appear  at  an  early  period  in  Italy  in  consequence  of 
the  gradual  recovery  of  Spain  from  the  Moorish 
invaders.  The  conquered  Hispano-Moors  would  fre- 
quently settle  in  Italy,  carrying  with  them  their  potters' 
art.  So  also,  without  doubt,  the  never  absolutely  lost 
art  of  the  ancient  potters  would  travel  to  the  congenial 
soil  of  Italy  from  Byzantium,  as  soon  as  there  would 
appear  even  a  prospect  of  its  receiving  a  cordial 
welcome.  Indeed,  in  whatever  degree  the  early  mediae- 
val potters  of  Italy  may  have  been  indebted  to  the 
Moors,  and  excited  by  their  admiration  for  the  brilliant 
prismatic  coloring  introduced  into  their  fictile  works 
by  that  remarkable  people,  the  revival  of  the  ceramic 
art  in  Italy  must  be  considered  to  have  also  received  a 
powerful  impulse  from  the  operations  of  the  Byzantine 
Greeks. 

In  the  thirteenth  century  Italian  pottery  claims  to 
have  attained  to  a  distinctive  character.  The  course 
of  the  succeeding  century  witnessed  a  progressive 
advance.  Under  the  Malatestas,  lords  of  Pesaro,  the 
manufacture  assumed  a  more  decorative-  and  artistic 
aspect,  and  the  peculiar  characteristics  of  the  works  of 
the  two  next  centuries  may  be  considered  to  have  been 
determined.  A  new  process  at  this  period  was  developed, 
upon  which  the  subsequent  ceramic  operations  of  Italy 
were  based.  The  red,  or  other  comparatively  coarse 
and  dark-colored  clay  which  formed  the  paste  or  actual 
body  of  the  pottery  was  first  fixed,  or  partly  baked,  and 
then,  by  immersion,  it  was  covered  with  a  thin  coating 
or  ongohe  of  a  composition  formed  of  oxides  of  lead  and 
tin,  and  of  a  very  white  earth  procured  from  the  terri- 
tory of  Siena ;  after  this  the  ware  was  again  placed 
in  the  kiln  to  receive  its  final  firing.  As  the  enamel 
was  required  to  be  more  hard  and  white,  the  proportion 
of  the  tin  was  increased.  The  overlaying  of  an  opaque 
white  surface  upon  a  colored  body  of  a  totally  different 
texture  formed  a  process  altogether  new,  which  may  be 
regarded  as  the  basis  of  the  celebrated  Majolica  ware 
of  Italy. 

Born  about  the  year  1400,  and  having  his  life  pro- 
longed until  1481,  Luca  della  Robbia  commenced 
his  artistic  career  under  Leonardo,  a  goldsmith  of 
Florence,  of  deservedly  high  reputation.  He  soon 
relinquished  the  profession  of  a  goldsmith,  and  devoted 
himself,  in  the  first,  instance,  to  sculpture  in  stone,  and 
afterwards  to  modelling  in  clay.  After  many  experiments, 
he  arrived  at  the  conclusion  that  an  almost  endless 
durability  might  be  imparted  to  his  figures  in  clay,  by 


overlaying  them  with  a  thick  glaze  of  tin  combined  with 
other  mineral  substances.  About  the  year  1438,  Luca 
succeeded  in  discovering  an  opaque  white,  highly  lustrous 
stanniferous  enamel,  which  he  was  the  first  Italian  to 
apply  to  terra-cotta.  His  earliest  works  are  in  white 
on  a  blue  ground  ;  hut  he  subsequently  introduced 
green,  maroon-color,  yellow,  and  violet.  He  appears, 
however,  to  have  used  these  colors  very  sparingly,  and 
to  have  retained  his  preference  for  white  and  blue. 
The  works  of  Luca  della  Eobbia,  distinguished 
invariably  by  their  simplicity  and  purity  of  style, 
consist  of  Madonnas  and  Scripture  subjects,  with 
architectural  ornaments  and  glazed  tiles.  Luca  was 
succeeded  by  his  nephew,  Andrea  della  Robbia, 
with  the  survivor  of  whose  four  sons  the  production  of 
the  Della-Robbia  ware  may  be  said  to  have  passed 
away. 

The  remarkable  class  of  ceramic  productions  known 
as  Majolica  is  supposed  to  have  derived  its  name  from 
Majorca,  where  the  Hispano-Moors  had  long  practised 
the  art  of  applying  a  peculiar  lustrous  enamel  to  pottery. 
It  may  he  divided  into  the  productions  of  four  periods : 
—1.  From  about  1450  to  1530.  The  works  of  this 
period  are  distinguished  as  Mezza  Majolica.  In  the 
earlier  examples  ornamental  devices  of  a  moresqne 
character  may  commonly  be  seen,  associated  with  busts 
and  various  Italian  and  mythological  figures,  and  brief 
explanatory  inscriptions.  The  figures  represented  upon 
the  Mezza  Majolica  have  their  outlines  traced  in  blue 
or  black  on  a  white  ground,  with  faintly-tinted  dra- 
peries :  there  are  no  shades  or  half  tints,  and  the  flesh 
is  not  colored  :  the  drawing,  though  tolerably  correct, 
is  hard  and  harsh,  and  the  figures  have  a  flat  and  life- 
less appearance.  The  whole  is  covered  with  a  film  of 
metallic  glaze  or  madre-perla,  that  produces  a  richly- 
glowing  iridescent  lustre  of  a  splendor  that  has  never 
been  surpassed.  2.  The  second  period  comprehends 
the  ten  years  included  within  1530  and  1540.  At 
this  era,  instead  of  arabesque  and  foliage  patterns, 
with  busts  and  armorial  bearings,  the  Majolica  artists 
began  to  introduce  groups  of  figures  into  their  com- 
positions ;  they  made  great  improvements  also  in  the 
art  of  coloring,  and  employed  half-tints  and  full-colored 
draperies.  3.  The  third  period  of  Majolica,  in  which 
the  art  was  in  its  greatest  perfection,  extends  from 
1540  to  1560.  4.  The  fourth  period,  which  extends 
throughout  the  decline  of  the  art,  may  he  considered 
to  close  about  1610,  when  true  Majolica  gradually 
ceased  to  exist;  a  species  of  imitative  Majolica, 
however,  continued  to  be  made  at  Venice,  Naples, 
Siena,  and  Savona,  until  the  middle  of  the  eighteenth 
century.  After  the  year  1560  the  decline  of  the  true 
Majolica  was  rapid,  having  been  in  a  great  measure 
occasioned  by  the  introduction  of  oriental  porcelain  into 
Italy.  In  addition  to  dishes,  plates,  and  bowls  of 
various  sizes,  the  manufacturers  produced  statuettes, 
bas-reliefs,  vases,  candlesticks,  inkstands,  water-coolers, 
and  cisterns  also,  and  various  other  objects  in  Majolica. 
Artists  of  the  highest  celebrity  were  engaged  to  furnish 
designs  for  the  decoration  of  this  ware,  and  these  designs 
were  executed — many  of  them  in  relief — by  men  who 
might  also  claim  to  take  rank  with  artists  of  no  mean 
order.    The  engravings  of  Marc  Antonio  and  the 
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drawings  of  Raffaelle  and  of  his  disciples  were 
largely  used  by  the  Italian  ceramic  painters,  and  hence 
the  Majolica  has  sometimes  been  denominated  Raffaelle, 
ware.  The  idea,  however,  that  Raffaelle  himself  actu- 
ally painted  the  Majolica  is  proved  to  be  erroneous  by 
the  fact,  that  the  finest  specimens  of  the  ware  were  not 
produced  until  twenty  years  after  his  death.  In  the 
sixteenth  century  classical,  historical,  and  mythological 
subjects  were  introduced,  and  formed  a  strange  medley 
with  the  paintings  of  Scripture  subjects  which  still 
continued  to  be  very  prevalent.  In  the  selection  of 
these  various  subjects,  the  Majolica  artists  were  in  the 
habit  of  adopting  those  which  might  be  considered 
peculiarly  appropriate  to  their  several  works.  Vessels 
to  contain  water,  accordingly,  were  decorated  with 
representations  of  such  incidents  as  Venus  rising  from 
the  sea,  or  the  catastrophe  of  Pharaoh.  Fruit  dishes 
were  painted  with  vintage  and  other  similar  scenes.  The 
actions  of  David,  Solomon,  Caesar,  or  Alexander, 
would  be  set  forth  on  royal  services  ;  while  those  des- 
tined for  ecclesiastical  dignitaries  would  represent  scenes 
in  the  lives  of  Moses  or  Saint  Paul.  It  was  a  cus- 
tom amongst  the  Italians  to  interchange  presents  of 
specimens  of  Majolica,  which  were  always  painted  with 
subjects  appropriate  to  the  occasion.  Of  these,  one 
class  in  great  favor,  called  Amatorii,  consisted  of 
plates  and  vases,  which  cavaliers  presented  to  ladies 
they  admired.  Portraits  of  the  ladies,  accompanied 
with  their  names  and  some  complimentary  epithet, 
were  generally  painted  upon  amatorii.  From  its  first 
appearance,  the  Majolica  received  the  most  liberal 
encouragement  from  the  Italian  sovereigns.  When 
the  lordship  of  Pesaro  passed  in  1450  from  the  house 
of  Malatesta  to  that  of  Sforza,  the  new  rulers  at 
once  granted  special  privileges  to  the  manufactories  of 
Majolica.  At  Urbino,  Majolica  flourished  under  Dukes 
Fedeiugo  and  Guidobaldo.  who  severally  reigned 
from  1444  to  1482,  and  from  1482  to  1538.  Both  of 
these  princes  were  invested  with  the  order  of  the 
Garter  of  England,  the  former  in  1474,  and  the  latter 
in  1503.  To  Guidobaldo,  his  sister's  son,  Francesco 
Maria  dell  a  Rovere  succeeded,  under  which  ener- 
getic prince  the  ceramic  productions  of  his  country 
made  rapid  and  most  important  advances.  His  son 
and  successor,  Guidobaldo  II.,  who  reigned  from 
1538  till  1674,  witnessed  both  the  crowning  perfection 
and  the  incipient  decline  of  the  art,  with  which  his  name 
will  ever  be  associated.  The  early  Messa  Majolica 
was  chiefly  made  at  Pesaro.  An  artist,  who  flourished 
there  about  1480,  and  who  employed  peculiarly  brilliant 
ruby  and  golden  yellow  pigments,  was  the  most  remark- 
able ceramist  of  the  period ;  his  productions,  readily 
distinguished  by  their  peculiarities  of  treatment,  as  well 
as  by  their  singular  excellence,  are  always  resplendent 
with  the  madre-fierla  glaze.  The  wares  of  Gubbio 
are  also  celebrated  for  their  iridescent  lustre ;  and  the 
metallic  glaze  having  a  ruby  color  is  peculiar  to  the 
productions  of  that  city,  in  common  with  those  of 
Pesaro.  The  great  artist  of  Gubbio  was  Maestro 
Giorgia  Andreoli,  the  brilliancy  of  whose  metallic 
colors  is  unrivalled.  He  delighted  in  the  use  of  the 
ruby  lustre ;  and,  in  addition  to  golden  and  silver 
hues  of  the  same  iridescent  character,  he  introduced 


an  intermediate  tint,  which  has  the  peculiar  glow  of 
burnished  copper.  Jt  has  been  observed  that  the  ruby 
lustre  of  this  artist  is  transparent,  and  that  when  he 
desired  to  render  it  very  deep  and  rich,  he  first  placed 
blue  beneath  it.  His  pieces  date  from  1519  to  153/. 
The  Majolica  of  Urbino  comprehends  a  considerable 
portion  of  the  specimens  that  still  exist,  and  it  ranges 
from  the  concluding  quarter  of  the  fifteenth  century  till 
the  decline  of  the  style  had  been  far  advanced.  These 
works  are  in  great  variety,  and  they  exhibit  all  the 
peculiarities,  and  also  all  the  most  excellent  qualities 
of  this  remarkable  class  of  ceramic  productions.  The 
most  celebrated  artists  who  painted  the  Majolica  of 
Urbino  were  Francesco  Xanto  Avelli,  whose  works 
are  not  dated  later  than  1540,  and  Orazio  Fontana, 
the  date  of  whose  pieces  is  from  1540  to  about  1560. 
The  manufactories  of  Urbino  also  benefited  by  the 
services  of  several  other  artists  of  deservedly  high 
reputation.  Castel-Durante  and  Faenza  are  the  other 
places  most  celebrated  for  their  Majolica,  which  yet 
remain  to  be  specified.  But  little  is  known  respecting 
the  artists  who  painted  at  these  cities,  but  their  pro- 
ductions may  be  grouped  with  the  best  Majolica  of 
Urbino.  Besides  its  Majolica,  Faenza  produced  bas- 
reliefs,  after  the  manner  of  LuCA  della  Robbia  ;  and 
this  city,  with  Florence,  was  the  first  to  adopt  the 
beautiful  white  tin  glaze,  when  the  secret  of  its  produc- 
tion had  become  known  some  years  after  the  death  of 
Luca.  The  term  Fayence,  now  generally  applied  to 
all  enamelled  earthenware,  and  particularly  to  that  of 
Italy,  is  supposed  to  have  been  derived  from  Faenza, 
in  commemoration  of  the  early  use  at  that  city,  in  its 
ceramic  works,  of  the  white  Della-Robbian  glaze.  In 
several  cities  of  the  papal  states,  Majolica  was  made 
during  the  best  periods  of  the  art ;  and  subsequently,  at 
the  close  of  the  sixteenth  century  and  throughout  the 
century  following,  and  even  later  still,  the  same  manu- 
facture was  actively  carried  on  in  several  parts  of 
Italy.  The  artistic  character  of  the  Majolica  ware 
rarely  fails  to  produce  a  powerful  impression  upon  all 
who  may  have  opportunities  for  observing  it ;  at  the 
same  time,  it  is  no  less  evident,  that  both  the  forms  of 
the  greater  number  of  the  pieces  of  this  ware,  and  the 
nature  of  their  decorations,  are  such  as  to  render  them 
objects,  not  of  utility,  but  simply  of  decoration.  In 
this  respect  the  Majolica  differs  essentially  from  the 
finest  vases  of  the  Greeks,  in  which  a  useful  application 
of  the  vessel  always  predominated  over  its  artistic 
adornments.  The  Italian  ceramic  artists,  on  the  con- 
trary, treated  their  Majolica  as  a  vehicle  for  the  display 
of  their  paintings ;  and  they,  accordingly,  aimed  rather 
at  the  production  of  pictures  upon  clay,  than  at  the 
decoration  of  the  various  useful  productions  of  fictile 
art  manufacture.  It  must  be  added,  that  Majolica  was 
produced  in  the  sixteenth  century  both  in  Germany 
and  France.  Hirschvogel,  an  artist  of  Nuremberg, 
when  travelling  in  Italy,  visited  Urbino  in  1503;  and, 
having  there  learned  the  art  of  making  this  ware,  he 
established  a  manufactory  in  his  native  city  on  his 
return :  his  works  are  ornamented  in  relief.  At  Nevers 
in  France  also,  a  manufacture  of  Majolica  was  estab- 
lished by  Duke  Louis  Gonzaga,  about  the  year 
1570,  attempts  having  been  already  made  to  produce 
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the  Italian  ware  at  that  city  by  Catherine  de  Medi- 
cis.  That  princess,  herself  a  daughter  of  a  Duke  of 
Urbino,  very  naturally  sought  to  introduce  into  France 
the  characteristic  production  of  her  native  country.  It 
is  remarkable  that  Catherine  styled  the  Majolica 
Fayence.  Marryat  states,  that  it  is  difficult  to  dis- 
tinguish the  early  works,  produced  under  Duke  Louis 
Gonzaga  at  Nevers,  from  the  true  Italian  Majolica ; 
and,  indeed,  it  is  probable,  that  the  two  classes  of  this 
ware  may  be  almost  identical. 

French  Pottery. — In  addition  to  the  Majolica  of 
Nevers,  manufactories  for  the  production  of  enamelled 
pottery  existed  at  an  early  period  in  several  cities  of 
France.  The  ware  of  Beauvais  was  honorably  dis- 
tinguished as  early  as  the  twelfth  century,  and  it  con- 
tinued to  enjoy  an  increasing  reputation  during  the  four 
succeeding  centuries.  In  the  sixteenth  and  seven- 
teenth centuries  Avignon  had  ceramic  works  of  some 
importance  ;  and  there  were  also  other  establishments 
of  the  same  order  in  various  parts  of  the  South  of 
France.  Eouen  possessed  a  manufactory  founded  by 
Francis  I.,  which  in  the  seventeenth  century  was 
much  celebrated.  At  the  same  period  the  productions 
of  Nevers  and  of  St.  Cloud  were  held  in  high  esteem. 
They  were  all  enamelled,  and  they  exhibit  many  quali- 
ties that  still  command  admiration ;  but  they  were 
altogether  deficient  in  that  one  quality — originality 
both  in  form  and  decoration — which  in  so  eminent  a 
degree  distinguished  the  works  that  next  claim  atten- 
tion. These  are  the  Fayence  of  Bernard  Pai.issy, 
who  was  born  about  1500  at  La  Chapelle  Birou,  in 
Perigord.  Of  the  humblest  origin,  this  ardent,  enter- 
prising, resolute,  and  persevering  man,  whose  history 
forms  a  genuine  romance,  rose  to  become  an  artist,  an 
author,  and  a  philosopher  of  the  highest  order.  About 
the  year  1550  Palissy  discovered  the  enamels  which 
enabled  him  to  execute  the  remarkable  ceramic  works 
that  are  identified  with  his  name.  He  had  labored 
through  a  memorable  probation  of  fifteen  years  before 
success  crowned  his  experiments.  Thenceforward  his 
career  as  an  artist  was  one  sustained  triumph.  He  com- 
posed rustic  pieces,  or  dishes,  and  other  objects,  orna- 
mented with  fishes,  shells,  plants,  insects,  and  reptiles, 
all  executed  in  high  relief,  and  perfectly  true  to  nature 
in  both  form  and  color.  He  modelled  exclusively  from 
the  fish  of  the  Seine,  from  the  fossil  shells  of  the  Paris 
basin,  and  from  other  natural  objects  found  in  the 
same  localities.  His  enamels  are  hard  and  brilliant, 
and  his  hues  rich  and  vivid ;  but  he  did  not  discover 
the  pure  white  of  the  early  Majolica.  He  employed 
a  tin  glaze,  upon  which  his  colored  enamels  were  laid. 
Pai.issy  made  many  large  works  for  decorating  foun- 
tains, et  cetera,  besides  a  vast  series  of  smaller  pro- 
ductions of  every  kind  to  which  pottery  is  applicable. 
In  the  year  1589  this  venerable  and  eminent  artist  fell 
a  victim  to  the  Huguenot  persecution,  and  after  his 
death  his  art  speedily  disappeared.  His  two  brothers, 
or  more  probably  his  nephews,  continued  for  some 
time  to  produce  works  somewhat  in  the  manner  of 
Bernard  Palissy  ;  but  they  were  able  to  do  no 
more  than  imitate  at  a  distance  the  productions  of 
their  great  relative. 

The  French  Fayence  of  Henry  II.,  of  the  seven- 


teenth century,  is  a  class  of  ceramic  works  which 
comprises  but  a  small  number  of  pieces,  and  which 
flourished  but  for  a  short  period.  No  particulars  are 
known  respecting  either  the  artists  who  produced  this 
Fayence,  or  the  part  of  France  in  which  they  lived  and 
worked.  It  is  supposed,  however,  that  the  manufac- 
ture may  have  been  carried  on  at  Thouars  in  Touraine, 
and  that  the  Fayence  was  the  production  of  a  single 
artist — probably  an  Italian,  who  had  been  in  the  first 
instance  educated  by  some  goldsmith  of  Florence. 
The  period  of  this  Fayence  is  determined  by  the  pre- 
sence of  the  insignia  of  Francis  I.  upon  the  earlier 
specimens ;  while  upon  the  later  and  more  perfect 
works  there  appear  the  arms  of  Henry  II.,  with  his 
device — the  three  crescents,  or  his  initial  H,  interlaced 
with  the  two  Ds  of  Diana  de  Poitiers,  Duchesse  de 
Valentinois.  The  paste  is  a  hard,  fine,  and  very  white 
pipe-clay,  which  did  not  require  to  be  covered,  like  the 
Majolica,  with  any  superficial  coating.  Upon  this, 
when  it  had  been  modelled  to  the  desired  form,  the 
decorative  enrichments  were  incised,  or  perhaps  in  some 
instances  impressed,  the  incisions  or  impressions  being 
subsequently  filled  in  with  different  coloring  substances 
of  yellow,  brown,  and  carnation  hues.  The  designs 
were  drawn  and  executed  with  the  utmost  delicacy ; 
and  small  detached  figures,  with  various  objects,  de- 
signed after  the  renaissance'  feeling  of  the  period,  and 
boldly  modelled  in  full  relief,  completed  the  ornamen- 
tation. Over  the  wdiole  was  laid  a  thin,  transparent 
glaze  of  a  pale  yellow.  The  examples  of  this  peculiar 
pottery  may  be  compared  to  the  niellos  of  the  preced- 
ing century,  with  accessories  of  repousse  and  chased 
metal  work ;  and  the}'  contain  some  of  the  most  deli- 
cate productions  of  fictile  manufacture  that  are  in 
existence. 

German  Pottery. — Long  before  the  introduction 
of  the  manufactory  of  Majolica  into  Nuremberg  at  the 
commencement  of  the  sixteenth  century,  many  parts 
of  Germany  had  attained  to  a  high  degree  of  excellence 
in  the  practice  of  the  potter's  art.  Throughout  the 
Northern  regions,  the  manufacture  of  fictile  works  was 
not  limited  to  the  production  of  portable  vessels,  but 
the  use  of  moulded  and  glazed  terra-cotta  was  extended 
to  almost  every  variety  of  architectural  work.  Glazed 
tiles,  also,  of  great  size  were  produced  in  the  German 
potteries,  and  particularly  in  those  of  Nuremberg. 
The  German  wares  partake  of  the  characteristics  of 
Italian  pottery  in  union  with  the  artistic  attributes  of  a 
Gothic  race.  The  wares  of  a  late  period  are  generally 
of  very  elaborate  workmanship.  They  are  commonly 
ornamented  with  representations  of  the  various  animals 
of  the  country,  and  not  unfrequently  the  different 
pieces  are  found  to  have  been  modelled  in  the  forms  of 
deer,  bears,  et  cetera.  Upon  the  Upper  Rhine  many 
potteries  existed,  which,  in  the  beginning  of  the  eigh- 
teenth century  were  converted  into  porcelain  establish- 
ments. A  fine  enamelled  ware  was  also  made  at 
Cologne,  and  colored  enamelled  wares  were  produced 
in  Lower  Saxony.  Manufactories  of  a  species  of 
Majolica  are  said  to  have  been  established  in  various 
towns  of  Hungary,  Transylvania,  and  A  ustria  Proper. 

Dutch  and  Flemish  Pottery. — Delft  and  the 
adjacent  towns  of  Holland,  were  celebrated  at  an  early 
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period  for  their  fictile  wares.  These  productions  were 
imported  into  England  as  early  as  the  reign  of  Henry 
IV.  ;  and,  with  other  Dutch  pottery,  tiles  remark- 
able for  the  beauty  of  both  their  color  and  their  glaze 
were  brought  in  great  numbers  into  this  country. 
Paving-tiles  of  green,  yellow,  and  white,  were  imported 
from  Flanders  in  the  time  of  Henry  VIII.  for  Hamp- 
ton Court,  and  for  Christ  Church,  Oxford.  Lord 
Bacon  introduced  others  of  a  similar  character  at  his 
mansion  of  Gorhambury,  near  St.  Albans.  About  the 
year  1625  these  tiles  became  fashionable,  and  their 
use  was  very  general  in  England.  As  the  sixteenth 
century  drew  towards  its  close,  the  ceramic  productions 
of  Delft  acquired  a  European  celebrity,  and  the  success 
which  attended  the  manufacture  of  them  may  be  pro- 
nounced unexampled.  The  objects  themselves  were 
for  the  most  part  closely  copied,  both  in  form  and 
color,  from  the  old  porcelain  of  Japan,  with  which  the 
Dutch  were  familiar  long  before  it  was  known  to  the 
rest  of  Europe.  The  clay  found  in  the  vicinity  of 
Maestricht  was  mixed  with  marl  or  sand ;  and  this 
was  covered  with  a  beautiful  glaze  having  a  blue  tinge, 
which  presented  a  smooth  and  even  surface,  and 
received  paintings,  chiefly  in  blue,  in  imitation  of  the 
Oriental,  without  impairing  the  distinctness  of  the 
colors.  One  curious  branch  of  the  Delft  manufac- 
ture consisted  of  dinner  services,  of  which  the  dishes 
and  covers  were  made  in  the  forms,  and  painted  to 
resemble  animals,  birds,  and  vegetals,  such  as  are 
usually  served  at  table.  The  pseudo-Japan  Delft 
ware  flourished  until  the  commencement  of  the  eigh- 
teenth century,  when  it  began  to  decline.  The  supe- 
riority of  the  wares  of  Wedgwood  caused  the  Delft 
to  be  superseded,  even  in  Holland,  by  pottery  of 
English  production. 

Stone-Ware — Ores  Cerame — is  a  densely- baked 
earthenware,  formed  of  clay  mixed  with  sand,  and 
glazed  with  salt.  It  exhibits,  when  broken,  a  close 
grey  texture  ;  it  is  somewhat  vitreous,  resists  the  action 
of  fire,  and  is  impermeable  to  liquids,  even  such  as  are 
of  the  most  penetrating  and  corrosive  nature.  The 
stoneware  of  the  Low  Countries  may  be  divided  into 
common  and  fine.  Both  are  commonly  ornamented 
with  subjects  in  relief,  and  colored ;  but  the  fine  stone- 
ware is  distinguished  by  a  more  elaborate  ornamenta- 
tion as  well  as  by  the  superior  quality  of  its  paste.  The 
common  stoneware  appears  to  have  been  in  general 
use  towards  the  close  of  the  sixteenth  century.  The 
specimens  of  it  which  are  usually  found  in  England 
consist  of  stone  flasks,  having  a  grotesque  bearded  mask 
on  the  neck,  and  some  device  on  the  body  of  the  vessel. 
They  are  known  as  greybeards  or  Bellarmines,  the  latter 
name  having  been  given  to  them  in  the  reign  of  James 
1.,  in  derision  of  Cardinal  Bellarmin,  and  as  an 
implied  compliment  to  the  king.  The  earliest  examples 
of  this  ware  are  of  a  white-yellowish  color,  without 
any  glaze,  and  delicately  ornamented  with  Scriptural 
or  allegorical  subjects,  produced  in  relief  from  copper 
moulds.  This  manufacture  was  indebted  in  a  great  mea- 
sure for  its  early  success  to  the  attention  bestowed 
upon  the  production  of  it  by  Jacqueline,  Countess  of 
Hainault  and  Holland,  the  repudiated  wife  of  Hum- 
phrey, Duke  of  Gloucester,  after  her  abdication  and 


retirement  in  1433.  The  later  wares  have  a  brown  or 
reddish  color,  in  place  of  the  earlier  yellow  tint.  The 
stoneware  jugs  of  the  same  period  have  various  orna- 
ments in  relief,  including  figures,  armorial  bearings, 
personal  devices,  with  foliage  and  patterns,  and  also 
with  dates  and  occasional  brief  inscriptions.  Their 
enamel  is  hard,  and  of  a  rich  brilliancy.  The  Flemish 
stoneware,  or  Gres  Flamand,  is  peculiarly  striking  in 
appearance  from  its  beautiful  blue  color — commonly 
used  in  combination  with  grey  tints — its  quaint  forms, 
and  rich  ornaments.  The  manufacture  of  Gres  Flamand 
extended  from  1540  to  1620,  when  it  gave  way  before 
the  introduction  of  oriental  porcelain. 

English  Pottery. — The  few  specimens  of  early 
pottery  that  hare  been  found  in  England,  and  which 
may  be  considered  to  have  been  of  home  manufacture, 
are  such  as  lead  to  the  conclusion  that  before  the 
seventeenth  century  this  country  was  chiefly  supplied 
with  fictile  productions  from  foreign  establishments. 
In  some  few  instances  foreign  workmen  appear  to 
have  settled  in  England,  and  thus  their  art  became 
naturalized  with  them.  Vessels,  most  of  them  tall  and 
slender  jugs,  have  been  discovered  in  excavations  in 
London,  which  may  be  assigned  to  the  fourteenth  and 
fifteenth  centuries,  and  were  probably  made  in  this 
country.  Occasionally,  also,  other  relics  have  been 
brought  to  light,  the  most  curious  being  some  terra- 
cotta models  for  stamping  his  wares,  which  had  been 
used  by  a  potter  of  the  time  of  Edward  III.,  and 
which  were  found,  with  numerous  fragments,  near  the 
remains  of  a  kiln  at  Lincoln.  The  glaze  used  was 
obtained  from  lead.  Amongst  the  productions  of  the 
seventeenth  century,  an  English  Delft  may  be  considered 
to  have  occupied  a  prominent  position  ;  dishes,  plates, 
mugs,  wine-pots,  and  other  objects  were  made  in  con- 
siderable numbers  at  Lambeth,  Fulham,  Liverpool,  and 
in  Staffordshire,  the  process  having  been  in  the  first 
instance  introduced  at  those  places  by  Dutch  potters 
who  had  settled  there.  The  wine-pots  are  globular 
in  form,  with  narrow  necks  and  handles  ;  their  color  is 
white;  and  they  are  inscribed  in  blue  with  the  words, 
sack,  claret,  whit,  usually  accompanied  by  dates  rang- 
ing from  1642  to  1659.  A  stoneware,  identical  in 
character  with  that  of  Flanders,  was  also  produced  in 
England  in  the  reign  of  Elizabeth,  who  made  many 
efforts  to  establish  potteries  amongst  her  subjects  ;  but 
little  of  importance,  however,  was  accomplished  until 
the  close  of  the  seventeenth  century. 

The  Staffordshire  Potteries,  which  now  pro- 
duce the  great  mass  of  the  earthenware  manufactured 
in  this  country,  from  their  great  local  advantages  have 
been  intimately  associated,  from  a  remote  period,  with 
the  art  that  has  given  to  them  their  name.  This  dis- 
trict contains  twelve  lordships  and  three  parishes,  and 
now  constitutes  the  borough  of  Stoke-upon-Trent. 
There  the  Romano-British  ceramists  plied  their  wheels 
and  threw  their  clay.  There  the  Saxon  iile-wrights 
practised  their  useful  calling,  and  transmitted  to  the 
Norman  potters  a  hereditary  craft.  English  potters 
now  flourish  in  the  same  localities,  and,  in  memory  of 
long-past  times,  they  still  have  amongst  them  a  family 
named  Tellwright — formerly  written  Tylright — 
who  for  several  centuries  have  been  settled  in  Burelem, 
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and  are  in  all  probability  descended  from  a  remote 
ancestry  who  exercised  what  our  Saxon  forefathers — 
before  the  Normans  had  introduced  the  word  potta — 
designated  the  tile-Wrights'  occupation.  In  the  year 
1686,  Dr.  Robert  Plot,  in  his  Natural  History  of 
Staffordshire,  first  directed  public  attention  to  the  pot- 
teries of  that  county.  He  mentions  Burslem  as  being 
the  seat  of  the  most  important  pottery  of  the  district, 
and  he  also  speaks  of  the  manufacture  of  tobacco- 
pipes  at  Newcastle-under-Lyne.  He  gives  a  minutely 
exact  description  of  four  varieties  of  white  and  red 
clays,  all  of  them  found  within  half  a  mile  of  Burslem, 
the  best  being  dug  up  nearest  the  coal,  which  were  of 
close  texture  and  would  work  well  on  the  wheel ;  and 
three  other  clays  of  looser  and  more  friable  natures, 
called  slips,  which  were  used  for  painting  the  wares. 
One  considerable  branch  of  the  Burslem  pottery  manu- 
factures at  that  time  consisted  of  butter-pots — coarse 
cylindrical  jars  to  contain  butter  for  sale.  An  act  of  par- 
liament passed  in  1661,  provided  that  these  butter-pots 
should  not  exceed  six  pounds  in  weight,  and  should  con- 
tain at  least  fourteen  pounds  of  butter.  Tygs  or  tiggs, 
drinking-cups,  commonly  having  two  or  three  handles, 
were  made  at  Burslem,  in  addition  to  the  butter-pots, 
both  before  and  during  the  reign  of  Elizabeth,  and 
specimens  of  them  are  the  earliest  examples  of  Stafford- 
shire pottery  that  are  known  to  be  in  existence.  The 
tyg  was  a  kind  of  loving  cup,  and  had  its  handles  so 
arranged  that  two  or  more  persons  drinking  out  of  it, 
and  each  holding  a  separate  handle,  might  bring  their 
lips  to  different  parts  of  the  rim.  Ornamented  dishes 
appear  to  have  been  made  at  Burslem  as  early  as  1 650. 
Until  1680,  a  lead  glazing  was  employed ;  glazing  by 
means  of  salt  was  accidentally  discovered  in  that  year, 
and  first  used  by  a  potter  named  Palmer.  About 
1605,  white  and  brown  stonewares  were  made  by 
Thomas  Miles  of  Skclton.  These  wares,  when  salt- 
glazed,  were  called  crouch-wares  by  the  Burslem 
manufacturers,  who  first  produced  them  in  1690.  The 
vapor  arising  from  the  salt-glazing  is  described  as 
being  so  considerable,  from  about  eight  to  twelve 
o'clock  on  Saturday  mornings  in  the  town  of  Burslem, 
as  to  produce  a  dense  white  cloud,  sometimes  so 
thick  as  to  cause  persons  to  run  against  each  other  in 
the  street.  At  that  period — 1700 — Burslem  contained 
twenty-two  ovens,  each  having  eight  mouths  at  equal 
distances.  In  1852  it  was  estimated  that  upwards  of 
sixty  thousand  persons  were  regularly  employed  in  the 
hundred  and  thirty-three  fictile  establishments  then  in 
active  operation  in  the  Staffordshire  potteries. 

The  first  attempts  that  were  made  to  imitate  some 
Japan  ware  by  the  Staffordshire  potters  were  not  suc- 
cessful ;  but  in  1690,  two  brothers  named  Elers  from 
Nuremberg,  discovered  a  bed  of  fine  compact  red  clay, 
which  enabled  them  to  produce  with  complete  success 
a  fictitious  Japan  ware.  The  discovery  of  the  use  of 
calcined  and  pounded  flint  as  an  ingredient  in  pottery, 
attributed  to  the  younger  Astbury  in  1720,  led  to 
great  and  highly  important  improvements  in  the 
Staffordshire  wares.  The  new  material  was  used  in 
combination  with  pipeclay  and  sand,  and  colored  with 
oxide  of  copper  and  manganese.  The  agate  and  tor- 
toiseshell  wares,  some  of  the  specimens  being  moulded 


in  relief  and  enriched  with  gilding,  were  thus  produced. 
About  this  time  moulds  of  plaster  of  Paris  were  intro- 
duced from  France  into  England  by  Ralph  Daniel  of 
Cobridge,  and  generally  adopted  by  the  English  potters. 
The  wares  produced  from  these  moulds  were  dis- 
tinguished only  by  their  different  shades  of  color, 
and  were  known  as  drab,  or  cream-colored,  and  white. 
Printed  and  painted  wares  also  soon  followed  the  plain 
varieties.  The  forms  and  patterns  of  this  pottery  were 
generally  obtained  from  the  silver  plate  of  the  period. 
Such  was  the  condition  of  the  English  pottery  manu- 
facture in  the  most  important  district  in  the  country, 
when  another  Palissy  arose  in  England  in  the  person 
of  Josiah  Wedgwood. 

In  common  with  several  members  of  his  family, 
Thomas  Wedgwood  had  carried  on  the  manufacture 
of  pottery  for  some  years  at  Burslem,  at  the  time  of  the 
birth  of  this  son  Josiah — the  youngest  of  thirteen — in 
1730.  Very  scanty  was  the  education  which  the  young 
Josiah  was  enabled  to  acquire,  and  very  early  in  life 
he  found  it  necessary  to  work  as  a  thrower  in  his  elder 
brother's  pottery.  His  weak  health  compelled  him  to 
relinquish  the  more  laborious  occupations  of  his  art,  and 
to  follow  the  natural  inclination  of  his  ingenious  and 
enterprising  mind.  He  made  various  ornamental  and 
useful  articles  in  clay,  mixed  with  metallic  oxides,  and 
thus  obtained  imitations  of  jaspers,  agates,  and  other 
variegated  stones.  In  1759  he  succeeded  in  fabricating 
a  white  stoneware,  and  subsequently  a  cream-colored 
ware,  by  which  he  gained  a  high  celebrity.  This 
renowned  ware  was  composed  of  the  whitest  clays  of 
Devon  and  Dorset,  mixed  with  ground  flint,  and  covered 
with  a  brilliant  vitreous  glaze.  It  was  capable  of  en- 
during sudden  and  violent  changes  of  temperature,  and 
was  not  affected  by  acids.  Some  specimens  having 
been  presented  to  Queen  Charlotte,  Wedgwood 
was  appointed  the  royal  potter,  and  his  cream-colored 
pottery  he  was  desired  thenceforth  to  designate  Qneen's- 
ware.  His  success  having  now  become  established. 
Wedgwood  applied  himself  with  the  most  devoted 
assiduity  to  the  introduction  of  various  improvements  in 
the  composition,  glaze,  and  color  of  his  productions. 
He  consulted  the  writings  of  the  best  authors  who  had 
treated  of  chemistry ;  he  worked  assiduously  at  his  own 
experiments ;  and  he  souglit  the  aid  and  co-operation 
of  the  ablest  workmen  and  the  most  accomplished 
artists.  Having  completed  his  most  interesting  disco- 
veries, in  1763  Wedgwood  opened  a  metropolitan 
establishment  in  St.  James'  Square,  in  connection  with 
his  friend  Bentley,  a  descendant  of  the  celebrated 
critic.  Having  obtained  the  loan  of  valuable  specimens 
of  antique  sculpture,  cameos,  intaglios,  seals,  and  other 
objects,  Wedgwood  produced  the  most  admirable 
copies  of  them  in  his  new  wares.  Amongst  the  most 
remarkable  of  his  reproductions,  are  the  fifty  copies 
which  he  made  in  his  peculiar  pottery  of  the  Barberini, 
now  the  Portland,  vase.  The  Wedgwood  Portland 
vases  are  examples  of  the  Jasper  pottery  of  this  great 
artist.  This  remarkable  class  of  fictile  works  was  pro- 
duced from  a  white  body  of  extraordinary  delicacy  and 
beauty,  which,  unlike  any  other  ceramic  composition 
known  either  in  ancient  or  modern  times,  possesses  the 
property  of  receiving  through  its  whole  substance,  from 
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the  admixture  of  metallic  oxides,  the  same  colors  that 
those  oxides  communicate  to  glass  or  enamel  in  fusion. 
The  effect  of  this  property  was  such  as  enabled  Wedg- 
wood to  produce,  in  bas-relief,  any  figures  or  objects 
that  he  might  desire,  of  the  purest  white  upon  colored 
grounds.  The  blue  jasper  of  his  grounds  he  obtained 
by  adding  to  the  mixture  of  his  vitrescent  materials 
oxide  of  cobalt,  the  quantity  being  increased  as  a 
greater  depth  of  color  was  desired.  In  the  case  of  the 
green  jasper,  the  admixture  was  made  with  the  prot- 
oxide of  chrome.  So  great  was  the  extent  to  which 
the  manufacture  of  imitative  gems  was  carried  by  this 
process,  that  the  catalogue  of  Antique  Ornaments,  et 
cetera,  published  by  Wedgwood  in  1777,  enumerates 
and  describes  seventeen  hundred  and  thirty-five  cameos, 
and  three  hundred  and  sixty-six  intaglios,  which  had 
been  reproduced  by  him  in  fac-simile  from  ancient 
works.  Another  important  discover}'  made  by  Wedg- 
wood, was  that  of  painting  on  vases  and  other  objects 
without  the  glossy  appearance  of  ordinary  paintings  on 
earthenwares — an  art  practised  by  the  ancient  Etrus- 
cans, but  which  appears  to  have  been  lost  since  the 
days  of  Pliny.  It  is  worthy  of  especial  record  that,  in 
addition  to  his  vast  series  of  objects  of  an  exclusively 
decorative  character,  Wedgwood  also  produced  many 
articles  of  domestic  use  and  requirement,  all  of  them 
designed  in  the  same  true  artistic  spirit,  modelled  with 
the  same  care,  and  adorned  with  the  same  admirable 
bassi  relievi,  as  his  more  elaborate  and  costly  works. 
The  fame  of  Wedgwood  was  so  great  that  his  works 
at  Burslem,  and  subsequently  at  Etrnria,  a  village 
erected  by  him,  and  to  which  he  removed  in  1771, 
became  a  point  of  attraction  to  visitors  from  all  parts 
of  Europe ;  while  his  own  talent  and  energy,  coupled 
with  the  sound  judgment  which  led  him  to  secure  the 
co-operation  of  such  an  artist  as  Flaxman,  not  only 
obtained  for  him  extensive  patronage  and  an  ample 
fortune,  but  also  greatly  promoted  the  commercial 
interests,  and  exalted  the  reputation  of  his  country. 
He  died  in  his  sixty-fifth  year  at  Etruria,  January  3, 
1795.  During  his  lifetime,  Wedgwood  sold  his  ware 
at  a  price  which  brought  it  within  the  means  of  general 
consumption,  both  at  home  and  abroad ;  and  so  highly 
were  his  works  prized  on  the  continent  of  Europe,  that, 
notwithstanding  duties  that  were  intended  to  prohibit 
the  admission  of  British  earthenware,  not  less  than 
five-sixths  of  the  entire  quantity  which  he  made  were 
exported.  His  cameos  and  other  works  are  still  held 
in  high  honor  abroad,  and  at  home  Wedgwood-ware 
of  every  description  now  finds  ready  purchasers  at 
prices  which  significantly  indicate  its  present  reputa- 
tion. It  is  most  satisfactory  to  be  able  to  add,  that 
the  influence  of  Josiah  Wedgwood  has  acted  most 
beneficially  in  promoting  the  permanent  improvement 
of  British  pottery,  and  also  that  the  wares  which  still 
issue  from  Etruria  are  not  unworthy  of  their  associa- 
tion with  his  name  and  his  memory. 

In  the  seventeenth  and  eighteenth  centuries  manu- 
factories of  pottery  existed,  and  flourished  with  varying 
success,  at  Lambeth,  Fulham,  Liverpool  and  its  neigh- 
borhood, Leeds,  York,  Bristol,  Nottingham,  Jackfield 
in  Shropshire,  and  Lowestoff  in  Suffolk.  The  potteries 
of  Lambeth  and  Fulham  produced  a  species  of  delft 


and  a  stoneware,  with  some  excellent  decorative  tiles. 
At  Lambeth  the  manufacture  of  stoneware  is  still 
carried  on  to  a  great  extent ;  the  materials  are  pipeclay 
from  Dorsetshire,  pulverized  Staffordshire  flint,  and 
sand ;  a  salt  glaze  is  used,  which  renders  the  ware 
perfectly  impermeable  to  water,  and  even  to  acids. 
The  Liverpool  manufactories  produced  many  fictile 
works  of  considerable  interest  and  importance.  They 
are  first  mentioned  in  the  year  1674.  A  century  later, 
Sadler  and  Green  introduced  the  art  of  printing 
upon  pottery ;  and  they  succeeded  so  completely  in 
keeping  their  process  secret  that,  until  the  time  of  his 
death,  Wedgwood  was  in  the  habit  of  sending  his 
Queen's-ware  to  Liverpool  to  be  decorated  by  the  new 
style  of  ornamentation,  after  which  it  was  returned  to 
Burslem  and  Etruria.  In  1752  Richard  Chaffers 
made  a  fine  white  earthenware  at  Liverpool ;  but  find- 
ing Wedgwood  a  formidable  rival,  he  directed  his 
attention  exclusively  to  the  production  of  porcelain. 
After  many  disappointments,  he  succeeded  in  discover- 
ing accidentally  the  requisite  materials,  and  he  produced 
a  chinaware  of  great  excellence.  About  17G0  the 
manufactory  of  Pennington  at  Liverpool  became 
celebrated  for  punch-bowls  and  vases  of  delft.  Pen- 
nington was  also  noted  for  his  wonderfully  successful 
imitations  of  Oriental  porcelain.  He  eventually  broke 
up  his  Liverpool  establishment,  and  retired  to  Worcester. 

At  the  present  day  the  potteries  of  Staffordshire  and 
of  other  parts  of  England  occupy  a  most  important 
position  amongst  the  national  industries.  Every 
imaginable  object  that  may  be  produced  from  clay  is 
now  made  by  English  ceramists,  and  the  most  elaborate 
and  the  simplest  works  are  executed  with  equal  facility 
and  the  same  success.  The  early  fictile  productions 
of  the  country,  inlaid  tiles  and  moulded  architectural 
terra-cotta,  have  been  revived,  and  are  now  produced 
with  admirable  skill.  His  inlaid  tiles  were  the  produc- 
tions which  in  a  pre-eminent  degree  established  the 
fame  of  Herbert  Minton,  a  man  whose  name  will 
ever  be  honorably  remembered  as  one  of  the  worthiest 
of  ceramic  art  manufacturers.  Messrs.  Maw  are  more 
particularly  distinguished  for  their  tiles  having  geo- 
metrical designs,  after  the  manner  of  the  ancient 
tessellated  pavements ;  and  Pulham  of  Broxbourne,  in 
Hertfordshire,  may  be  specified  as  taking  the  lead 
amongst  the  most  successful  producers  of  moulded 
terra-cotta. 

Mexican  and  South  American  Pottery. — 
Examples  of  several  varieties  of  ancient  pottery  have 
been  discovered  in  Mexico,  and  described  by  Stephens 
in  his  Incidents  of  Travel.  They  have  been  obtained 
from  the  ancient  tombs  of  the  country,  and  are  remark- 
able for  their  singularly  grotesque  forms  rather  than 
for  any  other  distinctive  peculiarities  ;  the  fictile  works 
of  Mexico,  however,  at  the  time  of  the  invasion  by  the 
Spaniards,  are  spoken  of  by  the  conquerors  in  terms  of 
great  admiration.  The  early  pottery  of  Peru,  Chili, 
and  Columbia  has  a  peculiar  character  which  very 
decidedly  distinguishes  it  from  any  European,  and  also 
from  all  Oriental  works  of  the  same  class.  It  approxi- 
mates to  the  Mexican,  having  the  same  uncouth  and 
rude  forms,  and  a  similar  grotesqueness  pervading  its 
ornamentation ;  and  yet  in  connection  with  such  indi- 
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cations  of  a  rude  condition  of  manufacture,  many  of 
these  works  exhibit  in  their  carved  or  impressed  decora- 
tions, patterns  identical  with  such  well-known  classic 
forms  as  the  Greek  honeysuckle,  the  frette,  and  the 
Vitruvian-scroll.  In  his  History  of  Brazil,  alluding  to 
the  excellence  of  the  South  American  potters,  Southey 
states  that  the  Tupinambas  were  in  many  respects  an 
improved  race.  The  women  were  skilful  potters,  they 
dried  their  vessels  in  the  sun,  then  inverted  them,  and 
covered  them  with  dry  bark  to  which  they  set  fire, 
and  thus  baked  them  sufficiently.  There  were  some 
who  buried  their  dead  in  jars  large  enough  to  receive 
them  erect.  The  Tupinambas,  by  means  of  some 
white  liquid,  glazed  the  inside  of  their  vessels  so  well 
that  it  was  said  the  potteTs  in  France  could  not  do  it 
better,  hut  the  outside  was  generally  finished  with  less 
care.    Fig.  465  represents  a  chief  of  the  Coroados 
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Indians  in  his  funeral  jar,  decked  with  his  war  orna- 
ments and  his  arms,  sitting  on  his  heels  in  the  usual 
posture  of  the  savage  in  repose,  and  having  some  ani- 
mal at  his  feet.  Such  sepulchral  deposits  are  found  at 
the  foot  of  the  large  trees  of  the  forests. 

It  is  far  from  improbable  that  future  researches  may 
bring  to  light  many  varieties  of  pottery,  some  of  them 
perhaps  the  simple  and  rude  productions  of  aboriginal 
races,  in  regions  which  now  can  scarcely  be  said  to  have 
supplied  any  contributions  to  the  history  of  fictile  manu- 
factures ;  and  possibly,  also,  the  sepulchres  of  long- 
departed  generations  may  yet  contain  an  abundant 
store  of  precious  examples  of  ceramic  art,  scarcely  less 
interesting  than  the  most  esteemed  of  those  that  are 
so  well  known,  and  which,  at  the  same  time,  may 
prove  to  be  distinguished  by  characteristic  qualities 
peculiarly  their  own. 

European  Porcelain.— Although  vases  and  other 
pieces  of  Chinese  porcelain  had  found  their  way  into 
Europe  before  the  Portuguese  doubled  the  Cape  of 
Good  Hope  in  1497,  it  was  not  until  after  that  event 
that  this  porcelain  became  well  known  to  the  various 
European  nations.  Having  introduced  comparative 
large  quantities  of  Chinese  porcelain  into  Europe  about 
the  year  1520,  the  Portuguese  were  succeeded  in  a  great- 
part  of  their  East  Indian  traffic  by  the  Dutch.  The 
earliest  known  mention  of  China  in  England  is  in  158G. 
In  1000  the  English  East  India  Company  was  founded, 
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and  having  at  length  formed  an  establishment  at 
Gambror  ,iu  the  Persian  Gulf,  it  was  enabled  to  intro- 
duce Chinese  porcelain  directly  from  that  port  into 
England,  and  hence  it  became  known  as  Gambror- 
ware.  In  1631  China  was  commonly  imported  into 
tins  country. 

A  familiarity  with  the  porcelain  that  was  brought 
into  Europe  from  China,  naturally  induced  a  strong 
desire  in  the  minds  of  European  chemists  and  manu- 
facturers, to  produce  a  ware  that  was  at  once  so  beau- 
tiful and  of  such  signal  utility.  Two  centuries,  however, 
had  passed  away  before  the  most  energetic  efforts  could 
attain  to  more  than  a  habit  of  systematic  copying  of 
Chinese  forms  and  patterns,  upon  the  ordinary  fictile 
wares  of  European  production.  The  translueence  that 
characterised  and  distinguished  the  porcelain  of  the 
East  remained  undiscovered  until  the  commencement 
of  the  eighteenth  century,  when  Bottcher  first 
succeeded  in  producing,  at  Meissen,  the  true  porcelain 
known  as  Dresden  China. 

The  two  chief  components  of  porcelain  are  entitled 
Kaolin  and  pe-tun-tse.  The  Kaolin — its  name  being 
considered  to  be  derived  from  Kaon-ling,  or  Lofty- 
ridge,  the  name  of  a  range  of  hills  near  the  imperial 
Chinese  porcelain  works  of  King-te-chin — is  an  infusible 
substance,  consisting  of  alumina  or  clay,  or,  in  some 
cases  of  decomposed  felspar ;  and  the  pe-tun-tse,  or 
white  paste,  which  is  fusible,  and  produces  the  translucid 
quality  of  the  ware,  is  composed  of  felspar  or  petro- 
silex  reduced  to  powder.  The  two  classes  or  varieties 
of  porcelain,  severally  distinguished  as  hard  paste  and 
soft  paste,  contain  the  two  principal  ingredients  in 
different  proportions ;  the  hard  contains  a  greater 
quantity  of  alumina  and  less  of  silica ;  in  the  soft  the 
proportion  of  silica  is  increased.  The  former  acquires 
a  greater,  and  the  latter  a  less  density.  The  latter, 
also,  is  soft  in  two  senses  ;  first,  as  being  less  able  to 
resist  a  very  high  temperature ;  and,  secondly,  since 
the  paste,  where  unprotected  by  the  glaze,  is  easily 
scratched  by  an  iron  instrument.  It  must  be  added, 
that  besides  the  naturally  soft  paste — tendre  naturdk — 
there  is  a  porcelain  formed  from  a  paste  that  is  artifi- 
cially soft — tendre  artificielle. 

Bottcher  was  an  apothecary's  assistant  of  Berlin, 
who  fled  into  Saxony  to  avoid  the  persecution  which 
threatened  him  in  consequence  of  his  reputation  as  an 
alchemist.  In  1709  he  produced  a  true  white  porcelain 
of  sufficient  merit  to  induce  the  elector,  Augustus  II., 
to  establish  a  manufactory.  In  the  year  following, 
Bottcher  was  appointed  director,  and  in  1715  he 
succeeded  in  making  fine  porcelain  of  great  excellence. 
Bottcher  used  the  kaolin  of  Aue,  in  the  Erzgebirge, 
and  the  most  profound  secrecy  was  rigidly  enforced 
with  respect  to  the  entire  process  of  the  manufacture. 
Notwithstanding  every  precaution,  however,  certain 
workmen  escaped  from  Meissen;  and,  the  secret  having 
thus  become  in  some  degree  divulged,  other  porcelain 
manufacturers  arose,  one  by  one,  in  various  parts  of 
Germany,  and  particularly  at  Hochst,  Fiirstenberg, 
Baden,  Kronenburg,  Nymphenburg,  and  Fromtrentlial. 
In  the  year  1720  and  1751,  the  great  establishments 
of  Vienna  and  Berlin  were  severally  founded,  and 
they  speedily  obtained  for  their  works  the  very  highest 
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reputation.  The  porcelain  of  Berlin,  indeed,  rivals 
that  of  Dresden. 

Meanwhile,  in  1713,  Reaumur  commenced  a  series 
of  experiments,  based  upon  the  transmission  of  Chinese 
kaolin  and  pe-tun-tse  to  Paris  by  D'Entrecolles, 
which  paved  the  way  for  the  successful  use  of  those 
substances  in  the  Sevres  manufactory,  after  they  had 
eventually  been  discovered  in  France.  Before  this 
discovery,  the  researches  of  Reaumur  led  to  the  pro- 
duction of  an  artificial  porcelain  from  a  soft  paste — 
pale  tendre — the  composition  of  which  was  both  com- 
plicated and  costly.  Manufactories  were  established  at 
Chantilly  and  Vinccnnes  in  1735  and  1745;  and  in 
1754  the  manufacture  was  transferred,  under  a  special 
royal  sanction,  to  Sevres.  True  kaolin  was  accidentally 
discovered  in  1 7G8,  at  St.  Yriex,  near  Limoges ;  and 
having  been  ascertained  by  Macqner  to  be  both 
abundant  and  of  good  quality,  it  was  introduced  at 
Sevres,  where,  in  17G0,  the  production  of  hard  porce- 
lain was  regularly  established.  The  two  varieties  of 
porcelain,  however,  continued  to  be  made  conjointly  at 
Sevres  until  1804,  since  which  year  the  hard  or  true 
porcelain  only  has  been  produced.  It  is  very  remark- 
able that  the  quarries  of  St.  Yriex  produce  not  only 
the  kaolin,  but  also  the  pure  white  felspar  or  pe-tun-tse 
which  is  indispensable  in  the  production  of  porcelain. 

Some  degree  of  uncertainty  hangs  over  the  date  of 
the  first  English  porcelain  manufactories  at  Bow  and 
Chelsea,  nor  it  is  distinctly  known  what  were  the  clays 
employed  in  the  earlier  works  at  Derby  and  Worcester. 
The  natural  kaolin  of  Borey  Traoey,  Devon,  is  said  to 
have  been  worked  in  1730;  but  the  kaolin  of  Cornwall, 
which  caused  such  great  and  important  improvements 
in  the  porcelain  manufactures  of  England,  was  not  dis- 
covered by  Cookwoiitiiy  until  about  1755.  Kaolin, 
or  China-clay,  is  now  chiefly  prepared  from  the  granitic 
rocks  of  both  Devon  and  Cornwall ;  and,  as  in  the 
instance  of  St.  Yriex,  pe-tun-tse,  called  also  China- 
stone,  is  obtained  from  the  same  Cornish  rocks  which 
also  furnish  the  kaolin.  Bone  is  an  ingredient  in  com- 
mon use  in  the  composition  of  English  porcelain. 

In  a'ddition  to  the  porcelain,  manufactories  of  Ger- 
many, France,  and  England,  there  are  establishments 
for  the  production  of  this  ware  at  St.  Petersburg  and 
Moscow,  at  Amsterdam  and  the  Hague,  at  Copenhagen, 
at  Zurich  and  Nyon  in  Switzerland,  and  in  several  cities 
and  towns  of  Itaty,  Spain,  and  Portugal. 

German  Porcelain. — Dresden  is  remarkable  for 
the  beautiful  forms,  and  the  uncombined  richness  and 
delicacy  of  the  painted  and  gilded  decorations.  Figures 
of  every  kind  have  been  made  in  it  at  all  times,  and 
they  are  hold  in  very  high  esteem.  The  Dresden 
candelabras  have  never  been  equalled  by  any  others. 
The  clock-cases  and  snuff-boxes,  with  the  porcelain 
flowers,  lace,  and  the  honey-comb,  and  May-flower 
vases,  are  all  of  great  beauty,  and  exemplify  the  singular 
taste  and  skill  of  the  artists  who  produced  them.  The 
value  of  this  ware  is  determined  by  the  fashion  of  the 
piece  and  the  execution  of  the  paintings,  which  are 
generally  copies  of  the  works  of  the  best  Flemish  and 
Dutch  masters.  The  Dresden  'porcelain  with  the  royal 
mark — two  words  crossed  having  a  dot  below  them, 
a.d.  1778  -is  the  most  valuable. 


Berlin  porcelain,  which  closely  resembles  that  of 
Dresden,  is  almost  equal  to  it  in  form  and  painting. 
Berlin  is  now  celebrated  for  the  manufacture  of  a 
lithopharcs,  or  translucent  pictures,  executed  in  white 
porcelain.  The  porcelain  of  Vienna  is  thicker  than  that 
of  Dresden,  and  its  glazing  has  a  grey  line.  It  is 
distinguished  by  the  excellence  of  its  raised  and  gilded 
work,  and  for  the  application,  in  relief,  of  solid  platina 
and  gold.  It  is  now  exported  in  large  quantities  to 
Turkey,  Russia,  and  Italy.  The  Hochst  porcelain, 
which  was  produced  in  no  great  quantities  from  1740 
till  1794,  partakes  of  the  beauty  and  excellence  of  the 
Dresden  manufacture.  In  varying  degrees,  also,  the 
same  character  may  be  assigned  to  all  the  porcelain 
produced  in  other  parts  of  Germany. 

French  Porcelain'. — In  France  the  porcelain 
manufactures  have  always  enjoyed  the  highest  pa- 
tronage, and  every  encouragement  lias  been  given  to 
promote  their  success.  The  results  have  fully  realized 
the  most  aspiring  hopes  of  their  friends  and  admirers. 
The  early  soft  porcelain  of  Sevres  is  remarkable  for 
its  creamy  and  pearly  softness  of  color,  the  beauty  of 
its  painting,  and  the  depth  of  its  glaze.  After  repeated 
efforts  the  Sevres  artists,  who  have  ever  reckoned 
among  their  number  men  of  the  most  distinguished 
ability,  succeeded  in  producing  upon  the  hard  porcelain 
the  most  exquisite  landscapes,  with  flowers,  and  various 
figures  disposed  in  graceful  medallions.  Portraits  and 
miniatures  were  subsequently  introduced.  The  jewelled 
cups  must  be  specified,  as  occupying  a  place  of  honor 
in  the  productions  of  Sevres.  In  form  this  porcelain 
is  decidedly  inferior  to  the  Dresden,  but  in  beauty  of 
painting,  richness  of  gilding,  and  depth  of  color,  it  has 
never  been  surpassed.  The  peculiar  ground-colors  of 
the  Sevres  porcelain,  that  so  justly  enjoy  a  pre-eminent 
popularity,  are  distinguished  as  blue-de-roi,  a  rich, 
deep  blue ;  bleu-turquoise,  a  pale  blue,  the  tint  of  the 
jewel ;  yellow,  or  joncpiille,  a  full,  glowing  green,  or 
verl-pre;  and  the  lovely  rose-color,  called  after  Madame 
Dubarry,  rose-Dubarry.  In  connection  with  the  royal 
porcelain  manufactory  at  Sevres  there  is  a  Ceramic 
Museum  of  the  utmost  value  and  interest,  the  estab- 
lishment of  which  was  due  to  the  exertions  of  the 
learned  and  accomplished  director  of  the  manufactory, 
the  late  M.  Brongniart.  Twenty-one  other  porce- 
lain manufactories  in  France,  besides  that  at  Sevres, 
are  noticed  by  Marry  at. 

English  Porcelain.— About  the  middle  of  the 
eighteenth  century  the  porcelain  works  of  Chelsea 
attained  to  considerable  importance,  and  under  the 
patronage  of  George  II.,  and  of  the  Duke  of  Cumber- 
land, they  produced  services,  and  various  pieces  and 
objects  of  the  very  highest  excellence.  The  early 
Chelsea-ware  aimed  at  a  close  imitation  of  the  Chinese, 
but  subsequently  the  forms  and  decorations  in  favor 
in  France  were  adopted,  and  retained  in  use  until  the 
close  of  the  works  about  1705.  About  the  same 
period  with  the  Chelsea,  Bow-china  was  made  at  Strat- 
ford-le-Bow,  and  was  generally  distinguished  by  its 
embossed  and  quaint  devices.  When  the  Bow  works 
were  given  up,  about  1750,  a  porcelain  manufactory 
was  established  at  Derby,  which,  on  the  decline  of  the 
Chelsea-ware,  became  celebrated.    It  is  very  trans- 
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luceut,  aud  of  fine  quality.  This  porcelain  has  long 
ceased  to  bo  produced ;  which  is  also  the  case  with  the 
beautiful  ware,  the  first  true  porcelain  of  hard  paste 
made  in  England,  at  Plymouth,  by  Cookwortiiy,  and 
with  the  Bristol-ware,  of  still  superior  character,  which 
succeeded  it. 

In  1751  the  manufacture  of  porcelain  was  introduced 
by  Dr.  Wall,  at  Worcester,  and,  from  the  first, 
the  works  produced  at  that  city  have  commanded 
decided  admiration,  and  secured  extensive  patronage. 
The  earliest  efforts  were  directed  to  the  imitation  of 
the  porcelain  of  China  and  Japan.  About  175G  the 
important  process  of  transfer  printing  was  discovered 
and  adopted  at  Worcester.  In  1786  George  III.  paid 
a  visit  to  Worcester,  when  he  granted  the  patent  which 
gave  to  that  city  the  first  Royal  Porcelain  Works  in 
England.  At  this  period,  and  until  the  present  century 
had  seen  its  first  quarter  pass  away,  the  artists  of  the 
Worcester  establishment  appear  to  have  been  influenced 
by  an  irresistible  desire  to  imitate  the  most  attractive 
works  of  other  ceramists,  and  they  accordingly  studied 
with  equal  attention  the  best  productions  of  Dresden, 
Berlin,  and  Sevres,  as  well  as  those  of  the  East.  More 
recently  the  Worcester  porcelain,  which  has  always 
been  celebrated  for  its  beautiful  transluceney,  and  the 
rich  variety  of  its  colored  and  gilded  decorations,  has 
gradually  assumed  a  decided  and  definite  character, 
and  it  stands  in  the  front  rank  of  the  fictile  manufac- 
tures of  England.  The  present  productions  of  the 
Worcester  works  comprise  the  most  exquisite  works 
of  ceramic  art,  together  with  every  variety  of  useful 
object — the  spirited  proprietors  are  Messrs.  Kerr  and 
Binnes.  Nearly  contemporaneous  with  the  works  at 
Worcester  are  those  that  still  flourish  on  the  right  bank 
of  the  Severn,  at  Coalporl  and  Colebroolc  Dale,  aud 
other  places  in  the  same  neighborhood  in  Shropshire, 
and  produce  vast  quantities  of  excellent  porcelain. 
The  porcelain  wares  of  Nantgarrow  and  Swansea,  also 
of  about  the  same  date,  were  amongst  the  first  that 
succeeded  in  England  in  attaining  to  the  highest 
qualities  of  the  manufacture ;  and  besides  these, 
attempts,  attended  with  various  degrees  of  success, 
were  made  in  other  parts  of  England,  for  producing  the 
universally-admired  porcelain  for  which  Europe  was 
indebted  to  the  East.  At  the  present  day  porcelain 
manufactories,  side  by  side  with  those  for  the  produc- 
tion of  the  humbler  classes  of  fictile  works  in  terra- 
cotta, are  carried  on  in  many  parts  of  England,  but 
Staffordshire  and  the  city  of  Worcester  still  continue 
to  be  the  scenes  of  the  most  important  operations. 
Amongst  the  most  distinguished  of  the  Staffordshire 
manufacturers  are  the  firms  of  Copeland,  Minton, 
and  Ridg wa Y ;  and  with  them  the  names  of  Rose  and 
of  Bates  must  be  associated  as  ceramic  manufacturers 
of  the  first  class. 

Statuary  Porcelain  and  Parian. — Under  these 
titles  are  comprehended  some  of  the  most  beautiful  and 
most  popular  productions  of  modern  ceramic  art. 
These  delicate  compounds  were  introduced  about  1842 
by  Copeland,  Minton,  and  Kerr,  for  the  execution 
of  statuettes  and  other  decorative  works  of  a  high  order ; 
and  they  have  been  constantly  improved,  until  they  now 
have  attained  to  the  utmost  perfection.    Delicate  and 


refined  in  the  highest  degree,  the  Parian  or  statuary 
porcelain  is  eminently  sculpturesque  in  its  aspect  and 
tone  of  color,  and  at  the  same  time  it  excites  no  sus- 
picion of  fragility  or  evanescence.  Works  thus  executed 
are  true  works  of  art,  and  the  comparative  facility  with 
which  they  may  be  produced  renders  them  easy  of 
general  access. 

Ceramic  Enamels. — The  process  for  the  applica- 
tion of  enamels  to  metals,  so  famous  in  the  middle 
ages,  have  been  received  by  modern  ceramists,  and  by 
them  used  for  the  decoration  of  certain  classes  of  their 
own  works.  These  works  are  executed  on  porcelain 
in  the  style  of  the  champlere'  metallic  enamels  of 
Limoges,  but  without  their  thread-like  lines  of  gold; 
they  exhibit  the  same  beautiful  tints  with  the  enamels 
of  the  thirteenth  and  fourteenth  centuries,  and  are  uni- 
formly distinguished  by  an  exquisite  delicacy  of  touch 
and  general  treatment,  associated  with  admirable  energy 
and  decision  of  expression. 

Turning  from  this  historical  account  of  the  ceramic 
art  to  the  modern  practice  of  manufacturing  the  various 
kinds  of  pottery  wares,  the  first  thing  to  be  considered 
is  the  nature  of  the  clays  and  other  substances  used  in 
the  art  of 

PRACTICAL  POTTING. — Clay  consists  of  a  hy- 
drated  silicate  of  alumina  in  combination  more  or  less 
with  other  substances  derived  from  the  felspathic 
rocks,  which  by  their  disintegration  and  decomposition 
have  formed  the  clay;  the  silicates  of  potassa  and  soda, 
which  form  constituents  of  the  felspar,  having  been 
dissolved  out  by  water  during  the  decay  of  the  rocks. 
The  chemical  formula  of  the  more  important  varieties 
of  clay,  according  to  Brogniart  and  others,  may  be 
represented  by  2  Al2  03,  3  Si  02,  4  HO,  which  appears 
to  be  the  composition  of  the  fire-clay  of  the  Stafford- 
shire coal  measures.  In  nature,  however,  the  greater 
number  of  clays  is  intermingled  with  substances  foreign 
to  them  in  their  original  localities,  fragments  of  unde- 
composed  rock,  carbonate  of  lime,  magnesia,  and  the 
oxides  of  iron,  certain  proportions  of  potash,  and  vari- 
able amounts  of  silica  in  the  hydrated  condition,  all  of 
which  modify  the  character  of  the  clay  and  its  appli- 
cations, according  as  one  or  other  of  these  ingredients 
predominates. 

Pure  clay  is  soft,  more  or  less  unctuous  to  the  touch, 
white  and  opaque,  and  when  breathed  upon  emits  a 
characteristic  odor;  it  may  be  converted  by  water  into 
a  doughy,  tenacious,  plastic  paste,  insoluble  in  water. 
The  most  prominent  physical  properties  of  clay  are 
its  plasticity  and  behavior  when  exposed  to  heat ;  when 
slowly  dried  and  exposed  to  a  high  temperature,  it 
shrinks  considerably,  and  splits  into  masses  extremely 
hard,  and  does  not  undergo  fusion  in  the  furnace;  the 
stronger  the  heat  to  which  it  is  exposed,  the  more 
dense,  sonorous,  and  hard  the  clay  becomes,  although 
still  porous  enough  to  absorb  water  with  avidity.  It  is, 
however,  a  remarkable  fact,  that  while  an  increase  of 
temperature  brings  the  pores  of  the  clay  continually 
closer  together,  and  the  burnt  clay  increases  in  den- 
sity and  in  hardness,  this  is  not  the  case  with  the  mass 
itself — a  fact  which  has  been  proved  by  weighing 
porcelain  clay  after  it  has  been  dried  or  burnt.  Thus, 
porcelain  clay  which  bad  been  exposed  successively  to 
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different  temperatures  was  found  to  vary  in  specific 
weight  as  follows  : — 


Temperature  of 

Cherry 
red  hunt. 

>  a 

I| 

White 
Low. 

Heat. 
Intense 

The  cubic  inch 
weighed  in  pow- 
der in  grammes 

38-58 

39-52 

40-61 

4,2-17 

41-24 

39-05 

38-74 

by  which  it  will  be  seen  that  the  density  of  the  mass 
itself  attains  its  maximum  at  an  incipient  red  heat,  and 
is  reduced  at  a  white  heat  to  the  same  state  which  it 
had  acquired  at  212°.  In  the  commencement  the 
clay  loses  water  as  much  as  8J  per  cent. ;  after  having 
been  dried  at  334°,  this  weight  then  remains  unal- 
terable. But  other  changes  occur  at  a  red  heat ;  the 
particles  of  claj'  are  augmented  in  volume  and  possess 
less  density ;  at  the  same  time,  however,  the  intersti- 
tial spaces  are  diminished,  and  they  approach  more 
closely  together,  giving  an  increase  of  density  to  the 
whole  mass  of  burnt  clay,  which  is  practically  observed 
by  a  diminution  of  surface,  and  technically  called  the 
shrinking  of  the  clay.  It  can  easily  be  conceived  that 
this  shrinking  will  be  very  materially  modified  and 
affected  by  the  admixture  and  proportion  of  foreign 
matters  possessing  other  properties — substances  which 
may  either  be  constituted  of  undecomposed  detritus  of 
the  rocks  which  form  the  basis  of  the  clay,  or  of  others 
which  do  not  yield  clay  by  decomposition. 

Pure  clay  does  not  fuse  in  the  most  powerful  blast- 
furnaces; it  dissolves  with  difficulty  in  borax,  produc- 
ing a  transparent  glass ;  with  carbonate  of  soda  it  forms 
a  green  glass ;  if  ignited  with  solution  of  cobalt,  it 
assumes  a  blue  color.  Clay  is  insoluble  either  by 
nitric  acid  or  dilute  hydrochloric  acid  ;  but  boiled  with 
diluted  sulphuric  acid  until  the  acid  begins  to  evapo- 
rate, the  alumina  is  dissolved  out,  together  with  a 
small  quantity  of  silica.  By  boiling  in  a  solution  of 
carbonate  of  soda,  the  quartz,  sand,  felspar,  et  cetera, 
frequently  mixed  with  the  clay,  may  be  separated. 
The  presence  of  clay  in  any  soil  may  be  readily  distin- 
guished by  the  absorbent  quality  which  it  exhibits  ; 
when  applied  to  the  tongue  or  lips  in  a  dry  state,  it 
tullieres  to  them  strongly,  absorbing  the  saliva  from  their 
surface.  It  is  this  absorbent  property  in  clay  which 
causes  it  to  retain  ammonia  in  the  soil.  The  ingre- 
dients which  most  affect  the  character  of  clay  are  sand, 
iron,  lime,  and  magnesia,  and  its  plasticity  diminishes 
in  proportion  to  the  amount  of  any  one  of  these  sub- 


Silica,  

Alumina,  

Ptjtassa,  

Magnesia,   

Lime,   

Oxide  of  iron,  

Oxide  of  manganese. 

Water,  

Los?,...;  


stances  which  it  contains,  as  they  arc  not  plastic. 
Sand  exercises  the  most  marked  effect  in  this  manner; 
lime  somewhat  less,  and  oxide  of  iron  very  little.  Clay 
containing  sand  is  said  to  be  2)oor,  in  contradistinction 
to  fat  clay. 

When  clay  containing  lime  or  iron  is  subjected  to 
the  action  of  heat,  the  silica,  alumina,  lime,  and  iron 
form  together  a  mixture  similar  to  that  employed  in 
the  manufacture  of  bottle-glass,  melting  in  the  fire  with 
more  or  less  ease,  according  as  it  contains  much  or 
little  of  the  latter  two  ingredients.  Magnesia  exerts 
less  influence  upon  the  character  of  clay ;  and  the 
greater  the  amount  of  quarlz  and  silica  that  enter  into 
the  composition  of  the  clay,  the  more  difficult  it  will  be 
of  fusion.  Clays  which  contaiu  an  excess  of  iron  or 
lime  can  be  corrected  by  a  large  quantity  of  these 
ingredients.  The  fixed  or  fireproof  clays  are  thus  dis- 
tinguished from  the  fusible  ones.  Those  containing 
iron  are  either  red,  yellow,  or  blue,  after  firing,  accord- 
ing to  the  quantity  of  the  metallic  oxide  they  contain, 
and  the  degree  of  heat  to  which  they  have  been  sub- 
jected. Many  kinds  of  clay  are  permeated  by  an 
organic  substance  which  gives  them  a  blue,  bluish- 
grey,  or  black  color,  arising  from  the  presence  of 
coloring  matters  which  are  of  no  practical  importance, 
as  the  clay  when  exposed  to  the  influence  of  fire  be- 
comes white. 

It  is  upon  the  properly  which  clay  possesses  of 
being  converted  by  heat  into  a  firm  compact  mass, 
no  longer  influenced  by  the  action  of  water,  that  its 
employment  in  'the  preparation  of  bricks  and  vessels 
of  various  kinds  depends ;  and  with  a  view  to  this 
object  the  different  varieties  of  clay  have  been  clas- 
sified into  fireproof  fusible,  calcareous,  and  ferrugi- 
nous— the  calcareous  being  those  which  effervesce 
considerably  with  acids  from  containing  a  large  pro- 
portion of  earthy  carbonates,  particularly  lime,  while 
the  ochry  or  ferruginous  clays  contain  much  oxide  of 
iron,  and  possess  a  red-brown  color. 

Fireproof  Clays. — Kaolin  or  Porcelain  earth  is 
one  of  the  most  important  materials  in  the  production 
of  porcelain.  It  is  an  earthy,  pure  white,  greyish,  or 
milk-white  substance,  easily  pulverized.  It  occurs 
in  granitic  soils  rich  in  felspar,  but  containing  little 
mica  or  porphyry.  The  chief  localities  of  this  sub- 
stance are  Sedlitz,  near  Meissen ;  Mori,  near  Halle  ; 
Obemzell  and  Diendorff,  near  Passau  ;  Saint  Yriex, 
near  Limoges,  Department  Nievre ;  Saint  Austel  in 
Cornwall ;  China  and  Japan.  Kaolin  bums  perfectly 
white.  The  subjoined  analyses  exhibit  its  compo- 
sition : — 

Kaolin  from 


St.  Yriex 

A  tie, 

PMSra. 

Hallo. 

St  Tropoa 

He  dilet. 

Kuliu. 

fuchs. 

Blej. 

47-09 

47-84 

43-65 

39-62 

55-80 

30-41 

35-97 

35-93 

45-00 

26-00 

1-56 

8-20 

2-94 

'. '.  3-32 

0-50 

..        1-57  V. 

0-88       '. '. 

0-07 

1-00 

0-19  '. 

1-80 

12-00 

13-18 

18-50  ! 

10  00 

7-20 

1-64 

001 

1-80 

050 

100-00 

100  00 

100-00 

100-00 

100-00 

POTT EH Y- 
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Granite  or  Cornish-stone  is  a  material  also  much 
used  in  the  English  potteries,  and  is  brought  from 
Cornwall,  where  the  granite  hills  are  intersected  by 
extensive  deposits  of  this  stone.  It  consists  chiefly  of 
quartz  and  felspar,  mica  not  being  entirely  absent. 
This  rock — pegmatite — after  exposure  to  the  decom- 
posing action  of  the  weather  for  some  time,  is  one  of 
the  chief  sources,  especially  in  Cornwall,  of  the  porce- 
lain earth.  In  Cornish  stone,  which  is  brought  with 
the  porcelain  earth  into  commerce,  the  decomposition 
of  the  felspar  has  only  proceeded  so  far  as  to  render 
the  stone  easily  pulverizable.  It  cousists  of  kaolin, 
undecomposed  felspar,  and  quartz. 

Dr.  Lyon  Playfaik  has  made  the  following  analyses 
of  two  specimens  of  kaolin  from  Bluebarrow,  and  from 
Saint  Stephens,  Cornwall : — 

Eluubnrrow.        Saint  Stephens. 

Silica,   45-52    46-38 

Alumina,  with  trace  of  oxide  of)        40-76  38*60 

iron,   j 

Lime   2-17      ....  3-47 

I'otassa,  with  trace  of  soda,   1-90       ....  1-77 

Magnesia,  phosphoric  acid,  and  1        .  . 

sulphuric  acid,  f       mces      ""  tlace3 

Water,  with  a  small  quantity  of)  g„o 

organic  matter  j 

The  China  Clay  Works  at  Saint  Stephens,  Cornwall, 
are  composed  of  extensive  tracts  of  felspathic  rock  in  a 
high  state  of  decomposition,  twenty  feet  thick,  stand- 
ding  on  a  declivity.  Trenches  are  formed  around  spaces 
of  the  rock,  and  strong  currents  of  water  directed  into 
them,  which  carry  off  the  decomposed  portion,  united 
with  small  micaceous  particles.  These  streams  are 
directed  into  large  pits,  termed  mica  pits,  where  the 
particles  are  deposited.  The  pits  are  fitted  with  boards, 
which  are  raised  from  time  to  time  as  required,  and  as 
the  mica  rises  in  the  pit,  the  finer  particles  of  clay 
being  held  in  suspension  flow  over  the  boards,  and  are 
conveyed  by  channels  into  other  and  deeper  reservoirs 
or  tanks  of  very  large  dimensions.  When  these  large 
reservoirs  are  filled,  the  washing  process  is  stopped, 
and  the  fine  clay  is  allowed  to  settle,  and  is  removed 
iu  the  state  of  slip  or  thin  paste  to  more  shallow  drying 
tanks,  surrounding  the  general  reservoir.  The  latter 
are  about  eighteen  inches  deep,  and  in  these  the  slip 
is  allowed  to  remain  until  it  becomes  a  stiff  paste. 
Cutting  tools  are  then  passed  through  crosswise,  and 
the  superfluous  water  runs  off.  The  mass  is  after- 
wards cut  into  squares,  which  are  placed  to  dry  on  a 
space  appropriated  for  the  purpose,  and  previously 
sanded  to  prevent  the  squares  of  clay  being  mixed 
with  extraneous  matter.  The  squares  are  arranged  in 
the  most  convenient  maimer  for  drying,  and  sand  is 

GrosstOmcrode.  Strnsburg. 
Forchhammer.  Bcrthier. 

Silica,   15-900    66-70 

Alumina,   11-170   18-20 

kEagnesit,'""  ••>■••}  3  504  0-60 

Potassa,   0-786    — 

Water,   4-119  ....  12-00 

Oxide  of  iron                       —    1-60 

Oxide  of  manganese,              —  ....  — 

Residue,   61-030   

Loss,  Ac.,   0-485    0-90 

100  00  100-00 


sifted  over  them.  When  in  a  sufficiently  hard  state, 
women  are  employed  with  sharp  triangular  scrapers, 
to  remove  all  the  sand  with  care,  and  the  squares  are 
then  ready  for  shipment.  The  scrapings  are  collected, 
and  again  passed  through  the  washing  process,  so  that 
little  or  no  loss  of  materials  can  arise. 

The  clays  vary  much  in  quality,  some  being  much 
more  aluminous  than  others,  and,  although  not  so 
white,  yet  possessing  most  valuable  qualities,  and  making 
very  sound  wares.  Beneath  the  argillaceous  strata  lie 
the  Cornish  stone,  which  is  harder  iu  texture,  and  can 
be  quarried  in  masses  ready  for  shipment. 

The  clays  are  generally  known  by  certain  marks 
impressed  upon  them  by  the  clay  merchants,  and  which 
serve  as  a  guide  to  the  potters  to  recognize  the  several 
qualities,  and  adapt  them  to  the  uses  of  their  manu- 
facture. 

Granite  or  Cornish-stone  clay,  previously  dried  at 
212°,  was  found  to  consist  of— • 


1. 

Silica,  46-32 

Alumina  39-74 

Protoxide  of  iron,   -27 

Lime,   -36 

Magnesia,   -44 

Water  and  some  alkali', ....  12-67 
Loss,  '.   0-20 

100-00 


Specimen,  No.  3,  was  analyzed  by  Richardson  in  its 
unprepared  state. 

Another  substance,  nearly  allied  to  kaolin,  and  which 
occurs  in  large  quantities  at  Houscha,  near  Bayonne, 
and  is  often  used  in  the  manufacture  of  porcelain,  has 
been  found  by  Bekthier  to  be  halloylite,  mixed  with 
a  product  of  the  decomposition  of  pegmatite  ;  it  forms 
a  connected,  tolerably  soft,  and  easily  pulverized  mass, 
is  of  a  dull  white  color  and  opaque,  affording  no  dough 
with  water,  and  consequently  not  plastic.  Bekthier 
found  it,  on  analysis,  to  be  represented  by  the 
formula — 

2  Al2  03,  3  SiO„,  8  HO. 
Pipe-clay  is  of  different  colors,  very  tough,  exceed- 
ingly plastic,  and  becomes  white,  or  sometimes  yellow 
in  the  fire,  from  the  presence  of  a  small  quantity  of 
iron.  It  is  used  in  the  manufacture  of  stoneware,  clay- 
pipes,  earthenware,  et  cetera,  and  occurs  in  very  consi- 
derable quantities.  The  most  generally  known  localities 
are  on  the  Lower  Rhine;  at  Cologne  and  Coblentz,  near 
Halle;  in  Devonshire  and  at  Stourbridge  in  England; 
and  at  Dreux  and  Forges-les-Eaux  in  France.  .The 
following  analyses  show  that  these  clays  contain  hut 
little  iron  and  foreign  earths : — 


2. 

3. 

46-29 

35-65 

40  09 

32.50 

•27 

1-65 

traces 

•50 1 

12-67 

30-05 

0-18 

0-15 

100-00 

ioo-oo 

Stourbridge. 

Bortl.ior. 

63-70 
20-70 


10-00 
4-50 


Stourbridge. 
Editor. 

.  62-99 

.  2004 

.  0-30 

.  0-94 

'.  10-70 

trace 


Borthter. 

52-00 
27-00 


19-00 
2-00 


1-10 


100-00 


100-00 


Catln. 

48-20 
28-20 
2-60 
6-00 


5-00 
0-60 


10-00 
100-00 
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These  analyses,  however,  give  no  clue  to  the  nature  of 
the  aluminous  compound.  The  proportion  of  silica  in 
combination  with  the  alumina  and  the  proportion  left 
free  not  being  stated,  while  the  amount  of  residue  not 
capable  of  decomposition  by  the  aid  of  sulphuric  acid 
is  only  given  in  one  instance,  hence  the  great  differ- 
ences in  the  relative  proportion  of  the  alumina  to  the 
silica,  which,  observing  the  same  order,  is  as  follows : 

3:1,  4:1,  3:1,  2:1,  1:1,  and 2:1. 
In  England  pipe-clay  occurs  as  a  second  layer  below 
the  sandy  clay  which  is  used  in  making  tobacco  pipes. 
This  clay,  owing  to  its  possessing  the  property  of  con- 
tracting more  than  sandy  pipe-clay,  is  not  employed  in 
the  manufacture  of  earthenware ;  its  component  parts 
are, — 


Silica,  53-iiG 

Alumina,  32-00 

Protoxide  of  iron,   1-35 

Lime,   0-40 

Magnesia,  trace 

Water,  12-08 

Los?,   0-51 


100  00 

Pipc-clay  also  burns  white  in  the  fire,  and,  before  the 
oxyhydrogen  blowpipe  it  melts  to  a  transparent,  almost 
colorless  glass. 

Potter's  clay. — Among  the  fusible  clays-  may  be 
classed  Potter's  clay,  generally  used  for  the  production 
of  the  commoner  kinds  of  clay-ware.  It  is  distinguished 
from  pipe-clay  by  the  presence  of  a  very  sensible 
quantity  of  iron  and  some  lime,  is  more  easily  dis- 
seminated through  water,  and  has  the  same  amount  of 
plasticity  as  pipe-clay.  The  presence  of  lime  causes 
it  to  effervesce  slightly  with  acids.  In  color  it  is 
generally  red,  or  brown-red,  sometimes  particolored 
from  the  intermixture  of  various  layers  ;  is  less  homo- 
geneous than  pipe-elay ;  contains  a  considerable  amount 
of  organic  remains,  fragments  of  stone  and  iron  pyrites ; 
varies  exceedingly  according  to  the  locality  in  which 
it  is  found,  being  sometimes  fat,  at  others  poor.  The 
presence  of  the  oxide  of  iron  causes  it  always  to  assume 
a  red  or  yellow  hue  after  burning,  and  according  to  the 
quantities  of  this  ingredient  and  of  lime  which  it  con- 
tains, it  fuses  more  or  less  easily  into  a  dark,  vitreous 
mass  or  slag.  The  analysis  of  potter's  clay,  from  differ- 
ent localities,  gives  the  following  results: — 


By 

Potter's  clay  from 

Silica. 

Alumina. 

Iron. 

Lime. 

Aubert, 

Provins-D.  Seine 

57 

37 

4 

1-7 

et  Marne — 

Berthier, 

Livernon-D.Lot- 

61 

30 

7-6 

2-4 

Lam-eat, 

Helsingborg, 

GO 

24 

7-5 

0-5 

The  relation  of  the  silica  to  the  alumina  in  these  speci- 
mens is,  therefore,  as  5 :  3,  2  :  1,  and  5  :  2. 

The  common  potter's  clays  in  England  are  found  in 
layers  or  strata  lying  over  each  other,  each  stratum 
possessing  some  distinctive  property  which  fits  it  for  a 
peculiar  purpose.  That  which  is  called  the  sandy  stiff, 
or  ball-clay,  is  the  upper  layer,  and  from  the  consider- 
able quantity  of  silica  it  contains  is  used  for  making 
salt-glazed  ware.  On  analysis  this  clay,  dried  at  212°, 
will  be  found  to  yield  : — 


Silica,   CR-C8 

Alumina,   2G'08 

Protoxide  of  iron,   1-26 

Lime   -84 

Magnesia,   traco 

Water,   5-14 


100-00 

Its  specific  gravity,   2-558 


Blue  Clay,  also  one  of  the  fusible  clays,  is  considered 
the  best  layer  of  clay  in  the  whole  series.  In  color  it 
is  greyish,  but  burns  perfectly  white,  approaching  China- 
clay  in  character.  When  exsiccated  at  a  temperature 
of  212°,  its  analysis,  according  to  Mr.  HigginbOTHAM, 
gives  the  following  composition  : — 


Silica,   4G-38 

Alumina,   38-04 

Protoxide  of  iron,    1-04 

Lime,   1-20 

Magnesia,   trace 

Water   13-44 


ioo-oo 

This  clay  is  also  called  Dorsetshire  and  Poole  clay, 
Poole  being  the  port  of  shipment.  It  is  obtained  chiefly 
from  the  neighborhood  of  Wareham,  and  large  quanti- 
ties are  shipped  annually  for  Staffordshire  and  other 
parts  of  the  United  Kingdom. 

These  mines  of  clay  are  very  large,  extending 
upwards  of  seven  miles  from  the  port  of  shipment.  The 
method  of  getting  the  clay  varies  according  to  the 
locality,  and  great  trouble  and  expense  are  incurred  in 
removing  the  superincumbent  strata  of  soil,  sand,  and 
bituminous  matter,  which  vary  from  sixty  to  eighty  feet 
in  thickness,  the  clay  lying  beneath  a  fine  bed  of  sand. 
The  heading  of  the  clay  is  mixed  with  sand,  and 
formerly  was  thrown  aside  as  worthless ;  but  of  late 
years  this  has  been  extensively  used  for  fire  and  fancy 
bricks,  and  for  other  ornamental  and  useful  purposes. 
The  bed  of  clay,  once  fairly  laid  open,  is  worked  by 
cutting  out  cubical  blocks  weighing  thirty  to  forty  pounds 
each,  with  spades  adapted  to  the  work;  and  to  facilitate 
the  operation,  currents  of  water  are  directed  into  small 
dams,  into  which  the  workmen  constantly  dip  their 
spades :  inspectors  are  engaged  to  examine  the  quality 
of  the  clay  as  it  is  taken  from  the  beds,  and  to  reject 
such  as  is  not  considered  sufficiently  good  for  ship- 
ment. The  beds  vary  from  three  to  six  feet  in  thick- 
ness, and  the  latter  is  considered  a  profitable  depth. 
The  land  from  which  the  clay  is  procured  is  taken  at  a 
nominally  low  rental,  but  in  consequence  of  the  expense 
of  removal  of  surface  soil,  the  rental  virtually  is  large. 
Returns  of  the  quantities  of  clay  raised  are  made 
from  time  to  time,  according  to  the  terms  of  the  lease. 
Railways  are  now  in  immediate  connection  with  the 
mines  direct  to  the  port  of  shipment,  and  the  clay  is 
conveyed  thence  to  Runcorn,  where  the  cargoes  are 
discharged,  and  forwarded  by  flats  or  small  boats  to 
the  various  manufactories  throughout  the  district  of 
the  Staffordshire  potteries. 

The  export  of  Poole  clay,  according  to  the  Poole 
Custom  House  returns,  reached  in  1850,  54,877  tons; 
in  1851,  69,286  tons ;  and  in  1859,  about  102,000  tons. 
Many  other  clays  of  less  value  are  obtained  from  the 
Poole  bed. 

The  Bed  or  Brown  Cloy,  found  in  great  quantities  in 
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the  vicinity  of  Glasgow,  is  a  surface  clay,  the  deep 
brown  color  of  which  results  from  the  presence  of 
a  large  quantity  of  sesquioxidc  of  iron.  It  is  in  great 
demand  for  common  black  ware,  flower-pots,  and  red 
bricks,  articles  which  do  not  require  to  be  exposed  to 
any  very  high  temperature  which  would  fuse  them. 
This  clay,  by  analysis,  yields — 


Silica   40-44 

Alumina,   3126 

Protoxide  of  iron,   7-74 

Lime,   1-48 

Water,   1-94 

Magnesia,   5-14 


100-00 

An  artificial  yellow  clay  is  obtained  by  a  mixture 
together  of  sandy  clay  and  red  clay. 

Fire-clay. — Another  variety  of  clay,  termed  Marl 
or  Fire-clay,  is  very  abundant,  occurring  both  on  the 
surface  and  at  various  depths  underground.  From  the 
porosity  of  its  substance,  it  is  well  adapted  to  resist  high 
temperatures,  and  its  principal  use  in  the  potteries  is  for 
making  seggars,  or  vessels  for  protecting  the  ware  from 
the  flames  during  firing.  Fire-bricks,  crucibles,  and 
melting-pots  for  glass-works  are  made  from  this  clay. 
Analysed,  it  gives  the  following  composition  : — 

Silica,    6G-1G 

Alumina,    2-2-54 

Protoxide  of  iron,    5-31 

Lime,    1*42 

Magnesia,   trace 

Water,  .  3-14 

Loss,   1-43 

100-00 

FvUer's-earth,  a  porous  silicate  of  alumina,  is  a 


Locality. 

Silica. 

Alumina 

..  10-17 

..  13-21 

Belleville  

...  40-03  . 

..  17-28 

Chambray  

...  49-50  . 

..  29-00 

.  37-00  . 

..  11-00 

39-00  . 

..  18-00 

..  20-00 

A  small  portion  of  the  lime  in  the  marl  is  generally 
in  combination  with  silica. 

Loam  is  the  commonest  and  least  pure  variety  of 
clay  belonging  to  the  more  recent  alluvial  formations ; 
it  is  less  uniform  than  any  of  the  foregoing  varieties — 
sand,  gravel,  stones,  wood,  roots,  and  all  kinds  of  vege- 
tal remains  being  mixed  up  with  it  in  large  propor- 
tions. The  presence  of  hydrated  oxide  of  iron  gives  it 
a  yellow,  spotted,  and  veiny  color.  Lime  is  also  pre- 
sent, but  in  less  quantity  then  in  the  marls.  It  is  soft 
and  easily  reduced  to  powder,  absorbs  water  with 
avidity,  and  forms  with  it  a  soft  paste,  which  is  much  less 
plastic  and  fat  than  that  obtained  from  pipe  or  potter's 
clay.  As  it  occurs  almost  everywhere,  it  is  the  universal 
material  for  making  bricks. 

Ferruginous  Clays,  amongst  which  may  be  classed 
reddle,  bole,  and  ochre.  The  former  two  derive  their 
red  color  from  the  presence  of  oxide  of  iron,  the  latter 
its  yellow  tinge  from  the  hydrate  of  the  same  oxide. 
These  varieties  are  used  as  pigments,  but  not  for  the 
same  purposes  as  the  other  clays.    From  the  large 
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fusible  clay,  distinguished  from  potter's-clay  by  its 
slight  degree  of  plasticity.  It  is  easily  formed  into  a 
soft  paste  with  water,  and  has  a  strong  adhesion  to 
oily  matters,  upon  which  depends  the  cleansing  action 
of  this  clay  upon  woollen  stuffs.  The  best  clay  for 
fulling  cloth  should  be  neither  tenacious  nor  sandy;  as 
in  the  first  case  it  would  not  be  easily  diffused  through 
water,  and  in  the  second  it  would  abrade  the  cloth  too 
much.  The  principal  localities  where  it  is  found  are 
in  Bedfordshire,  Berkshire,  Hampshire,  and  near  Nut- 
field,  Ryegate,  in  Surrey. 

Calcareous  Clays. —  The  Marls,  a  term  which 
applies  to  all  those  deposits  containing  clay  and  car- 
bonate of  lime,  the  latter  in  considerable  quantity. 
These  mixtures  being  mechanical,  and  comprising  all 
the  intermediate  formations  between  the  limestone  and 
the  clays,  are,  from  the  variable  quantities  of  the  ingre- 
dient, multifarious  in  character.  Those  in  which  lime 
preponderates  are  named  Calcareous  Marls ;  those  in 
which  alumina  is  most  abundant,  Aluminous  Marls. 
In  general  the  marls  afford  the  most  fruitful  soil  for  the 
purposes  of  agriculture.  Aluminous  marls  are  used 
in  the  manufacture  of  several  kinds  of  pottery.  They 
effervesce  with  acids.  They  are  chiefly  found  in 
extensive  stratified  layers,  consisting  of  a  massive,  but 
soft  and  pulverable  substance,  presenting  an  uneven, 
conchoidal  fracture,  easily  permeable  by  water,  and 
possessing  but  little  plasticity ;  in  color  of  a  grey 
passing  into  brown.  Aluminous  marl  is  rarely  of  a 
uniform  texture  throughout,  enclosing  hard  calcareous 
or  silicious  nodules ;  falls  easily  to  pieces  by  exposure 
to  the  air,  and  is  reckoned  amongst  the  most  widely 
diffused  varieties  of  clay.  The  proportion  of  its  con-, 
stituents  will  be  seen  from  the  following  analyses  :  — 


Carl -on  ate 
of  li  ne. 

Cnrhon.iteof 
jimgmifiia. 

Alk  Hi 

Analysts. 

13-07  .. 

. .  trace  . . . 

.  trace  . . 

..  Salvefat. 

34-12  .. 

..    0*15  ... 

ji 

27-64  .. 

. .  Buipson. 

18-00  .. 

0-50  "... 

.  trace  . . 

. .  Laurent. 

.'5-00  .. 

. .  Buisson. 

40  00  . . 

. .  trace  . . . 

. .  Lecog. 

46-00  .. 

amount  of  iron  they  contain  they  are  sometimes  classed 
with  the  ores  of  that  metal. 

Flint,  quartz,  silica,  or  silicic  acid — Si  02 — is  found 
as  an  amorphous,  black  or  brown  colored  mass,  and 
occurs  with  chalk  in  roundish  or  irregularly  shaped 
nodules,  weighing  from  a  few  ounces  to  several  pounds ; 
it  contains  moisture,  an  organic  substance,  and  occa- 
sionally iron.  Whatever  its  original  hue  may  be,  it 
always  burns  white,  and  acts  the  part  of  a  bleaching 
material,  neutralizing  imperceptibly  the  yellow  or  greyish 
color  of  the  clay.  In  preparation  for  use,  the  flints  are 
calcined  in  upright  furnaces,  constructed  similarly  to 
ordinary  lime-kilns.  The  flint  is  thus  rendered  white 
and  disintegrated,  splits  in  all  directions,  and  is  suffi- 
ciently brittle  and  soft  to  admit  of  being  crushed  in  the 
stamping  mill,  and  ground  under  water  in  the  block 
mill.  A  description  of  these  processes  will  be  given 
further  on,  under  Earthenware. 

Classification.— The  production  of  earthenware 
from  the  different  kinds  of  clays  is  effected  by  produc- 
ing the  proper  form  with  the  aid  of  the  plasticity  of 


Oxide  of  iron. 

. ..  6-15  .. 

. ..  2-04  .. 

. ..  5-70  .. 

...  3-00  .. 

. ..  6-50  .. 

. ..  1-00  .. 

. ..  2-00  .. 
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the  clay,  and  afterwards  modifying  the  formed  vessels 
by  heat  in  such  a  manner  that  they  become  no  longer 
soft  or  flexible,  but  of  a  rigid  stony  consistence,  per- 
manently retaining  their  form,  and  able  to  resist  the 
mechanical  violence  necessarily  inflicted  upon  them  by 
daily  use.  The  quality  of  such  vessels  must  necessarily 
vary  according  to  the  nature  of  the  clay,  the  ingredients 
incorporated  with  it,  the  processes  of  purification,  and 
the  degree  of  beat  of  the  furnace.  Such  differences 
are  partly  recognized  by  the  color,  texture,  fracture, 
hardness,  solidity,  transparency,  and  chemical  consti- 
tution of  the  ware,  and  partly  by  the  sound  produced 
by  tapping.  Many  clay  wares,  hrkks  and  tiles,  have 
the  appearance  of  being  composed  of  various  clays 
imperfectly  mixed  together,  and  containing  foreign  sub- 
stances, as  stones,  et  cetera.  Other  kinds  again  appear 
of  a  more  homogeneous  consistency,  hut  resemble  the 
former  in  the  porous  nature  of  the  mass,  which  is  soft, 
easily  scratched,  of  an  earthy  fracture,  little  sonorous, 
and  perfectly  opaque.  All  ordinary  pottery  and  earthen- 
ware, both  ancient  and  modern,  belong  to  this  class. 

There  are  other  wares,  again,  such  as  stoneware,  in 
which  the  mass  combines  a  dense  structure  with  con- 
siderable hardness,  has  lost  its  porosity  and  the  pro- 
perties connected  with  it,  by  the  action  of  the  intense 
heat  of  the  kiln  ;  produces  a  clear,  sharp,  ringing  sound 
when  struck  ;  is  somewhat  translucent,  with  a  fracture 
indicating  an  incipient  fusion. 

Porcelain  exhibits  the  same  properties — a  fusible 
substance  or  flux  being  mixed  with  the  clay. 

Burnt  clay-warcs  of  a  porous  nature,  and  even  non- 
porous  vessels,  to  correct  the  roughness  of  surface,  are. 
generally  covered  with  a  vitreous  coating  or  glaze, 
which,  when  it  contains  lead,  is  fusible  and  soft;  when 
containing  no  lead,  is  refractory  and  hard.  This  .glaze, 
according  to  the  nature  and  requirements  of  the  vessel, 
being  laid  on  in  thinner  or  thicker  coats. 

It  is  upon  these  and  similar  considerations  that  the 
classification  of  clay-wares  is  based. 

Class  1. — Mass  uniformly  fluxed,  dense,  cannot  be 
scratched  with  the  knife,  finely  granular,  translucent, 
very  sonorous,  white,  and  uniform. 

Porcelain. — TenderPm-celain. — Mass  easily  fusible. 

English. — Flux,  bone-ashes — glaze  containing  lead 
and  borax. 

French. — A  vitreous  mass,  containing  no  clay,  with 
a  lead  glaze  of  harder  consistence. 

Real  Porcelain. — Mass  difficult  of  fusion  ;  flux,  a 
refractory  glass,  composed  of  silicate  of  alumina  and 
potassa ;  glaze  of  a  similar  nature,  often  containing  lime. 

Class  2. — Mass  dense,  cannot  be  scratched  with  the 
knife,  sonorous,  finely  granular,  uniform,  exhibiting 
incipient  fusion,  scarcely  translucent — or  only  on  the 
edges — white  or  colored. 

Stoneware. —  Common  Stoneware.  —  Mass  of  a 
reddish  grey  or  bluish  color,  generally  without  glaze, 
a  salt  glaze  only. 

Ironstone  Ware. — Mass  generally  white  when  it  con- 
tains a  flux,  and  has  a  lead  glaze ;  artificially  colored, 
also,  without  glaze. 

Class  3. — Mass  earthy,  porous,  pretty  hard,  opaque 
texture  open,  little  sonorous. 

Earthenware. — Fine  EartJienieare.—U&ss  white, 


hard  and  sonorous;  glaze  of  crystal,  soft,  containing 
lead. 

Delft  Ware. — Mass  finely  granular,  uniform,  more 
or  less  tinged  yellow;  glaze,  a  soft  white  or  colored 
enamel. 

Class  4. — Mass  earthy,  very  porous,  opaque,  soft, 
homogeneous  texture,  always  colored. 

Ordinary  Pottery. — Partly  glazed  and  partly  un- 
glazed ;  the  glaze  may  contain  lead  or  not,  but  is 
always  easy  of  fusion,  and  transparent. 

Lustre  Ware. — Mass  earthy,  porous,  opaque,  very 
soft;  texture  not  uniform;  glaze  metallic  and  not  trans- 
parent. 

Class  5. — Mass  more  or  less  not  uniform,  always 
colored,  very  soft,  porous,  and  open,  little  sonorous, 
and  opaque. 

Bricks,  Tiles,  Ornaments. — Sometimes  glazed  ;  m:  ss 
fusible  at  a  high  temperature. 

Fireproof  Stones,  Crucibles. — Mass  difficult  of  fusion, 
or  infusible  ;  not  glazed. 

Porcelain. — Tender  Porcelain. — This  appellation 
has  reference  not  so  much  to  the  hardness  of  the  clay, 
as  it  has  to  the  feeble  resistance  offered  by  this  class  of 
wares  to  the  high  temperature  of  the  kiln,  and  the  soft- 
ness of  the  glaze,  compared  with  true  porcelain.  It  may 
be  classed  under  two  heads : — Natural,  or  the  tender 
porcelain  of  England,  in  which  kaolin  or  China-clay 
is  the  basis ;  and  artificial,  or  the  tender  porcelain  of 
France,  in  which  the  mass  is  a  mixture  of  different  sub- 
stances, consisting  mainly  of  silica,  with  alkaline  and 
earthy  salts. 

English  Tender  Porcelain. — So  named  because  the 
manufacture  is  exclusively  confined  to  this  country, 
local  reasons  being  unfavorable  to  the  production  of 
true  porcelain.  The  chief  of  these  is  the  want  of  a 
cheap  material  for  the  construction  of  the  seggars  able 
to  stand  the  firing,  the  present  loss  of  seggars  in  Staf- 
fordshire being  estimated  at  from  eight  to  ten  per  cent, 
at  each  firing. 

The  crude  materials  which  enter  into  the  composi- 
.  tion  of  ironstone  China  areplastic  clay,  kaolin  or  China- 
clay,  and  granite  or  Cornish-stone,  with  chalk  flints, 
and  occasionally  steatite  or  soap  stone,  which  con- 
tains magnesia,  44  ;  silica,  44 ;  alumina,  2 ;  iron, 
7'3;  oxide  of  manganese,  T5;  oxide  of  chromium, 
1:2,  with  traces  of  lime  and  chlorine  —  the  action 
of  which  is  said  to  diminish  the  contraction  of  the 
wares  in  the  furnace.  The  bones,  which  are  obtained 
either  from  native  cattle  or  by  importation,  may  pre- 
viously have  been  employed  for  the  extraction  of  gela- 
tin or  glue,  or,  for  the  production  of  ammoniacal  salts 
by  dry  distillation,  or  may  be  used  in  the  form  of  animal 
charcoal ;  but  before  they  are  applicable  to  the  present 
purpose,  they  must  be  thoroughly  calcined  by  being 
heated  to  redness  with  free  access  of  air,  so  as  to 
destroy  all  their  organic  constituents  and  leave  only 
the  mineral  ash,  phosphate  of  lime,  carbonate  of  lime, 
and  a  little  magnesia,  in  the  form  of  a  perfectly  white 
substance.  The  phosphoric  acid  diffuses  itself  at  a 
high  temperature  through  all  the  materials,  uniting 
them  into  a  translucent  enamel,  which,  being  less  apt 
to  shrink  and  lose  its  form  than  the  hard  China  body, 
may  be  baked  in  larger  kilns,  and  with  less  risk  of  loss 
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to  the  manufacturer.  All  these  ingredients  are  ground, 
suspended  in  water,  and  evaporated  into  the  form  of 
paste  in  the  manner  to  he  afterwards  described  under 
True  Porcelain  and  Earthenware.  A  frit  is  then 
prepared,  of  which  the  mass  is  made  up  with  other 
substances,  as  follows  : — 

Frit. 

Bone,  100 

Sand,   90 

Pearlash,   7 

Mass. 

Burnt  bone,. .,  000 

Kaolin,   300 

Cornish-stone,   360 

Frit,   40 

or  the  mass  is  not  fritted  in  part,  but,  as  in  the  case  of 
table-ware,  mixed  all  at  once,  in  the  following  pro- 
portions : — 

Bone,  450 

Cornish-  stone,  200 

China-clay,.  160 

Plastic  blue  clay,   45 

Other  mixtures  for  English  China-ware  may  be 
given  as  follows  : — 

i. 

Bone,    46 

China-clay,   23 

Cornish-stone,   31 

ii. 

Bone,    36 

Cornish-stone,   21 

Cornish-clay,   21 

Flint,    12 

III. 

China-clay,  600 

Felspar,  335 

Bone,  840 

ife  *  -. 

Bone,  320 

China-clay,  225 

Cornish-stone,  230 

The  bone  and  flint  are  sometimes  fritted  to  produce 
the  highest  degree  of  vitrescence,  and  then  mixed  up 
with  other  ingredients.  A  little  Dorset  clay  is  fre- 
quently added  for  large  pieces,  as  dishes,  et  cetera,  to 
give  more  ductility  in  working  and  greater  stability  in 
the  fire.  In  all  cases  the  ware,  from  the  large  pro- 
portion of  clay  in  the  mass  and  its  extreme  plasticity, 
requires  to  be  fired  twice.  The  first  firing  lasts  long- 
est, being  of  from  forty-eight  to  fifty  hours'  duration  ; 
and  the  temperature  is  gradually  raised  during  the 
whole  time,  the  heat  of  the  kiln,  ranging,  accord- 
ing to  the  composition  of  the  ware,  from  100°  to 
110°  "Wedgwood's  pyrometer.  It  is  somewhat  sin- 
gular that  this  instrument  is  never  used  in  the  pot- 
teries, the  proper  temperature  being  regulated  by 
small  trial  pieces  of  the  same  material  as  the  goods  to 
be  fired.  The  average  quantity  of  coal  consumed  at  a 
firing  is  from  ten  to  twelve  tons.  When  the  trial  pieces 
show  that  the  heat  is  sufficiently  raised,  the  firing  is 
discontinued,  the  fire  and  ashpit  doors  closed,  and  the 
whole  left  to  cool  during  twenty-four  or  thirty  hours. 
The  glaze  is  then  applied  to  the  ware,  and  the  articles 
undergo  a  second  firing,  but  neither  at  so  high  a  tem- 
perature nor  of  so  long  duration ;  and  in  this  consists 
the  essential  difference  between  English  and  foreign 
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manufacture ;  abroad  the  greatest  heat  being  applied 
to  the  glazed  vessels,  and  not  to  the  biscuit  ware. 

Glazes. — The  porosity  of  ordinary  porcelain  seems 
early  to  have  suggested  the  use  of  a  glaze,  or  thin  glass 
covering,  for  the  purpose  of  rendering  it  impervious  to 
fluids.  The  composition  of  such  glazes  requires  to  be 
such,  that  when  they  are  exposed  to  the  necessary  heat, 
they  shall  unite  with  the  body  or  paste ;  and  that  in 
cooling  they  may  not  split,  crack,  or  craze,  from  occupy- 
ing less  volume  in  their  fired  state,  and  their  consequent 
inability  to  completely  cover  or  envelope  the  body  of 
the  warfi  underneath.  Those  most  commonly  used  are 
flint,  quartz,  sand,  felspar,  gypsum  or  sulphate  of  lime, 
carbonate  of  lime,  borax,  boracic  acid.,  chloride  of 
sodium,  potassa,  soda,  and  oxide  of  lead.  Some  glazes 
are  first  formed  into  frits,  imperfectly  vitrified  bodies 
so  termed,  and  afterwards  pounded  for  use. 

Colored  glazes  are  made  with  the  addition  of  nearly 
pure  oxides  of  manganese,  copper,  iron,  chromium, 
cobalt,  et  cetera ;  opaque  glazes  or  enamels,  by  the  addi- 
tion of  oxide  of  tin,  or  phosphate  of  lime ;  for  which  see 
Porcelain  True  and  Earthenware.  Some  of  the  ordi- 
nary lead  glazes  for  soft  porcelain  are  given  below : — 

Cornish  China-stone,  100 

Calcined  flint,   60 

Carbonate  of  lime,  25 

Cornish  kaolin,   10 

Soda,   10 

Borax,   60 

Carbonate  of  lead,   30 

These  ingredients  are  all  fritted  together  with  the 
addition  of  twenty  per  cent,  carbonate  of  lead  and  ten 
•per  cent,  flint : — 

Comish  China-stone,,   34 

Chalk,   17 

Ground  flint   15 

Borax   34 

100 

which  substances,  when  fritted  and  ground  together,  are 
mixed  with  ten  per  cent,  of  Cornish-stone  and  twenty-one 
per  cent,  of  carbonate  of  lead.  The  lead  is  sometimes 
omitted  from  the  mixture,  and  the  requisite  fluidity  of 
the  glaze  maintained  by  an  additional  quantity  of 
borax : — 

Cornish  China-stone,  25 

Soda,   6 

Borax,   3 

Nitre   1 

fritted  together  in  gloss  oven,  and  the  mixture  used 

in  the  following  proportion  : — 

Frit,  26 

China-stone,  26 

White  lead,  31 

Flint,   7 

Carbonate  of  lime,   7 

Oxide  of  tin,   3 

the  whiteness  being  increased  by  the  addition  of  a 
little  oxide  of  cobalt.  Another  glaze  for  tender  porce- 
lain is  given  below : — 

Felspar,  38 

Lynnsand  24 

Carbonate  of  lime,  II 

Borax,  27 

fritted  together  and  mixed  as  follows  : — 

Frit,  60 

Cornish-stone,  20 

"White  lead,  20 

5  H 
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Other  glazes  are  : — 

Cornish-stone,    52 

Flint,   38 

China-clay,    30 

Carbonate  of  lime,   45 

Borax   90 

fritted  together  and  mixed  as  follows : — 

Frit,  320 

Cornish-stone,   50 

Flint,   50 

White  lead,   60 

Another  as  follows : — 

Cornish-stone,   60 

Felspar   60 

Flint,    75 

Carbonate  of  lime,   40 

Borax  100 

fritted  together  and  mixed  as  follows  : — 

Frit,   250 

Cornish-stone   65 

White  lead   65 

The  temperature  of  the  glaze  kiln  ranges  about  60° 


Wedgwood,  hut  is  varied  according  to  the  circum- 
stances of  the  manufacture.  The  time  required  for 
firing  the  glaze  kiln  averages  about  seventeen  hours, 
the  consumption  of  coal  being  nearly  six  tons.  The 
lead  and  borax  glaze  of  this  kind  of  porcelain,  although 
soft,  is  sufficiently  pure  and  brilliant  for  the  purposes 
of  ordinary  painting,  decoration,  and  gilding — see 
Porcelain. 

The  chemical  composition  of  three  kinds  of  English 
tender  porcelain,  together  with  the  analyses  of  clays 
and  porcelain  when  freed  from  water,  is  shown  in  the 
following  table  :— 


Silica,   39-88  .. 

Alumina,   21-48  .. 

Lime,   10-06  .. 

Protoxide  of  iron,  ")  or  . . 

Phosphate  of  lime,]"  "- 

Magnesia,   — 

Alkali  and  loss, ....  2-14  . . 


100-00 


ft 

.  40-60  . 
.  24-15  , 
14-22  . 

.  15-32 

.     -43  . 
5-28  . 

100-00 


TABLE  OF  THE  COMPOSITION  OF  CLAYS  AND  TORCELAIN  WHEN  FREE  FROM  WATER. 


Silica. 


Cornish  China-clay,  


53-16 
53-12 

Sandy  clay   70-29 

Pipe  "   

Blue  "   

Red  "   

Fire  "   

Yellow  "   

English  China-ware — No,  1, 
»  "  2, 

"  3, 

Berlin  ware,   72-96 

Superior  China-ware,   71-04 

Inferior  "   

Common  English  whiteware, 


61-39 
53-52  . 
52-11  . 
69-33  . 
65-06  . 

39-  88  . 

40-  60  . 
39-68  . 


68-96 
68-55 


Alumina. 

.  .  45-61  . 
.  .  46-00  , 
. .  27-47  . 
. .  36-61  . 
. .  43-89  , 
..  36-19  . 
. .  23-62  . 
. .  30-68  . 
..  21-48  . 
..  24-15  . 
. .  24-65  . 
. .  24-78  . 
. .  22-46  . 
. .  29-24  . 
..  29-13  . 


Protoxide  of 

..  -31  ... 

..  -31  ... 

.  1-33  . . . 

. .  1-54  . . . 

. .  1-20  . . . 

.  8-17  ... 

. .  5-56  . . . 

.  3-70  ... 


Lime.  Magnesia. 


Phonpl-ate  of 
lime  ami  pro- 
toxide of  iron. 


m. 
. ..  39-685 
. ..  24-050 
..  14-175 

. ..  15-386 

. ..  -311 
. . .  •  5-792 

100-000 


Specific  gravity. 


.  -41  .. 
.  -57  .. 
.     -90  . . 

.    '-46  . . 
.   1-39  .. 
.    1-56  . . 
.    1-49  .. 
.     -56  . . 
10-06  . . 
14-22  .. 
14-18  .. 
1-04  .. 
3-82  . . 
1-60  ... 
1-24  . . 


•51  . 
•51  . 

trace  . 


2-04  . 
trace  , 


•43  , 
•31  . 
trace  . 


2-558 


26-44 
15-32 
15-39 


2-14  . 
5-28  . 
5-79  . 

1-  22  . 

2-  68  . 


2-419 
2-314 
2-314 
2-360 


The  Artificial  Tender  Porcelain  of  France  presents 
the  following  characteristics : — Body  fine,  dense,  tex- 
ture almost  vitreous,  hard,  translucid,  fusible  at  a  high 
temperature;  glaze  vitreous,  transparent,  containing 
lead,  and  tolerably  hard.  The  composition  of  the  arti- 
ficial porcelain  of  France  differs  materially  from  the 
tender  porcelain  of  England,  as  will  be  seen  by  the 
mixtures — mainly  silica,  with  alkaline  and  earthy  salts 
— used  at  Sevres,  where  the  manufacture  of  this  class  of 
ware  was  carried  on  most  extensively  between  the  years 
1750-1804.  During  this  period  it  obtained  great  cele- 
brity, and  from  the  circumstance  of  the  manufacture 
being  now  no  longer  continued,  having  given  place  to 
the  improved  method  of  Botticher,  the  following  com- 
position is  now  interesting  as  a  matter  of  curiosity : — 

Melted  saltpetre,   110 

Sea-salt  grey   36 

Alum,  generally  burnt   18 

Alicant  soda,   18 

Gypsum  from  Montmartre   18 

Sand  from  Fontainebleau,   300 

500 

From  the  almost  entire  absence  of  clay  in  this  fritted 
composition,  the  mixture  must  altogether  be  excluded 
from  clay  wares,  being  in  fact  neither  more  nor  less  than 
a  glass  mixture,  which,  if  submitted  to  complete  fusion, 
would  yield  an  alkaline  glass.  The  heat,  however,  to 
which  this  mixture  is  exposed  only  admits  of  a  partial 


vitrefaction,  the  fritting  being  effected  in  the  calcining 
furnace.  It  is  then  crushed  and  lixiviated  in  order  to 
remove  the  soluble  salts  not  decomposed  by  the  silica, 
and  ground  with  millstones  under  water  to  a  fine  pow- 
der in  order  to  form  a  paste.  Certain  proportions  of 
chalk  and  calcareous  marl,  ground  and  brought  into  the 
finest  state  of  division  by  suspension  in  water,  are  then 
added  to  the  powdered  frit,  and  compose  the  mass'  for 
the  formation  of  the  ware,  the  nature  of  this  mass 
becoming  more  or  less  vitreous  according  to  the  pro- 
portions of  chalk  and  marl  employed.  At  Sevres,  for 
every  seventy-five  parts  of  frit,  seventeen  parts  of  chalk, 
and  eight  parts  of  calcareous  marl  were  used — the 
whiteness  and  hard  or  soft  texture  of  the  body  being 
modified  by  the  preponderating  quantity  of  the  chalk. 

The  glaze  or  enamel,  a  kind  of  crystal,  was  com- 
posed as  follows: — 

Litharge,  38 

Sand  from  Fontainebleau,  burnt,  27 

Calcined  flint,  11 

Subcarbonate  of  potassa,  15 

Subcarbonate  of  soda,   9 

100 

The  higher  degree  of  transparency,  together  with  the 
softer  nature  of  the  lead  glaze,  is  one  of  the  distinguish- 
ing features  of  soft  from  real  porcelain.  The  manner 
in  which  the  paste  was  formed  into  vessels  is  similar 
to  that  in  the  other  branches  of  the  manufacture 
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— see  Earthenware  and  Porcelain.  But  the  almost 
entire  absence  of  clay,  depriving  the  mass  of  plas- 
ticity, rendered  the  operation  one  of  great  difficulty 
and  expense,  the  cohesion  between  the  particles  being 
extremely  slight.  This  defect  was  partly  overcome  by 
the  admixture  of  one-eighth  part  of  soap  and  glue,  or 
gum  tragacanth,  which  imparted  so  much  tenacity  to  the 
composition  as  enabled  the  mass  either  to  be  formed  in 
gypsum  moulds,  or  turned  upon  the  potter's  lathe.  The 
operation  of  firing  was  one  likewise  of  considerable  risk, 
from  the  vitreous  nature  of  the  mixture;  the  pro- 
minent portions  of  the  ware  being  often  either  fused  or 
so  softened  by  the  heat  as  to  lose  their  shape.  Such 
defects  could  only  be  remedied  by  suitable  supports,  at 
a  great  expenditure  both  of  time  and  trouble.  The 
first  firing,  which  was  of  longer  duration  than  in  the 
case  of  real  porcelain,  extended  over  a  period  of  from 
sixty-five  to  a  hundred  hours ;  the  glaze  was  afterwards 
applied  to  the  vessels,  and  fired  for  a  further  period  of 
thirty  hours.  The  colors  employed  in  the  decoration  of 
this  species  of  porcelain  required  careful  and  particular 
treatment  and  preparation.  In  firing,  the  dishes  and 
wares,  instead  of  being  placed  in  the  kiln  in  a  hori- 
zontal position,  were  suspended  on  pegs  in  a  vertical 
direction  to  avoid  fracture,  which  otherwise  would  have 
occurred.  The  point  of  suspension — a  small  hole — will 
be  readily  discernible  on  the  under  side  of  all  Sevres 
porcelain,  and  indicates  a  remarkable  feature  in  the 
process  of  the  manufacture. 

Foreign  Porcelain  or  China  is  the  finest  and  most 
valuable  description  of  ware,  distinguished  from  other 
wares  by  the  composition  of  the  paste  from  which  it  is. 
formed,  giving  a  body  of  a  fine,  hard,  translucent  texture. 
Great  care  is  exercised  in  the  selection  of  the  materials 
to  give  a  colorless  mass  after  firing.    Two  essentially 


different  constituents  enter  into  its  formation,  one  an 
infusible,  plastic,  white  clay,  called  kaolin,  or  China- 
clay  ;  the  other  a  fusible,  non-plastic  material,  the  so- 
called  flux,  composed  of  felspar,  with  the  addition  of 
quartz,  chalk,  and  gypsum,  which,  softening  and  becom- 
ing vitrified  in  the  heat  of  the  porcelain  kiln,  forms  a 
kind  of  cement,  binding  the  clay  firmly  together,  and 
producing  a  dense,  impenetrable,  translucent  mass,  of  a 
uniform  texture  throughout,  and  impervious  to  liquids. 
The  transparency  of  porcelain  arises,  therefore,  from  the 
clay  body  becoming  saturated  with  a  mass  of  glassy 
flux.  Under  the  microscope  the  two  ingredients  can  be 
clearly  distinguished  from  each  other,  the  milky  mass 
appearing  as  a  transparent  ground,  mixed  with  an  opaque 
substance,  composed  of  minute  globules,  arranged  in 
a  lineal  direction,  one  on  the  other,  as  articulated  threads 
or  little  rods,  which  are  interwoven  and  cross  each 
other  in  all  directions;  the  want  of  absolute  transpar- 
ency in  the  mass  being  due  to  the  reflection  and 
refraction  of  light  from  the  surfaces  of  these  crystals. 

The  Glaze,  equally  characteristic  with  the  mass, 
is  composed  of  felspar,  sometimes  mixed  with  a  little 
gypsum,  but  with  an  entire  absence  of  lead  or  tin ;  it  is, 
consequently,  of  the  same  nature  as  the  flux,  and  can 
be  brought  into  the  most  intimate  union  with  the  flux 
and  the  mass,  securing  another  essential  characteristic 
of  porcelain — the  non -separation  or  peeling  of  the  glaze 
from  the  vessel  by  any  outward  shock  or  sudden  changes 
in  temperature.  The  expansive  and  contractile  powers 
of  the  glaze  being  assimilated  to  that  of  the  body,  it  is 
not  affected  by  high  temperature,  and  its  surface  is  less 
liable  to  the  crazing  so  often  discernible  upon  other 
kinds  of  clay  wares.  The  absence  of  lead  causes  the 
glaze  to  be  very  hard,  and  to  resist  scratching.  The 
mass  for  porcelain  vessels  is  composed  as  follows : — 


fine  or  haen  porcelain — composition  of  the  mass. 
In  Berlin. 


In  Yienna. 


For  Domestic  Uses.  Plates,  Dishes,  tt  cetera. 

Kaolin  from  Mori,   76 

Felspar,   24 


In  Sevres,  near  Paris. 

For  Vessels. 

Kaolin  from  St.  Yries  48  . 

Sand,   separated   from  above, 

containing  felspar,  48 

Chalk,   4 


For  Ornamental  Purposes. 

Kaolin  from.  Mori,  25 

Kaolin  from  Beidersee,.. . '. .  .50 

Felspar,  . .  .15 

Pure  sand,  10 

In  St.  Pktersdurg. 
For  Tableware. 

.  Kaolin  from  Risansky,  50 

.  Felspar,  Finnland,  25 

.  Quartz,  25 


In  Meissen,  Saxony — commonly  called  Dresden  Porcelain. 

,  -*  , 

For  Ornamental  Purposes. 

Kaolin  from  Seilitz, .  .37  . 

Quartz,  37 

Lime  from  Pima, ....  172  • 


. . .  Kaolin  from  Auerbach,  72 

. . .  Felspar,  12 

. ..  Quartz,   12 

, . .  Gypsum,  4 

In  Copenhagen. 

. . .  Kaolin  from  Bornholm,   40 

. . .  Quartzfrom  Arendal,  33 

. . .  Felspar,   27 

In  Nysiphenburg,  near  Munich. 


For  Domestic  Purposes 

Kaolin  from  Aue, . .  18 
„  „  Sosa,.  .18 
„       „  Seilitz,  30 

Felspar,   26 

Broken  biscuit  por- 
celain, 2 


Broken  porcelain* ...  .8^ 


For  low  Tern peralu res. 

Kaolin  from  Passau,. . .  .62*5 

Quartz,  .  ..19 

Sand  separated  T?y  water 

from  kaolin,  6 

Gypsum,   5 

Broken  porcelain,  ......  7-5 


For  High  Temperature; 

65 
21 


4* 

6 
5 


The  following  analyses  of  foreign  porcelain  are  given, 
3  having  been  recently  made  :— 


Silica,   72-96 

Alumina  and  protoxide  of  iron, 24-78 

Lime,   1-04 

Alkali   1-22 


Superior. 

71-04 
22-46 
3-82 
2-68 


68-96 
29-24 
1-60 


Specific  gravity, 


100-00  100-00  99-80 
.  2-419     2-314  23-14 


Preparation  of  the  Material. — Crude  kaolin  is  not 
sufficiently  pure  for  the  purpose  of  manufacture,  being 
a  mixture  of  real  kaolin  with  undecomposed  felspar  and 
particles  of  quartz,  both  of  which  must  be  separated 
or  finely  ground  and  mixed,  to  form  a  uniform  sub- 
stance throughout.  This  process  of  washing  and  sus- 
pending in  water,  which  precedes  the  grinding,  is 
generally  undertaken  at  the  porcelain  works,  though 
in  some  cases  it  is  partially  effected  at  the  pits. 
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The  decanting  or  elutriating  apparatus  consists  of 
three  tubs  or  basins,  A,  B,  c,  placed  one  above  the 


other — Fig.  4C6— the  kaolin being  put  into  the  firstbasin. 
A,  two  men  thoroughly  mix  the  mass  up  with  water 


Fig.  466. 


by  stirring  it  with  wooden  spades  or  Hungers.  When 
every  part  has  been  thoroughly  elutriated,  the  mixture 
is  allowed  to  run  off  by  the  removal  of  a  plug  along 
the  channel,  a,  situated  a  few  inches  above  the  bottom, 
into  the  vat,  B,  the  stones  and  coarser  particles  remain- 
ing behind,  while  those  carried  forward  are  arrested  by 
the  sieve,  b,  leaving  only  the  decanted  liquid  containing 
fine  sandy  particles  mixed  with  real  kaolin.  After  a 
further  stirring,  and  remaining  for  a  short  time  at  rest, 
the  sand  subsides  completely  to  the  bottom,  the  liquid 
carrying  with  it  only  the  argillaceous  kaolin  into  the 
lowest  vessel,  where  it  is  allowed  to  deposit  completely, 
before  the  water  is  drawn  off  from  the  finely-divided 
clay.  Sometimes,  as  at  Sevres,  there  are  six  of  these 
filters,  at  each  of  which  two  men  are  employed,  the 
small  particles  of  wood,  straw,  and  other  light  bodies, 
which  of  themselves  would  not  fall  to  the  bottom,  but 
float,  being  separated  from  the  mixture  or  slip — a  term 
in  pottery  technically  applied  to  any  preparation  of  clay 
in  a  state  of  suspension  in  water— in  its  passage  from 

Fig.  467. 


one  to  another,  by  passing  through  hair  sieves.  This 
process  of  decantation  supplies  a  sufficient  amount 
of  felspar  and  quartz  in  the  state  of  6and,  the 
strong  and  argillaceous  varieties  giving  each  their 


particular  kind  of  sand  and  crude  kaolin.  Some- 
times machinery  is  employed  instead  of  manual 
labor,  for  the  stirring  or  kneading  up  of  the  mass 
with  water.  A  vat,  A — Fig.  467 — is  furnished  with 
revolving  arms,  a'  of  a',  armed  with  wooden  oars  or 
Hungers,  which,  in  their  revolution  through  the  mass, 
effect  the  requisite  kneading  and  mixing,  before  the 
liquid  is  withdrawn  into  the  subsiding  vats.  The  shaft, 
c,  carrying  the  arms,  is  inclosed  in  a  second  hollow 
shaft,  b,  to  protect  the  mixture  from  dust  and  oil. 

Chalk  from  Bougival  is  a  constant  addition  to  the 
porcelain  paste.  The  chalk  contains  about  ninety-five 
per  cent,  carbonate  of  lime.    Its  analysis  is  as  follows — 


Carbonate  of  lime,   95'50 

Carbonate  of  magnesia,   0*80 

Silica,   0-80 

Water,   1-20 

Iron,  manganese,  and  alumina,   1'70 


100-00 

Limestones  of  equal  purity  may  be  substituted  for  the 
chalk.  At  Nymphenhurg,  as  in  Meissen,  fragments  of 
old  porcelain  are  also  added,  the  mixture  of  which, 
when  allowed  to  exceed  a  certain  proportion,  injures 
the  plasticity  of  the  paste.  For  the  production  of  the 
best  class  of  porcelain  much  depends  upon  the  care- 
ful selection  of  the  kaolin  and  material,  the  cost  of 
manufacture  being  the  same.  With  inferior  clay  the 
porcelain  loses  its  whiteness,  its  sonorous  ring,  and 
much  of  its  value.  Kaolin,  to  be  regarded  as  of  the 
first  quality  and  suitable  for  the  finest  manufacture, 
should  possess  a  body  of  a  beautiful  white  color 
resembling  pure  milk,  entirely  free  from  all  foreign 
substances,  however  minute,  capable  of  producing 
stain  or  blemish  in  the  subsequent  processes  of  manu- 
facture; also  the  porcelain  body  formed  from  it  should 
bo  easily  worked  without  fear  of  cracking,  neither 
too  fusible  nor  too  argillaceous  ;  for  although  it  may 
be  possible  to  correct  these  fardts  by  appropriate 
mixture,  the  mass  never  turns  out  so  satisfactory. 
Great  care  must  likewise  be  bestowed  upon  the  uni- 
form incorporation  of  the  ingredients,  so  that  every- 
thing of  a  coarse  and  massive  nature,  as  felspar,  chalk, 
gypsum,  broken  porcelain,  et  cetera,  be  reduced  to  the 
finest  state  of  division,  and  the  rejection  of  all  particles 
of  iron,  mica,  el  cetera,  which  sometimes  occur,  and  the 
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presence  of  which  might  impair  the  whiteness  of 
the  china.  Mills  are,  therefore,  employed  for  this 
purpose.  A  vertical  section  of  one  is  given  in  Fig. 
468.     Two  millstones,  o  and  b,  are  inclosed  in  a 

Fig.  468. 


a  b,  the  bearings  of  which  are  secured  in  solid  masonry 
or  framework,  c  is  a  shaft  passing  through  a  boss 
head,  c,  in  the  axle,  a  b,  and  carrying  with  it  a  strong 
framework,  E  E,  bedded  with  stone,  upon  which  the 


Fig.  4G9. 
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cylindrical  case  or  framework,  d,  bound  together  by 
hoops,  the  lower  one,  b,  being  fixed  into  position  by  the 
wedging,  e,  while  the  upper  one,  a,  revolves  by  motion 
communicated  to  it  through  the  shaft,/.  This  shaft 
is  keyed  to  the  stone  by  means  of  a  metal  casting,  g, 
let  into  its  upper  surface,  which  receives  the  coupling 
arm,  h,  attached  to  the  lower  extremity  of  the  shaft, 
where  it  is  depressed  by  the  lever,  i.  j  and  h  are  two 
bevil  wheels  to  which  motion  is  given  either  by 
steam  or  water  power,  the  axle  of  the  horizontal  wheel, 
k,  being  hollow  and  supported  by  bearings,  1 1.  The 
shaft,/,  in  direct  communication  with  the  millstone, 
passes  through  this  hollow  casing,  the  rotatory  motion 
of  which  is  imparted  to  it  by  the  spurs  of  the  lever, 
i,  when  lowered,  coupling  with  those  of  the  arms 
of  the  revolving  wheel,  h.  In  order  to  guide  the 
material  better  in  a  downward  direction,  the  upper  stone, 
a,  is  not  perfectly  round,  but  hewn  flat  on  two  sides, 
with  two  grooves,  m  m,  cut  opposite  to  each  other. 
If  the  pieces  of  stone  are  of  larger  dimensions  than 
these  spaces,  they  will,  of  necessity,  be  excluded  from 
the  spot  where  the  tituration  is  effected.  They  are, 
therefore,  previously  taken  to  the  crushing  machine, 
and  brought  to  a  uniform  size.  Fig.  469  represents  a 
mill  for  this  purpose.  A  and  B  are  two  circular  mill- 
stones, mounted  with  free  motion  upon  a  fixed  axle, 


mill- stones  revolve  and  crush  the  material  thrown  in. 
The  revolution  of  this  mass  is  effected  by  the  spur- 
wheel,  F,  driven  by  steam  or  other  power.  The 
materials  in  every  case  having  been  ground,  and  the 
clay  separated  from  its  coarser  particles  by  elutriation 
in  the  manner  described  under  Kaolin,  are  in  a  state 
of  very  fine  powder,  and  mixed  together  in  various 
proportions  according  to  the  manufacture.  This  is 
effected  by  mixing  the  several  ingredients,  felspar, 
kaolin,  el  cetera,  by  measure  in  a  liquid  state,  the  pro- 
portion of  weight  of  solid  matter  contained  in  a  cubic 
foot  of  each  separate  specimen  of  slip  having  been 
previously  ascertained,  and  none  of  the  material  being 
allowed  to  settle  down,  but  each  forming  a  thickish 
uniform  semiliquid  mass. 

This  method  of  mixing,  although  more  accurate  than 
that  of  weighing,  does  not  always  give  the  exact  pro- 
portion required,  in  consequence  of  the  changeable 
nature  of  the  kaolin,  which  contains  sometimes  more 
or  less  silica  and  alumina,  and  these,  with  the  varia- 
tion in  the  quantities  of  potash  and  lime,  materially 
affect  the  qualities  of  the  paste.  The  best  proportions 
of  the  mass  have  been  determined  from  a  mean  of 
several  analyses  of  the  best  porcelain  manufactured  at 
Sevres  between  the  years  1770-1836;  and  are  found, 
aeon-ding  to  the  results  of  experience,  to  be  as  fol- 
lows : — 
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Silica  58-0  I  Lime  4-5 

Alumina,...  34-0  |  Potash,   3-0 

It  is,  therefore,  only  necessary  to  make  an  analysis 
of  each  of  the  crude  materials  that  are  to  be  mixed 
together,  to  ascertain  the  quantity  of  silica,  alumina, 
lime,  and  potash  each  contains,  in  order  to  obtain  the 
data  for  calculating  how  much  of  each  by  weight,  and 
consequently  by  measure  in  their  semifluid  state,  will 
be  required  to  obtain  the  proper  mean  quantity  as 
nearly  as  possible  in  the  mass. 


Mixture  of  I8S9. 

Contains 

Composed  of 

Sili.-a. 

Alumina, 

Lime. 

Potash 

73  Decanted  kaolin,  .... 

38-69 
19-27 

30-66 
3-40 

0-73 
3-77 

1-75 
1-27 

57-96 

34-06 

4-5 

3-02 

It  is  not  to  be  understood  that  the  practice  at  Sevres 
is  applicable  to  all  other  localities,  or  that  every  species 
of  porcelain,  possessing  the  same  elementary  composi- 
tion, should  exhibit  the  same  properties ;  for  even  sup- 
posing the  composition  in  one  hundred  parts  to  be 
identical,  very  much  depends  upon  the  nature  of  the 
proximate  ingredients  in  the  mixture. 

The  incorporation  of  the  mass  is  effected  in  large 
cisterns  or  tanks  under  constant  stirring,  the  paste 
being  afterwards  so  far  freed  from  water  as  to  form  a 
kneadable,  dough-like  mass.  As  this  cannot  he  effected 
by  subsidence,  in  consequence  of  the  heavier  felspar 
particles  falling  by  gravity  to  the  bottom  and  causing  a 
disintegration  of  the  mass,  recourse  is  had  sometimes  to 
ebullition  and  evaporation,  by  which  constant  currents 
are  kept  up  in  the  liquid,  and  any  separation  of  parts  is 
prevented.  This  process,  however,  is  not  well  adapted 
to  porcelain  mixture,  as  it  impairs  its  plasticity,  and 
causes  it  to  become,  in  technical  language,  short. 
Other  methods  are,  therefore,  substituted — one  of 
which  consists  in  drawing  off  the  paste  or  slip  into  long 
shallow  troughs,  having  their  bottoms  composed  of 
gypsum,  the  porosity  of  which  absorbs  the  moisture 
from  the  paste.  In  this  process  the  gypsum  beds 
require  to  be  repeatedly  dried  by  a  gentle  heat  or  by 
the  action  of  air.  Latterly,  however,  the  appli- 
cation of  gypsum,  as  a  drying  agent,  has  been 
superseded  by  direct  pressure,  either  applied  mecha- 
nically or  by  means  of  the  atmosphere.  In  the 
former  case  the  mixtures  are  inclosed  in  sacks  of  a 
strong  and  closely  woven  texture,  the  threads  being 
carefully  freed  from  filaments  so  as  not  to  attach  them- 
selves to  the  paste,  and  which  previous  to  use  have 
been  well  soaked  in  hot  linseed  oil,  giving  them  more 
durability  and  permeability  to  water.  A  number  of 
these  bags  being  placed  between  two  boards,  pressure  is 
economically  applied  by  means  of  a  long  lever  loaded 
upon  the  long  arm,  and  having  the  shorter  arm  placed 
against  one  of  the  boards,  so  that  in  this  way  the 
pressure  may  be  maintained  as  long  as  desirable.  A 
press  of  this  description  will  prepare  for  use  about 
thirteen  hundred  pounds  of  paste  in  three  hours; 
and  the  process,  though  not  more  economical,  has  the 


It  is  worthy  of  remark,  however,  that  artificial 
proportions  are  never  so  satisfactory  in  their  results 
as  the  same  when  occurring  in  the  natural  condition  of 
the  kaolin. 

Every  importation  of  kaolin  being  chemically  a 
different  mixture,  the  proportions  used  of  it  will  vary 
each  time ;  but  the  mass  must  always  contain  the 
same  quantity  of  elementary  constituents,  as  the 
following  mixtures  of  1839  and  1843  will  demon- 
strate : — - 


Mixture  of  1«3. 

Contains 

Composed  of 

Silica. 

Alumina. 

Potash. 

30 

16-90 

005 

0-96 

28-30 

17-04 

0-53 

2-01 

4-00 

5S  03 

33-94 

4-58 

2-97 

advantage  of  communicating  greater  plasticity  to  the 
mass. 

Another  more  refined  and  successful  plan,  invented 
by  M.  L.  Talabot,  consists  in  applying  atmospheric 
pressure  under  .vacuum  to  extract  the  water  from  the 
mass.    Two  vessels,  or  chambers,  A  A— Fig.  470 — are 


Fig.  470, 


placed  in  connection  with  a  pipe,  B,  of  about  thirty-six 
feet  in  length,  by  the  tubes,  a  a,  b  b,  furnished  with 
stopcocks.  The  extremity  of  the  pipe,  B,  is  immersed 
in  a  reservoir  of  water,  c.  If  one  of  the  chambers,  A, 
be  filled  with  water  by  the  pipe,  F — Fig.  471 — the 
stopcock  being  opened  so  as  to  communicate  with 
the  reservoir  by  the  pipe,  B,  a  vertical  column  of  water 
will  be  formed  of  from  forty  to  fifty  feet  in  height, 
but  the  atmospheric  pressure  being  only  equivalent 
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to  a  column  of  about  thirty-four  feet,  the  vessel,  A, 
will  discharge  its  contents,  by  means  of  the  pipe,  into 
the  reservoir,  c,  and  form  a  vacuum  above.  The 
filtering  vessels,  D,D,  placed  above  and  communicating 

Fig.  471. 


with  the  reservoirs,  A,  A,  by  pipes  and  stopcocks,  d 
and  e,  are  of  a  conical  form  ;  iron  gratings  are  placed 
within  over  the  orifices  of  the  pipes,  and  a  bed 
of  pebbles  is  made  to  fill  up  the  conical  portion, 
over  which  a  cloth  of  a  thick  spongy  felt  is  placed 
— permeable  to  water,  but  not  to  the  solid  parti- 
cles of  the  slip — and  firmly  secured  to  the  edges  of  the 
filter;  upon  this  another  cloth  of  hemp  receives  the 
slip.  Upon  depressing  the  rod,  m,  which  works  through 
the  two  air  valves,  nn,&  direct  communication  is  opened 
above  and  below  between  the  reservoir  and  one  of 
the  vacuum  vessels,  and  the  atmospheric  pressure  not 
being  counterbalanced  below,  exerts  its  whole  action 
upon  the  surface  of  the  slip,  forcing  the  water  through 
the  filtering  cloth  into  the  vacuum.  In  the  course 
of  forty  or  forty-five  minutes  a  layer  of  slip  of  six 
inches  deep,  containing  rather  more  than  fifty  per 
cent,  of  water,  is  reduced  to  a  thickness  of  two 
and  a  quarter  inches,  and  converted  into  a  paste 
of  remarkable  plasticity,  containing  only  one-fifth 
of  water.  In  whatever  manner  this  drying  of 
the  paste  is  effected,  it  is  always  obtained  of 
equal  consistency,  the  paste  from  the  sacks  or  press- 
ing apparatus  being  firmer  on  the  outside  than  in 
the  interior.  This  defect  is  obviated  by  a  process 
called  slapping,  the  clay,  generally  preserved  in  the 
form  of  lumps  or  balls,  being  forcibly  thrown  repeatedly 
against  a  hard  stone  or  slab  of  gypsum,  rendering  it 
perfectly  homogeneous  throughout.  Sometimes  tread- 
ing under  foot,  or  laceration  between  metallic  plates 
with  a  stamper,  is  substituted  for  the  slapping  process. 

The  felspar  and  lime  in  the  paste,  not  being  plastic 
ingredients,  and  always  amounting  to  one-fourth  or 
more  of  the  whole,  considerably  interfere  with  its 


plasticity,  rendering  it  very  much  below  that  of  pure 
clay.  The  forming  and  moulding  process  is  conse- 
quently one  of  great  expense  and  difficulty,  so  much 
so,  that  while  a  workman  employed  with  assistants  in 
preparing  plates  from  the  more  plastic  earthenware,  can 
produce  six  hundred  in  ten  working  hours,  not  more 
than  sixty  or  eighty  plates  of  porcelain  can  be  moulded 
in  the  same  time.  Every  precaution  and  endeavor  is, 
therefore,  used  to  increase  its  plasticity — such  as  mixing 
it  with  fragments  from  the  moulding  operation,  con- 
tinued treading  and  kneading,  and,  what  is  found  to  be 
of  greater  utility,  the  storing  it  away  in  moist  layers, 
in  order  to  engender  a  peculiar  species  of  decay.  The 
superior  value  of  clay  that  has  been  kept  a  considerable 
time  is  well  known,  and  it  is  never  desirable  to  work 
paste  that  has  not  been  stored  away  in  a  moist  state 
at  least  for  a  year.  During  this  process  of  aging,  a 
curious  phenomenon  occurs :  a  fetid  smell  of  rotten 
eggs  is  evolved  from  the  mass  or  lump,  the  interior 
portion  becoming  of  a  darker  color  passing  from 
grey  to  black.  This  black  color  is  produced  by  the 
highly  carbonaceous  product  of  the  decomposition  of 
organic  matter,  which,  by  a  constant  absorption  of 
oxygen,  reducing  the  gypsum  and  other  sulphates  that 
may  be  present  to  the  state  of  sulphides,  gives  rise 
to  the  production  of  sulphide  of  hydrogen  on  the  outer 
portions ;  and  wherever  the  air  has  access  to  the 
blackened  part,  the  black  matter  disappears,  the  oxy- 
gen being  converted  under  these  circumstances  into 
carbonic  acid.  It  is  more  difficult  to  assign  a  reason 
for  the  greater  plasticity  of  the  mass  that  has  passed 
through  this  process,  though  it  may  be  probable  that 
the  gas,  in  struggling  to  escape,  more  completely  pul- 

Fig.  472. 
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verizes  the  clay,  and  reduces  the  whole  into  a  homo- 
geneous mass.  So  fully  aware  are  manufacturers  of  the 
efficacy  of  this  fermentation,  that  attempts  are  some- 
times made  to  induce  it  by  the  addition  of  honey,  sirup, 
et  cetera,  to  the  mixture. 
Forming  or  Moulding  of  Porcelain.  —  Porcelain 
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bodies  being  more  susceptible  of  inequality  of  pressure 
in  the  process  of  turning  and  moulding  than  earthen- 
wares, require  a  corresponding  greater  amount  of  care. 
The  goods  are  formed  either  upon  the  potter's  lathe  or 
throwing  wheel,  in  rnotilds  or  by  casting.  The  art  of 
throwing  by  the  potter's  wheel  is  the  most  ancient,  as 
well  as,  from  the  skill  it  requires  on  the  part  of  the 
workman,  the  most  interesting.  The  form  in  which  it 
is  now  employed  in  the  porcelain  manufacture  is  shown 
— Fig.  472. — The  disc,  a,  consisting  of  the  head,  the  axle, 
and  the  wheel,  is  placed  in  the  middle  of  a  table,  A  A, 
supported  by  massive  framework,  and  bound  together 
by  cross-bars,  a  a,  b  b.  The  axle,  c,  is  made  of  iron, 
one  end,  d,  rotating  on  a  piece  of  quartz  cemented  to 

Fig- 


the  floor  by  plaster  of  Paris  ;  while  the  other,  passing 
through  the  brass  ring,  e,  screwed  to  the  table,  carries 
the  massive  block  of  gypsum,  /,  upon  which  the 
operation  of  forming  or  throwing  is  performed.  To 
the  lower  portion  of  the  axle  a  wide  heavy  horizontal 
wheel,  P  F,  is  attached,  which,  from  its  great  weight, 
mostly  accumulated  in  the  circumference,  works  as  a 
balance  wheel,  rendering  the  motion  in  the  upper  part, 
/,  uniform  and  continuous — a  matter  of  essential 
importance. 

The  thrower  or  workman  engaged  in  the  formation 
of  the  plastic  clay  seats  himself  upon  the  stool,  a — Fig. 
473 — supporting  himself  with  his  feet  against  the  board 
b,  so  as  to  obtain  a  sufficiently  stable  position  to 

473 


enable  him  to  rotate  the  wheel,  c,  with  one  foot.  The 
mass  of  dough,  as  received  from  the  slapper,  is  cut  up 
into  portions  by  means  of  a  brass  wire,  each  portion 
being  weighed  by  an  assistant  called  the  bailer,  accord- 
Fig. 


ing  to  the  size  and  value  of  the  article.  The  thrower 
receives  one  of  these  masses,  and  dashes  it  down  upon 
the  centre  of  the  revolving  block  of  gypsum,  d.  The 
thrower  now  presses  both  hands  against  the  mass, 

474., 


which  being  kept  in  constant  rotation  gradually 
acquires  a  round  form,  a — Fig.  474 — his  hands  being 
maintained  in  a  smooth  state  by  dipping  them  into 
a  vessel  containing  a  quantity  of  water  and  paste  held 
in  suspension.    If  it  were  not  for  this  precaution  the 


paste  would  adhere  to  the  skin,  and  the  smoothness 
of  its  surface  be  destroyed.  The  next  operation  con- 
sists in  rendering  the  piece  as  homogeneous  as  possible, 
by  raising  it  into  the  tall  conical  mass  b — Fig.  474 — for 
the  purpose  of  squeezing  out  the  air.    The  workman 
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then  forces  both  his  thumbs  downwards  into  the  centre 
of  the  mass,  producing  a  cavity,  which  is  enlarged  as  he 
removes  his  thumbs  one  from  the  other,  c — Fig.  474 — 
producing  a  bell  shape.  The  sides  of  the  half-finished 
vessel  are  then  closely  pressed  in  a  slightly  upward 
direction  between  hands  and  thumbs,  and  being 
lessened  in  thickness  increase  correspondingly  in 
height,  d — Fig.  474 — according  to  the  nature  of  the 
required  vessel.  It  is  in  this 
Fig.  475.  manner  that  all  vessels  of  a  cir- 

cular form  in  horizontal  section, 
e — Fig.  473 — are  produced. 

When  the  mouth  of  the  piece 
is  too  narrow  to  admit  the  inser- 
1  tion  of  the  hand,  as  is  often  the 
case  with  a  jug,  it  is  either 
made  in  two  halves,  afterwards 
cemented  together,  or  shaped 
out  by  means  of  a  wet  sponge 
attached  to  the  end  of  a  crooked 
stick.  In  order  to  insure  unifor- 
mity in  the  sizes  of  the  piece,  a  gauge  is  used,  consist- 
ing of  a  small  rule,  a — Fig.  475 — sliding  up  and  down 
a  rod,  b,  and  fixed  to  any  required  height  by  the 
marker,  c,  the  whole  being  attached  to  the  stand,  d. 

In  this  process  of  forming  by  the  hand  upon  the 
lathe,  the  inequalities  of  the  skin  produce  serrated  spiral 
lines  upon  the  surface  of  the  ware,  destroying  its 
neatness  and  cleanliness.  This  circumstance,  in  con- 
junction with  that  of  the  plasticity  of  the  mass  not 
being  sufficient  to  admit  of  its  being  worked  by  hand 
to  that  degree  of  tenuity  required  by  commerce, 
renders  a  further  operation  necessary  to  bring  it  to  the 
proper  dimensions  and  perfection  of  form — the  crude 
shape  only  being  obtained  upon  the  wheel,  as  will  be 
further  understood  by  reference  to  Fig.  473.  Here  the 
workman  is  represented  as  in  the  act  of  throwing, 
working  with  his  hands  and  feet  at  the  same  time, 
and  having  a  skin  or  apron,  /,  by  his  side  to  receive 
the  fragments  of  slip  thrown  off  in  the  operation,  while 
the  other  operator,  g,  is  engaged  in  roughly  finishing 
the  piece  by  means  of  the  iron  gauge  in  his  hand.  All 
vessels  of  an  oval  or  angular  shape  which  cannot  be 
formed  by  turning,  receive  their  shape  by  pressure  in 
gypsum  moulds,  upon  the  inside  of  which  the  promi- 
nent parts  of  the  piece  are  sunk,  and  vice  versa. 


This  manipulation  requires  that  the  mass  to  bo 
formed  be  of  sufficient  tractability  to  be  easily  introduced 
into  the  cavities  of  the  mould  by  kneading,  and  that, 
when  pressed,  it  be  of  sufficient  tenacity  as  not  to  bend 
or  yield  upon  removal.  It  must,  therefore,  acquire 
consistency,  and  dry  in  the  mould — a  condition  which 
renders  it  absolutely  necessary  that  the  moulds  be 
constructed  of  substances  of  a  porous  nature,  otherwise 
the  pieces  would  adhere  and  lose  their  shape  upon 
removal.  The  moulds  are,  therefore,  generally  formed 
of  gypsum — plaster  of  Paris — and  sometimes  of  burned 
clay,  and  are  of  every  variety  of  size  and  pattern,  a 
complete  set  of  patterns  being  required  for  every  new 
design,  and  for  every  size  of  the  same  pattern.  Moulds 
for  plates,  dishes,  and  other  shallow  articles,  consist 
of  only  one  piece,  while  for  jugs,  vases,  and  more 
elaborate  forms,  several  pieces  or  moulds  are  employed. 

The  mode  of  making  the  moulds  for  plates  and 
dishes,  and  the  subsequent  operation  of  moulding,  are 
as  follows: — Upon  a  model,  a — Fig.  476 — composed 
of  either  metal  or  gypsum,  and  turned  in  relief  to 


Fig.  476. 


Fig.  477. 


correspond  with  the  exact  con- 
tour of  the  inner  surface  of  the 
plate  or  dish  to  be  formed  a 
hollow  gypsum  cast,  b,  is  taken.  This  serves  as  the 
matrix,  from  which,  when  saturated  with  oil,  innumer- 
able other  moulds,  c,  may  be  taken  for  use.  As 
gypsum  expands  in  setting  about  O'Ol  of  its  linear 
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dimension,  the  original  matrix  must  be  made  so  much  I  table,  a — Fig.  477 — receives  upon  its  surface  the  sheet 
smaller.    The  mould  being  attached  to  the  revolving  |  of  thin  dough,  prepared  as  follows : — The  assistant  hav- 

VOL.  II.  5  I 


802 


POTTERY  Practical  Potting. 


ing,  by  means  of  a  wire,  separated  a  piece  of  dough  from 
the  mass,  hands  it  to  the  thrower,  who  places  it  upon 
the  head  of  the  throwing  machine,  a — Pig.  478 — over 
which  a  piece  of  wet  leather,  b  b,  has  been  previously 
stretched,  after  the  fashion  of  a  drum,  by  means  of  the 
ring,  c,  the  gypsum  slab,  d,  fitting  on  to  the  socket,  e. 
By  the  revolution  of  the  head,  the  lump  of  paste  is 
spread  over  the  surface,  and  converted  into  the  plate,  f, 
which  is  brought  to  a  uniform  thickness  by  a  gauge. 
It  is  now  removed  by  means  of  the  leather  to  the 
plaster  mould,  e,  fixed  upon  another  wheel,  and  pressed 
on  to  it  during  rotation  by  a  sponge  dipped  and 
moistened  in  slip.  In  this  manner  the  interior  form 
is  given  to  the  plate,  the  outer  surface,  e,  being  finished 
off  by  the  profile,  a — Fig.  479— pressed  upon  it  during 
its  revolution.  This  profile,  formed  of  a  thin  piece 
of  brass  plate,  is  mounted  upon  a  carrier  or  slide,  b, 
the  adjustment  being  arranged  by  screws,  c  c,  passing 
through  the  holes,  dd.  The  excess  of  paste  that  extends 
beyond  the  proper  outline  is  turned  off,  and  the 
plate  left  in  a  finished  state.  The  maker's  name 
being  impressed,  the  mould,  with  the  plate  upon 
it,  is  then  conveyed  to  the  drying  chamber 
and  placed  upon  a  shelf,  where  it  remains  till 
sufficiently  hardened  to  bear  removal.  In  the 
meantime  the  operation  at  the  lathe  proceeds 
with  other  moulds. 

In  the  process  of  drying,  the  gradual  eva- 
poration of  the  water  contained  in  the  paste 
brings  the  solid  particles  closer  together  in 
proportion  as  the  moisture  disappears.  A 
consequent  shrinking  or  diminution  of  volume 
takes  place  in  the  mass,  the  proper  proportions 
remainingBtnchanged  when  the  shrinking  and  desicca- 
tion have  been  uniform  throughout ;  but,  if  this  be  not 
properly  effected,  distortion  is  the  result.  For  this  reason 
the  pieces  after  they  leave  the  lathe  cannot  be  dried 
in  a  stove  or  current  of  air,  or  even  by  exposing  them  to 
the  sun;  for  by  such  means  they  are  desiccated  only  upon 
the  outside,  while  the  interior  still  contains  a  sufficient 
quantity  of  moisture  to  cause  them  to  split  with  a  kind 
of  explosion  in  the  furnace.  They  are,  therefore,  care- 
fully stowed  away  in  the  shade  upon  wooden  shelves, 
until  no  more  moisture  can  be  evaporated  from  them. 

Fig.  480. 


than  the  sides  of  the  future  vessel  being  prepared  by 
rolling  on  a  moistened  gypsum  slab,  a,  under  a  wooden 
roller,  b — Fig.  481.  When,  from  the  elegance  or  com- 
plication of  form,  the  admission  of  the  hand  into  the 
mould  is  impossible,  it  has  been  stated  that  double 

Fig.  481. 


moulds  are  used.  These  are  shown  in  Fig.  482,  the 
paste,  a,  being  first  laid  upon  the  solid  form,  A,  and 
turned  over  into  the  mould,  b,  the  interior  mould  being 

Fig  4S2 


Sometimes  the  inner  surface  only  of  the  ware  is 
formed  by  the  hand,  the  paste,  a — Fig.  480 — being 
pressed  against  the  mould,  b  c,  during  its  rotation,  form- 
ing the  vessel,  d;  the  sheets  of  paste  considerably  thicker 


furnished  with  cavities,  d  d,  for  more  easy  removal. 
Fig  483  represents  the  operation  of  moulding  and  finish- 
ing the  additional  pieces,  such  as  the  spout,  handle,  et 
cetera.  The  thin  sheet  of  paste,  a,  prepared  by  rolling 
at  A,  is  carried  to  the  moulder,  B,  who,  pressing  with 
a  damp  sponge,  makes  the  paste  adhere  to  the  mould, 

b.  The  latter  is  placed  upon  a  circular  plaster  frame, 

c,  mounted  upon  the  iron  axis,  d,  which  can  be 
revolved  at  pleasure  by  the  hand  of  the  workman.  A 
further  stage  is  shown  at  c,  while  the  workman,  D,  is 
moulding  a  handle,  «,  for  the  sugar  basin,  /,  removing 
the  roughness,  and  filling  up  all  cavities  left  by  the 
moulding. 

The  porcelain  paste,  from  the  nature  of  its  ingre- 
dients, is  exceedingly  susceptible  to  injuries  from 
the  least  inequality  of  pressure  in  the  moulding, 
injuries  which  are  only  made  apparent  at  a  period 
of  the  manufacture  when  it  is  too  late  to  rectify 
them.  The  principal  cause  of  these  is  the  difference  in 
shrinking  during  the  drying  and  firing  of  the  parts 
which  have  been  subjected  to  different  degrees  of 
pressure.  These  defects  are  not  so  apparent  when 
slight  pressure  only  is  applied,  and  may  be  easily 
avoided  in  the  ordinary  process  ot  moulding ;  but 
when  the  pressure  is  increased  and  applied  more 
unequally,  they  become  so  marked  and  unsightly  as  to 
render  the  article  useless.  Moulding  presses  are,  there- 
fore, only  used  for  objects  of  small  dimensions,  in 
which  perceptible  differences  in  the  consistency  of  the 
mass  cannot  occur;  for  larger  vessels  they  are  almost 
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entirely  discarded  in  the  manufacture  of  porcelain. 
Even  when  the  greatest  care  is  taken  in  manufacturing 


the  plate  upon  the  mould,  faults  will  occur ;  the  bottom 
of  the  piece,  instead  of  presenting  an  even  surface, 


Fig.  483. 


will  often  fall  away,  as  represented  in  Fig.  484,  at  d — 
a  defect  very  fatal  to  the  beauty  of  the  subsequent 
processes  of  decorating  and  gilding — and  the  diameter 
and  thickness  will  be  variable  at  different  places.  Some 

Pig.  484. 


of  these  faults  may  be  traced  to  the  inequality  of 
dampness  in  the  surface  of  the  mould,  but  generally  to 
the  unequal  consistency  of  the  mass  used.  To  prevent 
loss  also  in  the  drying  process,  it  is  very  necessary  that 
all  air  be  removed  from  the  surface  of  the  paste,  as  the 
presence  of  any  particles  of  air,  however  minute,  is 
sufficient  to  cause  the  splitting  of  the  piece.  If  the 
plaster  composing  the  mould  also  be  not  perfectly 
homogeneous  and  equally  dense  in  all  its  parts,  the 
absorption  of  moisture  will  be  very  irregular,  causing 
a  corresponding  inequality  in  the  separation  of  the 
paste  from  its  surface. 

When  a  dry  gypsum  mould  is  dipped  in  water,'  a 
certain  absorption  by  capillary  attraction  takes  place, 
the  pores  becoming  filled ;  and  should  it  happen  that 
the  water  in  which  it  was  dipped  held  in  suspension 
any  particle  of  clay  or  other  muddy  substance,  a  kind  of 
filtration  occurs,  the  clay  being  left  upon  the  surface  of 
the  gypsum,  where  it  conglomerates  and  sets,  the 
thickness  of  this  deposit  depending  upon  the  dura- 
tion of  the  operation,  the  massiveness  and  absorbing 
powers  of  the  mould,  the  nature  of  the  substance,  and 
dilution  of  the  paste.  A  very  plastic  material  and 
pure  clay  soon  form  an  impenetrable  crust,  which 
prevents  further  increase  in  thickness ;  but  the  flux  in 
the  porcelain  paste,  preventing  the  particles  from 


coming  into  too  close  proximity,  admits  of  absorption 
taking  place  through  the  deposits  already  formed. 
For  the  purposes  of  casting,  the  slip  is  stirred  up  into 
a  thick  but  perfectly  liquid  state,  and  passed  through 
sieves,  that  all  granular  particles  and  bubbles  of  air 
may  be  separated,  the  number  and  nature  of  the 
moulds  depending  upon  the  form  and  elaboration  of  the 
article  required.  Thus  in  the  case  of  the  j  ug — Fig.  484a 


Fig.  484a. 


—the  foot,  d,  body,  c,  neck,  J,  and  handle,  a,  are  each 
cast  in  a  separate  mould,  the  prominence  of  the  parts 
requiring  these  distinct  operations.  The  neck,  b,  is 
moulded  in  an  inverted  position,  a  a  being  the  sides  of 
the  mould,  c  the  aperture  through  which  the  slip  is 
introduced,  and  e  that  through  which  it  is  withdrawn. 
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The  same  manipulation  is  applied  to  the  moulds  for 
the  other  portions,  which,  being  closed  below,  are 
completely  filled  with  the  semifluid  slip,  and  allowed 
to  remain  for  two  or  three  minutes  before  the  water 
is  rapidly  drawn  off,  leaving  a  residuum  of  from  one 
to  two  lines  in  thickness  round  the  sides  of  the  mould. 
The  casting  for  the  body,  c,  of  the  jug  proceeds  in 
exactly  the  same  manner,  but  the  mould  is  emptied  by 
inversion.  The  various  pieces  having  been  removed 
from  the  moulds,  and  cleaned  from  superfluous  paste, 
are  put  together  and  joined  while  in  a  moist  state,  the 
connection  being  so  perfect  that  no  indication  of  it  is 
perceptible.  The  handle  is  put  on  afterwards — see 
Earthenware. 

In  the  moulding  of  a  teapot,  five  moulds  are  again 
required — two  for  the  formation  of  the  exterior  form, 
and  three  for  the  interior  manipulation,  the  parts  being 
afterwards  united  together  in  such  a  manner  as  to  pro- 
duce the  interior  development  of  the  spout  and  double 
casing  of  the  sides  necessary  for  strength  and  utility. 
The  pieces  must  remain  in  the  moulds,  however,  for 
a  considerable  time  before  they  acquire  proper  consist- 
ency ;  the  operation  of  moulding,  therefore,  requires 
much  time  and  numerous  moulds.  Many  articles 
likewise,  even  without  appendages,  such  as  a  vase 
with  a  narrow  neck,  cannot  be  cast  in  one  circular 
piece,  which  could  not  be  extracted  from  the  mould 
even  by  inversion.  Such  articles  can  only  be  made 
by  casting  in  two  halves,  to  be  afterwards  joined 
together. 

In  casting,  the  pieces  are  never  perfect  or  free  from 
blemish,  as  they  leave  the  moulder,  but  require  often 
tedious  finishing  processes,  such  as  turning,  retouching, 
ornamenting,  and  the  adaptation  of  the  separately 
moulded  pieces  to  each  other. 

Turning. — Many  articles  are  made  much  thicker 
upon  the  throwing-wheel  than  they  appear  when 
finished,  the  superabundant  mass  being  turned  off  in  a 
lathe  to  give  the  requisite  beauty  and  uniformity  of 
contour.  This  turning  is  precisely  similar  to  that 
practised  in  the  earthenware  manufacture — which  see — 
the  clay  being  in  such  a  state  as  to  throw  off  a  con- 
nected shaving  without  either  crumbling  or  adhering  to 
the  tool.  .  In  this  operation  the  piece  is  fastened  to  the 
gypsum  slab  of  the  throwing-lathe,  by  moistening  the 
bottom,  or  fixed  on  to  the  lathe  in  a  horizontal  posi- 
tion by  means  of  an  ordinary  chuck,  as  the  case  may 
require,  ordinary  sharp  flat  knives  being  used  as  tools 
in  place  of  the  chisel.  One  of  the  chief  points  in  the 
finishing  operation  consists  in  the  removal  of  the  edges 
or  seams  caused  by  the  penetration  of  the  slip  into  the 
joints  of  the  moulds.  It  is  necessary  that  the  seams 
should  be  carefully  pared  away  with  a  knife,  as,  if 
removed  by  pressure  only,  they  appear  again  after 
burning. 

The  casual  cracks  and  indentations  have  at  this 
stage  of  the  manufacture  to  be  carefully  filled  up,  and 
all  engraved  or  carved  work  which  requires  cutting 
away  with  the  knife,  to  be  performed.  Frequently  an 
ornamental  appearance  is  imparted  to  the  ware  in 
this  state  by  impression  upon  its  surface  with  the 
roulette  or  stamp,  in  the  use  of  which  turpentine  is 
applied  to  prevent  adhesion  to  the  paste,  the  fatty  oils 


not  producing  the  necessary  effect.  It  has  already  been 
stated  that  such  parts  as  handles,  feet,  et  cetera,  are 
formed  or  moulded  separately,  and  fixed  upon  the 
porcelain  before  firing,  but  smooth  handles  of  uniform 
dimensions  are  often  formed  by  pressure  through  an  aper- 
ture of  corresponding  shape  and  diameter— see  Earthen- 
ware— while  those  of  more  elaborate  pretensions  are 
produced  by  moulding  in  gypsum  moulds.  The  union 
of  all  such  parts  with  the  body  is  effected  by  sticking 
them  together  under  very  gentle  pressure,  the  two 
opposing  surfaces  having  been  previously  roughened 
and  covered  with  slip.  All  changes  which  affect 
unequally  the  mass  of  the  vessel  and  the  ornamental 
parts  tend  to  cause  cracks  during  the  drying,  and  to 
separate  the  latter.  It  is  therefore  essential  that  the 
body  and  the  ornamentation  of  the  vessel  be  equally 
dry,  and  that  the  surfaces  be  prepared  either  by 
turning  or  casting  in  the  same  manner;  also,  that 
all  excess  of  slip,  from  the  increase  of  moisture  it 
contains,  be  avoided.  The  same  precautions  apply 
to  the  joining  together  of  pieces  moulded  in  separate 
forms,  the  surfaces  of  which  should  be  retouched 
with  a  sponge  or  wet  cloth. 

Firing. — In  the  operation  of  firing  the  true  porce- 
lain with  the  glaze — see  Glaze — is  rendered  dense, 
vitreous,  sonorous,  and  translucent,  the  glaze  being  of 
that  nature  that  it  melts  at  the  temperature  necessary 
for  the  perfect  firing  of  the  mass.  The  waste  heat  from 
this  process  is  employed  to  produce  the  ware  in  the 
state  of  biscuit,  or,  in  other  words,  for  the  firing  pre- 
vious to  glazing. 

On  account  of  the  chemical  composition  of  the  sub- 
stance and  the  refractory  nature  of  the  glaze,  the 
greatest  possible  amount  of  artificial  heat  that  can  be 
produced  is  required.  This  intense  heat  is  the  more 
necessary,  as  from  the  white  color  of  the  material,  the 
transparency  of  the  glaze,  and  its  softness  at  high  tem- 
peratures, it  cannot  be  exposed  to  the  direct  action  of 
the  flame.  Porcelain,  like  many  other  kinds  of  clay 
wares,  is  always,  therefore,  inclosed  during  firing  within 
clay  vessels  or  seggars — see  Earthenware.  This  high 
temperature  of  the  furnace  must,  for  the  successful 
firing  of  the  pieces,  be  maintained  as  steady  and  uni- 
form as  possible,  otherwise  various  misfortunes,  such 
as  splitting,  bending,  and  fusing,  will  ensue.  To  effect 
this,  with  the  large  quantity  of  materials  and  the  con- 
siderable number  of  seggars  fired  at  once,  requires  a 
peculiar  arrangement  of  furnace;  as  the  porcelain  goods 
cannot  be  brought  into  direct  contact  with  the  fuel, 
without  impeding  the  draught,  and  causing  a  want  of 
regularity  in  the  distribution  of  the  heat  throughout 
the  mass.  All  pottery  requires,  therefore,  to  be  baked 
in  a  reverberatory  furnace,  in  which  the  fire  being 
kindled  upon  a  separate  grate  does  not  come  into 
contact  with  it.  In  short,  potters'  kilns  are  all  rever- 
beratory furnaces,  which  possess  the  advantage  of 
surrounding  the  seggars  more  completely  with  flame, 
and  of  imparting  a  more  uniform  heat  than  would 
be  practicable  were  they  placed  in  direct  communica- 
tion with  the  fuel. 

Furnaces. — The  porcelain  furnace  is  very  similar  to 
the  glass  furnace,  with  the  exception  that  the  source 
of  heat  is  dispersed  over  several  grates  situated  at  the 
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circumference  of  the  base  instead  of  being  united  into 
one  central  fire.  It  consists,  therefore,  of  a  round  cham- 
ber, on  the  floor  of  which  the  seggars  containing  the 
ware  are  arranged  and  piled  in  columns  or  bungs,  the 
flames  ascending  from  a  number  of  wide  flues  below 
and  around,  in  connection  with  the  same  number  of 
fire-places,  so  as  to  circulate  between  the  columns  of 
seggars,  filling  the  whole  space,  and  escaping  through 
different  apertures  at  the  top  of  the  chamber  into  a 
second  room,  where  they  are  again  employed  for  heat- 
ing the  biscuit-ware.  The  details  of  one  of  these  porce- 
lain kilns  are  shown  in  Fig.  484b,  one-half  of  which  is 


in  section  and  the  other  in  elevation,  the  horizontal 
section — Fig.  484c — being  partly  on  a  line  through 
the  fire-bars,  and  partly  through  the  upper  chambers, 
showing  the  vent-holes  for  the  circulation  of  the 
flame. 

The  kiln  or  oven  is  surrounded  by  four  or  five  sepa- 
rate fire-grates,  A,  A,  A,  A,  which  first  heat  the  space,  L, 
where  \he  porcelain  is  burnt;  then  the  second  chamber, 
L,  where  the  biscuit  is  baked;  and  thirdly,  the  space, 
G,  used  either  for  a  similar  purpose,  or  for  the  firing  of 
the  seggars — the  flames  finally  escaping  through  the 
chimney,  c.    In  the  construction  of  the  hearth  of  the 


Fig.  484b. 


porcelain  kiln,  the  draught  is  forced  to  take  a  direction 
contrary  to  that  usual  in  other  furnaces.  The  space, 
c,  being  filled  with  hot  charcoal,  wood  in  small  billets 
is  introduced  through  the  aperture,  V  V,  so  as  com- 
pletely to  fill  the  space,  /.  The  draught,  therefore,  in 
the  first  instance,  assumes  a  downward  direction  through 
b,  as  indicated  by  the  arrow,  and  reaching  the  burning 
wood  between  /  and  c,  induces  a  long  flame,  which 


escapes  through  the  opening,  p,  into  the  chamber,  L, 
where  combustion  is  completed.  The  difference  between 
this  arrangement  and  that  of  an  ordinary  fire  grate 
is  this,  that  while  in  the  one  case  the  glowing  fuel  is 
brought  into  direct  contact  with  the  external  air,  and 
the  flamo  has  to  pass  through  the  freshly  added  fuel, 
in  the  porcelain  furnace  the  combustion  is  kept  up  by 
air  already  heated  by  its  passage  through  the  uppei 
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layers  of  fuel,  and  the  combustion  rendered  more  com- 
plete. The  hearth  of  the  furnace  is  composed  of  a  bad 
conductor  of  heat,  such  as  bricks ;  and  the  velocity  of 
the  draught  being  reduced  on  entering  the  wide  cham- 


ber, L,  greater  time  is  allowed  for  the  perfect  combus- 
tion of  the  volatile  products  from  the  fuel.  The  small 
aperture,  o,  employed  for  the  purpose  of  stirring  the 
fire,  is  closed  with  a  clay  stopper,  while  the  opening, 
b,  at  the  foot  of  the  hearth  serves  for  the  removal  of 
ashes,  et  cetera.  The  regulation  of  the  draught  is 
effected  by  the  lid,  V  V,  the  aperture  or  flue  from 
which,  before  entering  the  furnace,  is  divided  by 
tongues,  g  g,  into  the  channels,  p  p  p,  for  the  better 
dispersion  of  the  flame.  D  and  E  are  doors  for  the 
insertion  and  withdrawal  of  the  goods.  In  the  arched 
covering  of  the  space,  L,  twenty-five  apertures  or  flues, 
t,  t,  are  left  to  conduct  and  spread  the  flame  as  it 
enters  the  second  chamber,  L,  the  effect  of  a  single 
opening  in  the  centre  being  to  draw  the  flame  to  one 
spot.  Similar  openings,  t,  t,  but  of  half  the  number, 
conduct  the  flame  from  L  into  the  upper  chamber,  c. 

For  the  purpose  of  examining 
the  progress  of  the  firing,  and 
for  the  introduction  of  small 
samples  or  watches  into  the 
seggar  nearest  the  hole,  small 
openings,  v,  are  made  in  the 
walls  of  the  chamber,  L. 
These  watches  consist  simply 
of  pieces  of  biscuit  covered 
with  glaze,  by  the  appearance 
of  which,  and  the  degree  of  fusion  they  undergo,  an 
indication  is  given  as  to  the  state  of  the  porcelain 
vessels.  In  order  to  prevent  the  access  of  air  into 
the  furnace  through  the  opening,  v,  a  tube— Fig.  484d 


Fig.  4S4d. 


— is  introduced  from  the  outside,  supplied  with  an 
iron  damper,  z,  sliding  in  the  frame,  h,  and  closed  in 
front  by  a  plate  of  glass. 

These  furnaces,  averaging  about  twenty  feet  in  diame- 
ter, and  forty  feet  in  height,  are  constructed 
internally  of  fire-stone,  surrounded  by  an 
exterior  casing  of  ordinary  brick,  the  whole 
being  bound  together  by  iron  stays  or  bands, 
m,  r,  u,  z.  To  prevent  their  cracking  or 
giving  way  by  the  great  expansion  caused  by 
the  heat,  elastic  hooks  connect  these  girders 
together,  and  enable  them  to  meet  the  strain. 

An  improved  modification  of  this  furnace 
has  recently  been  patented  in  France  by  M. 
Vital  Poux  of  Noirlac,  with  a  view  to  the 
employment  of  coal  as  fuel  in  the  manu- 
facture of  true  porcelain,  without  the  neces- 
sity of  reconstructing  the  entire  kiln.  It 
consists  of  the  insertion  of  a  grate  at  g 
— Fig.  484e — by  which  the  air  is  allowed 
access  to  the  fuel  from  below  through  the 
channel,  i,  as  well  as  from  above  through  g; 
the  number  of  fire-places  is  increased  to 
eight  or  ten,  according  to  the  dimensions 
of  the  kiln.  It  has  been  found  to  produce 
ware  much  more  evenly  fired  throughout 
the  kiln,  while  the  lining  of  the  furnace  and 
the  seggars  are  less  attacked.  In  conse- 
quence also  of  the  draught  being  greatly 
increased,  and  the  ash  of  the  coal  containing 
only  a  very  small  proportion  of  alkali  com- 
pared with  that  of  wood,  the  clay  does  not 
vitrify  and  destroy  to  such  an  extent.  The  saving  in 
the  expense  by  employing  coal  instead  of  wood,  is  cal- 
culated to  average  from  sixteen  pounds  to  sixteen  pounds 

Tig.  484e. 


ten  shillings  for  each  firing.  A  vertical  section  of  a 
porcelain  kiln  is  represented  in  Fig.  484p;  the  interior 
arrangement  and  piling  of  the  seggars,  one  upon  an- 
other, being  shown,  together  with  the  ordinary  contents, 
such  as  plates,  a  a,  vases  and  jugs,  b  b  b,  tubes,  c,  and 
a  porcelain  slab  at  d.    The  partitions  which  divide  the 
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flame  on  its  entrance  to  the  furnace  are  shown  at  ee, 
while  ///are  plates  of  refractory  clay,  called  fire- 
guards, which  prevent  the  flames  and  ashes  from  coming 

Fig.  4e4j 


into  contact  with  the  seggars.  g  g  g  are  props  for 
supporting  the  seggars.  In  Germany  the  furnaces  are 
very  similar  in  construction,  but  the  apertures  from  one 


chamber  into  the  other  are  only  seven  in  number. 
They  are  wider,  and  furnished  with  short  chimneys, 
which  project  it  on  the  upper  chamber,  L. 

The  idea  of  supplying  fires  to  both  floors  of  the  fur- 
nace, and  obtaining  the  greatest  amount  of  heat,  in 
the  hope  that  the  expenditure  of  fuel  in  the  upper 
floor  would  be  proportionably  less  according  to  the 
amount  of  heat  derived  from  the  lower  one,  has  been 
tried  at  Sevres,  but  the  results  have  by  no  means 
realized  the  expectations  of  the  inventors. 

Kilns  for  true  porcelain  are  much  more  durable  than 
glass  furnaces,  being  free  from  the  destructive  action  of 
the  volatile  alkalies ;  on  an  average  they  last  three 
hundred  firings,  while  in  some  places  they  have  endured 
a  much  longer  period.  A  dry  foundation,  exerting  as 
little  cooling  influence  as  possible,  is  an  important 
point  in  their  construction. 

Fuel. — In  regard  to  choice  of  fuel,  the  porcelain 
manufacture  is  much  more  circumscribed  than  any 
other  industry.  It  is  only  those  kinds  of  fuels  which 
burn  with  a  flame  that  can  be  employed,  and  their 
comparative  value  depends  upon  the  length  and  vigor 
of  flame  they  afford  in  combustion.  Another  import- 
ant requisite  in  connection  with  the  fuel  is,  that  it 
should  discharge  as  little  dust  and  ash  into  the  kiln 
as  possible,  as  this,  penetrating  between  the  joints  of 
the  seggars,  produces  black  spots  upon  the  surface  of 
the  ware.  Amongst  the  varieties  of  wood  in  use, 
preference  is  given  to  the  light  kinds,  as  poplar,  pine- 


wood,  et  cetera,  cleft  into  small  billets ;  the  effect  of 
which  is,  that  more  wood  is  consumed  at  once,  and  a 
larger  flame  produced.  The  wood  is  not  artificially 
dried,  and  retains  from  six  to  ten  per.  cent,  of  moisture. 
The  use  of  peat  has  not  been  found  satisfactory  as 
regards  the  quality  of  the  wares. 

Firing. — After  the  chambers  of  the  furnace  have 
been  charged  with  seggars,  the  apertures  are  all  closed, 
and  the  process  of  firing  commences.  In  this  process 
there  are  two  distinct  stages — the  first  intended  only 
to  expel  the  moisture  which  may  still  remain  in  the 
vessels,  and  gradually  raise  them  to  a  red  heat,  while 
the  second  completes  the  baking  of  the  porcelain.  At 
the  commencement  the  firemen  keep  the  upper  aper- 
ture of  the  fire-hearth  closed,  the  plate  b' — Fig.  484b 
— being  only  removed  for  an  instant  as  fresh  fuel  is 
thrown  into  the  fire;  the  draught,  therefore,  enters 
through  the  ash-pit,  b,  in  the  same  direction  as  in  an 
ordinary  furnace,  producing  a  smoky,  carbonized  flame. 
In  this  operation  the  wood  is  thrown  in  irregularly  in 
thick  billets,  crossing  each  other  in  various  directions, 
until  the  furnace  is  found  by  examination  through  the 
test-holes,  v,  to  have  attained  a  cherry-red  heat. 
This  being  the  case,  the  space,  /  is  filled  up  to  V, 
with  logs  of  from  one  to  one  and  a  half  inches 
thick,  laid  parallel,  and  which  are  of  the  same  length 
as  the  breadth  of  the  hearth;  the  lower  opening,  b, 
is  then  closed.  The  draught  being  now  reversed,  the 
heat  increases,  and  the  smoke  entirely  disappears, 
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while  the  process  of  baking  commences,  and  nothing 
visible  escapes  from  the  chimney  but  a  stream  of 
hot  transparent  gases.  During  this  process,  from 
the  intense  draught,  the  fuel  is  entirely  consumed, 
all  ash  being  carried  away;  as  after  the  firing,  ash 
which,  from  the  quantity  of  wood  consumed,  should 
amount  to  over  two  hundredweight,  does  not  yield, 
ash  and  charcoal  together,  a  cubic  foot.  Any  irregu- 
larity in  the  firing  is  immediately  perceptible,  the  heat 
of  the  furnace  diminishing  directly  on  that  side  where 
the  firing  is  badly  attended  to.  When  any  one  of  the 
fires  is  out  of  order,  the  red-hot  charcoal  not  being 
properly  consumed,  stops  the  progress  of  the  flames, 
and  causes  them  to  beat  back,  a  fault  only  remedied 
by  the  removal  of  the  charcoal  as  rapidly  as  possible. 
A  similar  effect  in  the  irregularity  of  the  combustion 
of  the  fuel  is  caused  by  repairs  upon  the  furnace.  At 
Sevres,  for  instance,  when  pne  half  of  a  furnace  had 
been  newly  constructed,  it  was  found  that  the  ware 
situated  upon  that  side  was  thoroughly  baked  two  or 
three  hours  before  the  other  contents  were  fired,  an  old 
furnace  always  working  more  slowly  than  a  new  one, 
and  requiring  from  five  to  six  hours  longer  to  complete 
the  baking.  In  general  the  first  process  of  firing 
occupies  half  as  long  as  the  baking,  lasting  from  seven 
to  eight  hours,  and  the  firing  from  eleven  to  thirteen. 
In  some  instances  the  two  processes,  a3  at  Berlin,  are 
nearly  the  same,  the  one  taking  from  twelve  to  fifteen 
hours,  and  the  firing  from  seventeen  to  eighteen.  At 
Sevres,  again,  the  first  is  the  longer  process,  occupying 
from  fifteen  to  eighteen  hours,  while  the  baking  only 
takes  from  ten  to  twelve  hours.  The  temperature  upon 
the  upper  floor  of  the  furnace  ranges  from  30°  to  G0°  of 
Wedgwood's  pyrometer,  while  that  of  the  lowerchamber 
is  from  130°  to  160"  Wedgwood,  the  heat  of  the  base  of 
the  furnace  being  some  40°  less.  The  pyrometer  intro- 
duced by  Wedgwood  as  a  measure  of  high  tempera- 
tures can  only  be  employed  as  affording  a  useful 
approximation,  and  not  the  accuracy  required  for 
scientific  purposes ;  the  contraction  of  the  clay  under 
the  action  of  inteuse  heat  being  the  principle  upon 
which  its  measurements  are  made.  This  contraction 
is  variable,  even  when  the  same  kind  of  clays  are 
placed  side  by  side  in  the  furnace,  and  a  good  pyro- 
meter that  shall  indicate  exactly  intense  degrees  of  heat 
is  still  a  desideratum.  As  nearly  as  can  be  ascer- 
tained, the  relative  value  of  one  degree  of  heat  on  the 
pyrometer,  compared  with  that  of  the  mercurial  ther- 
mometer, is  about  72°  of  Celsius,  or  1 30°  Fahrenheit, 
the  zero  of  Wedgwood  being  about  580°  Celsius,  or 
1076°  Fahr.,  so  that  the  greatest  degree  of  heat  in 
the  baking  will  range  from  19832°  Fahr.  to  21G320 
Fahr. 

At  Sevres  the  average  amount  of  fuel  consumed 
as  a  mean  over  twelve  operations  in  a  double  furnace, 
with  two  great  fires,  was  found  at  first  to  be  seventy- 
three  cubic  metres,  which  gradually  diminished  at 
the  end  of  twelve  months  to  fifty-two  cubic  metres; 
the  mean  quantity  of  porcelain  baked  during  the 
period  was  seven  hundred  and  eighty-four  kilo- 
grammes, and  the  seggars  required  for  incasing  it 
fourteen  thousand  kilogrammes,  being  in  mass  eighteen 
times  that  of  the  porcelain.   In  a  kiln — represented  at 


Fig.  484b — the  cost  of  tiring  one  kilogramme  of  porcelain 
may  be  taken  as  two  francs — or  one  shilling  and  eight- 
pence  ;  while  the  cost  of  a  cubic  foot  of  space  in  the 
furnace  will  be  one  franc  one  centime — about  ten- 
pence.  In  Vienna,  for  every  firing  about  seven  klafters 
of  wood  are  used,  equal  to  sixteen  and  a  half  stacks, 
each  of  one  hundred  cubic  feet,  Hessian ;  in  Berlin  ten 
stacks,  about  seven  hundred  cubic  feet,  same  measure- 
ment. 

In  consequence  of  the  glaze  of  porcelain  being  a  true 
glass,  and  entering  into  the  mass,  the  process  of 
annealing  requires  to  be  carried  out;  that  is,  the 
material  must  be  cooled  slowly  in  order  to  prevent  it 
becoming  brittle.  This  is  rendered  necessary  from  the 
circumstance  that  the  particles  of  the  glass,  while  in  a 
fluid  state,  have  a  tendency  to  arrange  themselves  in 
a  regular  manner,  and  form  crystals ;  whereas,  by  the 
process  of  cooling  suddenly,  they  are  forced  to  remain 
in  the  relative  position  towards  each  other  which  they 
assumed  during  the  working ;  and  this  constrained 
state  is  greatest  at  the  surface,  where  the  cooling 
and  contraction  have  been  most  rapid,  the  interior  of 
the  mass  being  less  affected.  These  outer  layers  are 
consequently  in  a  state  of  tension  with  reference  to 
those  in  the  interior,  and  a  want  of  uniformity  in  the 
results,  inducing  a  tendency  to  destroy  the  cohesion  of 
the  whole,  which  the  slightest  impulse  from  without 
will  be  sufficient  to  overcome.  It  is  not  necessary  to 
employ  any  separate  kiln  for  this  annealing  process, 
the  kiln,  with  its  contents,  being  simply  bricked  up 
after  firing  until  it  has  become  sufficiently  cool  to  be 
emptied.  A  period  of  from  five  to  eight  days  is 
allowed  for  the  gradual  reduction  of  temperature.  In 
general  the  kiln  is  opened  the  evening  before  the 
porcelain  is  removed,  the  annealing  process  being 
thereby  rendered  more  complete. 

Seggars. — The  composition  of  which  the  seggars 
are  composed  at  Sevres  consists  of  forty  parts  plastic 
clay,  sometimes  decanted,  and  sixty  parts  of  ground 
fragments  of  old  seggars,  or  an  equal  quantity  of  a 
mixture,  containing  equal  proportions  of  fragments  and 
crushed  quartz  sand.  At  Meissen  sixty  parts  of  clay 
are  used  to  forty  parts  cement ;  at  Berlin  66'7  clay 
to  333  cement.  At  Sevres  it  has  been  ascertained  that 
the  average  duration  of  the  seggars  is  fifteen  firings  or 
more  ;  at  Vienna  from  four  to  five ;  and  at  Berlin  only 
from  two  to  three ;  in  which  latter  case,  the  loss  occa- 
sioned by  the  seggars  becoming  useless  amounts  to 
nearly  thirty  dollars,  or  about  four  pounds  ten  shillings 
at  each  firing.  At  Meissen  twenty  per  cent,  of  the 
seggars  are  lost  at  each  firing.  These  differences  result 
entirely  from  the  local  inequalities  of  the  plastic  clay, 
even  when  obtained  from  the  same  deposit,  the  loss  be- 
coming heavier,  inasmuch  as  bad  seggars  cannot  be  piled 
so  high  in  the  kiln  as  good  ones.  The  interior  surfaces 
of  the  seggars  are  sometimes  glazed,  as  they  have  been 
found  to  suck  up  the  glaze  from  the  porcelain,  exerting 
a  chemical  attraction  for  it  by  facilitating  the  volati- 
lization of  the  potassa,  and  absorbing  it  upon  their  inner 
surface.  It  is  also  of  great  importance  to  pay  atten- 
tion to  the  shrinking  of  the  clay  wares  upon  introduc- 
ing them  into  the  seggars,  as  when  any  obstruction 
prevents  them  from  shrinking  uniformly  in  their  soft- 
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ened  state  they  become  warped  and  twisted,  while  the 
unevenness  in  the  bottom  of  the  seggars  renders  it 
necessary  often  to  support  the  pieces  by  other  means. 
The  form,  also,  which  is  given  to  the  seggars  is  a  point 
of  the  utmost  importance,  since  the  quantity  of  goods 
that  can  be  placed  in  the  furnace  at  the  same  time 
depends  upon  it ;  and  the  amount  of  cost  in  the  firing 
of  each  piece  is  lessened  in  proportion  to  the  num- 
ber of  seggars  that  can  be  properly  packed  into  the 

Fig.  181a. 


furnace  for  the  same  firing.  All  seggars  are,  therefore, 
made  in  the  form  of  shallow  cjdinders,  except  when 
the  particular  form  of  the  piece  requires  it  otherwise, 
and  the  bottom  being  flat,  each  seggar  forms  the  lid 
of  the  one  placed  underneath.  Several  vessels  are 
placed  in  one  seggar — Fig.  484g — and  in  order  to  insure 
the  wares  standing  upon  a  perfectly  smooth  and  even 
surface,  small  ground  plates,  bbb,  are  introduced,  con- 
sisting of  the  same  material  as  the  seggars,  and  which 
can  be  easily  taken  away  and  repaired  as  required. 
In  order  to  prevent  the  ware  adhering  to  the  plate, 
the  glaze  is  removed  from  those  parts  of  the  piece 

Fig.  481H. 


that  come  into  contact  with  it,  and  as  even  those 
parts  which  are  free  from  glaze  are  liable  to  soften  and 
adhere,  sand  is  interposed  to  prevent  such  occurring. 
Seggars  which  are  intended  to  support  hollow  wares, 
VOL.  u. 


such  as  plates,  pans,  saucers,  et  cetera,  are  constructed 
with  a  curved  bottom,  which,  projecting  downwards 
into  the  hollow  of  the  vessel  situated  in  the  seggar 
beneath,  economizes  space ;  in  this  way  from  twenty- 
nine  to  thirty  plates  may  be  packed  into  a  space 
which  would  otherwise  have  only  contained  twenty. 
The  bottoms  of  the  seggars  are,  with  this  view,  con- 
structed in  a  separate  piece,  b  b — Figs.  484g,  484i — 
which  has  the  advantage  of  enabling  the  seggar  better 
to  withstand  the  action  of  heat  without  fracture. 

A  form  of  seggar  was  introduced  at  Sevres  in  the  year 
1839,  by  Eegnier,  which  has  the  advantage  of  econo- 
mizing still  more  the  space  occupied  in  the  disposition 
of  the  pieces,  as  well  as  of  protecting  them  from  the 
minute  particles  of  ash  carried  during  the  firing  through 
the  kiln,  and  which,  as  already  mentioned,  affect  the 
purity  of  the  ware.  The  principle  upon  which  this 
seggar  is  constructed  is  shown  at  Fig.  484n — the  plate 
or  ware  being  inclosed  in  a  double  casing,  an  inner 
and  an  outer  one ;  and  this  arrangement  requires  the 
two  parts  to  be  slightly  different  in  composition. 
The  exterior  casing  is  composed  of  forty  parts  ot 
ordinary  plastic  clay  decanted,  and  sixty  parts  cement ; 
while  the  mixture  for  the  interior  seggar  contains  twenty 
parts  ordinary  plastic  clay  decanted,  twenty  parts  of 
the  best  plastic  clay,  thirty  parts  cement,  and  thirty 
parts  crushed  quartz  sand.  The  outer  seggar,  t  t,  con- 
Fig,  leii. 


sists  only  of  a  hollow  ring  with  a  projecting  ledge  upon 
the  interior  of  the  upper  edge  to  support  the  plates  in 
their  respective  seggars,  i  i  and  s  s  s,  which  together 
form  one  closed  vessel,  the  rim  of  the  lower  one,  i,  form- 
ing the  sides.  One  plate  being  inclosed  in  each  of  these 
chambers,  a  second  one  is  supported  between  each  pair 
of  seggars,  the  lowest  chamber  of  the  series  being  of 
necessity  formed  as  at  c'  c'.  In  this  manner  from  fifty- 
one  to  fifty-two  plates  can  be  fired  in  a  space  that  was 
occupied  by  from  twenty-nine  to  thirty,  with  the  con- 
struction shown  at  c  c,  and  by  only  twenty  when  the 
seggars  had  flat  bottoms,  as  at  A  A.  This  economy  of 
space,  amounting  to  seventy-five  per  cent,  in  the  height, 
is  reduced  to  forty-five  or  even  twenty-five  per  cent, 
with  wares  of  a  less  flat  outline  ;  the  cost  of  firing  one 
hundred  plates  upon  the  new  method  being  two  pounds 
seventeen  shillings  against  four  pounds  eight  shillings 
as  formerly,  or  fully  thirty-six  per  cent.  less.  Some 
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wares,  on  account  of  their  undulated  and  varied  form 
are  apt  to  become  distorted  in  the  firing,  and,  therefore, 
require  supports  to  keep  them  straight.  Thus  the  two 
mugs,  e  e — Fig.  491 — placed  one  above  the  other,  are 
separated  by  the  ring,  c,  round  which  a  groove  is  run 
at  the  top  and  bottom  to  receive  the  edge  of  each  cup. 
The  cup,  g,  is  furnished  with  a  lid,  o,  which  does  not 
belong  to  it,  but  is  only  employed  for  the  purpose  of 
retaining  the  edge  in  a  perfectly  true  and  circular  form. 
The  rim,  v,  of  this  lid  is  conical  to  enable  it  to  rise  in 
proportion  as  shrinkage  takes  place  in  the  vessel.  To 
enable  vessels  of  larger  size  having  handles  to  be  fired, 
the  seggar,  c  c— Fig.  484k— is  formed  with  a  promi- 
nent part  for  the  support  of  the  handle. 

Fig.  484k. 


When  all  the  seggars  are  properly  arranged  and 
safely  piled  in  the  furnace,  the  joints  being  secured 
to  protect  the  glaze  from  particles  of  falling  dust,  the 
firing  is  proceeded  with,  and  here  great  care  is  neces- 
sary to  insure  that  all  the  articles  in  the  kiln  receive  the 
proper  degree  of  heat — too  much  heat  causing  a  partial 
fusion,  and  too  little  leaving  them  incompletely  burnt. 
Although  the  mode  of  building  the  kilns  insures  a  toler- 
ably uniform  distribution  of  heat  throughout  the  mass, 
all  parts  are  not  equally  hot,  these  immediately  in  front 
of  the  stoke-holes  being  much  more  intensely  heated 
than  such  as  are  situated  between  them.  At  different 
heights  also  a  different  temperature  is  attained,  the 
heat  being  less  intense  immediately  at  the  bottom, 
while  the  greatest  intensity  is  acquired  about  the 
middle,  diminishing  again  as  it  proceeds  towards 
the  top. 

The  piling  of  the  seggars  in  columns  or  bungs  in  the 
furnace  requires  great  experience  and  caution  on  ac- 
count of  the  very  narrow  base  they  rest  upon  compared 
with  their  height.  By  the  contraction  or  expansion  in 
the  separate  pieces  an  alteration  in  the  centre  of  gravity 
will  sometimes  occur,  affecting  the  stability  of  the  struc- 
ture so  much  as  often  to  bring  down  the  entire  column, 
and  even  those  in  proximity  to  it,  reducing  the  whole  to 
a  mass  of  fragments.  Frequently  a  break  down  of  this 
kind  arises  from  the  fracture  of  a  lower  seggar  unequal 
to  support  the  weight  of  the  superincumbent  mass.  The 
lower  seggars  require,  therefore,  to  be  made  stronger 
and  the  height  of  the  column  to  be  reduced  as  at  Berlin, 
in  proportion  as  the  quality  of  the  seggars  deteriorates  by 
repeated  firing.  Care  must  also  be  taken  to  place  the 
more  massive  wares  in  the  centre  of  the  furnace  where 
the  heat  is  greatest,  and  the  thinner  and  more  easily 


distorted  articles  in  less  heated  parts.  In  order  to  pro- 
tect the  seggars  immediately  in  front  of  the  furnaces 
from  the  too  intense  heat,  hollow  semicylindrical 
screens  of  clay,  / /,  are  employed— Fig.  499.  The  ten- 
dency of  the  columns  of  seggars  to  lean  and  tumble 
over  is  counteracted  by  the  insertion  of  clay  between 
each  pair,  and  the  stability  of  the  mass  is  further 
insured  by  the  support  of  broken  pieces  of  seggars,  a 
space  of  from  two  to  four  inches  being  left  between 
the  columns  for  the  free  circulation  of  the  flame.  In 
order  to  prevent  the  lowest  seggars  of  the  tiers  from 
uniting  with  the  floor  of  the  furnace  by  fusion  with  the 
ash  mechanically  carried  with  the  flame  into  the  furnace, 
a  layer  of  sand  is  interposed.  Those  seggars  intended 
to  receive  the  tests,  and  which  have  corresponding 
apertures  in  them  are  placed  opposite  to  the  small 
watch-holes  of  the  furnace. 

After  firing  the  wares  are  removed  from  the  seggars, 
and  the  sand  which  may  have  attached  itself  to  the 
bottom,  where  they  rested  on  the  seggars,  is  ground  off 
by  a  piece  of  sandstone  or  some  soft  artificial  substance, 
used  as  a  kind  of  file  ;  while  those  articles  which  have 
been  spoilt  by  bending  are  assorted  and  placed  aside. 
This  warpage  of  the  ware  is  sometimes  of  considerable 
amount ;  at  Vienna,  for  example,  only  three  plates  out 
of  four  come  perfect  and  sound  from  the  firing.  Even 
in  the  so-called  perfect  ware  there  is  always  something 
to  correct — such  as  dark  points  caused  by  the  adher- 
ence of  minute  grains  or  splinters  that  have  separated 
from  the  seggars ;  or  a  deficiency  of  glaze  upon  the 
parts  which  have  been  in  contact  with  the  supports, 
causing  them  to  appear  dull  and  rough,  with  a  total 
absence  of  lustre,  and  which  can  never  be  kept  so 
clean  as  the  glazed  portions.  When  this  occurs  at 
the  bottom,  it  is  of  much  less  consequence  than  if  on 
the  edges.  Such  parts  are  re-glazed  afterwards  by 
means  of  a  brush,  and  exposed  a  second  time  to  the 
furnace — an  operation  of  equal  risk  and  expense  with 
the  first  firing.  Sometimes  an  easily  fusible  lead  glaze 
is  burnt  upon  these  parts  in  a  muffle,  but  this  never 
acquires  the  degree  of  hardness  which  characterizes 
true  porcelain.  For  these  reasons  the  inequalities  are 
now  commonly  removed  by  a  grinding  wheel,  and  the 
edges  and  such  portions  polished  finally  with  tin-ashes, 
a  plan  which  admits  of  greater  scope  in  placing  the 
vessels  in  the  furnace  and  omitting  to  glaze  them  in 
different  parts,  and  one  also  by  which  the  best  ground 
for  gilding  is  obtained. 

The  qualities  which  distinguish  porcelain  from 
other  wares  are  its  pure  milk-white  color  and  entire 
absence  of  porosity,  together  with  the  very  intimate 
union  of  the  glaze  with  the  mass,  and  its  indestructi- 
bility when  exposed  to  sudden  changes  of  temperature. 
This  entirely  depends  upon  the  liquefaction  of  the  glaze 
occurring  simultaneously  with  the  complete  firing  of 
the  ware,  and  both  being  nearly  equally  expansible  by 
heat ;  the  similarity  of  constitution  in  the  flux  and  the 
glaze  exerts  the  greatest  influence  in  this  last  particular. 
The  shrinking  which  porcelain  undergoes,  in  common 
with  all  other  wares,  is  the  most  important  change  that 
takes  place,  and  one  which  varies  with  the  least  alter- 
ation in  the  quality  of  the  body;  but  which  may  always 
be  calculated  from  its  remaining  constant  in  mixtures 


POTTERY  Porcelain— Glazes. 


811 


constituting  the  same  body  ;  the  lineal  contraction,  or 
shortening  in  one  direction,  being  on  an  average 
thirteen  per  cent.,  hut  sometimes  falling  as  low  as 
seven,  and  at  others  extending  to  seventeen  per  cent., 
while  the  contraction  in  volume  amounts  to  thirty- 
nine  per  cent,  on  an  average.  A  fourth  of  this  contrac- 
tion occurs  during  the  first  process  of  firing,  and 
the  remaining  three-fourths  during  the  subsequent 
baking  of  the  mass.  It  may  be  accounted  for  hi  two 
ways — the  evolution  of  all  moisture,  and  the  incipi- 
ent fusion  of  the  mass  during  firing.  The  amount 
of  contraction  will  vary,  therefore,  according  to  the 
mode  in  which  the  mass  was  formed,  the  pres- 
sure it  was  subjected  to,  and  the  moisture  it  con- 
tains ;  the  shrinkage  being  least  in  pressed  objects, 
increasing  in  those  formed  in  moulds,  still  greater 
when  the  formation  of  the  ware  has  been  on  the 


throwing  wheel,  and  greatest  ot  all  in  such  as  have 
been  cast  in  moulds.  These  facts  explain  why  those 
portions  of  the  ware  which  have  been  subjected  to 
less  pressure,  project  after  firing  beyond  such  as  have 
been  more  forcibly  pressed.  The  density  of  porcelain, 
and  consequently  its  specific  gravity,  increases  as  its 
volume  is  diminished  ;  the  specific  gravity  of  the  dry 
mass,  after  the  first  firing,  being  2-305,  which  after 
baking  is  increased  to  2-478.  This  applies  to  the 
mass  as  a  whole,  and  includes  the  pores.  The  result 
is  different,  however,  when  its  porosity  is  destroyed, 
and  its  specific  gravity  is  taken  in  the  state  of  fine 
powder ;  it  is  then  found  to  diminish  with  the  increase 
of  temperature  to  which  the  mass  has  been  exposed, 
and  the  amount  of  contraction  it  has  undergone — see 
Clay.  This  has  been  found  by  experiment  as  fol- 
lows, in'  specimens  of — 

Specific  gravity. 


G.  Rose.  Malnguti. 

Once  heated  porcelain,   Adhering  to  the  tongue,   2-613  2-619 

After  three  hours'  baking,   Adhering  to  the  tongue,   2-589  > 

After  four  hours'  baking,   Adhering  to  the  tongue,   2-566  j 

After  nine  hours'  baking,   No  longer  adhesive,   2-452     2-242  thoroughly  baked. 


2-440  half  baked. 


It  follows  from  these  results  that  the  cubic  foot 
of  really  solid  matter,  weighing  eighty-two  pounds, 
becomes  reduced  to  seventy  pounds;  and  this  is 
accounted  for,  first,  from  the  fact  that  nearly  all  bodies 
are  rendered  specifically  lighter  by  their  transition  from 
the  crystalline  to  the  melted  vitreous  state,  as  is  the 
case  with  the  felspar  employed  in  the  manufactory  at 
Berlin,  the  specific  gravity  of  which  is  2-592,  but  is 
reduced  after  fusion  to  2-384.  The  specific  gravity  of 
the  kaolin  is  likewise  diminished  in  this  manner  from 
2-633  to  2-562.  In  the  second  place,  the  expansion 
may  also  arise  from  a  partial  chemical  reaction  of  the 


ingredients— a  fact  very  probable  from  the  specific 
gravity  of  the  mass  not  corresponding  with  the  mean 
specific  gravity  of  the  component  parts.  The  separate 
particles  of  the  porcelain  become,  therefore,  perma- 
nently expanded  during  baking,  but,  at  the  same  time, 
are  brought  into  closer  proximity  with  each  other,  and 
goods  that  have  been  once  heated  are  not  altered  in 
weight  by  being  thoroughly  baked.  The  contraction 
of  the  mass  composing  the  seggars  is  very  much  less, 
and  often  imperceptible. 

The  following  analyses  of  different  specimens  of 
porcelain  may  be  given  : — 


Place  of  Manufacture 

Silica. 

Alumina 

Potassa. 

Protoxide 
of  iron. 

Magnesia. 

Lime. 

Analyst. 

Vienna,  1806,  

70-5 
G3-5 
66-6 
61-5 
57-7 
580 

20-7 
28-5 
28'0 
31-6 
36-0 
34-5 

6-0 
5-0 
3-4 

2-  2 
5-2 

3-  0 

0-08 
0-08 
0-70 
0-80 
0-80 

0-01 
trace 

0-  6 

1-  4 
traces 

0-05 

0-06 

0-3 

1:8 

0-3 

4-5 

Laurent. 

Laurent  and  Malaguti. 

The  Glaze. — At  Sevres  the  glaze  is  composed  of 
the  pegmatite  from  St.  Yriex,  which  is  felspar,  incor- 
porated with  a  certain  proportion  of  quartz.  Although 
the  proportions  of  these  two  constituents  may  vary  con- 
siderably in  small  pieces,  this  ceases  to  be  the  case  in 
the  enormous  mass  prepared  at  the  same  time  at  Sevres, 
as  shown  by  the  following  table  : — 


Component  parts 
oi  the  glazo. 

1826. 

1839. 

1839. 

1841. 

1841. 

Bcrtliier. 

A.  Laurent. 

Malaguti, 

Marignac. 

Salvctftt. 

73-0 

74-0 

73-4 

74-6 

74-3 

Alumina,  .... 

16-2 

18-6 

15-7 

16-0 

18-3 

8-4 

6-6 

7-4 

8-1 

6-5 

0-4 

1-9 

1-2 

0-4 

Magnesia,  .. . 

0-3 

0-3 

0-2 

Loss  by  water, 

0-6 

1-3 

0-3 

1-8 

0-1 

0-1 

100-0 

100-0 

100-0 

100-0 

100  0 

The  mean  of  these  analyses  corresponds  with  the 
formula — 

2  (Al2  03,  3  Si02)  +  KO,  3  Si02. 
In  some  places,  as  at  Berlin,  Nymphenburg,  and  Meis- 
sen, the  glaze  is  composed  of  kaolin,  gypsum,  and  broken 
porcelain,  equivalent  to  a  gloss  containing  alumina  and 
lime,  with  no  more  potassa  than  the  small  quantity 
contained  in  the  felspar  of  the  kaolin  and  broken 
porcelain.  In  the  beauty  of  the  porcelain,  everything 
depends  upon  the  proper  fusibility  of  the  glaze,  as 
when  too  difficult  of  fusion  it  docs  not  become  fluid 
enough  to  form  a  smooth  and  even  surface,  but  appears 
wavy  ;  while,  should  it  be  too  easily  fused,  it  becomes 
liquid  before  the  paste  is  sufficiently  baked,  and  when 
the  latter  is  still  so  porous  as  to  suck  in  the  glaze, 
in  consequence  of  which  the  ware  afterwards  presents 
a  rough  and  dry  appearance.  As  has  been  before 
stated,  all  the  ingredients  of  the  glaze  require  to  be 
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fiuely  pulverized,  decanted,  and  mixed  in  the  same 
manner  as  the  paste  composing  the  ware.  The  opera- 
tion of  putting  on  the  glaze  can  only  he  accomplished 
in  a  rapid  and  uniform  manner  by  dipping  the  pieces 
into  a  vessel  containing  the  glaze 
in  the  form  of  slip  suspended  in 
water ;  and  as,  in  this  operation, 
the  wares,  if  simply  dried,  would 
not  only  be  liable  to  bend  in 
handling,  but  would  also  absorb 
the  water  too  slowly,  they  are 
previously  fired  to  a  certain 
extent,  in  which  state  they  are 
called  biscuit,  in  order  to  counter- 
act this  tendency — see  Firing — 
and  after  having  received  this 
first  firing,  they  absorb,  when 
dipped  into  the  mixture,  a  cer- 
tain quantity  of  water,  leaving 
the  suspended  glaze,  attached  to 
the  surface.  The  quantity  and 
thickness  of  the  coating  will 
depend,  therefore,  very  much 
upon  the  porosity  and  massive- 
ness  of  the  vessel  immersed,  the 
amount  of  glaze  slip  held  in 
suspension,  the  length  of  time 
the  vessel  is  kept  in  the  liquid,  and  the  dryness  of 
the  biscuit  previous  to  dipping — circumstances  all 
more  or  less  tending  to  render  the  deposit  of  glaze 
unequal,  and  only  guarded  against  by  proper  care  in 
the  preparation  of  the  biscuit,  and  reduction  of  the 
slip  to  a  proper  consistency.  In  general,  a  very  short 
immersion,  varying  from  twenty  to  forty  seconds,  is 
sufficient ;  the  more  rapidly  that  the  operation  is  per- 
formed, the  more  uniform  will  be  the  absorption  of  the 
liquid  ;  and  to  insure  this  as  far  as  possible,  that  por- 
tion of  the  ware  which  was  first  dipped  into  the  glaze 
is  always  first  removed.  After  the  dipping  process  has 
taken  place,  the  part  of  the  piece  held  by  the  workman 
is  coated  with  glaze  by  the  aid  of  a  brush,  and  the 
glaze  is  removed  from  those  parts  of  the  vessel  which, 
coming  in  contact  with  the  seggar  in  the  operation  of 
firing,  might  cause  adherence  by  its  fusion. 

The  process  of  dipping  the  biscuit  wares  into  the  glaze 
tub  is  shown  at  Fig.  484l.  The  operator,  A,  holding 
the  pi  ate  with  the  right  hand  by  the  rim,  plunges  it  into 
the  liquid,  his  left  hand  receiving  it  at  the  opposite  side 
upon  emersion;  the  workman,  B,  dips  it  again  vertically, 
holding  it  so  as  to  allow  the  excess  of  glaze  to  run  off; 
the  assistant,  c,  removes  the  glaze  from  the  bottom  of 
the  plate  to  prevent  it  adhering  to  the  support  on  which 
it  is  placed  for  the  purpose  of  firing.  As  the  pieces 
are  taken  out  of  the  trough  they  are  placed  upon  the 
shelf,  g,  the  sieve,  t,  being  employed  to  separate  the 
froth  or  other  impurities  floating  upon  the  surface  of 
the  glaze.  The  blunger,  p,  is  for  the  purpose  of 
agitating  the  glaze  and  maintaining  it  at  a  proper 
degree  of  consistency ;  b  is  a  vessel  containing  vinegar, 
used  for  mixing  amongst  the  glaze  from  time  to  time  ; 
and  c  is  a  small  cup  containing  glaze  and  a  brush  for 
retouching  defective  portions  wherever  the  glaze  is 
uneven  or  coated  too  thinly.    It  is  obvious,  that  if 


during  the  operation  of  glazing,  the  mixture  is  allowed 
to  settle  down,  the  coating  of  glaze  in  the  dipping  pro- 
cess will  be  unequal.  The  liquid  is,  therefore,  stirred 
from  time  to  time,  and  some  substances  mixed  with  it 

Fig.  484u 


to  prevent  the  slip  from  being  deposited.  Vinegar 
exerts  a  most  remarkable  effect  in  this  particular ; 
for  instance,  glaze  in  water  at  a  temperature  of  68° 
requires  only  four  hours  and  twenty  minutes  to  separ- 
ate ;  in  water,  at  a  temperature  of  140°,  three  hours ; 
while  in  water  containing  three-seventh  parts  of  vinegar 
it  requires  six  hours ;  and  in  water  with  one  twenty- 
secondth  part  of  gum-arabic  eight  hours,  under 
similar  circumstances.  "When  a  thinner  coating  of 
glaze  is  required  upon  any  particular  part  of  the  ware, 
that  part  is  moistened  previous  to  immersion,  while 
places  desired  to  be  entirely  free  from  glaze  are  coated 
with  a  mixture  of  wax  and  tallow.  When  necessary, 
a  portion  of  the  glaze  may  be  removed  by  the  applica- 
tion of  the  brush,  or  the  whole  by  scraping  with  a  knife. 

Decoration  of  Porcelain — see  also  Earthenware. 
From  the  nature  of  the  surface  of  porcelain  being  that 
of  a  true  glass,  it  is  the  best  adapted  of  all  clay  wares 
for  the  purposes  of  ornamentation  with  pigments  and 
metallic  lustres ;  the  art  being  analogous  in  fact  to 
glass-painting,  with  the  difference  that  the  coloring 
is  solely  adapted  for  reflection  and  not  for  effect  by 
transmitted  light.  All  the  pigments,  therefore,  are 
colored  glasses,  which  acquire  their  lustre  and  adhesion 
to  the  mass  by  fusion,  and  consist  of  a  flux,  with  the 
addition  of  a  coloring  ingredient,  generally  a  metallic, 
oxide  ;  such  tints  as  will  not  withstand  the  agency  of 
heat  being,  of  course,  excluded.  Some  of  the  metallic 
combinations  in  use  for  producing  the  various  hues 
are-  given  below  : — 

1.  YeXUno,  Oxide  of  titanium. 

n  v  77  f  Chromate  of  lead  and  chromate 

2-  Y,"<""- i       of  baryta. 

3.  Yellow — different  tints,  Oxide  of  antimoDy. 

4.  Orange-yellow,  black,  Oxide  of  uranium. 

5.  Yclloiv  tints — red,  brown,')  n  ■  T„  „f .  „ 

7  ,  -    tt   7  >Uxide  oi  iron. 

violet,  grey,  sepia,  btaclc,  j 
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C.  Violet,  brown,  black,  Oxide  of  manganese. 

7.  Blue,  grey,  black,  Oxide  of  cobalt. 

8.  Brown,  Protochromate  of  iron. 

9.  Beautiful  black,  Sesqnioxide  of  iridium. 

10.  As  an  addition  to  carmine')  ™,    . ,  .... 

 i       »„  S-  Chloride  of  silver. 

ana  purple,  ) 

11.  Pui-ple,  Purple  of  cassius. 

12.  Bed,  Suboxide  of  copper. 

13.  Green,  Oxide  of  copper. 

14.  Green  Oxide  of  chromium. 

Transparent  and  opaque  colors  or  enamels  are  used 
with  equal  effect  upon  a  white  and  almost  opaque 
ground,  such  as  porcelain.  Transparent  colors  are 
rendered  opaque  by  the  addition  of  oxide  of  tin  ;  and 
oxide  of  zinc  is  used  for  enlivening  the  different  tints, 
a  property  peculiar  to  the  oxide  of  that  metal,  and 
the  effect  of  which  is  greatly  enhanced  by  the  fact  that 
it  imparts  no  color  to  the  glass ;  it  also  improves  the 
sulphur-yellow  colors  of  the  oxide  of  antimony. 

As  the  property  of  communicating  any  desired  color 
to  glass  is  confined  within  certain  limits  of  tempera- 
ture, beyond  which  the  tint  varies,  or  is  altogether 
destroyed,  a  certain  classification  of  the  colors  becomes 
necessary,  according  to  the  reaction  of  the  tempera- 
ture upon  their  constituents.  They  are,  therefore, 
divided  into  such  as  have  the  power  of  withstanding 
the  most  intense  heat  of  the  firing  kiln,  and  which  can  be 
burnt  in  with  the  glaze — termed  refractory  colors,  and 
those  which  afford  no  color  at  such  temperatures,  on 
account  of  the  volatilization,  or  only  a  very  imperfect 
tint — designated  muffle  colors.  The  latter  require  to  be 
applied  to  the  wares  after  the  process  of  glazing  has 
been  completed,  and  afterwards  fixed  in  a  small  furnace 
called  the  muffle,  shown  at  Fig.  484m — and  at  a  tem- 
perature far  below  the  fusing  point  of  the  glaze  or  body 
of  the  ware,  otherwise  they  would  run  and  penetrate 
into  the  glaze.  Muffle  colors,  being  painted  upon  the 
ware  in  relief,  can  be  distinguished  by  touch  from  the 
decoration  in  refractory  colors,  and  impair  by  their  pro- 
jections the  lustre  and  smoothness  of  the  Surface,  besides 
being  more  liable  to  suffer  and  wear  away  by  friction. 
It  is  worthy  of  remark  also  that  the  firing  of  refractory 
colors  causes  no  increase  in  expense,  while  the  burning 
in  the  muffle  is  a  constant  source  of  additional  expendi- 
ture.  The  refractory  colors  are — 

1.  Blue,  with  cobalt. 

2.  Green,  with  chromium. 

3.  Broicn,  with  oxide  of  iron,  oxide  of  manganese,  and  per- 

chromate  of  iron. 

4.  Yellow,  with  oxide  of  titanium. 

5.  Black,  with  oxide  of  uranium. 

These  pigments  in  the  firing  generally  impart  a  very 
intense  color,  and  can  be  used  in  very  small  quantities, 
which  exert  no  liquefying  action  on  the  glaze,  or  on  the 
mass  of  the  ware.  They  may  either  be  applied  directly 
to  the  biscuit  ware,  or  upon  the  glaze,  the  silicate  of  an 
alkali  being  used  with  them  as  a  flux.    Muffle  colors 


are  incorporated  with  a  great  variety  of  fluxes,  the  most 
important  of  which  arc — sand  or  quartz,  saltpetre, 
borax  and  boracic  acid,  felspar,  potassa,  soda,  and 
minium  or  litharge. 

Gilding  is  executed  on  porcelain  in  the  usual  manner, 
the  gold  being  prepared  in  a  pulverized  form,  and  pre- 

Fig.  484  si. 


cipitated  from  its  solution  in  nitrohydrochloric  acid 
by  protosulphate  of  iron.  The  brown  powder  thus 
obtained  is  washed,  dried,  mixed  with  about  one-tenth 
of  oxide  of  bismuth,  and  rubbed  up  with  thickened  oil 
ot  turpentine.  This  gold  mixture  is  then  applied  with 
the  brush  and  fired  in  the  usual  manner,  when  the 
oxide  of  bismuth  forms  a  flux  with  the  surface  of  the 
glaze,  and  the  gold  becomes  firmly  attached.  It  has  a 
dull  yellow  appearance  upon  leaving  the  muffle,  and 
requires  to  be  burnished  with  an  agate  to  restore  its 
metallic  lustre.  Platinum  Black,  or  Platinum  Sponge, 
is  applied  in  precisely  the  same  manner  as  the  metallic 
gold.  A  preparation  of  gold,  held  in  complete  solution 
by  oil  of  turpentine,  is  used  for  gilding  at  Meissen.  It  is 
not  so  durable,  however,  as  that  obtained  by  the  ordi- 
nary process. 

As  a  certain  amount  of  heat  is  necessary  in  the 
muffle  for  the  successful  firing  of  the  more  fusible 
colors  and  gilded  ware,  pyrometrical  tests  are  applied 
to  ascertain  the  necessary  temperature.  A  very  con- 
venient test  is  afforded  by  the  variation  of  color  through 
which  the  gold  purple  passes  when  submitted  to  a 
gradually  increased  temperature,  six  gradations  being 
marked  by  the  porcelain  painters,  corresponding  to  the 
six  most  important  changes  in  temperature.  Thus  a 
piece  of  porcelain  painted  with  the  prepared  purple  of 
cassius,  and  exposed  to  the  muffle,  gradually  becomes — 


mil  red  > 
arts, . . J 


Of  a  dirty-brown  red  color,  corresponding  to 

Brick-red,  

Brick-red,  passing  into  rose,  am 
on  the  edges  and  thinner  pan 
Rose-color,  passing  into  purple, 

Rose-color,  passing  into  violet,  

Rose-color,  passing  into^deep  violet,. . 

Violet  has  become  lighter,  

Rose-color  has  disappeared,  and  the ") 
violet  become  very  pale,   ( 


Degrees  ofFulir. 

;ilding  upon  colored  grounds,   1148° 

retouching,   1474° 

easily  fusible  colors,   1652° 

gilding  upon  glaze,   1688° 

gilding  upon  plate  edges,  ^ 

more  difficultly  fusible  colors,  f 

dull  gilding,    1832° 
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The  watches  introduced  into  the  muffle  for  the  purpose 
of  ascertaining  the  temperature,  are  covered  both  with 
gold  and  color,  in  order  to  ascertain  the  degree  of  heat 
at  which  the  gold  becomes  attached  without  altering 
the  tints  of  the  hues.  Painted  porcelain  generally 
requires  retouching  and  passing  through  the  muffle  two 
or  three  times,  the  results  of  the  first  firing  always 
being  more  or  less  imperfect.  The  principle  of  the 
muffle  pyrometer  used  at  Sevres  depends  upon  the 
expansion  of  a  silver  rod,  which,  melting  at  2282° — 
1000°  Celsius — does  not  register  quite  up  to  that  tem- 
perature. At  this  manufactory,  also,  an  ingenious 
method  of  removing  faults  in  the  painting  is  adopted 
previously  to  retouching  them.  A  brush,  dipped  into 
liquid  hydrofluoric  acid,  is  traced  over  the  parts,  which 
are  afterwards  washed  with  water;  the 
etched  part  appearing  perfectly  white, 
and  only  slightly  corroded,  is  in  a  very 
favorable  condition  for  receiving  the  fresh 
pigments. 

The  semitransparent  nature  of  porce- 
lain has  been  made  subservient,  within 
the  last  few  years,  to  the  production  of 
elegant  imitations  of  paintings,  and  termed 
lithophanous  pictures  or  transparencies, 
from  XiSog,  stone,  and  ipaivoi,  I  shine 
through.  The  porcelain  plates  are  con- 
structed thicker  in  some  parts  than  others, 
according  as  it  is  intended  to  produce 
greater  depth  of  tint,  or  otherwise. 
When  a  plate  thus  contrived  is  held 
against  the  light,  the  thicker  portions 
appear  shaded  compared  with  the  rest ; 
and  if  the  blending  has  been  arranged 
with  care,  representations  of  exquisite  soft- 
ness and  gradation  in  tints  are  obtained. 
The  manipulation  and  firing  are,  however, 
attended  with  considerable  difficulty. 

Some  very  interesting  and  important 
experiments  have  been  made  by  Brog- 
niart  and  Malagutt,  with  reference  to 
the  nature  of  porcelain,  and  which  also 
furnish  valuable  hints  connected  with  its 
manufacture.  Masses  of  porcelain  clay, 
composed  of  different  suitable  materials, 
and  affording  the  same  per  centage  com- 
position as  the  porcelain  mixture  adopted  during  the 
last  sixty  years  at  Sevres,  58  silica,  Si'5  alumina, 
4'5  lime,  and  3  potassa — were  submitted  to  the  differ- 
ent processes  of  manufacture  with  the  following  re- 
sults : — 

When  chemically  pure  substances  were  taken,  such 
as — 1,  Precipitated  silica,  in  part  fritted  with  the  proper 
quantity  of  potassa ;  2,  alumina,  perfectly  free  from 
potassa,  prepared  by  precipitation  from  alum  ;  3,  pure 
lime  instead  of  chalk — the  mass  melted  at  the  lowest 
degree  of  heat  in  the  kiln  to  a  spotted  enamel. 

Another  specimen  of  the  same  mixture,  with  less 
frit,  contracted  in  the  biscuit  oven  eighteen  per  cent., 
and  in  the  firing  twenty-eight  per  cent. 

"When  the  kaolin  was  replaced  by  fire-clay,  and  the 
potassa  was  added,  having  been  previously  fritted  with 
silica,  a  mass  was  produced  which,  after  exposure  to 


the  biscuit  fire,  exhibited  the  fluxed  appearance  of 
ordinary  stoneware,  and  which  when  fired  could 
scarcely  be  termed  porcelain  from  its  spotted  nature 
and  slight  degree  of  transparency. 

By  using  a  similar  mixture  of  plastic  clay,  in  which 
a  proportion  of  leucite,  instead  of  the  necessary 
amount  of  potassa,  was  present,  a  well-glazed  porcelain 
was  obtained,  though  somewhat  spotted.  When  lime 
was  employed  in  place  of  chalk,  or  the  quartz-sane: 
was  replaced  by  flint,  no  alteration  in  the  properties  of 
the  normal  mass  was  observed. 

These  experiments  show  that  it  is  by  no  means  a 
matter  of  indifference  of  what  materials  or  of  what 
minerals  the  elements  of  the  mass  are  composed,  even 
though  its  relative  proportions  remain  the  same. 

Fig.  484n. 


Parian  or  Carrara  Biscuit  Ware,  introduced  some 
fourteen  or  fifteen  years  ago,  is  the  finest  description 
of  biscuit  made,  and  differing  only  from  porcelain  by 
the  employment  of  a  soft,  more  fusible  felspar  in  place 
of  Cornish-stone.  In  effect,  statuettes  and  other  objects 
made  of  this  ware,  present  a  great  similarity  of  appear- 
ance with  the  beautiful  marbles  after  which  it  is  named. 
The  general  introduction  of  this  art  was  due  to  a  sug- 
gestion of  the  great  sculptor  John  Gibson,  to  reproduce 
his  Narcissus  as  a  statuette  in  the  statuary  porcelain, 
and  was  first  successfully  carried  out  by  the  firm  of 
Copeland  and  Garrett,  the  eminent  manufacturers 
of  Stoke-upon-Trent,  under  the  artistic  direction  of 
Mr.  Thomas  Battam,  a  gentleman  well  known  as  the 
director  of  the  Ceramic  Court  at  the  Crystal  Palace. 
The  perfection  to  which  the  manufacture  is  now  carried, 
is  evidenced  by  the  grace  and  beauty  of  outline  of  the 
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works  both  of  ancient  and  modern  art  reproduced  in 
this  material  by  the  Messrs.  Copeland,  Minton, 
Wedgwood,  Kerr  and  Binns,  Ridgway,  Mayer, 
and  other  eminent  potters.  Outlines  of  two  of  these 
groups — the  production  of  Messrs.  Copeland  and 
Garrett — are  annexed  ;  Narcissus,  by  Gibson — 
Fig.  484n — the  first  Parian  statuette  ever  produced, 
and  executed  for  the  Art  Union  of  London ;  and  the 
second,  a  reduction  of  Sabrina,  by  J.  C.  Marshall, 
— Fig.  4840.  It  is  hardly  necessary  to  add,  that 
other  eminent  sculptors  have  lent  their  aid  in  the 
development  of  beautiful  models  in  this  material,  so 
nearly  approaching  the  true  marble.  In  the  Parian 
body  the  agreeable  creamy  or  yellowish-white  tint 
which  it  possesses  is  not  due  to  any  coloring  matter 
mixed  up  with  the  ingredients,  but  is  owing  to  the 
presence  of  a  small  quantity  of  oxide  of  iron  in  the 
clays  and  felspar,  which  during  the  firing  forms  with  the 
silicic  acid  a  silicate  of  sesquioxide  of  iron,  imparting 
the  color.  The  making  of  figures  with  the  Parian  body 
requires  great  care,  knowledge,  and  skill,  being  cast 
in  different  parts,  and  afterwards  united  together.  The 
slip  for  this  purpose  is  in  a  liquid  state,  the  deposit 

Fig.  4810. 


in  the  mould  being  allowed  time  to  harden  before 
removal ;  after  which  those  parts  which,  from  the  soft- 
ness and  yielding  of  the  mass  might  sink,  are  supported 
by  props.    From  the  large  proportion  of  moisture  con- 


tained in  the  slip,  the  mass  contracts  in  the  firing  pro- 
cess no  less  than  one-fourth  of  its  bulk.  Some  of  the 
ingredients  composing  the  Parian  bodies  are  given 
below : — 

No.  1.— Frit. 
"Well  washed  Lynn  or  Isle  of  Wight  sand,. ...  80  pounds. 

Felspar   35  " 

Cornish  stone,  15  u 

Pearlash   12  " 

The  whole  mixed  together  with  water,  and  fired  in 

flinted  seggars,  at  the  earthenware  heat. 

Mass. 

Frit  50 

Felspar,  130 

China  clay,  130 

Fine  powdered  glass  20 

These  ingredients  being  all  well  ground  together. 

No.  2. — FniT,  made  as  before. 
Mass. 

Frit,  '  50 

Felspar,   35 

Felspar  calcined  at  a  gloss  heal,   35 

China  clay,   75 

Bone,  „   75 

Powdered  glass,  15 

The  above  for  statuettes  and  finer  productions. 
No.  3. 

Felspar  350 

China  clay  200 

Flint,  25 

No.  4. 

Felspar  300 

China  clay,  '  180 

No.  5. 

Felspar,  200 

Cornish  stone,  100 

China  clay  150 

For  vases,  small  figures,  jugs,  et  cetera. 

The  beautiful  perforations  and  network  first 
introduced  into  porcelain  statuary  manufacture 
at  Coalport,  such  as  lace,  drapery,  et  cetera, 
are  made  by  a  very  ingenious  and  at  the  same 
time  simple  process,  being  a  kind  of  incrusta- 
tion of  the  original  fabric,  which,  dipped  into 
the  slip,  is  afterwards  allowed  to  dry,  a  deposit 
of  slip  being  everywhere  formed  upon  it.  The 
subsequent  process  of  firing  destroys  the  original 
tissue  inside. 

In  practice  the  process  may  be  described  as 
follows : — Upon  a  gypsum  slab,  over  the  sur- 
face of  which  a  film  of  the  fluid  slip  has  been 
brushed,  the  piece  of  net  is  evenly  spread  out 
and  a  second  coating  of  slip  afterwards  laid 
over  the  whole.    The  porosity  of  the  gypsum 
absorbing  the  water  leaves  only  the  clay  in  a 
thin  film  surrounding  the  fibres  of  the  net, 
which,  when  lifted,  is  wrapt  around  the  statu- 
ette to  be  decorated,  and  placed  in  the  oven. 
If  it  were  not  for  this  absorbing  of  the  gypsum, 
the  minute  interstices  of  the  lace  would  become 
filled  up  with  the  liquid  and  present  a  solid 
part  when  fired. 
Stoneware. — Under  this  denomination  two  varie- 
ties of  claywares  may  be  classed— fine  stoneware  and 
ordinary  stoneware—  differing  essentially  from  each 
other  in  the  nature  of  their  constituents.    The  chief 
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substances  used  in  the  manufacture  of  stoneware  are 
the  layers  of  pipe  and  plastic  clay  which  lie  above 
the  chalk,  and  generally  abound  in  the  coal  forma- 
tions. The  plastic  clays,  like  the  varieties  of  kaolin, 
must  be  considered  as  definite  combinations  of  silica 
and  alumina,  probably  2  Al3  Os,  3  Si02,  with  water  of 
hydration  more  or  less  contaminated  with  other  mineral 
substances  by  mechanical  agency.  A  distinguishing 
characteristic  of  these  clays  is  the  small  quantity 
present  of  those  mixtures  of  bases  which  tend  to  pro- 
mote easy  fusibility,  the  greater  portion  of  the  plastic 
clays  being  infusible.  On  analysis,  these  clays  show 
from  1  to  4  per  cent,  of  oxide  of  iron,  from  0'5  to  2 
per  cent,  of  lime,  a  rather  smaller  amount  of  magnesia, 
and  from  0'5  to  1  per  cent,  of  potassa,  ingredients  not 
necessarily  all  present  at  the  same  time.  In  color  the 
clays  vary;  passing  from  the  most  general  one,  white, 
to  whitish-grey,  or  into  greenish,  rose  color,  or  violet ; 
at  other  times  "bluish-black  or  black.  At  a  tem- 
perature of  212°  only  a  portion  of  the  water  they 
contain  is  expelled ;  the  other  portion,  amounting  to 
6'12  or  18  per  cent.,  being  held  in  chemical  combina- 
tion, can  only  be  completely  driven  out  at  a  red  heat, 
the  temperature  at  which  the  clay  burns  and  loses 
its  plasticity.  At  that  temperature  a  chemical  action 
occurs,  the  alumina  being  rendered  much  more  soluble 
in  acids  than  is  the  case  with  fresh  clay.  Thus,  clay 
when  burnt  loses  44-3  per  cent,  of  alumina  in  sulphuric 
acid,  while  fresh  clay  only  parted  with  23'4. 

The  plastic  clays  in  general  contain  little  of  the 
undecomposcd  fragments  of  rock  and  coarser  ingredients, 
but  sand  and  finely  divided  silica  are  mixed  with  them 
in  very  varied  proportions.  In  the  analysis  of  thirty 
different  varieties  at  Sevres,  the  amount  of  silica  was 
found  to  vary  from  forty-two  to  seventy  per  cent., 
alumina  twenty  to  forty  per  cent.,  and  of  water 
between  six  and  nineteen  per  cent.,  the  remainder 
being  oxide  of  iron,  lime,  et  cetera.  Plastic  clay,  after 
burning,  is  white  or  reddish  from  the  presence  of  oxide 
of  iron,  the  other  colors  arising  from  organic  substances 
being  eliminated  in  the  fire. 

Fine  Stoneware. — The  production  of  this  ware  is 
most  extensively  carried  on  in  England  at  the  potteries, 
where  the  manufacture  has  attained  the  highest  degree 
of  perfection.  With  it  may  also  be  included  that 
known  as  Wedgwood  jasper-ware — from  its  celebrated 
discoverer — and  famous  for  its  unrivalled  production  of 
cameos  and  medallions.  As  it  is  manufactured  in  great 
quantity  and  in  almost  every  conceivable  form,  it  will 
be  treated  of  under  Wedgwood-ware. 

The  mass  composing  fine  stoneware  is  a  mixture  of 
plastic  clay  and  a  flux  of  a  felspathic  nature.  The 
hard  texture  of  plastic  clay  after  burning,  and  the 
shrinking  it  undergoes,  cause  it  to  become  very  fragile, 
while  the  application  of  long  and  intense  heat  is  neces- 
sary to  produce  that  semifusion  which  is  one  of  the 
characteristics  of  the  ware.    This  semifusion  is  faci- 


litated by  the  addition  of  the  flux,  which  acts  precisely 
in  the  same  manner  as  in  real  porcelain ;  the  chief 
external  difference  between  fine  stoneware  and  real 
porcelain  being  the  almost  entire  absence  of  translu- 
cency  in  the  former. 

Mixture. — The  mass  composing  the  body  of  fine 
stoneware  is  more  complex  than  that  of  common  stone- 
ware, and  being  harder  and  more  brittle  after  firing 
than  the  latter,  is  distinguished  from  it  by  the  term 
dry  body.  It  is  generally  composed  of  kaolin,  plastic- 
clay,  and  Cornish-stone  as  a  flux,  sometimes  the  kaolin, 
and  sometimes  the  plastic  clay  taking  the  preponder- 
ance; but  the  proportion  of  the  flux  generally  amounts 
to  fifty  per  cent,  of  the  whole — a  much  larger  proportion 
than  in  the  true  porcelain  body.  It  is  from  this  cause 
that  fine  stoneware,  when  subjected  to  the  heat  of 
a  porcelain  kiln,  melts,  and  requires  therefore  a  more 
moderate  temperature  in  baking.  The  mass  is  much 
more  plastic  than  that  of  true  porcelain,  a  circumstance 
which  enables  it  to  bear  a  much  larger  proportion  of  a 
poor  flux,  such  as  felspar,  than  the  kaolin.  Fine 
stoneware  may  therefore  be  considered  a  substitute  for 
real  porcelain,  the  manufacture  being  cheaper,  from  the 
greater  ease  and  facility  with  which  it  is  fired,  and 
possessing  also  the  property  of  non-pcrmeation  by 
liquids. 

Some  of  the  proportions  in  mixing  the  mass  arc 
given  below : — 


White  stoneware 
bodies  tor  jugs,  et  cetera. 


Cornish  stone,   80 

Cornish  clay,   20 

Blue  clay,   40 

Flint,   20 

with  the  addition  of  a  little  blue  cobalt  to  whiten. 


40 
10 
20 


100 
20 
18 
40 


Mortar  bodies. 

Cornish  stone,  . . 

Blue  clay,  

China  clay,  

Glass,  


200 
80 


90 
80 
30 


50 
25 
20 
1 


50 
20 
40 


These  separate  ingredients  are  all  ground  to  a  fine 
powder — see  Earthenware — and  mixed  together  with 
the  greatest  care,  in  order  to  increase  the  plasticity  of 
the  mass  in  working. 

The  wares  are  formed  in  a  similar  manner  to  that 
described  under  Earthenware  by  means  of  the  wheel  and 
lathe,  or  pressed  into  plaster  of  Paris  moulds,  when  the 
irregularities  of  the  outline  render  this  necessary.  Many 
kinds  of  this  ware  are  decorated  with  basso-relievos, 
the  manipulation  of  which  will  be  found  under  Wedg- 
wood jaspers.  These  bas-reliefs,  from  the  more 
binding  character  of  the  material,  are  fixed  on  to  the 
body  with  greater  facility  than  is  the  case  with  true 
porcelain.  Many  varieties  of  stoneware  are  composed 
of  a  colored  mass,  care  being  taken  that  the  metallic 
oxides  used  for  that  purpose  are  not  applied  in  such 
quantities  as  to  impart  easy  fusibility,  or  endanger  the 
stability  of  the  ware  in  firing.  The  ingredients  in  use 
for  forming  certain  colors  are  given  below : — 


Colored  stoneware  bodies. 

Sage — White  stoneware  hody  : — Stain — Oxide  of  chrome  and  cobalt. 

Drab — White  stoneware  hody  : — Stain — Fifteen  per  cent,  common  marl,  and  a  little  nickel. 

Dow— White  stoneware  body  : — Stain — One  per  cent,  manganese  with  one-fourth  part  per  cent,  cobalt. 

Other  colored  bodies  being  merely  modifications,  ac-  I  firing  the  mass  is  much  the  same  as  that  described 
cording  to  the  tints  required.    The  after  process  of  |  under  Earthenware. 
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Wedg  wood  Jasper-wares. — Amongst  this  celebrated 
description  of  fine  stoneware,  the  'manufacture  of  Mr. 
Wedgwood,  may  be  enumerated  those  known  as 
jasper,  terra-cotta,  basalt,  granite,  and  porphyry; 
wares  which,  from  the  particular  composition  of  their 
bodies,  are  capable  of  receiving  the  most  exquisite 
degree  of  finish  and  delicacy  in  their  manipulation, 
rivalling  in  beauty  of  form  and  chasteness  of  outline 
the  art  productions  of  the  ancients. 

One  of  the  most  remarkable  of  these  bodies  is  the 
jasper  or  onyx,  which  presents  to  the  eye  a  white 
biscuit  of  a  porcellaneous  nature,  and  which  has  the 
property  of  receiving,  through  its  entire  mass,  by  the 
admixture  of  metallic  oxides,  the  same  colors  that 
those  oxides  would  impart  to  glass  or  enamel  in  a  state 
of  fusion.  This  property,  peculiar  to  itself,  renders  it 
applicable  in  a  manner  no  less  pleasing  than  extra- 
ordinary to  the  production  of  cameos,  portraits,  vases, 
and  all  subjects  which  require  to  he  shown  in  relief, 
the  ground  being  made  of  one  color,  while  the  raised 
figures  are  of  the  purest,  most  delicate  white. 

The  composition  of  this  jasper  or  onyx  body  may  be 
given  as  follows,  the  blue  color  being  imparted  by  the 
admixture  of  oxide  of  cobalt,  in  proportions  varying 
from  one-third  of  a  part  to  one  part  per  cent.,  or 
more,  according  to  the  depth  of  tint  required : — 

While  jnaper  bodies.  .  II.         III.        IV         V.  VI. 

Sulphate  of  barytes,  ...  150  10  30  50  32  1G0 

China  clay,   35  —  —  15  10  60 

Blue  clay,   45  20  12  35  25  90 

Flint,   35  —  3  10  8  40 

Gypsum,   6  —  —  —  1  8 

Cornish  stone,   50  20  20  —  7  — 

Bone   —  —  —  25  —  — 

The  proportion  of  stain  being  one  part  of  cobalt  to 
from  fifty  to  seventy-five  parts  of  the  body,  according 
to  the  depth  of  color  required.  The  various  other 
colored  jaspers  are  obtained  by  the  addition  of  other 
oxides  to  the  several  whitarbodies. 

The  green  jasper  is  obtained  by  the  admixture  of 
the  oxide  of  chromium. 

This  jasper  body  resembles  so  nearly  in  appearance 
the  glassy  vitreous  substance  of  the  ancient  gems,  that 
it  has  become  celebrated  throughout  the  world  for  the 
beautiful  imitations  of  medallions,  cameos,  and  vases 
it  is  capable  of  producing.  It  constitutes  also  the  dark- 
blue  ground,  with  its  gem-like  surface,  of  Wedg- 
wood's copy  of  the  Portland  vase,  a  sepulchral  urn 
of  great  antiquity,  discovered  in  the  neighborhood  of 
Pome  between  the  years  1623  and  1644.  The  care- 
ful investigation  of  this  gem  of  art  has  pronounced  the 
body  of  the  vase  to  be  formed  of  a  transparent  glassy 
structure  of  a  deep  amethystine  hue,  but  which,  when 
viewed  by  reflection,  appears  black  and  opaque,  while 
the  raised  figures  on  its  surface  are  white  glass,  of  a  suf- 
ficiently transparent  nature  to  admit  of  the  blue  color  of 
the  ground  tinting  their  form  through  the  thinner  parts, 
while  the  thick  possess  sufficient  opacity  to  appear  of  a 
pure  white.  The  examination  both  of  the  ground  and 
bas-reliefs  lead  to  the  belief  that  the  blue  body  of  the 
vase  when  formed,  and  still  red-hot,  was  coated  all  over 
as  far  as  the  bas-reliefs  were  intended  to  reach  with  the 
white  glass,  and  the  handles  applied  afterwards  while 
in  the  same  red-hot  condition — a  fact  demonstrated  by 
VOL.  II. 


the  intervention  of  a  layer  of  this  white  enamel  between 
the  body  of  the  vase  and  the  lower  extremity  of  the 
handles,  the  upper  portions  being  in  direct  contact  with 
the  vase  itself.  The  figures  seem  to  have  been  pro- 
duced by  a  subsequent  cutting  away  of  this  white 
coating  down  to  the  blue  ground,  after  the  manner  of 
real  cameos. 

The  extent  to  which  the  manufacture  of  imitative 
ancient  gems  was  carried  in  the  Wedgwood  jasper  body 
was  enormous,  and  is  again  considerably  upon  the 
increase  at  the  present  time ;  the  original  purity  and 
other  pristine  qualities  being  revived  at  Etruria,  the 
seat  of  the  manufacture,  by  the  energies  of  Mr.  God- 
frey Wedgwood,  the  eldest  son  of  the  present  Fran- 
cis Wedgwood,  the  descendant  of  the  great  Josiah 
Wedgwood.  This,  from  the  re-discovery,  as  it  were, 
of  the  first  jasper  body,  together  with  the  possession  cf 
all  the  original  models  and  moulds  designed  by  Flax- 
man  and  others,  renders  it  more  than  probable  that  the 
ware  will  again  attain  the  high  standing  of  former  years, 
and  that  the  mantle  of  the  great  Wedgwood  will  once 
more  descend  amongst  his  own  people. 

Manufacture.  —  In  wares  of  this  description  the 
mass  is  frequently  white,  and  only  covered  on  the  sur- 
face with  a  thin  colored  coating  of  the  same  body,  the 
shrinking  properties  of  the  mass  not  being  essentially 
affected  by  the  addition  of  small  quantities  of  the 
metallic  oxides.  The  mass,  after  formation  upon  the 
throwing  wheel  in  the  usual  manner,  receives  when 
sufficiently  hardened  the  proper  outline  upon  the  lathe ; 
and  if  a  vase  or  other  similar  shape,  such  rims  or  fillets 
are  turned  as  are  intended  to  appear  white  upon  the  dark 
ground  in  the  after  manipulations.  The  piece  is  then 
taken  into  the  dipping-room,  where  it  is  immersed  in 
a  tub  containing  the  colored  slip  of  a  consistency 
approaching  thick  cream,  and  receives  a  thin  even  film 
over  its  whole  surface.  It  is  then  allowed  to  harden 
until  it  is  sufficiently  firm  to  admit  of  being  placed  a 
second  time  upon  the  lathe,  when  a  burnisher  is  run 
over  it  to  give  uniformity  and  smoothness,  to  the  sur- 
face ;  the  blue  dip,  at  the  same  time,  being  turned  off, 
and  exposing  those  portions  intended  to  appear  white, 
such  as  mouldings,  lines,  et  cetera,  produceable  on  the 
lathe. 

The  piece  is  then  taken  to  the  decorator,  who  affixes 
the  various  ornamentations  intended  to  complete  the 
design.  Taking  the  vase  in  one  hand,  he  with  a  small 
hair  pencil  moistens  with  water  that  portion  of  the 
surface  intended  to  receive  the  pattern,  which  is  affixed 
in  its  proper  position  by  a  very  gentle  pressure  of  the 
finger  and  the  aid  of  a  damp  sponge ;  each  separate 
ornament  being  added  in  this  manner,  until  the  whole 
decoration  is  complete.  The  piece  is  then  sent  into 
the  oven  to  he  fired  in  the  usual  way. 

The  ornaments  in  relief  are  obtained,  like  an  impres- 
sion from  a  seal,  by  pressure  in  a  mould  made  of  baked 
clay  or  plaster  of  Paris.  The  moulder  sits  at  a  bench 
with  a  number  of  these  small  moulds  before  him,  a 
lump  of  the  plastic  material  forming  the  body  of  the 
ware  being  placed  at  his  side,  and  from  which,  by 
means  of  a  small  spatula,  he  separates  pieces  of  the 
clay,  and  rapidly  fills  or  presses  them  into  three  or 
four  of  the  moulds.    This  done,  he  takes  the  one  first 
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in  order,  and  with  the  smooth  flat  end  of  his  tool 
burnishes  over  the  surface  of  the  mould,  removing  the 
surplus  clay,  and  causing  the  sharp-cutting  edge  of  the 
die  to  give  a  clean  sharp  outline  to  the  impressed  clay, 
which,  yielding  slightly  to  the  rubbing  process  by  suc- 
tion, leaves  the  mould,  and  is  turned  out  on  a  slab  for 
use  by  the  decorator,  who  has  to  exercise  considerable 
care  and  dexterity  in  preserving  the  sharp  outline  of  the 
relief  in  its  application  to  the  ware.  In  the  original 
Wedgwood  fabrications,  so  much  of  the  beauty  of  the 
piece  depending  upon  this  particular,  the  outlines  were 
sharpened  and  restored  by  modellers  before  the  ware 
was  sent  into  the  oven,  producing  such  exquisite  em- 
bellishments that  now,  sixty-five  years  after  his  death, 
connoisseurs  are  eager  to  purchase  them  at  three  times 
their  original  price.  Those  decorations,  such  as  flowers, 
el  cetera,  which  are  not  capable  of  receiving  their  form 
by  pressure  in  the  mould,  are  modelled  by  hand  sepa- 
rately, and  united  afterwards  piece  by  piece  together. 
The  other  bodies  of  Wedgwood,  which  in  composition 
resemble  agate,  jasper,  porphyry,  and  other  variegated 
stones  ot  a  vitrescent  or  crystalline  fracture,  are  used 
largely  in  the  formation  of  ornamental  wares.  These 
bodies  are  composed  of  various  colored  clays,  placed  in 
layers  to  represent  when  pressed  together  the  several 
stones  they  are  intended  to  imitate,  care  being  taken 
that  they  shall  not  so  amalgamate  as  to  destroy  the 
beauty  of  the  imitation. 

The  Basalt  or  black  Egyptian  biscuit,  so  called  from 
its  resembling  basalt  in  appearance  and  color,  forms 
the  mass  from  which  the  most  esteemed  forms  of  an- 
cient Egyptian  art  are  modelled,  and  which  is  enriched 
with  bassi-rclievi  both  in  red  and  white ;  many  articles 


of  domestic  requirements,  such  as  tea-pots,  milk-jugs, 
ink-stands,  et  cetera,  are  moulded  in  the  same  style 
from  this  mass.  In  composition  it  may  be  given  as 
follows : — 

Basalt  or  T 
Black  Egyptian  bodies.  ' 

Blue  clay,                      200  330 

Red  clay,                        —  ■ — 

Ochre  calcined,             200  300 

Iron  scales  —  protoxide  ~(  on 

of  iron  j~  dU       —  — 

Manganese,                    60  80     100  75 


in. 

200 
300 
100 


IV.  v. 

—  100 
500  — 

75  100 

—  "35 
40 


500 


Bed  body— terra-cotta  ware. 

Red  marl  very  carefuly  sifted,   10  parts. 

Common  marl   2  parts. 

with  the  addition  of  ton  per  cent,  of  Cornish  clay,  if  a 
light  color  is  required. 

The  revival  of  painting  upon  vases  and  other  similar 
articles  in  the  manner  of  the  ancient  Etruscans,  without 
the  glossy  appearance  of  ordinary  painting  upon  porce- 
lain or  earthenware — an  art  lost  since  the  time  of  Pliny 
— is  due  to  Mr.  Wedgwood,  who,  after  careful  exami- 
nation of  original  Etruscan  vases,  finding  it  impossible 
to  imitate  the  colors  by  enamels,  devised  other  sub- 
stances, termed  encaustic  colors,  producing  an  entirely 
different  effect,  and  without  any  of  the  glossy  lustre 
of  the  enamels  in  the  firing.  This  discovery  at  once 
enabled  successful  imitations  of  the  ancient  vases  to  be 
made  in  all  their  variations  of  light  and  shade,  and  of 
equal  durability  with  the  enamels,  without  the  defect  of 
a  varnished  or  glassy  surface.  Encaustic  colors  are 
applied  with  great  ease  and  certainty,  changing  but 
little  in  the  firing,  and  have  no  tendency  to  run  or 
spread  on  the  design.  The  composition  for  certain 
colors  may  be  given  as  follows: — 


ENCAUSTIC  COLORS. 


While. 

Blue  clay,   20 

China  clay,   10 

Flint   10 

Cornish  stone, ....  5 


Black. 

Egyptian  hlack,. ..  12 

White  slip,   3 

Blue  slip,   3 


These  clays,  finely  ground  and  brought  to  the  consist- 
ency of  thick  slip,  are  painted  upon  the  wares  while  in 
their  moist  state,  and  before  firing  in  the  biscuit  oven. 

It  is  impossible  to  conclude  this  notice  of  the  jasper 
wares  of  Josiaii  Wedgwood,  without  quoting  some 
remarks  upon  the  manufacture  of  pottery  which  con- 
clude his  catalogue — dated  and  published  in  1777 — 
remarks  peculiarly  applicable  to  the  manufactures  and 
productions  of  the  present  day.    He  says : — 

A  competition  for  cheapness,  and  not  for  excellence 
of  workmanship,  is  the  most  frequent  and  certain  cause 
of  the  rapid  decay  and  entire  destruction  of  arts  and 
manufactures. 

The  desire  of  selling  much  in  a  little  time,  without 
respect  to  the  taste  or  quality  of  the  goods,  leads  manu- 
facturers and  merchants  to  ruin  the  reputation  of  the 
articles  which  they  make  and  deal  in  ;  and  whilst  those 
who  buy  for  the  sake  of  a  fallacious  saving,  prefer 
mediocrity  to  excellence,  it  will  be  impossible  for  them 
either  to  improve  or  keep  up  the  quality  of  their  works. 

All  works  of  art  must  bear  a  price  in  proportion  to 
the  skill,  the  taste,  the  time,  the  expense,  and  the  risk 
attending  the  invention  and  execution  of  them.  Those 


Green. 

White  slip,   12 

Blue  slip,   1 

Nickel,   1 


Blue. 

White  slip,  25 

.Blue  cobalt,   1J 


pieces  that,  for  these  reasons,  bear  the  highest  price, 
and  which  those  who  are  not  accustomed  to  consider 
the  real  difficulty  and  expense  of  making  fine  things, 
are  apt  to  call  dear,  are,  when  justly  estimated,  the 
cheapest  articles  that  can  be  purchased,  and  such  are 
generally  attended  with  much  less  profit  to  the  artist 
than  those  that  everybody  calls  cheap. 

Beautiful  forms  and  compositions  are  not  to  be  made 
by  chance,  and  they  never  were  made,  nor  can  be 
made  in  any  kind,  at  a  small  expense. —  Wedgwood. 

Fine  stoneware  in  general  is  never  glazed,  though 
at  times  a  glaze  is  produced  spontaneously  with  the 
firing  by  a  process  called  smearing,  the  inner  surface 
of  the  seggars  being  coated  with  a  glaze  composed  of — 

DRY  SMEARS  OR  GLAZE  FOR  FINE  WHITE  STONEWARE. 
NO.  1. 

Lead,   6 

Stone  3 

Salt,   3 


No.  2. 


Flint, 
Bone, . 
Nitre, 
Salt,.. 
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No.  3. 

Lead,   4 

Stone,   1 

Salt,   2 

Flint,   1 

No.  4. 

Glaze,   4 

Salt,  !   1 

Fotassa,   £ 

No.  5. 

Calcined  bone?,   3 

Common  salt,   1 

No.  6.  , 

Bones,   5 

Salt,   3 

No.  7. 

Flint,  10 

Bones,  ;  5 

Salt,   5 

Nitre  3 

WASH  SMEARS. 
No.  8. 

Lime  at  twenty -four  ounces,  3  quarts. 

Slip  at  twenty-four  ouucea,  2  quarts. 

Salt,  2  pounds. 

Nitre,  1  pound. 

The  ingredients  dissolved  in  hot  water,  and  the  seggars 
washed  inside  with  the  mixture. 

This  in  part  becoming  volatilized  during  the  firing,  a 
portion  of  the  alkali  and  oxide  of  lead  is  absorbed  by 
the  surface  of  the  ware,  forming  a  thin  layer  of  glaze, 
both  the  surfaces  containing  silica  appropriating  a  fair 
proportion  of  the  vitrifiable  bases.  Sometimes  a  glaze 
containing  a  large  quantity  of  lead  or  borax,  is  applied 
by  the  process  described  under  Porcelain  to  either 
both  or  only  one  surface  of  the  ware.  When  pigments 
are  mixed  with  the  glaze,  colors — as  is  the  case  with 
yellow — are  communicated  to  the  ware  which  could  not 
otherwise  be  produced.  The  firing  of  this  kind  of 
ware  takes  place  in  seggars,  in  furnaces  of  similar 


description  as  those  described  under  Earthenware,  and 
often  at  the  same  time  as  wares  of  that  description, 
being  placed  in  those  portions  of  the  kiln  where  the 
temperature  is  highest. 

Varnished  and  Larva  Ware.— Other  kinds  of  wares 
manufactured  in  Germany  at  Pima  and  Saargemiindt, 
and  recently  brought  into  extensive  circulation  for 
ornamental  purposes,  may  be  classed  under  fine  stone- 
wares, and  possess  a  mass  exhibiting  a  striking  resem- 
blance to  porphyry  or  jasper,  and  capable  of  receiving 
the  most  delicate  and  refined  forms  in  manipulation. 
The  ware  manufactured  by  Utzschneider  at  Saarge- 
miindt exhibits  several  peculiarities — the  contraction 
in  the  firing  amounting  to  twenty  per  cent.,  while  the 
mass  is  composed  of  three  local  varieties  of  clay,  partly 
ferruginous,  and  quartz.  The  body,  which  is  not 
glazed,  but  ground  after  firing  with  emery  and  polished 
with  tripoly,  requires  the  same  precautions  in  the 
manufacture  as  that  described  under  Fine  Stoneicare. 
The  ware  manufactured  at  Pirna  on  the  Elbe  has  like- 
wise a  colored  body,  the  chrome  green  and  black 
masses  being  without  glaze  and  dull ;  while  the  ochre- 
yellow  mass  of  other  varieties  is  often  concealed  by  a 
coating  of  very  brilliant  varnish  color,  very  different 
to  potters'  pigments,  from  its  soft  nature,  fatty  lustre, 
and  easy  destructibility  in  the  fire,  being,  in  fact,  an 
oil  paint.  This  varnish  is  laid  on  very  smoothly  and 
with  great  care,  to  preserve  the  outlines  of  the  orna- 
ments in  relief,  and  afterwards  when  dry  covered  with 
a  thin  coating  of  copal  varnish.  It  is  secure  from 
injury  by  hot  water,  but  neither  withstands  abrasion 
by  the  knife,  or  use  over  the  fire.  Pine  stoneware,  as 
a  general  rule,  does  not  stand  well  against  heat  or 
sudden  changes  of  temperature. 

The  relative  values  of  plastic  clay  for  the  manufac- 
ture of  fine  and  common  stoneware,  with  and  without 
glaze  may  be  here  given— 


STONEWAKE  GLAZED. 


Silica, 

Alumina 

Oxide  of 
iron, 

Lima. 

Magnesia. 

AlkaU. 

LOBl. 

Parts. 

Description, 

St.  Amand,.. . . 
Helsingborg,  

Freehen,  

75-00 
74-GO 

74-30 

74*00 

64-01 

22-10 
19-00 

19  50 

27-04 

24-50 

1-  00 
4-25 

3-90 

2-  00 

8-50 

0-25 
0-62 

0-50 

0-60 

0-56  " 

traces 
traces 

0*80 

0-17 

0-92 

0-  84 

1-  30 

0-  50 

1-  06 

1-42 

0-81 
0-23 

0-50 

0-13 

0-09 

100-00 
100-00 

100-00 

100-00 

100-00 

Common  body,  earthy  glaze. 
Coarse  greyish  body,  ill  moulded, 

glazed  with  salt. 
Fine  whitish  body,  well  moulded, 

salt  glaze. 
Fine  whitish  body,  well  moulded, 

with  a  porous  external  surface, 

salt  glazed. 
Dark    brown   body,   fine,  well 

moulded,  covered  with  an  earthy 

glaze. 

STONEWARE  UNGLAZED. 

Place, 

Silica, 

Alumina. 

Oxide  of 
iron. 

Limt. 

Magnesia. 

Alkali. 

Loss, 

Parte, 

Description. 

"Wedgwood,  . . . 
Saveignies,  

67-40 
66-49 

65-80 

62-04 

02-00 

29-00 

26-  00 

27-  64 
20-30 
22-00 

2-00  ' 
6-12 

4-25 

15-58 

14-00 

0-  60 

1-  04 

1-12 
1-08 
0-50 

0-15 
0-64 
traces 
traces 

0-60 
0-20 

0-  24 
traces 

1-  00 

0-40 

0-  31 

1-  00 
0-50 

100-00 
100-00 

100-00 

100-00 

100-00 

Very  fine  whitish  body. 

Very  fine  yellowish  body,  very 

sonorous,  well  moulded. 
Clear  brown  body,  coarse,  very 

sonorous. 
Very  fine  body,  well  moulded,  of  a 

deep  brown-red  color. 
Very  fine  body,  well  moulded, 

of  a  deep  brown-red  color. 
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From  -which  tables  it  appears  that  stonewares  may  be 
divided  into  two  classes — those  containing  from  seventy- 
five  per  cent,  of  silicic  acid,  and  others  of  from  sixty-two 
to  sixty-six  per  cent.  Experiment  further  proves  that 
an  excess  of  silica  in  the  body  is  very  favorable  to  the 
production  of  a  good  glaze. 

Ordinary  Stoneware — one  of  the  character- 
istics of  which,  namely,  the  semi-fused  state  of 
the  mass,  results  from  the  much  stronger  heat 
of  the  kiln,  and  not  from  the  addition  of  flux. 
The  composition  is  more  simple ;  only  one 
addition  being  made  to  the  plastic  clay,  which, 
having  no  tendency  to  shrink  in  the  furnace, 
prevents  the  clay  from  any  very  serious  con- 
traction, the  amount  of  which  varies,  as  in  the 
finer  stonewares,  from  eight  to  ten  per  cent. 

As  the  plastic  clays  generally  possess  this 
property  of  contraction  in  a  high  degree,  objects 
formed  from  them  without  this  addition  and 
tolerably  thick  in  the  sides,  infallibly  crack  in 
the  firing. 

The  action  of  such  additions  has  been  deter- 
mined experimentally  upon  the  plastic  clay  of  Dreux 
mixed  with — 

Contracts, 

10  per  cent,  ground  fragments  of  stoneware,    15  per  cent. 


25      "              "             "  •  5  " 

10       "      whole  sand  from  Aumont,   18  " 

25      "             "              "      J  85  15  " 

50      "             "              "  9  " 

10      "             "          '  '««  17  " 

25      '■             "              "  15  " 

50      "             "              "  12  » 

No  addition,  clay  in  natural  state,   10  to  11  " 

No  addition,  clay  purified  by  suspension  in 

water,                                              ■  17  " 


From  which  it  appears  that  the  plastic  clay  under 
experiment  contained  in  its  natural  state  an  admixture 
of  some  substance  that  diminished  its  power  of  contrac- 
tion, and  which  was  removed  from  it  by  decantation 
in  water,  increasing  the  contractile  power.  In  the 
potteries  a  very  important  practice  is  adopted,  that  of 
combining  together  the  several  kinds  of  clay  found  to 
produce  the  best  result  in  the  fire,  both  as  regards  the 
contraction,  color,  and  refractory  nature  of  the  mass. 

In  the  manufacture  of  ordinary  stoneware  vessels, 
such  as  jars  for  preserves  or  pickles,  milk  pans,  et 
cetera,  the  process  of  decanting  the  clay  from  water 
would  be  too  costly,  and  the  coarser  impurities  which 
might  interfere  with  the  formation  of  the  ware,  are 
therefore  either  removed  by  repeated  kneadings  and 
treading  out  of  the  mass  by  manual  labor,  or  separated 
by  passing  the  clay  through  the  pug  mill — see  Earthen- 
ware. 

The  low  price  at  which  these  wares  are  purchased  in 
the  market  necessitates  the  adoption  of  the  most  simple 
modes  of  forming  and  manipulation  ;  they  are  generally, 
therefore,  thrown  upon  the  potter's  wheel,  already 
described  under  Porcelain.  From  the  large  dimen- 
sions of  the  vessels  that  sometimes  require  to  be  formed, 
increased  facilities  are  given  to  the  workman  for  pro- 
ducing greater  persistence  in  the  rotatory  motion  of 
the  wheel,  and  using  larger  plates  or  discs  for  the 
support  of  the  mass.  These  arrangements  are  shown 
in  Fig.  484p.   The  cast-iron  wheel,  R  it,  is  connected  to 


the  hollow  shaft,  A  A,  carrying  the  head  or  disc  of  the 
lathe  by  double  spokes,  s  s',  s  s'.  The  top  of  the  hollow 
shaft  at  a  is  fitted  with  an  iron  cup,  into  which  the  top 
bearing  of  the  supporting  axle  running  through  the 
centre  works,  while  the  lower  extremity  of  the  hollow 


Fig.  4341'. 


shafts,  m  m,  being  of  iron,  rests  upon  the  conical  support, 
b,  of  the  axle.  The  wheel  and  shaft,  therefore,  turn 
with  little  friction,  being  suspended  after  the  manner  of 
a  ship's  compass.  For  the  greater  convenience  of  the 
workman,  who  sits  at  the  bench,  g,  the  surface  of  the 
disc,  B,  is  placed  below  his  level.  Impulse  is  given  to 
the  iron  wheel  by  a  pointed  rod,  the  rotatory  motion 
lasting  long  enough  for  one  operation,  and  the  high 
degree  of  plasticity  in  the  mass  being  of  great  assistance. 
The  help  of  an  assistant  to  turn  the  wheel  is  therefore 
ouly  required  when  a  great  amount  of  resistance  has  to 
be  overcome.  Vessels  of  a  wide  bulging  shape  and  of 
moderate  dimensions  are  first  thrown  in  the  form  of  a 
hollow  cylinder  of  the  intended  height  and  width,  the 
contraction  being  afterwards  effected  by  pressure  against 
the  mass  hi  its  revolution  ;  larger  vessels  of  similar  form 
are  put  together  from  two  halves  separately  formed, 
the  handles,  ct  cetera,  which  are  made  by  hand,  being 
simply  pressed  on  to  the  mass.  In  the  firing  of  common 
stoneware,  horizontal  kilns  or  furnaces  are  used,  in 
which  the  draught  has  a  direction  more  or  less  parallel 
with  the  floor.  It  is  only  in  kilns  of  this  construction 
that  the  wares  can  be  placed  alongside  of  each  other, 
instead  of  being  piled  up  in  columns  or  bungs.  By 
such  an  arrangement  of  draught,  however,  the  heat  of 
the  furnace  is  very  irregularly  distributed.  All  common 
stoneware  in  the  firing  is  exposed  directly  to  the  action 
of  the  flame,  the  nature  of  the  surface  not  rendering 
the  protection  from  dust  and  scratches  by  the  use  of 
seggars  necessary. 

The  kiln — Fig.  484q — is  in  general  roughly  con- 
structed, the  grate,  r,  separating  the  ashpit,  C,  from  the 
hearth,  b.  The  portion  of  the  kiln  where  the  wares  are 
fired  is  shown  at  A,  an  elliptical  arched  dome,  a  a, 
covering  the  whole.  The  draught  is  regulated  by  a 
plate  covering  the  aperture,  g,  the  fire  being  supplied 
witli  fuel  through  e.  By  this  arrangement  the  flames 
carried  by  the  draught  pass  through  the  apertures,  i,  i, 
in  the  wall,  m  m,  to  the  chamber  containing  the  wares, 
from  which  they  enter  the  chimney,  o,  by  the  holes,  n  n. 
The  wares  are  introduced  into  the  kiln  by  doors  which 
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are  bricked  up  during  the  firing.  At  Lambeth,  near 
London,  the  kilns  assume  a  vertical  character,  are 
about  ten  feet  in  diameter  in  the  baking  chamber,  and 

Fig.  484q. 


eleven  feet  high  to  the  centre  of  the  crown ;  they  have 
five  fire  grates,  each  twelve  inches  wide  and  three  feet 
long,  containing  five  or  six  fire-bars,  a  bag  or  chimney 
flue  about  five  feet  high  being  placed  opposite  each 
fire.    Fig.  484r  represents  a  section  of  one  of  these 

Fig.  4840. 


kilns :  A  is  the.  baking  chamber ;  c  the  fire-grate ;  D 
the  ash-pit ;  and  r  the  bag  or  chimney,  the  wares  being 
introduced  by  the  opening,  B,  bricked  up  during  firing. 
In  the  kilns  used  for  common  stoneware,  the  smaller 
articles  are  placed  at  the  bottom  part  of  the  kiln, 


in  square  cells  formed  by  placing  stout  tiles  upright 
in  rows,  with  others  laid  horizontally  upon  the  top 
— the  heavier  and  coarser  portions  of  the  ware 
being  placed  upon  the  top.  These 
cells  or  boxes  generally  occupy  one- 
half  the  height  of  the  kiln.  Great 
care  and  experience  is  required  in 
the  management  of  the  fires,  as,  if 
too  little  air  is  admitted,  the  smoke 
and  gas  will  be  imperfectly  con- 
sumed, and  the  wares  discolored ; 
while,  on  the  contrary,  if  air  enters 
too  freely  the  heat  is  not  sufficiently 
intense  to  vitrify  the  clay.  The  heat 
of  the  fuinace  often  attains  120° 
gj^-  ^  Wedgwood,  this  ware  requiring  the 

most  intense  heat,  after  real  porce- 

SSssKl  jtf^/       k"n>  °^  any  kind  °f  P°ttery- 

Ooiiiim.si  siunewai-'.',  heiug  sufli- 
tHmwM^*  ciently  dense  and  vitreous  in  its 

mass  to  be  impermeable,  requires 
no  glaze,  but  by  a  very  cheap  and 
simple  process  the  dull  surface  is  made  smooth  and 
lustrous.  A  natural  glaze,  or  the  waste  from  other 
branches  of  the  manufacture,  is  used,  ground  to  a  fine 
powder,  and  sifted  or  sprinkled  over  the  moist  ware  in 
a  thin  stratum  ;  it  is  afterwards  burnt  on  in  the  process 
of  firing.  Iron  slag  is  generally  used  for  this  purpose, 
the  large  proportion  of  the  oxides  of  iron  and  manganese 
which  it  contains  rendering  it  of  easy  fusion. 

Salt-glaze.  —  The  simple  and  old-fashioned  salt- 
glaze  is  also  of  very  general  application.  Its  dis- 
covery, dating  about  the  year  1680,  is  said  to  have 
been  accidental,  the  tradition  being  that  at  Stanley 
farm  at  Bagnall,  about  five  miles  East  of  Burslem,  the 
servant  of  Mr.  Joseph  Yates  was  boiling  a  strong 
brine  of  salt,  to  be  used  for  curing  pork  ;  during  her 
temporary  absence  the  liquor  boiled  over  the  sides  of 
the  earthen  vessel  used  for  this  purpose,  and,  becom- 
ing very  hot,  the  vessel  on  cooling  had  a  glazed  sur- 
face. A  Mr.  Palmer,  who  carried  on  a  small  pottery 
about  a  mile  from  the  farm,  availed  himself  of  the  hint, 
and  commenced  a  manufacture  of  ware  glazed  with 
chloride  of  sodium,  which  was  readily  procured  from  the 
salt  wyches — Middlewich  and  Northwich  in  Cheshire. 
The  process  of  glazing  with  salt  takes  place  towards 
the  end  of  the  firing,  when  salt  is  thrown  into  the  kiln 
through  particular  apertures.  The  temperature  of  the 
kiln  being  considerably  above  a  red  heat,  volatilizes  the 
chloride  into  a  vapor  which,  filling  the  chamber,  sur- 
rounds the  wares,  and  causes  a  reaction  to  take  place 
with  the  silica  of  the  mass.  These  two  substances, 
silica  and  common  salt,  only  act  upon  each  other  in 
the  presence  of  aqueous  vapor,  and  which  is  always 
present  in  the  flame  of  the  furnace.  With  the  sodium 
of  the  chloride,  the  oxygen  of  the  water  produces  soda, 
which  enters  into  combination  with  the  silicic,  while 
the  hvdrogen  unites  with  the  chlorine,  and  is  evolved 
as  hydrochloric  acid— NaCl  +  HO  =  NaO  +  HC1. 
The  glaze  is,  therefore,  a  soda  glass,  and  exists  as  a 
very  thin  coating  upon  the  surface  of  the  wares.  Clays 
which  contain  less  than  fifty  per  cent,  silica  are  without 
action,  and  do  not  decompose  salt.    A  brown  color  is 
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communicated  to  the  wares  by  throwing  into  the  fur- 
nace, during  the  glazing  process,  substances  which  afford 
a  large  volume  of  smoke,  such  as  the  bark  of  the  birch 
tree. 

Common  stoneware  generally  varies  in  color  from 
grey  to  bluish- grey,  yellowish-red,  brownish-red,  and 
brown. 

The  manufacture  of  stoneware  by  moulding,  has 
recently  been  brought  to  great  perfection,  and  most  of 
the  vessels  used  in  chemical  laboratories  are  formed  in 
this  manner,  the  smaller  articles  being  remarkably  thin 
and  light.  The  larger  vessels  for  chemical  works, 
such  as  acid  bottles,  el  cetera,  are  sometimes  of  enor- 
mous dimensions,  and  constructed  to  contain  from  one 
hundred  to  three  hundred  gallons.  The  agreeable 
brown  color  of  these  vessels  is  produced  by  dipping 
them  into  water  containing  oxide  of  iron  in  suspension. 

The  principal  seats  of  the  manufacture  of  common 
salt-glazed  stoneware  are  at  Glasgow,  Lambeth,  Bel- 
per,  and  Nottingham ;  the  other  variety  of  common 
glazed  stoneware  being  produced  at  Bristol  and 
Chesterfield,  while  the  fine  stoneware  manufacture  is 
almost  exclusively  confined  to  the  neighborhood  of 
the  Staffordshire  potteries.  On  the  Continent  the 
manufacture  is  extensively  carried  on  at  several  places, 
particularly  at  Buntzlau  in  Silesia,  and  at  Vallendar, 
on  the  Rhine  opposite  Coblentz,  where  two  kinds  of 
clay  are  worked — a  blue  clay  for  grey  ware,  and  a 
yellow  clay  for  red  ware.  At  Buntzlau  the  wares  are 
colored  brown  by  immersion  into  a  solution  of  marly 
clay  after  the  manner  of  a  glaze. 

Earthenware. — Under  the  term  earthenware 
are  embraced  many  varieties  of  pottery,  which  in  frac- 
ture have  all  an  earthy  appearance,  are  perfectly 
opaque,  and  are  coated  with  a  soft,  easily  fusible  glaze, 


containing  lead  or  borax.  But,  notwithstanding  they 
all  possess  these  characteristics,  the  modifications  and 
varieties  of  this  ware  are  more  numerous  than  those 
of  any  other  kind.  The  several  kinds  of  clay —  plastic 
or  pipe-clay,  potters'  clay,  and  marl,  to  which  quartz 
is  sometimes  added — enter  into  the  composition  of 
all  earthenware.  The  absence  of  any  real  flux,  and  the 
circumstance  of  its  being  fired  at  a  temperature  which 
precludes  the  partial  or  entire  fusion  of  any  one  of 
its  constituents,  distinguishes  earthenware  from  porce- 
lain and  stoneware,  while  the  greater  care  bestowed 
upon  the  preparation  of  the  materials,  and  consequent 
greater  purity  of  the  mass,  together  with  the  general 
absence  of  color,  are  sufficient  to  mark  the  distinction 
between  this  and  delftware. 

Fine  Earthenware. — The  English  manufacture  may 
be  selected  as  the  type  of  this  ware ;  it  is  composed 
essentially  of  a  mixture  of  plastic  clay  and  quartz,  and 
is,  therefore,  more  refractory,  harder,  and  denser  than 
the  delftware,  the  chief  ingredients  of  which  are 
potters'  clay  and  marl,  and  which  is  in  consequence 
soft  and  calcareous.  Fine  earthenware  again  is  always 
coated  with  a  transparent  glaze ;  the  commoner  sorts 
with  enamel,  producing  the  favorite  Majolica  ware. 
Neither  kinds,  however,  are  fitted  for  culinary  use,  as 
they  either  split  when  exposed  to  heat,  or  the  glaze 
becomes  cracked  and  crazed. 

The  crude  materials  used  in  England  in  the  manu- 
facture of  fine  earthenware,  are  Cornish  stone  and  China 
clay,  a  kind  of  kaolin  brought  from  Cornwall,  two 
varieties  of  plastic  elay,  both  of  which  bum  white, 
and  chalk-flints.  That  class  called  ironstone  china 
is  made  from  a  mixture  of  plastic  clay,  kaolin,  Cornish 
stone  in  excess,  and  silica,  the  formula  of  which  is  sub- 
joined : — 


IRONSTONE  CHINA  BODIES. 


I. 

II. 

in. 

IV. 

v. 

VI. 

IPO 

.  ..  200  ..  . 

. ..  700  .. . 

.  ..  600  ..  . 

.  ..  600  ..  . 

400 

120 

.  ..  150  ..  . 

.  ..  500  ..  . 

.  ..  600  ..  . 

. ..  100  ..  . 

250 

60 

.  ..  100 

.  ..  300  ..  . 

.  ..  180  ..  . 

150 

80 

.  ..  120  ..  . 

.  ..  250  ..  . 

.  ..  400  ..  . 

.  ..    GO  ..  . 

.  ..  75 

Flint   

A  small  proportion  of  cobalt  blue  is  added  as  a  stain  to  whiten  the  mass. 

These  are  the  three  principal  modifications  into  which  this  class  of  claywares  may  be  subdivided,  leaving 
innumerable  others  of  an  intermediate  character.  Mixtures  for  the  mass  of  the  following  varieties  are  given 
below: — ■ 

French. 

Plastic  clay  from  Monterean  and  Dreux   87 

Quartz   13 


Enslish. 
cream  colored  ware  bodies. 
Slip  mixtures  by  measure ;  Dry  mixtures  in  parts. 

Dry  mixtures.  Slip  mixtures  in  inches. 

Blue  clay                                                   22    1?   11    13    12 

China  clay                                         .       .    9  .      ...  12                  6    31    i 

Flint                                                          5J    10                  4    2§    3 

Cornish  stone                                               —    —                  3i    §    — 


Turquoise  Body. 


Blue  clay    300  lbs. 

China  clay   175  lbs. 

Flint    200  lbs. 

Cornish  stone    60  lbs. 

Turquoise  stain   '   20  lbs. 


Turquoise  stain  consists  as  follows: — 

Blue  cobalt    1  lbs. 

Flint    2J  lbs. 

Oxide  of  zinc    10  lbs. 

Calcined  together  in  earthenware  biscuit  oven,  and  finely 
ground  for  use. 
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Pale  Drab  Body. 


Fine  white  earthenware  hody    700  lhs. 

Stain — nickel    4  lbs. 

Cobalt  calx    1  \  lbs. 

Buff  Body. 

Finely  ground  grey  marl    100  lbs. 

Fine  earthenware  body    100  lbs. 


Body  

Nickel  ..  . 
Cobalt  calx 


Body  

Nickel  ..  . 
Cobalt  calx 


Blue  clay . 
China  clay 

Flint  

Cornish  sic 


Blue  clay 
China  clay 
Flint  ..  .. 
Cornish  stc 


Earthenw 
Cornish  s 
Oxide  of 


Grey  marl 
Blue  clay  . 
Flint  


Preparation  of  the  Material  for  forming  the  Mass. — 
The  flints  are  prepared  for  the  grinding  process  by 
crushing  in  their  calcined  state  under  the  stamping- 
mill — Fig.  484s — which  consists  of  a  series  of  upright 
beams,  a,  a,  a,  of  wood,  shod  at  their  lower  extremities 
with  heavy  iron  shields,  b,  b.  These  beams  being  alter- 
nately raised  in  a  vertical  direction  by  means  of  pro- 
jecting pins,  c,  c,  catching  the  arms  of  a  revolving  drum, 
d,  fall  with  great  force  into  a  long  narrow  trough,  /, 
placed  in  a  horizontal  direction  underneath,  and  having 
its  bottom  formed  of  perforated  cast-iron  plates,  m, 
through  the  holes  of  which  the  broken  calcined  flints 
pass,  and  are  then  ready  to  be  conveyed  to  the  block- 
mill. 

The  mill  room  where  this  grinding  process  takes 
place  is  fitted  with  a  number  of  circular  vats — Fig. 
484t — from  ten  to  twelve  feet  diameter;  the  bottoms 
of  which  are  paved  with  square  blocks  of  a  very  hard 
stone.    These  vats  are  fitted  with  arms  in  the  same 


Inside  Wash  for  above  colored  bodies. 


China  clay   40  lbs. 

Blue  clay    20  lbs. 

Flint    20  lbs. 

Cornish  stone    10  lbs. 

Cobalt  calx,  to  whiten   15  drachms. 


This  wash  is  poured  smartly  into  the  interior  of  the  ware 
after  forming,  and  immediately  emptied. 


s. 


manner  as  the  mixing  vats  described  under  Porcelain. 
Blocks  of  stone  weighing  from  ten  to  fifteen  hundred- 
weight are  placed  against  the  arms,  which  are  driven 
round  by  machinery.  Into  these  vats  the  broken 
calcined  flints  are  thrown,  and  water  is  introduced 
to  prevent  the  escape  of  the  finer  particles  of  dust, 
which  would  be  very  injurious  to  the  workmen.  .By 
this  process  the  flints  quickly  acquire  a  state  of  minute 
division.  After  a  period  of  about  twelve  hours  the 
contents  are  run  oil'  through  troughs  into  washing 
tubs  or  vats,  where  the  coarse  or  heavier  particles 
subside,  the  fine  liquid  flint  passing  into  spacious 
reservoirs  built  and  paved  with  bricks,  and  which  are 
furnished  with  plugs,  to  enable  the  workmen  to  draw 
off  the  first  water  with  which  the  grinding  process  took 
place,  and  bring  the  flint  into  a  state  fit  for  use. 

The  Cornish  stone  is  brought  from  Cornwall  in 
masses  for  the  purpose  of  being  ground  and  prepared, 
but  without  the  process  of  calcination,  and  is  used  in 


COLORED  CLAYS  FOR  ORNAMENTATION. 

Turquoise  or  blue,  take  of  the  body  of  the  ware  40  lbs.,  and  1J  lb.  of  the  turquoise  stain. 


Green  Clay. 


Drab  Clay. 


40  lbs. 
3  lbs. 
£  ounce. 

60  lbs. 
12  ounces. 
3  ounces. 


Dark  Chrome  Green  Clay. 


Body  

Oxide  of  chrome 


40  1b 

3  1b: 


Orange  Clay. 

Body   40  lb 

Fine  red  marl    20  lb 

Flint    7  lb 


In  general  use  for  moulding  and  pressing. 


FINE  EARTHENWARE  BODIES. 

In  Slip  by  measure, 


Ounces  to  the  pint. 

  24  .... 

 .   26  ..  .. 

  32  .. .. 

me   3l£  .... 


Slip  mixtures  in  inches  in  tub, 


Inches. 

..  n  . 

..  9  . 
..  3  . 
..    i  . 


II. 

Inches. 

.  12J  , 
.  5 
.  3 


III. 

Inches. 

..  7  . 


5i 
2i 


IV. 

Inchc 

..  9 

..  7 

..  5 

..  3 


Dry  in  parts. 


I. 

200 
200 
200 
7ft 


500 
800 
800 
300 


III. 

500 
650 
4.r0 
200 


TERRA-COTTA,  OR  rOROL'S  BODIES  FOR  WATER  BOTTLES,  ETC. 


re  body . 

•ne  

irorne  . 


Green. 
.  100 
.  15 
3 


Uliie. 
100 
10 
3 


ned. 


Dark  red  marl   300 

Blue  ball  clay    100 

Turquoise  stain. 


  120  j  The  marls  should  be  very  carefully  sifted  through  fine  lawns,  and  if 

  13  V       ground  finely  in  a  pan  at  the  mill,  the  body  will  be  much 

  6  )        improved.    This  remark  applies  to  all  colored  bodies. 

These  porous  bodies  are  all  fired  in  the  glazing  oven. 
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the  bodies,  besides  being  a  most  valuable  ingredient  in 
the  composition  of  the  glazes. 

The  process  of  grinding  glazes  is  similar  to  that  of 


Fig.  484s. 


flint  grinding,  but  the  vats  or  pans  employed  are  gener- 
ally of  smaller  dimensions.  The  requisite  machinery 
not  being  erected  at  all  the  manufactories,  the  potters 
are  usually  supplied  with  the  materials  prepared  ready 
for  use,  by  mills  established  in  the  localities  where  this 
process  is  carried  on. 

A  species  of  stone,  which  has  been  termed  Lagnatia 
quarldle,  and  is  found  in  Scotland  upon  the  estate  of 

Fig.  484t. 


Ardsheal,  Argyllshire,  lias  been  recently  introduced  by 
Mr.  Miles  Lockhaht  into  the  Staffordshire  potteries 
for  the  purpose  of  grinding  the  flint.  Being  composed 
almost  entirely  of  pure  silica,  it  is  harder  and  more 


durable  than  the  materials  formerly  employed,  whilst, 
from  the  purity  of  its  substance,  and  the  entire  absence 
of  any  injurious  ingredient,  the  flint  slip  is  left  pure 
and  free  from  admixture 
caused  by  the  abrasion  of 
the  mill-stones.  When 
|  by  friction  the  pavers  or 

runners  have  become  too 
light,  they  are  calcined 
with  the  flints,  and  after- 
wards ground  up  with 
tlicm. 

To  increase  its  plasti- 
city, the  China  or  Cor- 
nish clay  is  mixed  with  as 
much  blue  clay  as  the 
quality  of  the  ware  ad- 
mits. Where  machinery 
is  employed  the  lumps  of 
clay  are  thrown  into  the 
blending  vat,  and  stirred 
up  with  water,  as  already 
described  under  Porce- 
lain. The  liquid  with  the 
clay  in  suspension  is  then 
decanted,  and  passes  into 
vats  in  the  mixing  or  slip 
house— Fig.  484u.  The 
clays  are  brought  up  by 
a  lift  to  the  floor  of  the 
room  where  they  are  macerated  by  water,  and  pass  into 
the  tubs,  a  and  b.  The  China  clay,  a,  is  brought  to  the 
standard  of  twenty-six  ounces  to  the  imperial  pint,  and 
that  at  b,  containing  the  Dorsetshire  or  blue  ball  clay,  to 
the  standard  of  twenty-four  ounces ;  the  ground  flint 
contained  in  the  trough  at  c  is  likewise  brought  to  the 
standard  of  from  thirty-one  and  a  half  to  thirty-two 
ounces,  while  the  Cornish  stone  at  d  is  of  the  stand- 
ard weight  of  from  thirty  to  thirty-one  and  a  half 
ounces  to  the  imperial  pint.  The  China  clay  and 
blue  ball  clay  having  been  admitted  into  the  tanks, 
e  and /,  severally,  in  the  proportions  marked  upon 
the  gauge  rods,  s  s,  are  united  in  the  mixing  cistern, 
.  g,  the  blue  ball  clay  passing  by  the  trough,  n.  The 
relative  proportions  by  measure  of  Cornish  stone 
and  flint  are  now  added,  and  mixed  with  the  mass, 
which  then  passes  into  the  trough,  t,  furnished  with 
plugs  and  holes,  c'  e'  c',  in  its  bottom,  immediately 
over  a  set  of  fine  silken  sieves,  a'  a'  a',  fixed  in  a 
frame,  p,  to  which  a  sifting  motion  is  imparted  by 
attachment  to  the  eccentric  and  rod,  d',  worked  by 
the  engine.  This  lateral  to  and  fro  motion  of  the 
sieves  cause  a  complete  filtration  of  the  slip  into 
the  tank,  h,  all  the  coarser  impurities  being  left 
behind.  From  this  tank,  h,  it  is  conveyed  by  the 
_  pump,  j,  and.  spout,  k,  into  the  trough,  where  it 
undergoes  a  second  and  similar  process  of  filtration 
through  finer  sieves,  falling  into  the  reservoir,  i, 
and  is  conveyed  away  by  the  pumping  apparatus,  m, 
to  the  purifying  machine,  and  for  conversion  into  slip 
of  the  proper  degree  of  consistency  for  working. 

The  purification  of  the  slip  by  the  abstraction  of  all 
particles  of  iron  which  have  become  incorporated  with 
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it,  from  the  abrasion  of  the  iron  hoops  of  the  mill  dur- 
ing the  process  of  grinding,  is  one  of  great  importancei 


as  were  these  impurities  to  pass  with  the  mass  through 
the  process  of  firing,  the  iron,  being  converted  into  an 


Fi?.  4S4n. 


oxide,  would  produce  a  brown  or  yellow  stain  upon 
the  white  surface  of  the  ware.  A  clumsy  and  expen- 
sive method  is  frequently  used  to  extract  these  par- 


Fig.  481v. 


tides  from  the  mass,  by  placing  in  a  box  a  large  number 
of  small  horseshoe  magnets  suspended  upon  a  frame. 
The  slip  or  glaze,  as  the  ease  may  be,  is  poured  by 
an  attendant  into  the  box,  and  the  frame  containing 
the  magnets  afterwards  agitated  to  bring  the  slip  into 
contact  with  them ;  by  this  means  the  iron  particles  are 
attracted  to  the  poles  of  the  magnets,  which  are  after- 
wards taken  out  one  by  one  from  the  trough,  and  the 

vol.  n. 


iron  removed — a  work  of  extreme  labor  and  time,  in 
consequence  of  the  electricity  of  the  magnets  remain- 
ing constant.    Greater  simplicity,  economy,  and  cer- 

Fig.  484w. 


tainty  have  been  given  to  this  operation  by  Messrs. 
Holmes  and  Cordon,  who  have  recently  patented  an 
invention  which,  by  the  application  of  electric  currents 
for  inducing  magnetism  in  soft  iron,  effectually  purifies 
the  slip  or  glaze  from  all  such  particles  in  a  much  shorter 
time,  and  at  a  great  saving  of  expense  to  the  manufac- 
turer. One  form  of  the  apparatus  is  shown  at  Fig.  484v. 
a  a  a,  are  a  series  of  coils  inclosing  the  electro-mag- 
nets, b  b',  b  V,  c  c',  c  c',  the  coils  being  placed  in  such 
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a  manner  that  the  induced  magnetism  in  the  alternate 
poles  of  each  set  shall  be  of  an  opposite  nature — Fig. 
484w  ;  the  arrangement  of  the  North  and  South  poles 
is  shown  at  a  and  b.    The  slip,  in  its  passage  through 
the  machine,  comes  into  contact  successively  with  the 
several  poles  of  the  magnets ;  and  the  particles  of  iron 
being  attracted  by  them,  the 
slip  is  thoroughly  cleaned  from 
iron  by  the  operation.  The 
apparatus  is  placed  in  a  strong 
box,  E,  with  two  apertures,  F 
and  H,  for  the  passage  of  the 
slip  through  the  machine. 

The  slip,  which  is  now  much 
too  liquid,  passes  into  the  slip- 
house  for  consolidation  in 
troughs  of  brickwork  from 
eighty  to  one  hundred  feet  or 
more  in  length,  and  about  four 
feet  wide  by  fourteen  inches  in 
depth.  The  fire,  placed  at  one 
end,  passes  by  means  of  flues 
under  the  bottom,  which  is  con- 
structed of  tiles,  into  the  chim- 
ney at  the  further  end,  by  which 
means  the  whole  of  the  heat  is 

economized.  The  slip,  upon  reaching  the  boiling 
point,  throws  up  a  dirty  scum,  which  is  scooped  off, 
the  tumultuous  ebullition  preventing  the  separation  of 
the  particles,  and  securing  the  uniform  mixture  of  the 
mass.  This  process  requires  about  eighteen  hours,  care 
being  taken  to  prevent  any  portion  of  the  mass  from 
burning  during  the  evaporation. 

In  extensive  manufactories  where  machinery  is  used, 
the  beautiful  apparatus  patented  by  Messrs.  Need- 
ham  and  Kite,  for  consolidating  the  slip  by  pres- 
sure, is  being  introduced,  and  is  a  decided  improve- 
ment upon  the  old  process  of  evaporation  by  heat. 

Fig.  484*. 


bolted  together  by  iron  clamps,  b  b,  in  pairs,  and  form- 
ing the  mass,  A  B.  These  separate  compartments  are 
each  fitted  up  with  a  series  of  small  wooden  grooves  or 
channels,  d  d  d' — Fig.  484y> — sunk  half  an  inch  below 
the  level  of  the  frame,  a  a,  and  having  a  canal  or  pas- 
sage, b  b,  cut  top  and  bottom  of  the  passage  of  the 

Fig.  484T. 


The  machine — Fig.  484x — constructed  of  stout  wood, 
in  the  form  of  a  rectangular  mass,  is  composed  of  a 
series  of  separate  chambers  or  compartments,  a  a  a, 


water  pressed  from  the  slip  through  the  holes,  c  o.  By 
this  arrangement  each  pair  of  frames  when  placed 
together  will  have  a  space  between  the  grooves  of  one 
inch,  into  which  the  slip  is  forced  by  means  of  the  con- 
necting pipes  and  apparatus,  E,  each  pair  of  frames 
having  its  separate  supply  pipe,  e.  The  interior  of 
the  chamber  is  prepared  for  the  reception  of  the  slip 
by  the  insertion  of  a  strip  of  fine  hempen  cloth,  //, 
the  edges  being  wrapped  and  folded  up  to  form  a 
large  bag,  and  the  nozzle,  m,  for  receiving  the  supply 
pipe,  e,  being  permanently  fixed  on  the  double  fold  of 
the  cloth.  The  weight  of  the  bag  is  supported  by  the 
hooks,  g  g,  upon  the  upper 
portion  of  the  frame.  The  ma- 
chine being  screwed  up  tightly 
by  the  rods,  b  b,  the  pressure  is 
brought  on  by  the  pumps,  and 
the  water  passes  out  through 
the  fibres  of  the  cloth  and 
grooved  channels,  leaving  the 
slip  in  the  form  of  a  thin,  solid, 
compact,  and  plastic  sheet  of 
clay.  The  time  required  for 
the  operation  varies  from  an 
hour  to  two  hours  and  a  half 
according  to  the  composition 
of  the  mass,  the  charging  and 
discharging  of  the  machine 
occupying  an  hour.  Each 
machine  can  produce  at  the 
rate  of  four  tons  of  prepared 
clay  in  the  day.  In  order  to 
strengthen  the  fibres  of  the 
cloth,  and  to  enable  it  to  with- 
stand better  the  pressure  and  abrasion  of  the  grooved 
surfaces  of  the  chambers,  it  is  dipped  into  a  solution 
containing  half  an  ounce  of  alum  to  a  gallon  of  water, 
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an  operation  found  greatly  to  increase  its  durability  and  resistance  to  wear  and  tear.  Some  statements  of  the 
expense  and  performance  of  these  machines,  compared  with  the  old  process  of  evaporation,  are  given  below : — 


COMPARATIVE  COST  OF  CONSOLIDATING  THE  CLAY  FROM  THE  SLIP. 

By  Kccdhum  and  Kite's  patented  process,  over  a  period  of  six  months. 

4    1000  tons  clay  at  3s.  6d.,   £175    0  0 

0    Milling,  at  4d.,    16  13  4 

6     Steam-power,    20    0  0 

Patent  right  per  ton  6d   25   0  0 


By  the  Old  Evaporating  Kilns,  over  a  period  of  six  months. 

1000  tons  clay  at  Is.  4d.,                                      £66  13 

Wear  and  tear  of  kilns,                                          32  0 

750  tons  coal  at  4s.  9d                                      178  2 


£236  13 

Saving,   40  2 


£276  15  10 

The  cost  of  preparing  the  slip  is  in  each  case  8d.  per  ton. 


£276  15  10 


The  slip  in  this  state  passes  through  the  clay  or 
pug-mill — Fig.  484z — iu  order  to  bring  the  mass  to  a 

Fig.  484z. 


uniform  consistency.  The  mill  consists  of  a  circular 
iron  vat  or  cylinder,  a  a,  bound  together  by  iron  hoops, 
through  the  centre  of  which 
the  iron  shaft,  b,  revolves, 
carrying  with  it  several  hori- 
zontal arms,  c,  armed  with 
the  sharp  blades,  d;  these 
are  fixed  in  a  horizontal  posi- 
tion, and  inclined  at  a  cer- 
tain angle ;  by  this  arrange- 
ment the  clay  in  its  passage 
through  the  mill  is  cut  up  an  d 
forced  out  at  the  aperture,  s, 
the  mass  constantly  sinking 
as  it  is  supplied  with  fresh 
clay  from  above,  and  separ- 
ated as  it  issues  from  the  ma- 
chine, by  means  of  a  fine 

wire,  into  blocks,  which  are  carried  away  to  the  store 
house  for  the  process  of  ageing — see  Porcelain.  Beforo 
the  mass  is  placed  in  the  thrower's  hands  it  under- 


goes a  further  state  of  preparation,  termed  slapping 
or  wedging,  by  being  forcibly  thrown  upon  a  strong 
slab  of  plaster  of  Paris.  The  workman  then  divides 
the  mass,  and  the  piece  cut  off  is  again  brought  down 
with  considerable  force  upon  the  other  portion,  a  con- 
tinual dividing  and  slapping  of  the  mass  being  continued 
until  the  whole  is  of  a  perfectly  homogeneous  texture  ; 
at  the  same  time  care  is  taken  not  to  cross  the  mass, 
but  to  slap  the  pieces  together  in  the  relative  position 
from  which  they  were  cut,  as,  if  this  precaution  were 
not  observed,  the  ware  would  afterwards  contract 
unequally  in  the  firing.  From  twenty  to  twenty-five 
blows  are  given  to  the  mass  before  it  is  sufficiently 
homogeneous  for  manufacture. 

Throwing. — From  the  much  greater  plasticity  of  the 
mass  used  for  earthenware,  the  operation  of  throwing 
upon  the  wheel  is  one  of  greater  rapidity  than  is  the 
case  with  the  manufacture  of  either  porcelain  or  stone- 
ware, an  experienced  thrower,  assisted  by  two  boys,  often 
producing  as  many  as  from  twelve  hundred  to  fifteen 
hundred  eight-inch  basins  in  a  working  day  of  ten  hours ; 
while  between  two  thousand  and  three  thousand  of  the 
small  round  ink  bottles  may  be  produced  in  the  same 
time  by  a  lad  and  his  assistant.  This  extreme  facility 
in  the  manipulation  is  certainly  one  of  the  principal 
reasons  for  the  low  price  of  the  ware.  The  pot- 
ter's lathe,  in  its  general  form,  where  machinery  is 
not  employed,  is  shown  at  Fig.  484aa,  and  consists  of 
a  fixed  table,  a,  carrying  an  upright  shaft,  b,  to  which 
the  throwing  disc  or  head,  d,  is  fixed  for  receiving  the 

Fig.  4S4iA. 


mass  of  clay,  e  is  a  pulley  fixed  on  to  the  shaft  with 
grooves  of  different  diameters,  and  receives  motion 
from  the  driving  wheel,/,  by  a  cord  passing  under  the 
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guide  pulley  upon  the  frame,  g.  The  workman,  seated 
upon  the  bench,  h,  regulates  the  velocity  of  his  disc 
in  the  shaping  of  the  mass  by  corresponding  signals 
to  the  assistant  who  turns  the  wheel,  f. 

In  the  manufactories  of  Wedgwood  and  Copeland, 
the  lathes  are  driven  by  engine  power,  the  arrangement 


for  regulating  the  speed,  et  cetera,  being  shown  at  Fig. 
484bb.  a  and  b  are  two  conical  drums,  connected 
together  by  the  belt,  c,  and  to  which  motion  is  com- 
municated by  the  driving  wheel,  d.  The  thrower  sits 
at  his  table,  and  the  axle,  e,  carries  the  disc,  on  which 
are  placed  two  pullies,  m,  n,  one  fixed,  the  other  loose, 


Fig.  4S4BB. 


in  connection  with  the  drum,  b,  by  means  of  the  strap, 
/.  The  revolution  of  the  lathe  is  thrown  off  and  on  by 
the  treadle,  h,  under  command  of  the  operator's  foot. 
The  speed  of  the  lathe  is  regulated  by  the  assistant, 
who  elevates  or  depresses  the  belt,  c,  upon  the  drum, 
6,  by  means  of  the  winch  and  carrier,  s,  through  which 
the  strap  works. 

The  bailer,  who  prepares  the  mass  for  the  thrower, 
is  shown  at  D.  Each  piece  is  weighed  when  the  vessels 
require  to  be  of  a  uniform  size,  a  stroke  or  two  of  the 
hand  being  given  before  it  is  pressed  into  the  balls,  r, 
ready  for  use  by  the  thrower,  who,  after  the  formation 
of  the  vessel,  dexterously  separates  it  at  the  base  from 
the  disc  by  a  fine  brass  wire,  and  places  it  on  a  board, 
where  it  remains  until  the  mass  becomes  sufficiently 
firm  to  bear  without  injury  the  subsequent  processes 
of  turning,  handling,  et  cetera. 

Turning. — This  manipulation  requires  considerable 
dexterity  on  the  part  of  the  workman,  to  avoid  destroy- 
ing or  fracturing  the  piece  whilst  turning  it  to  the 
requisite  size,  thickness,  and  shape,  and  presents  also 
numerous  opportunities  for  the  exercise  of  skill,  taste, 
and  genius  in  giving  to  the  several  parts  the  promi- 
nence required,  and  to  the  whole  the  degree  of  elegance 
suggested  by  the  pattern. 

The  common  horizontal  lathe  resembles  that  in  use 
for  wood  turning,  and  is  generally  set  in  motion  by 


male  or  female  assistants,  who  by  practice  become 
remarkably  apt  in  adapting  the  velocity  of  the  motion 
to  the  requisitions  of  the  turner,  and  at  the  same 
time  perform  all  the  necessary  attendant  operations, 
such  as  stamping  the  goods,  and  bringing  them  to  or 
from  the  lathe.  The  vessels  are  fixed  upon  the  head- 
stock  of  the  lathe  by  insertion  upon  a  chuck  of  a 
tapering  form,  which  easily  adapts  itself  to  the  inner'sur- 
face  of  the  vessel.  The  engine-lathe,  turned  by  steam 
power — Fig.  484cc — has  the  speed  regulated  by  the 
gauge,  b,  shifting  the  position  of  the  band  upon  the 
driving  drum,  a.  The  motion  of  the  lathe  is  revers- 
able  by  the  lever,  c,  changing  the  position  of  the  driv- 
ing belt  from  the  direct  motion  pulley,  d,  to  that  of  the 
reversed  one,  e.  This  retrograde  motion  is  required 
for  the  final  operation  of  smoothing,  solidifying,  and 
polishing  the  vessel  after  turning. 

The  turner's  tools  are  of  iron,  thin,  and  well  forged, 
about  eight  inches  in  length,  and  varying  in  breadth 
from  a  quarter  of  an  inch  to  two  inches,  the  cutting 
end  being  turned  up  at  a  right  angle  about  half  an 
inch,  and  made  sharp  and  level  upon  the  grindstone. 
All  wares  that  are  not  circular  in  section,  and  such  as 
are  ornamented  with  bas  reliefs,  are  made  in  plaster 
moulds,  into  which  the  mass  is  pressed  with  a  sponge, 
et  cetera.  Thin  vessels  are  made  at  the  wheel,  with 
the  assistance  of  plaster  moulds  and  tools,  as  already 
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described.  When  simple  forms  are  required  in  great 
quantities,  the  hand  of  the  moulder  has  lately  been 
replaced  by  machinery,  more  particularly  in  some  of 
the  Northern  potteries  about  Glasgow,  Newcastle-upon- 


Fig.  4Slco. 
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Tyne,  and  Yorkshire..  Fig.  484dd  represents  a  form  of 
the  apparatus  in  which  the  cups  are  formed  by  means 
of  the  plaster  mould,  b,  giving  the  exterior  form,  while 


Fig.  184dd.. 


the  tool,  «,  gives  the  interior  shape.  The  plaster 
mould  is  fixed  in  its  proper  position  upon  the  head  of 
the  disc  by  the  iron  ring,  a  a,  in  such  a  manner  that 
its  centre  corresponds  exactly  with  the  point  of  the 
tool.  The  mould  is  brought  into  revolution  by  means 
of  a  treadle,  while  the  tool,  e,  counterpoised  by  the 


weight,  d,  is  lowered  to  the'  proper  distance  through 
the  guides,  i  i,  by  means  of  a  second  treadle.  When 
a  ball  of  clay  is  placed  in  the  mould,  and  the  treadles 
moved,  the  tool,  e,  descends  into  the  revolving  masB  o£ 
clay  and  bores  a  hole,  forming  a  cup,  the  thickness  of 
the  sides  of  which  will  correspond  to  the  distance  at 
which  the  tool,  at  its  lowest  point,  is  separated  from 
the  sides  of  the  mould.  When  the  forming  is  finished, 
for  which  a  few  seconds  suffice,  the  treadles  are  set  at 
liberty,  and  the  mould  brought  to  a  state  of  rest ;  the 
tool  being  raised  up  above  the  mould  by  the  weight  of 
the  counterpoise,  d.  The  mould,  with  the  finished 
piece,  is  then  exchanged  for  another,  and  the  operation 
repeated.  A  machine  of  this  kind  can  be  worked  by 
female  labor  at  a  less  cost  than  that  of  experienced 
moulders. 

Handling,  ei  cetera.  —  These  manipulations  are 
performed,  for  the  better  class  of  wares,  by  moulding 
in  the  same  manner  as  that  described  under  Porcelain, 
while  for  handles  of  a  less  ornamental  nature,  recourse 
is  had  to  a  small  machine,  called  the  squeezing  box. 
This  consists  of  an  iron  cylinder,  a — Fig.  484^E — about 
six  inches  in  diameter,  and  twelve  incht^..  deep,  the 


bottom  of  which  has  a  hole,  into  which  a  piece  .oflead, 
b,  is  inserted,  pierced  of  the  size  and  section  of  the 
intended  handle.  The  upper  edge  of  the  cylinder 
carries  a  strong  iron  frame,  c,  into  which  works  a 
screw  plunger,  d;  this,  upon  depression,  forces  the 
clay  through  the  aperture  in  stripes  of  the  proper  form, 
and  which  afterwards,  when  cut  into  lengths  and  bent 
as  required,  are  left  to  acquire  their  proper  consistency 
before  application  to  the  wares.  In  this  operation  the 
handler  cuts  away  from  the  edges  or  ends  all,  super- 
fluous clay,  and,  after  moistening  with  slip  the  parts 
of  contact,  presses  them  gently  against  the  body  of  the 
ware  ;  they  are  afterwards  trimmed  with  the  knife  to 
remove  all  superfluous  matter.  The  vessel  is  then 
rubbed  over  with  a  moist  sponge  to  remove  all  dust, 
previous  to  drying  and  placing  in  the  seggars  for  the 
process. 


830 


POTTERY  Eartbenwake— Pressing  and  Firing. 


Pressing,  or  hollow-ware  squeezing,  is  a  more 
laborious  manipulation  connected  with  this  branch  of 
manufacture. 

The  clay  having  been  prepared  by  beating  with  the 
bat  upon  the  gypsum  slab  to  the  proper  thickness  and 
dimension,  is  placed  upon  one  of  the  sections 
of  the  mould,  and  with  a  moist  sponge  well 
worked  into  every  part.  All  the  sections  being 
thus  lined  with  clay,  the  edges  are  trimmed, 
and  the  parts  of  the  mould  carefully  placed 
together,  and  secured  in  their  position  by  a 
strap  passed  round  them.  The  presser  then 
passes  his  finger  up  every  joint,  so  as  to  make 
a  groove,  into  which  a  thin  roll  of  clay  is  in- 
serted, and  worked  into  the  mass  by  the  finger, 
aud  smoothed  with  moist  leather.  All  marks 
are  removed  with  a  sponge  moistened  with  slip, 
and  the  inside  is  afterwards  washed  with  clean 
water  and  a  sponge.  The  mould  and  its  con- 
tents are  then  set  aside  until  firm  enough  to 
receive  polish  with  a  flexible  horn  plate.  The 
article  is  afterwards  removed  from  the  mould, 
trimmed  and  polished  with  proper  tools,  to 
remove  all  appearance  of  seams,  and  the  handle, 
.  spout,  or  other  ornamentation,  added  in  the 
usual  way  before  baking.  One  mode  of  decor- 
ation which  may  be  here  described  consists  in 
the  formation  upon  the  ware,  while  in  the  lathe, 
of  rings  and  devices  in  various  colors.  This 
decoration  is  produced  in  different  ways. 
When  an  inlaid  pattern  in  various  hues,  the 
workman,  while  the  ware  is  in  the  plastic 
state,  and  revolving  upon  the  headstock  of 
the  lathe,  impresses  the  pattern  upon  the  surface  by 
a  roulette,  and  afterwards  blows  through  a  fine  tube, 
out  of  a  bottle,  thick  colored  slips  into  the  several 
sunk  parts,  the  bottles  containing  the  slip  being  fur- 
nished with  a  mouth-piece  and  tube  for  that  purpose. 
The  surplus  colored  clays  being  afterwards  turned  off 
in  the  manner  described  under  Fine  Stoneware,  the 
various  inlaid  rings  of  color  are  produced.  When  a 
marbled  appearance  is  required,  the  tinted .  mixtures 
are  placed  in  separate  compartments  of  one  vessel 
furnished  with  a  spout  in  connection  with  the  several 
chambers.  On  their  exit  from  the  vessel,  all  the  colors 
flow  out  in  a  single  stream,  but  unmixed  with  each 
other.  This  stream  flowing  upon  the  ware  causes  a 
waved  or  variegated  appearance  according  to  the  regu- 
larity of  the  motion  given  to  the  piece,  and  articles  so 
decorated,  are  commonly  termed  depped  and  mocha 
ware.  All  these  colored  clays  require  to  be  in  the  slip 
state,  and  not  of  an  oily  nature.  The  wares  are  after- 
wards fired  and  glazed  as  usual,  according  as  the  nature 
of  the  operation  has  been  performed  while  in  the  plastic 
»r  biscuit  state.  A  pleasing  arborescent  effect  is  some- 
times given  to  these  wares  by  a  mixture  of  tobacco 
water,  with  manganese,  nickel,  oxide  of  iron,  and  a 
small  quantity  of  cobalt,  dropped  on  to  the  soft  colored 
slip  surface  of  the  ornamentation. 

Firing. — The  temperature  at  which  fine  earthenware 
is  baked  being  much  higher  than  that  required  for  the 
glaze,  renders  it  necessary  that  vessels  composed  of 
this  substance  should  be  fired  twice.  At  the  first  firing 


the  ware  is  completely  baked,  or  converted  into  biscuit, 
the  glaze  only  being  burnt  on  in  the  second  firing. 
Two  separate  furnaces  are  employed  for  these  distinct 
operations.  The  kiln  used  for  baking — Fig.  484ff — 
has  only  one  chamber,  A,  and  is  surrounded  by  a 


mm 


conical  brick  building,  a  a,  termed  a  hovel,  that  serves 
at  once  the  purpose  of  roof  and  chimney.  The  con- 
struction is  nearly  the  same  as  that  of  an  upright 
reverberatory  furnace,  differing  from  the  porcelain 
kiln  by  a  better  arrangement  for  the  distribution  of  the 
flame,  and  the  use  of  coal  for  firing  in  place  of  wood. 
The  draught  is  regulated  by  the  aperture,  6,  and  passes 
into  the  furnace  in  a  downward  course,  carrying  with 
it  the  flames  in  a  horizontal  direction  ;  c  is  the  opening 
for  removing  the  cinders,  and  d  that  by  which  fuel  is 
introduced  into  the  furnace.  The  flame,  before  entering 
the  chamber  of  the  furnace,  is  divided;  part  of  it 
retaining  its  original  direction,  passes  through  channels 
below  the  sole  of  the  furnace,  along  the  horizontal 
flues,  e,  and  enters  at  the  central  point,/,  the  remainder 
circulating  upwards  through  the  small  chimneys  or 
bags,  g,  situated  against  the  wall,  m,  of  the  kiln,  A. 
Each  fire,  of  which  there  are  six  or  eight,  has  a  corre- 
sponding chimney,  g'  g',  and  horizontal  flues  converg- 
ing towards/,  and  becoming  narrower  as  they  approach 
the  centre.  The  flame  finally  escapes  through  the 
openings,  hhh,  in  the  dome  of  the  chamber,  A,  and 
out  of  the  top  of  the  hovel,  B.  The  small  openings, 
n  n,  are  for  the  removal  of  the  watches  from  the  seg- 
gars  placed  opposite,  and  by  which  the  potter  ascer- 
tains the  state  of  the  kiln.  The  height  of  the  chamber, 
a,  averages  about  eighteen  feet,  the  diameter  about 
sixteen  feet. 

It  being  generally  the  custom,  in  the  manufacture 
of  fine  earthenware,  to  prepare  several  kinds  of  goods 
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at  the  same  time,  care  is  taken  in  the  firing  to  place 
those  wares,  such  as  ironstone  china,  et  cetera,  that 
require  the  greatest  amount  of  heat,  in  the  hottest  por- 
tion of  the  kiln.  As  has  already  been  stated,  no  kind 
of  earthenware  can  withstand  the  direct  action  of  the 
flame,  especially  that  from  a  coal  fire ;  the  wares  are, 
therefore,  always  inclosed  in  seggars,  while  the  com- 
paratively low  temperature  at  which  the  wares  are 
baked  admits  of  a  great  economy  of  space,  the  indivi- 
dual pieces  being  packed  closely.    The  seggars  are 


arranged  in  the  kiln  in  columns  or  bungs  after  the 
manner  described  under  Porcelain.  The  temperature 
of  the  biscuit  kiln  ranges  from  90°  to  100°  Wedgwood. 
The  following  tabular  statements  will  show  the  approxi-- 
mate  number  of  bungs  and  seggars  contained  in  the 
biscuit  kilns  at  each  firing.  It  must,  however,  be 
observed,  that  the  bracket  mentioned  in  the  table  is 
not  general  throughout  the  Staffordshire  Potteries,  but 
has  been  successfully  used  for  many  years  by  Messrs. 
Copeland  in  their  kilns  : — 


No.  1. — Lakge  Oven — Dimensions,  18  feet  diameter  ;  17  feet  6  inches  high. 

Bracket  containing  39  bungs  of  ovals,   13  high,  or  507  seggars. 

Arches,                              «  8  "  16  in.  ovals        22    "     or  176  " 

C      **  15  "  ovals  ") 

First  ring,  -I       "  8  "  Hin.    "     }■   26    "    or  624  " 

(       "  1  "  16  in.    "  j 

!"  3  »  20  in.  23    high  "I 

"  5  "  18  in.  23      "  | 

"  1  "  16  in.  24      "     y  or  312  " 

"  1  "  14  in.  26  " 

"  3  "  ovals  26      "  J 

(       "  5  "  ovals  30       "  ) 

Third  ring,  4        "  1  »  18  in.  28       "     J-  or  326  " 

(       "  4  "  plates  37       "  ) 

(       "  3  "  ovals  31      "  ) 

Middle  ring,  -i       "  1  "  14  in.  30      "     )~         or  237  " 

(.       "  3  "  plates  38       "  J 

Number  of  bungs,   101  Number  of  seggars,   2182 


No.  2.- 

Bracket,  contai 

Arches,  . . , 

First  ring,. 


Second  ring, 


Third  ring  and  middle, 


Number  of  bungs,  79 


.  24 

2!) 


Small  Oven— Dimensions,  15  feet  diameter  ;  14  feet  6  inches  high. 

ining  40  bungs  of  ovals,   13  high  or  520  seggars. 

8  11  16  in.  ovals,. 

20  "  ovals ' 

5  "  14  in.  ovals 

2  "  20  in.  ovals  22  high 

5  "  18  in.  ovals  23  " 

1  »  16  in.  ovals  23  " 

2  "  ovals  26  " 
1  "  16  in.  ovals  26 

1  tl  plates  34 
4  "  ovals  27 

2  el  14  in.  ovals  26 


or  192 
or  725 


or  234 


or  220 


Number  of  seggars,  1444 


No.  3. — Large  Oven — Dimensions,  18  feet  diameter ;  17  feet  6  inches  high. 


Bracket,  contai 

Arches,  

First  ring,  ^ 


Second  ring, 
Third  ring, . . 
Middle  ring, . 


29 


ning  40  bungs  of  ovals,   13  high  or  520  seggars. 

'<  16  in.  ovals         24  " 

1  ovals  1 

1  14  in.  ovals  j 

1  18  in.  ovals  29  high  ") 

'  20  in.  ovals  29    "  5- 

'  ovals  32    "  J 

1  ovals  33    "  1 

1  plates  41    "  ) 

'  ovals  34   "  \ 

'  plates  42    "  j 


20 
5 


or  192 
or  725 


or  386 


or  379 


or  212 


Number  of  bungs,  103 


Number  of  seggars  2414 


The  mode  of  constructing  the  seggars  for  firing  the 
fine  earthenware  is  shown  at  Fig.  484GG.  The  marl, 
after  beating  out  by  the  bat,  a,  upon  the  iron  or  stone 
slab,  b,  is  cut  to  the  required  height  of  the  seggar,  and 
wrapped  round  the  wooden  drum  or  shape,  c;  the 
necessary  thickness  of  clay  to  form  the  bottom  of  the 
seggar  having  previously  been  placed  on  the  wooden 
shoard,  upon  the  whirler,  d,  the  workman  now  unites 


the  edges  of  the  sides  together  by  moisture  and  subse- 
quent kneading  of  the  fingers ;  the  bottom  mass  is  also 
trimmed  round,  and  luted  up  into  the  side  in  the  same 
manner,  the  operation  being  assisted  by  the  rotatory 
motion  imparted  by  the  left  hand  to  the  whirler,  d. 
The  seggar,  after  the  withdrawal  of  the  drum,  is  shown 
at  e,  and  the  drum  at/.  The  composition  forming  the 
mass  of  the  seggars  is  as  follows :— 
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Various  grey  and  black  maris  from  the  coal-beds 
mixed  together  with  the  addition  of  from  twenty  to 
twenty-five  per  cent,  of  coarsely-crushed  old  biscuit 


seggars,  these  proportions  depending  upon  the  plasticity 
or  porousness  of  the  marls  used. 
In  firing  earthenware,  that  quality  of  coal  is  selected 


Pig.  484HH. 


which  produces  a  long  flame,  and  is  not  of  a  caking 
character.  The  heat  is  moderated  at  first  until  the 
furnace  and  its  contents  have  gradually  been  raised  to 
a  red  heat;  the  temperature ' is  then  increased,  the 
draught  entering  from  below,  and  regulated  by  the 
opening  or  closing  of  the  lid.  The  state  of  the  biscuit 
is  ascertained  by  the  introduction  of  hollow  balls  of 
red  clay,  bored  through  on  two  sides,  to  enable  their 
removal  from  the  kiln — the  degree  of  color  produced 
affording  a  clue  to  the  state  of  the  furnace.  These 
balls  or  watches  become  first  pale-red,  and  after  passing 
through  several  tints  become  red-brown ;  at  which  stage 
those  varieties  of  earthenware  equal  in  quality,  or 
nearly  allied  to  iron-stone  ware,  are  sufficiently  fired. 
The  softer  varieties  are  fired  when  the  tests  appear 
slightly  tinged  with  dark-red.  The  firing  in  the  bis- 
cuit kiln  occupies  about  forty  to  forty-eight  hours, 
the  average  amount  of  coal  consumed  varying  from 
fourteen  to  eighteen  tons,  according  to  the  size  of  the 
kiln. 

The  kilns  employed  for  the  after-operation  of  glazing 
are  of  the  same  construction,  but  somewhat  smaller 
than  the  biscuit  kiln ;  the  temperature  of  the  furnace 
for  burning  the  glaze  being  ascertained  by  the  intro- 
duction of  balls  of  clay,  previously  coated  with  glaze, 
into  the  chamber,  and  which  assume  progressively 
the  same  changes  of  color  with  the  heat  of  the  fur- 
nace. Frequently  the  trials  from  the  most  successful 
bakings  are  preserved  in  order  to  use  them  for  the 
purposes  of  comparison  in  future  operations  of  the 
same  kind. 

Flat  pieces,  such  as  plates,  et  cetera,  are  sepa- 
rated from  each  other  in  the  seggars  by  small  pointed 
supports  or  rests,  made  of  hard  baked  clay  or  earthen- 
ware, called  cochspurs,  stilts,  triangles,  et  cetera,  as 
shown  in  Fig.  484n ;  those  as  a  a,  bb  being  fixed  into 
separate  holes  made  in  the  side  of  the  seggars,  the 
plate  resting  upon  the  edges  of  the  prominent  por- 
tion, rim  downwards,  or,  as  is  the  case  with  hollow 


wares,  separated  one  from  the  other  by  the  triangle 
c  or  d. 

The  extent  and  importance  to  which  the  earthen- 
ware and  pottery  manufactures  of  England  have  risen, 

Fig.  484n. 


can  only  be  estimated  by  taking  the  approximate  returns 
of  material  used  and  goods  manufactured  over  a  given 
time,  in  one  of  the  principal  localities — such  as  the 
Staffordshire  potteries — -and  which  may  be  taken  as 
follows : — 

The  total  quantity  of  potters'  material — such  as 
Cornish  stone,  flint,  kaolin,  china  clay,  pool  clay,  felspar, 
et  cetera — used  in  the  various  departments  of  manufac- 
ture in  the  Staffordshire  potteries,  during  the  year  1859, 
is  estimated  at  not  less  than  two  hundred  and  twenty 
thousand  tons ;  the  manufactured  ware  sent  out  of  the 
district  during  the  same  period,  reaching  over  one  hun- 
dred and  ten  thousand  tons,  which,  taken  at  an  average 
value  of  twenty- five  pounds  per  ton,  will  give  the  enor- 
mous sum  of  two  millions  five  hundred  thousand  pounds 
sterling. 
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Glaze. — In  the  composition  of  the  glaze  the  following 
substances  are  used  in  greater  or  less  proportions : — 
Felspar  or  Cornish-stone,  flint,  sand,  borax,  soda,  tincal, 
boracic  acid,  crystal  glass,  minium,  litharge,  white  lead, 
borate  of  lime,  china  clay,  carbonate  of  lime,  smalt; 
the  proportions  of  which  differ  considerably,  partly  on 
account  of  the  variable  nature  of  the  body,  and  partly 
according  to  the  requirements  of  the  ware,  whether 
white,  printed,  or  painted.  The  glaze  is,  however, 
always  white,  and  contains  lead,  alumina,  and  soda. 
Minium  and  the  preparations  of  lead  exert  a  softening 
action,  while  the  oxide  of  cobalt,  used  in  very  small 
proportions,  rarely  exceeding  one-thousandth  part,  is  for 
the  purpose  of  imparting  a  delicate  blue  tinge  to  the 
glaze,  and  counteracting  the  yellow  color  of  the  body  of 
the  ware.  The  essentials  of  a  good  glaze  are  trans- 
parency, absence  of  color,  sufficient  hardness  to  resist 
abrasion,  and  the  property  of  expanding  by  heat  in 
nearly  the  same  ratio  as  that  of  the  body  of  the  ware. 
The  various  ingredients  are  mostly  fused  together  or 
fritted,  and  afterwards  ground,  sieved,  and  purified,  as 
described,  to  free  the  slip  from  iron  to  form  the  glaze. 
When  melted  with  borax  or  boracic  acid  and  soda,  it 
is  a  perfectly  transparent  green  color ;  with  tincal  it  is 
impure  in  color,  and  of  a  dirty-brown.  The  prepara- 
tions of  lead  do  not  always  enter  into  the  composition 
of  the  frit,  but  are  added  to  the  glaze  in  the  grinding 
process,  with  the  stain  also  finely  ground.  These 
materials  being  formed  into  a  thin  water  fluid,  the 
process  of  glazing  is  the  same  as  that  described  under 
Porcelain.  Subjoined  are  several  mixtures  for  glazes : — 

RAW  GLAZES. 

Common  Cream  Color  Glaze. 

Cornish  stone   150 

Flint   35 

Borax   4 

White  lead   300 

Rockingham  Glaze. 
No.  i. 

Bed  lead   42 

Cornish  stone   6 

Flint   « 

China  clay   4£ 

Manganese   6 

Ground  finely  for  use. 

No.  2. 

White  lead   60 

Cornish  stone   6 

Flint  '. .  18 

Eed  marl   6 

Manganese   10 

Ground  finely  for  use. 

No.  3. 

Bed  lead   100 

Cane  marl   2 

Cornish  stone   15 

Flint   20 

Manganese   15 

Ground  finely  for  use. 

Yellow  or  Saffron  Glaze. 

Underglaze  yellow  color   10  lhs. 

White  lead   20  lbs. 

Very  finely  ground. 
Add  to  which  20  quarts  of  cream  color  glaze— 4|  lbs.  per 
quart — well  sifted  together. 

VOL.  II. 


Chrome  Green  Glaze. 

Chrome  oxide — green   2  lbs. 

Flint  glaze   4  lbs. 

Ground  for  stain. 
Add  to  which  48  quarts  of  printed  glaze — 28  oz.  per  pint — 
and  well  sift  together. 

Dessert  Green  Glaze, 
No.  1. 

White  lead   3  lbs. 

Calcined  copper  -..    3  lbs. 

Flint  glass   1J  lbs. 

Flint   2  lbs. 

Finely  ground  together.    And  mix — 

Of  the  above  .'   4  quarts. 

Printed  glaze   12  quarts. 

Cream  color,  ditto   9  quarts. 

Earthenware  slip   3  pints. 

Well  lawned  together. 

No.  2. 

Calcined  copper   10  lbs. 

Cobalt  calx   lib. 

Ground  for  color. 

AVhite  lead   23  lbs. 

Flint   15  lbs. 

Blue  clay   3  lbs. 

Ground  finely. 
And  to  the  above  compounds  add — 

Printed  glaze   36  quarts. 

Cream  color  glaze   36  quarts. 

No.  3. 

Calcined  copper   3  quarts. 

Ground  finely ;  29  ounces  per  pint. 
Cream  color  glaze   20  quarts. 

39  ounces  per  pint. 
Printed  glaze   10  quarts. 

29  ounces  per  pint. 

Black  Glaze. 
No.  1. 

White  lead   50 

Cornish  stone   20 

Fliut   10 

China  clay     7 

  10 

Ground  for  dipping. 
Body  as  for  lustre  body. 
No.  2. 

Eed  lead   25 

Cornish  stone   10 

Flint   5 

Bed  marl — sifted   5 

Manganese   2 

Ground  as  before. 

No.  3. 

Cream  color  glaze   20  quarts. 

2J  pounds  per  pint. 

Cobalt  blue   6  lbs. 

Dark  red  or  lustre  body  to  be  used  with  this  glaze. 

Royal  Blue  Glaze. 
The  same  glaze,  used  upon  white  body,  produces  a  fine  royal 
blue  glaze.  ,  .....  . 

For  lighter  tints,  according  to  the  quantities  of  stain  employed. 

FRITTED  GLAZES. 

Cream  Color  Glaze. 

I.             II.  m.  lv. 

Cornish  stone....  180  ....  200  ....  —  ....  50 

Flint                      60  ....    50  ....  50  ....  80 

Flint  glass              50  ... .    75  ... .  50  ... .  — 

White  lead           600  ....  350  ....  200  ....  260 

Frit                     —  ....  —  ....  100  ....  — 

China  clay   —    —  ....  —    45 

Whiting   —    —    —    45 

Frit  composed  of  Cornish  stone  ....  20  \  Calcined  in 

Frit  composed  of  soda   1J )  gloss  oven. 

1  5  M* 
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PAINTED  WARE  GLAZES — FRITTED. 


Cornish  stone  . 

Felspar  

Flint  

Lynn  sand  . . . 


Chalk  . 
Tincal . 
Borax  . 


AVhite  lead . 
Ked  lead. . . 
Soda  


100  .. 

..  180  .. 

..  To 

CO 

100 

. '.  70 

25  .'. 

25 

120 

70  .'. 

75 

10  .. 

10  .. 

60  .. 

IV. 

90 


65 
25 


25 


40 
40 

30 

15 

60 


Fritted  in  kiln,  and  mixed  as  follows : 


Cornish  stone   60 

White  lead   60 

Whiting   — 

Flint   — 

Frit   500 


ii.  in. 
—  ....  100 
100  ....  100 


300  .. 


VI. 

VII. 

vni. 

IX. 

50  .. 

..  120  .. 

..  100  .. 

..  120 

35 

70 

20 

80 

40 

30 

30 

.'.  80 

100  ..' 

75 

60 

120 

30  .. 

..    10  .. 

..  —  .. 

..  30 

i  30 

V.  10 

15 

20 

VI. 

VII. 

VIII. 

IX. 

35  .. 

..    75  .. 

45  .. 

..    60  .. 

. .  120 

35 

..  70 

210  .. 

500 

300 

..  300 

Others  as  follows :- 


I. 

ii. 

..  100 

  50  .. 

..  35 

..  100 

Soda  

 :.    25  .. 

:            25 .. 

..  15 

White  lead  

  25  .. 

..  30 

Fritted  in  kiln,  a 

ad  mixed  as  follows 

I. 

II. 

..  35 

..  60 

Flint  

  50  .. 

..  30 

..  250 

Another  glaze  as  follows  :- 

Felspar   30 

Flint   20 

Whiting  20 


Boracic  acid   35 

Soda   35 

China  clay   15 


Fritted  in  kiln,  and  mixed  as  follows  : — 


White  lead  120 

Whiting   40 

Flint   60 


Felspar  150 

Frit..   60 


To  every  charge  of  600  pounds  weight  of  the  above  glazes, 
about  three  ounces  of  cobalt  blue  are  mixed  to  stain,  but  varied 
according  to  the  color  of  the  body. 

Drab,  turquoise,  buff,  and  other  fancy  bodies,  are  dipped  into 
glazes  such  as  are  here  given  ;  or  sometimes  into  mixed  glazes, 
varying  between  the  common  and  the  best. 

The  furnace  for  preparing  the  frit  is  shown  at  A — 
Fig.  484ll.    a  is  the  fireplace,  the  flames  passing  over 

Fig.  484n 


the  bridge,  b,  into  the  body  of  the  furnace,  A,  where 
they  are  reverberated  upon  the  surface  of  the  fritted 
2 


iv.  v. 

..  150  ....  160  ... 

. .  200  ....  160  ... 

..    80  ....  —  ... 

..    80   —  ... 

..  180   300  ... 

mass,  //,  and  finally  escape  over  the  bridge,  c,  into 
the  chimney,  d.  The  frit  is  withdrawn  from  the  kiln 
in  its  molten  condition  by  the  opening,  e,  and  thrown 
or  run  into  cold  water.  This  aperture  likewise  serves 
for  the  recharging  of  the  oven,  and  is  closed  during 
firing. 

When  the  dipped  biscuit  has  become  sufficiently 
dry,  the  glaze  is  burnt  in,  being  placed  in  seggars 
similar  to  the  biscuit  seggars,  and  glazed  on  the  inner 
surface,  to  prevent  absorption  during  firing  of  a  por- 
tion of  the  basic  ingredients  of  the  glaze,  particularly 
oxide  of  lead,  by  which  the  glaze  upon  the  ware  would 
be  rendered  rough  and  deficient  in  lustre.  The  pieces 
are  separated  from  each  other  by  contrivances  similar 
to  those  already  described  under  Firing.  The  marks 
caused  by  the  points  of  contact  are  easily  discernible 
in  the  earthenware  of  commerce.  These  little  in- 
equalities are  afterwards  removed  by  females  from 
the  ware  by  sharp  steel  dressing-tools.  The  junction 
of  every  two  seggars  in  the  bung  is  luted  with  clay  to 
make  a  perfectly  secure  mass. 

Firing. — The  time  occupied  by  the  firing  of  the 
gloss  or  glaze  kiln  is  about  sixteen  hours,  and  con- 
sumes from  five  to  seven  tons  of  coal,  according  to 
the  size  of  the  kiln,  the  temperature  of  which  is 
ascertained  by  the  progressive  changes  in  color  assumed 
by  balls  of  red  clay  coated  with  glaze,  and  introduced 
for  that  purpose ;  but  it  is  usual  to  pre- 
serve these  trial  balls  from  the  most  suc- 
cessful firings  for  comparison  in  future 
operations  of  the  same  kind. 

Printing. — Although,  from  the  nature 
of  the  body,  it  would  be  inappropriate  to 
devote  the  same  expense  to  the  decoration 
of  earthenware  as  to  that  of  porcelain, 
the  former  very  generally  receives  orna- 
mentation either  with  the  brush  or  by 
printing,  and  is  likewise  to  a  great  extent 
decorated  with  metallic  lustres.  The 
process  of  printing  consists  of  two  parts 
— first,  the  production  of  an  impression 
upon  thin  paper  in  a  suitable  ink,  and 
then  transference  of  the  ink  upon  this 
paper  to  the  surface  of  the  biscuit.  The 
vehicle  which  serves  as  the  preparation  for  embodying 
the  necessary  colors,  is  a  composition  formed  of  boiled 
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lintseed  oil,  resin,  tar,  and  oil  of  amber,  and  which 
becomes,  when  mixed  with  the  colors,  sufficiently  liquid 
for  use  by  spreading  out  upon  a  hot  iron  plate.  In  the 
selection  of  tints,  those  only  must  be  chosen  which,  in 
chemical  properties,  are  compatible  with  the  character 
of  the  glaze,  the  temperature  of  the  kiln,  et  cetera. 
Cobalt  blue,  manganese  black,  and  chromium  green, 
are  very  common  colors,  and  then  various  proportions 
of  these,  generally  incorporated  with  the  ink  for  the 
following  colors,  are  here  given: — 

UNDEROLAZE,  PRINTING,  AND  PAINTING  COLORS  FOR 
EARTHENWARE. 


Yellow. 


Lead  and  tin  ash  . .  4  parts. 
Antimony.,   1  part, 


Mix  well  together,  and 
calcine  at  a  gentle 
heat  in  a  glazing 
oven  ;  to  undergo  a 
second  calcination 
at  a  higher  tempe- 
rature in  the  same 
oven. 


Orange, 

Antimony    3  lbs.  ~] 

Litharge   3  lbs.  ! 

Lead  and  tin  ash  . .  ^  lb. 
Ochre  calcined  ....  3  oz. 


j-  Calcination  as  above. 


ine  only  once. 


Fine  Brown. 

Chromate  of  iron   1  ~] 

Chromate  of  lead   £  Ir  i 

Calcined  sienna    2   f  ^alc 

Oxide  of  zinc    3  J 

Brown. 

Oxide  of  manganese..  4  lbs.  "J 

Green  oxide  ofchromiuml£  lbs.  vWell  calcined. 

Cornish  stone   4  lbs.  J 


Yellow  Green. 


Flint  glass   4  lbs. 

Whiting   2J  lbs. 

Greeuoxide  ofchroruiumlf  lbs. 


Calcined  at  biscuit 
oven  heat,  and 
well  pounded, 
washed  with  boil- 
ing water  until 
clear,  and  cal- 
cined a  second 
time. 


Yellow  Green. 

Green  oxide  of  chromium  3  lbs.") 

Yellow  color    3  lbs. 

China  clay,  burnt  at>   „',;'    >  Calcined  together. 

biscuit  heat  f  ?  lbs-  I 

Fine  sand   2  lbs.  J 

Bhte  Green. 

Green  oxide  of  chromium  10  ") 

Oxide  of  cobalt    2  ,  ,  L, 

Flux  composed  of  equal)  L  Calcined  together  in 

parts  of  borax  and  I  15  \       blscmt  oveu- 

flint   j  J 

Rose  Color  Pink. 

Oxide  of  tin    2£lbs."| 

Whiting   1  lb.  [Calcined  in  biscuit 

Green  oxide  of  chromium  J  oz.  f  oven. 
Cornish  stone   6  oz.  J 

Purple. 

To  15  pounds  of  rose  color  pink  add  1  pound  of  cobalt 
calx  and  1 J  pounds  of  fine  sand.  These  proportions 
may  be  varied  according  to  tint  required. 

BlacJc. 

Oxide  of  chromium. ....  6  lbs. ") 

Calcined  manganese  ore  9  lbs.  )  Calcine  in  glazing 

Cobalt  calx    7  lbs.  f  oven. 

Gold  litharge   10  lbii.  J 


Black. 

Calcined  chromate  of  iron . .  12  "|  n  ,  •  . 
Cobalt  calx    jj-Calcme  together. 

Blue  forfaiting. 
Black  prepared  oxide  of  cobalt  12  lbs. )  „  ,  . 

Flint  glass    4  lbs.  lC?Xc™  m 

Oxide  of  zinc    2  lbg  J" glazing  oven. 

The  above  for  strong  color,  to  be  reduced  for  weaker 
tints  by  a  flux  composed  of  equal  parts  of  flint  glass 
and  flint. 

Blue  for  ordinary  printing. 

Blue  cobalt  calx  ....  1  lb.")  ^  .  ,  c 
Cornish  stone   ,b.} Grind  for  use. 

Or  a  mixture  of  half  stone  and  half  flint. 
May  be  reduced  to  1  part  of  blue  and  5  parts  of 
fluxing  material.    The  fluxing  of  these  blues  arc 
much  varied  by  manufacturers. 

Of  late  a  manufacture  has  been  introduced  of  a.  flowing 
blue  and  other  colors,  giving  a  softness  to  the  coloring 
upon  fine  earthenware,  which  has  been  much  esteemed. 
This  is  produced  by  what  is  termed  a  flow,  introduced 
into  the  seggar  or  fire-case ;  a  few  of  the  flows  are  here 
given : — 

Quicklime   5  [Well  mixed  together 

Salt   2  J      «*  sprinkled  care- 

£jjt  a «!      fully  round  the  bot- 

Borax! I       tom  edSe  of  the 
•  •■  •     *  I  seggar. 

Again — 

SaH       "  "  "  21  \  ^x  and  use  as  aDove- 

Again — 

Nitre    4  "I 

j^e' \  Mix  and  use  as  above. 
Alum  liJ 

Again — 

Quick  lime  25  "1 

Chloride  of  ammonium . .  2£  )-Mix  and  use  as  above. 
Bed  lead   5  J 

These  and  various  other  mixtures  are  introduced  for 
the  like  purposes. 

But  the  most  admired  is  the  pink  color,  obtained 
from  acid  stannate  of  oxide  of  chromium,  withstannate 
of  lime,  and  very  extensively  applied  to  decoration. 
This  pigment,  originally  a  profound  secret,  has  been 
chemically  decomposed  by  Malaguti,  from  the  results 
of  which  analysis,  a  practical  mixture  has  been  pre- 
pared with  great  success,  more  especially  at  Montereau 
in  France.    Analysis  gave — 

Oxide  of  tin— Su  02   78-31 

Lime   14-91 

Silica   3-96 

Alumina   0-95 

Water   0-61 

Oxide  of  chromium   0-52 

Chromate  of  potassa   0-26 

Potassa  and  loss   0-48 

100-00 

and  from  this  has  been  deduced  the  following  mix- 
ture:— 

Oxide  of  tin  .'   100 

Chalk   34 

Oxide  of  chromium   1  to  1 J 

Chromate  of  potassa   3  to  4 

Silica   5 

Alumina   1 
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The  mixture  and  preparation  of  the  oil  for  receiving 
the  colors  is  as  follows  : — Mix  together — 


Old  linseed  oil   2  gallons 

Rape  oil   1  quart 

To  which  add — 

Red  lead   2  ounces 

Flowers  of  sulphur   1  ounce 


Place  the  mixture  into  an  iron  cauldron  suspended 
over  a  clear  fire  until  it  begins  to  boil ;  the  scum  which 
rises  is  then  ignited  and  burnt  off,  a  close-fitting  iron 
disc  covered  with  flannel  being  used  to  extinguish  the 
flames.  When  the  scum  is  consumed,  add  -gradually 
two  ounces  more  of  red  lead,  and  let  the  scum  be 
burnt  off  a  second  time  as  it  rises.  As  soon  as  the  oil 
is  sufficiently  boiled  to  become  adhesive  and  stringy 
to  the  finger,  mix  with  the  mass — 

Burgundy  pitch    2  pounds 

Spirits  of  tar   1  quart 

Gum  mastic   1  ounce 

These  ingredients,  previously  warmed  together  in  a 
pan,  are  added  very  gradually  to  prevent  ebullition, 
the  oil  being  removed  from  the  fire  for  that  purpose. 
After  the  whole  has  been  stirred  together  for  fifteen 
minutes,  it  is  strained  off  through  a  hair  sieve  and 
allowed  to  cool  for  use.  Other  oils  are  sometimes 
used,  but  all  possess  similar  powers  to  the  above. 

Printed  colors  are  seldom  transferred  upon  the  glaze, 
but  are  generally  printed  upon  the  biscuit,  in  which  case 
the  addition  of  a  flux  is  not  essential,  its  place  being 
supplied  by  the  glaze. 

The  process  of  applying  the  pattern  to  the  biscuit  is 
as  follows : — The  design  is  engraved  upon  a  copper 
plate  in  a  broad  open  style,  to  prevent  the  lines  from 
running  into  each  other,  and  forming  a  blurred  ap- 
pearance. Those  portions  intended  to  produce  a 
shaded  effect  are  cut  deeper  to  retain  more  color. 
The  ink,  which  is  first  spread  over  the  surface  by  a 
printer's  dabber  while  the  plate  is  on  the  hot  stove,  is, 
after  the  pattern  is  well  filled  in,  removed  by  passing 
a  knife  over  the  surface  and  wiping  with  the  boss  to 
clean  the  surface  from  superfluous  oil.  The  impression 
is  then  taken  from  the  plate  much  after  the  manner  of 
ordinary  copperplate  printing,  a  similar  press  being 
employed. 

The  paper  upon  which  the  impression  is  taken  is 
of  a  fine,  soft,  uniform,  and  durable  nature,  much 
about  the  consistency  of  tracing  paper,  and  previous 
to  use  is  saturated  with  soft  soap  and  well  damped. 
This  particular  paper  is  manufactured  only  in  the 
district  under  Fourdrinier's  patent.  In  this  manner 
the  various  patterns  are  printed  closely  upon  the 
paper  to  economize  space,  their  size  being  propor- 
tionate to  that  of  the  ware  intended  to  receive 
them.  After  the  patterns  are  separated  by  scissors, 
they  are  placed  with  the  printed  side  next  the  ware, 
and  rubbed  down  upon  it  with  the  end  of  a  firmly 
bound  roll  of  flannel.  This  is  done  gently  at  first, 
and  afterwards  more  forcibly,  until  the  ink  is  trans- 
ferred to  the  surface  of  the  biscuit.  The  ware  is 
then  plunged  into  water,  when  the  paper  is  easily 
removed  after  a  short  time  by  the  gentle  applica- 
tion of  a  sponge.  Accurate  impressions  by  this 
4 


process  can  only  be  obtained  when  both  the  surface 
receiving  the  transfer  and  that  of  the  paper  bearing 
the  impression  are  flat.  In  ordinary  manipulations 
the  paper  has  to  be  applied  to  a  curved  Burface  with 
a  certain  amount  of  pressure  to  avoid  the  creasing, 
and  this,  unless  carefully  performed,  is  apt  to  cause  a 
doubling  up  and  distortion  of  the  pattern. 

From  the  circumstance  that  each  differently  shaped 
piece  of  the  same  pattern,  and  each  piece  of  the  same 
shape,  but  of  different  size,  such  as  plates,  et  cetera, 
require  a  separate  engraved  copperplate,  this  becomes 
a  very  expensive  operation — the  process  of  engraving 
a  set  of  plates  ranging  from  eighty  to  one  hundred  and 
fifty  pounds  for  the  full  service,  even  of  the  most 
simple  design.  This  expense  is  again  increased  by  the 
unequal  wear  and  tear  of  the  plates,  and  consequent 
frequent  reproduction  of  the  pattern  necessary  for  a 
particular  piece,  such  as  a  plate  or  saucer,  the  numbers 
of  which  printed,  in  proportion  to  other  pieces,  such  as 
dishes,  vegetal  covers,  et  cetera,  is  very  large,  so  much 
so  that  often  a  thousand  plates  of  a  pattern  are  thrown 
off  against  one  cover  or  dish. 

A  very  important  change  in  the  manipulation  as 
regards  the  whole  process  of  preparing  the  designs, 
regulating  the  sizes,  engraving,  and  reproducing  the 
plates,  has  been  patented  by  Mr.  William  Mackenzie 
of  Glasgow;  and  the  improvements  which  he  proposes 
are  so  applicable  to  the  process  of  decorating  clay 
wares,  as  regards  not  only  the  exactitude  and  simplicity 
of  the  process,  but  also  the  economy  of  production  it 
developes,  that  ultimately  no  doubt  it  will  entirely  super- 
sede the  present  expensive  system  already  described. 
This  process  may  be  briefly  described  as  follows : — 
The  intended  design  is  first  of  all  either  engraved  upon 
copper  or  drawn  upon  stone,  of  such  a  size  as  to  fit 
one  of  the  pieces  of  the  set,  say  a  plate  of  medium 
size,  and  from  which  an  impression  in  transfer  ink  is 
taken,  and  by  a  peculiar  process  transferred  to  the 
prepared  surface  of  an  elastic  sheet.  This  sheet  is 
afterwards  placed  on  a  frame  and  extended  equally  in 
all  directions,  until  the  design  is  accurately  brought  to 
the  scale  required  for  the  plate  next  in  size ;  while  in 
this  extended  condition,  the  pattern  is  retransferred  to 
the  prepared  surface  of  a  zinc  plate  by  the  ordinary 
process  of  lithographic  printing.  The  zinc  plate,  which 
has  now  received  the  pattern  upon  the  enlarged  scale, 
accurately  corresponding  in  every  particular  with  the 
original,  line  for  line,  is  after  a  little  further  preparation 
subjected  to  the  engraving  process,  electricity  taking 
the  place  of  manual  labor,  and  in  the  course  of  six  or 
eight  minutes  the  plate  is  finished,  presenting  all  the 
gradation  of  depth  and  tone  of  the  original,  only  of  a 
different  size.  The  subsequent  operation  of  printing 
may  be  greatly  simplified,  by  a  chemical  preparation  of 
the  surface  of  the  zinc,  causing  a  reaction  to  take 
place  with  the  oily  nature  of  the  ink  which  then  only 
attacks  the  engraved  parts,  and  leaves  the  surface  of 
the  plate  perfectly  free  from  the  ink  or  grease  of  the 
filling-in  process.  The  facility  and  cheapness  with 
which  particular  designs  can  be  reproduced,  as  also 
the  extreme  accuracy  and  uniformity  of  outline  obtain- 
able in  repeated  patterns,  constitute  the  chief  recom- 
mendations of  this  patented  process. 
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After  printing,  the  biscuit  cannot  immediately  be 
glazed,  the  oily  nature  of  the  mordant  or  color-vehicle 
preventing  the  absorption  of  the  glaze  by  such  portions 
of  the  ware  as  are  covered  by  it.  It  therefore  becomes 
necessary  to  destroy  this  oily  consistency  by  heat  before 
the  glaze  is  applied — a  process  technically  termed  har- 
dening on.  The  temperature  is  raised  only  sufficiently 
to  burn  the  oil  without  producing  any  chemical  action 
on  the  color.  An  oven  sometimes  employed  for  this 
purpose  is  of  the  size  of  a  moderate  room,  quadrangular 
in  shape,  and  arched  above.  The  room,  packed  as 
closely  as  possible  with  wares,  is  luted  up,  arid  a  small 
iron  box  or  movable  wind  furnace,  called  a  davy, 
introduced  through  a  trap  in  the  floor.  At  the  four 
corners  of  the  chamber,  pipes  protrude  through  the 
roof,  and  descend  nearly  to  the  floor  of  the  room,  acting 
as  so  many  flues  to  distribute  the  heat  by  drawing  the 
flame  from  the  burning  cinders  to  the  sides  of  the  cham- 
ber. A  short  pipe  is  placed  in  the  centre  of  the  roof, 
the  outside  aperture  of  which,  furnished  with  a  valve, 
is  connected  to  those  of  the  four  others  by  levers  in 
such  a  manner  that  when  the  centre  one  is  closed  the 
others  are  opened,  and  vice  versd.  After  the  chamber 
is  fired,  this  centre  valve  is  kept  closed  by  a  rod  of 
lead,  the  four  others  being  open.  The  heat  from  the 
stove  gradually  increasing  from  below  upwards,  until 
the  temperature  of  the  chamber  is  raised  to  the  heat 
at  which  the  leaden  rod  melts,  receives  a  sudden  check 
by  the  opening  of  the  centre  valve,  and  the  draught 
being  cut  off  by  the  closing  of  the  four  side  valves,  the 
fire  is  soon  extinguished.  Other  forms  of  hardening 
on  kilns  are  used  for  the  purpose  of  destroying  the  oil; 
but  by  such  an  arrangement  as  that  just  described,  the 
most  accurate  regulation  of  heat  is  attained,  and  at 
very  small  expense,  the  stove  consuming  the  cinders 
and  waste  from  the  baking  kilns.  The  operation  of 
glazing  then  proceeds  in  the  usual  manner. 

When  the  printed  pattern  is  applied  to  the  ware 
above  the  glaze,  the  mordant  receives  a  larger  propor- 
tion of  gum  mastic ;  but  where  enameling  colors  are 
used  for  the  muffle,  a  size  is  applied  to  the  surface  of 
the  glaze,  composed  of  spirits  of  turpentine,  with  a 
small  portion  of  gum  mastic  dissolved  in  it ;  sometimes 
rosin  and  sugar  of  lead  being  added. 

Decoration. — The  ornamentation  of  fine  earthen- 
ware by  the  hand  and  brush  is  practised  only  for 
the  production  of  a  certain  class  of  designs,  such  as 
flowers,  leaves,  garlands,  dots,  et  cetera,  and  executed 
by  artistes  expressly  trained  for  that  purpose,  and  each 
excelling  in  a  particular  branch  of  ornamentation,  such 
as  flowers,  foliage,  scrolls,  and  the  like. 

In  the  preparation  of  the  several  tints  used  in  the 
higher  decorations  of  porcelain  and  fine  earthenware, 
great  care  is  required  to  regulate  the  exact  degree  of 
heat  to  which  the  biscuit  is  raised,  with  a  view  to  the 
development  of  the  required  tints  in  the  several  firings 
through  which  the  wares  pass.  The  following  is  the 
mode  of  preparation  of  the  various  colors  and  their 
compounds : — 

Preparation  op  English  and  French  Enamel 
Colors  for  Painting  Porcelain  and  Earthen- 
ware.— English. —  The  beauty  and  success  of  the 
hues  in  the  firing  depend  in  a  great  measure  upon 


the  purity  of  the  oxides  from  which  they  are  pre- 
pared. They  should,  therefore,  in  manipulation 
always  individually  represent  the  same  body  both 
in  chemical  composition  and  molecular  arrangement, 
so  as  to  be  subject  to  the  same  changes  under 
similar  circumstances.  For  example,  the  oxides  of 
iron,  chromium,  purple  of  cassius,  gold,  platinum,  et 
cetera,  although  they  may  be  perfectly  pure,  are  very 
difficult  to  work  if  their  precipitation  has  taken  place 
too  rapidly,  or  at  an  improper  temperature.  Under  the 
name  of  verifiable  colors  are  generally  classed  pig- 
ments, without  distinguishing  between  the  coloring  mat- 
ter and  its  base,  it  being  generally  supposed  that  the 
two  substances  unite  chemically  by  fusion,  and  form 
a  homogeneous  base ;  this  is  only  the  case,  however, 
in  some  instances,  as,  for  example,  with  the  oxides  of 
cobalt  and  the  oxides  of  copper;  while  in  others,  on  the 
contrary,  as  the  oxides  of  chromium,  the  oxides  of  iron, 
et  cetera,  the  base  is  only  the  vehicle  which  contains 
the  color,  and  which  serves  to  fix  it  upon  the  surface  it 
is  applied  to.  In  considering,  therefore,  the  preparation 
of  the  colors  properly  so  called,  the  oxides  will  be  given 
distinct  from  the  bases  or  fluxes  by  which  they  are 
fixed  upon  the  surface  of  the  wares. 

Oxides. — Amongst  the  simple  oxides  may  be  classed 
— oxide  of  chromium,  oxide  of  iron,  oxide  of  uranium, 
oxide  of  manganese,  oxide  of  zinc,  oxide  of  cobalt, 
oxide  of  antimony,  oxide  of  copper,  oxide  of  tin. 

Amongst  the  oxides  mixed  with  earthy  matter,  may 
be  classed  chromate  of  iron,  chromate  of  baryta, 
chromate  of  lead,  chloride  of  silver,  purple  of  cassias, 
umber,  sienna,  and  red  and  yellow  ochres.  The  mode 
of  preparation  of  these  various  materials  causes  the 
greatest  difference  in  the  quality  of  the  colors  into 
which  they  severally  enter. 

Sesguioxide  of  Chromium — chrome  green — Cr2  03 — 
is  generally  prepared  for  potters'  use  by  calcining  a 
mixture  of  equal  parts  of  chromate  of  potassa  and 
sulphur  in  a  close  earthenware  crucible  at  a  red  heat, 
the  green  mass  which  is  produced  being  well  washed 
to  dissolve  out  the  sulphate  and  sulphide  of  potassium. 
The  oxide  of  chromium  which  remains  is  further  puri- 
fied by  repeated  elutriation. 

Guignet  has  recently  discovered — 1859 — a  new 
method  of  preparing  oxide  of  chromium  for  coloring 
purposes.  A  mixture  of  three  parts  boracie  acid  and 
one  part  bichromate  of  potassa  is  calcined  at  a  tem- 
perature of  about  932°.  An  evolution  of  water  and 
oxygen  gas  takes  place,  and  there  is  formed  a  double 
borate  of  sesquioxide  of  chromium  and  potassa.  This 
salt,  which  is  stable  at  the  ordinary  temperature,  is 
decomposed  by  water,  giving  biborate  of  potassa  and 
sesquioxide  of  chromium ;  the  latter  in  the  nascent  state 
combines  with  water,  and  forms  a  hydrated  sesquioxide 
of  a  remarkably  fine  color.  This  is  separated  from 
the  biborate  of  potassa  by  decantation  and  washing, 
leaving  a  chrome  green  of  a  very  solid  and  brilliant 
description. 

Sesguioxide  of  Iron — FeO. — This  is  prepared  by 
the  calcination  of  green  vitriol,  upon  the  purity  of  which 
the  brilliancy  of  the  color  in  a  great  measure  depends. 
For  the  calcination  a  thick  cast-iron  vessel  or  earthen- 
ware retort  is  required.  During  the  operation  the 
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sulphate  must  be  kept  continually  stirred  with  an  iron 
rod ;  the  powder  at  first  assumes  a  yellow  hue,  pass- 
ing into  brown,  and  finally  a  greenish  brown,  which 
upon  cooling  changes  to  red,  a  sulphuric  acid  vapor 
being  eliminated  during  the  process,  which  continues 
until  the  powder  is  reduced  about  two-thirds  of  its 
volume.  It  is  then  taken  from  the  fire  and  allowed  to 
cool,  the  red  deposit  being  thoroughly  washed  from  all 
impurities  until  the  water  exudes  from  the  filter 
perfectly  tasteless.  A  red  color  of  a  more  brilliant 
tone  is  obtained  from  iron  by  calcining  together  a 
mixture  of  equal  parts  of  sulphate  of  iron  and  sulphate 
of  potassa  in  a  crucible  slowly  up  to  a  dull-red  heat. 
The  pigment  is  afterwards  washed  with  hot  water  to 
remove  all  impurities. 

Alum  may  also  be  substituted  for  the  sulphate  of 
potassa,  or  sienna  combined  with  sulphate  of  potassa 
may  be  substituted  for  the  sulphate  of  iron ;  but  which- 
ever process  is  adopted,  the  preparation  of  the  red 
oxide  requires  very  careful  manipulation. 

Oxide  of  Uranium — U3  04 — Uranoso-uranic  oxide 
— is  prepared  from  pitchblende,  which  contains  from 
forty  to  ninety-five  per  cent,  of  oxide,  and  certain  pro- 
portions of  sulphur,  selenium,  phosphoric  acid,  lime, 
magnesia,  alumina,  silica,  manganese,  vanadium, 
arsenic,  bismuth,  antimony,  zinc,  tin,  lead,  iron,  cobalt, 
nickel,  copper,  and  silver.  The  powdered  pitchblende 
is  dissolved  in  warm  nitrohydrochloric  acid,  and,  after 
all  action  has  ceased,  the  excess  of  acid  is  expelled  by 
evaporation.  The  residue  being  heated  with  a  small 
quantity  of  hydrochloric  acid  and  water,  the  solution 
is  filtered  from  the  sulphur  and  silica,  and  also  from 
chloride  of  lead  and  silver.  The  arsenic,  lead,  and 
copper,  with  bismuth  and  tin,  are  then  precipitated 
from  the  filtrate  by  sulphide  of  hydrogen,  and  the  solu- 
tion again  filtered  and  boiled,  nitric  acid  being  added 
to  convert  the  protoxide  of  iron  into  sesquioxide, 
which  is  precipitated  by  super-saturating  the  liquid 
with  a  large  quantity  of  carbonate  of  ammonia ;  this 
throws  down  the  iron,  together  with  any  lime  that  may 
be  present,  and  the  greater  part  of  the  cobalt  and  zinc 
oxides,  retaining  in  solution  the  uranic  oxide,  together 
with  portions  of  the  cobalt  and  zinc.  The  filtrate  is 
then  boiled  as  long  as  ammonia  continues  to  be  evolved, 
by  which  means  the  three  metallic  oxides,  cobalt,  zinc, 
and  uranium  are  precipitated,  with  the  exception  of  a 
small  quantity  of  cobalt,  which  colors  the  liquid  red. 
The  precipitate  is  collected  upon  a  filter  and  afterwards 
washed,  dried,  and  ignited,  till  its  yellow  color  changes 
to  a  blackish-green ;  it  is  lastly  digested  for  several 
hours  with  cold  dilute  hydrochloric  acid,  which  dis- 
solves the  two  compounds  of  cobalt  and  zinc,  and 
leaves  the  pure  uranoso-uranic  oxide  undissolved. 

Manganese — Binoxide  of  Manganese — Mn03.— One 
of  the  commonest  ores  of  manganese  is  found  in  a  state 
of  great  purity  in  Sweden  and  other  parts.  The  purest 
variety  is  that  known  in  commerce  under  the  term  of 
pyrolusite,  or  black  oxide  of  manganese. 

Sesquioxide  of  Manganese — Mn2  03 — may  be  ob- 
tained by  heating  pure  binoxide  of  manganese  in  a 
crucible  to  redness  until  it  ceases  to  evolve  oxygen ; 
or  by  exposing  protonitrate  of  manganese  to  a  red  heat, 
the  sesquioxide  remains  as  a  black  powder. 
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Protoxide  of  Manganese— -MnO — may  be  economi- 
cally prepared  by  heating  chloride  of  manganese  to 
redness  with  twice  its  weight  of  carbonate  of  soda 
and  a  little  chloride  of  ammonium,  exhausting  the  fused 
mass  with  water  when  cold;  the- residuum  is  protoxide  of 
manganese. 

Oxide  of  Zinc — ZnO — is  obtained  by  distilling  zinc 
from  clay  retorts  into  chambers  through  which  a  cur- 
rent of  air  is  maintained,  the  volatilized  metal  burns  at 
the  high  temperature  to  which  it  is  exposed,  and  the 
oxide  is  deposited  in  a  series  of  condensing  chambers. 
The  hydrated  oxide  may  be  obtained  by  precipitation 
from  the  solutions  of  the  salts  of  zinc  by  the  addition 
of  an  alkali.  An  excess  of  the  alkaline  liquid  redis- 
solves  the  oxide. 

Oxide  of  Cobalt,  the  ores  of  which,  after  grinding  and 
roasting,  to  drive  off  as  much  as  possible  the  excess  of 
arsenic  and  sulphur,  are  dissolved  in  hydrochloric  acid, 
sometimes  with  the  addition  of  a  small  quantity  of 
nitric  acid.  The  copper,  lead,  silver,  arsenic,  antimony, 
et  cetera,  are  precipitated  by  sulphide  of  hydrogen,  and 
to  the  filtered  solution  carbonate  of  lime  is  added  in  the 
form  of  chalk,  by  which  all  the  iron,  alumina,  and  a 
trace  ot  cobalt  are  thrown  down,  the  nickel  and  cobalt 
remaining  in  solution.  To  this  solution,  which  must 
be  hot  and  neutral,  a  solution  of  bleaching  powder  is 
added  in  sufficient  quantity  to  precipitate  the  cobalt, 
and  the  menstruum  is  then  well  boiled  to  remove  the 
chlorine  as  fast  as  possible.  The  oxide  of  nickel  is 
afterwards  precipitated  from  the  filtrate  by  the  addi- 
tion of  hydrate  of  lime,  and  ebullition. 

Oxide  of  Antimony — Sb03. — This  is  found  native  as 
white  antimony  ore,  and  may  be  prepared  artificially 
by  boiling  pulverized  antimony  with  moderately  strong 
nitric  acid,  until  it  is  converted  into  a  white  powder, 
which  is  freed  from  the  excess  of  acid  by  repeated 
washings  in  boiling  water.  One  part  of  powdered 
antimony  digested  with  two  parts  of  aqua-regia  and 
four  parts  of  water,  yield  96'6  parts  of  antimonic  oxide. 
A  mixture  of  seventy-four  parts  antimony,  thirty-nine 
of  nitrate  of  potassa,  and  thirty-four  of  bisulphate  of 
potassa  is  projected  into  a  red-hot  crucible,  the  ingre- 
dients being  added  rapidly  one  after  another.  The 
resulting  mass,  after  boiling  first  with  pure  water,  then 
with  water  containing  a  small  quantity  of  sulphuric 
acid,  and  afterwards  with  pure  water,  will  be  the 
antimonic  oxide. 

Oxides  of  Copper — red  oxide  of  copper — Cu2  0— is 
prepared  by  heating  one  hundred  parts  of  blue  vitriol 
with  fifty-seven  parts  of  carbonate  of  soda  until  the 
water  of  crystallization  is  expelled.  The  residuum  is 
afterwards  mixed  with  twenty-five  parts  of  copper 
filings,  and  the  mixture  finely  stamped  into  a  crucible. 
It  i3  then  exposed  to  a  white  heat  for  about  twenty 
minutes,  and  after  cooling  and  pulverization,  the  mass 
is  well  washed  with  water.  This  process  yields  about 
fifty  parts  of  fine  colored  red  oxide  of  copper. 

Black  Oxide  of  Copper — CuO. — The  red  oxide  passes 
into  the  protoxide  of  copper  when  heated  in  the  air; 
or  it  may  be  conveniently  prepared  by  exposing  a 
mixture  ot  one  part  of  copper  filings  and  two  parts  of 
the  deliquesced  nitrate  of  copper  to  the  air  until  the 
whole  is  converted  into  a  basic  salt,  and  then  igniting 
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the  salt.  It  communicates  a  green,  and  sometimes  a 
blue  tint  to  vitreous  compounds;  and  Davy  has  shown 
that  it  is  the  basis  of  certain  colors  used  by  the 
ancients,  which  had  been  supposed  to  contain  cobalt. 

Oxide  of  Tin — Sn02 — may  be  prepared  by  treating 
the  metal  with  nitric  acid.  In  its  most  concentrated 
form  the  acid  does  not  immediately  act,  but  will 
violently  effervesce  with  heat  upon  the  addition  of  a 
few  drops  of  water.  The  peroxide  of  tin  remains  in 
the  form  of  a  white  insoluble  powder,  and  is  purified  by 
washing  with  boiling  distilled  water,  and  drying  at  a 
dull-red  heat. 

Chrome  Iron  Ore — FeO  Cr2  Os. — The  native 
chromate  of  iron  is  a  compound  of  oxide  of  chromium 
with  protoxide  of  iron,  but  part  of  the  ferrous  oxide  is 
replaced  by  magnesia,  and  part  of  the  chromic  oxide  by 
alumina.  By  analysis  the  constituents  are  as  follow : — 

Magnesia   7-49 

Iron   20-99 

Oxide  of  chromium   59*96 

Alumina   11*56 

100*00 

Chromate  of  Baryta — BaO  Cr03 — is  prepared  by 
dropping  a  solution  of  chromate  of  potassa  into  a  solu- 
tion of  chloride  of  barium ;  the  yellow  precipitate  must 
be  well  washed,  and  is  as  insoluble  in  water  as  the 
sulphate  of  baryta. 

Dichromate  of  Lead — 2  PbO,  Cr03 — chrome  red — 
may  be  obtained  by  boiling  oxide  of  lead,  or  its  car- 
bonate, with  an  aqueous  solution  of  monochromate  of 
potassa,  or  by  digesting  the  neutral  chromate  of  lead  in 
a  dilute  solution  of  caustic  potassa.  Liebig  prepared 
it  by  adding  a  neutral  chromate  to  fused  nitre,  and 
washing  the  residuum  ;  it  is  an  insoluble,  scarlet  colored 
powder. 

Chromate  of  Lead — PbO,  Cr03 — chrome  yellow. — 
When  chromate  of  potassa  is  added  to  a  soluble  salt  of 
lead,  both  solutions  being  hot,  a  fine  colored  anhydrous 
precipitate  is  obtained;  if  the  solutions  are  cold,  the 
precipitate  will  be  pale  yellow,  and  will  contain  an 
equivalent  of  water. 

Chloride  of  Silver — Ag  CI — is  best  obtained  by 
adding  a  solution  of  chloride  of  sodium  in  excess  to  a 
slightly  acidulated  solution  of  nitrate  of  silver.  The 
curdy  precipitate  of  chloride  of  silver  requires  very 
careful  washing. 

Fluxes  General  Flux. 

Ked  lead    3  \  Fritted  together  into  a 

Borax    !  I     perfect  glass,  and 

Flint   1  )      pounded  for  use. 

Soft  Lead  Flux. 

Red  lead    3  ~|  , 

Flint   1  f  Dltt0* 

White  Flux. 

Glass   12  "I 

Borax   1*4  (  r,.,, 

Flint   9   f  Dltt0- 

Red  lead    6  J 

Chrome  Flux. 

Eed  lead    4  ) 

Flint  glass    Uy  Ditto. 

Flint   1  J 


Purple  Flux. 


Sax  10 1  FrittedP      iHt° » 

g   p     perfect  glass,  and 
  4  J      pounded  for  use. 


Lead 
Flint 


Soft  Borax  Flux. 


Borax   , 

Flint  glass  . . 
Cornish  stone* 


Ditto. 


Colors. — White  Opaque  Enamel* 

Flint  glass    16  ']  Run    into    mass  in 

Arsenic   1£  [      flinted  crucibles  or 

Nitre   1   f     seggars  in  glazing 

Red  lead    4iJ  oven. 


Oxide  of  tin   1 

Felspar..*   1-J 


White  Opaque  Enamel. 

Calcined  in  biscuit  oven, 
and  \\  of  calcine 
added  to  2  parts  of 
general  flux,  and  af- 
terwards run  down 
again  in  glazing 
t.  oven. 

YeUow. 

Under  glaze  yellow   ] 

General  flux   M   2  J 


Under  glaze  orange, . 
General  flux  ., 


Orange. 


1 

2* 


lied. 


Green  vitriol  calcined  to  drive  off  the  water  of  crystal- 
lization, and  brought  to  a  pale  red  tint,  and  then 
well  washed  until  perfectly  free  from  the  sulphuric 
acid.  Here  great  care  is  required  to  obtain  the 
proper  tint,  neither  too  pale  nor  too  dark. 

Of  this  calcine  take   1J 

General  flux    2£ 

Chocolate. 

Same  preparation  of  vitriol  at  the  heat  of  a  glazing 
oven,  well  washed  as  the  foregoing,  and  fluxed. 

Calcine   1 

General  flux   ]  3 


Dark  Brown. 

'Calcine 


Umber  ..   1 

Sienna    £ 

Red  oxide  of  iron   ....  1 

Oxide  of  zinc    1-J 


together  in 
glazing  oven,  well 
washed,  and  to  1 
part  of  calcine  add 
2  parts  of  general 
flux. 


Another  Dark  Brorm. 

Umber   1  part.  "] 

Calcined  terra  sienna  1 -J  parts.  I  Calcined  in  glazing 


kiln. 


Oxide  of  iron   1 

Oxide  of  zinc   \\  parts. 

To  one  part  of  the  calx  add  three  parts  of  general  flux. 
Ground  for  use. 


part,  f 
;s.J 


French  Yellow  Brown. 


Oxide  of  tin    2i  lbsf  Calcine  m  kiln,and  to  1 

Oxide  of  zinc   2  lbs.  ^  °{  cal"ne  add 

Red  oxide  of  iron  ..  1|  lbs.  [     §J       °f  general 

Another  Yelloiv  Brown, 

Oxide  of  tin   3  parts."! 

Oxide  of  zinc   2   parts.  [-In  glazing  kiln. 

Oxide  of  iron   2A  parts. J 

To  one  part  of  the  above  add  three  parts  of  general  flux. 

Base  for  Copper  Green. 

Flint  glass   12  ~| 

Red  lead   27     ■„     ,       .     ,  . 

Borax   9   I  Run  down  in  glazing 

Flint   6   f  oven*  . 

Oxide  of  copper   2  J 
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Calcine  in  kiln,  and  to 
every  4-parts  add  3 
parts  of  general 
flux. 


Black. 

Calcined  umber    1 

Blue  cobalt  calx   1 

Flint  glass    11 

Bed  lead    l| 

Borax    § 

Flint   | 

Another  Black. 

Black  oxide  of  cobalt   „  „   2A 

Turkey  umber    If 

Soft  borax  flux    2J 

AnotJier  Black. 
Black  oxide  of  copper    1  part.  ) 

Oxide  of  cobalt    1  part.  I  Calcined  in  glazing 

Oxide  of  manganese    1  part,  f  oven. 
White  flux   10  parts.  J 

To  four  parts  of  the  above  add  one  and  a  half  parts  of  white 
flux. 


Eun  down  in  glazing 
kiln. 


Enamel  yellow . 
White  enamel  . 


White  Enamel. 

Flint  glass    20 

Red  lead    5 

Nitre   1* 

Arsenic   1§ 

Sometimes  an  addition  of  the  oxide  of  tin. 

Blue  Green. 

Base  as  above   10  parts. 

White  enamel   1J  parts. 

Yellow  Green. 

Base    10  parts.) 

15  parts.  >Run  down. 
1^  parts.  J 

Cliocolatc  Brown. 
Crocus  mentis   ....    4  parts. )  t>      ,  , 
General  flux    12  parts.  }Run  at  ^ntIe  heal- 

Deep  Blue. 

Flint  glass   4  parts.") 

lied  lead   1A  parts. 

Pearlash    l-16th  part. 

Muriate  of  soda..  l-16tli  part. 
Carbonate  of  cobalt.,  £  part. 
"White  enamel   |  part. 

Mat  Blue. 

Carbonate  of  cobalt . .  2  parts. } 

Oxide  of  zinc    2  parts.  \~ 

Borax  flux   4  parts.) 

To  two  parts  of  the  above  add  one  part  of  borax  flux. 
Eun  down  at  a  gentle  heat. 

JRich  Chrome  Med. 

Red  lead    3  parts." 

Chromate  of  lead. ...  1  part. 
Chrome  flux   2  parts. 

Green  front  Oxide  of  Chrome. 
Oxide  of  chrome  green  3  parts. } 
Carbonate  of  cobalt . .  1  part.  ^ 

Felspar   2  parts. 

To  one  part  of  the  above  add  four  parts  of  soft  borax  flux. 
Eun  down. 


Eun  in  glazing  kiln. 


Eun  in  glazing  kiln. 


__Kun  down  at  a  gentle 
heat. 


Carbonate  of  cobalt..  1  part.  L  Calcined  a*  high  heat, 
f    and  well  washed. 


Various  tints  of  green  obtained  by  the  addition  of 
enamel  yellow,  previously  given. 


french  enamel  colors. 

Fluxes. 

No.  l.—Itocaille  Flux. 

Bed  lead   751  r>      i  1      ,  . 

yanlj    „5  J- Run  down  ai  low  heat. 

No.  2.— Grey  Flux. 

Red  lead   66) 

Sand    22  i-Run  down  aB  above. 

Calcined  borax   12) 


No.  2  S. 

Red  lead   60) 

Sand    15  V  Run  down  at  low  heat. 

Boracic  acid    25) 

No.  3. —  Carmine  Flux. 

Red  lead   12) 

Sand    33  VRun  down  as  above. 

Calcined  borax   55  J 

No.  4.— Purple  Flux. 

Red  lead   36) 

Sand    14  V Run  down  as  above. 

Boracic  acid    50) 

No.  5. —  Violet  Flux. 

Red  lead   68) 

Sand    5  >Run  down  as  above. 

Boracic  acid    27) 

No.  6. — Green  Flux. 

Red  lead   73) 

Sand    9  >-Run  down  as  above. 

Boracic  acid    18) 

FRENCH  COLORS. 

Dark  Grey. 

Carbonate  of  cobalt   6) 

Oxide  of  zinc   13  1™..        .  ,     ,  . 

Yellow  oxide  of  iron   13  hRun  down  st  low  he8t 

Flux,  No.  2  or  No.  2  S   . .  68  J 

Russet  Grey. 

Carbonate  of  cobalt   6  ) 

Oxide  of  iron   3  I  Eun  down  to  the  tint 

Oxide  of  zinc   3  [  required. 

Flux,  No.  2    88  J 

Black  Grey. 

Carbonate  of  cobalt   10) 

Oxide  of  cobalt   5  yEun  down. 

Flux,  No.  2    85) 

Brown  Black. 

Carbonate  of  cobalt   16 1 

Oxide  of  iron   8  I  n... 

Flux  for  greys,  No.  2  or)  r1"0. 
No.  2S   j"  'bJ 

Iridium  Black. 

Sesquioxide  of  iridium   25 

Flux  for  greys,  No.  2    75 

Bark  Indigo  Blue. 

Carbonate  of  cobalt   14)  ^ 

Carbonate  of  zinc   26  s- Calcined  in  kiln. 

Flux  for  greys,  No.  2   60j 

Sky  Blue. 

Carbonate  of  cobalt   7  ) 

Carbonate  of  zinc   14  \- Ditto. 

Flux,  No.  2    79) 

Blue  Green. 
Oxide  of  chrome    50  > 

Carbonate  of  cobalt   25  v  Calcined  at  a  high  heat. 

Carbonate  of  zinc   25  J 

To  twenty-five  parts  of  the  above  add  seventy-five  parts  of  flux, 
No.  3  or  No.  6. 
Ground  for  use. 

Clear  Yellow. 
Antimoniate  of  potassa  . .  12 ) 

Carbonate  of  zinc   6  I  „     „.  „„„»,„,  „„t 

Oxide  of  iron   2  fBim  at  gentle  heat. 

Flux,  No.  2  or  No.  2  S  . .  80  J 

Jonquil  Yellow. 

Lead  and  tin  ashes    8"] 

An«inoniS"a^°d?   ^[  Mix  and  run  down. 
Flux,  No.  1    86  J 
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Chrome  Orange, 

EhedZde.ofl.c.aa. ::::::::  t1}e™ 

Uranium  Orange. 

Oxide  of  uranium  25")  -d„„  j„,„„ 

Rocaille  flux,  No.  1   75  j-Bmi  down. 

•  tied . 
Red  oxide  of  iron,  prepared  from  sulphate  of  iron  by  gentle 
calcination  to  the  required  tint. 

To  twenty-five  parts  of  the  above  add  seventy-five  parts  of 
flux,  No.  2  or  No.  2  S. 

Sepia  Brown, 

Red  oxide  of  iron   12*1 

Oxide  of  zinc   12  i  t,,,.,  a  , 

Carbonate  of  cobalt   3  (-Rundown. 

Flux,  No.  2  or  No.  2  S  . .  70  J 

Russet  Broion. 

Oxide  of  iron   12  "1 

OxMeofzinc J2  I  Run  down. 

Sepia  brown   3  ( 

Flux,  No.  2    72  J 

Various  tints  of  green  are  produced  from  the  oxide 
of  chrome,  with  the  addition  of  yellow  as  given. 

Carmine,  purple,  and  rose  colors  are  from  the  purple 
of  eassius,  prepared  by  precipitating  gold  from  the 
solution  of  aqua-regia  by  nitromuriate  of  tin ;  to  which 
precipitate  is  added  a  small  proportion  of  chloride  of 
silver,  and  the  flux — No.  3  for  carmine,  or  No.  4  for 
purple — in  proportion,  according  to  the  heat  required 
ia  the  process  of  firing,  to  produce  a  fine  tint. 

Purple  of  Cassius. 
The  acids  used  for  the  solution  of  gold  for  this  process  are, 
hydrochloric  1-13,  and  nitrous  1-41 — three  parts  of  the  former  to 
one  part  of  the  latter.  Ten  pennyweights  of  the  above  aqua- 
regia  will  dissolve  one  pennyweight  of  fine  yellow  gold.  For 
the  solution  of  tin,  twenty  pennyweights  of  hydrochloric  acid, 
ten  pennyweights  of  nitrous  acid,  and  twenty  pennyweights  of 
pure  water,  dissolve  in  these  quantities  ten  pennyweights  of 
well  granulated  tin.  The  tin  must  be  added  by  small  pieces, 
each  being  allowed  time  to  dissolve  before  more  is  added,  and 
so  on  to  saturation,  when  the  solution,  if  properly  performed, 
should  assume  the  clear  and  bright  color  of  brandy.  Great  care 
is  required  for  the  performance  of  these  processes. 

Many  other  forms  are  given  by  various  authors,  each 
preferring  their  particular  methods.  The  solutions 
hero  described  having  been  prepared,  the  processes 
will  be  now  given. 

Into  a  vessel  of  sufficient  dimensions  pour  two  quarts 
of  good  pure  water,  into  which  the  solution  of  gold  is 
to  be  poured,  when  it  will,  in  its  diluted  form,  assume 
a  pale  straw  color ;  into  this  the  solution  of  tin  is  to  be 
carefully  added,  and  stirred  continuously  with  a  glass 
spatula  until  the  eassius  is  well  formed,  and  the  pre- 
cipitate should  be  of  a  brilliant  carmine  tint.  Time 
having  been  allowed  for  the  eassius  to  subside,  the 
water  is  to  be  carefully  removed  by  a  syphon,  and 
washing  continued,  by  changes  of  the  water,  until  the 
eassius  is  perfectly  free  from  the  acids.  The  eassius 
must  then  be  carefully  collected  on  a  filter,  and,  whilst 
in  a  moist  state,  is  ready  for  further  use. 

Bose  Color. 

The  eassius,  with  fifteen  grains  of  silver  and  sixteen  ounces 
of  flux. 

Flux. 

Flint  glass   4  parts. 

Borax   2  parts. 

Bed  lead   2  parts. 

Flint   1  part- 

VOL.  II. 


To  form  the  Cassius  for  Purple  Color. 

Gold  solution   10  pennyweights. 

Tin  solution   20  pennyweights. 

'       The  Cassius  until 

Silver   10  grains. 

Flux   6  ounces. 

Purple  flux  is  already  given. 

Fine  earthenware,  although  chiefly  confined  to  the 
potteries  in  Staffordshire,  is  also  made  in  considerable 
quantities  abroad — in  France,  in  the  neighborhood  of 
Paris,  at  Bordeaux,  Saargemiind,  etcetera;  in  Germany, 
at  Mettlach,  near  Saarbruck,  and  Poppelsdorf,  near 
Bonn.  Earthenware  is  also  made  at  Baireuth,  Aschaf- 
fenburg,  Kelsterbach,  et  cetera,  and  at  Carlsbad  in 
Bohemia ;  at  all  of  which  places  several  kinds  are 
produced  simultaneously  with  the  fine  earthenware. 
The  differences  in  the  manufacture  are  confined  chiefly 
to  the  manner  of  preparation  of  the  clay,  the  composi- 
tion of  the  glaze,  and  the  ornamental  decoration.  At 
Mettlach  four  varieties  are  manufactured. 

1.  Stoneware,  composed  of  plastic  clay  from  the 
Palatinate,  ground  quartz  from  Oberwald  or  Bern- 
castle,  calcareous  tufa  from  Sierk.  The  glaze  con- 
tains lead,  and  the  ware  has  a  yellow  tint. 

2.  Yellow  or  Nanlcin-colored  earthenware,  composed 
of  grey  plastic  clay  from  Vallendar,  near  Coblentz,  and 
clay  from  Eifel,  which  burns  yellow.  The  glaze  con- 
tains lead. 

3.  Hard  Stoneicare,  containing  plastic  clay  from 
the  Palatinate,  and  ground  quartz  and  gypsum  from 
Luxemburg.  The  glaze  a  tolerably  hard  lead  glass, 
containing  boracic  acid. 

4.  Porcelain  Stoneware,  containing  plastic  clay 
from  the  Palatinate  and  from  Vallendar,  with  ground 
quartz  and  bono  ashes.  The 
glaze  free  from  lead,  and  com- 
posed of  borax,  alkali,  and  fel- 
spar. 

Amongst  the  varieties  of  fine 
earthenware  may  be  classed  the 
peculiar  manufacture  of  clay 
pipes.  The  clay  used  in  the  con- 
struction of  these  requires  ex- 
treme plasticity,  together  witli  a 
certain  amount  of  porosity  upon 
firing.  The  plastic  clay  found  in 
the  layers  forming  the  basis  of 
the  clay  deposit,  is  used  without 
the  addition  of  a  flux,  but  to  in- 
sure the  perfect  uniformity  and 
pliability  of  the  mass,  great  care 
is  taken  with  the  kneading  and 
slapping  processes. 

The  manufacture  of  tobacco 
pipes,  in  consequence  of  the  im- 
mense demand  for  them,  is  one 
of  -considerable  importance  in 
the  potter's  art.  From  a  pre- 
pared lump  of  the  clay  the 
moulder  separates  a  number  of 
pieces,  each  sufficient  for  the  con- 
struction of  a  pipe,  and  rolls  them  out  on  a  table  two  at  a 
time,  one  in  each  hand,  to  nearly  the  form  and  dimen- 
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sions  of  the  intended  pipe,  the  thinner  portion  having 
rather  more  than  the  thickness  of  the  future  tube, 
whilst  the  bulbous  portion  at  the  end  is  somewhat  less 
in  diameter  than  the  bowl.  When  these  rolls  have 
become  sufficiently  hardened  by  exposure  to  the  air,  a 
second  workman  receives  them  in  bundles  for  the 
operation  of  boring  the  tube  by  means  of  an  oiled  wire 
mounted  in  a  wooden  handle.  With  his  left  hand  he 
forces  forward  the  oiled  wire,  whilst  the  thumb  and 
forefinger  support  the  roll,  and  with  a  kind  of  feeling 
motion  guides  the  point  of  the  wire  very  accurately 
along  the  axis  of  the  roll.  The  point  of  the  wire  is 
rounded  like  a  button  to  facilitate  the  operation,  which 
is  performed  with  surprising  celerity. 

The  whole  length  of  the  pipe  is  not  pierced  at  once, 
an  inch  being  left  unbored,  and  the  unfinished  pipe 
with  the  wire  is  placed  in  the  half  of  the  copper  mould, 
a,  b — Fig.  484kk — previously  brushed  with  oil  to  give 
smoothness  to  the  stem  upon  removal.  The  two  halves 
of  the  mould,  closed  accurately  together  by  means 
of  pins,  are  then  placed  in  a  frame — Fig.  484ll — 
and  the  edges  kept  in  contact  by  the  screw  vice,  a. 

Fig.  484LL. 


The  stem  is  thus  shaped  in  the  mould,  together  with 
any  impress  or  name  that  may  have  been  cut  upon 
it.  The  bowl  of  the  pipe  is  first  roughly  formed  by 
the  introduction  of  the  finger,  and  afterwards  completed 
by  the  insertion  of  the  plug,  b,  into  the  mould.  Upon 
opening  the  mould  the  operation  of  boring  is  com- 
pleted, the  small  pellet  of  clay  which  precedes  the 
wire  being  removed  by  a  little  hook  attached  to  the 
handle  of  the  knife  used  for  forming  the  edges  and 
bowl  of  the  pipe,  which  is  done  by  removing  the 
superfluous  clay.  Finally,  the  rim  of  the  bowl  is  formed 
by  the  small  copper  mould,  c.  When  the  pipes  have 
been  removed  from  the  moulds,  and  the  wires  drawn 
out,  any  ornamentations  not  given  by  the  pipe  mould 
are  added  by  means  of  roulettes  and  stamps.  The 
pipes  are  then  laid  out  to  dry,  the  sutures  removed 
with  a  sharp  knife,  and  polished  by  grooved  agates. 
When  the  stem  of  the  pipe  is  required  to  be  curved 
instead  of  straight,  the  two  extremities  only  are 
supported  upon  the  drying  boards,  causing  the  centre 
to  sink  down.  The  number  of  complete  pipes  pro- 
duced by  a  good  moulder  will  average  five  hundred  a 
day,  notwithstanding  the  number  of  operations  each 
pipe  has  to  undergo. 

The  white  color  of  the  pipe  being  an  essential 
requisite,  requires  that  they  be  fired  in  seggars.  When 
the  pipes  are  short,  and  there  is  little  risk  of  fracture 
or  bending,  as  many  as  possible  are  placed  in  the 
seggar  without  reference  to  any  particular  arrangement ; 
10 
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but  for  firing  long  pipes,  ring-formed  projections  upon 
which  the  bowls  of  the  pipes  rest,  are  made  on  the 
inside  of  the  seggars,  a  grooved  column  in  the  centre 
supporting  the  ends  of  the  stems,  which,  when  pro- 
jecting above  the  seggar  are  protected  by  a  conical 
lid.  In  London  the  clay-pipes  noted  for  elegance  of 
form  are  fired  in  a  close  kiln — Fig.  484mm — shown  in 
section,  and  from  which  the  flame  and  smoke  of  the 
fire  are  totally  excluded.     The  bottom  and  sides  of 

Fig.  4S4mm. 


the  kiln  are  constructed  of  similar  material  with  the 
pipes  themselves,  the  refuse  and  fragments  of  old  pipes 
being  worked  up  for  this  purpose.  This  close  kiln,  a, 
is  supported  over  the  fire-place,  b,  by  the  brackets,  e, 
a  space  of  several  inches  being  left  between  the 
sides  of  the  kiln  and  the  outer  casing  of  the  fire-brick, 

c,  and  the  whole  inclosed  by  the  hovel  of  brickwork, 

d.  The  flame  circulates  freely  in  the  intermediate 
space  between  the  kiln  and  casing,  c,  supports  being 
introduced  at  intervals  to  keep  the  kiln  in  its  proper 
position,  and  which,  being  connected  together  by 
occasional  apertures,  serve  at  the  same  time  the  pur- 
poses of  flues  to  regulate  the  direction  of  the  flame. 
The  opening,/,  in  the  lining  of  the  kiln,  c,  for  the 
introduction  and  removal  of  the  pipes,  is  closed  dur- 
ing firing  by  an  iron  door  luted  with  clay.  The 
corresponding  opening  in  the  kiln  itself  is  plastered 
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up  after  charging  with  clay  and  broken  fragments  of 
pipes.  The  pipes  are  supported  in  the  kiln  by  rings 
of  clay,  g  g,  surrounding  the  sides  and  the  central 
bearings,  m  m,  the  weight  of  the  whole  charge  being 
distributed  between  the  sides  of  the  kiln  and  the  cen- 
tral column,  so  as  not  to  bear  upon  the  lowest  layer  of 
pipes.  These  kilns  vary  in  size,  and  sometimes  fire  a 
hundred  gross  of  pipes  at  once:  The  firing  lasts  from 
ten  to  fourteen  hours,  the  temperature  being  gradually 
raised  to  the  full  intensity  required  for  baking.  The 
fuel  used  is  coke,  and  a  small  opening,  r,  is  left  in  front 
of  the  kiln  to  enable  the  workman  to  judge  of  the 
interior  temperature. 

The  porosity  of  the  biscuit  causes  the  burnt  pipes  to 
absorb  water  with  avidity,  and  to  adhere  in  a  very 
unpleasant  manner  to  the  lips.  The  ends  of  the  stems 
are  therefore  either  rubbed  with  a  mixture  composed  of 
gum,  soap,  and  wax,  or  coated  with  resin  or  shellac. 
Sometimes  they  are  glazed  by  dipping  into  a  very  fusible 
lead  glaze ;  the  covered  ends  being  afterwards  exposed 
to  the  flame  of  the  furnace  for  about  ten  minutes. 


Description  of  earthenware.                      Silica.  Alumina. 

Italian,  from  Lucca  della  Kobbia,              49-65    15-50 

Majolica,                                              48-00    17-50 

Old  Spanish,  >             46-04  ....  18-45 

Manasses,  near  Valencia,                       54-71  ....  18-80 

Delft,                                               49-07  ....  16-19 

Per.-ian                                             48-54  ....  12-05 

From  Rouen,                                         47-96  ....  15-02 

From  Nevers                                        56-49  ....  19-22 

From  Paris,                                       61-50  ....  12-99 


The  mean  of  these  proportions  corresponds  nearly 
with  equal  parts  of  silica,  pipe-clay,  and  carbonate  of 
lime.  These  analyses  likewise  show  that  the  greater 
portion  of  the  carbonate  of  lime  has  been  decomposed 
by  the  silica  during  firing,  the  amount  of  carbonic  acid 
contained  in  the  vessels  being  far  too  small  a  quantity 
to  combine  with  the  whole  of  the  lime.  All  kinds  of 
delftware  melt  and  swell  at  a  high  temperature  into 
the  form  of  a  dark-brown  or  green  glass,  without 
becoming  translucent.  The  liability  to  crack,  when 
exposed  to  sudden  variations  of  temperature,  is  likewise 
increased  by  the  large  amount  of  marl  in  the  mass.  A 
corresponding  increase  of  pure  clay  diminishes  the  risk. 

All  the  ingredients  for  delftware  are  suspended  in 
water,  and  mixed  in  the  slip  state ;  the  mass  being 
brought  to  the  proper  degree  of  consistency  for  work- 
ing by  evaporation  in  slip  kilns.  The  operation  of 
forming  or  moulding  upon  the  throwing-wheel  is  one 
of  extreme  rapidity  from  the  great  plasticity  of  the 
mass ;  the  finishing  processes  being  afterwards  per- 
formed upon  the  lathe.  Sometimes  plaster  moulds  are 
employed;  but,  in  every  case,  the  processes  are  the 
same  as  those  already  described. 

Firing. — Delft  earthenware,  like  fine  earthenware, 
is  fired  twice;  the  first  baking  producing  the  biscuit, 
which,  after  receiving  the  glaze,  is  fired  the  second 
time.  Both  these  operations  are  carried  ou  in  similar 
kinds  of  kilns,  which  are  generally  upright  reverberatory 
furnaces  heated  by  one  or  more  fire-places,  after  the 
manner  of  those  already  described.  In  the  firing,  the 
wares  of  better  quality  are  protected  from  the  flame  by 
inclosure  in  seggars,  while  the  commoner  kinds  receive 


Common  Earthenware  or  Delftware  is  characterized 
by  its  extreme  opacity,  its  open  porous  structure,  and 
soft  texture ;  in  fracture  it  is  earthy,  and  always  colored, 
while,  instead  of  a  transparent  glaze,  it  is  coated  with 
enamel. 

In  the  composition  of  the  mass,  certain  proportions 
of  potter's  and  plastic  clay,  clay  marl,  and  quartz  or 
sand,  will  always  be  found — these  constituents  vary- 
ing in  their  nature  according  to  the  different  localities 
in  which  they  occur.  Thus  Paris  earthenware  con- 
sists of— 


Plastic  clay  from  Arcueil,   8 

Greenish  clay  marl,   36 

White  calcareous  marl,   28 ' 

Yellowish  marly  sand,  ,   28 


100 

Still  the  various  combinations  always  contain  a  mean 
proportion  of  clay,  silica,  and  carbonate  of  lime,  as  will 
be  seen  by  the  following  analyses  of  earthenwares  from 
various  localities : — 


Lime. 

Magnesia. 

Oxide  of  iron. 

Carbonic  acid 
and  loss. 

Remarks. 

22-40  . 

...  0-17  . 

...  3-70  .. 

..    8-58  ... 

> 

20-12  . 

...  1-17  . 

...  3-75  .. 

..    9-46  ... 

17-64  . 

...  0-87  . 

.  . .  3-04  . . 

..  13-96  ... 

19-69  . 

. . .  trace  . 

...  2-20  .. 

..    4-60  ... 

p  2 

18-01  . 

...  0-82  . 

. ..  2-82  .. 

..  13-09  ... 

CD 

19-25  . 

. . .  0-30  . 

...  3-14  .. 

..  16-72  ... 

•  O 

20-24  . 

...  0-44  . 

...  4-07  .. 

..  12-27  ... 

CP 

14-96  . 

...  0-71  . 

...  2-12  .. 

..    6-50  ... 

:  s. 

16-24  . 

. ..  0-15  . 

...  3-01  .. 

..    6-10  ... 

support  in  the  kiln  by  clay  slabs  specially  prepared  for 
this  purpose,  and  arranged  in  separate  layers  or  floors, 
between  which  the  wares  are  placed  so  as  to  afford 
free  circulation  to  the  flame.  The  pieces  are  separated 
from  each  other  in  the  seggars  by  triangles  and  pegs, 
as  already  described.  The  first  firing  lasts  from  fifteen 
to  sixteen  hours,  and  the  second  for  burning  on  the 
glaze  from  twelve  to  fourteen  hours. 

The  temperature  of  the  kiln  averages  about  27° 
Wedgwood.  The  mass  shrinks  in  the  baking  from 
ten  to  twelve,  fourteen,  or  even  fifteen  per  cent, 
according  to  its  composition. 

The  analysis  of  common  delft  earthenware  is  as 
follows : — 


Alumina  and  sesquioxide  of  iron,   68-55 

Silica,   29-13 

Lime,   1-24 

98-82 

Speci6c  gravity,   2-363 


The  glaze  or  enamel  is  composed  of  quartz-sand, 
soda,  common  salt,  and  a  mixture  of  calcined  tin  and 
lead.  The  two  metals  are  more  easily  oxidized  when 
mixed  ;  the  oxide  of  tin  produced — Sn  Os — acting  the 
part  of  an  acid  to  the  oxide  of  lead — PbO.  The  mixture 
is  prepared  by  placing  the  lead  with  about  one-fourth 
of  tin  in  a  special  furnace,  where  it  is  exposed  to  heat 
and  a  current  of  air.  A  yellowish  ash  of  tin  and 
lead  is  formed,  which  is  carefully  calcined  to  oxidize 
thoroughly  all  the  metallic  particles.  This  metallic 
ash  is  mixed  to  form  the  enamel  in  the  following  pro- 
portions :— 
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No.  i. 

Lead  and  tin  ash,..  100  parts.  [All  sand  for  opaque 

Sand,   100  parts.  J     f\»f»  sh°uld  £8 

Salt,!   15  parts.  1     tatted  with  soda 

Ked  lead   5  parts.  [  ^^0™ 

No.  2. 

Lead  and  tin  ash, . .  32  parts,  r  Fritted  together,  with 
Soda,    9  parts.  J  the  addition  after- 
Salt,    5  parts.  |     wards  of  50  pounds 

Cornish  stone,   25  parts.  (.    Of  white  lead. 

No.  3.  ,  • 

{Fritted  together,  with 
the  addition  after- 
wards of  100 
pounds  of  white 
lead. 

No.  4. 

Best  earthenware  glaze,   10  quarts. 

Oxide  of  tin   40  oz. 

White  lead    60  oz. 

The  larger  the  proportions  of  tin  in  the  ash  the 
harder  the  enamel  produced,  and  vice  versa.  The 
frit,  ground  and  mixed  with  water,  is  applied  to  the 
wares  in  the  usual  way. 

Majolica  ware — the  revival  of  which  in  this  country 
is  due  to  Messrs.  Minton,  under  the  direction  of 
M.  Arnoux.,  The  body  consists  of  a  soft  calcareous 
clay,  or  common  delftware  body,  gently  fired  and 
covered  with  an  opaque  enamel  composed  of  sand,  lead, 
and  tin,  forming  an  excellent  surface,  upon  which  the 
decorations  in  color  are  afterwards  painted  by  hand  in 
the  various  preparations  and  fired  into  the  glaze.  Very 
elegant  cisterns,  vases,  flower  stands,  et  cetera,  are  now 
produced  in  this  ware ;  it  is  also  applicable  for  the  pro- 
duction of  friezes  and  other  architectural  ornaments. 
It  likewise  affords  a  cheap  material  for  enamel  painting, 
the  brightness  of  tints  attained  being  equal  to  that  pro- 
duced upon  copper.  The  mode  of  production  may  be 
thus  described : — The  ware,  after  formation  in  the  usual 
manner,  is  twice  fired,  first  for  the  biscuit,  and  after- 
wards to  receive  the  enamel  or  basis  for  receiving  the 
color.  In  this  state  it  is  taken  to  the  decorator,  who 
with  his  brush  paints  on  the  several  pigments  prepared 
for  the  purpose,  the  ground  color  being  only  laid  upon 
such  portions  as  are  to  be  covered,  and  the  several 
ornamentations  added  in  the  same  way,  each  only 
receiving  its  particular  tint.  Great  care  and  nicety  are 
required  in  this  manipulation  to  prevent  the  unequal 
blending  of  the  colors  at  the  edges.  Sometimes  a 
shaded  effect  is  given  to  the  ground  or  ornamentation 
by  the  running  of  the  colors  into  the  hollows  of  the 
pattern,  causing  in  the  firing  a  greater  depth  of  tone. 
At  other  times  color  is  laid  over  the  first  ground,  and 
a  pleasing  blended  effect  is  produced  by  the  running 
together  of  the  enamels  in  firing.  After  the  decora- 
tion is  completed  in  this  manner,  the  piece  is  taken  to 
the  muffle,  where  the  colors  are  all  burnt  or  fired  into 
the  glaze,  giving  that  rich  solidity  of  tone  and  lustre  so 
peculiar  to  majolica  ware.  The  proportions  for  the 
enamel  are  here  given : — 

ENAMEL  GLAZING  FOR  MAJOLICA  WARE. 
No.  1. 

Lead,   77 

Tin,   23 

Calcine  together,  and  take — 
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Calcine,    44  parts. 

Sand   44  parts. 

Bed  lead,   2  parts. 

Salt,   8  parts. 

Soda,    8  pails. 

No.  2. 

Lead,   82 

Tin,    18 

Calcine,  and  take — 

Calcine,    47  parts. 

Sand,    47  parts. 

Salt,   3  parts. 

Soda,    3  parts. 

No.  3. 

Lead   77 

Tin   23 

Calcine  together,  and  take — 

Calcine,    45  parts. 

Sand   45  parts. 

Red  lead,   2  parts. 

Salt,   5  parts. 

Soda,    3  parts. 

No.  4. 

Lead,    82 

Tin,   18 

Calcine  together,  and  take — i 

Calcine,    45  parts. 

Sand,   45  parts. 

Salt,   7  parts. 

Soda,   3  parts. 

All  these  compounds  are  'fused  together,  and  some- 
times yield  a  blackish  mass ;  but  when  ground  and 
applied  to  the  wares,  they  appear  as  a  white  enamel 
glazing. 

The  following  are  the  colors  applied  to  them : — 
Yellow. 

White  enamel  glazing   91  parts. 

Oxide  of  antimony,    9  parts. 

■  Blue. 

White  enamel  glazing,   95  parts. 

Cobalt  calx,    5  parts. 

Green. 

White  enamel  glazing, . .   95  parts. 

Oxide  of  copper,   5  parts. 

Yellow  Green. 

White  enamel  glazing,   94  parts. 

Oxide  of  copper,   4  parts. 

Naples  yellow,    2  parts. 

Violet. 

"White  enamel  glazing,   96  parts. 

Peroxide  of  manganese,    4  parts. 

Other  colors  are  merely  modifications  of  these,  with 
other  compounds. 

The  white  glazing  of  some  of  the  modern  majolica 
is  composed  of  felspar,  borax,  and  the  oxide  of  tin. 
This  glazing,  as  well  as  the  colors,  is  frequently  applied 
directly  to  the  biscuit  ware,  which  considerably  reduces 
the  labor  of  ornamentation,  without  detracting  from 
the  beauty  of  the  manufacture. 

Ordinary  Pottery,  such  as  is  now  everywhere 
produced,  is  intended  to  afford  the  less  wealthy  classes 
cheap  utensils,  that  are  impervious  to  liquids,  and  which 
at  the  same  time,  will  hear  changes  of  temperature,  so 
as  to  admit  of  general  domestic  use.  Ordinary  pot- 
tery is  made  in  almost  every  locality,  and  therefore, 
of  necessity,  from  very  different  kinds  of  clay.  Its 


extreme  cheapness  obliges  the  use  of  those  clays  that 
can  be  obtained  at  least  expense,  such  as  potter's 
clay,  marl,  et  cetera,  and  the  application  of  the  most 
ordinary  methods  of  moulding  and  firing.  From  the 
circumstance  that  ordinary  pottery  is  generally  manu- 
factured by  a  class  of  persons  without  the  means  and 
opportunities  of  introducing  improvements,  the  advance 
of  the  manufacture  is  slow ;  the  waste  of  fuel  in 
badly  constructed  kilns  is  frequently  a  source  of  great 
loss,  while  many  of  the  clays  worked  into  the  mass 
will  not  withstand  a  sufficiently  high  temperature. 
Ordinary  pottery  is,  therefore,  always  fired  at  a  com- 
paratively low  heat,  which  renders  the  mass  porous  and 
of  low  density,  and  necessitates  the  use  of  a  glaze.  As 
the  temperature  required  to  burn  on  this  glaze  must 
be  lower  than  that  which  would  cause  the  fusion  of 
the  ware,  it  is  generally  a  lead  glaze,  and  of  a  very 
fusible  nature.  This  glaze  is  always  transparent,  no 
attempt  being  made  to  conceal  the  body  of  the  ware, 
which  is  generally  of  a  dirty-red,  yellowish-brown,  or 
greyish  color.  The  glaze  may  either  be  colored  or  not, 
the  rude  paintings  with  which  ordinary  potters'  ware 
is  sometimes  decorated  being  produced  by  glazes  of 
different  colors,  the  one  forming  the  ground  and  the 
other  the  ornamentation.  In  general,  a  very  low  style 
of  art  pervades  the  tone  of  this  class  of  clay  wares, 
though  occasionally  exceptions  are  met  with,  such  as 
the  wares  produced  at  Marburg,  where  the  brown 
colored  vessels  are.  neatly  ornamented  with  floral 
designs,  that  appear  to  advantage  through  the  light 
yellow  glaze. 

In  the  preparation  of  the  mass  two  operations  only- 
are  required — one,  the  mixing  the  clay  with  the  neces- 
sary amount  of  water  to  bring  it  to  the  proper  consist- 
ency, and  during  which  operation  the  clay  is  frequently 
stirred  and  turned  over  to  render  the  action  of  the 
water  uniform ;  the  other,  after  evaporation,  is  the 
working  the  mass  into  lumps,  and  the  removal  of 
all  knots,  stones,  et- cetera,  by  the  aid  of  the  wire,  as 
already  described  under  Earthenware.  Clay,  when  of 
good  quality,  is  easily  worked  upon  the  throwing 
wheel,  and  does  not  shrink  so  much  in  the  kiln  as  to 
cause  cracks,  besides  possessing  the  qualification  of 
carrying  the  glaze.  These  properties,  which  cannot 
be  previously  determined,  are  all  matters  of  experience, 
different  clays  being  frequently  mixed  together  for  that 
object,  with  the  addition  of  sand  to  diminish  contrac- 
tion when  the  clay  is  too  fat. 

The  glaze  in  use  upon  ordinary  potters'  ware  is  an 
aluminous  lead  glass  prepared  from  litharge  or  galena, 
which  in  the  firing  forms  oxide  of  lead  and  lead  salts, 
the  former  combining  with  the  silica. 

The  substances  containing  the  lead  are  finely  ground 
and  mixed  in  proper  proportions  with  loam,  or  if  a 
transparent  colorless  glaze,  with  sand.  When  color 
is  required,  metallic  oxides  are  used  as  pigments — 
oxide  of  copper  for  green;  manganese  for  brown, taxi 
blach;  zaffre  for  blue;  red  antimony  ore  for  yellmo ; 
and  iron  for  red,  et  cetera. 

The  glaze  is  generally  applied  to  the  surface  of  the 
ware  either  by  coating  or  sprinkling  the  moist  vessels 
with  the  glaze  powder,  the  operation  of  dipping  being 
in  general  too  expensive  for  this  kind  of  ware. 


The  proportions  between  the  oxide  of  lead  and  silica 
in  the  glaze  are  very  variable,  sufficient  time  being 
generally  allowed  in  the  furnace  for  the  oxide  of  lead 
to  become  fully  saturated  with  silica.  That  this  is 
the  case  when  the  heat  of  the  furnace  has  been 
sufficiently  intense,  is  demonstrated  by  the  following 
results  of  experiments  made  on  twelve  vessels  specially 
marked,  and  after  firing  digested  for  some  time  in  dis- 
tilled vinegar — 

Those  too  hard  fired  gave  no  indications  of  lead. 
Those  hard  fired  gave  no  indications  of  lead. 
Those  welt  fired  gave  in  some  cases  only  traces  of  lead. 
Those  ill  fired  gave  in  every  case  indications  of  lead. 

In  badly  baked  ware,  therefore,  acid  liquids  upon  the 
first  application  dissolve  the  oxide  of  lead  which  is 
uncombined,  or  only  in  weak  combination.  The 
amount  of  lead  so  dissolved,  however,  is  very  small, 
and  the  application  of  lead  glaze  to  the  wares  is  not 
attended  with  any  danger  to  the  consumer,  notwith- 
standing the  great  outcry  that  was  raised  against  its 
use  as  engendering  endemical  diseases. 

Often  glazes  free  from  lead  are  used,  especially  in 
Vienna,  where  the  glaze  contains — borax,  one  hundred 
pounds;  felspar,  fifty  pounds;  loam,  fifty  pounds.  In 
Bavaria  the  glaze  consists  of  the  slag  from  the  smelting 
furnaces,  a  transparent  mass  harder  than  glass,  and 
which  gives  sparks  when  struck  with  steel ;  in  color 
it  is  either  bottle-green  or  light  and  dark  blue  passing 
into  green ;  it  is  not  acted  upon  by  acids.  In  the 
analyses  made  by  Reinsch  it  was  found  to  consist 
of— 

Oxygen, 


.  65 '00  .. 

33-70  in  the  silica. 

,  12-35  .. 

..  3-53" 

Magnesia,  

.    2-56  .. 

..  0-99 

7-37  in  the  bases 

2-00  .. 

..  0-34 

MO. 

5-00  .. 

..  1-50 , 

8-00  .. 

..  3-73 ! 

5-06  in  the  bases 

Oxide  of  manganese, . 

.    4-45  .. 

..  1-33  J 

M2  Os. 

99-36 

Corresponding  very  closely  with  the  formula — 
4  (MO,  SiOa)  +  (M2  03,  3  SiOs). 


Although  not  identical  with  bottle  glass,  it  is  nearly 
allied  to  it.  This  slag  is  ground  up  with  water,  and 
applied  by  pouring  it  over  the  ware,  previously  coated 
on  the  outside  by  immersion  with  a  thin  film  of  loam, 
to  give  the  red-brown  tint.  The  high  temperature 
required  for  the  fusing  of  this  slag,  is  one  of  the  chief 
objections  attending  its  use  and  general  introduction 
as  a  glaze. 

The  kilns  in  which  ordinary  potters'  wares  are  fired 
are  long,  horizontal,  reverberatory  furnaces  with  one 
fire-place,  from  which  the  flames  traverse  the  intro- 
duction of  the  ware,  the  smaller  pieces  in  lengthwise 
towards  the  chimney  situated  at  the  opposite  end,  and 
in  which  is  the  aperture  for  charging  the  kiln  being 
placed  inside  those  of  larger  dimensions.  As  the  tem- 
perature of  the  kiln  diminishes  rapidly  towards  the 
chimney,  a  proper  disposition  of  the  wares  is  necessary, 
those  coated  with  the  more  fusible  lead  glaze  being 
placed  where  the  temperature  is  lowest.  The  wares 
are  all  exposed  to  the  direct  action  of  the  flames,  pre- 
caution being  taken  to  prevent  their  adhesion  together 
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in  the  fusion  of  the  glaze.  Further  description  or  illus- 
tration of  the  ordinary  potter's  kiln  is  here  unnecessary, 
the  wares  being  frequently  fired  in  the  same  kilns  with 
stoneware  and  brides,  an  account  of  which  will  be  found 
under  the  article  Tiles. 

The  application  of  glaze  to  common  potters'  ware  is 
sometimes  omitted,  as  in  the  case  of  articles  for  which 
rapid  absorption  or  evaporation  is  necessary,  such  as 
water  coolers,  sugar-moulds,  butter-dishes,  fiower-pots, 
et  cetera. 

The  cooling  bottles  and  vessels  used  for  holding 
liquids  illustrate  well  the  use  that  is  made  of  the  porous 
nature  of  unglazed  clay.  Their  cooling  properties 
arise  from  the  permeation  of  the  liquid  through  the 
pores  of  the  ware  to  the  exterior  surface  where,  by 
exposure  to  the  air,  it  is  evaporated  with  great  rapidity, 
maintaining  the  interior  liquid  at  a  temperature  several 
degrees  below  that  of  the  surrounding  atmosphere. 
The  porosity  is  sometimes  increased  by  the  admixture 
into  the  mass  of  substances  which  will  be  destroyed  in 
the  kiln,  leaving  minute  pores  through  the  body  of  the 
ware;  a  similar  effect  is  produced  by  a  low  temperature 
of  the  kiln  during  firing. 

Lustre  ware  is  a  class  of  common  pottery  which 
receives  upon  the  glaze,  after  firing,  a  very  thin,  deli- 
cate, and  brilliant  coating  of  metal,  burnt  in  by  a  subse- 
quent process  in  a  muffle.  The  reduction  of  the  metal 
is  effected  either  by  some  ingredient  in  the  solution,  or 
by  a  reducing  atmosphere  through  the  action  of  heat. 
Sometimes  the  lustre  imparts  color  to  the  glaze,  as 
well  as  the  metallic  coating,  an  effect  of  the  extreme 
tenuity  of  the  coating  and  partial  oxidation  of  the 
metal. 

This  effect  is  produced  in  a  remarkable  manner  by 
the  gold  lustre,  which  is  obtained  by  precipitating  a 
solution  of  gold  in  aqua-regia  by  means  of  ammonia, 
the  precipitate,  which  is  fulminating  gold,  being  mixed 
while  moist  with  essential  oil  of  turpentine.  In  this 
state  it  is  applied  to  the  surface  of  the  ware,  and  fired 
in  the  muffle,  the  lustre  being  brought  out  afterwards 
by  friction  with  linen. 

Another  preparation  for  the  gold  lustre  is  as  follows: 
— Two  pennyweights  of  gold,  dissolved  in  twenty-five 
drachms  of  aqua-regia,  with  about  sixty  drops  of  the 
solution  of  tin ;  the  solution  being  gradually  added  to 
six  ounces  of  balsam  of  sulphur,  into  which  a  pint  of 
spirits  of  turpentine  is  slowly  added,  constantly  stirring 
until  the  whole  mass  is  smooth. 

Platinum  Steel  Lustre  is  formed  from  a  solution  of 
bichloride  of  platinum  in  ammonia,  mixed  by  means  of 
a  glass  rod  with  spirit  of  tar,  composed  of  equal  parts 
tar  and  sulphur,  boiled  in  linseed  oil,  and  filtered. 
The  mixture  is  spread  upon  the  piece,  and  fired  in  the 
muffle,  great  attention  being  paid  to  the  temperature 
of  the  kiln.  If  the  platinum  solution  is  too  strong,  it 
is  reduced  by  the  addition  of  more  spirits  of  tar,  and 
if  too  weak,  concentrated  by  evaporation.  If  the  wares 
come  out  black  from  the  kiln,  friction  with  cotton  restores 
the  proper  color. 

Silver  Lustre,  which  has  a  silver  white  hue,  is  also 
obtained  from  platinum,  dissolved  in  equal  parts  of 
muriatic  and  nitric  acid ;  the  saturated  solution  is 
poured  into  boiling  water,  and  a  yellow  precipitate  cf 
14 


the  metal  is  obtained  by  pouring  this  mixture  into  a 
warm  solution  of  salammoniac,  which,  after  being  well 
washed  with  water  and  dried,  is  applied  in  the  usual 
way  to  the  surface  of  the  ware  by  means  of  a  flat 
camel-hair  pencil;  it  is  then  fired,  not  beyond  a  red 
heat,  and  afterwards  burnished  with  a  piece  of  soft 
leather. 

Lustre  Cantharide— the  remarkable  iridescence  of 
which  resembles  beetles'  wings  or  Spanish  flies  —  is 
produced  from  glass  containing  a  large  quantity  of 
lead,  and  to  which  is  added  oxide  of  bismuth  and 
chloride  of  silver.  The  wares  after  coating  with  the 
preparation  are  placed  in  the  muffle,  and  when  heated 
to  redness,  leather  or  similar  substances  thrown  in, 
the  products  from  which  reduce  the  surface  of  the 
metal  and  produce  brilliant  coatings,  varying  in  color 
from  green,  red,  yellow,  blue,  et  cetera. 

Iron  Lustre  is  obtained  by  dissolving  iron  or  steel  in 
muriatic  acid,  and  mixing  the  solution  with  spirits  of 
tar.  The  following  may  be  given  for  the  mixtures 
forming  the  body  of  lustre  ware  : — 

MASS  FOR  LUSTltE  BODIES. 


r. 

Red  or  brown  clay,   20  parts. 

Cornish  clay,   8  parts. 

Blue  clay,   *  parts. 

Flint,   2  parts. 

II. 

Red  clay,   50  parts. 

Earthenware  body,   7  J  parts. 

Manganese,   1  parts. 

Flint,   1  parts. 

in. 

Red  clay,   80  parts. 

Black  Egyptian   10  parts. 


The  lead  glaze  for  lustrous  ware  is  usually  made  as 
follows : — 

Litharge,   60 

Felspar,   30 

Flint,   15 

or  other  good  cream  colored  glazes. 

Tiles  and  Bricks. — In  considering  the  formation 
of  the  mass,  and  the  subsequent  operations  by  which 
it  is  made  to  assume  the  required  shape,  and  the  degree 
of  hardness  desired  in  this  description  of  clay  wares,  a 
similar  arrangement  and  classification  will  be  adopted 
to  that  given  under  Pottery,  properly  so  called. 

Mosaic,  Plain,  and  Encaustic  Tiles,  from  the  superior 
density  and  vitreous  fracture  of  the  mass,  together  with 
the  presence  at  times  of  a  glaze,  and  the  amount  of 
skill  and  taste  displayed  in  their  design,  are  justly 
entitled  to  take  precedence  in  this  department  of  manu- 
facture. 

Mosaic  Pavements  and  Inlaid  Paving-tiles. — The 
manufacture  of  the  highly  decorative  pavements  of  the 
medieval  period  has,  after  the  lapse  of  ages,  been 
revived  in  the  art  manufactures  of  this  country  by  the 
untiring  zeal  and  industry  of  the  late  Mr.  Herbert 
Minton,  under  the  direction  of  Mr.  M.  D.  Hollins. 
The  chief  difficulty  in  the  production  of  this  manufac- 
ture is  to  obtain  different  colored  clays  that  shall 
contract  and  shrink  equally  during  the  processes  of 
drying  and  firing,  and  without  which  property  it  would 
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be  impossible  to  produce  a  perfect  tile  of  variegated 
colors.  It  is  unnecessary  to  speak  of  the  state  of  per- 
fection to  which  these  beautiful  tiles  are  now  brought, 
or  their  fitness  for  architectural  and  ecclesiastical 
decoration.  The  fine  stone  body  of  which  they  are  com- 
posed being  highly  'vitreous,  and  capable  of  receiving 
almost  any  shade  of  color,  renders  them  peculiarly 
adapted  for  such  a  purpose.  The  manufacture  is 
extensively  carried  on  by  the  Messrs.  Minton.  The 
red  clay,  composing  the  body  of  the  encaustic  tile,  is 
found  at  Cobshurst,  about  four  miles  from  Stoke-upon- 
Trent,  and  in  manipulation  receives  a  facing  of  a  finer 
clay,  to  bear  the  ornamental  or  colored  design,  while  the 
back  of  the  tile  has  a  similar  layer  pierced  with  holes, 
the  object  of  which  is  to  prevent  the  warping  of  the  tile 
in  the  fire.  The  fine  clay,  composing  the  ornamental 
portion  of  the  tile,  contracting  more  in  the  kiln  than 
the  body,  would  cause  it  to  bend,  unless  this  tendency 
were  counteracted  by  the  layer  of  similar  material 
placed  at  the  back.  The  red  clay,  or  marl,  previous 
to  working  up,  is  allowed  to  weather  by  exposure  to  the 
air  for  about  half  a  year.  It  is  then  thrown  into  the 
mixing  vats,  as  required,  and  blunged  up  well  with 
water ;  after  which  the  clay  slip  is  strained  from  all 
impurities  by  passing  it  through  fine  lawn  sieves,  and 
evaporated  in  the  slip  kiln  to  the  proper  consistency  for 
working;  or  the  mass,  if  for  dry  tiles,  is  dried  into  hard 
lumps,  and  afterwards  ground  between  mill  stones  into 
fine  powder,  according  to  the  particular  processes  for 
which  it  is  intended. 

The  clay  for  the  body  of  the  encaustic  tiles,  after 
wedging  and  slapping  in  the  usual  manner,  is  shaped 
into  a  block  in  the  form  of  a  cube,  or  parallelepiped, 
from  which  the  tilemaker  cuts  off  with  a  wire  square 
slabs  nearly  approaching  in  thickness  that  of  the 
intended  tile.  These  small  slabs  now  each  receive 
the  colored  facing  of  finer  clay,  which  is  batted  out 
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and  slapped  down  on  their  surface.  Each  tile  thus 
formed  is  covered  with  a  piece  of  felt  and  put  into  an 
iron  box  press  of  the  required  size,  where  it  receives 
pressure  upon  a  plaster  of  Paris  mould  having  the 
pattern  cut  in  relief  upon  its  surface.  The  soft  colored 
clay  face  thus  receives  the  design,  the  indentations  of 
which  are  afterwards  filled  up  with  various  colored 
clays.  The  name  of  the  maker  and  a  few  holes  to 
cause  adherence  to  the  cement  when  fixing  the  tile 
and  also  to  assist  in  withdrawing  the  moisture  in  the 


drying  process,  are  then  stamped  upon  the  back,  and  it 
is  allowed  to  harden  slightly  before  the  next  process  of 
filling  takes  place.  The  colored  materials  in  the  form 
of  thick  slip  are  now  poured  over  the  various  parts  of 
the  indented  pattern  so  as  to  completely  cover  the 
surface — Fig.  484nn.  In  about  twenty-four  hours  this 
colored  slip  is  sufficiently  hardened  to  allow  of  the 
superfluous  clay  being  removed ;  for  this  purpose  the 
tile  is  placed  upon  a  small  whirler,  and  the  pattern 
brought  out  by  scraping  away  the  clay  down  to  the 
face  of  the  tile,  the  cavities  only  being  filled  with  the 
colored  mixtures.  The  tile  is  now  properly  finished, 
the  edges  squared,  and  all  defects  corrected ;  after 
which  it  is  dried  for  a  week  in  a  warm  room  before 
being  removed  to  the  stove  where  the  drying  process 
is  completed  in  a  period,  occupying  from  fourteen  to 
twenty-one  days,  according  to  circumstances.  When 
thoroughly  dry  the  titles  are  packed  in  seggars  and 
fired  in  the  manner  described  under  Earthenware,  the 
duration  of  the  baking  averaging  about  sixty  hours. 
The  oven  is  left  to  cool  for  six  days,  after  which  the 
tiles  are  withdrawn  in  their  finished  state.  The  mass 
contracts  in  the  firing  to  the  extent  of  one-eighth  in 
every  inch.  To  produce,  therefore,  an  ordinary  six-inch 
square  tile,  it  is  necessary  to  form  the  model  six  inches 
and  five-eighths  to  allow  for  this  shrinkage. 

For  the  formation  of  encaustic  tiles  of  a  more  elabo- 
rate pattern,  the  process  is  varied  from  that  described, 
the  tile  being  moulded  by  hand,  instead  of  receiving 
pressure  under  a  machine ;  and  it  is  by  this  manipula- 
tion that  all  the  rich  and  expensive  pavements  have 
been  produced.  These  pavements  have  been  intro- 
duced in  Osborne  House,  the  residence  of  her  Majesty  ; 
and  under  Sir  Chaki.es  Barry's  direction  in  the  House 
of  Lords  and  the  House  of  Commons ;  Cleveland,  near 
Maidenhead,  the  residence  of  the  Duke  of  Sutherland ; 
and  the  mansions  of  most  of  the  nobility,  as  well  as 
the  Senate  House,  Washington,  and  St.  George's  Hall, 
Liverpool. 

Plain  self-colored  tiles,  such  as  black,  red,  chocolate, 
buff,  et  cetera,  and  also  the  tessera:,  are  generally 
termed  dry  tiles,  and  made  of  similar  material  to  the 
encaustic  tiles,  but  subjected  to  an  entirely  different 
process  under  a  method  patented  by  Mr.  Prosser. 
The  prepared  clay,  after  drying  upon  the  kiln  till  it  is 
quite  hard,  is  ground  between  stones  and  reduced  to  a 
fine  powder,  which  is  afterwards  placed  upon  gypsum 
slabs  slightly  damped,  and  sifted  through  fine  sieves. 
In  this  state  the  quantity  required  is  placed  in  a  strong 
steel  matrix  or  mould  of  the  size  of  the  intended  tile, 
the  bottom  surface  of  the  matrix  being  ribbed,  to  give 
a  corresponding  impression  to  the  bottom  of  the  tile, 
and  cause  its  adherence  more  firmly  to  the  mortar  or 
cement  in  which  it  may  be  afterwards  embedded,  as  well 
as  to  distinguish  the  size  of  tile  by  the  different  diaper- 
ing. Into  this  matrix,  a  steel  plate  with  the  pattern 
of  the  intended  tile  upon  its  surface  accurately  fits,  and 
is  brought  down  with  immense  pressure  upon  the  sur- 
face of  the  powdered  clay,  the  pressure  applied  being 
so  great,  that  the  particles  are  united  into  a  firm  solid 
slab  or  tile  ready  for  drying  and  firing.  A  thickness  of 
three  inches  of  powder  will  by  this  compression  form  a 
tile  one  inch  thick,  sharp  in  outline,  and  with  a  beautiful 
15 
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polished  surface.  It  is  also  found  that  compressed  tiles 
shrink  less  in  the  firing  than  those  made  from  the  plastic 
mass,  the  former  contracting  only  one-sixteenth  in  every 
inch.  Many  other  articles  are  likewise  manufactured 
by  this  compressing  process,  such  as  scale  plates,  table 
tops,  furniture  panels,  et  cetera,  and  also  with  smaller 
presses  and  dies,  the  tessera;  for  mosaic  work,  and  orna- 
mental buttons  for  shirt  studs. 

The  number  of  tiles  produced  by  a  single  machine  is 
very  large,  between  fifty  and  sixty  dozen  being  often 
turned  out  in  ten  hours  by  the  labor  of  one  man,  while 
the  number  of  tessera;  produced  in  the  same  time  is 
scarcely  less  than  from  twenty  to  twenty-five  gross. 

The  celebrated  white-glazed  tiles  which  are  now  so 
much  appreciated  for  the  walls  of  bath-rooms,  dairies, 
and  other  domestic  comforts,  are  largely  manufactured 
by  this  firm  under  the  same  process. 

Many  other  descriptions  of  vitreous  paving  tiles  are 
also  made,  and  are  in  large  demand  for  the  more  ordi- 
nary purposes  of  architectural  embellishment.  At 
Tunstall,  near  Burslem,  at  the  Tilery  Works  of  Messrs. 
Garrett  Brothers,  great  improvements  have  been 
effected  in  the  form  and  appliances  into  which  this 
material  can  be  worked.  Hollow  pillar  shafting  of  red 
clay  for  churches,  ventilating  ridge  roof  tiles,  and  various 
other  applications  might  be  mentioned,  as  showing 
the  immense  field  of  constructive  art  into  which  this 
material,  under  skillful  treatment,  may  be  carried.  In 
general,  the  manufacture  of  tiles  being  very  similar  to 
that  of  bricks,  many  of  the  operations  will  be  described 
under  that  section. 

Tiles  may  be  classed  under  three  divisions,  paving 
tiles,  roofing  tiles,  and  drain  tiles,  each  of  which  com- 
prehend numerous  other  varieties.  The  great  distinc- 
tion between  tiles  and  bricks  arises  from  the  greater 
thinness  of  the  former,  and  the  consequent  necessity  of 
increased  purity  and  tenacity  in  the  mass ;  greater  care 
is  also  bestowed  upon  the  processes  of  their  manu- 
facture, tiles  being  always  dried  under  cover. 

Roofing  Tiles  are  of  three  kinds — pan  tiles,  which  are 
of  a  curved  shape;  plain  tiles,  fiat  and  of  various  shapes, 
often  arranged  to  form  elegant  patterns  when  laid  upon 
the  roof ;  and  ridge  roof  tiles,  formed  to  cope  the  top  of 
the  roof,  and  often  highly  ornamental. 

Drain  Tiles  belong  to  the  coarsest  class  of  earthen- 
ware, and  are  of  various  shapes ;  sometimes  curved  over 
a  mould,  and  sometimes  formed  by  forcing  the  mate- 
rial through  a  machine  by  mechanical  means.  Other 
articles,  likewise,  come  under  this  denomination  of 
wares  in  their  manufacture,  such  as  chimney-pots, 
tubular  pipes  for  water  or  drains,  and  which  sometimes 
require  the  assistance  of  the  lathe  to  complete  their 
formation. 

Processes  of  Manufacture. — The  marls  used  to  form 
the  mass  for  working  are  previously  weathered  and 
tempered,  the  period  of  exposure  depending  upon  the 
state  of  the  weather ;  a  frosty  atmosphere  or  a  warm 
sun  is  more  conducive  to  speedy  tempering  than  a 
succession  of  wet  and  dry  days.  The  marls,  when  in 
a  proper  condition,  are  taken  to  the  crushing  mill — 
Fig.  484oo — where,  by  passing  successively  between  the 
sets  of  rollers,  a,  b,  c,  through  a  gradually  narrowing 
aperture,  the  mass  becomes  thoroughly  pulverized,  and 
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in  this  state  is  thrown  into  layers  of  the  various  marls, 
where  it  is  again  weathered,  and  left  for  a  considerable 
time  to  mellow  or  ripen,  and  sometimes  water  is  added 
to  hasten  this  process.    It  is  afterwards  tempered  and 
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prepared  for  the  moulding  processes  by  passing  through 
the  pug  mill — see  Earthenware — from  whence  it  comes 
oozing  out  in  a  mass  thoroughly  kneaded  together  and 
possessing  great  tenacity.  This  plastic  mass,  after 
separation  into  blocks  or  lumps,  is  conveyed  away  and 
stored  under  cover  for  future  use. 

The  moulding  or  forming  of  pantiles  is  carried  on 
under  sheds,  the  moulding  tables  being  placed  on  one 
side,  while  the  remaining  space  is  filled  with  the  blocks 
or  drying  shelves  to  receive  the  pantiles  after  forming. 
The  prepared  clay,  after  being  cut  into  lumps  termed 
half  pieces,  is  brought  to  the  moulding  table — Fig. 
484pp — where  the  lumps  are  batted  and  squared  up  by 
an  assistant  into  masses  or  slabs,  a,  about  the  size  of  the 
mould,  and  about  four  inches  thick.  From  this  block, 
by  means  of  a  wire,  he  separates  a  thin  slice  the  size 
of  a  tile,  and  passes  it  over  to  the  moulder.  The 
bloch  and  stock  board,  b,  for  receiving  the  tile-mould 
is  firmly  secured  to  the  moulding  table  by  a  strong 
tenon  and  mortice  ;  four  pegs,  d,  driven  into  the  table 
at  the  corners  of  the  block  and  stock,  serve  as  a 
support  to  the  mould,  c,  and  at  the  same  time 
regulate  the  thickness  of  tho  tile — five-eighths  of  an 
inch.  The  moulder,  having  sanded  his  stock-board 
and  placed  his  mould  on  the  four  pegs,  takes  the  slice 
of  clay  from  the  assistant,  and  placing  it  in  the  mould, 
smooths  the  surface  with  wet  hands,  and  with  a  brass 
wire  strained  upon  a  wooden  bow  cuts  off  the  surplus 
clay  level  with  the  mould,  and  turns  the  tile  out  upon 
the  washmg-off  frame,  e,  where  it  is  pressed  by  the 
hand  into  the  requisite  curved  form.  It  is  now  struck 
smartly  with  the  splayer,/,  and  turned  over  upon  that 
implement  for  conveyance  to  the  block,  where,  on 
withdrawal  of  the  splayer,  it  is  deposited  for  drying 
with  the  convex  side  uppermost,  remaining  here  for 
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one  or  two  days.  When  the  tiles  are  nearly  dry  they 
are  taken  to  the  thwarking -frame  or  horse,  the  top  of 
which  is  curved  to  correspond  with  the  intended  outline 
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of  the  tile,  and  fitted  with  a  wooden  Mock  similarly 
curved.  Six  or  seven  of  the  tiles  are'  now  placed 
upon  this  horse,  and  the  workman  lifts  up  the  wooden 
block  and  gives  them  two  or  three  smart  blows,  which 
corrects  an}'  warping  that  may  have  taken  place  during 
the  drying  process.  The  tiles  are  now  carried  to  the  kiln. 

Firing. — The  rile  kiln — Fig.  484qq — as  constructed 
in  the  neighborhood  of  London,  consists  of  an  oven  or 
chamber,  a,  heated  underneath  by  furnaces,  b,  from 
which  the  flames  circulate  freely  through  the  oven  by 
the  flues  shown  in  detail  at  c ;  the  whole  is  inclosed  in 
the  brick  hovel,  A  A.  The  time  occupies  six  days,  the 
fires  being  lighted  on  Monday  morning,  and  not  put 
out  until  Saturday  evening.  The  consumption  of  coal 
for  each  firing  is  about  eight  tons,  but  varies  with  the 
nature  of  the  goods  to  be  burnt ;  hollow  goods,  such  as 
chimney-pots,  garden-pots,  et  cetera,  requiring  less  than 
the  more  solid  wares.  These  kilns  average  seventy- 
five  feet  in  height  to  the  top  of  the  hovel,  with  an 
interior  diameter  of  about  thirty-six  feet ;  the  oven 
itself  being  about  fourteen  feet  square  by  ten  feet  high. 

In  the  Staffordshire  potteries  the  kiln  is  of  more 
moderate  dimensions ;  and  the  fires  not  being  placed 
in  vaults  underneath  the  body  of  the  kiln,  are  in 
general  protected  from  the  set  of  the  wind  by  a 
wall  about  six  feet  high  surrounding  the  kiln,  and 
placed  at  a  convenient  distance  to  allow  space  for  the 
proper  regulation  of  the  fires.  After  the  oven  is  filled, 
the  doorways  are  built  up  with  bricks  daubed  over  with 
street-sweepings  or  clay  as  a  luting;  and  the  fires,  after 
kindling,  are  burned  slowly  for  the  first  five  hours,  after 
vol.  n. 


which  the  heat  is  progressively  increased  for  the  next 
thirty-three  hours ;  the  space  of  thirty-eight  hours  being 
in  general  sufficient  for  hard  fired  blue  tiles  or  bricks. 


Fig.  4S4QQ. 
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The  temperature  of  the  kiln  is  determined  by  the 
appearance  of  the  mouths  and  top  outlet  of  the  kiln, 
as  well  as  by  trial  pieces.  When  sufficient  heat  is 
attained,  and  before  the  fires  burn  hollow,  the  months 
are  banked  up  with  ashes  to  prevent  the  passage 
of  cold  air  through  the  oven  ;  and  the  whole  is  allowed 
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to  cool  gradually  for  twenty-four  hours  before  the  con- 
tents are  removed.  The  operation  of  firing  the  kiln 
generally  takes  place  once  a  week,  and  consumes  from 
five  to  six  tons  of  coal  and  slack.  In  charging  the  oven, 
the  floor  is  first  laid  with  about  two  thousand  bricks 
placed  edgewise  in  courses  one  above  the  other,  a — Fig. 
484re — the  bricks  in  the  first  seven  courses  being  so 
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disposed  as  to  leave  a  flue  from  each  fire-place  of  an 
average  width  of  seven  inches,  and  the  top  course,  b, 
bo  as  to  cover  this  space,  and  form  the  flues.  Upon 
this  foundation  the  tiles  are  placed  in  hungs  of  twelve 
laid  alternately  cross  and  lengthwise ;  the  nibs  on  the 
tiles  spacing  them  off,  and  supporting  them  in  a  vertical 
positiou.  Each  side  of  the  square  is  built  up  with 
bricks,  d,  allowing  sufficient  space  in  the  interstices  for 


the  uniform  diffusion  of  heat  through  all  the  goodsplaced 
in  the  oven,  a  desideratum  of  the  greatest  importance 
in  the  firing  of  blue  bricks  and  tiles,  and  for  which  the 
circular  form  of  oven  is  found  best  adapted. 

The  following  table  gives  the  analyses  of  the  clays 
used  in  the  Staffordshire  potteries,  and  found  in  the 
district,  arranged  in  the  order  of  their  fusibility,  com- 
mencing with  the  most  easily-fusible  clay  : — ■ 
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1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

42-84 

54-38 

59-44 

60-02 

64-32 

65-78 

69-87 

70-17 

17-01 

26-55 

25-93 

24-26 

20-33 

15-16 

16-79  ' 

16-25 

Sesquioxide  of  iron,  and  a  little  protoxide, 

6-97 

10-74 

9-14 

10 -S6 

8-49 

8-88 

8-41 

Protoxide  of  iron,  and  a  little  peroxide,. . 

8-38 

15-36 

1-60 

trace 

1-67 

trace 

1-29 

11-61 

3-14 

2-20 

trace 

trace 

1-40 

3-94 

7-28 

3-11 

3-89 

6-60 

5-37 

4-26 

5-86 

100-53 

99-73 

99-22 

100-31 

102-11 

96-47 

99-80 

101-98 

The  colors  to  which  the  different  clays  burn  in  the 
kiln  are  given  below,  the  figures  corresponding  with 
those  of  the  above  table : — 

1.  Rotten  red  marl  will  not  stand  heat,  but  fuses. 

2.  Seggar  marl  burns  light  buff—  a  firebrick. 

3.  Mixture  of  clays  5,  6,  7,  8,  burns  good  blue. 

4.  Clay  from  Stoke-upon-Trent  burns  red. 

5.  Dun-colored  marl  bums  good  blue. 

6.  Top-yellow  marl  burns  reddish  blue. 

7.  Red  marl  burns  blue. 

8.  Mingled  marl  burns  blue  of  a  reddish  tinge. 

Ornamental  ridge  and  roofing  tiles  are  in  general  made 
by  a  similar  process  to  that  described,  greater  care  being 
required  in  the"  moulding  and  formation  of  the  piece 
according  to  the  nature  of  the  design;  and  if  this  be 
very  elaborate,  the  tile  is  sometimes  formed  of  separate 
pieces  united  together  after  moulding,  much  in  the  same 
manner  as  described  under  Earthenware. 

Of  late  years  considerable  ingenuity  has  been  exer- 
cised in  the  invention  of  machines  to  supersede  hand 
labor  in  the  production  of  roofing,  agricultural  drain 
tiles,  water  pipes,  et  cetera,  all  which  machines  are 
constructed  upon  the  principle  of  forcing  the  prepared 
clay  from  a  cylinder  through  a  die-plate  fixed  at  one 
extremity,  which  delivers  the  tiles  or  tubes  in  the  various 
forms  required.  As  similar  machines  for  the  production 
of  bricks  will  be  noticed  under  that  head,  it  will  be 
sufficient  here  to  describe  the  method  of  producing 
drain  pipes  by  the  hydraulic  press,  carried  on  at  the 
manufactory  of  I}eicheneckee,  at  Olhveiler  in  Alsace ; 
a  process  which  will  at  once  explain  all  others  of  a 
similar  character.  The  clay  mixture  to  form  the  pipes, 
after  proper  purification,  is  thoroughly  kneaded  by 
passing  it  between  two  cylinders  revolving  at  dif- 
ferent velocities,  which  causes  them  to  exert  a  tearing 
action  upon  the  mass,  the  distance  between  the  cylinders 
being  regulated  by  screws.  The  mass  undergoes  a 
further  process,  which  is  necessary  before  it  passes  to 
the  moulding  apparatus,  namely,  the  expulsion  of  the 
minute  particles  of  water  retained  in  the  clay  by  the 
force  of  capillary  attraction,  so  powerfully  as  to  resist 
the  action  of  the  press,  and  which  would  prevent  the 
18 


mass  from  attaining  that  degree  of  density  necessary 
to  insure  its  durability  and  nonabsorbing  quality  when 
exposed  to  constant  pressure  and  the  action  of  liquids. 
It  is  desirable  that  the  mass  shall  not  become  too 
dry,  otherwise  the  process  of  moulding  would  be 

Fig.  484S9. 


rendered  difficult ;  a  medium  is  therefore  secured  by 
breaking  it  up  into  balls  of  about  eight  inches  dia- 
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meter,  which  are  suffered  to  half  dry,  and  are  afterwards 
repeatedly  slapped  upon  a  smooth  stone  to  produce  a 
perfectly  homogeneous  mass.  The  moulding  press — 
Fig.  484ss— consists  of  two  hollow  cast-iron  cylinders, 
A  A,  fixed  near  each  other  on  a  strong  movable  frame 
or  cradle,  B  b,  by  which  means  they  can  be  brought 
alternately  under  the  ram,  a,  of  the  powerful  hydraulic 
press,  c,  and  which  is  brought  into  action  by  the 
pump,  c,  and  supply  pipe,  d.  The  rods,  ee,  which  are 
attached  to  the  descending  beam,/,  are  for  the  purpose 
of  raising  the  ram  after  each  operation,  the  winch,  F, 
and  pullies,  //,  carrying  the  rope.  The  conical  moulds, 
m,  with  the  mouthpiece,  n,  for  the  pipes,  are  attached 
to  the  lower  extremities  of  the  cylinders,  A,  and  are 
changed  according  to  the  nature  of  the  article  to  be 
manufactured.  These  conical  moulds  carry  the  cast- 
iron  mouthpiece,  n,  by  the  rod,  s,  passing  through  the 
centre,  and  secured  into  the  crosspiece,  g,  cast  in  one 
piece  with  the  mould.  The  plastic  mass  placed  in  the 
cylinder  is  thus  forced  by  the  pressure  of  the  ram 
through  the  mouthpiece  into  the  shape  of  a  tube  or 
other  article,  and  is  cut  by  a  wire  into  the  requisite 
lengths,  which  are  removed  on  a  tray  to  the  drying 
kiln,  where  they  are  placed  in  an  upright  position  upon 
perforated  supports,  to  avoid  as  much  as  possible  any 
bending  or  want  of  uniformity  in  the  drying  process,  a 
circumstance  which  would  infallibly  cause  them  to  split 
in  the  kiln.  The  operation  of  firing  is  always  one  of 
great  risk,  as,  notwithstanding  the  care  that  is  taken, 
the  pipes  often  crack  in  a  longitudinal  direction.  The 
application  of  hydraulic  power  to  the  formation  of  these 
pipes  renders  them  sufficiently  dense  and  strong  to 
resist  a  pressure  of  from  thirty-five  to  forty  atmospheres 
— over  one  thousand  pounds  to  the  square  inch — an 
amount  far  beyond  the  capabilities  of  a  pipe  manufac- 
tured in  the  ordinary  manner.  Their  diameter  varies 
from  one  inch  to  about  eight  inches,  with  a  proportionate 
increase  in  the  thickness  of  the  substance.  Pipes  of  a 
somewhat  similar  nature,  but  of  larger  dimensions,  are 
manufactured  by  Garrett  Brothers,  near  Burslem 
Peake,  and  others  in  the  locality,  at  Llwynuenion, 
North  Wales,  and  also  at  Lambeth,  London. 

Bricks  or  artificial  stones  are  intended  to  replace 
natural  stone  whenever  this  is  not  to  be  had,  or  the 
hewing  and  cutting  becomes  too  expensive.  Bricks, 
therefore,  are  always  formed  or  moulded  at  once  into 
the  required  form,  varied  according  to  the  purposes 
for  which  they  are  intended,  such  as  wall  bricks, 
arch  and  rectangular  or  wedge-shaped  bricks.  These 
forms  never  exceed  more  than  a  few  inches  in  thick- 
ness, on  account  of  the  contraction  and  difficulties 
attending  the  drying  of  larger  masses,  and  they  acquire 
the  requisite  solidity  by  burning  in  the  kiln.  From 
the  necessary  competition  into  which  artificial  bricks 
enter  with  natural  stone,  economy  in  production  is  an 
essential  point ;  they  are  therefore  seldom  ornamented, 
and  the  color  is  generally  confined  to  the  natural  hue 
assumed  by  the  clay  in  firing.  The  preparation  and 
purification  of  the  mass  are  also  extremely  simple,  and 
are  generally  performed  upon  the  field  where  the  mate- 
rials are  obtained.  Bricks,  being  thicker  and  more 
massive  than  ordinary  potters'  ware,  are  necessarily 
subject  to  a  much  greater  contraction,  and  consequent 


liability  to  crack — a  defect  which  is  remedied  as  much 
as  possible  by  mixing  into  the  mass  cheap  noncon- 
tractile  substances,  such  as  sand,  calcareous  marl, 
coal  and  coke  refuse,  peat,  sawdust,  et  cetera.  Some- 
times the  brick  earth  contains  naturally  a  sufficient 
amount  of  sand  or  lime,  at  others  the  mean  quality  is 
obtained  by  a  mixture  of  clays. 

In  the  neighborhood  of  London,  where  bricks  are 
the  only  material  employed  for  building,  the  clay  is 
obtained  from  the  alluvial  deposits  in  the  London  basin 
that  lie  above  the  London  clay,  and  consists  of  layers 
differing  in  composition  from  each  other.  The  lowest 
deposit  containing  clay,  mixed  with  fragments  of  chalk 
and  various  gravels,  et  cetera,  is  rarely  used,  and  passes 
gradually  into  the  middle  stratum  termed  malm,  also  of 
clay,  but  mixed  with  finer  fragments  of  chalk  and  sand, 
in  place  of  the  coarse  gravel ;  while  in  the  upper  layer 
the  clay  preponderates,  the  gravel  and  sand  being  in 
much  smaller  quantities,  and  the  proportion  of  lime  is  so 
small  that  the  clay  hardly  effervesces  with  acid.  This 
upper  stratum  is  there  too  fat,  and  requires  to  be 
incorporated  with  coal  cinders  or  sand,  while  the 
middle  strata  possessing  more  sand  receive  only  the 
addition  of  cinders.  Near  London  and  other  large 
towns  in  England  the  bricks  of  the  greater  number  of 
houses  are  composed  of  the  earth  removed  from  their 
foundations.  F rom  the  uses  to  which  bricks  are 
applied,  it  is  essential  that  they  fulfil  certain  conditions, 
as  follows: — 

Bricks,  to  be  good,  must  be  sufficiently  firm  and 
hard  to  support,  without  crumbling  or  giving  way,  the 
superincumbent  mass  they  have  to  sustain,  and  not  be 
subject  to  break  in  carriage. 

Bricks  must  be  made  so  as  to  withstand  pressure,  to 
lie  flat  upon  one  another,  and  have  a  smooth  straight 
surface  free  from  hollows  and  cracks. 

They  must  also  possess  sufficient  porosity  to  admit 
of  a  proper  degree  of  adhesion  to  the  mortar,  and  cause 
it  when  dry  to  form  a  firm  and  durable  cement. 

They  must,  likewise,  possess  a  hard  and  uniform  struc- 
ture throughout,  so  as  to  afford  facility  in  dressing  with 
the  trowel,  and  not  split  in  contrary  directions.  They 
should  be  able  at  the  same  time  to  withstand  changes 
in  temperature,  when  placed  in  flues,  fire-places,  chim- 
neys, et  cetera,  as  well  as  the  influences  of  moisture  and 
frost  from  external  causes. 

Some  of  these  necessary  qualifications  can  only 
be  attained  by  a  proper  mixture  of  the  mass,  and 
others  by  attention  to  the  processes  of  moulding  and 
firing.  These  varieties  of  clay  are  generally  incorpo- 
rated with  various  substances,  such  as  lime,  iron, 
pyrites,  stones,  gravel,  organic  remains,  it  cetera, 
which,  unless  removed,  are  very  injurious.  Thus 
when  clay  containing  particles  of  limestone,  chalk, 
or  calcareous  petrifactions,  is  formed  into  bricks,  the 
firing  in  the  kiln  converts  them  into  caustic  lime, 
and  whenever  the  water  has  access  to  the  bricks, 
and  penetrates  to  these  nodules,  the  slaked  lime, 
expanding,  destroys  the  brick.  Iron  pyrites  is  decom- 
posed in  the  same  manner  by  the  fire,  and  leaves 
cavities  in  the  mass,  giving  the  brick  a  greater  tendency 
to  fracture  in  those  parts.  Vegetal  remains,  roots, 
et  cetera,  often  occasion  the  splitting  of  the  bricks  dur- 
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ing  firing  by  the  sudden  evolution  of  gas.  In  the 
selection  and  mixture  of  the  clays  great  care  is 
required;  clay,  if  too  fat,  produces  bricks  liable  to 
bend  and  crack  in  the  fire,  and  with  a  texture  denser 
and  less  porous  than  is  required.  On  the  contrary,  if 
the  clay  is  too  poor,  the  bricks  will  be  too  soft,  and 
easily  crumbled  to  pieces. 

The  manufacture  of  bricks  may  be  classified  under 
five  heads — Preparation  of  Brick-earth,  Tempering  the 
Mass,  Moulding,  Drying,  and  Firing. 

Preparing  the  Brick-earth. — The  clays,  after  digging 
and  weathering,  as  already  described  under  Tiles, 
are  classed  by  the  brickmaker  into  three  qualities — 
strong  clay,  mild  clay,  and  malm.  Strong  clay  in 
general  is  sufficiently  free  from  stones  to  be  used  for 
the  purposes  of  brickmaking  without  washing,  but 
requires  that  there  be  mixed  with  the  mass  chalk, 
reduced  to  the  consistency  of  cream,  to  counteract  the 
warping  and  contraction  it  would  otherwise  undergo  in 
the  process  of  filing,  and  to  improve  the  color  of  the 
brick.  Mild  clay  has  to  be  passed  through  the  wash- 
mill,  to  free  it  from  gravel,  and  other  impurities,  before 
working.  The  amount  of  saud  present  renders  it 
less  liable  to  shrink  and  warp  than  the  strong  clays ; 
but  its  texture  is  so  loose  and  incoherent,  that  a  mix- 
ture of  chalk  is  necessary  to  bind  the  mass  together, 
and  to  take  up  the  excess  of  silica  in  the  firing.  Malm 
is  an  earth  suitable  for  making  bricks  without  any 
addition,  but  as  it  now  exists  naturally  in  very  limited 
quantities,  recourse  is  had  to  the  production  of  an  arti- 
ficial inalm  by  mixing  chalk  and  clay  together,  pre- 
viously reduced  by  passing  through  the  wash-mills. 
The  mixture  is  run  into  shallow  pits,  where,  by  evapo- 
ration and  deposit,  it  becomes  of  sufficient  consistency 
to  be  worked  up  in  the  subsequent  operations.  This 
process,  on  account  of  the  expense,  is  only  adopted  for 
the  best  qualities  of  bricks  in  the  vicinity  of  London, 
the  mass  for  commoner  kinds  being  simply  mixed 
together.  The  object  of  adding  chalk  to  the  clay  is 
twofold — first,  mechanical,  by  diminishing  the  con- 
traction of  the  brick ;  and  secondly,  chemical,  as  a  flux 
during  the  firing,  by  combining  with  the  silica  of  the 
clay.  A  well-burnt  London  brick  is  a  silicate  of  lime 
and  alumina,  and  differs  greatly  from  an  ordinary  red 
fired  brick  made  without  lime  or  alkaline  matter,  the 
silica  and  alumina  of  the  brick  earth  in  this  case  being 
only  in  mechanical,  and  not  in  chemical  combination. 
The  preparation  of  the  brick  earth  is  much  the  same 
process  as  that  described  under  Tiles.  In  the  midland 
districts  the  clayis  generally  ground  and  crushed  between 
iron  rollers,  whereas  in  the  vicinity  of  London  the  pre- 
paration is  effected  by  the  wash-mill,  and  afterwards 
brought  to  the  proper  consistency  by  evaporation  in 
pits,  and  soiled,  or  covered  with  sifted  ashes,  and  left 
to  mellow. 

Tempering.  —  The  tempering  of  the  mass  is  per- 
formed in  various  ways,  according  to  the  practice  of 
the  locality  where  the  bricks  are  manufactured.  The 
old-fashioned  way  of  tempering  by  treading  consists  in 
spreading  out  a  moderately-thick  layer  of  clay  over  a 
wooden  floor,  and  kneading  it  well  over  with  the  naked 
feet,  by  which  the  workman  is  enabled  to  detect  the 
presence  ot  stones,  roots,  et  cetera;  fresh  clay  and 
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water  are  again  added,  and  the  operation  is  repeated 
until  the  whole  mass  becomes  so  stiff  as  to  impede  the 
action  of  the  feet.  Sand,  coal-ashes,  and  similar 
additions,  are  sprinkled  over  the  clay  and  incorporated 
with  the  mass,  until  the  whole  appears  uniformly  soft 
and  moist.  The  extensive  demand  for  brick  generally 
necessitates  the  employment  of  machinery,  and  the 
pugging  or  grinding  of  the  mass  takes  place  in  a  mill 
similar  to  those  already  described  under  Pottery. 

Moulding. — The  moulding  operation  in  the  manu- 
facture of  bricks  and  tiles  is  simpler  than  that  of  any 
other  kind  of  clay  wares.  The  workman  is  supplied 
with  a  stock  of  prepared  clay  by  his  side,  a  small  bench 
or  table  before  him,  a  tub  of  water  and  some  dry  sand, 
and  an  assistant.  Two  methods  of  moulding  are  in 
use  —  slop  moulding,  where  the  mould  is  dipped  in 
water  to  prevent  adhesion,  and  pallet  moulding,  where 
sand  is  sprinkled  over  for  the  same  purpose.  In  slop 
moulding  the  newly  made  brick  is  carried  in  the  mould 
by  the  assistant  to  the  flat  or  drying-floor,  and  whilst 
this  is  being  done  the  moulder  proceeds  with  a  second 
mould,  the  first  mould  being  returned  by  the  time  the 
second  brick  is  ready. 

In  pallet  moulding  only  one  mould  is  used,  the  brick 
as  it  is  formed  being  turned  out  and  placed  upon  the 
hackbarrow,  and  wheeled  away  to  be  built  into  hacks, 
or  low  walls  for  drying.  The  mould  is  represented  in 
Fig.  484tt  ;  a  is  a  four-sided  frame  of  sheet-iron  rivetted 
together  at  the  angles,  and  strengthened  with  wood  at 
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the  two  sides.  The  bottom  of  the  mould  is  detached, 
and  forms  what  is  called  the  stock-board,  b,  consisting 
of  a  piece  of  wood  plated  with  iron  round  the  upper 
edge,  and  filling  the  mould  accurately  but  easily. 
Four  iron  pins,  c  c,  are  driven  into  the  moulding  bench, 
the  stock-board  rests  upon  them,  and  the  thickness  of 
the  brick  is  regulated  by  their  height  above  the  surface. 
The  hollow  in  the  bed  of  the  brick  is  formed  by  a 
piece  of  wood,  d,  called  a  kick,  of  the  size  and  shape 
required,  and  fastened  upon  the  upper  side  of  the  stock- 
board.  The  operation  of  moulding  is  as  follows: — 
The  assistant,  or  cta-moulder,  sprinkles  the  stool  with 
dry  sand,  and,  taking  a  clod  or  clot  from  the  tempered 
mass,  roughly  kneads  and  moulds  it  into  the  shape  of 
a  brick,  and  passes  it  over  to  the  moulder,  who  having 
sprinkled  saud  over  the  mould,  places  the  clot  upon 
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the  stock-board,  and  dashes  the  half-formed  mass  with 
great  force  into  the  sanded  mould  ;  the  mass  which 
has  become  flattened  by  the  shock,  is  forced  into  the 
angles  of  the  mould  by  one  or  two  rapid  strokes  of  his 
hand;  he  then,  with  the  strike,  which  has  been  pre- 
viously wetted  by  immersion  in  the  tub,  removes  the 
superfluous  clay,  which  is  received  back  by  the  clot- 
moulder  for  reworking.  Finally  the  brick  is  dex- 
terously turned  out  of  the  mould,  and  conveyed  away, 
while  the  processes  of  sanding,  et  cetera,  are  proceeding 
quickly  for  the  formation  of  a  second  brick. 

The  number  of  bricks  which  a  workman  can  mould 
in  a  given  time  is  very  great,  but  depends  very  much 
upon  the  strength  and  ability  of  the  operator.  A 
moulder  with  proper  assistance  will  make  two  thousand 
bricks  in  a  working  day;  sometimes  a  much  higher 
number  is  attained.  The  manufacture  of  the  blue 
facing  and  paving  brick  is  extensively  carried  on  in 
Staffordshire ;  it  possesses  the  same  qualities  as  the 
blue  pipe,  ridging,  and  roofing  tiles,  and  is  peculiar 
to  that  locality.  The  annexed  tabular  statement 
received  from  one  of  the  works,  and  showing  the 
pieces  produced  there  in  1859,  will  give  some  idea  of 
the  magnitude  of  the  consumption. 

STATISTICS  OP  A  BRICK  AND  THE  MANUFACTORY  OF 
STAFFORDSHIRE. 


Paving  quarries  1,000,000 

Blue  front  bricks,   150,000 

Paving  bricks   75,000 

Roofing  tiles,   500,000 

Roofing  ridges,   80,000 

Ornamental  bricks   150,000 

Front  red  bricks,   150,000 

Common  blue  bricks,   620,000 

Garden  edging  tiles,   25.000 

Sanitary  tubes,   10,000 


besides  large  numbers  of  other  articles  not  enumerated. 

Machinery  is  sometimes  substituted  for  manual  labor 
in  the  process  of  moulding;  but  from  the  circumstance 
of  the  actual  cost  of  moulding— about  one-fourth  of  a 
penny  for  sixteen  bricks — bearing  so  small  a  propor- 
tion to  the  total  cost  of  brickmaking,  it  can  only  be 
employed  with  economy  in  the  production  of  large 
numbers.  The  interest  of  capital,  the  necessity  of 
keeping  a  machine  constantly  at  work,  and  the  cost 
of  the  motive  power  which  such  machines  require, 
demand  a  very  extensive  market  for  the  produce.  In 
small  brickworks,  therefore,  machinery  effects  no  actual 
saving,  and  is  not  generally  introduced  for  brick  mould- 
ing. The  mechanical  contrivances  for  producing  bricks 
may  be  classed  under  the  following  denominations  : — 

1.  Machines  with  actual  moulds  similar  to  hand 
moulds. 

2.  Machines  in  which  the  moulding  is  performed  by 
several  moulds. 

3.  Machines  which  cut  or  stamp  out  bricks  from  a 
cake  of  clay. 

4.  Machines  which  produce  a  continuous  strip  or 
band  of  clay,  and  subsequently  divide  it  into  separate 
bricks. 

It  is  unnecessary  to  enter  into  the  mechanical  details 
or  respective  merits  of  these  various  contrivances  ;  the 
general  principle  being  easily  understood  by  reference 
to  the  machine  constructed  by  Mr.  Hunt,  and  very 
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generally  adopted.  A  and  b— Fig.  484uu — are  two 
cylinders  of  equal  diameter,  geared  to  revolve  together, 
and  so  placed  as  to  form  the  front  and  back  of  the 

Fig.  484ou. 


hopper,  a,  the  two  sides  of  which  are  of  iron,  and 
arranged  to  form  an  opening  at  the  bottom  corre- 
sponding to  the  length  of  a  brick,  the  width  being 
regulated  by  the  distance  between  the  cylinders.  When 
the  hopper  is  filled  with  tempered  clay,  the  mass  forced 
forward  through  the  opening  by  the  revolution  of  the 
cylinders,  will  have  the  exact  dimensions  of  a  brick. 
Beneath  the  hopper,  an  endless  chain,  b,  traverses  over 
the  rollers,  c  c,  simultaneously  with  the  motion  of  the 
cylinders.  The  pallet-boards,  d  d,  are  placed  at  given 
intervals,  to  correspond  with  the  thickness  of  the  brick 
required,  and  as  each  pallet-board  arrives  under  the 
moulded  mass,  a  wire,  stretched  across  a  frame,  is 
brought  forward  and  separates  the  brick,  which  is  at 
the  same  time  carried  onwards  by  the  motion  of  the 
endless  chain — an  operation  repeated  each  time  that 
a  pallet-board  comes  under  the  hopper. 

Drying. —  When  the  bricks  placed  upon  the  drying 
ground  in  the  process  of  moulding,  have  become  suffi- 
ciently firm  to  be  handled  without  risk  of  bending, 
they  are  set  on  edge,  and  piled  or  hacked  in  the  same 
position  until  they  are  six  or  eight  bricks  high,  spaces 
being  left  between  them  for  the  free  circulation  of  the 
air  through  the  dwarf  wall  thus  formed.  During  the 
night,  or  when  rain  is  apprehended,  the  walls  and  sides 
are  protected  with  boards  and  straw.  Sometimes 
during  the  process  of  drying  the  form  of  the  brick  is 
corrected  in  any  twist  by  striking  with  a  flat  board;  a 
plan  that  greatly  improves  the  appearance  of  the  brick 
when  price  admits  of  its  adoption.  Bricks  that  are 
intended  to  be  fired  in  the  clamp,  require  to  remain  in 
the  hacks  much  longer  than  those  that  are  fired  in  a 
kiln,  from  the  circumstance  that  the  firing  in  the  clamp 
attains  its  full  heat  almost  immediately,  whereas,  on 
account  of  the  temperature  of  the  kiln  being  capa- 
ble of  regulation  to  extreme  nicety,  the  bricks,  if 
green,  can  be  dried  in  the  latter  by  a  gradually  increas- 
ing heat. 

An  ordinary  blue  Staffordshire  brick,  wet  from  the 
mould,  which  weighs  twelve  pounds  four  ounces,  will 
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weigh,  when  fired,  only  eight  pounds  one  ounce ;  hav- 
ing lost  by  evaporation  in  the  drying  and  burning 
four  pounds  three  ounces,  or  thirty-four  per  cent,  of 
its  original  weight;  the  specific  gravity  being  as  fol- 
lows 


Wet  state  from  mould,  2171 

Dry  state,  ready  for  kiln,  2075 

Fired  stale  1801 

The  loss  in  weight  of  a  brick  by  drying  and  firing 
will  be  further  illustrated  by  the  following  table  : — 


1859.  Hou.-B  of  weighing. 

July  13   7  A.M.  weighed  196  oz. 


Logs  in  ounces. 


Number  of  heura 
between  each 
weighing. 


11  A.] 

"    3  P.M. 

"    7  P.M. 

July  11.    . .   7  a.m. 

"           ......  11  A.M. 

"    3  P.M. 

"    7  P.M. 

July  15   7  A.M. 


IOIJoz   41 

1731  0i!   1PJ 

169   oz   4| 

163J  oz   fij 

157J  oz   5| 


1531  oz. 
1521  oz, 
150  oz. 


4i 

n 

46 


Total  loss  by  evaporation  in  drying,  previous  to  firing 
in  the  kiln,  being  twenty-three  and  a  half  per  cent,  of  its 
original  weight,  and  the  further  loss  in  firing  amounting 
to  fourteen  per  cent. 

Firing  or  burning  is  performed  in  very  many 
different  ways,  the  nature  of  the  fuel  which  the  brick- 
maker  has  at  his  disposal,  together  with  the  cost  and 
custom,  being  all  taken  into  consideration.  It  is  also 
considerably  influenced  by  the  nature  of  the  work, 
whether  stationary  or  changing  to  different  places ;  the 
prices  of  labor,  carriage,  et  cetera,  likewise  enter  into 
the  calculation.  The  burning  of  bricks,  however,  may 
generally  be  classed  under  two  methods  : — 

1st.  A  kiln  specially  constructed  for  the  purpose,  as 
in  the  potteries,  is  used  and  charged  each  time  with 
the  bricks  or  tiles  to  be  fired.  Such  furnaces  may  be 
open,  close,  horizontal,  or  vertical. 

2nd.  The  bricks  are  piled  one  upon  another  to  form 
a  temporary  kind  of  furnace,  with  the  necessary  flues  ; 
this  arrangement  is  termed  a  clamp,  and  is  well  adapted 
for  burning  a  large  number  of  bricks  at  once,  but  not  at 
all  suitable  for  the  finer  kinds  where  a  sharp  outline  is 
necessary. 

Kilns,  on  the  contrary,  will  bum  all  kinds  of  bricks 
and  tiles  equally  well,  but,  being  somewhat  expensive 
in  the  construction,  are  only  used  under  certain  circum- 
stances. These  kilns  are  similar  to  a  potter's  oven,  but 
without  bags,  or  chimneys,  or  the  exterior  hovel,  the 
bricks  being  so  placed  in  the  kiln  as  to  form  the  flues 
to  regulate  the  heating.  In  general  they  average  from 
ten  feet  to  ten  feet  six  inches  in  diameter ;  the  con- 
sumption of  coal  is  about  six  tons.  This  construction 
of  furnace  is  also  modified  for  the  firing  of  the  better 
kinds  of  goods  as  well  as  of  the  salt  glaze  sanitary  tubes 
now  so  generally  used  throughout  England. 

The  process  of  burning  in  clamps,  the  great  simplicity 
of  which  has  given  it  the  preference  for  general  pur- 
poses where  the  locality  is  so  far  removed  from  any 
kiln  as  to  render  carriage  too  expensive,  takes  place  in 
the  open  air ;  protection  being  afforded  by  movable 
straw  hurdles  from .  the  too  free  circulation  of  air  or 
wind,  which  might  cause  combustion  to  proceed  too 
rapidly  in  one  direction,  and  put  an  end  to  all  control 
over  the  fires.  The  clamp,  which  will  often  comprise 
as  many  as  eight  hundred  thousand  bricks,  is  coated 
upon  the  exterior  with  loam  or  burnt  bricks,  and  often 
occupies  from  eight  to  ten  days  in  its  construction, 
22 
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...  .12  hours  day,  27£  oz. 

12   12  hours  night,  f\  oz. 

...  .12  hours  day,  10|  oz. 
12   12  hours  night,  24  oz. 


according  to  the  number  of  layers  of  bricks.  Fig.  484vv 
represents  a  transverse  section  of  a  clamp;  the  layers 
of  fuel  used  in  firing  the  bricks,  and  consisting  of 

Fig.  4S4vv. 


cinders  and  small  coal,  are  shown  at  J  b  b;  livelioles 
or  flues  filled  with  faggots,  and  extending  through  the 
whole  thickness  of  the  clamp,  being  left  to  ignite  the 
layers  of  brees,  the  flames  from  which  permeate  the 
interstices  and  escape  at  the  top.  The  firing  of  a  large 
clamp  is  commenced  by  the  successive  ignition  of  the 
liveholes  at  one  end  only,  and,  when  thoroughly  lighted, 
the  mouths  of  the  whole  are  stopped  with  bricks,  and 
plastered  over.  The  proportion  of  brees  for  firing 
every  hundred  thousand  bricks,  is  generally  thirty-five 
chaldrons  sifted  ash  mixed  with  brick  earth,  and  twelve 
chaldrons  to  light  the  clamp,  averaging  a  cost  of  ten 
shillings  for  every  hundred  thousand  bricks.  If  the 
proportion  of  brees  is  too  small,  the  bricks  will  be 
underburnt,  tender,  and  of  a  pale  color ;  if  too  much 
fuel  is  used,  there  is  danger  of  the  bricks  fusing  and 
running  into  a  kind  of  slag  or  clinker.  The  length  of 
time  of  firing  varies  from  twenty,  thirty,  to  even  fifty 
days,  according  to  the  size  of  the  clamp.  Bricks 
situated  upon  the  outside  of  the  clamp,  and  called 
turnovers,  are  underburnt  and  placed  upon  one  side 
for  reburning  in  a  future  clamp.  Bricks  situated  near 
the  livehole,  and  exposed  to  the  full  intensity  of 
the  fire,  will  be  found  fused  into  clinkers  or  burrs. 
Considerable  loss  occurs  in  this  particular,  the  clinkers 
and  adjacent  bricks  being  firmly  fused  together,  and 
attached  to  the  base  of  the  clamp,  from  whence  they 
can  only  be  removed  with  crowbars  at  considerable 
cost  of  labor.  The  loss  by  fracture,  clinkers,  et  cetera, 
averages  about  ten  per  cent.  The  different  qualities 
of  bricks  may  be  known  by  their  color  in  the  firing, 
and  a  very  important  part  of  the  brickmaker's  business 
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consists  in  sorting  the  bricks  as  they  are  removed  from 
the  kiln  or  clamp.  The  hard-baked  bricks,  generally 
of  a  dark  greyish-brown,  are  employed  for  outside  work, 
the  well-baked  bricks  of  a  red  color  for  walls,  while  the 
half-baked  yellowish-red  or  yellow  bricks  are  used  for 
interior  work.  The  harder  that  bricks  are  burnt  the 
more  sonorous  they  become  when  struck,  and  vice 
versa  ;  they  also  last  longer  when  exposed  to  frost  than 
those  which  are  less  burnt. 

The  several  descriptions  of  brick  made  for  the 
London  market  may  be  classified  as  follows  : — 

FIKST  QUALITY — MALMS. 

Cutters  are  the  softest,  and  used  for  gauged  arches  and  other 
rubied  work. 

Malms — Best  building  bricks,  used  only  in  tine  brickwork;  color, 
yellow. 

Seconds — Sorted  from  the  best  qualities,  and  used  for  fronts  of 

buildings  of  a  superior  class, 
Paviors — Excellent  building  bricks,  sound,  hard,  well-shaped, 

and  a  good  color. 
Pickings — Good  bricks,  but  soft  and  inferior  to  paviors. 
Sough  Paviors — Roughest  sortings  from  the  paviors. 
Washed  Stocks — Bricks  in  common  use  for  ordinary  brickwork, 

the  commonest  description  of  malms. 

SECOND   QUALITY — COMMON. 

Grey  Slocks — -Good  bricks,  but  of  irregular  color,  and  not  suited 
for  face  work. 

Rough  Stocks — Irregular  as  regards  shape  and  color,  but  hard 

and  sound ;  not  suited  for  good  work. 
Grizzles — Tender,  only  fit  for  inside  work. 

COMMON  QUALITY — INFERIOR. 

Place  Bricks — Only  fit  for  common  purposes,  and  not  for  per- 
manent erections. 

Shvjfs — Unsound  aud  skvjfy,  full  of  shakes. 

Purrs  or  Clinkers  —  Used  for  artificial  rockwork,  cascades, 
et  cetera. 

Bats — Refuse. 

Bricks  are  often  adapted  in  shape  to  the  purposes 
for  which  they  are  intended,  either  wedge-shaped  for 
arches,  round  for  chimnies,  or  rectangles  of  different 
forms.  Sometimes  they  are  constructed  as  hollow 
bricks,  a  form  which,  without  impairing  their  strength, 
considerably  diminishes  their  weight  and  cost  in  trans- 
port or  carriage.  A  peculiar  kind  of  brick  is  made 
at  Berlin  from  the  infusorial  clay  on  the  banks  of  the 
Spree,  a  cubic  foot  of  which,  weighing  in  the  crude  state 
sixty-one  pounds,  is  reduced  by  drying  and  firing  to 
twenty-five  pounds  seven  ounces.  Bricks  composed 
of  this  earth  weigh  only  one-fourth  that  of  ordinary 
bricks  of  the  same  size,  Bricks  of  this  material,  and 
containing  ten  per  cent,  of  clay,  were  used  for  building 
tlie  Museum  in  Berlin.  Infusorial  earth  forms  an 
admirable  cement  for  clay  in  place  of  sand. 

Fjre-clat  goods  are  employed  either  for  smelting, 

Place  of  manufacture.  Silica 

Crucibles  from  Gross  Almerode   71 

"  Paris — Beaufays   65 

"  Saveignies,  near  Beauvols  72 

"  England,  for  casting  steel,,        ,.  71 

"         St,  Etienne,  for  casting  steel   ....  65 

Glass  pots  from  Nemours   67 

"  Bohemia  . .  ,   68 

Fire-clay  wares  require  to  be  more  strongly  fired,  in 
order  to  acquire  an  equal  degree  of  solidity  with  those 
of  ordinary  clay — a  circumstance  partly  occasioned  by 
the  large  quantity  of  cement  which  enters  into  the  com- 
position of  the  mass.    It  is  also  of  importance  that  the 


as  crucibles,  or  as  fire-bricks,  for  lining  furnaces,  et 
cetera;  their  fire-proof  qualities  depending  upon  the 
amount  of  heat  to  which  they  are  intended  to  be 
exposed,  as  a  brick  that  would  withstand  the  tem- 
perature of  a  limekiln  may  fuse  in  the  heat  of  a 
porcelain  furnace,  and  even  those  that  withstand  the 
highest  temperature  attained  in  manufactures  will  be 
fused,  and  frequently  volatilized  before  the  oxyhydro- 
gen  blowpipe,  or  between  the  poles  of  a  powerful 
galvanic  battery.  As  the  success  of  smelting,  and  other 
operations  in  which  high  temperatures  are  required, 
depends  so  much  on  the  material  employed  in  the  con- 
struction of  the  furnaces,  and  other  apparatus,  a  general 
inquiry  into  this  subject  becomes  necessary. 

The  fusibility  of  a  substance  is  not  solely  influenced 
by  the  elements  which  enter  into  its  composition,  but 
also  by  the  manner  in  which  these  elements  are 
arranged  and  combined  together.  The  ohief  constituent 
of  clay — alumina — is  a  base  which,  in  combination  with 
silica,  forms  one  of  the  most  refractory  substances,  and 
this  property  is  possessed  by  the  clays  in  proportion  as 
they  are  unmixed  with  other  bases,  as  alkalies,  oxide 
of  iron,  lime,  and  magnesia,  in  the  order  here  given. 
In  the  purer  clays,  which  for  all  ordinary  purposes  may 
be  considered  fire-proof,  the  refractory  quality  is  aug- 
mented in  proportion  to  the  quantity  of  silica  they 
contain, 

In  procuring  fire-proof  material,  it  is  always  desir- 
able to  obtain  a  chemical  analysis ;  for,  although  this 
cannot  supersede  an  actual  trial,  it  is  of  the  greatest 
service  in  guiding  to  the  selection  of  the  materials 
required  to  be  added,  in  order  to  produce  in  the 
material  the  required  properties.  Such  additions  are 
generally  necessary,  as  fire-clay  must  not  only  be 
infusible  at  the  temperature  to  which  it  is  exposed,  but 
likewise  free  from  liability  to  crack  or  fly,  properties 
most  important  in  the  construction  of  crucibles.  The 
chief  cause  of  cracking  is  contraction,  and  this  must  be 
lessened  by  the  addition  of  substances  which  do  not 
themselves  shrink,  and  at  the  same  time  do  not  impair 
the  refractory  nature  of  the  clay.  Pure  sand,  ground 
and  free  from  lime  and  iron,  and  fire-clay  previously 
burnt,  are  the  substances  most  usually  and  appropriately 
employed.  When  fire-clay  is  brought  into  contact 
with  substances  exerting  a  chemical  reaction  upon  it, 
and  decomposing  it  by  acting  as  a  flux,  it  is  much  more 
difficult  to  obtain  a  ware  capable  of  withstanding  the 
combined  action  of  heat  and  chemical  affinity.  An 
analysis  of  the  most  noted  fire-clays  employed  in  the 
construction  of  crucibles  and  fire-bricks  is  given  in  the 
annexed  table : — 


Alumina. 

, .  25  , 

..  34  . 

.,  19  . 

,.  23  . 

..  25  . 

,.  32  , 

..  29  . 


Oxide  of  iron. 
..  4  .. 
..  10  .. 
..     4  .. 


trace 


wares  acquire  their  maximum  hardness  and  full  amount 
of  contraction  before  they  are  used.  Crucibles  do  not 
always  require  firing,  as  is  the  case  with  the  Passau 
crucibles,  which  are  simply  dried.  Hessian  crucibles, 
on  the  other  hand,  are  burnt  at  about  the  same  heat  as 
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ordinary  stoneware.  The  following  table,  according  to 
Bektiiier,  gives  the  elementary  composition  and  rela- 


tive proportions  of  the  constituents  in  several  kinds 
of  smelting  crucibles  : — 


Gross  Almerodo. 


fried  (it  100°  centigrade. 


Brierly  Hill, 
near  Stourbridge 


Dcrthicr.  Salvetnt.  Beitliier.  Berthier.  Snlvetat. 

Hj'grometric  "water   — ■  ....  0-43  ....  —  ....  —  ....  - — 

Combined  water   15-2  ....  1400  ....  19  0  ....  10-3  ....  17-34 

Silica   4G-5  ....  47-50  ....  52-0  ....  63-7  ....  45-25 

Alumina    34-9  ....  34-37  ....  27-0  ....  20-7  ....  28-77 

Oxide  of  iron    3-0  ....  1-24  ....  20  ....  4-0  ....  7-72 

Lime   —  ....  0-50  ....  —  ....  —  ....  0-47 

Magnesia                                    —  ....  1-00  ....  —  ....  ■ —  ....  — 

Alkali    —  ....  trace  ....  —  ....  - —  ....  — 


Glass  pots  and  retorts  for  the  production  of  gas  are, 
perhaps,  the  largest  vessels  at  present  constructed  of 
fire-clay.  The  fire-clay  retorts  constructed  by  Messrs. 
Joseph  Cowen  and  Company  of  Blaydon  Burn,  near 
Newcastle-on-Tyne,  are  sometimes  as  long  as  ten  feet, 
with  an  internal  width  of  three  feet,  and  are  constructed 
in  one  piece.    In  use  they  are  found  to  be  four  times 


as  durable  as  iron.  The  material  which  furnishes 
these  fire-proof  wares  consists  of  seven  varieties  of  clay 
belonging  to  the  coal  formation,  and  which  are  found 
in  the  neighborhood  of  Newcastle-ugon-Tyne.  They 
occur  below  the  coal,  and  are  worked  with  them  from 
the  same  pit.  In  color  they  are  greyish-brown  and 
full  of  vegetal  remains.    The  analysis  is  as  follows : — 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

51-10  . 

.    47-55  . 

.    48-55  . 

.    51-11  . 

.    71-28  . 

.    83-29  . 

.  69-25 

31-35  . 

.    29-50  . 

.    30-25  . 

.    30-40  . 

.    17-75  . 

8-10  . 

.  17-90 

4-63  . 

.      9-13  . 

4-06  . 

4-91  \ 

2-43  . 

.  1-88V 

.  2-97 

1-46  . 

1-34  . 

1-66  . 

.     1-76 /• 

1-30 

1-54  . 

0-71  . 

.      1-91  . 

trace  . 

2-30  . 

2-99-*- 

Water  and  organic  matter . . 

10-47  . 

12-01  . 

.    10-67  . 

.    12-29  . 

6-94  . 

3-64  . 

.  7-50 

By  this  it  will  be  seen  that  the  amount  of  silica  in 
No.  2  is  to  the  total  amount  of  the  bases  as  100  :  85, 
while  in  No.  6,  it  is  as  100 : 16.  These  clays  are  mixed 
together  in  certain  proportions  according  to  the  pur- 
poses for  which  they  are  intended.  The  clay  is  not 
suspended  in  water,  the  coarser  particles  being  ground 
into  the  mass,  together  with  the  addition  of  one-fourth 
part  in  weight  of  sawdust.  The  gas-retorts  require  to 
resist  the  sudden  changes  of  temperature,  which  they 
undergo  in  the  processes  of  firing  and  recharging,  and 
average  three  inches  in  thickness  to  give  them  dura- 
bility. These  circumstances,  combined  with  the  Q  form 
of  the  retort,  would  inevitably  cause  them  to  crack,  if 
the  mass  was  not  rendered  excessively  porous  by  the 
destruction  of  the  sawdust  in  the  firing.  Powdered 
coke  may  be  used  for  the  same  purpose,  while  the  loss 
of  gas  from  the  porosity  of  the  mass  is  prevented  by 
the  layer  of  carbon  deposited  on  the  interior  surface 
during  the  operation.  The  retorts  are  either  moulded 
and  built  up  by  hand  with  the  plastic  material,  or  formed 
by  pressure  in  machines,  somewhat  similar  to  those 
described  for  pipe-making,  but  under  pressure  so  enor- 
mous as  sometimes  to  rend  asunder  iron  cylinders 
between  two  and  three  inches  thick.  The  drying  and 
burning  proceeds  afterwards  very  slowly  to  avoid  all 
chances  ot  bursting  of  the  retort  when  in  use.  The 
firing  lasts  fourteen  days,  and  the  retorts  are  of  a  pale- 
yellow  color. 

Newcastle-upon-Tyne  also  carries  on  an  extensive 
trade  in  the  manufacture  of  fire-bricks  from  the  same 
clays  above  enumerated,  and  the  preparation  of  which 
is  as  follows  : — The  clays,  after  exposure  to  the  atmo- 
sphere for  some  time,  are  removed  to  the  clay-mill,  and 
ground  up  with  fragments  of  the  same  clay  previously 
burnt,  from  whence  it  is  taken  to  the  pug-mill  for 
mastication  before  it  is  taken  to  the  moulder.  The 
bricks  are  then  laid  out  to  dry,  and  afterwards 
burnt  in  a  kiln  about  fifteen  feet  long  by  fourteen 
feet  broad,  and  ten  feet  high.  Each  kiln  will  burn 
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about  fifteen  thousand  bricks  at  once.  The  operation 
of  firing  lasts  five  days.  The  bricks  are  placed  on 
their  edge  lengthwise  in  the  kiln.  Stone-bricks  of  a 
very  valuable  kind,  and  used  in  the  construction  of 
the  arches  of  reverberatory  furnacge  employed  at 
Swansea  in  smelting  copper-ores,  are  extensively 
manufactured  at  Neath  in  Glamorganshire.  The 
materials  of  which  the  bricks  are  composed,  are 
obtained  from  the  neighborhood ;  they  are  subjected  to 
a  coarse  crushing  process  under  an  edge-stone,  and  after 
mixing  with  a  little  water,  are  compressed  into  form 
by  a  machine,  the  coarseness  of  the  mass  rendering  the 
moulding  by  hand  impossible.  This  brick  is  fired  in 
the  ordinary  way,  but  resists  the  action  of  intense  heat 
better  than  the  Stourbridge  clay-brick.  It  expands 
more  by  heat,  and  does  not  contract  to  its  original 
dimensions.  The  analysis  of  the  three  materials  com- 
posing the  mass  is  as  follows  : — 

From  Penderyn.  From  Dinns. 

Silica,   94-05 

Alumina,  with  traces  of")  ^  ^ 

oxide  of  iron,  j 

Lime  and  magnesia,   — 


100 
traces 
traces 


91-95 
8-05 
traces 


98-60  100  100-00 

These  bricks  may  therefore  be  called  siliceous  or  stone 
bricks,  and  will  no  doubt  prove  admirably  adapted  for 
the  construction  of  many  kinds  of  chemical  furnaces. 
A  red  fire-brick  is  likewise  manufactured  at  Windsor, 
the  analysis  of  the  clay  from  which  it  is  prepared  being 
as  follows : — - 

Silica   84-65 

Peroxide  of  iron,   4-25 

Alumina,    8-85 

Lime,...  /   1-90 

Magnesia,   3  J 

100-00 

Or  in  mechanical  mixture  about  seventy  sand,  and 
thirty  parts  clay. 
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QUINIIf. — Quinia  or  quina. — This  important  sub- 
stance, which  was  discovered  by  Pelletier  in  1820, 
is  found  naturally  in  the  bark  of  several  species  of 
cincJwna,  which  inhabit  the  Eastern  slopes  of  the 
Cordillera  in  Bolivia,  Peru,  and  New  Granada.  Three 
principal  species  of  bark  occur  in  commerce — the  yellow, 
true,  or  Calisaya  bark,  obtained  from  cinchona  cordi- 
folia;  the  red,  yielded  by  c.  oblongifolia  ;  and  the  pale, 
from  c.  condaminea.  It  is  found,  also,  though  in  smaller 
quantities,  in  a  variety  of  barks,  which  are  nearly  all 
obtained  from  trees  of  the  same  family,  the  distinctive 
characteristics  of  which  are  but  imperfectly  known. 

In  the  bark,  quinin  is  associated  with  cinchonin, 
cinchonidin,  cinchonicin,  all  possessing  more  or  less 
basic  attributes;  kinic  acid;  cinchona  red,  which  occurs 
in  two  forms,  soluble  and  insoluble ;  a  yellow  and  a  green 
coloring  matter;  besides  starch,  gum,  and  lignin.  The 
quinin  exists  partly  as  kinate,  and  partly  in  combina- 
tion with  cinchona  red. 

Constitution  and  Properties. — Quinin  is  one 
of  the  more  powerful  organic  alkalies.  It  generally 
appears,  when  pure,  as  an  amorphous,  resinous  mass, 
of  a  dull  white  color.  Its  formula  is — Gm  H24  N2 
04  +  6  aq.  It  may  also  be  obtained  in  six-sided  pris- 
matic crystals,  which  are  a  hydrate,  containing  six 
equivalents,  or  10-5  per  cent,  of  water,  which  are 
lost  on  fusion. 

Quinin  has  an  intensely  bitter  taste ;  it  is  inodorous, 
and  fuses  reacffiy.  It  dissolves  sparingly  in  boiling, 
and  still  more  sparingly  in  cold  water.  It  is  easily 
soluble  in  ether  and  in  alcohol,  especially  if  hot,  and 
is  also  soluble  in  the  essential  and  fixed  oils. 

Ammonia  decomposes  the  salts  of  quinin  in  the  cold; 
but  on  the  other  hand,  at  the  temperature  of  ebullition 
the  ammoniacal  salts  are  decomposed  by  this  alkaloid. 
Tartaric,  oxalic,  and  gallic  acids,  and  the  infusion  of 
nut-galls,  precipitate  solutions  of  its  salts.  Quinin 
menstrua,  if  treated  with  chlorine  gas,  become  yellow, 
rose-red,  violet,  and  finally  deposit  a  red  resinous 
matter.  A  solution  of  the  sulphate,  saturated  first 
with  chlorine  and  then  with  ammonia,  acquires  a  grass- 
green  color,  and  deposits  a  green  powder.  With 
tincture  of  iodine,  the  solution  yields  a  clear  brown 
liquid,  which  on  concentration  deposits  saffron-colored 
scales  of  a  new  compound.  To  detect  small  quan- 
tities of  quinin,  precipitate  the  suspected  liquid  with 
calcined  magnesia,  and  evaporate  to  dryness;  then 
extract  with  one  part  alcohol  and  two  parts  ether. 
Evaporate  again  to  dryness,  and  extract  with  ether. 
Now  prepare  a  test  liquor,  by  saturating  boiling  water 
with  ferridcyanide  of  potassium,  to  which,  whilst  hot, 
are  added  five  volumes  of  the  strongest  chlorine  water, 
and  then  ammonia,  until  the  blackish-green  liquid 
becomes  very  alkaline,  when  the  sediment  is  filtered 
off.  Now  mix  the  fluid  to  be  tested  with  excess  of 
chlorine  water,  and  drop  in  the  test  liquor.  A  blood- 
red  color  indicates  the  presence  of  quinin. 
N  Or,  put  a  minute  particle  into  a  watch-glass,  drench 
it  with  five  or  six  drops  of  pure  sulphuric  acid  and  an 
equal  quantity  of  water,  and  add  a  fragment  of  bichro- 
mate of  potassa.  If  quinin  is  present,  the  mixture  will 
first  assume  a  green  shade  resembling  that  of  arseniate 
of  copper,  then  a  beautiful  yellow  green,  and  finally  a 
vol.  II. 


dark  green.  The  sulphate,  similarly  treated,  becomes 
first  a  nickel  green,  next  a  copper  green,  and  finally  a 
dirty-yellow.  The  above-mentioned  reaction  with 
chlorine  and  ammonia  may  also  serve  for  the  detection 
of  quinin.  Quinin  combines  with  the  acids,  forming 
a  series  of  well-defined  and  persistent  salts,  of  which 
the  sulphate  is  the  most  important. 

Sulphate  of  Quinin,  usually  called  the  disulphate, 
HO,  C40  H24  N2  04,  S03  +  7  aq.,  crystallizes  in  small 
silky  tufts,  or  in  fine  acicular  prisms ;  it  has  an 
exceedingly  bitter  taste,  and  when  heated  becomes 
phosphorescent.  The  dry  salt  is  composed  of  one 
equivalent  of  quinin,  one  of  sulphuric  acid,  and  one  of 
water.  In  the  crystalline  state  it  takes  up,  in  addition, 
seven  more  equivalents,  or  14-4  per  cent,  of  water. 
It  effloresces  in  dry  hot  air.  It  dissolves  in  thirty 
parts  of  water  at  212°  Fahr.,  but  is  very  soluble  in 
alcohol,  especially  with  the  aid  of  heat. 

Preparation. — Quinin  is  generally  prepared  as 
sulphate. 

The  bark  to  be  operated  upon  is  in  the  first  place 
submitted  to  a  preliminary  examination,  in  order  to 
ascertain  the  amount  of  alkaloid  which  it  contains. 
The  safest  method  is  to  take  about  two  pounds  of  bark, 
and  to  treat  this  by  the  common  process  for  the  pre- 
paration of  sulphate  of  quinine. 

Guillermond  proposes  the  following  process  for 
testing  bark: — reduce  the  bark  to  powder,  and  treat 
this  in  a  displacement  apparatus  with  ten  times  its 
weight  of  alcohol  of  eighty  per  cent.  Add  to  the 
alcoholic  product  thirty  grammes  of  powdered  quick- 
lime for  every  two  pounds  and  a  quarter  of  bark,  and 
agitate  the  mixture  repeatedly.  By  this  operation  the 
liquor  is  almost  completely  decolored.  Filter  off  the 
sediment  of  lime,  and  add  to  the  filtrate  sulphuric  acid, 
enough  to  produce  the  very  faintest  acid  reaction. 
Distil  off  the  bulk  of  the  liquor,  filter  off  the  slight 
resinous  precipitate,  and  concentrate  the  filtrate  to 
crystallization.  Others  exhaust  two  ounces  of  the  bark 
with  eight  ounces  of  water,  and  one  scruple  sulphuric 
acid.  The  mixture  is  kept  for  twenty  hours  at  a 
temperature  of  140°,  and  filtered.  The  digestion  is 
twice  repeated  with  similar  quantities  of  acid  and  water. 
Mix  and  add  ammonia  as  long  as  an}'thing  falls ;  filter, 
wash,  dry,  and  weigh  the  precipitate.  A  prompter, 
though  less  accurate  test,  is  the  precipitation  of  a 
decoction  of  the  bark  by  means  of  an  infusion  of  nut- 
galls,  the  amount  of  alkaloid  in  the  bark  being  estimated 
from  the  greater  or  less  amount  of  the  precipitate 
formed.  The  ordinary  procedure  for  obtainiug  quinin 
is  to  exhaust  the  bark  with  dilute  sulphuric  acid,  boil 
the  extract  with  milk  of  lime,  and  extract  the  preci- 
pitate thus  obtained  with  alcohol,  from  which,  on  con- 
centration, the  crude  alkaloid  separates  in  crystals. 
These  are  redissolved  in  dilute  sulphuric  acid,  and 
purified  by  treatment  with  animal  charcoal  and  recrys- 
tallization.  A  more  perfect,  though  less  rapid  process, 
is  as  follows : — Pound  the  bark  coarsely  and  let  it  steep 
in  water,  to  which  one-fifth  of  an  ounce  of  hydrochloric 
acid  has  been  added  for  every  two  pounds  and  a 
quarter  of  bark  employed.  Next  morning  boil  the 
mixture  for  two  hours,  and  strain.  Submit  the  bark 
to  a  second  and  a  third  decoction  in  water  containing 
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only  half  the  above  proportion  of  acid.  Make,  finally, 
a  fourth  decoction  in  pure  water,  and  keep  this  for 
the  first  acid  decoction  of  a  fresh  quantity  of  bark. 
The  bark  may  now  be  thrown  away.  Mix  the  acid 
liquors,  heat,  and  add  carbonate  of  soda  in  slight 
excess,  allowing  the  precipitate  which  forms  to  subside. 
Decant  off  the  supernatant  liquid,  and  test  it  by  means 
of  ammonia.  Should  this  reagent  produce  a  preci- 
pitate, the  liquid  must  be  precipitated  once  more 
with  carbonate  of  soda.  The  whole  precipitate  is 
placed  on  a  linen  filter,  and  left  to  drain.  It  is  next 
pressed  and  dried  at  a  gentle  heat.  When  perfectly 
dry  it  is  reduced  to  powder,  and  treated  from  five  to 
eight  times  with  alcohol  of  eighty-six  per  cent.,  at  the 
heat  of  the  water-bath;  squeeze  the  grounds  each  time, 
and  filter  the  alcoholic  liquors.  The  alcoholic  fluid 
contains  quinin  and  cinchonin,  with  coloring  matters 
and  some  fatty  substances.  It  is  next  very  slightly 
acidulated  with  weak  sulphuric  acid,  distilled,  and  the 
residue  allowed  to  cool  in  the  distillation  apparatus. 

A  crystalline  mass  appears,  which  is  drained  on  a 
linen  cloth,  to  get  rid  of  the  black  mother  liquor.  It  is 
then  washed  with  a  little  water.  Make  the  crystalline 
mass,  which  is  still  highly  colored,  into  a  paste  with 
warm  water ;  mix  with  this  animal  charcoal  in  powder, 
and  leave  the  paste  till  next  morning.  Mix  the  paste 
with  a  suitable  quantity  of  water  and  boil,  taking  care 
to  carry  the  concentration  sufficiently  far  to  obtain 
crystals  upon  cooling.  For  this  purpose,  it  is  prefer- 
able to  divide  the  paste  into  several  portions,  and  to 
treat  them  separately.  Filter  the  liquid  boiling.  Upon 
cooling,  the  sulphate  of  quinin  separates  in  perfectly 
white  crystals.  At  the  end  of  forty-eight  hours  let  the 
mother  liquor  drain  off,  place  the  crystalline  mass  on 
some  double  folds  of  paper  arranged  on  a  hurdle,  and 
carry  them  to  the  drying  stove,  taking  care  to  keep  the 
salt  covered,  since  otherwise  it  would  turn  yellow.  As 
soon  as  dry  the  salt  must  he  removed  from  the  stove, 
or  it  will  effloresce  and  lose  weight.  The  mother 
liquor  which  had  deposited  the  white  sulphate  is  next 
precipitated  with  ammonia,  which  throws  down  all  the 
quinin  and  cinchonin  still  contained  in  it.  Dissolve 
the  precipitate  with  the  aid  of  heat,  in  water  acidulated 
with  sulphuric  acid,  and  add,  towards  the  end  of  the 
operation,  animal  charcoal,  and,  if  necessary,  a  little 
chalk  to  saturate  the  excess  of  acid.  Seethe  the  liquid 
to  a  proper  degree  of  concentration,  and  filter  boiling. 
A  fresh  crop  of  white  crystals  will  be  deposited  from 
the  filtrate. 

Treat  the  mother  liquor  of  this  second  operation  in 
the  same  way,  and  continue  to  proceed  in  this  manner 
until  the  whole  of  the  alkaloid  is  converted  into  crys- 
tallized sulphate.  After  the  third  precipitation  it  is 
sometimes  advantageous  to  treat  the  precipitate  with 
alcohol  of  sixty-four  per  cent.,  which  dissolves  the 
quinin  alone,  instead  of  dissolving  it  in  water  acidulated 
with  weak  sulphuric  acid.  A  part  of  the  alkaloid  still 
remaining  in  the  mother  liquor  is  deposited  spontane- 
ously as  sulphate,  in  course  of  time,  and  may  be  purified 
by  the  usual  method.  To  extract  the  quinin  still 
remaining  in  the  mother  liquor,  the  following  process 
has  been  proposed  by  GuiiiOURT  : — Add  to  the  black 
mother  liquor  an  equal  weight  of  a  solution  of  chloride 


of  sodium  of  15°  Beaume.  Boil  for  ten  minutes,  decant, 
and  submit  the  brown  deposit  which  has  been  formed 
twice  more  to  the  same  operation.  Pour  the  decanted 
liquors  together,  cool  and  filter,  and  precipitate  the 
filtrate  with  ammonia.  Redissolve  the  brown  deposit 
which  had  separated  from  the  saline  liquid  in  the  third 
operation  in  water,  and  add  gradually,  and  in  small 
portions  at  a  time,  ammoniated  salt-water,  taking  care 
to  stop  short  of  complete  saturation.  Filter  the  liquid  off 
the  soft  brown  precipitate  which  forms,  throw  the  latter 
away,  and  precipitate  the  filtrate  with  ammonia.  Treat 
the  several  ammoniacal  precipitates  with  alcohol.  The 
solution,  treated  in  the  usual  way,  will  now  yield  sul- 
phate of  quinin. 

The  quantities  of  sulphate  of  quinin  furnished  by 
the  varieties  of  bark  which  occur  in  commerce  are: — 
Two  pounds  eight  ounces  of  yellow,_or  Calisaya  bark, 
without  rind,  yield  four  hundred  and  ninety  to  five 
hundred  and  thirty  grains  sulphate  of  quinin.  The 
same  quantity,  with  the  rind,  yields  three  hundred  and 
sixty  grains.  Two  pounds  eight  ounces  of  the  red  bark, 
c.  oblongifolia,  will  yield  two  hundred  and  forty-eight 
grains  sulphate  of  quinin,  besides  about  half  that 
quantity  of  sulphate  of  cinchonin.  Two  pounds  eight 
ounces  of  pale  bark  should  yield  one  hundred  and 
eighty  grains  sulphate  of  quinin,  and  one  hundred  and 
twenty-four  grains  of,  sulphate  of  cinchonin. 

The  following  process,  which  has  been  patented  by 
Mr.  Herring,  yields  a  product  not  indeed  perfectly 
free  from  color,  but  nowise  inferior  in  its  medical  pro- 
perties, and  at  least  twenty  per  cent,  cheaper  than  the 
common  sulphate  of  quinin.  Hence  it  is  designated 
by  the  inventor  hospital  sulphate : — 

First  Operation,  without  Alcohol. — The  powdered 
bark  is  boiled  in  a  solution  of  caustic  soda,  pressed, 
returned  to  the  boiling  tub,  agitated  with  cold  water, 
again  pressed,  and  if  much  color  passes  from  the 
second  washing  the  bark  is  returned  to  the  tub,  washed 
again  with  cold  water  and  pressed  once  more.  The 
treatment  of  the  liquors  obtained  by  the  soda  boilings 
and  washings  is  described  under  the  second  operation. 
The  decolored  bark  is  .now  boiled  with  dilute  sulphuric 
acid,  kept  in  constant  agitation  by  proper  machinery, 
and  this  first  boiling  is  run  into  the  evaporating  pan,  a 
large  water  bath  kept  by  steam  pipes  at  a  temperature 
of  120°,  and  agitated  by  the  paddle  wheels.  The 
bark  is  again  boiled  with  sulphuric  acid  and  water  as 
above,  and  the  liquid  run  into  the  evaporating  pan. 
The  third,  fourth,  and  fifth  boilings  are  not  evaporated, 
but  reserved  to  extract  the  next  portion  of  decolored 
bark  that  is  brought  forward.  When  the  liquor  from  the 
first  two  boilings  is  sufficiently  concentrated,  it  is  allowed 
to  cool,  and  filtered.  Thus  the  flocculent  coloring 
matter  is  separated,  and  the  acid  solution  is  now  fit  for 
precipitation.  The  filtered  eold  solution  is  treated  by 
caustic  soda,  and  the  precipitated  quinin  is  drained, 
washed,  and  pressed.  It  is  now  treated  with  dilute 
sulphuric  acid,  and  crystallized  into  a  very  thick  paste. 
When  cold  these  crystals  are  pressed,  washed,  and 
again  pressed.  This  removes  the  coloring  matter  and 
the  chief  part  of  the  sulphate  of  cinchonin.  The 
pressed  cakes  of  sulphate  are  finally  dissolved  in  a 
large  quantity  of  water  and  recrystallized.  The  crystals 
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,  thus  obtained  form  the  hospital  sulphate  of  quinin. 
The  liquid  which  drains  away  from  the  second  crystal- 
lization removes  the  small  quantity  of  cinchonin  which 
may  not  have  been  got  rid  of  by  the  first  crystallization. 
If  the  sulphate  is  required  perfectly  white  it  is  redis- 
solved,  treated  with  pure  animal  charcoal,  and  again 
crystallized. 

The  patentee  believes  that  in  the  ordinary  method 
of  making  sulphate  of  quinin  impure  animal  charcoal 
is  absolutely  necessary,  though  there  is  of  course  the 
risk  of  contaminating  the  product  with  the  salts  of 
charcoal. 

Second  Operation,  with  Alcohol. — The  blood-red 
soda-boilings  of  the  bark  mentioned  in  the  first  opera- 
tion are  treated  with  hydrochloric  acid,  in  order  to 
retain  in  solution  the  alkaloids  which  have  been 
extracted  by  the  alkaline  boilings.  The  ordinary  view 
that  quinin  is  insoluble  in  alkalies  is  pronounced 
erroneous  by  the  patentee,  who  states,  that  in  acting 
upon  large  quantities  of  bark  the  amount  retained  in 
solution  is  very  considerable.  The  caustic  alkalies 
exert  less  solvent  power  than  the  carbonates,  and 
caustic  soda  least  of  all.  After  the  red  alkaline  liquor 
has  been  acidulated  with  hydrochloric  acid,  it  is  con- 
centrated and  precipitated  with  lime.  The  precipitate, 
a  mixture  of  quinin  and  lime,  is  washed,  dried,  and 
powdered,  and  finally  extracted  with  hot  alcohol.  On 
distilling  off  the  alcohol,  the  crude  alkaloids  are  left 
behind.  These  are  then  treated  with  dilute  sulphuric 
acid,  exactly  as  in  the  former  process,  a  larger  quan- 
tity of  water  being  required  for  removing  the  coloring 
matter  and  the  sulphate  of  cinchonin.  After  two  more 
crystallizations  the  sulphate  is  obtained  perfectly  pure. 

The  first  operation  yields  from  eighty  to  ninety  per 
cent.,  and  the  second  from  ten  to  twenty  per  cent,  of 
the  required  product. 

Uses. — Quinin  is  now  very  extensively  employed 
in  medicine  as  a  tonic  and  febrifuge.  For  these  pur- 
poses it  is  used  in  combination  with  sulphuric,  citric," 
or  valerianic  acid.  The  double  citrate  of  iron  and 
quinin  is  likewise  very  often  prescribed. 

Adulterations. — The  consumption  of  this  import- 
ant remedy  having  greatly  increased,  whilst  the  supe- 
rior varieties  of  cinchona  hark  are  becoming  yearly 
more  scarce  and  costly,  it  is  naturally  subject  to  a  great 
variety  of  adulterations.  Amongst  these  may  be 
enumerated  chalk,  sulphate  of  baryta,  gypsum,  boracic 
acid,  gums,  sugar,  sugar  of  milk,  starch,  stearin,  mar- 
garin,  salicin,  and  phloridzin.  Besides  these  inten- 
tional impurities,  cinchonin  and  quinidin  may  be 
present  if  the  preparation  has  not  been  conducted  with 
due  care.  Phosphate  of  lime  is  also  occasionally  found, 
derived  from  the  animal  charcoal  used  in  decoloring 
the  alkaloid. 

Mineral  impurities  may  be  detected  by  incinerating 
a  portion  of  the  sample  in  a  platinum  capsule.  Pure 
quinin  leaves  no  residue.  Or  a  portion  of  the  sus- 
pected quinin  may  be  treated  with  alcohol  at  a  gentle 
heat.  Quinin  dissolves,  whilst  any  mineral  matter 
which  may  be  present,  as  well  as  gum,  starch,  stearin, 
will  remain  untouched.  If  a  portion  is  burned  upon 
platinum  foil,  sugar  and  margaric  acid  may  be  detected 
by  their  peculiar  smoke  and  smell. 


Sugar  may  likewise  be  detected  by  dissolving  a  known 
weight  of  the  sample  in  water,  and  adding  baryta, 
which  precipitates  both  the  quinin  and  sulphuric  acid, 
if  present.  Any  excess  of  baryta  is  now  removed  by  a 
current  of  carbonic  acid  gas,  and  the  liquid  filtered  and 
concentrated,  when  sugar,  if  present,  is  at  once  known 
by  its  taste.  Gums  and  sugars  may  also  be  detected 
as  follows : — Dissolve  a  weighed  amount  of  the 
sample  in  water,  and  add  a  solution  of  pure  carbonate 
of  potassa,  which  precipitates  both  quinin  and  cincho- 
nin. The  precipitate  may  be  filtered  off,  carefully 
dried,  and  weighed.  Sugar  and  gum  remain  in  solu- 
tion. The  liquid  is  now  evaporated  to  dryness  at 
a  gentle  heat,  and  the  residue  treated  with  weak 
spirit  of  wine,  which  dissolves  the  sugar,  leaving  gum 
intact.  Filter  off  the  clear  liquid,  and  dissolve  any 
residue  in  hot  water.  The  aqueous  solution  is  then 
tested  with  the  sesquisulphate  of  iron,  which  precipitates 
gum  as  a  yellowish  jelly.  If  the  sample  is  boiled  in 
water,  and  the  solution  allowed  to  cool,  starch  may  be 
detected  by  adding  an  aqueous  solution  of  iodine,  when 
the  well-known  blue  or  black  tinge  will  appear. 
Starch,  gum,  and  sugar  may  also  be  recognized  on 
placing  a  little  ot  the  suspected  sample  in  a  porcelain 
capsule,  and  moistening  with  concentrated  sulphuric 
acid.  Quinin  is  merely  dissolved,  whilst  starch,  gum, 
and  sugar  are  blackened.  Ammoniacal  salts  are 
detected  by  ti'turating  a  portion  of  the  sample  with 
liquor  potassa?,  when  an  ammoniacal  odor  is  evolved. 
If  phloridzin  is  present,  the  sample  turns  a  greenish- 
yellow  in  contact  with  sulphuric  acid,  and  is  discolored 
by  the  vapor  of  ammonia.  If  salicin  be  present  to  the 
extent  of  ten  per  cent,  and  upwards,  the  sample  will  turn 
a  deep  blood-red  on  the  addition  of  concentrated  sul- 
phuric acid.  In  smaller  proportions  it  may  be  detected 
by  dissolving  the  sample  in  about  six  times  its  weight 
of  concentrated  oil  of  vitriol,  and  then  adding  twice  the 
amount  of  water,  when  the  salicin  is  precipitated,  and 
may  be  filtered  off  and  tested  with  sulphuric  acid.  If 
cinchonin  be  present  the  sample  is  dissolved,  mixed 
with  ammonia  in  excess,  and  well  shaken  up  with 
ether.  Quinin  is  dissolved,  whilst  cinchonin  remains 
untouched,  and  may  be  separated  by  filtration. 

The  ordinary  organic  impurities  may  be  detected  by 
the  following  simple  experiment : — A  very  small  quan- 
tity is  heated  upon  platinum  foil,  or  in  its  absence,  upon 
a  silver  spoon  to  fusion.  Free  quinin  has  then  the 
appearance  of  oil  of  sweet  almond  ;  the  pure  sulphate  a 
pale  ruby  red,  the  citrate  a  pale  lemon  or  a  deep  yellow, 
if  excess  of  acid  be  present.  The  valerianate  remains 
unchanged  in  color.  If  adulterated,  the  residue  will 
have  neither  polish  nor  transparency,  and  will  be  black 
and  porous.  The  detection  of  the  remaining  cinchona 
alkaloids,  if  present  in  the  salts  of  quinin,  is  more 
difficult.  When  submitted  to  optical  tests,  quinin  and 
cinchonidin,  according  to  Boircijardat  and  Pasteur, 
are  powerfully  laevogyrate ;  quinidin  and  cinchonin 
pre-eminenly  dextrogyrate  ;  and  quiuicin  and  cincho- 
nicin  slightly  dextrogyrate,  upon  plane-polarized  light. 

The  ordinary  tests  for  quinin,  as  mentioned  above, 
distinguish  between  that  alkaloid  and  quinidin  on  the 
one  hand,  and  cinchonin,  cinchonidin,  and  cinchoni- 
cin  on  the  other. 
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Oxalate  of  ammonia,  when  added  to  a  solution  of 
theae  alkaloids  gives,  after  some  hours,  a  crystalline 
precipitate  of  oxalate  of  quinin — if  the  liquid  contain 
not  less  than  one  part  of  alkaloid  in  eight  hundred  of 
water — and  a  white  precipitate  in  strong  solutions  of 
cinchonin.  It  does  not  precipitate  cinchonidin  or 
quinidin. 

If  hydriodic  acid  or  iodide  of  potassium  be  added  to 
neutral  solutions,  the  following  distinctions  appear  on 
crystallization  '—The  hydriodate  of  quinin  appears  as 
lemon-yellow  prisms;  the  corresponding  salt  of  cincho- 
nidin in  long  thick  colorless  prisms;  the  hydriodate 
of  quinidin  in  short  hemihedral  prisms;  and  that  of 
cinchonidin  in  silky  colorless  prismatic  needles. 

RESINS—  Serines,  French;  Harze,Germwn. — These 
are  proximate  principles  found  in  most  vegetals,  and 
in  almost  every  part  of  them;  in  some  of  them  the 
quantity  is  very  insignificant,  whilst  in  others  the  resin 
is  found  in  such  abundance,  as  to  render  its  extraction 
for  industrial  or  medicinal  purposes  a  profitable  busi- 
ness, and  it  is  to  the  latter  class  that  the  following 
particulars  and  descriptions  apply.  They  are  obtained 
chiefly  in  two  ways ;  either  by  spontaneous  exudation 
from  the  plants,  or  by  extraction  by  heat  and  solvents. 
In  the  first  case  the  discharge  of  the  resin  takes  place, 
in  the  liquid  state,  from  accidental  punctures  in  the 
bark  of  the  tree  or  shrub  containing  it,  and  also  from 
artificial  incisions  penetrating  the  bark  nearly  to  the 
hard  wood.  The  substance  which  issues  from  these 
apertures  is  not  a  pure  resin,  but  a  mixture  of  it  with 
volatile  oil  and  other  matters.  In  summer  or  the  warm 
Beason  the  exudation  flows  freely,  and  the  volatile  oil 
being  partly  driven  off  spontaneously  and  partly  resini- 
fied,  the  residue  acquires  considerable  hardness.  Should 
any  of  the  volatile  body  remain,  however,  it  is  driven 
off  on  boiling  the  crude  matter  in  water,  and  thus  the 
resin  is  obtained  free  from  all  volatile  oils. 

When  the  coldness  of  the  season  prevents  the  flow- 
ing of  the  resinous  body,  the  method  adopted  for  its 
extraction  is  somewhat  as  follows:  — The  ligneous 
matter  impregnated  with  the  resin  is  reduced  by  rasp- 
ing or  grinding  as  fine  as  possible,  and  the  powder 
boiled  with  strong  alcohol.  Many  other  matters  besides 
the  resin  are  thus  extracted,  and,  on  adding  water  to 
the  spiritous  extract,  partly  precipitate  with  it.  By 
a  fractional  distillation  of  the  menstruum  most  of  the 
alcohol  is  recovered;  and  during  the  ebullition  the 
finely-divided  particles  of  resin  collect  and  agglomerate 
in  the  aqueous  fluid. 

Eesins  possess  the  following  general  properties : — 
They  are  soluble  in  alcohol,  insoluble  in  water,  and 
melt  by  the  application  of  heat,  but  do  not  volatilize 
without  partial  decomposition.  They  have  rarely  a 
crystalline  structure,  but,  like  gums,  they  seldom  affect 
any  particular  form.  They  are  almost  all  translucid, 
not  often  colorless,  but  generally  brown,  occasionally 
red  or  green.  Any  remarkable  taste  or  smell  which 
they  sometimes  possess,  may  be  ascribed  to  foreign 
matter,  commonly  an  essential  oil.  Their  specific 
gravity  varies  from  092  to  1-2  Their  consistence  is 
also  very  variable.  The  greater  part  are  hard,  with 
a  vitreous  fracture,  and  so  brittle  as  to  be  readily  pul- 
verized in  the  cold.    Some  of  them  are  soft,  a  circum- 


stance probably  dependent  upon  the  presence  of  a  f 
heterogeneous  substance.  The  hard  resins  do  not  con- 
duct electricity,  and  they  become  negatively  electrical 
by  friction.  "When  heated  they  melt  more  or  less  easily 
into  a  thick  viscid  liquid,  and  concentrate,  on  cooling, 
into  a  smooth  shining  mass,  of  a  vitreous  fracture, 
which  occasionally  flies  off  into  pieces  like  Prince  Ru- 
pert's Drops ;  especially  after  being  quickly  cooled,  and 
scratched  with  a  sharp  point.  They  take  fire  by  contact 
with  an  ignited  body,  and  burn  with  a  bright  flame  and 
the  diffusion  of  much  fuliginous  smoke.  "When  distilled 
by  themselves  in  close  vessels,  they  afford  carbonic 
acid  and  carbides  of  hydrogen,  empyreumatic  oil  of  a 
less  disagreeable  smell  than  that  emitted  by  other  such 
oils,  a  little  acidulous  water,  and  a  very  scanty  shining 
charcoal. 

The  solution  of  resins  in  either  hot  01  cold  alcohol 
reddens  tincture  of  litmus,  but  not  sirup  of  violet; 
it  is  decomposed  by  water,  and  a  milkiness  ensues, 
out  of  which  the  particles  of  the  resin  gradually 
agglomerate.  In  this  state  it  contains  water,  so  as  to 
be  soft  and  easily  kneaded  between  the  fingers;  but  it 
becomes  hard  and  brittle  again  when  freed  by  fusion 
from  the  water.  The  resins  dissolve  in  ether  and  the 
volatile  oils,  and,  with  the  aid  of  heat,  combine  with 
the  unctuous  oils.  They  may  be  united  by  fusion 
with  sulphur,  and  with  a  little  phosphorus.  Chlorine 
bleaches  several  colored  resins  if  they  be  diffused  in  a 
milky  state  through  water.  The  sulphide  of  carbon 
dissolves  them.  Concentrated  mineral  acids  decom- 
pose resins  under  the  influence  of  heat,  the  agents 
being  likewise  reduced.  Strong  sulphuric  acid  dis- 
solves them  in  the  cold;  but  on  the  addition  of  water, 
they  again  separate  without  decomposition.  When  heat 
is  applied  the  sulphuric  acid  is  broken  up  into  sulphur- 
ous acid ;  at  the  same  time  carbonic  acid  results  from 
the  resin,  and  a  carbonaceous  residue  with  the  artificial 
tannin  of  Hatohell  remains.  Nitric  acid  aided  by 
heat  effects  several  transformations  in  resin,  according 
to  its  state  of  concentration  and  the  period  during 
which  its  action  is  continued.  Some  resins  yield,  to 
this  treatment,  oxalic  acid,  and  invariably  artificial 
tannin  may  be  obtained. 

Most  of  them  dissolve  in  solutions  of  the  fixed 
alkalies,  whether  hot  or  cold,  as  also  in  ammonia,  and 
form  definite  salts — resinates — some  of  which  are  quite 
neutral.  These  resinates  are  soluble  in  water,  and  form 
a  considerable  portion  of  the  cheaper  kinds  of  soap, 
being  themselves  possessed  of  detergent  qualities. 
Resinates  of  the  alkaline  earths,  and  of  the  heavy 
metallic  oxides,  may  be  prepared  from  those  of  the 
alkalies  by  double  decomposition ;  but  they  are  inso- 
luble, and  generally  strong  acids  liberate  the  resin 
from  them  unchanged. 

Every  resin  is  a  natural  mixture  of  several  others, 
which  sometimes  admit  of  easy  separation  by  different 
solvents,  such  as  alcohol,  ether,  essential  oils,  alkaline- 
solutions,  et  cetera.  For  instance,  when  certain  acid 
resins  are  dissolved  in  alcohol,  and  an  alcoholic  solution 
of  acetate  of  copper  is  added,  it  happens  sometimes 
that  only  a  part  of  the  resin  is  precipitated.  The 
deposit,  which  can  be  readily  separated  from  the  liquid, 
is  found  occasionally  to  be  but  partially  dissolved  by 
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other  menstrua,  and  consequently  admits  of  being 
1  separated  into  several  definite  substances.  Again, 
many  resins  on  being  treated  with  a  solution  of 
potassa,  soda,  or  ammonia,  do  not  entirely  dissolve ; 
and  inferring  from  this  that  the  undissolved  portion 
has  not  the  same  properties  as  that  dissolved,  the  con- 
clusion follows  that  two  or  more  distinct  principles 
were  contained  in  it.  The  soft  resins,  which  retain  a 
certain  portion  of  volatile  oil,  constitute  what  are  called 
balsams,  a  full  description  of  which  will  be  found  in 
Vol.  I.,  page  224,  et  sequitur. 

According  to  Dumas  the  resins  may  be  arranged  in 
five  classes,  namely : — 

1.  Those  which  yield  a  volatile  oil  on  being  distilled 
with  water,  and  leave  an  acid  resin,  or  rather  several 
resins  possessed  of  acid  properties,  in  the  retort.  To 
this  class  belong  the  several  turpentine  resins,  balsam 
of  copaiba,  et  cetera. 

2.  Those  which  yield  a  volatile  oil  when  distilled 
with  water  and  one  or  more  acid  resins,  as  in  the  fore- 
going; but  in  addition,  a  neutral  one,  generally  capable 
of  being  crystallized.  Animi,  elemi,  and  caranna  resins, 
mastic,  vegetal,  or  palm  wax,  and  several  others,  are  of 
this  order. 

3.  Kesins  which  do  not  furnish  a  volatile  oil  on 
being  distilled  with  water.  Such  are  copal,  amber, 
lac,  betulin,  and  the  like. 

4.  Eesinous  matters  containing  substances  soluble  in 
water  of  the  nature  of  gum.  Many  of  the  members  of 
this  group  have  been  already  described  as  gum-resins, 
under  Gums,  to  which  the  reader  is  referred. 

5.  Balsams  or  compounds  which  contain,  besides  a 
volatile  oil  and  an  acid  resin,  cinnamic  or  benzoic  acids, 
or  some  substances  capable  of  producing  them.  It  will 
be  unnecessary  to  follow  the  description  of  the  subjects 
coming  under  this  class  here,  as  they  have  been  already 
described  at  some  length. — See  Balsams. 

The  Editor  will  now  glance  cursorily  at  each  variety 
of  resin  in  its  alphabetical  order,  space  not  permitting 
of  more. 

Amber. — Succm,  French  ;  Bernstein,  German ;  Suc- 
cinum,  Electrum,  Latin. — This  interesting  substance  is 
frequently  included  among  minerals,  with  which,  how- 
ever, it  can  no  more  be  classed  than  the  resin  copal 
found  in  the  sands  of  Africa.  It  is  a  substance  of 
vegetal  origin,  resembling  copal  and  other  resins  in 
appearance,  and  in  some  of  its  physical  and  chemical 
properties,  and,  like  them,  is  employed  for  varnishes. 
The  variation  of  its  properties  from  those  of  ordinary 
resins  is  not,  perhaps,  greater  than  is  to  be  found  among 
the  different  members  of  the  class,  and  may  be  in  part 
attributed  to  a  slight  and  gradual  alteration  effected 
during  the  time  of  its  exposure  to  the  various  natural 
agents.  From  some  of  its  chemical  and  physical  pro- 
perties and  its  occurrence  in  or  near  coal  or  lignite,  it 
is  usually  supposed  to  bo  a  resin  derived  from  trees  of 
the  same  geological  age  with  the  upper,  secondary,  or 
tertiary  strata ;  hut  from  the  formation  of  succinic  acid 
from  fat,  as  well  as  from  amber,  one  might  suppose  it 
to  have  been  a  species  of  wax,  or  to  have  a  fatty  nature. 
Its  balsamic  or  resinous  origin  is  more  probable  than 
the  latter  view.  According  to  the  traditions  of  the 
ancient  Celtic  nations,  amber  signifies  tears  shed  by 
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Apollo  on  leaving  heaven  for  the  famed  Hyperborean 
island — Erin — and  the  account  is  thus  happily  recorded 
by  Bryant : — 

The  Celtic  sages  a  tradition  held, 

That  every  drop  of  amber  was  a  tear 

Shed  by  Apollo  when  he  flew  from  heaven  ; 

For  sorely  did  he  weep,  and,  sorrowing;,  passed 

Through  many  a  doleful  region,  till  he  reached 

The  sacred  Hyperboreans. 

Amber  is  most  abundantly  found  on  the  Prussian  coast 
of  the  Baltic,  Courland,  Livonia,  Pomerania,  and  in 
Denmark,  where  it  is  often  washed  up  on  the  shore  by 
the  waves,  after  the  autumnal  storms ;  or  it  is  dragged 
up  by  a  net,  or  obtained  by  mining.  In  the  latter  case 
a  stratum  of  sand,  then  of  loam,  are  pierced,  neither 
containing  amber ;  but  below  the  latter  occurs  a  bed  of 
lignite,  in  and  near  which  it  is  obtained.  From  the 
cones  found  near  it,  one  may  attribute  the  amber  to  the 
balsam  of  certain  extinct  species  of  coniferoe,  which 
has  hardened  by  the  loss  of  its  volatile  oil.  It  frequently 
contains  insects  of  various  genera  and  species ;  among 
them  several  genera  of  spiders,  no  species  of  which  is 
now  in  existence.  Some  genera  of  these  insects  are 
still  found  in  South  America  and  New  Holland,  but 
the  species  are  extinct ;  and  but  a  single  living  insect 
found  in  America  has  been  observed  in  amber,  namely 
— lepisma  saccharinum.  It  is  sometimes,  but  rarely, 
found  on  the  Scandinavian  coast ;  other  localities  are 
Hasen  Island,  Greenland,  near  London  in  sand,  and 
Paris  in  clay,  in  Italy,  on  the  Sicilian  coast,  in  Spain, 
Siberia,  China,  and  the  United  States,  where  it  occurs 
in  the  red  clay  formation  subjacent  to  the  green  sand, 
and  sometimes  in  the  green  sand  itself. 

Thus  it  occurs  frequently  associated  with  lignite  on 
Martha's  Vineyard ;  from  Amboy  to  below  Camden, 
New  Jersey;  in  the  clays  and  sands  of  the  deep  cut  on 
the  Delaware  and  Chesapeake  Canal,  and  in  the  green 
sand  in  Delaware ;  further  at  Cape  Table,  Maryland. 
It  is  said  that  Prussia  draws  an  annual  revenue  of 
seventeen  thousand  rixdollars  from  this  substance. 

It  is  found  of  variable  sizes ;  a  specimen  in  the  royal 
collection  at  Berlin  weighs  eighteen  pounds.  It  is 
sometimes  colorless,  though  usually  some  shade  of 
yellow,  light  and  brownish  yellow,  reddish-orange, 
brownish-black;  it  is  transparent,  translucent,  opaque, 
sometimes  milk-white  and  opaque,  different  hues  and 
degrees  of  transparency  occurring  in  the  same  piece;  it 
has  a  resinous  lustre ,  is  rather  brittle,  has  a  conchoidal 
fracture,  and  a  soft-feeling  shining  surface ;  it  receives 
a  good  polish,  and  hence  is  carved  into  ornaments. 

Specific  gravity  1 '065-1 '075.  By  friction  on  woollen 
cloth  it  becomes  strongly  negatively  electric. 

Heated  in  the  air  it  fuses  at  about  549°,  evolving  an 
agreeable  aromatic  odor,  and  burns  with  a  clear  flame. 
By  fusion  it  is  decomposed  and  its  properties  altered, 
giving  off  volatile  matter  and  leaving  a  clear  brownish 
translucent  resin,  which  is  almost  insoluble  in  alcohol, 
partially  soluble  in  ether,  and  most  perfectly  in  fixed 
and  volatile  oils,  with  a  brownish-yellow  color.  Slowly 
heated  in  linseed  oil  to  boiling,  it  is  soft  and  flexible, 
without  fusing  or  decomposing,  and,  unless  cooled 
slowly  in  the  oil,  is  as  brittle  as  glass ;  opaque  spots 
are  thus  often  rendered  translucent. 
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Amber  is  wholly  insoluble  in  water;  absolute  alcohol 
and  ether  become  yellow  in  contact  with  it ;  when  used 
on  the  substance  powdered  they  extract  succinic  acid 
and  resin. 

It  is  soluble,  with  a  brown  color,  in  strong  sulphuric 
acid  from  which  water  precipitates  the  greater  part  of 
a  yellow  color,  which  retains  a  little  of  the  acid ;  by 
boiling  with  the  same  acid  tannin  and  charcoal  are 
produced.  Nitric  acid  changes  it  to  a  yellow  resin, 
which  gradually  dissolves  in  the  acid.  Finely  pow- 
dered, and  boiled  with  solution  of  caustic  or  carbonated 
alkali,  much  succinic  acid  is  removed ;  and  pure  water 
extracts  a  resinate  of  the  alkali  from  the  residue,  leaving 
amber  bitumen. 

By  destructive  distillation  in  a  closed  vessel  an  acid 
liquor  containing  acetic  and  succinic  acids  passes  over; 
some  crystals  of  succinic  acid  are  then  deposited  in  the 
neck  of  the  retort,  after  which  an  empyreumatic  oil  is 
disengaged,  at  first  thin  and  yellowish,  but  subsequently 
brown  and  thick ;  finally,  a  light-yellow  wax-like  sub- 
limate appears  in  the  neck  of  the  retort,  to  which 
Beezelius  has  given  the  title  of  crystallized pyre'tine, 
and  Gmelin  amber-camphor.  The  proximate  consti- 
tuents of  amber  are  a  volatile  oil,  succinic  acid,  two 
resins  soluble  in  alcohol  and  ether,  and  a  bituminous 
insoluble  substance  which  constitutes  the  chief  bulk  of 
it;  its  ultimate  analysis  showed  it  to  consist  of  carbon, 
hydrogen,  and  oxygen  in  the  following  proportions : — 

Centesimally. 
Drossier.  Ure. 

Carbon,   80-59    70  68 

Hydrogen,   7-31    11-62 

Oxygen,   6-73    7-77 

^sil   3-27  .'  l9.g3 

Loss,   2-10   J 

100-00  100-00 

Uses. — Fine  amber  is  used  for  making  trinkets  and 
ornamental  objects ;  but  its  estimation  is  much  greater 
in  this  respect  in  Oriental  nations  than  with  Europeans. 
The  portion  designed  for  ornamental  work  is  split  on  a 
leaden  plate  on  a  lathe,  and  then  smoothened  to  a 
shape  on  a  Swedish  whetstone;  it  is  then  polished 
with  chalk  and  water  or  vegetal  oil,  and  finished  by 
rubbing  with  flannel.  In  these  processes  the  amber  is 
apt  to  become  highly  electrical  and  very  hot,  so  much 
so  as  to  produce  nervous  tremors  in  the  wrists  and  arms 
of  the  workmen  from  the  electricity.  The  artists  guard 
against  these  effects,  however,  by  working  the  pieces 
in  rotation,  so  that  the  heat  may  not  increase  to  an 
injurious  degree,  and  the  amber  remains  only  feebly 
excited  The  coarser  kinds  of  amber  are  employed  in 
chemical  and  pharmaceutical  operations,  and  also  for 
the  manufacture  of  varnishes. 

Anime. — A  resin  not  unlike  copal,  and  of  which 
there  are  two  varieties,  the  American  and  the  Oriental. 
The  American  anime  is  said  to  flow  from  incisions 
in  the  hymcnosa  courbaril,  a  tree  growing  in  Brazil, 
Virginia,  and  the  West  Indies.  The  purer  resin  occurs 
in  pale  yellow  pieces,  with  a  vitreous  fracture  and 
dusty  surface ;  softens  in  the  mouth,  tastes  like  mastic, 
and  has  an  agreeable  odor,  especially  when  heated; 
specific  gravity  1-03;  combustible,  and  gives  a  lively 
flame.    Warm  oil  of  olives  or  lavender  dissolves  it ; 


it  is  wholly  soluble  in  boiling  alcohol,  the  solution 
reddening  litmus,  although  the  acid  is  scarcely  ex- 
tracted by  water.  Cold  alcohol  separates  it  into  two 
resins;  the  soluble — 54-3  per  cent. — resembles  the  resin 
itself;  the  difficultly  soluble  resin— 42'8  per  cent. — pre- 
cipitates from  a  boiling  alcoholic  solution,  drying  to  a 
tasteless  mass,  slightly  odorous  and  lighter  than  water. 
It  also  contains  about  2-4  per  cent,  of  a  volatile  oil, 
which  passes  off  by  heating  per  se,  or  with  water.  A 
brown  variety  does  not  soften  in  the  mouth. 

The  Oriental  anime,  which  has  a  specific  gravity  of 
1-0272,  appears  to  be  a  mixture  of  two  resins,  one  pale- 
yellow,  brittle,  not  softening  in  the  mouth;  the  other 
reddish-yellow,  softer ;  it  does  not  contain  the  difficult 
soluble  resin,  and  its  alcoholic  solution  has  a  less  acid 
reaction.  It  is  not  decomposed  by  nitric  acid,  even  at 
the  heat  of  fusion. 

Anime  was  formerly  employed  in  pharmacy,  but  is 
now  chiefly  used  for  scenting  pastilles,  and  for  varnishes ; 
but  it  is  rather  a  bad  material  for  the  latter,  as  it  is 
dried  with  difficulty,  and  leaves  the  coating  soft  and 
pasty.  For  thesereasons  it  is  never  used  per  se,  but 
in  admixture  with  other  more  suitable  resins. 

Botany  Bay  Resin,  said  to  be  the  produce  of  acarois 
resinifera,  is  of  a  yellow  hue,  brittle,  and  of  a  slightly 
astringent  taste.  It  exhales  a  fragrant  odor  when 
heated,  and  dissolves  in  alcohol  and  ether.  It  resem- 
bles tolu  balsam  in  containing  cinnamic,  and  a  small 
quantity  of  benzoic  acid. 

Colophony — Common  Rosin. — This  is  the  residue 
remaining  on  the  distillation  of  common  turpentine ;  it 
retains  more  or  less  water,  and  is  known  as  white  and 
yellow  resin,  being  in  this  state  translucent,  and  often 
slightly  viscid.  When  deprived  of  water  by  fusion,  it 
is  termed  brown  or  black  resin,  colophony,  rosin,  or 
fiddler's  rosin. 

Eosin  is  a  brittle,  tasteless,  and  almost  inodorous  sub- 
stance, of  a  smooth  shining  fracture ;  its  specific  gravity 
is  1-080.  It  softens  at  160°,  hut  does  not  enter  into 
fusion  under  275°  According  to  the  analysis  of  Blan- 
chet  and  Sell,  this  substance,  in  its  pure  state,  may 
be  represented  as  composed  of  C40  H30  04 ;  but  Unvee- 
doeben  has  shown  that  colophony  includes  two  dis- 
tinct acid  resins,  together  with  a  minute  portion  of  an 
indifferent  one.  These  acid  resins  he  designates  pinic 
acid,  and  silvic  acid,  the  former  greatly  preponderat- 
ing. As  respects  the  composition  of  these  acids,  it 
appears  that  they  are  isomeric,  and  therefore  have  the 
same  formula  as  that  above  ascribed  to  pure  colophony, 
a  conclusion  sanctioned  by  Boss  and  Teommsdoeff, 
but  not  by  LbwiG. 

B.osin  forms  an  important  ingredient  in  the  compo- 
sition of  yellow  soap,  and  is  a  partial  substitute  for 
fixed  oil  or  fat;  it  is  not  analogous  to  the  latter  in 
chemical  constitution,  nor  can  it,  like  those  bodies, 
form  with  an  alkali  a  proper  soap  by  itself.  Colophony 
contains  no  glycerin,  nor  any  equivalent  for  that  sub- 
stance. 

The  formation  of  yellow  soap  from  rosin  depends  on 
the  direct  combination  of  the  resin  acids  with  soda. 
No  glycerin  is  eliminated,  there  being  no  proper  sapo- 
nification. The  compounds  formed,  however,  by  the 
union  of  soda  with  rosin  are  not  separable  from  their 
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aqueous  solutions  by  chloride  of  sodium,  like  true  soda 
soaps,  nor  do  their  concentrated  solutions  become  mu- 
cilaginous or  gelatinous  on  cooling,  nevertheless  they 
produce  a  lather,  and,  when  added  to  soap  in  limited 
proportion,  increase  its  detergency.  Eosin  is  also  used 
to  some  extent  in  perfumery. 

This  resin  is  largely  employed  in  manufacturing 
industry  for  the  purpose  of  extracting  the  various  oily 
bodies  it  produces  by  destructive  distillation,  and  which 
oils  are  largely  consumed  in  the  arts,  as  well  alone  as  for 
adulterating  dearer  kinds.  The  bleaching  of  common 
colophony  has  long  engaged  attention,  but  success  did 
not  attend  the  various  efforts  Latterly,  however, 
Messrs.  Hunt  and  Pochin's  patent  seems  to  have 
accomplished  the  task  of  converting  the  common  black 
resin,  worth  four  to  five  shillings  per  hundredweight, 
into  a  white  almost  transparent  compact  article,  which 
is  said  to  be  highly  beneficial  to  soap  and  varnish 
makers,  and  worth  as  much  as  fifteen  shillings  per 
hundredweight. 

Their  process  may  be  hero  advantageously  although 
cursorily  described.  It  consists  in  distilling  resins  and 
resinous  substances  without  decomposition,  or  only 
partially  so,  by  which  they  are  freed  from  various 
mechanical  impurities,  and  at  the  same  time  almost 
deprived  of  their  color.  The  ordinary  rosin  of  com- 
merce, et  cetera,  are  taken  and  introduced  into  an 
iron  or  other  suitable  vessel ;  they  are  then  melted, 
i  and  steam  is  passed,  during  the  entire  period  of  the 
operation,  through  the  fluid  mass,  until  the  whole,  or 
nearly  the  whole,  has  been  distilled.  The  rosin  is 
condensed  in  a  suitable  receiver,  kept  as  cold  as  it  can 
be  by  the  application  of  water,  and  exsiccated ;  it  is 
then  adapted  for  the  purposes  for  which  it  is  required. 
During  the  distillation  the  temperature  rises  from  about 
390°  to  600°,  at  which  it  is  maintained  until  all  such 
portions  of  the  contents  of  the  still  as  are  capable  of 
being  volatilized  have  passed  into  the  receiver.  Instead 
of  steam,  carbonic  acid,  or  a  mixture  of  carbonic  acid 
mi  d  nitrogen,  or  hydrogen  gas  or  carbides  of  hydrogen, 
are  introduced  to  decolor  the  resin. 

Copal,  said  formerly  to  have  been  derived  from  rhus 
copallinum  and  the  elwocarpus  copalifer,  seems  by 
late  accounts  to  be  obtained  from  various  species  of 
hymenwa  trachylobium  and  vonapa.  Several  varieties 
of  this  resin  are  known  in  commerce,  which  are 
apparently  the  product  of  different  trees,  natives  of 
Africa,  America,  the  East  Indies,  and  New  Zealand. 
Levant  copal  is  considered  the  best,  and  is  met  with  in 
moderate-sized  round  masses,  hard,  transparent,  color- 
less, or  but  slightly  lemon  yellow.  It  is,  of  all  resins, 
that  which  makes  the  finest  varnishes.  Two  kinds  of 
copal  resin  are  known ;  one  hard  or  true,  and  the  other 
tender  or  fictitious  copal.  The  true  variety,  as  above 
stated,  is  met  with  in  large  pieces,  colorless,  or  of  a 
slight  yellow  shade,  exteriorly  opaque,  but  limpid  in  the 
interior.  In  some  cases  its  tint  approaches  to  a 
brown.  Insects  are  occasionally  found  inclosed  in  it, 
but  more  rarely  the  debris  of  plants. 

It  has  so  much  resemblance  to  amber  that  it  might 
be  supposed  to  have  a  fossil  origin ;  at  all  events  it  has 
probably  been  long  exposed  to  the  action  of  the  air 
before  being  collected.    It  is  very  hard,  and  breaks 
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with  a  conchoidal  fracture.  Exposed  to  heat  it  softens, 
but  does  not  permit  its  being  drawn  into  threads; 
when  the  temperature  is  more  elevated  it  melts,  and 
at  the  same  time  undergoes  decomposition,  and  distri- 
butes on  boiling  a  vapor  having  the  peculiar  odor  of 
the  wood  of  the  aloe  tree.  Its  specific  gravity  varies 
from  1-045  to  1-139.  In  the  natural  state  copal  is  only 
slightly  soluble  in  absolute  alcohol ;  on  boiling  it,  how- 
ever, it  tumefies,  and  forms  a  viscous  elastic  mass; 
with  ether  it  acts  in  a  similar  way,  but  ultimately  dis- 
solves. When  it  is  desired  to  dissolve  it  in  alcohol 
per  se,  the  best  method  is  to  suspend  it  in  the  vapor 
of  the  boiling  liquid,  and  it  gradually  falls  drop  by 
drop  and  is  perfectly  dissolved ;  with  oil  of  turpentine, 
under  similar  treatment,  the  result  is  the  same.  To 
avoid  the  loss  of  spirit  and  other  inconveniencies  which 
attend  this  process,  many  trials  have  been  made.  One 
of  these,  though  singular,  is  said  to  be  effective ;  it  is  to 
grind  the  resin  and  expose  it  to  the  air  for  a  period  of 
ten  or  twelve  months,  after  which  it  is  readily  taken 
up  by  spirit  of  wine.  It  may  be  dissolved  in  absolute 
alcohol  by  first  acting  on  it  with  ammonia,  which 
softens  it  into  a  gelatinous  mass,  and  then  adding  the 
spirit  in  small  portions,  with  the  aid  of  heat.  It  may 
likewise  be  dissolved  in  alcohol  after  being  softened 
with  ether. 

The  ordinary  practice  is,  however,  to  take  advantage 
of  the  property  which  certain  essential  oils  have  of 
softening  the  resin,  and  thereby  rendering  it  more 
readily  soluble.  A  quantity  of  the  copal  is  taken  and 
moistened  with  oil  of  rosemary  or  of  lavender;  after 
standing  for  a  time  some  pieces  begin  to  soften,  while 
others  are  unaffected ;  the  former  are  selected  for  spirit 
varnish,  and  the  latter  are  put  by  for  varnish  to  be 
made  with  fixed  oils.  The  first  portion  is  then  ground, 
moistened  a  second  time  with  either  of  the  essential 
oils  named,  and  after  a  short  time  it  swells  up  to  a 
pasty  mass,  which  on  addition  of  the  necessary  quantity 
of  spirit  of  wine  dissolves.  Spirit  of  turpentine  behaves 
in  like  manner.  The  same  menstrua,  provided  a  little 
camphor  be  first  dissolved  in  them,  readily  take  up  the 
resin ;  but  the  varnish  thus  formed,  as  also  that  pre- 
pared by  means  of  oil  of  rosemary,  is  soft  and  devoid 
of  the  durability  which  the  real  spirit  varnishes  made 
with  the  resin  possess.  But  the  common  copal  var- 
nish is  made  by  melting  it  cautiously,  and  adding  oil  of 
turpentine  heated  to  a  certain  point. 

According  to  Unverdorben  and  Filhol,  who  have 
more  recently  examined  Indian  copal,  it  contains  no 
less  than  five  definite  compounds  of  a  resinous  nature, 
four  of  which  possess  acid  and  one  neutral  properties. 
Thus,  in  treating  powdered  copal  with  a  spirit  contain- 
ing sixty-seven  per  cent,  of  alcohol,  and  adding  to  the 
extract  thus  obtained  an  alcoholic  solution  of  acetate 
of  copper,  a  precipitate  of  bluish  flocculi  appears,  which 
on  being  dried  and  affused  with  cold  ether  takes  up 
resin  A ;  the  alcoholic  liquid  retains  resin  B  in  solu- 
tion. Further,  on  treating  the  residue  with  absolute 
alcohol,  a  third  resin,  C,  is  dissolved  together  with  por- 
tions of  the  two  preceding  ones;  and,  finally,  by  treating 
what  remains  from  the  last  menstruum  with  potassa,  a 
fourth  resin,  D,  separates,  and  a  neutral  substance,  E, 
remains. 


840 


EESINS  ELEMI— (xUAIACUM. 


The  analysis  of  copal,  according  to  Filhol,  is  as 
follows : — 
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Calcutta 
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The  composition  of  the  resin  alters,  however,  on  being 
exposed  to  the  air  for  some  time  in  a  finely-powdered 
state,  or  when  reduced  to  an  impalpable  powder  by 
abrasion  under  water,  oxygen  being  absorbed,  as  the 
following  analyses  illustrate  : — 

Copal  exposed         Copal  reduced  to  an 
to  the  air  in  impalpable  powder 

fine  powder.  underwater. 

Carbon,   77-0    71-4 

'  Hydrogen,   10-0    9-2 

Oxygen,   13-0    19-4 

100  0  100-0 

Tender  or  fictitious  copal  is  found  in  commerce  mixed 
sometimes  with  a  little  Indian  copal,  but  it  is  brought 
from  the  Brazils  without  any  admixture.  That  from 
India  is  -vitreous,  translucent,  and  nearly  as  transparent 
as  glass,  but  age  communicates  to  it  a  shade  of  yellow 
on  the  surface.  Its  ordinary  form  is  in  tears ;  it  pos- 
sesses a  weak,  agreeable  odor,  is  very  friable,  and  pre- 
serves this  property  even  in  the  varnish  made  with  it, 
on  which  account  it  is  not  so  much  esteemed.  Heat 
renders  it  soft  and  elastic,  so  that  it  can  be  drawn  out 
into  threads  as  fine  as  silk.  Alcohol  partly  dissolves  it, 
the  residue  appearing  like  gluten.  Ether  takes  up 
nearly  the  whole  substance. 

Filhol  has  analyzed  this  resin  and  found  it  gave — 

Carbon,  ,   85-3 

Hydrogen,..,   11*5 

Oxygen   3-2 

ioo-o 

Dammara  Resin  is  a  white  resin  brought  from  the 
East  Indies,  and  is  said  to  be  the  produce  of  the  pinus 
dammara ;  it  contains  a  resin  soluble,  and  one  insolu- 
ble in  alcohol. 

Dragon's  Blood,  which  is  a  deep-red  resin  imported 
from  the  East  Indies,  has  been  fully  described,  although 
erroneously,  under  Balsams,  in  vol.  i.,  page  227. 

Elemi. — It  appears  that  the  source  from  which  this 
resin  is  obtained  is  very  doubtful.  It  is  generally 
described  as  constituting  a  member  of  the  Amyrideas, 
which  is  allied  to  the  class  to  which  the  orange-tree 
belongs,  owing  to  Linn/EUS  confounding  apparently 
two  distinct  plants  under  one  name — the  amyris  ele- 
mifera — namely,  the  idea  ieieariba  and  the  amyris 
plumieri  of  De  Candolle;  the  former  a  Brazilian  tree 
which  yields,  according  to  Pison,  a  resin  similar  to  the 
so-called  gum-elemi,  and  the  latter  a  native  of  the 
Antilles,  which  likewise  produces  a  resin.  Pekeira, 
in  tracing  the  source  and  origin  of  this  resin,  found 
that  it  was  imported  entirely  from  Amsterdam  and 
Hamburg,  and  concluded  that  it  was  the  product  of  a 
Dutch  settlement.  He  is  inclined  to  believe  that  which 
formerly  came  from  Ethiopia  by  way  of  the  Levant 
was  derived  from  the  canarium  zephyrinum  or  canari 


barat  of  Bumfhius,  who  says  that  it  yields  a  resin  so 
like  elemi  that  it  might  be  taken  for  it.  Pereira 
mentions  three  kinds  of  elemi — elemi  in  flag  leaves, 
elemi  in  lumps,  and  Brazilian  elemi.  The  first  is  im- 
ported into  England  from  Holland  in  triangular  masses 
of  one  to  two  pounds  weight,  enveloped  in  palm  leaves. 
The  elemi  in  lumps  is  a  little  paler  in  color  than  the 
Brazilian.  Mautius  states  that  the  first  variety  is  the 
product  of  the  amyris  zeylaniea;  though  Peueira 
doubts  the  assertion,  on  the  ground  that  if  it  were  a 
product  of  Ceylon  it  would  be  imported  direct  hither, 
which  is  not  the  case.  The  only  doubt  which  he 
seems  to  throw  upon  the  Brazilian  elemi  being  derived 
from  the  idea  icieariba,  which  may  be  taken  for  the 
amyris  elemifera  of  Linnaeus,  rests  upon  the  certainty 
of  its  being  a  Brazilian  product. 

In  extracting  the  Brazilian  elemi,  an  incision  is  made 
into  the  stem  of  the  tree,  whence  the  juice  exudes,  and 
the  resin  is  gathered  in  twenty-four  hours  afterwards. 
It  is  imported  in  cases  containing  two  or  three  hundred 
pounds  each.  It  is  soft  and  unctuous,  but  becomes 
hard  and  brittle  by  cold  and  age.  It  is  semitransparent, 
of  a  yellowish- white  color,  mixed  with  greenish  points ; 
its  odor  is  strong,  agreeable,  analogous  to  that  of  fennel. 
This  is  owing  to  a  volatile  oil,  which  may  be  obtained 
from  it  by  dry  distillation. 

The  description  most  extensively  dealt  in,  is  that 
which  is  brought  to  this  country  from  Singapore  in  a 
soft,  strong-smelling  mass,  in  cases  of  about  two  hun- 
dredweight. It  is  the  produce  of  Manilla,  and  the 
Editor  is  credibly  informed  that  it  is  not  imported  from 
any  part  West  of  Singapore.  In  addition  to  this,  the 
Brazil  sort  is  occasionally  seen  in  the  market. 

The  proximate  principles  of  elemi  are  a  transparent 
resin  having  acid  properties,  soluble  in  cold  alcohol ; 
a  second  resin  taken  up  by  boiling  alcohol,  but  depo- 
sited from  the  solution  on  cooling  in  a  crystalline  state  ; 
a  volatile  colorless  oil,  which,  according  to  Deville, 
resembles  much  the  essence  of  turpentine,  and  of  citron 
in  composition,  as  in  its  reactions ;  and  a  bitter  extrac- 
tive. The  annexed  per  centages  were  found  by 
BONASTRE  :— 

Volatile  oil,   12-5 

Resins  soluble  in  botb  bot  and  cold  alcobol,. . .  60*0 
Resins  soluble  in  bot,  but  not  in  cold  alcohol")  01  n 

— elemin,  j" 

Bitter  extractive,   2-0 

Impurities,   1-5 

100-0 

The  resin  a,  readily  soluble  in  cold  alcohol,  consists, 
according  to  Johnston,  of  C40  H32  04,  while  the  resin 
b,  sparingly  soluble  in  cold  alcohol,  is  composed  of 
CJ0  H82  O.  Specific  gravity,  1-08  Bonastre;  Sciiu- 
bart  gives  it  1-055. 

Elemi  is  occasionally  used  as  a  topical  remedy  in 
the  form  of  an  ointment,  more  particularly  in  ulcerous 
complaints  of  an  old  and  indolent  nature.  It  is  exten- 
sively employed  for  varnishes. 

Guaiacum. — This  substance,  which  is  commonly, 
though  "very  erroneously,  denominated  gum-guaiacum, 
is  the  produce  of  the  guiacum  officinale,  a  lofty  tree, 
native  of  St.  Domingo  and  Jamaica.  It  occurs  in  tears 
naturally  exuding  from  the  stem ;  and  in  lumps  ob- 
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tained  partly  from  incisions  into  the  trunk  of  the  tree, 
and  partly  by  the  action  of  heat  upon  billets  of  the 
wood.  This  resin  is  of  a  dark-green  dingy  color,  tran- 
sparent when  in  thin  laminaa,  and  of  a  brilliant  resinous 
fracture.  It  has  a  slight  balsamic  odor.  Its  powder 
is  at  first  pale  grey,  but  gradually  deepens,  and  becomes 
green  by  exposure  :  it  acquires  a  beautiful  but  transient 
blue  tint  when  moistened  with  spirit  of  nitrous  ether. 
According  to  the  Edinburgh  Pharniacopceia,  the  cha- 
racters of  guaiacum  resin  are  as  follows : — Fresh  frac- 
ture red,  slowly  passing  to  green  ;  the  tincture  slowly 
strikes  a  lively  blue  color  on  the  inner  surface  of  the 
paring  of  a  raw  potato.  The  specific  gravity  of  guaia- 
cum varies  between  1-20  and  l-23.  It  is  soluble  to 
the  extent  of  about  ninety  per  cent,  in  absolute  alcohol. 
The  insoluble  portion,  though  sometimes  described  as 
resin,  has  more  of  the  characters  of  altered  extractive. 
When  subjected  to  dry  distillation,  guaiacum  fuses  at 
about  570",  and  an  oily  matter,  together  with  water, 
passes  over,  which  has  been  examined  by  Sobeeeo, 
and  by  Pelletier.  When  chewed,  guaiacum  softens 
under  the  teeth,  but  has  scarcely  any  taste,  though  it 
leaves  a  burning  sensation  in  the  throat. 

Physiological  Effects. — Guaiacum  resin  is  an  acrid 
stimulant,  formerly  very  much  used  in  medicine,  and 
even  now  to  a  great  extent. 

Under  the  use  of  small  and  repeated  doses  of  guaia- 
cum various  constitutional  diseases  sometimes  gradually 
subside,  and  a  healthy  condition  of  the  system  is  brought 
about  with  no  other  sensible  effect  of  the  remedy  than 
perhaps  the  production  of  some  dyspeptic  symptoms, 
and  a  slight  tendency  to  increased  secretion.  One 
designates  this  inexplicable,  though  not  less  certain, 
influence  over  the  system  by  the  term  alterative.  When 
guaiacum  is  given  in  moderately  large  doses,  or  to 
plethoric,  easily  excited  individuals,  one  observes  the 
combined  operation  of  an  acrid  and  stimulant.  In  very 
large  doses  guaiacum  causes  heat  and  burning  in  the 
throat  and  stomach,  vomiting,  purging,  pyrexia,  and 
headache.  In  its  operation  on  the  system  guaiacum 
is  allied  to  the  balsams. 

Jalap. — The  resinous  portion  of  jalap  is  the  most 
important.  Jalap  resin  is  obtained  by  mixing  the 
alcoholic  tincture  of  jalap,  prepared  by  percolation  or 
digestion  with  water.  The  precipitated  resin  is  to  be 
washed  with  warm  water,  and  then  dissolved  in  alcohol. 
By  evaporation  the  tincture  yields  the  resin.  PlanciijS 
has  proposed  another  process.  By  digestion  with 
animal  charcoal,  the  alcoholic  solution  of  the  resin  is 
rendered  nearly  colorless,  and  by  evaporation  yields  an 
almost  colorless  resin.  Jalap  resin  is  soluble  in  alcohol, 
but  insoluble  in  water.  Triturated  with  milk  it  does 
not  form  an  emulsion,  but  its  particles  unite  into  a 
solid  mass.  By  this  it  may  be  distinguished  from 
scammony  resin. 

Physiological  Effects. — Jalap  resin  is  a  local  irri- 
tant. It  acts  as  a  powerful  and  drastic  purgative.  To 
scammony  it  is  closely  allied,  not  only  by  its  effects, 
but  also  by  botanical  affinities  and  chemical  properties. 
It  is  much  less  irritant  to  the  intestinal  mucous  mem- 
brane than  gamboge ;  and,  therefore,  is  a  much  safer 
purgative. 

Adulteration. — Commercial  resin  of  jalap  is  rarely, 
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if  ever,  obtained  in  a  state  of  purity.  Guaiacum  resin 
is  the  substance  most  frequently  found  mixed  with  it. 
Two  methods  have  been  pointed  out  for  detecting  this 
fraud — one  by  means  of  ether,  the  other  by  nitrous  gas. 
Ether  dissolves  guaiacum  very  well,  but  does  not  dis- 
solve resin  of  jalap.  With  nitrous  gas  the  process 
consists  in  dissolving  a  small  quantity  of  the  sus- 
pected resin  in  spirit  of  wine,  soaking  a  piece  of  white 
paper  in  this  liquid,  and  exposing  the  paper  to  the 
action  of  nitrous  gas.  If  the  alcoholic  solution  of  resin 
of  jalap  contain  guaiacum,  the  paper  should  assume  a 
blue  tint;  if  no  guaiacum  be  present,  the  color  will 
remain  unaltered. 

Mastic  is  the  produce  of  the  pislacia  Untiscus,  na- 
tive in  the  South  of  Europe,  the  North  of  Africa,  and 
the  Levant,  particularly  the  Island  of  Chios.  It  occurs 
in  small  spheroidical  translucent  tears,  of  a  pale  yellow 
hue,  vitreous  fracture,  agreeable  odor,  and  mild  aro- 
matic taste.  When  chewed,  it  becomes  tough  and 
somewhat  viscid  ;  it  fuses  at  about  250°,  and  begins  to 
be  decomposed;  it  contains  a  very  minute  quantity  of 
volatile  oil.  Mastic  is  a  valuable  ingredient  in  certain 
varnishes,  and  is  frequently  used  for  the  purpose  of 
stopping  decayed  teeth.  It  is  not  employed  in  medi- 
cine. Its  produce  is  commonly  known  under  the  name 
of  pounce. 

Sandarach,  or  Juniper  resin,  is  the  produce  of 
thuja  articulata,  which  grows  in  Barbary.  It  is  im- 
ported from  Magadore,  and  largely  used  as  an  ingre- 
dient in  varnishes.  It  usually  occurs  in  small  yellow 
brittle  drops,  easily  fusible,  and  soluble  in  alcohol. 

Scammony  Resin. — The  substance  known  in  phar- 
macy under  the  name  of  scammony,  is  an  exudation 
from  incision  of  the  root  of  the  convolvidus  scammonia, 
and  appears  first  as  a  milky  juice,  which  afterwards 
dries.  It  is  often  very  considerably  adulterated.  Several 
varieties  of  this  drug  come  into  the  market,  but  the 
most  select  is  imported  from  Smyrna,  and  occasionally 
from  Trieste,  under  the  name  of  virgin  or  lachryma 
scammony.  It  is  of  a  dark-greenish  grey  color,  mo- 
derately hard,  and  of  a  somewhat  resinous  fracture.  It 
should  not  effervesce  with  hydrochloric  acid,  nor  should 
its  cold  filtered  decoction  be  blued  by  iodine.  One 
hundred  grains,  when  incinerated  with  nitrate  of  am- 
monia, should  not  yield  more  than  about  three  grains 
of  ashes  :  ether  should  abstract  from  it  at  least  seventy- 
eight  per  cent,  of  resinous  matter.  The  odor  of  scam- 
mony, especially  when  breathed  upon  or  moistened, 
is  peculiar ;  and  when  a  little  water  is  rubbed  upon  its 
surface  it  should  easily  lactify. 

The  Resin  of  Scammony,  obtained  by  evaporating 
its  ethereal  solution,  is  transparent,  and  of  a  brown  tint, 
but  may  be  decolored  by  animal  charcoal.  Its  alco- 
holic solution  is  feebly  acid,  and  water  tlirows  down 
from  it  the  resin  in  the  state  of  hydrate.  According 
to  Johnston,  it  is  remarkable  as  containing  more 
oxygen  than  any  other  resin  hitherto  analyzed.  It  is 
a  powerful  cathartic. 

Lac. — Laque,  French ;  Gummilach,  German. — This 
resin  is  produced  by  the  female  of  a  small  insect — the 
coccus  lacca,  or  coccus  ficus — which  feeds  and  fecun- 
dates upon  the  banyan  or  religious  tree  of  the  Hindoos, 
and  several  allied  plants,  such  as  tbe  ficus  indicus,  ficus 
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religiosa,  the  rhamnus  jujuba,  the  croion  lacciferum, 
and  the  butca  frondosa. 

In  November  or  December  the  young  brood  makes 
its  escape  from  the  eggs  lying  beneath  the  dead  body 
of  the  mother;  they  crawl  about  a  little  way,  and  fasten 
themselves  to  the  bark  of  the  shrubs.  About  this 
period  the  branches  swarm  to  such  a  degree  with  the 
vermin  that  they  seem  covered  with  a  red  dust,  in 
which  case  they  are  apt  to  be  dried  up  and  exhausted 
of  their  juice.  Many  of  them,  however,  adhering  to 
the  feet  of  birds,  become  their  prey,  and  are  carried 
off  by  them  to  other  trees.  They  soon  produce  small 
nipple-like  incrustations  upon  the  twigs,  their  bodies 
being  apparently  glued  by  means  of  a  t  ransparent  liquid 
which  goes  on  increasing  to  the  end  of  March,  so  as  to 
form  a  cellular  texture.  At  this  time  the  animal  resem 
bles  a  small  oval  bag,  without  life,  of  the  size  of  the 
cochineal.  At  the  commencement  a  beautiful  red  liquor 
only  is  perceived,  afterwards  eggs  make  their  appear- 
ance. In  October  or  November,  when  the  red  liquor 
becomes  exhausted,  twenty  or  thirty  young  ones  bore  a 
hole  through  the  back  of  their  mother  and  come  forth. 
The  empty  cells  remain  upon  the  branches ;  they  are 
composed  of  the  milky  juice  of  the  plant  which  serves 
as  nourishment  to  the  insects,  and  which  is  afterwards 
transformed  into  the  red  tinctorial  matter  which  is 
found  mixed  with  the  resin  ;  but  its  quantity  is  greater 
in  the  body  of  the  insect  than  in  the  eggs,  and  more 
particularly  in  the  red  liquor  secreted  for  feeding  the 
young.  After  the  escape  of  the  insect  the  cells  contain 
much  less  coloring  body,  and,  consequently,  the  collec- 
tion of  resin  ought  to  take  place  before  that  time  by 
breaking  off  the  twigs  and  drying  them  in  the  sun.  In 
the  East  Indies  this  operation  is  performed  twice  in  the 
year — the  first,  time  in  March,  and  the  second  in  Octo- 
ber.—  Ure. 

The  dried  branches  and  twigs  are  called  stick-lac, 
which  serves  the  double  purpose  of  dyeing,  varnish- 
making,  and  ■sealing  wax. 

There  are  several  varieties  of  stick-lac.  According  to 
quality  that  of  Siam  is  considered  the  best,  the  Assam 
stick-lac  ranking  next,  and  the  third  quality  is  pro- 
duced in  Bengal.  The  analyses  of  the  stick,  seed,  and 
shell  lac  are  here  collated  : — 

John 
Slick-lac. 

At]  odorous  resin,   66-G5 

Resin  insoluble  in  ether,  )   .  « 

"    laccin,  I  f  16'75 

Coloring  matter,   3-75 

Laccic  acid,   0*62 

Extractive,   3-92 

Skins  of  insects,   2-08 

Wax,   1-67 

Salts,   1-04 

Sand   0-62 

Loss,   2-90 


100-00 


Resin,                      08-0   88-5   90-9 

Coloring  matter,          10-0   2-5   0-5 

Wax                         6-0   4-5   40 

Gluten,                      5-5   2-0   2-8 

Foreign  bodies,             G-5   0-0   O'O 

Loss                         4-0   2-5   1-8 


100-0 


100-0 


1000 


Lac  as  brought  to  Europe  is  in  various  forms,  such 
as  grains,  lumps,  and  thin  scales ;  the  former  is  called 
seed-lac,  and  is  the  residue  after  the  resinous  matter 
scraped  off  the  stick-lac,  ground  and  boiled  in  water  to 
remove  the  greater  part  of  the  coloring  matter,  and 
dried  in  the  sun  ;  the  second  is  called  lump-lac,  and  is 
merely  the  former  melted  into  lumps ;  and  the  third, 
which  is  named  shell-lac,  is  of  the  same  nature  as  the 
seed  and  lump-lac,  only  purer.  It  is  usually  prepared 
in  India  by  heating  the  seed-lac  in  bags  over  a  fire, 
and  by  squeezing  and  pressing,  causing  the  liquefied 
resin  to  flow  out  and  fall  upon  the  smooth  surface  of 
the  stems  of  the  banyan-tree  ;  the  coatings  thus  formed 
on  cooling  harden  and  constitute  shell-lac. 

It  will  be  seen  from  the  preceding  tables  that  the 
proportion  of  resin  is  much  larger  in  shell-lac  than  in 
any  of  the  other  commercial  forms  of  the  resins.  The 
better  quality  of  the  article  is  of  a  light-brown  hue 
passing  into  orange,  and  sometimes  to  a  deep  ruby 
color,  whence  the  names  orange  and  ruby  shell-lac ; 
the  inferior  kinds  are  much  less  transparent,  darker  in 
color  like  glue,  and  in  thicker  plates. 

By  exposure  in  thin  shreds  to  the  sun's  rays,  or  in  a 
finely-divided  state  to  chlorine  water,  or  by  reducing  it 
to  a  fine  powder,  suspending  in  water  and  passing 
hydrochloric  acid  vapor  into  the  menstruum,  the  dark- 
colored  varieties  are  bleached.  When  this  is  done, 
however,  the  resin  loses  many  of  those  qualities  that  so 
admirably  recommend  it  for  some  kinds  of  varnishes, 
hut  it  answers  well  for  making  sealing-wax. 

Lac  resin  is  very  difficultly  soluble  in  alcohol,  though, 
like  eopal,  it  may  be  completely  taken  up  by  this  solvent. 
Like  most  of  the  other  resins,  it  has  a  strong  affinity  for 
bases,  with  which  it  forms  definite  compounds.  Dilute 
hydrochloric  acid  and  acetic  acid  dissolve  the  resin 
freely,  but  not  the  strong  sulphuric  acid.  Borax  solu- 
tions with  the  aid  of  heat  also  take  it  up.  The  portion 
soluble  in  alcohol  has  a  specific  gravity  of  1-139. 
Unverdorben  found  it  to  be  a  compound  of  several 
resins,  namely — 

1.  Resin  soluble  both  in  alcohol  and  ether.  2. 
Resin  soluble  in  alcohol,  insoluble  in  ether.  '3.  Resin 
but  very  slightly  soluble  in  cold  alcohol.  4.  Crystal- 
lizable  resin.  5.  Resin  soluble  both  in  alcohol  and 
ether,  but  not  in  petroleum  uncrystallizable.  Besides 
these,  a  saponifiahle  fat  wax  and  coloring  matter  have 
been  detected  in  shell-lac. 

f  SILVER. — Argent,  French;  Silber,  German; 
Argentum,  Latin. — This  is  one  of  the  precious  metals, 
and  is  characterized  by  its  perfectly  pure' white  color. 
Its  combining  weight  is  108  ;  its  symbol,  Ag.  Melted, 
its  density  is  10'47 :  hardened  under  the  hammer,  it 
becomes  10-54.  Its  specific  heat  is  0-057.  In  mal- 
leability it  is  only  inferior  to  gold,  and  may  be  beaten 
into  leaves  of  less  than  one-hundred-thousandth  of 
an  inch  in  thickness,  and  drawn  into  very  fine  wires.  It 
lias  also  considerable  tenacity,  a  wire  of  one-hundredth 
of  an  inch  in  diameter  supporting  a  weight  of  twenty- 
three  pounds.  It  is  harder  than  gold,  but  softer  than 
copper,  and  when  pure  it  is  so  soft  as  to  be  cut  by  a 
knife.  The  addition  of  a  small  quantity  of  copper 
increases  its  hardness. 

Silver  melts  at  a  full  red  heat,  corresponding  to 
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1870°;  but  in  consequence  of  its  pure  white  color, 
and  the  high  lustre  which  it  is  capable  of  receiv- 
ing, its  reflecting  power  for  light  and  heat  is  greater 
than  that  of  any  other  metal,  and,  therefore,  when 
perfectly  polished,  it  does  not  melt  in  the  focus  of  a 
mirror  capable  of  fusing  platinum.  For  the  same 
reasons,  its  radiating  power  is  so  low  that  a  silver 
vessel  retains  the  heat  of  a  liquid  contained  in  it  longer 
than  a  vessel  of  any  other  metal. 

Historical  Notice.  —  The  discovery  of  silver 
appears  to  have  been  coeval  with  that  of  gold,  and 
dates  back  to  the  earliest  times  of  human  history.  In 
the  book  of  Genesis  it  is  stated  that  Abraham,  who 
lived  about  two  thousand  years  before  the  Christian 
era,  was  rich  in  cattle,  and  in  silver,  and  in  gold ;  and 
on  the  death  of  his  wife  he  purchased  a  field  for  a 
burying-place,  the  payment  for  which  was  made  with 
four  hundred  shekels  of  silver,  which  he  delivered  not 
in  coin,  but  by  weight,  according  to  the  currency  of  the 
merchants.  Joseph,  the  great  grandson  of  Abraham, 
was  sold  by  his  brethren  to  a  caravan  of  Arabian 
merchants  for  twenty  pieces  of  silver ;  and  wheD  he 
was  established  in  Egypt  as  minister  of  the  king  of 
that  country,  his  brothers  brought  silver  in  their  sacks' 
mouth  to  purchase  corn  during  a  season  of  scarcity. 
Afterwards,  when  making  himself  known  to  his  family, 
Joseph  presented  to  his  younger  brother,  Benjamin, 
three  hundred  pieces  of  silver.  The  author  of  the  book 
of  Job,  who  is  certainly  a  very  ancient  writer,  not  only 
speaks  of  the  dust  of  gold,  but  says,  Surely  there  is  a  vein 
for  the  silver,  and  a  place  for  the  gold  where  they  fine  it; 
so  that  he  seems  to  have  been  well  acquainted  with 
the  fact  that  silver  was  found  in  veins,  and  gold  com- 
monly in  small  particles.  The  vast  amount  of  the 
precious  metals  accumulated  by  David  and  Solomon 
has  been  mentioned  in  the  article  on  Gold,  and  in  the 
first  book  of  Kings  it  is  stated  that  all  the  vessels  of 
the  house  of  the  forest  of  Lebanon  were  of  pure  gold  ; 
none  were  of  silver,  for  that  metal  was  nothing  accounted 
of  in  the  days  of  Solomon,  and,  in  short,  the  Icing  made 
silver  to  be  as  stones  in  Jerusalem. 

The  accounts  given  by  the  profane  writers  of  anti- 
quity are  equally  surprising,  and  some  of  them  alto- 
gether incredible.  In  Polyeius,  for  example,  is  found 
a  description  of  Ecbatana,  at  a  period  subsequent  to 
the  capture  of  that  place  by  Alexander,  in  which  it 
is  stated  that  the  beams,  the  roofs,  and  the  pillars 
which  supported  the  porticos  and  peristyles  of  the 
palace,  were  all  covered  with  plates,  some  of  silver  and 
some  of  gold.  The  tiles,  likewise,  were  all  of  silver. 
Though  the  place  had  been  three  times  plundered 
before  Antiociius  arrived,  there  were  still  remaining 
in  the  temple  of  Ena  some  pillars  cased  with  gold,  and 
a  large  quantity  of  silver  tiles,  laid  together  in  a  heap. 
Crcesus,  king  of  Lydia,  who  lived  about  five  hundred 
'and  forty  years  before  Christ,  and  whose  wealth  has 
become  proverbial,  is  stated  by  Herodotus  and  Dio- 
dorus  to  have  made  presents  to  the  temple  of  Delphi 
amounting  to  four  thousand  talents  of  silver  and  two 
hundred  and  seventy  talents  of  gold,  or  near  three 
millions  in  value  of  British  money. 

The  principal  sources  from  which  the  ancients 
obtained  their  gold  have  been  mentioned  in  the  article 


on  that  metal,  and  probably  much  of  their  silver  was 
obtained  from  the  same  localities.  Pliny  speaks  of  a 
people  named  the  Dardaneans,  who  inhabited  a  country 
the  richest  of  all  India  in  gold  mines,  and  the  Selians, 
he  says,  have  the  most  abundant  mines  of  silver.  The 
chief  sources  of  the  wealth  of  the  ancient  kings  of 
Egypt  were  the  mines  of  the  neighboring  countries  of 
Nubia  and  Ethiopia,  which  produced  not  only  copper 
in  abundance,  but  also  gold  and  silver,  before  iron 
was  known  in  Africa.  According  to  Xenopiion,  the 
Athenians  worked  the  silver  mines  of  their  own 
country — Attica — from  an  unknown  age,  as  well  as  the 
gold  mine3  in  their  foreign  possessions  in  Thrace,  and 
in  the  island  of  Thasus.  Epirus  also  had  silver  mines, 
which  continued  to  be  worked  in  the  time  of  Strabo  ; 
but  it  appears  probable  that,  for  a  long  time,  the  only- 
ore  that  was  used  was  that  found  near  the  surface. 
The  Colophonians  were  the  most  celebrated  among  the 
Greeks  for  their  skill  in  smelting  gold,  but  none  of 
them  were  equally  expert  in  smelting  silver;  for, 
according  to  Strabo,  their  successors  were  enabled  to 
separate  the  silver  from  the  residual  earths  with  a 
profit,  although  even  the  latter  were  much  inferior  in 
skill  to  modern  metallurgists. 

But  the  country  most  productive  of  the  precious 
metals,  and  especially  of  silver,  in  very  remote  ages, 
was  the  Spanish  peninsula,  which  many  authorities 
assume  to  have  been  the  Tarshish  of  the  sacred 
writings,  to  which  a  commercial  expedition  was  sent  by 
Solomon.    It  is  certain  that  Spain  was  visited  and 
colonized  by  the  Phoenicians  at  a  very  early  period,  and 
that  continual  intercourse  was  maintained  between  the 
colonists  and  the  mother  country,  as  well  as  with  the 
future  descendants  of  the  same  race,  the  sons  of  Tyre 
and  Sidon,  who  founded  Carthage.    The  story  of  the 
discovery  of  the  mineral  wealth  of  the  country,  as 
related  by  DiodORUS,  resembles  many  of  the  fables 
which  in  ancient  times  were  dignified  with  the  name  of 
history.    He  states  that  the  Pyrenocan  mountains  were 
covered  with  thick  woods,  which  were  set  on  fire  either 
by  the  shepherds  or  by  lightning,  and  continued 
burning  so  long  that  the  heat  melted  the  minerals,  in 
consequence  of  which  the  silver,  with  which  the  soil 
abounded,  ran  down  into  the  valleys  like  a  stream  of 
water !    He  adds,  that  as  the  inhabitants  were  unac- 
quainted with  its  value,  they  readily  exchanged  it  with 
some  Phoenician  traders,  who  accidentally  visited  their 
shores,  for  some  trifling  articles  of  ornament.  The 
traders  loaded  their  vessels  with  the  precious  metal  till 
they  could  carry  no  more,  and  then  cut  their  leaden 
anchors  from  the  hows,  and  replaced  them  with 
others  of  silver.    These  statements  are  extravagant ; 
but  there  is  no  doubt  that  in  ancient  times  a  vast 
amount  of  silver  was  successively  extracted  from  Spain 
by  the  Phoenicians,  the  Carthagenians,  and  the  Romans, 
and  exported  to  all  parts  of  the  world  in  exchange  for 
merchandise. 

Gold,  iron,  and  lead  were  procured  in  the  South, 
and  some  tin  in  the  North  of  Spain  ;  but  the  gold  was 
probably  of  small  amount,  and  silver  was  the  chief 
mineral  wealth  of  the  country.  Of  this  mineral  Pliny 
says  it  was  found  in  all  the  Roman  provinces,  but  the 
best  in  Spain,  and  that  in  a  barren  soil,  even  in  the 
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mountains;  and  wherever  one  vein  was  discovered, 
another  was  found  not  far  from  it.  He  mentions,  as  a 
very  singular  fact,  that  the  mines  begun  by  Hannibal 
still  existed  in  his  time,  and  retained  their  original 
names.  One,  which  was  still  called  Bebulo,  from  the 
discoverer,  had  formerly  supplied  Hannibal  with 
three  hundred  pounds  weight  of  silver  daily.  This, 
he  adds,  was  effected  by  means  of  passages  under  the 
mountain  a  mile  and  a  half  in  length,  in  which  the 
laborers,  standing  in  water,  worked  night  and  day  by 
lamp-light  to  draw  off  the  water,  which  at  length 
accumulated  to  such  an  extent  as  to  form  a  large 
river.  Jacob,  in  his  History  of  the  Precious  Metals 
— an  elaborate  work,  to  which  the  Editor  is  chiefly 
indebted  for  the  facts  condensed  into  this  historical 
notice — states  that  the  situation  of  the  mine  mentioned 
by  Pliny  is  at  present  well  known  to  have  been  at 
Guadalcanal,  in  the  modern  province  of  Cordova,  at 
the  foot  of  the  Sierra  Morena ;  and,  judging  from  what 
has  been  surveyed  of  it  in  more  recent  times,  the 
water,  which  was  imperfectly  drained  by  the  costly 
subterranean  tunnel  noticed  by  Puny,  has  long  since 
overflowed  the  whole  interior  of  the  mine;  but  whether 
it  was  exhausted  of  its  treasure  and  abandoned  on  that 
account,  or  whether  it  was  destroyed  by  the  influx  of 
the  water,  cannot  now  be  ascertained.  It  is  interesting 
to  remark  that  Hannibal  chiefly  derived  from  the 
silver  wealth  of  Spain  the  sinews  of  war,  which 
enabled  him  to  shake  to  its  foundations  the  Eoman 
empire;  and,  for  many  years,  he  greatly  over-worked 
the  mines  of  that  country  in  his  eagerness  to  accumu- 
late and  hoard  immense  treasures,  w-ith  a  view  to  the 
accomplishment  of  the  one  great  object  on  which  he 
had  set  his  whole  heart. 

During  several  centuries  of  profound  darkness  which 
succeeded  the  overthrow  of  the  Eoman  empire,  mining 
operations  appear  to  have  been  suspended  throughout 
Europe,  and  the  dates  at  which  they  were  generally 
resumed  are  not  precisely  known.  The  chief  sources 
of  mineral  wealth  in  the  middle  ages  were  the  Austrian 
mines,  or  at  least  those  which  existed  in  countries 
that  are  now  included  within  that  empire;  and,  of 
these,  it  is  considered  probable  that  the  mines  of 
Chemnitz  and  Kremnitz  in  Hungary  were  those  first 
worked.  Ferber  dates  the  opening  of  Chemnitz  in 
745,  and  that  of  Kremnitz  in  770;  but  Agricola,  who 
states  that  they  had  previously  been  worked  by  the 
Romans,  dates  their  reopening  nearly  a  century  earlier. 
The  silver  in  these  mines  is  chiefly  found  in  lead,  in 
a  proportion  varying  from  two  to  twenty  ounces  of 
silver  in  a  hundred  pounds  of  the  baser  metal.  In 
Bohemia  there  are  celebrated  mines  of  silver  at 
Joacb.imstb.al,  in  the  circle  of  Saatz,  but  at  what  period 
the  workings  in  them  commenced  does  not  appear. 
In  some  of  these  mines  the  galleries  have  been  carried 
to  the  extent  of  five  thousand  six  hundred  fathoms, 
and  some  of  the  shafts  are  three  hundred  and  fiftj' 
fathoms  in  perpendicular  depth.  At  Altenberg,  also, 
the  metals  were  found  in  beds  of  gneiss,  in  which  were 
mingled  felspar  and  granite ;  but  the  mines  of  Schell- 
gadin  are  at  present  the  most  important.  These  were 
also  originally  worked  by  the  Romans,  and  the  earliest 
records  of  their  resumption  date  back  to  1378.    In  the 


Tyrol,  near  Brixen,  are  silver  mines,  which,  during  the 
excitement  in  the  sixteenth  century  occasioned  by  the 
discovery  of  the  mineral  treasures  of  America,  obtained 
the  name  of  El  Dorado.  In  the  year  1523  they  pro- 
duced three  thousand-eight  hundred  pounds  of  silver, 
but  subsequently  they  decreased  in  value,  and  have 
long  been  discontinued. 

The  mines  of  Saxony,  says  Jacob,  were  first  dis- 
covered in  the  tenth  century,  when  the  whole  district 
in  which  they  are  situated  was  covered  with  wood, 
and  without  inhabitants.  Some  carriers  from  Halle, 
on  their  way  to  Bohemia,  observing  metallic  substances 
in  the  tracks  made  by  the  wheels,  took  them  up  and 
sent  them  to  Goslar  to  be  examined,  when  they  were 
found  to  consist  of  lead  with  a  considerable  quantity  of 
silver.  This  led  to  the  establishment  of  mining  opera- 
tions, which  have  continued  from  the  year  11G9  to 
the  present  day.  For  some  years  in  the  fourteenth 
century  the  mines  of  Schneeberg  are  said  to  have 
yielded  so  large  a  portion  of  silver,  that  the  tithes  on  it 
amounted  in  thirty  years  to  three  hundred  and  twenty- 
four  thousand  quintals ;  but  these  latter  mines  have 
long  been  exhausted. 

The  mines  in  the  Hartz  forest  in  Germany,  which, 
at  the  time  of  this  discovery,  formed  a  portion  of 
Saxony,  are  now  partly  in  the  dominion  of  Hanover, 
and  partly  in  that  of  Brunswick.  There  are  various 
conflicting  opinions  respecting  the  discovery  of  the 
mineral  wealth  of  the  Hartz.  The  most  probable 
accounts  fix  it  in  the  tenth  century,  and  the  tradition 
is  that  a  hunter  of  the  name  of  Ramm,  when  engaged 
in  the  chase,  had  fastened  his  horse  to  a  tree,  when  the 
animal,  by  pawing  with  bis  feet,  scraped  away  the  soil, 
and  thereby  discovered  some  minerals.  Specimens  of 
these  were  sent  to  the  Emperor  Otiio,  who  immediately 
despatched  expert  miners  to  examine  the  district.  The 
result  was  that  mines  were  established,  which  still 
continue  to  be  worked,  and  the  oldest  is  named 
Rammelsberg,  from  the  discoverer.  Jacob  estimates 
the  whole  Hartz,  including  the  dominions  of  Hanover 
and  Brunswick,  with  a  small  part  belonging  to  Prussia, 
to  have  yielded,  for  some  years  prior  to  1830,  about 
sixty  ounces  of  gold,  and  three  hundred  thousand 
ounces  of  silver  annually. 

From  the  times  when  the  rich  mines  of  Spain  were 
last  worked  by  the  Romans,  they  seem  to  have  been 
greatly  neglected.  Cardennu,  however,  asserts  that 
the  mines  of  gold  and  silver  which  existed  in  that 
country  were  a  great  source  of  wealth  to  the  Arabs. 
The  mine  of  Zalamea,  to  the  South  of  the  river 
Guadiana  in  Andalusia,  appears  to  have  been  worked 
in  the  middle  ages.  It  is  said  to  have  contained  silver 
without  any  mixture  of  lead,  though  near  it  was 
another  mine  yielding  only  lead ;  but  the  most  impor- 
tant mines  of  Spain,  and  those  which  have  attracted 
the  greatest  attention,  from  the  earliest  ages  down  to 
recent  times,  are  the  quicksilver  mines  at  Almaden, 
and  the  silver  mine  at  Guadalcanal.  Of  the  latter 
Mr.  Burr  observes,  that  very  minute  and  authentic 
records  were  preserved  during  the  period  it  was 
worked  in  the  sixteenth  century,  on  account  of  the 
government.  In  these  it  is  stated  to  have  produced 
four  hundred  thousand  two  hundred  and  twenty-three 
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marcs  of  silver  in  the  first  few  years  after  its  dis- 
covery, and  while  worked  hy  the  state.  After  this 
period  it  passed  into  the  hands  of  the  Fucares,  who 
are  said  to  have  obtained  immense  treasure  from  the 
mine  previous  to  its  being  abandoned,  and  filling  with 
water.  It  is  only  within  the  last  twenty  years,  adds 
the  same  authority,  that  Spain  has  again  become  a 
silver-producing  country,  several  very  rich  mines  of 
that  metal  having  been  discovered  since  the  recent 
revival  of  mining,  which  dates  back  only  from  1825. 
In  1839  the  celebrated  mines  of  the  Sierra  Almagrera 
in  the  province  ot  Almcria,  were  discovered,  and  they 
have  ever  since  poured  a  large  amount  of  silver 
annually  into  circulation.  In  1843  another  great  dis- 
covery of  silver  was  made — the  mines  of  Hiendelencina 
in  the  province  of  Guadalajara,  which  have  since  been 
very  productive ;  and,  passing  over  recent  and  minor 
discoveries,  Mr.  Burr  states  that  within  the  last  few 
years  the  introduction  of  Mr.  Pattison's  desilvering 
process — a  process  fully  explained  in  the  article  Lead 
— has  been  very  general  in  the  provinces  of  Murcia 
and  Almeria.  A  large  quantity  of  silver  is  thus 
annually  obtained  from  the  slightly  argentiferous  lead 
ores  of  the  Sierra  de  Gador,  and  of  Cartagena,  not 
formerly  extracted,  but  which  now  contributes  to  swell 
the  production  of  this  metal  in  Spain. 

The  silver  mines  of  Norway  and  Sweden  were  long 
famous,  but  have  latterly  become  less  productive.  The 
mine  of  Sahl,  or  Sala,  is  said  to  have  been  worked  five 
hundred  years  ago.  The  silver  mines  of  Kongsberg  in 
Norway  were  scarcely  known  before  1G23.  In  some 
years  between  1710  and  1767  they  yielded  a  large 
profit,  but  in  others  they  were  attended  with  heavy 
loss,  and  have  frequently  been  suspended  for  long 
periods. 

Although  in  ancient  times  Britain  was  celebrated 
only  for  its  tin,  and  yielded  but  small  quantities  of  the 
precious  metals,  yet  not  only  does  proof  exist  that  gold 
was  found  to  some  extent,  but  Strabo  states  that 
silver  mines  were  worked  in  this  island,  and  Tacitus 
represents  Agricola,  in  his  oration  before  the  battle 
of  the  Grampian  mountains,  as  reminding  his  soldiers 
of  the  riches  in  gold  and  silver  which  were  to  reward 
their  valor.  It  is  probable  that  these  riches  existed 
only  in  the  historian's  imagination — so  far  at  least  as 
they  were  to  be  found  in  a  form  available  to  the 
metallurgical  skill  which  then  existed.  In  modern 
times  silver  has  been  found  in  the  British  islands  only 
in  small  quantities,  except  in  connection  with  lead ; 
and  before  the  introduction  of  Mr.  Pattison's  process, 
the  trouble  of  its  separation  from  that  metal  more  than 
counter-balanced  the  profit.  There  are  records,  how- 
ever, of  silver  mines  in  Cardiganshire,  and  also  in  the 
county  of  Tipperary  in  Ireland,  both  of  which  are  said 
to  have  been  worked  to  some  extent  during  the  reign  of 
Elizabeth.  It  is  stated  also  that  Sir  John  Erskine 
was  a  proprietor  of  silver  mines  at  Alva,  near  Stirling, 
which  ceased  to  be  worked  in  1729,.  having  been 
carried  on  for  six  years  previously,  under  the  direction  of 
one  Peek,  an  Englishman ;  and  in  the  reign  of  Mary 
Stuart  some  silver  mines  were  worked  near  Linlith- 
gow. The  produce  must  have  been  very  trifling,  and 
the  profitable  mining  of  either  of  the  precious  metals 
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was  virtually  a  thing  unknown  in  this  country  until 
the  introduction  of  Mr.  Pattison's  process  rendered 
it  advantageous  to  extract  silver  from  lead ;  and  as  this 
metal  is  produced  to  a  greater  extent  in  Great  Britain 
than  in  any  other  country  in  the  world,  the  result  is 
that,  by  virtue  of  the  process  above-mentioned,  it  is 
now  actually  entitled  to  no  mean  rank  as  a  silver- 
producing  country.  The  lead  of  some  of  the  English 
mines,  especially  those  of  Cornwall,  and  also  of  the 
Isle  of  Man,  contains  considerable  quantities  of  silver ; 
and  the  reader  will  be  surprised  to  learn  that  one  of  the 
highest  authorities  on  this  subject,  Mr.  Robert  Hunt, 
has  estimated  that  in  1852  the  United  Kingdom  fur- 
nished no  fewer  than  eight  hundred  thousand  ounces 
of  silver,  worth,  at  five  shillings  an  ounce,  about  two 
hundred  thousand  pounds,  obtained  from  lead  alone. 

But  the  greatest  impetus  given  to  the  supply  of  silver 
in  what  may  be  termed  the  modern  era,  arose  from  the 
discovery  of  America  by  Columbus  in  1492.  It  is  true 
that  up  to  the  invasion  of  Mexico  by  Cortez,  in  1519, 
gold  alone  had  been  found  in  America;  or  if  any  silver 
was  procured,  it  seems  to  have  been  in  small  quantity. 
Thirty  or  forty  years  after  that  event,  mines  were  in 
full  work  at  Tasco,  Zaltepeque,  and  Pachuca,but  the  use 
of  mercury  was  not  yet  understood.  The  smelting  of 
the  ore  was  performed  in  small  portable  furnaces,  or 
cylindrical  tubes  of  clay,  very  broad  and  pierced  with 
a  great  number  of  holes.  In  these  the  Indians  placed 
layers  of  silver  ore,  galena,  and  charcoal,  and  a  draught 
was  created  by  the  current  of  air  which  passed  through 
the  holes.  Twenty  years  after  the  conquest  of  Mexico 
by  Cortez,  Pizarro  achieved  that  of  Peru,  and  numer- 
ous mines  yielding  both  gold  and  silver  were  soon  opened 
in  that  country,  but  none  equal  in  importance  to  the 
celebrated  mines  of  the  Cerro  do  Potosi,  which  were 
discovered  accidentally  in  1545.  According  to  Her- 
rera,  the  discovery  was  made  by  an  Indian  hunter, 
Diego  Hualca,  who,  in  pulling  up  a  shrub,  observed 
filaments  of  pure  silver  about  the  roots.  On  examination 
the  mass  was  found  to  be  enormous,  and  a  very  great 
part  of  the  population  was  drawn  to  the  spot  and 
employed  in  extracting  the  metal.  A  city  soon  sprung 
up,  though  in  a  district  of  unusual  sterility.  The 
mountain  was  perforated  on  all  sides,  and  the  produce 
in  a  few  of  the  first  years  exceeded  anything  that  had 
been  previously  recorded  in  the  mining  history  of  the 
world. 

The  sensation  created  throughout  Europe  by  the 
news  of  the"  discovery  of  the  silver  treasures  of  Potosi, 
can  only  be  compared  to  the  similar  effect  produced  in 
recent  times  by  the  discovery  of  the  auriferous  deposits 
of  California  and  Australia,  which  has  been  fully 
described  in  the  article  Gold.  The  wealth  of  the  new 
El  Dorado  was,  however,  grossly  exaggerated.  From 
reliable  data  it  has  been  estimated,  that  between  the 
year  1557,  when  the  process  of  amalgamation  was 
introduced,  and  the  year  1578,  the  annual  product  of 
the  Potosi  mines  did  not  exceed  four  hundred  and 
forty  thousand  pounds  sterling,  which  sinks  into 
absolute  insignificance  compared  with  the  vast  amount 
of  treasure  now  annually  exported  from  California 
and  Australia,  without  including  the  newly  discovered 
and  still  comparatively  unexplored  deposits  on  the 
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banks  of  the  Fraser  River.  On  the  whole,  the  greatest 
produce  of  gold  and  silver,  even  at  that  period,  was 
from  the  Mexican  mines,  some  of  the  richest  of  which 
were  already  in  full  activity,  although  the  amount 
which  they  yielded  was  at  that  time  much  less  than  in 
the  course -of  the  two  following  centuries — the  seven- 
teenth and  eighteenth — when  quicksilver  became  more 
abundant,  and  was  more  extensively  employed  in  the 
process  of  amalgamation.  The  chief  increase  of  the 
precious  metals  between  the  years  1500  and  1C00,  was 
in  silver  from  Mexico,  where  the  production  of  Zacca- 
tecas,  Guanaxuato,  and  the  other  mining  districts,  had 
then  greatly  advanced.  In  the  seventeenth  century  the 
silver  mines  of  Yauricocha  or  Pasco,  in  the  northern 
part  of  Peru,  were  first  opened,  and  yielded  a  large 
amount  of  that  metal.  It  is  thus  that  though  Potosi, 
which  had  at  first  produced  the  greatest  quantity  of 
silver,  had  declined,  the  product  of  the  other  parts  of 
Peru  so  much  increased  as  more  than  to  compensate 
for  that  deficiency;  and  this  increase,  especially  of  silver, 
was  greatly  facilitated  by  the  extension  of  the  mines  of 
mercury  at  Huancavelica. 

The  product  of  the  precious  metals  from  the  Ameri- 
can mines  continued  steadily  to  increase  till  1809,  when 
the  convulsions  commenced  which  terminated  in  the 
separation  of  the  Spanish  vice-royalties  from  the  yoke 
of  the  mother  country,  and  the  erection  of  Mexico,  Peru, 
and  Chili  into  independent  republics.  During  these 
troubles,  which  continued  from  1809  to  1821,  the  pro- 
duce of  the  mines  greatly  decreased,  but  has  since  been 
gradually  augmenting. 

The  aggregate  and  relative  amounts  of  silver  obtained 
from  different  parts  of  the  world,  will  be  stated  at  the 
end  of  the  article  under  the  head  of  Statistics. 

Sources. — As  silver  is  of  great  use  in  the  arts,  not 
only  for  purposes  of  coinage,  but  also  for  services  of 
plate  for  which  it  is  peculiarly  adapted,  inasmuch  as  it 
is  seldom  attacked  in  the  slightest  degree  by  any  of  the 
substances  used  for  food,  so  it  occurs  in  great  abun- 
ance  in  nature,  and  is  largely  disseminated  both  in  the 
native  state  and  alloyed  with  various  other  metals, 
occurring  particularly  in  lead  ores,  as  noticed  under  the 
article  Lead. 

Native  Silver  is  characterized  by  most  of  the  proper- 
ties of  pure  silver,  but  is  always  alloyed  with  a  small 
quantity  of  other  metals.  It  is  generally  dull  at  the 
surface,  but  exhibits,  on  being  scratched,  the  pure  white 
color  characteristic  of  the  metal.  From  its  slight 
impurities,  it  is  also  less  malleable  and  ductile  than 
silver  perfectly  pure.  It  occurs  sometimes  crystallized 
in  cubes  and  octahedrons ;  sometimes  in  thin  leaves 
or  in  dendritical  or  arborescent  shapes,  resulting  from 
minute  crystals  implanted  upon  each  other;  frequently 
also  it  is  found  in  amorphous  masses.  It  is  met  with 
chiefly  in  the  primitive  formations,  as  in  granite  and 
gneiss ;  more  rarely  in  the  argillaceous  schists  and  grau- 
wacke  of  the  transition  rocks,  accompanied  by  quartz, 
carbonate  and  fluato  of  lime,  sulphate  of  barytes,  car- 
bonate of  iron,  galena,  et  cetera.  The  principal  localities 
in  which  it  occurs  native  are — Kongsberg  in  Norway; 
Schlangenberg  in  Siberia;  Freiberg,  Schneeberg  and 
Johanngeorgenstadt  in  Saxony;  Joachimsthal,  Przi- 
bram,  and  Ratiborzitz  in  Bohemia ;  Schemnitz  in 


Hungary ;  Kapnik  and  Felsoebanya  in  Transylvania ; 
Andreasberg  in  the  Hartz ,  Allemont  in  France ;  and, 
lastly,  Mexico  and  Peru  in  America.  In  some  of  these 
localities  it  has  been  found  occasionally  in  consider- 
able masses.  Thus,  at  Kongsberg,  pieces  have  been 
extracted  weighing  from  fifty  to  six  hundred  pounds;  in 
America,  at  the  end  of  the  last  century,  lumps  of  two 
hundred  to  eight  hundred  pounds  were  obtained ;  and 
on  one  occasion  a  block  of  solid  silver  was  discovered 
in  the  mine  of  Johanngeorgenstadt,  which  is  said  to 
have  weighed  nine  or  ten  thousand  pounds. 

Sulphide  op  Silver — Glasers  or  Silberglanz, 
German — contains  eighty-five  to  eighty-seven  per 
cent  of  metallic  silver.  It  is  of  a  blackish  dark-grey 
color,  dull  externally,  but  showing  a  metallic  lustre 
when  cut.  It  crystallizes  in  cubes  or  octahedrons,  but 
is  generally  met  with  in  the  amorphous  state.  It  is 
slightly  malleable,  almost  as  soft  as  lead,  and  is  easily 
cut  with  a  knife.  It  fuses  readily  in  the  flame  of  a 
blow-pipe,  and  even  in  a  simple  jet  of  gas,  disengaging 
a  slightly  sulphurous  odor,  and  ends  by  being  reduced 
on  the  charcoal  to  metallic  silver.  It  is  met  with  in 
nature  almost  always  combined  with  other  sulphides, 
as  those  of  copper  and  lead.  This  mineral  is  one  of 
the  richest  and  most  abundant  ores  of  silver ;  it  forms 
a  large  proportion  of  that  annually  produced  by  the 
various  foreign  mines,  as  those  of  Saxony,  Bohemia, 
and  Hungary,  and  is  particularly  abundant  in  the  mines 
of  Guanaxuato  and  Zaccatecas  in  Mexico.  Its  compo- 
sition, according  to  Klaprotii,  is — 
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Red  Silver.— Rothgiiltigerz,  German.— There  are 
three  species  of  this  mineral : — 1.  The  antimonial 
sulphide  of  silver,  or  a  double  sulphide  of  silver  and 
antimony — an  ore  of  a  dark-red  or  reddish-black  color, 
very  nearly  opaque,  has  a  metallic  lustre,  and  usually 
crystallizes  in  hexahedral  prisms.  Its  constituents  are 
— silver,  from  56  to  62;  antimony,  from  16  to  20; 
sulphur,  11  to  14;  and  oxygen  from  8  to  10.  It  is 
met  with  in  almost  all  silver  mines,  but  principally  at 
Andreasberg  in  the  Hartz,  Freiberg  in  Saxony,  Kongs- 
berg in  Norway,  Schemnitz  and  Kremnilz  in  Hungary. 
2.  Praistiie,  or  the  double  sulphide  of  silver  and 
arsenic,  which  is  of  a  clear  red  color,  transparent,  with 
a  brilliant  lustre,  and  contains  sixty-four  per  cent  of 
metallic  silver.  3.  Myargyrite,  which  differs  from  the 
antimonial  sulphide  only  in  containing  one-third  of  the 
proportion  of  sulphide  of  silver. 

Brittle  Sulphide  op  Silver — Sprcedglasera, 
German — presents  two  varieties  essentially  distinct — 

1.  Polybasite,  a  combination  of  sulphide  of  silver, 
sulphide  of  copper,  and  sulphide  of  antimony  or  arsenic; 
has  a  semi-metallic  lustre  and  an  iron-grey  color;  seen 
by  transmitted  light,  in  thin  scales,  it  presents  a  blood- 
red  color;  it  contains  60'5  to  72-25  per  cent  of  silvei, 
and  is  found  chiefly  in  the  Saxon  mines,  and  also  in 
Mexico  and  Peru.  2.  Brittle  Sulphide  of  Silver,  properly 
so  called — German,  Schwarz-giiltigerz — which  is  a  com- 
bination of  sulphide  of  silver  with  the  sulphide  of  anti- 
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mony  or  arsenic ;  lustre  slightly  metallic ;  color  iron-grey, 
and  black  when  reduced  to  powder;  is  found  associated 
with  the  preceding,  as  also  in  Hungary,  Transylvania, 
et  cetera.  According  to  the  investigations  of  Rose 
and  Klaprotii,  its  composition  is  as  follows— 

From  Freybergf  From  Schemnlts 

Jty  Klnproth.  By  Koso. 

Silver,   66-50    68-34 

Copper  and  Arsenic,   00-50    0-64 

Iron,   5-00    0-00 

Antimony,   10-00    14-60 

Sulphur   12-00    16-42 

Loss,   6.00    — 

100-00  100-00 

Grey  argentiferous  Copper — weissgilltigerz,  German 
— a  combination  of  sulphides  of  silver,  copper,  lead, 
and  antimony ;  has  a  semi-metallic  lustre,  and  a  color 
intermediate  between  that  of  lead  and  steel.  That 
which  is  found  in  the  mines  of  Freiberg  contains  thirty 
to  thirty-two  per  cent,  of  silver.  The  graugulligerz 
is  a  variety  of  grey  copper  much  poorer  in  silver  than 
the  preceding. 

Plumbo-argentiferous  sulphide  of  bismuth — wismulh- 
bleierz,  German — is  a  brittle,  leaden-grey  mineral;  it 
is  a  triple  sulphide  of  bismuth,  lead,  and  silver;  con- 
tains fifteen  per  cent,  of  metallic  silver.  It  is  found  at 
Schapbach  in  the  Black  Forest,  but  is  a  rare  mineral. 

Antimonial  Silver — speissglanz  silber,  German — is 
a  semi-metallic  substance  of  a  silver-white  color,  con- 
taining about  seventy-seven  parts  of  silver  and  twenty- 
three  of  antimony ;  it  is  ftmnd  at  Wolfach  in  the  Black 
Forest,  and  in  some  of  the  Hartz  mines,  sometimes 
crystallized  in  rectangular  prisms,  but  oftener  in  con- 
crete masses. 

Chloride  of  Silver. — silberhornerz,  German,  horn- 
silver — is  semi-ductile  and  sufficiently  soft  to  be  cut 
with  a  knife ;  color,  pearl-grey  inclining  to  blue,  and 
becoming  brown  in  the  air ;  has  a  vitreous  lustre ;  is 
usually  translucid ;  crystallizes  in  cubes.  When  pure 
it  consists  of  silver  75'3,  chlorine  24-7,  and  its  compo- 
sition is  therefore  represented  by  the  formula  Ag  CI. 

This  mineral,  says  Phillips,  which  was  formerly 
supposed  to  be  of  rare  occurrence,  constitutes  one  of 
the  richest  and  most  abundant  ores  of  Chili,  where  it  is 
frequently  associated  with  native  silver,  apparently 
resulting  from  its  decomposition.  It  also  occurs  in 
massive  amorphous  fragments  in  connection  with 
sulphide  of  silver,  but  still  more  frequently  in  small 
cubical  crystals  disseminated  in  the  ferruginous  rock 
known  in  Chili  and  Peru  under  the  names  of  pacos  and 
collorados.  Specimens  of  this  mineral,  although  of 
comparatively  rare  occurrence  in  the  European  mines,- 
have  been  obtained  from  Norway,  Siberia,  Saxony,  the 
Hartz,  and  Cornwall. 

Iodide  of  Silver  is  a  rare  mineral  of  a  pale  lemon- 
yellow  color,  with  sometimes  a  tint  of  green.  It  was 
discovered  by  M.  Vauquelin  in  the  Mexican  mines, 
but,  from  its  rarity,  is  of  no  importance  as  an  ore  of 
silver.    It  is  composed  of  silver  77-4,  iodine  22-G. 

Bromide  of  Silver  was  discovered  by  M.  Bertiiier 
in  the  Mexican  minerals,  where  it  has  since  been  found 
so  abundantly  in  the  district  of  Plataros,  near  Zaccatecas, 
that  the  ores  there  raised  have  received  the  name  of 
plata  verde,  from  the  green  color  which  it  imparts  to 


them.  According  to  BerTHJER,  it  is  composed  of 
silver  57'70,  bromine  12-50. 

Native  Amalgam,  or  argental  mercury,  has  a  very 
bright  silver-white  color,  and  is  so  soft  as  to  be  easily 
cut  with  a  knife.  It  occurs  both  in  distinct  crystals 
and  in  irregular  amorphous  masses.  It  crystallizes  in 
the  regular  octahedron  or  dodecahedron.  This  mineral 
is  found  in  a  great  many  different  localities,  but  the 
finest  specimens  have  been  procured  from  Moschell- 
andsberg  in  Bavaria.  Its  specific  gravity  is  14-1,  and, 
according  to  Klaproth,  it  contains  thirty-six  per 
cent,  of  silver  and  sixty-four  of  mercury. 

Another  species  of  this  substance,  says  Phillips, 
forms  one  of  the  principal  sources  of  silver  in  the  rich 
mines  of  Arqneros,  in  the  province  of  Coquimbo,  Chili. 
From  its  malleability  and  general  appearance  this  pro- 
duct was  for  a  long  time  thought  to  be  metallic  silver. 
According  to  the  analysis  of  Professor  Domeyko,  of 
the  mining  school  of  Coquimbo,  this  amalgam  consists 
of  silver  86G3,  mercury  13-37,  from  which  it  appears 
to  be  composed  of  six  equivalents  of  silver  united  to 
one  of  mercury,  and  its  composition  may  therefore  be 
represented  by  the  formula  AgG  Hg. 

Argentiferous  Galena — The  sulphide  of  lead,  or 
galena,  is  almost  always  associated  with  a  small  quan- 
tity of  silver  in  the  state  of  sulphide,  and  this  is  the 
source  of  the  silver  obtained  in  the  British  Islands.  It 
is  regarded  as  extremely  rich  when  it  contains  0  005  of 
silver,  and  in  many  cases  it  may  be  extracted  with 
advantage  when  only  a  tenth  part  of  that  proportion  is 
present. 

In  general,  and  whatever  may  be  their  nature, 
minerals  are  regarded  as  rich  which  contain  0-005  of 
metallic  silver. 

Pure  Silver. — The  silver  of  commerce  is  never 
perfectly  pure,  being  always  mixed  with  a  certain  pro- 
portion of  copper  and  traces  of  other  metals.  A  small 
quantity  may  be  obtained  pure  by  dissolving  a  piece  of 
money  or  of  plate  in  nitric  acid,  and  adding  a  solu- 
tion of  chloride  of  sodium ;  a  double  decomposition 
occurs ;  the  silver  is  thrown  down  in  the  form  of  an 
insoluble  chloride,  while  the  copper  and  any  other 
metals  that  may  be  present  remain  in  solution.  One 
hundred  parts  of  this  chloride  are,  when  separated  and 
dried,  mixed  with  seventy  parts  of  chalk  and  four  or 
five  of  carbon,  and  this  mixture  is  introduced  into  a 
crucible  and  raised  to  a  white  heat.  Carbonic  oxide  is 
disengaged,  and  chloride  of  calcium  and  metallic  silver 
remain  in  the  crucible. 

To  obtain  the  silver  in  a  state  of  great  purity,  the 
chloride  obtained  by  the  double  decomposition  in  the 
first  instance  ought  to  be  repeatedly  washed  by  decan- 
tation  with  boiling  water,  to  be  certain  of  dissolving 
the  other  metallic  chlorides.  Instead  of  chalk,  the 
operation  succeeds  perfectly  by  mixing  equal  parts  of 
carbonate  of  potassa  or  soda  with  three  or  four  per 
cent,  of  charcoal  in  powder.  But  as  the  mixture  fuses, 
the  disengagement  of  gas  produces,  in  this  case,  a 
tumescence  which  may  project  the  matter  out  of  the 
crucible.  For  this  reason  Gay-Lussac  preferred  the 
use  of  carbonate  of  lime,  with  which  the  reaction  may 
be  effected  without  fusion,  reserving  the  temperature 
capable  of  melting  the  mixture  for  the  time  when,  the 
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reaction  being  finished,  no  more  gas  can  be  disengaged. 
When  the  contents  subside,  the  crucible  is  filled  up 
with  more  of  the  mixture ;  and  when  the  reaction  is 
finished,  the  temperature  is  raised  to  a  white  heat;  the 
chloride  of  calcium  and  the  silver  are  melted,  and  the 
latter  forms,  on  cooling,  a  button  at  the  bottom  of  the 
crucible.  The  chloride  of  calcium,  which  lies  above  it, 
always  contains  a  certain  quantity  of  chloride  of  silver; 
and  to  separate  the  silver  from  the  chloride  recourse  is 
had  to  the  humid  process.  The  chloride  is  first  puri- 
fied by  washing,  and  then  subjected  to  the  action  of  a 
little  sulphuric  acid,  and  a  plate  of  zinc  purified  by 
distillation.  The  reduction  is  effected  rapidly,  and  the 
silver  forms  a  grey,  spongy,  mass,  which  often  floats 
on  the  top,  because  it  is  penetrated  by  hydrogen  gas 
proceeding  from  the  decomposition  of  the  water.  By 
stirring  with  a  glass  rod,  after  withdrawing  the  zinc 
plate,  the  hydrogen  is  separated  from  the  spongy  mass, 
which  then  falls  to  the  bottom.  The  liquid  is  then 
decanted  off,  and  its  place  supplied  by  water  and  a 
little  sulphuric  acid.  This  new  treatment  is  necessary, 
for  the  spongy  substance  is  a  combination  of  silver  with 
zinc,  and  not  pure  silver.  Accordingly  bubbles  of 
hydrogen  gas,  proceeding  from  the  solution  of  the  zinc, 
are  soon  found  to  be  disengaged  abundantly.  When 
this  ceases,  the  powder  is  washed  by  decantation  with 
boiling  distilled  water  till  the  liquid  is  no  longer 
rendered  turbid  by  chloride  of  barium.  In  this  way 
the  silver  is  obtained  pure,  in  a  state  of  minute 
division. 

Chemical  Pwjicrties. — At  ordinary  temperatures 
silver  is  not  acted  upon  by  oxygen,  but  it  is  tarnished 
if  exposed  to  an  atmosphere  containing  very  minute 
portions  of  sulphide  of  hydrogen,  which  is  always 
present,  to  a  greater  or  less  extent,  in  the  air  of  cham- 
bers heated  by  coal  fires.  When  melted,  however,  in 
open  vessels,  it  possesses  the  remarkable  property  of 
absorbing  about  twenty-two  times  its  own  bulk  of 
oxygen,  which  in  solidifying  it  disengages,  producing, 
probably,  that  kind  of  metallic  vegetation  which  takes 
place  on  the  surface  of  the  silver  button  when  suddenly 
cooled  in  the  cupel.  It  is  not  known  whether  there  is 
chemical  combination  or  merely  mechanical  absorption 
in  this  case ;  but  Barruel  considers  the  latter  hypo- 
thesis by  no  means  probable.  The  effects  of  this  singular 
phenomenon,  which  has  been  already  alluded  to  in  Vol. 
II.,  page  284,  in  connection  with  the  refining  of  gold, 
are  best  shown  when  the  mass  of  metal  is  considerable, 
as,  for  example,  about  fifty  or  sixty  pounds.  They 
were  carefully  studied  by  Gay-Lussa-c  and  Lucas, 
and  are  altogether  so  remarkable  that  a  somewhat 
more  minute  account  of  them  may  not  be  unacceptable 
to  the  reader.  After  maintaining  about  the  quantity 
of  metal  above-mentioned  for  a  long  time  in  a  state  of 
fusion,  it  is  left  to  cool  spontaneously,  and  begins  to 
solidify  at  the  surface.  This  process  commences 
towards  the  edges,  and  advances  towards  the  centre. 
The  crust  thus  formed  soon  cracks,  and  very  fluid 
silver  escapes  through  the  fissures,  spreading  itself  over 
the  surface  in  a  thin  layer.  This  first  stage  of  the 
phenomenon  appears  due,  not  to  a  disengagement  of 
gas,  but  rather  to  the  expansion  which  results  from  a 
commeucement  of  crystallization.    Soon  afterwards,  as 


the  cooling  proceeds,  the  gas  in  escaping  begins  to  raise 
the  solidified  crust  at  several  points,  and  produces  a 
singular  formation  of  miniature  volcanic  craters,  through 
which  a  current  of  oxygen  is  disengaged,  while  lavas  of 
melted  silver  stream  over  their  edges.  In  the  middle 
of  each  little  crater  the  liquid  mass  is  seen  boiling 
violently.  In  proportion  as  the  disengagement  of  gas 
proceeds,  the  height  of  these  craters  increases,  in  con- 
sequence of  the  solidification  of  the  metal  which  flows 
over  their  sides ;  the  greater  part  of  them  get  partially 
choked  up,  whilst  the  gas  escapes  with  a  constantly 
increasing  force,  dragging  along  with  it  drops  of  melted 
silver,  which  it  projects  to  a  distance,  and  producing  at 
each  eruption  small  explosions,  which  succeed  each 
other  at  very  short  intervals.  The  cones  of  eruption 
ma}'  ultimately  attain  a  height  of  one  and  a  half  to  two 
inches,  with  a  diameter  at  the  base  of  two  to  three 
inches ;  and  for  a  quantity  of  fifty  pounds  of  silver,  the 
total  duration  of  the  rochage,  as  the  process  is  termed 
in  France,  varies  from  thirty  to  forty-five  minutes. 

This  phenomenon  does  not  occur  when  the  silver  is 
alloyed  with  a  small  proportion  of  copper,  gold,  or 
lead ;  even  one  per  cent,  of  copper  prevents  the  absorp- 
tion of  oxygen  on  which  it  depends.  That  this  is  the 
cause  of  the  phenomenon  may  be  demonstrated  on  a 
smaller  scale  by  heating  to  a  white  red  in  a  crucible  a 
considerable  quantity  of  silver,  and  projecting  upon  it 
a  little  nitrate  of  potassa,  which,  by  its  decomposition, 
produces  an  atmosphere  of  oxygen.  The  crucible  is 
then  to  be  covered,  and  the,  heat  continued  for  some 
time,  after  which  the  lid  is  removed  and  the  vessel 
plunged  into  a  tub  of  water,  placing  over  it  an  inverted 
bell-glass  filled  with  the  same  liquid ;  the  oxygen 
which  is  disengaged  is  collected  in  the  bell-glass,  and 
may  be  measured.  This  experiment,  says  Barruei,, 
is  not  without  danger,  for  the  oxygen  may  be  disengaged 
all  of  a  sudden,  and  thus  produce  a  violent  explosion. 

When  silver  is  subjected  to  a  very  high  temperature, 
either  by  means  of  a  burning  lens,  the  flame  of  the 
oxyhydrogen  blowpipe,  or  a  powerful  voltaic  battery, 
it  rapidly  volatilizes,  and  burns  with  a  greenish  flame. 
In  a  state  of  fusion  it  may  be  crystallized,  and  in  this 
case  it  assumes  the  cubical  form. 

Silver  does  not  absorb  the  oxygen  of  the  air  when  it 
is  fused  with  the  alkalies,  and  for  this  reason  silver 
crucibles  are  used  in  laboratories  for  making  analyses 
of  silicates  by  means  of  the  caustic  alkalies,  which 
would  attack  platinum  ones.  Chlorine,  bromine,  and 
iodine  combine  very  well  with  silver,  and  of  these 
three  bodies  iodine  is  that  which  has  the  greatest 
affinity  for  it.  Of  the  acids,  it  is  acted  on  most  power- 
fully by  nitric  acid,  which  dissolves  it  in  the  cold; 
concentrated  sulphuric  acid  requires  heat  to  dissolve  it. 
Hydrochloric  acid  attacks  it  only  with  difficulty,  by 
leaving  it  a  long  time  to  digest ;  however,  if  the  metal 
is  in  a  very  divided  state,  and  the  liquid  be  heated  to 
ebullition,  the  action  even  of  this  acid  is  pretty  rapid. 

Silver  readily  combines  with  sulphur,  and  hence  the 
fact  already  stated — the  facility  with  which  it  is  tar- 
nished by  contact  with  air  containing  even  a  very 
small  proportion  of  sulphide  of  hydrogen.  In  this  case 
its  discoloration  arises  from  the  formation  of  a  brown 
film  of  sulphide  of  silver.     To  clean  articles  so  tar- 
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rushed,  the  simplest  method  is  to  plunge  them  for  some 
time  into  a  solution  of  manganate  of  potassa — chameleon 
mineral — which  is  obtained  by  heating  to  redness  a 
mixture  of  equal  parts  of  potassa  and  binoxide  of 
manganese.  In  this  operation  the  manganate  is 
decomposed,  and  reacts  on  the  sulphur  of  the  sulphide 
of  silver,  which  it  oxidises  and  then  dissolves.  Oxygen- 
ated water,  if  convenient,  may  also  be  employed  for  the 
same  purpose. 

Metallurgy  of  Silver. — With  reference  to  their 
metallurgical  treatment,  the  minerals  of  silver  are 
divided  into  four  classes  : — 

1.  Argentine  ores,  properly  so  called,  and  worked 
for  the  silver  alone ; 

2.  Ores  of  lead  and  silver ; 

3.  Ores  of  copper  and  silver ; 

4.  Ores  of  lead,  copper,  and  silver. 

The  separation  of  silver  from  its  ores  is  effected 
either  by  the  method  of  amalgamation,  or  by  a  series 
of  successive  smeltings,  which  concentrate  the  silver  in 
a  certain  quantity  of  lead,  and  the  silver  is  afterwards 
separated  by  cupellation.  The  first  of  these  processes 
consists  essentially  in  bringing  the  silver  ores, 
which  have  been  previously  pulverized  and  sub- 
jected to  a  special  preparation,  into  intimate 
contact  with  metallic  mercury ;  the  silver  is 
dissolved  in  the  mercury,  and  the  amalgam, 
being  separated  from  the  other  matters  by 
washing,  is  subjected  to  distillation ;  a  residue 
is  thus  obtained.  The  advantage  which  this 
process  presents  over  all  others,  is  its  great 
simplicity ;  but  as  any  associated  metals  which 
may  be  present,  such  as  copper  and  lead,  are  ffi 
thereby  lost,  this  method  is  usually  employed 
only  for  ores  which  contain  an  insignificant 
proportion  of  these  or  other  foreign  metals.  In 
the  other  processes  the  product  obtained  by 
successive  roastings  and  smeltings  is  a  quantity 
of  argentiferous  lead  or  copper,  from  which  the 
silver  remains  to  be  separated.  In  the  case  of 
lead  it  is  separated,  as  already  stated,  by  cupel- 
lation ;  for  copper,  the  mass  must  first  be  submitted 
to  eliquation— an  operation  which  consists  in  melting 
or  sweating  out  the  silver  from  the  copper,  and  then 
cupelling  with  lead. 

I.  Ores  Worked  for  the  Silver  alone.' — It 
has  been  stated  that  ores  of  this  class,  which  do  not 
contain  an  important  proportion  of  other  metals,  are 
subjected  to  a  process  which  consists  essentially  in 
forming  an  amalgam  of  the  silver  with  mercury,  and 
then  subjecting  the  amalgam  to  distillation.  This  is 
the  essential  part  of  the  process.  Much  of  its  success, 
however,  depends  on  the  manner  in  which  it  is  con- 
ducted, and  especially  on  certain  preliminary  operations 
which  are  required  to  bring  the  ore  to  that  state  of 
minute  division  in  which  it  is  most  favourably  circum- 
stanced for  causing  the  whole  of  the  silver  that  is 
contained  in  it  to  combine  with  the  mercury.  There 
are  two  processes  by  amalgamation,  the  American  or 
Mexican  and  the  Saxon,  which  differ  considerably  from 
each  other  in  this  respect. 

American  process  by  amalgamaiion.^-*Yhh  method, 
invented  in  Mexico  by  Bartiiolomeo  de  Medina  in 
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1557,  is  still  practised  in  that  country  in  all  its  primi- 
tive simplicity ;  and,  perhaps,  when  the  cheapness  of 
labor,  the  poverty  of  the  ores,  the  scarcity  of  fuel,  and 
the  deficiency  even  of  water-power  are  considered,  it 
could  not  be  profitably  superseded  by  any  other.  It 
will  be  found  that  its  principal  characteristics  depend 
on  these  circumstances. 

The  ore,  on  being  extracted  from  the  mine,  is  placed 
in  the  hands  of  the  pepenadores,  men  and  women  who 
break  all  the  larger  pieces  with  hammers,  and  after 
rejecting  those  in  which  their  experience  teaches  them 
that  no  metallic  particles  are  contained,  and  setting 
aside  those  which  are  very  rich  to  be  treated  by  the 
smelting  process,  they  subject  the  rest  to  a  process  of 
crushing  and  pulverization,  with  a  view  to  its  direct 
treatment  by  amalgamation.  The  ores  destined  for 
this  treatment  are  submitted  in  the  first  place  to  the 
action  of  the  ingenios  or  stamping  mills,  which  are 
either  driven  by  mules,  or,  when  water-power  is  at 
hand,  by  means  of  a  small  breast-wheel — Fig.  485. 
The  long  horizontal  shaft  fixed  on  the  axis  of  the 
wheel  is  armed  with  five  or  six  cams,  placed  at  diffe- 

Fig.  485. 


rent  situations  round  the  shaft,  so  as  to  act  in  succession 
on  the  projecting  teeth  of  the  upright  pestles  or 
stampers,  each  of  which  weighs  two  hundred  pounds, 
and  works  in  a  corresponding  oblong  mortar  of  stone 
or  wood.  It  is  estimated  that  a  battery  of  eight  of 
these  stampers,  is  capable  of  reducing  to  powder  three 
thousand  five  hundred  pounds  of  ore  in  twenty-four 
hours. 

The  powder  thus  obtained  not  being  sufficiently  fine 
for  the  purpose  of  amalgamation,  it  is  transferred  from 
the  stamps  or  morteros  to  be  reduced  to  an  impalpable 
slime  or  mud  in  the  crushing  mills  or  arrastres,  repre- 
sented in  Fig.  486,  into  eacbTof  which  a  little  water  is 
introduced.  These  mills  are  commonly  worked  by 
mules,  which  turn  a  vertical  shaft  armed  with  two 
cross-bars.  The  grinding  stones,  as  well  as  the  sides 
and  bottom  of  the  mill  itself,  are  composed  of  granite, 
four  blocks  of  which  revolve  in  each  crushing  mill,  one 
attached  to  each  of  the  arms.  They  are  usually  placed 
in  a  covered  shed  or  gallery,  as  shown  in  the  figure, 
which  represents  the  arrastres  of  the  hacienda  or 
metallurgio  works  of  Salgado,  near  Guanaxuato.  These 
-  5p 
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contain  thirty-six  dry  stampers,  also  worked  by  mules, 
and  forty-two  crushing  mills  in  which  water  is  used. 
Each  of  the  latter  reduces  to  a  fine  impalpable  metal- 


liferous mud  six  hundred  pounds  of  powder  in  twenty- 
four  hours.  The  mules  are  changed  every  six  hours. 
This  operation  is  considered  of  great  importance,  for 


Fig  486. 


the  subsequent  amalgamation  is  so  much  the  more 
complete,  and  the  loss  in  mercury  less  considerable,  in 
proportion  as  the  ore  is  reduced  to  a  more  minute 
state  of  division. 

The  ore  thus  ground  into  a  fine  paste  is  termed 

Pig.  487. 


lama,  and  is  conveyed  into  pits  of  three  to  six  feet  in 
depth,  where  it  is  allowed  to  dry  in  the  sun  till  it 
acquires  a  certain  consistence.  It  is  then  carried  to 
the  patio  or  amalgamation  floor — Fig.  487 — which  is 
a  flat  space  open  to  the  sky,  and  surrounded  by  a  stone 
wall.  At  Zaccatecas  the  patio  is  rectangular,  three 
hundred  and  twelve  feet  in  length  by  two  hundred  and 
forty  in  breadth,  and  capable  of  containing  twenty-four 
flat  circular  heaps  of  lama,  each  about  fifty  feet  in 


diameter  and  seven  inches  deep,  arranged  in  four  rows. 
These  heaps  are  termed  tortus.  A  small  space  is 
usually  reserved  at  one  corner  for  the  purpose  of 
performing  assays  on  the  ore,  with  the  view  of  deter- 
mining beforehand  the  proportion  of  mercury  that  may 
be  necessary  to  incorporate  with  each  heap. 

At  Zaccatecas  the  tortus  are  formed  in  the  following 
manner  : — In  the  first  instance  a  space  of  the  requisite 
size  is  marked  out  and  inclosed  by  a  number  of  rough 
planks,  which  are  propped  in  their  places  by  large 
stones.  About  one  hundred  and  fifty  bushels  of  crude 
or  impure  sea-salt  are  then  introduced  into  this  inclosed 
space,  and  over  this  about  six  hundred  metrical  quintals 
of  the  lama  or  ore  in  a  state  of  fine  paste.  The  salt 
and  lama  are  then  well  mixed  by  turning  with  shovels 
and  treading  with  mules,  after  which  the  mixture  is 
left  at  rest  during  the  remainder  of  the  day.  On  the 
morrow,  after  about  an  hour's  further  treading  with 
mules,  the  magistral,  or  roasted  and  pulverized  copper 
ore — a  mineral  containing  ten  per  cent,  sulphate  of 
copper,  and  as  much  sulphate  of  iron — is  added  in 
greater  or  less  quantity,  according  to  the  richness  of 
the  argentiferous  ore  and  the  season  of  the  year ;  in 
summer,  for  example,  and  with  the  richer  ores,  about 
seven  hundred  and  fifty  pounds  to  the  torta,  and  in 
winter  only  half  that  quantity;  for  it  is  stated  as  a 
singular  fact  that  in  summer  the  mixture  cools  and 
requires  more  warmth,  while  in  winter  it  acquires  of 
itself  additional  heat.  The  larger  proportion  is  for 
minerals  containing  0-0015  of  metallic  silver.  When 
the  operation  proceeds  too  rapidly,  arising  from  the 
presence  of  too  much  magistral,  which  would  occasion 


SILVEE  American  Process  by  Amalgamation. 


851 


a  greater  loss  in  mercury,  the  remedy  is  to  add  a 
certain  quantity  of  lime,  which  serves  to  cool  the 
lama. 

When  the  magistral  has  been  introduced,  the  tread- 
ing out  is  continued  for  five  or  six  hours  by  means  of 
six  mules.  When  the  whole  has  been  well  mixed,  the 
process  of  amalgamation  is  commenced  by  adding  a 
certain  quantity  of  quicksilver,  which  is  sprinkled  over 
the  heap  by  straining  it  through  a  bag  of  coarse  cloth. 
The  treading  by  mules  is  then  continued,  and  the  whole 
is  turned  over  for  some  hours  with  wooden  shovels. 
This  operation  is  repeated  for  several  days,  until  the 
amalgamator  ascertains  by  examination  that  all  of  the 
mercury  is  taken  up.  He  then  adds  a  second  and 
sometimes  a  third  charge,  repeating  on  each  occa- 
sion the  same  treatment.  When  the  last  charge  has 
been  added,  the  mixture  is  again  thoroughly  trodden, 
and  the  mass  is  then  removed  by  the  laborers  on 
handbarrows  to  the  lavaderos,  where  the  amalgam  is 
separated  from  the  earthy  matters  by  washing. 

To  judge  of  the  progress  of  the  amalgamation  from 
time  to  time,  the  amalgamator  uses  a  small  black  earth- 
enware basin,  flat  and  round,  or  somewhat  similar  in 
form  to  that  represented  in  Vol.  II.,  Fig.  221,  page  272. 
In  this  dish  he  puts  a  little  of  the  lama  or  paste  which 
is  under  the  process  of  amalgamation,  and  holding  the 
dish  inclined  and  half-immersed  in  the  water,  he  gives 
it  a  rotatory  movement  in  a  plane  perpendicular  to  its 
axis,  so  that  there  is  formed  in  the  submerged  part  of 
the  basin  a  circular  current  of  water  which  retains  the 
sand  in  the  centre,  while  the  heavy  or  metallic  grains 
arrange  themselves  around  the  circumference  according 
to  their  specific  gravities,  and  there  the  amalgam  is 
observed  in  small  spangles.  Usually  eight  parts  of 
mercury  are  added  for  one  part  by  weight  of  silver 
contained  in  the  ore.  Thus,  at  Zaccatecas,  for  an  ore 
which  is  presumed  to  contain  O001G25  of  silver — and 
this  is  the  average  proportion — there  is  added  to  the 
torta,  which  is  estimated  to  contain  about  two  hundred 
pounds  of  silver,  on  the  first  occasion  nine  hundred 
pounds  of  mercury;  on  the  second,  three  hundred 
pounds ;  and  on  tne  third  and  last,  four  hundred  and 
twenty  pounds,  making  a  total  of  one  thousand  six 
hundred  and  twenty  pounds  of  quicksilver.  The  entire 
duration  of  the  amalgamation  is  twelve  to  fifteen  days 
in  summer,  and  twenty  to  twenty-five  in  winter.  This 
is  less  than  a  third  of  the  time  required  at  some  other 
Mexican  mines,  which  evidently  arises  from  the  small 
elevation  given  to  the  tortas,  and  the  consequent 
exposure  of  a  large  surface  to  the  action  of  the  solar 
rays. 

The  next  operation  is  the  washing  of  the  amalga- 
mated ore,  for  the  purpose  of  removing  the  earthy 
matters,  and  of  thereby  obtaining  the  amalgam  or 
mixture  of  silver  and  mercury  in  a  separate  form.  This 
operation  is  performed  in  lavaderos,  or  washing  vats, 
which  are  circular  in  form,  and  solidly  built  in  masonry, 
each  about  eight  feet  deep  and  nine  in  diameter.  A 
horizontal  toothed  wheel,  mounted  on  a  shaft  worked 
by  mules,  communicates,  through  the  intervention  of 
another  toothed  wheel,  a  movement  of  rotation  to  a 
vertical  shaft  placed  in  the  middle  of  the  vat,  and  armed 
at  its  lower  part  with  four  agitators  consisting  of  cross 


beams,  from  which  rise  long  wooden  teeth  to  the  height 
of  five  feet.  A  small  stream  of  water  continually  flows 
into  the  vats  from  a  tank  on  a  higher  level.  Under  the 
action  of  the  agitators  the  lighter  earthy  matter  is  kept 
afloat,  while  the  heavier  amalgam  sinks  to  the  bottom, 
and  from  time  to  time  the  former  is  allowed  to  flow  out 
into  a  second  similar  apparatus,  where  it  is  subjected 
to  a  second  washing,  and  then  allowed  to  run  away. 
An  entire  torta  of  amalgamated  ore  may  thus  be  passed 
through  one  vat  in  twelve  hours. 

The  liquid  amalgam  obtained  in  this  manner  is  then 
strained  through  a  leathern  bag,  the  bottom  of  which 
is  formed  of  strong  canvass  or  thick  flannel.  The 
uncombined  mercury  is  thus  squeezed  out,  carrying 
along  with  it  a  small  quantity  of  silver,  which  is  not 
lost,  as  the  same  mercury  is  employed  in  the  next 
amalgamating  operation,  while  there  remains  in  the 
bag  a  mass  of  semi-solid  amalgam,  which  is  submitted 
to  distillation  to  obtain  the  silver.  For  this  purpose  it 
is  moulded  into  wedge-shaped  masses,  each  about  thirty 
pounds  in  weight,  which  are  arranged  in  a  circle  in 
what  is  called  the  burning  house,  to  the  number  of 
eleven,  on  a  solid  plate  of  cast-iron  having  a  hole  in  its 
centre.  Over  this  row  of  wedges  several  others  are 
built,  and  the  whole  pile  is  covered  with  a  large  iron 
bell  called  a  capellina,  which  is  lowered  down  upon  it 
by  means  of  pulleys,  and  carefully  luted  at  the  bottom 
to  the  iron  plate  with  a  mixture  of  ashes,  crude  salt, 
and  lama.  A  loose  wall  of  fire-bricks  is  then  built 
round  the  capellina,  leaving  an  interval  about  a  foot  in 
width,  which  is  kept  filled  with  burning  charcoal  all 
night ;  and  after  the  heat  has  been  applied  about  twenty 
hours  the  bricks  and  ashes  are  removed  and  the  capel- 
lina hoisted  up.  The  silver  is  then  found  in  a  solid 
mass,  the  mercury  having  passed  off  in  vapor  through 
a  pipe  fixed  to  the  opening  or  hole  in  the  ground  plate, 
by  which  it  is  conveyed  into  a  cistern  filled  with  water, 
and  there  almost  all  condensed.  The  silver,  which 
remains  on  the  plate  in  solid  pieces,  is  weighed,  and  is 
then  usually  remelted  in  reverberatory  furnaces,  and 
cast  into  ingots  or  bars,  each  about  eighty  or  ninety 
pounds  in  weight.  Latterly,  at  some  establishments 
cylindrical  retorts  of  cast-iron  have  been  introduced  for 
distilling  the  amalgam.  The  loss  in  mercury  is  usually 
about  one  and  a  half  per  cent,  of  the  weight  of  silver 
obtained. 

The  rationale  of  the  process  of  amalgamation,  as 
above  described,  may  be  explained  as  follows  : — In 
America  the  silver  exists  in  the  ores,  partly  in  the 
native  state,  partly  as  a  chloride,  and  partly  as  a  simple 
or  multiple  sulphide.  The  copper  pyrites  which  is 
added  reacts  on  the  chloride  of  sodium  employed, 
producing  sulphate  of  soda  and  bichloride  of  copper ; 
the  latter  acts  as  an  energetic  chloridizing  agent  on 
the  sulphide  of  silver  in  the  ore,  which  it  changes 
into  chloride  of  silver,  passing  at  the  same  time  itself 
into  the  state  of  protochloride.  The  chloride  of 
silver  is  in  its  turn  reduced  by  a  part  of  the  mercury 
added,  forming  with  that  part  protochloride  of  mer- 
cury, and  with  the  other  an  amalgam  of  silver.  It  is 
the  protochloride  of  mercury  so  formed  that  is  carried 
away  by  the  waters  in  the  process  of  washing,  and  con- 
stitutes almost  the  whole  of  the  loss  in  mercury.  The 
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chloride  employed  serves  not  only  to  transform  the 
sulphate  of  copper  into  deutochloride,  but  likewise  to 
dissolve  the  chloride  of  silver,  and  thus  to  facilitate 
considerably  its  reduction  by  the  mercury. 

On  an  average  the  American  ores  are  very  poor,  and 
do  not  contain  more  than  0-00150  to  0-00160  of  silver. 
It  is  their  immense  quantity,  and  not  their  superior  rich- 
ness, that  explains  the  large  production  of  the  silver 
mines  of  America.  The  most  celebrated  are  those  of 
Pasco,  Cerro  de  Bambon,  Chota,  and  Huantajaya  in 
Peru ;  Zaccatecas,  Guanaxuato,  Valenciana,  and  Veta- 
graude  in  Mexico.  Pasco  produces  annually  one 
hundred  thousand  to  one  hundred  and  fifty  thousand 
pounds  of  silver;  Huantajaya  fifty  thousand  pounds; 
Zaccatecas  three  hundred  thousand  pounds;  Guanaxuato 
two  hundred  thousand  pounds ;  Valenciana  one  hun- 
dred and  fifty  thousand  pounds.  It  is  estimated  that 
five-sevenths  of  the  silver  produced  in  America  is 
obtained  by  amalgamation,  and  only  two-sevenths  by 
smelting  the  ores. 

Saxon  Process  by  Amalgamation. — It  was  only  at 
the  end  of  the  last  century  that  the  method  of  treating 
silver  ores  by  amalgamation  was  introduced  into  Europe. 
Here  the  circumstances  are  different  to  those  in  Mexico 
and  Peru ;  fuel  is  cheaper,  mechanical  moving  power 
is  abundant ;  manual  labor  is  more  expensive ;  it  is 
therefore  important  to  replace  the  latter  as  far  as  pos- 
sible by  the  former  two,  and  this  principle  will  explain 
the  chief  points  in  which  the  European  process  differs 
from  the  American.  These  points  of  difference  will 
appear  from  the  following  account  of  the  method  by 
amalgamation,  which  is  practised  at  the  Halsbriicke 
works,  near  Freiberg,  in  Saxony,  the  most  complete 
establishment  of  the  kind  in  Europe. 

In  these  works  no  ores  which  contain  more  than 
seven  per  cent,  of  lead,  or  ore  of  copper,  are  submitted 
to  amalgamation,  because  beyond  that  point  the  lead 
entering  into  the  amalgam  would  render  it  very  impure, 
while  making  the  operation  itself  more  difficult,  and  the 
copper  would  be  entirely  lost.  The  most  usual  con- 
stituents of  the  ores  are  sulphur,  silver,  antimonial 
silver,  bismuth,  Bulphides  of  arsenic,  of  copper,  iron, 
lead,  zinc,  et  cetera,  with  several  earthy  minerals.  Ores 
of  different  qualities  are  sorted  together  in  such  a  way 
that  the  mixture  may  contain  an  average  of  about  four 
ounces  of  silver  per  one  hundred  pounds  of  ore.  It  is 
necessary,  also,  that  they  shall  contain  a  certain  pro- 
portion of  sulphur,  to  decompose  sufficient  chloride  of 
sodium  in  the  roasting  to  cause  as  much  chlorine  to  be 
disengaged  as  shall  convert  the  whole  of  the  silver  into 
a  chloride.  Accordingly,  ores  poor  in  sulphur  are  mixed 
with  those  that  are  richer,  and  generally  about  thirty 
per  cent,  of  iron  pyrites  is  added.  When  the  whole  has 
been  well  pulverized  in  a  stamping  mill,  about  one-tenth 
of  its  weight  of  salt  is  added,  and  the  mixture  is  then 
roasted  in  a  reverberatory  furnace,  the  floor  of  which 
is  elliptical,  and  is  about  six  feet  in  length  by  eight  in 
breadth ;  the  height  of  the  vault  in  the  centre  is  about 
eighteen  inches.  The  furnace  is  charged  with  three 
and  a  half  to  four  hundredweights  of  the  prepared 
ground  ore,  which  is  first  dried  at  a  low  heat  with 
incessant  turning  over;  the  fire  is  then  gradually 
raised.    At  first  vapor  of  water  is  disengaged,  then 


dense  white  fumes  of  arsenious  acid  and  oxide  of  anti- 
mony, which  deposit  themselves  in  the  condensing 
chambers  above;  after  this  the  ignition  of  the  iron 
pyrites  becomes  obvious  by  the  appearance  of  a  bluish 
flame  and  a  strong  odor  of  sulphurous  acid.  When 
this  smell  has  passed  away  the  chlorination  is  com- 
menced by  raising  the  temperature  to  a  bright  red, 
and  maintaining  it  at  that  point  till  no  more  gas  is 
disengaged;  this  requires  about  three-quarters  of  an 
hour,  so  that  a  charge  is  passed  through  the  furnace 
every  four  hours.  During  the  first  part  of  the  opera- 
tion, or  the  roasting  properly  so  called,  the  arsenic  and 
antimony  are  separated,  and  the  sulphides  of  iron 
and  copper  are  converted  into  a  basic  sulphate  of  ses- 
quioxide  of  iron  and  subsulphate  of  copper.  These 
sulphates,  in  the  second  part  of  the  process,  or  the  chlo- 
rination, react  in  their  turn  on  the  chloride  of  sodium, 
producing  sulphate  of  soda,  protochlorides  of  iron  and 
copper,  and  chlorine,  which  combines  in  the  nascent 
state  with  the  silver  contained  in  the  ore,  thereby  con- 
verting it  into  a  chloride.  Here  it  is  the  chloride  of 
iron  which  principally  acts  as  the  chloridizing  agent, 
whereas  in  the  American  process  it  is  the  chloride 
of  copper.  At  the  Halsbriicke  works  there  are  four- 
teen roasting  furnaces,  in  each  of  which  about  five  tons 
of  ore  are  operated  upon  weekly ;  and  the  condensing 
chambers  or  soot  vaults  yield  in  the  aggregate,  during 
the  same  time,  from  four  to  five  tons  of  ore-dust,  con- 
taining about  sixteen  pounds,  or  0-00125  to  0-00150  of 
silver.  This  dust  is  treated  separately  in  the  same 
manner  as  the  crude  or  unroasted  ore.  The  fuel  of  the 
first  fire  is  pit-coal ;  of  the  finishing  one  fir- wood.  Of 
the  former  one  hundred  and  fifteen  cubic  feet,  and  of 
the  latter  two  hundred  and  ninety,  are  upon  an  average 
consumed  for  every  five  tons  of  ore.  The  service  of  a 
roasting  furnace  requires  two  workmen  per  twenty-four 
hours  of  work. 

The  roasted  ore  is  thrown  on  a  grating  inclined  at 
an  angle  of  45°,  and  having  sixteen  apertures  to  the 
square  inch.  That  which  passes  through  falls  on  a 
sieve  or  riddle  about  eight  feet  long  by  eighteen  inches 
in  width ;  it  is  inclined  at  an  angle  of  6°,  and,  in  the 
upper  part,  has  eighty  apertures  to  the  square  inch, 
but  only  fifty  in  the  lower.  Three  degrees  of  fineness 
are  thus  obtained — the  coarse,  which  remains  on  the 
grating  and  the  riddle ;  the  fine,  which  passes  through 
the  upper  part  of  the  riddle ;  and  the  middling,  which 
passes  to  the  lower  part.  On  the  average  the  pro- 
portions obtained  are  twenty-nine  parts  of  fine,  one  of 
middling,  and  one  and  a  half  of  coarse  or  large  grains. 
The  latter  is  broken  with  a  hand-hammer ;  it  is  then 
crushed,  along  with  the  middling  size,  under  granite 
millstones,  and  afterwards  subjected  to  a  second  roast- 
ing with  two  per  cent,  of  chloride  of  sodium ;  but  in  this 
case  the  operation  lasts  only  two  hours  instead  of  four 
as  formerly.  The  fine  is  ground  in  a  dry  state  between 
granite  millstones.  The  top  stones  or  runners  make 
one  hundred  and  twenty  to  one  hundred  and  forty 
turns  per  minute ;  they  are  radiated  like  those  of  meal 
mills ;  the  grooves  have  a  depth  of  about  one-fifth  of 
an  inch,  and  require  to  be  dressed  or  renewed  every 
three  or  four  days.  When  they  are  first  put  up  they 
are  about  two  and  a  half  feet  in  diameter,  with  a  thick- 
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ness  of  about  twenty  inches ;  and  when  this  thickness 
is  reduced  one-half,  they  are  used  for  the  lower  or  bed 
stones.  It  is  estimated  that  from  two  to  three  horse- 
power is  required  for  each  mill.  There  are  in  all  ten 
pair  of  stones,  and  each  of  them  grinds  per  hour  from 
one  hundred  to  one  hundred  and  fifty  pounds  of  roasted 
ore,  besides  which  there  remains  on  the  bolter  twelve 
to  fifteen  per  cent,  of  coarse  material,  which  must  be 
passed  a  second  time  between  the  stones.  The  service 
of  two  pair  of  stones  requires  two  workmen  per 
twenty-four  hours  of  work. 

The  amalgamation  is  performed  in  casks  firmly 
hooped  with  iron,  and  each  about  two  feet  ten  inches 


Fig.  488. 


long  by  two  feet  eight  inches  in  internal  diameter. 
There  are  twenty  of  them,  arranged  in  four  rows,  and 
turning  on  horizontal  axes.  Figs,  488  and  489  will 
give  an  idea  of  this  arrangement.  Attached  to  the 
end  of  each  cask,  c,  c,  is  a  toothed  wheel,  m  m,  which 
engages  another  toothed  wheel,  M,  mounted  on  a  shaft, 
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s,  which  is  driven  by  water-power.  Each  of  the  casks 
has  an  opening,  r  r,  about  four  inches  in  diameter,  and 
securely  closed  by  an  iron  or  wooden  screw  stopple 
during  the  amalgamation.  The  roasted  ore  is  charged 
into  hoppers,  D,  D,  which  are  prolonged  downwards  by 
conical  tubes,  d,  d,  and  leather  hose,  e  e.  The  latter 
are  introduced,  during  the  charging  of  the  casks,  into 
the  openings,  r  r,  and  then  turned  upward  as  one  of 
them  is  shown  in  the  figure.  Above  each  cask  is  a 
vessel,  E,  for  containing  the  exact  amount  of  water 


required  for  each  charge,  and  these  are  also  fitted  with 
flexible  tubes  and  stopcocks  for  allowing  the  water  to 
pass  as  required.  The  bearings  of  the  wheels,  m  m, 
mounted  at  one  end  of  each  of  the  barrels,  and  through 
which  they  receive  their  movement  from  the  wheel, 
M,  are  supported  on  slides  which  move  to  and  fro 
upon  the  bars,  /,  and  the  wheels  can  therefore  be 
disengaged  at  pleasure.  The  charge  is  commenced 
by  introducing  into  the  barrels  the  water  from  the 
vessels,  E,  each  of  which  contains  thirty-three  gallons, 
and  the  whole  of  this  is  transferred  into  the  barrels ; 
the  roasted  ore,  to  the  amount  of  ten  hundred-weights 
for  each,  is  then  introduced,  and  lastly  there  is  added 
from  eighty  to  one  hundred  pounds  of  iron  in  pieces 
about  one  and  a  half  inch  square  by  three-eighths 
thick.  The  stopples  are  then  screwed  in,  and  the 
casks  are  thrown  into  gear,  and  made  to  revolve  slowly 
for  about  an  hour  and  a  half  at  the  rate  of  fourteen  to 
fifteen  turns  in  the  minute.  During  this  stage,  the 
chloride  of  silver  dissolved  in  the  alkaline  chloride  is 
decomposed  by  the  fragments  of  iron,  producing  chloride 
of  iron  and  metallic  silver.  It  is  very  important  that 
the  roasting  should  have  been  carried  far  enough  to 
decompose  all  the  chloride  of  copper ;  for  if  not  so,  the 
latter  would  be  equally  reduced  by  the  iron  to  the 
metallic  state,  and  would  subsequently  pass  into  the 
amalgam,  rendering  it  very  impure.  At  the  end  of  an 
hour  and  a  half  the  barrels  are  stopped,  and  five 
hundred  and  fifty  pounds  of  mercury  introduced  into 
each,  by  means  of  pipes  connected  with  the  tube  g, 
which  communicates  with  a  large  graduated  iron  reser- 
voir. The  barrels  are  then  put  in  motion  again,  with 
a  speed  of  twenty  to  twenty-two  revolutions  per  minute, 
and  this  is  continued  for  nineteen  hours  without  inter- 
mission, except  for  a  short  period  at  the  end  of  every 
four  hours  to  examine  whether  the  paste  has  the  proper 
consistence,  and  to  judge  of  the  progress  of  the  opera- 
tion. The  reaction  is  facilitated  by  the  elevation  of 
temperature  which  is  observable  in  the  contents  of  the 
barrels,  and  which  is  greater  in  proportion  as  the 
velocity  of  rotation  is  more  considerable.  The  higher 
the  temperature  the  more  completely  will  the  residues 
be  exhausted,  but  the  greater  will  be  the  loss,  in  the 
subsequent  washings,  of  very  minutely-divided  mercury, 
which  it  will  then  be  impossible  to  recover.  There  is 
therefore  a  proper  medium,  which  has  been  determined 
by  experience  to  correspond  to  about  90°. 

The  amalgamation  being  now  considered  as  termi- 
nated, the  barrels  are  nearly  filled  with  water,  and  are 
made  to  revolve  during  two  hours  with  a  speed  of 
eight  or  nine  turns  per  minute,  to  collect  the  amalgam. 
The  motion  is  then  stopped,  and  the  process  of  dis- 
charging them  is  proceeded  with.  For  this  purpose 
the  conical  bungs,  by  which  they  were  hermetically 
sealed  during  the  amalgamation,  are  removed,  and  a 
leathern  tube  fitted  with  an  iron  stopcock  is  inserted 
into  each  aperture ;  the  barrels  are  then  reversed,  so 
that  the  apertures  are  turned  downward,  and  the 
amalgam  is  made  to  fall  along  the  sluice,  A,  into  the 
gutter,  i,  which  conducts  it  to  a  general  reservoir. 
The  barrels  are  then  turned  up  to  adjust  to  them  hollow 
stoppers  fitted  with  wire-grating ;  and  in  reversing  them 
again  the  slimy  residue  falls  into  the  canal,  o,  which 
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conducts  them  to  the  washing  vats,  while  the  pieces  of 
iron  retained  by  the  grating  remain  in  the  barrels. 
Altogether  each  operation  lasts  twenty-four  hours. 
About  two  pounds  of  iron  are  consumed  in  each  barrel 
at  one  operation,  and  about  thirty  pounds  are  added 
every  fifteen  days. 

The  amalgam  obtained  is  strained  by  hand  labor 
through  a  flannel  bag  of  a  conical  form ;  the  mer- 
cury which  passes  through  contains  at  the  utmost 
0-00004  of  silver,  and  is  passed  back  into  the  amalga- 
mation barrels.  The  solid  amalgam,  which  remains  in 
the  bag,  contains,  according  to  Kersten's  analysis : — 


Mercury,   84-20 

Silver,   11-00 

Copper,    3-50 

Antimony,  zinc,  and  lead,   1-00 

Sulphur,   traces. 

Loss   0-30 


100-00 

Distilling  the  Amalgam. — The  mercury  is  separated 
from  the  silver  by  distillation.  For  this  purpose  the 
amalgam  is  placed  in  flat  iron  dishes,  under  a  bell- 
apparatus.  Fig.  490  represents  the  four  bells  employed 
at  the  Halsbriicke  establishment ;  m,  m,  m,  m  are 
wooden  drawers,  sliding  in  grooves  upon  the  bases  q  q ; 
and  each  of  which  contains  an  open  box  or  basin,  o  o, 
of  cast-iron.  In  these  basins  are  placed  vertical  iron 
rods,  a  a,  resembling  candelabra,  resting  upon  three 
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feet,  and  each  supporting  five  flat  iron  dishes,  formed 
with  holes  in  the  centre,  whereby  they  are  fitted  upon 
the  iron  rods,  three  inches  apart,  each  plate  being 
successively  larger  than  the  one  above  it.  About 
sixty  pounds  of  amalgam  are  put  into  each  dish,  and 
the  whole  is  covered  with  a  cast-iron  bell,  b  b,  which 
is  raised  and  lowered  by  means  of  pulleys.  When  the 
bells  have  been  let  down  into  their  place,  the  aperture 
through  which  they  descend  is  covered  with  an  iron 
plate,  r,  and  the  open  space,  s  s,  which  forms  the 
stove,  is  closed  in  front  with  a  door,  c,  the  edges  of 
which  are  carefully  luted.  The  boxes,  m,  and  basins, 
o,  are  filled  with  water,  which  must  be  continually 
renewed  through  pipes  in  the  sides  of  the  boxes,  so 
that  the  iron  basins  may  always  be  kept  partially 
immersed,  and  as  cool  as  possible.  The  fuel  is  then 
placed  in  the  vacant  spaces,  s  s,  round  the  upper  part 
of  the  bells ;  and  the  doors,  c,  being  closed  and  luted, 
the  fire  is  fed  gradually,  first  with  turf  and  then  with 
charcoal,  in  such  way  that  it  does  not  attain  its  maxi- 
mum heat  until  about  eight  hours  have  elapsed,  after 
which  the  fire  is  allowed  to  decline  gradually.  The 


management  of  the  fire  is  a  point  of  the  greatest 
importance,  and  requires  the  most  careful  attention, 
for  if  the  temperature  be  not  raised  very  cautiously, 
there  is  much  risk  of  the  bell  breaking,  and  also  of 
a  part  of  the  silver  being  carried  over  mechanically 
by  the  mercury  in  volatilizing ;  on  the  other  hand,  if 
the  temperature  be  not  sufficiently  elevated,  there  will 
remain  in  the  silver  a  greater  or  less  amount  of  the 
mercury,  which  will  be  completely  lost  in  the  refining. 

Each  distilling  operation  lasts  twelve  hours,  and  the 
product  is  about  forty-five  pounds  of  plate  or  teller 
silver  from  each  bell.  The  teller  silver  contains  only 
about  seventy-five  per  cent,  of  fine  silver,  the  remainder 
being  chiefly  copper;  it  is  melted  in  an  open  iron 
crucible,  and  cast  into  ingots — a  process  by  which  some 
of  the  impurities  are  removed,  and  the  ingots  contain 
about  eighty  per  cent,  of  fine  silver. 

The  earthy  residuum  of  the  twenty  barrels  in  which 
the  amalgamation  was  performed  is  run  into  five 
circular  tanks,  each  about  five  feet  in  depth,  with  a 
diameter  of  five  feet  at  the  top  and  three  at  the 
bottom;  these  are  filled  up  with  water,  and  in  the 
side  of  each  there  are  four  orifices,  arranged  one  over 
the  other,  at  a  distance  of  about  five  inches  from  each 
other.  In  the  middle  of  each  tank  is  a  vertical  axis, 
carrying  horizontal  arms,  which  are  made  to  revolve 
during  twenty  to  twenty-two  hours  at  the  rate  of 
twelve  to  fourteen  turns  per  minute;  and  while  this 
agitating  process  is  going  on,  the  supernatant  liquid, 
containing  the  lighter  earthy  impurities,  is  allowed  to 
flow  out,  twice  by  the  highest  orifice,  twice  by  the 
second,  and  once  by  the  third  or  lowest,  taking  care 
to  fill  up  the  tanks  with  water  after  each  partial  dis- 
charge. The  amalgam  itself  is  drawn  out  by  the 
lowest  orifice  only  once  a-week;  it  is  very  impure, 
and  after  being  fused  yields  an  alloy  which  contains 
only  twenty-five  to  sixty-five  per  cent  of  fine  silver. 
This  product  might  be  refined  by  fusing  it  with  a  little 
saltpetre  and  borax,  but  it  is  sent  by  preference  to  the 
Mint,  where  it  is  alloyed  with  the  fine  silver  which  is 
obtained  from  the  cupellation  of  lead.  The  amount  of 
the  residues,  which  are  finally  rejected  as  useless,  rises 
to  eighty  per  cent,  of  the  weight  of  the  crude  ore,  and 
their  contents  in  fine  silver  varies  from  0  -00008  to 
0-00016.  The  waters  which  proceed  from  the  washing 
of  the  amalgamation  barrels  are  purified  by  deposition, 
and  then  concentrated  and  crystallized  in  leaden  pans; 
the  product  is  a  quantity  of  impure  sulphate  of  soda, 
which  is  februated  by  a  second  crystallization.  The 
mother-water,  or  that  portion  of  the  liquid  which 
refuses  to  crystallize,  is  concentrated  by  milk  of  lime ; 
and  the  product  thus  obtained,  which  is  termed  in 
German  diinge  sals,  is  employed  in  the  country  with 
much  advantage  as  a  manure;  it  is  composed,  according 
to  M.  Lampadius,  of— 


Hydrated  gypsum,   68-7 

Chloride  of  sodium,   7'4 

Carbonate  of  potassa,   5-3 

Hydrates  of  manganese  and  iron,   12-9 

Clay,  sand,  and  loss,   5*7 


100-0 

The  total  loss  in  silver  varies  from  five  to  nine  per 
cent,  of  the  quantity  contained  in  the  ore ;  the  loss  in 
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mercury  amounts  to  twenty-five  per  cent,  of  the  silver 
obtained,  and,  from  an  average  of  twenty  years,  it 
consists  of — 

Loss  in  mercury,  which  remains  in  the  earthy 

residues  of  the  amalgamation,  21"78 

Loss  in  the  distillation  of  the  amalgam   2"77 

Loss  proceeding  from  the  cracking  or  breaking 
of  the  bells,   0-45 

25-00 

This  small  consumption  of  mercury  compared  with 
that  of  the  American  process  arises  from  the  fact  that 
in  the  latter  the  chloride  of  silver  is  reduced  by  the 
mercury,  and  the  chloride  of  mercury  thus  formed 
passes  wholly  into  the  residues,  whereas  in  the  Saxon 
process  this  reduction  is  effected  by  the  iron. 

Fig.  491  presents  a  complete  view  of  the  amalgama- 
tion works  at  Halsbriicke,  shown  in  longitudinal 
section ;  the  portion  on  the  left  side,  indicated  by  the 
letters  M  N,  is  devoted  to  the  roasting  and  chloridation 
of  the  ores ;  the  part  embraced  between  N  and  o  to  the 
pulverization  and  sifting  of  the  roasted  ore ;  the  third 
part,  o  p,  to  the  amalgamation,  properly  so  called,  and 
the  washing  of  the  residues ;  and,  lastly,  the  portion  p  Q 
to  the  distillation  of  the  amalgam.  In  these  four  great 
divisions  the  following  details  will  be  distinguished : — 
1.  in  division  M  n,  a  a  denotes  the  salt  stores;  b  b 
apartments  for  mixing  the  materials;  c  c  roasting- 
furnaces,  the  flame  of  which,  after  passing  over  the 
hearths,  2,  3,  enters  the  condensing  chambers,  4,  5, 
and  escapes  by  the  chimney,  e.  2.  In  compartment 
N  0,  g  denotes  the  grinding  mills;  d  the  sifting 
machinery ;  /  water-wheels  which  drive  the  grinding 
mills  and  amalgamation  barrels.  3.  In  division  o  P, 
h  k  are  the  amalgamation  barrels ;  I,  tank  for  washing 
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the  residues.  4.  In  compartment  P  Q,  m  denotes  the 
furnaces  for  distilling  the  amalgam ;  q,  store-chamber. 

Thus,  as  the  late  Dr.  Use  has  observed,  from  one 
extremity  of  the  building  to  the  other,  the  workshops 
follow  in  the  order  of  the  processes ;  and  the  whole, 
over  a  length  of  one  hundred  and  eighty  feet,  seems  to 
be  a  natural  laboratory,  through  which  the  materials 
pass,  as  it  were,  of  themselves,  from  their  crude  to 
their  refined  condition. 

II.  Ores  containing  Lead  and  Silver. — The 
treatment  of  argentiferous  lead  ores,  with  a  view  to  the 
separation  of  the  silver,  has  been  fully  described  in  the 
article  Lead.  It  consists  in  simple  cupellation,  if  the 
ores  are  sufficiently  rich  in  silver  to  warrant  the  imme- 
diate application  of  that  process;  and  the  furnaces  used 
for  that  purpose,  both  at  Alston  Moor  in  England  and 
at  Clausthal  in  the  Hartz,  are  illustrated  in  Vol.  II., 
pages  471,  472,  where  the  whole  operation  is  described 
in  sufficient  detail.   The  form  of  cupel  used  in  England 


is  exhibited  at  page  284.  The  refinery  furnace  of  the 
works  at  Friedrichshutte,  near  Tarnowitz,  in  Upper 


Fig.  492. 


Silesia,  is  shown  in  section  and  plan  in  Figs.  492  and 
493 ;  to  is  a  foundation  of  slag  or  cinders ;  n,  a  bed 
of  fire-bricks,  on  which  the  cupel  rests;  d,  the  cupel, 
formed  of  a  mixture  of  seven  parts  by  weight  of  marly 
calcareous  dolomite,  and  one  of  fire-clay — it  is  nine 
feet  in  diameter,  and  has  a  dip  of  fifteen  inches  in 
the  middle ;  g  is  the  grate  of  the  furnace ;  /,  the 
fire-bridge ;  c,  the  dome,  or  cap,  made  of  iron-plate 
strengthened  with  bars,  and  lined  with  fire-lute  to 
protect  the  metal  from  burning;  /*,  the  door  of  the 
fire-place ;  i,  the  ash-pit ;  I,  the  tap-hole ;  pp,  flues, 
divided  by  partitions,  which  conduct  the  flame  into 
the  chimney,  tt ;  s,  a  valve,  or  damper,  for  regulating 
the  draught ;  v  v,  back  valve  for  admitting  air  to  cool 
the  furnace  and  brushes  to  clean  the  flues,  pp;  e, 
tuyere  of  copper,  which,  by  means  of  an  iron  wedge, 
may  be  sloped  more  or  less  towards  the  hearth ;  w,  a 
round  piece  of  iron  hung  before  the  eye  of  the  tuyere 
to  break  and  spread  the  blast;  h,  the  outlet  for  the 
litharge.  The  charge  is  composed  of  seventy  to  eighty 
metrical  quintals  of  lead.  The  fusion  and  removing 
of  the  abstrichs  occupies  six  hours,  and  the  formation 
of  the  litharges  twenty-four  to  thirty  hours — in  all 
thirty  to  thirty-six  hours. 

Very  poor  leads  cannot  be  directly  cupelled  with 
profit,  because  the  value  of  the  silver  obtained  does  not 
defray  the  expense  of  the  operation.  In  that  case 
recourse  is  had  to  Pattison's  process,  which  has  also 
been  fully  described  in  the  article  Lead,  Vol.  II.,  page 
473 ;  and  after  the  lead  has  been  enriched  by  succes- 
sive crystallizations,  it  is  then  fit  to  be  cupelled. 
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The  following  table  exhibits  the  effect  of  Pattison's  process  on  one  thousand  parts  of  workable  lead  con- 
taining different  proportions  of  silver : — 


Workable  lead  submitted 
to  one  crystallization. 

Rich  load. 

Lend  middling 

rich,  to  bo 
recrystallized 

with  tho 
workublo  lead. 

Poor  lead. 

Proportion  j 
between  the  con- 
tent in  silver  of  ' 

Die  rich  lend 
and  that  of  the  j 

Weight 

Content  in  silver. 

Weight. 

Content  in  silver 

Weight. 

Weight. 

Content  in  silver. 

poor  load. 

ooooooooo 
ooooooooo 
ooooooooo 

0-001606 
0-001230 
0-000862 
0-000598 
0-000568 
0-000341 
0-000234 
0-000088 
0-000030 

136 

136 
162 
169 
1G9 

234 
250 
259 
100 

0-003800 
0-003203 
0-002150 
0-001606 
0-001454 
0-000814 
0-000598 
0-000218 
0-000130 

125 

125 
125 
125 
125 
125 
125 
125 
125 

739 
739 
713 
706 
695 
641 
625 
616 
650 

0-001200 
0-000862 
0-000568 
0-000357 
0-000341 
0-000170 
0-000088 
0-000033 
0-000020 

3-17  I 
3-70 

3-  78 

4-  49 
4-26 
4-80 
6-79 
6-61 
6-50 

It  will  be  seen  that  the  concentration  of  the  silver  by 
this  process  is  all  the  more  complete,  in  proportion  as 
the  lead  subjected  to  the  operation  is  poorer  in  that 
precious  metal ;  hence,  it  is  particularly  applicable  to 
the  leads  of  England  and  Spain,  but  not  to  rich  leads. 
Neither  can  it  be  applied  with  advantage  to  leads  which 
are  both  poor  and  impure,  because  by  cupellation  the 
advantage  is  gained  of  separating  the  impurities  in  the 
abstrichs,  so  that  litharges  are  obtained  which  are  com- 
mercially valuable  in  themselves,  or  which,  if  subjected 
to  reduction,  yield  a  lead  of  superior  quality. 

The  silver  obtained  from  the  cupelling  furnace  repre- 
sented in  Figs.  492  and  493,  as  well  as  the  rich  lead 
concentrated  by  Pattison's  process,  still  requires 
further  purification,  and  for  this  purpose  it  is  subjected 
in  both  cases  to  cupellation  on  a  small  scale,  with  a 
cupel  or  test  made  of  bone-ash.    Figs.  494  and  495 

Fig.  494. 


Fig.  495. 


represent  the  refining  furnace  employed  for  this  pur- 
pose at  Friedrichshlitte ;  c  is  the  fire-door  ;  d  the 
grate ;  e,  door  for  charging  the  rich  lead  into  the  cupel ; 
/,  elliptical  cupel  of  bone-ash,  the  longer  axis  of  which 
is  about  sixteen  inches,  and  the  smaller  axis  ten  inches; 
this  cupel  is  movable,  and  rests  upon  two  iron  bars, 
g  g,  over  which  are  tiles,  h  h,  for  adjusting  the  surface 


of  the  cupel  at  any  desired  level ;  i,  flue  leading  to  a 
chimney  about  eighteen  feet  in  height.  About  one 
hundred  and  ten  to  one  hundred  and  thirty  pounds  of 
rich  lead  or  impure  silver  constitute  one  charge  of  the 
cupel ;  and  the  silver  obtained  from  a  previous  cupel- 
lation on  the  large  scale,  yields  about  ninety-four  per 
cent,  of  fine  silver. 

III.  Ores  of  Copper  and  Silver.— In  smelting 
argentiferous  copper  ores,  the  principal  object  in  view 
is  to  obtain  the  baser  metal  in  that  state  in  which  it  is 
termed  black  copper;  and  when  this  metal  contains  not 
less  than  0-003  of  silver  it  is  deemed  sufficiently  rich 
to  be  submitted  to  the  process  of  liquation  or  sweat- 
ing. This  process  has  been  briefly  described  in  the 
article  Copper,  Vol.  I.,  pages  522  and  523;  but  some 
additional  details  will  now  be  necessary.  In  the  first 
place,  the  black  copper  is  fused  with  a  certain  quantity 
of  poor  lead,  and  the  alloy  so  formed  is  cast  into  cakes 
or  discs ;  these  are  then  submitted  to  a  carefully 
graduated  heat,  which  causes  the  lead  to  melt  or  sweat 
out,  carrying  along  with  it  the  greater  portion  of  the 
silver,  which  has  a  stronger  affinity  for  that  metal  than 
for  the  copper.  This  is  the  process  termed  liquation 
or  eliquation.  It  has  been  found  by  experience  that, 
with  a  view  to  diminish  as  much  as  possible  the  loss 
in  copper  and  in  lead,  the  most  suitable  proportion 
between  the  quantities  of  lead  and  copper  in  the  pre- 
pared discs,  is  that  of  eleven  parts  of  the  former  metal 
to  three  of  the  latter ;  and  that,  to  extract  the  silver 
sufficiently,  it  is  necessary  to  employ  at  least  four 
hundred  and  eighty  parts  of  lead  for  one  part  of  silver 
contained  in  the  black  copper. 

When  the  black  copper  is  only  slightly  argentiferous, 
the  poor  lead,  which  has  served  for  a  first  liquation,  is 
not  sufficiently  rich  to  bear  advantageously  the  expenses 
of  cupellation  ;  in  that  case  it  is  used  a  second  time  for 
extracting  the  silver  from  a  fresh  quantity  of  black 
copper.  By  this  means  the  content  of  silver  in  the  alloy 
is  nearly  doubled,  and  then  it  is  suitable  for  being 
submitted  to  cupellation. 

Lastly,  when  the  black  copper  is  very  rich,  the  pro- 
cess is  commenced  by  subjecting  it  to  a  first  liquation 
with  workable  lead,  the  products  of  which  are  a  rich 
lead  for  cupelling,  and  a  middling  rich  black  copper; 
the  latter  is  then  submitted  to  a  second  liquation  with 
poor  lead,  which  yields  cupreous  residues  very  poor  in 
silver,  to  be  treated  for  rosette  copper,  and  moderately 
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rich  workable  lead,  which  is  passed  back  iuto  the  rich 
liquation  process. 

The  content  in  silver  of  the  black  argentiferous 
coppers  of  Mansfeld,  which  are  treated  at  the  liquation 
works  of  Hettstcedt,  where  both  the  lead  and  fuel  are 
very  high  in  price,  averages  0 '00520.  The  fusing  and 
casting  of  the  liquation  discs  is  performed  in  a  cupola 
furnace.  Each  campaign  lasts  thirty  hours,  during 
which  time  two  hundred  discs  are  cast,  each  weighing 
about  three  hundred  and  eighty  pounds,  and  measuring 
about  two  feet  in  diameter  by  three  inches  in  thick- 
ness. For  one  thousand  pounds  of  black  copper,  the 
proportion  of  poor  lead  added  is  four  thousand  four 
hundred  pounds.  The  liquation  furnace,  with  the  discs 
arranged  in  their  place,  is  represented  in  Figs.  333  and 
334,  Vol.  L,  at  the  pages  above  referred  to.  When 
the  lead,  carrying  most  of  the  silver  along  with  it,  has 
been  melted  out,  the  deformed  discs  which  remain 
are  termed  carcas.  When  the  heat  has  been  well 
regulated,  all  the  lead  which  separates  by  liquation 
contains  a  uniform  admixture  of  copper  to  the  amount 
of  between  two  and  three  per  cent. 

The  carcas  —  German,  MenstwcJee — still  contain 
twenty-five  per  cent,  of  lead,  and,  to  free  them  from 
this,  they  are  subjected  to  a  new  liquation,  which  is 
termed  in  French,  ressuage;  German,  darren.  For 
this  purpose  the  carcas  are  accumulated  to  the  extent 
of  fifteen  to  twenty  thousand  pounds  weight,  in  a 
vaulted  chamber,  on  a  series  of  low  parallel  walls, 
between  which  a  wood  fire  is  kept  up.  In  the  walls  of 
the  chamber  are  a  number  of  draught  holes  communi- 
cating with  a  chimney.  In  front  this  oven  is  closed  by 
an  iron  door  lined  with  clay,  but  leaving  an  opening  at 
the  bottom  for  the  purpose  of  introducing  the  fuel  and 
allowing  air  to  enter.  A  red  heat  is  kept  up  during 
fourteen  to  fifteen  hours ;  the  lead  which  was  still 
retained  by  the  carcas  soon  begins  to  run,  and  becomes 
in  great  part  oxidised.  It  falls  into  the  galleries  in  the 
middle  of  the  fuel,  which  have  a  gentle  slope,  so  that 
both  the  lead  and  its  oxide,  more  or  less  charged  with 
copper,  flow  into  a  basin  of  water  which  is  placed  on 
the  floor  of  a  chamber  in  front  of  the  oven,  The  fire 
is  allowed  to  go  out  when  the  scoria1,  assume  a  strong 
red  tinge,  which  denotes  the  presence  of  cdpper. 
The  residues,  which  are  termed  torrefied  carcas,  are 
then  withdrawn,  while  still  at  a  red  heat,  and  thrown 
iuto  water  to  separate  the  scaly  crust  of  oxide  with 
whioh  they  are  coveredl  and  which  is  afterwards  separ- 
ated more  completely  by  means  of  a  pointed  hammer. 
As  a  general  rule,  one  hundred  pounds  of  carcas  yield 
sixty  to  eighty  pounds  of  torrefied  carcas,  and  twenty- 
five  to  forty  of  scoriae  and  oxidised  debris. 

The  torrefied  carcas  are  refined  for  rosette  copper ; 
they  still  contain  ten  per  cent,  of  lead,  and  yield  seventy 
to  seventy-five  per  cent,  of  rosette  copper. 

The  scoriae  and  refuse  of  all  the  preceding  operations 
are  fused  with  the  litharges  and  the  residues  from  the 
cupellation  of  the  workable  lead  obtained  in  the  process 
of  liquation ;  the  product  is  a  cupreous  lead,  which  is 
cast  into  cakes  or  discs,  and  these  in  their  turn  are  sub- 
jected to  the  series  of  operations  which  have  just  been 
described.  The  lead  proceeding  from  the  new  liqua- 
tion is,  however,  poor  in  silver,  and  is  therefore  enriched 
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by  using  it  for  the  liquation  of  the  black  copper  before 
passing  it  into  the  cupel. 

In  this  series  of  operations,  there  is  lost  about  ten  to 
twelve  per  cent,  of  the  lead  employed,  that  is  to  say, 
forty  to  fifty  per  cent,  of  the  weight  of  the  black  copper, 
or  at  least  sixty  to  eighty  pounds  for  every  pound  of 
cupel  silver  obtained.  The  loss  in  silver  usually  exceeds 
twenty-five  per  cent.,  regarding  that  silver  as  lost  which 
remains  in  the  copper.  The  loss  in  copper  is  five  to 
six  per  cent.  The  carcas  are  very  difficult  to  refine, 
and  never  yield  copper  of  the  first  quality. 

These  results  show  how  imperfect  is  this  method ;  and 
hence,  in  the  great  metallurgical  centres,  the  method 
now  preferred  is  to  separate  the  silver  from  the  copper, 
either  by  the  amalgamation  of  the  matts  or  by  that  of 
the  black  copper.  These  operations  are  effected  in  a 
manner  analogous  to  the  Saxon  amalgamation  process, 
which  has  been  already  described,  so  that  it  will  he  only 
necessary  to  indicate  briefly  the  special  circumstances 
resulting  from  the  nature  of  the  materials  submitted  to 
the  operation. 

The  amalgamation  of  the  argentiferous  black  copper 
is  practised  at  Schmoellnitz  in  Hungary;  it  contains 
0'0040  of  silver.  The  principal  difficulty  to  be  over- 
come is  the  pulverization  of  the  black  copper :  to  effect 
this,  it  is  heated  to  redness  on  the  sole  of  a  reverber- 
atory  furnace,  and  at  this  temperature  it  is  placed 
under  the  pestles  of  a  stamping  machine.  The  matter 
thus  crushed  and  broken  is  passed  through  a  sieve; 
the  finer  portion  is  ground  to  a  flour  under  iron  mill- 
stones, the  coarse  is  reheated  and  passed  again  under 
the  stampers.  The  reduction  of  the  chloride  of  silver 
is  performed  by  means  of  copper  balls,  so  as  not  to  pre- 
cipitate the  copper  from  the  chloride  and  thus  render 
the  amalgam  impure,  but  then  the  loss  in  mercury  is 
considerable;  in  certain  oases  it  would  be  advantageous 
to  saturate  the  liquor  with  lime,  and  to  replace  the 
copper  balls  by  iron,  which  would  diminish  the  loss 
in  mercury.  The  residues  of  the  amalgamation  are 
remelted  for  black  copper ;  their  content  in  silver  does 
not  exceed  0'00008,  and  the  loss  in  that  metal  is 
only  five  per  cent.;  the  loss  in  mercury  is  2'5  lbs  per 
thousand  lbs  of  black  copper,  or  from  0'30  to  0-35  of 
the  weight  of  the  silver.  The  expenses  of  amalgama- 
tion do  not  rise  to  one-fourth  part  of  those  attending 
liquation,  and  the  copper  obtained  from  the  smelting 
of  the  residues  is  of  superior  quality. 

The  amalgamation  of  the  argentiferous  matts  of 
copper  is  practised  at  Mansfeld.  The  matt  subjected 
to  amalgamation  at  that  establishment  contains  about 
fifty  per  cent,  of  copper,  and  0'0025  of  silver.  After 
pulverizing  the  matt,  it  is  submitted  in  a  reverberatory 
furnace  to  a  preparatory  roasting,  to  expel  the  excess 
of  sulphur;  it  is  afterwards  reduced  to  a  thin  paste 
with  a  dilute  solution  of  sea-salt  and  twelve  per  cent, 
of  slacked  lime,  which  serves  to  saturate  the  sulphuric 
acid.  The  paste  thus  obtained  is  dried,  ground,  then 
roasted  a  second  time ;  this  is,  properly  speaking,  the 
chloridation.  The  reduction  of  the  chloride  of  silver 
is  effected  by  means  of  iron.  The  residues  of  amal- 
gamation are  mixed,  still  in  a  moist  state,  with  twelve 
to  thirteen  per  cent,  of  clay,  and  moulded  into  small 
bricks,  which  are  dried  in  a  kiln,  and  reduced  in  a 
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furnace  to  black  copper  by  adding,  to  form  the  smelting 
bed,  twelve  to  thirteen  per  cent,  of  quartz,  l-5  to  2'5 
per  cent,  of  fluor  spar,  and  thirty-two  to  forty  per  cent, 
of  the  slag  from  the  smelting  of  the  crude  ore.  The 
loss  is  eleven  to  twelve  per  cent,  of  the  silver  contained 
in  the  matts,  about  three-fourths  of  this  amount  remain- 
ing in  the  black  copper,  which  contains  0'00046  ;  the 
loss  in  mercury  is  08  of  a  pound  per  thousand  pounds 
of  matt,  or  1*6  pounds  per  thousand  pounds  of  black 
copper,  that  is  to  say,  about  0'35  of  the  weight  of  the 
silver  extracted.  The  loss  in  copper  is  less  than  by 
liquation,  and  the  metal  is  of  excellent  quality. 

Instead  of  employing  the  different  processes  which 
have  just  been  described,  the  ores  of  argentiferous 
copper  might  be  treated  in  the  humid  way,  in  a  manner 
analogous  to  that  which  is  practised  at  Linz  on  the 
hanks  of  the  Rhine,  and  at  Stadtberg  in  Westphalia, 
for  the  treatment  of  carbonated  copper  ores  too  poor 
to  be  treated  by  the  ordinary  processes.  This  method 
consists  in  treating  these  ores  with  sulphuric  acid.  It 
is  impossible  to  submit  to  the  direct  action  of  this  acid 
either  calcareous  or  pyritous  ores — the  former,  because 
a  sulphate  of  lime  would  be  formed  which  would  cover 
or  surround  the  copper  with  a  paste,  so  as  to  be  acted 
upon  with  difficulty;  the  latter,  because  it  would 
scarcely  dissolve  in  the  acid.  It  would  be  necessary 
therefore,  in  these  cases,  to  separate  the  gangues  by 
smelting  the  crude  ores,  which  would  give  them  in  the 
form  of  matts ;  and  these  might  be  roasted  with  a  small 
quantity  of  saltpetre  in  furnaces,  or  retorts  embedded  in 
masonry,  and  supplied  with  an  artificial  blast.  A  little 
small  wood  would  be  sufficient  to  commence  the  heat- 
ing, as  the  combustion  of  the  sulphur  would  afterwards 
develope  the  heat  necessary  for  the  roasting.  The  gases 
proceeding  from  the  retorts  should  be  made  to  arrive, 
along  with  a  current  of  steam  produced  by  a  separate 
boiler,  under  and  around  cases  filled  with  roasted  and 
pulverized  matts;  by  the  reaction  of  the  steam  and  the 
gases  from  the  retorts,  sulphuric  acid  would  be  formed, 
which  would  dissolve  the  roasted  matts;  the  latter 
might  be  exposed  beforehand,  in  heaps,  to  the  simul- 
taneous action  of  the  atmospheric  agents  and  water,  to 
transform  the  nndecomposed  Bulphides  into  soluble 
sulphates,  which  might  be  removed  by  washing.  In 
like  manner,  if  the  roasting  of  the  matts  did  not  furnish 
a  sufficient  quantity  of  sulphuric  acid,  an  additional 
quantity  might  be  procured  by  subjecting  iron  pyrites 
to  the  same  process.  A  liquor  would  thus  be  obtained, 
containing  the  iron,  copper,  and  silver  of  the  matts; 
and  of  these  the  silver  might  be  precipitated  at  once 
by  metallic  copper,  then  the  copper  by  iron.  It  might 
he  desirable,  for  the  purpose  of  diminishing  the  con- 
sumption of  copper,  to  almost  neutralize  the  liquor  in 
the  first  place  by  means  of  lime,  and  then  to  separate 
the  sulphate  of  lime  by  decantation,  which  would  he 
attended  with  no  other  inconvenience  than  impairing 
a  little  the  purity  of  the  precipitates.  The  silver 
precipitate  might  be  purified  by  fusing  it  with  a  little 
nitre  and  borax;  the  copper  could  be  refined  for  rosette 
copper ;  and  lastly,  the  sulphate  of  iron,  or  green  vitriol, 
might  be  crystallized  for  the  market,  or  if  dried  and 
then  slightly  torrefied,  it  might  be  used  for  the  manu- 
facture of  fuming  sulphuric  acid. 


As  regards  the  argentiferous  black  copper,  it  might 
be  dissolved  directly  in  the  sulphuric  acid,  and  the  sil- 
ver afterwards  precipitated  by  metallic  copper,  as  is 
practised  in  the  mints. 

IV.  Okes  op  Lead,  Copper,  and  Silver. — The 
treatment  of  these  ores  is  perhaps  the  most  complex 
metallurgic  operation  that  exists,  and  therefore  it  will 
be  necessary  to  enter  into  some  detail  on  the  subject. 
Ores  containing  lead,  copper,  and  silver,  are  divided 
into  two  great  classes,  according  as  the  lead  or  the 
copper  predominates.  In  the  former  case  they  are  treated 
as  lead  ores ;  and,  besides  the  workable  lead,  matts  are 
obtained  containing  silver,  copper,  and  lead,  which  are 
subjected  to  repeated  fusions  with  substances  containing 
more  lead.  Each  fusion  gives  workable  lead,  which  is 
cupelled,  and  the  last  matts  are  melted  by  themselves 
for  black  copper,  which  is  afterwards  submitted  to  liqua- 
tion or  amalgamation,  to  separate  the  silver  which  it 
still  contains. 

The  ores  which  contain  only  a  small  quantity  of  lead 
are  carefully  assorted,  and  divided  into  at  least  two 
classes,  the  rich  and  the  poor  ores.  The  latter,  accord- 
ing to  their  nature,  are  submitted  to  a  crude  smelting, 
with  or  without  the  addition  of  pyrites  either  crude  or 
partially  roasted,  serving  in  the  latter  case  as  a  flux,  or 
using  other  fluxes  if  necessary,  exactly  as  in  the  treat- 
ment of  copper  ores.  The  earthy  gangues  are  thus 
separated,  and  poor  matts  are  obtained,  which  are 
roasted  once  or  oftener,  and  are  then  concentrated  by 
fusion  along  with  additional  ores  of  the  same  richness. 
The  products  of  this  operation  are  scoria;  which  are 
passed  back  into  the  crude  smelting,  and  rich  matts. 
These  matts,  after  several  roastings,  are  fused  with 
plumbiferous  substances  and  ores  rich  in  silver, 
especially  such  as  contain  lead.  The  products  are 
workable  lead,  which  is  cupelled,  and  matts  which  are 
subjected  to  a  new  fusion  with  plumbiferous  matters ; 
lastly,  cupreous  matts  are  obtained,  yielding  argentifer- 
ous black  copper,  which  is  treated  in  the  manner  already 
described.  The  fusion  of  the  matts  along  with  lead 
should  be  performed  at  a  lower  temperature  than  the 
crude  smelting,  in  order  to  diminish  as  much  as  possible 
the  loss  in  lead;  this  is  the  process  followed  at  Freiberg 
in  Saxony. 

Where  substances  containing  lead  are  rare  or  difficult 
to  procure,  the  fusion  of  the  matts  with  that  metal  is 
replaced  by  a  fusion  of  concentration,  and  the  silver 
is  separated  from  the  new  matts  by  imbibition.  For  this 
purpose  the  poor  lead  is  melted  separately  a  little  before 
the  tapping  of  the  matt,  and  is  stirred  with  a  fire-iron 
at  the  instant  when  the  matts  flow  into  the  crucible ; 
the  lead  then  decomposes  a  part  of  the  sulphide  of 
silver,  and  passes  into  the  matt,  while  the  reduced 
silver  combines  with  the  rest  of  the  lead  and  produces 
workable  lead.  If  this  workable  lead  be  not  sufficiently 
rich  for  cupcllation,  it  serves  anew  for  what  is  called  a 
rich  imbibition ;  this  process  constitutes  the  old  Hun- 
garian method.  The  new  matt  is  treated  over  again 
in  the  same  manner,  and  finally  cupreous  matts  are 
obtained,  which  are  fused  by  themselves,  and  yield 
argentiferous  Mack  copper. 

Fig.  49G  exhibits  in  plan,  and  Fig.  497  in  vertical 
section,  following  the  line  A  B,  the  Frankenscharn 
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works,  near  Clausthal  in  the  Hartz,  for  the  treatment 
of  argentiferous  and  cupreous  galenas ;  a,  b,  c,  d, 


Fig.  49G. 


ci  fi  S>  denote  furnaces  for  smelting  the  ores ;  h,  low 
furnaces  like  the  English  slag-hearths  for  working  the 
last  matts ;  k,  slag-hearths  for  reducing  the  litharge;  m, 
the  liquation  area  ;  n,  p,  cupellation  furnaces ;  x  y,  a 
floor  on  which  the  materials  for  charging  the  furnaces 


Fisr.  497. 


are  deposited  and  prepared;  0,  the  stamping  apparatus; 
Dj  stream  of  water  which  impels  the  machinery. 

Eight  parts  of  ore  in  the  rough  state,  as  taken  from 
the  mine,  yield  one  part  of  sehlich,  fit  for  smelting ;  the 
content  of  the  sehlich  in  lead  is  sixty  to  seventy  per 
cent. ;  the  gangue  is  quartzose  and  argillaceous.  From 
ten  to  twelve  thousand  pounds  of  sehlich  are  smelted 
every  twenty-four  hours.  The  furnace  is  attended  by 
relays  of  three  workmen,  and  a  campaign  lasts  nine  or 
ten  weeks.  The  products  are  workable  lead,  which  is 
cupelled,  and  matts  which  contain  O'OOl  of  silver 
and  0'34  to  O40  of  lead.  The  last  matts  obtained 
are  roasted  several  times,  and  are  then  smelted,  yield- 
ing argentiferous  black  copper,  which  is  submitted  to 
liquation. 

Combinations  of  Silver. — There  are  three  oxides 
of  silver — a  suboxide,  a  protoxide,  and  a  bihoxide.  Of 
these  the  protoxide  alone  forms  permanent  and  definite 
saline  combinations. 

The  Suboxide  of  Silver — Ag2  0 — was  first  obtained 
by  Faraday,  by  exposing  an  ammoniacal  solution  of 
the  protoxide  to  the  action  of  air.  It  separates  in  the 
form  of  a  black  film. 

Protoxide  of  Silvei — Ag  0 — is  obtained  by  adding 
solution  of  caustic  potassa,  or  lime,  or  baryta-water,  to 
the  solution  of  nitrate  of  silver.  The  precipitate,  when 
washed,  is  of  a  brownish-grey  color,  anhydrous,  taste- 
less, but  soluble,  according  to  Graham,  to  a  small 
extent  in  pure  water,  free  from  saline  matter,  and  has, 
when  in  solution,  an  alkaline  reaction.  It  is  completely 
reduced  to  the  metallic  state  by  the  action  of  a  red  heat, 
or  even  by  the  prolonged  action  of  the  solar  light.  In 
the  latter  case,  however,  the  black  powder  which  results 
is  possibly  the  suboxide.  By  digesting  it  with  caustic 
ammonia  it  forms  an  extremely  detonating  compound, 
known  as  fulminating  silver,  and  which,  according  to 
Gay-Lussao  and  Serullas,  is  probably  an  azolide  of 


silver.  This  compound,  which  must  not  be  confounded 
with  the  fulminate  of  silvei — to  be  described  presently 
— has  hitherto  received  no  application,  on  account  of 
the  extreme  danger  which  attends  its  preparation  and 
management.  It  sometimes  explodes  even  while  still 
wet,  and  should,  therefore,  be  prepared  only  in  small 
quantities,  and  handled  with  the  greatest  possible 
caution. 

Peroxide  of  Stiver—  Ag  02 — was  obtained  by  Bitter 
by  electrifying  a  weak  solution  of  silver.  It  deposits 
in  acicular  crystals  at  the  positive  pole,  but  is  readily 
converted  into  the  protoxide,  and  is  of  no  rise  in  the 
arts. 

Chloride  of  Silver — horn-silver — Ag  CI — is  procured 
by  adding  a  solution  of  chlorine,  of  hydrochloric  acid, 
or  of  chloride  of  sodium,  to  nitrate  of  silver,  or  to  any 
of  the  soluble  salts  of  silver,  with  the  exception  of  the 
hyposulphite.    Thus — 

Ag  0,  N05  -f  2  H  CI  =  Ag  CI  +  HO,  N06. 

It  falls  in  the  form  of  a  curdy  precipitate  of  a  white 
color,  but  which,  by  exposure  to  light,  becomes  pur- 
plish-brown, and  ultimately  black.  In  sunshine  the 
change  is  extremely  rapid,  more  especially  if  an}' 
organic  matter  be  present.  It  is  perfectly  insoluble 
in  water,  so  that  the  minutest  portion  of  hydrochloric 
acid,  or  of  a  chloride  in  solution,  may  be  detected  by 
adding  to  the  liquid  a  drop  or  two  of  nitrate  of  silver. 
It  is  sparingly  dissolved  by  concentrated  hydrochloric 
acid,  and  thrown  down  upon  dilution.  It  is  insoluble 
in  nitric  acid  and  in  cold  sulphuric  acid ;  but,  when 
boiled  in  sulphuric  acid,  it  is  slowly  decomposed. 
When  dry  chloride  of  silver  is  heated  to  dull  redness 
in  a  silver  crucible,  it  fuses,  and  on  cooling  concretes 
into  a  grey  semitransparent  substance,  which  is  known 
as  horn  silver,  or  luna  cornea.  The  presence  of  mois- 
ture is  necessary  to  the  blackening  effect  of  light  upon 
the  chloride,  as  when  dried  in  the  dark  and  subse- 
quently exposed  to  light  under  an  inverted  glass  over 
sulphuric  acid,  no  discoloration  is  produced. 

Iodide  of  Silver — Ag  I — is  precipitated  upon  adding 
hydriodic  acid,  or  a  soluble  iodide,  to  a  solution  of 
nitrate  of  silver.  It  is  of  a  dingy  yellow  color,  insoluble 
in  water,  and  decomposed  when  heated  with  potassa. 
Like  the  chloride,  it  is  discolored  by  light,  and  hence 
its  use  in  Daguerre's  photographic  process — the  plate 
of  silvered  copper  intended  to  receive  the  image  in  the 
camera  being  prepared  by  exposing  it  in  a  box  con- 
taining iodine.  The  iodide  is  distinguished  from  the 
chloride,  not  only  by  its  yellow  color,  but  also  by  its 
being  insoluble  in  ammonia,  which  constitutes  its  special 
characteristic. 

Bromide  of  Silver — Ag  Br — is  an  insoluble  yellowish 
substance,  formed  in  the  same  manner  as  the  iodide, 
and  having  analogous  properties. 

Nitrate  of  Silver — Ag  0  N05 — constitutes  the  most 
important  salt  of  this  metal.  It  is  obtained  by  dissolv- 
ing silver  in  nitric  acid  diluted  with  three  parts  of  water ; 
nitric  oxide  is  disengaged,  and  if  the  silver  contain 
copper,  the  solution  will  have  a  bluish  tinge  ;  if  gold, 
that  metal  will  remain  undissolved  in  the  form  of  a 
black  powder.  The  solution  of  nitrate  of  silver  should 
be  perfectly  clear  and  colorless.  It  is  caustic,  and  tinges 
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animal  substances  of  a  deep  yellow,  which,  by  exposure 
to  light,  becomes  a  deep  purple  or  black  stain.  It  is 
the  essential  ingredient  in  many  of  the  washes  employed 
for  dyeing  the  hair,  and  in  the  composition  of  the  so- 
called  indelible  inks  for  marking  linen  ;  but  in  point  of 
fact,  cyanide  of  potassium  will  remove  the  black  stain 
produced  by  any  of  the  preparations  of  silver.  The 
crystals  are  colorless,  transparent,  anhydrous  tables, 
soluble  in  an  equal  weight  of  cold,  and  in  half  their 
weight  of  boiling  water.  Alcohol  also  dissolves  about 
one-fourth  of  its  weight  of  this  salt  at  its  boiling  point, 
but  deposits  nearly  the  whole  as  it  cools.  When  heated 
in  a  silver  crucible,  the  nitrate  fuses  into  a  grey  mass, 
and,  if  cast  into  small  cylinders,  forms  the  lapis  infer- 
nalis  or  lunar  caustic  of  the  surgeons.  Ivory,  marble, 
and  several  other  bodies  may  be  stained  black,  or  even 
silvered,  by  soaking  them  in  a  solution  of  nitrate  of 
silver,  and  fully  exposing  them  to  the  action  of  the 
sun's  rays.  A  plate  of  copper,  introduced  into  a  solution 
of  this  salt,  occasions  a  brilliant  precipitation  of  crys- 
talline silver,  and  the  copper  is  oxidised  and  dissolved 
by  the  acid.  The  introduction  of  mercury  into  the 
solution  causes  a  beautiful  crystalline  deposit  of  silver, 
known  as  the  arbor  Diana.  To  obtain  this  crystal- 
lization in  its  most  perfect  state,  the  solution  should 
contain  a  little  mercury ;  and  the  mercury  put  into  it 
should  be  already  combined  with  one-sixth  its  weight 
of  silver. 

Several  recipes  for  indelible  or  marking  inks,  formed 
with  nitrate  of  silver,  are  given  in  Vol.  II.,  page  381. 

Fulminate  of  Silver — 2  Ag  0,  Cy2  02. — This  curious 
and  dangerous  compound  is  prepared  as  follows : — One 
hundred  grains  of  fused  and  finely-powdered  nitrate 
of  silver  are  added  to  an  ounce  of  warm  alcohol,  and 
the  mixture  stirred  in  a  sufficiently  large  glass  basin. 
An  ounce  of  fuming  nitric  acid  is  then  added,  and  pre- 
sently a  violent  effervescence  ensues,  and  a  powder 
falls.  As  soon  as  this  appears  white,  cold  water  is 
added,  and  the  powder  is  immediately  to  be  collected 
upon  a  filter,  washed,  and  carefully  dried  at  a  tempera- 
ture of  100°.  In  collecting  and  handling  this  powder, 
the  utmost  caution  is  requisite.  It  should  be  made  in 
small  quantities  only,  and  touched  with  nothing  hard  ; 
for  it  has  sometimes  exploded  upon  the  contact  of  a 
glass  rod  even  under  water.  The  feather  of  a  common 
quill  serves  to  collect  it ;  and  it  should  be  kept  in  a 
wide-mouthed  vessel  covered  by  paper,  and  by  no 
means  in  a  stoppered  or  even  a  corked  phial,  as  serious 
accidents  have  arisen  from  its  unexpected  explosion. 
In  short,  one  cannot  be  too  careful  in  meddling  with 
it,  and  its  use  for  fulminating  balls  and  other  purposes 
of  amusement  is  highly  dangerous.  It  detonates  in 
the  quantity  of  a  grain,  or  even  half  a  grain,  with  great 
violence,  when  heated  or  touched  by  any  hard  body. 
The  nature  of  this  substance  has  been  investigated  by 
Liebig  and  Gay-Ltjssac,  who  have  shown  that  it  is 
a  compound  of  two  equivalents  of  oxide  of  silver  with 
one  of  fulminic  acid. — Branch. 

Sulphide  of  Silver — Ag  S — may  be  obtained  by  heat- 
ing finely-divided  silver,  or  plates  of  silver,  with  sulphur. 
It  is  a  grey  crystallizable  compound,  considerably  more 
fusible  and  much  softer  than  silver.  It  is  the  presence 
generally  of  sulphide  of  hydrogen  which  occasions  the 


tarnish  upon  silver,  and  which,  though  only  superficial) 
is  a  great  obstacle  to  many  applications  that  might 
otherwise  be  made  of  this  valuable  metal. 

Sulphate  of  Silver — Ag  0,  S03 — is  deposited  when 
sulphate  of  soda  is  mixed  with  nitrate  of  silver.  It  is 
also  formed  by  boiling  silver  with  its  weight  of  sul- 
phuric acid.  It  forms  a  white  saline  mass,  easily  fusible. 
Upon  the  large  scale,  small  portions  of  gold  may  be 
most  economically  separated  from  large  quantities  of 
silver,  by  heating  the  finely-gramdated  alloy  in  sul- 
phuric acid.  The  gold  remains  in  the  form  of  a  black 
powder,  and  the  sulphate  of  silver  may  be  decomposed 
by  the  action  of  metallic  copper.  The  silver  is  pre- 
cipitated in  a  pulverulent  state,  and,  with  a  little  borax 
or  other  vitrifiable  flux,  is  fused,  and  cast  into  ingots. 
The  sulphate  of  copper  is  obtained  in  the  crystallized 
state  by  evaporating  the  residuary  liquid. 

Hyposulphite  of  Silver — Ag  0,  S2  02 — is  formed 
by  digesting  carbonate  of  silver  in  hyposulphurous 
acid.  It  crystallizes  in  permanent  prismatic  crystals, 
soluble  in  two  parts  of  cold  water.  Hyposulphite  of 
silver  is  formed  by  dropping  a  weak  solution  of  nitrate 
of  silver  into  a  very  dilute  solution  of  hyposulphite 
of  soda.  A  white  cloud  is  at  first  produced,  which 
redissolves  on  agitation.  On  adding  more  of  the  pre- 
cipitant, the  cloud  reappears,  and  aggregates  into  a 
grey  precipitate,  which  is  the  hyposulphite.  The 
solubility  of  argentine  compounds  in  hyposulphites  has 
led  to  an  important  application  of  the  latter  in  photo- 
graphy, for  the  purpose  of  fixing  the  designs  by  the 
removal  of  all  adhering  or  unchanged  salt  of  silver. 

Carbonate  of  Silver  is  precipitated  in  the  form  of  a 
white  insoluble  powder,  by  adding  carbonate  of  potassa 
to  nitrate  of  silver.  It  blackens  by  exposure  to  light, 
and  is  easily  decomposed  by  heat.  Carbonate  of 
ammonia  only  throws  down  a  portion  of  the  nitrate, 
and  forms  a  triple  amrnonio-carbonate  of  silver. 

The  other  salts  of  silver  are  of  too  little  importance 
to  call  for  special  notice. 

Alloys  of  Silyee. — Silver  unites  difficultly  with 
iron.  Upon  fusing  silver  with  that  metal,  the  alloy 
separates  into  silver  retaining  about  one-thirtieth  of 
iron,  and  iron  retaining  about  one-eightieth  of  silver 
The  latter  has  a  peculiar  hard  and  crystalline  texture. 

When  silver  and  steel  are  fused  together,  an  alloy  is 
formed  which  appears  perfect  while  in  fusion,  but 
globules  of  silver  exude  from  it  in  cooling,  which  shows 
the  weak  affinity  of  the  metals.  At  a  very  high  tem- 
perature the  greater  part  of  the  silver  volatilizes ;  but 
a  portion,  equal  to  about  one  in  five  hundred,  remains, 
constituting  a  perfect  alloy  known  as  silver-steel,  and 
which  is  admirably  adapted  to  the  formation  of  cutting 
instruments. 

Lead  and  silver  form  a  very  brittle  dull-colored 
alloy,  from  which  the  lead  is  easily  separated  by  cupel- 
lation.  When  fused  lead,  containing  silver,  is  suffered 
to  cool  slowly,  the  lead  which  first  concretes  forms 
granular  crystals,  and  is  nearly  pure,  -while  almost  the 
whole  of  the  silver  is  contained  in  the  liquid  portion. 
The  separation  of  the  two  metals  in  this  way  consti- 
tutes Pattison's  process. 

With  sine  silver  readily  combines,  producing  a  brittle 
bluish- white  granular  alloy.  When  a  mixture  of  eleven 
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of  zinc  and  one  of  silver  is  highly  heated  in  an  open 
crucible,  it  burns,  and  the  whole  of  the  silver  is  sublimed 
with  the  oxide  of  zinc. 

With  tin  silver  forms  a  white,  hard,  brittle  alloy. 
Antimony  also  forms  a  brittle  white  alloy,  the  density 
of  which  exceeds  the  mean  of  its  components.  The 
greater  part  of  the  antimony  volatilizes  during  protracted 
fusion ;  and  the  whole  may  be  separated  in  the  form 
of  oxide  by  roasting. 

Bismuth  and  silver  may  be  combined  by  fusion.  The 
alloy  is  brittle,  yellow-white,  and  lamellar,  exceeding 
in  density  the  mean  of  the  components.  The  density 
of  an  alloy  of  equal  weights  of  bismuth  and  silver  is 
107. 

Arsenic,  fused  with  silver,  forms  an  alloy  composed 
of  100  silver  and  16  arsenic.  It  is  grey,  brittle,  granular, 
and  by  long  fusion  great  part  of  the  arsenic  volatilizes. 
It  may  be  entirely  got  rid  of  by  roasting. 

With  mercury  silver  readily  amalgamates.  When 
red-hot  silver  is  thrown  into  heated  mercury,  it  dis- 
solves ;  and  when  eight  parts  of  mercury  and  one  of 
silver  are  thus  combined,  a  granular  crystalline  soft 
amalgam  is  obtained,  the  density  of  which  exceeds  the 
mean.  When  a  solution  of  this  amalgam  in  liquid 
mercury  is  squeezed  through  chamois  leather,  the  excess 
of  mercury,  carrying  along  with  it  only  a  small  portion 
of  silver,  goes  through,  and  the  solid  amalgam  is  left 
behind. 

Standard  Silver. — The  most  important  alloy  of 
silver  is  that  which  it  forms  with  copper.  On  account 
of  its  softness,  silver  is  seldom  employed  in  the  pure 
state ;  by  the  addition  of  a  small  proportion  of  copper, 
it  is  rendered  harder  and  more  sonorous,  while  the 
color  of  the  metal  is  scarcely  impaired.  A  mixture 
of  seven  parts  of  silver  and  one  of  copper  still  retains 
a  decided  white  color,  although  of  a  less  pure  tint  than 
that  exhibited  by  virgin  silver. 

The  alloy  of  silver  with  copper  constitutes  plate  and 
coin ;  the  proportions  are  fixed  by  the  legislature  of 
the  country  in  which  the  mixture  is  worked.  In  this 
country  the  same  alloy  is  employed  both  for  the  pur- 
poses of  the  mint  and  the  uses  of  the  silversmith  ;  it  is 
composed  of  11-1  of  silver,  and  0'9  of  copper,  and  this 
mixture  is  known  by  the  name  of  standard  silver.  A 
pound  troy,  therefore,  of  the  standard  silver  of  this 
country  consists  of  eleven  oz.,  two  dwts.  pure  silver, 
and  eighteen  dwts.  of  copper.  Its  density  is  10-3  ;  its 
calculated  density,  according  to  the  mean  of  the  com- 
ponents, 10'5;  so  that  the  metals  dilate  a  little  on 
combining. 

To  prevent  fraud,  all  silver  vessels  are  required  to 
be  stamped  by  the  Goldsmiths'  Company,  who  are 
empowered  by  government  to  search  all  silversmiths' 
shops,  and  seize  all  articles  which  have  not  been  im- 
pressed with  the  Hall  mark  of  the  company.  For  the 
assay  of  the  articles,  and  the  impression  of  the  com- 
pany's stamp,  attesting  its  quality  as  standard  silver, 
one  shilling  and  sixpence  per  ounce  on  the  weight  of 
the  object  is  charged.  Of  this  amount  the  larger  pro- 
portion is  paid  over  to  the  government  in  the  form  of 
a  tax,  whilst  a  small  sum  is  retained  as  a  compensa- 
tion for  the  trouble  incurred  in  making  the  assay. 

In  France  three  different  standards  are  employed. 


The  alloy  used  for  the  silver  currency  of  the  country 
is  composed  of  nine  parts  of  silver,  and  one  of  copper ; 
for  plate,  a  mixture  of  9'5  parts  of  silver  to  0'5  of 
copper  is  employed,  whilst  for  small  articles  of  silver 
used  for  ornaments,  an  alloy  of  eight  parts  of  silver  to 
two  of  copper  is  allowed. — Phillips. 

The  silver  coins  of  the  ancients  and  many  Oriental 
silver  coins  are  nearly  pure ;  they  only  contain  traces 
of  copper  and  of  gold. 

When  silver  alloyed  by  copper,  such  as  standard 
silver,  is  exposed  to  a  red  heat  in  the  air,  it  becomes 
black  from  the  formation  of  a  superficial  film  of  oxide 
of  copper.  This  may  bo  removed  by  immersion  in  hot 
diluted  sulphuric  acid,  and  a  film  of  pure  silver  then 
remains,  of  a  beautiful  whiteness ;  this  is  called  blanched, 
or  dead  silver.  It  is  usual  to  employ  this  process  in 
order  to  improve  the  color  of  objects  formed  of  alloyed 
silver;  the  article,  when  heated  nearly  to  redness,  is 
plunged,  while  still  hot,  into  water  acidulated  either 
with  nitric  or  sulphuric  acid  ;  the  external  oxide  of 
copper  is  thus  entirely  removed;  and  the  matted 
appearance  of  the  pure  silver,  which  now  forms  the 
surface,  soon  gives  place  to  a  bright  polish  by  rubbing 
with  a  burnisher.  The  blanks  for  coin  are  treated  in 
this  way  before  they  are  struck ;  whence  the  whiteness 
of  new  coin,  and  the  darker  appearance  of  the  project- 
ing portions  occasioned  by  wear,  in  consequence  of  the 
alloy  being  uncovered.  Articles  of  plate  are  often 
deadened  or  matted  by  boiling  in  bisulphate  of  potassa, 
which  acts  in  the  same  way  as  the  dilute  sulphuric  or 
nitric  acid. 

Silver  Solder  consists  of — 

Silver,  ; .  G67 

Copper,   233 

Zinc,  :   100 

Silvering. — Almost  all  kinds  of  silvering  are  now 
usually  performed  by  electro- chemical  deposition,  and 
for  full  details  of  the  process,  the  reader  is  referred  to 
the  article  Electro-Metallurgy,  Vol.  I.,  page  800, 
et  sequitur.  When  the  term  silvering  is  applied  to 
mirrors,  it  generally  means  the  application  of  a  com- 
pound of  tin  and  quicksilver,  so  that,  in  that  sense,  the 
word  is  misapplied  ;  but,  by  Mr.  Drayton's  process, 
described  Vol.  II.,  page  227,  a  coating  of  actual  silver 
is  deposited  upon  the  plate  of  glass,  and  in  that  case, 
therefore,  the  term  is  strictly  applicable. 

Silver  is  hammered  out  into  thin  leaves  in  the  same 
manner  as  gold  ;  and  the  account  of  the  process  given 
in  the  article  on  that  metal,  Vol.  II.,  page  288,  will 
therefore  suffice  for  both.  When  silver-leaf  is  to  be 
applied  to  the  surfaces  of  bodies,  the  methods  pre- 
scribed for  gold-leaf,  Vol.  II.,  page  290,  are  also  gene- 
rally suitable.  Among  the  metals,  copper  or  brass  are 
those  on  which  the  silverer  most  commonly  operates, 
and  frequently  the  white  alloy  of  nickel.  Iron  is 
seldom  silvered,  but  the  process  is  essentially  the  same. 
The  principal  steps  of  the  operation  are  summarily 
described  by  Dr.  Ure  as  follows : — ■ 

1.  The  smoothing  down  the  sharp  edges,  and 
polishing  the  surface  of  the  copper,  or  other  metal,  to 
be  silvered. 

2.  The  annealing,  ax  making  the  piece  to  be  silvered 
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red-hot,  and  then  plunging  it  in  very  dilute  nitric  acid, 
till  it  be  bright  and  clean. 

3.  Pumicing,  or  clearing  up  the  surface  with  pumice- 
stone  and  water. 

4.  The  warming  to  such  a  degree  merely  as,  when 
it  touches  water,  it  may  make  a  hissing  sound ;  in  which 
state  it  is  dipped  in  very  weak  aquafortis,  whereby  it 
acquires  minute  insensible  asperities,  sufficient  to  retain 
the  silver  leaves  that  are  to  be  applied. 

5.  The  hatching. — When  these  small  asperities  are 
inadequate  for  giving  due  solidity  to  the  silvering,  the 
plane  surfaces  must  be  hatched  all  over  with  a  graving 
tool ;  but  the  chased  surfaces  need  not  be  touched. 

7.  The  charging,  the  workman's  term  for  silvering. 
— This  operation  consists  in  placing  the  silver  leaves 
on  the  heated  piece,  and  fixing  them  to  its  surface  by 
burnishers  of  steel,  of  various  forms.  The  workman 
begins  by  applying  the  leaves  double.  Should  any 
part  darken  in  the  heating,  it  must  be  cleared  up  by 
the  scratch-brush. 

The  eilverer  always  works  two  pieces  at  once,  so 
that  he  may  heat  the  one,  while  burnishing  the  other. 
After  applying  two  silver  leaves,  he  must  heat  up  the 
piece  to  the  same  degree  as  at  first,  and  he  then  fixes 
on  with  the  burnisher  four  additional  leaves  of  silver ; 
and  he  goes  on  charging  in  the  same  way  four  or  six 
leaves  at  a  time,  till  he  has  applied,  one  over  auother, 
thirty,  forty,  fifty,  or  sixty  leaves,  according  to  the 
desired  solidity  of  the  silvering.  Ho  then  burnishes 
down  with  great  pressure  and  address,  till  he  has  given 
the  surface  a  uniform  silvery  aspect. 

Silvering  by  the  precipitated  Chloride  of  Silver. — 
The  white  curd  obtained  by  adding  a  solution  of 
common  salt  to  one  of  nitrate  of  silver,  is  to  be  well 
washed  and  dried.  One  part  of  this  powder  is  to  be 
mixed  with  three  parts  of  good  pearlash,  one  of  washed 
whiting,  and  one  and  a  half  of  sea-salt.  After  clearing 
the  surface  of  the  brass,  it  is  to  be  rubbed  with  a  bit  of 
soft  leather,  or  cork  moistened  with  water,  and  dipped 
in  the  above  powder.  After  the  silvering,  it  should  be 
thoroughly  washed  with  water,  dried,  and  immediately 
varnished.  Some  use  a  mixture  of  one  part  of  the 
silver  precipitate  with  ten  of  cream  of  tartar,  and  this 
mixture  also  answers  very  well.  Others  give  a  coating 
of  silver  by  applying  with  friction,  in  the  moistened 
state,  a  mixture  of  one  part  of  silver-powder  precipitated 
by  copper,  two  parts  of  cream  of  tartar,  and  as  much 
common  salt.  The  piece  must  be  immediately  washed 
in  tepid  water,  very  faintly  alkalized;  then  in  slightly 
warm  pure  water;  and,  finally,  wiped  dry  before  the 
fire. 

The  inferior  kinds  of  coated  buttons  get  their  silver 
coating  in  the  following  way : — Two  ounces  of  chloride 
of  silver  are  mixed  up  with  one  ounce  of  corrosive 
sublimate,  three  pounds  of  common  salt,  and  three 
pounds  of  sulphate  of  zinc  with  water,  into  a  paste.  The 
buttons  being  cleaned  are  smeared  over  with  that  mix- 
ture, andexposed  to  a  moderate  degree  of  heat,  which  is 
eventually  raised  nearly  to  redness,  so  as  to  expel  the 
mercury  from  the  amalgam,  formed  by  the  reaction  of 
the  horn-silver  and  the  corrosive  sublimate.  The  horn- 
silver  thus  acquires  a  silvery  surface,  which  is  bright- 
ened by  clearing  and  burnishing. —  Ure. 


Estimation  of  Silver. — The  behavior  of  various 
reagents  with  solutions  of  silver  is  given  in  a  tabular 
form  in  the  article  on  Gold,  Vol.  II.,  page  269,  to  which 
the  reader  is  referred.  In  general,  the  soluble  salts  of 
silver  are  recognized  by  furnishing  a  white  precipitate 
with  hydrochloric  acid  and  the  soluble  chlorides,  which 
blackens  by  exposure  to  light,  and  which  is  readily 
soluble  in  ammonia ;  and  by  affording  metallic  silver 
upon  the  immersion  of  a  plate  of  copper.  The  salts 
insoluble  in  water  are  mostly  soluble  in  ammonia ; 
and  when  heated  on  charcoal  before  the  blowpipe,  they 
afford  a  globule  of  silver.  A  yellow  precipitate  on 
the  addition  of  phosphate  of  soda  and  of  the  soluble 
arsenites,  a  red-brown  by  arseniates,  a  crimson  by  the 
chromates,  and  white  by  ferrocyanide  of  potassium,  are 
further  characteristics  of  the  soluble  salts  of  silver. 

Tin  and  lead  are  the  most  rapid  precipitants  of 
metallic  silver  from  the  nitrate;  cadmium,  zinc,  copper, 
bismuth,  and  antimony  are  more  slow  in  their  opera- 
tion, and  mercury  still  more  tardy.  Chloride  of  silver 
is  rapidly  reduced  by  most  of  the  metals  which  form 
soluble  chlorides,  such  as  zinc,  iron,  cadmium,  cobalt, 
and  arsenic.  Zinc,  copper,  and  arsenic  rapidly  reduce 
the  ammoniacal  solution  of  oxide  of  silver.  Of  all  the 
metallic  precipitants,  zinc  and  cadmium  are  the  most 
effective  ;  but  when  zinc  or  antimony  are  used,  the 
separated  silver  contains  those  metals. 

The  solubility  of  silver  in  nitric  acid,  and  the  com- 
plete insolubility  of  its  chloride  in  acid  solutions,  render 
the  separation  of  silver  from  other  metals  in  most 
instances  an  easy  operation.  "When  its  amount  is  to 
be  estimated  quantitatively,  the  alloy  or  pulverized  ore 
is  dissolved  in  nitric  acid,  and  the  precipitation  of  the 
silver  in  the  form  of  chloride  is  effected  by  the  addi- 
tion of  a  small  excess  of  hydrochloric  acid.  In  order 
that  a  dense  precipitate  may  be  obtained,  the  solution 
should  be  heated  nearly  to  the  boiling-point  previous 
to  the  addition  of  the  precipitant.  When  the  whole  of 
the  chloride  has  settled  at  the  bottom  of  the  vessel,  the 
supernatant  liquor  is  carefully  drawn  off  by  means  of  a 
glass  siphon ;  and  the  chloride,  after  being  well  washed 
by  repeated  decantations  with  water  slightly  acidulated 
with  nitric  acid,  is  transferred  to  a  thin  porcelain 
capsule,  the  weight  of  which  has  been  accurately 
ascertained  and  noted  down.  The  chloride,  when 
placed  in  this  capsule,  is  first  carefully  dried  in  a  water- 
bath,  and  then  heated  over  the  flame  of  a  gas-burner 
or  spirit-lamp,  until  it  has  become  fused,  when  the 
crucible  and  its  contents  are  again  weighed.  The 
difference  between  the  first  and  second  weighings  gives 
the  amount  of  the  chloride,  from  which  that  of  the 
silver  can  be  deduced  by  the  simple  proportion : — ■ 

As  100  :  75-27  :  :  K,  or  the  weight  of  chloride 
obtained ;  since  every  100  parts  of  the  chloride  corre- 
spond to  75"27  parts  of  metallic  silver. 

Assay  op  the  Alloys  and  Ores  op  Silver  in 
the  Dry  Way. — In  this  process  the  object  sought  is 
to  obtain  the  silver  and  other  metals  that  may  be 
present  in  the  form  of  an  alloy  with  lead,  which  is 
afterwards  passed  to  the  muffle  and  cupelled  in  the 
ordinary  way;  in  the  latter,  the  method  adopted  is 
founded  upon  the  simple  process  which  has  just  been 
described. 
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In  assaying  the  ores  of  silver,  the  preliminary  opera- 
tions to  which  the  minerals  are  subjected,  and  the  form 
of  the  cupels  and  other  apparatus  employed,  have  been 
fully  described  in  connection  with  the  analogous  pro- 
cesses followed  in  the  assaying  of  gold  ores;  and, 
therefore,  it  will  be  quite  unnecessary  to  repeat  them 
in  this  place.  To  obtain  an  alloy  with  lead,  with  a 
view  to  cupellation,  ores  of  silver,  in  which  the  metals 
that  are  present  exist  in  the  form  of  reducible  oxides, 
are  commonly  fused  with  a  mixture  of  litharge  and 
finely-powdered  charcoal.  The  proportion  of  litharge 
employed  for  this  purpose,  says  Phillips,  must  be 
varied  according  to  circumstances,  as  the  resulting 
button  of  alloy  should  not  be  too  rich,  since  in  that 
case  a  portion  of  the  silver  is  lost  in  the  slag ;  nor  too 
poor,  as  the  cupellation  would  then  occupy  a  long  time, 
and  a  loss  through  sublimation  be  entailed.  In  ordi- 
nary cases,  if  four  hundred  grains  of  ore  be  the  quantity 
operated  on,  a  button  of  two  hundred  grains  will  be  a 
very  convenient  amount  for  cupellation ;  and  this  may 
be  obtained  by  the  addition  of  three  hundred  grains 
of  litharge,  and  from  seven  to  eight  grains  of  finely- 
powdered  charcoal.  The  whole  is  to  be  well  mixed  with 
two  hundred  grains  of  carbonate  of  soda,  on  a  sheet  of 
highly-glazed  paper,  and  afterwards  introduced  into  an 
earthen  crucible,  of  which  it  should  not  fill  more  than 
two-thirds  the  capacity.  This  is  now  covered  with  a 
thin  layer  of  borax,  and  fused  in  an  ordinary  assay 
furnace — care  being  taken  to  withdraw  it  from  the  fire 
as  soon  as  a  liquid  and  perfectly  homogeneous  slag 
has  been  obtained,  as  the  unreduced  litharge  would 
otherwise  be  liable  to  out  through  the  pot  and  spoil 
the  experiment.  When  it  has  sufficiently  cooled,  the 
crucible  is  broken,  and  the  button  of  alloy  obtained  is 
passed  to  the  cupel.  "When  other  minerals  than  oxides 
or  carbonate  are  to  be  examined,  the  addition  of  char- 
coal, or  any  similar  reducing  agent,  becomes  in  many 
instances  unnecessary,  as  litharge  readily  attacks  all 
the  sulphides,  arsenio-sulphides,  et  cetera,  and  oxidises 
nearly  the  whole  of  their  constituents,  with  the  excep- 
tion of  silver,  whilst  a  proportionate  quantity  of  metallic 
lead  is  at  the  same  time  set  free.  The  slags  formed  in 
this  way  contain  the  whole  of  the  excess  of  litharge 
added ;  and  the  button  of  alloy  produced  is  subjected 
to  cupellation  in  the  usual  manner. — Phillips. 

In  the  assay  of  alloys  of  silver  by  cupellation,  the 
directions  which  are  given  in  Vol.  II.,  page  303,  in 
connection  with  the  assaying  of  gold,  render  unne- 
cessary a  repetition  of  all  the  details  of  the  process, 
which  consists,  as  there  stated,  in  the  oxidation  of  the 
lead  and  other  oxidisable  metals,  and  their  absorption 
by  the  cupel.  From  the  circumstance  that  the  plate 
and  silver  money  of  all  European  nations  are  alloyed 
with  copper,  the  mixtures  of  these  metals  are  those 
which  most  frequently  engage  the  attention  of  the 
assayer;  and  the  point  to  be  chiefly  attended  to  is  the 
amount  of  lead  necessary  to  be  added  to  perform  the 
cupellation  efficiently.  This  amount  should  be  greater, 
in  proportion  as  the  quantity  of  copper  is  more  con- 
siderable ;  but,  in  cupelling  an  alloy  of  silver  and 
copper,  the  same  amount  of  lead  cannot  safely  be 
added  as  in  treating  an  alloy  of  copper  and  gold,  as  the 
greater  volatility  of  the  silver  would  cause  a  consider- 
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able  loss  of  that  metal  before  the  whole  of  the  lead 
could  be  absorbed.  In  this  case,  therefore,  the  follow- 
ing table,  showing  according  to  D'Aecet,  the  amount  of 
lead  necessary  to  effect  the  proper  cupellation  of  various 
alloys  of  silver  and  copper,  must  be  substituted  for  that 
given  at  the  page  above  referred  to  : — ■ 

Stimdnrdof        Amount  of  Quantity  of  Quantity  oflead 

silver.         cooper  alloyed.       lead  necessary.  S,™„fooppep. 

1000    0    3-10th«    0  to  0 

350    50    3    SO  to  1 

900    100    7    70  to  1 

POO   200    10    50  to  1 

700    300    12    40  to  1 

600    400    14    35  to  1 

500    500    16  to  17    32  to  1 

400    600    16  to  17    27  to  1 

300    700    16  to  17    23  to  1 

200    800    16  to  17    20  to  1 

100    900    16  to  17    18  to  1 

Pure  copper  1000    16  to  17    16  to  1 

*  Even  with  pure  silver  it  is  found  necessary  to  add  a  little 

lead  on  the  cupel,  as  the  button  would  not  otherwise  assume 

the  rounded  form  which  is  required. 

In  this  table  the  numbers  iu  the  third  column,  which 
express  the  quantity  of  lead  necessary  to  be  added  in 
each  case,  are  multiples  of  the  weight  of  alloy  on  which 
the  operation  is  performed.  Hence,  in  the  third  line, 
for  example,  in  which  the  alloy  consists  of  900  of 
silver,  and  100  of  copper,  for  each  grain  of  alloy  taken, 
seven  grains  of  lead  will  be  necessary ;  and  as  each 
grain  of  alloy  contains  only  one-tenth  of  its  weight  in 
copper,  it  follows  that  the  ratio  of  the  lead  to  the 
copper  is  as  seventy  to  one.  It  will  be  observed  that, 
even  with  pure  silver,  it  is  found  necessary  to  add  a 
little  lead  on  the  cupel,  the  reason  of  which  is,  that  the 
button  of  silver  would  not  otherwise  assume  the  rounded 
form  required.  It  will  be  remarked,  also,  that  here,  as 
in  the  table  given  for  an  alloy  of  gold  and  copper,  the 
proportion  of  lead  to  be  employed  for  a  silver  alloy 
below  the  standard  of  500,  remains  constantly  the 
same. 

Although  silver  is  not  appreciably  volatilized  when 
melted  alone,  yet  it  is  so  to  a  certain  extent  in  the 
presence  of  lead  ;  and  therefore  the  cupellation  should 
be  made  at  the  lowest  temperature  at  which  the 
absorption  of  the  litharge  can  be  effected ;  and  even 
when  every  precaution  is  used,  there  is  always  a  loss 
of  silver  in  cupellation,  for  which  allowance  must  be 
made  in  finally  calculating  the  per  centage.  The  table 
adopted  for  this  purpose  at  the  French  mint  is  given 
in  Vol.  II.,  page  304,  to  which  the  reader  is  referred. 

When  other  metals  besides  lead  and  silver  are 
present  in  an  alloy,  the  cupel  usually  affords  indica- 
tions, from  which  it  is  easy  to  judge  of  their  nature, 
and  roughly  of  the  amount  in  which  they  exist.  Mr. 
Phillips,  in  his  excellent  manual  of  metallurgy,  gives 
the  following  directions  for  this  purpose  . — Pure  lead 
stains  the  cupel  a  straw-yellow  color,  sometimes 
verging  on  orange.  Copper  gives  a  grey  or  dark-brown  1 
tint,  according  to  its  quantity.  Iron  produces  a  black 
stain,  which  is  chiefly  formed  shortly  after  the  com- 
mencement of  the  operation,  and  gives  rise  to  a  dark 
ring  around  the  sides  of  the  cupel.  Zinc  leaves  a 
yellowish  stain  on  the  cupel,  and  produces,  during  the 
process  of  cupellation,  a  luminous  white  flame  and 
abundant  fumes  of  the  same  color,  which  carry  off 
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with  thern  a  considerable  amount  of  silver.  Tin  pro- 
duces a  grey  slag,  and  antimony  leaves  a  spongy 
yellow  scoria,  which  causes  the  circumference  of  the 
cupel  to  effloresce  and  split  off.  The  two  last-named 
metals  render  the  cupellation  of  the  alloys  in  which 
they  exist  extremely  difficult,  and  necessitate  the 
employment  of  a  large  quantity  of  pure  lead,  in  order 
to  carry  off  the  insoluble  oxides  formed.  When  assays 
of  alloys  containing  silver  are  frequently  to  be  made 
by  cupellation,  it  will  be  found  extremely  convenient 
to  keep  in  the  laboratory  a  supply  of  poor  lead,  ready 
weighed  out  into  pieces  of  fifty  and  one  hundred  grains; 
by  this  means  the  standard  of  the  lead  being  previously 
known,  it  becomes  easy,  by  merely  counting  the  number 
of  pieces  added,  to  know  exactly  what  deduction  is  to  be 
made  for  the  silver  in  the  poor  lead  at  the  termination 
of  the  cupellation. — Phillips. 

Humid  Method  of  Assay. — The  operation  is  the 
same  as  that  described  above  under  estimation  of 
silver,  except  that  instead  of  collecting  and  weighing 
the  argentiferous  compound,  graduated  test  liquors  are 
employed,  and  the  silver  estimated  from  the  volume  of 
such  solutions  required  to  precipitate  the  silver  com- 
pletely. Although  the  method  by  cupellation  was 
found  to  be  convenient,  where  a  number  of  assays 
were  required  to  be  conducted  at  the  same  time,  and 
was  therefore,  until  of  late  years,  exclusively  adopted 
at  the  different  mints,  yet  the  results  obtained  by 
this  method  not  being  perfectly  accurate,  the  French 
Government  in  1829  appointed  a  commission  for  inquir- 
ing into  the  subject;  and  Gay-Lussac,  who  was  one  of 
the  commissioners,  proposed  the  adoption  of  the  liquid 
method  of  assay,  which  is  now  generally  practised,  not 
only  at  the  Parisian  mint,  but  also  at  the  similar  estab- 
lishments of  this  and  other  countries.  Not  only  is 
greater  accuracy  obtained,  but  by  successive  improve- 
ments in  the  apparatus,  the  humid  process  is  now  con- 
ducted with  greater  facility  and  despatch. 

In  this  process  the  standard  of  the  alloy  of  silver  and 
copper  is  determined  by  means  of  a  solution  of  chloride 
of  sodium,  the  strength  of  which  has  been  accurately 
determined  beforehand.  Common  salt,  without  any 
preliminary  purification,  is  employed  for  this  purpose ; 
and  the  strength  of  the  solution  is  so  regulated,  that  a 
decilitre  thereof  will  exactly  precipitate  one  gramme 
of  pure  silver.  In  proceeding  to  make  an  assay,  ono 
gramme  of  the  alloy  to  be  examined  is  dissolved 
in  five  or  six  grammes  of  nitric  acid,  and  to  this  is 
added  from  a  graduated  burette  the  standard  solution 
of  common  salt;juntil  no  further  precipitate  of  the 
chloride  of  silver  takes  place,  When,  in  adding  the 
precipitant,  the  point  of  saturation  seems  to  be  nearly 
attained,  the  bottle  must  be  well  shaken  after  the  addi- 
tion of  each  successive  drop  of  the  solution,  in  order 
that  the  liquor  may  become  clear  by  the  precipitation 
of  the  chloride  of  silver  formed.  When  the  whole  of 
the  silver  has  thus  been  thrown  down,  the  exact  quan- 
tity of  the  solution  of  chloride  of  sodium  employed  in 
its  precipitation  is  read  off  from  the  graduated  scale ; 
and,  by  the  amount  used,  the  per  centage  of  silver 
present  is  at  once  indicated. 

When  great  accuracy  is  required  in  making  the 
assay  of  a  silver  coin  or  a  piece  of  plate,  the  composi- 
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tion  of  which  is  approximatively  known  beforehand, 
two  distinct  solutions  of  chloride  of  sodium  are  em- 
ployed : — The  first,  which  is  termed  the  normal  solution, 
is  of  such  a  strength  that  one  decilitre  will  precipitate 
exactly  one  gramme  of  pure  silver  ;  the  second,  called 
the  decimal  solution,  is  only  one-tenth  of  the  strength 
of  the  first ;  and,  consequently,  a  litre  of  it  is  required 
to  effect  the  precipitation  of  one  gramme  of  silver. 

To  explain  the  details  of  the  process,  let  it  be  sup- 
posed that  a  piece  of  silver  money  of  the  French  coinage 
is  to  be  assayed,  and  which,  in  order  to  be  of  the  legal 
standard,  should  contain  eight  hundred  and  ninety-seven 
thousandths  of  pure  silver.  Instead  of  this,  suppose 
the  alloy  in  question  to  contain  only  eight  hundred 
and  ninety-six  thousandths  of  silver,  so  that  1'116 
gramme  of  the  mixture  corresponds  to  one  gramme  of 
pure  silver.  This  quantity  is  cut  off  the  coin,  accu- 
rately weighed,  and  put  into  a  bottle  that  admits  of 
being  perfectly  closed  by  a  glass  stopple,  where  it  is 
dissolved  in  from  five  to  six  grammes  of  pure  nitric 
acid ;  and  as  soon  as  the  solution  has  been  completely 
effected,  one  decilitre  of  the  normal  solution  of  salt  is 
introduced.  If  the  alloy  contain  exactly  as  much  silver 
as  was  supposed,  namely,  eight  hundred  ana  ninety- 
six  thousandths,  the  whole  of  that  metal  will  be  pre- 
cipitated by  the  quantity  of  solution  added,  and  the 
supernatant  liquor  will  contain  no  traces  of  chloride  of 
sodium  in  excess.  But  if  the  standard  be  higher  than 
was  supposed,  there  will  still  remain  a  portion  of  silver 
in  solution ;  and  if  it  be  less,  the  whole  of  the  silver 
will  have  been  precipitated,  but  the  liquor  will  contain 
an  excess  of  chloride  of  sodium. 

To  ascertain  which  of  these  effects  has  been  pro- 
duced, the  bottle  is  carefully  closed  with  its  glass  stopple 
and  briskly  shaken,  until  the  precipitate  has  subsided, 
and  the  solution  become  clear.  A  cubic  centimetre  of 
the  decimal  solution,  capable  of  precipitating  O'OOl 
gramme  of  pure  silver,  is  then  introduced.  If  any 
silver  remain  in  solution,  the  liquor  becomes  cloudy ; 
and  after  being  again  shaken,  another  centimetre  of  the 
decimal  solution  is  added.  If  the  liquor  still  becomes 
turbid,  it  is  again  shaken  and  allowed  to  become  clear ; 
a  third  centimetre  of  the  decimal  solution  is  poured  in ; 
and  so  on  until  no  further  cloudiness  is  produced  by 
the  addition  of  the  decimal  solution.  Supposing  that 
five  of  the  cubic  centimetres  of  the  decimal  solution, 
successively  added,  have  produced  a  precipitate,  while 
the  addition  of  the  sixth  has  not  affected  its  tran- 
sparency ;  it  may  be  concluded  that,  after  the  preci- 
pitation of  one  gramme  of  pure  silver  by  the  decilitre 
of  normal  solution,  the  liquor  still  contained  at  least 
four-thousandths  of  a  gramme  of  silver.  But  as  a 
cloudiness  was  produced  by  the  fifth  cubic  centimetre 
of  the  decimal  solution,  and  none  by  the  sixth,  it  is 
evident  that  the  liquor  did  not  contain  more  than 
five-thousandths  of  a  gramme  of  silver ;  and,  therefore, 
by  adding  4£  thousandths,  the  exact  result  is  cerr 
tainly  attained  within  one  half-thousandth  of  the  truth. 
The  standard  of  the  alloy  under  examination  will 
therefore  be  896  -f  4£  =  9001  thousandths. 

When,  on  the  contrary,  the  first  cubic  centimetre  of 
the  decimal  solution  produces  no  precipitate  in  the  solu- 
tion of  silver,  which  has  already  received  the  decilitre 
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of  the  normal  liquid,  it  is  evident  that  the  standard 
of  the  alloy  must  be  inferior  to  eight  hundred  ninety- 
six-thousandths.  In  this  case,  its  exact  composition 
is  ascertained  by  means  of  a  standard  solution  of  silver 
in  nitric  acid,  so  adjusted  that  one  litre  of  the  liquor 
shall  contain  exactly  one  gramme  of  pure  silver  ;  this 
is  called  the  decimal  solution  of  silver,  and  is  only  em- 
ployed when  the  alloy  under  assay  proves  to  be  poorer 
in  silver  than  was  imagined  at  the  commencement 
of  the  operation.  In  using  it,  a  cubic  centimetre  of 
the  solution  is  dropped  from  a  pipette  into  the  bottle 
containing  the  assay  ;  and  it  occasions  a  precipitate  of 
salt  exactly  corresponding  to  the  same  volume  of  the 
decimal  solution  of  common  salt,  which  was  added  for 
the  purpose  of  ascertaining  if  all  the  silver  was  pre- 
cipitated. The  liquor  is  then  cleared  by  agitation,  and 
another  cubic  centimetre  of  the  silver  solution  is  added. 
If  this  still  produces  a  cloudiness,  the  bottle  is  again 
shaken;  and  when  the  whole  of  the  chloride  has 
deposited,  a  third  measure  of  the  solution  is  introduced ; 
and  so  on  tin  til  the  silver  solution  ceases  to  cause 
any  precipitate.  Assuming  that  the  first  five  cubic 
centimetres  of  the  silver  solution  produced  a  precipi- 
tate, and  that  on  the  addition  of  the  sixth  the  liquor 
remained  perfectly  clear,  it  is  probable  that  the  fifth 
cubic  centimetre  was  not  entirely  decomposed;  and  it 
is  usual  to  assume  that  four  and  a  half  cubic  centi- 
metres of  the  silver  solution,  have  been  sufficient  to 
decompose  the  excess  of  the  chloride  of  sodium  left  in 
the  liquor  after  the  introduction  of  the  decilitre  of  the 
normal  solution.  In  this  case,  therefore,  it  is  evident 
that  it  will  be  necessary  to  subtract  four  and  a  half 
thousandths  from  the  presumed  title  of  the  alloy,  and 
that  its  standard  will  be  correctly  expressed  by  896 — 
4J  =  891J  thousandths. 

Such  are  the  details  of  the  process,  which  is  greatly 
facilitated  in  the  different  mints,  and  generally  where 
numbers  of  assays  of  silver  and  copper  alloys  have  to 
be  made,  by  the  admirable  manner  in  which  the  appa- 
ratus is  arranged.  The  normal  solution  of  common  salt 
is  kept  in  a  large  vessel,  v — Fig.  498 — made  of  sheet- 
copper,  carefully  tinned  on  the  inside,  and  supported 
on  a  shelf  near  the  ceiling.  To  prevent  evaporation, 
it  is  covered  by  an  immovable  lid,  through  which 
passes  a  tube,  w,  descending  to  near  the  bottom,  for 
the  purpose  of  admitting  air  to  supply  the  place  of  the 
liquid  as  it  is  drawn  off ;  and  by  means  of  a  guage,  P, 
at  the  side,  the  quantity  of  solution  contained  in  the 
vessel  is  indicated.  From  near  the  bottom  of  the 
vessel  proceeds  a  tube,  T,  furnished  with  a  stop-cock,  D. 
The  pipette,  P,  which  contains  exactly  a  decilitre  of  the 
liquid,  if!  connected  with  the  tube,  T,  by  another  tube,  f, 
which  contains  a  thermometer.  The  metallic  connect- 
ing piece,  by  which  the  tube,  t',  communicates  with 
the  pipette,  p,  is  provided  with  two  stopcocks,  r  r" ; 
the  stopcock  r',  shown  also  separately  in  the  figure, 
is  so  constructed  as  to  allow  the  air  to  escape  in 
proportion  as  the  solution  enters  the  pipette.  In 
conducting  an  assay,  the  operator  closes  the  extremity 
of  the  pipette  with  the  fore-finger  of  the  left  hand, 
and  with  the  right  opens  the  stopcocks,  r  r'.  When 
the  pipette  is  filled  with  the  normal  solution  of  chloride 
of  sodium  a  little  above  the  mark  m,  the  taps,  rr',  are 
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closed ;  and  the  pipette  remains  charged  with  the 
solution  after  the  finger  is  removed.  On  the  table 
below  this  apparatus  is  a  sliding  support,  s,  on  which 
the  bottle  containing  the  solution  of  the  alloy  in  nitric 
acid  is  secured  by 
means  of  a  case  of 
copper,  b,  and  near  it 
is  a  small  stand  con- 
taining a  sponge,  n, 
covered  by  a  piece  of 
fine  linen,  and  arranged 
at  the  exact  height  of 
the  beak  of  the  pipette. 
The  assayer  now  slides 
the  plate,  p,  in  the 
grooves  of  the  stand, 
S,  so  that  the  sponge 
may  come  in  contact 
with  the  end  of  the 
pipette ;  and,  by  care- 
fully admitting  air 
through  the  stopcock, 
r',  the  liquor  is  allowed 
to  descend  until  it 
exactly  reaches  the 
line,  m,  scratched  on 
the  glass.  The  last 
drop  of  the  solution, 
which  would  other- 
wise remain  attached 
to  the  beak,  is  taken 
off  by  the  sponge;  and 
as  the  latter  becomes 
saturated,  the  solution 
passes  down  through  the  hollow  stem  on  which  the 
sponge  is  supported  into  the  cylindrical  vessel  beneath. 
The  operator  now  draws  the  slide  forward  until  it  is 
stopped  by  a  peg,  which  arrests  it  when  the  mouth  of 
the  bottle,  b,  is  immediately  under  the  beak  of  the 
pipette ;  the  stopcock,  r',  is  then  again  opened,  and  the 
solution  flows  into  the  bottle. 

As  it  generally  happens  that  several  assays  are  being 
made  at  the  same  time,  they  are  put,  when  weighed 
out,  into  as  many  bottles  arranged  in  a  metal  frame 
like  a  cruet-stand — Fig.  499 — each  being  marked  with 
its  own  number,  and,  by  the  side  of 
each  bottle,  is  a  small  cup  for  hold- 
ing the  stopple.  After  the  introduc- 
tion of  the  nitric  acid,  the  stand  is 
placed  in  hot  water  for  the  purpose 
of  facilitating  the  solution.  When 
this  is  completely  effected,  the  nitrous 
fumes  are  removed  from  the  bottles 
by  gently  blowing  into  them  through 
a  glass  tube  ;  and  a  decilitre  of  the 
normal  solution  is  added  to  each  in 
the  manner  which  has  just  been 
described. 

The  bottles  are  then  placed  in  another  metal 
frame  M — Fig.  500 — which  is  similarly  provided  with 
cases  or  compartments  for  each,  and  is  suspended  from 
the  extremity  of  a  steel  spring,  s,  while  it  is  steadied 
below  by  an  elastic  band,^,  of  vulcanized  india-rubber. 
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The  bottles,  after  being  carefully  closed  by  their 
stopples,  and  secured  in  their  places  by  a  kind  of 
collar — Fig.  501 — which,  when  thrown  up,  is  sup- 
ported by  a  rest  r,  are  well  shaken  by  an  assistant,  who 
takes  hold  of  the  handles, 
o  o,  and  briskly  agitates  the 
whole  apparatus  for  some 
minutes.     As  soon  as  the 
liquors  have  in  this  way 
been  rendered  clear,  the 
bottles  are  removed  from 
the  frame  M,  to  a  black 
table,   divided  into  com- 
partments, which  are  num- 
bered to  correspond  with 
the  numbers  on  the  bottles. 
The  decimal  solution,  which 
is  contained  in  a  phial  with 
a  pipette  passing  through  its 
stopple,  is  now  employed 
for  determining  the  exact 
standard    of   the  several 
assays.     On  the  surface  of 
the  pipette  a  line  is  drawn, 
so  graduated  as  to  enable 
_.-->.£jSi§|?  the  operator  to  measure  out 
exactly  one  cubic  centimetre 
of  the  solution,  which  he  does  by  applying  the  fore- 
finger to  the  upper  extremity  of  the  tube ;  and  the 
latter,  while  thus  closed,  being  removed  from  the  bottle, 
is  then  allowed  to  drop,  by  the  cautious  admission  of 
air,  until  the  liquid  has  fallen  to  the  level  of  the  line 
marked  on  the  glass.    The  top  of  the  tube  is  again 
stopped  by  the  finger ;  and  the  cubic  centimetre  of 
solution  is  transferred  to  the  first  bottle  of  the  series, 
into  which  it  is  allowed  to  flow  by  simply  removing 
the  finger.     In  the  same  manner 
Fig.  501.  an   equal    quantity   of  solution 

is  added  to  each  of  the  other 
^-o-i  assays. 

The  operator  now  examines  each 
of  the  bottles  in  succession,  and 
makes  a  mark  with  a  piece  of  chalk 
on  the  black  table  before  those  bottles  in  which  he 
observes  that  a  precipitate  has  taken  place.  These 
are  again  taken  to  the  agitating  apparatus,  in  which 
they  are  briskly  shaken  until  the  liquors  have  again 
become  clear,  when  they  are  restored  to  their  places  on 
the  black  table  ;  and  another  cubic  centimetre  of  the 
decimal  solution  is  added  to  each  bottle  in  which  a 
precipitate  was  obtained  by  the  last  operation.  This 
process  is  continued  until  all  the  bottles  cease  to  give 
precipitates;  and,  on  counting  the  number  of  chalk 
marks  before  each,  the  number  of  cubic  centimetres 
of  the  decimal  solution  which  have  been  added  to 
each  is  ascertained.  From  this  number  must  be 
deducted  half  a  centimetre  in  each  case,  to  allow  for 
the  superfluous  quantity  which  may  have  been  added 
the  last  time,  a  portion  only  of  which  has  probably 
been  decomposed. 

The  normal  solution  of  chloride  of  sodium  is  pre- 
pared at  the  temperature  of  59°  Fahrenheit;  but  as 
the  density  of  the  solution  varies  with  the  temperature 


of  the  air,  it  is  necessary  to  construct  a  table  of  correc- 
tions to  be  employed  when  the  assays  are  conducted 
at  a  higher  or  lower  temperature.  For  this  purpose 
the  thermometer  contained  in  the  tube,  f — Fig.  498 
— should  bo  consulted,  and  the  correction  read  off 
from  the  prepared  tables ;  but,  in  most  instances,  the 
assayer  makes  an  experiment .  every  morning  on  the 
saline  solution  with  one  gramme  of  pure  silver,  and 
from  the  result  obtained  he  is  enabled  to  correct  any 
error  arising  from  change  of  temperature,  as  well  as 
from  want  of  due  care  in  the  preparation  of  the 
normal  solution. 

The  standard  solution  of  chloride  of  sodium  is 
usually  prepared  in  considerable  quantities  at  a  time  ; 
it  is  made  by  dissolving  five  hundred  grammes  of 
common  salt  in  four  litres  of  water,  and  filtering.  The 
additional  quantity  of  water  that  would  be  required  for 
the  normal  solution,  supposing  the  chloride  to  be  pure, 
is  now  added  ;  and  the  solution  is  carefully  adjusted  to 
the  exact  standard  by  adding  a  decilitre  to  a  solution 
of  one  gramme  of  pure  silver  in  nitric  acid.  The  liquor 
is  clarified  by  agitation  ;  and  by  the  addition  of  succes- 
sive centimetres  of  the  decimal  solution  either  of  silver 
or  chloride  of  sodium,  the  exact  amount  of  free  silver 
or  chloride,  as  the  case  may  be,  remaining  after  the 
addition  of  the  decilitre  of  normal  solution,  is  accu- 
rately ascertained. 

The  decimal  chloride  solution  is  prepared  by  pouring 
a  cubic  decilitre  of  the  normal  solution  into  a  bottle  of 
the  exact  capacity  of  a  litre,  and  filling  it  up  with  pure 
distilled  water. 

The  decimal  solution  of  silver  is  prepared  by  dis- 
solving one  gramme  of  pure  silver  in  nitric  acid,  to 
which  distilled  water  is  added  to  make  up  an  exact 
litre  of  the  liquid. 

When  the  alloy  under  assay  contains  either  mercury 
or  lead,  the  results  obtained  by  the  humid  process  are 
not  exact,  since  these  metals  are  precipitated  with  the 
silver,  and  decompose  a  portion  of  the  normal  solution, 
which  vitiates  the  conditions  of  the  experiment.  The 
presence  of  mercury  is  indicated  when  a  difficulty 
is  experienced  in  obtaining  a  transparent  solution  by 
agitation ;  and  when  that  is  the  case,  the  assay  is  not 
to  be  relied  on.  The  assay  of  alloys  containing  mer- 
cury may,  however,  be  made  by  the  humid  process,  by 
adding  a  solution  of  acetate  of  soda  to  the  nitric  acid 
liquor  containing  the  silver,  previously  to  the  introduc- 
tion of  the  normal  solution,  as  the  acetate  prevents  the 
formation  of  the  chloride  of  mercury. 

The  silver  assays  for  the  Royal  Mint  are  now  con- 
ducted by  the  humid  method,  and  the  following  is  a  brief 
outline  of  the  process  as  communicated  by  Dr.  W.  A. 
Miller  to  Mr.  Tomlinson: — Ten  grains  of  the  alloy 
to  be  assayed  are  accurately  weighed,  and  dissolved  in 
one  hundred  and  twenty  grains  of  pure  nitric  acid.  The 
standard  solution  of  salt  is  so  regulated  that  a  thousand 
grains  thereof  will  exactly  precipitate  one  grain  of  pure 
silver.  Now,  taking  the  standard  of  English  silver  at 
nine  hundred  and  twenty-five  silver,  and  seventy-five 
copper,  care  is  taken  to  keep  an  excess  of  silver  in  the 
solution ;  for  if  salt  be  in  excess,  however  small,  no 
amount  of  shaking  will  get  it  clear.  Accordingly,  the 
pipette  P,  Fig.  498,  is  charged  with  the  standard  solu- 
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tion  to  the  mark,  m,  which  is  equivalent  to  nine  hundred 
and  twenty-three  grains,  a  quantity  which  is  capable  of 
precipitating  nine  hundred  and  twenty-three  grains  of 
pure  silver  ;  the  liquor  is  agitated  for  about  a  minute, 
and  then  allowed  to  settle.  Ten  grains  of  the  decimal 
solution,  capable  of  precipitating  one-hundredth  of  a 
grain  of  silver,  are  now  added :  if  a  cloud  be  produced, 
a  chalk  mark  is  made  against  the  bottle.  The  liquor 
is  agitated  for  a  minute,  a  second  dose  of  the  decimal 
solution  is  added,  and  if  no  precipitate  is  produced,  it 
is  thus  shown  that  of  the  ten  grains  of  the  alloy,  9235 
grains  consist  of  pure  silver,  the  rest  being  alloy ;  thus 
showing  a  result  a  little  below  the  standard.  The 
standard  solution  of  silver  is  formed  by  dissolving  ten 
grains  of  pure  silver  in  pure  nitric  acid  and  diluting  it, 


so  that  one  thousand  grains  thereof  shall  contain  one 
grain  of  silver. — Tomlinson. 

Statistics. — In  statistical  returns  of  the  precious 
metals,  gold  and  silver  are  usually  associated  together, 
and  accordingly  the  reader  is  referred  to  the  tables 
appended  to  the  article  on  Gold,  Vol.  II.,  pages  308 
and  309,  for  tables  which  exhibit  the  aggregate  and 
relative  amounts  of  gold  and  silver  obtained  from  the 
different  countries  of  the  world,  the  annual  consumption 
of  the  precious  metals,  and  the  amount  of  gold,  silver, 
and  copper  monies  coined  at  the  mints  of  Great  Britain, 
France,  and  the  United  States.  To  the  ample  infor- 
mation afforded  by  these  tables  with  reference  to  the 
present  or  recent  supplies  of  the  precious  metals,  it  will 
be  sufficient  to  add  the  following : — 


TABLE  OF  THE  QUANTITIES  OP  SILVEK  BROUGHT  INTO  THE  MARKET  EVERY  YEAR,  ON  AN  AVERAGE, 

FROM  1790  TO  1802. 


Old  Continent. 


ASIA. 

Siberia,   

EUROPE. 

Hungary,  

Austrian  States,  

Hartz  and  Hessia,  

Saxony,  

Norway,  

Sweden,  

France,  

Spain  

Total  of  the  Old  Continent, 


Founds 
avoirdupois. 


38,500 

44,000 
11,000 
11,000 
22,000 
22,000 

11,000 


159,500 


New  Continent. 


Central  America, . 
South.  America, . . 


Total  of  the  New  Continent,. 


Pounds 
avoirdupois. 


1,320,000 
605,000 


1,925,000 


Thus,  towards  the  close  of  the  last  century,  the  New 
Continent  furnished  twelve  times  more  silver  than  the 
Old. 


The  following  is  Humboldt's  estimate  of  the  annual 
produce  of  the  mines  of  the  New  World  at  the  beginning 
of  the  present  century : — 


ANNUAL  PRODUCE  OF  THE  MINES  OF  AMERICA  AT  THE  COMMENCEMENT  OF  THE  NINETEENTH  CENTURY. 


Political  divisions. 

Gold. 

Silver. 

Value  of  the 
gold  and  silver 
in  dollars. 

Marcs  of 
Castile 

Kilogs. 

Mnrcs  of 
Castile. 

Kilogs, 

Total,  

7,000 
3,400 
12,212 
2,200 
20,505 
29,900 

1,609 
782 

2,807 
506 

4,714 

6,573 

2,338,220 
611,090 
29,700 
481,830 

537,512 
140,478 
6,827 
110,764 

23,000,000 
6,210,000 
2,060,000 
4,850,000 
2,990,000 
4,360,000 

75,217 

17,291 

3,460,840 

795,581 

43,500,000 

Taking  the  dollar  at  four  shillings,  this  would  give 
eight  millions  seven  hundred  thousand  pounds  sterling 
as  the  total  annual  produce  of  the  American  mines 
in  gold  and  silver.  Humboldt  further  estimated  the 
annual  produce  of  the  European  mines  of  Hungary, 
Saxony,  et  cetera,  and  those  of  Northern  Asia  at  the 
same  period,  at  about  one  million  pounds  more. 

The  production  of  gold,  says  M'Culloch,  has  very 
largely  increased  since  1848,  as  compared  with  that  of 
silver ;  and  if  this  state  of  things  go  on,  the  value  of 
silver,  measured  in  gold,  can  hardly  fail  gradually  to 
rise.    But  it  is  by  no  means  clear  that  it  will  go  on. 


The  supplies  of  silver  are  increasing  in  most  parts  of 
the  world,  particularly  in  Mexico  and  Europe.  It  is  to 
be  observed,  however,  that  a  comparatively  inconsider- 
able rise  in  the  value  of  silver,  as  compared  with  gold, 
is  sufficient,  unless  prevented  by  legislative  enactments, 
to  make  the  latter  be  used  in  preference  to  the  former 
in  the  currency  of  those  countries  in  which  both  metals 
are  legal  tender. 

In  concluding  this  article,  the  Editor  again  begs  to 
acknowledge  his  obligation  to  Mr.  George  Blaie  of 
Glasgow,  for  much  valuable  matter,  and  for  his  kind 
assistance,  at  all  times  cheerfully  rendered. 
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SOAP. — Savon,  French;  Seife,  German;  Sapo, 
Latin. — The  article  now  to  be  considered  is  one  of  the 
utmost  importance,  as,  with  the  progress  of  civilization, 
it  becomes  an  indispensable  necessity  to  every  human 
being ;  and  as  the  art  of  its  production  is  entirely  of 
a  chemical  nature,  the  more  it  is  studied  under  the 
guidance  of  chemical  principles,  the  higher  in  quality 
and  the  better  suited  to  its  purpose  will  be  the 
material.  The  theory  which  accounts  for  the  union 
of  certain  principles  of  oils  with  the  alkalies  in  the 
formation  of  soaps,  is  indeed  as  abstruse  as  that  which 
relates  to  some  of  the  most  refined  instances  of  affini- 
ties. The  manufacture  of  soap  is,  therefore,  strictly 
scientific  ;  and  it  behoves  those  who  desire  to  advance 
in  the  art,  to  study  thoroughly  the  principles  involved 
in  it,  so  that  each  result  may  be  an  advancing  lesson 
for  their  own  profit,  while  it  enables  them  to  repay  the 
benefit  they  have  derived  from  chemistry,  by  furnish- 
ing, from  their  experience,  new  facts  for  the  guidance 
of  others. 

Whether  the  extended  use  of  soap  be  preceded  or 
succeeded  by  an  improvement  in  any  community — 
whether  it  be  the  precursor  or  the  result  of  a  higher 
degree  of  refinement  amongst  the  nations  of  the  earth — 
the  remark  of  Liebig  must  be  acknowledged  to  be 
true,  that  the  quantity  of  soap  consumed  by  a  nation 
would  be  no  inaccurate  measure  whereby  to  estimate 
its  wealth  and  civilization. 

Of  two  countries  with  an  equal  amount  of  popula- 
tion, the  wealthiest  and  most  highly  civilized  will 
consume  the  greatest  weight  of  soap.  This  con- 
sumption does  not  subserve  sensual  gratification,  nor 
depend  upon  fashion,  but  upon  the  feeling  of  the  beauty, 
comfort,  and  welfare  attendant  upon  cleanliness ;  and 
a  regard  to  this  feeling  is  coincident  with  -wealth  and 
civilization. 

The  rich,  in  the  middle  ages,  concealed  a  want  of 
cleanliness  in  their  clothes  and  persons  under  a  pro- 
fusion of  costly  scents  and  essences,  while  they  were 
equally  luxurious  in  eating  and  drinking,  in  apparel  and 
horses.  With  civilized  nations  at  the  present  time, 
a  want  of  cleanliness  is  equivalent  to  insupportable 
misery  and  misfortune.  The  remission  of  the  soap 
duty  in  Great  Britain,  which,  so  long  as  it  remained 
unrepealed,  prevented  the  adoption  of  all  improve- 
ments in  the  manufacture,  has  enabled  British  to 
compete  more  successfully  with  foreign  manufac- 
turers ;  and  it  may  now  be  hoped  that  this  branch 
of  industry  will  still  further  progress,  so  that  an 
abundant  supply  of  this  necessary,  and  indeed  indis- 
pensable article  of  domestic  use,  may  be  more  easily 
obtainable  by  all. 

In  proof  of  the  injurious  influence  of  the  excise  duties 
on  this  and  other  branches  of  manufacture,  it  may  be 
stated  that  the  process  for  its  production  has  under- 
gone little  or  no  alteration  for  the  last  two  or  three 
centuries.  Now,  however,  that  the  manufacturer  is 
not  restricted  as  to  the  choice  of  materials,  it  remains 
only  for  the  chemist  to  supply  other  and  cheaper  ones, 
and  to  guide  the  practical  man  as  to  the  best  method 
of  combination ;  and,  doubtless,  diligfnt  inquiry  will 
reward  those  who  enter  upon  the  subject  in  a  truly 
scientific  spirit. 


The  term  soap  was  formerly  applied  to  all  com- 
pounds consisting  of  an  alkali,  an  alkaline  earth,  or  a 
metallic  oxide,  united  to  a  fatty  or  oily  acid,  or  other 
substance  of  an  unctuous  or  oleaginous  nature.  This 
extended  meaning  of  the  term  is,  however,  not  now 
recognized  ;  it  is  now  applied  to  those  combinations  of 
grease  or  oil  with  the  alkalies  which,  by  their  peculiar 
properties  and  solubility  in  water,  aid  the  removal  of 
grease  and  dirt  in  the  processes  of  washing  and  scour- 
ing. This  cleansing  influence  is  due  to  what  is  termed 
a  detergency ;  that  is,  a  power  of  rendering  soluble 
in  water  the  adhering  dirt  of  the  clothes  and  the  skin, 
to  which  purpose  soap  is  almost  exclusively  applied. 
The  alkalies  themselves — potassa  and  soda — possess 
this  property  of  detersiveness;  and  the  former,  potassa, 
under  the  form  of  wood  ashes,  was  used  in  the  most 
ancient  times  by  the  Hebrews,  Egyptians,  and  Greeks, 
as  an  aid  to  cleansing  processes.  Free  alkali  itself, 
however,  possesses  a  solutive  property  over  fibrous 
materials,  over  even  human  skin,  and  hence  the  neces- 
sity of  combining  it  in  such  a  manner  as  to  modify  this 
injuriously  corrosive  action. 

The  remedy  is  the  substitution  of  soap,  which,  by 
its  slight  excess  of  alkali,  rendering  soluble  in  and 
miscible  with  water  all  the  dirty  grease  of  the  clothes 
and  oily  exudations  from  the  pores  of  the  skin,  is  at 
the  same  time  detersive  itself ;  for,  though  composed 
of  oil  and  alkali  in  a  state  of  combination,  it  still 
possesses  the  influence  of  the  latter  without  any  of  its 
hurtfulness.  Oleate  of  oxide  of  lead,  formerly  called 
lead  soap,  is  insoluble,  and  constitutes  the  diachylon 
plaster  of  pharmacy.  The  analogous  salts  of  zinc  and 
lime,  formerly  termed  zinc  soap  and  lime  soap,  are  also 
insoluble. 

Historical  Notice. — Although  the  word  soap,  or 
rather  sope,  is  occasionally  met  with  in  the  translation 
of  the  sacred  records,  it  must  not  bo  supposed  that  the 
substance  now  known  by  that  name  was  used  by  the 
Israelites.  The  word  so  rendered,  doubtless,  refers  to 
the  juice  of  some  plant,  or  more  probably  to  the  ashes 
of  a  plant ;  as  the  substance  in  question  appears  to  have 
detersive  properties.  The  earliest  mention  of  the  term 
soap,  as  applied  to  the  substance  now  under  discussion, 
occurs  in  the  writings  of  Pliny,  who  also  describes  a 
process  for  its  preparation  differing  but  little  from  that 
pursued  at  the  present  day.  This  writer  ascribes  its 
invention  to  the  Greeks,  from  whom  the  Romans,  and 
subsequently  other  nations,  derived  a  knowledge  of  its 
manufacture.  Homer  makes  no  mention  of  soap,  and 
it  was  doubtless  unknown  to  him.  In  the  excavations 
at  Pompeii  a  complete  soap-boiling  establishment  was 
discovered,  containing  soap  still  perfect,  though  it  must 
have  been  prepared  upwards  of  seventeen  hundred 
years.  The  Editor  was  greatly  interested  inspecting 
the  factory. 

The  Germans  were  at  a  very  early  period  distin- 
guished for  their  production  of  superior  soap,  and  hence 
probably  the  Latin  term  sapo,  from  the  original  German 
seipe,  now  written  seife,  and  from  this  by  a  transposi- 
tion of  letters,  the  English  soap  is  derived.  Owing,  in 
a  great  measure,  to  natural  advantages  of  the  country, 
France  is  now  the  great  mart  for  soap,  and  especially 
for  toilet  soaps. 
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Materials. — The  materials  used  in  the  manufac- 
ture of  soap,  are  the  various  kinds  of  oil  or  fat,  resin, 
and  the  alkalies,  potassa  and  soda.  All  oils  and  fats 
of  whatever  kind,  vegetal  or  animal,  yield  soaps, 
when  treated  with  alkali,  as  will  be  subsequently 
described.  Only  a  very  limited  number,  however,  is 
used  in  this  manufacture  ;  and  these  such  as  may  be 
obtained  at  a  very  low  price  compared  with  that  of 
the  others.  In  Great  Britain  palm-oil  is  probably 
consumed  in  greater  quantity  than  any  other,  and  prin- 
cipally in  the  production  of  hard  soap  ;  for  soft  soaps, 
the  various  kinds  of  fish-oils,  the  drying  oils  from 
seeds,  and  tallow  are  mostly  employed. 

In  France,  and  on  the  Continent,  olive  oil  is  exten- 
sively used  in  soap-making ;  and  for  soft  soaps,  hemp- 
seed  oil  is  highly  valued. 

Tallow,  saponified  with  soda,  yields  white  curd 
soap  ;  this,  formerly  much  used  for  domestic  purposes, 
is  superseded  in  great  part  by  the  softer,  and  other- 
wise superior  palm-oil  soap.  Cocoa-nut  oil  soap,  on 
account  of  its  property  of  dissolving  pretty  readily  in 
salt  water,  is  useful  for  washing  during  long  sea  voyages. 
Of  all  soaps,  the  most  emollient  are  those  of  palm-oil, 
castor  oil,  and  of  spermaceti ;  yet  these  are  not  nearly 
so  extensively  used  by  the  perfumer,  or  for  toilet  pur- 
poses, as  the  curd  or  ordinary  tallow  soap.  Though 
it  is  of  the  utmost  importance  that  the  manufacturer 
should  be  fully  acquainted  with  the  peculiar  properties, 
not  only  of  the  oils  generally,  but  of  the  several  indivi- 
dual kinds,  still  it  will  not  be  necessary  to  repeat  here 
what  has  already  been  stated  in  the  article  specially 
devoted  to  the  consideration  of  that  subject. — Vol.  II., 
page  597,  et  seq. 

Most  of  the  oils  and  fats  are  met  with  in  commerce 
in  a  sufficient  state  of  purity  for  their  conversion  into 
soaps  without  previous  preparation. 

Palm-oil,  however,  and  occasionally  tallow,  are 
exceptions  to  this  rule,  and,  therefore,  the  methods 
most  effectual  for  their  purification  before  being  used 
in  the  manufacture  will  be  afterwards  stated.  The 
destruction  of  the  coloring  matter  is  the  object  of  these 
processes,  and  though  described  with  a  special  view  to 
the  decoloration  of  palm-oil,  they  are  generally  equally 
applicable  for  tallow  and  other  oils  or  fats  which  it  may 
be  necessary  to  purify  more  completely.  The  admirable 
investigations  of  Chevreul  relative  to  the  constitu- 
tion of  fatty  bodies,  and  of  Liebig  as  to  the  peculiar 
behavior  of  soap  with  various  saline  solutions,  have 
greatly  simplified  the  description  of  the  several  opera- 
tions in  the  soap  manufacture ;  and  one  can  now 
understand  the  reason  for  the  several  operations,  and 
trace  with  accuracy  the  changes  that  take  place 
throughout. 

Nevertheless,  much  room  remains  for  future  investi- 
gators in  this  wide  field;  and  many  improvements  may 
still  be  expected  from  further  research.  Tallow,  olive, 
palm,  and  cocoa-nut  oils,  oleic  acid,  and  resin  are  used 
for  the  production  of  hard  soaps ;  fish  and  seed  oils,  on 
the  contrary,  for  soft  soaps.  The  mixture  of  oleic  acid 
with  small  quantities  of  stearic  and  margaric  acids, 
which  is  obtained  in  the  separation  of  stearic  acid  by 
pressure,  as  described  under  the  article  Candle,  affords 
an  excellent  soap,  the  production  of  which  is  a  secondary 


process  in  stearic-acid  manufactories :  it  is  prepared 
so  much  the  more  readily  as  the  fat  is  already  decom- 
posed, and  the  acid  merely  requires  neutralization  with 
alkali. 

Experiments  were  made  by  Darcet,  Lelievre, 
and  Pelletier,  on  the  relative  value  of  different  kinds 
of  oil  and  fat  in  the  manufacture  of  soap.  The  oils 
or  fats  were  saponified  by  means  of  caustic  soda  lies, 
and  the  products  were,  therefore,  soda  soaps.  The 
results  of  these  experiments  were  as  follows : — 

Three  pounds  of  olive  oil  gave  a  block  of  soap 
weighing  six  pounds  ten  ounces,  which,  on  exposure  to 
the  air  for  two  months,  became  four  pounds  fifteen 
ounces.  It  was  then  dry  and  perfectly  solid,  of  excel- 
lent color,  resembling  that  of  Marseilles  soap.  By 
further  exposure  in  a  dry  place  it  became  still  lighter, 
owing  to  loss  of  water. 

Sweet  almond-oil  soap  was  found  to  be  next  to  the 
olive-oil  soap  in  consistency.  This  was  very  white,  uni- 
form, and  of  an  agreeable  odor.  Its  weight  from  three 
pounds  of  oil  was  five  and  a  half  pounds ;  and,  after 
two  months'  exposure,  it  lost  one  pound  of  water. 
Rape-seed  oil  soap  is  of  a  greyish-yellow  hue,  is  more 
consistent  than  that  of  colza  oil,  and  possesses  the 
peculiar  odor  of  the  oil  from  which  it  is  produced. 

Oil  of  beech-nut  soap  is  of  a  dirty-grey  color,  softer 
than  the  preceding,  and  has  the  smell  of  the  oil.  This 
soap  is  greasy,  pasty,  and  clammy,  and  when  exposed 
to  the  air  becomes  yellow. 

By  associating  these  oils  with  proportionate  quanti- 
ties of  suet  or  tallow,  mixtures  will  be  formed,  of  which 
soaps  of  proper  quality  and  consistence  can  be  made. 
The  soaps  made  from  poppy  oil  are  of  a  dirty  grey, 
without  any  disagreeable  smell ;  are  clammy,  and  of 
medium  consistence.  They  become  yellow  in  the  air, 
and,  when  exposed  to  cold,  become  soft  at  the  surface. 
This  oil,  when  mixed  with  the  greases,  yields  a  soap 
much  resembling  in  appearance  that  of  olive  oil. 

Hemp-seed  oil  soap  is  of  a  green  color,  very  pasty, 
and  so  soft  that  the  least  addition  of  water  renders  it 
liquid.  Exposed  to  the  air,  it  loses  its  green  tint 
exteriorly,  bleaches,  and  afterwards  becomes  brown. 
Nut-oil  soap  is  of  a  yellowish-white  color,  with  but 
little  consistence,  is  greasy  and  clammy,  and  assumes 
a  brown  appearance  on  exposure.  Linseed  oil  yields 
a  whitish  soap,  which,  however,  becomes  yellow  by 
contact  with  the  air.  This  soap  is  greasy,  pasty,  and 
viscous,  of  a  slight  consistence,  and  powerful  odor,  and 
is  reduced  to  a  thin  paste  by  a  slight  addition  of  water. 
Sperm-oil  soap  is  of  a  dirty-grey  color.  It  retains  the 
peculiar  smell  of  the  oil,  becomes  reddish-brown  and  of 
some  firmness,  but  much  less  than  olive-oil  soap. 

Soap  prepared  from  fish,  oil  is  very  similar  to  the 
last  named.  Cod-liver  oil  soap  differs  only  in  having 
a  more  unpleasant  smell  and  less  consistency.  Suet  or 
tallow  soap  is  white  and  solid,  and  has  a  slight  odor  of 
the  fat.  Exposed  to  the  air,  it  loses  water,  and  becomes 
brittle.  Soap  prepared  from  lard  is  very  white,  solid, 
inodorous,  and  especially  valuable  for  the  production 
of  toilet  soaps.  Rancid  butter  yields  a  soap  which  is 
white,  and  in  properties  similar  to  tallow  soap,  but 
retains  a  rancid  smell.  Castor  oil  and  spermaceti  soaps 
are  emollient,  and  especially  applicable  to  toilet  pur- 
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poses.  Soap,  made  from  palm  oil  is  little  inferior  to 
castor  oil  or  spermaceti  soap.  Lastly,  soaps  prepared 
from  drying  oils  are  usually  soft  and  flabby. 


The  appended  table  shows  the  quantity  of  soap 
obtained  from  three  pounds  of  each  of  the  oils  men- 
tioned above,  saponified  with  caustic  soda  solution. 


Color  of  tlio  soaps. 


Quantity  obtained 
as  taken  from  the 


Loss  of  weight  in 
pounds  and  o 


Olive  oil,                         White,   6  lbs.  10  oz  5  lbs. 

Sweet  almond  oil,              White,   5 

Colza  oil,                         Lemon-yellow   5 

Rapeseed  oil,                    White,   6 

Beech-nut  oil,                    Dirty-grey,   5 

Poppy  oil,                        Grey,   4 

Hempseed  oil,                   Green,   5 

Hut  oil                            Deep  yellow,   4 

Linseed  oil,                       Yellowish,   5 

Sperm  oil,                        Dirty-grey,   4 

Fish  oil,                             Reddish-brown,   4 

Cod- liver  oil,                      Dirty-grey,   4 

Suet  or  tallow,                    White,   8 

Lard                               White,   8 

Washed  rancid  butter, ....   White,   11 


11 
14 

8  ' 


0 
7 
0 
12 
11 
14 
4 
3 
0 


0  oz   2  months. 

2  months. 


15  days. 
20  days. 

2  months. 
45  days. 
15  days. 
15  days. 

1  month. 
15  days. 

1  month. 
15  days. 

2  months. 
2  months. 
2  months. 


Palm  Oil. — The  sources,  preparation,  properties, 
and  composition  of  this  valuable  oil,  have  been  fully 
discussed  in  a  previous  article,  Vol.  II.,  page  C18. 
It  remains  here  to  notice  more  particularly  the  treat- 
ment to  which  it  is  necessary  to  submit  it,  to  remove 
the  coloring  matters,  et  cetera,  previous  to  its  employ- 
ment in  the  manufacture  of  soap.  Its  rapid  rise  in 
commercial  importance  during  the  last  half  century 
exceeds  that  of  nearly  every  other  article  imported,  as 
will  be  seen  by  the  following  statistics  : — 

Hundredweights. 

Imported  in  1820   17,456 

"        1830,   213,476 

"        18i0,   315,503 

"        1850,   447,796 

At  the  present  time  palm  oil  is  imported  to  the 
amount  of  upwards  of  twenty-five  thousand  tons 
annually. 

As  it  arrives  in  this  country,  this  oil  is  tinged  of  a 
peculiar  and  characteristic  orange-red  color,  which 
renders  it  unfit  for  use  in  this  manufacture  in  its 
natural  state.  The  coloring  matter,  it  should  be 
observed,  is  not  proper  to  the  pure  oil,  which,  in  a 
state  of  chemical  purity,  is  perfectly  colorless.  There 
is  associated  with  the  oil,  however,  and  extracted  with 
it  from  the  palm  a  peculiar  principle,  which  in  the 
course  of  time  undergoes  spontaneous  decomposition, 
assuming  at  the  same  time  a  characteristic  color. 

Numerous  processes  have  from  time  to  time  been 
adopted  to  effect  the  decoloration  of  palm  oil,  nearly 
all  of  which  depend  upon  the  application  of  nascent 
oxygen  produced  through  the  decomposition  of  various 
compounds,  from  which  it  may  be  liberated  with  a 
greater  or  less  degree  of  facility. 

The  old  method  consisted  in  the  employment  of 
nitric  acid ;  but  this  method,  though  not  objectionable 
on  account  of  its  cost,  has  the  disadvantage  of  impairing 
the  peculiar  violet  odor  of  the  oil  upon  which  its  value 
chiefly  depends ;  whilst,  at  the  same  time,  though  the 
coloring  matter  is  destroyed,  the  oil  is  not  perfectly 
bleached,  and  hence  it  yields  a  soap  of  a  greyish-yellow 
hue.  Neither  is  chlorine  well  adapted  for  the  purpose, 
though  the  coloring  matter  is  readily  decomposed  by 
it;  for  this  agent  exerts  an  injurious  action  on  the 
oil  itself,  developing  a  brown  tint,  and  impairing  its 


consistence.  Nevertheless,  chlorine  has  been  used  to 
a  great  extent  for  depriving  palm  oil  of  its  color ;  the 
materials  for  generating  the  chlorine,  namely,  binoxide 
of  manganese  and  hydrochloric  acid,  or,  instead  of  the 
latter,  chloride  of  sodium  and  sulphuric  acid,  being 
introduced  directly  into  the  melted  oil.  The  changes 
that  ensue  when  hydrochloric  acid  is  employed,  may 
be  shown  as  follows : — 


2  H  CI 


+ 


Mil  O, 


Hydrochloric  acid. 

Mn  CI  -f 


Binoxide  of  manganese. 

HO  +  CI 


Chloride  of  manganese.  Water.  Chlorine. 

and  when,  in  the  place  of  hydrochloric  acid,  chloride  of 
sodium  and  sulphuric  acid  are  used,  the  reaction  may 
be  thus  stated : — 


Mn  02 


+ 


Na  CI 


+ 


2  SO,  = 


Binoxide  of  mangnncae, 

Mn  O  SO, 


Chloride  of  sodium. 

+        Na  O  B03 


Sulphate  of  manganeso.  Sulphate  of  soda.  Chlorine. 

As  to  the  precise  manner  in  which  chlorine  effects  the 
destruction  of  coloring  principles,  this  is  a  question 
upon  which  there  is  much  difference  of  opinion.  It 
cannot  be  questioned,  however,  that  the  injurious  action 
of  free  chlorine  on  the  substance  of  oils  is  owing  to  its 
powerful  affinity  for  hydrogen,  and  that  by  the  abstrac- 
tion of  this  element  more  or  less  completely  from  the 
oil,  entirely  new  and  probably  substitution  compounds 
are  produced,  which  will  account  for  the  alteration  in 
the  color  and  consistence  of  the  oil. 

Of  all  methods  of  bleaching  palm  oil,  that  which 
effects  the  decomposition  of  the  coloring  matter  most 
completely,  is  that  originally  proposed  and  patented 
by  Mr.  Watt,  in  which  the  decoloring  agent  is 
nascent  oxygen  produced  by  the  decomposition  of 
chromic  acid.  The  process  is  commenced  by  heat- 
ing the  oil  by  steam  in  an  ordinary  boiling  cauldron 
for  half  an  hour ;  it  is  then  allowed  to  stand  at  rest 
to  deposit  impurities,  and  when  cooled  down  to  about 
130°,  it  is  drawn  off  from  the  sediment  and  con- 
densed steam,  and  placed  in  wooden  vessels,  each 
capable  of  containing  two  or  three  tuns.  To  each  half 
tun  of  oil,  thus  far  freed  from  extraneous  matters, 
the  following  mixture  is  added;  a  saturated  aqueous 
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solution  of  twelve  and  a  half  pounds  of  bichromate  of 
potassa,  four  pounds  of  concentrated  sulphuric  acid, 
and  about  twenty-five  pounds  of  strong  hydrochloric 
acid.  These  are  the  proportions  recommended  by  the 
patentee,  but  are  not  always  strictly  adhered  to ;  many 
bleachers  using  to  the  above  quantity  of  oil,  ten  pounds 
of  the  bichromate,  and  forty  of  the  hydrochloric  acid. 
After  being  well  agitated  with  the  mixture  for  a  few 
minutes,  the  oil  becomes  of  a  black  color ;  in  a  short 
time,  however,  this  changes  to  dark  green,  and  soon 
afterwards  to  light  green;  and  at  the  same  time  a  thick 
froth  appears  on  the  surface  indicating  the  termination 
of  the  reaction.  The  oil  is  now  examined  by  taking 
out  a  small  portion  and  allowing  it  to  settle,  and  if 
not  sufficiently  decolored  an  additional  portion  of  the 
bleaching  mixture  is  added. 

After  complete  decoloration,  which  is  effected  in  from 
ten  to  fifteen  minutes,  the  oil  is  permitted  to  remain 
undisturbed  for  about  half  an  hour,  so  as  to  allow  the 
deposition  of  the  aqueous  solution  of  chloride  of  chro- 
mium, sulphate  of  potassa,  and  other  foreign  matters ; 
after  which  the  clear  oil  is  drawn  oft  into  a  wooden 
vat,  mixed  with  a  little  fresh  water,  and  again  heated 
for  a  short  time  by  means  of  steam. 

After  being  once  more  allowed  to  rest  to  deposit 
water,  et  cetera,  the  oil  may  be  siphoned  or  otherwise 
drawn  off,  and  is  fit  for  use. 

As  already  mentioned,  the  decoloration  is  effected 
in  this  process  by  the  agency  of  nascent  oxygen.  When 
the  solution  of  bichromate  of  potassa  and  hydrochloric 
acid  are  mixed,  the  acid  of  the  bichromate  is  liberated, 
the  oxygen  of  the  potassa  seizes  the  hydrogen  of  the 
acid  forming  water,  and  the  chlorine  unites  with 
potassium  to  produce  chloride  of  potassium  as  repre- 
sented in  the  annexed  equation  : — 

KO  2  CrO„  +  H  CI  = 


Bichromate  of  potassa. 

K  01  -4- 


HO 


Hydrochloric  acid. 

-f  2  Cr03 


Clilorido  of  potu9sium.  Water.  Chromic  aciil. 

After  this  decomposition,  the  mixture,  containing  an 
excess  of  hydrochloric  acid,  is  added  to  the  melted  oil, 
and  on  coming  in  contact  with  the  organic  matter,  a 
further  change  takes  place  between  the  hydrochloric 
and  chromic  acids.  The  latter  is  reduced  to  sesquioxide 
of  chromium,  and  this  with  hydrochloric  acid  yields 
sesquichloride  of  chromium;  water  is  formed,  and  oxy- 
gen is  set  free  as  follows : — 


2  Cr03 

Chromic  ncid. 

Cr,  CI, 


+ 


3  II  CI 


+ 


Hydrochloric  acid 

3  HO  + 


3  O 


Seaquichlorido  of  chromium.  Water.  Oxygon. 

The  liberated  oxygen  is  seized  by  the  coloring  matter, 
and  the  green  sesquichloride  of  chromium,  chloride  of 
potassium,  et  cetera,  are  found  in  solution  in  water  at 
the  bottom  of  the  vat.  The  sulphuric  acid  directed  to 
be  added  by  the  patentee,  does  not  appear  to  be  essen- 
tial to  the  operation,  and  is  indeed  omitted  by  many 
bleachers.  Oil  once  bleached  by  this  process  may  be 
preserved  from  acquiring  odor,  and  the  soap  made  from 
it  does  not  become  tinged  like  that  made  from  oil 
bleached  by  other  methods. 


Another  process  for  bleaching  palm  oil,  depending, 
like  the  preceding,  on  the  decoloring  power  of  oxygen 
at  the  instant  of  its  liberation,  was  patented  some 
years  ago  by  Mr.  Watson.  In  this  method  man- 
ganate  of  potassa  or  chameleon  mineral  is  used  as 
the  source  of  oxygen,  and  after  solution  in  water  is 
added  to  the  melted  oil  in  the  proportion  of  one-twen- 
tieth of  its  weight,  the  oil  being  placed  in  a  wooden 
cask,  and  mixed  with  dilute  acid.  The  whole  is  to 
be  well  mixed,  and  gradually  heated  to  212°,  and 
maintained  at  that  temperature  for  an  hour.  The 
rest  of  the  process  is  conducted  precisely  as  directed 
when  bichromate  of  potassa  and  hydrochloric  acid  are 
employed.  « 

On  account  of  the  tendency  of  the  solution  of  man- 
ganate  to  spontaneous  decomposition,  the  mixture  of 
dilute  acid  and  fat,  to  which  it  is  to  be  added,  should  be 
at  the  lowest  temperature  consistent  with  its  fluidity. 
Owing  to  this  peculiarity  of  the  manganate,  as  well  as 
for  many  other  reasons,  it  is  not  likely  to  supersede  the 
employment  of  bichromate. 

When  palm  oil  is  to  be  used  in  the  production  of 
yellow  soap,  the  most  economical  mode  of  bleaching  is 
by  the  process  patented  by  Mr.  Arthur  Dunn.  This 
method,  which  is  also  applicable  to  other  oils  and 
fatty  matters  of  a  like  nature,  consists  in  the  exposure 
of  the  oil  to  the  combined  influence  of  air  and  heat. 
The  air  is  forced  beneath  the  surface  of  the  oil  through 
pipes,  by  means  of  a  blowing  apparatus,  and  then 
allowed  to  rise  through  the  liquid  in  numerous  small 
streams ;  the  oil  being  maintained  at  a  temperature 
between  170°  and  230°  by  steam  pipes  or  other  means. 
A  hood  communicating  with  a  chimney  is  placed  over 
the  vessel  containing  the  oil,  for  the  purpose  of  conduct- 
ing away  the  unpleasant  vapors  which  are  disengaged. 
This  process  appears  to  be  an  improvement  of  the 
method  first  recommended  by  Mr.  Cameron  through 
the  Society  of  Arts.  This  gentleman  directed  the 
heated  oil  to  be  violently  agitated  by  means  of  a  hori- 
zontal fan,  revolving  at  the  rate  of  about  six  revolutions 
a  minute,  and  it  was  stated  that  by  this  method  four 
tuns  of  oil  may  be  decolored  in  ten  hours  at  one  opera- 
tion, and  at  the  expense  of  half  a  ton  of  coals. 

All  that  is  essentially  necessary  to  effect  the  bleach- 
ing is  obviously  the  exposure  of  the  oil  to  the  com- 
bined influence  of  air  and  heat,  arid  with  this  view 
the  process  of  Mr.  Dunn  seems  as  complete  a  method 
as  could  be  devised.  According  to  Parnell,  the  oil 
should  not  be  maintained  at  a  temperature  exceed- 
ing 180°  during  the  operation  of  blowing  in  the  air. 
He  recommends,  however,  that  at  the  commence- 
ment of  the  process  it  be  heated  to  212°,  and  then 
suffered  to  cool  a  little.  This  is  necessary,  inasmuch 
as  the  air  has  but  little  effect  as  long  as  water  is 
present;  but  when  this  is  completely  expelled,  the 
bleaching  commences  immediately.  The  oxidising 
action  of  the  air  on  the  coloring  matter  of  palm  oil,  as 
Parnell  observes,  seems  to  be  accelerated  by  com- 
bining the  influence  of  light  with  that  of  heat.  With 
this  end  in  view,  the  oil  is  sometimes  placed  in  a  thin 
layer,  on  the  surface  of  a  large  shallow  uncovered  vat. 
Several  of  these  vats,  each  about  a  foot  in  depth,  may 
be  heated  by  means  of  steam  passed  through  serpentine 
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leaden  pipes  proceeding  from  a  common  boiler;  one 
extremity  of  each  tube  may  terminate  in  a  receiver  for 
the  condensed  water,  and  the  latter  may  be  returned 
to  the  boiler.  Each  vat  is  first  two-thirds  filled  with 
water,  and  when  this  is  become  hot,  a  sufficient  quantity 
of  palm  oil  is  introduced  to  form  when  fluid  a  layer  of 
about  two  inches  in  depth,  and  this  should  be  main- 
tained during  the  whole  process  at  a  temperature  as 
near  212°  as  possible.  To  preserve  an  equal  tempera- 
ture throughout  the  fluid,  the  steam  may  be  admitted 
at  opposite  ends  of  the  vat,  and  separated  in  contrary 
directions  by  two  distinct  serpentine  tubes.  Botli  air 
and  light  having  access,  the  time  required  for  the 
k  decoloration  of  the  oil  at  a  temperature  approaching 
to  212°,  is  from  ten  to  fifteen  hours :  the  thinner  the 
stratum  of  oil,  the  more  rapid  is  the  process.  The 
rapidity  of  the  bleaching  action  is  not  sensibly  lessened 
by  loosely  covering  the  containing  vessel,  provided  the 
removal  of  the  air  over  the  surface  of  the  oil  is  not 
much  interfered  with ;  but  if  exposed  to  a  temperature 
of  212°  in  a  closed  vessel,  so  that  although  light  and 
heat  have  access,  the  air  is  excluded,  the  oil  does  not 
then  become  bleached ;  hence  Payen,  who  made  these 
observations,  suggests  the  propriety  of  adopting  such 
an  expedient  as  will,  while  not  excluding  air,  partially 
prevent  the  great  loss  of  heat  which  occurs  from  the 
extensive  surface  of  oil  presented  to  the  air  in  the  open 
vessels  commonly  used  in  this  method  of  decoloration. 
The  bleached  oil,  which  while  fluid  retains  a  fawn- 
colored  tint,  is  after  solidification  of  a  greyish-white 
color. 

Resin. — Besides  oil  and  alkali  common  resin  or  colo- 
phony also  forms  an  important  ingredient  in  the  pro- 
duction of  soap.  The  sources  and  method  of  procuring 
this  substance  have  been  fully  discussed  in  a  separate 
article,  and  it  only  remains  here  to  treat  of  it  as  a 
constituent  of  soap.  The  kind  used  is  that  yielded  by 
the  common  turpentine,  produced  by  and  extracted 
from  the  several  species  of  pine. 

Though  employed  in  the  fabrication  of  soap  as  a 
partial  substitute  for  oleaginous  or  fatty  material,  resin 
does  not  possess  a  similar  constitution  to  these  matters, 
and,  therefore,  does  not  suffer  an  analogous  alteration  in 
the  process  of  saponification.  Resin  contains  no  oxide 
of  glyceryle  or  any  similar  body,  nor  indeed  any 
base  whatever.  Unverdoeben,  who  made  a  careful 
examination  of  it,  found  it  to  be  an  indefinite  mixture 
of  two  distinct  substances  possessing  very  decided  acid 
properties,  and  which  he  termed  sylvio  and  pinic  acids, 
the  latter  of  which  is  readily  soluble  in  cold  alcohol  of 
specific  gravity  0'86,  and  the  former  nearly  insoluble 
in  this  liquid.  The  introduction  of  too  large  a  pro- 
portion of  resin  into  soaps,  gives  to  the  latter  a  very 
dark  color,  and  also  renders  them  much  too  soft  for 
application  to  the  purposes  for  which  hard  soaps  are 
used.  Resin  is  used  only  in  the  production  of  yellow 
soap. 

Alkalies. — The  alkaline  ingredients  employed  in 
the  soap  manufacture  are,  as  already  noticed,  potassa 
and  soda.  Both  these  articles  are  met  with  abundantly 
in  commerce  in  the  state  of  carbonate,  and  in  this  con- 
dition purchased  by  the  soap  manufacturers. 

The  crude  carbonate  of  potassa,  termed  potash  or 


pearlash,  is  prepared  by  calcining  in  an  iron  pot  the 
residue  of  the  evaporation  of  a  lie  obtained  by  digest- 
ing wood  ashes  in  water.  Its  production  has  been 
fully  described  under  the  article  Potassium.  Besides 
carbonate  of  potassa,  it  contains  in  considerable  propor- 
tions, chloride  of  potassium,  sulphate  of  potassa,  and 
other  salts.  These,  however,  do  not  interfere  mate- 
rially with  its  application  to  the  soap  manufacture.  ' 

The  carbonate  of  soda  of  commerce  is  variously 
designated,  according  to  the  source  whence  it  is 
obtained.  Barilla,  a  very  impure  variety,  is  in  appear- 
ance a  grey  or  bluish -grey  mass,  and  is  imported 
from  Spain  and  the  Levant.  It  is  procured  from  the 
plants  of  the  order  Chenopodiacew,  which,  being  culti- 
vated on  the  coast,  are,  when  ripe,  cut  down,  dried, 
and  burned  in  heaps;  the  resulting  ash  is  barilla. 
Besides  carbonate  of  soda,  it  contains  sulphate  of  soda, 
sulphide  and  chloride  of  sodium,  carbonate  of  lime, 
alumina,  silica,  oxide  of  iron,  and  carbonaceous  matters 
which  have  escaped  combustion.  The  quantity  brought 
to  this  country  is  now  very  small ;  indeed  soap  manu- 
facturers generally  have  abandoned  its  use.  Kelp, 
another  very  impure  carbonate  of  soda,  is  prepared 
in  a  similar  manner  to  barilla,  from  the  plants  of  the 
order  Algacece.  It  contains  the  impurities  which  exist 
in  barilla,  and,  in  addition,  an  alkaline  iodide.  Kelp  is 
used  to  a  far  greater  extent  by  soap  manufacturers 
than  barilla,  but  its  value  as  a  source  of  soda  is  very 
insignificant.  The  greatest  source  of  soda,  both  as 
applied  to  the  production  of  soap  and  to  all  other 
purposes,  is  the  white  ash  or  soda  ash  of  commerce, 
procured  by  the  decomposition  of  common  salt.  The 
introduction  of  this  material,  though  it  was  effected 
with  much  difficulty,  has  been  the  greatest  stimulus 
the  soap  manufacture  has  ever  received.  Mr.  James 
Muspratt  of  Liverpool,  who  was  the  first  to  carry 
out  Leblanc's  process  on  a  large  scale,  in  the  year 
1824,  was  compelled  to  give  away  soda  by  tons  to  the 
soap-boilers  before  he  succeeded  in  convincing  them 
of  the  extraordinary  advantages  to  be  derived  from  it. 
As  soon,  however,  as  he  effected  this,  and  when  the 
soap-boilers  discovered  how  much  time  and  money 
they  saved  by  using  artificial  soda,  orders  came  in  so 
rapidly  that  the  Editor's  father,  to  satisfy  the  demand, 
had  his  crude  soda  discharged  red  hot  into  iron  carts, 
and  thus  conveyed  to  the  soap  manufactories. 

From  that  period  a  constant  race  was  kept  up 
between  soap-making  and  the  artificial  production  of 
soda.  Every  improvement  in  Leblanc's  system  was 
followed  by  an  extension  of  the  soap  trade ;  and  it  is  a 
curious  fact,  that  the  seaport  of  Liverpool  exports 
annually  more  soap  at  present,  than  did  all  the  ports 
of  Great  Britain  previous  to  the  conversion  by  Mr. 
Muspratt,  on  the  large  scale,  of  chloride  of  sodium 
into  crude  carbonate  of  soda.  The  manufacture  of  soap 
has,  on  the  other  hand,  been  a  powerful  stimulus  to  the 
preparation  of  soda,  and  of  the  important  secondary 
product — chloroxide  of  calcium,  or  bleaching  powder 
— two  substances  which  are  so  intimately  allied  with 
almost  all  branches  of  chemical  manufactures.  Thus 
soap  occupies  one  of  the  most  important  pages  in  the 
history  of  applied  chemistry.  The  increase  in  the  con- 
sumption of  this  article  has  led,  moreover,  to  the  dis- 
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covery  of  new  materials  for  its  production,  and  has 
opened  new  channels  to  commerce. 

When  the  soda  prepared  from  common  salt  was  first 
introduced  into  the  soap  manufacture,  for  making  yellow 
soap,  the  fabricators  purchased  it  in  the  form  of  black  ash 
or  ball  soda.  This,  at  that  time  designated  also  British 
barilla,  is  the  residue  of  the  calcination,  in  a  reverbera- 
tory  furnace,  of  a  mixture  of  sulphate  of  soda,  chalk  or 
broken  limestone,  and  small  coal ;  and  when  lixiviated 
with  cold  or  luke-warm  water,  affords  a  solution  of 
carbonate  of  soda,  containing  also  a  small  quantity  of 
caustic  soda  and  sulphide  of  sodium,  together  with  a 
portion  of  undecomposed  chloride  of  sodium  and  sul- 
phate of  soda.  The  alkaline  carbonates  now  used  by 
soap  manufacturers,  are  white  ash  or  soda  ash.  This  is 
obtained  by  lixiviating  the  above-mentioned  black  ash 
in  water,  drawing  the  solution  from  the  insoluble 
matters,  and  evaporating  to  dryness.  The  residue 
thus  obtained  may  be  used  for  making  lie ;  but,  as  it 
usually  contains  some  sulphide,  which,  in  the  produc- 
tion of  white  soap,  is  a  source  of  inconvenience,  it  is 
necessary  for  some  purposes  to  calcine  this  residue  at  a 
moderate  heat,  whereby  nearly  the  whole  of  the  alkaline 
sulphide  becomes  oxidized  and  converted  into  sulphate. 

This  ash  contains  carbonate  of  soda  sometimes  to 
the  amount  of  ninety-five  or  ninety-six  per  cent.  It  is, 
however,  essentially  necessary  in  the  production  of  soap, 
that  the  alkali  should  be  rendered  caustic — that  is,  set 
free  from  combination  by  the  removal  of  carbonic  acid ; 
as,  if  it  be  in  chemical  union  with  any  other  body,  it 
has  no  decomposing  power  over  the  oils  or  fats.  Even 
if  combined  with  the  weakest  acids,  saponification  will 
not  ensue ;  and  the  greatest  care  should,  therefore,  be 
exercised  in  this  preliminary  process — the  preparation 
of  the  lies.  The  process  for  causticizing  is  the  same  in 
principle  for  the  preparation  both  of  soda  and  potassa 
lies.  It  depends  upon  the  greater  affinity  of  lime  than 
of  soda  or  potassa  for  carbonic  acid,  and  the  decomposi- 
tion is  one  of  the  most  simple,  thus — ■ 

Na  0  C02     +    Ca  0     =     Ca  0  C02    +    Na  0 

Carbonate  of  soda.  Lime.  Carbonate  of  lime.  Soda. 

The  proportions  of  soda  ash  and  lime  employed  vary 
according  to  the  degree  of  strength  of  the  soda ;  similarly 
with  regard  to  the  potassa  salt.  It  is,  however,  always 
an  advantage  to  have  an  excess  of  lime  over  the  alka- 
line carbonate,  as  in  the  contrary  case  any  undecom- 
posed carbonate  is  totally  lost. 

A  fact  deserving  of  mention  in  treating  of  the  pre- 
paration of  lies  is,  that  in  the  process  of  causticizing  by 
means  of  lime,  a  portion  of  the  soda  appears  to  enter 
into  some  form  of  combination  very  difficultly  soluble. 
Mr.  Kynaston,  a  student  of  the  Editor's,  lately 
examining  the  calcareous  deposit,  found  it  to  contain, 
after  being  well  washed,  soda  to  the  amount  of  five  or 
six  per  cent.  When  the  deposit,  after  being  dried,  is 
heated  to  a  temperature  insufficient  to  expel  carbonic 
acid,  and,  after  being  allowed  to  cool,  is  again  drenched 
with  water,  caustic  soda  is  then  removed  with  great 
ease,  and  the  deposit  may  be  almost  completely 
deprived  of  soda.  Taking  these  facts  into  considera- 
tion, the  Editor  is  of  opinion  that  it  would  well  repay 
the  soap  manufacturer  to  collect  the  lime  deposit, 
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and,  after  thorough  desiccation  by  exposure  to  the 
air,  to  submit  it  to  heat  until  the  carbonic  acid  is 
expelled.  The  lime  now  again  become  caustic,  may 
be  used  advantageously  in  the  preparation  of  fresh  lie, 
and  the  process  may  be  repeated  until  the  deposit 
becomes  highly  charged  with  the  impurities  of  the  ash, 
when  fresh  lime  may  again  be  used  for  a  new  process. 

Another  of  those  progressive  steps  manufacturers 
frequently  take,  leading  to  the  simplification  of  opera- 
tions which  previously  had  been  tedious,  laborious,  and 
wasteful,  has  been  taken  in  the  soda  trade,  the  especial 
benefits  of  which  are  to  be  derived  particularly  by  the 
soap-maker  and  the  public  generally.  This  intellectual 
advancement  consists  in  preparing  directly  the  caustic 
alkali,  by  the  use  of  which  the  soap-maker  at  once 
dispenses  with  a  considerable  plant  outlay,  economizes 
space,  expedites  the  operations  of  his  trade,  and  effects 
no  little  amount  of  saving  in  labor  alone,  compared 
with  the  present  general  practice.  Besides  the  fore- 
going immediate  and  apparent  advantages  resulting 
in  favor  of  the  soap-maker,  from  the  employment  of 
caustic  soda  prepared  directly,  there  are  others  of  much 
greater  importance — namely,  the  economy  of  alkali, 
and  the  readiness  with  which  soap  can  be  made  by  the 
use  of  lies,  the  strengths  of  which  are  immediately 
under  control,  and  which  cannot  be  obtained  economi- 
cally on  the  present  causticising  system  to  which  soda 
ash  is  submitted,  unless  at  considerable  trouble;  and 
even  then  the  lies  are  not  pure,  owing  to  the  circum- 
stance that  strong  caustic  alkaline  solutions  divest 
carbonate  of  lime  of  a  portion  of  its  carbonic  acid. 

The  article  in  question,  being  in  the  solid  state,  is 
most  convenient  for  transit  and  storage.  It  is  now 
prepared  largely  in  some  alkali  works ;  Muspratt 
Brothers,  and  Huntley,  of  Flint,  North  Wales, 
manufacture  it  to  a  very  considerable  extent,  and  the 
trade  is  likely  to  be  greatly  increased ;  and  the  Editor 
is  convinced  that  its  employment  would  be  much  more 
economical  to  the  soap  manufacturers  than  the  present 
method  of  preparation.  It  requires  simply  to  be  dis- 
solved in  a  given  quantity  of  water,  to  produce  lies 
ready  for  use,  and  of  any  required  strength.  In 
America  it  is  now  largely  employed  for  this  purpose, 
but  in  England  rarely,  if  at  all.  Its  introduction, 
though  a  great  advantage  to  the  soap  producers  them- 
selves, will  probably  be  a  matter  of  as  much  difficulty 
as  was  that  of  the  introduction  of  the  so-called  artificial 
soda,  at  least  as  regards  the  English  manufacturer. 
The  method  of  preparation  of  this  caustic  soda  will  be 
fully  described  in  a  subsequent  article.  It  is  of  such  a 
nature  that  it  cannot  be  economically  or,  indeed, 
conveniently  applied,  except  where  artificial  soda  is 
produced  to  a  considerable  extent.  Being  perfectly 
free  from  sulphide  of  sodium,  it  is  especially  applicable 
to  the  production  of  white  soaps. 

Testing  the  Lie.— That  the  soap-boiler  may  be  in  a 
position  to  carry  out  his  method  accurately,  and  to 
proceed  with  safety,  it  is  necessary  during  the  lixiviation 
in  the  ash  tubs,  and  whilst  boiling  the  fat,  that  ho 
should  be  able  at  any  moment  to  ascertain  correctly 
the  strength  of  the  lies.  For  this  purpose  specific 
gravity  bulbs,  or  the  hydrometer,  is  used.  In  this  country 
Twaddell's  hydrometer  is  most  commonly  employed. 

5  s 
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The  indications  of  such  an  instrument  are  in  no  kind 
of  connection  with  the  chemical  nature  of  the  fluid ; 
and  as  the  graduation  is  perfectly  arbitrary,  nothing 
more  can  be  established  by  its  application  than  a 
comparison  of  the  densities  of  different  liquids.  As, 
however,  a  correspondence  has  already  been  established 
between  the  degrees  of  the  hydrometer  and  the  specific 
gravities,  and  it  is  also  known  what  proportions  of 
potassa  and  soda  correspond  to  the  specific  gravity  of 
different  solutions,  the  hydrometer  may  be  used  as  a 
means  of  ascertaining  the  amount  of  alkali  present. 
The  degree  indicated  by  Twaddell's  hydrometer,  multi- 
plied by  five  and  added  to  one  thousand,  expresses 
the  specific  gravity  of  the  fluid.  A  lie  testing  27"50 
Twaddell,  for  instance,  has  a  density  equal  to  1*138, 
which  is  equivalent  to  15  per  cent,  of  potassa  or  12*8 
per  cent,  of  soda,  always  supposing  the  lie  to  contain 
no  other  matters  or  salts  which  might  also  affect  the 
specific  gravity.  This,  however,  is  never  the  case  with 
soap-boilers'  lie,  so  that  the  indications  are  only 
approximations  with  reference  to  the  amount  of  alkali, 
or  even  may  be  altogether  fallacious.  Still  they  are 
useful  in  a  variety  of  ways,  and  are,  indeed,  indispen- 
sable. The  practitioner  is  able  witli  this  instrument  to 
follow  the  diminishing  strength  of  the  liquid  flowing 
from  the  ash  tubs  or  vats,  and  to  form  a  just  estimate  of 
its  value,  when,  at  the  same  time,  a  test  with  acid 
proves  the  absence  of  carbonic  acid.  But  even  in  the 
process  of  soap-boiling  itself,  the  test  of  the  lie  afforded 
by  the  hydrometer,  combined  with  the  personal  expe- 
rience of  the  workman,  is  a  clue  by  which  he  is  enabled 
to  judge  whether  the  proper  strength  has  been  attained ; 
knowing  as  he  does  what  degree  the  hydrometer  ought 
to  indicate  from  any  particular  soda  or  potassa  lie  for 
any  particular  purpose.  The  more  or  less  caustic  taste 
of  a  lie  is  also  a  test  much  depended  on  by  many  soap- 
boilers. 

Saponification. — Oils  and  fats  themselves  are 
neither  soluble  in  water  nor  miscible  with  it ;  but 
nearly  all  are  made  so  by  union  with  alkali.  The  pro- 
cess of  effecting  this  combination  is  termed  saponifica- 
tion, and  the  compound  produced  is  soap — hard  soap 
when  its  base  is  soda,  but  more  or  less  soft  when  potassa 
is  the  alkali  present.  The  properties  and  composition 
of  the  different  kinds  of  oil  and  fat,  as  well  as  their 
behavior  under  the  influence  of  various  reagents,  have 
been  fully  discussed  in  a  separate  article.  It  is,  how- 
ever, necessary  in  considering  the  theory  of  saponifica- 
tion, again  to  notice  the  constitution  of  these  bodies  in 
its  bearing  upon  their  conversion  into  soap.  The  fixed 
oils,  as  well  as  the  animal  fats,  are  composed  for  the. 
most  part  of  certain  proximate  principles,  of  which 
stearin,  margarin,  and  olein  are  the  most  abundant. 
Some  oils,  as  for  instance  palm  oil,  have  constituents 
peculiar  to  themselves  ;  but  as  they  are  quite  analogous 
to  olein,  and  other  bodies  above-rnentioned,  in  their 
chemical  constitution,  and  consequently  similar  in  their 
relation  to  alkalies,  these  will  serve  as  examples. 

In  animal  fats  stearin  is  usually  the  most  abundant 
constituent ;  margarin  more  especially  characterizes  the 
vegetal  and  human  fats ;  olein  is  present  in  both,  though 
varying  in  its  nature  in  different  kinds  of  oil. 

Stearin,  margarin,  and  olein,  however,  are  not  free 


uncombined  bodies,  but  positive  compounds,  each  of 
its  respective  acid  with  a  base,  termed  oxide  of  glyceryl, 
the  hydrate  of  which  is  glycerin.  Thus,  though  the 
base  is  the  same  in  all,  the  acid  constituent  in  each  of 
the  three  is  peculiar.  The  acid  in  stearin  is  termed 
stearic  acid;  that  in  margarin,  margaric  acid;  and 
that  in  olein,  oleic  acid.  Stearin,  margarin,  and  olein 
have,  therefore,  a  saline  constitution,  and  may  be 
respectively  regarded  as  a  stearate,  margarate,  and  oleate 
of  oxide  of  glyceryl.  When  brought  into  contact  with 
a  free  alkali,  or  a  metallic  oxide  in  presence  of  water, 
these  fatty  principles  undergo  decomposition ;  the  alkali, 
or  metallic  oxide,  being  a  more  powerful  base,  seizes 
the  oily  acid,  and  a  stearate,  margarate,  or  oleate  of 
potassa  is  formed,  as  the  case  may  be.  These  latter 
compounds,  when  mixed  with  a  solution  of  a  more 
powerful  acid,  such  as  the  mineral  acids,  or  even  of  the 
stronger  organic  acids,  as  oxalic,  tartaric  acid,  et  cetera, 
are  decomposed,  a  salt  of  the  base  with  the  acid  em- 
ployed being  produced,  while  the  oily  acids  are  set  free, 
and  at  the  instant  of  separation  combine  with  a  certain 
proportion  of  water.  The  oxide  of  glyceryl,  liberated 
from  the  fatty  principle  by  the  action  of  an  alkaline 
solution,  also  at  the  moment  of  separation  enters  into 
combination  with  a  definite  proportion  of  water,  the 
product  being  glycerin,  which,  owing  to  its  sweet  taste, 
and  the  source  whence  it  is  procured,  was  originally 
termed  the  sweet  principle  of  oils.  It  will  now  be  more 
easily  understood  that  the  oils  or  fats,  or  the  principles 
of  which  they  are  composed,  are  themselves  incapable 
of  direct  combination  with  the  alkalies,  or  other  bases  ; 
or,  in  other  words,  the  mixture  of  a  fat  or  oil  with  an 
alkali,  does  not  occasion  the  formation  of  soap.  On  the 
addition  of  water,  however,  with  which  the  base  of  the 
fatty  principle  may  combine,  saponification  ensues 
immediately.  Previously  to  the  admirable  investiga- 
tion of  Ciievkeui.,  to  whom  chemists  are  indebted  for 
a  knowledge  of  the  composition  of  oils  and  fats,  and 
their  peculiar  properties  and  behavior,  the  presence  of 
water  in  the  process  of  saponification  was  supposed  to 
occasion  a  change  proportional  to  its  elements,  con- 
verting the  stearin,  margarin,  and  olein  into  new  bodies, 
which  from  their  acquired  acid  properties  were  termed 
adipose  or  saponic  acids ;  the  peculiar  unsaponifiable 
body  glycerin  being  left  behind  as  an  incidental  pro- 
duct. Hence,  what  are  now  known  to  be  positive 
compounds  of  a  fatty  acid  with  the  base  of  glycerin, 
were  considered  as  altered  in  ultimate  composition  by 
the  action  of  water  and  alkali.  This  view  is  now 
known  to  have  been  fallacious,  and  it  has  been  conclu- 
sively demonstrated  that  the  acids  exist  ready  formed 
in  the  fats,  and  are  separated  from  the  base-oxide  of 
glyceryl,  in  accordance  with  that  law  which  deter- 
mines the  power  of  stronger  bases  over  weaker  ones. 

Thus,  therefore,  when  solution  of  potassa  or  soda  is 
boiled  with  oils,  the  fatty  acids  are  abstracted,  and  the 
eliminated  oxide  of  glyceryl,  uniting  with  water,  forms 
glycerin.  And  thus  it  is  explained  why  the  fatty  acids 
separated  from  oil,  estimated  together  with  the  gly- 
cerin, always  exceed  the  weight  of  the  oil  or  fat  sub- 
mitted to  decomposition — the  excess  being  due  to  the 
water  entering  into  combination  both  with  the  glyceryl 
base,  and  with  the  fatty  acids.  The  following  diagram 
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will  render  the  decomposition^tbat  ensues,  when  an  qjl  is  saponified,  much  more  intelligible : — 

} 


Substances  employed. 

Fats  or  oils,  namely,  stear- 
ate,  margarate,  oleate; 
et  cetera,  of  oxide  of 
glyceryl. 

Potassa  or  soda, 

"Water, _  . 


f  Stearic  acid, 
I  Margaric  acid, 


1 


Oleic  acid, 
Oxide  of  glyceryl, 


Products  of  decomposition. 

Stearate,  margarate,  and  oleate  of  potassa 
or  soda,  that  is,  soap. 


.  Hydrated  oxide  of  glyceryl,  that  is,  glycerin. 


Soap,  therefore,  it  will  be  observed,  does  not  result 
from  a  direct  union  of  the  fatty  matter  with  the  alkali ; 
a  further  proof  of  which  is  seen  when  the  soap  obtained 
as  above  is  decomposed  by  the  agency  of  a  stronger 
acid.  It  will  be  found  that  the  acid  decomposing  the 
soap,  by  seizing  its  alkaline  base,  leaves  the  fatty  mate- 
rial in  a  totally  different  state  to  that  in  which  it  existed 
when  originally  added.  It  is  now  found  to  possess 
acid  properties,  and  to  unite  much  more  readily  with 
alkalies ;  or,  in  other  words,  to  be  more  easily  saponi- 
fied. This  latter  property  is  accounted  for  from  the 
fact  that,  being  in  an  uncombined  state,  the  acids  have 
no  base  to  overcome,  as  was  the  case  in  the  first 
instance.  In  all  saponifiable  fats,  the  same  reaction 
ensues,  though  the  soap  produced  contains  different 
acids,  according  to  the  kind  of  grease  or  fat  employed. 
Thus,  in  the  case  of  palm  oil,  the  soap  consists  for  the 
most  part  of  palmitate  of  soda  or  potassa.  When 
spermaceti  is  used,  the  soap  produced  consists  of  cety- 
late  of  potassa  or  soda,  and  instead  of  glycerin,  an 
analogous  body  termed  ethal  is  found  in  the  mother- 
liquor.  By  far  the  greater  majority  of  fats,  however, 
yield  when  treated  with  alkalies,  soaps  containing  only 
stearate,  margarate,  and  oleate  of  potassa,  if  a  soft 
soap,  and  of  soda  in  the  case  of  hard  soaps.  Resin, 
though  employed  in  the  manufacture  of  soap  in  the 
place  of  fixed  oil  or  fat,  is  not  to  be  considered  analo- 
gous to  a  fat  in  its  chemical  constitution,  or  to  be 
capable  of  forming  with  an  alkali  a  proper  soap  by 
itself.  Eesin  contains  neither  oxide  of  glyceryl  nor 
oxide  of  cetyl,  nor  any  equivalent  for  these  substances, 
but  is  an  indefinite  mixture  of  three  distinct  bodies 
possessing  well-marked  acid  properties;  and  hence 
named  sylvic,  pinic,  and  colopliolic  acids,  each  of  which 
is  capable  of  entering  into  combination  with  alkalies, 
and  of  readily  dissolving  in  alkaline  solutions,  though 
totally  insoluble  in  pure  water. 

For  the  complete  saponification  of  fats  or  oils,  an 
excess  of  alkali  is  requisite,  and  is  so  much  the  more 
willingly  employed,  as  it  can  be  removed  again  without 
difficulty-.  The  production  of  soap  is  by  no  means  a 
momentary  process,  nor  can  it  be  done  with  the  same 
exactness  or  rapidity  as  the  decomposition  of  an  ordi- 
nary salt.  On  the  contrary,  the  manufacture  consists 
of  a  number  of  stages,  and  these  occupy  a  considerable 
length  of  time  from  the  first  mixing  of  the  fat  with  the 
alkali,  when  a  sudden  emulsion  is  produced,  to  the 
formation  of  soap  ready  for  use,  or  even  to  that  point 
when  the  whole  of  the  alkali  is  saturated  with  fatty 
acid.  Acid  salts  are  first  produced  with  the  oily  acids, 
and  these  hold  the  remainder  of  the  fat  in  solution,  or  in 
a  state  of  division,  until  it  also  is  able  to  combine  with 
alkali,  and  transform  the  acid  into  neutral  salts,  or  into 
finished  soap.  This  reaction  may  easily  be  observed, 
if  the  fat  is  boiled  with  one-half  the  required  quantity 


of  alkali ;  the  whole  of  the  oil  is  in  such  case  dissolved, 
but  the  solution  becomes  turbid  on  cooling,  and  when 
water  is  added,  and  the  mixture  again  boiled,  unsapo- 
nified  fat  separates,  showing  that  this  had  only  been 
retained  in  the  fluid  by  the  stearate  or  margarate  of 
the  alkali  that  had  been  formed. 

Hard  and  Soft  Soap. — Soaps  are  divided  into  two 
classes,  differing  from  each  other  in  the  material  from 
which  they  are  produced,  and  are  distinguished  by  the 
names  hard  and  soft  soap.  Hard  soaps  are  made  from 
fats,  or  vegetal  fat  oils,  and  soda;  for  soft  soaps,  the 
oleaginous  material  is  usually  a  fish  oil  or  vegetal  drying 
oil,  and  the  alkali,  potassa.  Hard  soaps  may,  however, 
be  made  with  potassa,  provided  a  solid  fat  be  employed  ; 
but  soda  soaps  are  invariably  harder  than  potassa  soaps, 
the  unctuous  material  being  the  same.  The  hard  soaps 
of  animal  fats  are  either  white  or  marbled,  and  are  parti- 
cularly applicable  for  washing  the  finer  articles  of  dress, 
the  soft  soaps  being  more  caustic  than  the  solid  soda 
soaps.  Of  the  hard  soaps  of  commerce  those  made 
with  oils,  with  the  exception  of  palm-oil,  are  mixtures 
of  margarate  and  oleate,  with  only  a  small  proportion 
of  stearate  of  soda^  those  made  with  animal  fats  are 
mixtures  of  stearate,  margarate,  and  oleate  of  soda. 
On  the  continent,  and  wherever  wood  is  abundant, 
potassa  is  frequently  introduced  in  admixture  with  soda 
in  the  production  of  hard  soaps. 

Properties  of  Soaps. — Potassa  and  soda  soaps  are 
readily  soluble  in  hot  water  and  alcohol ;  the  addition 
of  a  quantity  of  water  to  the  aqueous  solution  produces 
a  precipitation,  the  neutral  salts  of  stearic  and  margaric 
acids  decomposing  into  free  alkali,  which  remains  in 
solution,  and  acid  stearate  and  margarate  of  alkali, 
which  precipitates  in  the  form  of  pearly,  crystalline 
scales.  Potassa  soaps  are  more  soluble  in  water  than 
those  containing  soda.  Stearate  of  soda  may  be 
regarded  as  the  type  of  hard  soaps;  in  contact 
with  ten  times  as  much  water  it  suffers  no  striking 
change,  while  stearate  of  potassa  under  the  same  cir- 
cumstances forms  a  thkk  paste,  or  a  viscid  solution. 
In  these  respects  the  margarates  of  potassa  and  soda 
closely  resemble  the  corresponding  stearates.  Oleate 
of  soda  is  soluble  in  ten  parts  of  water,  and  oleate  of 
potassa  in  four  parts.  The  latter  forms  a  jelly  with 
two  parts,  and  possesses  such  a  strong  affinity  for  water, 
that  one  hundred  parts  absorb  one  hundred  and  sixty- 
two  when  exposed  to  a  humid  atmosphere.  It  follows, 
therefore,  that  soaps  are  soft  in  proportion  to  the  oleates, 
and  hard  in  proportion  to  the  stearates  and  margarates 
they  contain  ;  so  that  the  softness  or  hardness  of  soap 
is  not  solely  dependent  upon  the  base  that  is  employed. 

Soap  of  Commerce — that  is,  stearate,  margarate,  or 
oleate  of  alkali — is  never  dissolved  by  cold  water  with- 
out decomposition.  The  neutral  salts  are  resolved  into 
alkali,  which  dissolves,  and  into  an  aeid  salt,  which  is 
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precipitated.  The  same  decomposition  occurs  when 
hot  solutions  of  soap — particularly  of  dilute — are  cooled. 
According  to  Ciievreul,  who  particularly  investigated 
this  decomposition  in  the  case  of  stearate  of  potassa, 
when  a  solution  of  this  neutral  salt — 2  KO,  St — is  cooled, 
one-fourth  of  its  potassa  remains  in  solution,  and  a 


mixture  of  neutral  with  acid  stearate  of  potassa  is  sepa- 
rated. If  the  same  salt  is  dissolved  in  five  thousand 
parts  of  cold  water,  the  acid  stearate — KO,  St — is  alone 
precipitated  in  the  form  of  pearly  scales,  and  half  of 
the  potassa  remains  in  solution  according  to  the  sub- 
joined equations : — 


2  KO,  St,  =  1  Eq.  of  neutral  stearate 
of  potassa  arid 

2IIO  =  2Eqs.  of  water, 


(1  Eq.  stearic  acid, 
•<  KO,  =  1  Eq.  potassa, 
(KO,  =  1  Eq.  potassa 
f  HO,  1  Eq.  water.  ' 
\HO,  lEq.  water, 


KO,  St,  IIO  - 


:  1  Eq.  of  acid  stearate 
of  potassa. 


KO,  HO  =  1  Eq.  of  hydrate  of  potassa. 


Acid  stearate  of  potassa,  after  being  separated  from 
the  liquid  as  above,  and  treated  with  a  thousand  parts 


of  hot  water,  is  again  decomposed  into  neutral  stearate 
of  potassa,  and  a  still  more  acid  stearate,  as  follows : — 


f2  St,  =2Eqi 

3  (KO,  St,  HO)  =  1  Eq.  acid  stearate  ]  2  j&  =  \  B 
of  potassa,      <  — 


stearic  acid,  ■ 
stearic  acid, 
potassa, - 
KO,  =  1  Eq.  potassa, 
[3  HO,  =  3Eqs.  water,  ' 


 -pr  KO,  2  St,  3  HO,  =  1  Eq.  of  the  more 

acid  stearate  of  potassa. 


a2  KO,  St  =  1  Eq.  neutral  stearate  of 
potassa. 


The  occurrence  of  these  decompositions,  which  ensue 
equally  with  the  margarates  and  oleates  of  potassa  and 
soda,  as  with  the  stearates,  affords  an  easy  explanation 
of  the  appearance  of  the  whitish  turbidity  always  pro- 
duced when  soap  is  dissolved  in  even  the  purest  water, 
and  show,  at  the  same  time,  that  the  alkalinity  of  soap- 
suds is  solely  due  to  the  liberation  of  caustic  potassa 
or  soda;  and  this  it  is  that  affords  the  possibility  of 
removing  fatty  impurities  in  water,  which  is  the  sole 
object  of  washing  with  soap. 

It  is  of  the  utmost  importance  to  the  soap-boiler 
that  he  be  well  acquainted  with  the  physical  comport- 
ment of  soaps  with  solutions  of  different  salts,  as,  for 
instance,  with  chloride  of  sodium,  carbonate  of  soda, 
the  corresponding  potassa  salts,  chloride  of  ammonium, 
and  various  others.  These  although  not  absolutely 
essential  to  the  formation  of  soaps,  are  very  much  con- 
cerned in  the  separation  of  the  foreign  matters  that  ren- 
der hard  soap  impure ;  and  are  also  useful  to  impart  to 
it  the  proper  amount  of  water.  In  practice,  a  solution 
of  chloride  of  sodium  is  always  employedfor  this  purpose. 
The  peculiar  behavior  of  soap  with  a  solution  of  this  salt 
is  thus  described  by  Liebig  : — If  a  piece  of  common 
hard  soap  be  placed  in  a  solution  of  salt  at  ordinary  tem- 
perature, it  floats  upon  the  surface  without  ever  being 
moistened,  and  if  the  liquid  be  heated  to  boiling,  it 
separates  without  foam  into  gelatinous  flocculae,  which 
collect  on  the  surface,  and  upon  cooling  unite  into  a 
solid  mass,  from  which  the  solution  flows  off  like  water 
from  fat.  If  the  flocculae  be  taken  out  of  the  hot  fluid, 
they  congeal  on  cooling  into  an  opaque  mass,  which 
may  be  pressed  between  the  fingers  into  fine  laminte 
without  adhering  to  them.  If  the  solution  is  not  quite 
saturated,  the  soap  then  takes  up  a  certain  quantity  of 
water,  and  the  flocculae  separate  through  the  fluid  on 
boiling.  But  even  when  the  water  contains  one  four- 
hundredth  part  of  common  salt,  ebullition  does  not 
produce  solution.  If  the  soap  is  boiled  in  a  dilute  and 
alkaline  solution  of  salt,  and  suffered  to  cool,  it  again 
collects  on  the  surface  of  the  fluid  in  a  more  or  less 
solid  state,  depending  on  the  greater  or  less  degree  of 
concentration  of  the  solution ;  that  is,  on  the  quantity 
of  water  taken  up  by  the  soap.  By  boiling  the  dilute 
solution  of  salt  with  soap  for  a  considerable  time,  the 


aqueous  floceuloa  intumesce,  and  the  mixture  assumes 
a  foamy  appearance,  but  still  they  are  not  dissolved,  as 
the  solution  separates  from  them.  The  flocculae,  how- 
ever, have  become  soft  and  pasty,  even  after  cooling, 
and  their  pastiness  depends  on  the  quantity  of  water 
they  have  imbibed.  By  still  continued  boiling  this 
character  again  changes,  and  in  proportion  as  the  water 
evaporating  renders  the  solution  more  concentrated, 
the  latter  again  extracts  the  water  from  the  floccula? ; 
the  liquid,  however,  continues  to  foam,  but  the  bubbles 
are  larger.  At  length  a  point  is  attained  at  which  the 
solution  becomes  saturated  ;  the  larger  iridescent  bub- 
bles formed  just  before  disappear,  and  the  liquid  conti- 
nues to  boil  without  froth ;  all  the  soap  collects  as  a 
translucent  mass  on  the  surface,  and  now  the  solution 
and  soap  cease  to  attract  water  from  each  other. 

If  the  plastic  soap  be  now  removed  and  cooled,  while 
the  solution  is  pressed  out,  it  becomes  so  solid  as  scarcely 
to  receive  an  impression  from  the  fingers.  In  this  state 
it  is  called  grain  soap.  The  addition  of  salt,  or  its 
solution,  to  a  concentrated  alkaline  menstruum  of  soap 
in  water,  precipitates  the  soap  in  gelatinous  flocculae, 
and  the  mixture  behaves  precisely  as  solid  soap  boiled 
with  a  dilute  solution  of  salt.  Carbonate  of  and  caustic 
potassa  act  exactly  as  salt  in  separating  soap  from  the 
alkaline  fluid.  The  application  of  these  facts  to  the 
manufacture  of  soap  is  obvious.  The  fat  is  kept  boil- 
ing in  an  alkaline  lie  until  all  pasty  matters  disappear ; 
but  the  lie  should  have  only  a  certain  strength,  so  that 
the  soap  may  be  perfectly  dissolved  in  it.  Thus  tallow 
may  be  boiled  for  days  in  a  caustic  potassa  solution, 
of  specific  gravity  l-25,  without  being  saponified.  If 
the  lie  be  stronger  a  partial  saponification  ensues ;  but 
being  insoluble  in  the  fluid,  the  soap  floats  on  the  sur- 
face as  a  solid  mass.  By  the  gradual  addition  of  water 
with  continued  boiling,  the  mass  at  a  certain  point 
becomes  thick  and  clammy,  and  with  more  water  an 
emulsion  is  formed;  on  continued  heating,  this  becomes 
perfectly  clear  and  transparent,  if  a  sufficient  quantity 
of  alkali  be  present.  In  this  state  it  may  be  drawn 
out  into  long  threads,  which  on  cooling  either  remain 
transparent,  or  are  milky  and  gelatinous.  As  long  as 
the  hot  mass,  suffered  to  drop  from  a  spatula,  exhibits 
a  milkiness  or  opalescence,  the  boiling  is  continued,  or 
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more  alkali  added.  When  excess  of  alkali  is  present, 
the  milkiness  arises  either  from  imperfect  saponifica- 
tion, or  want  of  water ;  the  former  is  known  by  dis- 
solving a  little  impure  water,  which  becomes  perfectly 
clear  when  the  whole  is  saponified. 

If  the  lie  contain  lime  the  mixture  is  also  turbid, 
but  the  addition  of  an  alkaline  carbonate  causes  the 
turbidity  arising  from  this  cause  to  disappear  instantly. 
In  order  to  separate  the  soap  from  water,  free  alkali, 
and  glycerin,  a  large  quantity  of  salt  is  gradually  added 
to  the  boiling  mass,  waiting  after  each  addition  till  that 
portion  is  completely  dissolved ;  the  first  addition 
increases  the  consistency  of  the  mass,  while  each  suc- 
cessive portion  renders  it  more  fluid,  till  it  loses  its 
adhesive  character,  and  drops  from  the  spatula  in  short 
thick  lumps.  As  soon  as  the  congelation  is  complete ; 
that  is,  when  gelatinous  flocculie  separate  from  a  clear 
watery  liquid,  the  fire  is  extinguished,  the  soap  allowed 
to  collect  on  the  surface,  and  cooled  either  on  the  liquid, 
or  ladled  out  and  allowed  to  get  solid.  In  being  sepa- 
rated by  means  of  salt  from  a  very  dilute  solution,  soap 
suffers  an  alteration  in  composition,  the  soap  so  thrown 
down  being  a  bistearate,  bimargarate,  or  binoleate  of 
the  alkali,  instead  of  the  neutral  compound  originally 
in  solution  ;  but  when  the  solution  is  of  moderate 
strength,  the  soap  is  separated  unaltered  in  composi- 
tion. The  same  results  as  those  obtained  by  the  use 
of  common  salt  are  also  produced,  although  in  a  less 


energetic  manner,  by  chloride  of  potassium,  carbonates 
of  the  alkalies,  sulphate  of  soda,  acetate  of  potassa,  and 
chloride  of  ammonium.  Of  these,  sulphate  of  soda  and 
chloride  of  potassium  have  but  a  very  slight  action. 
Concentrated  caustic  lies  also  separate  soap  from  its 
solution,  in  the  same  manner  as  with  common  salt ;  in 
weak  caustic  lie,  on  the  contrary,  soap  is  perfectly 
soluble.  On  this  account  soap-boilers,  especially  at 
the  commencement  of  the  operation,  except  in  the  case 
of  cocoa-nut  oil,  always  use  weak  lies,  as  the  stronger 
would  prevent  the  necessary  amount  of  contact  amongst 
the  ingredients,  and  very  much  retard  the  process  of 
saponification.  Not  only  all  foreign  matters  other  than 
soaps,  but  also  the  base  of  the  oils — glycerin — is  com- 
pletely separated  from  soap  by  means  of  caustic  or 
saline  solutions,  in  which  it  is  perfectly  soluble.  The 
separation  of  the  small  quantities  of  earthy  and  metallic 
soaps,  always  formed  during  the  process  of  saponifica- 
tion by  means  of  impure  alkalies,  requires  a  distinct 
operation,  termed  the  fitting  process,  which  will  be 
presently  alluded  to. 

The  Caldrons. — The  boilers  or  caldrons  used  in  the 
soap  manufacture  are  formed  of  cast-iron  or  wrought- 
iron  plate.  Their  capacity  varies  according  to  the 
quantity  of  soap  to  be  produced  at  each  operation. 
The  pan  or  kettle  is  fixed  in  the  brickwork,  and  so  built 
round  that  the  heat  acts  solely  on  the  bottom.  Before 
the  repeal  of  the  soap  duty,  the  waste  lies  were  required 
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to  be  pumped  out  at  the  top,  through  the  mass  of  soap. 
Now  it  is  usual  to  withdraw  these  from  the  bottom,  by 
means  of  a  pipe  fixed  to  the  boiler.  Fig.  503  is  a 
section  of  the  arrangements.  The  pans  are  usually 
cast  with  a  flange  at  the  upper  rim,  so  that  if  necessary 
the  boiler  may  be  enlarged  by  adjusting  a  hollow  cone 


of  wood,  iron  bound,  and  which  is  termed  the  curb. 
It  may  extend  as  high  as  desired,  and  should  be  sur- 
rounded with  mason-work  as  the  rest  of  the  pan.  In 
some  manufactories  the  boiling  of  the  soap  is  accom- 
plished by  means  of  steam,  either  conducted  directly 
into  the  materials  in  the  boiler,  or  when  a  too  high 


878 


SOAP  Manufacture. 


temperature  is  not  desirable,  by  applying  tbe  steam  to  the 
outer  surface  of  the  caldron.  The  application  of  steam 
is  a  method  of  communicating  heat  to  the  caldrons, 
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far  preferable  to  the  old  method  of  placing  the  boiler 
directly  in  contact  with  the  fire.  Not  only  is  there  a 
great  saving  of  fuel,  but  less  attention,  and,  conse- 
quently, fewer  hands  are  required,  while  the  facility  of 
arresting  ebullition  at  any  desired  moment  is  of  great 
importance.  In  the  annexed  representation — Fig.  502 
— are  shown  three  caldrons,  A,  A,  A.  The  main  pipe 
or  feeder,  G,  is  attached  to  the  boiler,  w,  which  is 
stationary,  and  generally  placed  against  the  wall  imme- 
diately above  the  kettles  or  caldrons.  These  latter 
are  partly  of  iron  and  partly  of  wood,  the  upper  portion 
or  curb  being  wood,  well  hooped  round  by  iron  rings, 
and  the  lower  portion  of  cast-iron,  and  so  shaped  that 
the  worm  can  lie  closely  to  the  sides,  and  that  the 
blow-pipe  can  fit  upon  the  bottom.  The  cock,  I,  is  for 
the  withdrawal  of  the  spenflies.  The  pipe,  l,  serves 
when  necessary  to  communicate  additional  heat  to  the 
contents  of  the  pan,  and  is  useful  also  to  agitate  the 
mass.  In  some  manufactories  the  boiling  caldrons  are 
made  wholly  of  wood,  well  fastened  by  iron  clamps. 

Manufacture. — Hard  Soaps. — The  process  of 
soap-making  varies  in  some  particulars  according  to 
the  kind  of  oil  or  grease  to  be  saponified,  though  the 
general  method  is  the  same  for  all.  The  lies  or  solu- 
tions of  caustic  soda  having  been  prepared  as  previously 
directed,  the  whole  quantity  of  unctuous  material  to  be 
saponified  at  one  operation  is  usually  introduced  into 
the  boiler  at  once,  and  for  every  ton,  from  a  hundred 
and  fifty  to  two  hundred  gallons  of  caustic  liquor  of 
specific  gravity  1-090  =  18°  Twaddoll  are  added,  and 
the  whole  is  gently  heated  to  ebullition.  After  boiling 
for  an  hour  and  a  half  or  two  hours,  the  whole  forms  a 
viscid  emulsion,  capable  of  being  drawn  out  into  clear 
threads.  The  soap  now  produced  is  in  solution  in  the 
water,  and  requires  to  be  separated  before  the  spent 
lie  can  be  withdrawn,  and  to  complete  the  saponifica- 
tion, a  fresh  one  applied.  For  this  purpose  a  sufficient 
quantity  of  common  salt  is  added,  which,  dissolving 
in  the  liquid,  causes  the  soap — which,  as  previously 
observed,  is  quite  insoluble  in  a  strong  solution  of 
chloride  of  sodium — to  rise  to  the  surface. 

When  the  soap  paste  has  remained  in  the  boiler  a 
sufficient  length  of  time  to  have  become  partially  cool, 
it  is  ladled  out  into  buckets  or  pails,  conveyed  to  the 
frame-room,  and  poured  into  the  frames  to  solidify. 
These  frames  or  sesses  consist  of  a  pile  of  rectangular 
inclosures,  measuring  internally  about  forty-five  inches 


by  fifteen  inches.  They  should  he  very  smooth,  and 
so  jointed  as  to  fit  closely  together.  When  piled  one  upon 
the  other,  to  the  height  of  three  or  four  feet,  they  form 
a  tight  square  well  fitted  to  receive  the  boiled  soap  paste. 
They  are  tightly  bound  together  by  clamps  and  screw 
rods.  Cast-iron  frames,  as  a  substitute  for  the  above, 
in  the  manufacture  of  yellow  soaps,  are  of  late  intro- 
duction. These  latter  are  formed  of  five  rectangular 
plates,  one  for  the  bottom,  two  for  the  ends,  and  two 
for  the  sides,  so  arranged  and  fastened  together  as  to 
form  a  well  or  reservoir  of  the  same  length  and  breadth 
as  the  wooden  frames,  and  about  five  feet  in  height. 
These  frames  are  put  together  and  taken  to  pieces 
much  more  easily  than  those  of  wood,  and  the  good 
conducting  power  of  the  iron  considerably  accelerates 
the  cooling  and  solidifying  of  the  soap.  If  the  soap  is 
allowed  to  solidify  in  the  state  in  which  it  is  run  into 
the  frames,  it  has  a  rough  granulated  texture,  and  is 
extremely  hard.  It  is  therefore  usual  to  mix  a  small 
quantity  of  water  with  it  in  the  frame,  and  afterwards 
agitate  the  mixture  with  a  wooden  paddle  or  crutch 
until  nearly  cold.  By  this  means  it  acquires  a  finer 
grain,  and  is  not  nearly  so  hard. 

The  soap  having  become  cold  and  dry,  and  in  a 
state  to  be  removed  from  the  frames,  which  may  be 
known  by  gentle  pressure  of  the  finger  making  no 
impression,  the  iron  screw  rods  which  bind  the  frames 
together  are  removed,  and  each  frame  is  lifted  off  the 
soap,  which  is  left  a  compact  mass  of  the  size  of  the 
interior  of  the  frame.  This  mass  is  then  marked  round 
with  a  kind  of  iron  toothed  scribe  or  dentier.  This 
instrument  is  shown  in  Fig.  504.  The  teeth  are  near 
or  distant  from  each  other  accordingly  as  the  blocks 
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are  desired  of  small  or  large  size.  The  mass  is  then 
cut  by  means  of  a  wire,  as  shown  in  Fig.  505,  into 
slabs,  and  these  are  again  sub-divided  into  bars. 
These  bars  are  then  removed  to  the  drying-room,  and 
piled  upon  one  another  crossways,  interstices  being  left 
for  the  circulation  of  air,  to  facilitate  the  drying. 

The  process  of  the  manufacture  of  soap,  though  con- 
stant in  principle,  varies  in  detail  in  different  countries. 
The  following  is  the  method  pursued  in  the  United 
States,  as  described  by  Morfit  : — The  strength  of 
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the  lie  employed  differs  accordingly  as  the  oil  to  be 
saponified  is  richer  in  olein  or  in  solid  constituent.  The 
operation  is  commenced  by  pouring  the  lie  into  the 
boiling  caldron  to  a  third  of  its  capacity.  This  is  then 
heated  to  ebullition,  and  the  oil  is  now  poured  in.  The 
reaction  is  such  that  a  magma  is  immediately  formed. 
The  proper  formation  of  this  magma  is  considered  to 
be  the  most  delicate  and  important  part  of  the  whole 
process,  and  if  badly  managed,  a  much  greater  quantity 
of  lie  is  required  to  form  the  same  weight  of  soap  than 
otherwise  would  be.  After  pouring  in  the  oil,  the  heat 
is  decreased  by  opening  the  doors  of  the  furnace,  and 
when  the  mixture  of  oil  and  lie  is  complete,  if  necessary 
a  further  quantity  of  weak  lie  is  added  gradually,  and 
with  constant  stirring  during  the  addition,  so  as  to  insure 
thorough  contact.  The  mass  should  remain  homo- 
geneous ;  the  oil  should  neither  rise  to  the  surface  nor 
descend  to  the  bottom.  If  oil  should  present  itself,  it 
is  then  necessary  to  add  more  strong  or  weak  lie, 
according  to  the  capacity  of  the  caldron.  If  the  lie  is 
in  excess,  a  further  quantity  of  oil  must  be  added; 
always  stirring  briskly  upon  any  addition  of  new 
material.  The  operation  requires  from  eighteen  to 
twenty  hours  for  completion.  It  may,  however,  be 
greatly  accelerated  by  throwing  in  the  scrapings  or  the 
waste  of  soap  already  made.  An  excess  of  soda  is 
recognized  by  the  liquidity  and  transparency  of  the 
paste.  If  the  oil  is  in  excess  it  rises  to  the  surface.  The 
presence  of  a  large  proportion  of  common  salt  in  the 
soda,  also  prevents  more  or  less  the  proper  formation 
of  the  magma.  When  this  is  the  case  to  any  con- 
siderable extent,  the  use  of  soap  scraps  is  indispensable. 
The  next  step  in  the  process  is  the  removal  of  the 
large  quantity  of  water  which  was  required  for  the 
ample  saponification  of  the  fat.  This  is  effected  by 
the  addition  of  lies  containing  common  salt,  and  after- 
wards boiling  the  mixture  from  fifteen  to  twenty  hours, 
constantly  stirring  during  ebullition.  When  the  mass 
opens  in  different  places,  the  separation  is  complete. 
The  fire  is  withdrawn,  and  the  whole  is  now  allowed 
three  or  four  hours'  repose,  after  which  the  settled 
waste  lie  is  drawn  off.  A  further  quantity  of  lie, 
charged  with  common  salt,  is  now  added,  and  the 
mixture  is  gently  boiled;  being  careful  to  remove  from 
the  sides  of  the  caldron  any  adhering  soap,  so  that  all 
portions  may  be  in  contact  with  the  lie.  The  mass 
now  acquires  more  consistence.  After  some  hours' 
repose,  the  settled  waste  lie  is  again  withdrawn.  Lie 
of  specific  gravity  l'lO  —  20°  Twaddell  is  poured  in, 
and  the  mixture  is  again  boiled;  by  this  it  acquires 
a  still  greater  consistence.  After  continued  boiling  for 
about  three  hours  it  is  allowed  to  deposit,  and  the 
waste  lie  is  again  drawn  off.  This  operation  is  repeated 
once  more,  but  with  strong  lies,  being  careful  to  stir  the 
paste  while  being  heated,  so  that  the  whole  may  form  a 
homogeneous  mass,  and  allowing  only  a  gentle  ebullition. 
The  soap  at  this  stage  begins  to  acquire  firmness.  The 
boiling  with  lie  several  times  successively,  serves  not 
only  to  complete  the  saponification,  but  to  wash  and 
purify  the  soap.  That  it  may  be  perfect,  it  is  necessary 
to  repeat  the  operation  four  or  five  times.  As  soon  as 
complete,  the  fire  should  be  withdrawn,  and  the  mass 
allowed  repose  to  settle  and  become  somewhat  cool, 


and  then  ladled  out  and  conveyed  in  buckets  to  the 
frames. 

White  Soap— Curd  Soap. — The  unctuous  material 
employed  in  the  production  of  this  soap  may  be  tallow 
or  lard,  or  olive,  or  well-bleached  palm  oil,  or  mixtures 
of  these  in  almost  any  proportion.  To  produce  one 
ton  of  soap,  from  ten  to  fourteen  hundredweight  of 
tallow  or  olive  oil  are  required.  The  process  of  sapo- 
nification is  conducted  as  above  described,  with  but 
slight  variation,  attending  more  particularly  to  the 
complete  removal  of  the  alumino-ferruginous  impuri- 
ties of  the  lie,  which  otherwise  impart  to  the  soap  a 
coloration  more  or  less  intense.  Their  removal  is 
effected  by  boiling  the  soap  several  times  with  fresh 
lies,  or  by  thinning  out  the  soap  with  a  little  lie,  and 
applying  gentle  heat,  then  covering  the  caldron  care- 
fully and  allowing  it  to  settle.  The  upper  strata  of 
soap  is  afterwards  ladled  out  and  run  into  the  cooling 
frames.  The  average  composition  of  ordinary  white 
tallow  soap  is — of  alkali  one  part,  of  fatty  acids  about 
nine  parts,  and  five  to  eight  parts  of  water.  In  Eng- 
land by  far  the  greater  quantity  of  curd  soap  produced 
is  made  from  tallow  or  mutton  suet  and  soda  only. 
Some  manufacturers,  however,  substitute  for  one-fourth 
of  the  tallow  as  much  lard  or  olive  oil,  and  a  soap  is 
produced  greatly  superior  in  quality,  and  less  liable  to 
change  by  exposure.  Soap  made  solely  of  tallow  is, 
besides,  inconveniently  hard,  and  very  difficult  of  solu- 
tion. In  France,  and  on  the  Continent,  when  tallow 
is  saponified,  olive  oil  is  always  added  in  the  proportion 
of  twenty  to  twenty-five  per  cent,  of  the  oleaginous 
material.  In  England  lard  is  not  unfrequently  used  as 
the  softening  agent;  and  when  applied  in  about  the 
same  proportion  answers  every  purpose,  while  it  has 
the  advantage  over  olive  oil,  that  it  does  not  detract 
from  the  whiteness  of  the  soap.  The  advantages 
gained  by  the  addition  of  lard  to  olive  oil  or  to  tallow 
may  be  summed  up  as  follows : — The  soap  remains 
unaltered  for  a  longer  period,  does  not  emit  the  dis- 
agreeable odor  of  tallow,  and  the  saponification  is  more 
perfect,  as  the  excess  of  olein  in  the  lard  or  oil  com- 
pensates for  the  large  amount  of  stearin  in  the  tallow, 
thus  inducing  a  more  ready  and  perfect  union  of  the 
alkali  and  oily  acids.  English  white  or  curd  soap  is 
largely  used  by  the  cloth  manufacturers  of  Yorkshire, 
and  the  lace  and  stocking  bleachers  of  Nottingham. 
Tallow  is  not  saponified  to  a  very  considerable  extent 
on  the  continent ;  but  in  its  stead,  olive  oil  mixed  with 
about  one-fifth  of  rape  oil  is  used  in  the  manufacture 
of  hard  soaps.  This  addition  of  rape  oil  is  always 
resorted  to,  because  olive  oil  alone  yields  a  soap  as 
hard  and  compact,  and  as  difficultly  soluble,  as  soap 
made  wholly  of  tallow  and  alkali.  This,  however,  is 
not  the  case  with  rape  oil,  and  other  oils  of  a  similar 
nature — that  is,  such  oils  as  become  thick  and  viscid  by 
exposure ;  experience  having  demonstrated,  though  the 
reason  is  as  yet  unknown,  that  the  oils  which  turn 
viscid  the  soonest  by  exposure,  yield  with  soda  softer 
soaps  than  those  made  with  oils  which,  like  olive  oil, 
remain  long  limpid  under  the  influence  of  the  air.  The 
admixture  of  rape  oil  with  olive  oil  has  therefore  the 
effect  of  modifying  the  degree  of  hardness  of  the  soap, 
just  as  when  lard  is  saponified  in  conjunction  with  tallow. 
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Yellow  Soap. — This  variety  of  soap  differs  from 
the  preceding  and  other  kinds,  inasmuch  as  a  consider- 
able quantity  of  resin  enters  into  its  constitution.  This 
substance,  as  previously  observed,  is  capable  of  enter- 
ing into  combination  with  the  alkalies,  to  produce  a 
detergent  compound  soluble  in  water.  Besides  the 
resin,  or  common  fat,  or  inferior  tallow,  palm  oil  is  also 
used  to  a  considerable  extent.  The  usual  proportion 
of  palm  oil  and  resin  are  three  and  a  half  parts  of  the 
former  to  one  of  the  latter ;  sometimes  the  proportion 
of  resin  is  still  greater,  and  the  soap  produced  is  then 
soft  and  dark  colored.  When  the  saponification  of 
the  oil  is  nearly  complete — that  is,  at  the  last  charge 
of  the  lie — the  resin  is  introduced  in  a  state  of  coarse 
powder,  and  well  mixed  with  the  soap  by  agitation. 
The  mixture  is  then  boiled  for  some  hours;  a  small 
quantity  of  lie  being  added  from  time  to  time,  if 
necessary,  to  preserve  an  excess  of  alkali  until  the 
Boap  is  completely  formed,  when  the  lie  may  be  with- 
drawn and  one  or  two  waters,  or  else  weak  lies, 
applied  successively  with  agitation  for  the  purpose  of 
washing  and  purifying  the  soap.  The  resinous  scum 
being  removed  for  another  operation,  the  soap  is  con- 
veyed to  the  iron  frames  to  solidify.  Yellow  soap 
usually  contains,  to  one  part  of  soda,  from  ten  to  eleven 
parts  of  oily  acid  and  resin,  with  from  twenty-four  to 
fifty  per  cent,  of  water.  If  it  contain  a  large  propor- 
tion of  water,  it  has  just  the  same  appearance  as  when 
it  contains  only  a  small  proportion..  When  anything 
like  fifty  per  cent,  is  present,  it  has  been  added  while 
the  soap  was  in  the  frames,  for  the  purpose  of  fraud. 
If  tallow  or  other  grease  be  employed  in  the  manufac- 
ture of  yellow  soap,  instead  of  palm  oil,  the  following 
is  the  mode  of  procedure : — Two  thousand  pounds  of 
the  oil  or  fat,  six  hundred  pounds  of  resin,  and  from  a 
hundred  and  fifty  to  a  hundred  and  seventy-five  gallons 
of  soda  lie  of  specific  gravity  1-075  tol-150  =  15°to  30° 
Twaddell,  are  run  into  the  boiler,  and  when  the  whole 
is  melted,  the  mixture  is  heated  to  ebullition,  stirring 
carefully  all  the  time  to  prevent  the  resin  adhering  to 
the  bottom  and  sides  of  the  caldron.  Should  the  mass 
begin  to  swell  out,  the  heat  must  be  decreased.  The 
first  boiling  should  be  continued  not  more  than  two  or 
three  hours,  on  account  of  the  facility  with  which  the 
combination  of  the  fat  and  alkali  is  effected.  After 
six  hours'  repose  the  exhausted  lie  is  withdrawn,  and 
fresh  substituted,  and  the  whole  is  again  boiled  for 
three  hours  or  more.  After  another  repose  of  six  hours, 
again  draw  off  the  spent  lie,  and  renew  it  with  fresh. 
The  ebullitions  are  thus  continued,  day  after  day,  until 
the  soap  has  acquired  a  proper  consistence,  which  may 
be  ascertained  by  taking  a  small  portion,  and  when 
cool,  squeezing  it  between  the  thumb  and  finger.  If 
hard  thin  scales  are  formed,  it  is  finished,  and  after 
having  boiled  briskly  the  fire  is  removed ;  but  if  greasy, 
clammy,  and  soft,  it  is  not  perfect,  and  it  is  necessary 
to  add  more  lie  and  reboil.  The  soap  is  now  to  be 
cooled  by  adding  three  bucketfuls  of  lie,  and  after 
two  hours  the  liquor  is  withdrawn.  Six  or  eight 
buckctsful  of  water  are  now  added,  and  the  whole  is 
again  briskly  boiled,  stirring  constantly  until  the  soap 
is  melted.  A  little  of  the  boiling  paste  is  now  removed 
on  a  wooden  spatula,  and  if  it  run  clear  from  the  lie, 


more  water  is  added,  and  the  boiling  is  continued.  If 
it  should  not  run,  too  much  water  has  already  been 
added,  and  a  half  pailful  of  strong  solution  of  salt  must 
be  thrown  in. 

The  most  delicate  part  of  the  operation  is  that  of 
boiling,  and  it  therefore  requires  particular  attention. 
That  it  may  be  complete,  the  soap  should,  when  a  por- 
tion is  taken  on  a  spatula,  and  the  latter  is  held  in 
an  oblique  position,  shake  and  disperse  tremulously,  as 
would  a  body  of  gelatinous  consistence.  Then  the  fire 
may  be  withdrawn,  and  the  soap  considered  as  finished. 
In  France  yellow  soap  is  produced  by  a  similar  process 
as  the  other  kinds  of  common  soap,  adding  at  the 
commencement  of  the  operation  fifteen  to  twenty  per 
cent,  of  resin.  Some  manufacturers  make  a  soap  with 
but  five  to  ten  per  cent,  of  resin,  and  this  being  lower- 
priced  than  soap  made  entirely  of  grease,  has  a  more 
extensive  sale,  and  is  preferred  especially  for  domestic 
purposes.  By  its  property  of  dissolving  more  readily  in 
sea-water  than  other  soaps,  it  is  also  well  adapted  for 
use  on  shipboard.  The  common  brown  soap  is  made 
as  the  preceding,  but  by  using  a  greater  proportion  of 
resin,  and  substituting  for  the  tallow,  either  in  whole  or 
in  part,  the  common  kinds  of  grease,  such  as  soap  fat,  . 
bone  fat,  et  cetera. 

Mottled  Soap — Marbled  Soap. — In  the  manufac- 
ture of  this  variety  of  soap,  the  same  kinds  of  materials 
are  used  as  for  white  soap,  and  its  different  appearance 
arises  from  the  different  mode  of  treatment  of  the  soap, 
after  the  completion  of  saponification.  By  a  reference 
to  the  general  process  of  soap-making  given  above,  it 
will  be  observed  that  even  after  the  complete  formation 
of  soaps,  that  is,  when  the  whole  of  the  oil  or  fat  used 
is  decomposed,  and  the  oily  acids  have  entered  into  ! 
combination  with  alkali,  the  soap  still  requires  further 
treatment  before  it  is  brought  into  a  marketable  condi- 
tion. It  exists  now  in  the  form  of  immovable  globules, 
and  it  is  necessary  to  cause  these  to  coalesce  into  'a 
homogeneous  mass.  This  is  effected  by  a  process  termed  J 
fitting,  which  consists  in  the  fusion  of  the  contents  of 
the  boiling  caldron  in  a  weak  lie,  or  in  water,  and 
afterwards  boiling  the  whole  for  a  longer  or  shorter 
period,  according  to  the  kind  of  material  operated  upon, 
the  mass  being  prevented  from  boiling  out  of  the  copper 
by  dashing  shovels  into  it,  so  as  to  break  the  froth  and 
favor  evaporation.  During  this  process  in  making 
white  or  curd  soap,  the  more  or  less  colored  impurities 
of  the  materials  termed  nigre  or  nigger  fall  to  the  bot- 
tom ;  but  in  making  mottled  soap,  the  mixture  is  left 
in  a  thick  or  viscid  state,  so  that  the  impurities  cannot 
subside,  and  is  transferred  to  the  frames  in  this  condi-^ 
tion.  To  produce  a  good  marbled  soap,  it  is  necessary 
that  this  latter  operation  be  very  carefully  conducted ; 
as,  if  too  great  a  quantity  of  liquid  be  added,  or  if  the 
mixture  of  soap  and  water  or  weak  lie  cools  too  slowly, 
all  the  coloring  matter  falls  to  the  bottom,  leaving  the 
upper  stratum  of  soap  perfectly  white,  while,  on  the 
other  hand,  if  it  becomes  too  quickly  cold,  the  soap 
remains  in  the  granular  condition.  Thenard  compares 
the  separation  of  the  coloring  material  to  a  kind  of 
crystallization,  and  Morfit  ascribes  the  result  to  the 
formation  of  an  alumino-f&Tuginoits  soap,  and  the 
lesser  solubility  of  this  at  a  lower  temperature.  The 
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lower  veins  in  mottled  soap  appear  to  be  due  to  the 
presence  of' an  exceedingly  minute  trace  of  sulphide  of 
iron,  derived  from  the  last  service  of  lie,  in  which  it 
exists  in  solution  as  a  double  sulphide  of  sodium  and 
iron.  As  a  perfectly  colorless  lie,  apparently  free  from 
eveiy  trace  of  iron,  will  produce  mottling  if  allowed  to 
separate  slowly  from  soap,  it  has  been  questioned 
whether  iron  is  really  the  coloring  agent;  but,  as 
noticed  by  Parnell,  this  seems  to  be  proved  from  the 
fact  that  the  ash  which  remains  after  the  calcination 
of  the  brown  parts  of  such  soap,  affords  to  reagents  a 
sensibly  larger  quantity  of  iron  than  the  white  parts  of 
the  same  sample  of  soap.  Granting  that  the  lie  used 
may  be  free  from  iron,  which,  however,  is  very  rarely 
the  case  if  an  alkaline  sulphide  be  present,  this  has  a 
solvent  action  on  metallic  iron,  and  will  therefore  take 
iron  from  the  pans  or  boilers  used ;  and  even  supposing 
the  lie  to  be  free  from  alkaline  sulphide,  it  becomes  a 
matter  of  doubt  whether,  in  the  process  of  boiling,  a 
portion  of  sulphate  may  not  be  reduced  to  the  state  of 
sulphide  by  prolonged  contact  with  the  organic  matter. 
In  some  cases — and  in  such,  iron  must  be  present  in  some 
form  or  other — the  mottling  is  produced,  or  at  least  the 
proportion  is  increased  by  sprinkling  on  the  surface  of 
the  soap,  after  being  boiled  with  the  last  service  of  lie, 
a  small  quantity  of  very  strong  sulphuretted  lie,  which 
produces  the  mottling  by  filtering  slowly  through  the 
mass  of  soap.  At  Marseilles  and  other  places  where 
olive  oil  is  used  in  making  soap,  a  quantity  of  sulphate  of 
iron  is  added ;  in  which  case  the  mottling  is  produced, 
both  by  the  black  sulphide  of  iron,  and  by  the  oxide  of 
iron — the  red  portion — which  latter  combines  with 
fatty  acids,  producing  a  true  ferruginous  soap.  The 
quantity  of  copperas  requisite  is  about  eighteen  ounces 
to  four  hundred  and  fifty  pounds  of  oil  or  fat.  It  is 
added  first  mixed  with  weak  lie,  and  should  be  poured 
in  during  the  coction  of  the  soap,  and  before  it  has 
acquired  too  much  consistence.  When  the  soap  is 
ladled  out  of  the  boiler,  it  is  of  a  uniform  slate  tint ; 
but  as  it  becomes  cool,  the  metallic  portion  separates 
into  nodules,  and  by  the  trickling  of  the  excess  of  lie 
through  the  mass,  they  assume  those  forms  to  which 
the  term  mottled  is  applied.  By  varying  the  propor- 
tion of  sulphate  of  iron  a  tint  is  produced  of  a  lighter 
or  darker  hue.  Soaps  containing  this  have  exteriorly 
a  rusty  color,  owing  to  the  sesquioxidation  of  the 
iron  at  the  expense  of  atmospheric  oxygen,  and  this 
shade  may  be  deepened  by  the  addition  of  Venetian 
red,  or  colcothar,  into  the  particular  tint  to  which  the 
French  apply  technically  a  term  signifying  hidden  red, 
and  which  upon  the  deep  blue  produces  the  appearance 
of  marble,  as  seen  in  the  variety  known  as  castile  soap. 
This  peculiar  tint  may  be  communicated  as  well  before 
as  after  the  true  marbling;  for  which  purpose  it  is 
necessary  to  thin  out  the  colcothar  with  water,  and  in 
adding  it  to  incorporate  it  well  with  the  soap.  Gene- 
rail}',  in  the  preparation  of  mottled  soap,  less  care  is 
exerted  in  the  choice  of  materials  than  for  white  soaps, 
and  the  heterogeneous  mixture  of  fatty  substances, 
known  as  kitchen  stuff,  usually  forms  one  of  the  mate- 
rials. 

Cocoa-nut  Oil  Soap. — Cocoa-nut  oil  is  very  easy 
to  saponify,  and  is  used  to  a  considerable  extent  in 
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the  manufacture  of  white  soap,  as  well  per  se,  as  in 
admixture  with  other  oils  and  fatty  matters.  The 
disagreeable  odor  of  this  oil  is  removed  most  effectually 
and  conveniently  by  boiling  in  a  wooden  vessel  by 
means  of  steam,  with  a  mixture  of  six  pounds  of 
sulphuric  and  twelve  of  hydrochloric  acid  to  each  tun 
of  oil.  The  oil  so  purified  is  heated  in  the  boiling 
caldron,  with  the  addition  of  a  portion  of  olive  or  some 
other  readily  saponifiable  oil  or  fat,  and  the  soda  lies 
are  gradually  introduced  in  the  usual  manner.  Towards 
the  conclusion  of  the  process  of  saponification,  a  quan- 
tity of  caustic  potassa  lie  is  thrown  in,  and  the  boiling 
is  continued  as  long  as  may  be  necessary.  The  soap 
thus  formed  requires,  for  its  separation  from  the  lies,  a 
much  larger  proportion  of  salt  or  other  saline  matter, 
than  the  soaps  formed  of  tallow,  palm  oil,  or  olive  oil. 
Otherwise  the  process  of  separation  is  the  same  as  for 
other  soaps.  Pure  cocoa-nut  oil  soap,  by  the  usual 
method  of  saponification,  can  onty  be  obtained  by  the 
use  of  a  very  large  quantity  of  common  salt,  and  thou 
contains  so  very  little  water,  or  is  so  extremely  hard, 
that  it  cannot  be  cut  with  a  knife.  On  this  account 
the  usual  mode  of  proceeding  is  not  followed  in  the 
production  of  this  soap.  The  principal  distinction 
between  cocoa-nut  oil  and  other  oils  and  fats  is,  that 
while  the  latter  are  most  readily  saponified  by  weak  lies, 
cocoa-nut  oil  is  quite  unacted  upon  until  the  lies  have 
obtained  a  considerably  higher  degree  of  concentration  ; 
saponification  then  suddenly  commences,  and  proceeds 
with  extraordinary  rapidity.  Only  the  strongest  soda 
lies  are  employed  in  the  production  of  this  soap,  and 
by  taking  pure  and  perfectly  caustic  lie,  the  use  of  salt 
in  purifying  the  soap  is  dispensed  with.  Pure  cocoa- 
nut  oil  hardens  much  too  quickly  to  exhibit  any  distinct 
formation  of  curd,  and  is  consequently  incapable  of 
marbling  of  itself ;  it  is  very  white,  translucent,  exceed- 
ingly light,  and  forms  a  good  lather,  but  has  always  a 
more  or  less  offensive  smell. 

An  important  property  of  cocoa-nut  oil  is  its  power 
of  combining  with  more  water  than  can  even  be  incor- 
porated with  tallow  soap,  and  this  property  frequently 
leads  to  dishonest  practices.  Cocoa-nut  oil  actually 
produces  no  greater  quantity  of  soap  than  an  equal 
weight  of  tallow;  but  the  soap  from  the  former  can 
easily  be  made  to  absorb  one-third  more  water  or  lie, 
and,  at  the  same  time,  exhibit  no  want  of  consistence 
or  softness,  as  would  be  the  case  with  other  soaps.  The 
more  rancid  cocoa-nut  oil  be,  the  more  readily  is  it 
saponified. 

As  previously  remarked,  cocoa-nut  oil  is  not  usually 
saponified  alone,  but  is  added  to  other  oils  for  the  pur- 
pose of  producing  quickly  solidifying  soaps  containing 
a  large  proportion  of  water.  When  equal  parts  of 
cocoa-nut  oil  and  tallow  are  used,  the  soap  has  the 
smell  of  common  tallow  soap.  The  boiling  is  continued 
until  a  specimen  exhibits  the  proper  consistence  under 
the  thumb.  Tallow  itself  could  not  be  saponified  under 
the  same  conditions ;  but  the  saponification  begins  with 
the  cocoa-nut  oil,  and  the  tallow  is  then  saponified  by 
means  of  the  presence  of  the  cocoa-nut  oil  soap.  The 
different  varieties  of  this  soap  are  marbled  artificially. 
The  blue  or  red  coloring  matter  is  rubbed  up  with  a 
little  of  the  soap,  or  better,  with  a  separate  portion 
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of  good  cocoa-nut  oil  soap,  until  the  whole  acquires  a 
red  or  blue  color.  This  is  then  placed  in  alternate 
layers  with  the  colorless  soap ;  and  by  stirring  the  mass 
together  streaks  and  veins  are  produced  in  all  direc- 
tions. 

Marseilles  Soap. — This  variety  of  soap  is  pro- 
duced by  the  saponification  of  olive  oil  alone.  The 
process  does  not  materially  differ  from  that  described 
for  white  soap.  The  duration  of  the  operation  is  longer 
or  shorter  according  to  the  quality  of  the  oil.  Some 
manufacturers  use,  in  the  fabrication  of  this  soap,  a 
certain  proportion  of  poppy  oil  with  the  olive  oil ;  and 
the  addition  is  rather  beneficial  than  otherwise,  as  the 
soap  produced  is  less  hard,  and  consequently  more 
easily  applicable  to  detergent  purposes.  It  is  at  present 
manufactured  on  a  considerable  scale  in  this  country. 

An  improvement  on  the  old  method  of  soap-making 
was  invented  by  Dunn,  and  has  been  already  alluded 
to.  It  consists  in  the  application  of  streams  of  air  to 
the  materials,  whilst  in  the  course  of  saponification. 
The  air  is  forced  below  their  surface  by  means  of  a 
pump  ;  and  the  saponification  is  said  to  be  greatly  acce- 
lerated, and  the  process  otherwise  much  improved.  The 
following  is  the  method  as  stated  by  Morfit  : — Into 
each  of  the  ordinary  boiling  caldrons  a  circular  ring  of 
pipe  of  about  one  and  a  half  inch  bore,  and  perforated 
with  small  holes,  is  fixed  in  the  well  of  the  kettle,  just 
below  the  flange  or  joint,  keeping  it  sufficiently  off  the 
bottom  to  allow  a  stirrer  to  be  used  to  scrape  the 
bottom  when  necessary.  The  pipe  is  supplied  with  atmo- 
spheric air  from  a  cylinder  blast,  or  other  suitable  forcing 
apparatus,  and  is  connected  with  the  latter  by  means  of 
a  pipe  attached  thereto,  and  rising  up  to  the  top  of  the 
kettle,  where  it  is  furnished  with  a  stopcock  and  union- 
joint,  for  the  purpose  of  connecting  or  disconnecting  the 
parts  of  the  pipe  within  and  without  the  copper.  For 
a  clean  yellow  soap  ninety  gallons  of  lie  of  specific 
gravity  1-14  =  28°  Twaddell,  are  run  into  the  caldron. 
The  fire  being  kindled,  the  caldron  is  charged  with 
two  thousand  and  fifty  pounds  of  grease ;  and  as  soon 
as  the  lie  is  at  or  near  the  boiling  point,  the  blast  is 
commenced,  keeping  up  a  brisk  fire  so  as  to  continue 
the  materials  in  the  kettle  as  near  ebullition  as  possible. 
When  the  lies  are  exhausted,  an  additional  quantity  is 
gradually  added  until  the  grease,  oil,  or  fatty  matter  is 
taken  up.  Five  hundred  and  fifty  pounds  of  resin  are 
then  added — a  bucketful  at  a  time,  with  more  lie 
occasionally,  until  three  hundred  gallons  of  the  strength 
above-mentioned  have  been  used,  keeping  the  blast  in 
action  the  whole  time,  and  the  contents  of  the  kettle 
as  nearly  boiling  as  possible.  When  the  whole  of  the 
resin  is  melted,  and  thoroughly  incorporated  with  the 
saponaceous  mass,  and  the  strength  of  the  lies  taken 
up,  the  blast  should  be  stopped,  and  the  contents  of 
the  boiler  briskly  boiled,  and  then  allowed  to  rest,  that 
the  spent  lies  may  separate  and  deposit.  These  being 
now  drawn  off,  the  soap  is  then  brought  to  strength  by 
fresh  lies  as  in  the  ordinary  process  of  soap-boiling. 
During  the  operation  of  the  blast,  the  soap  must  be 
kept  in  an  open  or  grained  state ;  and  for  this  purpose 
salt  or  brine  is  to  he  added  when  necessary.  Experience 
has  shown  that  it  is  better  not  to  make  a  change  of  lie 
during  the  operation  of  the  blast,  when  lie  of  the 


strength  above-mentioned  is  used  ;  but  if  weaker  lie  is 
employed,  one  or  more  changes  may  be  made.  It  is 
found  desirable,  also,  that  the  soap  should  be  kept  in 
a  weak  state  during  the  passage  of  the  streams  of  air 
through  the  materials ;  otherwise  it  is  apt  to  swell 
up,  from  the  air  hanging  in  the  grain ;  and  this  is 
found  troublesome  to  remove,  requiring  long  boiling. 
If  dark-colored  materials  are  used,  it  is  well  to  keep 
the  blast  in  operation  three  or  four  hours  after  the  resin 
is  melted  ;  provided  the  soapy  mass  is  kept  weak  and 
open  or  grained. 

Another  improvement  in  the  manufacture  of  soaps 
was  invented  by  Mr.  Anderson,  by  means  of  which 
the  soaps  are  more  completely  purified.  This  is  de- 
scribed by  Morfit  as  follows : — In  the  manufacture 
of  yellow  or  resin  soap,  the  ordinary  process  is  that 
of  boiling  the  materials  upon  successive  portions  of 
alkaline  lie  until  they  become  strength;  that  is,  until 
the  oily  matter  is  perfectly  saponified,  after  which 
the  curd  so  produced  is  subjected  to  a  purifying  ope- 
ration termed  fitting,  performed  as  follows  : — The  lie 
used  in  boiling  to  strength  is  carefully  pumped  off 
from  the  soapy  paste ;  and  the  latter  is  diluted  with 
weak  lie  or  water,  and  boiled  to  the  proper  consistence. 
After  two  days'  repose  the  lies  settle  out  of  the  perfect 
soap,  and  there  is  found  below  the  latter  an  inferior  or 
second  quality  of  soap  termed  m'gre  or  nigger.  The 
perfect  soap  is  cleansed  or  lifted  off  carefully  from  this, 
and  transferred  to  the  cooling  frames ;  the  mass  of 
imperfect  soap  either  being  added  to  the  next  charge, 
or  concocted  into  an  inferior  soap.  The  process  fol- 
lowed in  making  curd  soap,  is  to  boil  the  materials 
upon  successive  lies  until  they  become  saponified ;  after 
which,  and  when  the  curd  is  of  proper  consistence,  it 
is  removed  carefully  to  the  cooling  frames  without 
further  treatment.  The  invention  of  Mr.  Ander- 
son, it  will  be  observed,  does  not  interfere  with  the 
usual  mode  of  producing  the  soap,  but  refers  only  to 
its  purification,  and  begins  at  that  point  where  the 
materials  having  been  properly  saponified,  the  soap 
ribbons  out  well  on  the  finger.  At  this  stage,  instead 
of  boiling  out  the  head,  and  finishing  as  heretofore 
practised,  the  new  process  is  commenced  by  pumping 
out  or  drawing  off  the  strong  lie  on  which  the  mate- 
rials have  been  boiled,  and  then  adding  weak  lie  or 
water  in  successive  portions,  and  boiling  the  whole 
until  the  mass  assumes  a  proper  appearance  for  fitting. 
The  whole  is  now  allowed  to  stand  at  rest  for  from 
twenty-four  to  forty-eight  hours,  or  until  the  nigger  or 
imperfect  portion  of  the  soap  is  deposited.  This  latter 
may  then  be  separated,  either  by  pumping  it  off  from 
under  the  purified  compound  into  an  adjacent  kettle, 
or  by  removing  carefully  the  upper  stratum  of  purified 
soap  by  means  of  ladles  or  buckets. 

Whichever  method  be  pursued,  the  cleansed  material 
must  now  be  treated  with  the  proper  finishing  lie  for 
curd  soap ;  which  being  added,  the  whole  is  boiled 
until  the  soap  becomes  of  sufficient  consistence  to  be 
transferred  to  the  cooling  frames.  When  the  materials 
employed  in  the  production  of  this  soap  are  very 
impure,  the  fitting  or  purifying  process  as  above 
described  is  repeated  one  or  more  times;  in  which 
case  after  the  first  separation  of  the  imperfect  soap, 
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the  remaining  partially-purified  material  is  treated  with 
a  lie  only  of  moderate  strength,  instead  of  the  ordinary 
finishing  lie,  and  the  whole  is  boiled  with  weak  lie 
or  water  until  sufficiently  diluted  to  allow  the  proper 
performance  of  the  fitting  process ;  after  which,  time  is 
allowed  for  deposition,  the  imperfect  soap  is  again 
removed,  and  after  the  addition  of  the  finishing  lie, 
the  remainder  is  boiled  to  a  curd  as  before.  The 
further  treatment  of  the  separated  nigger  or  imperfect 
soap  and  its  conversion  into  mottled  soap,  is  effected 
by  adding  to  it  in  an  ordinary  caldron  the  usual  finish- 
ing lie  for  a  mottled  soap,  and  boiling  until  it  is  of 
proper  consistence  to  be  removed  to  the  frames.  The 
quantity  obtained  from  one  charge  of  soap  by  the 
fitting  or  purifying  process,  is  not  enough  to  be  con- 
veniently boiled  by  itself;  it  is  therefore  set  aside,  and 
six  or  more  batches  operated  upon  at  one  time. 

Soft  Soap. — This  variety  of  soap  differs  in  many 
essential  particulars  from  those  already  described.  The 
alkali  used  in  its  production  is  potassa  exclusively,  and 
the  oil,  either  in  whole  or  in  part,  a  drying  oil,  as  that 
of  hemp  seed,  poppies,  et  cetera,  or  fish  oil,  as  whale  or 
seal  oil.  The  theory  of  the  reaction  of  potassa  upon 
fats  and  oils  is  precisely  the  same  as  in  the  case  of  soda. 
Soaps  with  potassa  base  are,  however,  manufactured 
on  an  entirely  different  system  to  those  of  soda  or  hard 
soaps.  In  the  latter,  the  soap  is  withdrawn  from  the 
lie  when  only  a  portion  of  the  oil  has  been  saponified, 
and  fresh  lies  are  added  until  saponification  is  complete. 

In  the  production  of  potassa  or  soft  soaps,  no  lies 
are  separated  during  the  whole  course  of  operation  ;  the 
only  object  being  the  combination  of  the  potassa  with 
the  fat  or  oil.  Potassa  soap,  therefore,  of  course  con- 
tains the  whole  of  the  base  of  the  oils  or  glycerin,  which 
is  expelled  from  combination  by  the  stronger  base,  as 
well  as  the  impurities  always  existing  in  the  lie,  as  car- 
bonate of  and  caustic  potassa,  chloride  of  potassium, 
sulphate  of  potassa,  and  in  small  quantities,  many  other 
salts,  which  in  the  manufacture  of  hard  soaps  are  removed 
in  the  exhausted  lies.  Potassa  soap,  also,  always  con- 
tains a  much  greater  proportion  of  water  than  hard 
soaps,  the  quantity  being  in  the  majority  of  instances 
from  fifty  to  sixty  per  cent.  If  desired,  the  glycerin 
of  the  fat  and  saline  impurities  of  the  lie  might  easily 
be  removed  by  the  application  of  strong  lies  towards  the 
completion  of  the  process,  but  on  the  large  scale  such 
a  system  is  never  pursued.  A  much  larger  proportion 
of  alkali  is  consumed  by  a  given  weight  of  oil  or  fat, 
when  saponified  by  potassa,  than  when  soda  is  used, 
one  part  of  pure  potassa  being  taken  up  by  from  four 
and  a  half  to  five  parts  of  oil;  and  hence  the  quantity 
of  real  soap  produced  from  a  given  weight  of  oil  or  fat 
when  saponified  by  potassa  is  considerably  greater  than, 
when  the  alkali  used  is  soda;  and  this  quantity  is  still 
further  augmented  by  the  large  proportion  of  water, 
together  with  the  glycerin  and  saline  impurities  always 
contained  in  the  lies,  and  which,  as  above  stated,  are 
not  removed  from  the  soap.  From  the  great  analogy 
which  exists  between  soda  and  potassa  compounds,  it 
would  be  expected  that  potassa  soap  would  be  separated 
from  its  solutions  by  chloride  of  potassium,  as  soda  soap 
is  by  chloride  of  sodium.  This,  however,  is  not  the 
case,  as  when  to  a  solution  of  potassa  soap,  procured 
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by  treating  oils  or  fats  with  caustic  potassa  lies,  a  con- 
siderable quantity  of  chloride  of  potassium  is  added,  no 
separation  of  soap  takes  place  ;  the  salt  dissolves  in  the 
soapy  mixture,  and  the  solution  remains  clear.  Potassa 
soap  can  only  be  separated  from  the  lies  and  eliminated 
glycerin  by  adding  strong  potassa  lies  after  the  soap  is 
complete,  and  the  excess  of  alkali  and  the  glycerin 
may  then  be  allowed  to  subside,  and  subsequently  be 
more  completely  removed  by  placing  the  soap  to  drain. 
On  the  large  scale,  however,  as  before  observed,  soft 
soap  is  never  separated  as  above  ;  the  soap  solution  is 
boiled  down  until  homogeneous  and  of  a  proper  pasty 
consistence. 

The  process  of  manufacture  of  soft  soap  is  as  follows; 
the  proportions  of  oil  and  lie  being  regulated  according 
to  the  strength  of  the  latter,  and  the  qualities  operated 
upon  at  once  varying  with  the  greater  or  less  capacity 
of  the  boiling  caldron.  According  to  Morfit,  whose 
extensive  experience  in  the  soap  manufacture  renders 
his  remarks  of  great  value,  the  larger  the  caldron  the 
better  and  more  economical.  To  be  properly  propor- 
tional, the  diameter  should  always  be  greater  than  their 
depth,  and  should  be  only  half  filled  with  material,  as  the 
soap  when  boiling  swells  up  and  rises  considerably.  In 
some  soaperies  the  whole  of  the  oil  and  tallow  is  intro- 
duced at  once,  together  with  a  portion  of  the  lie,  and 
the  remainder  of  the  lie  is  added  after  some  hours' 
ebullition  ;  in  others,  both  the  oil  and  lie  are  introduced 
gradually.  The  lie  should,  indeed,  always  be  gradually 
added,  and  in  small  quantities  at  a  time,  spreading  it 
superficially  over  the  whole  mass.  As  soon  as  the  two 
clear  liquids,  separately  introduced,  unite  together,  the 
whole  becomes  much  thicker,  and  in  some  cases  boils 
quietly,  but  in  others  swells  up  into  froth.  In  the  latter 
case  it  must  be  thrashed  with  a  stirring  pole,  and  dosed 
with  a  sufficient  quantity  of  lie  to  lessen  the  commotion 
and  prevent  loss  of  the  material  by  running  over.  The 
caldron  requires  to  be  constantly  watched  while  over  the 
fire.  If  too  much  lie  is  added  at  the  commencement, 
no  union  is  effected  between  the  oil  and  the  alkali ;  and 
if  the  lies  are  too  strong  they  seize  on  the  oil  too  rapidly, 
and  instead  of  becoming  thick  and  viscid,  the  mass 
becomes  clotted.  This  latter  inconvenience  may  be 
remedied  by  adding  lies  of  a  lower  degree  of  strength. 
If  the  lies  are  not  sufficiently  strong,  combination  ensues 
so  tardily  that  part  of  the  superabundant  water  must 
first  be  expelled  by  evaporation  before  a  perfect  union 
between  the  oil  and  alkali  can  be  effected.  When  com- 
bination is  perfect  and  the  great  foamings  have  subsided, 
the  pasty  mass  should  become  clear  and  transparent, 
and  free  from  clots  or  granules,  and  no  acrid  taste  should 
be  perceptible.  To  ascertain  if  this  he  the  case,  a  small 
sample  is  taken  out  and  cooled.  If  it  should  not  be 
of  proper  consistence  and  free  from  opacity,  the  boiling 
is  continued,  and  after  some  time  another  sample  is 
taken,  and  so  on  until  the  soap  is  properly  finished. 
If  the  test  sample  thickens  on  cooling,  has  a  brown 
color,  is  perfectly  homogeneous,  and  is  not  ropy  when 
worked  between  the  fingers,  the  soap  is  finished,  and 
the  fire  should  at  once  be  withdrawn.  A  fair  criterion 
of  the  quality  of  the  soap  is  said  to  be  furnished  by  a 
peculiar  phenomenon  observable  during  its  cooling  ;  a 
little  opaque  zone  forming  around  the  test-portion  taken 
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from  the  caldron  for  an  assay,  indicates  perfect  saponi- 
fication, and  is  called  strength,  the  absence  of  which 
denotes  a  deficiency  in  strength ;  and  when  the  zone 
vanishes  soon  after  having  made  its  appearance,  the 
soap  is  said  to  have/a/se  strength.  When  it  comes  in 
the  best  form  the  soap  is  perfect,  and  may  be  secured 
in  that  state  by  removing  the  fire,  and  then  proceeding 
as  subsequently  directed. 

To  allay  the  foaming  and  render  the  finished  soap 
fit  to  be  transferred  to  the  barrels  or  casks  without 
endangering  its  detergent  quality  or  diminishing  its 
causticity,  the  soap  should  be  cooled  as  rapidly  as 
possible.  For  this  purpose  a  quantity  of  ready-made 
soap — a  ton  or  more,  according  to  the  size  of  the 
caldron — is  added  to  the  hot  mass.  This,  in  melting, 
rapidly  abstracts  a  portion  of  the  heat  of  the  recently 
made  soap,  until  the  degree  of  that  and  its  own  is 
uniform.  The  foaming  having  subsided,  the  soap  is 
racked  off  into  the  barrels,  in  which  it  is  sent  away. 
In  the  manufacture  of  soft  soap  Morfit  observes,  that 
it  is  better  that  the  boiling  should  be  too  much  than  too 
little  protracted.  Soap  which  is  not  sufficiently  cooked, 
changes  and  spoils,  while  the  only  disadvantage  pro- 
duced by  excessive  boiling  is  a  diminution  in  the 
quantity  of  the  product.  The  usual  time  requisite  for 
a  charge  is  six  or  seven  hours,  but  varies  with  the 
strength  of  the  lies,  the  temperature  of  the  atmosphere, 
and  other  incidental  circumstances. 

In  Great  Britain  a  small  proportion  of  tallow  is 
usually  introduced  as  one  of  the  materials  for  the  pro- 
duction of  soft  soap.  This  addition  is  for  the  purpose 
of  producing  the  solid  white,  granulations  of  stearate  of 
potassa  termed  figging,  because  the  soap  then  resembles 
the  granular  texture  of  a  fig.  Hence  British  soft  soap 
presents  the  appearance  of  a  brownish  transparent 
body,  through  which  white  grains  are  disseminated. 
These  figged  granulations  do  not  usually  make  their 
appearance  until  two  or  three  weeks  after  the  soap  has 
been  made,  and  during  the  hot  summer  months  they  do 
not  appear  at  all.  They  are  improperly  considered  to 
be  a  proof  of  the  good  quality  of  the  soap,  and  hence 
the  figged  appearance  has  been  imitated  by  the  admix- 
ture of  starch.  Messrs.  Lund  and  Unsworth  of 
Liverpool  are  said  to  be  the  largest  makers  of  soft  soap 
in  England.  They  generally  turn  out  fifty  or  sixty 
tons  weekly  of  a  most  excellent  article. 

The  Scotch  process  for  manufacturing  soft  soap  is 
as  follows: — Two  hundred  and  seventy  three  gallons 
of  whale  or  cod  oil,  and  four  hundred  pounds  of 
tallow  are  introduced  into  the  soap  pan,  together  with 
two  hundred  and  fifty  gallons  of  potassa  lie,  of  such 
strength  that  one  gallon  contains  six  thousand  six 
hundred  grains  of  real  potassa.  Heat  is  now  applied 
to  the  pan,  and  as  the  mixture  approaches  the  boiling 
temperature,  much  froth  appears,  and  to  prevent  boil- 
ing over,  it  is  beaten  down  on  the  surface.  Should  it 
subside  quickly  into  a  doughy  looking  paste,  it  is  an 
indication  that  a  too  strong  lie  has  been  used.  Its 
proper  appearance  is  that  of  a  thin  glue.  There  should 
now  be  added  about  forty-two  gallons  of  a  stronger 
lie,  equivalent  to  eight  thousand  seven  hundred  grains 
of  potassa  per  gallon,  and  after  a  short  interval,  an 
additional  forty-two  gallons;  and  thus  successively 


until  nearly  a  total  of  six  hundred  gallons  has  been 
introduced.  After  properly  boiling,  to  complete  the 
saponification  of  the  fats,  soap  will  be  obtained  amount- 
ing in  quantity  to  six  thousand  four  hundred  pounds, 
from  the  above  proportions  of  materials. 

American  soft  soap,  Morfit  states,  differs  very  little 
from  the  preceding  in  its  mode  of  manufacture ;  two  hun- 
dred pounds  of  oil  saponified  by  seventy-two  pounds  of 
potassa  in  lies  of  specific  gravity  1  110  :=  22°  Twaddell, 
yielding  four  hundred  and  fifty  pounds  of  finished  soap. 
Fish-oil  soft  soap  has  usually  a  dark-brown  color,  and 
that  made  from  refuse  fat  and  oil,  a  dirty-white  shade. 
Soap  made  with  colza  oil  is  slightly  bluish.  When 
hempseed  oil  is  used,  the  soap  has  a  greenish  color. 
The  latter  is  by  some  consumers  preferred  to  other 
kinds  of  soft  soap ;  and  hence  ordinary  soft  soap  made 
from  fish  oil  is  frequently  tinged  green  by  adding  a 
small  proportion  of  powdered  indigo,  or  a  solution  of 
indigo  in  alkali,  the  yellow  of  the  soap  forming  a 
green  with  the  blue  of  the  indigo.  Soft  soap  is  always 
of  a  pasty  consistence,  and  even  if  excessively  boiled, 
does  not  harden,  but  becomes  scorched  and  dry.  In 
this  country  it  is  chiefly  used  for  fulling,  and  for  the 
scouring  and  cleansing  of  woollen  stuff's.  Being  pos- 
sessed of  greater  solubility,  and  having  a  much  more 
powerfully  detergent  action,  it  is  also  especially  applicable 
for  scouring  floors  and  wooden  utensils.  In  Germany, 
Belgium,  and  Holland,  it  is  also  used  for  washing  linen, 
which  thereby  acquires  a  most  disagreeable  odor  of 
oil  When  chloride  of  sodium  is  added  to  soft  or  potassa 
soap,  decomposition  ensues,  the  chlorine  of  the  salt 
seizes  the  potassium  of  the  soap  producing  chloride 
of  potassium ;  and  at  the  same  time,  the  sodium  takes 
the  place  of  the  potassium  in  the  soap,  and  a  hard  or 
soda  soap  results.  The  proportions  recommended  by 
Pelletier  and  others  for  the  conversion  of  soft  into 
hard  soaps,  by  means  of  the  above-mentioned  decom- 
position, are  six  pounds  of  salt  to  every  three  pounds 
of  oil,  and  the  solution  of  the  salt  in  water  is  to  be 
added  in  small  portions  and  gradually  to  the  soap,  the 
latter  being  in  a  state  of  ebullition.  The  soda  soap 
produced  separates  quickly  from  the  lie,  and  the  opera- 
tion is  terminated  in  the  usual  way.  This  process  for 
producing  hard  soap  is  of  great  importance  in  those 
countries  where  soda  is  not  to  be  procured,  as  potassa 
and  its  salts  may  be  substituted  for  the  latter  in  the 
process  of  saponification. 

Silicated  Soaps. — Many  varieties  of  soap  are  met 
with  in  commerce  termed  silicated  soaps.  They  are 
produced  either  by  the  addition  of  silica  itself  or  an 
alkaline  silicate  to  the  soap  paste,  just  before  cooling 
and  solidification.  Under  this  title  are  included  also 
those  soaps  admixed  with  pipe-clay,  and  matters  of  a 
similar  nature,  which,  though  not  strictly  silica  soaps, 
are  usually  classed  with  them.  Sand  soaps  differ  from 
silica  soaps  inasmuch  as  in  the  latter  the  admixture 
has  been  prepared  artificially,  while  in  the  former  com- 
mon white  sand  is  the  silicious  ingredient,  and  the  only 
preparation  it  has  undergone  is  finely  sifting.  In  the 
preparation  of  sand  soap,  the  finely-sifted  sand  is  added 
to  ordinary  white  soap  and  thoroughly  incorporated  with 
it  while  in  the  pasty  condition,  in  the  proportion  of 
seven  or  eight  per  cent ;  and  as  soon  as  the  mass  has 
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cooled,  it  is  taken  from  the  frame  and  cut  into  tablets 
or  moulded  into  balls.  Of  tbe  three  silicated  soaps, 
the  first  that  claims  mention  is  that  prepared  by  Mr. 
Gossaoe's  patent  process.  It  consists  in  the  intro- 
duction into  soaps  prepared  from  fatty  or  resinous 
materials  of  a  highly  concentrated  solution  of  silicate  of 
alkali.  The  process  for  the  preparation  of  this  silicate, 
termed  also  soluble  glass,  is  described  in  the  specifi- 
cation as  follows : — When  soda  is  used  as  the  alkaline 
solution  to  be  combined  'with  silica,  nine  parts  of 
soda  ash  are  mixed  with  eleven  parts  of  clear  sand,  and 
the  mixture  is  to  be  fused  in  a  reverberatory  furnace, 
provided  with  a  tap-hole  through  which  to  allow  the 
finished  product  to  run  off.  Sufficient  heat  is  to  be 
applied  to  the  mixture,  stirring  from  time  to  time  until 
combination  has  been  effected ;  the  product  is  then 
drawn,  and  received  either  in  metallic  moulds,  or  in 
moulds  formed  of  damp  or  moistened  sand.  The 
charge  for  a  furnace  having  a  bed  or  sole  measuring 
sixty  square  feet,  is  about  a  ton  of  the  mixed  sand  and 
alkali,  and  each  charge  requires  four  or  five  hours  to 
be  properly  fused  and  combined.  For  the  preparation 
of  silicate  of  potassa  the  proportions  are  equal  weights  of 
crude  carbonate  of  potassa  and  sand,  and  these  are  melted 
exactly  as  in  the  production  of  silicate  of  soda.  It  is 
always  desirable  to  use  such  proportions  of  alkali  and 
sand  for  the  production  of  the  silicate,  that  the  latter 
may  be  almost  wholly  soluble  in  water;  when  the  alkali 
is  deficient,  however,  this  is  not  the  case,  and  to  obtain 
perfect  solution,  it  is  necessary  to  use  as  the  solvent  a 
solution  of  caustic  soda  or  potassa. 

The  solution  of  the  perfect  silicate  may  be  effected 
simply  by  grinding  the  latter  to  powder,  and  agitating 
this  in  a  pan  containing  boiling  water ;  but  a  much 
preferable  method  of  solving  is,  by  the  employment 
of  an  apparatus  consisting  of  a  vessel  formed  of  iron 
plates,  or  other  suitable  materials,  which  vessel  is  fitted 
with  a  perforated  diaphragm  or  false  bottom  placed 
about  mid- way  between  top  and  bottom.  The  silicate, 
first  broken  into  small  lumps,  is  placed  upon  the  false 
bottom,  and  hot  water  is  introduced  into  the  vessel 
to  a  sufficient  height  to  cover  the  pieces  of  glass  to  be 
dissolved.  Steam  is  then  introduced  into  the  water 
so  as  to  maintain  the  latter  at  a  high  temperature. 

As  the  glass  dissolves,  it  communicates  additional 
gravity  to  the  water,  and  the  heavier  solution  descends 
in  the  vessel  whilst  the  lighter  fluid  rises,  and  coming 
in  contact  with  the  glass  also  dissolves  it,  and  acquiring 
density  again  descends.  In  this  manner  a  continued 
circulation  of  the  fluid  takes  place,  and  the  glass 
becomes  nearly  all  dissolved,  yielding  a  strong  solution. 

After  allowing  undissolved  matters  to  deposit,  the 
solution  is  transferred  to  a  cast-iron  evaporating  pan, 
and  by  the  application  of  heat  concentrated  until  of 
specific  gravity  T450,  when  it  becomes  viscous  on 
cooling,  and  is  then  in  a  condition  to  be  added  to  the 
soap.  When  the  solution  of  the  silica  is  to  be  added 
to  a  soda  soap,  the  latter,  prepared  in  the  usual  man- 
ner, is  to  be  transferred  from  the  caldron  into  a  tub 
or  pan,  termed  the  mixing  vessel,  capable  of  containing 
about  fourteen  hundredweight  of  soap,  and  the  viscous 
solution  of  silicate  of  soda  is  to  be  added  in  such 
proportions  as  to  yield  the  particular  quality  of  soap 


desired  to  be  produced  ;  and  the  mixture  is  then  well 
agitated  by  means  of  crutches  or  paddles.  The  soap 
and  the  viscous  solution  should  be  each  at  such  a 
degree  of  heat  that  the  mixture,  when  formed,  may  be 
at  a  temperature  of  160°,  and  the  agitation  is  to  be 
continued  until  the  temperature  is  reduced  ten  degrees, 
that  is,  to  about  150°.  The  mixture  is  then  transferred 
to  the  cooling  frames,  and  agitated  therein  by  means 
of  crutches,  until  it  becomes  of  such  consistence  as  to 
render  its  continuance  no  longer  practicable. 

Although  the  mixture  of  the  solution  of  silica  with 
the  soap  may  be  effected  by  means  of  crutches  worked 
by  hand,  as  above  described,  it  may  be  stated  that  when 
a  more  rapid  agitation  is  applied  than  can  be  effected 
by  this  means,  the  soap  produced  is  a  more  perfect 
mixture,  and  of  more  uniform  quality. 

For  admixture  with  soft  soap,  the  soluble  glass  is 
formed  by  the  fusion  of  a  mixture  of  sand  and  potassa, 
as  previously  mentioned,  for  the  preparation  of  a 
silicate  of  potassa.  This  is  dissolved,  and  after  con- 
centrating the  solution  to  the  viscous  condition,  it  is 
mixed  with  the  soft  soap,  exactly  as  described  in  the 
case  of  soda  or  hard  soaps.  As  the  proportional  amount 
of  alkali  contained  in  a  mixture  of  soap  with  soluble 
glass  is  greater  than  that  contained  in  the  unmixed  soap 
— if  it  is  desired  to  reduce  this  amount,  as  the  excess  of 
alkali  may  be  injurious  for  some  purposes  to  which  the 
soap  may  be  applied,  it  is  effected  by  the  addition  to 
the  solution  of  the  silicate  of  sulphuric  or  hydrochloric 
acid,  previously  to  its  reduction  to  the  viscous  condi- 
tion. The  mixed  silicated  soaps  may  be  obtained  of 
any  requisite  degree  of  hardness  by  the  greater  or  less 
concentration  of  the  solution  of  soluble  glass.  The 
compound  soaps  produced  by  the  above  process,  the 
patentee  states,  are  possessed  of  valuable  detergent 
properties,  independently  of  the  real  soap  contained  in 
them. 

In  the  process  invented  by  Mr.  Sheridan  for  the 
preparation  of  silicated  soap,  either  calcined  flint,  or 
quartz,  or  sand  is  used  for  the  production  of  soluble 
glass.  If  sand  is  the  silicious  ingredient,  he  directs 
that  it  be  mixed  with  carbonate  of  soda  in  the  pro- 
portion of  one  part  of  sand  to  three  of  soda,  and  the 
mixture  is  then  to  be  calcined  to  fusion  in  a  reverbera- 
tory furnace.  The  product  of  calcination  is  drawn  out 
into  water  and  dissolved  by  the  aid  of  heat.  Thus  far 
the  process  resembles  that  of  Mr.  Gossage.  Mr. 
Sheridan,  however,  now  directs  that  a  current  of  car- 
bonic acid  be  passed  through  the  solution  of  silicate  of 
soda,  whereby  the  silica  is  displaced  from  combination 
and  precipitated  in  a  gelatinous  form.  From  this  the 
liquid  containing  the  soda,  reconverted  to  the  state  of 
carbonate,  is  withdrawn,  and  evaporated  to  dryness 
for  use  again;  the  precipitated  silica  is  mixed  with 
caustic  soda  or  potassa  lie  of  specific  gravity  1-1515 
=  30°  Twaddell,  and  boiled  for  eight  hours,  with  con- 
stant stirring,  until  it  becomes  a  homogeneous  mass. 
This  latter  part  of  the  process  seems  a  very  useless 
operation.  It  is  simply  the  destruction  of  a  compound 
already  in  the  liquid  condition,  and  its  reproduction 
in  exactly  the  same  state,  but  by  another  and  more 
objectionable  mode  of  treatment — objectionable  because 
combination  between  silica  and  an  alkali  is  effected 
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much  more  easily  and  perfectly  by  fusion  than  by 
ebullition  of  the  materials  together  with  water.  When 
the  silicious  ingredient  is  flint  or  quartz,  the  calcined 
material  is  to  be  reduced  to  nearly  an  impalpable 
powder  by  wet  grinding  with  horizontal  stones.  The 
powder  obtained  is  thinned  out  with  about  twenty  per 
cent,  of  water,  and  then  boiled  with  caustic  soda  lies 
of  the  strength  above  mentioned,  for  eight  hours,  or 
until  it  becomes  a  homogeneous  mass.  In  this  condi- 
tion, in  which  it  is  technically  termed  detergent  mixture, 
it  is  ready  to  be  mixed  with  the  soap  paste. 

A  method  for  the  preparation  of  silicated  soap  was 
also  invented  by  Mr.  Dunn,  in  which  either  silica  itself, 
or  an  alkaline  silicate,  is  made  to  unite  with  soap  under 
steam  pressure.  According  to  the  author  of  this  pro- 
cess, the  method  is  also  applicable  to  the  manufacture 
of  soap  even  when  silica  is  not  an  ingredient,  with  the 
advantage  over  the  usual  mode  of  boiling,  of  effecting 
a  more  perfect  union  of  the  ingredients  in  a  shorter 
time,  with  greater  economy,  and  at  a  diminution  of 
expense. 

The  apparatus  employed  is  represented  in  section, 
Fig.  506.    The  boiler,  b,  should  be  furnished  with  a 


Fig.  506. 


man-hole,  safety  valve,  a  thermometer  plunged  into  a 
mercury  chamber,  and  all  the  ordinary  appendages  of 
such  an  apparatus.  A  is  the  feed-pipe,  and  c  the  pipe 
through  which  to  discharge  the  finished  product.  The 
crushed  flint  or  quartz  to  be  combined  with  the  soap 
is  mixed  with  caustic  soda  or  potassa  lie,  in  the  propor- 
tion of  one  hundredweight  of  silica  to  one  hundred 
gallons  of  lie  of  specific  gravity  1-16  =  32°  Twaddell, 
and  introduced  into  the  steam-tight  boiler.  The  fire  is 
then  kindled,  the  valve  being  so  regulated  as  to  allow 
the  temperature  of  the  materials  to  rise  gradually  to 
about  310°,  or  at  a  pressure  of  fifty  to  seventy  pounds 
to  the  square  inch.  When  it  has  remained  at  this 
temperature  for  about  three  or  four  hours,  the  contents 
are  discharged  and  cooled  down.  The  solution  of 
silicate  of  potassa  or  soda  thus  obtained,  according  to 
the  kind  of  alkali  used,  is  added  in  the  proper  propor- 
tion to  the  soap  paste,  either  in  the  caldron  or  frame 
after  the  saponification  is  complete,  and  before  the  soap 
is  become  cold. 


Sulphated  Soap. — The  variety  known  to  manu- 
facturers and  in  commerce  as  sulphated  soap,  is  pro- 
duced by  a  process  patented  by  Dr.  Normandy. 
The  object  of  the  patent  appears  to  be,  to  enable 
manufacturers  to  produce  a  soap  from  inferior  oils  and 
fats  possessed  of  detergent  properties,  and  also  of  a 
hardness  equal  to  that  from  oleaginous  bodies  of  much 
higher  value.  The  great  objection  to  soaps  made  from 
the  inferior  kind  of  fats,  and  also  to  soaps  containing 
more  than  a  due  proportion  of  resin,  is  their  very  ready 
solubility  in  water,  in  consequence  of  which  great  waste 
is  always  experienced  when  these  soaps  are  used  for 
washing  or  cleansing  purposes.  By  Dr.  Normandy's 
process,  a  soap  is  obtained  from  the  cheaper  oil 
possessed  of  equal  detergent  properties,  and  also  of  an 
equal  degree  of  hardness,  to  that  obtained  by  the 
employment  of  the  more  valuable  fats  and  oils ;  thus 
rendering  a  large  class  of  oleaginous  bodies  available 
in  soap-making,  to  which  purpose  they  were  not 
previously  applicable.  The  following,  extracted  from 
the  specification  of  the  patent,  will  render  the  process 
sufficiently  intelligible. 

When  the  soap  is  made  in  the  usual  manner,  and  is 
ready  to  be  cleansed,  there  is  to  be  introduced  and 
crutched  into  it  a  certain  quantity  of  neutral  anhydrous 
sulphate  of  soda,  or  of  neutral  sulphite  of  soda,  or  of 
the  two  salts  conjointly.  These  salts  have  the  pro- 
perty of  imparting  to  soap  made  with  more  than  the 
usual  proportion  of  resin,  or  with  those  kinds  of  fat 
or  grease  known  as  weak  goods,  a  greater  degree  of 
hardness  than  they  would  otherwise  possess;  and  of 
rendering  such  soaps  generally  of  a  paler  color,  and 
enabling  them  to  retain  their  weight  better  than  would 
be  the  ease  without  such  addition.  The  soap  con- 
taining sulphite  of  soda  has,  in  addition,  the  property 
of  removing  from  textile  fabrics  and  fibrous  substances 
the  chlorine  which  they  are  apt  to  retain  after  bleach- 
ing. The  mode  of  procedure  with  the  sulphate  of  soda, 
or  salt  cake,  is  as  follows  : — 

The  salt  is  to  be  treated  with  a  quantity  of  hot 
water,  less  than  is  necessary  to  dissolve  the  whole  of  it, 
and  to  the  saturated  solution  thus  obtained  as  much 
solution  of  caustic  or  carbonate  of  alkali  is  added  as 
is  necessary  to  impart  to  the  liquid  a  faint  alkaline 
reaction.  This  addition  is  made  not  only  to  saturate 
any  free  acids  that  may  be  present,  but  also  to  remove 
the  sesquioxide  of  iron  always  contained  in  crude  salt 
cake,  and  which,  by  this  treatment,  will  be  precipitated. 
When  this  precipitate  has  completely  subsided,  and  the 
supernatant  liquor  is  perfectly  clear,  as  much  of  the 
latter  is  added  to  the  soap  paste  as  is  necessary  to 
confer  upon 'it  the  requisite  degree  of  hardness  when 
cold ;  the  particular  quantity  varying  according  to  the 
nature  of  the  fat  or  oil  saponified,  or  to  the  proportion 
of  resin  present.  The  mixture  of  salt-cake  solution 
and  of  soap  are  to  be  thoroughly  incorporated  by 
stirring  or  crutching,  continuing  the  agitation  until 
the  mass  has  become  so  hard  that  the  stirring  can  be 
no  longer  practised.  When  the  sulphite  of  soda  is 
used,  the  patentee  recommends  that  it  be  dissolved  in 
as  little  hot  water  as  is  necessary  for  the  purpose ;  and 
the  solution  is  added  to  the  soap  exactly  as  above 
described  for  the  sulphate  of  the  same  base,  or  salt 
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cake.  If  the  salt  be  a  bisulphite  of  soda,  or  if  it  is 
not  in  a  state  of  purity — in  other  words,  if  it  contain 
an  excess  of  sulphurous  acid,  or  be  contaminated  by 
oxide  of  iron — the  excess  of  acid  should  be  neutralized, 
by  adding  to  the  solution  of  the  salt  as  much  car- 
bonate of  or  caustic  soda  as  will  impart  a  slight 
alkaline  reaction ;  and  after  allowing  the  separated 
matters  to  deposit,  the  clear  supernatant  liquor  is  to  be 
introduced  and  crutched  into  the  soap,  precisely  as 
directed  above  in  reference  to  the  salt  cake.  The 
usefulness  of  this  invention  has  been  tested  and  care- 
fully examined  by  several  eminent  chemists,  among 
others  by  Hofmann,  Miller,  and  Ure,  all  of  whom 
speak  in  high  terms  of  its  merits;  and  the  Editor  is 
gratified  to  have  this  opportunity  to  add  his  testimony 
as  to  the  value  of  an  invention  the  object  of  which  is 
to  supply  a  cheap  soap  as  economical  to  the  consumer 
as  that  produced  by  the  more  expensive  fats  and  oils. 

Snell's  Dextrin  Soap. — This  soap  contains,  in 
a  state  of  admixture,  a  greater  or  less  amount  of 
vegetal  matter,  obtained  from  either  potatoes  or  other 
sources.  It  is  termed  by  the  inventor  dextrin  soap ; 
as  prepared,  however,  according  to  his  directions,  no 
dextrin  enters  into  its  constitution,  but,  instead  of  this, 
woody  fibre  and  unaltered  starch.  The  method  of 
preparation  is  said  to  be  preferable  to  the  old  plan 
of  combining  farina  with  alum  and  soda  in  the  manu- 
facture of  soap,  inasmuch  as  it  insures  the  perfect 
incorporation  of  the  admixture  with  the  saponified  fats 
and  oils,  whereas,  when  they  are  previously  acted  upon 
by  alum  and  soda,  their  tendency  to  union  is  partially 
impaired.  The  vegetal  matter  used  by  the  inventor 
is  obtained  from  potatoes  as  follows : — The  washed 
potatoes  are  reduced  to  as  fine  a  pulp  as  possible,  by  a 
revolving  cylinder  furnished  with  parallel  plates  of  steel 
or  iron.  These  plates  have  fine  teeth  like  saws,  the 
teeth  rising  just  above  the  surface  of  the  cylinder  under 
a  hopper,  which  receives  the  potatoes.  The  pulp  falls 
on  sieves  or  screws  below,  and  passes  over  the  upper 
sieve.  This  is  a  plane  of  five  feet  in  breadth  and 
eight  in  length,  with  one  or  two  bars  crosswise,  covered 
with  a  wire-cloth  of  thirty  holes  to  the  inch.  At 
the  top,  and  about  midway  down  the  sieve,  are  pipes 
containing  water,  so  arranged  that  the  water  shall 
run  from  the  pipes  through  small  holes  the  whole 
breadth  of  the  sieve,  the  finer 'parts  of  the  potatoes 
running  through  the  meshes  of  the  sieve  into  a  vat. 
The  finer  parts,  termed  dextrin  by  the  inventor,  which 
fall  on  a  wooden  plane  placed  under  the  second  sieve, 
but  in  a  contrary  direction  thereto,  are  received  in 
vats,  where  they  are  repeatedly  washed  over  sieves  of 
finer  wire-cloth  until  cleansed  from  all  impurities.  The 
grosser  parts — fibre — are  washed  over  coarse  sieves. 
The  finer  parts,  having  precipitated,  are  taken  up  in 
buckets,  and  are  fit  for  use ;  the  coarse  portion  remains 
in  a  vat  covered  with  water  until  required  for  use,  or 
the  dextrin  may  be  dried  by  any  convenient  means, 
and  preserved  in  the  dry  state.  The  usual  proportion 
of  dextrin  to  soap  is  from  three  hundred  to  three 
hundred  and  fifty  pounds  of  the  first,  mixed  with  a 
hundred  and  fifty  pounds  of  water,  to  every  ton  of 
tallow  or  oil  saponified.  The  mixture  of  water  and 
dextrin  having  been  allowed  to  stand  for  an  hour, 


should  be  further  treated  with  six  hundred  pounds  of 
water,  as  subsequently  described.  The  white  soap 
should  be  made  of  tallow,  and  by  steam  heat;  and 
when  as  much  alkali  has  been  added  as  can  be  taken 
up  in  the  usual  way,  and  when  the  soap  is  in  a  fit  state 
to  transfer  to  the  frames,  there  is  to  be  added  from 
four  hundred  and  fifty  to  five  hundred  pounds  of  dex- 
trin in  its  wet  state ;  and  after  being  further  mixed 
with  six  hundred  pounds  of  boiling  water,  or  as  much 
as  is  sufficient  to  convert  it  into  a  thick  paste,  this 
paste  is  to  be  poured  in  by  pailfuls  into  the  soap,  the 
latter  being  well  agitated  during  and  after  each  addi- 
tion. When  the  mixture  is  homogeneous,  and  has 
been  heated,  it  may  be  put  into  a  frame  for  cooling, 
and  afterwards  cut  up  in  the  usual  way.  Before 
adding  the  mixture  of  dextrin  and  water,  the  spent 
lie  must  be  pumped  or  otherwise  withdrawn  from  the 
caldron.  When,  as  in  the  ordinary  method  of  manu- 
facture, yellow  soap  is  made  from  resin,  and  is  fitted 
or  purified  from  portions  of  imperfect  soap,  coloring 
matters,  et  cetera,  it  should  be  heated  with  steam,  and 
dosed  with  the  proper  proportion  of  dextrin,  as  above 
directed.  If  no  resin  is  used,  a  larger  quantity  of  dex- 
trin may  be  applied,  and  the  operation  of  fitting  is 
not  then  absolutely  necessary.  In  the  manufacture  of 
either  the  brown  or  yellow  variety  of  common  soap, 
the  addition  of  a  quantity  of  the  fibre,  first  mixed  with 
a  sufficient  quantity  of  water  to  make  it  of  thick 
creamy  consistence,  will  render  the  product,  especially 
when  an  excess  of  alkali  is  present,  of  much  better 
quality  and  color,  and  it  will  then  also  dissolve  much 
less  rapidly  in  hot  water.  If  a  naked  fire  is  used  for 
the  soap  thus  mixed,  the  dextrin  is  liable  to  become 
carbonized,  and  the  separated  charcoal  would  then 
communicate  to  the  soap  a  black,  or  at  least  a  darker 
color,  than  when  steam  is  applied.  The  latter  should 
therefore  be  always  used  in  the  above  process  of 
admixture. 

A  person  named  Hawes  some  years  ago  invented 
a  process  for  the  production  of  soap,  in  which  intimate 
combination  and  admixture  of  the  soap  ingredients 
without  boiling  induces  combination  and  perfect  saponi- 
fication of  the  fat  with  the  alkali.  By  this  method, 
the  high  degree  of  heat  requisite  in  making  soap  by 
the  usual  process  is  entirely  dispensed  with.  His 
mode  of  procedure  is,  as  follows,  described  as  for 
tallow ;  but,  according  to  the  inventor,  it  is  equally 
applicable  to  the  oils  and  fatty  matters  ordinarily 
employed  as  soap  ingredients : — Two  tons  and  a  halt 
of  tallow,  or  any  given  quantity,  are  taken  and  melted 
at  as  low  a  degree  of  heat  as  possible,  and  then 
mixed  with  the  quantity  of  alkaline  lie  required  to 
completely  saturate  the  tallow  and  convert  it  into 
soap.  The  mixing  is  performed  by  mechanical  means. 
Ordinary  soap  boilers'  lie  is  used,  preference  being 
given  to  that  made  from  the  strongest  and  purest 
alkali.  The  saponification  of  the  tallow  or  other  fatty 
matter,  may  be  ascertained  by  its  absorption  or  com- 
bination with  the  lie,  care  having  been  taken,  in 
the  first  instance,  to  use  a  sufficient  quantity  of  the 
latter ;  the  proper  proportion,  it  must  be  observed, 
varying  according  to  the  nature  of  the  fat  or  oil.  To 
each  hundred  pounds  of  tallow  are  required  about 
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twenty  gallons  of  lie,  made  from  strong  alkali,  and  of 
specific  gravity  1-125  =  25°  Twaddell.  An  ordinary 
boiling  caldron  may  be  used  as  the  combining  vessel, 
with  the  addition  of  a  machine  to  produce  an  intimate 
admixture,  and  the  minute  redivision  of  the  tallow. 
Figs.  507  and  508  will  convey  an  idea  of  this  appa- 
ratus. An  upright  shaft, 
A,  Fig.  507,  which  may  be 
of  wood  or  iron,  and  from 
which  arms,  a,  a,  a,  a, 
radiate  to  the  sides  of  the 
caldron,  is  fixed  perman- 
ently or  temporarily  in  the 
copper.  The  mode  of 
fixing  and  the  material 
used,  will  depend  on  the 
nature  of  the  caldron  and 
the  convenience  of  the 
manufacturer.  An  oscil- 
lating or  rotatory  motion  is 
given  to  the  shaft  and  connected  arms  by  any  of  the 
ordinary  methods  of  communicating  motive  power.  If 
more  convenient,  a  cylinder — Fig.  508 — may  be  em- 
ployed, with  a  shaft,  c,  passing  through  it  horizontally, 

and  from  which 
Fie-  S08-  arms,  c,c,c,c,c,c, 

radiate,  when  a 
rotatory  motion 
will  thoroughly 
incorporate  the 
fatty  matter  and 
the  lie.  For  two  and  a  half  tons  of  tallow  the  cylinder 
should  be  about  six  feet  in  diameter  and  twelve  feet  in 
length.  At  D  it  must  be  provided  with  convenient  doors 
for  filling  and  discharging  the  materials.  The  caldron 
or  cylinder  having  been  charged  with  tallow,  motion 
is  communicated  to  the  machine,  and  the  lie  is  then 
gradually  added.  In  a  short  time  every  particle  of  the 
fatty  matter  will  be  brought  into  contact  with  alkaline 
lie,  and  by  such  means  saponification  will  be  effected. 
The  agitation  must  be  continued  for  about  three  hours, 
or  until  the  tallow  appears  to  be  completely  saponified, 
which  is  known  by  the  mass  becoming  thick,  after 
which  it  is  allowed  to  stand  from  one  to  four  days, 
according  to  the  quantity  of  the  paste.  When  a 
cylinder  is  used  in  the  above  operation,  the  lie  is  run 
in,  and  motion  communicated  to  the  shaft  immediately 
after  the  introduction  of  the  tallow,  the  latter  being 
only  sufficiently  heated  to  retain  it  in  the  fluid  state, 
and  the  agitation  is  continued  from  three  to  four  hours, 
or  less  if  the  tallow  is  perfectly  saponified  before  its 
expiration.  As  the  benefit  of  this  process  arises 
mainly  from  the  saponification  of  the  ordinary  mate- 
rials in  a  comparatively  cold  state,  it  is  desirable  that 
as  soon  as  the  mass  thickens  and  the  lie  is  absorbed, 
the  cylinder  should  be  emptied  and  the  contents 
turned  into  an  ordinary  caldron,  preparatory  to  being 
finished  and  converted  into  yellow  soap  by  the  addi- 
tion of  resin,  or  into  mottled  or  white  soap  by  the 
operation  of  finishing  lies,  according  to  the  usual 
method.  By  this  transfer  from  the  cylinder  to  the 
caldron,  time  is  allowed  for  the  combination  of  the 
tallow  and  alkali  to  become  perfect. 


Another  method  for  the  manufacture  of  soap,  accord- 
ing to  the  patentee  more  particularly  applicable  to  palm- 
oil  soap,  was  devisedbyMr.  Walterson  of  Manchester. 
The  inventor  claims  for  his  process  that  a  purer  and 
more  perfect  soap  is  produced  in  a  much  shorter  period 
of  time  than  by  the  ordinary  method,  the  soap  being 
sufficiently  hard  for  sale  or  use  in  the  course  of  a  few 
hours.  His  method  consists  in  a  mode  of  mixing  or 
combining  the  oils  or  fatty  matters  employed  with 
caustic  soda,  and  in  subsequently  adding  water  for  the 
purpose  of  converting  such  mixture  or  produce  into 
soap.  The  ingredients  used  are  animal  or  vegetal 
oil,  either  separately  or  mixed,  caustic  soda  lie  of 
22°  Twaddell,  and  water  if  possible  free  from  any 
earthy  or  metallic  impurity.  The  following  descrip- 
tion of  the  process  applies  more  particularly  to  the 
production  of  palm-oil  soap,  and  requires  to  be  variably 
modified  when  other  oils  or  fats  are  to  be  saponified. 
The  quantity  of  bleached  palm  oil  taken  for  one  opera- 
tion is  seven  hundred  and  eighty-four  pounds ;  and 
after  having  melted  this  in  a  caldron,  there  is  to  be 
added  gradually  four  hundred  and  seven  pounds  of 
caustic  soda  lie,  testing  22°  Twaddell,  and  the  whole  is 
carefully  and  thoroughly  intermixed  by  agitation.  The 
heat  is  then  gradually  increased,  and  the  mixture  con- 
stantly stirred,  so  as  not  to  allow  it  to  concrete  on  the 
bottom  of  the  pan.  After  the  operation  has  been  con- 
tinued three  or  four  hours,  the  mixture  assumes  a 
whitish  appearance,  and  by  continuing  the  heat  the 
aqueous  portion  is  entirely  evaporated,  and  the  mass 
reduced  to  a  perfectly  dry  state.  The  heat  is  now 
increased,  and  in  a  short  time  the  mass  again  assumes 
the  liquid  form,  and  becomes  of  a  brown  color,  which, 
according  to  the  inventor,  shows  that  combination  with 
the  alkali  has  been  effected.  The  fire  is  then  speedily 
withdrawn,  and  the  agitation  of  the  mass  is  continued  as 
long  as  any  fear  of  scorching  is  apprehended,  after  which 
the  pan  is  left  to  become  cool.  The  solid  product  of 
this  operation  is  then  to  be  broken  up  into  powder,  to 
which  is  afterwards  added  forty-five  gallons  of  water, 
and  the  mixture  is  well  agitated  for  about  half  an  hour. 
Heat  is  then  applied,  and  the  contents  of  the  pan 
raised  to  boiling,  and  kept  so  for  about  three  hours, 
the  stirring  and  agitation  being  continued  during  the 
whole  period.  As  soon  as  the  evaporation  has  been 
carried  to  the  desired  extent,  and  the  soap  appears  of 
proper  consistence,  it  is  allowed  slowly  to  cool.  The 
contents  of  the  pan,  still  in  a  liquid  form,  are  then 
transferred  to  the  ordinary  frames,  and  left  to  cool 
and  solidify,  and  in  twenty-four  hours  the  soap  will  be 
sufficiently  hard  to  cut  into  bars.  Soap  prepared 
according  to  the  above  method,  is  never  of  so  fine  a 
color  as  that  prepared  by  the  old  process  from  the 
same  ingredients  ;  besides  which  it  is  also  less  pure,  as 
it  contains  of  course  all  the  saline  impurities  of  the  lie. 
The  only  advantage  appears  to  be  that  the  soap  is 
finished  in  a  much  shorter  period,  but  this,  in  the 
Editor's  opinion,  does  not  counterbalance  the  great 
disadvantages  above  mentioned. 

Since  the  remission  of  the  duty  on  soap,  a  process  for 
its  manufacture  has  been  introduced  by  H.  C.  Jen- 
nings, but  has  not  been  adopted  on  a  very  consider- 
able scale ;  for  though  it  undoubtedly  gives  a  purer 
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and  more  perfect  soap,  the  expense  of  production  is 
much  greater.  In  this  method  the  oleaginous  ingre- 
dient used  is  stearic  or  margaric  acid  as  nearly  pure  as 
possible,  and  the  alkali  is  derived  from  bicarbonates  of 
potassa  or  soda ;  the  fatty  acids,  possessing  a  decom- 
posing power  over  these  salts,  render  their  previous 
caustization  unnecessary.  The  fatty  acids  and  solution 
of  alkaline  bicarbonate  of  specific  gravity  1-500  are 
mixed  in  proper  proportions,  and  heated  at  212°  until 
an  intimate  combination  is  obtained.  The  mass  is 
then  allowed  to  cool  down  to  about  60\  and  there  is 
now  added  to  each  hundred  pounds  one  pound  of  solu- 
tion of  ammonia  of  specific  gravity  -880,  and  the  same 
quantity  of  the  strongest  caustic  potassa  lie.  These 
are  to  be  added  gradually,  and  well  stirred  with  the 
soap  until  thoroughly  mixed.  The  quantity  of  caustic 
alkali  required  to  be  added  is  greater  or  less  in 
proportion  to  the  state  of  purity  of  the  fatty  acids 
saponified.  Lastly,  the  separation  of  the  soap  is 
effected  in  the  usual  manner  by  means  of  common  salt 
or  sulphate  of  soda.  In  the  manufacture  of  yellow 
soap  by  the  preceding  method,  there  is  added  pre- 
viously to  the  addition  of  caustic  soda  or  potassa  lie, 
fifteen  to  eighteen  pounds  per  cent,  of  resin,  first  dis- 
solved by  boiling  with  a  solution  of  pearl  ash  and 
common  soda  ash  in  equal  proportions,  so  as  to  give 
a  solution  of  specific  gravity  P800,  while  boiling  hot. 
This  is  added  to  the  solution  of  soap,  and  afterwards 
there  is  poured  in  a  sufficient  quantity  of  caustic  lie  to 
produce  perfect  saponification,  and  the  soap  is  then 
separated  as  before.  The  Editor  would  especially 
recommend  the  above  process  of  saponification  for  the 
production  of  the  potassa  soap  ordered  by  the  London 
Pharmacopoeia.  It  is  indeed  the  only  method  by  which 
a  perfectly  pure  potassa  soap  can  be  procured.  This 
soap  not  being  separable  from  its  solutions,  like  soda 
soap,  by  salts  of  soda  or  potassa,  as  ordinarily  pre- 
pared, is  always  contaminated  by  glycerin  and  other 
impurities. 

[n  the  manufacture  of  the  variety  known  as  Gwyn 
and  Wilson's  soap,  the  oils  and  fatty  matters  em- 
ployed are  heated  with  concentrated  sulphuric  acid, 
by  which  decomposition  of  the  fats  is  effected,  and 
glycerin  eliminated,  while  the  oily  acids  probably 
enter  into  combination  with  sulphuric  acid.  The 
fat  so  treated  becomes  much  harder  and  less  readily 
fusible,  and  is  likewise  rendered  much  more  easily 
saponifiable,  although  it  is  true  that  not  only  a  greater 
proportion  of  alkali  is  required,  but  the  amount  of  pro- 
duct obtained  is  less  than  when  the  fat  is  saponified 
in  the  usual  way.  The  following  is  the  method  of 
procedure  as  described  by  the  inventors : — Ten  tons 
of  palm  oil,  whale  oil,  or  other  oily  matter,  are  put  into 
a  wrought-iron  vessel  provided  with  a  perforated  steam 
worm,  through  which  steam  is  admitted  until  the  con- 
tents are  heated  to  350°.  The  fatty  matter  is  then  run 
into  a  tank  formed  of  brick,  lined  with  lead,  and  sunk 
into  the  ground.  The  tank  is  furnished  with  a  pipe  for 
the  introduction  of  steam,  but  which  does  not  terminate 
in  a  worm,  as  it  would  be  liable  to  become  choked  by 
the  sediment  from  the  fat.  The  cover  of  the  tank  is 
made  of  wood,  lined  with  sheet  lead,  and  has  two  man- 
holes closed  by  an  oil  joint  about  eight  inches  deep ; 
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through  the  cover  a  pipe  passes  connected  with  a  high 
shaft,  to  allow  the  escape  of  offensive  vapors.  Two 
thousand  pounds  of  concentrated  sulphuric  acid,  specific 
gravity  l-80,  are  poured  into  the  tank,  the  tempera- 
ture of  the  mass  being  at  the  same  time  carefully 
watched  by  means  of  a  thermometer  immersed  in  it, 
and  not  allowed  to  exceed  350°.  The  heat  is  regu- 
lated partly  by  slackening  the  speed  at  which  the  acid 
is  poured  in,  and  partly  by  diminishing  the  quantity 
of  steam  admitted  into  the  tank.  The  introduction 
of  steam  is  continued  throughout  the  operation ;  but 
as  soon  as  the  whole  of  the  acid  has  been  added,  the 
fire  employed  for  heating  the  steam  is  extinguished, 
and  after  that  the  steam  continued  for  about  four 
hours.  The  steam  is  heated  after  it  leaves  the  boiler, 
by  passing  through  pipes  placed  over  a  fire.  At  the 
expiration  of  four  hours  the  steam  is  shut  off,  and  a 
large  pump  introduced  through  a  pipe  in  the  cover  of 
the  tank  ;  then  as  soon  as  vapors  cease  to  be  evolved, 
and  the  pump  can  be  worked,  the  product  is  pumped 
into  a  wooden  vessel,  lined  with  lead,  and  provided 
with  a  steam  worm.  In  this  vessel  the  fatty  matter  is 
washed  by  means  of  free  steam,  with  about  half  its 
bulk  of  water,  for  two  hours,  and  then  allowed  twelve 
hours  to  separate. 

Toilet  Soaps  —  Scented  Soaps.  —  The  great 
variety  of  soaps  thus  designated,  are  usually  pre- 
pared by  remelting  and  clarifying  white  or  curd  soap, 
and  adding  various  perfumes,  colors,  et  cetera.  These 
operations  belong  more  properly  to  perfumery  than  to 
the  soap  manufacture ;  and  their  preparation  has 
therefore  been  included  in  the  article  devoted  to  the 
consideration  of  this  art,  Vol.  II.,  pages  G7G  to  679. 
Sometimes,  however,  since  the  remission  of  the  soap 
duty  in  this  country,  the  perfumer  prepares  soap 
directly  by  the  cold  process  above  described,  and  this 
is  a  more  convenient  method.  The  marbling  of  these 
soaps  is  produced  by  rubbing  up  the  coloring  material, 
such  as  vermilion,  smalts,  or  ultramarine,  with  a  little 
olive  oil  or  soap,  a  small  portion  of  which  being  taken 
on  a  palette  knife,  is  pushed  through  the  melted  mass ; 
thus  the  pink  color  of  rose  soap  is  produced  by  ver- 
milion ;  blue  by  means  of  ultramarine  ;  and  brown  by 
the  addition  of  the  various  kinds  of  ochres  and  umbers. 
The  cakes  or  tablets  are  formed  by  placing  a  soft  mass 
of  soap  in  a  mould  fixed  in  a  lever  press  ;  the  mould 
consists  of  a  top  and  bottom  die,  fitting  into  a  loose 
ring  ;  by  a  sudden  pressure  the  shapeless  mass  assumes 
the  form  of  the  ring,  and  is  embossed  on  the  top  and 
bottom.  Soap  is  ornamented  with  colored  cameos  by 
first  forming  the  cake  at  a  press,  which  makes  a  depres- 
sion for  the  reception  of  the  differently-colored  soap, 
which  latter  is  put  in  by  hand,  and  the  colored  portion 
is  embossed  at  a  second  press. 

A  very  superior  and  beautiful  marbled  soap  is 
manufactured  by  the  Messrs.  Crosfield  of  Warring- 
ton, Lancashire. 

Naples  Soap. — This,  so  highly  esteemed  as  a  shav- 
ing soap,  is  said  to  be  produced  by  saponifying  mutton 
suet  with  lime,  and  then  separating  the  fatty  acids 
from  the  soap  so  formed  by  means  of  a  mineral  acid. 
These  fatty  acids  are  afterwards  combined  with  caustic 
potassa  by  ebullition  in  the  usual  way.    Faiszt,  who 
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examined  Naples  soap,  gives  the  following  as  its  com- 
position centesimally  :— 


Fatty  acids,   57-14 

Potassa  combined  with  fatty  acids,   10*39 

Sulphate  of  potassa,  chloride  of  potassium,  with 

a  trace  of  carbonate  of  potassa,   4-22 

Silica,  et  cetera,   0'46 

Water   27-68 

Loss,   0  11 


100-00 

Adulteration. — In  the  manufacture  of  soap  certain 
substances  are  frequently  added  besides  the  fat,  alkali, 
and  water  essential  to  its  production.    These  additions 
cannot  always  he  considered  as  sophistications,  inas- 
much as  in  some  cases  the  quality  of  the  soap  is  thereby 
greatly  improved.  Thus,  in  Dr.  Normandy's  patented 
process,  the  addition  of  a  small  proportion  of  fused  sul- 
phate of  soda  to  an  otherwise  very  soft  soap,  confers  upon 
it  a  hardness  which  prevents  its  melting  or  dissolving  too 
rapidly  in  the  process  of  washing.    Though  it  may  be 
said  that  the  manufacturer  is,  by  such  addition,  enabled 
to  use  an  inferior  oil  or  fat,  still  no  deception  is  practised, 
as  the  soap  so  produced  is  little  inferior  in  detersive 
properties  to  the  soaps  of  the  better  kinds  of  fat,  while 
it  may  be  purchased  at  a  much  lower  price.  Other 
additions  are  also  frequently  made.     In  those  cases, 
however,  in  which  the  substance  added  rather  im- 
proves than  deteriorates  the  quality  of  the  soap,  it 
cannot  be  considered  as  a  fraud.     It  is  true  that 
soap  is  extensively  and  fraudulently  adulterated  in  the 
true  sense  of  the  term.    The  Editor  would  remark, 
however,  that  in  his  opinion  the  public  craving  for 
cheap  goods  has  urged  upon  the  makers  the  necessity 
of  preparing  soap  at  a  low  price  ;  and  as  the  simplest 
mode  of  doing  so  was  to  incorporate  saline  water  with 
the  curd,  when  in  the  act  of  solidifying  in  the  frames, 
to  the  extent  commensurate  with  the  reduced  price, 
this  mode  has  been  adopted.   So  far  as  this  addition  is 
concerned,  it  does  not  involve  the  character  of  the 
manufacturer  or  dealer ;  but  when  the  addition  of  water 
is  covertly  made  by  the  maker,  and  the  article  sold  as 
a  better  quality,  as  is  frequently  done,  at  once  the 
public  is  defrauded.    In  like  manner,  dealers  are  in 
the  habit  of  purchasing  soaps  at  cheap  rates — soaps 
which  are  highly  adulterated — with  the  view  of  dispos- 
ing of  them  at  prices  which  better  qualities  command. 
Here,  again,  the  consumer  bears  the  weight  of  the 
villany,  whilst  its  guilt  presses  upon  the  dealer,  and 
the  maker  even  does  not  escape  with  impunity.  Cer- 
tainly the  maker,  and  the  maker  only,  can  protect  the 
public  from  fraud  in  the  matter  of  soap.    By  making 
certain  qualities  of  soaps  with  definite  and  invariable 
amounts  of  ingredients,  the  public  would  in  a  short 
time  become  so  well  acquainted  with  the  quality  of  the 
article,  that  inferior  kinds  which  the  cupidity  of  some 
makers  might  induce  them  to  utter,  would  rapidly  meet 
with  its  condemnation.  If,  however,  the  consumers  will 
always  purchase  in  the  cheapest  market,  and  whatever 
be  the  price  asked,  will,  if  possible,  obtain  the  article  at 
a  still  lower  rate,  they  must  expect  to  be  imposed  upon. 

Analysis.— Under  this  head  the  most  important 
point  to  bo  considered  is  the  proper  amount  of  water 
in  soaps.    The  proportion  of  water  in  mottled  or  mar- 


bled soap,  should  never  exceed  thirty  to  thirty-five  per 
cent.  It  is  indeed  impossible  to  introduce  an  excess 
of  water  into  the  paste  of  mottled  soap,  since  the  mot- 
tling being  due  to  the  presence  of  sulphide  of  iron  and 
other  ferruginous  compounds,  held  partly  in  solution 
and  partly  in  a  state  of  suspension,  if  the  soap  has  not 
a  certain  retentiveness  the  insoluble  iron  compounds 
would  precipitate,  leaving  the  soap  perfectly  white.  The 
admixture  of  water  with  mottled  soap  is,  however,  prac- 
tised in  another  way,  namely,  by  plunging  the  soap  as 
taken  from  the  frames  into  a  solution  of  salt,  when  it 
may  be  made  to  absorb  from  eighty  to  eighty-five  per 
cent,  of  water,  and  become  so  soft  as  to  be  kneaded 
easily  between  the  fingers.  Properly  prepared  white 
soap  should  contain  from  forty  to  forty-five  per  cent,  of 
water.  Frequently,  however,  the  proportion  amounts 
to  fifty-five  or  sixty  per  cent.,  and  cases  have  been 
known  in  which  soaps,  combined  with  from  eighty-three 
to  one  hundred  and  fifty-four  per  cent,  of  water,  have 
been  sold.  This  is  either  added  directly  to  the  soap 
when  run  into  the  frames,  or  the  soap  is  kept  for  some 
time  in  a  solution  of  salt.  The  proportion  of  water  is 
also  sometimes  increased  by  submitting  the  bars  of  soap 
to  the  action  of  high-pressure  steam  in  tight  chests  or 
bins ;  also  by  boiling  the  soap  in  high-pressure  coppers 
before  cleansing. 

The  proportion  of  water  contained  in  a  sample  of 
soap,  may  be  most  readily  ascertained  by  treating  a 
portion  in  a  water  or  oil  bath,  until  it  ceases  to  lose 
in  weight.    Two  ounces  or  more  of  the  sample  to  be 
examined  should  be  taken  and  reduced  to  small  thin 
shavings.  Of  these,  after  carefully  mixing  together,  one 
hundred  grains  are  taken,  placed  in  a  small  porcelain 
or  platinum  crucible,  and  dried  by  exposure  in  a  water 
bath  for  a  sufficient  length  of  time.    When  the  water  is 
completely  disengaged,  that  is,  when  after  repeated 
trials  the  weight  remains  constant,  the  operation  is  at 
an  end.     The  difference  between  the  first  and  last 
weighing  indicates  the  per  centage  of  water  present. 
As  previously  mentioned,  marbled  soap  should  not 
contain  more  than  thirty  to  thirty-five  ;  and  white  or 
yellow  forty  to  forty-five  per  cent,  of  water.  The 
amount  of  water  contained  in  soap  may  also  be  esti- 
mated indirectly  as  follows  : — From  five  hundred  to  a 
thousand  grains  of  the  sample  are  taken  and  dis- 
solved in  water.    To  the  solution  hydrochloric  acid 
is  added  in  excess.    Decomposition  of  the  soap  ensues, 
the  greasy  matters  rise  to  the  surface,  and  must  be 
collected  on  a  weighed  filter,  and  when  well  washed 
and  dried,  carefully  weighed,  deducting  the  counterpoise 
of  the  filter.    The  filtrate,  together  with  the  washings, 
is  now  evaporated  to  dryness,  and,  after  carefully 
drying,  the  weight  of  the  residue  is  taken.    This  latter 
contains  the  alkali  in  the  form  of  chloride,  every  one 
hundred  parts  of  which  indicate  fifty-three  parts  of 
soda,  or  sixty-three  of  potassa  soap,  according  as  the 
soap  under  examination  is  a  hard  or  a  soda  soap,  or  a 
soft  or  potassa  soap.    The  amount  of  greasy  matter 
or  alkali  thus  ascertained  is  subtracted  from  that  of  the 
soap  taken,  and  the  remainder  expresses  the  proportion 
of  water  present.  Mottled  soap  treated  as  above  should 
yield  of  fatty  acids  sixty-four  parts,  of  soda  six  parts, 
and  thirty  parts  of  water.    White  soap  should  give  of 
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fatty  acids  fifty  parts,  of  soda  four  and  a  half  parts,  and 
of  water  forty-five  and  a  half  parts. 

It  is  evident  that  if  other  substances  are  present  than 
those  indicated,  the  results  obtained  by  the  foregoing 
method  will  be  to  that  extent  inaccurate.  In  such 
cases  the  other  method  must  bo  pursued,  and  if  it  is 
desired  to  estimate  also  the  proportion  of  fatty  acids 
and  of  alkali,  special  examinations  must  be  made  as 
will  be  explained  presently.  Whenever  the  object  is 
solely  the  determination  of  the  amount  of  water,  the 
method  by  direct  evaporation  is  the  simplest  and  best. 
To  ascertain  the  proportion  of  oil  or  fat  in  a  given 
sample  of  soap,  the  following  process  is  recommended 
by  Dumas  : — 

One  hundred  grains  of  the  soap  are  taken  and  dis- 
solved in  four  or  five  ounces  of  boiling  water,  and  the 
solution  is  filtered.  A  sufficient  quantity  of  dilute  acid 
is  added  to  effect  neutralization,  and  afterwards  a 
weighed  portion  of  pure  and  dry  white  wax.  The 
whole  is  then  heated  until  the  wax  is  liquefied,  and  has 
combined  with  or  taken  up  the  oil  or  fat  liberated  from 
the  soap  by  the  stronger  acids.  After  allowing  it  to 
cool  the  cake  of  wax  obtained  is  removed  and  weighed; 
the  increase  above  the  original  weight  of  the  wax  indi- 
cates the  proportion  of  fat,  oil,  or  grease  contained  in 
the  soap.  If  the  fatty  matter  of  the  soap  when  libe- 
rated by  the  acid  itself  concretes  on  cooling,  the  addi- 
tion of  wax  is  unnecessary,  as  the  fat  may  be  weighed 
per  se.  The  liquid  decanted  from  the  fat,  or  solidified 
wax,  may  afterwards  be  submitted  to  examination,  to 
ascertain  the  nature  and  state  of  purity  of  the  base. 
If  this  is  intended,  hydrochloric  acid  should  be  used  for 
the  liberation  of  the  fat,  and  then  the  presence  of 
potassa  is  immediately  recognized  by  the  production  of 
the  very  characteristic  yellow  precipitate,  on  the  addi- 
tion of  bichloride  of  platinum.  To  ascertain  the  nature 
of  the  fatty  material,  Dumas  directs  the  aqueous  solu- 
tion of  the  soap  to  be  saturated  with  tartaric  acid,  the 
fatty  acids  to  be  collected,  and  their  point  of  fusion 
carefully  observed.  It  is  a  matter  of  great  difficulty 
to  determine  the  particular  kind  of  fat  or  oil  used  in 
the  production  of  the  soap  under  examination;  yet  by 
the  above  method,  it  is  possible  at  least  to  prove  the 
identity  of  the  fatty  component ;  as,  for  instance,  whe- 
ther the  soap  is  made  from  tallow  or  from  oil,  or  whether 
it  is  of  the  same  kind  as  the  sample  from  which  it  may 
have  been  purchased.  The  odor  evolved  by  the  fatty 
acids  at  the  moment  of  decomposition  of  the  soap  by  a 
stronger  acid,  or  that  developed  when  the  fatty  matter 
so  liberated  is  treated  in  a  small  porcelain  dish,  will 
often  indicate  the  nature  of  the  fatty  substance  employed 
in  its  production,  or  that  at  least  which  is  present  in 
the  greatest  proportion.  According -to  Normandy, 
another  test  as  to  the  quality  of  the  soap  is,  that  the 
fatty  or  oily  acid  should  be  readily  and  completely 
dissolved  by  hot  alcohol.  The  estimation  of  the 
proportion  of  alkali  contained  in  a  sample  of  soap, 
is  frequently  a  point  of  great  difficulty.  When  only 
one  alkali  is  present,  the  determination  is  most  easily 
effected  by  means  of  a  test  acid,  and  the  operation 
is  performed  exactly  as  directed  in  the  estimation  of 
the  value  of  potassa,  "Vol.  II.,  page  729.  For  hard  or 
soda  soaps  in  the  absence  of  potassa,  an  acid  is  used  of 


which  each  alkalimetrical  division  is  equivalent  to  one 
grain  of  soda ;  and,  therefore,  when  the  amount  of  soap 
taken  for  the  assay  is  one  hundred  grains,  the  number 
of  measures  of  acid  required  to  ctefife  neutralization  at 
once  indicates  the  per  centage  amount  of  soda  contained 
in  the  sample.  Such  an  acid  is  prepared  by  adding  to 
each  measure  of  concentrated  sulphuric  acid  of  specific 
gravity  1*8  to  1'84  about  nine  measures  of  water,  and 
mixing  thoroughly  by  agitation.  When  the  mixture 
has  become  cool,  its  exact  strength  is  ascertained,  as 
follows  : — One  hundred  and  seventy-one  grains  of  pure 
and  dry  carbonate  of  soda  are  taken  and  dissolved  in 
water,  and  the  solution  is  heated.  The  alkalimeter 
shown  in  Fig.  422  is  then  filled  up  to  the  point  marked 
0°  with  the  mixture  of  acid  and  water,  and  sufficient  of 
the  latter  is  then  poured  into  the  solution  of  carbonate 
of  soda  to  effect  neutralization.  The  exact  point  is 
determined  by  testing,  from  time  to  time,  with  slips  of 
blue  litmus  paper;  and  when  the  latter  is  tinged  of  a 
slight  red  color,  the  addition  of  the  acid  is  discontinued, 
and  the  number  of  measures  employed  is  noted.  If 
the  whole  of  the  hundred  measures  are  required,  the 
acid  is  of  proper  strength ;  but  if  any  less  number  have 
been  added,  it  is  then  necessary  to  add  more  water,  so 
that  a  hundred  divisions  shall  exactly  neutralize  the 
hundred  and  seventy-one  grains  of  carbonate  of  soda, 
this  quantity  being  equal  to,  and  indeed  containing,  one 
hundred  grains  of  pure  soda.  This  dilution,  it  will  be 
observed,  may  now  be  effected  with  the  greatest  ease ; 
for  if  ninety  measures  are  required,  then  to  each  ninety 
measures  remaining  must  be  added  ten  additional 
measures  of  water,  and  the  quantity  of  the  latter 
required  to  be  added  is,  of  course,  greater  or  less  in 
proportion  to  the  quantity  of  dilute  acid  employed,  so 
that  one  hundred  divisions  shall  contain  only  as  much 
real  acid  as  was  before  contained  in  the  number  of 
measures  used.  The  acid  being  prepared,  one  hundred 
grains  of  the  soap  to  be  examined  are  dissolved  in  hot 
water,  and  the  solution  is  filtered.  The  alkalimeter 
having  been  filled  with  acid,  the  latter  is  then  poured 
into  the  soap  solution  until  exactly  saturated.  The 
number  of  measures  required  at  once  indicates  the 
centesimal  amount  of  soda  present.  For  the  estimation 
of  the  alkali  in  soft  or  potassa  soaps,  an  acid  is 
generally  used  of  different  strength  to  that  indicated 
above.  This  acid  is  of  such  strength  that  one  hundred 
measures  represent  one  hundired  grains  of  pure  potassa. 
Full  directions  for  its  preparation  will  be  found  under 
Potassa,  Vol.  II.,  page  730.  The  process  of  estima- 
tion is  performed  exactly  in  the  same  way  as  for  hard 
soaps.  The  test  acid  for  hard  soap  may  also  be  used 
to  determine  the  alkali  in  soft  soaps,  simply  by  allowing 
for  the  difference  in  the  atomic  weight  of  the  two  bases. 
In  this  case  it  is  only  necessary  to  calculate  for  every 
ten  grains  of  alkali  found,  15-16  grains  of  potassa. 

In  Germany,  America,  and  some  other  countries, 
soda  and  potassa  are  frequently  both  used  in  the 
production  of  hard  soap.  The  determination  of  the 
amount  of  alkali  in  such  instances  is  much  less  easily 
performed.  The  most  convenient  process  is  as  follows : 
— A  hundred  grains  of  the  soap  are  taken  and  dissolved  in 
water,  as  before,  and  the  solution  is  exactly  neutralized 
by  means  of  the  soda  test  acid.    By  a  simple  calcula- 
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tion  one  may  then  ascertain  the  quantity  of  dry 
sulphuric  acid  which  it  has  teen  necessary  to  add, 
for  in  every  hundred  alkalimetrical  divisions  of  acid 
are  contained  one  hundred  and  twenty-nine  grains  of 
anhydrous  sulphuric  acid.  The  proportion  of  dry  acid 
added  being  known,  the  solution  is  filtered  to  remove  the 
liberated  fatty  acids,  and  the  filtrate  evaporated  to  dry- 
ness. The  residue,  consisting  of  the  mixed  sulphates  of 
the  alkalies,  is  then  heated  to  redness,  and  after  cooling, 
weighed.  The  weight  of  acid  added,  and  that  of  the 
mixed  sulphates  being  known,  the  relative  proportion 
of  each  alkali  contained  in  the  soap  may  then  be  easily 
calculated  ;  for  as  one  hundred  parts  of  sulphuric  acid 
give  177'5  of  sulphate  of  soda,  and  the  same  quantity  of 
the  acid  gives  217'5  of  sulphate  of  potassa,  if  the  weight 
of  the  dry  sulphate  obtained  exceeds  the  ratio  100  : 
177-5,  the  excess  is  due  to  the  salt  of  potassa,  from 
which  the  proportion  of  pure  potassa  may  now  be 
ascertained,  since  eighty-seven  parts  of  sulphate  of 
potassa  represent  forty-seven  of  potassa. 

The  amount  of  foreign  matters — that  is,  substances 
other  than  fatty  matters,  alkali,  and  water  present  in 
soap — is  determined  by  taking  a  weighed  portion,  and 
after  having  reduced  it  to  thin  shavings,  treating  them 
with  boiling  alcohol.  A  white  soap  should  dissolve 
completely,  and  a  mottled  soap  should  not  leave  more 
than  one  per  cent.  The  exact  amount  of  the  residue 
is  determined  by  weighing  it ;  its  nature  is  ascertained 
by  treating  it  with  cold  water,  by  which  the  soluble  salts 
are  extracted,  and  the  proportion  of  these  is  estimated  by 
evaporating  the  liquor  to  dryness.  The  residue  unaffected 
by  the  cold  water,  is  then  treated  with  boiling  water. 
The  presence  of  starch  or  fecula  is  now  recognized  by 
the  appearance  of  a  more  or  less  thick  gelatinous  mash. 
The  filtered  solution,  upon  the  addition  of  a  little 
iodide  of  potassium  and  nitric  acid,  or  a  bubble  of 
chlorine,  if  starch  be  present,  becomes  violet  blue. 
The  insolubility  of  the  residue  in  either  hot  or  cold 


water,  denotes  the  presence  of  lime,  clay,  et  cetera. 
If  lime,  it  is  readily  soluble  in  hydrochloric  acid,  and 
upon  the  addition  of  ammonia  and  oxalate  of  ammonia 
to  the  solution,  a  white  precipitate  appears.  "What 
remains  unaffected  by  alcohol,  acid,  and  water,  is  clay, 
silica,  pumice-stone,  et  cetera.  The  presence  of  an 
alkaline  silicate  in  soap  is  detected  by  dissolving  a 
portion  in  water,  neutralizing  by  means  of  dilute 
hydrochloric  acid ;  if  the  silicate  is  present  in  moderate 
quantity,  silicic  acid  at  once  falls,  and  may  be  easily 
recognized.  When  it  exists  in  lesser  proportions  the 
fatty  acids  should  be  removed  by  filtration,  and  the 
filtrate  then  evaporated  to  dryness,  and  the  residue 
treated  with  water ;  if  silica  be  present,  it  will  remain 
as  a  white  gritty  powder,  and  may  be  collected,  dried, 
ignited,  and  weighed. 

It  not  inifrequently  happens  that  a  soap  contains  more 
or  less  uncombined  or  non-saponified  fatty  matters,  and 
in  this  case,  when  the  soap  is  dissolved  in  water,  a  film 
of  oily  matter  is  seen  to  float  on  the  surface.  Morfit 
gives  a  method  for  determining  the  amount  of  this 
as  follows : — The  aqueous  solution  is  decomposed  by 
means  of  hydrochloric  acid,  when  the  fatty  acids  as 
well  as  the  unaltered  fatty  matter  collect  together  on 
the  surface  of  the  liquid.  These  are  separated  by 
filtration,  thoroughly  washed,  and  then  treated  with 
caustic  baryta.  The  precipitate  produced  is  thrown  on 
a  filter,  washed  with  boiling  water,  and  then  acted  upon 
by  hot  alcohol.  By  this  means,  the  non-saponified 
grease  dissolved  is  from  the  soap  of  baryta,  and  after 
separation  of  the  alcohol  by  evaporation,  its  weight 
may  be  ascertained.  "When  tested  by  litmus  paper,  it 
should  not  show  an  acid  reaction.  In  the  appended  table, 
the  great  discrepancies  in  the  value  of  different  kinds, 
of  soap  are  clearly  pointed  out;  yet  it  must  be  noticed 
that  the  portion  of  alkali  in  combination  with  the  fatty 
acids  was  not  separated  in  the  analysis  from  that  por- 
tion contained  in  a  free  state — for  instance,  as  lie  : — 
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Castile  soap  ;  specific  gravity  1-0705  

Castile  soap ;  specific  gravity  0-9669  

Fine  white  toilet  soap,  

Ordinary  white  soap  from  Glasgow,  

Mottled  tallow  soap  of  good  quality,  prepared  from 

potassa  after  having  been  kept  for  several  years  

Brown  resin  soap  from  Glasgow,  

London  cocoa  nut  oil  soap — marine  soap,  

Hard  poppy  oil  soap,  

French  white  soap,  

Marseilles  marbled  soap,  

Marseilles  marbled  soap,  

White  Marseilles  soap,  

White  Leipzig  tallow  soap,  

White  Leipzig  tallow  soap,  

Leipzig  marbled  soap,  

Soap  from  hazel  nut  oil,  

Soft  soap,  

London  soft  soap,  

Belgian  soft  or  green  soap,  

Scotch  soft  soap,  

Good  green  soap,  

Scotch  soft  rape  ofl,  

Scotch  soft  olive  oil  soap,  

Semi-hard  soap  for  fulling,  

Ordinary  soft  soap,  1st  sample,  

Ordinary  soft  soap,  2nd  sample,  

Ordinary  soft  soap,  3rd  sample,  


76-5 
75-2 

75-  0 
60-0 

81-25 

70-0 

22-0 

76-  0 
50-2 
64-0 
60-0 
68-4 
76-3 

50-  0 
45-0 
64-0 
4.4-0 
45-0 
36-0 

47-  0 
34-0 

51-  6 

48-  0 
62-0 
44-0 
42-8 
39-2 


1-77 


9  0 
10-5 
9'0 
6-4 

8-55 

6-  5 
4-5 

7-  0 
4-6 
6-0 
6-0 

10-24 


S-8 
9-4 
9-8 


7-  0 
9-5 

8-  5 

7-  0 

8-  0 

9-  0 
10-0 

10-  0 

11-  5 
9-5 
9-1 


14-5 
14-3 

16-  0 

33-  6 

8-43 
23-5 
73-5 

17-  0 

45-  2 
30-0 

34-  0 
21-36 
14-7 
29-8 
38-0 
28-0 

46-  5 
46-5 
57  0 
45-0 
57-0 
38-33 
42-0 
26-5 
46  5 
48-0 
02-0 


1-0 


Uhe. 


Heeres. 
Uke. 


Thenard. 
D'Aucet. 


Braconnot. 

AliENDROTH. 


Thenard. 
Ure. 


Verviers. 
Chevreue. 
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There  are  several  other  important  considerations 
relating  to  the  determination  of  the  value  of  soaps, 
besides  what  is  revealed  by  analysis.  As  Knapp 
observes,  the  consumer  should  not  be  satisfied  with  a 
soap  in  which  the  amount  of  the  dry  fatty  alkaline 
compound  accords  with  the  price,  unless  the  soap 
fulfils  another  condition  of  equal  importance.  The 
problem  to  be  solved  by  the  soap  boiler,  is  the  produc- 
tion of  an  article  from  which  no  more  is  dissolved  or 
washed  away,  when  it  is  employed  as  a  detergent,  than 
is  absolutely  necessary  for  cleansing  purposes.  When 
this  is  not  the  case,  much  soap  is  uselessly  wasted. 
This  property  of  soap  is  carefully  watched  by  the  laun- 
dress; and  for  purposes  of  domestic  economy,  the 
quantity  of  soap  employed  is  much  more  materially 
affected  by  it,  than  by  the  state  of  ' the  articles  to 
be  cleansed.  If  the  soap  contain  too  much  water,  or 
its  consistence  be  rendered  too  loose  by  reason  of  an 
excess  of  lie  or  salt  disseminated  through  it,  as  is  the 
case  with  many  of  the  varieties  of  soap  described,  the 
waste  from  this  cause  will  be.  .proportionately  great. 
On  the  contrary,  if  the  soap  is  over  dry,  much  laborious 
exertion  will  be  required  to  detach  a  sufficient  quantity 
for  the  purposes  required.  Curd  soap  is  the  only  kind 
which  maintains  the  proper  mean  between  these  two 
opposing  characters,  and  this  is  due  to  the  quantity  of 
water  which  it  contains,  and  its  state  of  solidity.  Soap 
that  has  become  too  dry,  is  improved  by  being  kept 
in  a  moist  place,  and  an  opposite  treatment  improves 
soap  that  contains  too  much  water.  But,  of  course,  as 
regards  the  foreign  salts  they  contain,  no  alteration  or 
improvement  can  take  place.  Curd  soap  is  therefore 
the  proper  form  in  which  soap  should  be  sold;  no 
deception  need  however  be  practised,  when  soap  con- 
taining a  large  amount  of  water,  as  that  from  cocoa- 
nut  oil  is  manufactured,  provided  a  corresponding 
reduction  be  made  in  the  price.  The  same  applies  to 
soap  prepared  from  bones,  fuller's  earth,  silica,  et  cetera, 
which,  if  they  cannot  positively  be  called  adulterations, 
are  very  much  calculated,  like  the  former,  to  promote 
dishonest  traffic.  The  production  of  these  articles  will 
find  very  little  eucouragement  when  the  soap  boilers 
understand  their  own  interests  and  responsibilities. 
These  remarks,  of  course,  do  not  apply  to  soft  soaps 
which  are  used  for  entirely  different  purposes,  and  in  a 
different  manner. 

Uses  of  Soap. — Soap  is  applied  for  washing,  for 
fulling  woollen  cloths,  et  cetera,  and  in  medicine.  Its 
application  for  washing  is  founded  on  two  conditions, 
namely,  on  its  power  to  remove  fatty  matters  from 
textile  and  other  materials,  and  to  form  therewith  an 
emulsive  mass  soluble  in  soapy  water;  and  on  the 
readiness  with  which  the  neutral  salts  of  fatty  acids 
are  decomposed  by  warm  water  into  acid  compounds 
and  free  alkali.  The  latter  acts  upon  the  impurities 
of  substances,  and  forms  with  them  compounds  partly 
soluble,  and  partly  such  as  will  no  longer  adhere  to 
textile  fabrics  and  other  bodies,  whilst  the  separated 
acid  salts  of  the  fatty  acids  keep  the  surface  of  the 
material  in  a  smooth  condition. 

Statistics. — The  manufacture  of  soap  is  carried  on 
more  extensively  in  the  United  Kingdom  than  in  any 
other  country  of  the  world.    The  number  of  manufac- 


turers has  gradually  decreased  since  the  year  1801, 
when  there  were  six  hundred  and  twenty-four.  In  1811 
the  number  was  five  hundred  and  twenty-two ;  in 
1845,  three  hundred  and  fifty-six;  and  in  1850,  three 
hundred  and  twenty-nine,  besides  sixty-eight  remelters 
or  perfumers.  But,  notwithstanding  this  decrease  in 
the  number  of  makers,  it  is  almost  needless  to  say  that 
the  quantity  of  soap  produced  was  greater  each  year, 
and  since  the  remission  of  the  duty,  has  increased  in 
still  greater  proportion.  The  quantity  made  in  Great 
Britain  in  1850,  amounted  to  ninety-one  thousand 
two  hundred  and  fifty-five  tons.  Of  this  quantity 
five  thousand  six  hundred  and  five  tons  were  exported 
to  foreign  parts,  and  there  were  therefore  detained  for 
home  consumption  eighty-five  thousand  six  hundred 
and  fifty  tons.  Of  this  ten  thousand  two  hundred  and 
four  tons  were  consumed  by  manufacturers  of  wool- 
lens, silks,  and  cotton.  After  deducting  the  quantity 
exported,  and  that  used  by  manufacturers,  it  appears  that 
seventy-five  thousand  four  hundred  and  forty-six  tons 
were  employed  for  domestic  purposes  in  Great  Britain, 
a  quantity  equivalent  to  eight  pounds  and  one  ounce 
to  each  person.  In  1851  the  quantity  manufactured 
in  Great  Britain  amounted  to  ninety-one  thousand 
nine  hundred  and  fifty-three  tons.  Of  this  quantity 
England  produced  eighty-one  thousand  five  hundred 
and  sixty-nine  tons,  and  Scotland  nine  thousand  nine 
hundred  and  eighty-four  tons.  In  1852  the  quantity 
manufactured  was  ninety  thousand  six  hundred  and 
sixty  tons.  In  England  the  quantity  is  made  up,  of 
hard  soap  seventy-five  thousand  three  hundred  and 
seventy-eight  tons ;  of  silicated  soap,  five  hundred 
and  ninety  tons ;  and  of  soft  soap,  five  thousand 
six  hundred  and  one  tons.  The  nine  thousand  nine 
hundred  and  eighty-four  tons  produced  in  Scotland, 
consisted,  of  hard  soap  six  thousand  seven  hundred 
and  eighty-eight  tons ;  silicated  soaps,  three  tons, 
and  of  soft  soap,  three  thousand  one  hundred  and 
ninety-three  tons.  The  quantity  imported  into  Great 
Britain  in  the  above  year,  was — from  foreign  coun- 
tries, one  thousand  five  hundred  and  thirty-three 
hundredweight  three  quarters  of  Naples  soap ;  from 
Ireland  fifty-two  tons  seven  hundredweight  of  hard 
soap,  and  twenty-seven  hundredweight  ten  pounds 
of  soft  soap.  The  quantity  of  soap  produced  in  the 
latter  country  cannot  be  ascertained,  as  there  having 
been  no  duty  levied  upon  it,  no  returns  were  required. 
The  annual  revenue  derived  from  the  soap  manufac- 
ture in  Great  Britain  in  the  last  years  the  duty  was 
levied,  exceeded  one  million  pounds  sterling.  It  was 
entirely  remitted  in  1853. 

The  following,  the  Editor  understands,  are  among 
the  largest  and  best  soap  factories  in  the  three  king- 
doms :—  The  West  of  England  Soap  Company,  Ply- 
mouth ;  Mr.  John  Wheen,  London ;  Messrs.  Tyson 
and  Richmond  and  Mr.  William  Moore,  Liverpool ; 
Messrs.  Wilkie  and  Soames,  East  Greenwich,  Lon- 
don ;  Messrs.  J.  Barrington  and  Sons,  Dublin  ; 
Messrs.  Howe  and  Company,  Old  Brentford ;  Messrs. 
Charles  Tennant  and  Sons,  Glasgow,  et  cetera. 
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SODIUM. — Sodium,  English  and  French ;  Natrium, 
German  and  Latin. — This  is  one  of  the  metals  dis- 
covered by  Sir  Humphrey  Davy,  through  the  agency 
of  voltaic  electricity.  Moistened  hydrate  of  soda  was 
employed,  and  the  oxygen  both  of  the  water  and  of 
soda  was  liberated  at  the  positive  pole,  and  the  sodium 
of  the  oxide  at  the  negative  pole. 

About  the  same  time,  1807,  were  discovered  also 
potassium,  barium,  strontium,  and  calcium,  and,  besides, 
traces  of  metallization  were  also  obtained  from  the 
earths.  The  compounds  of  sodium  with  other  sub- 
stances are  of  great  importance  in  the  arts  and  manu- 
factures ;  for  example,  it  enters  into  the  composition 
of  common  salt,  of  sulphate  of  soda,  and  of  the  carbon- 
ates of  soda — substances  so  important  as  articles  of 
commerce,  owing  to  their  daily  employment  in  domestic 
economy,  in  the  manufacture  of  glass,  of  soaps,  in 
bleaching,  and  in  numerous  processes  of  manufacture 
little  less  important.  Sodium  itself,  too,  has  lately 
become  of  great  interest,  and  its  preparation,  it  may 
safely  be  predicted,  is  destined  shortly  to  occupy  a 
position  amongst  the  useful  arts  scarcely  less  important 
than  the  extraction  of  iron  from  its  ores.  As  a  metal, 
owing  to  the  great  facility  with  which  it  becomes 
oxidised,  it  is  never  likely  to  be  much  employed ;  but 
it  is  this  very  property  of  rapid  oxidation  which  has 
caused  it  to  be  applied  in  the  liberation  of  other 
metals  from  their  combinations ;  and,  from  the  extreme 
cheapness  of  carbonate  of  soda,  and  the  facility  with 
which  sodium  may  be  obtained  from  this  salt,  it  would 
be  doubtless  possible  to  procure  it  on  the  large  scale  at 
a  price  little,  if  at  all,  higher  than  that  of  zinc. 

Preparation. — The  processes  already  described  for 
the  production  of  potassium  are  applicable  also,  with 
slight  modifications,  for  the  preparation  of  sodium. 
The  apparatus  required  is  also  of  exactly  the  same 
description  as  in  the  case  of  potassium.  The  substances 
employed  are  either  hydrated  soda  and  iron,  or  car- 
bonate of  soda  and  charcoal.  These  are  placed  in  a 
malleable  iron  bottle — those  in  which  mercury  is 
imported  answer  admirably — and  heated  to  whiteness 
in  a  powerful  wind  furnace.  The  gas,  which  after 
some  time  makes  its  appearance,  is  conducted  into  a 
receiver  of  iron  or  copper  containing  mineral  naphtha  or 
rock  oil,  and  which  receiver  is  kept  cold  by  surrounding 
it  with  cold  water,  which  is  frequently  changed.  It 
should,  of  course,  be  provided  with  a  vent  for  the 
escape  of  the  incondensable  gases  evolved  during  the 
decomposition.  The  operation  is  much  more  pro- 
ductive than  in  the  case  of  potassium,  owing  to  the 
fortunate  circumstance  that  sodium  does  not  combine 
with  carbonic  oxide. 

It  appears,  nevertheless,  that  the  decomposition 
either  of  hydrate  of  soda  by  metallic  iron,  or  of  car- 
bonate of  soda  by  charcoal,  is  effected  with  greater 
difficulty  than  is  the  case  with  the  corresponding 
potassa  salts.  It  appears  also,  that  by  mixing  the  soda 
or  carbonate  of  soda  with  a  little  potassa  or  carbonate 
of  potassa,  the  operation  is  effected  with  greater  facility, 
but  the  metal  obtained  is  then  a  brittle  alloy  of  sodium 
and  potassium.  From  this,  however,  the  whole  of  the 
potassium  may  readily  be  separated  by  means  of  slow 
oxidation,  without  any  considerable  loss  of  sodium.  To 


effect  this,  the  alloy  obtained  is  founded  into  plates,  and 
placed  in  a  large  bottle  ;  these  are  covered  with  naph- 
tha, and  the  air  in  the  bottle  is  occasionally  removed. 
After  a  few  days  the  whole  of  the  potassium  will  have 
disappeared,  and  pure  and  very  ductile  sodium  remains. 
The  process  usually  employed  in  the  preparation  of 
sodium  is  that  recommended  by  Schoedler.  The 
carbonate  of  soda  used  is  obtained  by  the  ignition  of 
acetate  of  soda,  free  access  of  air  being  avoided.  The 
object  of  this  is  to  obtain  the  carbonate  in  a  very  pure 
state,  since,  if  sulphate  of  soda  be  present,  it  becomes 
reduced  in  the  process  to  sulphide  of  sodium,  which 
acts  strongly  on  the  iron  bottle.  The  mixture  of 
carbonate  of  soda  and  charcoal  obtained  is  to  be  mixed 
with  a  fourth  of  its  weight  of  charcoal  in  fine  powder, 
and  with  double  this  quantity  of  charcoal  in  a  coarse 
state,  to  prevent  fusion  of  the  mass,  which,  should  it 
occur,  the  fused  contents  spirt  into  the  tube,  and  choice 
it  up.  This  mixture,  heated  in  the  iron  bottle,  yields 
pure  sodium,  with  very  little  black  residue. 

The  proportion  of  sodium  obtained  by  the  author  of 
this  process  was,  from  three  pounds  of  the  commercial 
acetate,  about  four  and  a  half  ounces  of  sodium ;  but  in 
the  laboratory  at  Giessen,  even  when  it  was  obvious 
that  the  result  was  capable  of  considerable  improve- 
ment, three  pounds  of  acetate  yielded  nearly  five 
ounces  of  sodium,  the  whole  of  the  sodium  present 
being  about  seven  ounces.  To  remove  the  impurities 
from  the  globules  of  sodium,  Schoedler  directs  them 
to  be  pressed  through  strong  and  not  very  fine  linen, 
the  metal  being  first  heated  in  naphtha  to  the  boiling 
point. 

Properties. — Sodium  is  of  a  silver  white  color; 
its  lustre  is  more  brilliant  than  that  of  lead,  but  scarcely 
equals  that  of  silver.  At  the  ordinary  temperature  it 
is  solid,  but  soft  and  ductile  like  wax.  At  4°  it  is 
rather  hard,  at  32°  very  ductile,  at  120°  it  is  semifluid, 
and  at  194°  perfectly  so.  Though  less  fusible  than 
potassium,  it  is  more  readily  volatile,  and  hence  a  less 
intense  heat  is  required  in  its  preparation.  When 
exposed  to  the  air  it  quickly  becomes  tarnished,  owing 
to  the  formation  of  a  crust  of  soda;  and  if  heated 
nearly  to  redness,  it  inflames,  and  emits  brilliant  scintil- 
lations. The  specific  gravity  of  sodium  is  0'972  at  60°, 
and  it  is  consequently  lighter  than  water,  and  if  thrown 
into  this  liquid  exposed  to  the  air  it  swims  about, 
presenting  the  appearance  of  a  silvery-fused  globule, 
constantly  decreasing  in  size  and  producing  a  hissing 
noise,  owing  to  the  escape  of  hydrogen  gas.  These 
phenomena  continue  until  the  whole  is  dissolved  as 
soda. 

Potassium  under  the  same  circumstances  takes  fire, 
and  continues  to  burn  until  dissolved ;  but  sodium,  in 
decomposing  water,  either  produces  less  heat  or  requires 
a  higher  temperature  to  inflame  it.  If,  however,  the 
water  be  thickened  with  gum,  so  as  to  retard  the 
movement  of  the  sodium  over  the  surface,  or  if  there 
be  only  a  few  drops  of  water,  the  metal  then  ignites. 

Sodium,  like  potassium,  decomposes  most  oxides, 
metallic  and  non-metallic ;  also  by  far  the  greater 
number  of  salts,  deoxidising  not  only  the  acid  but  the 
base  also,  if  it  happen  to  be  oxide  of  a  heavy  metal. 
When  thrown  upon  the  surface  of  mercury,  sodium 
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forms  an  amalgam,  with  the  production  of  heat  and 
light ;  this  does  not  take  place  with  potassium.  Sodium 
is  employed  in  the  arts,  principally  in  the  preparation 
of  aluminium,  by  the  decomposition  of  the  chloride  of 
that  base. 

Oxide  of  Sodium.  —  Soda.  —  When  sodium  is 
burned  in  dry  air  or  in  oxygen  a  white  powder  is 
formed,  which  attracts  moisture  and  carbonic  acid 
from  the  atmosphere.  This  is  the  protoxide  of  sodium 
— Na  0.  It  is  very  similar  to  the  protoxide  of  potas- 
sium, but  may  be  known  from  it  by  the  following  pro- 
perties : — When  exposed  to  the  air  at  the  ordinary 
temperature,  it  first  attracts  moisture,  becomes  liquid, 
and,  after  further  exposure,  again  solidifies;  the  prot- 
oxide of  potassium,  however,  always  remains  moist. 
The  other  oxides  of  sodium  are  the  suboxide — Na2  0 
— which  is  a  greyish-white  dull  brittle  mass,  more 
combustible  than  the  metal  itself;  and  the  peroxide, 
which  is  a  dirty  greenish-yellow  substance,  supposed  to 
have  the  composition  Na  03,  but,  never  having  been 
obtained  in  the  pure  state,  this  of  course  has  not  been 
proved.  Neither  of  the  oxides  of  sodium  per  se  have 
any  application  in  the  useful  arts,  but  the  combination 
of  the  protoxide  with  water,  namely  hydrate  of  soda, 
sometimes  termed  simply  soda,  and  also  known  as 
caustic  soda,  is  an  article  of  very  great  importance.  It 
was  known  probably  at  a  very  early  period,  though,  up 
to  the  time  of  the  discovery  of  the  alkaline  metals,  this 
and  the  hydrate  of  potassa  were  regarded  as  anhydrous 
alkalies. 

Preparation. — The  hydrate  of  soda  is  usually 
obtained  by  decomposition  of  the  carbonate,  by  means 
of  quick  or  hydrate  of  lime.  To  a  boiling  solution  of 
five  and  a  half  parts  of  crystallized  carbonate  of  soda, 
in  twenty  parts  of  water,  a  quantity  of  milk  of  lime, 
prepared  by  treating  one  and  a  half  parts  of  burnt  lime 
with  four  parts  of  warm  water,  is  added  in  small  por- 
tions at  a  time,  and  the  mixture  is  boiled,  with  the 
addition  of  more  milk  of  lime,  until  the  filtered  solution 
ceases  to  effervesce  on  the  addition  of  an  acid.  The 
decomposition  is  expounded  in  the  annexed  equation — 

Na  0,  C02    +    Cfi  0,  HO    =    Na  0,  HO    +    Ca  0,  C02 

Carbonate  of  Hydrate  of  Hydrnteof  Carbonatoof 

soda,  lime,  eoda,  lime. 

By  evaporating  the  solution  to  dryness,  a  hydrate  of 
soda  is  obtained,  which,  however,  usually  contains 
traces  of  silicic  acid,  aluminacic,  and  phosphoric  acid. 
These  impurities  may  be  removed,  except  a  minute 
trace  of  alumina,  by  treating  the  solid  hydrate  with 
alcohol,  in  which  the  soda  salts  of  those  acids  are 
insoluble.  In  evaporating  the  alcoholic  solution,  it  is 
necessary  to  add  a  little  water  from  time  to  time  to 
prevent  blacking  of  the  mass.  Probably  the  purest 
hydrate  of  soda  is  procured  by  decomposing  the  pure 
sulphate  by  means  of  hydrate  of  baryta.  The  soda 
salt  being  dissolved  in  water,  the  hydrate  of  baryta, 
also  in  solution,  is  added  as  long  as  precipitation  ensues. 
The  clear  solution  decanted  from  the  precipitate  and 
carefully  evaporated  to  dryness,  yields  a  mass  of  hydrate 
of  soda  perfectly  free  even  from  alumina. 

Properties. — Hydrate  of  soda  is  a  white  opaque 
brittle  substance,  of  a  fibrous  texture ;  it  fuses  below 


redness.  In  properties,  it  greatly  resembles  the  cor- 
responding salt  of  potassa,  but  is  less  volatile  at  a  red 
heat  than  this  salt.  When  exposed  to  the  air  it  rapidly 
attracts  moisture,  becomes  liquid,  but  soon  dries  up 
again ;  the  mass  becoming  converted  into  carbonate, 
which,  unlike  the  carbonate  of  potassa,  is  not  deliques- 
cent. A  solution  of  hydrate  of  soda,  which  is  very 
caustic  and  powerfully  alkaline,  dissolves  wood,  hair, 
the  skin,  and  most  animal  matters ;  tallow  and  other 
unctuous  substances,  with  formation  of  soaps ;  sulphur, 
and  some  metallic  sulphides  ;  silicia,  alumina,  and  seve- 
ral metallic  oxides  quite  insoluble  in  water. 

The  following  table,  constructed  by  Zimmerman, 
shows  the  quantity  of  soda — Na  0 — in  alkaline  men- 
strua at  different  densities  : — 


QUANTITIES  OP  SODA  IN  A  SOLUTION  OP  SODA  AT 
15°  CENTIGRADE — 59°  FAHR. — BY  ZIMMERMAN. 


Specific  gravity. 

Per  cent  soda. 

Specific  gravity. 

Per  cent,  soda 

1-4285  .. 

. .  30-220 

1-2392  .. 

..  15-110 

1-4193  .. 

..  29-616 

1-2280  .. 

. .  14-506 

1-4101  .. 

. .  29-011 

1-2176  .. 

..  13-901 

1-4011     . . 

. .  28-407 

1-2058  .. 

..  13-297 

1-3923  .. 

. .  27-802 

1-1948  .. 

. .  12-692 

1-3836  .. 

. .  27-200 

1-1841  .. 

. .  12-088 

1-3751  .. 

. .  26-594 

1-1734  .. 

..  11-484 

1-3668  .. 

. .  25-989 

1-1030  .. 

. .  10-879 

1-3586     . . 

. .  25-385 

1-1528  .. 

..  10-275 

1-3505     . . 

. .  24-780 

1-1428     . . 

9-670 

1-3426  .. 

..  24-176 

1-1330  .. 

9-066 

1-3349  .. 

. .  23-572 

1-1233  .. 

8-462 

1-3273  .. 

. .  22-967 

1-1137  .. 

7-857 

1-3198     . . 

. .  22-363 

1-1042     . . 

7-253 

1-3143     . . 

. .  21-894 

1-0948  .. 

6-648 

1-3125  .. 

..  21-758 

1-0855  .. 

6-044 

1-3053  .. 

..  21-154 

1-0764  .. 

5-440 

1-2982     . . 

20-550 

1-0675     . . 

4-835 

1-2912  .. 

..  19-945 

1-0587     . . 

4-231 

1-2843  .. 

. .  19-341 

1-0500     . . 

3-626 

1-2775  .. 

. .  18-730 

1-0414     . . 

3-022 

1-2708     . . 

. .  18-132 

1-0330  .. 

2-418 

1  2642  .. 

..  17-528 

1-0246     . . 

1-813 

1-2578  .. 

. .  16-923 

1-0163     . . 

1-209 

1-2515  .. 

..  16-319 

1-0081  .. 

0-604 

1-2453     . . 

..  15-714 

1-0040     . . 

0-302 

Solution  of  caustic  soda  constitutes  the  soda  lie  of 
the  soap  manufacturer,  and  is  usually  prepared  on  the 
spot  by  decomposing  carbonate  of  soda  or  soda  ash  by 
means  of  lime.  The  mixture  is  placed  in  large  cast- 
iron  vats  and  covered  with  water,  and  after  some  hours 
the  lie  is  withdrawn  through  a  plug  at  the  bottom  of 
the  vat,  and  either  fresh  water  or  a  weak  lie  introduced 
at  top.  Full  directions  for  the  proper  performance  of 
the  process  are  given  under  the  article  Soap. 

The  solution  of  soda  so  prepared  is  contaminated 
with  the  common  salt,  sulphate  of  soda,  and  other  con- 
stituents of  soda  ash ;  these  may,  however,  be  separated 
in  great  part  by  concentrating  the  solution  consider- 
ably, these  salts  being  insoluble  in  a  strong  solution  of 
soda.  A  very  useful  article  has  lately  been  introduced 
by  some  alkali  manufacturers,  intended  to  supersede 
the  use  of  the  soda  ash  in  the  soap  manufacture,  and 
in  other  processes  of  fabrication  in  which  caustic  alkali 
is  employed ;  and  considering  the  advantages  likely 
to  ensue  on  its  introduction,  and  the  great  simplicity 
of  the  process  of  production,  it  is  a  matter  of  surprise 
that  its  preparation  on  the  large  scale  has  been  so  long 
delayed.  The  article  in  question  is  a  very  pure  solid 
caustic  soda,  containing  hydrate  of  soda  to  the  amount 
of  nearly  eighty  per  cent. 
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Probably  the  oldest  method  of  producing  caustic  soda 
on  the  large  scale,  though  it  was  applied  as  a  prelimi- 
nary to  the  preparation  of  the  carbonate  of  soda,  is  that 
originally  discovered  by  Scheele.  It  consists  in  the 
decomposition  of  chloride  of  sodium  by  means  of  prot- 
oxide of  lead  or  litharge.  This  method  was  employed 
in  England  by  Mr.  Turner,  and  in  France  by  Chaptal 
and  Berard,  for  producing,  besides  caustic  soda,  the 
fine  yellow  pigment  designated  patent  yellov) ;  the  opera- 
tion was  performed  by  intimately  mixing  and  rubbing 
together  one  part  of  salt  and  from  four  to  six  parts  of 
litharge,  and  a  little  water.  Double  decomposition 
takes  place  between  the  salt  and  a  portion  of  the 
oxide  of  lead,  with  formation  of  caustic  soda  and 
chloride  of  lead,  as  shown  in  the  annexed  equation : — 


Na  CI 


Yb  0  .    =  Na  0  + 


Pb  CI 


Chloride  of  sodium. 


Chloride  of  lead. 


The  latter  salt  afterwards  unites  with  a  portion  of  unde- 
composed  oxide  of  lead,  and  remains  as  an  insoluble 
oxychloride  of  lead.  About  twenty-four  hours  are 
required  to  complete  the  decomposition,  during  which 
time  the  mixture  is  to  be  constantly  agitated.  It  is 
then  allowed  to  stand  a  few  hours  to  settle,  and  the 
solution  of  caustic  soda  is  then  decanted,  the  residue 
well  washed  with  successive  portions  of  water,  the 
washings  being  used  in  the  preparation  of  a  fresh 
quantity.  The  decanted  solution  on  evaporation  yields 
a  very  pure  hydrate  of  soda,  and  the  lead  compound, 
after  being  dried  and  fused,  becomes  of  a  beautiful 
yellow  hne.  The  decomposition  of  the  common  salt  is 
in  this  process  very  complete  ;  but  owing  to  the  high 
price  of  litharge,  and  the  limited  sale  of  the  pigment, 
the  method  has  been  generally  abandoned  as  a  manu- 
facturing process. 

The  attention  of  manufacturers  was  first  directed  in 
1853,  by  Mr.  Gossage,  to  a  source  of  caustic  soda, 
from  which  it  may  be  obtained  with  great  economy 
and  by  a  very  simple  method.  This  source  is  the 
liquor  obtained  by  lixiviation  of  black  ash  or  ball 
soda,  a  compound  which  will  hereafter  be  minutely 
described.  The  chief  object  of  the  manufacture,  of 
which  black  ash  is  an  intermediate  product,  is  the 
preparation  of  carbonate  of  soda — that  salt  which  is 
contained  in  the  largest  proportion  in  black  ash  liquors 
— and  one  of  the  principal  advantages  of  this  method  of 
procuring  caustic  soda,  is  that  by  its  separation  from 
black-ash  liquors,  the  carbonate  is  obtained  in  a  con- 
siderably pure  condition.  The  liquor  resulting  from 
the  lixiviation  of  black  ash  contains  carbonate  of  soda, 
sulphate  of  soda,  and  caustic  or  hydrate  of  soda,  chloride 


of  sodium — a  deep-reddish  compound  of  sulphide  of 
sodium — and  a  few  other  substances,  in  very  minute 
quantities.  When  the  menstruum  is  concentrated  by 
boiling,  crystals  of  monohydrated  carbonate  of  soda 
separate;  and  if  the  evaporation  be  continued  the  whole 
of  the  carbonate  falls  in  this  state  and  can  be  readily 
separated,  leaving  a  reddish  or  sometimes  a  blackish 
lie,  the  principal  constituent  of  which  is  caustic  soda. 
On  further  concentrating  this  mother- lie  to  a  certain 
point,  and  adding  an  oxidising  agent,  the  double  sul- 
phide of  sodium  and  iron  is  decomposed,  and  the  solution 
loses  its  deep  color ;  any  sulphates  or  other  compounds 
which  separate  during  the  concentration  are  removed  ; 
and  there  remains  a  liquor,  which  in  boiling  to  the 
necessary  degree,  affords  an  almost  perfectly  white 
solid  hydrate  of  soda,  contaminated  with  only  a  very 
small  proportion  of  other  matters.  In  Gossage's  speci- 
fication, which  will  be  alluded  to  more  in  detail  in  con- 
nection with  the  improvements  in  the  manufacture  of 
soda  ash,  he  directs  the  black-ash  liquor  first  to  be 
exposed  to  the  air,  so  as  to  absorb  oxygen  therefrom, 
the  effect  of  which  is  to  destroy  a  great  proportion 
of  the  double  sulphide  contained  in  such  lie,  and, 
consequently,  the  removal  of  much  of  the  coloring 
matter.  To  the  menstruum  so  purified  he  gradually 
adds  a  solution  of  chloroxide  of  calcium  or  bleaching 
powder,  in  order  to  convert  any  hyposulphite  of  soda 
which  may  be  present  into  a  sulphite  or  sulphate  of 
soda ;  he  then  concentrates  the  liquor  by  evaporation, 
and  removes  the  whole,  or  nearly  the  whole,  of  the 
carbonate  of  soda  and  other  salts,  and  afterwards  con- 
tinues the  evaporation  till,  on  cooling,  a  solid  mass  of 
hydrate  of  soda  is  obtained. 

Prepared  according  to  the  directions  given  above, 
the  caustic  soda  is  still  very  highly  colored,  and  would 
certainly  be  objected  to  by  most  consumers  of  this 
article.  By  a  modification  of  the  process,  however, 
the  hydrate  may  be  obtained  white,  or  with  only  the 
slightest  possible  tint;  and  this  improved  process  is 
now  generally  employed  by  alkali  manufacturers.  The 
liquor,  after  the  separation  of  the  greater  portion  of  the 
carbonate  of  soda,  is  conveyed  to  an  iron  boat-shaped 
pan,  and  further  concentrated  to  remove  the  remainder 
of  the  salts  present.  Whilst  the  liquor  is  in  a  state  of 
ebullition  in  this  pan,  and  at  a  density  of  l-50,  nitrate 
of  soda  is  added  in  sufficient  quantity  to  effect  the 
decoloration  of  the  fluid ;  this  salt  yields  oxygen  to  the 
sulphide,  and  converts  it  into  sulphite,  in  which  the 
sulphide  of  iron  is  insoluble ;  whilst  its  nitrogen  is 
liberated  in  the  form  of  ammonia,  and  the  base  is  set 
free  in  the  fluid.  Thus— 


Na  S    •  + 

Sulphide  of  sodium. 

or 


NaO,  S2  02     +     NaO,  S02    +     Na  0,  N05   +    4  HO     =     4  (Na  0,  SO0)    +  NII^O 

Sulphite  of  soda.  Nitrate  of  soda.  Water.  Sulphate  of  soda.  Ammonia. 


Hyposulphite  of  soda. 


2  (Na  S)       +       2  (Na  0,  S2  02)       +      Na  0,  N05  + 
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I  Na  0,  S02      -f       NII4  0 


Sulphide  of  sodium. 


Hyposulphite  of  scda, 


Kitruto  of  soda. 


Sulphite  of  soda. 


The  liquor  is  drawn  off  from  the  forementioned  pan  after 
the  salts  have  deposited,  which  happens  in  a  period  of 
four  hours'  repose,  and  transferred  to  another  pan  or 
pot,  and  the  evapoi'ation  continued  till  the  liquid  readily 
solidifies  on  cooling.    From  half  to  one  hundredweight 


of  the  nitrate  of  soda  is  sufficient  to  purify  such  a  quan- 
tity of  liquor  as  will  yield  one  ton  of  caustic  soda. 

A  process  in  which  caustic  soda  is  produced  was 
patented  some  years  ago  by  Mr.  William  Hunt,  the 
principles  of  which  were  briefly  as  follows  : — When  the 
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product  of  the  decomposition  of  sulphate  of  soda  by 
coal  or  coke  is  lixiviated  with  water,  and  the  solution 
which  contains  sulphide  and  bisulphide  of  sodium  with 
caustic  and  carbonate  of  soda,  is  boiled  with  oxide 
of  zinc  or  black  oxide  of  copper,  double  decomposition 
ensues  between  the  sulphide  of  sodium  and  the  oxide 
of  copper  or  zinc,  and  sulphide  of  either  of  the  metals 
results,  with  caustic  soda  in  the  solution.  The  metallic 
sulphide  thus  produced  is  made  available  in  the  pre- 
paration of  another  quantity  of  sulphate  of  soda  from 
common  salt,  by  a  process  which  will  be  described  in 
treating  of  the  preparation  of  sulphate  of  soda.  It  has 
been  proposed  also  to  procure  caustic  soda  directly 
from  the  sulphate,  by  decomposing  this  salt  by  means 
of  a  solution  of  hydrate  of  baryta.  When  a  solution 
of  sulphate  of  soda  is  mixed  with  one  of  caustic  baryta, 
changes  ensue  as  in  the  annexed  equation  : — 


Na  0  S03 

Hullilifite  of  soda, 

Na  O,  HO 


+ 


+ 


riydruto  of  sotlit. 


Ba  0,  HO 

HyJruto  of  baryta, 

Ba  0  S03 

Sulj>liate  of  bnrj-tn. 


Sulphate  of  baryta  is  insoluble ;  and,  therefore,  if  the 
mixture  be  made  in  proper  proportion,  nothing  remains 
in  the  solution  but  caustic  soda.  The  difficulty  of 
procuring  with  facility  the  requisite  quantity  of  caustic 
baryta,  will  probably  always  prevent  this  process  from 
becoming  general.  The  process  for  the  production  of 
caustic  soda  on  the  large  scale  from  black-ash  liquors  is 
so  convenient  and  economical,  that  it  will  probably  be 
never  entirely  superseded.  If  there  be  a  demand  for 
greater  quantities  than  can  be  obtained  from  this  source, 
the  carbonate  of  soda  in  black-ash  liquors  must  be  con- 
verted into  caustic  soda  by  the  addition  of  lime,  and 
the  caustic  soda  then  separated  as  previously  described. 

Caustic  soda  is  indeed  now  produced  on  a  very 
lare  scale ;  and  from  a  consideration  of  the  advan- 
tages likely  to  ensue,  as  its  use  becomes  more  general 
amongst  manufacturers  requiring  alkali,  a  very  great 
increase  on  the  present  demand  may  certainly  be 
expected.  It  is  to  the  soap  manufacturer  that  the 
introduction  of  this  salt  will  prove  to  be  the  greatest 
stimulus  the  trade  has  received  since  the  introduction 
of  artificial  soda ;  indeed,  the  soap  manufacture  will  be 
so  greatly  simplified  by  the  use  of  this  salt,  that  the 
present  mode  of  production  may  be  expected  in  a  short 
time  to  be  entirely  abandoned. 

Chloride  of  Sodium — Common  Salt,  Sea  Salt, 
Muriate  of  Soda ;  Chlorure  de  Sodium,  French ; 
Kochsala,  German. — This  substance  possesses  a  pecu- 
liar interest,  from  its  being  one  of  the  usual  and 
necessary  constituents  of  food ;  whilst  the  enormous 
consumption  in  the  arts,  and  the  variety  of  purposes  to 
which  it  is  applied  in  manufacturing  operations,  invest 
the  study  with  an  importance  second  to  none.  Salt  is 
the  longest  known  compound  of  sodium.  As  early  as 
the  time  of  the  destruction  of  Sodom  and  Gomorrah 
mention  is  made  of  it  in  connection  with  the  judgment 
against  Lot's  wife,  and  she  became  a  pillar  of  salt 
In  Leviticus  it  is  alluded  to  as  a  preservative  and  a 
component  of  the  prescribed  sacrifice.  In  the  gospels 
of  the  New  Testament  its  preservative  qualities  are 
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beautifully  inferred  from  Christ's  testimony  and 
charge  to  the  Apostles — Ye  are  the  salt  of  the  earth, 
but  if  the  salt  lose  its  savor  wherewith  will  it  be  salted. 
Salt,  it  is  said,  appears  in  the  sacred  volume  as  the 
emblem'  of  eternity,  of  repentance,  of  reconciliation, 
and  of  wisdom.  Numa  among  the  Etruscans,  and 
Pythagoras  among  the  Greeks,  repeated  the  precept 
of  Moses — Do  not  speak  of  Deity  without  fire  ;  nor 
■sacrifice  loithout  salt.  Pythagoras  calls  it  a  substance 
dear  to  the  gods;  Homer  designates  it  divine;  and 
Plutarch  remarks,  it  symbolises  the  soul.  Salt  has 
always  been,  and  is  now,  with  the  Arabs,  the  emblem 
of  hospitality.  It  figures  largely  in  Eastern  story.  A 
thief,  for  instance,  entering  an  Arab's  tent  at  night 
while  the  master  is  asleep,  seizes  some  food  and 
becomes  aware  of  the  flavor  of  salt ;  bound  involun- 
tarily by-  the  laws  of  hospitality,  he  withdraws,  without 
carrying  out  his  felonious  intention.  In  the  story  of 
the  Forty  Thieves,  the  chief  robber,  who  enters  the 
house  of  Morgiana's  master  on  a  false  pretence,  is 
enjoined  to  make  such  excuses  whenever  his  host 
offers  him  salt  as  will  enable  him  to  refuse  partaking 
of  it  without  suspicion. 

It  would  be  interesting  if  one  could  learn  the  secret 
of  the  strange  yearning  mankind  has  for  salt,  which 
ages  have  not  diminished  nor  civilization  annihilated. 
Chloride  of  sodium  occurs  in  every  part  of  the  human 
frame.  It  is  organized  in  the  solids  and  dissolved  in 
the  fluids ;  it  creeps  into  every  corner  of  the  body,  and 
plays  a  part  in  all  the  complicated  processes  of  life, 
without  which  the  machinery  would  be  arrested  in  its 
operation.  In  England  and  America,  the  quantity  of 
salt  consumed  gives  twenty  pounds  per  annum  to 
each  person ;  in  France  the  average  ranges  about 
fifteen  pounds  ;  but  in  some  countries  the  love  of  salt 
amounts  to  a  mania.  In  Abyssinia  every  man  carries 
a  lump  of  salt ;  and  when  he  meets  a  friend,  he  offers 
it  to  him  to  lick.  Its  use  may  be  said  to  be  almost 
as  universal  as  water,  and  it  may  safely  be  regarded 
as  among  the  most  abundant  mineral  compounds 
in  nature ;  certainly  of  all  the  minerals  eaten,  none 
can  claim  so  high  a  place  in  science,  history,  and 
literature,  and  in  the  kitchen  it  is  an  indispensable 
condiment — 

Even  cooks  would  deem't  a  grievous  fault, 
Were  viands  eaten  without  salt. 

When  pure,  chloride  of  sodium  consists,  in  one  hundred 
parts,  of  59-67  chlorine  and  40'33  sodium.  It  crystal- 
lizes generally  in  the  form  of  the  cube,  the  crystals  usually 
being  very  perfect.  It  may,  however,  under  particular 
circumstances  be  made  to  assume  other  shapes,  but  all 
closely  allied  to  the  cube.  When  a  saturated  solution 
in  water  is  slowly  evaporated,  and  the  surface  of  the 
fluid  kept  perfectly  still,  the  crystals  as  they  form  some- 
times assume  a  very  remarkable  appearance.  A  cubi- 
cal crystal  first  forms  on  the  surface ;  other  crystals  as 
they  grow  attach  themselves  to  the  edges  of  the  upper 
faces ;  the  middle  cube  then  sinks  below  the  surface  of 
the  liquid,  but  is  still  held  up  by  the  lateral  crystals, 
and  the  process  goes  on  until  a  hollow  square  pyramid 
of  considerable  size,  having  its  apex  downwards,  may 
thus  be  produced. 

5  x 
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Chloride  of  sodium  is  only  slightly  more  soluble  in 
boiling  water  than  in  cold ;  according  to  Poggiale  : — 

100  parts  water  at  32°  dissolve  35-52  of  salt, 

it        u      57.2°     ii  35.87  '! 

i<        u     212°        "  36-61  " 

"        "     229-46°    "  40-35  " 

The  last  is  the  temperature  of  a  boiling  saturated  solu- 
tion of  common  salt,  which  will  therefore  deposit  very 
little  salt  on  being  allowed  to  cool ;  but  if  there  be  some 
chloride  of  calcium  or  of  magnesium  present,  the  solu- 
bility of  common  salt  at  a  high  temperature  rapidly 
increases,  and  a  considerable  crop  of  crystals  of  chloride 
of  sodium  may  be  obtained  on  cooling. 

Common  salt  decrepitates  when  suddenly  heated, 
owing  to  a  small  quantity  of  water  becoming  inclosed 
between  the  plates  of  the  crystal,  and  its  sudden  expan- 
sion at  a  high  temperature  causing  a  fracture  of  the 
crystal.  It  melts  at  a  low  red  heat,  and  may  readily 
be  volatilized  in  a  hot  furnace.  The  specific  gravity 
of  pure  salt  is  2-557.  It  has  an  agreeable  and  saline 
taste,  and  is  slightly  deliquescent  in  moist  air. 

There  are  two  varieties  of  common  salt  in  commerce 
■ — rock-salt,  and  the  salt  produced  by  the  purification 
and  evaporation  of  salt  brines.  Of  the  latter  there  are  in 
England  three  qualities,  differing  not  so  much  in  their 
freedom  from  impurities  as  in  the  size  of  the  crystals 
adapting  them  for  special  purposes  in  the  arts. 
,  Rock-Salt. — Native  Salt,  Mineral  Salt,  Sal  Gem. 
— Rock-salt  occurs  as  a  regular  mineral  deposit  asso- 
ciated with  gypsum  ;  its  position  is  properly  within  the 
new  red  sandstone,  but  it  has  been  met  with  in  other 
situations.  It  occurs  in  layers  varying  in  thickness 
from  a  few  inches  to  several  hundred  feet.  The  rock 
is  usually  of  a  reddish-brown  tint,  and  is  rarely  found 
colorless.  The  cleavage  is  cubical.  Salt  beds  usually 
appear  to  have  been  formed  by  the  evaporation  of 
inland  seas,  the  salt  as  it  accumulated  gradually  filling 
up  the  bed  of  the  sea  or  lake.  The  limited  extent 
of  these  deposits,  as  compared  with  the  stratified  rocks 
over  and  under  them,  would  seem  to  imply  this.  Indeed 
there  are  several  instances  of  this  kind  of  deposit 
in  process  of  formation  in  various  parts  of  the  world. 
Thus  the  bed  of  the  Dead  Sea  is  gradually  being  filled 
up  with  such  a  deposit,  and  a  leaden  plummet  dropped 
in  deep  water  will  bring  up  with  it  crystals  of  remark- 
able size  and  beauty,  and  at  the  same  time  almost 
chemically  pure;  but  there  are  several  lakes  distributed 
over  the  globe  in  which  the  water  is  either  quite  or 
very  nearly  saturated  with  salt.  In  Asia  and  Africa 
there  exist  basins  of  sand,  from  which  salt  water  has 
evidently  been  removed  by  evaporation,  leaving  the  bed 
of  the  basin  covered  to  some  depth  with  salt ;  indeed, 
in  the  neighborhood  of  the  Red  Sea,  and  Salt  Lake 
in  Western  America,  every  considerable  depression 
of  the  soil  is  more  or  less  incrusted  with  salt.  The 
mines  of  rook-salt,  most  probably  originating  in  the 
manner  described,  are  not  found  at  any  determinate 
elevation.  Thus,  the  great  deposit  extending  from 
Upper  Austria  through  Saltzburg,  is  found  at  an  eleva- 
tion exceeding  three  thousand  feet  above  the  level  of 
the  sea ;  the  saline  rock  of  Arbonne  in  Savoy  is  seven 
thousand  two  hundred  feet  above  sea  level;  and  the  im- 
mense accumulation  in  the  Saletres  of  Peru,  where  the 


salt  is  associated  with  nitrate  of  soda,  three  thousand  feet ; 
while  that  in  Wieliezka  in  Poland  is  eight  hundred  and 
sixty  feet  below  sea  level.  All  these  beds,  like  other 
mineral  deposits,  are  intersected  by  faults,  and  broken 
up  by  the  upheaving  and  subsiding  of  the  earth ;  but 
from  their  limited  extent,  the  continuity  of  the  bed  is  less 
frequently  observed  to  be  affected. 

The  great  deposit  of  rock-salt  that  furnishes  most  of 
the  salt  used  in  England  exists  in  Cheshire.  The  broad 
valley  extending  from  near  Malpas  to  Congleton,  sweep- 
ing in  the  form  of  a  crescent  between  the  red-sandstone 
hills  of  Shropshire  and  the  Staffordshire  coal  field  on 
the  one  side,  and  the  high  ground  of  the  Peckforton 
hills  and  Delamere  range  on  the  other,  appears  to  be 
occupied  by  the  saliferous  and  gypsiferous  beds,  lying 
as  it  were  in  a  trough,  to  which  the  adjoining  portions 
of  both  the  above  ranges  dip.  There  are  several  faults 
and  dislocations  in  this  field ;  thus,  at  Lawton,  rock- 
salt  is  found  two  hundred  and  ninety  feet  above  sea 
level,  while  at  Winsford  it  occurs  ninety  feet  below, 
and  at  Frodsham  Bridge  no  salt  was  found  at  four  hun- 
dred and  fifty  feet  below  sea  level.  The  continuity  of 
the  bed  is  frequently  broken  in  the  course  given ;  and 
perhaps  the  number  and  depth  of  borings  might  to 
some  appear  insufficient  to  establish  the  extent  of  the 
bed ;  but  the  existence  of  the  rock  where  it  has  not 
actually  been  reached,  is  ascertained  with  equal  cer- 
tainty by  the  peculiar  sinking  of  the  overlying  ground, 
due  to  the  withdrawal  of  the  brine.  The  gypsiferous 
and  saliferous  beds  at  Northwich  and  Middlewich,  where 
alone  one  has  satisfactory  information  respecting  them, 
may  be  estimated  to  be  on  an  average  seven  hundred 
feet  thick.  The  rock-salt  lies  in  two  beds  principally. 
The  depth  to  the  first  bed  at  Northwich  varies  with 
the  undulations  of  the  land,  and  also  slightly  with  the 
irregularity  of  the  bed  itself,  from  ninety-six  to  one 
hundred  and  fifty-nine  feet.  At  Winsford  the  depth  is 
one  hundred  and  eighty-nine  feet.  The  thickness  of  the 
upper  bed  varies  at  Northwich  from  eighty-four  to  ninety 
feet  in  the  pits  sunk  to  the  north-west,  decreasing  near 
the  east  border  to  eighty-one  feet.  It  thins  off  towards 
the  south-west,  losing  fifteen  feet  in  thickness  in  the 
course  of  a  mile.  Below  this  lies  a  bed  of  indurated 
clay,  thirty  feet  in  thickness,  and  containing  several 
thin  veins  of  salt,  and  this  overlies  the  second  or  great 
bed.  At  a  pit  at  Marston,  to  the  North  of  Northwich, 
this  has  been  ascertained  to  be  ninety-six  feet  thick. 
At  Winsford,  however,  it  is  two  hundred  and  twenty- 
five  feet  thick.  At  Northwich,  the  first  sixty  to 
seventy-five  feet  of  rock  are  impure,  the  salt  being 
contaminated  with  much  clay  and  bituminous  matter,  in 
the  next  twelve  or  fifteen  feet  the  salt  is  much  clearer, 
and  this  portion  only  is  worked.  The  clear  portion  cor- 
responding to  this  is  worked  at  Winsford  at  a  depth 
of  two  hundred  and  ten  feet  in  the  rook. 

The  mining  operations  concerned  in  the  getting  of 
rock-salt  hardly  require  any  description.  A  shaft  like 
that  of  a  coal  pit  is  sunk  to  such  a  depth  as  the  posi- 
tion of  the  rock  necessitates,  and  galleries  are  worked 
out  from  this.  The  rock  is  broken  down  by  blasting, 
beginning  at  the  top  of  the  working  and  proceeding 
downwards.  But  little  skill  is  required  in  supporting 
the  roof  from  sinking  in  upon  the  miners,  the  rook  being 
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so  hard  and  firm  that  the  galleries  are  worked  from 
sixty  to  eighty  feet  broad  without  danger.  As  the 
rock  gives  off  no  gases  injurious  to  animal  life  in  any 
quantity,  the  usual  great  difficulty  of  ventilating  the 
mines  becomes  easy ;  and  sometimes  the  motion  com- 
municated to  the  air  by  the  descent  and  ascent  of  the 
bucket  in  which  the  salt  is  wound  up  from  the  pit,  is  all 
the  ventilation  supplied  for  some  months  in  the  year. 

Salt  is,  however,  seldom  found  in  mining  opera- 
tions of  sufficient  purity  to  be  used  in  the  arts,  without 
being  previously  submitted  to  some  process  of  purifi- 
cation. A  pure  and  colorless  salt  is  met  with  some- 
times at  Cardona  in  Catalonia,  and  in  the  mines  of 
Wieliczka;  and  this  is,  therefore,  simply  cut  into  a  con- 
venient shape  for  the  market.  But  most  of  the  rock- 
salt  mined  is  of  a  reddish  hue,  and  contains  a  very 
small  proportion  of  marl,  a  little  bitumen,  and  a  red 
coloring  matter,  analogous  in  character  to  the  red  fun- 
gous growth  that  appears  on  crystals  of  salt  produced 
by  the  slow  evaporation  of  sea-water.  In  addition  to 
these  impurities,  rock-salt  contains  small  quantities  of 
various  other  salts,  which  impart  to  it  a  bitter  taste, 
and  make  it  deliquescent;  among  these  are  sulphate 
of  soda  and  sulphate  of  magnesia,  chloride  of  magnesium 
and  chloride  of  calcium.  But  although  rock-salt  con- 
tains these  impurities,  it  is  a  curious  fact  that  the 
more  deliquescent  of  these  are  not  contained  in  the  rock 
as  solid  bodies,  but  as  saturated  solutions  in  water 
inclosed  in  very  minute  cavities  of  the  crystal. 

Rock-salt  from  various  mines  is  frequently  observed 
to  contain,  pent  up  within  its  substance,  a  quantity 
of  gas  in  a  state  of  great  compression.  This  pheno- 
menon has  been  noticed  in  the  rock  from  Wieliczka  to 
a  remarkable  extent.  In  dissolving  this  salt  in  water 
a  crepitation  is  heard,  and  this  is  occasioned  by  the 
sudden  fracture  of  the  walls  of  the  crystal,  when  the 
gradual  process  of  solution  has  reduced  them  so  far 
that  they  are  no  longer  capable  of  resisting  the  pres- 
sure of  the  inclosed  gas.  The  gas  evolved  has  been 
examined  by  M.  Dumas,  and  found  to  be  nearly  pure 
hydrogen.  This  gas  may  sometimes  be  heard  blowing 
out  in  a  mine  like  the  light  carbide  of  hydrogen  of 
the  coal  mines ;  the  quantity,  however,  is  small,  and 
it  does  not  appear  that  an  explosion  has  ever  ensued 
from  the  incautious  use  of  a  candle. 

It  was  customary  to  purify  rock-salt  in  England 
formerly;  but  at  present,  salt  brines  of  great  purity 
and  strength,  and  in  unlimited  quantity,  may  be  ob- 
tained at  so  little  cost,  that  recourse  is  now  seldom  had 
to  the  solution  and  subsequent  evaporation  of  the  rock. 
There  is,  therefore,  little  use  for  it,  and  most  of  the 
rock  mined  is  exported.  The  quantity  carried  on  the 
river  Weaver,  according  to  R.  Hunt's  report,  from  the 
5th  April,  1857,  to  5th  April,  1858,  amounted  to  sixty- 
five  thousand  seven  hundred  and  seventy-three  tons. 

There  exists  a  large  field  of  salt  in  Worcestershire,  of 
which  the  principal  bed  lies  three  hundred  feet  below 
the  surface  of  the  ground ;  but  the  rock  itself  is  not 
worked,  and  owing  to  a  deficiency  of  borings,  the 
geological  characters  of  the  deposit  have  not  been  so 
thoroughly  studied  as  is  the  case  with  the  Cheshire 
field.  The  whole  of  the  salt  prepared  in  the  county  is 
made  by  the  evaporation  of  strong  brines. 
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There  is  no  country  so  favored  in  respect  to  the 
abundance  and  ease  with  which  common  salt  may  be 
procured  as  is  England ;  and  as  this  substance  is  a 
necessary  of  life,  it  sometimes  happens  that  it  becomes 
requisite  in  countries  not  so  favored,  to  carry  on  the 
manufacture  by  the  evaporation  of  very  weak  brines, 
and  even  of  sea-water. 

The  following  analysis  may  be  considered  to  bo  the 
mean  composition  of  the  water  of  the  ocean  : — 

ANALYSIS  OF  SEA-WATER. 


Water,   96*470 

Chloride  of  sodium,   2-700 

Chloride  of  potassium,  •   0.070 

Chloride  of  magnesium,   0*360 

Sulphate  of  magnesia,   0*230 

Sulphate  of  lime,   0*140 

Carbonate  of  lime,  ,  0*003 

Bromide  of  magnesium,   0*002 

Iodides,  et  cetera,   0*025 


100*000 

Obtaining  Salt  from  Sea-Water. — In  conse- 
quence of  the  small  proportion  of  salt  existing  in  sea- 
water,  direct  evaporation  by  means  of  fuel  is  never 
had  recourse  to  in  the  preparation  of  common  salt  from 
this  source.  Slight  variations  are  observed  in  the 
results  obtained  by  various  chemists  as  to  the  actual 
amount  of  salt  in  sea-water;  but  these  discrepancies  are 
most  probably  due  to  the  influence  of  local  causes  and 
climate.  The  actual  amount  in  the  water  of  the  Medi- 
terranean is  2*7  per  cent.,  as  near  as  possible.  Sea- 
water  is  always  brought  to  a  certain  degree  of  concen- 
tration by  placing  it  under  such  circumstances  that  it 
shall  be  most  favorably  affected  by  the  drying  influ- 
ence of  the  atmosphere ;  and,  as  will  be  readily  under- 
stood, the  actual  method  of  proceeding  will  vary  greatly 
in  accordance  with  the  character,  the  climate,  and  the 
actual  position  of  the  works.  Thus,  in  the  South, 
where  evaporation  is  rapid  and  the  condition  of  the  soil 
favorable,  the  sea,  at  the  rising  of  the  tide,  is  allowed 
to  run  through  sluice-gates  into  a  pond  covering  about 
an  acre  or  more  of  ground,  and  about  six  feet  deep. 
When  full  the  gates  are  closed,  and  the  water  gradually 
deposits  all  the  mud  and  matters  in  suspension.  From 
this  reservoir  the  clear  water  is  conducted  by  pipes  into 
a  series  of  shallow  basins,  the  whole  covering  some 
acres  of  ground,  where,  by  exposing  a  very  largo  sur- 
face of  water  to  the  drying  influence  of  the  sun  and  air, 
it  rapidly  evaporates.  These  basins  are  so  arranged 
that  the  water  shall  flow  slowly  from  the  first  reservoir 
downwards  through  the  whole  series,  and  the  flow  so 
regulated,  that  by  the  time  the  water  arrives  towards 
the  last  basins,  it  shall  be  in  such  a  state  of  concentra- 
tion as  to  deposit  crystals  of  salt.  A  certain  redness 
appearing  on  the  surface,  due  to  a  fungous  growth,  is 
a  good  indication  of  the  degree  of  concentration  of  the 
liquors,  and  its  appearance  is  accompanied  by  the 
crystallization  of  the  salt.  The  crystals  as  they  fall  are  I 
raked  out  at  certain  intervals  and  collected  in  small 
heaps  on  the  ledges  separating  the  basins  one  from  the  ; 
other.  As  soon  as  the  mother-liquors  begin  to  deposit 
salts  of  magnesia  and  sulphate  of  soda,  they  are  run  away  j 
into  the  sea,  or  they  are  allowed  to  flow  into  another 
series  of  evaporating  ponds,  to  be  there  treated  in  such  < 
a  way  as  to  separate  the  sulphate  of  soda  and  other 
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salts  contained  in  sea-water  from  the  common  salt  still 
remaining  in  them. 

The  manufacturing  process  will  be  best  seen  by  a 
reference  to  the  woodcut — Fig.  509.  A  is  the  large 
reservoir  into  which  the  sea  is  allowed  to  flow  at  high 
tide  through  the  gate,  0.  From  this  it  flows  through 
a  pipe  into  the  long  canal,  BBC.  The  flow  of  water 
is  very  slow,  and  is  regulated  by  means  of  the  sup- 
ply pipes.  The  sea-water  then  enters  the  reservoirs, 
D  D,  in  which  the  water  assumes  a  green  tint,  due  to 
the  growth  of  conferva  ;  these  die,  however,  when  the 
brine  attains  a  specific  gravity  above  1'040.  From 
the  reservoirs,  D  D,  the  brine  flows  through  the  channel, 
E  E,  into  the  divisions,  where  it  deposits  a  consider- 
able quantity  of  sulphate  of  lime ;  this  takes  place 
when  the  brine  is  of  a  specific  gravity  between  1'116 
and  D145,  and  when  it  attains  a  specific  gravity  of 
1'210  it  no  longer  contains  a  trace  of  sulphate  of  lime 
— this  salt  being  insoluble  in  a  solution  containing  much 
sulphate  of  magnesia.    The  brine  is  now  let  into  the 

Fie 


compartments,  gg,  where  it  begins  to  deposit  com- 
mon salt.  The  depth  of  liquid  on  these  beds  is  not 
much  above  two  or  three  inches,  and  is  renewed  every 
two  or  three  days,  according  to  the  state  of  the  weather. 
The  brine  is  allowed  to  concentrate  until  it  attains  a 
density  of  1-263,  when,  although  the  whole  of  the  com- 
mon salt  has  not  been  removed  from  it,  the  liquors  are 
allowed  to  run  out  on  the  crystallizing  tables  as  they 
are  called.  The  salt  as  it  deposits  forms  a  hard  incrus- 
tation on  these  tables,  which,  during  the  five  or  six 
months  the  operation  is  conducted,  attains  a  thick- 
ness of  about  three  inches.  The  mother-liquors  are 
now  run  off  the  tables,  and  the  salt  scraped  up  and 
collected  into  small  heaps,  P  P,  to  drain.  These  are 
collected  together  into  larger  heaps,  m,  n,  and  covered 
with  straw  in  the  form  of  a  haystack  to  protect  them 
from  the  rain.  They  are  then  allowed  to  remain  for 
some  time,  that  the  moisture  of  the  atmosphere  may 
gradually  remove  the  more  deliquescent  salts,  consisting 
of  the  chlorides  of  magnesium  and  calcium. 
509. 


The  product  obtained  in  the  manner  described  is 
contaminated  with  clay  from  the  bottom  of  the  ponds, 
and  it  therefore  requires  to  be  purified  by  dissolving  it 
in  water,  separating  the  clay  by  subsidence,  and  eva- 
porating the  solution  to  dryness.  The  manufacture  of 
common  salt  on  the  plan  described  is  carried  on  only 
during  the  summer  months,  that  is,  from  March  to 
September.  The  value  of  the  process,  of  course,  alto- 
gether depends  upon  the  state  of  the  atmosphere,  and 
it  frequently  happens  that  a  continued  moist  condition 
of  this  altogether  arrests  the  evaporation. 

The  manufacture  of  salt,  as  described,  is  extensively 
carried  on  in  France  and  Spain,  and  all  parts  bordering 
on  the  Mediterranean,  and  was  formerly  practised  in 
England,  particularly  at  Lymington  in  Hants. 

In  Russia,  salt  is  manufactured  by  allowing  sea- water 
to  freeze,  and  removing  the  ice  as  it  forms.  The  suc- 
cess of  this  process  depends  upon  the  fact,  that  when 


sea-water  partially  freezes,  the  ice  formed  contains 
proportionately  less  salt  than  the  remaining  water; 
the  mother-liquor,  therefore,  by  repeating  this  process 
of  congelation,  becomes  more  and  more  impregnated 
with  salt,  until,  indeed,  a  saturated  solution  of  brine  may 
in  this  way  be  formed. 

Dr.  Walker,  from  experiments  made  in  the  Polar 
Seas,  found  that  at  28-5°  sea-water  begins  to  freeze, 
and  as  the  process  of  congelation  went  on  he  observed 
a  saline  efflorescence  to  form  on  the  surface  of  the  ice ; 
but  when  the  ice  had  attained  a  considerable  thickness 
this  efflorescence  was  not  observed  to  increase,  and  Dr. 
Walker  concludes  that  the  excess  of  the  salt  was  then 
precipitated.  It  may  be  remarked  that,  according  to 
Dr.  Kane,  if  the  cold  be  sufficiently  intense,  the  water 
produced  by  melting  the  ice  will  be  so  far  free  from 
salt  as  to  be  fit  to  drink.  In  Dr.  Walker's  experi- 
ments, however,  the  purest  specimen  of  water  obtained 
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by  melting  the  ice  formed  at  42°  was  of  specific 
gravity  1  -005,  and  afforded  abundant  evidence  of  the 
presence  of  common  salt,  and  in  quantity  sufficient  to 
make  the  water  unfit  for  most  domestic  purposes.  The 


salt  obtained  by  the  evaporation  of  the  mother-liquors, 
as  described,  is  however  very  impure,  containing  many 
of  the  foreign  salts  present  in  sea-water,  as  will  be  seen 
from  the  analysis  as  under : — • 


ANALYSIS  OF  SPECIMENS  OF  RUSSIAN  SALT  PRODUCED  BY  THE  FREEZING  PROCESS. 

Salt  from 


Chloride  of  sodium,  . . . 
Chloride  of  aluminium,. 
Chloride  of  calcium,  . . . 
Chloride  of  magnesium. 
Sulphate  of  soda  


The  Sea  of 
Okhotsk. 

77-60 
6-20 

0-  94 

1-  66 
13-60 


100-00 


74-84 
1-17 
5-21 
3-57 

15-20 

100-00 


91-49 
2-60 

1-  10 

2-  05 
2-76 

100-00 


Salt  works 
at  Seluuginsk. 

74-71 

6-50 

1-44 

3-55 
13-80 

100-00 


The  salt  obtained  would  have  been  of  much  better 
quality  if  such  a  quantity  of  milk  of  lime  had  been  added 
to  the  concentrated  mother-liquors  as  would  have  been 
sufficient  to  carry  down  the  sulphuric  acid,  and  to 
decompose  the  chlorides  of  calcium  and  of  aluminium. 

Salt  Springs  and  "Wells — Brines. — When  a 
fresh-water  spring  in  its  underground  course  passes 


over  a  bed  of  rock-salt,  it  becomes  more  or  less  im- 
pregnated with  that  substance,  and  there  results  a  salt 
spring  or  well.  The  amount  of  saline  matter  in  salt 
springs,  varies  so  much  in  character  and  quantity, 
as  will  be  seen  in  the  analyses  given  below,  as  to 
require  a  very  decided  difference  in  the  method  of 
treating  them ; — ■ 


ANALYSES  OP  SALT  BRINES 

The  numbers  refer  to  one  hundred  parts  by  weight  of  water. 


Moutlcrs. 

Sch one- 
beck. 

Friediich 
shall. 

Clemens- 
hall. 

Hall 

Subs. 

Duriem- 
burg. 

Roflen- 
berg. 

Artem 

jSaulieim. 

Krenz- 
nuch. 

Salzhau- 
scn 

Chloride  of  sodium,.. . . 

1-058 

9-623 

25-562: 

25-9021 

25-7180 

23-4733 

6-599 

5-173 

2-829 

2-3600 

1-415 

0-943 

"       potassium, . 

0-007 

0-008 

0  004 

0-0524 

0-006 

0-009 

"  magnesium, 

0-030 

0-083 

0-0059 

0-092 

0-166 

0-038 

0-0339 

0-023 

0-080 

"  calcium,.... 

0-1935 

0-261 

Sulphate  of  potassa,. . . 

0-014 

0-004 

0-004 

0-251 

0-339 

0-4374 

0-4445 

0-1705 

0-5080 

0-250 

0-515 

0-158 

0-0052 

0-080 

0-100 

0-249 

0-0197 

0-0289 

0-208 

0-092 

"  magnesia,. 

0-055 

0-012 

0-0221 

0-004 

0-005 

0-004 

Carbonate  of  lime,  

0-076 

0-026 

0-0100 

0-0195 

0-0037 

0-0162 

0-026 

0-010 

0-042 

0-2133 

0-003 

0-057 

u  magnesia,... 

0-001 

protox.iron, 

0  012 

0-001 

0-004 

0-012 

0-005 

0-001 

0-0021 

0-013 

0-001 

0-001 

0-012 

0017 

Total,  

1-593 

10-354 

26-0379 

26-3859'  25-9211 

23-9975 

7-207 

5-869 

3-190 

2-8604 

1-727 

1-171 

Salt  wells  are  made  artificially  by  pumping  water  into 
an  excavated  salt  mine.  The  saturation  of  the  water 
with  salt  is  effected;  and  yet  the  process  of  pumping  in 
pure  water  and  drawing  out  strong  brine  made  con- 
tinuous by  letting  down  a  pipe  into  the  well,  opening 
nearly  but  not  quite  at  the  bottom.  The  water  in  the 
pipe  was  always  much  below  the  level  of  the  great  bulk 
of  water  in  the  well,  because  the  sole  opening  in  the 
pipe  being  near  the  bottom,  it  only  allows  that  to  ascend 
in  it  which  has  become  dense  from  the  quantity  of  salt 
it  has  taken  up ;  and  thus,  while  pure  water  or  weak 
brine  is  pumped  into  the  well,  only  strong  brine  is 
pumped  out  of  it  through  the  pipe. 

When  the  brines  are  very  weak,  they  are  always 
made  to  undergo  a  preliminary  evaporation  in  the  air; 
and  when  the  presence  of  sulphates  and  the  chlorides 
of  calcium  and  magnesium  are  calculated  by  their  quan- 
tity to  impair  the  commercial  character  of  the  product, 
certain  purifying  processes  are  had  recourse  to  by  which 
these  are  removed.  "When  carbonate  of  iron  is  present 
in  the  weak  brine,  it  is  generally  got  rid  of  by  exposing 
the  brine  for  some  time  to  the  air.  The  carbonic  acid 
by  which  the  iron  is  held  in  solution  gradually  escapes 


into  the  atmosphere,  and  the  carbonate  of  iron  becomes 
converted  into  sesquioxide  of  iron,  and  falls.  The 
muddy  sediment,  consisting  of  this  and  a  little  carbon- 
ate of  lime,  which  also  falls  as  the  carbonic  acid  escapes, 
induces  the  growth  of  certain  species  of  confervse,  and 
these  impart  an  odor  of  decomposing  organic  matter 
to  the  water,  which  is,  however,  gradually  removed  in 
the  subsequent  operations.  The  process  of  evaporation 
with  weak  brines  is  carried  on  in  France  and  Germany 
in  what  are  termed  graduating  houses.  These  are 
large  wooden  structures  from  eight  hundred  to  upwards 
of  five  thousand  feet  long  by  about  forty  feet  broad, 
covered  over  at  the  top,  and  open  at  the  sides  to  allow 
a  free  circulation  of  air  through  the  interior.  The  roof 
covers  and  protects  from  the  rain  several  very  large 
but  shallow  wooden  cisterns  intended  to  receive  the 
brine,  or  there  may  be  only  one  cistern,  divided  by 
wooden  partitions  into  several  separate  compartments, 
but  the  extent  of  these  divisions,  their  collection  under 
one  roof,  or  their  separation,  are  determined  by  circum- 
stances purely  local,  such  as  the  character  of  the  water, 
or  indeed  the  motive  power  available  in  distributing  it. 
The  several  compartments  are  used  to  contain  the  brine 
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in  different  stages  of  concentration.  The  first  is  intended 
to  receive  the  brine  itself;  the  second  to  receive  the 
same  after  it  has  been  concentrated  by  exposure  to 
the  air  in  minute  streams,  et  cetera.  The  position 
of  these  graduating  houses  is  such,  that  they  shall  be 
exposed  iu  the  direction  of  their  greatest  length  to  the 
prevailing  winds. 

Various  arrangements  have  been  devised  to  increase 
the  evaporating  surface  of  the  brine ;  but  that  which 
now  supersedes  all  others  consists  in  pumping  the 
liquor  up  to  the  summit  of  a  high  reservoir,  and  allow- 


ing it  to  trickle  through  the  interstices  of  bundles  of 
thorn  built  up  in  the  form  of  a  wall  and  supported  by 
woodwork.  This  plan  was  first  practised  in  Lombardy, 
thence  introduced  into  Saxony,  and  in  1559  thorn 
stacks  were  used  at  Bavieres;  and  the  great  advantages 
of  the  plan,  over  the  thin  inclined  planes  and  long  cords 
then  employed  on  the  continent,  began  to  be  fully  appre- 
ciated and  generally  adopted.  The  particular  apparatus 
used  will  be  best  described  from  the  woodcut.  In  Fig. 
510,  A  is  the  wall  of  thorns,  usually  from  thirty  to  fift}' 
feet  high,  and  from  one  thousand  two  hundred  to  one 


thousand  five  hundred  feet  long.  It  is  supported  by 
wood  beams  firmly  secured  at  the  base  with  masonry. 
The  thickness  of  the  wall  is  nine  feet  at  the  base, 
diminishing  to  six  feet  at  the  summit;  B,  is  a  largo 


cistern  intended  to  receive  the  weak  brine,  and  fur- 
nished with  a  number  of  small  taps,  c  c,  on  either 
side,  by  which  the  brine  may  be  distributed  over  either 
surface  of  the  wall. 
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Weak  brine  is  pumped  up  into  the  cistern,  c,  and 
the  taps  are  opened  on  that  side  on  which  the  wind 
prevails.  The  brine  now  slowly  trickles  through  the 
thorn  sticks,  and  from  the  large  surface  it  thus  exposes 
to  the  drying  influence  of  the  atmosphere  the  brine 
becomes  rapidly  concentrated.  The  brine,  however, 
is  never  sufficiently  strong  by  passing  through  only  one 
stack;  it  is  therefore  pumped  up  again  and  allowed 
to  trickle  through  another,  and  so  on  until  the  liquor 
has  attained  a  particular  degree  of  saturation,  which 
is  generally  something  between  22°  and  32°  Twaddell, 
depending  upon  the  price  or  abundance  of  fuel  in  the 
locality.  It  is  then  ready  to  be  evaporated  by  artificial 
heat. 

On  the  thorn  sticks  there  gradually  deposits  a  scaje, 
consisting  of  oxide  of  iron,  carbonate  of  lime  and  mag- 
nesia, and  sulphate  of  lime,  and  forming  what  is  called 
thornstone.  This  incrustation  at  length  attains  such  a 
thickness  as  to  fill  up  the  interstices  between  the  sticks. 
The  stack  has  then  to  be  taken  down,  and  the  thorns 
renewed.  This  happens  about  every  five  or  eight 
years,  according  to  the  character  of  the  brine. 

The  rapidity  with  which  water  is  evaporated  by  the 
use  of  thorn  stacks  is  remarkable.  Thus  at  Schone- 
beck  the  thorn  surface  is  three  hundred  and  ninety 
thousand  square  feet,  and  under  very  favorable  circum- 
stances evaporates  3'7  cubic  feet  during  the  twenty-four 
hours  from  each  square  foot.  And  from  very  careful 
experiments  by  Bertiiier,  at  his  works  at  Moutiers, 
it  appears  that  thirteen  gallons  of  water  are  evapo- 
rated under  ordinary  circumstances  every  twenty-four 
hours  from  each  square  foot  of  thorn  wall.  It  is  a 
remarkable  fact  that  the  water  evaporated  from  the 
thorn  surface  is  practically  proportional  to  the  surface 
exposed,  whatever  be  the  density  of  the  brine.  Thus, 
from  a  series  of  researches  made  at  Moutiers  by  the 
above  eminent  chemist,  brine  of  specific  gravity  1-010 
was  evaporated  to  1'140,  and  tested  at  three  different 
periods  to  ascertain  the  loss ;  and  this,  as  the  process 
of  concentration  advanced,  is  expressed  by  the  numbers 
10,  12,  11.  Now,  the  excessive  evaporation  indicated 
during  the  last  stage  was  undoubtedly  due  to  the  fact 
of  the  salt  itself  becoming  volatilized ;  for  the  experi- 
ments of  Berthier  were  conducted  on  a  large  scale, 
and  independently  of  the  quantity  carried  away  bodily 
by  the  wind,  one  recognizes,  by  the  sense  of  taste,  a 
small  quantity  in  the  air,  even  when  the  process  of 
evaporation  is  very  gentle  and  regular.  The  same  fact 
is  shown  in  a  manner  more  decisive  in  the  thin  incrus- 
tation of  salt  which  may  be  seen  on  glass  exposed  in 
the  vicinity  of  salt  works ;  and  the  loss  of  salt  from  this 
source  may  be  estimated  at  about  ten  per  cent.  The 
results,  however,  of  Berthier's  experiments  show  that 
practically  the  rate  of  evaporation  between  a  strong 
and  a  weak  brine  is  inappreciable ;  although,  when  the 
experiment  is  conducted  with  great  care,  so  as  to  pro- 
tect the  surface  of  the  liquid  from  rapid  currents  of  air, 
Dr.  B.  G-.  Babington  has  shown  that  the  degree  of 
concentration  exerts  a  very  decided  influence  in  respect 
to  the  amount  evaporated. 

When  the  brine  in  the  tanks  under  the  thorn  stacks 
has  been  brought  to  a  specific  gravity  of  between  1*14 
and  1-16,  it  is  run  out  into  large  settling  reservoirs 


with  just  sufficient  lime  to  decompose  the  chloride  of 
magnesium.  These  reservoirs  are  of  immense  capacity, 
for  the  evaporation  in  the  air  taking  place  only  during 
the  summer  months,  the  reservoirs  are  made  large 
enough  to  hold  a  great  quantity  of  the  concentrated 
liquor  to  be  evaporated  during  the  winter  months.  The 
eight  reservoirs  at  Salza  have  a  capacity  of  nearly 
three  million  cubic  feet.  In  these  reservoirs  the  brine 
deposits  all  suspended  matters,  and  the  clear  liquor  is 
then  run  into  wrought-iron  tanks  to  be  evaporated  to 
dryness.  The  process  of  evaporating  the  brine  to  the 
point  of  saturation  is  termed  the  schlottage  of  the  salt. 
The  further  evaporation  to  obtain  dry  salt  is  termed 
the  soccage. 

Schlottage. — The  pans  used  in  this  operation  are 
from  about  sixty  to  eighty  feet  long,  by  from  twenty 
to  forty  feet  broad,  and  two  feet  deep,  and  are  made  of 
thin  sheets  of  wrought-iron  rivetted  together.  Each 
pan  is  heated  by  two  or  even  four  fires,  and  the  flues 
are  so  built  that  the  heat  shall  be  distributed  over  the 
whole  bottom  of  the  pan  in  a  manner  as  effective  as  the 
brick  supports  for  the  pan  will  allow. 

The  pans  being  three  parts  filled  with  brine,  and  a 
little  blood  or  grease  added,  are  brought  as  rapidly  as 
possible  to  the  boiling  point.  A  scum  now  forms  on  the 
surface,  which  is  skimmed  off.  This  scum  consists  of  the 
organic  matter  in  the  brine,  and  a  little  bitumen,  which 
is  found  in  all  brines  from  natural  springs.  In  the 
meanwhile  the  brine,  which  is  saturated  with  sulphate 
of  lime,  gradually  deposits  this  on  the  bottom  of  the 
pan.  When  about  one-fourth  of  the  original  brine  has 
been  evaporated,  new  brine  of  specific  gravity  1-16 
is  again  pumped  in,  and  the  process  of  boiling  and 
removing  the  scum  is  continued  until  the  brine  in  the 
pan  has  been  brought  almost  to  the  point  of  saturation  ; 
it  is  then  run  into  other  pans  of  a  similar  shape,  and 
about  equal  capacity,  to  be  evaporated  to  dryness. 

The  deposit  on  the  bottom  of  the  schlotting-pan 
gradually  attains  a  thickness  calculated  to  interfere  very 
materially  with  the  conducting  power  of  the  iron,  and 
so  occasions  much  loss  of  heat ;  the  pan  has  then  to 
be  scaled.  Of  course  the  necessity  for  performing  this 
operation  will  vary  considerably  with  the  degree  of 
purity  of  the  salt.  It  is  usual,  however,  to  scale  the 
pan  after  it  has  been  filled  up  from  eight  to  about 
fifteen  times. 

The  deposit  consists  of  sulphate  of  lime  and  sulphate 
of  soda,  inclosing  mechanically  a  quantity  of  common 
salt. 

Soccage. — This  operation  is  performed  in  wrought- 
iron  pans,  similar  to  those  described  before  for  the 
schlotting  process.  They  inclose  an  area  of  about  four 
hundred  square  feet.  The  bottom  of  the  pan  inclines  a 
little  towards  the  centre.  Over  thepan  is  a  dome-shaped 
structure  of  wood,  terminating  in  a  kind  of  chimney, 
for  the  purpose  of  carrying  away  the  vapor.  The 
woodwork  supporting  the  dome  is  open  at  the  side, 
immediately  over  the  pan,  that  there  may  be  a  free 
circulation  of  air  over  the  surface  of  the  brine.  During 
the  beginning  of  the  boiling  down  the  pans  are  briskly 
heated ;  towards  the  end,  when  much  salt  becomes 
deposited  on  the  bottom,  the  fires  are  slackened,  that 
the  bottom  of  the  pan  may  not  be  burned. 
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The  process  is  continuous,  the  salt  being  taken  out 
as  it  falls  by  means  of  scoops,  perforated  at  the  bottom, 
to  allow  the  mother-liquor  to  percolate. 

In  the  case  of  lime  having  been  added  in  the  settling 
pan,  or  at  the  beginning  of  the  schlotting  process,  the 
mother-liquors  do  not  become  too  impure  to  be  eva- 
porated down  to  dryness,  even  after  the  pan  has  been 
filled  up  with  new  brine  several  times.  -There  is  also 
an  additional  advantage  experienced  at  this  stage  of  the 
manufacture,  from  lime  having  been  added  to  throw 
down  magnesia,  inasmuch  as,  during  the  process  of 
evaporation,  chloride  of  magnesium  forms  a  crust  on 
the  surface  of  the  liquid,  which  re-forms  almost  as 
soon  as  broken,  thereby  preventing  very  materially  the 
escape  of  vapor.  The  formation  of  the  crust,  how- 
ever, may  be  avoided  equally  well  by  the  addition  of 
a  little  sulphate  of  soda.  An  interchange  of  elements 
is  thus  occasioned ;  the  sulphuric  acid  of  the  soda  going 
to  the  magnesia  to  form  sulphate  of  magnesia,  and  the 
chlorine  of  the  magnesium  passing  to  the  soda  to  form 
chloride  of  sodium.  The  soccage  pan  requires  chip- 
ping out  about  once  a  month  or  rather  oftener. 

Salt  having  been  removed  from  the  crystallizing 
pans  by  the  strainers,  is  collected  into  larger  heaps  on 
a  perforated  floor  to  drain  further ;  it  is  then  transferred 
to  the  drying  chamber.  This  is  simply  a  long  cham- 
ber, heated  by  the  flues  from  the  fires  used  to  evapo- 
rate the  brine.  These  flues  converge  into  one  or  two 
main  flues,  which  are  made  to  pass  along  the  bottom 
of  this  chamber.  The  salt  is  either  packed  up  in  shal- 
low wicker  baskets,  or  it  is  put  into  moulds,  and  these 
are  piled  up  above  the  flue  in  the  drying  chamber,  and 
there  allowed  to  remain  until  the  salt  no  longer  loses 
much  moisture,  when  it  is  fit  for  the  market. 

In  England,  all  the  salt  prepared  is  obtained  from 
the  evaporation  of  strong  brines  by  artificial  heat.  The 
brines  used  are  saturated,  or  nearly  saturated  solutions 
of  salt  in  water,  containing  from  23  to  26'5  per  cent, 
of  pure  chloride  of  sodium,  besides  other  constituents ; 
while  a  saturated  solution  of  salt  in  water  only  con- 
tains 27  per  cent,  of  salt.  Indeed,  several  experi- 
ments tend  to  show  that  some  brine  springs  would 
seem  to  hold  in  solution  more  chloride  than  would  be 
taken  up  by  the  same  amount  of  water,  however  long 
it  were  left  in  contact  with  dry  salt. 

The  brine  springs  of  Cheshire  do  not  rise  to  the  sur- 
face of  the  ground.  They  emerge  from  the  surface  of 
the  rock ;  and  when  the  spring  is  tapped,  will  rise  in 
the  bore  hole  from  eighty  to  ninety  feet.  In  the  neigh- 
borhood of  Wiusford  and  Northwich,  a  shaft  is  sunk 
in  the  ground  six  feet  square,  and  about  one  hundred 
and  eighty  feet  deep.  The  sides  of  the  shaft  are  care- 
fully boarded  with  planks,  and  an  inner  planking  of 
six  inch  boards,  four  feet  square,  is  then  built  in,  and  the 
space  between  the  boards  well  puddled  with  clay,  to 
keep  out  the  fresh-water  surface  springs.  The  inner 
boarding  is  firmly  built  in,  and  made  more  secure  by 
cross-stays  of  stout  wood.  An  iron  pipe  about  nine 
inches  internal  diameter  is  then  let  down  into  the 
boring.  The  brine  will  rise  in  this  pipe  about  ninety 
feet ;  it  has  consequently  to  be  lifted  by  a  pump 
to  about  the  same  extent.  A  continuation  of  the 
pipe  from  the  pump  conducts  the  brine  into  a  larger 
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reservoir  lined  with  masonry.  This  reservoir,  which 
may  be  about  two  hundred  feet  long  by  about  sixty  or 
eighty  broad,  and  perhaps  six  feet  deep,  is  not  built  for 
the  purpose  of  allowing  sedimentary  matter  to  deposit, 
for  the  brine  as  it  is  pumped  up  is  perfectly  clear  and 
free  from  particles  in  suspension.  It  is  of  a  clear  sea- 
green  color,  and  the  reservoirs  are  built  to  serve  merely 
as  a  store  of  brine  on  a  high  level,  and  from  which  it 
may  be  drawn  down  to  supply  the  evaporating  pans  as 
needed. 

The  evaporating  pans  are  contained  in  a  shed  which 
may  be  four  hundred  feet  long  by  about  eighty  feet 
broad,  and  about  thirty  feet  high,  open  at  the  sides  to 
permit  a  free  current  of  air  to  pass  over  their  surface. 
The  pans  are  set  in  a  firm  foundation  of  brickwork, 
which  does  not,  however,  extend  up  the  sides.  There 
are  generally  four  furnaces  to  each  pan,  and  the  flues,  so 
built  as  to  support  the  pan,  radiate  over  the  whole  of 
the  bottom.  There  are  usually  three  pans  in  a  series, 
under  two  of  which  furthest  removed  from  each  other 
are  the  fire-places.  The  flues  passing  under  these  are 
continued  under  the  third,  and  meet  in  the  centre,  at 
which  point  they  unite  into  one,  and  the  flue  is  con- 
nected with  the  chimney ;  but  so  as  to  economize  as 
much  as  possible  the  heat  of  the  flue,  a  chamber  is 
built  over  it  in  its  course  to  the  chimney,  and  this  is 
made  use  of  as  a  diying  stove  for  the  squares  of  salt. 

The  Cheshire  brines,  which  are  of  specific  gravity 
1-200,  and  contain  about  24  per  cent,  of  common  salt, 
are  of  so  pure  a  quality  that  they  require  no  prelimi- 
nary februation.  The  brine  is,  therefore,  at  once  run 
into  the  evaporating  pans,  which  are  of  sizes  varying 
with  the  source  of  heat,  and  evaporated  by  the  direct 
action  of  the  fire,  or  by  the  waste  heat  of  the  steam 
engine  used  to  pump  up  the  brine. 

Those  pans  in  which  the  salt  is  evaporated  by  a 
boiling  heat,  are  about  twenty  feet  square  and  eighteen 
inches  deep.  Those  where  a  lower  temperature  is  used, 
are  about  forty  feet  long  by  twenty  broad,  and  two 
feet  deep.  The  pans  are  made  of  quarter-inch  iron 
boiler-plates  rivetted  together.  They  incline  some- 
what towards  the  end  furthest  removed  from  the  fires, 
that  more  salt  may  be  deposited  on  that  part.  The 
inclination  is  from  six  to  eight  inches  in  the  whole 
length. 

Three  kinds  of  salt  are  manufactured  in  Cheshire; 
the  difference,  however,  consists  in  the  size  of  the 
crystal,  depending  upon  the  rapidity  with  which  the 
evaporation  is  conducted.  Thus  the  finest-grained 
salt  is  made  by  rapid  boiling ;  the  coarsest  at  a  tem- 
perature of  about  150° ;  and  the  medium  quality 
between  these  two  points. 

The  evaporating  processes  are  conducted  as  follows  : 
— Brine  is  run  into  a  pan- until  it  is  three  parts  full  ;  a 
little  glue,  and  sometimes  a  little  waste  grease  is  then 
thrown  in  to  assist  in  the  formation  of  a  scum,  and 
partly  to  prevent  the  crystals  of  salt  as  they  fall  from 
adhering  to  the  bottom  of  the  pan.  The  brine  is  then 
brought  to  the  boil  as  rapidly  as  possible,  and  a  scum 
which  forms  on  the  top  is  removed  by  lightly  skimming 
the  surface  with  a  piece  of  board.  The  crystals  of 
salt  begin  to  separate  almost  as  soon  as  the  brine  is 
brought  to  the  seething  point,  and  when  about  half  the 
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water  has  been  evaporated  fresh  brine  is  run  in.  The 
salt  that  has  boiled  out  is  removed  twice  in  the  twenty- 
four  hours.  This  operation  is  effected  by  a  perforated 
scoop,  and  the  salt  is  put  into  wooden  moulds,  or 
tubs,  about  eighteen  inches  high  and  nine  inches 
broad  at  the  top,  and  diminishing  to  about  seven 
inches  at  the  bottom.  These  tubs  are  put  into  the 
salt  pan  to  be  filled,  and  stand  on  a  ledge  on  the  side 
about  six  inches  from  the  bottom  of  the  pan.  When 
the  tubs  are  filled  the  salt  is  slightly  pressed  down, 
and  the  tubs  are  removed  from  the  ledge  on  to  a  per- 
forated floor,  so  that  the  mother-liquor  may  drain  away 
from  the  salt.  To  allow  of  this  there  are  two  slits  in 
the  bottom  of  the  tub.  When  the  salt  in  the  tubs  has 
drained  twelve  hours,  the  tubs  are  reversed,  and  then 
withdrawn  from  the  squares  of  salt,  which  are  removed 
to  the  drying  chamber,  where  they  are  allowed  to 
remain  until  they  become  dry.  'From  a  salt-pan 
twenty  feet  square  two  hundred  tubs  of  salt,  each  con- 
taining thirty  pounds  of  dry  salt,  are  removed  in  a 
day.  The  pans  are  not  allowed  to  cool,  except  for 
purposes  of  cleansing,  the  brine  being  repeatedly 
pumped  in,  and  the  process  of  evaporation  being 
continuous.  About  once  a  week  the  salt  is  more 
thoroughly  removed  than  usual,  and  the  brine  in  the 


pan  allowed  to  run  low ;  the  pan  is  then  seated  over 
the  fireplace.  This  operation,  called  dodging  or 
scabbing,  is  performed  with  a  pickaxe  furnished  with 
a  long  handle,  and  having  the  iron  flukes  flattened 
at  the  ends.  A  man  stands  on  the  floor  that  runs 
round  the  pan,  and  by  striking  with  the  axe  he  loosens 
the  incrustation,  and  then  removes  it  with  a  rake  and 
spade.  The  scab  consists  of  a  little  clay  and  sulphate 
of  lime,  but  principally  of  common  salt  which  has  been 
burnt  on  to  the  bottom  of  the  pan.  When  a  pan  has 
been  worked  for  a  month,  a  scale  will  have  gradually 
formed  over  the  entire  bottom.  The  whole  of  the 
salt  is  then  removed,  the  fires  put  out,  and  the  mother- 
liquors,  being  of  little  value  where  there  is  such  abun- 
dance of  brine,  are  run  away.  The  whole  underpart 
of  the  pan  is  then  scaled  with  a  hammer  and  chisel. 

The  brines  of  Worcestershire  are  of  higher  specific 
gravity  than  those  of  Cheshire,  and  contain  twenty- 
six  per  cent,  of  salt ;  but  the  method  of  working  does 
not  differ  in  any  essential  particular  from  the  descrip- 
tion given,  and,  therefore,  they  do  not  require  a  separate 
notice. 

The  following  tables,  by  Dr.  Campbell  Mokfit  of 
New  York,  show  the  constitution  in  one  gramme  of 
various  samples  of  salt : — 


Rank. 


Commercinl  Brand, 
and 

Source  of  the  Specimen. 


Key, 
West  Solar, 
Florida. 


Liverpool 
ground  alum, 


Cudwell's 
boiled,  from 
Syracuse. 
New  York, 


Chloride  of  sodium,  

Water,  

Insoluble  residue,  

Chloride  of  potassium,  . . 
Chloride  of  calcium, .... 
Chloride  of  magnesium,.. 

Sulphate  of  lime,  

Sulphate  of  potassa,  

Sulphate  of  soda,  

Nitrate  of  soda,  

Silicate  of  soda,  

Organic  matter — soluble, 

Iron  (Fe2  03),  

Alumina  (Ala  03),  

Total,  


0-993514 

0-008000 
0  000050 

o-666ii9 

0-000934 
0-000554 


trace, 
trace. 


0-000800 


0-9852G6 


0-007000 
0-002000 


0-002123 
0-000510 


0-002520 
0-666336 


0-000400 
0-000200 


0-982713 


0-005000 
0-006000 


0-002547 
0-001700 
S.  trace. 
0-000659 
S.  trace. 
0-000505 

0-66ilOO 


0-977931 


0-019000 
0-000200 


0-003017 
0-000849 


trace. 
0-000252 


0-000200 
0-000500 


0-975485 


0-020000 
0-000300 


0-002123 
0-001900 

0-001364 

0-000505 
trace, 
trace. 

0-002000 


0-969917 


0-005000 
0-000400 


0-006708 
0-010005 

trace. 
0-004330 


0-000500 
0-000600 


0-014000 
0 '000700 


0-005774 
0-003011 
S. trace. 
0-007628 

trace. 

O-6607OO 
0-000900 


0-968882 


0-012000 
0-000400 


0-000849 
0-014300 


0  003085 


0-000400 
0-001200 


0-968488 

0-012000 
0-001100 

0-002671 
0-002547 
0-015624 
trace. 

trace. 


0-000800 
0-000500 


1-003971 


1-000355 


1-000224 


1-001949 


1-003677 


0-997460 


0-999136 


1-001116 


1-003730 


Rank. 


Commercial  Brand, 
and 

Source  of  the  Specimen, 


Knnn  ivha, 
Virginia. 


llnskin'e 
salinn, course 
from 
Syracuse, 
New  York. 


Gooso  Creek 
Kentucky, 


Spencer's 
boiled,  from 

Syracuse, 
New  York, 


Hope 
Factory, 
New  York, 


Syracuse 
Company, 
New  York. 


Chloride  of  sodium,  

Water,  

Insoluble  residue,  

Chloride  of  potassium,  . . 
Chloride  of  calcium, 
Chloride  of  magnesium,.. 

Sulphate  of  lime,  

Sulphate  of  potassa  

Sulphate  of  soda,  

Nitrate  of  soda  

Silicate  of  soda,  

Organic  matter — soluble, 

Iron  (Fe2  03),  

Alumina  {Al2  Os),  

Total,  

VOL.  II. 


0-967460 

0-022000 
0-000600 
S.  trace. 
0-003257 
0-002887 


trace. 
0-000421 


0-000400 
0-000400 


0-965540 


0-014000 
0-000000 


0-000509 
0-014500 
S.  trace. 
0-000S09 

0-000252 

trace. 
0-000500 
0-001300 


0-904276 

0  022000 
0-000300 
S. trace. 
0-007747 
0-001613 


0-963288 


0-017000 
0-001000 


0-007132 
0-004000 
S.  trace. 
0-006777 

0-666l68 

0-000500 
0-001700 


0-962938 

0-022000 
0-000300 

trace. 
0-000009 
0-002717 
0-013992 

trace. 

0-666l68 

trace. 
0-800800 
0-001700 


0-014000 
0-000600 


0-002123 
0-016500 

trace. 
0-000667 

0-66dl68 

0-000600 
0-002000 


0-960321 


0-011000 
0-001000 


0-008665 
0-004800 

trace. 
0-009562 

trace. 
0-000673 

0-000500 
0-000500 


0-957348 


0-022000 
0-005800 


0-002293 
0-008600 

0 -664410 

trace. 
0-000168 

0-666200 
0-001200 


0-956663 


0-016000 
0-001800 


0-000509 
0  020000 


0-002978 
O-666168 


0-000700 
0  001300 


0-998010 


0-995936 


1-001565 


1-004624 


0-999509 


0-997021 


1-002019 


1-000118 
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TABLE — (Continued.') 


Bank. 


Commercial  Brand, 
and 

Source  of  the  Specimen, 


Liverpool 
Askton, 


Turk's 
Island, 


Pomeroy, 
Okio, 


Allegkany 
saline, 
Penna, 


Chloride  of  sodium, 

Water,  

Insoluble  residue,  

Chloride  of  potassium,  , . 
Chloride  of  calcium, 
Chloride  of  magnesium, 

Sulphate  of  lime,  

Sulphate  of  potassa, 

Sulphate  of  soda  

Nitrate  of  soda,  

Silicate  of  soda, ........ 

Organic  matter — soluble, 

Iron  (Fe2  03),  

Alumina  (Al2  03),  

Total,  


0-943494 

0-040000 
0-000300 

0-007541 
0-008491 
0-002740 


trace. 
0-000336 


0-000200 
0-000600 


0-941656 


0-044000 
0-000500 


0-002462 
0-012200 

trace. 
0  001262 

0-000421 

0-000200 
0-000200 


0-940776 


0-032000 
0-003600 


0-007047 
0-009400 

trace. 
9-007530 


0-001000 
0-000600 


0-938382 

0-046000 
trace. 
S. trace. 
0-008971 
0-005095 


trace. 


trace, 
trace. 


0-929816 


0-053000 
0-001500 


0-011036 
0-002300 

trace. 
0-007208 

trace. 

trace, 
trace. 


0-915437 


0-064000 
0-000800 


0-013495 
0-005394 


0-000505 


0-000200 
0-000200 


0-913722 


0-063000 
0-001700 


0-010699 
0-003300 

trace. 
0-009942 

trace. 
0-000252 

0-000300 
0-000700 


0-890402 


0-061000 
0-001900 


0-023870 
0-009800 

trace. 
0-014475 

o -666337 
o-oooioo 

0-000500 


0-878509 

0-096000 
0  005000 

0-004844 
0-000594 
0-013059 


trace. 
0-000336 


0-000100 
0-000200 


1-003702 


1-002901 


1-001953 


0-998448 


1-004860 


1-000031 


1-003615 


0-002682 


0-998642 


This  article  would  be  incomplete  without  adverting  to 
the  saline  springs  of  Syracuse,  in  the  state  of  New  York. 
Numbers  VIII.,  XL,  XIV.,  and  XVIII.,  in  the  analyses 
by  Morfit  are  samples  from  this  district.  The  springs 
of  Syracuse,  to  which  in  a  great  measure  the  growth 
and  prosperity  of  New  York  are  attributable,  are  among 
the  most  interesting  natural  productions  with  which 
America  is  blessed.  They  occupy  a  circuit  of  about 
nine  miles  around  the  Southern  extremity  of  the  Onon- 
daga lake.  The  salt  is  obtained  from  the  water  by  the 
heat  of  the  sun.  The  process  of  obtaining  salt  by 
solar  evaporation  is  very  simple.  A  series  of  wooden 
vats  are  built,  twelve  feet  wide,  six  inches  deep,  and 
several  rods  in  length.  The  brine  is  let  into  the  first 
tier  direct  from  the  reservoir,  and  is  left  in  repose 
until  the  dirt  and  other  impurities  have  subsided. 
The  clear  supernatant  liquor  is  then  drawn  off  by 
siphons  into  the  second  tier  of  vats,  which  are  lower 
than  the  first,  where  the  sulphate  of  lime  is  deposited 
in  beautiful  crystals.  The  brine,  thus  purified,  is 
redrawn  off  into  the  third  and  lowest  tier  of  vats, 
where  by  exposure  it  evaporates,  and  the  crystallization 
of  chloride  of  sodium  commences.  At  first  the  crystals 
are  seen  on  the  surface  of  the  brine,  and  resemble 
drops  of  melted  tallow  let  fall  upon  a  surface  of  cold 
water.  These  particles  accumulate,  and  precipitate 
themselves  to  the  bottom  of  the  vat  in  large  quad- 
rangular and  hexangular  crystals  of  the  purest  salt, 
hard,  dry,  and  of  a  beautiful  white  color.  This  Onon- 
daga solar  or  coarse  salt  is  unsurpassed,  it  is  said,  in 
the  world,  and  its  antiseptic  properties  are  widely 
known  and  appreciated.  The  rapidity  of  the  process, 
and  the  consequent  proportional  crop,  depends  upon 
the  heat  of  the  weather;  the  process  of  evaporation 
being  greatly  retarded  by  a  humid  atmosphere.  Sun- 
shine is  of  course  desirable  at  the  salt  works,  and  the 
superintendent  keeps  a  close  watch  upon  the  weather. 
At  the  first  symptoms  of  a  shower  all  hands  are 
immediately  summoned  to  push  on  the  covers,  and  the 
temporary  roof,  which  is  passed  on  rollers  over  the 
crystallizing  brine,  is  ready  to  be  removed  the  very 
instant  the  sun  shines  again. 


The  state  of  New  York,  through  its  superintendent, 
bores  the  wells,  procures  the  supply  of  brine,  and  con- 
ducts it  through  logs  to  the  salt  works,  which  are  the 
property  of  individuals.  The  localities  are  leased  at  a 
nominal  rent,  and  for  an  indefinite  number  of  years, 
but  are  only  to  he  employed  for  the  manufacture  of 
salt.  For  the  raw  material  a  tax  of  one  cent  per 
bushel  is  levied  on  every  bushel  of  salt  produced.  ■ 
This  amounted  in  1856  to  fifty-nine  thousand  nine 
hundred  and  forty-six  dollars  and  forty-four  cents ;  the 
expenses  were  fifty  thousand  two  hundred  and  fifty-five 
dollars  and  sixty-five  cents. 

Physiological  Effects. — In  minute  quantity 
chloride  of  sodium  is  injurious  to  very  few,  if  any 
plants,  and  to  some  it  appears  to  be  beneficial.  Used 
moderately,  it  is  on  certain  lands  a  most  excellent 
fertilizer. 

Salt  serves  many  important  and  essential  uses  in  the 
animal  economy.  It  is  employed,  on  account  of  its 
agreeable  taste,  by  the  people  of  all  nations.  It  is  an 
invariable  constituent  of  the  healthy  blood.  There  is 
a  deficiency  of  this  saline  constituent  in  cholera. 

As  a  chemical  antidote,  chloride  of  sodium  may  be 
administered  in  poisoning  by  nitrate  of  silver.  As 
an  alterative  and  tonic,  it  is  useful  in  scrofula  and 
glandular  diseases.  As  an  astringent  in  hemorrhage, 
dysentery,  and  diarrhoea,  it  has  been  given  in  con- 
junction with  lime  or  lemon  juice.  It  is  frequently 
employed  as  a  dentifrice. 

As  an  external  application,  salt  has  been  employed 
for  various  purposes.  A  saturated  solution,  applied 
with  friction,  is  used  as  a  counterirritant  and  discutient 
in  glandular  enlargements  and  chronic  diseases  of  the 
joints ;  as  a  stimulant,  it  is  rubbed  on,  the  chest  in 
fainting  and  asphyxia. 

The  inmates  of  every  sea-side  infirmary  can  tell  a 
yet  happy  tale  of  the  beneficence  of  salt  breezes.  They 
speak  of  lingering  diseases  fortunately  ended ;  of  long 
convalescence  speedily  consummated  by  cure.  Many 
a  life  which  seemed  gradually  ebbing  away  in  the 
atmosphere  of  a  crowded  city  hospital,  have  these 
briny  vapors  called  back  and  fortified,  and  cheered 
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with  long  years  of  health.  Salt  plays  here  the  part  of 
a  good  fairy :  it  makes  of  this  infirmary  a  kind  of 
healing  heaven  for  the  bodily  siok. 

The  duty  on  salt  was  repealed  in  1823 ;  but  in  1815 
the  makers  of  bleaching  powder  were  allowed  to  use 
rook  salt  duty  free,  under  the  inspection  of  the  excise, 
who  required  that  the  salt  should  be  crushed  at  the 
mines  and  mixed  with  a  certain  proportion  of  ground 
manganese,  so  as  to  render  it  unfit  for  curing  purposes. 
The  Editor's  father  decomposed  salt  which  was  six 
pounds  a  ton  in  Dublin  in  the  year  1819.  Mr.  Mus- 
pbatt  mixed  it  with  oil  of  vitriol,  condensing  the 
evolved  hydrochloric  acid  in  a  series  of  stone  jars.  It 
was  in  Liverpool,  in  1823,  that  he  first  decomposed  salt 
in  an  open  furnace,  disregarding  entirely  the  hydro- 
chloric acid,  which  escaped  and  was  diffused  throughout 
the  atmospheres  •  The  salt  he  employed  at  first  was 
termed  herring  salt,  and  cost  forty  shillings  a  ton.  The 
price  now  is  only  eight  shillings. 

RETURN  OF  SALT  COMPILED  AND  ISSUED  BY  THE  N0RTHWICI1 
AND  W1NSP0RD  CHAMBER  OP  COMMERCE. 

White  salt  carried  on  the  river  Weaver  from  5th  Ton9' 

April,  1857,  to  5th  April,  1858   647,437 

Rock  salt,   65,773 

Carried  by  rail  from  Winsford  and  Northwich, 

estimated  at   525,000 

WORCESTERSHIRE. 

Stoke  and  Droitwich   196,500 

IRELAND. 

Duncone,  near  Carrickfergus,  belonging  to  the 

Belfast  Mining  Company,  shipped   16,660 

Used  for  manufacturing  purposes,   5,798 

White  salt  manufactured,.   4,877 

Total  produce  of  the  United  Kingdom,   1,462,045 

TOTAL  QUANTITY  OF  WHITE  SALT  EXPORTED  FROM 
JANUARY  1  TO  DECEMBER  31. 

»  Tons. 

1855,   583,770 

1856,  i   720,689 

1857,   648,516 

ROCK  SALT  EXTORTED. 

1857   87,119 

Sulphate  op  Soda. — Glauber's  Salt. — Salt 
Cake. — Sulfate  de  Sonde,  French  ;  Schwefelsawres, 
Natron,  German. — This  salt  was  discovered  by  Glau- 
ber in  1658,  and  since  that  time  has  been  commonly 
known  by  his  name.  It  exists  in  nature  in  both  the 
mineral,  vegetal,  and  animal  kingdoms.  It  is  a  very 
common  ingredient  of  mineral  springs  of  the  purgative 
class,  and  is  also  one  of  the  salts  met  with  in  small 
quantity  in  most  terrestrial  waters.  Amongst  the  Eng- 
lish medicinal  waters,  it  exists  in  considerable  quantity 
in  those  of  Cheltenham,  of  Leamington,  and  of  Spital. 


In  some  springs,  as  in  that  of  Paipa  among  the  Andes, 
it  is  so  abundant  that  crystals  of  it  are  formed  upon  the 
surface  over  which  the  water  is  thrown  ;  it  is  likewise 
found  in  crystals  in  the  brine  springs  at  Salinas  d'Es- 
partinas,  near  Madrid.  In  the  latter  locality  the  sul- 
phate exists  as  Thenardite;  while  in  the  former  it  is 
in  the  hydrated  state,  or  Mirabilite.  Gmelin  accounts 
for  its  presence  in  mineral  waters,  on  the  supposition 
that  it  is  formed  by  double  decomposition  from  com- 
mon salt  and  sulphate  of  magnesia  contained  in  the 
liquid,  thus — 

Na  CI  +  Mg  O  SOs  — 


Chloride  of  sodium 

Na  O  S03 


Sulphato  of  soda. 


+ 


Sulphate  of  magnesia. 

MgCl 


Chloride  of  magnesium 


Sulphate  of  soda  in  the  form  of  mirabilite  is  also 
found  in  several  localities  in  Austria,  in  Bohemia,  in 
the  Tyrol,  and  in  several  places  in  Spain  and  Hungary, 
as  well  as  in  Switzerland ;  on  lavas,  and  as  an  efflores- 
cence on  the  Siberian  and  Caspian  steppes.  A  mixture 
of  the  crystallized  salt  with  gypsum — Olauberite — was 
discovered  by  Gimbernat  in  the  canton  of  Argovie  in 
Switzerland ;  the  same  compound  has  been  found  in 
crystals  and  reniform  masses,  embedded  in  rock  salt,  at 
Villarubia  in  Spain,  at  Vic  in  Lorraine,  Berchtolsgaden 
in  Bavaria,  and  at  Atacama  in  Chili.  In  the  vegetal 
kingdom,  sulphate  of  soda  is  found  in  the  ashes  of 
some  plants  which  grow  by  the  sea-shore,  as  the  Tarna- 
rixgallica;  and  lastly,  it  is  found  in  some  of  the  animal 
fluids,  as  the  blood  and  urine.  Artificially  this  salt  is 
extensively  made,  and  its  production  being  the  first 
stage  of  the  process  for  the  conversion  of  common  salt 
into  carbonate  of  soda,  it  is  a  most  important  article  in 
commerce. 

It  is  obtained  by  heating  common  salt  with  sulphuric 
acid,  and  is  also  a  by-product  in  the  preparation  of 
nitric  acid,  of  sal  ammoniac,  of  carbonate  of  magnesia, 
in  the  amalgamation  of  silver  ores ;  and  it  may  also  be 
obtained  from  many  glass  slags,  if  native  or  artificial 
soda  has  been  used  in  the  preparation  of  the  glass. 

Preparation. — Sulphate  of  soda  may  be  most  con- 
veniently prepared  in  the  pure  state,  by  causing  liquid 
sulphuric  acid  to  react  on  chloride  of  sodium.  When 
the  two  substances  are  mixed,  violent  effervescence 
ensues,  hydrochloric  acid  being  evolved ;  the  effer- 
vescence having  partially  subsided,  heat  is  applied  to 
the  vessel,  and  continued  until  the  whole  of  the 
hydrochloric  acid  is  expelled,  and  the  mass  becomes 
dry.  The  following  diagram  shows  the  change  that 
takes  place  : —  - 


58-5  =  1  Eq.  chloride  of  sodium  {*«  =  \  ■* 

(1  =1- 
J  8  =1 
(40    =  1 


30'5  =  1  Eq.  hydrochloric  acid. 


:  1  Eq.  hydrate  of  sulphuric  acid,- 


1  Eq.  hydrogen, 
'  Eq.  oxygen, 
Eq.  sulphuric  acid  71 : 


:  1  Eq.  sulphate  of  soda. 


The  dry  mass  obtained  as  above,  usually  contains  a 
little  sulphuric  acid  more  than  is  required  to  produce 
neutral  sulphate  of  soda.  This  is  removed,  after  solu- 
tion in  water,  by  the  addition  of  a  sufficient  quantity  of 
carbonate  of  lime,  or  the  excess  of  acid  may  be 
neutralized  by  the  addition  of  carbonate  of  soda.  The 


solution  is  now  to  be  filtered,  evaporated,  and  set  aside 
to  crystallize.  The  crystals  obtained  by  resolution  and 
recrystallization  yield  the  salt  chemically  pure.  Or 
the  menstruum  may  be  obtained  directly  by  dissolving 
carbonate  of  soda  in  dilute  sulphuric  acid. 

Crystallized  sulphate  of  soda,  procured  as  above, 
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contains  to  each  equivalent  of  sulphate  ten  equivalents 
of  water,  and  consequently,  is  represented  by  the 
formula  Na  0,  S03,  10  HO.  The  anhydrous  salt  is 
obtained  by  heating  the  crystals  to  redness,  or,  accord- 
ing to  Faraday,  in  anhydrous  crystals,  by  evaporating 
an  aqueous  solution  at  a  temperature  considerably 
below  212°.  Mistciierlicii  gives  the  degree  at  104°, 
and  others  state  it  to  be  as  low  as  91°. 

Properties. — The  primitive  form  of  the  ordinary 
crystallized  sulphate  is  the  oblique  rhombic  prism. 
The  anhydrous  salt  forms  in  crystals  belonging  to  the 
right  prismatic  system.  This  latter,  which  is  trans- 
parent, when  exposed  to  the  air  becomes  opaque  on 
the  surface,  owing  to  absorption  of  water.  The  taste 
of  the  crystallized  salt  is  cooling  and  bitterish  saline. 
By  exposure  to  the  air  it  effloresces,  with  the  loss  of 
all  its  water.  The  perfectly  effloresced  salt  intumesces 
in  very  moist  air  to  three  times  its  bulk,  and  then 
becomes  a  crystalline  mass  of  ordinary  Glauber's  salt, 
with  a  slight  excess  of  water.  When  the  crystallized 
salt  is  heated,  it  undergoes  the  aqueous  fusion,  gives 
off  its  water,  and  thereby  becomes  a  white  solid ;  but 
at  a  red  heat  this  again  becomes  liquid.  One  part 
of  the  crystals  dissolves  in  three  parts  of  water  at 
60°;  at  212°  water  dissolves  its  own  weight  of  the 
salt.  It  is  insoluble  in  alcohol.  A  crystallized  sulphate 
of  soda  is  also  known,  containing  eight  equivalents  of 
water,  and  having  the  formula  Na  0  SOs,  8  HO. 

Physiological  Effects. — Sulphate  of  soda  is  a  mild 
but  efficient  cooling  laxative  or  purgative  salt,  pro- 
moting secretion  and  exhalation  from  the  mucous 
membrane  of  the  stomach  and  bowels  without  causing 
inflammation  or  fever.  It  was  formerly  the  most 
favorite  saline  cathartic  in  this  and  other  European 
'  countries,  but  since  the  beginning  of  the  present 
century  has  gradually  been  displaced  by  the  sulphate 
ol  magnesia. 

Manufacture  of  Sulphate  of  Soda. — Sulphate  of  soda 
possesses  more  than  a  chemical  interest.  Its  prepara- 
tion, as  previously  mentioned,  is  the  first  stage  of  the 


process  now  so  extensively  carried  on  for  the  conversion 
of  common  salt  into  carbonate  of  soda.    In  the  produc- 
tion of  the  dry  salt,  technically  known  as  salt  cake,  sul- 
phuric acid  is  caused  to  act  upon  common  salt  in  a  proper 
apparatus,  the  products  of  the  reaction  being  salt  cake 
and  hydrochloric  acid.    Until  of  late  years  the  decom- 
position was  effected  in  an  ordinary  reverberatory 
furnace,  named  the  decomposing  furnace.    Some  fur- 
naces of  this  kind  were  constructed  with  two  com- 
partments, in  one  of  which  the  materials  were  mixed, 
the  greater  part  of  the  gas  liberated,  and  the  liquid 
evaporated  to  a  pasty  condition ;  in  the  other  the 
calcination  of  the  residuary  sulphate  was  effected. 
In  many  decomposing  furnaces  the  whole  operation 
was  carried  on  in  the  same  division.    An  important 
improvement  on  this  plan  of  decomposition  was  effected 
by  introducing  into  the  decomposing  bed  of  the  double 
furnace  a  lining  of  sheet  lead,  upon  which  the  mate- 
rials are  mixed  and  brought  to  a  pasty  consistence,  1 
and  they  are  then  removed  to  the  roasting  bed  to  be 
more  completely  freed  from  acid.    Furnaces  of  this 
kind  are  still  in  use  in  many  alkali  works.    But  for 
the  most  complete  apparatus  for  the  production  of  salt 
cake,  manufacturers  are  indebted  to  Mr.  John  Lee, 
who  proposed  the  substitution  of  a  concave  iron  pan 
for  the  leaden  one  previously  employed.    The  advan- 
tages obtained  by  the  use  of  these  pans  are,  first,  a 
great  diminution  of  the  expense  of  production,  since 
the  leaden  pans  rapidly  become  corroded  during  the 
process ;  and,  secondly,  that  with  the  iron  pan  a  much 
stronger  sulphuric  acid  may  be  employed  to  effect  the 
decomposition,  with  the  further  advantage  of  prevent- 
ing the  formation  of  so  much  bisulphate  of  soda  as  by 
the  old  method. 

A  description  of  the  annexed  woodcuts — Figs.  511 
to  514 — will  show  the  most  approved  form  of  apparatus 
in  use  at  the  present  day.  Fig.  511  is  a  transverse 
section  of  two  decomposing  pans,  A,  A,  formed  of  cast- 
iron,  weighing  about  five  tons  each,  and  suitably  set  in 
brickwork,  so  as  to  allow  the  bottom  and  sides  to  be 


Fig.  611. 


exposed  to  the  fire.  The  pans  are  covered  with  a  sheet 
of  iron,  b,  the  joints  made  good  with  luting.  E  is  the 
fireplace ;  and  the  flues,  F,  p,  pass  over  and  under  the 
pans,  but  not  through  them.  The  roof  of  the  pan  is  not 
always  constructed  of  iron ;  a  brick  roof  is  frequently 
in  use,  the  arch  being  higher  in  proportion  to,  allow  of 
its  being  self-supporting. 

There  are  three  openings  into  each  of  the  pans,  one 
through  which  the  charge  is  introduced,  and  shown  at 
H  ;  the  other  immediately  opposite,  through  which  the 
charge  is  pushed  out,  seen  at  K,  in  Fig.  512;  the 


third  is  for  the  escape  of  the  acid  vapors  through  the 
pipe,  c  c.  This  pipe  is  composed  of  short  lengths  of 
closed  earthenware  fitting  into  one  another,  and  well 
luted  to  prevent  escape  of  gas. 

Two  of  these  pans  are  usually  worked  together,  and 
the  hydrochloric  acid  gas  brought  into  one  main  flue, 
as  shown  in  the  figure.  The  salt  cake  furnace  is 
attached  to  the  decomposing  pan,  as  shown  in  Fig.  512. 
The  sole  of  this  furnace,  which  is  flat,  is  constructed 
of  good  fire-brick  or  Welsh  tiles,  and  the  roof,  which  is 
only  slightly  arched,  is  of  fire-brick.    H  is  the  fireplace, 
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and  F  p  are  the  flues  passing  over  and  under  the  fur- 
nace, but  not  through  it.    G  and  E  are  openings  for  the 


purpose  of  turning  over  and  withdrawing  the  charge, 
o  is  the  tube  through  which  the  acid  gas  escapes. 


Pip;.  512 


The  charge  is  pushed  into  the  furnace  from  the  decom- 
posing pan  through  k. 

Fig.  513  shows  a  plan  of  the  decomposing  pans 
and  furnaces.  A  a'  are  the  decomposing  pans  ;  c  c', 
the  acid  flues ;  p  p',  and  the  dotted  lines,  fff,  show 
the  arrangement  of  smoke  flues. 


Fig.  514  is  a  transverse  section  of  the  same  through 
P,  F,  Q,  in  which  the  arrangement  of  flues  is  plainly 
seen. 

The  following  is  the  method  of  producing  salt  cake 
with  the  use  of  the  apparatus  described.  The  pan,  A, 
is  first  heated  to  a  suitable  temperature,  and  the 

Fig.  513.  xl  //  .' 
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charge  of  salt,  amounting  to  about  sixteen  hundred- 
weight, is  introduced  through  the  doorway,  H.  The  tile 
which  closes  this  is  now  fitted  into  its  place,  and  the  sul- 


phuric acid  is  run  in.  It  is  preferred  to  use  acid  of  about 
specific  gravity,  1'450,  and  heated  to  a  temperature  of 
about  120°,  so  as  not  to  cool  the  pan  more  than  is  neces- 
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sary.  The  proportion  of  acid  required  is  about  one 
thousand  eight  hundred  pounds,  or  one  hundred  and 


twenty-three  and  a  half  gallons,  that  being  the  quantity 
which,  making  allowance  for  water  and  slight  impurities 


in  the  salt,  is  just  sufficient  to  convert  all  the  chloride  of 
sodium  into  sulphate  of  soda ;  and  the  charge  is  usually 
measured  out  by  filling  a  'small  leaden  vessel,  of  known 
capacity,  placed  near  or  over  the  decomposing  pan,  so 
as  to  allow  of  the  acid  being  run  in  upon  the  salt  by  a 
siphon.  The  acid  and  salt  having  both  been  introduced, 
the  tile  closing  the  opening,  H,  is  now  removed,  and 
the  materials  thoroughly  mixed  with  an  iron  rake. 
This  mixing  serves  at  the  same  time  to  prevent  froth- 
ing, by  facilitating  the  escape  of  gas.  The  doorway 
is  then  effectually  closed  with  the  tile  and  proper 
luting,  and  the  fire  urged  under  the  pan.  In  the 
course  of  an  hour  nearly  all  the  acid  vapor  will  have 
been  disengaged,  and  the  greater  portion  of  the  com- 
mon salt  be  converted  into  sulphate  of  soda.  Much  of 
the  sulphuric  acid,  however,  is  now  found  combined 
with  soda  as  bisulphate  of  soda ;  and  to  decompose  this, 
so  as  to  render  the  excess  of  acid  serviceable  in  form- 
ing sulphate  of  soda  with  the  undecomposed  common 
salt,  a  high  temperature  is  required,  to  obtain  which 
the  charge  is  now  pushed  forward  through  the  open- 
ing, K,  into  the  salt  cake  furnace,  D  d' — Fig.  512 — by 
means  of  rakes  inserted  through  H.  The  charge  is 
spread  evenly  over  the  floor  of  the  furnace,  the  tools 
being  worked  through  the-  doorways,  E  and  G.  The 
salts  are  here  exposed  to  a  low  red  heat  for  about 
one  hour,  and  frequently  turned  over  during  this  inter- 
val. Meanwhile  the  decomposing  pan  having  remained 
empty  for  a  time,  to  enable  the  workman  to  raise  the 
temperature  to  the  proper  extent,  a  new  charge  of  com- 
mon salt  and  acid  is  introduced,  and  worked  off  in  the 
manner  described. 

The  sulphate  of  soda  is  heated  in  the  salt  cake  fur- 
nace until  it  assumes  a  reddish-yellow  tint,  when  it  i3 
raked  out  through  the  doorway,  G,  and  is  considered 
finished. 

From  two  furnaces,  such  as  shown  in  the  drawings, 
and  of  the  dimensions  given,  ten  charges  each  may  be 
drawn  in  a  day,  or  sixteen  tons  of  common  salt  may  be 
decomposed,  with  the  production  of  nearly  nineteen 
tons  of  salt  cake.  The  working  of  sulphate  of  soda  is 
effected,  however,  under  different  arrangements,  in  a 
manner  even  more  rapid  than  this.  Thus,  when  an  open 
reverberatory  furnace  is  used  in  place  of  the  closed 
furnace  described,  sixteen  charges  a  day  may  be  drawn ; 
the  open  furnace  being  capable  of  more  rapid  heating 
than  the  blind  or  closed  furnace  described,  and  the 
acid  gases  being  more  readily  carried  away  by  the 
current  of  air  passing  over  the  heated  salt. 


Condensation  of  the  Hydrochloric  Acid. — It  now 
remains  to  consider  the  various  plans  adopted  to  effect 
the  condensation  of  the  hydrochloric  acid  gas  evolved 
from  the  mixture  of  acid  and  salt.  The  whole  or 
nearly  the  whole  of  this  was,  in  the  early  days  of 
the  manufacture,  allowed  to  escape  into  the  air,  the 
inconvenience  attending  its  condensation  having  been 
considered  of  greater  consequence  than  the  value  of 
the  liquid  acid.  But  owing  to  the  great  demand  for 
bleaching  powder,  the  manufacturer  found  it  would  be 
to  his  interest  to  condense  the  whole  of  the  acid,  so  as 
to  use  it  in  the  preparation  of  bleaching  agents. 

The  plan  of  apparatus  at  present  employed  for  effect- 
ing the  condensation  of  gaseous  hydrochloric  acid  to 
the  liquid  form,  was  first  suggested  and  patented  in 
1836  by  Mr.  Gossage  ;  the  condensers  have,  however, 
been  greatly  improved  since  that  period.  The  gas,  as 
evolved  from  the  mixture  of  sulphuric  acid  and  salt,  is 
conducted  by  means  of  pipes  inserted  in  the  brickwork 
of  the  dome  of  the  pot,  and  in  the  arch  of  the  furnace, 
to  a  massive  tower  or  series  of  towers — Fig.  515 — 
constructed  of  large  rectangular  slabs  of  silicious  stone, 
cemented  together  and  bound  exteriorly  by  stout  iron 
clamps.  These  towers  may  be  filled  with  small  pebbles 
or  rounded  flints,  but  usually  coke  is  preferred,  and  a 
stream  of  water  is  allowed  to  flow  from  a  cisternon  the 
top  slowly  through  the  mass ;  this,  meeting  with  the 
ascending  gas,  completely  condenses  it,  and  ultimately 
flows  out  by  an  aperture  in  the  bottom  to  a  recipient. 
The  mode  of  condensing  adopted  previously  to  the 
introduction  of  these  towers  was,  as  previously  stated, 
by  a  series  of  Woulfe's  bottles ;  a  system  far  too  cum- 
brous to  be  adopted  successfully  on  the  very  extensive 
scale  on  which  the  manufacture  is  now  carried  on. 

A  connection  exists  between  the  first  and  second 
towers  near  the  summit,  and  from  the  base  of  the  second 
tower  an  underground  flue,  for  the  purpose  of  creating 
a  draught  through  the  apparatus,  is  carried  to  the 
chimney-stalk.  The  gases  eliminated  from  the  mixture 
of  salt  and  sulphuric  acid  enter  the  first  tower  at  its 
base,  and  pass  upwards  through  the  moistened  coke ; 
whatever  is  uncondensed  is  carried  into  the  second 
tower,  and  in  its  passage  through  this  downwards  the 
whole  of  the  acid  is  removed ;  and  the  uncondensable 
gases  pass  by  the  flue  to  the  chimney. 

If  the  towers  are  of  sufficient  height,  two  only  will 
be  requisite  to  effect  complete  condensation  of  the  acid ; 
but  if  this  should  not  be  the  case,  three  or  more  may 
be  connected  together ;  the  first  two  at  the  summit, 
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the  second  and  third  at  the  base ;  the  third  with  the 
fourth  at  the  top,  and  so  on  through  the  series.  By 
this  arrangement  acid  may  be  obtained  of  specific 


gravity  1-150  to  1-160,  quite  strong  enough  for  the 
decomposition  of  binoxide  of  manganese. 
If  the  hydrochloric  acid  be  required  for  other  pur- 


poses than  the  decomposition  of  binoxide  of  manga- 
nese, as  for  the  evolution  of  carbonic  acid  from  chalk 
or  limestone,  condensers  of  a  still  more  simple  nature 
may  be  employed ;  because  then,  a  weaker  acid 
answering  the  purpose  equally  well  with  a  strong  one, 
a  far  greater  proportion  of  water  may  be  used.  In 
this  case,  a  single  tower  divided  into  two  compart- 
ments by  a  partition  wall,  and  the  whole  well  filled 
with  small  pieces  of  coke  and  supplied  with  water  in 
sufficient  quantity,  will  effect  the  condensation  of  the 
whole  of  the  acid  evolved.  But  unless  the  acid  can  be 
at  once  consumed  on  the  spot,  it  is  of  course  always 
desirable  to  obtain  it  in  as  concentrated  a  condition  as 
possible.  In  some  manufactories,  as  well  to  prevent 
the  escape  of  hydrochloric  acid  as  for  economy,  the 
towers,  constructed  as  above  described,  are  filled  with 
limestone  instead  of  coke  or  pebbles;  and  the  carbonic 
acid  evolved  is  applied  in  the  preparation  of  bicarbonate 


of  soda,  as  will  be  hereafter  mentioned.  It  has  also 
been  proposed  to  avoid  the  evolution  of  hydrochloric 
acid  altogether,  by  adding  sulphuric  acid  and  zinc  to  a 
solution  of  chloride  of  sodium.  In  this  case,  hydrogen 
is  eliminated,  and  there  is  produced  chloride  of  zinc 
and  sulphate  of  soda  as  in  the  annexed  equation  : — 

Na  CI 


+ 


Chloride  ol  sodium. 

Na  0,  S03 

Sulphate  of  soda. 


Zn         +  S03  HO 

Zinc  Sulphuric  acid. 

+          ZnCI  +  H 

Chloride  of  zinc.  Hydrogen. 


The  products  can  be  separated  by  crystallization ;  and 
from  the  mother-liquor,  lime  will  precipitate  hydrate  of 
zinc,  which  can  afterwards  be  substituted  for  metallic 
zinc,  for  the  production  of  sulphate  of  soda  from 
common  salt. 
Various  other  processes  for  the  preparation  of  salt- 
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cake  have  been  adopted  on  a  more  or  less  extensive 
scale.  In  some  of  these,  hydrochloric  acid  is  also 
obtained ;  in  others  chlorine,  or  a  mixture  of  this 
and  hydrochloric  acid ;  and  in  others,  the  chlorine 
is  removed  in  combination  'with  bases.  One  of  the 
oldest  of  these  methods  consists  in  heating  together 
in  a  reverberatory  furnace  a  mixture  of  common  salt 
and  pyrites — bisulphide  of  iron.  In  this  process,  the 
sulphur  of  the  bisulphide  becomes  oxidised  to  sul- 
phuric acid,  under  the  influence  of  heat,  atmospheric 
air,  and  of  sodium  ;  and  the  sodium  being  at  the 
same  time  converted  into  soda,  combines  with  the 
acid  produced.  The  chlorine  of  the  common  salt 
partly  combines  with  the  iron,  and  the  other  portion 
unites  with  the  hydrogen  of  the  water  or  steam  evolved 
from  the  combustible  materials  employed  to  form 
hydrochloric  acid.  The  heat  being  continued,  the 
chloride  of  iron  at  first  formed  becomes  decomposed  ; 
nearly  pure  chlorine  is  evolved,  and  sesquioxide  of  iron 
remains  in  admixture  with  the  sulphate  of  soda.  By 
lixiviating  the  mass  with  water,  the  sulphate  of  soda  is 
dissolved ;  and  hy  evaporating  the  solution,  the  pure 
salt  may  be  obtained  in  crystals,  or  as  an  anhydrous 
mass.  Mr.  Longmaid,  some  years  ago,  proposed  this 
method  for  the  preparation  of  sulphate  of  soda  for  the 
alkali  manufacturer,  and  at  the  same  time  of  pure 
chlorine  for  the  production  of  bleaching  powder.  He 
suggested  that  the  chlorine  might  be  freed  from  hydro- 
chloric acid  by  bringing  it  in  contact  with  a  surface 
of  wood,  kept  moist  from  the  outside;  and  the  gas  from 
it,  if  to  be  used  in  the  production  of  bleaching  powder, 
must  then  be  dried  by  any  convenient  method.  The 
mixture  of  sulphate  of  soda  and  oxide  of  iron  he  directs 
to  be  employed,  instead  of  the  pure  sulphate,  in  the  pre- 
paration of  black  ash  according  to  the  usual  process. 

This  plan  is  not  likely  to  supersede  the  old  method 
of  manufacture ;  for,  besides  the  great  defect  arising  from 
the  slowness  with  which  the  decomposition  of  the  com- 
mon salt  proceeds,  there  is,  according  to  Dumas,  a 
considerable  loss  of  sulphur  during  the  process,  owing 
to  the  incomplete  oxidation  of  this  element.  This 
portion  of  sulphur  is  evolved  as  sulphurous  acid  in 
admixture  with  hydrochloric  acid. 

Protosulphate  of  iron  has  been  used  to  a  considerable 
extent  for  the  conversion  of  chloride  of  sodium  into 
sulphate  of  soda.  This  may  be  effected  in  two  ways; 
firstly,  by  dissolving  the  copperas  and  salt  together  in 
water,  when  a  double  decomposition  takes  place, -with 
formation  of  sulphate  of  soda  and  protoehloride  of  iron 
as  in  the  annexed  equation  : — ■ 

Na  CI    +     Fe  0  S03  =    Na  0  SQ3   -f-    Fe  CI 

Chloride  of  sodium.    Sulphntc  of  iron.       Sulphate  of  soda.      Chloride  of  iron. 

The  sulphate  of  soda  may  be  procured  in  hydrated 
crystals — Na  0  S03,  10  HO — by  exposing  the  solu- 
tion to  a  low  temperature  ;  or,  in  an  anhydrous  state  as 
an  opaque  precipitate,  by  concentrating  the  solution  at 
the  boiling  point.  In  either  case  the  chloride  of  iron 
remains  in  the  mother-liquor. 

The  other  process  for  the  conversion  of  chloride  of 
sodium  into  sulphate  of  soda,  by  means  of  sulphate 
of  iron,  consists  in  the  calcination  at  a  red  heat,  in 
a  reverberatory  furnace,  of  an  intimate  mixture  of  the 


two  salts  in  the  proportion  of  sixty  parts  of  chloride 
of  sodium  to  one  hundred  and  forty  of  the  iron  salt. 
In  this  case,  there  is  formed,  at  first,  sulphate  of  soda 
and  chloride  of  iron  as  above.  By  heat,  however,  the 
chloride  is  transformed,  by  virtue  of  the  decomposition 
of  water,  into  hydrochloric  acid,  which  is  disengaged, 
and  into  oxide  of  iron,  which  remains  mixed  with 
the  sulphate  of  soda.  There  is  also  eliminated  a  little 
sulphuric  acid  and  chlorine.  Dumas  states  that  the 
process  may  be  rendered  more  productive  of  sulphate 
of  soda,  by  mixing  the  two  substances  together  in 
powder,  and  leaving  the  mixture  for  some  days  in  a 
heap  moistened  with  water,  and  afterwards  heating  to 
redness.  This  mode  of  manufacture  of  sulphate  of  soda 
is  employed  in  the  North  of  France. 

Among  the  processes  for  the  manufacture  of  caustic 
soda,  that  of  Mr.  William  Hunt  has  been  men- 
tioned. It  consists  in  the  decomposition  of  sulphide  of 
sodium  by  means  of  oxide  of  zinc  or  of  copper,  when 
there  are  produced  caustic  soda  and  sulphide  of 
copper  or  zinc.  The  metallic  sulphide  thus  obtained, 
he  directs  to  be  applied  in  the  preparation  of  sulphate 
of  soda,  either  by  roasting  so  as  to  produce  sulphuric 
acid  in'  the  ordinary  manner,  and  causing  this  to  act 
upon  common  salt ;  or  by  heating  the  sulphide  to 
a  temperature  of  about  400°,  with  exposure  to  the 
air,  whereby  the  sulphide  is  converted  into  sulphate. 
The  sulphate  of  copper  or  zinc  thus  obtained,  after 
having  been  freed  from  the  accompanying  oxide  or 
unaltered  sulphide  by  lixiviation  with  water,  is  mixed 
with  a  solution  of  common  salt,  when  there  are  pro- 
duced sulphate  of  soda  and  chloride  of  zinc  or  of  copper. 
The  alkaline  sulphate  is  separated  from  the  metallic 
chloride  by  crystallization,  and  from  the  chloride  re- 
maining in  the  mother-liquor,  oxides  of  zinc  or  of  copper, 
in  a  condition  to  be  used  for  the  decomposition  of  more 
alkaline  sulphide,  is  obtained  by  the  addition  to  the 
solution  of  milk  of  lime. 

The  preparation  of  sulphate  of  soda  and  of  chlorine 
for  bleaching  powder  was  carried  on  simultaneously  at 
former  periods.  The  process  which  was  first  adopted 
by  the  Messrs.  Tennant  and  Company  of  Glasgow, 
consists  in  heating  together  a  mixture  of  chloride  of  . 
sodium,  binoxide  of  manganese,  and  sulphuric  acid  in 
leaden  vessels,  when  changes  ensue,  as  represented  in 
the  subjoined  equation  : — 

Na  CI  -f  2  Mn  02         +2  S03  = 

Chloride  of  sodium.  Binoxide  of  manganese.        Sulphuric  acid. 

Na  0  S03      +         Mn  0  S03         +  CI 

Sulphate  of  soda.  Sulphate  of  manganeso.  Chlorine. 

The  whole  of  the  chlorine  of  the  common  salt  is  there- 
fore evolved  in  the  pure  state,  while  there  remains  a 
mixture  of  sulphate  of  soda,  sulphate  of  manganese, 
and  the  excess  of  sulphuric  acid  employed.  To  this  as 
much  common  salt  is  added  as  is  necessary  to  saturate " 
the  free  sulphuric  acid,  and  the  whole  is  heated  in  a 
reverberatory  furnace.  In  this  operation,  the  man- 
ganese and  iron-salts  are  decomposed  ;  and  the  sulphate 
of  soda  may  then  be  withdrawn  from  the  fused  mass 
with  water.  It  will  be  observed  that  in  this  process 
one  half  of  the  sulphuric  acid  employed  is  lost;  and  this 
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being  of  greater  value  than  the  equivalent  proportion  of 
hydrochloric  acid  lost  in  the  other  methods  of  treat- 
ment, the  plan  has  been  generally  abandoned. 

Besides  these  sources  of  sulphate  of  soda,  it  is 
obtained  also  frequently  from  the  mother  liquors  of 
common  salt.  When  these  solutions  are  sufficiently 
concentrated,  a  substance  separates  in  flakes,  which  is 
a  double  salt  composed  of  sulphate  of  soda  and  sulphate 
of  lime.  This  is  collected,  washed  with  cold  water  to 
remove  adhering  chloride  of  sodium,  and  then  treated 
with  boiling  water.  The  sulphate  of  soda  now  dis- 
solves; and  the  solution,  after  being  allowed  to  deposit, 
is  decanted  and  evaporated  to  the  crystallizing  point 
or  to  dryness.  The  sulphate  of  soda  in  these  liquors  is 
probably  formed  by  double  decomposition  of  sulphate 
of  magnesia  and  chloride  of  sodium. 

Crude  salt  cake,  prepared  by  the  action  of  sulphuric 
acid  upon  common  salt,  usually  contains  from  ninety-two 
to  ninety-six  per  cent,  of  sulphate  of  soda,  and,  besides 
free  sulphuric  acid,  chloride  of  sodium,  minute  quan- 
tities of  other  matters,  as  sesquioxide  of  iron,  et  cetera. 
A  sample  prepared  at  the  works  of  James  Muspratt 
and  Sons,  Liverpool,  was  examined  in  the  Editor's 
laboratory,  and  gave  the  following  results  : — ■ 

Sulphate  of  soda,   BG-515 

Sulphate  of  lime,   0-923 

Sulphuric  acid,   0-G16 

Chloride  of  sodium,   1*315 

Sesquioxide  of  iron   0-191 

Water,   0-187 

Insoluble  matter,  coal,  et  cetera   0-130 

Loss,   0-093 

100-000 

Nitrate  of  Soda— Cunic  Nitre— Soda-Salt- 
petre. • — Nitrate  de  sonde,  French;  Salpetersawncs 
Natron,  German. — Nitrate  of  soda  may  be  prepared 
artificially  by  saturating  nitric  acid  with  carbonate  of 
soda,  and  evaporating  the  solution  to  dryness;  by  precipi- 
tating nitrate  of  baryta  or  of  lime  with  sulphate  of  soda, 
allowing  the  solution  to  deposit  the  insoluble  earthy 
sulphate,  decanting  the  clear  liquor,  evaporating  and 
allowing  the  nitrate  to  crystallize;  and  lastly  by  mixing 
solutions  of  nitrate  of  potassa  and  of  sulphate  of  soda, 
when  double  decomposition  succeeds,  producing  sul- 
phate of  potassa  and  nitrate  of  soda.  The  latter  salt, 
being  much  the  more  soluble  of  the  two,  remains  in  the 
liquid  after  the  former  has  crystallized,  and  may  be 
obtained  as  already  directed.  The  pure  salt  may  like- 
wise be  obtained  from  the  common  variety,  by  dissolving 
the  latter  in  the  least  quantity  of  boiling  water,  filtering 
the  liquid  whilst  hot,  and  stirring  the  filtrate  till  quite 
cold.  The  crystalline  doposit  which  forms  during  the 
last  operation  is  transferred  to  a  funnel  loosely  plugged 
with  cotton,  allowed  to  drain,  and  then  washed  by 
pouring  on  it  cold  water  in  small  portions  at  a  time, 
allowing  each  washing  to  drain  oil'  thoroughly  before 
the  succeeding  cdulcoration,  and  continuing  the  opera- 
tion till  the  washings  give  no  milkiness  with  nitrate  of 
silver.    The  powder  is  then  dried. 

Properties.— Nitrate  of  soda  crystallizes  in  trans- 
parent rhombohedral  prismB ;  it  has  a  cooling  and 
bitter  taste.  Water  dissolves  it  with  great  reduction 
of  temperature ;  three  parts  at  GO",  one  part  at  125°, 
vol.  ir. 


and  much  less  than  its  own  weight  at  212°,  are 
required  to  dissolve  one  part  of  the  salt.  It  becomes 
damp  only  in  moist  air  ;  but,  according  to  some  che- 
mists, deliquesces  perfectly  in  an  atmosphere  saturated 
with  watery  vapor.  When  heated,  it  melts  and 
evolves  at  first  pure  oxygon  gas ;  afterwards  the 
oxygen  becomes  mixed  with  nitrogen,  and  fumes 
of  nitrous  acid.  It  detonates  with  charcoal  and 
other  combustible  bodies,  but  less  violently  than  tho 
corresponding  salt  of  potassa.  It  is  composed  centesi- 
mally  of— 

At.  woight.  Ccntestmnlly. 

1  Kq.  of  soda,   31    30-47 

1  Eq.  of  nitric  acid,   54    ....  63-53 

85  100-00 

Its  chemical  symbol  is  Na  O,  NO.. 

Commercial  Nitrate  op  Soda. — Sources. — This 
compound  is  not  a  manufactured  product,  but  is  found 
associated  with  other  saline  bodies  distributed  over 
various  parts  of  the  earth  in  the  form  of  a  mineral 
deposit,  or  as  an  efflorescence  on  the  surface  of  the 
ground.  Associated  with  nitrate  of  potassa,  it  is  met  with 
in  Spain  and  in  various  parts  of  India ;  but  the  most 
remarkable  deposit  of  this  salt  occurs  in  Peru,  where 
a  tract  of  country  one  league  long  and  several  broad, 
in  all  comprising,  perhaps,  fifty  square  leagues,  is  more 
or  less  iucrustcd  with  that  substance.  The  existence 
of  this  salt  in  Pern  has  been  known  for  about  a  cen- 
tury, and  in  1820  some  of  it  was  sent  to  England  ;  but 
the  duty  imposed  was  so  high  that  it  was  not  brought 
into  tho  country.  Between  1820  and  1830  several 
attempts  were  made  to.  induce  manufacturers  to  use 
the  salt  in  England,  America,  and  France  ;  but  it  was 
not  until  183.1,  that  its  real  value  as  an  article  of  com- 
merce became  generally  known. 

On  the  coast  of  Peru  the  land  rises  in  a  very  pre- 
cipitous manner  to  the  height  of  about  four  thousand 
feet  above  sea-level ;  at  this  height  the  rocks  shelve 
down  a  little  into  the  country,  and  the  view  opens  out 
on  a  plain  of  immense  extent,  varied  only  by  slight 
undulations  of  the  surface.  These  grounds,  called  tho 
Pampas,  are  dry,  arid  plains,  on  which  hardly  a  trace 
of  vegetation  is  seen  ;  plants  of  the  cactus  family  even 
scarcely  being  able  to  maintain  a  struggling  existence. 
No  rain  falls  on  these  plains ;  and  the  deep  blue  of  the 
sky  or  tho  bright  glare  of  the  sun  is  never  obscured  by 
a  cloud;  even  the  phenomenon  of  wind  is  hardly  known; 
and  the  character  of  the  locality  is  that  of  stillness,  so 
profound  indeed  as  to  impress  itself  upon  both  man 
and  beast. 

From  thirty  to  thirty-live  miles  from  the  coast,  just 
before  reaching  the  level  ground  of  the  Pampas,  are 
found  the  deposits  of  nitrate  of  soda  most  esteemed 
for  their  purity  and  most  easily  procurable  from  their 
thickness.  The  depth  of  the  layers  varies  from  a  few 
inches  on  the  level  plains  to  four,  and  even  seven 
feet,  on  the  slopes  and  hollows  of  the  ground.  The 
salt  is  found  on  the  surface  of  the  ground,  or  covered 
only  to  a  very  slight  extent  with  a  hard  crust,  con- 
sisting of  a  mixture  of  common  salt  and  clay.  This 
crust  increases  in  thickness  in  some  parts  to  four  or 
five  feet ;  and  the  crude  nitrate  or  nitrate  caliche,  as 
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it  is  termed,  under  the  thick  layers,  is  the  material 
most  sought  after  for  its  purity.  The  workable  nitrate 
— being  that  found  of  sufficient  thickness — occurs  in 
patches  of  about  five  hundred  yards,  mean  breadth; 
and  the  character  and  value  of  the  deposit  varies  con- 
siderably even  within  the  limit  of  a  few  hundred  yards. 
From  an  examination  of  several  samples,  the  crude 
material  has  been  found  to  contain  on  an  average  from 
twenty-five  to  thirty  per  cent,  of  impurity ;  this  con- 
sisting principally  of  common  salt,  but  associated  with 
small  quantities  of  chloride  of  iron,  sulphate  of  soda, 
sulphate  of  lime,  and  iodide  of  sodium,  and  in  some 
specimens  clay. 

Purification. — It  has  already  been  observed  that 
the  purest  layers  of  nitrate  he  under  a  hard  crust  of 
earthy  matter,  mixed  with  chloride  of  sodium  ;  this  is 
so  hard  that  it  is  usual  to  employ  the  aid  of  gunpowder 
in  dislodging  the  material  by  blasting.  The  powder 
used  for  this  purpose  is  a  coarse  material  made  on  the 
spot  from  the  nitrate  of  soda,  charcoal,  and  sulphur; 
the  charge,  where  the  vein  of  salt  and  the  covering 
is  thick,  will  frequently  be  three  hundredweight,  and 
this  will  dislodge  upwards  of  twenty  tons  of  salt. 
The  pieces  thrown  up  are  broken  with  hammers, 
and  a  selection  is  made  of  the  purest  specimens.  The 
crude  product  obtained  in  the  manner  described  is, 
however,  very  seldom  found  in  such  a  condition  of 
purity  as  to  be  capable  of  immediate  application  in  the 
arts ;  and  the  great  difficulty  of  getting  the  salt  from 
the  ojjicinos  or  lurlss  to  the  coast,  renders  it  imperative 
to  purify  the  substance  as  much  as  possible  in  the 
localities  that  yield  it.  The  process  of  purification 
usually  adopted  is,  however,  extremely  simple,  and  is 
dependent  on  the  difference  in  solubility  between  com- 
mon salt — which  is  the  principal  foreign  substance — and 
the  nitrate  of  soda,  at  temperatures  above  the  common. 

The  apparatus  employed  for  this  purpose  consists  of 
two  dissolving  vessels,  a  settling  pan,  and  several  crys- 
tallizing pans.  The  dissolving  vessels  are  hemispheri- 
cal pans  of  cast-iron,  about  six  or  seven  feet  diameter 
and  three  or  four  feet  deep.  They  are  dead-set  in  brick- 
work, and  one  fire  plays  round  and  between  them.  Into 
these  vessels  a  quantity  of  mother-liquor,  saturated 
with  common  salt  from  a  preceding  operation,  is  run, 
and  a  charge  of  nitrate  caleche,  consisting  of  fifteen 
quintals,  is  now  thrown  in,  and  the  whole  boiled  for 
four  or  five  hours,  until  the  liquid  is  considered  to  be 
saturated  with  nitrate  of  soda.  The  solution  is  now 
ladled  by  hand  into  a  settling  pan,  in  which  the  liquid 
clarifies  by  subsidence.  In  a  few  hours  the  clear  lie, 
still  hot,  is  drawn  off  into  shallow  coolers,  constructed 
of  boiler-plate  iron,  and  in  these  the  nitrate  of  soda 
crystallizes  out  as  the  liquor  cools.  The  crystals  are 
shovelled  out  on  to  the  ground,  and  dried  by  exposure 
to  the  sun,  while  the  mother-liquor  is  made  available 
for  the  solution  of  a  further  quantity  of  the  crude 
material.  The  ordinary  yield  of  crystals  from  fifteen 
quintals  of  nitrate  caleche,  is  from  eight  to  ten  quin- 
tals, or  about  seven  and  a  half  hundredweight.  A 
quantity  of  these  dry  crystals,  sufficient  for  a  load,  is 
now  introduced  into  two  bags  ;  these  are  slung  on  the 
back  of  a  mule,  and  with  this  load  the  animal  winds 
down  the  sides  of  the  mountain  to  the  sea-ooast.  The 


mother-liquors,  after  being  used  for  several  operations, 
become  charged  to  a  considerable  extent  with  iodide  of 
sodium,  when  that  substance  is  a  constituent  of  the  crude 
material,  but  little  iodine  is  obtained  from  this  source, 
although,  with  proper  management  and  utensils,  the 
working  might  be  made  a  profitable  investment.  The 
use  of  steam  has  been  tried  in  purifying  the  crude 
nitrate,  but  with  only  partial  success.  The  apparatus 
employed  for  this  purpose  consists  in  an  iron  vessel 
constructed  in  the  form  of  an  inverted  cone,  both  ends 
being  open.  This  vessel  is  filled  with  nitrate  caleche 
and  steam  blown  in'  through  the  bottom  of  the  cone. 
The  great  solubility  of  the  nitrate  of  soda  in  water,  and 
its  powerful  attraction  for  that  substance,  induces  its 
separation  from  the  common  salt,  and  a  saturated  solu- 
tion of  nitrate  of  soda,  made  by  the  condensed  steam, 
flows  out  through  the  bottom  of  the  cone.  But  owing 
to  the  necessity  for  introducing  the  crude  material  in 
lumps,  a  great  portion  of  the  soluble  part  in  the  interior 
of  these  is  protected  by  the  undissolved  portion  on 
the  outside  from  contact  with  the  steam,  and  as  a  con- 
sequence, a  large  amount  of  nitrate  of  soda  is  left 
undissolved ;  the  loss  from  this  source  is  the  cause  that 
little  favor  has  been  extended  to  the  process. 

One  of  the  greatest  sources  of  inconvenience  in 
the  purification  and  export  of  nitrate  of  soda  is  the 
want  of  pure  water  all  along  the  sea-coast.  On  the 
Pampas  a  brackish  water  is  obtained  by  boring  for  a 
few  yards,  and  this,  although  not  agreeable,  is  yet 
drinkable ;  but  at  Iquique,  which  is  the  port  whence 
almost  all  the  nitrate  of  soda  is  shipped,  no  drink- 
able water  is  to  be  found;  the  whole  supply  being 
derived  from  the  distillation  of  sea-water.  There  are 
two  large  distilleries  established  to  supply  the  want  in 
this  respect.  The  water  obtained  is,  however,  too 
expensive  an  article  to  be  used  in  quantities  sufficient 
for  the  healthy  sustenance  of  animal  life,  and  the  mules 
employed  in  bringing  down  the  nitrate  of  soda  to  the 
port,  obtain  a  supply  only  by  bringing  it  down  with 
them  from  the  mountains.  Their  privations  in  this 
respect,  and  the  consequent  injury  to  healthy  life,  is 
one  of  the  greatest  obstacles  to  the  cheap  supply  of 
nitrate  of  soda. 

This  salt,  obtained  by  the  method  described,  is  now 
usually  supplied  in  commerce  in  a  condition  of  great 
purity;  the  foreign  matters,  including  water,  or  the 
refraction,  as  these  are  collectively  termed  in  com- 
mercial circles,  seldom  exceeding  seven  per  cent.,  and 
being  more  generally  below  six  per  cent.  The  impuri- 
ties consist  principally  of  common  salt  and  water,  the 
latter  being  attracted  from  the  atmosphere;  but  a  small 
proportion  of  sulphate  of  soda  and  lime  is  also  found 
in  it,  with  variable  quantities  of  sand.  No  other  sub- 
stance can  be  detected  in  the  commercial  article  in 
sufficient  quantity  to  influence  its  value;  but  the  actual 
value  of  the  salt  is  so  high  that  it  becomes  a  matter 
of  importance  to  detect  the  proportion  of  impurities, 
however  small  in  amount.  The  following  rapid  and 
effectual  method  of  doing  so  is  recommended  for  those 
who  are  unacquainted  with  the  more  delicate  manipula- 
tions of  analytical  chemistry  : — A  small  quantity  of  the 
sample — say  one  hundred  grains — is  weighed  out,  and 
dried  in  a  water  or  oil  bath  until  it  no  longer  loses 
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weight.  The  flifference  will  give  the  amount  of  water. 
Another  quantity,  about  one  hundred  grains,  is  weighed 
out  and  dissolved  in  pure  distilled  water,  a  few  drops 
of  pure  nitric  acid  added,  and  the  liquid  made  up  to 
a  thousand  grain  measures  with  water.  About  a  hun- 
dred grain  measures  of  this  solution  are  transferred 
to  a  glass  tube,  and  tested  by  comparison  with  several 
dilute  standard  solutions  of  common  salt,  contained 
in  similar  tubes,  by  means  of  a  solution  of  nitrate  of 
silver.  The  amount  of  cloudiness  in  the  precipitate  is 
observed  with  great  nicety,  and  by  comparison  with 
the  precipitate  observed  in  the  standard  solutions  of 
common  salt,  the  per  centage  of  this  substance  in  the 
sample  tested  may  be  ascertained  with  much  exactness. 
A  very  important  point  to  be  observed  in  this  method 
of  testing,  is  to  have  the  solutions  so  dilute  that  only  a 
distinct  cloudiness  shall  be  produced  by  the  addition  of 
the  silver  salt.  By  attention  to  this  matter  very  miuute 
differences  are  readily  observed. 

The  per  centage  of  sulphate  of  soda  is  determined 
by  a  similar  method,  using  hydrochloric  acid  to  acidify 
the  solution  of  the  sample  in  place  of  nitric  acid,  and 
employing  dilute  standard  solutions  of  sulphate  of  soda, 
to  compare  with  the  sample.  The  precipitation  is 
effected  with  a  few  drops  of  a  strong  solution  of  chloride 
of  barium ;  but  while  the  indications  of  chloride  of 
sodium  afforded  by  a  silver  salt  are  immediate,  the 
cloudiness  produced  by  adding  chloride  of  barium 
to  sulphate  of  soda,  contained  in  a  large  quantity  of 
solution  of  nitrate  of  soda  acidified,  is  not  immediately 
perceptible  to  its  full  extent  when  the  solutions  are 
weak.  It  is  therefore  advisable  to  compare  the  results 
obtained  with  the  standard  solutions,  and  the  sample 
tested,  only  after  the  lapse  of  some  hours.  With  this 
simple  precaution  the  estimation  of  the  per  centage  of 
sulphate  of  soda  is  effected  with  great  accuracy  by  the 
method  described. 

The  sand  is  estimated  by  dissolving  the  salt  in  water, 
filtering  the  solution,  and  after  thoroughly  washing  the 
filter  paper,  calcining  the  insoluble  portion.  The  per 
centage  of  water,  chloride  of  sodium,  sulphate  of  soda, 
and  sand,  being  subtracted  from  one  hundred  parts  of 
the  commercial  sample,  will  give  the  per  centage  of 
pure  nitrate  of  soda  to  a  very  close  approximation. 

Various  methods  of  estimating  the  amount  of  nitrate 
by  a  direct  process  are  practised;  but  accurate  results 
are  only  obtainable  by  the  exercise  of  considerable  skill 
in  analysis.  These  are  described  under  the  article, 
Nitrate  of  Potassa,  page  735;  and  the  same  descrip- 
tion will  apply  equally  well  to  the  estimation  of  nitrate 
of  soda,  with  the  simple  alteration  of  the  equivalent 
weight  of  the  former  to  that  of  the  soda  salt;  that 
is,  by.  putting  the  equivalent  weight  of  nitrate  of  soda 
— 85 — in  place  of  101,  tha  equivalent  of  nitrate  of 
potassa. 

Nitrate  of  soda  is  distinguished  from  potassa-nitre  by 
its  deliquescent  property,  a  character  that  renders  it 
quite  inapplicable  to  some  of  the  purposes  for  which  the 
latter  is  employed,  as  for  instance  to  the  manufacture 
of  gunpowder.  It  is  extensively  employed  in  the 
manufacture  of  nitric  acid,  owing  to  its  cheapness, 
and  also  because  it  affords  nearly  ten  per  cent,  more 
nitric  acid  than  the  corresponding  potassa  salt.  Its 


principal  consumption  is  in  the  production  of  nitric 
acid,  and  as  a  vehicle  for  conveying  oxygen  to  the 
sulphurous  acid  of  vitriol  works,  whereby  it  is  con- 
verted into  sulphuric  acid.  Of  late  years  it  has  been 
used  largely  as  a  manure.  The  subjoined  are  analyses 
of  the  commercial  salt;  but  besides  the  ingredients 
named,  Lembert  found  also  small  quantities  of  iodide 


of  sodium  and  iodate  of  soda : — 

Hoffstettcr. 

Lccanu. 

Wlttateln. 

Nitrate  of  soda,  .... 

.  94-29  .. 

.  96-70  . 

..  99-03 

tl      potassa, . . 

..    0-43  .. 

"  magnesia, 

..    0-86  .. 

.  trace  . . 

. .  trace 

Chioride  of  sodium,. 

.    1-99  ... 

.    1-30  . 

. .  0-37 

Sulphate  of  potassa, 

.    0-24  .. 

.  trace  . 

.    1-99  ... 

.    2-00  .. 

.    0-20  ... 

100-00 

100-00 

100-00 

The  following  table  gives  the  amount  shipped  from 
Iquique,  and  which  may  be  assumed  to  be  the  yield  of 
the  saliferous  grounds  of  Peru. 

SUMMARY  OP  NITRATE  OP  SODA  SHIPPED  AT  IQUIQUE, 
JANUAKY  20,  1859,  TO   DATE,  IN  QUINTALS: — 


For  IS57.  1858.  18f9. 

England,            143,873    109,809    204,775 

France,   127,767  ....  138,465  ....  197,980 

Hamburg,            69,810   48,601    158,057 

Orders,   141,220  ....  204,927  ....  175,957 

United  States,..    13,600    24,900    29,780 

Austria,   7,720  ....  —     

Holland,               6,038    —    11,866 

California,             3,577    —    6,200 

Spain,                 20,300    —    — 

Sardinia,               2,225    —    11,570 

Chili,   —     ....  11,666  ....  — 

Peru,                    —    155   103 


Total,          536,150         538,523  796,288 


Phosphate  of  Soda.— This  salt  has  long  been 
known  as  one  of  the  constituents  of  urine,  having  been 
discovered  in  that  fluid  by  Hellot  in  1737.  It  was 
not,  however,  sufficiently  distinguished  from  other  salts 
till  a  much  later  period,  when  it  was  examined  and 
analysed  by  Proust,  Eouelll,  and  Klaproth. 

It  is  most  conveniently  prepared  by  adding  carbonate 
of  soda  to  the  solution  of  acid  phosphate  of  lime,  obtained 
by  treating  bone  earth  with  sulphuric  acid.  The  liquor 
should  be  maintained  at  a  boiling  temperature ;  and 
the  carbonate  of  soda  must  be  added  as  long  as  effer- 
vescence continues,  or  until  the  solution  has  an  alkaline 
reaction.  The  effervescence  is  due  to  the  escape  of 
carbonic  acid;  the  soda  unites  with  the  free  phosphoric 
acid  and  with  a  portion  of  the  acid  of  the  superphos- 
phate, while  at  the  same  time  phosphate  of  lime,  or  a 
mixture  of  this  and  carbonate  of  lime,  is  precipitated. 
This  insoluble  matter  is  removed  by  filtration,  and  the 
liquor  is  then  boiled  down  and  allowed  to  crystallize. 
To  obtain  an  additional  quantity  of  the  salt  from  the 
mother-liquors,  it  is  necessary  first  to  examine  if  these 
manifest  an  acid  or  an  alkaline  reaction.  In  the  first 
case,  more  carbonate  of  soda  must  be  added  to  restore 
the  alkaline  reaction,  and  the  liquor  again  evaporated 
and  set  aside  to  crystallize. 

If,  on  the  contrary,  too  much  carbonate  of  soda  has 
been  added  originally,  the  crystals  obtained  will  require 
to  be  washed,  a  fresh  portion  of  the  acid  phosphate  of 
lime  added,  the  solution  evaporated,  and  again  allowed 
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to  crystallize.  To  obtain  good  crystals  of  this  salt,  it 
is  necessary  that  a  slight  excess  of  carbonate  of  soda 
be  present.  In  operations  on  the  large  scale,  when  it 
may  he  advisable  to  economize  the  phosphate  of  lime, 
Funcke  directs  that  the  precipitate  obtained  on  adding 
carbonate  of  soda  be  dissolved  in  nitric  acid;  sulphate 
of  soda  is  then  added,  and  the  nitric  acid  is  removed 
by  distillation.  The  residue  is  then  treated  with  water, 
when  a  solution  of  phosphate  of  soda  is  obtained,  with 
a  deposition  of  sulphate  of  lime. 

Properties. — Phosphate  of  soda  crystallizes  in  beau- 
tiful transparent  colorless  rhombohedral  prisms  termi- 
nated by  four  converging  planes.  The  crystals  are 
represented  by  the  formula,  2  Na  0,  HO,  P06,  24  HO. 
Their  taste  is  cooling  and  mildly  saline,  not  unlike 
common  salt.  They  are  soluble  in  four  parts  of  water 
at  60°,  and  in  two  of  boiling  water.  Exposed  to  the 
air,  the  salt  undergoes  efflorescence,  but  this  takes 
place  only  at  the  surface  ;  beneath,  the  form  and  tran- 
sparency are  preserved.  Heated,  the  crystals  fuse  in 
their  water  of  crystallization,  and  then  water  passes  off. 
But  one  equivalent  of  water  for  every  two  equivalents 
of  soda  is  obstinately  retained,  and  cannot  be  expelled, 
except  at  a  red  heat.  "When  two  equivalents  are 
driven  off,  the  salt  acquires  peculiar  properties,  different 
from  those  it  originally  possessed,  being  converted  into 
pyrophosphate  of  soda.  The  cause  of  the  change  of 
property,  according  to  Graham,  is  that  in  the  common 
or  rhombic  phosphate,  the  acid  is  united  in  the  pro- 
portion of  one  equivalent  with  two  of  soda,  and  one  of 
water  in  the  capacity  of  a  base,  constituting  a  tribasic 
phosphate  of  soda  and  water ;  and  that  when  the  basic 
water  is  expelled  by  a  red  heat,  the  salt  becomes  a 
bibasic  phosphate,  composed  of  one  equivalent  of  acid 
and  two  of  soda,  and,  therefore,  a  totally  different  com- 
pound. Phosphate  of  soda,  consisting  of  two  equiva- 
lents of  soda,  one  of  acid,  and  twenty-five  of  water — 
2  Na  0,  HO,  P06,  24  HO— contains— 

Centesimiilly. 

Soda,   62-6    ....  40-00 

Phosphoric  acid   71-4    45-62 

Water,   22-5     .  .  14-38 

156-5  100-00 

The  uses  of  phosphate  of  soda  are  principally  in 
medicine,  and  in  the  laboratory  of  the  chemist. 

Physiological  Effects. — This  salt  is  an  excellent 
saline  cathartic,  equal  to  the  most  esteemed  of  the 
neutral  salts  in  this  respect,  and  superior  to  them  in  the 
mildness  of  its  taste.  As  a  purgative,  it  is  employed 
in  the  diseases  of  children  and  delicate  persons  in  pre- 
ference to  other  saline  substances,  on  account  of  its 
slight  taste  and  mild  action.  It  is  well  adapted  for 
febrile  and  inflammatory  disorders.  It  is  one  of  the 
substances  which  have  been  applied  in  cholera,  to 
restore  to  the  blood  its  deficient  saline  matters.  On 
account  of  the  phosphoric  acid  which  it  contains,  it  haB 
been  supposed  to  be  especially  applicable  in  those 
diseases  in  which  there  is  a  deficiency  of  phosphate  of 
lime  in  the  bones.  It  has  also  been  administered  in 
diabetes. — Pereira. 

Ordinary  phosphate  of  soda— the  variety  above 
described,  is  known  in  combination  with  one  equi- 


valent only  of  water,  the  salt  having  this  formula, 
2  Na  0,  HO,  P06 ;  and  also  with  fifteen  equivalents 
of  water,  represented  by  2  Na  0,  HO,  P06,  14  HO. 

Pyrophosphate  of  Soda — 2  Na  0,  P06 — obtained  by 
heating  the  simple  phosphate,  has  already  been  men- 
tioned. This  is  also  known  in  combination  with  water, 
the  crystallized  salt  being  2  Na  0,  P05,  10  HO.  Meta- 
phosphate  of  Soda — Na  0,  P06 — is  obtained  by  heating 
the  pyrophosphate,  and  according  to  the  degree  of  heat 
used  in  its  formation,  appears  in  three  different  forms 
which,  though  the  same  in  composition,  possess  dif- 
ferent properties,  as  if  the  pyrophosphoric  acid  passed 
by  a  gradual  transition  into  metaphosphoric  acid. 

Phosphate  of  Soda  and  Ammonia,  or  Microcosmic 
Salt,  is  a  compound  much  used  in  the  chemical  labora- 
tory in  blowpipe  examinations.  It  is  prepared  by 
dissolving  six  parts  of  common  phosphate  of  soda,  and 
one  part  of  chloride  of  ammonium,  by  boiling  with  two 
parts  of  water.  As  the  solution  cools  the  double  phos- 
phate separates  in  crystals,  and  by  a  second  crystalliza- 
tion is  freed  from  adhering  chloride  of  sodium.  In  this 
salt  one  equivalent  of  soda  in  the  common  phosphate 
is  replaced  by  ammonia,  and  the  crystallized  salt  has 
the  composition,  Na  0,  NH4  0,  HO,  P06,  +  8  HO. 

When  subjected  to  the  action  of  heat  the  ammonia 
escapes  with  the  water  of  crystallization,  and  a  com- 
pound of  similar  composition  to  borax  remains,  that  is 
to  say,  a  compound  which  contains  both  a  free  acid 
and  a  readily  fusible  salt.  It  is  preferred  in  some  cases 
to  borax  as  a  solvent  or  flux  in  blowpipe  operations, 
the  beads  which  it  forms  with  many  substances  being 
more  beautifully  and  distinctly  colored  than  those  of 
borax. 

Borates  op  Soda.— There  are  several  combina- 
tions of  boracic  acid  and  soda,  such  as  the  monoborate, 
biborate,  and  quadraborate  of  the  alkali ;  but  the  most 
important  of  them  is  the  biborate,  a  salt  which  has 
been  already  described  fully  in  Vol.  I.,  page  346,  et 
secjuitur.  Allusion  may,  however,  be  made  here  to 
another  source  whence  boracic  acid  and  biborate  of 
soda  may  be  made.  This  is  the  biborate  of  lime — 
boracite — which  has  been  discovered  in  large  quantities 
on  the  Western  coast  of  America,  and  called  after 
its  discoverer,  Hayes,  Hayessine.  It  is  met  with  in 
the  Peruvian  province  of  Tarapaca,  near  the  port  of 
Iquique,  and  in  the  same  locality  as  that  which  pro- 
duces the  nitrate  of  soda  in  such  abundance.  It  is 
imported  in  moderately  large  quantities  into  Liverpool. 
It  is  in  the  form  of  botroidal  lumps,  which,  when 
broken,  appear  in  loose  fibres  or  scales  of  a  nacreous 
white  color,  intermixed  or  incrusted  with  crystals  of 
carbonate  of  lime  and  finely  divided  white  clay. 
Biborate  of  soda  may  be  prepared  from  this  mineral 
by  reducing  it  to  an  impalpable  powder,  and  dissolving 
in  ordinary  hydrochloric  acid,  filtering  or  clarifying  the 
solution  by  subsidence,  and  adding  carbonate  of  soda 
to  the  menstruum.  The  lime  is  separated  by  this  pro- 
cess as  carbonate,  whilst  biborate  of  soda  is  produced, 
and  may  be  obtained  from  the  filtrate  or  supernatant 
liquid  by  evaporation,  et  cetera. 

Carbonate  op  Soda. — This  important  salt  is  met 
with  in  nature  under  various  conditions,  but  never  in  a 
state  of  purity.    It  exists  in  the  soda  lakes  of  Egypt  and 
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Hungary,  and  in  other  mineral  waters,  though  not  in 
sufficient  quantities  to  remunerate  for  its  extraction. 
Kuhlmakn  and  Vogel  found  it  in  admixture  with  the 
sulphate  of  the  same  hase  in  an  efflorescence  on  the 
walls  in  several  towns,  and  considered  its  production  to 
be  owing  partly  to  the  presence  of  soda  salts  in  the 
limestone  used  in  the  preparation  of  the  mortar,  and 
partly  to  the  soda  in  the  coal  with  which  the  limestone 
had  been  burned.  In  plants  growing  on  the  sea-shore 
oxalate  of  soda  exists,  and  when  these  are  burned,  the 
oxalate,  losing  carbonic  oxide,  becomes  carbonate. 

Preparation. — In  a  state  of  purity,  carbonate  of  soda 
is  most  conveniently  prepared  from  the  bicarbonate. 
To  obtain  it,  the  latter  salt  is  washed  with  cold  water 
until  the  filtrate,  after  being  acidified  with  nitric  acid, 
is  not  rendered  turbid  by  chloride  of  barium  or  nitrate 
of  silver.  The  washed  salt  is  then  dried,  and  by  gentle 
ignition  one  half  of  the  carbonic  acid  is  expelled,  and 
the  pure  neutral  carbonate  remains. 

The  bicarbonate  of  soda  used  should  be  as  pure  as 
can  be  obtained,  and  must,  of  course,  be  completely 
soluble  in  water.  That  most  suitable  is  obtained  by 
passing  carbonic  acid  into  a  strong  aqueous  solution  of 
crystallized  carbonate  of  soda. 

The  process  recommended  by  Gay  -Lussac,  for  the 
preparation  of  pure  carbonate  of  soda,  is  also  a  good 
one,  and  less  troublesome  than  the  former.  He  washes 
the  ordinary  commercial  crystals  of  this  salt  with  cold 
water ;  dissolves  them  in  hot  water,  and  cools  the 
solution  rapidly  by  surrounding  it  with  cold  water, 
stirring  it  all  the  time  with  a  spatula,  so  that  small 
crystals  may  be  formed.  These  are  to  be  collected  on 
a  funnel,  and  after  the  mother-liquor  has  been  drained 
.off,  washed  with  cold  water  till  the  drainings  mixed 
with  excess  of  nitric  acid  no  longer  give  a  precipitate 
with  nitrate  of  silver.  The  crystals  are  then  to  be 
dried,  and  when  heated  to  low  redness,  the  pure  anhy- 
drous carbonate  remains. 

Properties. — Anhydrous  carbonate  of  soda  is  white, 
translucent,  of  specific  gravity  2-4G49  ;  it  is  very  solu- 
ble, and  much  more  so  in  hot  than  in  cold  water ;  its 
reaction  is  alkaline,  and  its  taste  slightly  caustic,  much 
less  so  than  the  corresponding  salt  of  potassa. 

The  annexed  table  shows  the  amount  of  the  anhy- 
drous salt  contained  in  solutions  of  different  gravities 
at  a  temperature  of  59° : — 

Specific  gravity.  rer  cent. 

1-1816    14-880 

1-1748    14-S08 


1-1698    14-136 

1-1648    13-764 

1-1594    13-392 

1-1549    13-020 

1-1500    12-648 

1-1452    12-276 

1-1404    11-904 

1-1356    11-532 


1-1308 


11-160 


1-1261    10-788 

1-1214    10-406 

1-1167    10-044 


1-1120 
1-1074 
1-1028 
1-0982 
1-0937 
1-0892 


9-672 
9-300 
8-928 
8-556 
8-184 
7-812 


Specific  gravity.  Per  cent. 

1-0847    7-440 

1-0802    6-768 

1-0757    6-396 

1-0713    6-324 

..  5-972 

. .  5-580 

1-0578    5-208 

1.0537    4-836 

1-0494    4-464 

1-0452    4-092 

1-0410    3-720 

1-0368    3-348 

1-0327    2-976 

1-0286    2-504 

1-0245    2-232 

1-0204    1-850 

1-0163    1-488 

1-0121    1-110 

1-0081    0-744 

1-0040    0-372 


1-0069 
1-0025 


Carbonate  of  soda  forms  several  crystalline  com- 


binations with  water.  When  a  saturated  aqueous 
solution  is  evaporated  at  a  boiling  temperature,  small 
crystals  are  deposited  containing  an  equivalent  of 
water,  and  consequently  represented  by  the  formula, 
Na  O,  C02  -|-  HO.  Monohydrated  crystals  are  also 
formed  when  the  ordinary  commercial  crystallized  car- 
bonate is  kept  in  solution  for  some  time  in  its  own 
water  of  crystallization,  or  evaporated  between  1G7° 
and  190 ;  and  when  commercial  crystals  are  exposed 
to  the  air  at  a  temperature  of  100°,  the  monohydrated 
carbonate  remains  as  an  effloresced  mass.  The  form 
of  the  crystals  is  that  of  a  four-sided  table.  It  does  not 
melt  when  heated,  but  at  a  temperature  from  188°  to 
212°  loses  the  whole  of  its  water.  Exposed  to  the  air, 
it  gradually  absorbs  moisture,  to  the  amount  of  six  or 
seven  equivalents.  _ 

When  ordinary  crystallized  carbonate  is  exposed  to 
the  air  at  a  temperature  of  54°,  an  effloresced  salt 
remains,  containing  five  equivalents  of  water,  =  Na  O, 
C02  -f-  5  HO.  This  may  also  be  obtained  in  crystals 
by  melting  the  same  salt  and  maintaining  it  at  a 
temperature  of  92°.  Peksoz  states  that  crystals 
having  this  composition  were  accidentally,  obtained  at 
the  Buxweiler  soda  works,  in  transparent  rhombic 
octohedrons,  which  effloresced  slightly  in  the  air,  and 
when  dissolved  in  water,  and  evaporated  at  86°,  again 
yielded  the  same  salt.  According  to  Mitscheklich,  a 
solution  of  protosnlphide  of  sodium  exposed  to  the  air, 
and  frequently  also  a  mixed  aqueous  solution  of  chloride 
of  sodium  and  carbonate  of  potassa,  yield  crystals  con- 
taining six  equivalents  of  water,  Na  O,  C02,  6  HO. 

Crystals  of  carbonate  of  soda  have  also  been  ob- 
tained containing  eight  equivalents  of  water,  Na  O,  C02, 
8  HO,  in  the  form  of  rectangular  prisms,  terminated 
by  four-sided  summits.  These  are  produced  when  the 
ordinary  crystallized  salt  cools  from  a  state  of  fusion, 
or  from  a  saturated  aqueous  solution  at  a  particular 
temperature. 

Common  commercial  crystallized  carbonate  of  soda 
contains  a  still  greater  proportion  of  water  than  the  salt 
last  named.  These  crystals  are  a  combination  of  one 
equivalent  of  carbonate  of  soda  with  ten  equivalents  of 
water,  and  are  consequently  represented  by  the  formula 
Na  O,  C02,  10HO.  They  are  formed  from  a  mode- 
rately concentrated  solution,  at  a  temperature  below 
92°.  Their  crystalline  form  is  that  of  the  oblique 
prism. 

When  gently  heated  this  salt  fuses,  monohydrated 
carbonate  crystallizes  out,  and  the  residual  liquid, 
although  containing  more  than  ten  equivalents  of  water 
to  each  equivalent  of  carbonate,  solidifies  at  about  92°. 
When  exposed  to  the  air  it  loses  a  portion  of  its  water, 
and  becomes  covered  with  an  efflorescence  containing 
eight  equivalents  of  water. 

Native  Sodas.— In  France,  Spain,  and  other  coun- 
tries where  common  salt  is  scarce,  or  where  the  duty 
upon  this  article  is  so  great  as  to  prevent  its  conversion 
into  carbonate  of  soda,  plants  and  alkaline  waters  arc 
extensively  consumed  for  the  soda  they  contain.  Besides 
these  two  great  sources,  carbonate  of  soda  also  occurs 
mineralized  in  some  countries,  though  not  in  any  great 
quantity,  and  is  generally  the  residue  of  the  evapora- 
tion of  alkaline  waters. 
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In  Egypt,  in  the  desert  of  Thaiat,  to  the  West  of 
the  Delta,  there  is  a  pit  four  leagues  long  and  a  quarter 
of  a  league  wide,  which,  during  the  winter  months, 
becomes  filled  to  the  height  of  five  or  six  feet  with 
violet-colored  water.  In  the  summer  this  water  eva- 
porates, and  an  incrustation  of  carbonate  of  soda  remains, 
half  an  inch  in  thickness.  At  Shegedin,  in  Little  Cur- 
nania,  a  province  of  Hungary,  Werner  found  carbonate 
of  soda  as  an  efflorescence  on  the  ground,  and  some 
years  ago  it  was  extensively  collected  and  purified. 
The  commercial  demands  for  soda  were  supplied  for- 
merly, principally  by  the  combustion  of  marine  vegetals. 
These  contain  the  soda,  according  to  Dumas,  as  oxa- 
late, and  by  calcination  this  is  converted  into  carbonate 
of  soda.  The  plants,  after  being  dried  in  the  air,  are 
burnt  in  rude  furnaces,  at  a  temperature  just  sufficient 
to  cause  the  ashes  to  enter  into  a  state  of  semifusion, 
so  as  to  concrete  on  cooling  into  moderately  compact 
cellular  masses.  The  substance  so  obtained  is  known 
under  various  names,  according  to  the  country  whence 
procured,  and  the  kind  of  plant  consumed  for  its  pro- 
duction.   Among  these  may  be  mentioned  the  barilla 

Constituents. 

Sulphate  of  potassa,  . . 
Chloride  of  potassium, 


of  Spain,  help  of  Scotland,  varec  of  Brittany  and  Nor- 
mandy, blanquette  of  Frontignan  and  Aiguemorte,  and 
the  salicor  of  Narbonne.  The  soluble  portion  of  these 
ashes  consists  of  carbonate,  sulphate,  and  hyposulphate 
of  soda,  sulphide,  iodide,  bromide,  chloride,  and  ferro- 
cyanide  of  sodium,  and  sometimes  also  the  correspond- 
ing compounds  of  potassium  ;  and  the  matters  insoluble 
in  water  are  carbonate  and  phosphate  of  lime,  sulphide 
of  calcium,  magnesia,  alumina,  silica,  sulphide  of  iron, 
and  charcoal.  Of  the  several  varieties,  barilla,  known 
also  in  commerce  as  Alicante  soda,  Carthagena  soda,  and 
Malaga  soda,  is  by  far  the  most  valuable.  It  contains 
from  fourteen  to  twenty  per  cent,  of  soda  in  the  state 
of  carbonate.  It  has  a  greyish-blue  color,  and  when 
exposed  to  the  air  for  some  time  effloresces  at  the 
surface.  It  is  hard  and  difficult  to  pulverize,  and 
has  a  pungent  alkaline  taste.  The  plant  yielding  this 
ash  is  the  salsola  soda;  it  is  carefully  cultivated  on 
the  coasts  of  Spain  for  the  purpose  of  this  manufacture. 
The  following  table  shows  the  composition  of  various 
kinds  of  ash,  as  given  by  Girardin,  Bichardson,  and 
others : — 


Sulphate  of  lime,. . . 
Insoluble  matters, . . 
Iodine  compounds, . 
Sulphate  of  soda,.. . 

Water,  

Loss,  


Alicanto, 

Cherbourg, 

Cherbourg', 

Unknown. 

Unknown. 

..  22-19  .. 

. .  42-54  .. 

..  18-80  .. 

.  22-00  . 

..  16-00  .. 

..  19-64  .. 

65-00 

..  45-78  .. 

..  25-38  .. 

73-20 

.'  68-00  .' 

.    2-00  .. 

..    9-53  .. 

..    3-71  .. 

..    6-00  .. 

.    6-00  . 

.    3-00  .. 

1-50 

-73  v. 

. .  traces  . . 

. .  traces  . . 

.  traces  .'. 

.  traces  . 

30-00  .. 

5-00 

'.'  8-00 

'.'  200 

'.    4-00  '. 

100-00 

100-00 

100-00 

100-00 

100-00 

Spnfn. 

15-85 
10-55 
68-35 
traces 
1.10  . 


4-00 
•15 


100-00 


Vmette. 

20-35  . 
10-53  . 
54-11  . 
13-76  . 


Granville, 

.  13-50 
.  15-60 
.  65-68 
•22 


traces  ....  traces 
1-25  5-00 


100-00 


100  00 


Kelp,  which  was  formally  prepared  on  a  considerable 
scale  on  the  coasts  of  Ireland  and  the  Western  coasts 
and  islands  of  Scotland,  is  greatly  inferior  in  value  to 
barilla.  This  is  the  residue  of  the  combustion  of  sea- 
weeds and  various  species  of  fuci,  and  similar  plants. 
Its  composition  is  very  variable,  not  only  as  regards  the 
proportion  of  alkaline  carbonate,  but  of  the  other  con- 
stituents ;  and  hence  the  uncertainty  that  attended  its 
emploj'ment  in  some  of  the  chemical  arts,  and  par- 
ticularly in  the  manufacture  of  crown  glass.  Two 
specimens — the  first  from  Heisker,  the  second  from 
Bona,  both  in  the  Isle  of  Skyo — analysed  by  Ure,  gave 
the  following  results  : — 

f  Sulphate  of  soda,  


8-0  . 

..  19-0 

8-5  . 

..  5-5 

,  36-5  . 

..  37-5 

53-0 

62-0 

24-0  . 

..  10-0 

8-0  . 

90  . 

100 

..  9-5 

6-0  .' 

..  8-5 

100-0 

100-0 

Silica,  . . . .  

Insoluble  <  Alumina,  with  a  little  oxide  of  iron, 

Sulphate  of  lime,  

t  Sulphur  and  loss,  


The  native  sodas  obtained  in  France  are  distinguished 
under  various  terms,  according  to  the  district  where 
extracted.  The  most  valuable  is  that  known  as  salicor 
or  Narbonne  soda,  which  is  the  residue  of  the  combustion 
of  the  Salicornia  annua.  It  contains  from  fourteen  to 
fifteen  per  cent,  of  the  alkaline  carbonate.  Another  kind, 
also  valuable,  is  blanquette  or  aiguemorte  soda,  extracted 


from  plants  growing  on  the  coasts,  among  which  the 
most  important  are  the  Salicornia  europcea,  the  Salsola 
tragus,  the  Atriplex  portulacoides,  the  Salsola  kali,  and 
the  Statice  limoneum.  The  first-named  of  these  yields 
the  most  soda,  and  all  contain  abundance  of  common 
salt.  The  amount  of  carbonate  of  soda  in  blanquette 
varies  from  three  to  eight  per  cent.  Varec  or  Normandy 
soda,  like  help,  is  the  ash  of  plants  belonging  to  the  species 
fuci.  This  is  the  least  valuable  of  the  French  native 
sodas,  but  it  contains  much  sulphates  of  soda  and 
potassa,  chlorides  of  sodium  and  potassium,  and  a  little 
iodide  of  sodium.  It  is  principally  extracted  for  the 
sake  of  its  potassa  salts,  and  is  used  in  the  manufacture 
of  glass  and  saltpetre.  It  is  also  valuable  as  a  source 
of  iodine.  The  commercial  demands  for  soda  are  now 
supplied  almost  exclusively  by  an  artificial  method  of 
production.  Barilla  and  kelp  are  used  to  a  small 
extent  in  the  soap  manufacture,  as  a  substitute  for 
chloride  of  sodium,  and  in  Scotland  sea-weeds  are  still 
consumed  as  a  source  of  potassa  and  of  iodine.  For 
the  extraction  of  these  the  lie  obtained  from  the  ash  is 
evaporated,  when  the  potassa  and  soda  salts  separate  one 
after  the  other,  and  the  mother-liquor,  distilled  with 
sulphuric  acid  and  peroxide  of  manganese,  yields  the 
iodine. 

Generally,  the  ash  of  sea-plants,  compared  with  that 
of  those  growing  on  the  shore,  is  not  rich  in  carbonate 
of  soda,  but  contains  much  potassa.  This  fact  is  not, 
however,  without  exceptions,  for  in  the  various  species 
of  fuci  soda  largely  predominates,  and  the  fucoidal 
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plants  are,  doubtless,  also  the  principal  sources  of 
iodine  in  those  ashes. 

Artificial  Soda.  —  Soda  Ash.  —  White  Ash.  — 
The  production  of  artificial  soda  is  now  one  of  the 
most  important  branches  of  manufacturing  chemistry, 
although  the  art  was,  little  more  than  half  a  century 
ago,  almost  entirely  unknown.  It  may  indeed  be 
averred,  without  fear  of  contradiction,  that  since  the 
first  application-of  chemical  science  to  manufacturing 
operations,  few  discoveries  have  been  made  having  such 
an  important  bearing,  whether  considered  in  relation 
to  social  life,  to  commerce,  or  to  the  progress  and  suc- 
cessful prosecution  of  the  useful  arts,  as  that  of  the 
production  of  carbonate  of  soda  from  common  salt.  It 
would,  indeed,  be  difficult  to  exaggerate  the  immense 
importance  of  this  manufacture;  and  probably  no  more 
striking  proof  of  this  can  be  given  than  the  enormously 
increased  consumption  of  this  salt  since  its  production 
at  a  moderate  cost  was  effected. 

The  manufacture  of  soap  and  of  glass  ;  the  fictile  arts, 
as  well  as  those  of  bleaching  and  dyeing  ;  the  produc- 
tion of  paper;  many  metallurgical  operations,  et  cetera 
— are  dependent  for  their  successful  prosecution  upon  a 
supply  of  carbonate  of  soda,  and  the  various  other  sub- 
stances obtained  as  by-products  in  the  manufacture; 
and  to  meet  the  consumption  of  this  article,  the  trans- 
formation of  chloride  of  sodium  or  common  salt  into 
carbonate  of  soda  is  almost  entirely  depended  upon. 

Historical  Notice. — It  has  been  already  observed 
that  the  introduction  of  artificial  soda  dates  only  from 
a  very  recent  period.  It  has  also  been  previously  men- 
tioned that  of  all  the  varieties  of  native  soda,  that  known 
as  barilla  is  by  far  the  most  valuable,  containing  twenty- 
five  to  thirty  per  cent,  of  the  carbonate.  The  plant 
yielding  this  ash  grows  most  luxuriantly  on  the  coasts 
of  Spain,  and  was  formerly  cultivated  on  a  most  exten- 
sive scale  for  the  purposes  of  this  manufacture  ;  and 
the  ash  was  produced  so  abundantly  as  to  supply,  not 
only  the  native  demand,  but  also  that  of  other  coun- 
tries where  cither  the  plants  yielding  soda  were  scarce, 
or  if  a  large  quantity  of  ash  was  obtained,  the  amount 
of  soda  contained  in  it  was  comparatively  small. 

While  it  thus  happened  that  other  nations  were  almost 
entirely  dependent  upon  Spainfor  a  supplyof  soda, Great 
Britain  produced  large  quantities  of  native  soda  under 
the  form  of  help,  the  manufacture  of  which  was  carried 
on  at  a  very  early  period  on  the  North  and  West  coasts 
of  Ireland,  and  later  on  the  Western  shores  and  islands 
of  Scotland.  This  branch  of  trade  was  especially  brisk 
at  the  commencement  of  the  present  century  when,  to 
meet  the  exigencies  of  the  war,  high  duties  were  im- 
posed upon  the  Spanish  barilla.  The  annual  rental  of 
the  kelp  shores  of  the  island  of  North  Uist  alone 
amounted  at  this  time  to  seven  thousand  pounds ;  and 
at  one  period  the  entire  quantity  of  help  produced  in 
Scotland,  and  its  adjacent  islands,  was  estimated  at 
more  than  twenty-five  thousand  tons  annually.  Still, 
the  quantity  of  native  soda  thus  obtained  was  not 
sufficient  to  supply  the  demands  of  commerce ;  and 
even  in  1834,  some  years  after  the  introduction  of 
artificial  soda,  barilla  was  imported  to  the  amount  of 
upwards  of  twelve  thousand  tons.  But  more  especially 
was  France  dependent  upon  Spain  for  supplies  of 


native  soda;  and  when  at  the  time  of  the  French 
revolution  of  1789,  during  the  cessation  of  the  com- 
mercial intercourse  between  France  and  Spain,  the 
importation  of  barilla  was  suspended,  the  National 
Convention,  incited  by  the  proposition  of  a  manufac- 
turer of  the  name  of  Carny,  made,  in  a  special  procla- 
mation, an  appeal  to  the  chemists  of  France  to  devise  a 
process  by  which  common  salt  might  be  rendered  avail- 
able as  a.  source  of  soda,  and  to  lay  before  them  what- 
ever plans  they  knew  or  could  devise  for  the  prepara- 
tion of  soda. 

Not  only  was  the  importation  of  barilla  discontinued, 
but  the  supply  of  potassa  was  also  greatly  diminished 
at  this  period.  All  the  potassa  that  could  be  obtained 
in  France  was  immediately  applied  to  the  production 
of  saltpetre  to  be  consumed  in  the  fabrication  of  gun- 
powder ;  and  those  branches  of  trade  requiring  for  their 
prosecution  large  supplies  of  alkali — either  potassa  or 
soda — were  almost  completely  at  a  stand  still.  But 
necessity  is  ever  the  mother  of  invention ;  and  the 
republic  mastered  the  difficulty  by  an  unprecedented 
development  of  internal  power.  To  the  appeal  of  the 
Convention  due  response  was  made,  and  numerous 
plans  were  proposed;  but  of  all  the  processes  commu- 
nicated to  the  committee  intrusted  with  the  examination 
and  execution  of  the  various  proposals,  the  only  one 
deemed  likely  to  be  advantageous  was  that  of  Le- 
blanc,  and  the  justness  of  this  decision  has  been 
ratified  by  fifty  years'  experience ;  no  essential  improve- 
ment having  since  been  made  in  the  process.  The 
first  establishment  for  prosecuting  the  manufacture  on 
a  large  scale,  was  erected  in  1804  at  Saint  Denis  by 
Leblanc,  and  was  carried  out  by  him  and  his  part- 
ners, Dizi;  and  Shee.  The  great  French  chemist, 
after  having  spent  all  his  means  in  perfecting  his  plan, 
was  neglected  by  the  government  of  his  own  country, 
and  though  handsomely  rewarded  by  the  British 
government,  at  last  died  in  an  hospital.  In  Greece  and 
at  Rome  statues  have  since  been  erected  to  his  memory. 

The  valuable  properties  possessed  by  carbonate  of 
soda  were  too  well  known,  even  at  an  early  date,  in 
England,  to  allow  experimenters  to  remain  idle.  In  a 
patent  granted  to  Dr.  Brian  Biggins  as  early  as  1781, 
the  Editor  finds  that  he  started  with  common  salt, 
which  he  decomposed  into  sulphate  of  soda  and  hydro- 
chloric acid  by  oil  of  vitriol,  in  the  manner  described 
under  Sulphate  of  Soda.  The  dry  sulphate  or  salt 
cake  obtained  was  put  into  a  reverberatory  furnace, 
with  one-eighth  of  its  weight  of  coal,  and  heated  till 
the  ingredients  were  melted,  and  the  sulphate  reduced 
to  the  state  of  sulphide.  At  this  stage  twice  its  weight 
of  lead  was  introduced,  and  when  the  metal  was  melted, 
the  whole  was  stirred  with  an  iron  rod  until  the  sulphur 
united  with  the  lead,  and  the  fused  caustic  soda  floated 
in  a  distinct  layer  over  the  surface  of  the  sulphide  of 
lead.  The  furnace  was  then  tapped  to  allow  the  alkali 
to  flow  out. 

The  great  expense  attending  this  plan,  arising  from 
the  high  price  of  lead,  et  cetera,  rendered  it  valueless  as 
a  commercial  process  ;  but  in  the  same  patent  Higgins 
states  that  iron  introduced  into  the  furnace,  or  other 
metallic  oxides,  may  be  used  equally  well.  Here,  there- 
fore, is  clearly  developed  the  principle  of  Leblanc's 
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process,  who  merely  replaced  the  oxide  of  iron  by  oxide 
of  calcium  or  lime.  Higgins,  therefore,  may  he  con- 
sidered the  inventor  of  the  process. 

Leblanc's  process,  is  substantially  that  practised  in 
Great  Britain  at  the  present  day.  Its  introduction 
into  this  country  was,  however,  effectually  prevented 
until  a  considerable  period  after  it  began  to  be  adopted 
in  France,  by  the  enormously  high  duty  imposed  upon 
salt,  amounting,  from  the  year  1805  until  about  1822, 


to  fifteen  shillings  per  bushel,  or  about  thirty  times 
the  cost  of  the  salt.  Shortly  after  the  repeal  of  this 
impost,  the  manufacture  was  commenced  on  a  con- 
siderable scale  in  England  by  Mr.  James  Muspeatt 
of  Liverpool — vide  Soap,  page  872.  Until  the  year 
1830,  the  soda  produced,  which  was  almost  wholly 
consumed  in  the  soap  manufacture,  was 
disposed  of  in  the  crude  condition,  under 

the  form  of  black  ash.    After  that  period   s 

the  carbonate  of  soda  was  extracted  from 
the  black  ash  produced  by  lixiviation,  and 
sold,  as  at  present,  as  a  white  or  soda  ash. 
For  about  six  years  after  the  commence- 
ment of  the  manufacture,  the  trade 
remained  almost  entirely  in  the  hands  of 
the  Editor's  father.  In  the  year  1836  an 
important  improvement  was  effected  in  the 
carrying  out  of  the  process,  by  the  intro- 
duction, by  Mr.  Gossage,  of  an  apparatus 
for  condensing  the  gaseous  hydrochloric 
acid  eliminated  during  the  conversion  of 
the  common  salt  into  sulphate  of  soda. 

Many  other  improvements  have  been 
subsequently  made,  tending  to  render  the 
process  more  complete  and  economical. 
These  will  be  described  in  detail  in  the 
following  pages.  The  first  important 
operation  in  the  manufacture — the  con- 
version of  chloride  of  sodium  into  sulphate 
of  soda — has  already  been  fully  discussed. 
The  next  operation  in  the  process  is  the 
production  of  blach  ash. 

Blade  Ash. — Ball  Soda. — The  materials 
used  in  the  production  of  this  ash  are     ■■  K'.k^ 
perfectly  dry  sulphate  of  soda,  charcoal,  — 
or  small  coal — slack — and  carbonate  of 
lime,  either  in  the  form  of  common  lime- 
stone or  as  chalk.     These  substances   : 

require  to  be  brought  into  a  state  of  fusion 
together,  and  this  operation  is  the  most 
important  part  of  the  whole  soda  process. 
The  details  of  the  furnace  arrangements  at  present  in 
use  for  this  operation  are  shown  by  the  annexed 


drawings.  Fig.  51 6  is  a  longitudinal  section ;  Figs.  517, 
517£  a  plan ;  and  Fig.  518  an  end  elevation.  The 
furnace  is  similar  in  construction  to  a  common  rever- 
beratory ;  but  its  floor,  or  bed,  is  divided  into  two  parts, 
A  and  E — Fig.  516 — B  being  raised  half  a  brick  above 
A.   The  former,  or  that  farthest  from  the  fire,  is  termed 
the  preparatory  bed,  and  upon  this  the  materials  are 
first  placed  and  heated  to  low  redness,  so  as  to  avoid 
cooling  the  furnace ;  the  mass  is  often  indeed  in  a  state 
of  partial  fusion  before  its  removal  to  the 
other  hotter  portion  of  the  furnace  bed,  A. 
The  latter  is  called  the  fluxing  bed,  and  here 
the  material  is  speedily  brought  to  a  liquid 
condition ;  the  floor  of  A  is  lined  internally 
with  the  most  refractory  fire-bricks  that  can 
be  procured;  it  is  not  necessary  to  be  so 
particular  in  respect  to  the  floor  of  B.  The 
arched  roof  is  likewise  built  with  fire-brick ; 
£  is  the  fire  space,  a  the  ash  pit,  and  f  the 
flue  leading  to  the  chimney. 
When  economy  of  space  is  a  matter  of  much  moment, 
the  opening  to  the  fire  space  is  on  one  side  of  the  furnace, 
and  the  bars  reach  across;  but  when  it  can  be  allowed,  it 
is  preferred  to  have  two  sets  of  fire  bars,  as  shown  in  Figs. 
517,  517J,  and  518,  and  to  fire  the  furnace  at  the  end. 
There  are  two  openings  into  the  furnace,  c  and  d, 
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furnished  with  doors  partially  supported  with  weights 
passing  over  pullies. 
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The  walls  of  the  furnace  at  c  and  D  are  bevilled  off 
on  the  inside,  so  as  to  render  the  furthest  parts  of  the 
furnace  readily  accessible  by  means  of  the  iron  rakes 
and  utensils  used  in  working  it. 

Immediately  in  front  of  the  openings,  c  and  D,  is 
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suspended  from  the  top  of  the  furnace  a  stout  iron  rod, 
with  a  depression  in  the  centre,  so  that  the  heavy  rakes 
used  may  be  supported  upon  it  as  a  fulcrum. 

The  furnace  walls  are  strengthened  by  iron  plates, 
and  firmly  bound  together  by  iron  rods,  as  seen  in  the 
plan  and  end  elevation. 

The  furnace  having  been  heated  to  a  suitable  tem- 
perature, a  charge,  usually  consisting  of  three  huudred- 
weighfs  of  sulphate  of  soda,  three  to  three  and  a 
quarter  hundredweights  of  crushed  limestone  or  chalk, 
and  two  hundredweights  of  small  coal,  called  slack, 
roughly  mixed  together,  is  then  thrown  on  to  the 
upper  bed,  A,  and  spread  over  it,  so  as  to  be  evenly 
exposed  to  the  flame  of  the  furnace.  A  most 
important  consideration  is  to  have  the  ingredients 
of  the  mixture  in  proper  proportions;  although  in 
compounding  it,  manufacturers  may  advantageously 
vary  the  amount  of  the  ingredients,  according  to  the 
purposes  to  which  the  black  ash  is  to  be  applied. 
For  instance,  it  is  in  some  cases  desired  that  the  black 
ash  produced  should  yield  a  considerable  proportion  of 
caustic  soda,  whereas  in  others,  especially  when  the 
object  of  the  manufacture  is  the  production  of  soda 
crystals,  the  presence  of  caustic  soda  in  large  quantity 
is  the  occasion  of  great  inconvenience. 

It  is  a  most  difficult  task  to  lay  down  precise  rules 
for  the  guidance  of  the  practical  man  in  such  cases, 
owing  to  the  great  difference  in  the  materials  used  by 
different  manufacturers.  If  the  carbonate  of  lime 
employed  be  very  fine,  the  proportions  directed  to  be 
employed  by  Leblanc  yield  a  good  black  ash.  These 
are  a  thousand  parts  each  of  dry  sulphate  of  soda  and 
chalk,  and  five  hundred  and  fifty  of  charcoal. 

Wood  charcoal  can  rarely  be  obtained  cheaply  enough 
to  be  used  for  this  purpose,  and  small  coal,  such  as 
loaves  but  little  ash,  is  substituted  for  it,  in  which  case 
the  quantity  used  should  then  be  two-thirds  of  the 
weight  of  the  salt  cake,  or  even  more. 

If  all  the  materials  taken  were  perfectly  pure  the  pro- 
portions required  would  be — of  sulphate  of  soda  forty- 
one  parts,  of  carbonate  of  lime  forty-four,  and  of  char- 
coal fifteen.  This  accords  with  the  explanation  of  the 
process  of  decomposition  given  by  Dumas;  but  his 
theory,  as  will  be  shown  presently,  has  been  more  than 
once  called  in  question.  The  proportions  of  salt  cake 
and  limestone  or  chalk  employed,  are  properly  one 
vol.  n. 
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hundred  parts  of  the  former  to  one  hundred  and  five,  or 
one  hundred  and  ten,  or  even  one  hundred  and  twenty 
of  the  latter ;  while,  as  to  the  proportion  of  coal,  pro- 
bably not  two  manufacturers  in  this  country  use  the 
same.  Ure  recommends  ten  parts  of  salt  cake,  from 
eleven  to  twelve  parts  of  chalk  or  limestone,  and  five 
parts  of  coal ;  and  in  a  large  manufactory  near  Liver- 
pool, the  proportions  taken  are,  thirteen  parts  of  salt 
cake,  nine  and  a  half  parts  of  coal,  and  fourteen  parts 
of  limestone.  Some  chemists  recommend  that  the 
materials  should  all  be  reduced  to  coarse  powder,  and 
afterwards  most  intimately  mixed  by  sifting  together. 
This  is  an  unnecessary  expense  and  waste,  as  the 
decomposition  proceeds  quite  as  successfully  when  the 
materials  are  simply  broken  into  small  fragments  and 
mixed  in  that  state. 

The  operation  of  fluxing  is  carried  on  in  the  following 
manner : — The  furnace  having  been  properly  heated, 
the  charge,  differing  in  quantity  according  to  the  dimen- 
sions of  the  furnace,  is  thrown  in  upon  the  preparatory 
bed,  spread  evenly  over  its  surface,  and  when  it  has 
become  hot,  transferred  to  the  fluxing  bed  by  means  of 
an  iron  spatula  or  slice,  shaped  somewhat  like  an  oar. 
The  door  of  the  fluxing  bed  is  then  closed,  so  that  the 
heat  may  exert  its  full  power,  and  a  second  charge  is 
immediately  placed  upon  the  preparatory  bed. 
•  In  a  short  time  the  charge  upon  the  fluxing  bed 
begins  to  soften  at  the  surface  and  form  into  clots ;  it 
should  then  be  turned  completely  over  by  the  slice, 
and  a  fresh  surface  exposed,  until  the  whole  mass 
appears  to  have  the  consistence  of  dough.  Jets  of 
inflamed  sulphide  of  hydrogen  and  carbonic  oxide 
gases  now  issue  from  the  various  parts  of  the  mass, 
and  the  whole  should  be  continually  worked  about 
with  the  slice  and  an  iron  rake,  so  as  to  equalize 
the  mass,  and  continually  expose  fresh  surfaces  to  the 
action  of  the  fire.  When  the  jets  of  flame  begin  to 
disappear  the  mass  is  raked  out  into  iron  barrows, 
each  capable  of  holding  a  single  charge,  in  which  it  is 
allowed  to  solidify,  and  in  this  state  it  is  termed  a  tail. 
In  a  furnace  of  the  dimensions  above  given,  the  weight 
of  each  charge  would  be  about  seven  hundredweight. 
Nine  of  these,  the  weight  of  which  after  decomposition 
will  be  about  five  hundredweight,  may  be  introduced  and 
withdrawn  in  eight  hours,  or  twenty-seven  in  twenty- 
four  hours.  This  is,  indeed,  the  quantity  usually  worked 
in  that  period,  but  a  still  greater  number  of  balls  may 
be  produced  in  the  same  time.  The  Editor  has  known 
nine  charges  to  be  introduced  and  completely  decom- 
posed in  five  and  a  half  hours,  and  it  is  important  to 
notice  that  the  black  ash  so  produced  yielded  its 
soluble  portion  with  far  greater  ease  than  a  ball  that 
has  remained  in  the  furnace  some  minutes  longer.  It  is, 
indeed,  important  that  black  ash  should  be  withdrawn 
from  the  furnace  the  moment  decomposition  is  com- 
pleted, for  in  this  case  the  mass,  after  solidification, 
remains  so  porous  that  the  soluble  portion  may  be 
extracted  with  colder  water,  and  in  a  shorter  period  of 
time,  than  when  closer  and  heavier  black  ash  is  pro- 
duced. This  is  one  of  the  characteristics  of  good  black 
ash ;  another  is  that  it  should  contain  no  sulphate  of 
soda,  and  more  especially  should  it  be  free  from  sul- 
phide of  sodium.  It  should  be  of  a  blackish-grey  color.; 
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when  treated  with  water  the  filtrate  should  bo  color- 
less, or  with  the  slightest  green  tinge ;  and  should 
yield  about  twenty-four  per  cent,  of  available  alkali. 

A  patent  was  obtained  in  1853  by  Elliot  and 
Russell  for  an  improved  furnace,  to  be  used  in  place 
of  the  usual  black-ash  furnace.  This  improvement 
consists  in  the  substitution  of  a  revolving  cylinder  of 
iron,  lined  with  fire-bricks,  for  the  chambers  of  the 
ordinary  furnace,  and  with  the  later  modifications  by 
Messrs.  Stevenson  and  Williamson,  of  the  Jarrow 
Chemical  Works,  South  Shields,  Newcastle-on-Tyne. 
Its  advantages  appear  to  be  of  sufficient  importance 
to  induce  its  general  adoption  by  soda  manufacturers. 

In  the  annexed  drawing — Fig.  519 — A  is  the  cylinder 
made  of  malleable-iron  plates,  lined  with  fire-bricks,  some 


portions  of  the  lining  being  made  to  project  in  the  form  of 
shelves  beyond  the  inner  periphery  of  the  brick  cylinder, 
the  shelves  being  intended  to  assist  in  mixing  the  charge. 
The  malleable-iron  cylinder  is  formed  in  two  cast-iron 
rings,  B  B,  which  rest  and  run  upon  strong  iron  rollers, 
C  C,  supported  in  proper  bearings.  The  cylinder  is 
made  to  revolve  slowly  by  means  of  a  pair  of  pulleys 
and  a  train  of  wheels,  as  shown  in  the  figure.  The 
internal  dimensions  of  the  cylinder  are — length  thirteen 
feet,  and  diameter  seven  feet;  D  is  the  coal-burning 
furnace,  from  which  flame  escapes  through  a  lateral 
orifice,  corresponding  with  openings,  e  f,  in  the  ends 
of  the  cylinder  ;  and  the  flame,  having  traversed  the 
chamber  of  the  furnace,  passes  over  the  contents  of  a 
boiling-down  pan,  G,  to  the  chimney. 
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When  it  is  desired  to  charge  the  cylinder,  the  aper- 
ture, H,  is  raised  to  the  position  shown  in  the  figure 
corresponding  with  a  hopper  containing  the  charge, 
and  the  charge  is  at  once  introduced.  When  the 
working  of  the  charge  is  finished,  the  aperture,  H,  being 
unstopped,  and  the  position  of  the  cylinder  reversed,  it 
is  run  into  a  number  of  iron  waggons,  linked  together, 
and  brought  consecutively  nnder  the  aperture.  With 
a  cylinder  of  the  above-stated  dimensions  the  proper 
charge  contains  twenty-four  hundredweights  of  sul- 
phate of  soda,  with  the  usual  proportions  of  chalk  and 
small  coal. 

According  to  the  invention  of  Stevenson  and 
Williamson,  as  described  in  their  specification,  the 
chalk  is  first  introduced  into  the  cylinder  with  a  por- 
tion of  the  coal,  and  heat  is  applied  from  the  coal 
furnace.  During  this  period,  which  continues  about 
an  hour  and  a  half,  it  is  only  needful  to  cause  the 
cylinder  to  revolve  about  once  in  five  minutes,  and 
the  same  rate  of  speed  is  sufficient  until  the  decompo- 
sition of  the  charge  approaches  completion,  when  it  is 
found  necessary  to  increase  the  number  of  revolutions 
to  the  rate  of  one  in  two  minutes.  The  effect  of  the 
previous  heating  of  the  chalk  and  coal  is  to  convert  the 
greater  part  of  the  chalk  into  caustic  lime.  When  this 
is  effected,  the  charge  of  sulphate  of  soda  with  the 
remaining  portion  of  small  coal  is  added ;  and  the 
rotatiug  motion,  together  with  the  application  of  heat, 
being  continued  during  a  further  period  of  about  an 
hour,  the  deconvoosition  is  completed,  and  the  charge 


is  ready  for  withdrawal.  In  this  manner  the  furnace 
works  off  a  charge  every  three  hours,  or  decomposes 
nearly  ten  tons  of  sulphate  of  soda  per  diem,  which  is 
almost  equal  to  the  work  of  three  ordinary  black-ash 
furnaces. 

The  patentees  state  the  advantages  resulting  from 
their  improved  furnace  and  mode  of  working  to  be — 

1.  The  continual  motion  of  the  furnace  causes  its 
contents  to  become  heated  with  perfect  uniformity,  so 
that  no  part  of  the  charge  ever  attains  an  excessive 
temperature,  and  thus  the  loss  of  soda  from  volatiliza- 
tion is  much  diminished. 

2.  The  mixing  of  the  materials  for  the  charge  is 
effected  without  requiring  the  furnace  to  be  opened  for 
the  introduction  of  implements,  consequently  without  a 
current  of  air  being  drawn  through  the  furnace  during 
such  mixing,  thus  providing  for  the  atmosphere  in  the 
furnace  being  constantly  devoid  of  free  oxygen. 

3.  From  the  much  larger  quantity  of  work  effected 
by  the  patent  furnace  at  one  time,  a  smaller  number  of 
skilled  workmen  is  sufficient,  and  the  risk  of  bad  work 
is  diminished,  and  a  more  complete  decomposition  of 
the  sulphate  of  soda  is  insured  by  the  more  perfect 
mixing. 

4.  The  waste  of  soda  by  absorption  into  the  beds  of 
the  ordinary  furnaces  is  avoided,  and  no  tools  being 
used  in  the  process  of  mixing,  the  surface  of  the  brick 
lining  is  less  subject  to  injury  from  working  than  the 
bottoms  of  reverberatory  furnaces. 

Theory  of  the  Decomposition. — The  conversion  of 
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the  sulphate  into  carbonate  of  soda  by  the  above- 
described  method  of  Leblanc  is  a  very  complicated 
process  of  decomposition.  Some  French  chemists, 
however,  amongst  whom  Dumas  may  be  mentioned 
as  the  foremost,  take  a  very  simple  view  of  the  case. 
They  suppose  that  when  sulphate  of  soda,  carbonate 
of  lime,  and  charcoal  are  fused  together  in  the  propor- 
tions given  above,  in  the  first  place  the  sulphate  of 
soda  and  carbonate  of  lime  react  upon  each  other, 
producing  carbonate  of  soda  and  sulphate  of  lime 
thus : — 


Na  0,  S03 


Carbonate  of  sodn. 


+ 
+ 


Ca  0,  C02  = 

Curbonuteof  lime. 

CaO,  SOa 


The  sulphate  of  lime,  in  contact  with  incandescent 
charcoal,  yields  its  oxygen  to  the  latter  element,  and 
carbonic  oxide,  or  a  mixture  of  this  and  carbonic  acid 
is  evolved,  leaving  protosulphide  of  calcium  in  admix- 
ture with  the  carbonate  of  soda  previously  produced. 


Other  chemists  take  a  different  view  of  the  decom- 
position. According  to  Gmelin,  the  sulphate  of  soda 
is  reduced  by  the  charcoal  to  the  state  of  sulphide  ot 
sodium,  with  evolution  of  carbonic  oxide  gas  ;  and  the 
sulphide  of  sodium  so  produced  is  converted  by  the 
carbonate  of  lime  into  sulphide  of  calcium  and  car- 
bonate of  soda ;  and  when  three  equivalents  of  carbo- 
nate of  lime  are  used  to  two  of  sulphate  of  soda,  the 
result  is  shown  in  the  annexed  equation  : — 

3  (CaO,  CoJ     -f     2(NaO,  S0S)      -f-       9C  = 


Carbonate  of  lime. 

(Ca  0  -f-  2  Ca  S) 

Oxysulphide  of  calcium. 


+ 


Sulphate  of  soda, 

2  (Na  0,  Co2) 


Carbonate  o  f  soda. 


Charcoal 

10  CO 

Carbonic  oxide. 


In  the  statement  of  the  result  of  the  decomposition, 
Dumas  and  Gmelin  agree  precisely ;  they  differ,  how- 
ever, as  to  the  mode  by  which  the  result  is  obtained. 
Liebig  shows  the  action  of  charcoal  upon  sulphate  ot 
soda  to  be  far  more  complex  than  as  stated  by  Gmelin, 
and  gives  the  following  diagram  in  elucidation  of  his 
views : — 


4C=4  Eqs.  carbon, 


(2  Na  0,  sry 
2  Eqs.  sulphate  of  soda  "f 


2  C,  2  Eqs.  carbon, 
C,  1  Eq. 

C,  1  Eq.  _ 
4  0=4  Eqs.  oxygen 

0  =  1      "   ' 

20  =  2 

Na  0  =  1  Eq.  soda, 
Na  =  1  Eq.  sodium,- 
!,  2  S  =  2  Eqs.  sulphur, 


2  C02  =  2  Eqs.  carbonic  acid. 
CO  =  1  Eq.  carbonic  oxide. 


iTa  0,  C02  =  1  Eq.  carbonate  of  soda. 


-Na  S2  =  1  Eq.  bisulphide  of  sodium. 


If  carbon  is  present  in  greater  proportion,  it  is  taken 
up  by  the  carbonic  acid  gas,  which  thereby  passes  into 
the  state  of  carbonic  oxide — 

C02  +  C  =  2  CO 


Carbonic  acid,  Charcoal. 


Supposing  this  to  be  a  true  statement  of  the  trans- 
formations, the  subsequent  decomposition—  namely,  the 
reaction  of  carbonate  of  lime  upon  bisulphide  of  sodium 
— must  also  be  far  more  complicated  than  is  usually 
supposed.  It  is  exceedingly  difficult  to  arrive  at  any 
positive  conclusion  from  the  views  of  different  chemists 
upon  this  subject.  It  is  certain,  however,  that  the 
calcination  of  sulphate  of  soda  with  both  coal  and 
carbonate  of  lime  at  the  same  time,  is  by  no  means 
essential  to  the  process;  if  desirable,  the  sulphate 
might  first  be  treated  with  coal  alone,  and  the  resulting 
sulphide  or  mixture  of  sulphide  and  carbonate  be 
afterwards  calcined  with  carbonate  of  lime. 

Composition  of  Black  Ash. — Probably  in  no  other 
department  of  chemistry  does  a  greater  difference  of 
opinion  exist  among  theorists,  than  as  to  the  true  com- 
position of  black  ash.  The  principal,  but  by  no  means 
the  sole  discrepancy  in  their  statements,  is  found  in 
their  different  views  of  the  composition  of  the  insoluble 
lime  salt.  When  a  mixture  ot  sulphide  of  calcium  and 
carbonate  of  soda  in  equivalent  proportions  is  treated 
with  water,  insoluble  carbonate  of  lime  is  formed,  and 
sulphide  of  sodium  is  obtained  in  solution.  But  if  to 
the  mixture  of  carbonate  of  soda  and  sulphide  of  cal- 
cium a  portion  of  lime  be  added,  and  the  compound 
be  then  affused  with  water,  the  soda  salt,  partially 


deprived  of  its  carbonic  acid,  alone  dissolves,  and  the 
sulphide  of  calcium  remains  unaltered. 

The  question  to  be  solved,  therefore,  is — in  what 
manner  does  the  free  lime  prevent  the  decomposition 
that  would  otherwise  ensue  ?  Many  chemists  explain 
the  difficulty,  by  supposing  that  the  lime — CaO-»- 
enters  into  combination  with  the  sulphide  of  calcium. 
In  the  first  place,  however,  it  must  be  bonie  in  mind 
that  this  supposed  compound  has  never  yet  been 
isolated,  so  that  its  precise  composition  cannot,  there- 
fore, be  ascertained. 

Dumas,  and  some  others  assume  it  to  be  a  com- 
bination of  two  equivalents  of  sulphide  of  calcium  with 
one  equivalent  of  lime — 2  Ca  S  +  Ca  0.  Ungeh, 
reviewing  Dumas'  theory  of  the  process  of  its  forma- 
tion, considers  it  much  more  probable  that  it  is  a 
compound  of  three  equivalents  of  sulphide  of  calcium 
with  one  equivalent  of  lime — 3  Ca  S  +  CaO — a 
formula  also  assigned  to  it  by  Payen,  and  adopted  by 
many  others.  KosiS  regards  it  as  composed  of  one 
equivalent  of  sulphide  of  calcium,  with  one  of  hydrate 
of  lime— CaS  +  CaO,  HO. 

The  conclusion  that  combination  of  sulphide  of  cal- 
cium with  lime  does  ensue,  appears  to  have  been 
arrived  at,  not  from  an  analysis  of  the  pure  compound, 
for,  as  mentioned  above,  it  has  never  yet  been  obtained, 
but  simply  because,  in  the  presence  of  free  lime,  the 
sulphide  of  calcium  does  not  dissolve  when  treated  with 
water.  This  is  indeed  the  only  argument  stated  by 
Dumas  to  account  for  the  existence  of  his  2  Ca  S  -f- 
Ca<0;  and  certainly  the  fact  that  an  additional  propor- 
tion of  lime  in  the  preparation  of  black  ash  does  render 
the  sulphide  of  calcium  more  insoluble,  seems  a  power- 
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ful  argument  for  the  existence  of  this  or  a  similar 
compound.  Ungek,  however,  reasoning  analogically, 
argues  that  because  RosiS  obtained  a  salt  having 
the  formula  3  Ba  S,  Ba  0,  28  HO,  the  compound— 
3  Ca  S,  Ca  0 — though  free  from  water,  might  also  be 
supposed  to  exist.  This,  although  affording  a  strong 
presumption,  cannot  be  accepted  as  a  conclusive  proof; 
and  still  the  question  remains — If  sulphide  of  calcium 
is  more  soluble  in  the  presence  of  free  lime  than  in  the 
pure  state,  why  is  this  the  case  ?  In  an  investigation 
into  the  composition  of  black  ash  performed  a  few 
months  ago  by  Mr.  J.  W.  Kynaston  in  the  Editor's 
laboratory,  it  was  found  that  when  the  ash  was  treated 
with  water,  and  allowed  to  remain  for  some  time 
undisturbed,  the  lime  previously  existing  in  the  ash 
in  the  free  state,  by  acting  upon  the  solution  of  car- 
bonate of  soda,  eliminated  caustic  soda,  itself  becoming 
wholly  converted  into  carbonate.  This,  if  not  con- 
clusive proof  of  the  non-existence  of  the  hitherto 
assumed  compounds  of  sulphide  of  calcium  and  lime, 
at  least  shows  that  the  stability  of  the  sulphide  of 
calcium  of  black  ash,  when  treated  with  water,  is  not 
to  be  ascribed  to  the  production  of  any  such  compound. 
In  this  view  Mr.  Kynaston  is  supported  by  the  obser- 
vations of  Gossage,  than  whom  probably  no  one  ever 
performed  so  numerous  a  series  of  experiments  upon 
black  ash,  and  more  especially  upon  its  insoluble  por- 
tion. Mr.  Gossage  states  that  he  has  long  held  this 
view,  and,  indeed,  founded  upon  it  a  process  for  the 
recovery  of  the  sulphur  from  the  insoluble  portion  of 
the  ash,  to  which  further  reference  will  shortly  be  made. 
Mr.  Kynaston  suggests  that,  instead  of  the  combina- 
tion of  sulphide  of  calcium  with  lime,  a  compound  may 
exist  of  sulphide  of  calcium  with  carbonate  of  lime,  and 
having  the  formula  2  Ca  S,  Ca  0,  C  0„.  Were  further 
evidence  required,  an  additional  proof  that  the  whole, 
or  at  least  the  greater  part,  of  the  free  lime  of  black 
ash  is  converted  into  carbonate,  when  the  ash  is  treated 
with  water,  is  the  fact  of  the  existence  of  so  large  a 
proportion  of  caustic  soda  in  black-ash  liquor,  and  the 
presence  of  which  cannot  be  satisfactorily  explained  in 
any  other  way.  Some  chemists — indeed  by  far  the 
greater  number  who  have  written  upon  the  subject — 
do  give  hydrate  of  soda  as  a  constituent  of  black  ash. 
It  will  not,  however,  be  difficult  to  show  the  fallacy 
of  this.  Knapp  accounts  for  the  proportion  of  caustic 
acid,  by  supposing  a  portion  of  the  carbonate  of  lime 
to  be  burnt  and  converted  into  the  caustic  state,  before 
the  decomposition  of  the  soda  salt  is  effected;  the 
caustic  lime,  then  acting  upon  the  sulphide  of  sodium, 
produces  sulphide  of  calcium  and  caustic  soda  : — 

CaO    +  NaS         =         Ca  S        +   Na  0 

Lime.  Bu'phide  of  sodium,  Sulpiride  of  lime.  Soda. 

One  may  be  permitted  to  doubt  whether  this  reaction 
would  take  place  under  the  circumstances.  Carbonate 
of  soda,  treated  in  solution  with  caustic  lime,  gives  rise 
to  the  formation  of  caustic  soda  and  the  insoluble 
carbonate  of  lime.  But  if  caustic  soda  and  carbonate 
of  lime  be  fused  together,  carbonate  of  soda  and  caustic 
lime  are  produced.  So  if  a  mixture  of  caustic  soda 
and  sulphide  of  calcium  be  fused  together,  sulphide  of 


sodium  and  caustic  lime  are  formed,  Na  0,  Ca  S, 
=  Sa  S,  Ca  0 ;  but  if  the  resulting  mass  be  treated 
with  water,  caustic  soda  and  sulphide  of  calcium  are 
reproduced.  It  cannot  be  reasonably  supposed,  that 
when  in  the  case  of  the  pure  salts  the  above-mentioned 
reaction  is  well  known  to  take  place,  in  the  production 
of  black  ash,  exactly  the  reverse  action  should  ensue 
with  the  same  salts  and  by  a  similar  mode  of  treat- 
ment. Yet  it  is  well  known  that  in  the  preparation 
of  black  ash,  caustic  lime  may  be,  and  in  the  early 
days  of  the  manufacture  in  this  country  was,  used 
instead  of  carbonate  of  lime.  But  in  such  a  case  a 
predisposing  cause,  if  the  term  may  be  allowed,  deter- 
mines the  reaction.  When  zinc  and  water  are  placed 
in  contact,  the  water  is  not  decomposed ;  but  if  an 
acid  be  added,  decomposition  of  the  water  rapidly 
takes  place.  So  when  sulphate  of  sodium  and  lime  are 
fused  together  no  change  occurs ;  but  when  charcoal 
is  also  present,  and  hot  air  is  blown  upon  the  mass  as 
in  the  reverberatory  black-ash  furnace,  decomposition 
immediately  follows. 

Carbonic  acid  is  here  the  predisposing  came,  just  as 
sulphuric  acid  is  in  the  case  of  zinc  and  water.  The 
success  of  this  soda  process  is,  indeed,  in  no  small 
degree  owing  to  the  remarkable  affinity  of  soda  in  the 
fused  state  for  carbonic  acid  ;  and  this  is  so  great, 
that  even  supposing  caustic  soda  to  exist  in  the  black 
ash  at  any  time  during  its  preparation,  it  could  not 
remain  more  than  a  few  moments  uncombined  in  the 
atmosphere  so  highly  charged  with  that  acid.  It  is 
further  to  be  noticed  that  all  those  analysts  who  state 
hydrate  of  soda  to  be  a  constituent  of  black  ash,  also 
include  carbonate  of  lime  amongst  the  ingredients. 
But  what  an  inconsistency  to  suppose  that  hydrate 
of  soda  and  carbonate  of  lime  can  exist,  after  fusion 
together  for  such  a  length  of  time  as  in  the  preparation 
of  black  ash,  when  the  two  salts  so  readily  decompose 
at  a  much  lower  temperature  than  that  to  which  the 
mass  is  subjected.  Still  another  argument  against 
the  existence  of  caustic  soda  in  black  ash  presents  itself, 
if  the  theory  of  Dumas  and  others  of  the  French 
school  be  accepted  as  the  true  one.  These  explain  the 
reaction,  by  supposing  that  the  sulphate  of  soda  and 
carbonate  of  lime  first  decompose  the  bases,  exchang- 
ing acids,  and  that  the  sulphate  of  lime  so  formed  is 
afterwards  reduced  to  sulphide  of  calcium  by  the  char- 
coal. In  this  case  no  caustic  soda  can  have  been 
formed;  and  as  carbonic  acid  once  combined  with 
soda  cannot  be  again  removed  by  simple  heating, 
of  course  no  caustic  soda  can  be  produced.  In  con- 
clusion, the  Editor  must  again  assert,  that  as  yet  no 
sufficiently  satisfactory  proof  has  been  put  forward  to 
show  hydrate  of  soda  to  be  a  constituent  of  black  ash ; 
while,  on  the  other  hand,  its  existence  in  the  black- 
ash  liquors  is  quite  consistent  with  the  views  expressed 
above.  But  if  this  be  admitted,  the  theory  that  the 
sulphide  of  calcium  owes  its  insolubility  and  permanence 
to  its  having  entered  into  combination  with  free  lime, 
is  of  course  disproved.  The  fact  does  not  indeed 
require  such  a  far-fetched  explanation.  Protosulphide 
of  calcium  is  itself  very  insoluble,  bisulphide  of  calcium 
is  readily  soluble,  and  all  that  it  appears  necessary 
to  guard  against  is  the  formation  of  bisulphide  of  cal- 
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cium,  or  rather  perhaps  of  bihydrosulphate  of  lime, 
which  is  so  liable  to  be  produced. 

Whether  a  sulphite  and  hyposulphite  actually 
exist  in  black  ash,  is  a  question  that  hardly  admits  of 
proof.  They  are  included  in  the  analyses  of  several 
investigators,  and  the  researches  of  Mr.  Kynaston 
certainly  lead  to  the  same  conclusion.  Still  the  pro- 
bability of  the  formation  of  these,  subsequent  to  the 
removal  of  the  black  ash  from  the  furnace,  is  so  obvious, 
thai  until  the  point  has  been  conclusively  determined,  it 
is  better  not  to  express  any  positive  opinion.  Black- 
ash  liquors  certainly  contain  both  salts.  Sulphate  of 
soda  and  ferroeyanide  of  sodium  are  frequently  con- 
stituents of  black  ash,  but  these  are  not  always  present. 
The  Editor  has  had  numerous  samples  examined  which 
were  free  from  even  a  trace  of  either  one  or  the  other. 
The  subjoined  analyses  of  this  highly  complex  mixture 
are  by  Unger  and  Richardson.  Both,  it  will  be 
seen,  assume  the  existence  of  a  compound  of  sulphide 
of  calcium  and  lime,  and  also  of  caustic  soda. 


From  Newcastle. 
Uagor. 

Sulphate  of  soda,   1*99    . . 

Chloride  of  sodium,   2-54  .. 

Carbonate  of  soda,  23-57 

Hydrate  of  soda,   11*12 


...  3-64 

...  0-60 

...  9-89 

....  25-64 

Carbonate  of  lime,                12-90    15-57 

Oxysulphide  of  calcium  )   Q .  OK  K„ 

(3CaS+CaO),           f  il'7i>  35'67 

Sulphide  of  iron,  '. .    2-45    1-22 

Silicate  of  magnesia,              4*74    0-88 

Charcoal,                              1-59    4-28 

Sand                                    2-02    0-44 

Water,                               2-10    217 

Loss,                                 0-22    — 


100-00 


loaoo 


Mr.  Kynaston's  analysis  is  also  appended :  — 

Carbonate  of  soda,   36*879 

Chloride  of  sodium,   2*528 

Sulphate  of  soda,   0*395 

Silicate  of  soda,   1*182 

Aluminate  of  soda.   0-689 

Sulphide  of  calcium,   28-681 

Carbonate  of  lime,   3*315 

Bisulphide  of  calcium,   0*435 

Hyposulphite  of  lime,   1-152 

Sulphite  of  lime,   2-178 

Caustic  lime,   9-270 

Magnesia,    0*254 

Sulphide  of  iron,   0-371 

Sesquioxide  of  iron  and  phosphate  of  lime,  2-658 

Alumina,   1*132 

Charcoal,   7*007 

Sand   0*901 

Ultramarine   0*959 

Water,  hygroscopic,   0-219 

100-205 

Annexed  is  another  analysis  of  black  ash,  just  made 
by  Mr.  Maktin  Murphy,  the  Editor's  talented  assist- 
ant, and  whose  aid  in  scientific  and  literary  matters  for 
twelve  years  he  has  found  of  the  utmost  service  : — 

Soda,....   25*388 

Lime,  chiefly  existing  as  sulphide,   35*484 

Carbonic  acid,   17-599 

Sulphur,   14-747 

Sulphuric  acid,   0-421 

Iron,   3-020 

Alumina,   1*165 

Silicic  acid,   0*945 

Chlorine,   0-794 

Charcoal,   5-724 

Ultramarine  and  sand   1-659 


The  preceding  numbers  correspond  with  the  follow- 
ing order  of  combination  : — ■ 

Carbonate  of  soda,   41*489 

Sulphate  of  soda,   0*748 

Chloride  of  sodiun   1*308 

Aluminate  of  soda,   0*392 

Silicate  of  soda   1*162 

Sulphide  of  calcium,   33*193 

Caustic  lime,   9*320 

Carbonate  of  lime,   0*857 

Sesquioxide  of  iron.   3*020 

Alumina,   1-020 

Charcoal,   4-724 

Sand,  et  cetera,   2*259 

100*000 

The  characteristics  of  good  black  ash  are  as  follows : 
— It  should  be  of  a  blackish-grey  color,  and  with  open 
pores,  similar  to  pumice-stone,  so  that  a  liquid  may 
easily  penetrate  its  substance.  It  should  contain  from 
twenty  to  twenly-four  per  cent,  of  available  soda,  and 
should  be  free,  or  contain  only  a  slight  trace  of  sulphate 
of  soda.  AVhen  the  solution  obtained  by  lixiviating  a 
portion  is  acidified,  merely  a  faint  smell  of  sulphide  of 
hydrogen  should  be  perceptible. 

Lixiviation  of  the  Black  Ash. — This  is  the  next 
operation  in  the  process  of  manufacture,  and  is  the  first 
step  towards  the  preparation  of  pure  soda  from  black 
ash.  Its  object  is  the  separation  of  the  soluble  consti- 
tuents from  the  calcareous  and  other  insoluble  matters 
present.  To  effect  this  the  balls  of  crude  soda,  a  day 
or  two  after  preparation,  are  broken  to  fragments  and 
thrown  into  iron  vats.  By  some  it  is  recommended, 
first,  to  crush  or  grind  the  ash  under  upright  millstones, 
and  afterwards"  to  sift  it,  or  else  to  crumble  it  by 
exposure  to  hot  vapor.  With  this  view,  the  ash  is 
sprinkled  with  water  in  a  tolerably  hot  furnace,  where, 
in  the  atmosphere  of  vapor,  it  soon  swells  up  and  falls 
to  pieces.  If  the  ash  has  been  properly  prepared  this 
proceeding  is  quite  unnecessary,  and  indeed  objection- 
able on  other  grounds  than  the  expense  and  labor 
required.  With  ash  that  has  been  allowed  to  remain 
too  long  in  the  furnace  it  may,  however,  be^necessary 
to  heat  it  in  such  a  manner,  otherwise  the  extraction 
of  the  soluble  ingredient  occupies  too  long  a  period  of 
time ;  and  it  must  be  borne  in  mind  that  the  longer  the 
liquor  is  allowed  to  remain  in  contact  with  the  insoluble 
portion  of  the  ash,  or  the  soda  water,  the  greater  the 
amount  of  sulphide  of  sodium  in  the  solution,  and  this 
must  be  subsequently  got  rid  of,  or  the  ash  will  be  unfit 
for  use. 

The  vats  used  in  the  process  of  lixiviation  are  of 
iron,  and  of  considerable  size,  and  are  so  arranged  as 
to  allow  the  separation  of  the  soluble  constituents  of 
the  ash  with  the  smallest  possible  proportion  of  water. 

But  although,  as  Knapp  observes,  it  is  desirable,  on 
the  one  hand,  to  use  as  little  water  as  possible,  yet  it  is 
equally  necessary  on  the  other  hand  to  dissolve  out 
every  particle  of  alkali  from  the  residue.  In  this,  as  in 
all  other  similar  cases,  both  objects  have  been  obtained 
by  one  and  the  same  ingenious  method. 

The  difficulty  is  obvious ;  if  too  little  water  be  used 
in  the  first  instance,  a  portion  will  remain  undissolved. 
In  the  contrary  case  all  the  alkali  will  be  dissolved, 
but,  as  at  first,  the  whole  solution  cannot  be  drawn  off; 
for  a  considerable  quantity  is  kept  back  by  the  spongy 
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residue.  It  is,  therefore,  impossible  in  any  case  to 
obtain  the  whole  quantity  of  soluble  matter  with  one 
portion  of  water ;  a  second,  third,  and  fourth  portion 
will  be  required,  each  of  which  will  contain  a  less 
quantity  in  solution,  so  that,  altogether,  there  will  be  a 
vast  excess  of  liquid.  The  contrivance  by  which  this 
difficulty  is  overcome,  depends  upon  an  uninterrupted 
continuance  of  the  process,  and  consists  in  using  the 
same  water  which  was  employed  for  the  first  infusion, 
with  fresh  portions  of  crude  ash,  until  the  solution  has 
acquired  the  proper  strength  for  boiling. 

Just  in  the  same  manner  every  second  or  subsequent 
infusion  can  be  increased  in  strength,  so  that  none  but 
sufficiently  concentrated  lie  is  supplied  to  the  evaporat- 
ing pan.  Suppose  that  a  certain  quantity  of  water  has 
taken  up  eight  per  cent  from  the  first  portion  of  the 
soda,  it  will  take  up  as  much  more  from  the  second, 
and  leave  it  containing  sixteen  per  cent. ;  from  the  third 
portion  it  will  be  drawn  off  with  twenty-four  per  cent., 
aud  so  on. 

The  lixiviation  was  formerly  effected  in  vats  so  placed 
at  different  elevations,  that  weak  liquors  resulting  from 
partly  lixiviated  ash  flowed  upon  ash  contained  in  a  fresh 
set  vat ;  but  in  using  such  apparatus,  the  manufacturer 
had  to  remove  the  partially  lixiviated  ash  into  higher  vats, 
and  yet  the  strongest  liquors  obtained  rarely  exceeded  a 
specific  gravitj' of  1150°,  and  consequently  a  very  large 
quantity  of  water  had  to  be  evaporated  to  obtain  dry 
salt.  A  very  ingenious  and  scientific  apparatus  was 
invented  and  applied  successfully  by  the  celebrated 
French  chemist,  Clement  Desormes.  This  apparatus 
provided  for  obtaining  solutions  of  much  higher  gravity, 
but  necessitated  the  employment  of  much  manual  labor, 
and  also  occupied  a  large  space.  The  lixiviating 
apparatus  which  is  now  universally  adopted  by  the 
manufacturers  of  soda  in  this  country,  the  Editor 
knows  to  be  a  foreign  invention,  which  was  introduced 


by  Mr.  C.  T.  Dunlop  into  the  St.  Rollox  Chemical 
Works,  Glasgow,  about  the  year  1843.  This  apparatus 
from  its  extreme  simplicity,  correct  scientific  principles, 
and  the  perfect  manner  in  which  the  lixiviation  is 
effected  by  its  use,  appears  to  fulfil  all  the  conditions 
which  can  be  desired  in  this  process. 

The  apparatus  is  represented  in  Fig.  520,and  may  be 
described  as  consisting  of  a  rectangular  vessel  about 
twenty-four  feet  long  by  twelve  feet  wide,  and  five  deep, 
having  three  partitions,  H  H,  dividing  it  into  four  vats, 
A,  B,  c,  D,  of  twelve  feet  by  six  feet.  Perforated  false 
bottoms,  EE,  are  supported  about  three  inches  above  the 
bottom  of  the  vats,  on  which  the  black  ash  is  thrown  in 
lumps.  Each  vat  is  furnished  with  a  vertical  pipe,  F,  five 
feet  long,  the  lower  end  of  which  is  open,  and  communi- 
cates with  the  space  below  the  false  bottom.  About  one 
foot  six  inches  from  the  upper  end  of  this  pipe  a  short, 
branch  is  provided,  and  this  branch  is  bolted  to  the  side 
plate  of  the  vat ;  an  opening  being  made  in  the  side 
plate,  to  correspond  with  that  in  the  branch.  By  these 
means  a  communication  is  effected  between  the  lower 
part  of  one  vat,  and  the  upper  portion  of  another.  The 
upper  part  of  the  pipe,  P,  is  enlarged  ;  and  at  the  lower 
part  of  this  portion,  a  conical  seating  is  provided,  which 
admits  of  the  passage  being  closed  by  a  plug,  or  of  a 
short  pump  being  applied  to  withdraw  the  fluid  contents 
of  the  vat. 

When  in  regular  use,  the  four  vats  will  contain 
black  ash  at  various  stages  of  lixiviation,  diffused  in 
their  corresponding  liquors — one  being  filled  with  fresh 
balls;  and  another,  furthest  distant  from  it  in  the  series, 
containing  residuum  all  but  deprived  of  its  soluble 
matter.  A  supply  of  warm  water  is  run  upon  the 
first  and  nearly  spent  vat;  and  this,  after  permeating 
through  the  residuum  and  becoming  impregnated  with 
alkali,  rises  through  the  pipe  r,  and  flows  into  the 
upper  part  of  the  second  vat,  through  the  contents  of 


Fig.  wo. 


which  it  passes,  taking  up  more  alkali,  and  rising  again 
by  a  similar  pipe,  gains  access  to  the  third  vat,  and  so 
on  into  the  fourth  vat,  in  which  the  liquor  becomes 
fully  saturated  by  its  contact  with  the  fresh  balls. 
The  flow  of  liquor  from  the  last  vat  may  be  intermit- 
tent, but  it  is  preferable  that  it  should  be  continuous ; 
the  supply  of  warm  water  to  the  first  vat  being  also 
continuous,  and  this  vat  kept  constantly  filled.  When 
it  is  found  that  the  liquor  proceeding  from  the  first 
vat  contains  scarcely  any  alkali,  this  vat  is  shut  off 
from  the  series;  and  the  remaining  liquor  being  pumped 
out,  the  residuum  is  removed,  and  the  vat  filled  with 
fresh  balls.  This  vat  now  becomes  the  fourth  of  the 
series,  and  receives  liquor  from  that  which  was  previ- 


ously the  fourth,  by  means  of  a  pipe  leading  externally 
from  the  lower  part  of  the  latter  to  its  upper  part. 
When  the  vats  are  arranged  in  a  square  of  four  as  shown 
in  Fig.  521,  in  place  of  four  longitudinally,  this  exter- 
nal pipe  is  not  needed.  In  this  manner  each  of  the 
vats  becomes  consecutively  the  one  to  be  discharged, 
and  to  be  refilled  with  fresh  balls. 

In  large  establishments,  a  series  of  sixteen  or  moro 
vats  in  a  double  row  are  employed,  and  these  may  bo 
constructed  by  fixing  longitudinal  and  transverse  par- 
titions in  one  large  vessel. 

By  the  provisions  of  this  highly  scientific  apparatus;, 
it  becomes  no  longer  needful  to  remove  the  black  ash 
during  the  process  of  lixiviation ;  which  removal  was 
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previously  attended  with  much  labor,  injurious  exposure 
to  the  oxidising  influence  of  the  air,  and  great  diminu- 
tion of  the  permeability  of  the  mass.  The  residuum 
in  the  above  admirable  arrangement,  is  constantly 

•     '  Fig.  521. 


supported  by  the  fluid  in  which  it  is  immersed,  and 
thus  kept  in  a  condition  highly  favorable  to  its  permea- 
bility ;  and  the  solvent  is  caused  to  percolate  through 
the  contents  of  the  whole  series  without  the  cost  of 
pumping.  Practically,  the  advantages  have  been 
found  to  comprise  a  much  more  perfect  abstraction  of 
the  soluble  parts  'of  black  ash,  and  the  obtaining  of 
solutions  requiring  less  than  half  the  evaporation  for- 
merly necessary ;  indeed,  so  perfect  is  the  process  of 
lixiviation,  that  scarce  one-tenth  per  cent,  of  soda  is 
left  in  the  residue. 

In  some  alkali  works,  to  assist  the  solvent  power 
of  the  water  employed  in  the  lixiviation  of  black  ash, 
it  is  usual  to  heat  it  to  about  90°  to  100°.  This  end 
;  may  bo  conveniently  attained  by  passing  the  water 
through  a  coil  of  pipes  contained  in  a  steam  boiler. 
The  practice  of  heating  the  water,  though  it  un- 
doubtedly aids  the  process  of  lixiviation,  is  nevertheless 
very  objectionable,  principally  because  sulphide  of 
calcium  is  dissolved  and  decomposed  by  hot  water, 
giving  rise  to  the  formation  of  sulphide  of  sodium,  and 
the  hotter  the  water  the  greater  will  this  proportion  of 
sulphide  be,  or  rather  of  the  double  sulphide  of  sodium 
and  iron  contained  in  the  vat  liquor. 

The  temperature  of  the  water,  it  must  also  be 
observed,  always  rises  considerably— 20°  to  30°  or 
more — on  coming  in  contact  with  the  fresh  black  ash 
in  the  fresh  vat,  owing  to  the  powerful  affinity  of 
caustic  lime  for  that  liquid  to  produce  hydrate  of  lime. 
In  summer  the  liquor  frequently  becomes  so  hot  as  to 
render  necessary  its  withdrawal  considerably  below  the 
point  of  saturation,  otherwise  the  ash  obtained  on  evapo- 
ration would  be  so  strongly  impregnated  with  sulphide, 
that  it  would  be  quite  inapplicable  to  many  purposes. 

If  the  temperature  of  the  liquor  should  not  rise 
higher  than  from  110°  to  120°,  it  may  remain  in  con- 
tact with  the  ash  until  of  specific  gravity  1-225  =  45° 
Twaddell;  in  the  contrary  case  it  should  be  withdrawn 


at  a  density  of  1-200  =  40°  Twaddell,  or  even  still 
lower.  Water  is  allowed  to  run  into  the  weak  vat  until 
the  density  of  the  liquor  passing  through  is  reduced 
to  1-10  to  1-15  =  2°  to  3°  Twaddell,  and  the  insoluble 
matters  remaining  should,  after  being  dried,  contain 
not  more  than  0'2  or  0  3  of  available  soda.  This  last 
portion,  if  extracted,  would  contain  so  large  a  propor- 
tion of  sulphate  and  other  salts  of  lime,  that  on  coming 
into  contact  with  the  ash  in  the  next  vat,  it  would 
decompose  and  render  valueless  more  than  an  equiva- 
lent proportion  of  soda. 

The  composition  of  vat  refuse — soda  waste— accord- 
ing to  Unger's  analysis  is  as  follows  : — 


Carbonate  of  lime,   19-56 

Oxysulphide  of  calcium,  3  Ca  S  -j-  Ca  O,  32-80 

Sulphate  of  lime   3-G9 

Iiydrosulphite  of  lime,    4-12 

Hydrate  of  lime,   10-69 

Bisulphide  of  calcium,  .-.   4*67 

Sulphide  of  calcium,    3-25 

Sulphide  of  sodium   1*78 

Oxide  of  iron,    3-70 

Silicate  of  manganese,    6*91 

Charcoal,    2-60 

Sand,   3-09 

Water  •   3-45 


100-31 

The  sample  of  waste  examined  by  Unger  must  have 
been  some  time  exposed  to  the  air.  When  fresh  it 
contains,  according  to  the  Editor's  observations,  no 
bisulphide  of  calcium,  and  but  little  hydrate  of  lime 
either  free  or  in  combination.  The  sulphate  of  lime 
also  is  wholly  formed,  subsequent  to  the  removal  of  the 
soluble  constituents  of  the  ash.  After  being  kept  for 
some  time  only  partially  dried,  a  large  quantity  of 
sulphite  and  hyposulphite  of  lime  is  also  produced,  and 
the  mass  becomes  of  a  dirty  white  color,  with  streaks 
of  a  beautiful  blue  color,  running  through  it.  The 
liquor  containing  in  solution  the  salts  of  soda  removed 
from  the  black  ash,  as  it  is  withdrawn  from  the  vats, 
is  conducted  into  a  series  of  settlers  or  iron  vats.  In 
these  it  is  allowed  to  rest  for  some  hours,  to  deposit 
any  impurities  that  may  be  held  in  suspension.  It  is 
then  pumped  into  a  spacious  cistern  or  reservoir,  so 
elevated  that,  by  means  of  pipes,  the  liquors  may  be 
distributed  to  the  concentrating  pans  and  furnaces. 

Evaporation  of  the  Lie. — The  process  of  con- 
centration is  carried  on  in  two  different  ways.  Most 
commonly  the  solutions  are  evaporated  and  the  residue 
calcined  in  the  same  revcrberatory  furnace,  known  as 
the  white-ash  furnace,  whose  extreme  length  should  be 
about  eighteen  feet,  and  the  breadth  about  nine  feet.  Its 
interior  is  lined  with  fire  bricks,  between  which  and 
the  external  masonry  is  placed  a  partition  of  sheet 
iron.  By  the  application  of  heat  in  this  manner,  the 
evaporation  proceeds  rapidly,  quietly,  and  at  a  very 
moderate  expense  of  fuel.  The  waste  heat  from  the 
black-ash  furnaces  is  frequently  applied  to  the  evapo- 
ration of  vat  liquors.  In  this  case,  an  iron  pan  termed 
the  salting  pan,  in  shape  similar  to  the  furnace  above 
described,  is  placed  at  the  end  of  the  black-ash  furnace 
next  to  the  raised  bed.  The  evaporation  proceeds 
rapidly  as  with  the  ordinary  white-ash  furnace ;  but 
the  mass  of  ash  is  not  allowed  to  become  completely 
dry.    As  soon  as  the  contents  of  the  pan  have  attained 
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the  consistence  of  mortar,  they  are  raked  out  into  a 
large-  iron  called  the  drainer,  furnished  -with  a  false 
perforated  bottom,  to  allow  the  mother  liquor  to  drain 
from  the  crystals.  The  drained  mass  is  next  collected 
and  introduced  into  a  reverberatory  furnace,  named 
the  finishing  furnace,  in  which  it  is  moderately  cal- 
cined, and  at  the  same  time  dexterously  worked  about 
in  all  directions  so  as  to  bring  every  part  of  it  in  con- 
tact with  the  air,  and  within  the  action  of  the  flame. 
The  mother  liquor  or  draining  from  the  salts,  which 
contains  nearly  all  the  caustic  soda  and  sulphide  of 
sodium  and  iron,  as  well  as  the  excess  of  foreign  salts, 
sulphate  of  soda  and  chloride  of  sodium,  et  cetera,  is  in 
some  works  returned  to  the  salting  pans  with  the  next 
charge  of  fresh  liquor ;  in  others  it  is  evaporated  per  se, 
and  the  residue  is  afterwards  heated  to  redness,  mixed 
with  saw-dust  or  coal-dust  in  reverberatory  furnaces. 
During  the  process  of  calcination  the  sulphur  of  the  sul- 
phide of  sodium  escapes  in  some  form  of  combination, 
and  carbonate  of  soda  is  produced ;  the  caustic  soda 
also  quickly  combines  with  carbonic  acid  to  produce 
the  same  salt,  and  the  sulphate  of  soda  is  reduced  at 
the  same  time  to  sulphide  of  sodium,  and  undergoes  a 
similar  change. 

In  manufactories  where  caustic  soda  is  produced  in 
a  marketable  form,  it  is  principally  extracted  from  the 
mother  liquors  above-mentioned. 

The  other  method  of  conducting  the  evaporation  of 
vat  liquors  is  by  means  of  iron  pans,  with  the  fire  and 
heated  air  applied  beneath.  These — wsmzA.  fishing  pans 
— are  of  considerable  size,  and  shaped  somewhat  similar 
to  a  boat.  They  may  be  heated  by  a  fire  used  solely 
for  the  purpose  ;  in  which  case  to  prevent  injury  to  the 
pan,  the  arch  of  the  furnace  should  be  continued  for 
some  distance  beneath,  or  the  pan  may  be  placed  at 
the  end  of  the  black-ash  furnace  farthest  from  the  fire, 
just  as  with  the  salting  pan,  except  that  the  heated  air 
is  made  to  pass  under  instead  of  over  the  pan.  The 
evaporation  is  rapidly  conducted  by  this  method  ;  and 
when  the  lie  becomes  concentrated  to  a  certain  strength, 
small  crystals  of  monohydrated  carbonate  of  soda — 
Na  0,  C02,  HO— constantly  fall  to  the  bottom,  and  as 
quickly  as  they  fall  are  raked  together  to  the  end  of  the 
pan  farthest  from  the  source  of  heat,  and  then  scooped 
mfiihed  out  by  means  of  perforated  iron  shovels.  After 
being  allowed  some  time  to  drain,  the  salts  so  obtained 
are  washed  with  fresh  vat  liquor,  and  then  removed 
a  reverberatory  furnace,  and  all  worked  about  until 
sufficiently  dry.  The  deep-red  mother  liquor  is  either 
applied  to  the  production  of  caustic  soda  or  evaporated, 
and  the  residue  heated  with  sawdust  as  before  directed. 

In  some  alkali  works  the  evaporation  of  black-ash 
liquors  is  conducted  in  a  series  of  pans,  three  or  four  in 
number,  or  rather  in  one  pan  separated  into  three  or  four 
compartments ;  in  the  first,  thatis,  the  one  at  the  greatest 
distance  from  the  source  of  heat,  the  solutions  are 
heated  to  the  point  of  ebullition ;  in  the  next,  or  the  two 
next,  the  liquors  are  concentrated  until  saturated  while 
hot;  and  in  that  immediately  in  contact  with  the  fire, 
the  concentrated  liquors  are  evaporated  either  to  dry- 
ness, or  until  nearly  the  whole  of  the  carbonate  of  soda 
is  deposited  from  solution,  and  this  is  afterwards  dried 
in  a  reverberatory  furnace  as  before. 


In  the  year  1853  an  improved  mode  of  concentrating 
black-ash  liquors  for  the  purpose  of  obtaining  salts 
therefrom  suitable  for  the  manufacture  of  soda  ash,  was 
invented  by  Mr.  Gossage,  and  secured  by  patent. 
The  following  description  of  the  method  is  in  the  words 
of  the  patentee,  and  is  extracted  from  the  specification  : 
— A  long  iron  pan  is  provided  and  heated,  either  by 
means  of  a  special  fire  underneath  the  same,  or  by 
waste  heat  proceeding  from  the  alkali  furnaces.  A 
second  long  pan  is  placed  contiguous  to  the  first,  but  to 
this  no  heat  is  to  be  applied ;  a  channel  of  communica- 
tion is  provided,  and  having  introduced  a  suitable 
quantity  of  black-ash  liquor  into  both  pans,  heat  is 
applied  to  the  first  pan,  so  as  to  produce  concentration 
of  the  liquor.  A  continued  circulation  of  the  solution 
through  the  two  pans  is  effected  by  pumping  or  other- 
wise transferring  liquor  from  the  second  into  the  first 
pan,  at  the  end  opposite  to  that  at  which  the  channel 
of  communication  exists.  By  this  arrangement  the 
liquors  become  so  concentrated  in  the  first  pan  as  to 
contain  more  salts  when  in  a  heated  state  than  they 
can  retain  in  solution  at  a  lower  temperature,  and  there- 
fore as  the  liquors  flowing  through  the  second  pan 
become  reduced  in  temperature,  salts  are  deposited  in 
this  pan,  and  the  liquors  circulate  again  through  the 
first  pan  as  required,  so  as  to  keep  a  suitable  quantity 
in  the  apparatus. 

In  the  process  of  concenl  ration  by  the  ordinary 
method  in  a  single  pan,  the  salts,  as  they  are  deposited 
from  the  solution,  collect  at  the  bottom,  and  form 
a  compact  mass  of  a  greater  or  less  thickness,  and 
the  heat  being  continued  owing  to  the  bad  conducting 
power  of  the  deposited  salts,  the  part  of  the  pan  imme- 
diately over  the  fire,  if  constant  attention  is  not  exerted, 
frequently  becomes  heated  almost  to  redness ;  and  if 
by  any  means  the  colder  liquid  comes  in  contact  with 
this  at  so  high  a  temperature,  not  only  is  the  solution 
violently  thrown  from  the  pan,  occasioning  considerable 
loss  of  liquor,  but  often  the  latter  becomes  cracked, 
and,  of  course,  is  rendered  useless  until  repaired.  The 
advantages  of  Mr.  Gossage's  apparatus  will  therefore 
be  at  once  apparent,  since  by  his  mode  of  arrangement 
none,  or  at  least  only  a  small  deposition  of  salts,  can 
take  place  in  the  pan  to  which  heat  is  applied.  The 
patent  to  which  reference  has  just  been  made,  also 
includes  an  improved  mode  of  concentrating  black-ash 
liquors,  when  it  is  desired  to  obtain  therefrom  in  a 
remarkable  state  the  caustic  soda  they  contain.  The 
apparatus  employed  consists  of  an  oblong  vertical 
tower,  made  of  iron  plates,  to  the  inside  of  which  tower 
is  adapted  a  number  of  iron  shelves,  placed  at  such  an 
inclination  that  fluid  will  flow  freely  down  the  same. 
One  of  these  shelves  is  attached  to  one  end  and  to  both 
sides  of  the  tower,  leaving  a  space  of  about  three  inches 
in  width  between  it  and  the  other  end.  The  next  shelf 
is  attached  a  few  inches  below  the  first  to  the  opposite 
end  and  to  the  two  sides  of  the  tower,  leaving  the  same 
space  between  it  and  the  other  end.  In  this  manner 
each  alternate  shelf  is  attached  to  an  opposite  end  of 
the  tower,  and  the  arrangement  is  such  that  a  supply 
of  fluid  introduced  on  the  upper  part  of  the  first  inclined 
shelf  flows  down  the  same,  and  is  delivered  on  the 
upper  part  of  the  second  shelf,  and  after  flowing  over 
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this  reaches  a  third,  and  so  on  consecutively  over  the 
whole  number  of  shelves  contained  in  the  tower.  By 
these  means  the  fluid  employed  may  be  exposed,  in 
thin  sheets  or  films,  to  the  evaporated  action  of  heated_ 
air  passing  through  the  tower.  A  supply  of  heated  air 
is  provided  by  any  of  the  ordinary  methods,  and  the 
apparatus  is  connected  with  the  previously  mentioned 
tower,  at  or  near  its  lower  part;  and  to  occasion  a  iarge 
quantity  of  heated  air  to  pass  through,  the  upper  part 
of  the  tower  is  connected  with  a  strong  chimney  draft. 
The  liquid  to  be  evaporated  is  introduced  into  the  tower 
in  such  a  manner  that  it  becomes  distributed  nearly 
equally  over  the  uppermost  shelf,  from  which  it  flows 
in  the  same  manner  over  the  succeeding  shelves,  and, 
exposed  to  the  evaporating  action  of  highly  heated  air 
during  its  course,  becomes  so  heated  and  concentrated 
as  to  contain  more  salts  than  it  can  retain  in  solution 
at  a  lower  temperature.  A  channel  of  communication 
from  the  lower  part  of  the  tower  is  provided,  through 
which  the  hot  concentrated  fluid  is  conveyed  to  two 
iron  pans ;  in  flowing  through  these  it  becomes  cooled 
so  as  to  deposit  salts,  and  the  remaining  fluid  is  then 
elevated  by  means  of  a  pump  from  the  coolest  part  of 
the  pans  and  caused  to  pass  again  through  the  tower. 

The  inventor  prefers  to  apply  this  mode  of  concen- 
tration for  obtaining  soda  from  vat  liquors,  to  such 
liquors  as  have  been  already  deprived  of  a  considerable 
portion  of  the  carbonate  of  soda  previously  contained 
therein.  The  circulation  of  these  liquors  through  the 
tower  is  continued  until  it  is  found  that  the  whole,  or 
nearly  the  whole,  of  the  carbonate  of  soda  is  removed, 
when  the  liquor  is  separated  from  the  deposited  salts, 
and  by  further  evaporation  in  an  iron  pan  solid  hydrate 
of  soda  is  obtained.  The  separated  salts,  after  being 
washed,  are  transferred  to  a  reverberatory  furnace  and 
completely  dried.  The  product  of  these  operations, 
whichever  of  the  foregoing  be  adopted,  is  the  white  ash 
or  soda  ash  of  commerce.  When  properly  prepared 
it  contains  fifty-three  or  fifty-four  per  cent,  of  available 
soda,  two  or  three  of  which  exist  in  the  form  of  hydrate, 
and  the  rest  as  carbonate  of  soda.  A  little  sulphide  of 
sodium  is  also  present,  and  some  sulphate  of  soda, 
chloride  of  sodium,  and  minute  quantities  of  other 
■  salts. 

A  new  arrangement  or  apparatus  for  effecting  the 
evaporation  of  black-ash  liquors  has  been  invented  and 
successfully  applied  by  Mr.  D.  Gamble,  at  St.  Helens, 
Lancashire.  It  has  been  adopted  very  generally  by 
the  Lancashire  manufacturers,  particularly  by  those 
who  are  makers  of  solid  caustic  soda  from  black- 
ash  liquors  by  Gossage's  process.  Mr.  Gamble 
employs  a  pan  of  malleable  iron,  of  the  form  indi- 
cated in  Fig.  522,  having  a  length  of  thirty  feet,  a 
width  of  seven  feet,  and  greatest  depth  two  and  a  half 
feet.  The  pan  is  placed  above,  or  at  the  end  of  a  black- 
ash  furnace,  and  is  heated  by  conducting  the  waste  heat 
of  the  furnace  by  flues  under  the  sides  of  the  pan. 
The  form  of  these  sides  is  such  as  to  afford  facilities  for 
separating  the  salts  from  the  sides  of  the  pan,  when 
these  adhere.  During  the  boiling  down,  the  salts  are 
transferred  in  ladles  into  perforated  drainers. 

Mr.  Gamble  was  also  the  first  to  use  centrifugal 
machines,  or  hydro-extractors,  for  separating  mother 
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liquors  from  salts  obtained  from  black-ash  liquors,  and 
by  such  an  apparatus  soda  ash  of  fine  quality  has  been 

Fig.  522. 


obtained,  by  the  first  process,  without  being  redissolved 
and  evaporated. 

The  analyses  of  soda  ash  appended  were  performed 
by  Mr.  Kynaston  in  the  Editor's  laboratory.  The 
ash  was  obtained  by  evaporating  the  liquors  at  once  to 
dryness,  and  calcining  the  residue. 

Ceiitesimally  represented. 

Carbonate  of  soda ,  ....  67-891  73-026 

Hydrate  of  soda   14-245  13-600 

Sulphate  of  soda   4-579  6-127 

Chloride  of  sodium   6-061  4-431 

Sulphide  of  sodium    0-556  0-361 

Aluminate  of  soda   1-214 

Silicate  of  soda   0-389  0-511 

Insoluble  matters   0-217")  -, 

Water    5-005]"  i0<J 

Ultramarine   0-140 

100-297  100-235 

Available  soda   50-75  54-00 

The  soda  ash  prepared  by  the  processes  described  is, 
without  further  treatment,  sufficiently  pure  for  almost 
all  the  ordinary  manufacturing  applications  of  soda. 
For  some  purposes,  however,  and  especially  for  the 
fabrication  of  plate  glass,  or  for  the  production  of  the 
crystallized  carbonate  of  soda — soda  crystals — the  ash 
made  as  above  requires  to  be  still  further  purified  ;  and 
this  is  most  commonly  effected  by  giving  it  another 
calcination  in  a  reverberatory  furnace,  moderately 
heated,  sometimes  by  a  charcoal  fire.  Or  the  salts 
obtained  by  evaporation  of  the  vat  liquors,  either  in  the 
reverberatory  furnace,  or  in  the  fishing  pans,  after 
being  thoroughly  drained  and  washed  as  completely 
as  possible  from  adhering  impurities,  either  with  fresh 
liquor  or  with  water,  are  mixed  with  saw-dust  or  coal 
dust,  and  calcined  in  a  reverberatory  furnace. 

This  Calcination  is  intended  to  effect  the  separation 
of  the  sulphur  from  the  small  proportion  of  sulphide  of 
sodium  still  remaining  in  the  ash,  and  also  the  com- 
bination of  all  the  particles  of  caustic  soda  in  the  ash, 
with  carbonic  acid  derived  from  the  burning  carbona- 
ceous matters  introduced. 

The  heat  applied  in  the  first  part  of  this  process 
should  not  greatly  exceed  the  melting  point  of  lead. 
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At  that  temperature  the  sulphur  goes  off  freely ;  hut 
at  a  dull  red  heat  the  sulphur,  instead  of  being  vola- 
tilized, seems  to  enter  into  more  permanent  combina- 
tion with  the  alkali. 

The  ash  requires  to  be  worked  ahout  with  the  oar 
and  rake  during  the  whole  course  of  the  operation, 
which  usually  takes  about  three  or  four  hours.  After 
the  sulphur  is  expelled  as  completely  as  possible,  the 
fire  should  be  gradually  urged  until  the  mass  attains  a 
dull  red  heat,  and  this  is  continued  until  every  particle 
of  carbon  is  removed.  The  product  of  this  operation 
is  usually  of  a  slightly  yellowish  or  bluish-white  tinge, 
and  is  excellent  material  for  the  manufacture  of  plate 
glass.  The  availahle  soda  exists  wholly  in  the  state 
of  carbonate,  and  if  any,  only  the  most  minute  trace 
of  sulphide  of  sodium.  It  must  not  he  supposed, 
however,  that  this  result  is  arrived  at  without  the 
most  careful  manipulation,  and  constant  attention  to 
keep  the  furnace  at  the  proper  temperature  required  in 
the  several  stages  of  the  operation.  Ash  so  prepared 
should  not,  on  exposure  to  the  air  for  some  time, 
undergo  any  alteration  in  hue,  and  when  dissolved  in 
water  should  yield  a  perfectly  colorless  solution.  If 
it  answers  to  these  tests,  the  plate  glass  manufacturer 
may  rest  assured  of  its  applicability  to  his  purpose. 

This  ash  being  wholly  in  the  state  of  carbonate, 
the  amount  of  available  soda  contained  in  it  is  not 
quite  so  great  as  in  some  other  varieties. 

Crystallized  Carbonate  of  Soda—  Soda  Crys- 
tals.— This  salt  is  prepared  by  dissolving  soda  ash, 
obtained  as  ahove,  in  hot  water  to  the  point  of  satura- 
tion, and  the  solution  after  reposing  for  some  time  is 
run  into  shallow  pans  of  cast-iron  or  of  wood,  lined 
with  sheet-lead,  and  allowed  to  remain  at  rest  until 
the  crystallization  is  completed.  That  the  opera- 
tion may  be  successful  in  a  pecuniary  point  of  view, 
it  is  essential  that  the  salt  be  obtained  perfectly 
colorless  by  a  single  crystallization.  It  is,  therefore, 
necessary  to  observe  particular  care  in  the  several 
operations,  and  especially  in  the  selection  of  the  ash 
to  be  dissolved.  Nor  is  it  by  any  means  unimportant 
that  the  water  used  should  be  as  free  as  possible  from 
carbonate  of  iron  and  the  salts  of  the  alkaline  earths. 
The  ash  most  suitable  is  that  prepared  by  the  method 
last  described.  The  alkali  contained  in  it  must  exist 
wholly  as  carbonate.  Sulphide  of  sodium  must  not 
be  present,  even  in  the  smallest  proportion  ;  it  should 
be  as  free  as  possible  from  carbonate  of  lime,  and  on 
exposure  to  the  air  should  not  undergo  the  slightest 
alteration  in  color.  The  solution  is  effected  in  different 
ways  by  different  manufacturers.  In  the  mode  now 
most  commonly  employed,  the  lie  is  heated  by  means 
of  steam  blown  into  it.  The  dissolving  pan,  which  is 
of  iron,  should  be  of  such  a  size  that  sufficient  ash  may 
be  treated  at  one  operation  to  yield  two,  three,  or  four 
tons  of  crystals.  Water  being  run  in  to  about  two- 
thirds  full,  it  is  heated  to  nearly  ebullition,  and  ash  is 
then  thrown  in,  the  injection  of  steam  being  continued 
until  the  solution  has  a  specific  gravity  of  1'225  ==  45° 
Twaddell.  It  is  then  siphoned  into  a  capacious  iron 
vessel  termed  the  settler,  where  it  is  allowed  to  remain 
twelve  or  fourteen  hours  to  deposit  any  insoluble 
matters  that  may  be  present.    The  clarified  liquor  is 


now  conducted  to  a  boiler  placed  over  an  open  fire, 
where  it  is  heated  and  kept  in  a  state  of  ebullition 
until  the  density  becomes  about  1-275  =  55°  Twad- 
dell. At  this  point  it  is  again  run  off  to  the  settlers,  a 
pailful  of  solution  of  bleaching  powder,  or  of  chalk  and 
water,  or  a  mixture  of  these,  is  thrown  in  to  aid  the 
deposition  of  the  impurities,  and  the  whole  is  allowed 
to  remain  until  the  temperature  is  reduced  to  ahout 
92°.  At  a  little  lower  degree  of  heat  crystals  begin  to 
bo  formed ;  but  before  this  can  take  place  the  liquor 
is  conveyed  by  means  of  sluices  to  the  crystallizing 
pans  or  cones,  which  are  of  such  a  size  as  to  contain 
sufficient  liquor  to  give  from  a  ton  to  a  ton  and  a  half 
of  the  crystallized  salt.  The  annexed  engraving  shows 
the  manner  in  which  they  are  arranged  in  the  crystal- 
lizing house. 

To  determine  the  formation  of  a  larger  quantity  of 
very  pure  crystals,  iron  rods  or  bars  are  laid  across 
the  cones,  and  the  crust  that  forms  at  the  surface  of 
the  liquid,  adhering  to  these,  is  prevented  from  falling, 
and  will  sustain  also  the  mass  of  crystals  that  grow 
immediately  beneath  it.  After  nine  or  ten  days — 
the  length  of  time  varying  with  the  season — the 
crystallization  may  be  considered  complete.  The 
mother  liquor  is  then  siphoned  off,  and  by  evaporation 
and  calcination  of  the  residue,  a  very  white  ash  is  ob- 
tained, containing  about  sixty-five  per  cent,  of  carbonate 
of  soda,  the  other  thirty -five  being  principally  sulphate 
of  soda  and  chloride  of  sodium.  The  crystals  are 
allowed  to  remain  a  short  time  in  the  cones  after  the 
removal  of  the  mother  liquor,  so  as  to  drain  and  be- 
come dry,  and  are  then  taken  out  to  be  packed. 

In  some  alkali  works  the  soda  ash,  instead  of  being 
treated  as  above,  is  dissolved  at  once  by  the  aid  of 
steam,  until  the  solution  has  attained  a  density  of 
1-275  =  55°  Twaddell.  It  is  then  drawn  off  to  the 
settlers,  a  quantity  of  bleaching  powder  or  chalk 
added,  and  when  the  temperature  is  near  92°,  con- 
veyed to  the  cones.  From  some  varieties  of  ash, 
however,  the  impurities  are  not  so  readily  separated, 
and  it  is  necessary  to  substitute  the  process  above 
given.  The  slimy  deposit  from  the  settlers  with  the 
adhering  liquors,  is  either  returned  to  the  dissolving 
pan,  or  when  collected  in  quantity  is  mixed  with  fresh 
water,  boiled  by  means  of  steam;  and  the  solution, 
after  depositing  the  gross  impurities,  is  added  to  the 
mother  liquor  from  the  crystals,  and  evaporated  with 
it  to  dryness. 

Though  the  process  for  the  manufacture  of  soda  ash, 
as  detailed  above,  is  very  complete,  and  will  probably 
never  be  superseded  by  any  other  method  essentially 
different,  still  no  one  would  think  of  asserting  the 
impossibility  of  effecting  any  improvement.  Many 
other  modes  of  manufacture  and  several  improvements 
of  the  old  methods  have  been  suggested,  some  of  which 
deserve  a  brief  notice. 

A  process  invented  by  Mr.  Gossage,  and  for  which 
he  obtained  a  patent  bearing  date  May,  1853,  has  for 
its  object  the  purification  of  the  black-ash  liquors ; 
firstly,  by  the  oxidation  of  the  sulphide  of  sodium ; 
and,  secondly,  the  separation  of  ferrocyanide  of 
sodium  from  such  liquors.  During  the  ordinary  pro- 
cess of  evaporating  black-ash  liquors  to  dryness,  and 
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roasting  the  product  so  obtained,  the  sulphide  of  iron 
and  the  iron  of  the  ferrocyanide  of  sodium  become 
converted  into  oxide  of  iron  ;  and  this  substance  com- 
municates an  objectionable  color  to  the  soda  ash  pro- 
duced, rendering  it  unfit  for  certain  applications. 

The  sulphide  of  iron  being  held  in  solution  by  sul- 
phide of  sodium,  if  the  latter  salt  be  converted  by 
oxidation  into  hyposulphite — Na  0,  S2  02 — sulphite — 
Na  0,  S02 — or  sulphate  of  soda — Na  0,  S03 — the  sul- 
phide of  iron  set  free  from  combination  becomes 
insoluble,  and  may  be  separated  from  the  liquors  by 
subsidence  or  filtration.  In  Mr.  Gossage's  process, 
as  stated  in  the  specification  of  his  patent,  the  oxida- 
tion of  the  sulphide  of  sodium  in  black-ash  liquors  is 
effected  by  causing  them  to  absorb  atmospheric  oxy- 
gen. To  effect  this  as  quickly  as  possible  the  liquors 
are  made  to  pass  through  a  high  tower,  termed  by  the 
inventor  an  oxidising  tower,  which  is  filled  with  small 
pieces  of  coke,  or  other  suitable  material ;  and  while 
the  liquors  are  percolating,  a  current  of  air  is  at  the 
same  time  caused  to  pass  through  the  interstices  be- 
tween the  pieces  of  coke,  by  connecting  the  upper  part 
of  the  tower  with  a  chimney.  By  this  arrangement 
an  immense  number  of  surfaces  moistened  with  the 
liquors  is  presented  to  the  current  of  air  drawn  through 
the  tower,  and  the  absorption  of  oxygen  is  thereby 
greatly  facilitated.  After  passing  through  the  tower, 
the  liquors  are  collected  in  a  pan  to  which  heat  is 
applied,  and  are  afterwards  pumped  up,  and  caused 
to  flow  again  through  the  tower.  These  operations 
are  repeated  until  the  sulphide  of  sodium  in  the  liquors 
has  become  completely  oxidised.  The  sulphide  of 
iron,  now  in  an  insoluble  form,  is  to  be  separated  from 
the  liquors  either  by  subsidence  or  filtration  ;  and  the 
menstrua  being  rendered  perfectly  colorless,  are  freed 
from  all  iron,  except  such  as  exists  as  ferrocyanide  of 
sodium.  When  the  J^lack-ash  liquors  are  to  be  used 
for  the  production  of  soda  crystals,  or  of  soda  ash,  the 
conversion  of  the  caustic  soda  present  into  carbonate  of 
soda,  is,  by  a  modification  of  the  process,  effected  col- 
laterally with  the  separation  of  the  sulphide  of  iron. 
All  that  is  necessary  for  this  purpose  is  to  cause  car- 
bonic acid  gas  to  pass  through  the  tower  with  the 
atmospheric  air.  The  liquors  so  purified  are  to  be  con- 
centrated by  the  usual  method  employed  in  the  prepara- 
tion of  soda  crystals,  or  so  as  to  obtain  salts  therefrom. 
In  the  further  treatment  of  these  salts  and  the  residual 
liquor,  and  also  the  salts  obtained  in  a  similar  manner  by 
evaporating  the  mother  liquor  from  soda  crystals,  the 
second  part  of  Mr.  Gossage's  purifying  process,  namely, 
the  separation  of  ferrocyanide  of  sodium,  comes  into 
operation.  The  first  portions  of  the  salts  so  deposited 
are  but  little  impregnated  with  ferrocyanide  of  sodium ; 
the  second  portions  contain  more  of  this  compound ; 
and  the  last  portions  are  strongly  impregnated  with 
ferrocyanide,  whilst  the  mother  liquors  still  remaining 
contain  a  large  proportion  of  this  salt  in  solution.  To 
separate  it  from  these  salts,  they  are  to  be  washed 
with  water  or  a  solution  of  carbonate  of  soda. 

For  this  purpose  a  series  of  four  vats  is  employed, 
and  the  process  is  conducted  exactly  as  in  the  lixivi- 
ation  of  black  ash.  In  this  mode  of  washing,  the 
salts  contained  in  each  vat  successively  become  those 


least  impregnated  with  ferrocyanide,  and  are  subjected 
to  the  first  action  of  the  water,  or  of  the  washing 
solution.  .  The  solutions  obtained  by  such  washings 
are  mixed  with  the  mother  liquors  of  the  salts ;  and 
if  it  be  found  by  testing  that  the  mixed  liquors  con- 
tain more  than  ten  parts  of  carbonate  of  soda  for 
each  part  of  ferrocyanide  of  sodium  present,  they  are 
to  be  concentrated  so  as  to  obtain  a  further  quan- 
tity of  salts  therefrom;  and  this  concentration  and 
separation  of  salts  is  to  be  continued,  as  long  as  the 
proportion  of  ferrocyanide  of  sodium  to  the  carbonate 
of  soda  is  less  then  ten  per  cent.  The  salts  obtained 
by  this  last  concentration  are  to  be  introduced  into  the 
concentrating  apparatus  with  fresh  black-ash  liquor. 
The  liquors  above  referred  to  as  containing  ten  per 
cent,  less  of  carbonate  of  soda  for  each  one  part  of 
ferrocyanide,  are  collected  and  mixed  with  sufficient 
water  and  caustic  lime  to  convert  the  carbonate  of 
soda  present  into  caustic  soda,  and  the  solution  so 
obtained  is  to  be  concentrated  until  the  greater  part  of 
the  ferrocyanide  becomes  separated  as  salt;  or  the  sepa- 
ration of  the  ferrocyanide  maybe  effected  by  allowing  the 
concentrated  solution  to  crystallize  ;  or,  instead  of  con- 
verting the  carbonate  of  soda  contained  in  the  liquors 
into  caustic  soda,  the  solution  may  be  impregnated  with 
carbonic  acid,  when  bicarbonate  of  soda,  a  compound 
of  sparing  solubility,  will  be  formed,  and  the  greater 
part  of  the  ferrocyanide  may  be  obtained  by  filtration 
of  water  through  the  same,  and  drainage.  The  solution 
of  ferrocyanide  now  contains  only  a  small  propor- 
tion of  soda,  which  is  converted  by  means  of  lime  into 
caustic  soda,  and  from  this  the  ferrocyanide  is  sepa- 
rated either  as  salts  or  by  crystallization.  By  resolution 
in  water  and  repeated  crystallization,  the  ferrocyanide 
is  obtained  sufficiently  pure  to  be  suitable  for  use. 

Mr.  Gossage's  patent  further  includes  a  process 
for  the  production  of  caustic  soda  in  a  marketable 
state,  in  addition  to  white  soda  ash  and  ferrocyanide 
of  sodium  from  black-ash  liquors.  In  this  operation, 
also,  the  liquors  are  first  submitted  to  the  oxidising 
action  of  atmospheric  air  as  already  directed.  Any 
hyposulphale  of  soda  contained  in  the  purified  liquors 
is  then  converted  into  sulphite  or  sulphate  of  soda  by 
further  oxidation;  and  this  is  effected  by  the  gradual 
addition  of  solution  of  ohloroxide  of  calcium,  or  bleach- 
ing powder.  The  liquors  are  now  concentrated  by 
the  ordinary  method  so  as  to  obtain  salts  therefrom ; 
and  these  are  washed  as  before  described,  to  separate 
all  the  caustic  soda  and  ferrocyanide  of  sodium.  The 
mixed  mother  liquors  and  washings  are  then  again 
concentrated,  until  the  whole  or  nearly  the  whole  of  the 
carbonate  of  soda  and  ferrocyanide  of  sodium  have 
become  deposited  as  salts,  and  the  solution  or  mother 
liquor  remaining  contains  scarcely  any  saline  matter 
but  caustic  soda.  In  this  state  it  is  suitable  for  many 
purposes  to  which  caustic  soda  is  applicable,  and  is  a 
marketable  product.  The  mixture  of  carbonate  of  soda 
and  ferrocyanide  of  sodium  in  the  form  of  salts,  is 
washed  with  water  by  filtration  ;  and  the  residue  and 
washings  are  further  treated  exactly  as  before  directed, 
for  the  preparation  therefrom  of  pure  soda  ash  and  of 
ferrocyanide  of  sodium.  By  further  concentration  of 
the  solution  of  caustic  soda  in  cast-iron  pans,  it  may  be 
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so  far  deprived  of  water  as  to  become  solid  hydrate  of 
soda  when  allowed  to  cool,  and  in  this  state  it  presents 
great  facilities  for  transportation. 

At  a  later  date,  namely  in  1857,  Mr.  Gossage 
patented  another  invention,  the  object  of  which  is  to 
obtain  an  increased  proportionate  quantity  of  caustic 
soda  or  caustic  potassa,  or  of  carbonate  of  soda  or 
carbonate  of  potassa,  in  the  usual  manufacture  of  soda 
or  potassa.  In  the  case  of  soda,  this  is  effected,  firstly, 
by  using  an  iucreased  proportionate  quantity  of  small 
coal  in  the  mixture  employed,  when  decomposing  sul- 
phate of  soda  by  fluxing.  The  proportions  of  these 
usually  employed  are  three  parts  of  sulphate  of  soda, 
three  parts  of  carbonate  of  lime,  and  one  and  a  half  or 
two  parts  of  small  coal ;  but  Mr.  Gossage  uses  nearly 
equal  weights  of  each  of  these  materials,  reserving  some 
part  of  the  small  coal  to  be  added  as  the  decomposition 
proceeds.  The  decomposition  of  some  part  of  the  car- 
bonate of  soda  produced  is  alleged  to  be  effected  in 
this  way,  and  an  increased  proportionate  quantity  of 
caustic  soda  is  obtained  when  the  fluxed  mass  is  lixivi- 
ated. It  would  appear,  however,  from  what  has  been 
stated  regarding  the  composition  of  black  ash,  that  an 
increased  ratio  of  the  calcareous  substance  would  be 
much  more  effectual. 

The  second  part  of  the  process  consists  in  the  addi- 
tion to  the  solutions  obtained,  of  hydrated  oxide  of  iron, 
of  zinc,  of  manganese,  or  of  lead,  whereby  the  sulphide 
of  sodium  present  is  converted  into  caustic  soda,  with 
simultaneous  production  of  sulphide  of  the  metal  em- 
ployed. The  decomposition  is  effected  by  adding  to 
the  solution  obtained  by  lixiviation  at  a  boiling  heat, 
such  a  quantity  of  the  metallic  oxide  as  is  found,  by 
testing  the  solution  with  a  salt  of  lead,  to  be  sufficient 
to  remove  the  sulphur  from  the  whole  of  the  alkaline 
sulphide  present.  The  metallic  sulphide  thus  produced, 
after  being  washed  with  water,  is  decomposed  by  means 
of  muriatic  or  some  other  suitable  acid,  and  the  metal 
is  obtained  in  solution.  This,  decomposed  by  means 
of  hydrate  of  lime  or  magnesia,  yields  the  hydrated 
metallic  oxide  in  a  condition  applicable  to  the  decom- 
position of  a  further  quantity  of  alkaline  sulphide. 

To  obtain  an  increased  proportionate  quantity  of 
carbonate  of  soda,  instead  of  caustic  soda,  in  the  pro- 
cess of  manufacture,  the  alkaline  sulphide  is  to  be 
decomposed  by  the  addition  of  the  carbonate  of  iron, 
zinc,  magnesia,  or  lead,  and  the  metallic  sulphide  pro- 
duced is  reconverted  to  the  state  of  carbonate  by  the 
addition  to  the  solution  of  the  metal  obtained,  as  before 
directed,  of  carbonate  of  lime  or  of  magnesia.  This 
process,  it  should  be  observed,  is  one  of  a  series  of 
improvements  in  the  manufacture  of  soda  patented  by 
Mr.  Gossage  at  the  same  time. 

The  primary  object  of  these  improvements  is  to  render 
again  available  in  the  manufacture  the  suljjhur  con- 
tained in  alkaline  waste,  which  in  the  ordinary  method 
is  totally  lost.  As  these  relate  more  especially  to  the 
economical  production  of  sulphuric  acid,  they  will  be 
further  noticed  in  connection  with  the  article  to  be 
specially  devoted  to  that  substance. 

A  process  for  impregnating  black  ash  and  white  ash 
with  carbonic  acid,  in  order  to  convert  the  caustic  and 
silicate  of  soda  contained  therein  into  carbonate,  was 


patented  some  years  ago  by  Mr.  James  Shanks.  In 
applying  this  process  to  black  ash,  the  latter  is  to  be 
broken  into  fragments  and  disposed  in  several  layers, 
each  of  three  or  four  inches  in  depth,  in  a  stone  or  iron 
vessel  named  the  carbonator.  The  layers  having  been 
moistened  with  water,  carbonic  acid  gas  is  admitted 
into  the  carbonator  by  a  pipe,  the  air  being  allowed  to 
escape  by  another  one.  When  the  odor  of  sulphide  of 
hydrogen  is  strongly  perceptible  at  the  exit  pipe,  the 
whole  of  the  soda  is  considered  to  be  carbonated ;  the 
introduction  of  carbonic  acid  is  then  discontinued,  and 
the  black  ash  is  removed  to  the  vats  and  lixiviated  in 
the  ordinary  manner.  The  lie  prepared  from  black  ash 
may  be  exposed  to  the  action  of  carbonic  acid  instead  of 
the  ash.  In  this  case  the  carbonator  used  should  have 
a  capacity  of  sixteen  cubic  feet  for  every  ton  of  white 
ash,  or  six  cubic  feet  for  every  ton  of  soda  crystals,  to 
be  made  daily.  Across  the  bottom  of  the  carbonator 
is  thrown  an  open  arch  of  brickwork,  and  the  space 
above  is  filled  with  small  pebbles,  over  which  the  solu- 
tion to  be  carbonated  flows,  being  admitted  at  the  top. 
The  carbonic  acid  is  introduced  below  the  arch,  and 
allowed  to  rise  in  the  carbonator  between  the  pebbles, 
the  air  of  the  vessel  escaping  by  a  pipe  at  the  top. 
The  greenish-yellow  or  brown  color  of  the  liquor  dis- 
appears when  properly  carbonated. 

With  the  same  object  in  view,  Mr.  John  Wilson 
obtained  a  patent  in  1840  for  a  process  in  which  the 
caustic  soda  contained  in  either  black  or  white  ash  is 
converted  into  carbonate  by  the  application  of  as  much 
bicarbonate  of  soda  as  might  be  necessary. 

The  entire  loss  of  all  the  sulphur  consumed  as  sul- 
phuric acid  in  Leblanc's  method  of  converting  com- 
mon salt  into  carbonate  of  soda,  is  justly  considered 
a  great  objection  to  that  process.  Still,  although 
numerous  suggestions  have  been  made,  none  of  the 
new  processes  have  succeeded  sp  well  as  to  supersede 
Leblanc's  method;  and  the  Editor  is  of  opinion  that 
it  never  will  be  supplanted.  At  the  same  time  some 
of  the  plans  recommended  are  so  interesting  in  a  purely 
theoretical  point  of  view,  that  the  Editor  would  scarcely 
be  justified  in  omitting  all  notice  of  them. 

One  of  the  most  economical  of  these  processes  is 
that  proposed  by  Messrs.  Hemming  and  Dyer,  which 
is  founded  on  the  behavior  of  a  solution  of  common 
salt  with  one  of  bicarbonate  of  ammonia.  When  car- 
bonate of  ammonia  of  commerce,  which  is  in  reality 
a  mixture  of  carbonate  and  bicarbonate,  is  added  in 
a  state  of  fine  powder  to  a  solution  of  about  an  equal 
weight  of  salt  in  three  parts  of  water,  the  mixture  being 
well  stirred,  a  white  crystalline  precipitate  appears  in  a 
few  hours,  causing  the  liquid  to  become  thick.  This 
precipitate  is  bicarbonate  of  soda,  and  there  is  contained 
in  solution  chloride  of  ammonium,  produced  as  shown 
in  the  annexed  equation  : — ■ 


NaCl 


+ 


Chloride  of  sodium, 

Na  0,  2  CO.;  + 


NH40,  2  C02  == 

t  A  \ 

Bicarbonate  of  ammonia. 

NH4  CI 


Bicarbonate  of  soda. 


Chloride  of  ammonium. 


In  the  manufacturing  process  founded  on  this  reac- 
tion, common  salt  is  mixed  with  an  impure  carbonate 
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of  ammonia,  such  as  the  liquor  furnished  by  the  purifi- 
cation of  coal  gas,  or  the  distillation  of  bones ;  and, 
having  separated  the  solid  bicarbonate  by  pressure  in 
a  screw  press,  the  chloride  of  ammonium  remaining  in 
the  mother  liquor  is  reconverted  into  bicarbonate  of 
ammonia,  by  evaporating  it  to  dryness,  and  treating  the 
residue  in  a  distillatory  apparatus  with  carbonate  of 
lime,  as  in  the  ordinary  mode  of  preparing  carbonate 
of  ammonia.  The  advantage  gained  by  this  process  is 
the  production  of  soda  without  the  use  of  sulphur,  and 
therefore  free  from  this  element ;  the  objection  to  it  is  the 
loss  of  ammonia,  and  also  that  the  portion  of  chloride  of 
ammonium  necessarily  remaining  with  the  bicarbonate 
of  soda,  is  in  the  heat  reconverted  into  the  cheap  chlo- 
ride of  sodium.  In  referring  to  this  method,  Parnell 
observes,  that  unless  particular  precautions  be  adopted, 
the  loss  of  ammonia  must  be  very  great  and  inevitable, 
from  two  reasons  : — First,  when  a  mixture  of  chloride 
of  ammonium  and  carbonate  of  lime  is  heated,  a  portion 
of  the  ammonia  is  always  disengaged  in  the  free  state, 
the  product  not  being  a  neutral  carbonate,  but  a  sesqui- 
carbonate,  having  the  formula  2  NH4  0,  3  C02.  In 
this  process,  therefore,  one  equivalent  of  ammonia  in 
every  three  is  disengaged  in  the  free  state  and  lost, 
unless  particular  means  be  adopted  to  retain  it.  Again, 
when  the  sesquicarbonate  of  ammonia  is  dissolved  in 
water,  it  is  resolved  into  the  neutral  carbonate  and  the 
bicarbonate ;  but  chloride  of  sodium  is  decomposed 
by  the  bicarbonate  only,  and  the  neutral  carbonate 
remaining  in  the  mother  liquor  is  decomposed  during 
the  evaporation  into  free  ammonia  and  the  bicar- 
bonate, both  of  which  are  volatilized.  The  adoption 
of  some  patented  improvements  in  the  manufacture 
of  carbonate  of  ammonia,  in  which  the  mixture 
of  chloride  of  ammonium  and  carbonate  of  lime  is 
impregnated  with  as  much  carbonic  acid  as  it  will 
absorb,  whereby  the  sesquicarbonate  of  ammonia  is 
wholly  converted  into  bicarbonate,  would  also  be  a 
decided  improvement  on  the  preceding  process  of  manu- 
facture. 

Other  processes  have  been  proposed  for  producing 
carbonate  of  soda  directly  or  indirectly  from  common 
salt,  and  some  of  these  were  even  known  and  practised 
before  the  discovery  of  Leblanc's  method.  Thus, 
in  1788,  a  French  priest  named  Malhube  proposed 
a  process  which  was  afterwards  put  in  operation  by 
Alban,  and  was  practised  in  France  during  the  Revolu- 
tion. In  this,  one  hundred  parts  of  sulphate  of  soda  are 
first  reduced  to  sulphide  of  sodium  by  heating  to  redness 
with  twenty  parts  of  charcoal ;  and  while  the  mixture 
is  in  the  liquid  state,  twenty  parts  of  iron  turnings 
are  added,  then  eight  parts  of  charcoal  or  small  coal, 
next  twelve  and  a  half  parts  of  iron,  and  lastly  three 
parts  of  charcoal.  The  caustic  soda  thus  obtained  is 
exposed  to  the  air,  to  absorb  carbonic  acid.  Dumas 
considers  it  probable,  that  in  this  operation  there  is 
formed  a  double  sulphide  of  sodium  and  iron,  and  that 
the  sodium  converted  into  caustic  soda  is  not  more 
than  half  that  contained  in  the-  fluxed  product.  In 
another  process,  sulphate  of  soda  is  reduced  to  sulphide 
of  sodium  by  heating  it  to  redness  with  charcoal,  and 
having  dissolved  the  sulphide  in  water,  carbonic  acid 
is  passed  through  the  solution  till  sulphide  of  hydrogen 


ceases  to  be  evolved.  The  carbonic  acid  is  produced 
by  burning  charcoal  or  coke,  or  by  calcination  of  lime- 
stone. According  to  Dumas,  to  decompose  sulphide 
of  sodium  by  carbonic  acid  it  is  indispensable  to  use  a 
considerable  excess  of  the  latter,  so  as  to  produce  the 
bicarbonate  of  soda.  Mr.  Gossage,  however,  states 
that  he  has  succeeded  in  effecting  the  decomposition 
with  such  a  proportion  of  carbonic  acid  as  to  produce 
the  ordinary  monocarbonate  of  soda.  Margraap  sug- 
gested that  carbonate  of  soda  might  be  produced  from 
the  sulphide,  by  first  converting  the  latter  into  acetate 
of  soda  by  means  of  pyroligneous  acid.  When  this 
is  heated  to  redness,  a  residue  remains,  consisting  of 
carbonate  of  soda  and  charcoal.  Lampadius  pro- 
posed to  form  the  acetate  of  soda  by  the  addition  to  a 
solution  of  sulphate  of  soda,  of  one  of  acetate  of  lime, 
when  insoluble  sulphate  of  lime  and  acetate  of  soda 
are  formed  :— 

Na  0,  S03  +  Ca  0,  A  =  Na  0,  A  -f  Ca  0,  S03 


Sulphate  of  soda.     Acetate  of  lime.    Acetute  of  smla     Sulphate  of  lirae. 

Kobunter  proposes  to  form  carbonate  of  soda  by 
decomposing  sulphate  of  soda  with  carbonate  of 
baryta : — 


Na  0,  S03 

I  *  

Sulphate  of  soda. 

Na  0,  C02 

Carbonate  of  soda. 


+ 
+ 


Ba  0,  C02  == 


Carbonate  of  baryta 

Ba  0,  S03 

Sulphate  of  baryta. 


and  Knapp  suggests  that  in  districts  where  potassa  is 
obtained  at  a  moderate  price,  the  production  of  salt- 
petre may  be  combined  with  that  of  soda,  by  decom- 
posing Chili  saltpetre — nitrate  of  soda — and  carbonate 
of  potassa  into  soda  and  ordinary  saltpetre  : — ■ 


NaO,  N06 

Nitrate  of  soda, 

NaO,  C02 

Carbonate  ot  soda. 


+ 

+ 


KO,  C02 


Carbonate  of  potassa, 

KO,  N05 


Kitrate  of  potassa. 


In  treating  of  caustic  soda,  several  methods  for 
producing  that  salt,  both  from  chloride  of  sodium  and 
other  salts  of  soda,  have  been  detailed.  These  have 
also  been  applied  in  the  manufacture  of  carbonate  of 
soda,  the  caustic  having  been  subsequently  combined 
with  carbonic  acid,  either  by  exposure  to  the  air,  or  by 
heating  it  with  coal  or  sawdust,  or  in  some  other  way. 
In  the  patent  of  Mr.  John  Wilson  for  improvements 
in  the  manufacture  of  carbonate  of  soda,  already  quoted, 
there  is  included  a  mode  of  preparing  carbonate  of  soda 
from  sulphide  of  sodium.  He  effects  the  conversion 
by  mixing  a  solution  of  the  sulphide  with  one  of  the 
bicarbonates,  in  the  proportion  of  forty-eight  parts  of 
the  former  to  eighty-five  of  the  latter  salt.  The  change 
is  shown  in  the  annexed  formula : — 


NaS 


+ 


Sulphide  of  sodium. 

2  NaO,  C02 


NaO,  2C02     +     HO  = 

Bicarbonate  of  soda.  Water. 

+  HS 


Carbonate  of  soda. 


Sulphide  of  hydrogen. 


If  the  sulphide  of  hydrogen  gas  thus  disengaged  is  to 
be  collected,  the  materials  may  "be  mixed  in  a  covered 
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iron  pan,  furnished  with  a  pipe  to  conduct  the  gas  to  a 
gas-holder ;  but  if  the  gas  is  not  required  the  operation 
may  he  carried  on  in  a  common  white-ash  furnace. 
The  mixture  is  evaporated  to  dryness,  the  residuary 
carbonate  dissolved  in  water,  and  the  clear  solution  is 
decanted  and  re-evaporated. 

The  soda  process  proposed  and  patented  by  MM. 
Blanc  and  Bazille,  differs  from  nearly  all  the  above- 
mentioned,  inasmuch  as  the  use  of  sulphur  for  the 
production  of  either  sulphate  of  soda  or  sulphide  of 
sodium  is  totally  dispensed  with.  This  method  is 
founded  on  the  decomposition  of  common  salt  by 
silica  at  a  high  temperature,  and  in  the  presence  of 
steam.  When  the  vapor  of  water  is  passed  through 
an  intimate  mixture  of  common  salt  and  silicious 
sand,  contained  in  a  porcelain  tube  heated  to  bright 
redness,  the  salt  is  decomposed,  the  chlorine  unites 
with  the  hydrogen  of  the  steam  to  form  hydro- 
chloric acid,  which  escapes  as  gas,  while  the  sodium 
combines  with  the  oxygen  of  the  steam  and  with  the 
silica  or  silicic  acid,  to  form  silicate  of  soda.  The 
annexed  equation  represents  the  change  : — 


Na  CI 


+ 


Chloride  of  sodium. 

NaO,  Si'02 

Silicate  of  soda. 


HO 

Water. 
+ 


+ 

HC1 


Si02  = 

Silicic  acid. 


Hydrochloric  acid. 


The  decomposition,  it  will  be  observed,  cannot  take 
place  unless  water  be  present.  In  carrying  out  this 
process  on  a  manufacturing  scale,  the  patentees  pro- 
pose to  introduce  the  mixture  of  SiJt  and  silicious 
sand  into  cast-iron  cylinders,  arranged  in  furnaces  in  a 
manner  similar  to  gas  retorts,  so  that  the  flame  may 
play  around  and  raise  them  to  a  cherry-red  heat.  A 
large  perforated  tube  for  the  introduction  of  steam, 
as  long  as  the  cylinder,  is  to  traverse  the  axis  of  each 
cylinder ;  and  at  one  extremity  of  the  cylinder  the 
tubes  must  be  each  fitted  to  a  large  earthen  or  stone- 
ware tube  for  the  purpose  of  conducting  the  evolved 
hydrochloric  acid  to  the  condensers.  The  latter  tube 
should  be  of  considerable  size,  to  prevent  its  being 
choked  up  with  volatilized  salt;  and  it  should  lead 
first  into  a  large  empty  chamber  in  which  the  vola- 
tilized salt  might  be  deposited ;  a  communication 
between  this  chamber  and  the  condensers  may  after- 
wards be  established. 

The  cylinders  thus  arranged  are  to  be  loosely  filled 
with  an  intimate  mixture  of  twenty-eight  parts  of 
salt  and  twenty  parts  of  fine  sand,  and  raised  to  a 
cherry-red  heat ;  steam  being  at  the  same  time  slowly 
and  steadily  admitted  into  the  perforated  tube  from  a 
boiler. 

To  remove  the  undecomposcd  salt  from  the  mass  so 
obtained,  it  is  to  be  lixiviated  with  water,  in  which  the 
silicate  is  scarcely  soluble;  and  to  procure  this  in  a 
state  of  solution,  it  is  first  calcined  at  a  red  heat  with 
about  one  sixteenth  of  its  weight  of  soda  ash,  until  the 
mixture  is  vitrified.  The  subsilicate  of  soda  thus  formed 
is  dissolved  in  water;  and  from  the  solution  carbonate  of 
soda  may  be  obtained  by  impregnation  with  carbonic 
acid,  which  causes  the  precipitation  of  gelatinous  silica  ; 
the  soda  salt  remaining  in  solution.    The  patentees 


prefer  to  procure  the  carbonic  acid  gas  from  the  lime- 
stone by  calcination  in  continuously  acting  limekilns. 
To  the  top  of  the  kiln  is  adapted  a  dome-top,  from  which 
a  tube  passes  into  the  vessel  containing  the  solution 
to  be  carbonated ;  and  it  is  alleged  that  the  draught  of 
the  kiln  is  quite  sufficient  to  maintain  a  proper  degree 
of  combustion  to  the  end,  if  a  single  large  vessel  bo 
employed  to  contain  the  solution  instead  of  several 
small  ones. 

It  is  probable,  as  Parnell  remarks,  that  the  manipu- 
lations required  in  these  operations  would  be  too  tedious, 
and  the  decomposition  of  the  salt  in  the  cylinders  too 
slow  and  incomplete,  to  allow  of  the  process  being  pro- 
secuted successfully  on  a  large  scale. 

A  plan  was  proposed  by  Maugham  for  the  produc- 
tion of  silicate  of  soda,  somewhat  similar  to  the  above, 
but  with  the  additional  aid  of  hydrofluoric  acid.  He 
then  decomposes  the  silicate  of  soda  by  means  of  car- 
bonate of  lime. 

Sesquicarbonate  op  Soda. — This  salt  exists  as  a 
natural  product  in  solution  in  water.  The  mineral 
waters  of  Vichy  and  of  Vals  in  France,  of  Bilin  in 
Hungary,  of  Carlsbad  in  Bohemia,  and  the  Geyser 
fountains  in  Iceland  are  remarkable  examples.  It  is 
also  produced  as  a  mineral  termed  trona  or  urao, 
round  the  margin  of  some  lakes  in  Northern  Africa, 
Hungary,  and  South  America.  Its  existence  in 
nature  is  accounted  for  by  some,  on  the  supposi- 
tion that  chloride  of  sodium  is  decomposed  .  by 
carbonate  of  lime,  as  Bertiiollet  observed  that 
whenever  these  two  salts  were  found  mixed  together 
there  was  also  an  efflorescence  of  sesquicarbonate  of 
soda.  Dumas,  however,  dissents  from  this,  and  con- 
siders its  formation  to  be  owing  to  the  decomposition 
of  the  sulphate  of  soda,  which  is  always  found  in 
admixture  with  chloride  of  sodium.  The  sulphate  of 
soda  he  supposes  to  be  first  reduced  to  sulphide  of 
sodium  by  the  aotion  of  organic  matters  in  solution  in 
the  water ;  and  the  sulphide  of  sodium  is  afterwards 
converted  into  sesquicarbonate  of  soda  by  means  of  the 
carbonic  acid  also  held  in  solution  in  the  water  of  soda 
lakes.  The  lakes  are  usually  called  white,  from  the 
circumstance  that,  during  the  summer  months,  the 
water  evaporating  leaves  a  snow-white  efflorescence 
on  the  surface  at  the  bottom.  This  is  sesquicarbonate 
of  soda. 

The  plains  on  the  shores  of  the  Black  and  the  Cas- 
pian Seas,  Persia,  Arabia,  India,  Thibet,  China,  and 
Siberia,  and  even  the  great  desert  of  Africa — all  furnish 
this  variety  of  carbonate  of  soda. 

This  salt  may  be  prepared  artificially  by  several 
methods. 

According  to  "WiNCKXER,  if  four  ounces  of  alcohol 
be  poured  on  the  surface  of  a  solution  containing  one 
hundred  grains  of  simple  carbonate  of  soda,  and  one 
hundred  and  fifty-two  grains  of  crystallized  bicarbonate 
of  soda  in  four  ounces  of  water;  fine,  clear,  circular 
crystals  of  the  sesquicarbonate  are  formed  after  several 
days  at  the  surface  of  separation  of  the  two  liquids,  and 
at  the  bottom  of  the  solution  large  crystals  of  (lie 
simple  carbonate  are  formed,  together  with  a  crust  of 
bicarbonate  of  soda. 

According  to  Humann,  sesquicarbonate  of  soda 
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cannot  be  prepared  pure  by  crystallization  from  any 
aqueous  solution,  as  it  decomposes  -when  in  solution 
into  the  bicarbonate  and  carbonate  of  soda,  which  crys- 
tallize apart.  When  a  concentrated  solution  of  the 
bicarbonate  is  evaporated  quickly,  so  as  to  avoid  the 
dissipation  of  the  whole  of  the  second  equivalent  of 
carbonic  acid ;  when  the  bicarbonate  and  crystallized 
carbonate  are  mixed  in  single  equivalent  proportions, 
and  the  mixture  is  caused  to  undergo  the  watery 
fusion ;  and,  lastly,  when  the  bicarbonate  of  soda  is 
exposed  to  heat,  the  temperature  not  being  allowed  to 
exceed  482°,  products  are  obtained,  which  consist  for 
the  most  part  of  sesquicarbonate.  If  these  masses  are 
exposed  for  a  few  weeks  to  a  humid  atmosphere,  they 
assume  a  perfectly  crystallized  structure ;  and  their 
cavities  and  fissures  become  lined  with  groups  of  crys- 
tals, which  are  pure  sesquicarbonate  of  soda.  The 
form  of  the  crystal  of  this  salt  is  that  of  the  rbombo- 
hedral  prism,  terminated  by  quadrangular  pyramids.  It 
dissolves  in  water  more  readily  than  the  bicarbonate, 
but  less  easily  than  the  simple  salt,  and  the  solution 
possesses  an  alkaline  reaction.  It  is  unalterable  in  the 
air,  a  remarkable  proof  of  which  is  given  by  Dumas, 
who  asserts  that  the  walls  of  Cassar,  a  fort  in  Africa 
actually  in  ruins,  have  been  constructed  with  natural 
masses  of  this  salt,  originally  obtained  from  some  of  the 
native  lakes  which  abound  in  the  country.  It  was 
formerly  imported  into  this  country,  and  sold  under 
the  name  of  tronse,  and  hence  probably  originated 
the  error  of  the  London  college  in  substituting  the 
sesquicarbonate  for  the  bicarbonate  of  soda. 

Bicarbonate  of  Soda. — This  salt  may  be  obtained 
by  passing  carbonic  acid  through  a  concentrated  solu- 
tion of  the  simple  carbonate ;  but  the  process  is  tedious 
and  attended  with  much  waste  of  gas,  unless  pressure 
be  employed.  Some  manufacturers  economize  car- 
bonic acid,  by  exposing  the  solution  for  a  long  period 
in  shallow  vessels  to  the  atmosphere  of  a  fermenting 
vat.  In  both  cases  bicarbonate  of  soda  separates  after 
some  time  in  minute  grains,  owing  to  its  comparatively 
sparing  solubility;  and  the  mother  liquor,  by  cautious 
concentration  at  a  temperature  not  exceeding  120°, 
yields  a  further  quantity.  In  the  process  of  SchSffer, 
from  three  to  four  parts  of  crystallized  carbonate  are 
intimately  mixed  with  one  part  of  commercial  sesqui- 
carbonate of  ammonia;  the  semifluid  mass  thus  obtained, 
which  evolves  ammonia,  is  allowed  to  stand  twenty-four 
hours,  and  then  exposed  to  the  sun  on  a  clear  surface. 
The  last  trace  of  ammonia  escapes  with  the  water,  and 
bicarbonate  of  soda  remains  as  a  chalky  mass.  As  the 
ammonia  evolved  in  this  method  is  lost,  and  as  it  is 
difficult  to  evolve  in  close  vessels,  Schorz  proposed 
to  mix  fifty  parts  of  dry  carbonate  of  soda  in  fine 
powder  with  fifteen  parts  of  the  crystallized  carbonate 
and  forty-one  parts  of  carbonate  of  ammonia,  and 
to  heat  the  mixture  in  a  distilling  vessel  immersed  in 
water. 

The  first  nine-twelfths  of  the  ammonia  are  readily 
evolved;  the  second  two-twelfths  with  greater  diffi- 
culty; and  the  last  one- twelfth  is  removed  by  exposing 
the  mass  to  the  air.  Manufacturers  on  the  large  scale 
have  generally  abandoned  all  the  liquid  processes  for 
producing  bicarbonate  of  soda,  in  favor  of  the  dry 


way ;  and  this  is  certainly  preferable  both  as  regards 
economy,  convenience,  and  despatch. 

The  process  commonly  followed  is  that  suggested  by 
Schoffer,  and  introduced  into  the  Parisian  codex  of 
1 840.  It  consists  in  packing  fragments  of  crystallized 
carbonate  of  soda  upon  a  series  of  perforated  shelves  in 
a  box,  or  in  large  air-tight  iron  cisterns  without  shelves, 
but  with  an  airhole  at  the  side,  and  a  small  pipe  at  the 
bottom  to  carry  off  the  water  of  crystallization,  which 
separates  during  the  process.  After  the  introduction 
of  the  salt,  carbonic  acid  is  admitted  in  a  stream  regu- 
lated according  to  the  rate  of  its  absorption.  The 
carbonic  acid  may  be  derived  by  the  decomposition  of 
chalk  or  limestone  by  hydrochloric  acid,  or,  with  proper 
precautions,  from  a  charcoal  or  coke  fire,  or  from  a 
liquor  undergoing  the  vinous  fermentation.  The  latter 
method  may  be  advantageously  practised  in  distilleries, 
where  a  great  quantity  of  liquor  is  kept  in  a  fermenting  ' 
state  for  a  considerable  time. 

As  carried  on  in  alkali  works,  the  first  method  is  the 
one  usually  practised;  the  muriatic  acid  obtained  in  the 
production  of  sulphate  of  soda  being  made  to  act  upon 
chalk  or  limestone. 

The  evolution  apparatus  employed  consists  of  a  large 
stone  cistern  laid  in  clay  and  well  bedded.  It  is  pro- 
vided with  a  pipe,  continued  to  within  a  few  inches  of 
the  bottom  of  the  cistern,  and  through  this  the  acid  is 
admitted  from  the  condensers.  The  cistern  being  filled 
with  chalk,  the  acid  is  allowed  to  flow  in,  and,  rising 
through  the  mineral,  it  disengages  carbonic  acid  in  the 
passage ;  and  the  solution  of  chloride  of  calcium  formed 
escapes  through  another  pipe,  similar  to  that  by  which 
the  acid  is.  admitted.  The  escaping  liquors  flow  off 
through  a  third  pipe,  and  the  carbonic  acid  issues 
through  an  opening,  whence  it  is  conducted  to  the 
cisterns  or  boxes  containing  the  crystallized  carbonate 
of  soda.  The  gas  coming  in  contact  with  the  crystals 
is  very  rapidly  absorbed;  and  at  the  same  time  a  liquid, 
charged  with  carbonate  of  soda  or  sesquicarbonate, 
trickles  down  to  the  bottom  of  the  cistern,  owing  to 
the  carbonate  containing  more  water  of  crystallization 
than  is  required  to  constitute  the  bicarbonate.  This 
liquid  is  usually  withdrawn  from  time  to  time,  as  may 
be  necessary.  During  the  absorption  of  the  gas  a  con- 
siderable amount  of  heat  is  evolved;  and  at  the  end  of 
ten  days  or  a  fortnight  the  whole  is  converted  into 
bicarbonate  of  soda,  which  is,  however,  very  damp. 
This  moisture  is  removed  by  heating  the  mass  in  stoves 
fitted  with  wooden  shelving,  by  air  passed  through  hot 
iron  pipes. 

A  great  improvement  on  this  method  in  small  opera- 
tions, and  which  has  also  been  adopted  on  the  large 
scale,  is  the  process  suggested  in  its  details  by  Mohr. 
In  this  method,  the  crystallized  and  anhydrous  car- 
bonates are  mixed  in  such  proportions  as  to  leave  a 
slight  excess  of  water  over  what  is  necessary  for  the 
water  of  crystallization  of  the  whole  salt,  when  it  is 
converted  entirely  into  bicarbonate  ;  and  carbonic  acid 
is  admitted  to  the  bottom  of  the  mixture  by  a  tube 
proceeding  from  a  pneumatic  apparatus  similar  to  a 
gasometer,  so  constructed  that  there  can  never  be  any 
waste  of  gas.  The  absorption  is  completed  every 
twenty-four  hours. 
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Mohr  proposed  to  mix  anhydrous  carbonate  so  as  to 
leave  no  excess  of  water  over  that  required  for  the  water 
of  crystallization  of  the  bicarbonate.  Christison, 
however,  who  carefully  investigated  the  subject,  found 
that  absorption  docs  not  take  place  at  all  with  the 
proportions  proposed  by  Moiik;  that  with  nothing  but 
crystallized  carbonate  the  absorption  is  slow,  and  the 
disengaged  water  contains  carbonate  orsesquicarbonate ; 
but  that  with  such  proportions  of  the  crystallized  and 
anhydrous  carbonates  as  will  leave  a  slight  excess  of 
water,  absorption  is  prompt,  a  slightly  damp  salt  results, 
and  there  is  not  an  appreciable  quantity  present  of  any 
other  carbonate  besides  the  bicarbonate. 

The  rapidity  with  which  effloresced  carbonate  of  soda, 
or  what  is  practically  the  same,  a  mixture  of  crystal- 
lized and  anhydrous  carbonate,  absorbs  carbonic  acid, 
is  stated  by  Artus  to  be  considerably  increased  by 
mixing  with  the  salt  recently  calcined  and  powdered 
charcoal,  made  from  soft  wood,  which  possesses  the 
power  of  condensing  gases  within  its  pores  to  an  extra- 
ordinary extent.  When  it  is  desired  to  obtain  the 
bicarbonate  in  crystals,  advantage  may  be  taken  of  this 
property  of  charcoal.  The  mixture,  which  may  be  made 
in  the  proportion  of  two  parts  of  effloresced  carbonate 
and  one  part  of  charcoal,  is  moistened  and  exposed  to 
the  gas  for  twenty-four  hours,  then  taken  out,  powdered, 
and  moistened,  and  again  exposed  to  the  gas.  These 
operations  having  been  twice  repeated,  the  mass  is 
mixed  with  eight  parts  of  hot  water;  the  solution  is 
filtered  while  hot,  and  left  for  the  bicarbonate  to  crys- 
tallize. Carbonate  of  soda  is  known  to  be  fully 
saturated  with  carbonic  acid  when  it  no  longer  reddens 
turmeric,  or  gives  a  precipitate  with  a  very  dilute  solu- 
tion ot  chloride  of  mercury  or  corrosive  sublimate,  but 
with  a  concentrated  solution  a  white  precipitate,  which 
becomes  red  in  a  few  minutes,  and  afterwards  purple  ; 
with  the  least  admixture  of  simple  carbonate  of  sesqui- 
carbonate  of  soda,  the  precipitate  is  reddish-brown. 

Bicarbonate  of  soda  is  known  only  in  combination 
with  water,  its  formula  being — Na  0,  2  CO2,  HO. 
It  crystallizes  in  oblique  four-sided  tables,  which  have 
a  slightly  alkaline  taste  and  a  very  feeble  alkaline 
reaction  on  vegetal  colors.  As  met  with  in  commerce, 
it  is  usually  in  the  form  of  powder,  or  in  small,  white, 
opaque,  irregular  scales.  At  a  moderate  heat,  it  loses 
half  its  carbonic  acid  and  the  whole  of  its  water,  and 
is  reduced  to  the  state  of  anhydrous  monocarbonate. 
Cold  water  dissolves  about  one-tenth  of  its  weight,  and 
hot  water  considerably  more.  When  the  solution  is 
heated  somewhat  above  120°,  carbonic  acid  begins  to 
be  eliminated;  and,  according  to  Berzelius,  at  212° 
the  salt  becomes  sesquicarbonate. 

Physiological  Effects.  —  Bicarbonate  of  soda  pos- 
sesses diuretic  properties,  but  less  actively  than  the 
corresponding  salt  of  potassa.  It  is  also  an  excellent 
antacid  and  antilithic,  and  is  employed  in  great  quantity 
for  making  effervescing  powders.  A  mixture  of  this 
salt  with  the  tartrate  of  soda  and  potassa,  or  Rochelle 
salt,  with  the  addition  of  tartaric  acid,  constitute  seid- 
litz  powders.  Many  have  thought  that  the  long-con- 
tinued use  of  alkaline  carbonates  in  gravel  and  acidity 
of  the  stomach  entails  injurious  consequences',  and  dis- 
eases of  the  kidneys  as  well  as  organic  disorders  of  the 


stomach  have  been  referred  to  the  practice.  These 
suppositions  are  probably  imaginary,  as  there  can  he 
no  question  that  many  have  employed  alkaline  remedies 
habitually  for  years,  without  apparently  any  deleterious 
effects  being  produced;  the  Editor  can  affirm  this  from 
his  own  experience. 

Hypochlorite  of  Soda — Chloride  of  Soda — 
Chloroxide  of  Sodium. — A  solution  of  this  salt  in 
an  impure  state  constitutes  the  well-known  disinfectant 
liquor  of  Labarraque.  Its  disinfecting  power  was 
discovered  about  the  year  1820.  The  process  for  pre- 
paring this  solution  given  in  the  London  Pharmacopoeia 
is  as  follows : — A  pound  of  crystallized  carbonate  of 
soda  is  dissolved  in  two  parts  of  water,  and  the  chlo- 
rine eliminated  by  heating  a  mixture  of  four  ounces  of 
common  salt,  three  ounces  of  binoxide  of  manganese, 
four  of  sulphuric  acid,  and  three  of  water,  is  conducted 
into  the  solution.  The  changes  that  ensue  are  repre- 
sented in  the  subjoined  formula,  the  result  of  the 
decomposition  being  a  mixture  of  bicarbonate  of  soda, 
hypochlorite  of  soda,  and  chloride  of  sodium  : — 

4{NaO,CO.J       +      2  CI      =       (Na^})  -f- 


Carbonate  of  soda,  Chlorine, 

2  Na  0  2  CO. 


Iticarbonate  of  soda. 


Chloroxide  of  sodium, 

Na  C 

Chloride  of  sodium. 


The  above  is  the  method  followed  in  the  preparation 
of  this  salt  by  Labarraque  ;  Payen  proposed  another, 
which  was  adopted  by  the  French  pharmaceutists.  It 
consists  in  the  decomposition  of  chloroxide  of  calcium, 
or  bleaching  powder,  by  carbonate  of  soda.  The 
proportions  employed  are  one  part  of  bleaching  powder 
and  thirty  of  water,  and  for  the  carbonate  of  soda 
solution  two  parts  of  the  crystallized  carbonate  and 
fifteen  of  water.  In  this  process  hypochlorite  of  soda 
and  chloride  of  sodium  are  formed,  and  remain  in 
solution  whilst  carbonate  of  lime  is  precipitated.  By 
using  the  proportion  of  the  French  Codex,  the  solution 
obtained  is  much  weaker  than  that  prepared  as  directed 
by  the  London  College.  Pure  hypochlorite  of  soda 
can  only  be  obtained  by  neutralizing  a  solution  of 
hypochlorous  acid  with  one  of  soda. 

Labarraque's  disinfecting  compound  may  be  ob- 
tained in  the  solid  state,  according  to  Mayer  and 
Schindler,  by  transmitting  chlorine,  evolved  from  ten 
parts  of  common  salt,  eight  parts  of  binoxide  of  man- 
ganese, and  fourteen  parts  of  sulphuric  acid,  into  nine- 
teen parts  of  dry  powdered  carbonate  of  soda,  moistened 
with  one  part  of  water  only.  The  absorption  of  chlorine 
goes  on  slowly  with  the  disengagement  of  heat. 

Properties. — The  solution  known  as  Labarraque's 
disinfecting  fluid  is  colorless  or  slightly  yellow,  has  an 
odor  of  chlorine  and  an  astringent  taste.  Upon  vegetal 
coloring  matter  it  first  reacts  as  an  alkali,  and  after- 
wards effects  its  destruction.  By  evaporation  needle- 
shaped  crystals  are  obtained,  which  when  redissolved 
in  water  reproduce  the  bleaching  fluid.  Acids  added 
to  the  solution  disengage  chlorine  and  carbonic  acid 
gas,  and  by  exposure  to  the  air  decomposition  is  also 
effected,  and  crystals  of  carbonate  of  soda  are  formed. 

Physiological  Effects— This  salt,  as  well  as  the 
soluble  hypochlorites,  is  supposed  to  exercise  a  specific 
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influence  over  the  nervous  system,  causing  depression 
and  tetanus.  In  small  doses  it  has  been  considered  to 
possess  tonic,  alterative,  and  febrifuge  properties,  and 
has,  consequently,  been  proposed  as  a  .remedy  in  stru- 
mous diseases,  chronic  affections  of  the  liver,  ague,  and 
the  typhoid  form  of  continued  fever.  Its  utility  as  an 
external  remedy  is,  however,  much  better  established 
than  its  alleged  therapeutic  properties  as  an  internal 
agent.  When  considerably  diluted  it  is  an  excellent 
stimulant  for  ill-conditioned  sores  on  the  surface  of  the 
body,  and  especially  for  promoting  cicatrization. — 
Christison, 

According  to  Peeeira  it  is  most  valuable  as  a 
disinfectant  antiseptic,  and  as  an  antidote  in  cases  of 
poisoning  by  the  sulphides  and  by  hydrocyanic  acid ; 
and  he  remarks,  that  in  several  cases  where  he  had 
carefully  compared  it  with  chloroxide  of  calcium  he 
gave  the  decided  preference  to  the  chloroxide  of  sodium. 
Labaeraque  recommends  its  employment  as  an  anti- 
septic, on  the  ground  that  by  the  process  of  disinfection 
it  becomes  chloride  of  sodium,  which  is  not  a  deliques- 
cent salt,  whereas  the  chloride  of  calcium  existing  in 
and  generated  by  bleaching  powder,  attracts  water  from 
the  atmosphere,  and  thereby  furnishes  one  of  the  con- 
ditions necessary  to  the  putrefactive  process.  Hence, 
in  his  opinion,  while  chloride  of  lime  will  serve  equally 
well  for  mere  disinfection,  chloride  of  soda  is  preferable 
when  one  wishes  at  the  same  time  to  prevent  a  renewal 
of  putrefaction. 

Hyposulphite  op  Soda. — There  are  several  modes 
of  procuring  this  salt.  It  is  very  conveniently  prepared 
by  first  forming  a  solution  of  neutral  sulphite  of  soda, 
by  passing  sulphurous  acid  gas  into  a  strong  solution 
of  the  carbonate  of  this  base.  The  sulphite  so  ob- 
tained is  then  digested  with  sulphuric  acid  for  several 
days  at  a  moderate  heat.  In  this  case  sulphurous  acid, 
by  taking  up  sulphur,  becomes  hyposulphurous  acid, 
thus — 

S02        +         S         =  S2  02 

Sulphurous  acid.  Sulphur.  Hypoaulplmrous  aold. 

Or  a  solution  of  soda  may  be  first  saturated  with  sul- 
phur by  boiling,  and  sulphurous  acid  may  then  be 
passed  through  this  menstruum,  when  hyposulphite  of 
soda  is  formed.  In  either  case  the  solution  obtained 
is  rapidly  evaporated  to  a  sirupy  consistence  and  then 
set  to  repose,  when  the  hyposulphite  separates  in  large 
colorless  crystals. 

A  very  convenient  process  for  the  production  of  this 
salt  on  the  small  scale  is  that  recommended  by  Walcii- 
ner.  A  pound  of  pure  crystallized  carbonate  of  soda 
is  dried  as  perfectly  as  possible,  and  then  intimately 
mixed  with  five  ounces  of  pure  sulphur ;  the  mixture 
is  gradually  heated  in  a  glass  or  porcelain  basin  to  the 
melting  point  of  the  sulphur,  and  kept  at  that  tempera- 
ture for  some  time,  stirring  constantly  in  order  to  bring 
every  part  in  contact  with  the  air.  The  sulphide  of 
sodium  formed  at  first  absorbs  oxygen  from  the  air, 
and  is  converted  with  feeble  incandescence  into  hypo- 
sulphite of  soda.  The  mass,  when  cold,  is  dissolved 
in  water  boiled  with  sulphur  for  some  time,  and  the 
filtrate  is  evaporated,  when  very  fine  and  pure  crystals 
separate.    If  the  heat  employed  be  too  strong,  part  of 
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the  sulphur  is  burned  off,  and  carbonate  of  soda  remains 
undecomposecl.  In  this  case  a  second  crystallization  is 
necessary. 

Properties. — Crystallized  hyposulphite  of  soda — 
Na  0,  S2  02,  5  HO— is  an  inodorous  salt  with  a  taste 
first  cooling,  and  afterwards  bitter.  The  crystals  are 
oblique  prisms,  belonging  to  the  right  prismatic  system. 
They  are  deliquescent  in  the  air,  but  in  vacuo  lose 
their  water  of  crystallization.  "When  heated,  the  salt 
at  first  undergoes  the  aqueous  fusion,  and  then  dries  up 
into  a  white  mass ;  the  heat  being  continued,  it  takes 
fire,  burning  vividly  and  with  a  clear  yellow  flame. 
Hyposulphite  of  soda  is  readily  soluble  in  water,  but 
not  in  alcohol.  In  close  vessels  the  aqueous  solu- 
tion deposits  sulphur  till  nothing  but  sulphite  of  soda 
remains  in  the  liquid ;  exposed  to  the  air  it  deposits 
sulphur,  and  the  sulphite  is  converted  into  sulphate 
of  soda. 

Hyposulphite  of  soda,  and  other  soluble  sails  of 
hyposulphurous  acid,  possess  the  remarkable  property 
of  dissolving  all  the  compounds  of  silver,  even  the 
chloride,  and  the  solution  thus  formed  has  a  very  intense 
sweet  taste,  with  a  metallic  after-taste.  This  property 
has  been  made  available  in  the  daguerreotype,  for  the 
purpose  of  dissolving  the  sensitive  coating  of  iodide 
from  the  plate  of  silver  after  exposure  to  light,  and 
thus  fixing  the  image  already  formed.  For  this  purpose 
hyposulphite  of  soda  is  now  prepared  on  a  very  con- 
siderable scale. 

Analysis. — The  compounds  of  sodium  may  he  dis- 
tinguished from  all  other  salts  in  a  most  unmistakable 
manner,  though  the  tests  are  almost  of  a  purely  negative 
character.  In  the  pure  state,  the  mode  of  recognition 
is  as  follows: — When  dissolved  in  water,  no  precipi- 
tate or  other  change  is  produced  by  the  addition  of 
hydrochloric  acid,  sulphide  of  hydrogen,  sulphide  of 
ammonium,  carbonate  of  ammonia,  or  bichloride  of 
platinum ;  but  if  the  solution  be  evaporated  to  dryness, 
or  if  a  little  of  the  original  substance  be  taken  and 
exposed  on  a  platinum  wire  to  the  inner  frame  of  the 
blowpipe,  the  outer  flame  becomes  of  an  intense  yellow 
color,  owing  to  the  reduction  of  the  soda  and  the  subse- 
quent oxidation  of  the  reduced  sodium. 

This  test  is  a  safe,  and  mostly  in  itself  sufficient  proof 
of  the  presence  of  soda,  provided  always  a  fixed  alkali 
alone  be  present  and  in  the  form  of  chlorides ;  the  one 
hundredth  part  of  soda  may  by  this  means  be  detected 
in  presence  of  potassa.  A  precipitant  has  been  pro- 
posed for  soda,  which  is  not,  however,  of  any  great 
value,  and  is  very  rarely  employed ;  this  is  the  anti- 
moniate  of  potassa.  It  produces,  in  neutral  or  alkaline 
solutions  of  salts  of  soda,  a  white  crystalline  precipitate 
of  antimoniate  of  soda,  which  in  concentrated  solutions 
is  formed  immediately,  but  in  dilute  solutions,  only  after 
the  lapse  of  some  time.  Its  formation  is  promoted 
by  vigorous  shaking  of  the  mixture.  This  test  gives 
decisive  results  only  when  applied  with  a  careful  and 
attentive  consideration  of  the  attendant  circumstances. 
The  most  indispensable  condition  of  its  applicability  is, 
that  besides  soda  and  potassa,  no  other  bases  must  be 
present  in  the  solution,  since  the  salts  of  the  heavy 
metallic  oxides,  those  of  the  earths  proper,  and  of  the 
alkaline  earths,  and  finally  those  of  ammonia,  are  also 
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thrown  down  by  antimoniate  of  potassa.  The  solu- 
tions, too,  must  be  neutral  or  alkaline,  since  otherwise 
the  reagent  suffers  decomposition,  and  hydrated  anti- 
monic  acid  or  acid  antimoniate  of  potassa  is  precipitated 
from  it.  Soda  is  usually  estimated  quantitatively  as  sul- 
phate of  soda  or  as  chloride  of  sodium. 

Other  compounds  of  soda  are  converted  into  sulphate 
by  adding  to  their  aqueous  solution  a  quantity  of  sul- 
phuric acid  more  than  sufficient  to  saturate  the  whole 
of  the  soda;  the  solution  is  then  evaporated  to  dryness, 
and  the  excess  of  sulphuric  acid  expelled  by  ignition, 
adding  now  and  then  a  portion  of  carbonate  of  ammonia. 

Every  one  hundred  parts  of  sulphate  of  soda  so 
obtained  represent  43-66  of  soda.  Of  chloride  of 
sodium  obtained  in  a  similar  manner,  one  hundred 
parts  represent  39-34  of  sodium,  or  53-02  of  soda. 
Salts  of  soda  are  also  sometimes  determined  as  car- 
bonate of  soda;  and  for  soda  salts  with  organic  acids 
this  method  is  preferable  to  all  others. 

Caustic  soda  is  converted  into  carbonate  by  adding 
to  its  aqueous  solution  carbonate  of  ammonia  in  excess, 
evaporating  at  a  gentle  heat,  and  igniting  the  residue. 
The  bicarbonate  of  soda  is  converted  into  the  simple 
carbonate  by  ignition ;  and  the  salts  of  soda  with 
organic  acids  are  converted  into  the  carbonate  by 
heating  gradually  in  a  covered  crucible,  the  charcoal 
being  afterwards  removed  by  igniting  the  residue  in  a 
gentle  current  of  air.  Every  one  hundred  parts  of 
carbonate  of  soda  obtained  represent  58-49  of  soda. 

Lastly,  the  determination  of  the  commercial  value  of 


some  soda  compounds,  as  soda  ash,  caustic  soda,  borax, 
et  cetera,  is  effected  by  noticing  the  quantity  of  acid  of 
known  strength  required  to  neutralize  a  given  weight 
of  the  salt.  The  process  recommended  by  Mr.  Fara- 
day is  as  follows  : — Into  a  tube  of  about  three-quarters 
of  an  inch  in  diameter,  and  nine  and  a  half  long,  and 
as  cylindrical  as  possible  throughout  its  whole  length, 
one  thousand  grains  of  water  are  to  be  weighed,  and 
the  space  occupied  marked  on  the  tube  with  a  fine  file ; 
this  space  is  then  divided  from  above  downwards  into 
one  hundred  equal  parts.  At  23-44  or  76-56  parts 
from  the  bottom  an  extra  line  should  be  made,  and 
soda  marked  opposite  to  it;  at  48-96  potassa  should  be 
marked  in  the  same  way;  at  54-63  carbonate  of  soda  ; 
at  65  carbonate  of  potassa.  A  diluted  acid  is  now  to 
be  prepared,  which  shall  have  a  specific  gravity  1-127, 
and  this  is  made  by  mixing  intimately  together  nineteen 
parts  by  weight  of  oil  of  vitriol  and  eighty-one  of  water. 
The  method  to  be  followed  in  the  employment  of  this 
acid  is  as  follows: — The  dilute  acid  is  to  be  measured 
in  the  tube  up  to  the  line  opposite  to  which  the  alkali 
sought  for  is  marked;  if  barilla,  which  contains  car- 
bonate of  soda,  54' G3  measures  are  to  be  taken.  The 
one  hundred  measures  are  then  made  up  by  the  addi- 
tion of  water,  and  is  then  ready  for  use.  But  these 
processes,  which  constitute  a  very  important  branch  of 
commercial  analysis,  have  been  fully  discussed  under 
Alkalimetry  in  connection  with  the  article  Potassa, 
Vol.  II.,  page  729  et  seq.,  to  which  the  reader  is  referred 
for  details. 


STATISTICAL  REPORTS  OF  TltE  ALKALI  TRADE  OP  THE  UNITED  KINGDOM  FOR  THE  TEAR  1852,   DRAWN  UP  BY 
J.  WILLIAMSON,  ESQ.,  JARROW  CHEMICAL  COMPANY,  SOUTH  SHIELDS, 

From  full  returns  by  sixteen  manufacturers,  representing  460/o  of  the  trade. 
From  partial  returns  by  eleven  manufacturers,  representing  35°/0  " 
No  returns  by  sundry  manufacturers,  representing  19°/0  u 

RAW  MATERIAL  CONSUMED,  IN  TONS. 

Glasgow 


Newcastle. 
on-Tyne. 


Sulphur,   7,580 

Pyrites,  . . . :   33,750 

Salt,   57,905 

Coals,   232,020 


Lancashire. 

none 

40,220  ... 

40,152  ... 

136,400  ... 


the  Clyde. 

3,000  , 

9,000  . 

19,120  . 

80,000  . 


and  South 

Midland. 

Totnl. 

of  England. 

none   . . 

940  .. 

..  11,520 

12,000  .. 

.    5,292  .. 

..  100,262 

12,000  .. 

.    8,370  .. 

..  137,547 

36,500  .. 

.  34,500  .. 

.  519,420 

7,000  .. 

.    2,750  .. 

. .  71,493 

3,500  .. 

.    5,250  .. 

. .  61,044 

none   . . 

516  .. 

. .  5,762 

1,850  .. 

.    none    . . 

. .  13,100 

470  .. 

370 

.  6,326 

50,000  .. 

.  36,000  .. 

..  702,000 

11,000  .. 

.    6,200  .. 

. .  129,700 

35,000  .. 

.    8,000  .. 

.  373,300 

QUANTITY  OF  PRODUCE,  IN  TONS. 

Alkali   23,100  ....  26,343  ....  12,000  .. 

Crystal  soda,   42,794  ....  3,500  ....      6,000  . . 

Bicarbonate  of  soda,                         4,046    1,200  ....  none  . . 

Bleaching  powder,                            5,000              1,250              5,000  .. 

Number  of  men  employed,                   3,067               1,519                 900  .  . 

Amount  expended  in  apparatus, . .  £344,000           172,000    100,000  . . 

Amount  annually  expended  m\  £69  500  ....  23,000  ....  20,000  .. 

repairing  the  same,  J  ' 

Tonnage  of  shipping  employed,  . .  189,100....    71,200    70,000.. 

71,193  tons  alkali,  at  £10,  £711,930 

61,044    "  crystal  soda,  at  £5,   305,220 

5,762    "  bicarbonate  of  soda,  at  £15,   86,430 

13,100    "  bleaching  powder,  at  £10,   131,000 

Total  value  of  products,  £1,234,580 

VALUE  OF  MATERIALS  IMPORTED  FROM  OTHER  COUNTRIES. 

11,520  tons  sulphur,  at  £6,   £69,120 

4,800    "  nitrate  of  silver,  at  £15,   72,000 

12,000   *  manganese,  at  £2  10s.,   30,000 

£171,120 

Amount  contributed  by  the  alkali  trade  to  the  annual  income  of  this  country,  £1,063,460. 

This  report  is  the  only  accurate  return  ever  made  of  the  alkali  trade.  The  manufacture  in  Lancashire  has;  however,  greatly 
increased  of  late  years ;  but  if  the  total  amount  given  be  doubled,  the  figures  will  represent  pretty  nearly  the  present 
yield  of  the  manufacture. 
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STARCH. — Amidon,  French;  Sterke,  German; 
Amylum,  Latin. — Starch  exhibits  to  the  naked  eye  the 
appearance  of  a  white  glistening  powder,  which,  under 
a  higher  visual  power,  is  found  to  he  composed  of  a 
number  of  very  minute,  colorless,  and  semitransparent 
grains.  It  is  a  secretion  educed  from  most  plants  and 
seeds,  though  contained  in  some  in  much  greater  pro- 
portion than  in  others ;  and  it  would  appear  that  its 
end  is  to  produce  cellular  structure  under  the  vital 
power  of  the  plant,  as  well  as  to  give  support  to  the 
embryo  seed  till  it  is  able  to  gather  sustenance  from 
extraneous  sources. 

History  and  Sources. — This  substance  has  long 
been  known :  the  ancient  Greeks  called  it  a/j,v\ov, 
from  the  circumstance  of  its  not  being  prepared  by 
grinding  in  mills  like  other  farinaceous  matters.  Pliny 
attributes  to  the  inhabitants  of  the  island^  of  Ohio 
the  discovery  of  the  method  of  extracting  it  from 
wheat  flour.  Very  little  is  said  concerning  it  in  any 
historical  work  down  to  modern  times.  Foseroke 
states  that  starches  of  various  colors  were  imported 
into  England  from  Holland  in  1564 — that  which  was 
yellow  being  esteemed  the  best  for  ruffs  and  other 
articles. 

The  starches  more  commonly  known  as 'products  of 
particular  seeds  or  parts  of  plants,  are  in  a  measure 
restricted  to  a  definite  number  of  organic  productions, 
which  secrete  them  for  the  purposes  already  alluded  to ; 
but  if  by  starch  be  meant  the  analogues  of  this  sub- 
stance, having  the  same  or  a  closely  allied  composition, 
then  it  may  be  said  to  form  a  constituent  of  all  plants  at 
one  stage  or  another  of  their  existence.  The  fact  that 
starch  of  one  form  or  other  enters  at  some  particular 
period  into  the  composition  of  plants,  is  the  more  certain 
from  the  consideration  of  the  variety  of  starches  and 
their  congeners.  Of  these  there  are  three  kinds  known, 
namely,  common  starch— such  as  is  extracted  from  the 
monocotyledonous  and  bicotyledonous  seeds,  and  from 
several  roots,  tubers,  et  cetera — also  lichen  starch,  and 
inulin.  The  first  is  the  primary  link  between  cellulose 
and  dextrin  or  artificial  gum  ;  the  second  is  intermediate 
between  cellulose  and  dextrin ;  and  inulin  is  the  con- 
necting link  between  common  starch  and  sugar.  On 
examining  the  transformations  which  the  seeds  of  many 
plants,  such  as  the  cereals,  the  tubers,  or  leguminous 
plants — seeds  which  are  rich  in  starch — undergo  when 
germinating,  it  is  evident  that  they  effect  the  solution 
of  the  substance  of  the  amylaceous  matter  into  gum, 
or  dextrin,  or  sugar,  whence  the  carbon  necessary  for 
the  increase  of  the  young  germ  is  extracted ;  and  so  like- 
wise the  starch  which  is  abundant  at  one  period  of  the 
growth  of  plants,  but  which  at  a  more  advanced  stage 
disappears,  must  have  passed  through  an  analogous 
modification  necessary  for  the  development  of  another 
secretion.  This  department  of  vegetal  physiology 
is,  however,  not  sufficiently  investigated  to  admit  of 
explaining  with  certainty  the  intermediate  stages  of  the 
secretion  and  decomposition  of  the  starch  granules  in 
plants  ;  but  the  fact  that  starch  appears  at  one  period 
of  the  growth  of  a  plant  or  the  formation  of  a  fruit, 
and  disappears  at  another,  warrants  the  supposition 
that  where  sugar  or  gum  is  discovered,  starch,  orga- 
nized in  the  form  of  granules  or  in  some  other 


stages,  has  probably  preceded  these,  or  will  result  from 
them. 

The  term  starch  may  be  used  here  in  a  generic 
sense  to  designate  the  variety  of  organized  structures 
educed  from  seeds,  roots,  and  stems  of  plants  belonging 
to  different  orders  and  families,  in  consequence  of  such 
educts  offering  marked  analogies  of  properties  and 
composition,  though  differing  in  physical  characters. 
When  it  is  requisite  to  distinguish  the  particular  kinds, 
the  source  is  mentioned  ;  hence  wheat,  potato,  arrow- 
root, sago,  rice,  and  other  starches.  Wheat  starch  is' 
generally  called  amidon,  which  term  is  applied  not 
only  to  the  amylaceous  matter  educed  from  wheat,  but 
likewise  to  the  similar  products  of  the  other  seeds  of 
the  cerealia  in  the  grains  of  the  leguminosa?,  the  cheno- 
podiaceae,  et  cetera.  Potato  starch  has  its  synonym  in 
fecula,  and  this  also  is  the  term  by  which  the  starch 
from  the  carrot,  beet,  yam,  and  the  like,  are  distin- 
guished from  the  foregoing,  as  likewise  arrow-root, 
sago,  and  other  kinds.  Arrow-root  starch  is  found  in 
the  roots  of  many  plants  belonging  to  the  family  of 
Scitaminem  zingiberaceai  and  ewphorbiaceai,  as  the 
maranta  arundinacea,  and  indica,  from  which  it  is 
extracted  in  Jamaica;  and  the  curcuma  angustifolia 
from  which  it  is  prepared  in  the  East  Indies.  Sago 
starch  exists  in  the  pith  of  the  palm  tribe,  especially 
the  Sagus  Rnmphii,  Cicasinermis,  C.  revoluta,  Cor- 
yota  wrens,  Borassus  gomato,  and  several  species  of 
Zamia,  Corypha,  and  Mauritia,  and  can  be  extracted 
from  them.  Besides  these,  there  is  another  variety  jof 
amylaceous  secretion,  which,  differing  from  them  in 
physical  characteristics,  is  still  allied  to  the  preceding 
in  chemical  composition,  and  this  is  known  as  inulin. 
It  is  the  immediate  principle  extracted  from  the  roots  of 
many  plants,  as  the  dahlia,  elecampane,  inule,.helenium, 
colchicum,  dandelion,  chicory,  Iceland  moss,  Carrigeen 
moss,  and  several  of  the  lichen  and  fucus  tribe  of  plants. 
The  latter  is  little  used  in  the  industrial  arts  of  Euro- 
peans, though  employed  in  China  for  the  manufacture 
of  transparent  lamps  and  tablets  similar  to  the  gelatin 
articles  of  the  French. 

Physical  Properties. — Particles  of  starch  viewed 
under  a  high  magnifying  power,  appear  in  well-defined 
grains,  in  most  cases  more  or  less  oval ;  in  others  poly- 
gonal. Notwithstanding  an  evident  analogy  between 
starch  particles,  from  whatever  sources  obtained,  there 
still  remains  such  difference  in  their  shape  and  size  as 
to  enable  any  person  acquainted  with  them  to  identify 
any  particular  species  even  when  mixed  with  others 
from  a  different  source.  Size  is  the  most  important 
criterion,  and  Payen's  researches  in  measuring  the 
relative  magnitude  of  the  starch  granules  from  various 
sources,  constitute  perhaps  the  best  guide  for  the 
student ;  hence  the  following  measurements  and  en- 
gravings of  the  appearance  of  the  various  starches, 
from  his  Chimie  Industrielle,  will  be  found  useful. 
The  details  are  of  forty-one  varieties  : — 

Fig.  523. — Fecula  of  the  Canna  gigantea  measure 
in  length  175  thousandths  of  a  millimetre  —  equal 
seven  thousandths  of  an  inch,  the  millimetre  being 
0'03937  of  an  inch  ;  a,  b,  c,  d,  e,  represent  the  normal 
starch  granules ;  /,  /',  /",  granules  partly  exfoliated 
by  vegetation  which  wastes  them.    The  grains  of  the 
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Columba  ruots — Minispermum  palmatum — measure 
180  thousandths  of  a  millimetre,  and  those  of  the 


Fig.  623. 


Case  1. 


large  ripe  potato — of  Bohan — 185  thousandths  of  a 
millimetre. 

Case  2. — Fecula  of  the  arrowroot  of  commerce — 
Maranta  arundinacea — attains  a  length  of  140  thou- 


Fig.  521. 


Case  2. 


sandths  of  a  millimetre  ;  a,  b,  c,  d,  represent  the  normal 
external  coating  separated  from  the  inclosed  matter  by 
pressure.  Fecula  from  the  bulb  of  the  lily  has  the 
same  dimensions. 


Fig.  525. 


Case  3. 


Case  3. — Bean  starch,  the  maximum  length  of 
■which  is  75  thousandths  of  a  millimetre — three  thou- 


sandths of  an  inch.  At  a  a',  b  b',  c  c',  dd',  the  granules 
are  seen  in  two  positions,  exhibiting  length,  breadth, 
and  depth,  and  also  the  median  canalled  impression. 

Case  4. — Starch  from  the  tubercles  of  the  Oxalis 
crenata,  85  thousandths  to  100  thousandths  of  a  milli- 
metre. Fecula  from  the  largest  EcUnocactus  erinaceus 
imported,  75  thousandths  of  a  millimetre. 

Cases  5  and  6.— Detached  and  agglomerated  grains 
of  the  pith  of  the  Cycas  circinalis— sago— the  length 


Fig.  526. 


Case  i.       .  Case  5.  Case  G. 


of  the  largest  of  which  measures  50  thousandths  of  a 
millimetre. 

Case  7. — Wheat  starch  granules,  a,  a',  a",  in  three 
positions,  the  largest  of  which  are  from  45  to  50  thou- 
sandths of  a  millimetre. 

Case  8. — The  same  starch,  the  orifice  or  hilum  of 


Fig. 527. 


which  is  rendered  visible  by  heating  to  396°,  and 
examining  the  granules  subsequently  in  alcohol  of  0'85 
specific  gravity. 

Case  9. — The  same  starch  viewed  after  the  evapora- 
tion of  the  alcohol,  showing  where  the  residual  water 
has  dissolved  a  portion  of  the  exterior  of  the  globule. 


F.g.  528. 


Case  9.  Case  10. 


Case  10. — The  same  starch  after  the  internal  matter 
has  been  dissolved  by  an  excess  of  water. 

Case  11. — Fecula  of  the  red  sago  of  commerce,  the 
grains  of  which  are  partly  swollen  and  deformed  by  heat. 
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Case  12. — Fecula  of  white  sago,  showing  the  alter- 
ations suffered  in  the  preparation  by  the  effects  of  a  high 
temperature  and  the  presence  of  a  large  quantity  of 
water;  this  variety,  as  also  lentil  starch,  measures  75 

Case  11.  Fig.  629.  Case  12. 


Case  13. 

thousandths  of  a  millimetre ;  kidneyhean  or  haricot 
starch  67  thousandths ;  and  that  of  large  peas  36  thou- 
sandths of  a  millimetre. 

Case  13. — Indian  corn  starch.  Here  ah,  c d,  repre- 
sent the  grains  encased  and  compressed  in  two  con- 
tiguous cells  of  the  horny  part  of  the  perisperm  ;  e,  e,  e 
represent  three  compressed  grains ;  /,  g,  detached 
grains,  25  to  30  thousandths  of  a  millimetre. 

Case  14. — Fecula  of  the  bulb  of  the  hyacinth,  show- 
ing several  double  grains ;  the  greatest  length  is  45 
thousandths  of  a  millimetre. 

Fig.  630. 


Case  15. — The  same,  showing  the  exfoliation  of  the 
granules  in  an  old  shell. 

Case  16. — Fecula  of  beet,  showing  several  double 
grains  and  appearing  conical;  length  40  thousandths  of 
a  millimetre. 

Case  1 7. — Shows  the  same  heated  to  360°  to  develop 
more  plainly  the  hilum  or  aperture. 

Case  18. — The  same  fecula  as  it  appears  at  the 
commencement  of  its  hydration  after  the  evaporation 
of  the  alcohol. 

Case  19. — Fecula  of  the  Orchis  h'folia,  many  granules 
of  which  have  two  apertures  or  hila,  and  double  lateral 
conical  protuberances. 


Case  20. — Fecula  of  the  Orchis  latifolia,  the  grains 
of  which  are  ovoidal,  pear-shaped,  et  cetera,  with  a 


Fig.  531. 
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Case  17.  Case  19. 

double  hilum.  Both  these  kinds  of  starches  measure 
45  thousandths  of  a  millimetre. 

Case  21. — Starch  grains  found  in  the  tubercle  of  the 
potato,  the  growth  of  which  was  arrested.  The  granules 
are  seen  forming  two  or  more  smaller  corpuscles  at  the 
expense  of  the  larger  ones ;  also  the  more  developed 


grains,  several  of  which  are  adhering  two  and  two 
together,  with  a  few  grains  acted  upon  with  a  solution 
of  soda  containing  0'005  of  the  caustic  alkali,  and  swel- 
ling the  matter  in  the  interior  so  as  to  cause  it  to  exude. 

.Case  22. — Fecula  extracted  from  the  stem  of  the 
Cactus  Peruvianus,  showing  the  single,  double,  and 
triple  grains.  It  measures  from  25  to  30  thousandths 
of  a  millimetre. 

Case  23. — Represents  the  starch  of  the  red  sorgho, 
most  of  the  grains  of  which  exhibit  a  polygonal  outline, 


Fig.  633. 
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Case  23. 

Case  24. 

Case  25. 

Case  26. 

and  measure  30  thousandths  of  a  millimetre.  The 
amylaceous  organization  of  the  Cactus  pereskia  grandi- 
flora  are  of  the  same  size,  as  also  that  of  the  Naias 
major. 

Case  24. — Starch  grains  of  the  Aponogctum  dis- 
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tachyum  of  a  truncated  polygonal  form  ;  they  measure 
22  thousandths  of  a  millimetre.  Such  also  is  the 
dimension  of  the  starch  contained  in  the  stem  of  the 
Ginko  bilobi — saliburia  adianthifolia. 

Case  25. — Exhibits  the  same  swollen  by  a  solution 
of  soda. 

Case  2G. — Shows  the  starch  of  the  Cactus  cereus 
grandiflora,  and  which  measures  20  thousandths  of  a 
millimetre. 

Case  27. — Fecula  of  the  Cactus  Braziliensis,  show- 
ing the  double  and  triple  grains  ;  it  measures  18  thou- 
sandths of  a  millimetre. 

Case  28. — Starch  of  the  Panicum  Italicum  in  poly- 
gons ;  measures  1G  thousandths  of  a  millimetre. 

Case  29. — Fecula  of  the  Cactus  flagelliformis,  mea- 
sures 15  thousandths  of  a  millimetre.  The  pollen  of 
the  Globba  nutans  has  the  same  dimension. 

Case  30. — Starch  of  the  Eehinocactus  erinaceus,  mea- 
sures 12  thousandths  of  a  millimetre.  Pollen  of  the 
Rupia  maritima  is  11  thousandths  of  a  millimetre. 

Case  31. — Starch  of  the  Cactus  opuntia  tuna  is  10 


Fig  534. 
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Case  27. 

Case  28. 

Case  29. 

Case  30. 

Case  31. 

thousandths  of  a  millimetre.  The  starch  of  the  Ficus 
indica,  as  also  that  of  the  Cactus  curassavicus.  have  the 
same  dimensions. 

Case  32. — Starch  of  the  Aylanihus  glandulosa  mea- 
sures 7  to  8  thousandths  of  a  millimetre. 


Fig.  535- 
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Case  32.       Case  33.         Case  34.        Case  35.       Case  36. 


Case  33. — Represents  the  starch  grains  of  the  Cactus 
curassavicus. 

Case  34. — Starch  from  the  parsnip,  measuring  7 
thousandths  of  a  millimetre. 

Case  35. — Shows  the  granules  of  the  Ficus  indica. 

Case  3G.—  Shows  the  double  starch  granules  of  the 
Cactus  scrpentinus,  7  thousandths  of  a  millimetre. 

Case  37. — Fecula  of  the  Cactus  monstruosus,  mea- 
suring 6  thousandths  of  a  millimetre. 

Case  38. — Millet  starch — Panicum  miliaccum — 
exhibiting  the  polygonal  form ;  they  measure  9  thou- 


sandths of  a  millimetre.  The  inclosed  grains  are  those 
that  have  been  swollen  with  a  solution  of  soda. 

Fig.  586. 
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Case  37. 

Case  38. 

Case  39. 

Case  40. 

Case  41. 

Case  39. — Starch  of  the  Cactus  mamillaria  discolor 
exhibiting  several  double  grains ;  length  8  thousandths 
of  a  millimetre. 

Case  40. — Starch  grains  of  the  sugar  beet,  exhibiting 
a  globular  form ;  the  largest  measure  4  thousandths  of 
a  millimetre. 

Case  41. — Starch  from  Clienopodium,  quinoa,  of 
rounded  form,  measuring  only  2  thousandths  of  a  milli- 
metre. 

Thus  it  will  be  seen,  that  the  most  general  forms 
of  starch  corpuscles  are  ovoidal,  conical,  and  poly- 
gonal; the  first  and  second  shapes  prevail  when  the 
cellular  structure,  in  which  the  granules  are  inclosed, 
offers  sufficient  space  and  retains  as  much  moisture 
as  to  confer  elasticity  upon  the  coats  and  interior 
substance  of  the  grain  ;  but  sometimes  the  granules  are 
collected  in  large  numbers  in  the  cells  o'f  the  seed  or 
plant,  which  in  turn  are  closely  bedded  in  the  testa  or 
outer  covering;  in  such  cases — as  shown  in  Case  13  in 
preceding  plate — the  compression  causes  the  walls  of 
the  amylaceous  bodies  to  assume  polygonal  forms. 

Schleiden  and  others  describe  the  formation  of 
a  starch  corpuscle  as  commencing  from  a  spheroidal 
granule,  the  nature  of  which  is  assumed  to  be  different 
from  the  matter  subsequently  secreted.  This  matter, 
according  to  Payen,  is  assimilated  through  a  funnel- 
Fig  637. 


Case  1.  Case  2. 

shaped  opening  in  the  granule,  usually,  though  impro- 
perly, called  a  hile  or  hilum.  This  aperture  is  visible 
in  many  varieties,  and  sometimes  grains  are  found 
to  have  two  or  three  of  them,  especially  when  the 
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corpuscles  are  large ;  and  even  when  imperceptible 
under  the  usual  magnifying  powers,  they  may  be 
rendered  visible  by  submitting  the  starch  to  careful 
desiccation,  when  the  internal  matter  contracts,  and 
thus  causes  an  enlarged  opening,  which,  sinking 
into  the  granule,  exhibits  the  rings  or  discs  usually 
observed  in  starch  grains  abutting  against  it,  as  seen 
in  the  annexed  figure,  exhibiting  in  Case  1  the  starch 
granules  with  the  hilum,  and,  in  Case  2,  the  same  after 
desiccation.  These  concentric  rings  or  bands  have  led 
to  much  controversy  as  to  the  true  organization  of  the 
starch  corpuscle.  It  is  generally  supposed  that  it  is 
made  up  of  layers  superimposed  on  one  another,  from 
the  nucleus  to  the  outer  wall,  and  that  the  bauds  con- 
tracting towards  the  hilum  result  from  the  upper  verge 
of  such  layers  cropping  out.  Those  maintaining  this 
view  hold  that  the  matter  in  each  differs  neither  in  its 
nature  nor  composition,  beyond  being  a  little  denser  as 
the  outer  surface  is  approached.  Those  who  maintain 
the  opposite  opinion  assert  that  the  corpuscles  are  true 
cells  filled  with  the  true  amylaceous  matter,  and  that 
the  bands  are  simple  plications  of  the  walls  of  the  cell. 

When  starch  is  moistened  with  alcohol  of  0-85 
specific  gravity,  and  then  slightly  heated,  the  spirit 
evaporates  readily,  and  leaves  a  slight  particle  of  water 


Fig.  639. 


on  each  grain,  which,  at  the  iucreased  temperature,  is 
acted  upon  more  or  less ;  and  if  the  grains  be  placed 
in  an  excess  of  the  liquid  so  as  to  remove  the  entire 
mass,  nothing  but  a  thin  pellicle  remains.  Fig.  538 
exhibits  granules  of  potato  starch  thus  treated;  the 
granules,  a,  b,  c,  show  the  effect  of  the  action  of  the  drop 
of  water  ;  d  shows  the  partial  solution  of  the  substance 
leaving  the  insoluble  portion  ;  and  e,  the  swollen  inso- 
luble pellicle.  According  to  Busk,  the  best  method 
for  exhibiting  the  starch  corpuscle  under  the  micro- 
scope is,  to  saturate  it  with  a  concentrated  solution  of 
chloride  of  zinc  containing  a  little  free  iodine.  No 
change  appears  from  these  agents;  but  as  soon  as 
water  is  added,  the  grains  assume  a  deep-blue  color, 


and  gradually  expand,  developing  at  the  same  time  a 
frill-like  plicated  margin,  which  slowly  opens  out ;  the 
plications  on  the  globule  may  then  be  seen  slowly 
unfolding,  and  may  be  traced  in  many  cases  into  the 
rugse  of  the  frill.  Ultimately  the  granules  swell  up  to 
twenty  or  thirty  times  their  original  bulk,  in  which  state 
they  appear  as  flaccid  sacs,  though  no  extrusion  of 
matter  can  be  observed  during  the  experiment. 

The  Editor  finds  Eeid  argues,  from  the  following 
endosmotic  experiment,  that  the  starch  has  an  exterior 
covering  or  cellular  membrane  coating  the  inner  sub- 
stance, and  that  the  latter  is  not  organized  in  successive 
layers  as  if  a  number  of  sacs  were  arranged  one  within 
the  other.  He  saturated  starch  granules  with  gly- 
cerin, and  placed  them  while  in  this  state  in  contact 
with  water,  when  endosmotic  changes  followed,  the 
less  dense  liquid  being  absorbed.  After  the  absorp- 
tion the  grains  were  found  to  have  burst  in  the 
direction  of  their  axes,  the  rupture  indicating  a  mem- 
brane that  had  been  corrugated  by  release  from  unusual 
tension,  whilst  the  covering  of  the  remaining  portion 
of  the  granule  was  visible  in  distinct  longitudinal 
wrinkles  from  the  hilum  downwards.  He  submits 
that,  were  the  corpuscle  composed  of  superposed 
laminse  only,  the  addition  of  water  in  the  manner  de- 
scribed ought  not  to  rupture  it,  or  if  this  happened,  the 
fracture  would  be  in  the  direction  of  the  laminar  sur- 
faces and  not  at  right  angles  to  them  or  their  supposed 
order,  as  happened  in  his  experiments.  He  further 
holds  that  the  bands  or  lines  observed  in  starch  grains 
are  mere  plications  of  the  outer  membrane,  because 
they  entirely  disappear  on  swelling  the  corpuscles  with 
any  liquid. 

In  direct  opposition  to  this  view  may  be  placed  the 
facts  already  stated  of  the  combined  effect  of  heat  and 
solvents.  Thus,  if  a  little  potato  starch  be  heated  on  a 
metal  plate  to  360°  or  390°,  and  then  examined  after 
treatment  with  a  little  water,  the  several  layers  will  be 
found  swollen,  and  by  adding  an  aqueous  solution  of 
iodine  they  will  be  made  to  appear  with  consider- 
able distinctness.  The  question,  however,  is  not  yet 
thoroughly  answered,  though  the  mass  of  evidence  is 
in  favor  of  the  view  that  an  outer  cuticle  surrounds 
the  inclosed  matter,  from  which,  as  well  by  the  iodine 
reaction  as  by  its  less  solubility,  such  coating  differs  in 
many  of  its  properties. 

In  the  annexed  woodcut — Fig.  539 — a,  a',  a",  c,  d, 
represent  granules  of  starch  heated  to  320°,  392°,  and 
410°,  as  seen  in  alcohol ;  f,f,  the  same  swelled  in  water 
after  being  heated  to  320°,  showing  the  hilum  opening 
inwardly  ;  g,  granules  of  the  same  starch  submitted  to 
the  last-mentioned  temperature  and  afterwards  plunged 
into  alcohol,  which,  on  evaporation,  left  a  little  water 
on  the  external  part  of  the  grain,  and  which  dissolved 
a  portion  of  the  exterior  matter ;  h,  grains  of  starch 
heated  between  392°  and  420°  and  then  put  in  water, 
when  they  swell  to  such  a  degree  as  to  exhibit  the 
different  folds  of  their  matter  in  the  form  of  so  many 
layers.  These  folds  are  more  easily  distinguished  by 
adding  a  little  of  an  aqueous  solution  of  iodine  to  the 
liquid,  in  order  to  give  them  a  violet  tint. 

Before  passing  to  the  consideration  of  the  chemical 
properties  of  starch  it  may  be  well  to  give,  in  addition 
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to  the  descriptive  references  in  the  preceding  drawings, 
a  few  additional  facts  concerning  those  starches  which 
form  articles  of  commerce. 

Fig.  539. 


Wheat  Starch. — The  amylaceous  corpuscles  of 
wheat  differ  somewhat  among  themselves  in  appearance 
and  size  of  grain,  but  generally  they  are  composed  of 

Fig.  540. 


large  and  small  granules,  with  very  few  of  an  inter- 
mediate size.  The  smaller  grains  are  chiefly  round, 
rarely  oval,  and  for  the  most  part  provided  with  the 
dark  central  spot  or  aperture  designated  the  hilum ; 
the  large  granules  are  rounded  and  flattened,  so  as  to 
give  them  a  lenticular  appearance.  In  most  of  the 
grains  neither  the  hilum  nor  the  concentric  rings  can 
be  distinguished  with  a  magnifying  power  under  four 


hundred  and  sixty  linear  diameters.  Viewed  edgeways 
between  glass  plates,  some  of  the  grains  seem  mis- 
shapen, and  present  the  appearance  of  a  longitudinal 
furrow,  occasioned  by  the  partial  folding  or  curling  of 
the  grain  on  itself;  this  has  been  erroneously  described 
by  PereirA  as  the  hilum.  In  Fig.  540  are  repre- 
sented the  structure  and  appearances  of  the  starch 
granules  of  wheat  flour,  as  also  the  characters  of  the 
cellulose,  drawn  with  the  camera  lucida,  and  magnified 
four  hundred  and  twenty  diameters. 

Barley  Starch— Fig.  541— is  somewhat  similar  to 

Fig.  541. 


that  of  wheat,  being  „omposed  of  large  and  small  grains ; 
but  the  latter  are  three  to  four  times  less  than  the 
corresponding  ones  of  wheat  starch.  This  engraving 
represents  the  structure  and  characters  of  barley  starch, 
together  with  the  cellulose.     It  is  drawn  with  the 

Fig.  542. 


camera  lucida,  and  magnified  one  hundred  and 
forty  diameters.  A  considerable  number  of  the  large 
corpuscles  has  distinct  rings  and  the  furrow  already 
referred  to. 

Rye  Starch. — This  variety — Fig.  542  —is  similar 
to  wheat  starch  in  the  form  of  the  granules,  but  tho> 
smaller  grains  appear  to  be  less  than  the  analogous  ones 
in  wheat  starch,  and  the  others  somewhat  larger.  In 
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addition  to  these  differences,  there  is  seen  on  the  flat- 
tened surfaces  of  the  larger  grains  of  rye  starch  a  three 
or  four,  or  even  five-rayed  hilum  or  spot,  which  serves 
at  once  to  distinguish  the  two  varieties.  This  engrav- 
ing represents  the  structure  and  characters  of  the  starch 
granules  of  rye  flour.  It  is  drawn  with  the  camera 
lucida,  and  magnified  four  hundred  and  twenty  dia- 
meters. 

Oat  Starch. — The  corpuscles  of  this  variety — Kg. 
£43 — are  much  smaller,  but  more  homogeneous,  than 
(hose  of  wheat  or  barley ;  and  instead  of  being  circular, 
they  have  a  polygonal  outline,  and  are  devoid  of  visible 
rings  or  hila.  Many  of  the  granules  remain  connected, 
presenting  rounded  or  oval  bodies,  with  a  reticulated 


Fig.  54P. 


surface,  indicative  of  their  structure.  Another  well- 
marked  difference  is,  that  the  granules  of  oat  starch  do 
not  show  the  usual  crosses  when  viewed  with  polar- 
ized light  that  the  other  cereal  starches  exhibit  under  the 


Fig.  544. 


same  circumstances.  This  engraving  represents  the 
structure  and  characters  of  the  starch  corpuscles  of  oat 
flour,  as  also  of  the  cellulose.  It  is  drawn  with  the 
camera  lucida,  and  magnified  four  hundred  and  twenty 
diameters. 

VOL.  11. 


Maize  or  Indian  Corn  Starch. — This — Fig.  544 
— resembles  in  a  great  measure  oat  starch  in  the  poly- 
gonal outline  of  its  granules,  hut  the  corpuscles  are  much 
larger,  and  do  not  aggregate  to  form  compound  bodies, 
as  is  the  case  with  oat  starch.  Under  the  polariscope 
maize  starch  presents  well-defined  crosses,  and,  like 
all  the  other  amylaceous  organization  of  the  cerealia, 
exhibits  the  central  depression  of  the  grains  very  well 
mar-ked.  This  engraving  represents  the  structure  and 
characters  of  the  starch  granules  of  Indian  corn  flour, 
including  the  cellulose,  drawn  with  the  camera  lucida, 
and  magnified  four  hundred  and  twenty  diameters. 

Kice  Starch. — This  variety— Fig.  545— represent- 
ing the  starch  corpuscles  of  rice  flour,  drawn  with  the 
camera  lucida,  and  magnified  four  hundred  and  twenty 
diameters — presents  the  appearance  of  very  small  poly- 
gonal grains,  more  angular,  however,  than  that  of  the 

Fig  515. 


oat  or  maize  ;  it  has  a  well-marked  central  depression  in 
the  grain,  the  edges  of  which  appear  raised.  They 
resemble  the  starch  from  the  oat  grain,  by  their 
aggregating  together  and  forming  in  rounded  masses. 
The  preceding  figures,  representing  the  starches  re- 
ferred to,  are  taken  from  Hassall's  Adulteration  of 
Food. 

Chemical  Properties  of  Starch. — Viewed  che- 
mically, starch  may  be  regarded  as  a  definite  compound 
of  water  and  the  true  principle  of  organic  formation 
bearing  this  name,  or  amylin.  If  the  substance,  after 
extraction  from  the  plant  which  yields  it,  be  allowed  to 
deposit  from  the  water  in  which  it  is  held  in  suspension 
and  then  dried  by  pressing  between  absorbent  media, 
such  as  plaster  of  Paris,  till  no  further  loss  is  sustained, 
it  will  be  found  still  to  retain  forty-five  per  cent,  of  its 
weight  of  moisture.  On  exposing  this  product  to  moist 
air  at  a  temperature  of  68",  the  weight  of  water  will 
ultimately  bo  reduced  to  thirty-five  per  cent.  At  this 
degree  of  desiccation  the  starch  appears  of  snow-white 
brilliancy,  possessing  remarkable  cohesive  properties, 
so  much  so  as  to  allow  its  being  readily  pressed  into 
plates  possessing  a  considerable  degree  of  tenacity,  and 
capable  of  receiving  an  impression  from  hard  bodies 
without,  however,  yielding  any  moisture  to  an  envelope 
\  6  D  -  ,:M 
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of  bibulous  or  other  paper  in  which  such  plates  may  be 
inclosed.  It  is  impossible  to  sift  it  whilst  in  this  state, 
and  when  projected  upon  metal  plates,  heated  to  300°, 
the  particles  agglutinate  into  compact  masses.  This 
property  is  turned  to  account  in  the  manufacture 
of  tapioca,  sago,  and  the  compounds  sold  as  patent 
soluble  starches,  from  ordinary  fecula  or  wheat  starch. 

When  the  starch  which  has  been  desiccated  in'moist 
air  for  several  days,  is  exposed  to  the  circulation  of  a 
dry  atmosphere,  it  parts  with  a  further  quantity  of 
water,  which  reduces  the  per  centage  of  that  ingredient 
to  eighteen,  and  in  this  state  it  possesses  a  very  slight 
adhesive  property,  but  not  to  such  an  extent  as  would 
prevent  it  from  passing  through  the  meshes  of  a  fine 
sieve  ;  neither  does  it  swell  up  or  agglutinate  as  before. 
Thus  dried,  it  constitutes  the  ordinary  commercial 
starch.  Air-dried  fecula  of  this  nature  loses  a  further 
quantity  of  moisture  when  kept  in  a  vacuum  at  a 
temperature  of  G0°,  so  as  to  leave  only  fifteen  per 
cent,  combined ;  and  if  the  heat  be  sustained  at  260° 
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the  moisture  is  reduced  to  a  minimum,  or  eight  and  a 
half  per  cent.  Starch  so  dried  constitutes  a  mono- 
hydrate  of  amylin  or  of  the  true  starch  principle,  from 
which  mere  desiccation  cannot  remove  more  water 
without  altering  or  destroying  the  order  of  combina- 
tion of  the  elements  entering  into  its  composition.  It 
is  only  by  combining  the  matter  of  starch  with  metallic 
bases,  such  as  lead  or  baryta,  that  it  can  be  obtained 
in  a  perfectly  dehydrated  state,  in  which  it  exhibits 
upon  analysis  the  following  composition,  corresponding 
with  the  formula  C12  II9  09  : — 

At.  Weight.  Centosimally, 
12  Eqs.  of  Carbon      =  12  X  6  =  72  ....  47-059 
9      „      Hydrogen  ='   9X1=   9  . . . .  5-883 
9      „     Oxygen    =  9  X  8  =  72  ....  47-058 


153 


100-000 


By  tabulating  the  results  above  referred  to,  the  rela- 
tion between  the  amylaceous  matter  and  the  combined 
water  will  be  more  easily  comprehended : — 


Anhydrous  amylin,   C12*iT 9  Og, 

Starch  dried  at  232°  to  280°  in  vacuo,   C12  H„  09  IIO, 

Starch  dried  at  60°  in  vacuo,  -   C12  H9  09  HO,  2  aq. 

Starch  dried  at  G8°,  in  air  containing  0-6  per  cent.  L  c    H  O  HO  4  an 

of  moisture,  J     12    9    0      »  1* 

Starch  dried  in  air  saturated  with  moisture,   Cv2  H9  09  HO,  10  aq. 

Starch  thoroughly  drained  by  absorbents,   C12  H9  G9  110,  15  aq. 


153 
162 
180 

198 

252 
297 


f  HO 
thoroughly 
dried  stnrch. 

..  0 
..10 


oi  )i!onolmlr;itc 


..  0 

..  100 

,..  90-0 

18-18    81-82 

35-71    G4-39 

45-45    54-55 


When  subjected  to  a  heat  ranging  from  305°  to  410°, 
starch  is  readily  converted  into  dextrin,  but  some  kinds 
are  more  easily  acted  upon  in  this  way  than  others.  If 
a  certain  amount  of  water  be  contained  in  the  starch, 
the  heat  necessary  for  its  transformation  is  not  so  great. 
Thus,  when  starch  dried  in  a  vacuum  at  2G0°  is  sub- 
jected to  a  temperature  of  320°  in  an  oil  bath,  it  does 
not  suffer  much  change,  and  retains  its  property  of 
insolubility  in  cold  water ;  but  when  the  temperature  is 
raised  to  395°,  and  sustained  at  this  degree  for  half  an 
hour,  the  starch  becomes  altered  to  an  amber  color, 
without,  however,  giving  out  much  water,  and  the  chief 
part  is  dissolved  by  cold  water.  It  is  different  with 
fecula  containing  four  equivalents  of  water,  which,  if 
suddenly  brought  to  320°  to  prevent  the  evaporation 
of  the  moisture,  passes  at  this  degree  into  dextrin,  so 
that  the  effect  is  in  all  things  nearly  the  same  as  if  the 
substance  were  quickly  heated  in  the  air  to  395°  or 
410°.  According  to  Jacquelin,  the  changes  that 
follow  an  increase  of  temperature  applied  to  starch 
merely  air-dried  are  these : — From  212°  to  284°  the 
hilum  is  more  and  more  developed,  appearing  in  the 
end  like  a  largo  rent  or  tear  ;  at  320°  the  granules  lose 
their  ordinary  form  ;  at  338°  the  inclosed  starchy  mat- 
ter becomes  soft  and  slightly  colored  ;  at  35G°  it  turns 
black,  and  is  soluble  ;  and  at  372°  to  395°  the  walls  of 
the  grains  burst  asunder. 

Such  are  the  changes  which  heat  alone  effects  upon 
starch  ;  they  are  somewhat  different  from  those  that 
are  produced  by  other  agents. 

Potato  starch  or  fecula  suspended  in  twelve  to  fifteen 
times  its  weight  of  water  suffers  no  change,  not  even 
when  tho  temperature  is  raised  to  131°,  with  the 
exception  of  a  slight  increase  of  the  younger  or  more 


tender  grains;  at  135°,  however,  the  corpuscles  per- 
ceptibly swell,  and  continue  to  do  so  as  the  heat 
advances ;  at  102°  the  increase  of  the  granules  becomes 
more  evident,  and  the  liquid  assumes  more  or  less 
consistency,  which  goes  on  increasing  up  to  212°,  when 
it  forms  a  paste  of  greater  or  less  thickness.  If  the 
proportion  of  the  fecula  and  water  be  as  one  to  a 
hundred  and  the  mixture  be  boiled,  the  white  color  of 
the  corpuscles  disappears  and  the  whole  presents  a 
perfect  solution,  so  much  so  as  to  traverse  a  compact 
filter ;  yet  a  finer  filtering  medium  can  separate  the 
starch  so  as  to  make  it  appear  that,  instead  of  being 
dissolved  in  the  liquid,  the  corpuscles  were  only  largely 
distended  and  diaphanous.  Payen,  by  immersing  the 
bulb  of  a  hyacinth  in  such  a  filtered  solution,  succeeded 
in  separating  the  apparently  dissolved  starch  ;  for  there 
appeared,  as  the  rootlets  absorbed  the  water,  particles  of 
starch  adhering  to  them,  which  were  turned  blue  by 
iodine,  whilst  a  section  of  the  roots  of  the  bulb  gave  no 
indication  with  this  test  of  the  presence  of  amylaceous 
matter.  Hence  it  is  evident  that  the  fine  capillaries  of 
the  plant,  being  too  small  to  permit  the  passage  of 
the  particles  of  starch,  caused  their  accumulation  on  the 
surface — a  circumstance  which,  it  may  be  supposed, 
would  not  occur  if  the  starch  were  perfectly  dissolved. 
Not  only  is  the  starch  separable  from  its  apparent 
solution  by  the  means  just  mentioned,  but  it  is  precipi- 
tated by  cold  even  when  the  quantity  of  water  is 
more  than  double  that  mentioned  in  the  last  experi- 
ment. By  submitting  starch  paste  made  with  fifteen 
parts  of  water  and  one  of  starch  at  212°,  to  cold  suf- 
ficient to  freeze  it,  and  then  allowing  it  to  thaw,  a 
contraction  of  the  paste  takes  place,  and  it  parts  with  a 
portion  of  its  water.    By  repeating  the  operation,  the 
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starch,  which  was  apparently  soluble  in  water  whilst  in 
the  form  of  paste,  becomes  quite  insoluble,  and  precipi- 
tates from  the  liquid  in  flakes.  Advantage  is  taken  of 
this  property  to  obtain  a  felt-like  substance  suitable  for 
certain  kinds  of  cartridges,  and  for  other  purposes  to 
which  paper  is  inapplicable.  The  paste,  after  being 
cooled  below  zero,  is  then  heated  slightly  above  the 
freezing  point  and  submitted  to  pressure,  when  most 
of  the  water  is  expelled  and  a  dense  felt-like  matter 
remains,  applicable  for  the  above  uses.  Even  when 
the  quantity  of  water  in  which  the  starch  is  boiled  is 
two  or  three  hundred  times  greater  than  the  weight  of 
the  starch,  it  is  found  that  by  repeatedly  freezing  and 
liquifying,  the  menstruum  and  the  starch  separate  in 
flakes.  From  all  these  circumstances  it  appears  doubt- 
ful whether  starch  is  entirely  soluble  in  hot  water. 

Solutions  of  the  fixed  alkalies  have  the  effect  of 
swelling  the  corpuscles  of  starch,  and  causing  it  to  form 
a  paste  even  without  the  aid  of  heat.  Mixed  with  an 
alkaline  solution  containing  from  one  and  a  half  to  two 
per  cent,  of  alkali,  the  starch  granules  appear  to  swell, 
when  viewed  under  the  microscope,  to  the  extent  of 
seventy-five  times  their  original  bulk.  By  previously 
drying  the  starch  in  vacuo  till  it  becomes  a  monohy- 
drate,  the  absorbent  qualities  seem  to  be  considerably 
increased,  for  when  such  fecula  is  treated  with  a  liquid 
containing  only  one  per  cent,  of  alkali  or  less,  the 
enlargement  is  so  great  as  to  rupture  the  cell  walls  of 
the  grains,  and  cause  the  starchy  substance  or  amjdin 
to  protrude  and  become  diffused  in  the  liquid. 

When  the  quantity  of  alkaline  water  is  not  in  too 
great  abundance,  it  converts  the  starch  into  a  semi- 
transparent  paste,  in  the  same  manner  as  water.  It 
would  appear  that  a  salt  of  the  alkali  is  produced  in 
this  operation,  in  which  the  starch  forms  the  radical, 
and  from  which  the  insoluble  amylates  of  the  alkaline 
earths  or  metallic  bases  may  be  obtained  by  simple 
double  decomposition,  upon  the  addition  of  a  neutral 
soluble  salt  of  those  bases.  The  decompositions  in 
these  cases  are  so  complete  that,  when  an  equivalent 
of  the  precipitant  is  employed,  the  filtrate  from  the 
precipitate  does  not,  upon  the  addition  of  iodine,  give 
the  slightest  indication  of  the  presence  of  starch ;  the 
iodine  will  not  give  the  usual  reaction  of  starch  with 
the  precipitates  till  after  their  decomposition  with  a 
weak  acid,  such  as  acetic. 

From  the  analysis  of  the  amylates  of  lime,  baryta, 
lead,  and  silver,  the  composition  of  the  true  matter  of 
starch,  as  previously  stated,  has  been  deduced. 

Sulphuric,  hydrochloric,  and  nitric  acids  in  a  diluted 
state  have  also  the  power  of  swelling  starch  and  conver- 
ting it  into  a  paste.  When  sulphuric  acid  is  employed, 
the  proportion  of  acid  in  the  liquid  should  form  at  least 
three'  per  cent,  of  strong  acid.  If,  in  addition  to  the 
effect  of  dilute  acids,  the  temperature  of  the  solution 
in  which  the  starch  is  held  be  raised  to  212°,  several 
changes  follow,  the  first  of  which  is  the  production  of 
dextrin,  a  substance  isomeric  in  composition  to  the 
true  amylaceous  matter  that  is  soluble  in  cold  water, 
and  in  its  properties  analogous  to  gum ;  the  next 
change  appears  to  be  the  formation  of  glucose  or 
grape  sugar,  a  body  which  differs  from  starch  merely 
by  two  equivalents  of  water,  or  rather  of  oxygen  and 


hydrogen ;  for  these  elements  are  assimilated  so  that 
they  constitute  an  integral  part  of  the  new  compound. 
Its  formula  is  C12,  H12,  012,  but  as  it  crystallizes  from 
the  liquid  it  takes  two  equivalents  of  water  of  hydra- 
tion, in  which  state  it  may  be  represented  as  C12  Hla 
012,  2  HO  or  C12  Hu  0J4.  These  changes  take  place 
to  a  large  extent  with  starch  paste  made  simply  with 
water  by  the  aid  of  heat,  by  mere  exposure  to  the  air. 
Thus  one  hundred  parts  of  wheat  starch  made  into  a 
paste  with  twelve  hundred  of  water,  and  the  mixture 
exposed  during  thirty-eight  days,  was  found  by  Saus- 
SURE  to  yield — 


Sugar,   47 

Dextrin,   23 

Starch  granules,. . .    8 

Starch,   4 

altered,   10 


92 

The  difference  in  this  instance  must  be  attributed  to 
the  change  in  the  composition  of  the  substance.  This 
was  .shown  by  taking  the  same  weight  of  starch,  treating 
it  as  above,  and  allowing  the  same  period  of  exposure  ; 
it  was  then  analysed,  and  the  results  showed  a  loss  of 
one  fifth,  thus  : — 


Sugar,   50 

Dextrin,   10 

Starch  granules,   5 

Starch,   4 

,,     altered,   t> 

Carbonaceous  matter,   0*3 


78-3 

A  disengagement  of  carbonic  acid  accompanies  this 
decomposition  when  it  takes  place  in  the  air ;  if  on 
the  contrary,  the  reaction  take  place  in  close  vessels, 
bubbles  of  hydrogen  are  evolved  from  the  mixture. 
In  these  cases  it  is  probable  that  the  small  proportion 
of  gluten  in  the  starch,  generating  diastase  by  decom- 
position, renders  the  change  more  active ;  for  it  is  well 
known  that  diastase  will  convert  starch  into  dextrin  and 
sugar,  to  the  extent  of  two  thousand  times  its  weight. 

The  starch  granules  mentioned  in  the  preceding 
analysis  are  such  as  settle  down  from  a  solution  of 
starch  in  water  at  300°  when  the  liquid  is  left  to  cool ; 
these  granules  are  dissolved  in  water  at  160°,  or  better 
when  the  heat  is  so  high  as  212°,  and  the  liquid  affords 
the  ordinary  reaction  with  iodine.  It  appears  from  the 
experiments  of  Jacquelin  that  they  are  permanent, 
and  may  be  reproduced  from  their  solution  in  boiling 
water  by  simple  evaporation  in  their  original  form  ;  they 
are  insoluble  in  cold  water,  as  may  be  proved  by  iodine, 
but  when  rubbed  in  a  mortar  and  then  diluted  with 
water  it  is  probable  that  some  of  the  grains  are  fractured, 
for  on  testing  the  liquid  it  manifests  the  presence  of 
starch.  The  best  method  for  obtaining  this  permanent 
form  of  starch  is  to  digest  a  mixture  of  one  part  of 
fecula  and  five  of  water  in  a  Papin's  digester  at  300° 
for  two  hours,  and  afterwards  to  allow  the  mixture  to 
cool.  Should  the  heat  rise  to  320°  the  fecula  would  be 
converted  chiefly  into  dextrin,  with  a  little  sugar  giving 
a  violet  color  with  iodine ;  on  the  other  hand,  if  the 
heat  approaches  355°  the  sugar  predominates  and  very 
little  dextrin  is  found,  so  that  iodine  has  no  effect 
upon  it. 
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It  has  been  already  mentioned  that  dilute  nitric  aeid 
converts  starch,  equally  with  dilute  sulphuric  acid, 
into  dextrin  and  sugar,  after  swelling  the  granules  and 
transforming  them  into  a  pasty  mass,  when  the  water 
is  not  in  excess.  The  result  of  the  action  is  very 
different  when  strong  nitric  acid  is  employed.  Bea- 
connot  found  that  fuming  nitric  acid,  specific  gravity 
1-5,  when  poured  upon  starch  or  fecula,  dissolves  it,  and 
on  the  addition  of  a  large  quantity  of  water  a  substance 
was  precipitated,  which,  when  freed  from  excess  of  acid 
by  washing  and  dried,  proved  to  be  highly  inflammable 
and  soluble  in  ether ;  this  is  the  xyloidin  or  nitramidin 
of  Pelotjze,  who  found  it  to  be  composed  of  one  equiva- 
lent of  starch  with  one  of  nitric  acid.  With  the  same 
acid,  and  the  application  of  heat,  starch  is  converted 
into  a  number  of  indefinite  substances,  which  ultimately 
resolve  themselves  into  oxalic  acid.  This  operation, 
with  slight  modifications,  is  followed  in  the  manufacture 
of  the  latter  article  as  will  be  seen  by  referring  to  page 
637  of  this  volume. 

Hydrochloric  acid  causes  the  alterations  of  starch 
already  mentioned  into  dextrin  and  glucose,  first  form- 
ing a  jelly,  or  dissolving  the  substance  according  as  the 
quantity  of  water  present  is  greater  or  less.  Its  action 
is  far  less  energeric,  however,  than  chlorine.  The 
latter  element  has  invariably  a  decomposing  action 
upon  starch,  which  results  in  the  production  of  water 
and  carbonic  aeid.  These  changes  take  place  even 
when  a  solution  of  hypochlorite  of  lime — -bleaching 
powder — is  put  in  contact  with  starch  in  the  cold,  but 
the  decomposition  is  gradual.  With  an  excess  of  the 
reagent  the  transformation  is  more  rapid.  Oxalic, 
tartaric,  and  other  acids  have  the  power  of  swelling 
the  starch  grains,  and  ultimately  converting  them 
into  dextrin  or  glucose.  Acetic  acid  is  devoid  of 
this  power,  and  therefore  the  fecula  remains  quite 
unaffected  by  it.  The  same  inertness  is  exhibited 
by  ammonia  towards  this  body,  and  hence  the 
following  method  by  Payen,  for  the  valuation  of 
vinegar  and  ammoniacal  salts  : — He  adds  about  a  five- 
hundredth  part  of  the  sample  of  ammoniacal  salt  to  he 
tested,  of  starch  to  the  solution  in  which  the  former 
is  contained,  and  then  drops  in  a  standard  liquid  of 
caustic-soda  till  the  menstruum  indicates  the  swelling 
of  the  granules  and  the  formation  of  a  paste.  Previ- 
ous to  this  result,  the  soda  displaces  the  ammonia  by 
combining  with  its  acid ,  but  after  the  whole  of  the 
ammoniacal  salt  is  decomposed,  the  soda  that  is  added 
in  excess  reacts  upon  the  starch,  and  converts  it  into 
a  paste.  Vinegars  unadulterated  with  mineral  acids 
have  no  action  upon  starch,  so  that  when  a  mixture 
of  the  two  is  boiled,  the  peculiar  reaction  of  starch 
and  iodine  is  exhibited  unchanged ;  but  if  the  acid  be 
adulterated  with  sulphuric  or  any  other  mineral  acid, 
the  change  of  the  fecula  to  dextrin  and  glucose  will  be 
proportionate  to  their  quantity,  and  this  alteration  will 
be  exhibited  by  the  iodine  reaction.  The  tests,  how- 
ever, considered  analytically,  are  of  little  value. 

The  most  remarkable  property  of  starch  is  the  com- 
bination it  forms  with  iodine,  and  which  is  charac- 
terized by  the  well  known  blue  color  of  the  compound. 

This  reaction,  besides  being  the  most  sensitive  test 
yet  discovered  for  the  mutual  detection  of  starch  and 


iodine,  has  many  other  important  applications  with  refer- 
ence to  the  changes  which  the  fecula  undergoes  under 
the  influence  of  other  agents.  When  a  weak  solution 
of  iodine  is  added  to  starch  the  blue  coloration  takes 
place,  but  it  is  so  superficial  that  the  granules  appear 
transparent  when  observed  under  the  microscope.  If 
the  quantity  of  iodine  added  be  greater,  the  coloration 
becomes  more  intense,  and  to  such  a  degree  as  to 
cause  the  corpuscles  to  appear  black ;  this  blackness 
and  opacity  take  place  when  only  one  two-thousandth 
of  a  millimetre  in  thickness.  As  the  combination 
proceeds  through  the  entire  mass  of  the  granule,  the 
whole  appears  of  a  beautiful  blue.  Between  this  charac- 
teristic blue  shade,  every  gradation  of  tint  is  observed 
till  a  reddish  or  orange  color  manifests  itself,  according 
as  the  starch  is  disaggregated  and  changed  into  dextrin 
and  sugar  under  the  influence  of  a  hot  solution  acidi- 
fied by  sulphuric  acid,  or  any  other  body  capable  of 
producing  the  like  effect.  Thus,  a  solution  of  starch 
in  boiling  water,  when  iodine  is  added  immediately, 
forms  a  fine  blue  precipitate ;  and  then  by  pouring 
in  some  sulphuric  acid,  and  maintaining  the  heat,  it 
gradually  changes  to  various  shades  of  violet,  after- 
wards to  wine-red,  then  to  a  crimson-red,  and  finally 
to  an  orange-hue.  Some  of  these  shades  are  produced 
when  iodine  is  added  to  starch  in  its  progressive  stages 
of  development.  Young  or  imperfectly  formed  starch 
granules,  in  which  the  matter  is  not  properly  aggre- 
gated, produce  with  iodine  a  reddish-fawn  color ;  and 
as  the  particles  become  more  united  and  compact  the 
tint  changes  through  the  several  stages  of  violet,  in 
which  the  blue  predominates,  till  ultimately,  as  the 
granules  are  fully  formed,  the  tint  resembles  that  of 
indigo. 

There  are  many  evidences  that  the  result  of  this 
action  is  a  true  combination  of  the  starch  and  iodine. 
If  the  compound  be  kept  at  60°  in  vacuo,  it  retains  nearly 
as  much  water  as  the  starch  itself  under  the  same 
treatment.  When  the  compound  is  partially  desic- 
cated in  the  vacuum,  and  the  heat  is  afterwards  raised 
to  about  425°  to  430°,  a  portion  of  the  iodine  is  expelled, 
but  on  cooling  the  substance  again  by  contact  with  the 
air,  the  shade  of  color  still  remains  very  deep.  On 
adding  a  little  water  to  the  compound,  and  repeating 
the  experiment  under  the  same  circumstances,  a  further 
amount  of  the  iodine  is  displaced  though  the  color  is 
not  eliminated.  Treated  with  water  at  this  stage  of 
the  experiment,  only  about  two  per  cent,  of  the  starch 
is  dissolved,  and  this  soluble  portion  even  strikes  a 
violet  color  upon  the  addition  of  a  little  iodine.  Upon 
examination,  many  of  the  granules  of  the  insoluble  por- 
tion are  so  highly  tinted  as  to  appear  black,  and  these 
resist  the  action  both  of  the  alkalies  and  concentrated 
sulphuric  acid  in  the  cold,  thus  showing  that  a  very 
strong  combination  has  taken  place. 

Starch  dried  at  212°  to  206°  in  a  vacuum,  and  sus- 
pended in  absolute  alcohol,  does  not  unite  with  iodine 
dissolved  in  the  same  menstruum ;  but  if  a  little 
water  be  added,  a  violet  coloration,  which  deepens  in 
shade  by  standing,  is  immediately  produced.  From 
this  behavior  it  might  be  anticipated  that  alcohol  would 
abstract  iodine  from  the  amylaceous  compound.  This 
is  to  a  great  extent  the  fact,  for  on  agitating  the  blue 
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compound  with  about  twenty  times  its  weight  of  abso- 
lute alcohol,  and  decanting  the  liquid  after  the  matter 
subsides,  a  portion  of  the  previously  combined  iodine 
will  be  removed ;  and  by  a  repetition  of  the  process, 
fresh  quantities  will  be  taken  up,  though  less  each 
time,  till  as  much  as  four-fifths  of  the  combined  iodine 
is  separated.  When  the  solvent  is  employed  at  the 
boiling  temperature,  the  decoloration  is  much  more 
rapid ;  and  if  a  portion  of  the  substance  be  viewed 
under  the  microscope  whilst  the  reaction  is  taking  place, 
it  will  be  noticed  that  the  least  aggregated  of  the  cor- 
puscles, or  in  other  words,  the  younger  ones  yield  their 
iodine  first,  and  turn  to  a  violet  and  red  color.  The 
granules  of  starch  do  not  lose  their  distinctive  char- 
acter by  combining  with  iodine,  for  if  the  blue  iodide, 
dried  thoroughly  at  212°  in  a  vacuum,  be  examined 
under  the  microscope  in  the  presence  of  absolute 
alcohol,  the  corpuscles  will,  as  they  become  decolored, 
appear  intact.  If,  however,  a  few  drops  of  water  be 
added  to  the  alcohol  employed  whilst  the  substance  is 
under  examination,  or  after  it  has  been  dried,  several 
of  the  grains  appear  as  if  burst ;  the  inclosed  matter 
being  disseminated  in  the  liquid  and  colored  reddish- 
violet,  the  coats  of  more  aggregated  matter  acquiring 
by  the  hydration  a  shade  approaching  to  a  blue. 

The  blue  iodide  of  starch  is  decomposed  by  several 
agents.  Exposed  to  the  light  of  the  sun,  it  gradually 
loses  its  blue  color  in  the  presence  of  water ;  the  effect 
is  more  rapid  when  the  menstruum  is  raised  to  a  tem- 
perature of  between  86°  and  105°.  In  either  case  the 
changes  result  from  the  decomposition  of  water,  the 
hydrogen  of  which  enters  into  combination  with  the 
iodine  to  produce  hydriodic  acid,  the  oxygen  forming 
iodic  acid  with  another  portion,  so  that  the  mixture 
becomes  colorless.  "When  starch  is  freshly  treated 
with  iodine,  the  alkalies  readily  decolorize  the  com- 
pound, owing  to  an  iodide  and  iodate  of  the  alkali  being 
produced,  leaving  the  starch  almost  intact  in  the  solu- 
tion. It  is  a  very  curious  characteristic  of  the  iodide 
of  starch  that,  by  a  change  of  temperature  alone,  the 
blue  color  may  be  made  to  disappear  and  return  several 
times  in  succession.  If  an  excess  of  iodine  be  poured 
into  the  solution  of  starch  the  blue  iodide  will  be 
retained  for  some  time,  even  at  212°;  but  when  the 
excess  of  this  element  is  volatilized  by  the  heat,  the 
compound  fades,  and  even  a  heat  not  exceeding  160° 
will  be  found  capable  of  reducing  the  color  of  the  mass 
completely.  On  allowing  the  vessel  to  cool,  however, 
the  blue  tint,  strangely  enough,  reappears,  and  this 
alternation  of  color  can  be  repeated  by  heating  the 
.solution,  and  allowing  it  to  cool  again.  By  degrees,  the 
tint  weakens  each  time  the  solution  is  cooled,  owing 
doubtless  to  the  loss  of  iodine  sustained  either  by 
expulsion  in  the  form  of  vapor,  or  by  conversion  into 
hydriodic  acid.  The  blue  tint  is  retained  with  much 
greater  tenacity  when  the  amount  of  starch  present  is 
greatly  in  excess  of  the  iodine. 

Iodide  of  starch  precipitates  very  readily  from  its 
solutions  however  dilute ;  but  the  coagulation  of  the 
matter  takes  place  much  more  readily  in  presence  of 
the  neutral  salts  of  the  alkalies  and  alkaline  earths, 
and  of  dilute  acids,  and  even  by  a  reduction  of  tempera- 
ture.   In  all  of  these  conditions  the  separation  is  to 


be  attributed  to  a  very  marked  contraction  which 
the  iodine  by  its  union  causes  in  the  corpuscles  of 
starch. 

It  has  been  stated  that  water  at  a  high  tempera- 
ture, acid,  and  alkaline  solution  have  the  power  of 
swelling  the  granules  of  starch  to  such  an  extent  as  to 
render  them  apparently  soluble  when  the  volume  of 
water  is  very  large,  or  to  produce  a  semitransparent 
jelly,  when  its  quantity  does  not  exceed  a  certain  limit. 
In  the  latter  case  the  increase  in  the  granules  is  greater 
than  the  volume  of  the  liquid  in  which  they  are  held  ; 
and,  consequently,  instead  of  moving  freely  as  in  a 
solution,  the  swollen  grains  are  compressed  and  ramify 
into  one  another  till  the  whole  becomes  as  it  were 
soldered — at  which  stage  the  mass  appears  a  jelly. 
When  iodine  is  added  to  such  a  mass  a  reverse  change 
succeeds ;  and  the  contraction  of  the  grains  enables 
the  compound  to  precipitate  readily,  so  that,  in  a 
short  time,  the  blue  iodide  will  be  retained  on  a 
filter  from  the  liquid  portion.  In  a  very  dilute  solu- 
tion of  starch  the  precipitation  of  the  iodide  is  not  so 
rapid  as  in  menstrua  of  greater  density.  Congela- 
tion, in  such  cases,  causes  the  blue  compound  to  form 
in  flocculi  in  the  liquid  ;  and  in  time  they  settle  to  the 
bottom,  leaving  the  rest  of  the  liquid  colorless.  Cold 
has  an  analogous  effect  upon  fecula  which  has  been 
distributed  in  a  large  quantity  of  water,  and  subjected 
to  a  temperature  of  212° ;  for,  by  repeated  freezings  and 
solutions  of  the  frozen  mass,  by  successive  applications 
of  cold  and  heat,  the  starch  grains  which  before  had 
seemed  as  if  dissolved,  owing  to  their  great  extension, 
now  appear  in  flocks  in  the  liquid,  and  can  be  sepa- 
rated from  the  latter  by  simple  filtration.  In  both 
cases  a  considerable  amount  of  contraction  takes  place, 
to  which  the  separation  of  the  starch,  in  one  instance, 
and  of  its  iodide  in  the  other,  is  to  be  attributed.  One 
equivalent  of  iodine  can  fully  saturate  seven  of  starch 
in  producing  the  blue  iodide  ;  the  ratio  of  combination 
between  them  is  therefore  as  seven  to  ninety-two  by 
weight,  and  by  volume  as  one  to  twelve. 

Tannic  acid  seems  to  form  combinations  with  solu- 
tions of  starch,  giving  a  greyish-white  flaky  precipitate, 
which  becomes  transparent  in  the  heat,  but  reappears 
in  the  usual  form  as  the  liquid  cools.  This  acid  decolors 
the  blue  iodide  of  starch,  and  when  present  in  suffi- 
cient quantity  it  prevents  the  entire  decomposition  of 
fecula  by  means  of  diastase.  The  reaction  contributes 
in  part  to  the  formation  of  artificial  leather  on  Claus- 
sen's  principle,  as  already  detailed  in  this  work. 

Amount  of  Starch  contained  in  different  substances. 
— The  quantity  of  starch  in  different  grains  and  bulbous 
roots  yielding  this  substance,  varies  considerably,  both 
in  the  per  centage,  amount,  and  gross  total  yield  per 
acre ;  and  these  two  circumstances  must  be  taken  into 
consideration  by  the  manufacturer  in  selecting  one  in 
preference  to  another  of  the  many  sources  whence  the 
starch  is  extracted.  Thus  while  the  potato  affords  cen- 
tesimally  only  from  fifteen  to  sixteen  parts  of  starch, 
wheat  affords  as  much  as  sixty  per  cent. ;  still  the 
total  amount  per  acre  is  in  favor  of  the  potato  in  the 
ratio  of  2400  to  996;  the  produce  being  estimated  at 
six  tons  in  the  first  instance,  and  sixteen  hundred- 
weight in  the  latter. 
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Different  varieties  of  the  same  species  of  grain  like- 
wise exhibit  a  marked  difference  in  the  amount  of 
starch,  as  appears  from  the  following  table  : — 

AMOUNT  OF  STAKCU  IN  DIFFERENT  KINDS  OF  WHEAT  DRIED 
AT  212°. 

Per  cent. 

Talavera  wheat  from  Hokenheim,   56-25 

Whittington      "  "    52-45 

Sandomierz        "  "    53*37 

Wheat  from  Giessen,   54-63 

Do.  from  Vienna,  No.  1,   65-08 

Do.  "  No.  2,   67-17 

Do.         "  No.  3   67-45 

A  difference  as  remarkable  is  exhibited  in  various 
kinds  of  potatoes.    Thus  Johnston  found  in — ■ 

Per  cent. 

Ked  potato  from  Lanarkshire,   14  08 

Small  Americans,   17-80 

Orkney  potatoes,   17-42 

Buffs  from  Forfarshire   20-71 

Kidneys,   14-93 

Cups  from  Argyleshire,   15-41 

Mr.  Heming  gives  the  following  numbers  as  the  per 
centage  of  starch  from  different  varieties  of  potatoes 
grown  on  the  same  soil  in  Renfrewshire,  namely  : — 

Per  cent, 

Irish  blacks,   16-5 

Connaught  cups    21-0 

White  dons,   -[3-0 

Ked  dons,   10-75 

This  variation  is  the  more  remarkable  when  con- 
sidered with  reference  to  the  quantity  produced  per 
acre : — 


Quantity  per  acre     Amount  of  starch 
Tons,  Tons. 

Cupsi   13-25    2-9 

White  dons   18-50    2-4 

Ked  dons,   14-25    1-5 

It  may  be  presumed  that  much  of  the  discrepancy  in 
the  quantity  of  starch  indicated  by  the  foregoing  ana- 
lyses is  to  be  attributed  to  the  age  of  the  tubers;  but 
though  the  amount  of  fecula  certainly  varies  at  different 
periods  in  the  growth  of  the  plant,  still  the  experiments 
that  have  been  made  to  elucidate  this  question  con- 
clusively demonstrate  that  even  at  maturity  the  quantity 
of  the  starch  is  unequal.  The  "per  centage  of  starch 
which  any  given  variety  yields,  depends  very  much 
likewise  npon  the  nature  of  the  soil  and  the  weather 
which  has  prevailed  during  harvest,  the  yield  being 
much  less  in  dry  than  in  wet  seasons.  Potatoes  that 
have  been  allowed  to  remain  a  considerable  time  in  the 
ground,  or  being  improperly  stored,  have  become  heated 
and  budded,  will  not  be  found  to  contain  as  much  fecula 
as  others  of  the  same  kind  which  have  been  timely  col- 
lected and  carefully  stored ;  for  the  sprouting  effects 
the  decomposition  of  a  considerable  portion  of  the 
starch.  This  is  well  known  in  potato-starch  factories ; 
for  whilst,  in  the  months  of  October,  November,  and 
December,  as  much  as  seventeen  per  cent,  is  obtained, 
in  January,  February,  and  March,  the  amount  diminishes 
to  fifteen  and  even  twelve  per  cent. 

There  is  no  difficulty  in  inferring  from  these  facts 
the  advantage  gained  by  extracting  the  fecula  from 
potatoes  during  the  three  months  after  they  have 
■  arrived  at  maturity,  rather  than  at  a  more  advanced 


season.  Analysis  of  the  potato  shows  that  it  is  com- 
posed centesimally  of — 

Water,   74-00 

Fecula,   20-00 

Epidermis,  cellular  tissue,  peetose,  pectine, 

pectates  of  lime,  soda,  and  of  potassa, . .  1-65 
Albumen  and  analogous  nitroge- 
nous matters,   1.50 

Asparamide   0-12 

Fatty  matters,   0-10 

Sugar,  resin,  essential  oil — solanine,  1-07  y  4-35 
Citrate  of  potassa,  phosphates  of 
potassa,  of  lime  and  magnesia, 
silica,  alumina,  oxide  of  iron,  and 
manganese,   1-56 


100-00 


The  following  numbers  indicate  the  per  centage  of 
starch  in  the  various  cereal  grains,  which  can  be  em- 
ployed for  the  manufacture  of  starch,  and  in  the  potato 
according  to  Krocker's  analyses  : — 

Cereal  grains. 

Wheaten  flour,   65-21    66  16 

Bye,   61-26  60-56 

Oats,   37-93  36-90 

Barley   64-63  64-18 

Buckwheat,   43-80  44-45 

Buckwheat  meal,   65-05 

Indian  corn   65-88  66-80 

Indian  cornmeal,   77-74 

Kice,   85-78  86-63 

Beans,   37-71  37-79 

Peas   38-81  38-70 

Potatoes. 

i.  n. 

Blue  potatoes,                             23-20  22-80 

White  potatoes,                           16-14  17-98 

"         "                                16-48  16-09 

The  potato  has  long  been  resorted  to  for  the  pre- 
paration of  the  cheaper  kinds  of  starch ;  but,  in  addition 
to  this  source  and  wheat,  from  which  the  finer  kinds 
are  made,  other  matters — such  as  rice,  maize,  and  bar- 
ley— are  employed  in  the  manufacture.  Wheat  and 
other  cerealia  having  been  first  employed,  claim  pre- 
cedence in  describing  the  process  on  the  large  scale, 
notwithstanding  that  at  present  these  materials  are 
not  so  generally  resorted  to  as  in  former  times,  unless 
when  to  some  extent  damaged,  and,  therefore,  not  so 
well  adapted  for  human  food. 

Manufacture  of  Starch.— In  the  manufacture 
of  starch  from  the  cerealia  two  methods  are  followed, 
which  may  be  distinguished  as  the  fermentative  or  old 
process,  and  the  chemico-mechanical,  or  modern  and 
improved  method.  That  the  improvements  introduced 
of  late  years  in  the  manner  of  making  starch  possess  a 
decided  advantage  over  the  old  system,  cannot  for  an 
instant  be  doubted,  and  yet  in  many  factories  the  old 
process  by  fermentation  is  still  followed;  a  method 
both  noxious  and  wasteful.  By  this  process,  the 
wheat  is  first  steeped  till  softened,  and  then  coarsely 
ground  in  a  malt  mill,  or  crushed  between  rollers  ; 
the  crushed  mass  is  made  into  a  thickish  creamlike 
consistence  with  water,  generally  the  acid  water  from 
a  previous  operation,  and  allowed  to  remain  in  vats  or 
tuns  for  a  period  varying  with  the  temperature  of  the 
weather  from  ten  to  thirty  days.  The  effect  of  this 
prolonged  steeping  is  to  disintegrate  the  starch  from 
the  glutinous  envelope  in  which  it  is  contained  in  the 
grain ;  an  effect  produced  by  the  gluten  being  partly 
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decomposed  by  fermentation,  partly  dissolved  by  tbe 
acids  formed  in  the  course  of  the  operation,  and 
partly  by  its  property  of  becoming  partially  soluble 
on  entering  upon  the  putrefactive  change.  At  first 
any  sugar  in  the  grain,  or  dextrin  produced  in  the 
first  stages  of  the  process,  is  dissolved  in  the  water, 
accompanied  by  a  slight  alteration  of  a  portion  of  the 
gluten,  whereby  diastase  is  formed  in  more  or  less 
quantities ;  this  sugar  and  dextrin  are  converted  into 
alcohol  and  carbonic  acid,  and  by  prolonging  the 
operation  the  spirit  is  changed  to  acetic  acid.  To 
equalize  the  action  it  is  necessary  to  agitate  the  mass 
once  or  twice  a  day,  and  likewise  to  beat  into  it  those 
portions  which  the  escape  of  carbonic  acid  during 
fermentation  may  bring  to  the  surface.  After  a  few 
days  the  glutinous  portion  of  the  grain  begins  to 
undergo  the  putrefactive  change  more  or  less  rapidly, 
and  this  proceeds  till  it  is  considered  sufficiently  ad- 
vanced to  allow  the  starch  corpuscles  to  be  separated 
in  a  state  of  comparative  purity.  By  such  changes, 
ammonia,  sulphide  of  hydrogen,  and  other  disagreeable 
products  are  formed,  which  renders  the  operation 
noxious,  and  often  a  most  offensive  nuisance.  After 
the  fermentation  is  supposed  to  be  completed,  any 
excess  of  water  that  may  happen  to  be  in  the  ferment- 
ing tun  is  drawn  off,  and  the  magma  or  thin  pulpy 
mass  is  filled  into  bags  of  stout  canvas,  or  other 
material,  the  mouths  of  which  are  afterwards  well 
secured ;  they  are  then  placed  in  water,  and  trodden 
upon  till  the  water  is  quite  loaded  with  starch,  when 

;  .    it  is  drawn  off,  and  its  place  supplied  by  fresh  liquid; 

the  treading  is  then  repeated  till  the  solution  again 
'■■   becomes  quite  creamy  with  starch,  and  this,  in  like 

'/  manner,  is  let  off  as  before.  Three  or  four  such 
washings  exhaust  the  bags  of  the  starch,  leaving  only 
the  husk  of  the  grain  and  the  altered  albuminous 
matter,  which  is  almost  useless.  The  starchy  liquids 
are  made  to  pass  through  hair-cloth  or  wire  sieves  in 
their  course  to  the  settlers,  to  deprive  them  of  any 
portion  of  husk  or  fragments  of  glutinous  matter,  after 
which  they  are  allowed  to  repose  in  the  settlers  for 
several  days ;  the  starch  sinks  and  forms  a  cake  of  solid 
matter  on  the  bottom,  whilst  the  more  glutinous  portion 
afterwards  constitutes  a  deposit  of  a  brownish  color 
above  it.  Frequently,  in  order  to  delay  the  deposi- 
tion of  the  glutinous  matter,  very  light  and  finely- 
divided  fibrous  matters  are  introduced,  and  agitated 
with  the  liquor;  the  glutinous  particles  by  attaching 
themselves  to  the  fibres  of  the  extraneous  substance 
employed,  are  retained  in  the  water  a  much  longer 
time  than  the  starch,  so  that  the  under  layer  of  the 
deposit  is  almost  in  a  state  of  purity  whilst  the  gluten 
and  fibre  settle  down  upon  it.  After  drawing  off  the 
clear  water  by  a  siphon,  the  impurity  on  the  top  of  the 
deposit  is  separated  and  set  aside  to  be  washed  with 
the  next  batch ;  the  underlying  portion  is  stirred  up 
with  fresh  water,  and  purified  by  settling  and  decan- 
tation ;  this  operation  being  repeated  twice,  thrice,  or 
oftener  if  necessary.  When  the  starch  is  sufficiently 
white,  it  is  put  to  drain  into  small  boxes,  the  sides  of 
which  are  lined  with  flannel ;  or  it  is  dug  out  in  lumps 
from  the  bottom  of  the  depositing  vessel,  and  placed 
upon  blocks  of  plaster  of  Paris,  which  absorb  the 


moisture,  and  thereby  cause  the  starch  to  harden. 
The  deposit  in  the  drainer  boxes  is  similarly  desiccated 
before  it  is  sent  to  the  drying-room. 

Bran,  and  other  refuse  matters  of  the  wheat,  et  cetera, 
are  generally  mixed  with  the  grain  in  these  operations, 
and  increase  the  amount  of  the  product. 

When  the  gluten  is  of  such  a  nature  as  to  agglutinate 
easily,  it  can  be  separated  by  careful  manipulation, 
but  not  so,  without  additional  labor,  when  it  disinte- 
grates and  passes  off  with  the  starch  into  the  water. 
The  extraction  of  starch  from  the  cereals  and  legumi- 
nous seeds  is  now  much  simplified  by  the  aid  of 
chemical  substances,  and  consequently  the  older  system 
is  but  rarely  practised.  The  length  of  lime  which  it 
required,  the  labor  involved  in  the  process,  the  loss  of 
starch  occasioned  by  its  transformation  into  dextrin 
and  sugar,  and  finally,  the  disagreeable  and  unhealthy 
effluvia  which  were  evolved,  all  concurred  to  render 
the  old  process  far  inferior  in  every  respect  to  the 
modem  one.  In  fact  the  new  process  introduced  by 
Maktin  offers  so  many  advantages  that  one  might 
expect  it  to  be  universally  adopted  by  the  manufac- 
turers of  starch  from  wheat  or  flour ;  yet  the  old 
system  is  still  practised  in  a  number  of  factories,  the 
conductors  of  which  allege  that  the  product  obtained 
from  the  fermentative  process  has  a  better  color  than 
that  prepared  by  the  chemico-meohanical  system. 

In  Martin's  process  flour  is  employed  in  preference 
to  wheat  grain  or  the  same  coarsely  crushed.  It  is 
made  into  a  stiff  dough  with  water,  and  allowed  to 
remain  in  that  state  till  every  part  becomes  thoroughly 
saturated  with  moisture.  A  mechanical  kneader  may 
be  employed  with  advantage  to  effect  this  part  of  the 
work.  The  time  allowed  for  the  water  to  permeate  the 
mass  varies  from  half  an  hour  in  summer  to  two  hours 
in  the  winter  season.  The  inventor  employs  a  trough 
covered  with  a  wire-gauze  sieve,  No.  120,  to  which  a 
pipe  and  tap  supplies  a  constant  stream  of  water  for 
washing  the  dough,  the  water  being  thrown  upon  the 
mass  from  a  rose  of  forty  minute  apertures.  The  work- 
man takes  a  mass  of  dough,  averaging  ten  pounds,  and 
placing  it  under  the  small  jets  of  water,  kneads  it  on 
the  sieve  till  the  water  ceases  to  flow  off  milky,  using 
at  first  only  a  gentle  pressure,  which  is  increased 
towards  the  end  of  the  operation.  By  this  careful 
working,  the  gluten,  which  at  first  is  finely  divided  in 
the  dough,  is  made  to  agglutinate  into  a  pasty  elastic 
mass,  which  becomes  more  consistent  in  proportion 
as  the  starch  is  removed,  till  ultimately  nearly  pure 
gluten  remains.  Another  mass  of  the  dough  is  then 
operated  upon  in  the  same  manner,  the  gluten  being 
each  time  separated  and  removed.  In  this  way  almost 
the  whole  of  the  gluten  is  disengaged  from  the  starch. 
To  remove  the  particles  of  gluten  which  accidentally 
pass  through  the  sieve,  the  amylaceous  washings  are 
allowed  to  remain  for  twenty-four  hours  at  a  temper- 
ature of  70°  or  thereabout,  together  with  the  scum 
which  formed  upon  the  produce  of  a  preceding  wash- 
ing, with  the  view  of  inducing  fermentation,  and  thus 
altering  the  small  portions  of  gluten  still  retained.  The 
purification  of  the  product  is  effected  in  the  ordinary 
way  by  successive  washings  and  decantations,  taking 
the  precaution,  however,  to  draw  off  the  liquor  when 


STARCH— — Potato  Fecula. 


952 


the  dense  portion  has  subsided,  and  before  it  becomes 
contaminated  with  the  lighter  particles  held  in  suspen- 
sion by  the  glutinous  matter.  On  allowing  these 
washings  to  settle  for  three  or  four  days  the  suspended 
starch  falls,  and  is  recovered  after  the  liquor  is  drawn 
off,  drained  in  flannel-coated  boxes,  and  finished  on 
plaster  and  the  drying  stove.  It  constitutes  about  ten 
per  cent,  of  the  starch,  and,  although  unfit  for  fine 
white  goods,  it  forms  a  very  good  paste  for  colored 
stuffs,  dressing,  and  the  like. 

Martin's  process  is  being  daily  more  extended, 
especially  in  Germany,  with  decided  advantage  over  the 
old  system,  not  only  in  respect  to  the  gluten  which  is 
extracted  in  the  fresh  state,  and  which  constitutes  a 
fourth  of  the  weight  of  the  flour,  but  likewise  as  regards 
the  starch  itself;  for  from  average  wheat  flour  as 
much  as  fifty  per  cent,  is  obtained,  whereas  on  the  old 
method  not  more  than  forty  per  cent,  could  be  recovered. 
The  cause  of  this  loss  is  to  bo  found  in  the  change 
which  the  glutinous  fermentation  produces  on  the 
starch,  and  by  which  it  is  converted  first  into  dextrin 
and  then  through  the  successive  stages  into  glucose, 
alcohol,  and  acetic  acid.  These  changes  take  place 
more  rapidly  in  hot  weather.  By  the  new  process,  the 
gluten  separated  from  the  starch  forms  the  basis  of 
another  profitable  business,  namely,  the  preparation  of 
articles  of  food,  such  as  macaroni,  vermicelli,  semoM, 
and  such  like ;  or  it  may  be  compounded  with  other 
articles,  such  as  flour  or  potato  meal,  and  made  into 
a  wholesome  and  substantial  bread.  In  summer  the 
gluten  separated  from  the  starch  retains  its  freshness 
fully  twenty-four  hours  ;  but  after  this  it  begins  to  lose 
its  tenacity,  enters  into  partial  solution,  and  then 
decomposes ;  in  the  winter  season  it  may  be  retained 
for  two  days  without  injury. 

At  first  it  was  proposed  to  utilize  the  gluten  by 
mixing  it  with  potatoes  or  inferior  flour,  and  making 
the  compound  into  bread;  but  subsequently  it  was 
found  preferable  to  mix  it  with  boiled  potatoes,  in  con- 
sequence of  the  insipidity  of  the  compounds  with  potato 
starch.  The  manufacture  of  vermicelli  and  macaroni 
did  not  at  first  succeed,  in  consequence  of  the  prone- 
ness  of  the  gluten  to  decomposition ;  but  this  obstacle 
has  now  been  overcome,  and  the  gluten  is  made  into  a 
highly  nutritious  and  palatable  food,  for  which  purpose 
the  patent  process  of  Verox  of  Vienna  is  the  most 
applicable.  In  this  method  the  gluten,  after  the 
separation  of  the  starch,  is  mixed  with  twice  its  weight 
of  best  flour,  and  placed  in  a  machine  consisting  of 
two  concentric  cylinders,  the  inner  one  of  which  is 
furnished  with  projecting  pins,  and  is  made  to  revolve 
much  more  quickly  than  the  outer ;  the  glutinous 
substance  is  thereby  divided  into  a  mass  of  elongated 
grains,  which  are  placed  upon  trays  and  dried  in  the 
hot-air  compartment  along  with  the  starch  for  the 
space  of  one  and  a  half  to  two  hours.  The  whole  is 
then  sifted  to  separate  the  finer  from  the  coarser 
particles,  and  the  latter  is  ground  in  a  mill  and  resifted. 
The  very  rich  nitrogenous  compound  thus  prepared 
offers  advantages  over  macaroni  and  semoht,  owing  to 
the  readiness  with  which  it  may  he  prepared  into  food. 

Such  are  the  main  features  of  the  process  followed 
in  manufacturing  starch  from  wheat,  grain,  or  flour ; 


the  details  of  the  manufacture  will  be  more  fully  given 
when  treating  of  potato  starch  or  fecula.  At  present  it 
may  be  remarked,  however,  that  the  different  qualities 
of  starch  to  be  met  with  in  the  market  are  simply  the 
successive  deposits,  or  the  portions  which  subside  in 
succession  in  the  tuns  or  vats  within  a  given  period. 
It  may  be  likewise  stated  that,  with  the  view  of  giving 
a  purer  whiteness  to  the  product,  it  is  submitted, 
either  in  vats  or  in  close  chambers,  to  the  action  of 
chlorine  or  of  sulphurous  acid,  either  dissolved  in 
water  or  as  gases.  By  a  slight  elevation  of  the 
temperature  in  the  primary  stages  of  the  hot-air 
desiccation,  the  starch  undergoes  a  change  which 
causes  it  to  dissolve  in  water  at  a  lower  heat  than  it 
otherwise  would;  the  product  so  heated  bears  the  name 
of  soluble  starch. 

Starch  from  Potatoes. — For  a  long  time  the 
manufacture  of  starch  or  fecula  from  potatoes  has  been 
rapidly  extending  in  France,  and  has  now  assumed  so 
much  importance  that  it  ranks,  in  money  value,  next 
to  beet-root  sugar.  In  England  the  practice  is  not  so 
general,  and  its  development  has  been  much  checked 
by  the  potato  disease.  It  has  been  already  shown  that 
this  esculent  yields  a  large  quantity  of  starch,  and 
the  product  so  obtained  possesses  all  the  qualities 
adapted  for  ordinary  application  in  calico  printing,  et 
cetera ;  it  is  also  extensively  mixed  with  farina,  for 
increasing  its  whiteness ;  it  is  employed  in  the  con- 
fection of  vermicelli,  semoM,  tapioca,  polenta,  and  a 
number  of  other  alimentary  substances,  distinguished 
by  various  designations ;  also  in  the  formation  of  dex- 
trin or  artificial  gum,  grape  sugar,  sirups,  molasses, 
wine,  beer,  alcohol,  vinegar,  and  several  other  uses. 

In  large  potato-starch  factories  it  is  necessary  to 
have  considerable  storage  room  for  retaining  the  tubers 
during  the  most  part  of  the  year ;  and  care  must  be 
taken  to  obviate,  as  far  as  possible,  the  conditions  under 
which  the  starch  in  the  potato  is  liable  to  undergo 
alteration.  Thus  all  affected  or  diseased  potatoes 
should  be  carefully  removed  from  those  which  are 
sound,  and  the  latter  ought  to  be  kept  in  a  dry  atmo- 
sphere, and  at  a  temperature  as  low  as  possible.  Dry 
cellars  or  pits  formed  in  the  ordinary  way,  if  dry  at 
the  base,  and  securely  covered  with  straw  and  earth, 
serve  for  some  time ;  but  a  well-ventilated  barn  or 
shed  with  grated  floorings,  one  over  another,  whereon 
the  potatoes  may  be  laid  to  the  depth  of  two  feet,  or 
thereabouts,  will  answer  the  end  much  better.  In  any 
case  it  is  necessary  that,  during  the  spring  and  first  of 
the  summer  months,  the  potatoes  be  turned  frequently, 
so  that  any  shoots  which  may  be  forming  be  broken, 
and  the  progress  of  decomposition  in  the  substance  of 
the  bulbs  be  thereby  intercepted. 

Few  operations  are  simpler  than  the  extraction  of 
fecula  from  potatoes ;  nothing  further  is  necessary 
than  the  rupture  of  its  cellular  matter  either  by  rasping 
or  grating,  so  as  to  liberate  the  starch  granules,  and 
the  washing  of  this  pulp  upon  a  metallic  plate  or 
stage  by  a  stream  of  water,  such  washings  being 
afterwards  passed  through  a  fine  sieve.  The  solid 
matter  of  the  potato  is  thus  left  on  the  plate,  whilst 
the  starch  is  carried  off  in  the  water,  and  separated 
from  any  grosser  impurities  by  the  straining  or  sifting. 
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Finally,  the  fecula  is  purified  by  washing  and  decan- 
tation,  et  cetera.  Simple  as  this  process  may  appear, 
it  is  divided  into  several  distinct  operations,  which  will 
be  described  in  the  order  in  which  they  are  carried  on 
in  the  French  and  other  manufactories  of  fecula. 

Steeping  the  Potatoes. — This  operation,  which 
is  preliminary  to  the  washing,  and  has  in  view  the 
softening  of  the  clay  and  other  adhering  gross  matter, 
that  they  may  be  more  easily  removed,  is  performed  in 
a  large  trough  or  vat,  filled  with  water,  in  which  the 
potatoes  are  allowed  to  steep  during  six  to  twelve 
hours,  according  to  the  quantity  of  the  impurities. 

The  Washing. — The  next  operation  is  the  washing 

Fig.  546 


which  is  effected  by  mechanical  means  and  the  aid  of 
steam.  Fig.  546,  represents  an  elevated  view  of 
the  machine  employed,  which  consists  of  a  hollow 
cylinder,  b  b,  constructed  of  laths  of  wood  or  iron, 

Fig. 


laid  longitudinally  from  one  end  to  the  other,  the 
distance  between  each  being  such  as  to  permit  of  the 
escape  of  the  dirt,  stones,  et  cetera,  whilst  the  tubers 
are  retained.  The  cylinder  is  charged  from  a  hopper, 
a,  at  one  end,  and  being  slightly  inclined,  the  washed 
potatoes  are  discharged  at  the  opposite  end,  down  the 
inclined  plane,  d  d.  About  a  third  of  the  cylinder  is 
immersed  in  the  water  of  the  trough,  c  c,  wherein  it 
revolves,  and  from  the  sides  of  which  spring  the  boards, 
g  g,  slanting  to  the  upper  part  of  the  cylinder,  and 
intended  to  prevent  the  splashing  of  the  water  during  the 
movement  of  the  machine.  This  cylinder  is  worked 
by  a  band  passing  over  the  wheel,/,  at  the  end  of  the 
axis,  and  a  drum-head  of  another  shaft  in  connection 
with  the  main  shaft  of  the  engine.  The  inclined  plane 
upon  which  the  potatoes  fall  when  thrown  out  conducts 
them  to  the  rasping  machine. 

Rasping  or  Grating. — The  object  of  the  rasping 
is  to  reduce  the  tubers  to  a  pulp,  by  which  the  cells 
containing  the  fecula  are  ruptured ;  and  the  finer  this 
rasping  is  effected,  the  more  freedom  will  the  starch 
have  in  escaping.  In  some  instances,  this  operation 
is  performed  by  means  of  a  hand-machine ;  but  gen- 
erally, the  larger  factories  adopt  a  machine  by  which 
the  rasping  and  the  washing  of  the  pulp  are  effected 
consecutively.  The  circular  drum  bearing  the  rasp  is 
turned  by  a  winch  handle,  and  while  revolving  meets 
the  tubers  in  the  hopper,  reducing  them  to  a  pulp 
which  falls  by  the  aid  of  inclined  boards  into  a  vessel 
moving  on  wheels,  and  on  which  it  is  carried  to  the 
washing  stage.  A  small  stream  of  water  is  conducted  on 
the  upper  surface  of  the  rasp,  with  the  view  of  keeping 
it  clean  from  accumulation  of  pulp.    The  rasp  itself 


is  made  of  plate  iron,  punched  from  the  reverse 
side  with  an  angular,  semicircular,  or  round  tool  on 
a  yielding  support,  which  allows  the  angular  fractures 

♦  of  the  iron  on  the  under  side  to  remain  unflattened. 
With  a  machine  of  this  kind,  from  two  and  a  half  to 

•  three  tons  of  potatoes  can  be  turned  into  pulp  by  three 
men  in  twelve  hours.    The  other  kind  of  machine  is 

VOL.  II. 


Bhown  in  Fig.  547,  in  connection  with  a  portion  of  the 
washing  apparatus.  It  consists  of  a  cylinder  about 
twenty  inches  diameter,  and  the  same  in  length, 
mounted  upon  an  axis.  The  cylinder  is  armed  with 
steel-saw  plates,  placed  at  the  distance  of  little  more 
than  three-fourths  of  an  inch  apart ;  the  teeth  of  these 
saws,  which  are  very  small  and  regular,  and  placed 
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parallel  to  the  cylinder,  being  held  fast  by  iron  clasps, 
project  about  four-fifths  of  an  inch  from  the  peri- 
phery of  the  drum,  and  the  whole  is  turned  with  a 
speed  of  six  to  nine  hundred  revolutions  per  minute. 
Such  a  machine,  making  on  an  average  eight  hundred 
revolutions  per  minute,  reduces  to  a  pulp  from  sixteen 
to  eighteen  hectolitres  of  potatoes  per  hour,  or  forty- 
two  and  a  half  to  forty-eight  bushels. 

In  the  preceding  figure,  the  rasping  drum  is  shown 
at  b  b ;  the  inclined  plane  conveying  the  potatoes  from 
the  washing  machine  is  indicated  by  a  a,  and  the 
hopper  into  which  the  pulp  falls  by  c,  whence  it  is 
dropped  into  the  washing  machine  by  the  trap-door  d. 
The  washing  apparatus  for  exhausting  the  pulp,  is  that 
introduced  by  M.  Saint  Etienne  ;  it  consists  of  a 
cylinder  of  wire  gauze,  e,  fastened  upon  wooden  or 
iron  rings  for  support,  and  divided  into  two  compart- 
ments, j,  I,  each  provided  with  a  wirecloth  bottom,  the 
lower  finer  than  the  upper  one.  The  whole  is  inclosed 
in  a  sheet-iron  or  wooden  covering,  which  prevents 
the  escape  of  starchy  waters  from  it  when  working. 
In  the  middle  of  the  cylinder  is  a  shaft,  q,  carrying 
arms  furnished  with  brushes,  i,  i,  which  sweep  the 
bottom  disc  of  each  compartment,  and  force  out  the 
fecula  into  a  trough  as  the  shaft  is  turned  by  the 
gearing  of  another  one,  p,  acting  upon  a  wheel 
appended  to  it  at  its  base     By  the  very  rapid  | 


revolution  of  the  brushes  and  agitators  in  the  drum, 
aided  by  the  stream  of  water  projected  from  the 
rosed-pipe,  /,  the  pulp  is  speedily  washed,  the  fecula 
passing  out  at  the  sides  and  middle  disc,  g  g,  whilst  the 
coarser  pulp  is  thrown  out  by  lateral  openings,  and  is 
removed  from  the  outer  case  by  a  door  into  the  canal, 
7i.  The  finer  portions  of  the  pulp,  which  pass  through 
the  upper  part  of  the  machine,  are  separated  in  the 
lower  one ;  the  granules  of  fecula  falling  through  the 
fine  meshes  of  the  wire  swept  by  the  brushes  into  a 
trough,  m,  leading  to  the  vats,  o,  o,  o,  where  the  starch 
is  permitted  to  deposit,  whilst  the  fibrous  matter  is 
ejected  by  an  aperture  at  the  side,  and  removed  through 
a  door  in  the  case  to  the  canal,  n.  In  this  form  of 
machine  there  are  several  imperfections,  which  are 
obviated  by  a  modification  introduced  by  Laine\  The 
principal  defects  are,  that  the  working  is  not  continuous, 
the  machine  having  to  be  stopped  at  intervals  to 
remove  the  exhausted  residue ;  that  only  comparatively 
small  portions  can  be  operated  upon  at  once ;  and 
lastly,  that  the  residue  is  not  thoroughly  divested  of 
its  fecula. 

In  the  machine,  improved  by  Laine1,  and  further 
perfected  by  Dailly,  the  wire  sieves  are  retained, 
but  the  washing  space  is  considerably  extended  and 
prolonged,  though  the  quantity  of  pulp  exhausted 
in   a  given  time  is  increased.     This  is  done  by 


means  of  an  inclined  sieve,  represented  in  plan 
and  section — Fig.  548 ;  a  long  inclined  plane  is  con- 
structed of  planks,  and  this  plane  is  converted  into 
a  kind  of  trough,  by  side  planks,  a  a,  secured  in 
their  places  "by  cross  planks,  i  i,  and  bolts,  which 
fasten  the  latter  to  the  base,  e  e  e,  of  the  plane. 
At  each  end  are  pullies,  b  b,  the  crowns  of  which 
are  notched  in  eight  places,  and  into  which  the  bars, 
b'  b',  connecting  the  endless  Vadcanson  chain,  ccce, 
are  caught  and  carried  forward  as  the  pulleys  turn. 
Motion  is  given  to  these  by  connecting  the  axle 
of  the  lower  one  with  the  shaft  of  a  steam-engine, 
water-wheel,  or  other  motive  power.  Each  of  the 
eight  divisions  of  the  base  of  the  inclined  shallow 
duice  formed  by  .the  cross  bars  i  i  i,  is  covered  with 


a  wire  gauze,  d  d,  increasing  in  fineness  from  the  lower 
to  the  top  one ;  and  upon  this  finely-perforated  surface 
the  pulp  to  be  washed  is  conveyed  by  the  bars,  b'  b', 
connecting  both  links  of  the  chain  as  it  travels  from 
the  lower  to  the  upper  end,  in  the  slides  at  the  sides 
and  overhead,  as  seen  at  ///in  the  figure.  The  chain 
and  grooved  slides  on  which  it  moves  on  its  return 
overhead  are  supported .  by  upright  pieces  of  wood, 
bearing  horizontal  pieces,  g  g,  on  which  the  part  /// 
rests.  From  the  rasping  cylinder,  or  cylinder  devora- 
teur,  as  it  is  called,  the  pulp  is  conducted  into  the 
trough,  m\  and  being  diluted  with  the  water  employed 
to  keep  the  cylinder  clean,  it  overflows  the  inclined 
board,  n,  and  so  comes  within  reach  of  the  cross-bars 
.of  the  Vaucanson's  chain  as  it  travels  over  the  lower 
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pulley,  whence  it  is  conveyed  over  the  several  com- 
partments of  the  wire  gauze  in  the  inclined  plane ;  hut 
whilst  in  the  act  of  passing  upwards  it  meets  with  a 
stream  of  water  projected  from  a  pipe,  q,  along  the 
upper  three  divisions  of  the  plane,  and  which  flowing 
downwards  over  the  several  frames,  completely  exhausts 
the  pulp  of  all  its  fecula,  leaving  nothing  but  fibrous 
matter,  epidermis,  el  cetera,  when  it  reaches  the  top 
and  is  thrown  out  into  the  trough,  I.  From  the  three 
upper  compartments  the  water  projected  upon  the 
mass  is  conveyed  to  the  lower  ones  in  succession  by  a 
series  of  pipes,  not  shown  in  the  drawing,  connecting 
the  several  levels ;  thus  from  the  lowest  part  of  the 
highest  square,  a  pipe  issuing  at  the  side  conveys  the 
liquor  to  the  highest  part  of  the  third  square  ;  another 
from  the  lowest  part  of  the  second  delivers  the  starchy 
liquid  of  this  upon  the  fourth  square,  to  meet  the 


ascending  pulp ;  the  third  sends  its  water  to  the  fifth, 
and  so  on  to  the  lowest  and  first  division,  whence  it 
issues  into  the  canal,  r,  leading  to  the  settlers.  Two 
sieves  and  two  travelling  chains  are  generally  worked 
upon  the  plane,  provisions  for  which  are  shown  in  the 
drawing,  the  one  movement  working  both.  To  avoid 
the  inconvenience  of  the  great  length  to  which  these 
planes  extend  on  LainiS's  plan,  and  also  in  Dailly's, 
M.  Saint  Etienne  places  the  sieves  one  above  another, 
and  carries  the  endless  chain  over  each,  as  shown  in 
the  drawing,  by  means  of  puUeys  at  the  ends,  the  pulp 
being  secured  by  a  flange  passing  over  the  pulley  and 
chain  in  each  case.  The  pulp  is  delivered  at  once 
from  the  grater  or  devorateur  to  the  chain  carriage, 
and  carried  upwards  till  it  is  discharged  at  the  top  into 
the  sluice  exhausted  of  its  starch.  The  disposition 
referred  to  is  shown  in  Fig.  549,  in  which  the  principal 
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parts  are  similar  to  those  last  described.  The  water 
entering  upon  the  top  of  the  apparatus,  flows  from  the 
highest  of  the  compartments  of  each  of  the  levels  to 
the  lowest,  and  thence  upon  the  highest  of  that  imme- 
diately beneath,  and  so  on  till  it  travels  over  the  whole 
space  to  the  base,  where,  loaded  with  the  fecula,  it 
collects  in  a  receptacle,  whence  it  flows  by  a  pipe  into 
a  circular  drum,  d  d,  of  very  fine  iron  wire,  revolving 
upon  a  central  axis  moved  by  mechanical  power.  Any 
pulp  still  retained  is  here  separated  and  ejected  into  a 
receptacle,  e,  at  the  lower  end,  whilst  the  starch  flows 
with  the  water  through  the  gauze  into  the  vat,  /,  and 
thence,  by  a  denaide  mounted  upon  the  end  of  the  axis 
of  the  cylinder,  and  revolving  upon  it,  it  is  lifted  into 
a  sluice  leading  to  the  settlers,  which  are  disposed  as 
represented  in  Fig.  547. 

By  such  a  machine  as  the  preceding,  it  is  stated  that 
the  pulp  from  one  hundred  and  sixty  hectolitres — four 
hundred  and  forty  bushels — of  potatoes  is  exhausted  in 
twelve  working  hours. 

Besides  the  foregoing,  several  other  inventors  have 
constructed  machines  in  which  the  advantages  of  unin- 
terrupted working,  combined  with  complete  exhaustion 


of  the  pulp  within  the  smallest  space,  have  been  the 
points  aimed  at,  and  such  advantages  are  claimed  by 
Huck,  Vernier,  and  Stolz  for  their  respective  ma- 
chines. All,  with  the  exception  of  Saint  Etienne, 
have  recurred  to  the  cylindrical  wire-gauze  sifter,  as 
being  the  one  which  affords  the  largest  extent  of  surface 
in  the  smallest  space.  Htjck's  machine  consists  of 
two  wire-gauze  cylinders,  connected  by  a  brass  drum  ; 
in  the  cylinders  are  inclosed  brushes  and  rousers,  as 
usual,  and  also  two  drums,  one  for  supplying  pulp  and 
water  to  the  upper,  and  another  in  the  lower  for  supply- 
ing water  only.  Both  the  wire-gauze  cylinders  and 
the  drums  move  independently  of  one  another  and  in 
opposite  directions,  the  brushes  and  rousers  taking  the 
same  course  as  the  inner  drums.  The  continued  agita- 
tion in  passing  through  both  the  cylinders,  together 
with  the  action  of  the  rousers,  deprives  the  pulp  of  the 
most  part  of  the  fecula.  The  starchy  liquid  is  collected 
in  a  cistern  beneath,  and  flows  into  a  third  circular 
sieve  in  which  only  brushes  revolve,  but  the  wire  of 
which  is  much  finer,  so  that  the  last  portions  of  pulp 
are  separated.  Vernier  employs  a  combination  of 
three  cylindrical  sieves  moving  on  the  same  axle ;  the 
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pulp  arriving  at  the  upper  part  of  the  first  or  smaller 
cylinder  falls  into  it,  and  subsequently  by  the  rotation 
of  the  entire  system,  as  well  as  by  the  inclination  at 
which  the  cylinders  are  fixed,  it  traverses  each  succes- 
sively, being  always  exposed  to  a  stream  of  water,  till 
the  exhausted  matter  finally  issues  partially  drained 
from  the  middle  one.  The  drainings  from  the  sieves 
collect  in  a  tank  below  the  cylinders,  and  are  thence 
conducted  through  another  fine  cylindrical  sieve  for 
depuration  before  they  are  run  off  to  the  settlers. 
Stolz's  machine  is  on  the  same  principle  as  the  pre- 
ceding, and  is  said  to  be  very  effective,  working  off  not 
less  than  four  hundred  and  forty  bushels  of  potatoes 
in  a  space  of  not  more  than  twelve  or  thirteen  feet. 
Whatever  be  the  form  of  sieves  employed,  it  is  evident 
that  the  efficiency  of  'the  process  depends  in  a  great 
measure  upon  the  quality  of  the  rasping  machine,  and 
the  fineness  to  which  it  reduces  the  tubers.  On  an 
average,  only  sixteen  to  seventeen  per  cent,  of  starch 
is  obtained  from  potatoes  really  containing  from  eigh- 
teen to  twenty  or  twenty-one  per  cent. ;  and  therefore 
from  two  to  four  per  cent,  is  left  in  the  residue  in  con- 
sequence of  the  inefficacy  of  the  devorateur  to  rupture 
all  the  cells  containing  the  starch  corpuscles.  Volkee 
to  obviate  this,  proposed  to  disintegrate  the  cells  of  the 
potato  more  completely  than  is  done  by  the  rasping 
machine,  by  submitting  the  pulp  to  a  fermentative  pro- 
cess, at  a  temperature  between  68°  and  86°  in  presence 
of  sufficient  water,  by  which  the  cells  are  in  a  short 
time  destroyed,  and  the  whole  of  the  fecula  is  set  free 
to  be  removed  by  a  course  of  sieve  washing.  Though 
good  in  principle,  yet  the  time  occupied,  and  the 
difficulty  of  removing  the  greatly  disintegrated  cellular 
substance,  offer  almost  insurmountable  obstacles  to  the 
adoption  of  this  method. 

After  the  extraction  of  the  starch  from  the  fibrous 
matter  of  the  pulp,  the  next  operation  is  the  separation 
of  any  particles  of  sand,  clay,  and  other  heavy  impuri- 
ties from  the  fecula.  This  is  done  by  allowing  the 
liquor  as  it  passes  off  from  the  sieve  to  collect  and 
repose  for  the  space  of  a  few  hours,  when  the  super- 
natant liquid  is  siphoned  off,  and  the  deposit  agitated 
with  its  own  bulk  of  water;  the  mixture  is  then  passed 
over  a  fine  sieve,  by  which  stones,  sand,  and  coarser 
impurities  are  removed.  Three  or  four  such  repeti- 
tions with  fresh  water,  using  at  each  successive  sifting 
a  finer  wire  gauze  than  the  preceding,  complete  the 
purification.  To  assist  in  this  part  of  the  work  a 
mechanical  agitator  is  employed  in  the  large  fecularies, 
similar  to  that  shown  in  Fig.  553,  and  which  may  be 
elevated  or  lowered  at  pleasure  by  a  lever  handle. 
When  such  an  arrangement  is  appended  to  the  sieves 
the  labor  of  purifying  the  starch  is  much  diminished, 
as  the  various  impurities  are  retained  in  the  inter- 
mediate vessels. 

Purification. — The  several  filtrations  and  depo- 
sitions above  alluded  to  being  effected,  the  milky 
liquor  is  allowed  to  flow  into  large  settlers,  where  it  is 
left  to  repose  for  several  hours,  till  the  whole  matter 
in  suspension  falls  to  the  bottom ;  the  clear  water  is  then 
siphoned  off,  and  the  brownish  layer  on  the  surface, 
consisting  of  fibrous  particles,  pulp,  and  other  sub- 
stances lighter  than  the  fecula,  scraped  off  as  clean  as 


possible  by  an  iron  scraper.  This  impure  starch  is 
agitated  with  fresh  water,  and  then  passed  through  a 
very  fine  brass  wire  or  silk  sieve,  and  allowed  to  rest 
for  some  time,  till  a  further  amount  of  white  starch  falls, 
when  the  same  operation  is  repeated.  The  deposit  left 
after  the  removal  of  the  brownish  light  matter,  is 
known  in  the  French  and  Belgian  works  as  gras  de 
fecule.  It  is  further  purified  by  stirring  it  with  fresh 
water,  passing  the  mixture  through  a  No.  90  brass- 
wire  sieve,  or  one  of  silk  cloth,  conveying  the  milky 
liquid  into  a  vat,  allowing  it  to  rest  till  the  starch  falls, 
then  decanting  and  scraping  the  surface,  and  finally,  if 
the  mass  be  pure  and  of  sufficient  consistence,  dividing 
it  into  lumps  and  placing  these  to  dry,  either  unsup- 
ported or  in  a  conical  wire  case ;  if  it  has  not  acquired 
this  density  it  is  customary  to  agitate  it,  and  to  run 
the  thick  semifluid  mass  into  small  perforated  boxes 
lined  with  coarse  cloth,  such  as  flannel  or  calico. 

Sometimes  the  purification  of  the  fecula,  deprived  of 
its  supernatant  brownish  deposit,  is  effected  by  washing 
it  under  a  slight  stream  of  water  on  an  inclined  table 
or  sluice,  twenty  to  twenty-four  feet  long  by  three  feet 
in  breadth,  and  declining  one  and  a  half  to  two  inches 
in  its  whole  length ;  the  lighter  matter  is  carried  off  by 
the  water,  leaving  the  pure  fecula.    Figs.  550  and  551 


Fig.  650. 


Fig.  551. 


illustrate  this  arrangement;  A,  c,  represent  a  portion 
of  the  first  plane ;  D  the  next ;  and  F  the  third ;  the 
three  being  placed  on  supports  one  above  another 
to  economize  room.  The  starch  being  spread  upon 
the  first  ledge,  a  stream  of  water  in  numerous  small 
jets  is  delivered  upon  it  by  the  pipe  R ;  the  workman 
agitates  the  surface  of  the  layer  with  a  brush,  and  the 
slight  current  carries  the  lighter  particles  forward, 
depositing  a  portion  of  the  fecula  in  suspension  as  it 
proceeds,  till  it  arrives  at  F,  whence  it  falls  into  the 
canal,  I,  and  thence  into  the  settler,  H.  The  puri- 
fied starch  is  then  brushed  from  the  plane  under  a 
stream  of  water  into  the  second  vessel  h';  and  by 
siphoning  the  liquor  from  the  vessel  H  into  n",  the 
operation  of  laying  a  second  batch  may  be  proceeded 
with.  As  soon  as  the  fecula  has  subsided  in  the  tub 
or  vat  H/,  the  water  is  decanted ;  the  starch  is  then 
transferred  into  boxes  of  a  conical  form,  perforated 
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to  allow  the  water  to  drain  away,  and  covered  with 
cloth  and  set  aside. 

Desiccation. — At  this  stage  another  operation,  the 
drying  of  the  starch,  commences.  It  may  be  remarked 
here,  however,  that  the  large  quantity  of  fecula  which 
is  converted  into  grape  sugar  and  dextrin  is  not  dried, 
but  is  at  once  acted  upon  in  a  manner  which  will  be 
described  at  the  end  of  this  article. 

During  the  time  that  the  starch  is  allowed  to  drain 
in  the  lined  boxes,  it  acquires  sufficient  hardness  to 
enable  it  to  retain  the  shape  of  the  box ;  and  as  soon 
as  this  state  is  attained,  the  mould  of  starch  is  inverted 
upon  a  mass  of  plaster  of  Paris,  which  abstracts  a 
further  portion  of  the  retained  moisture,  thereby 
rendering  the  loaf  of  fecula  so  solid  as  to  endure 
being  placed  upon  the  stages  of  the  drying-house  for 
further  desiccation.  In  this  state  the  product  is  known 
as  green  fecula,  and  contains  fully  two-thirds  water. 

Desiccation  in  Free  Air.  —  The  free  -  air  drying 
chamber  is  a  large  rectangular  room,  on  either  side 
of  which  are  ranged,  one  above  another,  a  number  of 
horizontal  shelves  formed  of  bars  of  wood  placed  at  a 
distance  of  three  quarters  of  an  inch  to  one  inch  apart, 
the  whole  being  supported  by  upright  posts,  as  shown 
in  Fig.  552.  A  current  of  air  is  passed  through  the 
gallery  by  means  of  Venetian  ventilators  at  both  sides, 
which  admit  of  increasing  the  draught  at  will  without 
permitting  much  dust  to  enter.  The  loaves  of  fecula 
are  broken  into  three  or  four  pieces,  and  laid  on  the 
longitudinal  hurdle  or  bars  already  mentioned,  on 
which  they  are  permitted  to  remain  during  six  or  eight 
weeks ;  they  are  then  taken,  and,  if  necessary,  reduced 
to  powder  under  a  wooden  roller,  and  placed  in  the 
hot-air  stove.  In  the  construction  of  the  latter,  it  is 
indispensable  to  have  the  arrangements  such  that  the 
heat  may  be  entirely  under  control;  for  if  a  high 
temperature  were  to  act  upon  the  starch,  the  cor- 
puscles would  be  swelled  to  bursting,  and  a  number  of 
gummy  concretions  in  proportion  to  the  extent  of  the 
change  would  result.  Such  a  consequence  need  not 
be  feared  after  the  chief  part  of  the  water  still  retained 
in  the  starch — -amounting  to  forty  per  cent. — has  eva- 
porated. Several  kinds  of  drying  stoves  are  used  for 
this  purpose ;  one  being  a  long  gallery  like  the  preced- 
ing free-air  drying  chamber,  closed  with  apertures  in 
the  front  for  sliding  shelves,  on  which  the  starch  is 
placed  to  pass  inwards  where  the  warm  air  circulates. 
The  heat  in  these  cases  is  obtained  from  cast-iron 
pipes  passing  round  the  walls  at  the  base,  in  which  the 
draught  from  a  fire  is  conducted  to  the  chimney;  and 
getting  thereby  warm  they  heat  the  air  in  the  interior 
as  it  passes  through  the  compartment.  Fig.  552  is  a 
sectional  view  of  the  drying  stove  of  Lacambre  and 
Persac,  in  which  the  starch  is  exposed  gradually  from 
60°  to  212°,  the  highest  degree  of  heat  to  which  the 
fecula  is  subjected.  It  consists  of  a  chamber,  beneath 
the  ground  floor  of  which  a  heating  apparatus  consist- 
ing of  a  stove,  A,  and  a  system  of  iron  pipes,  b,  c,  d,  e, 
f  g,  h,  i,  leading  to  a  chimney,  is  erected ;  and  the  air 
entering  this  compartment  by  lateral  apertures  passing 
over  the  heated  surface  of  these  pipes  gets  warmed 
and  ascends  by  the  opening,  D,  in  the  drying  chamber, 
where,  following  the  direction  of  the  arrows,  it  succes- 


sively passes  over  the  inclined  tables,  C,  c1,  c2,  c3,  c4,  tc 
C7,  and  thence  to  the  outlets — c8  and  c10 — at  the  top. 
The  starch  passes  in  an  opposite  direction,  being  intro- 
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duced  at  the  door,  B4,  at  the  top  upon  the  plate,  c7, 
and  thence  it  is  pushed  forward  over  the  plates,  c6,  c5, 
c4,  cs,  by  the  aid  of  the  working  doors,  B8,  B3,  b1,  and 
B,  till  it  arrives  dried  at  c,  and  falls  upon  the  ledge,  c', 
into  the  receiver  outside  the  wall  of  the  chamber. 

Another  drying  chamber  constructed  upon  the  same 
principle,  but  self-acting,  consists  of  a  chamber  and  heat- 
ing apparatus  essentially  like  that  last  described ;  but 
instead  of  plates  inclined  one  towards  another,  there 
are  a  number  of  rollers  fixed  two  and  two  at  the  same 
height  in  the  interior,  upon  which  travels  an  endless 
band  of  cloth,  and  which  are  sustained  in  the  middle 
by  cross  rods  of  wood.  By  means  of  gearing-wheels 
on  the  ends  of  these  rollers,  the  cloth  of  each  pair  is 
moved  in  an  opposite  direction  to  that  immediately 
above  it,  and  the  whole  are  set  in  motion  by  the 
power  acting  upon  the  highest  roller,  e,  in  the  chamber. 
All  the  gearing-wheels  on  the  axles  of  these  rollers 
being  of  the  same  diameter,  they  move  with  the  same 
velocity,  so  that  the  moist  starch,  introduced  through 
the  door  at  the  top  and  spread  upon  the  web,  is  carried 
forward  from  one  end  of  each  web  to  the  other,  till  it 
reaches  the  utmost  limit  of  the  lowest  one.  From 
the  disposition  of  the  rollers  the  fecula  falls  from  one 
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cloth  to  another  alternately  at  either  end,  and  ultimately 
into  the  chamber,  the  heated  air  ascending  in  an  oppo- 
site direction. 

The  fecula  during  the  passage  through  these  hot-air 
chambers  loses  from  eight  to  fifteen  per  cent,  of  mois- 
ture, according  as  it  has  been  more  or  less  dried  in 
the  free-air  chamber,  and  is  now  in  the  ordinary  state 
for  sending  into  the  market,  except  when,  for  laundry 
purposes,  it  is  mixed  with  a  certain  amount  of  coloring 
matter,  such  as  smalt  blue  and  the  like,  or  sometimes 
of  late  with  incombustible  matters,  to  secure  fine  light 
dresses  from  being  so  prone  to  ignition.  Fig.  553 
represents  an  apparatus  employed  for  this  purpose ; 
a  is  a  conical  hopper  in  which  the  fecula  is  put, 
together  with  the  smalt,  indigo,  or  Prussian  blue 
employed.  The  mixture  passes  through  numerous 
holes  in  this  funnel-shaped  hopper,  and  falls  upon  the 
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first  sifter,  b  b,  through  which  it  is  urged  by  the  revolving 
brushes,  d ;  thence  it  descends  to  the  second  and  finer 
sifter,  c  c,  swept,  like  the  other,  by  brushes,  which 
accelerate  the  passage  of  the  fecula  into  the  bottom,  e, 
of  the  vessel,  and  from  this  it  runs  by  the  tubes,  g  g, 
into  sacks  or  boxes  placed  for  its  reception.  The 
brushes  are  attached  to  a  central  shaft,  /,  which  is 
turned  by  the  gearing-wheels  in  connection  with  an 
engine,  or  other  motive  power.  Sometimes  the  slight 
coloration  which  is  given  to  laundry  starch,  as  sold 
by  grocers  generally,  is  communicated  immediately 
after  the  first  desiccation  in  the  free-air  chamber ;  and 
the  moisture  is  driven  off  afterwards  in  the  drying 
stove. 

Bice  Starch. — Within  the  last  twenty  years  the 
extraction  of  starch  from  rice  has  received  considerable 
attention  in  England  ;  and  is  now  extensively  practised. 
It  will  be  seen  from  the  results  stated  at  page  950,  that 
this  grain  contains  more  starch  in  proportion  to  its 
other  constituents  than  any  other ;  the  gluten,  however, 
is  so  minutely  divided  in  it  that  its  separation  was 
impossible  by  the  old  system  of  fermentation,  and  this 
accounts  for  the  preference  so  long  given  to  wheat 
and  flour.    By  the  partial  use  of  chemical  agents 


this  difficulty  has  been  overcome,  and  rice  is  now 
extensively  employed  for  the  manufacture  of  starch. 
Among  the  several  patent  processes  introduced  for  this 
purpose  are  those  of  Jones,  Berger,  Bierley, 
Eehe,  and  others,  who  employ  either  an  alkali  or  an 
acid  for  the  solution  of  the  gluten. 

Jones  directs  that  the  rice  be  steeped  in  a  solution 
of  caustic  potassa  or  soda,  containing  two  hundred 
grains  of  alkali  to  the  gallon,  using  fifty  gallons  of  such 
lie  to  one  hundred  pounds  of  rice  ;  the  mixture  is  well 
stirred,  and  then  allowed  to  digest  for  twenty-four 
hours;  after  which  the  lie  is  siphoned  off  as  much  as 
possible,  and  the  grain  is  washed  with  twice  as  much 
pure  water  as  the  liquor  drawn  over.  The  grain  is 
then  placed  upon  a  drainer,  after  which  it  is  crushed 
or  ground  between  stones  or  rollers,  and  the  coarse 
flour  sifted  in  an  apparatus  furnished  with  brushes. 
That  which  refuses  to  pass  through  is  returned  to  the 
mill  with  a  fresh  portion  of  prepared  grain,  and  this 
process  is  repeated  until  the  whole,  with  the  exception 
of  the  husk,  is  made  to  pass  through  the  sieve.  The 
meal  thus  obtained  is  treated  with  a  further  quantity 
of  the  alkaline  liquid,  the  proportions  being  one  hun- 
dred gallons  to  a  hundred  pounds  of  the  meal,  and  the 
action  is  quickened  by  frequent  agitation  of  the  mass 
during  twenty-four  hours ;  after  which  it  is  allowed  to 
repose  seventy  hours.  During  this  period  there  is 
first' a  deposit  of  fibrous  matter  with  a  little  starch; 
then  the  starch  falls,  the  chief  portion  of  the  gluten, 
with  some  other  bodies,  being  retained  in  solution  by 
the  liquor,  which  is  removed  by  a  siphon  without  dis- 
turbing the  separated  matter.  Double  the  previous 
quantity  of  pure  water  is  now  poured  on  the  starch,  the 
whole  being  well  agitated,  and  allowed  to  rest  for  an 
hour,  to  permit  the  heavy  substances  other  than  starch 
to  fall  to  the  bottom ;  this  done,  the  milky  liquor  con- 
taining the  chief  portion  of  the  pure  material  is  drawn 
over  into  another  vessel,  being  passed  in  its  course 
through  wire  or  cloth  sieves.  A  further  quantity  of 
water  is  used  to  wash  the  deposited  matter,  which, 
being  agitated  with  the  liquor  as  before,  the  whole  is 
left  to  rest ;  and  after  the  crude  impurities  have  fallen, 
the  starchy  menstruum  is  again  drawn  off.  By  repeat- 
ing these  operations  as  often  as  may  be  necessary,  the 
separation  of  the  starch  is  completed ;  and  the  fine  silk 
or  brass-wire  sieves  detain  any  fragments  of  husk,  so 
that  the  substance  is  well  purified.  All  the  successive 
liquors  being  added  to  the  first,  the  whole  is  stirred  and 
then  left  to  settle  for  seventy  hours;  after  this  time  if 
the  whole  of  the  starch  has  subsided,  the  clear  super- 
natant liquor  is  drawn  off,  the  deposit  is  mixed  with  the 
necessary  quantity  of  coloring  matter,  and  then  treated 
in  the  usual  way  by  boxing,  draining,  and  desiccating. 

Berger's  process  is  analogous  to  that  just  de- 
scribed ;  a  hundredweight  of  the  rice  is  steeped  during 
two  days,  then  removed  from  the  water,  and  after  being 
drained,  is  crushed  or  ground  to  meal,  among  which 
as  much  water  is  introduced  as  to  give  it  the  consist- 
ency of  thick  cream  ;  in  this  condition  it  is  passed 
through  a  sixty-holed  sieve,  returning  what  is  too 
coarse  to  be  further  ground.  The  filtered  or  sifted 
mass  is  now  stirred  with  a  solution  of  seven  pounds 
and  a  half  of  carbonate  of  soda  in  three  and  a  half 
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gallons  of  water ;  and  when  the  whole  has  been 
thoroughly  blended,  it  is  allowed  to  rest  during  four 
hours,  then  agitated  again,  and  the  operation  repeated 
at  equal  intervals  till  the  contact  has  been  prolonged  to 
about  sixty  hours.  After  this  it  is  suffered  to  rest 
eighteen  hours,  and  at  the  end  of  that  time  the  lie 
containing  the  chief  portion  of  the  albumen  is  drawn 
off.  A  second  treatment  with  a  similar  lie  is  succeeded 
by  a  washing  with  large  quantities  of  water,  and  after 
allowing  the  heavy  particles  to  fall,  the  milky  liquor 
is  passed  through  fine  sieves,  and  the  starch  further 
purified  by  the  inclined  plane,  or  by  repeated  washings 
and  depositions. 

By  another  process,  likewise  patented,  Bergee  pro- 
posed to  prepare  the  starch  of  rice  by  fermentation, 
the  chief  feature  of  which  is  the  steeping  of  the  grain 
in  water  for  successive  periods  of  four  to  six  days, 
then  grinding  in  the  usual  way,  and  repeating  the 
steeping  until  the  entire  gluten  has  been  so  far  altered 
by  fermentation  as  to  be  taken  up  by  the  several  liquors ; 
the  starch  is  afterwards  finished  by  sittings,  washings, 
et  cetera. 

Coleman,  in  1841.,  patented  the  following  method 
of  preparing  rice  starch  by  fermentation  : — The  rice 
is  steeped  during  five  or  six  days,  then  drained  from 
the  water,  and  ground  in  the  usual  way ;  the  meal 
reduced  to  a  pulp  is  mixed  in  the  recipient  with  a 
quantity  of  the  refuse  of  wheat,  or  other  fibrous  matter, 
in  the  proportion  of  fifteen  pounds  of  the  latter  to  the 
hundredweight  of  rice,  and  a  sufficient  quantity  of 
water  is  added  to  reduce  the  whole  to  a  homogeneous 
mass,  which  is  allowed  to  rest  during  ten  to  fifteen  days. 
The  patentee  states  that  by  this  time  the  starch  will 
have  separated,  and  may  be  purified  in  the  ordinary 
way  by  washing  and  sifting. 

Another  mode  for  preparing  rice  starch  by  the  agency 
of  acids  is  thus  described : — The  substance  after  being 
steeped  for  four  days  is  drained,  and  then  reduced  to 
a  pulp  in  a  mill  under  a  stream  of  water,  which  carries 
it  off  to  a  reservoir,  where  it  is  allowed  to  settle,  and 
the  water  is  then  separated  by  a  siphon  or  plug- 
hole in  the  vessel.  The  deposit  is  then  agitated 
with  an  acid  liquor  prepared  by  adding  three  quarters 
or  one  ounce  of  ordinary  hydrochloric  acid  with 
two  pounds  of  rice  to  the  gallon,  stirring  well  the 
whole  mass,  and  leaving  it  to  stand  during  five  days 
with  agitation  at  intervals  of  four  hours ;  finally, 
eighteen  hours  are  allowed  for  the  substance  to  deposit, 
after  which  time  the  clear  liquor  is  drawn  off,  and  the 
operation  repeated  with  a  second  acid  liquor  three- 
fourths  of  the  strength  of  that  first  used.  When  the 
period  mentioned  for  the  final  deposition  of  the  starchy 
mass  has  transpired,  the  acid  liquor  is  drawn  off  as 
before,  and  the  residua  washed  with  large  quantities  of 
water,  passing  it  through  sieves  as  usual  to  separate  the 
husk  and  other  impurities  which  may  still  remain,  and 
finally  the  mass  is  drained  and  dried  in  the  ordinary  way. 

Behe  took  out  another  patent  for  a  method  for  pre- 
paring rice  starch,  the  chief  feature  of  which  is,  that  he 
submits  the  rice  at  first  to  a  temperature  of  1 60°  to  1 80° 
before  steeping ;  and  after  the  matter  is  levigated,  he 
employs  a  stronger  alkaline  lie — four  pounds  of  soda 
to  a  hundredweight  of  rice — for  washing  the  pulp. 


In  the  subsequent  washings,  et  cetera,  the  treatment 
prescribed  by  the  patentee  is  similar  to  those  already 
mentioned. 

Rainsford  employs  hydraulic  pressure  in  conjunc- 
tion with  alkali  to  extract  the  fibrinous  matter  from  the 
rice  before  grinding,  and  finishes  the  product  by  fur- 
ther treatment  with  alkaline-water  washings,  siftings, 
and  the  like ;  he  uses  pressure  also  to  expedite  the 
operation  of  expelling  the  last  portions  of  water  from 
the  finished  starch. 

Maize  or  Indian  Corn  Starch. — Of  late  years 
maize  has  been  used  for  the  manufacture  of  starch,  and 
has  been  found  to  answer  the  purpose  very  well,  con- 
taining as  it  does  a  large  per  centage  of  that  substance. 
The  principal  makers  are  Polson  and  Brown  of 
Paisley,  Scotland,  who  employ  a  process  patented  by 
the  former  in  1854.  By  this  method  the  grain  is  first 
steeped  either  in  an  alkaline  water  of  the  usual  strength, 
or  in  water  only,  till  thoroughly  soaked ;  it  is  then  levi- 
gated in  the  ordinary  way  either  by  rollers  or  a  mill,  and 
the  pulp  is  passed  over  a  sieve,  through  which  the  finer 
portions  are  forced  by  revolving  brushes,  whilst  the 
coarse  matter  is  returned  to  the  mill  to  be  further  levi- 
gated, and  is  then  sifted  again.  In  this  way  most  of  the 
husk  is  separated  from  the  flour  or  starchy  portion  of  the 
grain,  and  is  economized  as  cattle  food.  A  stream  of 
water  passes  in  upon  the  sifting  machine,  and  carries  the 
portion  passing  through  the  sieves  over  an  inclined 
plane,  or  run,  the  breadth  and  length  of  which  are  pro- 
portioned to  the  work  to  be  performed.  In  its  course 
the  heavier  starchy  matters  subside,  and  the  lighter 
fibrous  substances  are  carried  forward  by  the  stream 
till  they  are  thrown  off.  The  plane  is  divided  by  dams, 
or  pieces  of  wood  laid  across  it,  which  intercept  the 
deposited  starch,  until  it  accumulates  in  quantities  con- 
venient for  removal.  Most  of  the  glutinous  or  fibrinous 
matter  and  husk  is  thus  separated,  and  a  starch  is 
obtained  which,  though  not  entirely  free  from  nitro- 
genous and  fibrous  matter,  answers  well  for  ordinary 
coarse  work,  having  high  stiffening  powers.  It  has 
also  been  introduced  by  that  firm  as  an  article  of  diet, 
and  meets  with  extensive  patronage.  When  a  finer  kind 
of  starch  is  to  be  prepared,  the  deposit  from  the  plane 
is  treated  with  an  alkaline  liquid,  by  which  the  gluten 
is  dissolved ;  and  by  sifting  through  a,  finer  texture, 
washing  on  the  plane,  and  the  other  usual  manipula- 
tions, the  starch  is  obtained  perfectly  pure. 

Watt  of  Belfast  is  also  patentee  of  a  process  for 
preparing  starch  from  maize,  and  which  in  its  chief 
features  is  similar  to  the  foregoing,  with  the  exception 
that  Watt  steeps  the  grain  in  repeated  changes  of 
water,  or  in  a  current,  till  incipient  fermentation  takes 
place,  the  water  being  in  either  case  heated  between  70° 
and  140°;  after  which  the  matter  is  drained  and  ground 
as  usual,  with  the  necessary  quantity  of  water,  likewise 
heated,  to  reduce  it  to  a  creamy  consistence.  This  is 
then  sifted  with  the  aid  of  brushes,  and  the  coarser 
portions  returned,  if  necessary,  to  be  again  levigated, 
et  cetera.  The  sifted  matter  is  washed  and  purified 
either  by  the  inclined  plane  or  in  vats,  as  in  the  pre- 
ceding methods. 

Starch  from  Millet. — A  process  patented  by 
Eickett  for  the  extraction  of  starch  from  millet, 
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.  especially  from  that  kiud  known  as  Dart,  embraces 
the  usual  series  of  operations,  namely,  steeping, 
grinding,  sifting,  and  treatment  with  alkalies,  alkaline 
carbonates,  or  acids,  such  as  hydrochloric  or  acetic 
acids,  washing  and  finishing  in  the  manner  already 
detailed. 

Starcii  from  Horse-Chestnut. — Hedenus  and 
Flaudin  have  proposed  to  extract  starch  from  the 
horse-chestnut,  in  which  it  is  stated  to  be  contained  to 
the  extent  of  twenty-five  per  cent.  The  chestnuts  are 
steeped  in  boiling  water,  then  skinned  and  grated  ;  the 
pulp  well  mixed  with  soda  in  the  proportion  of  one  per 
cent,  of  the  chestnuts  operated  upon  ;  and,  after  a  cer- 
tain time,  the  starch  is  obtained  by  washing  the  mass 
in  the  ordinary  way.  The  alkali,  it  is  said,  thoroughly 
removes  the  bitter  principle  of  the  nut. — Richardson 
and  Ronalds. 

Arrow-Root  Starch. — This  starch,  so  named  from 
its  virtue,  as  formerly  supposed,  of  curing  wounds 
from  poisoned  arrows,  is  extracted  from  the  roots 
of  plants  of  the  Marantaceat  of  Lindley,  more 
especially  from  those  of  the  Maranta  arundinacea 
and  M.  Indica,  natives  both  of  the  East  and  West 
Indies.  There  are  also  other  plants  which  afford  a 
starch,  designated  by  the  same  title  and  the  nams  of 
the  locality  of  its  production.  Such  is  the  Portland 
arrow-root,  extracted  from  the  Arum  maculatum  of 
the  order  Aroidcaz;  the  Brazilian  arrow-root,  from  the 
Jatropha  manihot  of  the  order  Etiphorbiacew  ;  East 
Indian  arrow-root,  from  tubers  of  the  Curcuma  augus- 
tifolia  of  the  order  Zingiheracem;  and  Tahiti  arrow- 
root, or  tacca  starch,  from  the  roots  Tacca  oceanica 
of  the  order  Taccacm,  with  many  others.  Arrow-root 
is  a  snow-white  powder,  and  is  very  much  prized  as  a 
dietary  article,  though  its  estimation  in  this  respect  has 
now  considerably  diminished.  The  starch  which  is 
contained  in  cells  in  the  joints  of  the  rhizome  or  under- 
ground stem,  is  extracted  in  Jamaica,  as  Pereira  states, 
in  the  following  manner : — The  tubers,  when  about  ten 
or  twelve  months  old,  are  dugup,  well  washed  in  water, 
and  then  beaten  to  a  pulp  in  large,  deep,  wooden 
mortars ;  this  pulp  is  thrown  into  a  large  tub  of  clean 
water,  well  stirred,  the  matter  strained,  the  residuary 
pulp  expressed  and  thrown  away.  The  milky  liquid 
thus  obtained  is  passed  through  a  cloth  or  hair  sieve, 
allowed  to  settle,  and  the  clear  supernatant  liquid 
drained  off.  More  clean  water  is  poured  on  the  white 
deposit,  the  whole  stirred ;  and,  after  the  deposition  of 
the  solid  matter,  \{  is  drawn  off  as  before.  Finally,  the 
deposit  is  drained  and  dried  on  sheets  in  the  sun,  when 
it  is  fit  for  commerce. 

In  Bermuda,  and  in  the  Island  of  St.  Vincent,  the 
tubers  are  carefully  deprived  of  their  paper-like  scale, 
as  this  is  said  to  contain  a  resinous  matter  which 
imparts  both  a  color  and  a  disagreeable  flavor  to  the 
starch ;  they  are  then  rasped  by  a  machine,  or  ground 
by  a  mill,  and  the  meal  being  well  washed  with  pure 
water  through  various  forms  of  sieves  is  ultimately 
dried.  To  insure  greater  purity  of  the  product,  Ure 
states  that  the  vessels  and  cylindrical  sieves  employed 
on  many  of  the  estates,  are  constructed  of  tinned 
copper ;  that  the  scrapers  used  to  remove  extraneous 
matter  from  the  deposit,  as  well  as  the  shovels  with 


which  it  is  packed  in  bags,  are  made  of  German  silver  ; 
and  that  whilst  drying,  it  is  protected  from  dust  and 
insects  by  a  veil  of  white  gauze. 

A  method  similar  to  that  first  stated  is  followed 
in  the  East  Indies,  for  extracting  the  starch  from  the 
roots  of  the  same  plant,  as  well  as  from  the  Curcuma 
augustifolia,  the  product  of  which  is  distinguished  as 
curcuma  starch,  or  tihor,  imported  from  Calcutta. 
There  are  two  varieties  of  the  latter,  the  white  and  the 
buff-colored  tikor,  or  East  India  arrow-root,  and  which 
can  be  readily  distinguished  from  the  West  Indian 
product,  both  by  its  physical  properties  and  by  its 
appearance  under  the  microscope.  Pereira  states 
that  the  white  tikor  appears  to  the  eye  to  resemble  a 
finely-powdered  salt,  such  as  bicarbonate  of  soda  ;  that 
when  pinched  or  pressed  by  the  fingers,  it  wants  the 
firmness  so  characteristic  of  the  West  Indian  arrow- 
root. The  form  of  the  granules  under  the  microscope 
he  states  to  be  different,  the  curcuma  starch  being 
transparent  flattened  disks  of  an  ovate,  or  oblong-ovate 
shape,  having  a  very  short  neck,  or  nipple  projection, 
at  one  extremity  where  the  hilum  is  situated ;  and, 
owing  to  the  flatness  of  the  grains,  they  have  but  little 
lateral  shading,  except  when  viewed  edgeways,  the 
lines  forming  only  segments  of  circles.  Both  these 
kinds  are  used  tor  food,  like  the  West  Indian  product, 
to  which,  however,  they  are  deemed  much  inferior. 
Portland  arrow-root,  or  Portland  sago,  so  named  from 
being  imported  from  the  island  of  that  name,  is  prepared 
much  in  the  same  way  as  the  foregoing,  namely,  by 
scraping  the  tubers  of  the  Arum  maculatum,  pounding 
or  rasping  them  in  a  mortar  or  machine,  washing  with 
water,  straining,  et  cetera.  It  is  a  white  amylaceous 
powder  composed  of  exceedingly  small  granules  of  a 
circular,  muller-shaped,  or  polyhedral  form,  having  a 
hilum  in  a  central  depression  in  the  grain.  This  article 
is  likewise  used  as  a  dietary. 

Cassava  Starch. — Known  also  as  tapioca  meal 
and  Brazilian  arrow-root,  is  obtained  from  the  roots  of 
the  Jatropha  manihot,  a  native  of  Brazil.  The  roots 
contain  a  powerful  acrid  poison  which  is  readily 
extracted  by  water  and  destroyed  by  heat,  so  that, 
in  the  course  of  the  preparation  of  the  starch — a  pro- 
cess similar  to  those  already  described — the  poison  is 
entirely  separated.  It  is  imported  into  England  from 
Rio  Janeiro,  and  appears  as  a  white  pulverulent  sub- 
stance resembling  the  genuine  arrow-root.  Under  the 
microscope  the  difference  is  seen  at  once,  this  starch 
being  somewhat  similar  to  the  Portland  arrow-root  in 
the  shape  of  the  granules,  though  much  smaller ;  the 
hilum  circular  and  surrounded  with  rings. 

Tapioca. — This  substance  is  the  meal  from  the  roots 
of  the  above-mentioned  plant,  scraped,  washed,  and 
rasped  into  flour.  Whilst  still  moist  it  is  dried  upon 
hot  plates,  by  which  treatment  some  of  the  starch 
grains  swell  to  bursting,  and  the  amylaceous  matter  thus 
liberated  cements  the  whole  into  small  irregular  masses. 
Hence  tapioca  is  partially  soluble  in  water.  In  boiling 
water  it  swells  up  and  constitutes  a  transparent  jelly- 
like mass. 

Tahiti  or  Otaheite  arrow-root  is  obtained  from  the 
tubers  of  the  Tacca  oceanica  and  pinnatafida,  a  native 
of  Tahiti  and  other  South  Sea  islands.    It  is  imported 
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into  London,  and  sold  under  the  title  of  arrow-root 
prepared  by  the  native  converts  at  the  missionary 
stations  in  the  South  Sea  islands.  The  tuberous  roots, 
which  yield  a  highly  nutritious  fecula,  are  washed  and 
scraped  to  remove  the  outer  skin,  then  reduced  to  a 
pulp  by  rubbing  on  a  kind  of  rasp  made  by  wrapping 
coarse  twine  from  the  cocoa-nut  fibre  tightly  round  a 
board,  or,  as  Ellis  states,  on  a  piece  of  coral ;  the  pulp 
is  then  washed  with  sea- water  on  a  sieve  made  of  the 
fibrous  web  that  protects  the  young  frond  of  the  cocoa- 
nut  palm.  After  the  deposition  of  the  fecula  the  liquor 
is  drained  off,  the  sediment  made  into  balls  and  dried 
in  the  sun  from  twelve  to  twenty-four  hours,  then 
broken  up,  and  the  desiccation  finished  in  the  sun.  This 
starch  has  a  slight  musty  odor,  though  in  color  it 
resembles  genuine  arrow-root.  Its  particles  appear 
smaller  than  cassava  starch ;  they  are  circular,  muller- 
shaped,  and  polyhedral,  having  a  small  circular  hilum, 
and  but  few  and  not  very  distinct  rings. 

There  are  a  great  many  other  tropical  plants  from 
which  starch  could  be  extracted,  such  as  the  unripe 
fruit  of  the  plantain  and  banana,  and  the  tuber  of  the 
dioscorea  or  yam,  the  former  of  which  is  stated  to 
afford  seventeen  per  cent,  of  starch,  and  the  latter 
nearly  twenty-three  per  cent. 

Tous-les-mois. — The  starch  or  fecula  bearing  this 
name  is  allied  to  the  preceding.  It  is  extracted  from 
the  tubers  of  the  Canna  edulis,  a  native  of  the  West 
Indies.  The  seat  of  its  manufacture  is  principally  St. 
Kitts,  whence  it  was  introduced  into  England  in  1836. 
From  the  account  of  Mr.  Wordsworth,  it  appears  that 
the  plant  grows  to  the  height  of  four  feet  or  more,  and 
yields  a  tuber  three  or  four  times  as  large  as  average- 
sized  potatoes.  The  fecula  is  extracted  to  the  amount 
of  twelve  and  a  half  per  cent,  of  the  tubers  by  rasping 
and  subsequent  washings  in  the  ordinary  way.  Its 
granules  are  much  larger  than  any  other  kind  of 
starch,  not  excepting  that  of  the  potato ;  and  conse- 
quently it  may  be  readily  distinguished  from  the  latter 
by  the  practised  microscopist.  In  bulk  it  has  a  satiny, 
glistening  appearance,  somewhat  resembling  potato 
starch,  but  devoid  of  the  dead  white  of  the  genuine 
arrow-root. 

Pereira  gives  the  following  as  the  principal  distin- 
guishing charactistics  of  this  and  potato  fecula  : — 

1.  The  particles  of  potato  starch  are  smaller  and 
more  irregular  in  size  than  those  of  tous-les-mois. 

2.  The  larger  particles  of  potato  starch  are  more 
irregular  in  shape  than  those  of  tous-les-mois:  the 
latter  are  more  constantly  rounded-oblong,  or  ovate- 
oblong  ;  the  former  more  oval,  often  approximating  to 
the  shape  of  an  oyster  or  muscle  shell,  or  a  triangle 
with  rounded  corners,  and  frequently  gibbous  or  tumid 
at  different  parts  of  their  surface. 

3.  The  rings  seen  on  particles  of  tous-les-mois  are 
fine,  regular,  uniform,  concentric,  and  crowded ;  those 
of  potato  starch  are  coarser,  irregular,  often  eccentric, 
irregularly  drawn  out,  distorted,  or  more  and  unequally 
distant  from  each  other.  In  potato  starch  a  greater 
number  of  complete  rings  are  visible,  and  may  be  traced 
round  the  hilum  even  in  case  of  many  of  the  larger 
rings.  With  tous-les-mois  only  a  few  of  the  smaller 
rings  can  be  thus  distinguished. 
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4.  The  hilum  is  situated  nearer  to  the  end  of  the 
corpuscle  in  the  tous-les-mois  than  that  of  fecula. 

Lastly,  When  viewed  with  polarized  light  the  cross 
is  generally  less  regular  in  the  potato  starch  grains  than 
in  those  of  the  tous-les-mois. — Pereira. 

Sago. — This  is  the  title  of  a  starch  extracted  from 
several  varieties  of  palms  very  common  in  Sumatra, 
Borneo,  and  other  islands  of  the  Indian  Archipelago ; 
the  word  is  derived  from  the  Malay  name,  sagu,  for  the 
palm  and  the  farina  itself.  The  genuine  sago  is 
imported  into  England  from  Singapore  in  large  quan- 
tities, but  a  fictitious  kind  is  made  at  home  in  many  of 
the  starch  manufactories  from  fecula  and  wheat  starch. 
The  real  plant  which  affords  the  sago  is  still  undefined, 
for  several  of  the  species  are  known  to  yield  it,  those 
of  the  Sagus  and  Sagurus  being  the  most  important. 
The  Sagus  rumphii,  Sagus  inermis,  Metroxylon  sagus — 
the  rambija  of  the  Malays — Corijota  wrens,  or  sago 
palm  of  Assam,  Borassus  gomuto,  and  a  few  others 
are  the  most  resorted  to,  together  with  several  species 
of  Zamia,  C'orypha,  and  Mauritia.  In  most  of  these 
trees  the  pith  is  so  abundant  as  to  constitute  a  great 
part  of  the  bulk  of  the  entire  stem,  which  from  its  rapid 
growth  often  attains  to  a  thickness  of  a  foot  or  more 
in  diameter  in  the  course  of  six  or  seven  years.  From 
such  a  tree  it  is  stated  that  as  much  as  three  hundred- 
weight of  sago  can  be  obtained. 

The  method  adopted  for  extracting  the  medullary 
matter  from  the  tree  and  separating  the  starch  from  it 
is  somewhat  different  from  that  followed  in  preparing 
arrow-root  starch ;  but  the  mode  of  preparing  the  sago 
bears  so  much  resemblance  to  the  European  system  of 
preparing  grain  starch,  that  it  will  be  unnecessary  to 
enlarge  upon  it  in  detail.  In  the  Moluccas,  the  tree 
when  sufficiently  matured  is  cut  down  near  the  root, 
and  then  divided  into  portions  averaging  seven  or 
eight  feet  in  length,  which  are  split  open  and  the 
pith  extracted.  By  various  means — such  as  pounding 
in  a  mortar,  et  cetera — this  substance  is  reduced  to  a 
coarse  powder,  which  is  agitated  with  water  and  sub- 
mitted to  the  usual  siftings  and  washings ;  the  farina  is 
then  allowed  to  deposit,  and  on  drawing  off  the  fluid 
and  drying  the  residue,  the  raw  sago  meal  is  obtained. 
From  this  the  granulated  and  pearl  sago  is  prepared, 
after  submitting  it  to  a  bleaching  process  preparatory 
to  granulation.  To  bleach  it,  the  sago  meal  or  flour, 
mixed  with  water  to  the  consistence  of  cream,  is 
exposed  in  close  vessels  to  the  agency  of  sulphurous 
acid  or  chlorine,  or  to  a  solution  of  hypochlorite  of  lime 
or  soda,  and  afterwards  well  washed ;  a  little  sulphuric 
acid  being  mixed  with  the  washing  water  when  the 
hypochlorite  is  used. 

:  In  New  Guinea  the  granulation  is  performed  by 
making  a  paste  of  the  sago  meal  with  water,  and  pass- 
ing this  through  a  sieve  into  a  very  shallow  iron  pot 
placed  over  a  fire.  The  particles  on  being  heated 
assume  a  globular  form.  Blume  states  that  the  same 
method  is  followed  in  Singapore  by  the  Chinese,  only 
that  during  the  heating  the  particles  are  constantly 
stirred  and  turned;  he  adds,  that  though  the  material 
is  quite  white  at  the  commencement,  it  gets  hard  and 
somewhat  pellucid  during  the  process.  Pereira  says 
that  the  tapioca  sago  of  Guibort  is  submitted  to  the 
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action  of  heat,  but  so  well  managed  is  the  operation, 
that  none  of  the  substance  is  in  the  least  charred. 
He  adds  that  some  of  the  sago  of  the  shops  presents  no 
appearance  of  having  been  heated,  and  in  this  case  it 
is  supposed  that  the  granulation  is  effected  by  a  mill. 
Two  kinds  of  granulated  sago  are  known  in  commerce 
— the  common  brown  or  red,  and  the  white  or  pearl 
sago.  The  color  is  attributed  by  Planche  to  the  red 
matter  contained  in  the  variety  of  palms  from  which  the 
starch  is  extracted,  and  by  the  application  of  the  heat 
required  for  granulation  altered  to  a  grey,  which  is  the 
usual  color  of  unrefined  sago.  Formerly  the  imported 
article  presented  a  great  inequality  of  aggregation, 
varying  from  very  small  grains  to  that  of  pearl  barley 
or  peas,  the  substance  being,  however,  identical  in 
both,  and  evidently  composed  of  cemented  particles  of 
sago  meal.  Pearl  sago  dates  from  a  recent  period ; 
Crauford,  whose  account  of  it  was  the  first  published, 
states  that  the  method  of  manufacturing  it  was  dis- 
co vered  by  the  Chinese  of  Malacca,  a  few  years  previous 
to  1820,  the  year  in  which  he  wrote.  It  is  met  with 
in  pearl-like  grains  of  an  irregularly  globular  form, 
ranging  from  the  size  of  a  poppy  to  that  of  white 
mustard  seed  or  a  little  larger.  The  surface  of  the 
larger  grains  is  generally  smooth  and  even,  but  that 
of  tbe  smaller  kinds  is  uneven  and  somewhat  tuber- 
culated.  Under  the  microscope,  the  particles  of  this 
variety  present  the  same  appearance  as  that  of  the 
colored  product  and  sago  meal,  except  that  the  most 
of  them  appear  ruptured  from  the  action  of  the  heat. 
Sago  when  granulated  possesses  the  property  of  con- 
siderably swelling  in  hot  water  or  other  liquids,  without 
losing  its  adhesive  power;  hence  the  grains  appear 
translucent  and  gelatinous,  but  not  as  slimy  globules. 
The  following  table  by  Planche  exhibits  the  quantity 
of  water  which  the  different  varieties  of  sago  met  with 
in  commerce  take  up  in  softening,  as  also  the  chief 
distinctions  of  the  farina  itself : — 

Source.  Color.  W."ter  nbs»*»a 

in  softening. 
Per  cent, 

Maldines,          Grains,  mostly  red,  some  white,..  150 

Sumatra,          Grains,  white  or  dirty-white,   134 

New  Guinea,  Grains,  brick-red  or  lighter,   121 

Moluccas,        Bed  variety,   130 

Do  Grey,   109 

Do  White,   164 

Of  late  years,  more  especially  in  Germany  and  France, 
considerable  quantities  of  artificial  or  fictitious  sago  have 
been  manufactured  from  inferior  starches,  such  as  fecula. 
The  process  is  simple,  consisting  merely  of  submitting 
the  starch  after  air-drying  to  a  temperature  of  212°  on 
iron  plates,  and  thus  causing  the  granules  to  swell  to 
such  a  degree  that  some  of  them  burst,  when  the  gummy 
matter  forms  a  cement  that  envelopes  other  granules. 
Care  must  be  taken  that  the  heat  does  not  rise  so  high 
as  to  discolor  the  matter  by  partial  charring,  which 
would  be  highly  detrimental.  After  the  heating  the 
mass  is  passed  through  a  mill,  or  sifting  and  rolling 
machine,  by  which  it  is  reduced  to  the  globular  form 
of  pearl  sago.  When  dry  wheat  or  potato  starches  are 
operated  upon,  a  previous  moistening  is  necessary  in 
order  to  incorporate  as  much  water  as  will  facilitate  the 
swelling  and  fracturing  of  the  granules  at  the  com- 
paratively low  heat  necessary  to  insure  its  cementation. 


Derivative  Products  erom  Starch.  —  Two 
products  are  obtained  from  starch  which  are  very 
extensively  employed,  not  only  by  themselves,  but  also 
for  the  production  of  other  substances  of  considerable 
importance.  These  are  dextrin  and  glucose,  of  each 
of  which  it  will  be  necessary  to  give  a  short  account. 

Dextrin. — This  substance  has  been  briefly  described 
under  the  term  British  Gum  in  Vol.  II.,  page  313 ; 
but  its  importance  deserves  that  some  further  details 
should  be  given  here.  It  is  a  substance  immediately 
produced  from,  and  isomeric  with  starch,  and  is  so  called 
from  its  property  of  diverting  to  the  right  a  ray  of 
polarized  light  transmitted  through  its  solution.  It  is 
soluble  in  water  and  in  dilute  spirit  of  wine,  but  insolu- 
ble in  absolute  alcohol.  A  solution  of  iodine  does  not 
alter  its  color  in  solution,  except  when  the  transfor- 
mation of  the  starch  is  incomplete,  in  which  case  it 
produces  a  violet,  shading  off  to  a  red  tint.  "When  the 
colorless  solution  of  this  substance  in  hot  or  cold  water 
is  evaporated,  a  viscous  mass  is  obtained,  which,  on 
being  dried,  yields  the  dextrin  in  a  mass  somewhat 
resembling  gum-arabic ;  it  is  similar  also  in  its  pro- 
perties, so  much  so  that  in  many  applications  it  is 
substituted  for  gum-arabic  at  a  great  saving ;  and 
hence  the  trade  that  has  sprung  up  of  late  years  in 
this  substance  under  the  title  of  British  gum,  leiocomme, 
et  cetera.  It  does  not,  however,  like  gum-arabic,  yield 
derivatives,  such  as  mucic  acid  and  the  like,  when 
treated  with  nitric  acid  and  other  agents,  and  in  this 
respect  a  marked  chemical  distinction  is  established 
between  the  two  substances.  On  the  methods  resorted 
to  for  its  preparation,  the  Editor  has  nothing  to  add  to 
the  details  given  at  the  page  above  referred  to. 

Glucose. — In  starch  factories,  especially  on  the  Con- 
tinent, a  considerable  quantity  of  starch  or  potato  fecula 
is  converted  into  glucose — a  species  of  sugar  which  is 
found  in  many  kinds  of  fruit,  especially  the  grape,  and 
into  which  all  other  varieties  of  sugar,  whether  it  be  the 
product  of  the  cane,  maple,  or  beet,  is  readily  resolved 
by  the  action  of  acids  and  other  chemical  agents.  The 
chief  use  to  which  glucose  is  applied  on  the  Continent 
is  for  the  manufacture  of  beer,  and  a  coarse  kind  of 
alcohol,  which  is  said  to  be  extensively  converted  into 
French  brandy  by  the  addition  of  oil  of  raisins,  coloring 
matter,  et  cetera.  There  are  two  methods  by  which 
the  starch,  or  rather  dextrin,  is  converted  into  glucose  ; 
the  one  is  well  exemplified  in  all  the  breweries  and  dis- 
tilleries of  the  kingdom,  where  thousands  of  tons  are 
annually  formed  in  the  preliminary  stages  of  malting 
and  mashing ;  the  other  consists  in  the  use  of  sulphuric 
acid,  which  is  a  more  expeditious  method,  and  gives  a 
purer  product  than  when  the  conversion  is  effected  by 
means  of  diastase.  The  process  is  naturally  divided 
into  six  stages,  namely,  the  conversion  of  the  starch 
into  dextrin,  the  saccharification  of  the  dextrin,  the 
settling  of  the  liquid,  the  evaporation,  the  filtration,  and 
the  concentration.  Payen  describes  the  apparatus  and 
operations  connected  with  it  as  follows  : — 

The  saccharification  of  the  starch  is  effected  in  large 
tubs  or  vats,  A  a' — Fig.  553— constructed  of  stout 
wood,  to  contain  two  thousand  eight  hundred  gallons. 
In  one  of  these,  a',  a  lead  pipe,  bed,  coiled  at  the 
bottom,  is  placed,  the  circular  portion  being  cut  or 
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perforated  for  the  introduction  of  steam  to  heat  the 
acidulous  water  with  which  it  is  two-thirds  filled ;  the 
steam  from  the  generator,  /,  is  admitted  to  it  at  plea- 


sure hy  means  of  the  pipe,  b  f  e  g,  and  stopcock,  h. 
During  the  operation  the  vat  is  covered,  and  the  dis- 
engaged vapor  conducted  to  the  chimney,  B  d  ;  but 


Fig.  553. 


before  escaping  it  may  be  utilized  in  evaporating  the 
sirup  by  conveying  it  through  serpentine  pipes,  E,  F. 
By  such  arrangements  the  disagreeable  odors  result- 
ing from  the  evaporation  of  the  oil  of  the  starch  are 
considerably  abated,  being  partly  condensed  in  the 
serpentine  pipe,  so  as  to  flow  off  with  the  water  pro- 
duced from  the  steam  into  a  vessel  interposed  between 
the  pipes,  F,  G,  and  partly  carried  away  by  the  pipe, 
f',  j?"  ;  or  the  uncondcnsed  vapors  may  be  conducted 
into  the  fire  where  any  remaining  traces  of  essential 
oil  are  consumed,  and  thereby  the  nuisance  is  almost 
entirely  prevented. 

When  it  is  proposed  to  convert  two  tons  of  fecula  in 
such  an  apparatus,  the  substance  is  suspended  in  por- 
tions of  two  hundredweight  in  a  trough  or  tub,  with 
twenty-two  gallons  of  water,  and  when  thoroughly 
steeped,  it  is  introduced  by  a  funnel,  a,  in  quantities  of 
four  to  five  gallons  at  a  time,  into  the  large  tub  or  vat, 
which  should  be  previously  charged  with  about  thirty- 
two  barrels  of  water,  and  three  quarters  of  a  hundred 
of  sulphuric  acid  agitated  with  it,  the  whole  being  raised 
to  212°  by  forcing  steam  into  it.  This  temperature  is 
maintained  till  all  the  fecula  is  introduced,  and  it  is 
found  that  the  transformation  is  accomplished  in  thirty 
or  forty  minutes  after  the  last  portion  of  the  starch  has 
been  added.  The  point  at  which  the  change  is  com- 
pleted is  easily  ascertained  by  simply  testing  a  few 
drops  of  the  clear  liquid  with  a  drop  of  a  solution  of 
iodine,  when,  if  the  saccharification  be  effected,  no 
coloration  takes  place ;  in  the  contrary  case  the  cha- 


racteristic violet  of  iodide  of  starch  manifests  itself. 
After  the  conversion  into  glucose,  the  introduction  of 
the  steam  is  suspended,  and  the  next  operation  is  the 
saturation  of  the  free  acid  by  means  of  carbonate  of 
lime,  and  the  consequent  precipitation  of  sulphate  of 
lime.  The  latter  being  but  sparingly  soluble,  most  of 
it  falls  to  the  bottom.  It  requires  from  ninety  to  a 
hundred  pounds  of  chalk  to  saturate  the  whole  of  the 
free  acid ;  and  this  must  be  introduced  gradually  to 
guard  against  the  evolution  of  too  much  carbonic  acid 
at  once.  If  an  excess  of  lime  be  used,  it  prevents  the 
solution  from  clarifying  so  readily  as  when  the  sul- 
phuric acid  is  barely  taken  up ;  this  is  shown  by  the 
cessation  of  effervescence,  and  the  inability  of  the 
liquid  to  change  the  blue  color  of  litmus  to  more 
than  a  feeble  purple  tint.  When  the  saturation  is  com- 
pleted, the  mixture  is  either  permitted  to  repose  in 
the  same  vessel,  or  if  it  be.  required  to  operate  upon 
another  batch  at  once,  it  is  drawn  off  into  the  lower 
vat  a",  where  it  is  left  at  rest  during  twelve  hours ; 
the  clear  liquid  is  then  racked  through  coarse  bone 
black  in  the  filters,  K,  H,  the  deposit  of  sulphate  of  lime 
being  also  thrown  upon  cloth  filters,  where  it  is  drained 
and  washed.  The  sirup  as  it  flows  off  from  the  filter, 
having  a  density  of  1-11  to  1-122,  is  retained  in  the 
reservoirs,  L,  L,  L,  from  which  it  is  raised  by  a  pump  or 
a  chain  of  buckets  to  the  reservoir  M ;  from  this  it 
is  distributed  in  a  horizontal  channel,  m,  by  numerous 
lateral  apertures  upon  the  serpentine  evaporator,  E  F, 
and  then  flows  by  a  channel,  p,  and  tube,  q,  into 
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a  receiver,  r,  whence  it  can  be  drawn  at  will  by  the 
tube,  s,  and  stopcocks,  n,  n,  into  the  boilers,  P,  p', 
which  are  heated  by  steam,  and  in  which  the  liquid  is 
concentrated  to  1-26  specific  gravity. '  The  sirup  thus 
obtained,  after  reposing  a  sufficient  time  to  allow  the 
sulphate  of  lime  precipitated  by  the  evaporation  to 
subside,  is  fit  for  the  brewer  or  distiller ;  but  if  intended 
for  the  confectioner  or  liqueur-maker  it  should  be 
allowed  to  rest  for  twenty-four  hours,  filtered  when  cold 
through  coarse  bone  black,  and  caskcd  immediately. 
When  it  is  desired  to  obtain  the  glucose  in  a  solid 
state,  the  evaporation  is  carried  so  far  as  to  concentrate 
the  sirup  to  1-38  or  1-39  specific  gravity — 73°  to  74° 
Twaddell;  it  is  then  poured  into  the  cooler,  where  it  is 
left  till  the  crystallization  commences,  and  thence 
transferred  to  the  tuns  in  which  the  solidification  is 
effected. 

Of  late  years,  instead  of  preparing  the  sugar  in  an 
amorphous  solid  mass,  as  by  the  preceding  method,  it 
is  obtained  in  grains  or  regular  crystals.  The  process 
for  converting  the  starch  into  sugar  is  the  same  as  that 
already  described ;  but  care  is  taken  to  do  it  more 
thoroughly,  since  any  excess  of  dextrin  in  the  sirup 
is  found  to  prevent  crystallization.  After  the  acid 
has  been  neutralized,  and  the  lime  salt  removed  by 
deposition,  et  cetera,  the  saccharine  liquid  is  decolorized, 
and  concentrated  to  1-300,  or  60°  Twaddell,  in  summer; 
and  1-262  or  53-5°  Twaddell,  in  winter.  At  these 
stages  it  is  racked  off  into  large  reservoirs  where  the 
lime  salts  settle  down;  and  during  this  period  it  is 
necessary,  in  order  to  prevent  any  fermentation,  that 
the  liquid  be  cooled  either  by  circulation  of  air  or  of  cold 
water  in  a  coil  placed  in  the  vessel.  After  thirty-six  to 
forty  hours,  the  sirup,  being  clarified  and  cooled  to  about 
65°,  is  put  to  crystallize  in  ordinary  tuns  furnished  with  a 
false  bottom  placed  over  the  lower  one,  which  is  pierced 
with  a  number  of  holes  that  are  stopped  with  wooden 
pegs.  These  tuns  are  placed  on  stages  along  the  walls 
of  the  room,  twelve  to  fifteen  inches  above  the  floor. 
A  sheet  of  lead,  or  large  canal  or  sluice,  reaches  along 
each  range  of  crystallizing  tuns.  To  avoid  the  fer- 
mentation of  the  sirup,  which  in  summer  often  prevents 
the  crystallization,  six  or  seven  ounces  of  sulphurous 
acid  solution  are  added  to  the  content  of  each  tun.  At 
the  end  of  eight  or  ten  days  the  crystallization 
commences  and  goes  on,  the  crystals  depositing  in 
succession.  When  the  bulk  of  two-thirds  of  the  liquid 
becomes  a  mass  of  crystals,  the  pegs  in  the  lower  bottom 
are  withdrawn,  and  the  still  fluid  portion  is  permitted 
to  drain  off,  the  operation  being  quickened  towards  the 
end  by  tilting  two  adjoining  tuns  against  one  another. 
The  drainings  are  conducted  to  the  converting  tun, 
where  any  dextrin  the  liquor  may  still  contain  is 
saccharified. 

The  desiccation  of  the  drained  sugar  was  long  a 
work  of  difficulty,  the  moisture  of  the  air  being  some- 
times sufficient  to  convert  it  again  to  sirup,  which,  with 
the  heat  of  the  factory,  melted  and  agglomerated  the 
remaining  portion.  M.  Fouschard  has  obviated  these 
inconveniences  by  furnishing  the  tuns  or  tubs,  it  R, 
with  tables  of  plaster  of  Paris,  which  absorb  the 
portion  of  the  interposed  sirup.  This  very  much 
quickens  the  desiccation  of  the  crystals,  especially  in 


a  current  of  air  heated  to  77°,  taking  care  that  the 
granules  are  not  thereby  soldered  together.  There  is, 
however,  a  certain  amount  of  the  crystallized  mass 
which  has  to  be  submitted  to  a  second  solution,  namely, 
that  which  is  agglomerated  on  the  end  of  the  loaf  resting 
on  the  plaster ;  this  must  be  separated,  and  the  sugar 
extracted  from  the  sulphate  of  lime,  by  grinding  them 
between  cast-iron  cylinders,  and  dissolving  in  the 
ordinary  way. — Payen. 

Glucose  crystallizes  in  grains  formed  of  a  number  of 
lamellar  plates  radiating  from  a  common  centre,  and 
thus  forming  a  kind  of  bristling  spheroid  of  lamellar 
points.  It  has  only  one-third  the  sweetening  power  of 
cane  sugar,  whilst  it  is  once  and  a  half  less  soluble ;  at 
212°  it  melts  in  its  water  of  crystallization,  which 
characteristic  allows  of  its  recognition  when  in  certain 
proportions  in  cane  sugar,  It  may  also  be  detected 
by  the  property  which  glucose  possesses  of  forming 
definite  compounds  with  alkaline  and  earthy  bases, 
which  compounds  suffer  decomposition,  and  become 
strongly  colored  brownish,  at  a  temperature  between 
160°  and  212°,  which  is  not  the  case  with  cane  sugar 
under  like  circumstances. 

Glucose  is  composed  of  C15  HJ20J2,  2IIO,  differing 
from  starch,  CJ2  H,0  O10,  only  by  an  addition  of  two 
equivalents  of  the  elements  of  water,  and  two  equi- 
valents of  the  water  of  crystallization,  with  which, 
however,  it  parts  when  carefully  exsiccated,  leaving  the 
compound  of  the  composition  CI2  H12  012. 

STRONTIUM. — Although  less  abundantly  diffused,  it 
resembles  barium  both  in  its  chemical  and  geological 
relations.  Like  it  strontium  is  never  found  native,  but 
only  as  carbonate  and  sulphate.  It  was  first  recognized 
by  Hope  in  1792,  in  the  mineral  strontianite,  so  called 
from  Strontian  in  Scotland. 

Pure  strontium  was  first  made  by  Bunsen  and 
Matthiessen  in  1855;  impure  by  Davy  in  1807.  It 
is  prepared  by  electrolysis  from  chloride  of  strontium. 
It  is  a  golden-yellow  metal,  of  considerable  metallic 
lustre,  harder  than  lead,  and  ductile.  It  melts  at  a 
red  heat.  Heated  in  air,  it  inflames  and  burns  with 
a  bright  lustre  in  oxide.  In  dry  air  it  remains  untar- 
nished; but  it  decomposes  water,  even  at  ordinary 
temperatures,  with  singular  vehemence.  Fuming  nitric 
acid  does  not  attack  it;  but  dilute  acids  oxidize  it 
readily.  It  burns  in  chlorine,  iodine,  bromine,  and 
sulphur  atmospheres,  producing  the  corresponding 
compounds.  Strontium  has  a  specific  gravity  or 
2-542,  and  an  equivalent  weight  of  44.  It  is  only  in 
a  strictly  scientific  light  that  this  metal  and  its  com- 
pounds are  of  any  importance,  excepting  the  chloride 
and  nitrate,  which  are  much  used  by  pyrotechnists. 
The  chemical  symbol  of  the  metal  is  Sr. 

A  few  of  its  principal  compounds  are  briefly  de- 
scribed in  the  following: — 

Oxide  of  Strontium — Slrontia. — This  base  is 
most  easily  obtained  by  igniting  the  nitrate.  It  is 
greyish-white,  and  of  specific  gravity  3'932.  It  is 
neither  fusible  nor  volatile.  For  water  it  shows  power- 
ful affinity,  and  forms  a  hydrate.  This  is  soluble  in 
fifty  times  its  weight  of  cold,  and  2-4  parts  of  boiling 
water.  From  the  latter  it  separates  in  crystals  belong- 
ing to  the  square  prismatic  system.    Nine  equivalents 
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of  water  are  easily  expelled  by  heat ;  but  it  requires  a 
temperature  approaching  white  heat  again  to  render 
the  hydrate  anhydrous.  Both  strontia  and  its  hydrate 
readily  absorb  carbonic  acid.  The  symbol  of  strontia 
is  SrO,  and  the  equivalent  52 ;  the  symbol  of  the 
hydrate  is  SrO,  9  HO. 

Carbonate  of  Strontia  is  found  native  as  stron- 
tianite,  both  massive,  and  in  forms  belonging  to  the 
square  prismatic  system.  It  is  most  readily  prepared 
pure  by  precipitating  the  nitrate  or  chloride  with  car- 
bonate of  ammonia.  The  artificial  carbonate  is  beauti- 
fully white  and  soluble  in  one  thousand  five  hundred 
and  thirty-six  parts  of  boiling  water.  It  is  more 
soluble  in  aqueous  solution  of  carbonic  acid,  and 
separates  in  needles  when  evaporated.  Heated  to 
bright  redness  in  a  stream  of  watery  vapor  it  loses  its 
carbonic  acid,  and  becomes  changed  into  strontia. 
The  svmbol  is  SrO,  C02 ;  Eq.  74-00 ;  specific  gravity, 
3-605" 

Sulphate  of  Strontia  is  the  celestine  of  mineral- 
ogists. Sometimes  massive,  it  is  often  found  beautifully 
crystallized  in  prisms  isomorphous  with  sulphate  of 
baryta.  Artificially  it  may  be  prepared  by  precipitation 
from  any  of  its  soluble  salts,  either  by  sulphuric  acid  or 
a  soluble  sulphate.  It  has  the  form  of  a  white  tasteless 
powder,  soluble  in  fifteen  thousand  parts  of  cold,  and 
three  thousand  eight  hundred  and  forty  parts  of  boiling 
water.  In  solutions  of  common  salt  it  is  slowly  but 
completely  soluble.  A  solution  of  sulphate  of  strontia 
precipitates  salts  of  baryta.  The  symbol  is  SrO,  SOs ; 
Eq.  92  00;  specific  gravity,  3-95. 

Nitrate  of  Strontia  separates  from  concentrated 
solutions  in  transparent  colorless  octohedra,  soluble  in 
five  parts  of  cold,  and  half  their  weight  of  boiling 
water ;  insoluble  in  alcohol.  It  has  a  sharp,  cooling 
taste,  and  decrepitates  in  the  fire,  leaving  strontia. 
At  low  temperatures  it  crystallizes  out  from  more 
dilute  solutions  with  five  equivalents  of  water.  Nitrate 
of  strontia  is  much  used  by  pyrotechnists  to  produce  a 
splendid  crimson  flame.  A  mixture  of  forty  parts  of 
the  nitrate,  five  of  chlorate  of  potassa,  thirteen  of  sul- 
phur, and  four  of  the  sesquisulphide  of  antimony,  is 
found  a  good  One  in  practice,  but  great  care  is  necessary 
in  the  admixture.  The  symbol  is  SrO,  N05;  Eq. 
106-00;  specific  gravity,  2-704. 

On  the  large  scale  the  nitrate  is  prepared  by  heating 
pounded  celestine  with  one-third  of  its  weight  of  bitu- 
minous coal,  dissolving  the  resulting  sulphide  in  water, 
and  decomposing  with  dilute  nitric  acid. 

Chloride  of  Strontium  is  in  long,  six-sided 
needles,  deliquescent  in  moist  air,  and  soluble  in  three- 
quarter  parts  of  cold  water.  It  imparts  an  intense 
crimson  color  to  flame.  In  alcohol  it  is  also  soluble. 
When  heated,  the  chloride  melts  and  becomes  speedily 
anhydrous.  Ignited  in  air,  it  loses  chlorine  and  absorbs 
oxygen.  The  chloride  of  strontium  is  most  easily 
prepared  by  dissolving  the  sulphide  in  water,  and 
decomposing  with  hydrochloric  acid.  The  symbol  for 
the  salt  is  SrO,  6  HO. 

General  Character  of  the  Salts  of  Strontia. — They 
are  colorless ;  not  poisonous,  like  most  of  those  of 
barium.  Before  the  blowpipe  they  communicate  a 
crimson  color  to  flame.  Neither  hydrofluosilicic  acid  nor 


hyposulphite  of  soda  precipitates  them.  The  chromate 
of  strontia  is  sufficiently  soluble  to  be  employed  as  a 
test  for  baryta;  but  oxalic  acid  produces  immediate 
turbidity  in  them.  On  addition  of  sulphate  of  lime  to 
a  solution  of  a  salt  of  strontia,  there  arises  gradually  a 
white  precipitate  of  sulphate  of  strontia ;  immediately 
when  heated. 

Strontia  is  always  determined  in  analysis  as  sulphate 
or  carbonate  ;  one  hundred  parts  of  the  former  contain 
56-52  of  strontia,  and  of  the  latter  70-27  parts  of  this 
base. 

SUGAR. — Sucre,  French;  Zucher,  German;  Saccha- 
rum,  Latin. — Sugar  seems  to  come  more  directly  from 
the  Persian  Shukkur,  which  is  nearly  the  same  as  the 
English  pronunciation.  The  Arabic  name  is  similar, 
and  the  probable  origin  of  both  is  said  to  be  the 
Sanscrit  Sarkara.  In  the  old  Assyrian  and  Phoeni- 
cian languages  there  was  no  letter  k,  but  both  nations 
called  the  substance  suicar  or  suicra.  It  is  said  by 
Humboldt  to  have  been  known  in  very  early  times  in 
China.  It  is  probable  that  in  early  historic  times  it 
was  brought  as  a  luxury  and  a  curiosity  into  "Western 
Asia  and  Europe.  The  Hebrew  word  for  being  intoxi- 
cated is  Shacar,  and  strong  drink  Shecar.  These  words 
were  believed  to  have  an  intimate  connection  with 
sugar ;  but  this  could  only  occur  in  a  country  where 
sugar  was  so  well  known  that  its  ready  passage  into 
alcohol  was  familiar.  Such  was  not  the  case  in 
Western  Asia  or  Syria  and  the  surrounding  countries 
in  known  times,  although  it  may  have  been  so  at  an 
earlier  period.  In  the  Bible  is  mentioned  sweet  calamus 
two  hundred  and  fifty  shekels ;  and  calamus  and  cinna- 
mon in  Solomon's  Song ;  sweet  cane  in  Isaiah,  and 
in  Jeremiah  and  Ezekiel.  There  is  little  difficulty 
in  believing  the  scriptural  writers  to  be  the  earliest 
who  allude  to  sugar.  Persons  in  frequent  communica- 
tion with  the  East  were  sure  to  obtain  its  products 
before  the  Greeks.  Herodotus  speaks  of  manufac- 
tured honey,  supposed  to  mean  sugar ;  and  Strabo 
mentions  that  Nearchus,  one  of  Alexander's  admi- 
rals, speaks  of  a  reed  which  yields  honey  without  bees 
in  India.  Theophrastus  mentions  it  as  a  honey 
obtained  from  a  reed  which  grew  in  moist  places  in 
Egypt,  and  had  a  sweet  root.  This  sweet  root  has  been 
used  as  a  proof  that  he  did  not  allude  to  the  cane. 
The  mention  of  moist  places  also  is  an  objection ;  but 
so  many  canes  do  grow  in  moist  places  that  one  readily 
forgives  this  error  and  others,  seeing  that  the  fact  of  sweet 
matter  from  a  cane  is  so  distinctly  spoken  of.  Theo- 
phrastus speaks  of  honey  from  reeds,  evidently  cane 
sugar.  Eratosthenes  alludes  to  roots  in  India  sweet 
to  the  taste  even  when  boiled,  as  if  it  were  the  custom  to 
boil  them  to  remove  the  sugar.  Varro  speaks  of  the 
juice  of  an  Indian  root  so  sweet  that,  when  pressed 
out,  no  honey  can  contend  with  it.  Dioscorides 
says  that  there  is  a  kind  of  honey  called  saccharus 
which  is  found  in  reeds  in  India  and  Arabia  Felix, 
having  the  appearance  of  salt ;  but  it  was  only  used  in 
medicine.  If  found  in  Arabia  it  might  well  have  been 
known  early  in  Syria.  Pliny  says  that  there  is  a  kind 
of  honey  which  collects  in  reeds,  while  like  gum,  and 
brittle  to  the  teeth ;  the  larger  pieces  about  the  size  of 
a  filbert,  and  only  used  in  medicine.    Statius  speaks 
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of  boiling  canes  in  Ebosita ;  but  that  place  is  not 
known.  Aerian  mentions  it  as  an  article  of  Indian 
commerce ;  and  jElian  speaks  of  it  as  pressed  from 
reeds  on  the  Ganges.  It  is  well  to  add  that  Dr.  Adam, 
the  learned  editor  of  Paulus  Egineta,  says  that  the  sac- 
charum  of  Theophrastus,  Dioscorides,  Galen, 
Strabo,  and  Pliny  was  a  concretion  formed  on  vari- 
ous reeds,  but  especially  on  the  bamboo  cane:  also,  that 
Moses  Chorenensis,  fifth  century,  first  mentions  the 
boiling  of  canes.  This  may  account  for  the  bitterness 
and  medicinal  qualities  mentioned  by  Dioscorides  and 
others.  Albertus  Agnensis  relates  that  the  cru- 
saders found  sweet  honeyed  canes  in  great  quantity  in 
the  meadows  near  Tripoli  in  Syria,  which  reeds  were 
called  Zucra.  These  the  crusaders  sucked,  and  were 
much  pleased  with  the  sweet  taste  of  them,  with  which 
they  could  scarcely  be  satisfied.  This  plant  is  culti- 
vated, the  author  states,  with  great  labor  of  the  hus- 
bandmen every  year.  At  the  time  of  harvest  they 
bruise  it  when  ripe  in  mortars,  and  set  by  the  strained 
juice  in  vessels,  till  it  is  concreted  in  the  form  of  snow 
or  of  white  salt.  This,  when  scraped,  they  mix  with 
bread,  or  rub  it  in  water,  and  take  it  as  pottage ;  and 
it  is  to  them  more  wholesome  and  pleasing  than  the 
honey  of  bees.  The  people  who  were  engaged  in  the 
sieges  of  Albaria  Marra  and  Archas,  and  suffered 
dreadful  hunger,  were  much  refreshed  thereby.  Again, 
Jacobus  de  Vitriaco  mentions  reeds  full  of  honey 
in  Syria,  pressed  out  by  a  screw  and  concreted  by  fire. 
Willermus  Tyrensis  speaks  of  it  as  being  an  article 
of  export  from  Ty  re ;  it  seems  to  have  at  that  time  spread 
over  all  the  Levant,  and  in  the  time  of  the  Emperor 
BarbAROSSA  it  was  made  in  Sicily,  and  used  both  solid 
and  as  a  sirup.  Sugar  is  said  to  have  been  imported 
into  Venice  as  early  as  991.  It  was  brought  from 
Sicily  and  Egypt — cheaper  from  Sicily — in  the  twelfth 
century.  In  1166  William  II.  gave  a  mill  for  grind- 
ing sugar  canes  to  the  monastery  of  St.  Bennet.  It 
travelled  into  Valencia,  thence  to  Granada  and  Murcia. 
About  1420  the  Portuguese  took  it  to  Madeira  and 
Spain,  and  to  the  Canaries.  Thence,  says  Dr.  Mose- 
ley,  the  cultivation  of  the  sugar  cane  and  the  art  of 
making  sugar  were  extended  by  different  nations  of 
Europe  to  the  West  Indian  islands  and  the  Brazils. 

In  1518  there  were  twenty-eight  sugar  works 
established  by  the  Spaniards  in  Saint  Domingo ;  and 
Hawkins  brought  some  of  the  sugar  to  England  in 
1563.  Antwerp  had  exported  it  about  the  same  time 
— 1560.  The  English  planters  were  realizing  great 
wealth  in  Barbadoes  in  1650,  although  the  Portuguese 
supplied  the  most  of  Europe  then  with  Brazil  sugars. 

The  name  sugar  is  used  in  the  arts  to  denote  cer- 
tain substances  in  the  vegetal  and  animal  kingdoms, 
whose  chief  characteristics  are  a  sweet  taste  and  the 
power  of  undergoing,  either  directly  or  indirectly, 
vinous  fermentation,  that  is,  of  splitting  up  under 
the  influence  of  yeast  almost  wholly  into  carbonic 
acid  and  alcohol.  Eour  principal  kinds  of  sugar  are 
known,  namely,  ctme-sugar,  so  called  from  the  fact 
that  its  chief  source  is  the  sugar  cane,  though  it  is 
found  in  large  quantities  in  other  plants,  such  as  the 
stalks  of  maize  or  indian  corn,  the  maple,  birch,  palm, 
the  beet-root,  carrot,  turnip,  and  in  a  large  number  of 


tropical  fruits  ;  fruit  sugar  is  that  to  which  acidulous 
fruits  owe  their  sweetness,  and  hence  its  designation ; 
it  does  not  crystallize,  and  exists  in  large  quantities  in 
treacle.  The  third  variety  is  called  grape  or  starch 
sugar,  owing  to  its  being  found  in  ripe  fruit,  such  a's 
dried  raisins,  figs,  and  the  like,  or  from  the  fact  that  it 
may  be  produced  in  quantities  from  starch ;  and  the 
fourth  kind,  called  milk  sugar,  is  exclusively  found  in 
the  lacteal  fluid  of  animals. 

A  remarkable  feature  in  all  these  varieties  of  sugar 
is,  that  two  of  the  three  elements  of  which  they  are 
composed,  namely,  hydrogen  and  oxygen,  are  so  pro- 
portioned as  to  constitute  water,  or,  in  other  words,  that 
they  contain  the  same  number  of  equivalents  of  these 
elements.  This  fact  has  led  to  sugars  being  designated 
hydrates  of  carbon;  but  from  such  terms  it  is  not  to  be 
understood  that  the  hydrogen  and  oxygen  really  exist 
as  water,  but  rather  that  their  combination,  in  the  pro- 
portion in  -which  they  are  found  in  the  sugar  admits  of 
the  expression.  The  composition  of  the  different  kinds 
of  sugar  varies  only  in  the  elements  of  one  or  more 
equivalents  of  water  ;  to  which  fact  may  be  attributed 
the  readiness  with  which  one  species  is  changed  into 
another,  merely  by  the  assimilation  of  that  liquid.  This 
feature  in  the  composition  of  sugars  extends  to  other 
substances  not  possessing  the  same  properties,  but 
readily  convertible  into  particular  kinds  by  certain 
chemical  operations,  such  as  the  several  starches,  dex- 
trin, inulin,  gum,  and  several  others.  The  following 
tabular  view  of  the  chemical  composition  of  the  sugars 
and  a  few  of  the  above  mentioned  substances  will  at 
once  exhibit  the  great  analogy  in  composition  between 
the  two  classes  of  bodies : — 


Name. 

Cane  sugar,  or 


Composition. 

—  C12  IIn  On 

■■  C]2  HJ2  012 


sucrose,  ....    C24  H22  02( 
Fruit  sugar,  or 

fructose,. . . .    C12  HJ2  012 
Starch  sugar,  or 

glucose, ....    C12  H12  Oi2,  2  HO  =  CJ2  H14  014 
Milk  sugar,  or 

lactose,   C24  H19  0J9,  5  HO  —  C12  H12  012  X  2 

Manna  sugar,or 
mellitose,.. .    C2i  H24  024,  4  HO  =  C12  H14  014  X  2 

Starch  and  gum  group. 

Starch,.   012  H,„  O10  =  C12  H,0  010 

Dextrin,   C12  H10  O10  as  CJ2  H10  010 

Inulin,    C24H21021  =  C12  H10  010  X  2  +  110. 

Gum,   C12HuOu  =C12HuOn 

Cellulose   C12  H10  O10 

From  a  comparison  of  tho  formulas  in  the  foregoing 
table,  it  will  be  observed  that  the  amount  of  carbon  in 
the  several  varieties  remains  the  same,  but  that  the 
elements  of  water  present  slightly  vary,  and  to  these 
their  distinct  and  diverse  properties  is  to  be  attributed. 

Cane-sugar.  —  Common  sugar  is  manufactured 
chiefly  from  the  sugar  cane,  but  large  quantities  are 
prepared  also  from,  the  sap  of  the  maple  tree  and  from 
beet-root. 

Preparation. — To  make  pure  cane-sugar  the  same 
course  of  operations  should  be  followed  as  will  be 
described  in  preparing  and  refining  sugar,  each  being 
executed  with  greater  care  and  attention ;  hence  it  will 
be  needless  to  detail  the  process  here. 
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Properties. — Cane-sugar  when  pure,  as  in  the  finest 
lump,  has  a  glistening  white  appearance,  resulting  from 
the  multifarious  reflections  and  refractions  of  light  from 
the  numerous  congeries  of  small  crystals  composing 
it.  When  a  very  concentrated  solution  of  this  sub- 
stance is  left  to  crystallize  spontaneously,  it  forms 
rhomboidal  prisms  with  dihedral  summits  of  consider- 
able dimensions,  especially  if  the  nuclei  be  transferred 
repeatedly  to  concentrated  menstrua.  Thus  crystal- 
lized it  forms  the  sugar  candy  of  the  shops,  and  appears 
transparent.  According  to  Playfair  and  Joule 
its  specific  gravity  is  1-594.  It  is  soluble  in  about 
one-third  of  its  weight  of  cold,  and  in  all  proportions 
in  boiling  water,  forming  in  either  case  transparent 
colorless  sirups.  A  solution  saturated  with  sugar 
at  212°  deposits  a  part  in  crystals — the  candy  already 
mentioned — on  cooling.  If  the  temperature  at  which 
the  saturation  is  effected  be  raised  to  230°,  the  whole 
forms  a  concrete  granular  mass  when  allowed  to 
cool.  This  is  not  the  case  when  the  sirup  is  rapidly 
boiled  down  to  the  same  density ;  for  then  it  con- 
geals on  a  cold  surface  in  a  transparent  amorphous 
mass,  which  on  exposure  becomes  opaque,  owing  to 
a  fibrous  crystallization  radiating  from  the  surface 
inwardly.  In  this  state  it  is  ordinarily  called  barley 
sugar,  the  change  from  the  crystalline  state  being 
due  to  a  dimorphism  caused  by  the  heat,  analogous 
to  that  which  sulphur  exhibits  under  almost  similar 
circumstances.  Continuous  boiling  of  a  weaker  sirup 
has  a  like  effect.  The  same  change,  from  the  crys- 
tallizable  to  the  noncrystallizable  modification  is 
effected  in  the  cold  by  the  prolonged  contact  of 
dilute  mineral  acids.  Noncrystallizable  cane-sugar  has 
the  composition  C]2  Hn  Ow  HO.  It  is  gradually 
converted  by  long-continued  contact  with  water, 
especially  in  the  presence  of  acids,  without  undergoing 
any  chemical  change,  into  glucose  or  grape-sugar — 
C12  H12  012,  2  HO — a  substance  which  crystallizes 
in  acicular  tufts.  Dilute  alcohol  of  specific  gravity 
0-830  takes  up  about  a  quarter  of  its  weight  of  sugar. 
Absolute  alcohol  dissolves  a  small  quantity  of  it  at 
the  boiling  point,  but  deposits  it  again  on  cooling. 
When  the  crystals  of  candied  sugar  are  broken,  a  slight 
phosphorescence  is  discernible,  and  a  similar  pheno- 
menon is  produced  oo  rubbing  two  pieces  of  lump 
sugar  together.  Heated  to  212°,  no  further  effect  is 
produced  on  crystallized  cane-sugar  than  the  expulsion 
of  the  mechanical  moisture  contained  in  its  interstices. 
At  320°  it  melts ;  and  though  not  decomposed,  still, 
as  Prout  remarks,  several  of  its  characteristics  are 
destroyed.  Between  320°  and  350°  the  liquid  mass 
becomes  transparent  on  cooling,  though,  from  circum- 
stances such  as  those  mentioned  in  reference  to  barley 
sugar,  the  transparency  is  destroyed  after  some  time. 
At  410°  it  changes  to  an  orange -yellow,  afterwards 
to  a  reddish-brown  hue;  and  if  this  heat  be  main- 
tained, it  is  converted  into  a  new  acid  compound  of 
a  brownish  color  very  soluble  in  water — caramel — with 
the  loss  of  three  equivalents  of  water.  If  the  heat 
be  further  increased,  complete  decomposition  takes 
place,  with  evolution  of  inflammable  gases  mixed 
with  carbonic  acid,  pyrogeneous  oils,  and  acetic 
acid ;  and  a  carbonaceous  residue,  forming  about 


a  quarter  of  the  weight  of  the  original  substance, 
remains. 

Cane-sugar  combines  directly  with  the  oxides  of  the 
alkalies  and  of  the  alkaline  earths,  forming  with  them 
sugarates — improperly  called  sometimes  saccharates  ; 
and  also  with  certain  salts,  particularly  with  chloride 
of  sodium.  The  potassa  and  soda  compounds,  which 
are  both  unstable  and  indefinite,  are  obtained  as  sirupy 
liquids  on  adding  a  strong  aqueous  solution  of  the 
alkali  to  a  solution  of  sugar  in  alcohol.  Their  com- 
positions are — 

NaO,  CI2  Hu  ba, 
K  O,  C12  Hn  Ou. 

Sugarate  of  baryta  is  formed  by  dissolving  one  part 
of  caustic  baryta  in  three  parts  of  hot  water,  and  adding 
the  solution  to  a  sirup  containing  two  parts  of  sugar 
and  four  parts  of  water.  A  mass  of  crystals  is  thus 
obtained  resembling  boracic  acid,  and  having  the 
composition — ■ 

BaO,  C12  H„  On. 

Sugarate  of  baryta  is  difficultly  soluble  in  water,  and 
is  decomposed  by  almost  all  acids  into  the  correspond- 
ing baryta,  salt  and  sugar.  Even  the  carbonic  acid  of 
the  air  effects  this  change. 

There  appear  to  be  three  sugarates  of  lime,  of  which 
however  the  most  definite  and  important  has  the  com- 
position— ■ 

CaO,  C12  Hu  Ou. 
This  is  formed  on  adding  milk  of  lime  to  sirup,  in  the 
proportion  of  two  parts  by  weight  of  lime  to  thir- 
teen of  sugar.  After  filtration  the  sugarate  of  lime  is 
precipitated  by  alcohol.  On  drying,  this  body  appears 
frangible  and  resinous,  and  is  very  soluble  in  water. 
This  compound  has  the  rare  property  of  being  precipi- 
tated from  its  aqueous  solution  by  heat,  and  of  redis- 
solving  as  it  cools.  The  amount  of  lime  which  a  sirup 
takes  up  is  less  according  as  the  density  of  the  sirup  is 
greater.  The  following  table  constructed  by  Peligot 
shows  this  relation — 


Quantity  of  sugar  t,™.,.,.  nf 
dissolved  in  1U0  J*n™S  °r 
parts  of  water.  Blru1'- 


40-0 
37-5 
35-0 
32-5 
30-0 
27-5 
25-0 
22-5. 
200 
17-5 
15-0 
12-5 
10-0 
7-5 
5-0 
2-5 


1-122 
1-116 
1-110 
1-103 
1-096 
1-080 
1-082 
1-075 
1-068 
1-060 
1-052 
1-044 
1-036 
1-027 
1-018 
1-009 


Density  of  simp 
when  saturated 
with  lime. 


1-179 
1-175 
1-166 
1-159 
1-148 
1-139 
1-128 
1-116 
1-104 
1-092 
1-080 
1-067 
1-053 
1-040 
1-026 
1-014 


100  parts  of  reslduo 
drier]  at  120° 
contain 


Lime. 

21-0 
20-8 
20-5 
20-3 
20-1 
19-9 
19-8 
19-3 
18-8 
18-7 
18-5 
18-3 
18-1 
16-9 
15-3 
13-8 


Sugar. 

79-0 
79-2 
79-5 
79-7 

79-  9 

80-  1 
80-2 

80-  7 

81-  2 
81-3 
81-5 
81-7 
81-9 

83-  1 

84-  7 
86-2 


The  hydrated  oxide  of  copper  is  dissolved  by  a 
mixture  of  sugar  and  sugarate  of  lime,  an  amorphous 
double  sugarate  of  lime  and  copper  being  formed. 
The  sugarate  of  lead  is  not  strictly  an  analogue  of  the 
previously  described  metallic  compounds  of  sugar, 
which  are  formed  by  the  direct  union  of  the  sugar 
with  the  metallic  oxide.    Sugarate  of  lead  is  sugar  in 
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which  four  atoms  of  hydrogen  are  replaced  hy  four 
atoms  of  lead — 

C24  f^f  022,  or2PbO,  C12H909. 

It  is  produed  as  a  gelatinous  precipitate  on  mixing 
an  ammoniacal  solution  of  acetate  of  lead  with  a  solu- 
tion of  sugar'.  After  washing  with  cold  it  is  dissolved 
in  hot  water,  and  allowed  to  stand  closed  from  the  air. 
The  compound  gradually  separates  out  as  white  crys- 
tals. Massicot  also  gradually  combines  with  sugar, 
forming  the  same  compound,  water  being  liberated  at 
the  same  time. 

The  chloride  of  sodium  likewise  combines  directly 
with  cane-sugar.  If  four  parts  by  weight  of  sugar  and 
one  part  of  chloride  of  sodium  be  dissolved  together  in 
water,  and  allowed  to  evaporate  spontaneously,  the 
excess  of  sugar  first  crystallizes  out ;  the  mother-liquor, 
on  further  evaporation,  deposits  crystals  which  deli- 
quesce in  moist  air,  of  the  composition,  according  to 
Geriiardt,  of — 

NaCl,      H22  0M. 

Glucose,  or  grape-sugar,  occurs  in  raisins,  currants, 
and  other  dried  ripe  fruits,  and  in  flowers.  It  occurs 
also  in  honey  and  in  the  urine  of  patients  affected  with 
diabetes,  accompanying  in  all  the  above  cases  non- 
crystallizable cane-sugar.  It  is  found  also  in  the 
blood,  the  bile,  and  in  eggs.  Both  starch  and  cellu- 
lose are  converted  into  glucose  by  digestion  with 
dilute  sulphuric  acid.  The  substance  which  appears 
near  the  germinating  point  at  the  time  of  germination 
of  the  cereals,  called  diastase,  or  in  its  crude  and  impure 
form,  yeast  or  barm,  has  also  the  power  of  transforming 
starch  into  grape-sugar,  for  there  is  no  evidence  to 
show  that  the  substance  which  changes  starch  to  glu- 
cose, is  other  than  that  which  changes  glucose  into 
alcohol  and  carbonic  acid. 

Aqueous  alcohol  dissolves  all  these  hinds  of  sugar, 
cane-sugar,  grape-sugar,  and  noncrystallizable  sugar,  in 
proportions  greater  according  to  the  degree  of  dilution 
of  the  alcohol.  Absolute  alcohol  dissolves  the  non- 
crystallizable sugar  alone.  This  behavior  is  made  the 
basis  of  a  method  of  assaying  sugars,  as  will  be  shown 
further  on. 

For  further  particulars  concerning  the  properties  and 
composition  of  this  substance,  see  article  Starch — sub- 
heading Glucose — page  962.  Glucose,  like  sucrose  or 
cane  sugar,  combines  with  the  metallic  oxides  to  form 
the  following  glucosates — ■ 

C24  jtf  024, 6  HO,  or  3»BaO,  C24  H28  023.— Peligot. 
C24       024,  6  HO,  or  3  CaO,  C24  H28  0^. 
pj^  0s4,  4  no,  or  6  PbO,  C24  H21  021. 

It  also  combines  with  chloride  of  sodium  forming — 
C24  Hal  024  Na  CI,  2  HO. 

Glucose  forms  with  sulphuric  acid  a  copulated  acid 
whose  salts  are  both  unstable  and  incompletely  exa- 
mined. With  nitric  acid  a  detonating  compound  is 
produced.  Mannite  forms  with  nitric  acid  a  similar 
detonating  body. 


Mannite — C12  H14  012 — called  also  the  sugar  of 
mushrooms,  is  chiefly  extracted  from  manna,  an  exu- 
dation from  the  Fraxinus  rotund/folia;  it  is  also  found 
in  celery,  dog's  tooth,  fennel,  et  cetera,  and  in  algae. 
Mannite  is  one  of  the  products  of  the  fermentation 
of  starch  and  glucose ;  it  is  produced  in  the  trans- 
formation of  starch  into  glucose  by  dilute  sulphuric 
acid.  It  is  readily  obtained  from  manna  by  boiling 
it  with  strong  alcohol ;  on  filtering  and  allowing  the 
filtrate  to  cool,  it  crystallizes  out,  and  is  purified  by 
recrystallization  from  alcohol.  Mannite  does  not 
readily  ferment.  Owing  to  this,  it  may  be  freed  from 
the  other  sugars  by  submitting  the  liquid  which  con- 
tains them  all  to  fermentation,  and  extracting  the 
mannite  from  the  unfermented  residue.  It  is  supposed 
that  the  gradual  loss  of  sweetness  effected  by  time  on 
wine  is  chiefly  due  to  the  slow  transformation  which 
the  mannite  they  retained  after  the  first  fermentation 
undergoes.  Direct  experiments  have  shown  that 
mannite  does  suffer  such  a  fermentation. 

Sugar  of  Milk — C24  II20  O20,  2  HO — otherwise 
called  lactine  or  lactose,  occurs  in  the  milk  of  the 
mammiferae,  from  which  it  is  extracted  by  precipitating 
the  easeuni  by  a  dilute  acid,  filtering,  and  evaporating 
to  dryness. 

Sorbine — C24  II24  024 — is  found  in  a  few  plants. 

Mosite — C24  H24  024,  4  HO — occurs  in  the  juice  of 
flesh,  it  is  very  soluble  in  water ;  insoluble  in  alcohol 
and  ether ;  at  212°  it  loses  four  atoms  of  water. 

Cane-sugar,  both  crystallizable  and  noncrystallizable, 
and  glucose,  are  all  capable  of  alcoholic  fermentation. 
But  the  action  of  the  ferment  is,  in  the  first  place,  to 
transform  both  the  former  kinds  of  sugar  into  glucose 
or  grape-sugar. — See  Alcohol. 

Testing  or  Estimation  of  Sugar. — If  a  watery 
solution  contains  only  one  of  the  three  kinds  of  sugar 
— namely,  cane-sugar,  crystallizable  ;  cane-sugar,  non- 
crystallizable ;  or  grape  sugar,  glucose ;  the  amount 
of  sugar  may  be  determined  from  the  specific  gravity 
of  the  sirup.  In  all  cases  the  density  of  the  sirup  is 
increased  by  an  increased  quantity  of  saccharine  matter. 

The  following  table  from  Dr.  Ure's  Dictionary  shows 
the  specific  gravity  at  60°  of  solutions  of  crystallizable 
cane-sugar  containing  various  amounts  of  sugar  in  one 
hundred  parts  by  weight  of  the  sirup  : — 


Sugar  in  one  hundred  parts  Specific  gravity 

by  weight.  at  tiu° 

66-666    1-3260 

50-000    1-2310 

40-000    1-1777 

33-333    1-4400 

31-250    1-1340 

29-412    1-1250 

26-316      1-1110 

25-000    1-1045 

21-740     1  0905 

20-000    1-0820 

16-666    1-0685 

12-500    1-0500 

10-000    1-0395  v 


The  subjoined  more  extended  table  has  been  con- 
structed by  Payen  for  a  similar  purpose.  It  shows 
the  density  at  59°  of  sirups  formed  by  dissolving  one 
hundred  parts  by  weight  of  sugar  in  different  quantities 
of  water.  The  values  differ  somewhat  widely  from 
those  given  by  Dr.  Uke  : — 
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Parts  of  sugar.                 Tarts  of  water. 

Specific  gravity. 

100   dissolved  in 

50   give  a 

sirup  of  1-345 

100  " 

60 

"  1-322 

100  " 

70 

"  1-297 

100  " 

80 

"  1-281 

100  " 

90 

"  1-266 

100  " 

100 

"  1-257 

100  " 

120 

"  1-222 

100  " 

140 

M  1-200 

100  ". 

160 

"  1-187 

100  " 

180 

"  1-176 

100  " 

200 

"  1-170 

100  " 

2S0 

"  1-147 

100  " 

350 

"  1-111 

100  " 

450 

"  1-089 

100  " 

550 

"  1-074 

100  " 

650 

"  1-063 

100  " 

750 

"  1-055 

100  '< 

945 

"  1-045 

100  " 

1145 

"  1-030 

100  " 

1945 

"  1-022 

100  " 

2445 

"  1-018 

100  " 

2945 

"  1-015 

The  annexed  table,  constructed  by  Neimann  at 
the  normal  temperature  of  63°,  with  the  same  object, 
is  also  submitted  : — ■ 


Specific  gravity 

Sugar. 

Water. 

Specific  gravity. 

0  .. 

100 

. .  10-000 

36  . 

64 

..  1-1582 

1  .. 

99 

. .  1-0035 

37  . 

63 

..  1-1031 

2  .. 

98 

..  1-0070 

38  . 

62 

..  1-1681 

3  .. 

97 

..  1-0106 

39  . 

61 

..  1-1731 

4  .. 

96 

. .  1-0143 

40  . 

60 

..  1-1781 

5  .. 

95 

..  1-0179 

41  . 

59 

..  1-1832 

6  .. 

94 

..  1-0215 

42  . 

58 

..'  1-1883 

7  .. 

93 

. .  1-0254 

43  . 

57 

. .  1-1935 

8  .. 

92 

. .  1-0291 

44  . 

56 

..  1-1989 

9  .. 

91 

. .  1-0328 

45  . 

55 

..  1-2043 

10  .. 

90 

. ,  1-0307 

46  . 

54 

..  1-2098 

11  .". 

89 

..  1-0410 

47  . 

53 

. .  1-2153 

12  .. 

88 

. .  1-0456 

48  . 

52 

. .  1-2209 

13  .. 

87 

. .  1-0504 

49  . 

51 

. .  1-2265 

14  .. 

86 

. .  1-0552 

50  . 

50 

. .  1-2322 

15  .. 

85 

. .'  1-0600 

51  . 

49 

..'  1-2378 

16  .. 

81 

. .  1-0647 

52  . 

48 

. .  1-2434 

17  . 

83 

. .  1-0G98 

53  . 

47 

. .  1-2490 

18  . 

82 

. .  1-0734 

54  . 

46 

. .  1-2546 

19  .. 

81 

. .  1-0784 

55  . 

45 

. .  1-2602 

20  .. 

80 

. .  1-0830 

56  . 

44 

. .  1-2658 

21  .', 

79 

. .  1-0875 

57  . 

43 

..  1-2714 

22  . 

78 

. .  1-0920 

58  . 

42 

.,  1-2770 

23  . 

77 

. .  1-0965 

59  . 

41 

. .  1-2826 

24  . 

76 

..  1-1010 

60  . 

40 

. .  1-2882 

25  . 

75 

..  1-1056 

61  . 

39 

. .  1-2933 

26  . 

74 

..  1-1103 

62  . 

38 

. .  1-2994 

27  . 

73 

..'  1-1150 

63  . 

37 

. .  1-3050 

28  . 

72 

..  1-1197 

64  . 

36 

. .  1-3105 

29  . 

71 

. .  1-1245 

65  . 

35 

..  i-3160 

30  . 

70 

..  1-1293 

66  . 

34 

. .  1-3215 

31  . 

69 

. .  1-1340 

67  . 

33 

.'.  1-3270 

32  . 

68 

. .  1-1388 

68  . 

32 

. .  1-3324 

33  . 

67 

..  1-1436 

69  . 

31 

..  1-3377 

34  . 

66 

. .  1-1484 

70  . 

30 

. .  1-3430 

35  . 

65 

..  1-1538 

The  following  is  most  used : — 


TABLE  OF  THE  DENSITY  OF  SOLUTIONS  OF  SUGAR, 
ACCORDING  TO  BEAUME. 


Dagrces. 

Sugar 
per  cent. 

Degrees. 

Sugar 
per  cunt. 

Degrees 

Sugnr 
per  cen 

l  .. 

..  1-8 

13  .. 

.  23-7 

25  .. 

.  46-2 

2  .. 

. .  3-5 

14  .. 

.  25-6 

26  .. 

.  48-1 

3  .. 

..  5-2 

15  .. 

.  27-6 

27  .. 

.  50-0 

4  .. 

..  7-0 

IB  .. 

.  29-4 

28  .. 

.  52-1 

;  £  ,. 

..  8-7 

17  .. 

.  31-5 

29  .. 

.  54-1 

6  .. 

. .  10-4 

18  . 

.  33-4 

30  .. 

.  56-0 

7  .. 

. .  12-4 

19  .. 

.  35-2 

31  .. 

.  58-0 

8  .. 

. .  14-4 

20  .. 

.  37-0 

32  .. 

.  60-1 

9  .. 

..  1G-3 

21  .. 

.  38-8 

33  .. 

.  62-2 

10  .. 

. .  18-2 

22  .. 

.  40-6 

34  .. 

.  64-4 

11  .. 

. .  20-0 

23  .. 

.  42-4 

35  .. 

.  66-6 

12  .. 

. .  21-8 

24  .. 

.  44-3 

Pa  yen  gives  the  subjoined  empirical  formula  for  the 
estimation  of  the  amount  of  sugar  in  a  sirup  from  the 
indications  of  its  gravity  with  Beaume's  areometer, 
namely- — multiply  the  indicated  density  by  two  and 
deduct  a  tenth  of  the  product,  the  remainder  will 
represent  the  per  centage  of  sugar  in  the  liquor.  Thus, 
if  the  indication  observed  be  20,  the  result  will  be— 

20  X  2 
y- —  =  36-0  per  cent. 


20  X  2  minus  ■ 


If  the  sirup  be  of  pure  crystallized  sugar  the  product 
of  the  density  multiplied  by  two  is  reduced  by  one- 
twelfth;  thus — 

20  X  2 

20  X  2  minus  — =  36  67  per  cent. 

If,  however,  a  sirup  contains  other  solid  bodies 
besides  sugar,  it  is  clear  that  the  specific  gravity  of 
the  solution  alone  can  give  only  an  imperfect  criterion 
of  the  quantity  of  sugar  present.  Recourse  is  then 
had  to  the  power  which  a  solution  of  cane-sugar  has 
of  turning  to  the  right  the  plane  of  polarized  light. 
When  therefore  a  liquid  contains  cane-sugar  without 
any  other  substance  possessing  the  same  optical  pro- 
perty, the  quantity  of  sugar  may  be  determined  with 
great  exactness  by  measuring  the  deviation  which  the 
liquid  produces  in  the  plane  of  polarization.  To  apply 
this  method,  the  deviation  must  be  known  which  is 
produced  by  a  solution  of  sugar  of  known  strength. 
For  this  purpose  a  given  weight,  s,  of  sugar  is  dissolved 
in  such  a  quantity  of  distilled  water  that  the  solution 
occupies  a  given  volume,  V.  Sufficient  of  this  solution 
is  taken  to  fill  a  tube  of  a  certain  length,  and  the 
deviation  suffered  by  the  plane  of  polarization  of  the 
luminous  ray  passing  through  this  tube  is  measured. 
Let  this  deviation  be  a.  Let  then  other  quantities  of 
sugar  be  dissolved  in  sufficient  water  to  give  the  same 
volume  of  solution,  V ;  and  let  the  deviations  pro- 
duced by  these  solutions  in  the  same  tube  be  of  a'  a'", 
et  cetera;  then  the  quantities  of  sugar  contained  in 
the  volume,  V,  of  these  liquids  will  be  represented  by 


the  products  e  — ,  t 


et  cetera,  respec- 


tively. If  the  sugar  examined,  instead  of  being  pure, 
is  mixed  with  other  but  inactive  substances,  it  is 
evident  that  these  same  products  express  the  absolute 
weights  of  pure  sugar  contained  in  the  weights  of 
substances  employed  in  the  formation  of  the  liquids  of 
the  given  volume,  V.  It  is  possible  to  employ  proof 
tubes  of  different  lengths ;  but  it  is  then  necessary  to 
reduce  by  calculation  the  observed  deflections  to  those 
which  would  have  been  produced  in  the  same  tube. 

It  often  happens  that  solutions  of  sugar  which  have 
to  be  examined  are  turbid  or  strongly  colored.  When 
this  interferes  with  the  examination,  they  must  be 
clarified  and  rendered  either  quite  colorless,  or  when 
this  is  not  possible  the  color  must  bo  at  least  reduced. 
This  may  generally  be  effected  by  precipitating  the 
coloring  matter  of  the  sirups  with  snbaoetate  of 
lead ;  but  at  a  sugar-work  the  most  convenient  and 
complete  method  is  a  filter  of  animal  charcoal.  The 
filtrates  are  then  examined  optically.    When  sirups 
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contain,  besides  cane-sugar,  other  constituents  which 
exert  an  action  upon  the  plane  of  polarization,  the 
amount  of  cane-sugar  present  may  be  often  deter- 
mined by  inverting,  by  means  of  hydrochloric  acid, 
the  rotary  power  of  the  cane-sugar.  No  other  sac- 
charine substance  is,  in  fact,  known  which  suffers  a 
similar  change  under  the  same  circumstances. 

If,  for  instance,  the  liquid  under  examination 
contains  besides  cane  sugar,  glucose,  whose  rotary 
action  on  the  plane  of  polarization  is  in  the  same 
direction  as  that  of  cane  sugar ;  if  a'  be  the 
deviation  observed  to  be  produced  by  the  liquid,  then 
a'  is  evidently  the  sum  of  the  separate  deflections 
of  the  cane-sugar,  x,  and  of  the  glucose,  y.  About 
one-tenth  of  its  volume  of  hydrochloric  acid  is  added 
to  the  sirup,  and  it  is  kept  for  ten  minutes  at  a  tem- 
perature of  140°-154°.  The  cane-sugar  is  thereby 
completely  transformed  into  noncrystallizable  sugar, 
which  turns  the  plane  of  polarization  to  the  left,  while 
the  rotary  power  of  the  glucose  undergoes  no  altera- 
tion. When  this  change  has  been  effected,  the  new 
deviation,  a",  of  the  liquid  is  observed.  It  is  now  the 
difference  between  the  deviation,  y,  of  the  glucose  and 
that  of  the  noncrystallizable  sugar  derived  from  the 
cane  sugars.  But  the  degree  of  dilution  of  the  liquid 
having  been  changed  by  the  addition  of  the  hydro- 
chloric acid,  the  deviation  observed,  a",  must  be 

replaced  by  the  deviation,  ^  a",  which  would  have 

been  observed  if  the  inversion  could  have  been  pro- 
duced without  the  addition  of  hydrochloric  acid. 
Admitting  therefore  that  a  quantity  of  cane-sugar 
which  effects  a  deviation,  x,  gives  rise  to  a  quantity  of 
noncrystallizable  sugar  which  effects  a  deviation,  r  x, 
there  is —  ' 


Before  the  inversion,  x  -\-  y  : 


:  a . 
10 


After  the  inversion,  y  -4-  rx=  a". 

From  these  two  equations  the  quantities  x  and  y 
may  be  determined.  The  coefficient  of  inversion,  r,  is 
determined  once  for  all  by  a  special  experiment  per- 
formed upon  pure  cane-sugar  at  the  temperature  at 
which  the  experiments  have  afterwards  to  be  made. 
According  to  Biot,  this  coefficient  is  0-038  for  hydro- 
chloric acid  at  a  temperature  of  71'6°. 

The  process  is  the  same  when  the  cane  sugar  is 
mixed  with  noncrystallizable  sugar,  turning  the  plane 
of  polarization  to  the  left.  In  this  case  the  initial 
deviation,  a',  of  the  liquid  is  the  difference  between  the 
deviation  to  the  right,  x,  of  the  cane-sugar,  and  the 
deviation,  z,  to  the  left  of  the  noncrystallizable  sugar. 
After  treating  with  hydrochloric  acid,  the  deviation, 
a",  is  composed  of  the  deviations  of  the  original 
noncrystallizable  sugar,  and  of  that  produced  by  the 
action  of  the  hydrochloric  acid.    One  then  has — 


Before  inversion,  x  — 
After  inversion,  z  -j-  r  x  = 


a  . 
10 


It  is  important  in  examining  optically  noncrystalliz- 
able sugar  always  to  employ  the  same  temperature, 


because  a  change  of  temperature  materially  affects  the 
rotary  power  of  this  kind  of  sugar. 

E.  Maumene  proposes  chloride  of  tin— SnCL.  5  HO 
— as  a  reagent  for  sugar.  By  boiling  he  obtains  a  con- 
stant result.  One  part  of  sugar  evaporated  with  fifteen 
to  thirty  parts  of  chloride  of  tin,  and  heated  up  to 
220°  or  226°,  produces  a  brown  body,  insoluble  in  acids 
and  alkalies.  This  he  calls  caramelin.  It  consists  of 
C]2  H4  04.  Grape-sugar,  cellulose,  dextrin,  and  such 
bodies,  give  the  same  compound. 

According  to  Horsley,  alkaline  chromate  of  potassa 
produces  a  gTeen  color  in  solutions  of  sugar,  easily 
detected  in  a  few  drops. 

Fehling  analyses  sugar  metrically  in  a  beautiful 
way  ;  but  it  is  better  suited  to  minute  quantities  than 
to  the  work  ot  a  sugar-house.  He  has  a  normal  solu- 
tion, made  of — 

40  grammes  of  sulphate  of  copper, 
1G0  grammes  of  neutral  tartrate  of  potassa,  or  200 
grammes  of  tartrate  of  soda, 
700 — 800  grammes  of  caustic  soda,  specific  gravity  1*12. 
This  is  diluted  with  water  to  1154-5  cub.  c. 

Of  this  solution  1  cub.  c.  :=  0-0050  grape-sugar,  or 
0-00475  cane-sugar. 

Grains  may  be  used  instead  of  grammes,  and  then 
1  grain  =  0-0050  grape-sugar,  without  change  of  calcu- 
lation. 


100  parts  of  grape-sugar, 
95  "  cane-sugar, 
80      "  starch  


:  220-5  CuO,  or  198  Cu20. 


This  mode  is  peculiarly  valuable  for  urines,  as  it 
measures  the  smallest  quantities.  The  urine  should  be 
diluted  from  ten  to  twenty  times  with  water.  It  should 
be  boiled  a  few  seconds  after  adding  each  portion  of 
copper  solution.    The  sugar  of  urine  is  grape-sugar. 

On  the  Manufacture  of  Cane-sugar. — The  manu- 
facture of  sugar  from  the  sugar-cane  may  be  divided 
into  five  parts.  1.  The  cultivation  of  the  cane.  2.  The 
extraction  of  the  juice.  3.  The  purification  of  the 
juice.    4.  Its  concentration ;  and  5,  its  crystallization. 

1.  Cultivation  of  the  Cane. — The  sugar-cane — Arundo 
saccharifcra — is  an  indigenous  plant  of  the  gramineous 
family.  Cultivators  distinguish  three  great  varieties — 
the  Creole,  the  Batavian,  and  the  Otaheite  cane.  The 
first  is  indigenous  to  India;  but  it  has  been  transplanted 
to  other  soils,  such  as  those  of  Sicily,  the  Canaries,  the 
Antilles,  South  America,  and  the  West  Indies.  It  is 
known  by  its  thin,  very  knotty  stem,  and  green  leaves. 
The  Batavian  cane  is  a  native  of  Java,  but  is  met  with 
at  present  in  some  of  the  sugar  plantations  of  the  New 
World  and  the  West  Indies  ;  it  is  covered  with  purple 
stripes,  and  has  a  heavy  foliage.  The  Otaheite  variety 
is  spread  over  the  West  Indies  and  South  America, 
and  is  esteemed  by  far  the  richer  and  more  productive 
of  the  several  species.  There  are  besides,  the  purple- 
banded  and  the  purple  Otaheitian  and  the  ribbon  cane. 
The  Bourbon  is  said  to  be  the  same  as  the  Otaheite 
cane  of  Singapore. 

The  sugar  cane  in  a  state  of  maturity  is  usually 
from  six  to  fifteen  feet  in  length,  and  from  one  and 
a  half  to  two  inches  in  diameter.  It  is  jointed,  and 
the  distance  of  the  joints  from  one  another  is  from 
three  to  seven  inches.  These  joints  correspond  to  the 
extremities  of  hexagonal  cells  of  which  the  intermediate 
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portions  of  the  Btem  are  composed,  and  which  are  in  the 
living  state  of  the  plant  filled  with  a  solution  of  sugar. 
The  exterior  of  the  cane  is  smooth,  hard,  and  cylindrical, 
and  is  covered  with  a  coating  containing  a  large  quantity 
of  silica.  Germination  occurs  at  the  joints,  and  takes 
place  at  the  opposite  sides  of  alternate  joints. 

The  sugar  cane  grows  from  pieces  or  slips  of  itself 
containing  germs,  and  these  develop  rootlets  at  the 
joints,  which  draw  sustenance  to  the  young  shoot  as  it 
increases.  In  the  course  of  time  the  buds  in  the  radicle, 
or  root  joints,  of  the  first  cane  throw  out  roots,  and 
form  a  radicle  for  a  second  stem;  and  in  this  way  it 
happens,  under  favorable  circumstances,  that  several 
canes  are  produced  from  the  parent  stock  for  a  period  of 
about  six  years,  sometimes  even  for  twenty  years.  From 
the  first  and  second  year,  however,  the  canes  diminish  in 
the  length  of  joint  and  circumference,  and  so  the  quantity 
of  juice  decreases ;  but  it  is  alleged  that  the  juice  is  much 
richer  than  when  younger,  and  also  produces  a  finer 
sugar.  A  common  mode  of  obtaining  successive  crops 
is  as  follows : — When  an  old  cane  has  been  cut  for  its 
sugar,  the  incision  is  made  some  inches  below  the 
ground  and  the  stump  covered  with  mould.  In  about 
twelve  months'  time  the  offshoots  from  the  original 
cane  are  ready  for  transplanting.  In  planting  these 
slips  or  ratoons  the  system  of  wide  planting  is  gradually 
superseding  the  old  close  planting.  In  addition  to  the 
advantage  which  the  former  kind  offers  in  allowing 
the  use  of  the  horse-hoe  for  weeding,  the  great  length 
of  the  root  of  the  sugar-cane,  which  often  extends 
laterally  to  a  distance  of  six,  and  vertically  to  a  depth 
of  two  feet,  makes  wide  planting  imperative,  when 
rapidity  of  growth,  as  determined  by  quick  absorption, 
is  required.  The  cane  holes  are  advantageously  formed 
five  feet  from  one  another,  in  rows  which  are  also  five 
feet  apart. 

Of  late  years  the  system  of  cultivation  of  the  sugar- 
cane has  attracted  considerable  attention,  as  well  in 
regard  to  the  preparation  of  the  soil  as  to  the  manner 
of  planting.  Formerly  the  custom  of  preparing  the 
land  by  manual  labor  was  followed ;  it  is  sometimes 
so  still,  and  the  consequence  of  not  having  the  soil 
sufficiently  disintegrated  to  the  proper  depth  required 
by  the  plant,  made  itself  apparent  in  the  defective  har- 
vests of  the  plantations  which  followed;  besides,  by  the 
practice  of  utilizing  for  fuel  the  magass  or  expressed 
cane,  called  cane  straw  and  cane  trash,  instead  of 
returning  it  to  the  land,  the  latter  was  rendered  deficient 
in  humus,  and,  therefore,  not  suited  to  retain  the  proper 
quantity  of  moisture,  which,  in  the  warm  climates  of 
its  growth  the  cane  absolutely  requires  for  its  proper 
development.  And,  although  the  ashes  of  the  refuse 
might  be  consigned  to  the  soil,  yet  this,  instead  of 
improving,  rather  defeated  the  objects  which  the  cul- 
tivators had  in  view,  as  by  the  use  of  too  much  mineral 
matters  as  a  manure,  the  sugar  secreted  by  the  plant 
was  rendered  uncrystallizable,  and  so,  in  a  comparative 
sense,  lost  to  the  planter.  An  excess  of  soluble  salts 
should  always  be  guarded  against  in  the  cultivation  of 
the  sugar  plant ;  but  the  fertilizer  should  be  rich  in 
humus  and  nitrogenous  constituents,  as  the  consump- 
tion of  both  these  classes  of  bodies  by  the  plant  is 
greater  in  a  much  larger  proportion  than  of  mineral 


fertilizing  matters.  The  knowledge  of  these  facts  has 
led  to  the  desire  of  employing  such  matters  as  blood, 
decomposed  flesh,  rotten  fish,  wool  refuse,  and  the  like, 
for  manure  in  the  sugar  plantations.  Charred  peat 
would,  in  the  opinion  of  the  Editor,  be  a  valuable 
adjunct  to  such  matters,  as  it  would  materially  prevent 
evaporation  of  the  natural  moisture  of  the  soil,  and 
supply  carbon  to  the  growing  plant.  Another  feature 
in  the  modern  innovations  on  the  old  system  of  culture 
is,  that  the  ratoons  or  stocks  are  planted  much  wider 
apart.  Various  parties  differ  in  their  views  in  this 
respect — some  recommending  the  plants  to  be  set  four 
feet  apart  in  rows  six  feet  asunder ;  others  recommend 
a  greater  distance  between  the  rows,  such  as  eight  feet ; 
while  some  state  that  this  should  be  increased  to  ten, 
or  that  each  stock  ought  to  have  a  space  allotted  to  it 
of  six  and  eight  feet  either  way  from  the  next  one.  It 
is  to  be  hoped  that  from  considerations  like  these,  of 
the  necessity  of  pursuing  a  more  rational  course  of 
tillage,  the  planter  may,  and  he  doubtless  will,  be  led, 
in  the  course  of  a  few  years'  practice,  to  adopt  the 
mode  which  enlightened  observation  and  study  will 
show  to  be  most  advantageous. 

The  frequent  droughts  which  occur  in  the  countries 
adapted  to  the  cultivation  of  the  sugar  plant,  render 
the  artificial  prevention  of  the  too  rapid  evaporation  of 
the  water,  which  would  be  very  injurious  to  the  freshly- 
planted  ratoons,  of  the  highest  importance.  The  great 
bulk  and  solidity,  and  the  richness  in  mineral  constitu- 
ents of  the  stem  of  the  sugar-cane,  would  cause  a  rapid 
impoverishment  of  the  soil,  were  not  some  adequate 
return  made  to  it.  Both  purposes  are  effected  by 
surrounding  the  stems  of  the  newly-planted  ratoons 
with  the  megass.  or  cane  from  which  the  sugar  has 
been  extracted. 

Canes  require  a  well  drained  hut  still  a  rich  and 
moist  soil.  Land  with  much  saline  matter  is  frequently 
found  to  prevent  the  canes  ripening;  they  remain  green 
and  watery. 

One  variety  greatly  in  cultivation  in  Jamaica  came 
from  Otaheite.  When  this  cane  is  well  cultivated,  and 
in  favorable  soil,  it  rises  in  the  first  year  to  twelve  or 
fourteen  feet  in  height,  being  six  inches  in  circum- 
ference, and  having  joints  six  inches  apart.  No 
field,  however,  will  give  an  average  so  high  as  this. 
Plants  such  as  these  will  produce  two  and  a  half  to 
three  tons  of  dry  sugar  per  acre,  but  the  average  is 
considered  good  at  two  tons  per  acre.  It  sometimes 
attains  maturity  in  ten  months.  Its  foliage  is  of  a  pale 
green ;  leaves  broad  and  much  drooping,  and.  flowering 
or  arrowing  in  a  manner  graceful  and  ornamental.  It 
requires  a  rich  soil.  The  yellow  violet  may  be  put  in 
poorer  soil.  It  gives  a  fine  sugar,  but  not  so.  much  as 
the  Tahiti  cane.  It  has  a  dark-green  foliage.  The 
juices  of  the  two  are  frequently  mixed.  The  purple 
violet  is  from  Java,,  and  is  eight  to  ten  feet  high,  and  six 
inches  in  circumference.  On  the  joints  of  the  cane  there 
is  a  large  amount  of  a  resinous  film,  which  sometimes 
completely  shades  the  purple  beneath.  This  resin  is 
very  hard  and  troublesome  to  grind.  The  sugar  of  this 
cane  is  excellent.  The  cane  itself  is  hardy,  and  is 
sometimes  used,  in  Jamaica  as  a  border  to  other  canes, 
defending  them  against  the  trespassing  of  cattle. 


972 


SUGAE  Produce  op  the  Cane. 


The  large  red  cane  of  Assam  is  said  to  flower  in 
eight  months,  and  to  give  similar  sugar  to  the  Tahiti 
cane.  In  Bengal  a  large  red  cane  is  cultivated  which 
gives  excellent  sugar.  The  China  cane  is  said  to  be 
extremely  hardy,  standing  both  cold  and  drought,  and, 
with  abundant  rain,  giving  out  as  many  as  thirty  shoots. 
It  resists  the  inroads  of  the  white  ants,  which  cannot 
penetrate  its  hard  crust,  whilst  it  is  also  safe  against 
the  teeth  of  the  jackals.  It  requires,  however,^  a 
stronger  mill  for  grinding  than  the  other  varieties 
mentioned.  Mr.  Wray  asserts  that  the  Salangore  cane 
is  the  finest  in  the  Straits  of  Singapore,  and  perhaps  in 
the  world.  He  says  that  he  has  cut  five  from  one  stool, 
which  were  of  a  weight  of  from  seventeen  to  twenty -five 
pounds.  They  have  been  known  to  produce  seven 
thousand  two  hundred  pounds  of  undrained  sugar  per 
acre,  equal  to  five  thousand  eight  hundred  of  dry  sugar 
for  shipping. 

Dr.  Livingstone  says  that  sugar  is  cultivated  in 
the  Shire  valley,  as  well  as  many  parts  of  Africa  near 
the  Zambesi,  and  may  be  had  for  as  little  as  one  half- 
penny per  pound.  There  is  field  enough  for  great 
enterprise  in  that  direction.  The  amount  obtainable 
has  not  been  investigated. 

The  time  of  harvesting  the  cane  varies  with  the 
mildness  of  the  season,  the  locality,  the  nature  of  the 
soil,  and  the  variety  of  the  cane  cultivated.  Generally 
a  dry,  smooth,  brittle  skin,  a  heavy  cane,  a  grey  pith, 


approaching  to  brown,  and  a  sweet  glutinous  juice, 
indicate  the  maturity  of  the  cane.  A  dry  season  is  the 
time  in  which  the  canes  should  be  cut,  if  possible, 
so  that,  by  the  absorption  of  too  much  moisture,  the 
juice  may  not  be  diluted,  and  thus  occasion  increased 
trouble  and  expense  in  preparing  the  sugar  from  it. 
The  canes  are  cut  as  close  to  the  stole  or  root  as  possible, 
as  well  because  the  lower  joints  are  found  richer  in 
sugar,  as  to  give  vigor  to  the  ratoons,  which  are  to 
spring  from  the  old  stock ;  the  tops,  with  one  or  two 
joints,  if  they  be  not  sufficiently  ripe,  are  cut  off,  and 
the  canes  tied  in  bundles,  and  conveyed  to  the  crush- 
ing mill.  It  is  absolutely  necessary  that  the  cane 
be  cut  just  before  expressed  in  the  mills;  for,  if 
allowed  to  remain  any  length  of  time  at  the  high 
temperature  of  the  climate,  the  sugar  ferments,  and  a 
considerable  loss  is  consequently  occasioned. 

Dr.  Evans  gives  the  products  of  an  acre  of  canes  in 
Barbadoes  as — 


Weight  of  canes. 
30  tons.  . 
30  tons.  . 
30  tons.  . 
30  tons.  . 


Weight  of  juico. 
.  60,480  lbs. 

.  47,040  lbs. 
.  33,600  lbs. 
.  33,600  lbs. 


Extract. 

10,836  lbs. 
8467  lbs. 
3500  lbs. 
7280  lbs. 


Extract  per  Extract  per 
100  pounds  of  100  poundi 

juice. 


18-0 
18-0 
10-0 
21-6 


of  canes. 

16-20 
12-6 
5-0 
10-8 


An  acre  may  be  said  to  yield  thirty  tons  of  canes. 
The  following  table  gives  the  produce  in  juice  and 
sugar : — 


Juico 

Juice 

obtained 

In 

per  cent. 

pounds. 

At  18 
per  cent. 

70  .. 

..  47,040  . 

..  8,468 

73  .. 

..  50,400  . 

..  9,092 

80  .. 

..  53,760  . 

..  9,676 

Pounds  of  Sugar. 


Subtract  for  Molasses  and  Skimming 
at  12  per  cunt. 


Pounda  of  dry  Sugar  yielded  by  one  Acre, 


per  cent. 

.  9,408 
.  10,080 
.  10,752 


At  22 
per  cent. 

10,348 
11,088 
11,827 


At  IS 
per  cent. 

.  ..  705  . 
. ..  757  . 
, . .  806  . 


At  20 
per  cent. 

792  . 
..  840  . 


At  22 
por  cent. 

..  862  . 
..  924  . 
..  994  . 


At  18 
per  cent. 

.  7,763 
.  8,335 
.  8,871 


At  20 
per  cent.- 

.  8,616  . 
.  9,240  . 
.  9,856  . 


At  22 
per  cent. 

9,486 
10,164 
11,173 


This  supposes  the  juice  to  stand  at  10°  Beaume ;  at  tire 
same  time  all  the  numbers  given  are  above  the  amount 
actually  obtained  in  practice,  which  does  not  appear  to 
be  above  five  thousand  pounds  per  acre. 

But  it  is  difficult  to  tell  the  real  amount  of  sugar 
obtained  on  the  estates.  The  books  on  the  subject  are 
frequently  very  one-sided,  or  very  confused,  or  they 
are  not  possessed  of  the  information  except  for  certain 
estates.  Perhaps  four  thousand  pounds  of  sugar  and 
one  hundred  and  seventy  gallons  of  rum,  twenty  per 
cent,  over  proof,  is  a  very  fair  specimen  of  the  yield. 

The  following  table  by  M.  Duprez  is  given  by 
Dr.  Evans.  The  average  amount  of  juice  from  one 
hundred  pounds  of  canes  was — 

1.  By  mills  having  horizontal  rollers — motive  power 

not  stated— probably  steam    61 '2 

2.  By  mills,  motive  power  steam   60'9 

3.  By  mills,  motive  power  wind  and  steam    59*3 

4.  By  mills  having  vertical  rollers  ..   59-2 

5.  By  mills,  motive  power  cattle   58*5 

6.  By  mills,  motive  power  wind   56*4 

but  70  can  now  be  obtained  by  greater  power,  and 
some  speak  of  80. 

Of  the  eighteen  to  twenty-two  per  cent,  of  sugar  in 
the  cane,  it  is  generally  believed  that  no  more  than 
eight  is  obtained  crystallized. 

If  only  fifty  per  cent,  of  the  juice  is  taken  from  the 
plant,  and  thirty  still  remain  in  it,  three-eighths  of 
the  sugar  are  taken  away  in  the  megass  and  burnt 


as  fuel.  Sugar  must  be  to  the  planter  at  least  worth 
twenty  pounds  per  ton,  whereas  he  could  get  coals 
from  England  at  one  pound.  But  this  would  not  be  an 
important  loss,  it  is  said,  if  the  ashes  of  the  megass 
were  only  taken  and  thrown  on  the  soil,  as  was  shown 
by  Dr.  Stenhodse.  The  climates  which  grow  sugar 
grow  ligneous  fibre  rapidly,  and  it  is  well  to  use  it  for 
fuel  when  it  can  be  obtained.  The  ground,  however, 
must  not  be  deprived  of  its  inorganic  constituents.  It  is 
also  important  to  use  the  megass  early,  as  the  sugary 
matters  unavoidably  left  in  it  oxidize,  and,  of  course, 
give  less  heat  in  burning.  It  is  well,  however,  to  burn 
as  little  sugar  as  possible,  at  the  same  time  to  avoid  an 
excess  of  soluble  salts. 

The  following  tables  are  from  Pa  YEN: — - 

OTAHKITE  CANE  AT  MATURITY* 

Centesimally. 

Water,  71-64 

Sugar,  18-00 

Cellulose,  ligneous  matter,  pectin,  and  pectic  acid   9-56 

Albumen  and  three  other  mtrogeneous  matters,   0-55 

Cerosin,  green  matter,  yellow  coloring  substance,"! 
substance  capable  of  being  dyed  brown,  and  car-  I  g.gj 
mine,  fatty  matter,  resins,  essential  oil,  aromatic  f 

matter,  and  a  deliquescent  substance,  J 

Insoluble  salts  0-12  ;  soluble  0-16 ;  consisting  of  \ 
phosphates    of  lime   and   magnesia,  alumina, 
sulphate  and  oxalate  of  lime,  acetates,  malate  of  \ 
lime,  potassa,  and  soda,  alkaline  chlorides,  and  sul- 
phates, . . . ;  J 

Silica,  


0-28 


0-20 


100-0O 


SUGAR — —Constitution  op  Cane  Juice. 
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CANE  ONLY  AT  A  THIRD  OP  ITS  DEVELOPMENT. 

Centeslmally, 

Water,  79-70 

Sugar,    9-06 

Cellulose  and  incrusted  ligneous  matter,   7-03 

Albumen  and  three  other  nitrogeneoua  substances,  1*17 

Starch,  cerosin,  green  matter,  yellow  coloring  sub-l  j.qq 

stance,  and  bodies  colorable  to  brown  and  carmine, ) 
Fatty,  aromatic,  and  hygroscopic  substances,  essen-1 
tial  oil,  soluble  and  insoluble  salts,  alumina,  and  >  1-95 
silica,  j 

100-00 

The  fresh  cane  has  been  estimated  to  contain — 

Tahiti.  Cuba. 
Per  c«ut.  Per  cent. 


Water    72-1 

Ligneous  fibre   9-9 

Sugar  and  other  substances  18'0 

1000 


65-9 

16-  4 

17-  7 

100-0 


The  juice  of  Martinique  cane  has  been  found  to 
contain— 

Sugar    20-9 

"Water   77-2 

Organic  substances  not  sugar   0*2 

Inorganic  salts    1-7 

100-0 

The  megass  or  residue,  after  passing  the  rollers — 

Sugar    7-9  ....  7-3 

Molasses    3-0  ..  ..  2-7 

Ligneous  matter  and  earthy  salts  38-6  ....  39-5 

Water   50-5  ....  50-5 

100-0  100-0 

CASASECA  has  analyzed  the  Havana  cane  —  the 
Creole — and  found — 

Cane  enllre.    Cane  peeled.     The  rind. 

Water    77-0  ....  77-8  ....  69-5 

Sugar  and  soluble  substances  12-0  ....  16-2  ....  11-5 
Ligneous  matter   11-0  ..  ..    6-0  ....  19-0 

He  says  that  23  of  dry  cane  contain  12  of  sugar, 
and  23  of  the  dry  rind  only  8'6. 

Cane  sugar.  Grape  sugar. 

Ten  sorts  of  Java    ......  98-6  —  83-1  ....  5-5  —  0-3 

Six  sorts  of  Havana    ....  97-0  —  87-3  ....  3-7  —0-9 

Four  sorts  of  Surinam    ..  92-3  —  85-4  ....  4-4 — 1-6 

Pure  candy    99-6  ....  0-1 

White  sugar   99-7  ....  0-2 


The  amount  of  water  in  the  sugar-cane  increases 
according  to  Casaseca,  towards  the  top ;  the  greatest 
amount  of  sugar  is  found  in  the  lower  third  of  the 
cane,  but  much  less  in  the  upper  part ;  the  centre 
third  contains  about  an  average  of  the  whole.  The 
water  even  of  the  joints  increases  on  rising. 

The  pure  or  nearly  pure  juice,  when  the  green 
matter  is  removed,  contains — 

Per  cent. 

Water    81-00 

Sugar   18-20 

Organic  matter,  precipitated  by  lead  salts  ....  0-45 
Saline  matter   0-35 


100-00 


Cane  juice  has  a  specific  gravity  of  1070  to  1090 — ■ 
10°  to  13°  Beaume.  It  has  been  obtained  as  low  as 
1046,  and  as  high  as  1110,  at  80°  Fahr.  It  is  opaque, 
frothy,  and  of  a  yellowish  green.  The  green  part  may 
bo  filtered  out,  leaving  a  pale  yellow  fluid,  which  is 
almost  pure  sirup.  The  green  scum  consists  of  chloro- 
phylle,  cellulose,  ligneous  fibre,  and  albumen.  Its 
analysis  given  by  Avequin  is — 

Per  cent 

Cerosie — a  peculiar  wax   50-0 

Green  matter   10-0 

Albumen  and  ligneous  fibre   22-7 

Phosphate  of  lime   3-3 

Silica   140 

100-0 

A  gallon  of  juice,  weighing  about  ten  and  three-quarter 
pounds,  contains  about  twenty-seven  grains  of  this 
greenish  scum. 

Mulder  believes  that  the  light-colored  sugars  con- 
tain most  cane-sugar  generally.  He  also  says  that  the 
many  varieties  into  which  sugars  are  divided  in  Hol- 
land are  not  well  based. 

Mulder  gives  the  following  analyses  of  several  raw 
sugars  :— 


Water. 
6-1  —  0-3 

3-5  —  0-9 
6-3  —  3-6 

0-2 

0-1 


Ashes. 

1-9  —  0-2 
1-1  —  0-0 
1-4  —  0-8 
0-1 


Water  of 
the  insoluble 
part. 

0-2  —  0-0 
0-3  —  0-0 
0-6  —  0-4 


Remainder— 
earn  m  el,  pum, 
and  acids. 

3-  5  —  0-5 

4-  5  —  0-4 
2-1  —  1-1 


Twelve  kilogrammes  of  molasses  of  eane  sugar  contain  according  to  Payen — 


Sugar   7-561-00 

Acetate  of  potassa   0-209-30 

Chloride  of  potassium    0-114-60 

Sulphate  of  potassa    0-085-50 

Mucilaginous  matter   0*076*30 

Phosphate  of  lime   0*052-00 

'       Nitrogenous  substances   0*050-00 

Silica    0-023-90 

Acetate  of  lime    0  016*20 

Phosphate  of  copper   0-000-20 

Water   :   1-800-00 

Glucose  and  uncrystallizable  sugar  1-56L0O 

Richardson  found  sugar  and  the  molasses  from  it  to 
contain — 

Sugar. 

Potassa   HH2 

Lime   14-67 

Magnesia    10*72 

Oxide  of  iron   6'55 

Oxide  of  copper   0*71 

Protoxide  of  manganese  . . .  trace 


::::} 


Molasses. 

36-23 
12-72 
11-14 
2-62 
trace  of 
both 


Sugar. 

Chloride  of  potassium   8-03 

Chloride  of  sodium    15-46 

Sulphuric  acid   10-85 

Silica    13-59 

Ashes    1*33 


1-58 
25-87 
7-91 
1-93 
3-60 


A  few,  out  of  many  analyses  made  by  Dr.  Sten- 
house  of  the  ashes  of  the  cane,  may  be  given — 


46-46  .. 

..    41*37  . 

..  46-48  .. 

..  50 

00 

Phosphoric  acid  . 

8-23  .. 

..      4*59  .. 

..    8-16  .. 

..  6 

56 

Sulphuric  acid  . 

4-65  .. 

..    10-93  . 

..    7-52  .. 

..  6 

40 

8-91  .. 

..      9-11  . 

..    5-78  .. 

..  5 

09 

4-50  .. 

6-92  . 

..  15-61  .. 

..  13 

01 

10-63  .. 

..    15-99  . 

..  11-93  .. 

..  13 

69 

Soda  

..    0-57  .. 

..  1 

33 

Chloride  of  potas- 

sium   

7*41  .. 

..     8-96  .. 

Chloride  of  sodium  9*21  ., 

..     2-13  . 

3-95 

..  3 

92 

100  00 

100-00 

100-00 

100 

00 
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SUGAR  Extraction  of  the  Juice. 


Refuse  of  sugar  has  been  analyzed  by — 

Prof.  Johnston.    Dr.  Anderson. 

Water    60-26  ....  4844 

Organic  matter — refuse  blood  and  ")  00-77*  39-10* 

sugar   .  j 

Phosphates  of  lime  and  magnesia  8-67  ....  3-97 

Lime   3-55  ....  3-41 

Magnesia   — ■  ....  0-19 

Common  salt  sulphates  of  potassa")  Q.~y 

and  scda   j 

Insoluble  silicious  matter  and  sand  5-98  ....  3-23 


*  Containing  ammonia 


100-00 
.  1-06 


100-00 
.  2-23 


water,  were  found  by  Mr.  Thornton  J.  Herapath 
to  contain  13'574  parts  of  ashes,  composed  of — 

Per  cent. 

Water   48-940 

Organic  matter   37-486 

Carbonate  of  potassa    0-146 

Sulphate  of  soda    0-155 

Chlorides  of  sodium  and  potassium    0-237 

Carbonate  of  lime  and  some  carbonate  of  magnesia  3-964 

Sulphate  of  lime    1-231 

Phosphate  of  lime  and  some  phosphate  of  magnesia  2-679 

Phosphate  of  iron  and  alumina    1-320 

Silicious  residue  insoluble  in  acids   3-842 


100-000 


Blood  is  now  less  used,  and  a  refuse  like  the  above 
would  not  now  be  easily  obtained. 

The  feculencies  of  the  sugar  obtained  by  defecation, 
without  the  addition  of  lime,  or  indeed  of  anything  but 

"Water  given  off  at 
212°. 

Five  kinds  of  candy  sugar  0-011  —  0-475 

Four  kinds  of  white  sugar   0-071  —  0-100 

Four  kinds  of  common  sugar  0-121  —  0-225 

It  is  found  that  sugar  which  is  brought  over  in 
iron  vessels,  frequently  oozes  out  and  attacks  the  iron, 
doing  injury  to  the  vessel.  Iron  is  rapidly  dissolved 
by  sugar.  The  sugar  may  become  a  little  acid  and  then 
attack  the  iron,  but  it  soon  throws  it  down  again  as 
an  oxide,  as  Dr.  Gladstone  has  observed,  and  thus  a 
small  amount  of  sugar  destroys  a  large  amount  of  iron. 
Dr.  Gladstone  obtained  the  following  compound : — 


The  dry  substance  contained          5-42  per  cent,  of  nitrogen. 

Undried   2-82       "  " 

The  prepared  sugar  is  very  pure.  Mulder  found 
in  one  hundred  parts  of  dry  sugars — 


Ashes. 

0-0  —0-104 
0-03  —0-735 
0-052  —  0-152 


Grapoaugar. 
0-132—0-192 
0-134  —  0-239 
0-230  —  0-365 


Protoxide  of  iron  . 
Sugar  


Found. 

.17-20 
.82-80 


Calculated, 

17-39 
82-61 


Sugar  readily  decomposes  a  sesquioxide  of  iron  in  solu- 
tion into  a  protoxide.  Dr.  Gladstone  did  not  find  that 
zinc  prevented  the  oxidation  of  the  iron.  Zinc  itself 
is  not  easily  separated  from  sugar.  Copper  is  scarcely 
acted  on  by  sugar,  but  the  oxide  is  dissolved,  and 
lead  is  dissolved  in  no  small  quantities.  This  corroding 
power  is  not  known  to  belong  to  pure  crystallizable 
sugar,  and  the  experiments  of  the  above  chemist  must 
be  taken  as  referring  to  the  molasses,  et  cetera,  united 
with  it. 

from  the  analyses  on  page  972  may  be  learned  the 
absolute  necessity  of  permitting  the  cane  to  attain  its  full 
growth  and  maturity  before  being  cut  for  the  extraction 
of  its  secreted  sugar ;  and  further,  that  in  the  system 
of  manufacture  in  some  cases  adopted,  the  exhaustion 
of  the  cane  is  so  imperfect  as  to  leave  fully  one-half  or 
three-eighths  of  its  juice  in  the  straw;  thus,  at  the 
very  first  outset,  causing  a  loss  to  the  planter  or  sugar- 
maker  of  about  one-half  the  quantity  which  the  cane 
contains.  "When  the  other  defects  of  the  manufacture 
are  considered  as  tending  to  convert  the  crystallizable 
into  uncrystallizable  sugar,  producing  fermentation  and 

No.  1. 


oxidation,  the  clue  to  the  enormous  waste  in  the  manu- 
facture of  sugar  is  at  once  obtained.  These  losses  may 
be  grossly  set  down  as  being  due — 

To  imperfeet  extraction  of  the  juice    45  to  50  per  cent. 

To  transformation    to    uncrystallizable \         jQ  11 
sugar,  et  cetera  j 

Loss  of  crystallized  sugar   57-5  to  65  " 

Balance,  or  quantity  of  sugar  obtained  ....42-5  to  35  " 

2.  Extraction  of  the  Juice. — The  sugar  exists  in 
the  cells  of  the  cane  in  the  state  of  solution,  which 
constitutes  the  juice  or  sap  of  the  plant.  Analyses 
have  shown  that  the  quantity  of  juice  and  its  richness 
in  sucrose,  are  variable  to  some  extent;  but  on  an 
average  the  per-centage  of  sugar  amounts  to  seventeen 
or  eighteen  parts  in  good  cane.  The  following  addi- 
tional analyses  indicate  an  average  composition — 

Centesimally. 

From  Martinique,      From  Guadeloupe,  From  Cuba, 

by  Peligot.  by  Dupuy.  by  Cnsaseca. 

Water    72-1    72-0    65-9 

Sugar   18-0    17-8    17-7 

Ligneous  matter  9-9    9-8    16-4 

Salts  ,.  —    0-4    — 


100-0  100-0  100-0 

Such  also  is  the  average  composition  of  the  cane  of 
the  third,  fourth,  and  succeeding  years'  growth  from 
the  parent  stock,  as  shown  by  Peligot's  researches 
on  this  subject.  Hervey  examined  two  specimens 
of  sugar-cane  of  Guadaloupe,  and  the  megass  which 
they  yielded.  The  samples  were  grown  on  two  differ- 
ent soils— No.  1  being  produced  by  a  dry,  calcareous, 
and  elevated  one;  and  No.  2,  by  a  low  soil  in  the_ 
neighborhood  of  volcanic  eruptions.  The  following 
are  his  results  calculated  without  water  : — 
No.  2. 


Sugar-cai 

Sugar   64-6 

Extractive  matters  . »   0-3 

"Wax   0-9 

Soluble  salts   0-3 

Insoluble  salts   1"0 

Ligneous  matter    32-6 

Loss    0-3 

100-0 


Megnss  or 
Straw. 

.    22-5  .. 


1-8  . 
73-9  . 
100-0 


Cane  Sugar, 

..  67-0  .. 

..    0-3  .. 

..    1-2  .. 

1-2  ... 

••    1-3  .. 

..  28-9  .. 

..    0-1  .. 


Megass  or 
Straw, 

.  29-2  ,. 


The  same  brown 
and  decomposed, 

 42-4 


1-6  , 
4 

66-8 


I2' 


1C00 


100-0 


1-6 

.  3-3 
.  52-7 

100-0 
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The  saccharine  liquid  is  extracted  from  the  cane  by  however,  has  not  received  general  adoption.  The 
pressure.    The  sugar-mills  employed  for  this  purpose  accompanying  woodcut — Fig.  554 — shows  the  con- 
are  chiefly  three,  namely,  the  horizontal  and  the  ver-  struction  of  horizontal  sugar  mill, 
tical  roller  mill,  and  the  hydraulic  press.    The  latter,      The  vertical  mill,  in  which  the  crushing  cylinders 

Fig.  051. 


are  placed  vertically,  has  the  advantage  of  being  more 
easily  cleaned ;  but  it  is  less  easily  fed,  and  is  more 
costly  in  its  construction.  A  great  deal  depends  upon 
the  right  adjustment  of  the  distances  of  the  three  rollers, 
a  too  near  approximation  causes,  on  the  one  hand,  an 
increased  expenditure  of  force  in  the  working  of  the 
mill,  and  on  the  other,  a  too  great  distance  allows  a 
portion  of  the  juice  to  escape  extraction,  and  to  be 
carried  off  in  the  megass.  The  distance  between  the 
feeding  roller  and  the  upper  one  is  about  half  an  inch  ; 
the  delivering  roller  is  still  closer  to  the  upper  one. 
In  feeding  a  horizontal  mill,  the  canes  are  cut  into 
lengths  of  about  three  feet,  and  so  spread  upon  the 
feeding  board  that  these  may  overlap  one  another  as 
little  as  possible.  Mills  have  also  been  constructed 
with  five  and  with  four  rollers.  When  five  rollers  are 
employed  throe  are  placed  below  and  two  above.  A 
five-roller  mill  is  said  to  extract  ten  per  cent,  more 
juice  from  the  cane  than  a  three-roller  one ;  but  the 
megass  is  thereby  much  broken,  and  a  much  greater 
expenditure  of  mechanical  power  is  required  to  work 
the  mill.  In  the  four-roller  mill,  where  two  rollers  are 
placed  below  and  two  above,  while  a  greatly  superior 
amount  of  juice  is  obtained,  the  expenditure  of  force  is 
said  to  be  not  much  greater  than  in  the  ordinary  three- 
roller  mill;  hence  it  is  probable  that  the  four-roller 
mill  will  gradually  supersede  those  now  generally  in 
use. 

Some  years  ago  a  method  was  patented  by  Mr. 
Miciiiel  for  extracting  the  sugar  from  cane  without  the 
use  of  the  mill ;  it  was  proposed  to  cut  the  canes  into 
thin  slices  and  treat  them  with  lime  water.  The  object 
of  this  was  to  render  the  nitrogenous  constituents  of  the 


cane  insoluble.  On  treating  the  so-prepared  canes 
with  water,  a  sirup  is  obtained  of  a  purity  much  greater 
than  that  obtained  directly  by  mechanical  means. 
Probably  the  mechanical  difficulty  experienced  in  slicing 
the  canes  has  prevented  the  adoption  of  this  method. 
The  following  are  the  experiences  of  Dr.  Evans — 
given  in  the  Sugar  Planter's  Manual,  published  in 
1857 — in  regard  to  the  advantageous  working  of  a 
sugar  mill: — 1.  The  rollers  should  be  approximated 
as  closely  as  the  work  which  they  have  to  perform 
will  admit  of.  In  mills  in  which  the  rollers  observe 
a  vertical  direction,  the  space  between  the  first  and 
second  should  scarcely,  if  at  all,  exceed  a  quarter 
of  an  inch,  whilst  a  distance  of  one-sixth  of  an  inch  is 
the  most  that  should  be  allowed  between  the  second 
and  third.  When  they  are  placed  horizontally,  the 
upper  one  should  be  distant  a  space  of  one-fifth  to  a 
quarter  of  an  inch  from  the  two  lower.  2.  The  velo- 
city of  the  rollers  6hould  be  rendered  as  uniform  as 
possible,  not  by  diminishing  the  amount  of  the  motive 
power,  but  by  a  carefully  regulated  supply  of  canes. 
3,  4.  The  megass  should  be  invariably  repassed  be- 
tween the  rollers  so  as  to  extract  as  much  as  possible 
the  juice  which  still  remains  in  it.  When  canes  are 
rich,  and  their  juice  of  considerable  density,  the  megass 
should  be  sprinkled  with  a  little  water,  or,  where  it  is 
practicable,  exposed  to  the  action  of  steam  before  it  is 
submitted  to  the  pressure ;  but  when  the  canes  are 
large,  green,  and  watery,  this  may  be  dispensed  with. 

The  amount  of  juice  obtained  from  the  cane  is  not 
always  a  criterion  of  the  comparative  yield  in  sugar. 
The  drought  or  humidity  of  the  season  preceding  the 
cutting  of  the  canes  determines  the  presence  of  a  less 
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or  greater  amount  of  water  in  the  eane,  while  the  quan- 
tity of  sugar  remains  for  a  time  unaffected.  Between 
moist  and  dry  seasons,  and  thorough  and  imperfect 
crushing,  the  yield  of  juice  may  vary  from  fifty  to 
seventy-five  per  cent,  of  the  weight  of  the  canes 
employed. 

The  following  table  shows  the  proportions  of  the 
solid  constituents — other  than  sugar — in  cane  juice. 
The  relation  of  these  amongst  one  another  is  probably 
pretty  constant,  although  the  quantity  of  sugar  and 
of  water  may  vary  much  with  the  age  of  the  plant 
and  the  season  at  which  the  juice  is  extracted. — 
Ure. 

One  hundred  parts  of  solid  constituents  contain — 


Sulphate  of  potassa   11*3 

Phosphate  of  soda   10'2 

Chloride  of  potassium,   5*3 

Acetate  of  potassa,   40-6 

Acetate  of  lime,   22-9 

Silicic  acid,  .'   9-7 


100-0 

The  methods  employed  in  Hindostan  and  Ceylon 
for  the  extraction  of  the  sirup  or  goor  from  the  cad- 
goolee  and  other  species  of  indigenous  cane  are  so 
imperfect  as  to  require  no  special  description. 

Captain  Maegetson,  R.N.,  has  proposed  to  cut  the 
cane  in  pieces,  and  dry  it  as  beet-root  is  dried,  sending 
the  substance  home  for  the  extraction  of  the  sugar. 
This  is  a  very  promising  field  of  inquiry. 

3.  The  Purification  of  the  Sirup. — The  removal  of 
impurities  from  the  juice,  as  it  is  delivered  from  the 
mill,  may  be  divided  into  two  processes,  defecation  and 
clarification. 

The  crude  cane  juice  contains,  besides  sugar  and 
water,  the  impurities — earthy  insoluble  particles,  frag- 
ments of  the  crushed  cane  or  megass,  albumen,  caseine, 
wax,  soluble  coloring  matter,  and  soluble  salts.  The 
coarser  of  the  insoluble  particles  are  sometimes  removed 
mechanically  previous  to  the  process  of  defecation.  But 
certain  of  the  nitrogenous  impurities  of  the  crude  juice 
if  left  in  contact  with  the  sirup  speedily  determine  its 
fermentation,  thereby  occasioning  loss  in  sugar,  and 
owing  to  the  subsequent  conversion  of  the  alcohol 
generated  by  fermentation  into  acetic  acid,  causing 
the  corrosion  of  the  metallic  portions  of  the  machinery, 
and  the  introduction  of  metallic  acetates  into  the  sugar. 
It  is  of  the  greatest  importance  that  the  process  of 
defecation,  whereby  the  nitrogenized  compounds  are 
removed,  should  follow  with  as  little  delay  as  possible 
upon  the  extraction  of  the  juice.  For  this  reason  the 
storing  of  the  sirup  in  tanks  until  a  sufficient  quantity 
is  obtained  for  purification,  is  to  be  reprehended.  The 
first  filtration  also  should,  for  the  same  reason,  be 
performed  as  rapidly  as  possible.  This  filtration  is 
effected  through  a  double  sieve,  the  metallic  meshes 
of  the  first  sieve  being  about  one-twelfth,  those  of  the 
lower  about  one-thirtieth  of  an  inch  asunder.  The 
sirup  is  run  from  these  sieves,  or  directly  from  the 
crushing  mill,  through  a  wooden  gutter  lined  with  lead 
to  the  clarifiers.  These  are  a  series  of  copper  caul- 
drons capable  of  holding  from  three  thousand  to  four 
thousand  gallons  each.  The  bottoms  of  the  clarifiers 
are  usually  concave,  being  bulged  inwards  from  below. 


Each  cauldron  is  provided  with  a  separate  fire,  the  flues 
from  which  run  into  a  common  chimney,  and  each  fire 
is  provided  with  a  separate  damper  for  regulating  or 
stopping  the  draught. 

Defecation.  — When  this  is  performed  in  the  Colonies, 
the  sugar  is  boiled  down  from  the  strength  of  10° 
Beaume  only  to  about  27°  or  28°,  which  is  the  strength 
suited  for  hot  filtration.  "When  it  is  performed  hi 
England,  the  sugar  is  dissolved  in  water,  so  as  to  be  of 
the  strength  of  27°  Beaume. 

Lime  is  the  agent  most  frequently  employed  in  de- 
fecating the  sirup;  but  considerable  differences  of 
opinion  exist  concerning  the  best  method  of  its  applica- 
tion. The  lime  should  be  thoroughly  burned  and 
quickly  slaked  with  hot  water,  enough  water  being 
added  to  give  the  consistence  of  a  cream.  This  should 
be  then  filtered  through  a  fine  wire  sieve  in  order  to 
remove  silicious  particles  and  fragments  of  unslaked 
lime  or  uuburned  limestone.  Some  sugar  manufacturers 
adopt  the  following  process  : — When  the  sirup  in  the 
clarifiers  has  attained  the  temperature  of  130°  Fahr. 
successive  portions  of  the  cream  of  lime  are  added, 
until  the  acids  in  the  sirup — acetic  and  lactic — have  been 
completely  and  exactly  neutralized,  which  is  shown 
by  its  neutrality  to  blue  and  red  litmus  paper.  The 
mixture  of  sirup  and  lime  is  thoroughly  incorporated 
with  an  oar,  and  the  whole  left  to  digest  for  about  a 
minute.  The  portions  of  cream  of  lime  successively 
added  to  effect  neutrality  should  not  contain  more  than 
about  four  ounces  of  solid  lime  per  gallon.  The  pro- 
duct so  obtained  is  run  off  through  a  stop-cock  in  the 
clarifyer,  either  through  bag  filters  or  through  charcoal 
filters,  subsequently  to  be  described.  In  the  more  com- 
mon process  of  defecation,  however,  after  neutraliza- 
tion by  cream  of  lime,  as  above  described,  the  heat  is 
urged  until  a  temperature  just  below  the  boiling  point 
of  the  sirup  is  reached.  A  thick  scum  is  then  formed 
upon  the  surface  of  the  sirup,  and  the  clarification  is 
judged  complete  when  this  scum  breaks  and  a  white 
froth  appears  in  its  interstices.  In  all  cases  an  excess 
of  lime  is  to  be  avoided,  partly  because  nitrogenous 
matter,  upon  the  removal  of  which,  from  an  acid  solution 
by  heat  and  lime,  the  clarification  in  a  great  measure 
depends,  is  redissolved  by  an  excess  of  this  agent, 
but  mainly  because  of  the  destructive  action  of  caustic 
earths  on  sugar.  If,  however,  an  excess  of  lime  has 
been  added,  it  may  be  remedied  by  the  addition  of 
small  quantities  of  a  solution  of  alum.  When  this 
salt  is  added  to  any  alkaline  solution  with  excess  of 
lime,  its  alumina  is  precipitated  and  rises  with  the 
same,  fixing  a  portion  of  the  coloring  matter  of  the 
sirup  at  the  same  time,  and  thus  assisting  in  the  clari- 
fication. Of  the  simultaneous  products  found  in  this 
reaction,  videlicet,  sulphate  of  lime  and  sulphate  of 
potassa,  the  first  is  in  a  great  measure  insoluble  and  rises 
with  the  scum  ;  the  second,  however,  is  soluble  in  the 
sirup,  and  cannot  be  subsequently  separated  from  it ; 
and  this  is  the  only  drawback  in  the  employment  of 
alurn  to  neutralize  overlimed  sirup.  Sulphate  of  alu- 
mina, however,  is  not  subject  to  this  disadvantage,  and 
may,  therefore,  advantageously  replace  alum  in  the 
neutralization  of  overlimed  sirup. 

Other  substances  have  been  employed  for  the  defe- 
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cation  of  cane  juice,  of  which  the  principal  are  bullock's 
blood,  nut-galls,  sulphate  of  zinc,  alum,  sulphate  of 
alumina,  sulphuric  acid  and  lime,  and  subacetateof  lead. 
As  bullock's  blood  is  almost  exclusively  employed  in 
the  defecation  of  beet-root  sugar,  its  application  will 
be  described  under  that  head. 

Nut-galls.  —  After  the  clarification  by  means  of 
cream  of  lime  of  four  hundred  gallons  of  sirup  has 
been  effected,  the  temperature  is  raised  to  150°  or 
160°,  and  a  decoction  of  nut-galls  is  added,  formed 
by  digesting  two  ounces  of  the  bruised1  galls  in  half  a 
gallon  of  boiling  water.  The  mixture  is  stirred  for 
two  or  three  minutes  with  an  oar,  boiled  and  strained 
through  bag  filters. 

Sulphate  of  Zinc. — Twelve  ounces  of  sulphate  of 
zinc  are  added  to  a  clarifier  of  three  hundred  gallons. 
The  sirup  is  then  neutralized  with  cream  of  lime, 
boiled  and  filtered. 

This  process  has  not  been  used,  as  it  is  difficult  to. 
remove  the  taste  of  the  zinc. 

Alum. — Four  pounds  of  alum  in  solution  are  added 
to  a  clarifier  of  three  hundred  and  fifty  gallons ;  as  it 
begins  to  get  warm  the  heat  is  rapidly  raised  to  140°, 
and  the  sirup  neutralized  with  cream  of  lime. 

Alum  should  never  he  used,  as  it  introduces  salts  of 
the  alkalies,  which  cannot  be  removed. 

Sulphate  of  Alumina. — A  pound  of  sulphate  of 
alumina  is  added  to  every  hundred  gallons  of  juice, 
and  the  whole  quickly  neutralized  with  lime  and  filtered 
as  before ;  still  not  of  much  value. 

Ammonia  has  been  proposed  as  an  addition  to  sugar, 
especially  to  beet-root  juice ;  but  its  value  has  not  been 
shown. 

Alumina  and  Sulphate  of  Lime. — The  alumina 
obtained  from  two  pounds  of  alum  by  precipitation 
along  with  sulphate  of  lime,  by  means  of  carbonate 
of  lime  in  suspension,  is  washed  by  decantation  and 
added  to  one  hundred  gallons  of  cane  juice.  When 
the  temperature  of  the  sirup  has  reached  150°,  lime  is 
added  to  neutralization  and  the  juice  is  then  filtered. 

Sulphuric  acid  diluted  with  thirty  times  its  volume 
of  water  is  added  to  the  sirup — for  three  hundred 
gallons  of  the  latter,  two  fluid  ounces  of  sulphuric 
acid  are  employed — at  a  temperature  of  120°;  four 
ounces  of  lime  are  then  added,  and  when  the  tempera- 
ture reaches  170°,  the  sirup  is  neutralized  with  more 
lime  and  filtered. 

The  value  of  this  method  is  extremely  small. 

Subacetateof  Lead. — Ithasbeen  proposed  to  effect  the 
defecation  of  the  sirup  by  the  successive  employment  of 
subacetate  of  lead  and  phosphate  of  lime.  Subacetate 
of  lead  has  the  power  of  throwing  down  the  whole  of  the 
coloring  matter  and  other  organic  foreign  substances 
present  in  the  sirup.  But  the  subsequent  separation 
of  tbe  lead  which  is  in  solution  by  phosphate  of  lime, 
is  either  not  perfect  in  the  presence  of  sugar,  or  requires 
more  delicate  manipulation  and  greater  care  than  can 
be  usually  looked  for  in  sugar  manufactories.  The 
deleterious  action  of  repeated  though  very  minute  doses 
of  lead  on  the  system  has  prevented  its  employment  as 
a  defecating  agent. 

Dr.  Scoffern  precipitates  the  lead  by  sulphurous 
acid,  and  by  this  means  it  is  found  that  he  can  remove 

VOL.  II. 


it  all ;  but  the  dangers  attending  the  use  of  lead  are  so 
great,  that  his  process,  although  beautiful  when  done 
well,  and  perfectly  capable  of  being  done  well,  has  been 
discouraged  if  not  prohibited,  and  the  plan  will  there- 
fore probably  be  abandoned.  Man's  constant  accuracy 
cannot  be  trusted.  Tin  has  been  tried,  but  is  not 
practically  found  useful. 

When  the  scum  has  risen  to  the  surface,  and  the 
clear  sirup  is  seen  through  its  cracks,  the  approach  of 
which  point  is  usually  judged  of  empirically  by  the 
thickness  of  a  portion  of  the  sirup  removed  from  the 
clarifier,  and  by  the  equalization  in  size  of  the  bubbles 
formed  in  the  liquid,  the  defecation  is  complete.  The 
defecated  sirup  is  then  removed  from  the  scum  by 
tapping,  or  the  latter  is  removed  from  the  sirup  by 
skimming,  in  both  cases  sufficient  time  being  allowed 
for  the  heavier  portions  of  the  scum  to  subside.  As 
the  scum  always  contains  a  considerable  portion  of 
sirup  in  its  pores,  it  is  generally  submitted  to  pressure 
in  a  simple  lever  press,  and  the  extract  added  to  the 
liquid  which  has  been  tapped  off.  Fig.  555,  shows  the 
usual  form  of  the  clarifier. 

In  those  countries  where  fuel  is  cheap,  and  especially 
in  those  manufactories  where  steam  is  employed,  either 
as  a  motive  power  for  the  mill,  or  the  vacuum  pan — 
afterwards  to  be  described — or  for  other  purposes, 

Fig.  555.  . 
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the  heating  of  the  clarifyer  is  sometimes  effected  by 
means  of  steam.  It  is  clear  that  as  the  temperature 
requisite  for  boiling  in  the  open  air  is  above  that 
of  boiling  water,  the  steam  by  which  it  is  effected 
must  be  either  overheated  or  high  pressure  steam. 
And  as  in  most  sugar  growing  lands  fuel  is  scarce, 
and  as  a  great  use  of  fuel  attends  the  application  of 
overheated  steam,  high-pressure  steam  is  employed. 
This  is  usually  conveyed  by  a  copper  worm  through 
the  clarifier,  the  steam  passes  downwards  round  the 
spirals  of  the  worm,  and  the  condensed  water  is  dis- 
charged under  pressure. 

Simple  Filtration. —  The  process  of  defecation 
always  leaves  impurities  in  the  sugar,  either  in  the 
form  of  suspended  scum,  or  when  filtration  is  not  per- 
formed previous  to  the  defecation  of  the  mechanical 
impurities  formerly  mentioned.  In  all  cases  it  has  now 
to  undergo  another  filtration. 
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It  is  usual  to  run  oft*  the  sirup  at  once  from  tire 
clarifyers  upon  the  filters,  and  the  preceding  diagram 
shows  the  simplest  arrangement  for  this  purpose.  The 
matter  of  the  filter  is  always  cotton.  Woollen  textures 
are  rapidly  destroyed  by  the  alkaline  nature  of  the 
scum.  The  forms  given  to  the  filters  are  chiefly  two 
— tho  leaf-filter  of  Lovering  and  the  bag-filter  of 
Taylor. 

The  leaf-filter  is  composed  of  a  series  of  cotton  bags 
stretched  over  thin  quadrangular  frames,  which  keep 
the  sides  of  the  bags  apart,  and  cause  them  to  present 
a  smooth  even  surface  instead  of  folds,  thus  greatly 
facilitating  the  operation  of  cleaning,  when  it  has  to 
be  performed.  These  frames  are  arranged  side  by 
side  in  a  box,  and  the  juice  which  filters  from  with- 
out inwards,  escapes  by  a  hole  in  the  bottom  of  the 
frame.  The  juice  is  poured  into  the  box  outside  of 
the  frames,  and  tho  filter,  therefore,  is  not  clogged  by 
impurities  as  readily  as  Taylor's  filter,  in  consequence 
of  which  it  works  more  rapidly  and  does  not  require  to 
be  cleaned  so  often. — M'Culloch. 

Taylor's  bag-filter — Fig.  556 — consists  of  a  number 
of  cotton  bags  about  two  feet  in  length  and  a  foot  in  dia- 
meter when  fully  extended.  Into  their  narrow  mouths 
the  nozzles  of  the  tubes  pass  which  deliver  the  sirup. 
The  bags  are  fastened  on  the  nozzles  by  means  of  a 
sliding  ring.  Each  bag  is  inclosed  in  a  cylindrical  one 
of  canvass  about  four  inches  in  diameter,  the  object  of 
which  is  to  prevent  the  swelling  out  of  the  interior 
cotton  filter.  In  such  a  filter  of  course  the  interior  bag 
is  much  folded;  nor  can  it  in  this  state  present  the 
same  amount  of  filtering  surface  as  it  would  were  it 
fully  inflated.     It  may  indeed  be  questioned  whether 

Fig.  556. 


with  tolerably  clean  sirup  such  a  folded  filter  offers 
much  advantage  above  a  filter  of  the  size  and  shape  of 
the  exterior  canvass  bag. 

When  the  leaf  or  bag  filter  has  become  choked  it 


must  be  washed ;  this  is  sometimes  done  by  machinery. 
The  use  of  very  dilute  hydrochloric  acid  or  of  acetic 
acid  facilitates  the  washing,  by  dissolving  the  lime  in 
the  scum.  But  the  first  acid  at  least,  however  dilute, 
weakens  the  cotton  fabric  when  often  applied,  and  the 
presence  of  every  acid  should,  when  possible,  be  avoided 
in  every  process  of  sugar  manufacture ;  because  the 
vinous  fermentation  to  which  all  saccharine  liquids 
are  liable  is  found  to  be  facilitated  by  the  presence  of 
any  acid. 

Charcoal  Filtration. — The  previously  described 
processes  of  filtration  and  defecation  effect  the 
removal  of  the  mechanical  impurities  in  the  sirup, 
as  well  as  those  albuminous  and  nitrogenous  sub- 
stances which  are  solidified  by  the  heat  of  tho 
clarifiers,  and  removed  in  the  scum  which  is  formed 
in  them.  But  besides  such  impurities,  the  juice 
of  the  sugar  cane  contains  various  coloring  matters 
whose  chemical  nature  has  not  been  examined,  and 
which  are  not  removed  either  by  filtration  or  defecation 
— except  where,  in  the  latter  process,  subacetate  of 
lead  is  employed.  As  these  coloring  matters  do  not 
separate  by  the  further  evaporation  of  the  sirup,  but 
obstinately  remain  with  it,  a  further  process  of  decol- 
orization is  necessary  before  the  final  evaporization 
is  effected.  Animal  charcoal  is  the  agent  employed 
for  this  purpose.  When  the  bones  of  animals  are 
subjected  to  dry  destructive  distillation,  without  access 
of  air,  the  residue  consists  chiefly  of  carbon,  and  the 
phosphates  and  carbonates  of  lime,  with  a  little  of  the 
same  salts  of  magnesia.  Such  charcoal  possesses 
pre-eminently  the  power  of  removing  many  organic 
substances  from  solution  when  brought  into  prolonged 
contact  with  the  liquids  which  contain  them.  Thus 
strychnine  when  in  solution  is  removed  by  agitation 
with  animal  charcoal.  The  decolorization  of  sugar 
depends  upon  the  same  power  of  animal  charcoal. 
Animal  charcoal  or  bone-black,  in  removing  coloring 
matter  from  sirup,  undergoes  no  profound  change.  It 
appears  to  act  by  a  species  of  superficial  affinity  ;  that 
is,  as  far  as  the  process  can  be  followed,  an  affinity 
that  pervades  the  surface  of  every  one  of  the  minuto 
pores  of  the  charcoal,  rendering  the  actual  superficies 
enormous.  But  although  the  charcoal  thus  remains 
unchanged,  its  decolorizing  power  is  so  far  limited, 
as  when  its  surface  becomes  too  thickly  covered  by 
the  coloring  matter  it  withdraws,  a  charcoal  surface  is 
no  longer  presented  to  the  liquid. 

The  bone-black  preferred  by  sugar  manufacturers 
for  the  decolorization  of  sirup  is  that  obtained  from 
the  larger  bones  of  animals— as  the  thigh  and  shoulder 
bones  of  oxen.  This  variety  is  generally  not  only  more 
compact  than  that  obtained  from  the  smaller  bones,  or 
from  the  bones  of  smaller  animals,  but  appears  to  pos- 
sess a  specifically  greater  decolorizing  power.  Such 
bones  after  burning  are  reduced  to  a  coarse  powder, 
the  grains  of  which  are  about  the  size  of  small  peas.  In 
some  manufactories,  however,  where  the  process  of 
defecation  and  decolorization  are  united,  and  where 
powdered  bone-black  is  added  to  the  sirup  in  the  clarifier, 
the  bone-black  is  employed  in  a  finer  state  of  division, 
the  grains  being  then  of  the  size  of  those  of  the  finest 
gunpowder.    But  as  in  this  method  the  bone-black 
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employed  ia  thrown  up  with  the  scum  in  the  clarilier, 
mixed  with  the  salts  of  lime  and  other  feculences  from 
which  it  cannot  be  separated,  it  is  lost,  and  consequently 
the  application  of  bone-black  in  the  clarifier  is  seldom 
adopted.  The  decolorization  by  nitration  through  bone- 
black  is  generally  effected  immediately  after  the  filtra- 
tion through  the  cotton  filters  above  described.  The 
following  description  of  the  two  kinds  of  bone-black 
filters  most  frequently  employed  abroad,  but  now 
scarcely  used  here,  is  from  R.  S.  M'Cullocii's  report. 

Dumont's  filter  consists  of  a  wooden  box  of  the  form 
of  a  four-sided  truncated  pyramid  with  a  double  bottom. 
The  inner  bottom  is  a  metallic  plate  pierced  with 
numerous  holes ;  upon  it  a  cotton  cloth  is  laid,  and 
coarse-grained  animal  charcoal  moistened  with  water  is 
then  spread  layer  by  layer;  each  layer  being  rendered 
of  uniform  thickness,  and  packed  or  pressed  closely 
together  by  means  of  a  sort  of  trowel.  When  the 
bone-black  has  been  thus  formed  into  a  compact  bed 
or  stratum  of  about  fifteen  or  eighteen  inches  in  thick- 
ness, and  within  five  to  ten  inches  from  the  top  of  the 
box,  it  is  covered  with  another  cotton  cloth,  and  with 
another  metallic  plate  pierced  with  holes.  The  object 
of  the  second  cloth  and  metallic  cover  is  to  collect  any 
substances  which  would  otherwise  obstruct  the  inter- 
stices of  the  superior  stratum  of  the  bone-black — an 
inconvenient  accident  which  is  easily  prevented  by  the 
use  of  such  a  cover,  and  this  cover  is  readily  exchanged 
for  another,-  should  it  become  itself  obstructed.  The 
superior  cover  is  only  of  use  when  the  previously 
described  filtration  through  the  cotton  bag  or  leaf  filter 
is  omitted. 

It  is  important,  in  order  to  avoid  false  passages,  that 
the  juice  should  be  constantly  at  the  same  level  of 
about  three  or  four  inches  above  the  cover  of  the  bone- 
black.  This  is  accomplished  by  means  of  a  self- 
regulating  cook. 

To  facilitate  the  action  of  Dumont's  filter — Fig.  557 

Fig.  567. 


— the  bone-black  must  be  perfectly  free  from  fine 
powder,  which  would  obstruct  the  passage  of  the  sirup, 
and  thus  retard  its  flow.    To  render  it  so  it  should 
be  carefully  sifted  each  time  after  revivification. 
Peykon's  filter  is  another  form  of  metallic  filter 


to  be  used  like  that  of  Dumont's  with  coarse  bone- 
black.  It  is  intended,  however,  to  act  continuously 
and  without  renewal  of  the  bone-black.  This  filter  is 
cylindrical,  in  height  eight  feet,  and  in  diameter  thirty- 
nine  inches.  The  top  is  closed  with  a  perfectly 
air-tight  cover,  and  the  vacant  space  of  the  double 
bottom  communicates  by  a  tube  and  cock  with  the  top 
of  a  second  and  smaller  filter,  so  that  the  sirup  which 
has  filtered  through  the  first  passes  through  the  second, 
from  which,  in  like  manner,  it  proceeds  through  a  third. 
The  closed  top  permits  the  use  of  hydrostatic,  pressure 
to  increase  the  rapidity  of  filtration,  and  the  juice  enters 
the  first  filter  for  that  purpose  by  a  tube  from  a  reser- 
voir above.  The  double  bottom  of  each  filter  of  the 
series  is  also  provided  with  another  outlet  and  stop- 
cock to  permit  the  fluid  contents  to  be  drawn  off  at 
any  time,  if  desired. 

The  filters  of  Peyron,  like  those  of  Dumont,  are 
charged  with  coarse  bone-black,  carefully  compressed 
in  layers ;  after  which  the  fine  powder  is  washed  out 
thoroughly  with  water,  and  when  this  flows  perfectly 
clear  the  sirup  is  allowed  to  pass  into  the  filter,  and 
to  remove  the  water  by  displacement.  As  soon  as  the 
water  which  escapes  from  the  double  bottom  is  sweet 
to  the  taste,  it  is  collected  in  the  reservoir  to  be  evapo- 
rated. After  the  sirup  ceases  to  flow  freely,  hot  water 
is  used  to  displace  that  portion  absorbed  by  the  bone- 
black  ;  and  as  soon  as  the  density  of  the  escaping 
liquid  becomes  feeble  it  is  no  longer  collected.  The 
hot  water  is  then  allowed  to  flow  through  the  filters 
until  they  are  washed  perfectly.  Fermentation  soon 
commences  in  the  filter  by  reason  of  the  dilute  sirup 
and  nitrogenous  impurities  absorbed  by  the  bone-black  ; 
and  after  twenty-four  hours,  when  the  fermentation  is 
considered  complete,  and  the  impurities  taken  up  by 
the  bone-black  are  thereby  destroyed,  the  filter  is 
cleaned  to  prepare  it  for  work  a  second  time,  by  first 
passing  through  it  for  half  an  hour  a  jet  of  high-pres- 
sure steam,  and  subsequently  washing  it 
thoroughly  with  hot  water. 

Another  form  of  filter  somewhat  similar 
to  Peyron's  is  as  follows  : — A  series  of  four 
cylindrical  boxes,  provided  with  perforated 
false  metallic  bottoms  are  connected  to- 
gether as  before  with  stop-cocks  in  such  a 
manner  that  each  may  be  removed  without 
disturbance  of  the  rest.  If  they  are  all 
charged  with  fresh  bone-black,  and  the  sirup 
is  run  through  until  it  begins  to  become 
colored,  it  follows  that  the  charcoal  in  the 
upper  boxes  must  have  lost  its  decolorizing 
power  to  a  greater  extent  than  that  in  the 
lower  ones.  The  highest  box  is  therefore 
removed  ;  the  next  highest  becomes  now  the 
highest,  the  third  becomes  the  second,  and 
so  on — a  box  of  fresh  charcoal  being  intro- 
duced below.  In  this  manner  the  filtration 
may  be  carried  on  with  but  little  interrup- 
tion for  any  length  of  time.  To  insure  the  uniform 
distribution  of  the  sirup  upon  the  upper  layer  of 
the  box,  a  mechanical  contrivance  is  sometimes 
employed.  This  is  of  the  form  of  a  horizontal  tube, 
perforated  with  holes  throughout  its  length,  but  closed 
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nt  its  ends,  and  capable  of  revolving  with  facility  about 
its  centre.  The  passage  of  the  sirup  through  the  tube 
and  through  its  orifices  determines  the  revolution  of 
the  tube  about  its  axis,  and  the  consequent  distribution 
of  the  sirup  upon  its  surface. 

The  filters  on  the  Continent  are  still  frequently  of 
this  kind,  but  such  are  seldom  used  in  England,  where 
it  lias  been  found  economical  to  use  them  of  enormous 
size,  being  about  thirty  feet  in  height,  and  four  to  eight 
feet  in  diameter.  A  filter  like  this  contains  about 
twelve  tons  of  animal  charcoal.  Charcoal  is  expected 
to  purify,  on  an  average,  an  equal  weight  of  fine,  or 
twice  its  weight  of  seconds  sugar. 

The  same  bone-black  maybe  employed  any  number 
of  times,  provided  the  substances  which  it  has  with- 
drawn from  the  sirup  be  removed.  This  is  sometimes 
done  by  allowing  them  to  ferment,  as  in  Peyron's 
filter;  but  more  frequently  by  simple  rokilning.  The 
kiln  made  by  G.  F.  Chantrell  of  Liverpool  for  the 
revivification  of  the  bone-black  is  seen  in  Fig.  558. 
Those  of  Pontifex  and  Wood  and  others  are  under 
the  article  Charcoal. 

Perhaps  no  part  of  a  sugar  refinery  is  more  impor- 
tant than  the  burning  of  the  charcoal  or  bone-black. 
This  is  generally  used  in  small  pieces,  the  largest 
about  the  size  of  a  half  pea,  and  slightly  elongated  in 
the  direction  of  the  length  of  the  bone  from  which 
they  are  formed.  It  was  at  one  time  usual  to  grind 
the  charcoal  to  dust,  but  this  habit  is  now  almost 
entirely  given  up.  When  fine  the  sugar  does  not  run 
so  rapidly  through  the  filter,  and  it  is  not  mixed  with 
so  much  facility  or  so  much  convenience  ;  besides,  it 
is  not  so  easily  burnt  or  revivified.  In  general,  too, 
refiners  object  to  the  very  fine  charcoal,  and  either 
drive  it  off  by  blowers  when  the  charcoal  is  dry,  or 
remove  it  by  lixiviation.  It  is  sold  to  the  manufae 
hirers  of  superphosphate  of  lime  at  about  five  to  six 
pounds  per  ton. 

By  means  of  flues  a  series  of  brick  walls  about  eight 
feet  in  height  are  heated  red  hot.  The  walls  are  in 
pairs,  each  two  of  which  are  about  eight  inches  apart. 
The  space  between  each  pair  of  walls  is  completely 
filled  with  the  spent  bone-black,  the  pile  of  which  rests 
upon  the  ground.  The  upper  end  of  each  vertical 
layer  forms  a  part  of  the  heap  of  spent  bone-black, 
which  therefore  covers  the  top  of  all  the  walls. 
When  the  walls  have  reached  a  red  heat,  and  re- 
mained for  a  quarter  of  an  hour  at  that  temperature, 
enough  bone-black  is  raked  from  the  lower  ends  of 
the  columns  to  cause  each  pile  to  sink  about  six 
inches.  The  heap  of  charcoal  at  the  top  supplies  each 
column  as  it  sinks.  The  same  process  is  repeated,  so 
that  every  portion  of  the  bone-black  gradually  falls 
between  the  red-hot  walls,  and  is  raked  out  from  below. 
The  column  of  bone-black  is  sufficiently  compact  to 
prevent  the  ingress  of  much  air,  and  the  consequent 
burning  of  the  carbon  which  would  thence  result.  The 
red-hot  charcoal  as  it  is  raked  from  below  is  thrown 
into  metal  boxes  to  cool ;  it  is  then  sifted  to  remove 
the  powder  which  has  been  formed,  and  is  fit  for  use 
again. 

The  animal  charcoal  effects  not  only  the  separation 
of  the  coloring  matters,  but  also  that  of  the  excess  of 


lime  present  in  the  sirup,  and  in  the  vivification  of  the 
spent  bone-black  this  lime  of  course  remains  behind. 
It  is  proved,  however,  that  the  lime  does  in  nowise 
impair  the  decolorizing  power  of  the  charcoal.  It  has 
been  supposed  that  such  lime  forms  phosphate  of  lime 
with  the  phosphoric  acid  contained  in  the  coloring 
matters  of  the  juice,  and  thus  on  their  carbonization 
gives  rise  to  a  charcoal  having  the  same  decolorizing 
power  as  the  original  bone-black  derived  from  animal 
organization.    But  the  gain  from  this  must  be  trifling. 

The  kiln  made  by  Mr.  Chantrell  of  Liverpool 
is  now  becoming  more  and  more  extensively  used. 
It  is  of  firebrick.  Fig.  558  shows  the  kiln  in  ele- 
vation. Above  is  a  hot  floor,  on  which  the  charcoal 
is  dried  before  it  is  strongly  heated.  The  hot  floor 
is  seen  also  in  the  longitudinal  section,  where  it  is 
shown  to  be  heated  by  the  flux  which  conies  from 
the  furnace  on  its  way  to  the  chimney.  The  kiln 
represented  here  contains  twelve  chambers  for  the 
charcoal,  each  two  feet  long  and  three  inches  broad. 
In  front  there  are  three,  and  in  the  side  view  four 
behind  each  furnace  door.  These  chambers  or  slits 
receive  the  charcoal  at  the  top  after  drying,  and,  being 
filled  up  with  it  and  heated  to  redness,  all  the  organic 
matter  in  the  charcoal  is  destroyed.  When  this  is 
done,  or  in  about  forty  minutes,  the  slide  at  the 
bottom  is  removed,  and  the  charcoal  falls  into  coolers 
or  iron  vessels  somewhat  narrower  than  the  red-hot 
chambers.  Each  chamber  divides  into  two  coolers, 
which  are  exposed  externally  to  the  air,  and  allow 
the  charcoal  to  become  black,  removing  all  fear  of 
burning  or  uniting  with  oxygen,  when  it  arrives  at  the 
measuring  box  at  the  bottom. 

The  elevation  shows  the  furnace  doors,  and  above 
them  three  doors  to  open  into  the  flues  which  circulate 
among  the  chambers,  as  seen  by  the  arrows  in  the  longi- 
tudinal section.  Each  door  has  a  spy-hole,  which  is 
usually  kept  covered.  It  is  used  to  inspect  the  condition 
of  the  flue  as  to  heat  and  cleanliness.  Three  perfora- 
tions between  the  furnaces  at  D  are  holes  for  conveying 
away  the  gases  which  are  generated.  On  the  elevation 
the  iron  braces  are  seen  at  the  side  and  between  the 
kiln  doors.  This  kiln  is  said  to  require  much  less  coal 
than  the  iron  pipes,  saving,  according  to  some,  seventy 
per  cent.  Certainly  we  know  the  greater  conducting 
power  of  heat  possessed  by  iron.  For  this  reason  it 
is  used  for  cooling,  whilst  bricks  are  used  for  containing 
the  heat.  Some  persons  expose  the  charcoal  to  the 
air  some  days  before  using  it,  believing  that  it  is 
improved  thereby.  Many  people  carefully  avoid  using 
it  warm.  There  may  be  a  true  foundation  in  these 
customs,  but  some  careful  observers  have  looked  in  vain. 
It  is  common  in  London  for  the  sugar  refiners  to  have 
no  charcoal  of  their  own,  but  to  obtain  it  from  the 
charcoal  burners  ready  for  use,  returning  it  again 
when  it  is  used.  For  the  use  of  a  ton  they  pay  thirty- 
five  shillings.  This  may  suit  the  London  method  of 
filtering,  which  is  slow ;  but  it  will  not  suit  the  Lanca- 
shire method  of  rapid  filtration.  The  first  may  last  a 
week  or  more  ;  the  second  only  two  or  three  days. 

The  burning  of  charcoal  may  become  a  great 
nuisance  to  a  neighborhood,  if  not  watched.  The 
sugar  sometimes  left  in  it  is  decomposed,  aud  a  very 
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pungent  vapor  is  sent  off,  whilst  salts  of  ammonia 
also  are  found  in  it.  To  avoid  these  evils,  it  is  needful 
to  wash  the  charcoal  with  great  care  as  soon  as  it  has 
done  its  work.  Charcoal  usually  contains  seven  or 
eight  per  cent,  of  carbon,  and  when  this  is  removed 
the  charcoal  is  of  little  value.  It  is  easily  removed  if 
heated  in  contact  with  air.  Its  value  is  about  thirteen 
pounds  per  ton,  or  perfectly  dry  about  fourteen  pounds. 
There  is  a  large  amount  of  soft  charcoal,  which  readily 
goes  into  dust ;  hard  charcoal  is  more  valuable. 

Charcoal  is  sometimes  allowed  to  ferment,  in  order 
to  free  it  of  its  acquired  impurities.  This  fermentation 
generally  means  merely  the  action  of  a  weak  acid — 
dilute  muriatic.  It  is  useful  in  beet-root  establishments, 
on  account  of  the  large  amount  of  lime  needed  to  throw 
down  the  substances  in  the  juice.  In  the  sugar,  or  in 
the  juice  of  the  sugar-cane,  no  such  excess  of  extraneous 
matter  exists,  and  no  large  excess  of  lime  ought  to  be 
used.  Such  at  least  is  the  opinion  of  the  writer,  and 
his  experience  has  not  been  small.  Charcoal  itself  is 
like  a  cavern  of  mysteries,  the  more  it  is  studied  the 
more  wonderful  are  its  secrets.  Science  has  not  yet 
approached  the  difficulties  as  seen  in  practice,  and 
partly  overcome. 

A  mode  of  renewing  the  charcoal,  by  passing  heated 
steam  through  it,  is  in  actual  use  in  France.  The 
charcoal  need  not  be  taken  from  the  filter,  but  con- 
stantly renewed  in  situ.  The  process  may  be  conducted 
for  a  long  time,  but  as  far  as  inquiries  have  extended, 
the  plan  is  actually  more  expensive  than  burning  in 
kilns. 

No  substitute  for  animal  charcoal  has  been  found  to 
approach  it  in  value.  It  must  be  hard  enough  to 
retain  its  form  after  years  of  use  and  frequent  move- 
ment. It  must  also  be  porous,  and  must  contain  fully 
seven  per  cent,  of  carbon. 

The  sirup  after  passing  through  the  bone-black 
filter  is  in  the  state  of  maximum  purity.  The  subse- 
quent processes  of  the  sugar-maker  consist  in  the 
removal  of  the  water.    This  is  effected  by  evaporation. 

4. — Evaporation. — The  modifications  of  the  method 
employed  in  evaporating  are  four : — 

1.  Evaporation  assisted  by  artificial  currents  of  air. 

2.  Evaporation  by  fire  in  open  or  closed  vessels. 

3.  Evaporation  by  steam-heat  in  open  or  closed 
vessels. 

4.  Evaporation  by  steam-heat  in  vacuo. 

The  sirup  after  treatment  with  bone-black  is  run 
into  the  evaporating  or  concentrating  pan  ;  the  shape 
of  this  is  various  according  to  the  method  of  concen- 
tration to  be  employed.  In  a  patent  taken  by  G. 
Kneller  the  heated  sirup  in  the  pan  was  submitted  to 
the  action  of  currents  of  cold  air,  which  was  blown 
through  it  from  a  perforated  copper  pipe  immersed  in 
the  sirup.  The  currents  of  air  performed  the  double 
purpose  of  subduing  the  heat  of  the  sirup  and  of 
removing  the  vapor  of  water  which  was  formed.  The 
apparatus  employed  by  M.  Hallete  was  based  upon  a 
similar  principle.  It  consisted  of  two  concentric  copper 
cylinders,  so  closed  at  top  and  bottom  with  circular 
discs  as  to  form  a  cylindrical  jacket.  This  jacket 
turned  upon  an  axis  in  an  inclined  direction,  and  was 
heated  by  a  current  of  steam.     The  sirup  was  allowed 


to  fall  upon  the  surface  of  the  internal  cylinder  at  its 
upper  end.  The  heated  column  of  air  and  aqueous 
vapor  in  the  internal  cylinder  determined  an  upward 
draught,  which  carried  off  the  vapor;  while  by  the 
rotation  of  the  jacket  the  sirup  was  spread  by  centri- 
fugal force  into  a  uniform  film  upon  the  internal 
cylinder,  thus  exposing  a  great  surface  to  the  drying  cur- 
rent. M.  Chevalier  devised  an  apparatus  which  com- 
bines the  principles  of  those  of  Kneller  and  Hallete. 
The  sirup  in  the  evaporating  pan  is  heated  by  the 
action  of  a  coil  of  steam-pipe  immersed  in  it.  The 
pan  is  provided  with  a  false  perforated  bottom.  Air 
which  has  been  heated  by  passing  through  pipes  heated 
in  a  separate  vessel,  is  blown  by  machinery  into  the 
pan  below  the  false  bottom.  It  ascends  and  escapes 
as  bubbles  through  the  perforation  of  the  bottom, 
carrying  with  it  the  aqueous  vapor  in  its  passage 
through  the  sirup.  This  apparatus  is  said  to  be  very 
effective  and  rapid  in  its  action,  but  the  fuel  required 
for  its  working  is  great.  A  simpler  and  equally 
effective  plan  is  that  proposed  by  Mr.  Gaddesden, 
which  is  thus  described  by  Dr.  Evans  : — 

This  gentleman's  apparatus  consists  of  an  iron  or 
copper  pan,  having  nearly  the  form  of  the  half  of  a 
hollow  cylinder,  in  which  is  placed  a  drum  or  wheel 
adapted  to  the  shape  of  the  vessel,  and  formed  of  a 
number  of  metal  rods  so  arranged  that  the  evaporating 
surface  given  to  the  sirup  is  increased  as  much  as 
possible.  The  wheel,  half  its  circumference  being 
immersed  in  the  liquid,  is  kept  constantly  revolving, 
so  that  by  exposing  fresh  portions  of  the  heated  sirup 
to  the  action  of  the  atmosphere  at  each  succeeding 
revolution,  the  evaporation  of  the  aqueous  particles  is 
rendered  more  rapid  than  it  otherwise  would  be,  while 
the  temperature  is,  at  the  same  time,  in  a  corresponding 
degree  reduced.  The  time  required  to  take  off  a  skip 
in  a  pan  containing  one  ton  of  sugar  varies  from  two 
and  a  half  to  four  hours,  and  the  temperature  of  the 
sirup  ranges  from  150°  to  180°.  From  the  principles 
upon  which  this  method  of  concentration  is  based, 
it  is  evident  that  its  successful  working  will  depend 
upon  the  degree  of  dryness  of  the  atmosphere,  and 
upon  the  rapidity  with  which  the  air  passes  over  the 
surface  of  the  sirup.  The  apparatus  should  therefore 
always,  when  it  is  practicable,  be  placed  at  the  wind- 
ward side  of  the  boiling-house  ;  at  all  events  it  should 
be  beyond  the  influence  of  the  vapors  which  arise  from 
the  evaporating  vessels. 

Some  manufacturers  assert  that  the  revolution  of 
the  drum  is  apt  to  occasion  frothing  in  the  sirup, 
however  pure  the  latter  may  be — especially,  as  is 
sometimes  the  case,  if  the  rods  on  the  drum  are  of 
wood  instead  of  iron.  The  advocates  of  Gaddesden's 
pan,  on  the  other  hand,  maintain  that  the  frothing, 
when  it  occurs,  arises  from  albuminous  and  other 
impurities  in  the  sirup,  and  that  it  may  be  entirely 
prevented  by  the  addition  of  one  or  two  drachms  of 
washed  butter  or  a  few  drops  of  fresh  olive  oil — an 
addition  which,  in  all  sugar  boiling,  hinders  the  forma- 
tion of  permanent  bubbles,  and,  in  Gaddesden's 
process,  allows  the  drum  to  be  worked  at  a  greater 
velocity,  and  the  evaporation  to  be  thereby  accelerated 
without  inconvenience. 
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When  the  water  is  expelled  from  the  sirup  by  the 
simple  application  of  heat  to  the  evaporating  pan,  and 
without  the  aid  of  mechanical  means  to  increase  the 
evaporating  surface  of  the  sirup,  the  heat  applied  must 
be  greater  than  when  such  helps  are  had  recourse  to, 
in  order  that  the  sirup  may  be  concentrated  in  a 
reasonable  time.  Tor  this  reason,  the  evaporating 
pans  must  be  so  constructed  and  filled  with  the  sugar 
as  not  to  allow  the  parts  of  the  pan  above  the  liquid 
to  become  unduly  heated,  and  to  cause  thus  the  cara- 
melizing and  blackening  of  the  sirup.  Great  care 
must  on  this  account  be  employed  in  the  firing  of 
such  pans.  Where  open  pans  are  employed,  that  is, 
where  the  sirup  is  boiled  at  the  ordinary  atmospheric 
pressure,  the  approach  to  sufficient  concentration  for 
removing  to  the  crystallizing  pans  may  be  judged  of 
either  by  the  physical  appearance  which  a  portion  of 
the  sirup  presents  when  removed  from  the  evapora- 
ting pan,  or  by  the  temperature  which  the  sirup 
assumes ;  for  a  sirup  consisting  wholly  of  crystalliz- 
able  cane  sugar  and  water,  boils  at  temperatures  which 
are  higher,  according  as  the  quantity  of  water  it  con- 
tains is  less.  The  examination  of  the  physical  appear- 
ances of  the  sirup  for  this  purpose  is  called  proof  by 
touch.  When  the  sirup  is  approaching  concentration, 
it  presents  the  following  appearances  in  succession  : — 
1.  A  copper  ladle  dipped  into  it,  inverted  and  with- 
drawn in  such  a  manner  that  the  edge  of  the  ladle  is 
horizontal,  is  covered  with  a  layer  of  sirup  of  uniform 
thickness,  which  drains  off,  not  in  isolated  streams, 
but,  for  some  distance,  in  a  continuous  sheet.  2.  On 
taking  a  pinch  of  the  sirup  between  the  fore-finger 
and  thumb,  and  depressing  the  latter,  the  sirup  separ- 
ates, and  the  drop  on  the  finger  is  nearly  equal  in  size 
to  that  on  the  thumb.  3.  By  the  separation  of  half  an 
inch,  a  thread  is  drawn  out,  which  finally  breaks  below, 
the  end  of  the  thread  becomes  hooked,  and  it  rises 
slowly  towards  the  finger.  4.  The  same  thing  occurs  at 
a  greater  distance,  the  end  of  the  thread  is  folded  back, 
and  gives  to  the  thread  the  shape  of  a  long  ribbon  or 
stick,  which  rises  more  rapidly  than  before.  5.  After 
a  greater  separation  of  the  fingers,  the  thread  breaks, 
being  very  fine  at  the  end,  which  turns  aside  and  twists 
up  like  a  corkscrew.  It  does  not  fold  itself  upon  the 
rest  of  the  thread  as  before,  and  the  thread  does  not 
increase  in  volume,  except  by  the  cohesion,  which 
draws  the  particle  towards  the  finger,  which  is  the 
only  adhering  point.  A  little  more  concentration 
prevents  the  thread  from  shrinking  at  all. 

The  proof  by  blowing  is  performed  by  dipping  a 
perforated  copper  ladle — the  holes  in  which  are  about 
one-eighth  inch  in  diameter — into  the  sirup,  and  then, 
inclining  its  edge  at  an  angle  of  about  45°,  the  work- 
man blows  strongly  into  the  cavity  of  the  ladle, 
whereon,  if  the  sirup  be  well  concentrated,  bubbles  are 
formed  of  half  an  inch  in  diameter  on  the  other  side 
of  the  ladle. 

The  following  table  shows  the  connection  between 
the  temperature  of  the  sirup  and  the  amount  of  water 
it  contains  for  one  hundred  parts  by  weight  of  sugar. 
It  shows,  also,  the  degrees  of  concentration  at  which 
some  of  the  above-mentioned  terms  are  applied.  The 
table  is  from  Domas  : — 


Temperature. 

Composition. 

Name. 

Fahrenheit. 

Sugar. 

Water. 

213-8 

100 

124-66 

— 

215-1 

100 

106-81 

— 

215-6 

100 

88-96 

— 

217-4 

100 

91-11(?) 

— 

219-6 

100 

53-26 

— 

220-1 

100 

47-26 

— 

221 

100 

41-63 

— 

223 

100 

36-00 

Weak  hook. 

226 

100 

28-52 

Thin  thread. 

231 

100 

25-05 

Common  hook. 

233-6 

100 

18-84 

Strong  hook. 

246-2 

100 

Ordinary  bubble. 

248 

100 

Perfect  bubble. 

234-5 

100 

239 

100 

16-29 

251 

100 

Small  fracture. 

263-3 

100 

10-92 

Large  fracture. 

270-5 

100 

Fracture  on  the  fing 

271-4 

100 

It  appears  from  this  table  that  when  the  sirup  has 
reached  248°,  although  water  continues  to  be  given  off, 
yet  the  temperature  sinks  to  234-5°,  after  which  it  again 
rises.  If  there  be  no  error  in  the  observation,  this  is 
probably  due  to  the  formation  of  a  definite  hydrate  of 
sugar,  which  requires  a  higher  temperature  for  its 
decomposition ;  but  that  decomposition  being  once 
determined,  the  water  expelled  takes  up  the  caloric 
as  latent  heat  in  its  conversion  into  steam,  thus  depress- 
ing the  temperature  of  the  sirup. 

The  danger  of  caramelizing  portions  of  the  sugar, 
and  thus  impairing  not  only  the  beauty  of  the  pro- 
duct, but,  by  the  formation  of  noncrystallizable  sugar, 
diminishing  the  quantity  obtained,  has  caused  sugar 
manufacturers  to  seek  for  means  by  which  this  evil  may 
be  avoided.  The  vacuum  pan  of  Howard  answers 
this  purpose  completely.  It  is  universally  employed  in 
Europe,  and  to  a  large  extent  in  the  Colonies. 

All  liquids  boil  at  lower  temperatures  when  the 
pressure  upon  them  is  lessened.  The  pressure  exerted 
by  the  atmosphere  upon  liquids  in  open  vessels  varies 
from  fifteen  to  ten  pounds  per  square  inch.  In  a 
vacuum  no  such  pressure  exists,  and,  therefore,  liquids 
boil  at  lower  temperatures  than  in  open  vessels. 
Howard's  process  for  concentrating  sirups  consists 
in  heating  them  in  vessels  from  which  the  air  has  been 
wholly  or  partially  withdrawn,  that  is,  in  more  or  less 
perfect  vacua.  The  heat  is  applied  to  the  sirup  in  the 
evaporating  pan  by  means  of  a  pipe  containing  high- 
pressure  steam. 

The  following  table  gives  the  boiling  point  of  the 
sugar  in  a  vacuum  pan,  at  different  pressures  of  the  air: — 


ncight  ofbnro- 

Boiling  point. 

meter  in  inchea. 

Fahrenheit. 

Centigrade. 

Reaumur. 

0-74     . . 

..      115  .. 

..  46-11 

.  36-89 

0-86     . . 

, .      120  . 

..     48-89  .. 

.  39-11 

1-01  .. 

. .     125  . 

..      51-67  .. 

.  41-35 

1-17     . . 

130 

. .     54-44     . . 

.  43-56 

1-36      . . 

. .     135  . 

. .     57-22     . . 

.  45-78 

1-57  .. 

. .     140  . 

. .     60-00     . . 

.  48-00 

1-80     . . 

. .     145  . 

..     62-78  1. 

.  50-22 

2-05     . . 

. .      150  . 

. .     65-55     . . 

.  52-44 

2-36     . . 

155 

. .     68-33     . . 

.  54-67 

2-72     . . 

. .      160  . 

..     71-11  .. 

.  56-88 

3-10     . . 

, .     165  . 

. .     73-89     . . 

.  59-11 

3  62 

..     170  . 

..     76-67  .. 

.  61-33 

4  00     . . 

. .     175  . 

. .     79-44     . . 

.  63-56 

The  drawing  on  next  page — Fig.  559— shows  the 
various  parts  of  Howard's  pan. 
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The  principles  employed  in  evaporating  by  How- 
ard's method,  namely,  the  use  of  steam  as  heating 

Fig.  659. 


ngent,  and  the  employment  of  a  vacuum,  have  received 
several  modifications.  These  are  principally  those  of 
Roth,  Derosne  and  Degrande,  and  Rillieux. 

The  modification  of  Roth  consists  in  the  absence 
of  the  air-pump  to  produce  the  vacuum.  The 
vacuum  is  formed  by  condensation  alone,  and  this 
condensation  is  effected  in  a  separate  vessel.  It  has 
not  been  found  possible  to  work  so  entirely  free  from 
air.  This  process  cannot  be  used  without  some  aid 
from  a  pump. 

The  evaporating  pans  of  M.  Derosne  differ  from 
those  of  Rotii  in  the  shape  of  the  condensing  vessel, 
which  in  the  former's  consists  of  a  tube  bent  like  a 
cracker,  the  folds  of  which  lie  in  a  vertical  plane. 
Instead  of  effecting  the  condensation  by  water, 
Derosne  employs  sirup,  which,  being  allowed  to  flow 
upon  the  upper  fold  of  the  tubes,  trickles  down  from 
one  fold  to  another.  In  condensing  the  steam  in  the 
inside  of  the  tube,  the  sirup  which  flows  down  the 
outside  of  the  tubes  becomes  itself  heated,  and  parts 
with  a  portion  of  its  water ;  while  the  heat  of  the  tube 
and  its  vertical  position  determine  an  ascending  current 
of  air,  which  removes  the  vapor  of  water  as  it  is 
formed. 

Derosne's  plan  has  been  modified  by  M.  Degrande 
by  the  introduction  of  an  air-pump  to  complete  the 
vacuum,  and  employing  the  vapor  given  off  from  the 
sirup  in  one  pan  to  beat  the  steam-pipes  in  a  second 


one.  It  should  be  mentioned  that  in  Derosne's 
apparatus  the  sirup  is  allowed  to  flow  from  the  pan 
into  a  closed  vessel,  so  as  not  to  impair  the 
vacuum.  The  disadvantages  of  the  plans  of 
Derosne  and  Degrande  consist  in  the  com- 
plexity of  the  apparatus  they  require ;  in  other 
respects  an  excellent  sugar  is  obtained  with  great 
rapidity. 

The  system  employed  by  Rillieux  is  the  same 
in  principle  as  that  of  Degrande.  The  vacuum 
is  formed  by  an  air-pump  worked  by  a  steam 
engine,  and  a  succession  of  evaporating  pans  are 
employed,  the  sirup  of  each  pan  being  heated  by 
the  vapor  from  the  sirup  of  the  preceding  pan, 
and  furnishing  itself  the  vapor  for  heating  the  suc- 
ceeding sirup.  Bach  pan,  however,  may  be  con- 
nected directly  with  the  boiler.  The  steam-pipes 
in  each  pan  do  not  form,  as  is  usual,  one  single 
layer,  but  they  are  piled  upon  one  another  like 
the  boiler  pipes  of  a  locomotive. 

5. — Crystallization. — Each  mould  stands  over 
a  separate  earthenware  basin,  or  over  a  leaden 
trough,  which  conducts  to  a  cistern.    When  the 
moulds  are  filled  with  the  concentrated  sirup — 
the  bung  being  in  its  place — the  sirup  after  six 
or  eight  hours  shows  signs  of  crystallization.  It 
should  then  be  repeatedly  stirred,  so  as  to  equal- 
ize the  temperature  throughout,  and  to  distribute 
the  crystals  already  formed,  from  which  the  sub- 
sequent crystallization  is  carried  on.  Several 
patents  have  been  taken  out  for  the  purpose  of 
using  atmospheric  pressure.    The  small  ends  of 
the  sugar  loaves  may  be  united  together,  or,  in 
other  words,  all  may  meet  in  a  tube  which  runs 
along  and  connects  itself  with  the  pump.  In 
this  way  they  are  all  readily  drained.    The  loaves 
are  then  removed  to  a  warm  room  of  uniform  tem- 
perature.   After  twenty-four  hours'  standing  the  loaf 
is  set,  that  is,  it  has  attained  a  sufficient  consist- 
ence to  admit  of  draining.     It  is  with  concentrated 
saccharine  liquids  as  with  all  other  saturated  saline 
solutions,  namely,  that  such  a  solution,  during  the  pro- 
cess of  crystallization,  deposits  crystals  which  are  larger 
according  as  the  crystallization  takes  place  more  slowly. 
Hence,  if  the  sugar  be  required  in  large  grains,  the  sirup 
should  be  kept  still ;  if  a  fine-grained  sugar  be  required, 
repeated  agitation  must  be  employed  during  the  process 
of  solidification.   When  the  loaves  are  judged  to  be  suffi- 
ciently set  the  bungs  are  withdrawn  from  below,  and 
the  mother  liquid,  which  is  of  course  a  saturated  sirup 
at  the  temperature  employed  in  crystallization,  is 
allowed  to  drain  off  for  two  or  three  days.    It  is  a 
well-known  fact  that  when  a  solid  body  separates  in 
the  crystalline  form  from  a  solution  which  contains 
foreign  soluble  impurities,  the  crystals  are  more  free 
from  such  impurities  than  the  liquid  from  which  they 
separate.      Hence,  in  the  above-formed  loaves,  the 
crystals  of  the  loaf  are  purer  than  the  sirup  which 
runs  from  them ;  they  would  indeed  be  of  the  maxi- 
mum degree  of  purity  were  it  not  for  the  sirup  with 
which  they  are  still  moistened.     The  next  process 
consists  in  the  removal  of  this  adhering  sirup.  For- 
merly this  was  effected  by  the  method  of  claying. 
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This  consisted  in  scooping  a  shallow  hollow  in  the 
thick  and  upper  end  of  the  loaf  by  means  of  an  instru- 
ment called  a  bottoming  trowel,  and  filling  the  hollow 
with  a  paste  made  of  fine  white  clay  and  water.  The 
water  gradually  leaves  the  clay  and  percolates  down- 
wards through  the  loaf,  carrying  with  it  the  colored 
sirup,  and  dissolving  also  from  the  first  strata  a  portion 
of  the  crystallized  sugar.  In  its  descent,  as  it  becomes 
saturated  with  sugar,  it  acts  simply  by  displacement, 
forcing  out  the  colored  mother-liquor  or  molasses  from 
below.  The  fact  that  in  this  process  a  portion  of  the 
solid  and  whiter  sugar  is  dissolved  renders  this  method 
a  wasteful  one  ;  it  is  now  but  little  employed.  In  the 
process  of  liquoring  the  principle  of  displacement  is 
alone  employed.  In  this  method  the  top  of  the  loaf  is 
levelled,  and  upon  it  is  poured  a  saturated  or  strong 
solution  of  colorless  sirup ;  as  this  sinks  down  it  dis- 
places the  colored  molasses.  When  the  sirup  com- 
mences to  flow  nearly  colorless  from  the  hole  below, 
the  loaf  is  allowed  to  drain,  then  inverted  to  distribute 
the  sirup  uniformly,  and  transferred  to  the  drying  oven. 
M.  Payen  mentions  the  following  points  in  connection 
with  the  process  of  liquoring  : — • 

1.  The  liquor  must  be  sufficiently  charged  "with 
crystallizable  sugar  to  dissolve  little  or  nothing  in 
filtering. 

2.  The  density  of  the  liquor  must  be  nearly  the 
same  or  very  little  less  than  that  of  the  displaced 
sirup ;  for  if  too  dense  it  would  flow  badly :  if  too 
dilute  it  would  escape  without  removing  the  sirup  or 
molasses  adhering  to  the  crystals.  To  attain  this  con- 
dition the  sugars  used  for  preparing  the  liquor  must 
be  more  impure  in  proportion  as  those  to  be  liquored 
are  so ;  for  saturated  sirups  are  more  dense  and  viscid 
when  they  contain  non-crystallizable  sugar. 

3.  The  crystallization  in  the  moulds  must  bo  regular 
and  not  too  compact ;  and  for  this  end  it  must  com- 
mence and  terminate  in  the  same  vessel. 

4.  The  temperature  of  the  room  in  which  the 
liquoring  is  performed  should  not  vary  much,  and 
should  be  at  least  70°.  The  operation  of  liquoring  is 
performed  as  follows: — The  crystallization  is  com- 
plete in  twenty  hours.  The  superficial  crystalline 
crust  is  then  removed  from  the  base  of  each  loaf  with 
a  trowel,  and  the  surface  is  levelled.  These  surface 
scrapings — or  rather  those  of  a  previous  day's  work 
■ — are  added  to  sirup  until  the  density  becomes  67° 
Twaddcll  at  60°. 

About  five  pounds  of  this  liquor  is  poured  at  one  time 
into  each  drained  mould,  containing  about  sixty  pounds 
of  crystallized  sugar,  which  corresponds  to  ninety-three 
or  one  hundred  pounds  of  concentrated  sirup,  put  into 
the  mould.  This  operation  is  repeated  three  times  at 
intervals  of  twelve  hours,  and  the  sugar  is  then  allowed 
to  drain  for  three  or  four  days.  At  the  end  of  this 
time  it  maybe  put  into  casks,  and  it  will  be  much  drier 
and  less  alterable  than  ordinary  brown  sugar. 

Instead  of  allowing  the  mother-sirup  to  drain  out 
by  the  force  of  gravity  alone,  recourse  is  sometimes  had 
to  the  pressure  of  the  atmosphere.  This  is  applied  in  the 
following  manner: — The  moulds  are  rectangular  boxes, 
about  six  feet  long,  four  feet  broad,  and  two  deep ; 
they  are  called  tigers.    They  are  provided  with  false 
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bottoms  formed  of  wire  gauze  or  perforated  plate. 
When  the  sugar  is  set  the  space  between  the  real  and 
false  bottom  is  exhausted,  and  the  pressure  of  the 
atmosphere  forces  the  sirup  from  among  the  crystals 
of  sugar  into  the  hollow  space.  The  mass  of  sugar 
which  has  been  thus  rapidly  drained  is  either  dried  at 
once  or  previously  stamped,  to  give  it  compactness,  into 
brass  moulds.  It  has  been  supposed  in  the  above 
account,  that  loaf  sugar  is  to  be  made ;  if  so  the  filtered 
part  is  reboiled  and  again  crystallized,  by  which  means 
a  sugar  of  an  inferior  color  is  obtained.  The  filtered 
portion  of  this  second  crystallization  is  also  boiled  down 
and  crystallized,  producing  a  third  quality  of  sugar. 
The  liquor  from  this  last  is  the  treacle  of  this  country, 
or  if  clarified,  it  is  the  golden  sirup.  By  this  means 
the  sugar  is  divided  into  fine,  seconds,  bastards,  and 
treacle.  Lump  sugar  is  not  necessarily  white,  nor  is 
moist  sugar  necessarily  brown.  In  making  any  of 
these  sugars,  the  crystals  are  not  allowed  to  stand  and 
harden,  unless  lump  sugar  be  wanted.  If  lump  sugar 
be  not  wanted,  the  rotary  machine  is  used  instead  of 
drainage  to  separate  the  sirup.  At  the  same  time,  in 
the  rough  management  of  the  colonies,  one  boiling 
down  is  common,  the  molasses  coming  from  it  being 
used  for  rum,  or  perhaps  entirely  thrown  away,  as  fre- 
quently happens  in  Cuba,  far  from  the  coast. 

The  sugar  with  the  adhering  sirup  is  then  introduced 
into  the  centrifugal  drying  machine,  which  is  shown  in 
Fig.  560  succeeding  page. 

The  crude  sugar  is  placed  in  the  cavity  as  far  as  the 
rim  extends.  On  bringing  the  drum  into  gear  the  box 
is  turned  round  with  a  velocity  of  about  1000  to  1700 
revolutions  per  minute.  It  follows  that  the  contents  of 
the  box  are  forcibly  pressed  outwards.  The  crystalline 
grains  are  retained  by  the  copper  casing,  while  the 
molasses  is  forced  through  its  interstices  and  thrown 
off  into  the  outer  reservoir.  A  rotation  of  a  few  mi- 
nutes is  sufficient  for  the  drying  of  a  charge  of  sugar. 
The  machine  is  then  stopped  and  the  sugar  is  scraped 
out  with  a  trowel.  The  sugar  so  obtained  has  seldom 
the  brilliant  whiteness  of  loaf  sugar,  nor  does  it  possess 
the  same  compact  form ;  but  the  immense  saving  of 
time  effected  by  the  use  of  the  centrifugal  drying 
machine  is  bringing  it  more  and  more  into  use. 

The  very  large  crystals,  remarkably  distinct  and 
difficult  to  dissolve,  which  have  of  late  been  manufac- 
tured, are  made  by  boiling  to  partial  crystallization  in 
the  vacuum  pan  ;  drawing  off  half  and  adding  fresh 
sirup,  this  may  be  repeated  to  any  size  of  crystals.  In 
countries  where  the  cane  is  grown,  it  is  usual,  to 
employ  the  molasses  or  treacle  for  the  manufacture 
of  rum,  or  to  export.it  to  Europe  to  the  sugar  refiners. 
The  coarser  kinds  of  sugar,  moreover,  which  are  made 
from  unclarified  or  imperfectly  clarified  juice,  and 
which  are  known  as  moist  or  brown  sugar,  are  also 
bought  by  the  European  refiners,  who  separate  the 
white  sugar  from  the  molasses  which  they  contain.  A 
great  loss  is  experienced  by  the  transportation  of  sugars 
from  the  Americas  to  Europe.  This  is  in  part  occa- 
sioned by  the  gradual  and  more  complete  separation  of 
the  molasses  which  drains  off  and  escapes  into  the  hold 
of  the  vessel,  such  draining  being  greatly  facilitated 
by  the  motions  of  the  vessel ;  but  partly  and  perhaps 
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chiefly  by  the  escape  of  the  sugar  which  such 
motions  produce.  The  whole  bulk  of  a  sugar  vessel 
becomes  impregnated  with  sugar,  and  metallic  bodies 
in  the  ship  which  are  far  removed  from  the  sugar  in 
cargo,  become  speedily  tarnished  and  corroded,  owing 


to  the  deposition  upon  them  of  particles  of  sugar, 
and  the  subsequent  fermentation  and  acidification  of 
such  sugar. 

Sugar  Refining. — The  great  difference  in  price  be- 
tween coarse  and  white  sugar,  the  cheapness  of  fuel 


Fig.  5G0. 


and  the  facilities  of  making  and  repairing  machinery 
in  Europe,  have  given  birth  to  its  sugar  refineries. 
In  the  sketch  of  the  preparation  of  sugar  from  the  eane 
■ — Fig.  560 — it  is  supposed  that  the  whole  process  is 
carried  through  at  once.  But  where  the  crude  pro- 
ducts from  the  colonies  are  bought  by  the  European 
refiner  for  purification,  his  process  differs  only  from  the 
above-described  one,  inasmuch  as  he  has  at  starting 
solid  brown  sugar  or  molasses  to  deal  with,  instead  of 
the  juice  of  the  cane  at  its  natural  degree  of  dilution. 
The  refiner,  therefore,  at  starting  h'as  to  dissolve  his 
sugar  or  dilute  his  molasses  to  the  necessary  degree  in 
order  to  submit  it  to  filtration.  The  processes  which  the 
refiner  has  to  perform  depend,  of  course,  entirely  upon 
the  nature  of  the  raw  sugar  with  which  he  has  to  deal. 
In  most  cases  the  material  which  comes  into  his  hands 
has  undergone  the  process  of  defecation,  but  not  that 
of  filtration,  or  the  filtration  where  performed  has  been 
very  incomplete.  To  dissolve  the  raw  sugar  warm 
dilute  sirup  is  employed.  The  sugar  is  agitated  with 
the  sirup  by  means  of  a  flanged  wheel  worked  by 
machinery,  and  the  product  is  then  pumped  up  to  the 
top  of  the  refinery.  It  then  undergoes  the  various 
processes  of  filtration  through  cotton  bags  and  charcoal 
and  evaporation,  which  have  been  already  described. 
In  refineries  the  evaporation  is  always  effected  in 


vacuum  pans,  and  the  drying  is  generally  performed 
by  the  centrifugal  machine. 

A  bridged  description  of  (he  Process  of  Refining. — As 
conducted  in  sugar  works  here,  the  process  of  refining 
consists  simply  of  the  following  operations: — The  bags 
are  cut  up  and  thrown  aside  to  have  the  sugar  washed 
out  of  them.  They  may  be  thrown  away,  or  they  may 
be  sold  for  paper,  according  to  their  value.  The  sugar 
is  thrown  into  a  pan  which  will  contain  from  two  to  three 
tons  of  it  in  solution.  Sometimes  it  is  broken  up  by  a 
spade,  sometimes  by  machinery  cutting  it  with  revolv- 
ing knives.  It  is  heated  more  or  less;  some  bring  it  to 
boiling.  Frequently,  if  not  generally,  it  is  treated 
with  a  little  lime  water;  this  is  called  defecation,  or 
blowing  up.  It  is  then  sent  through  the  bag  fillers, 
from  which  it  passes  into  great  iron  tanks,  where  it 
waits  till  a  charcoal  filter  is  ready.  It  then  passes  on 
to  the  charcoal  filter,  and  from  thence  to  the  vacuum 
pan  to  be  boiled  down.  It  is  then  set  to  crystallize. 
When  this  is  done,  it  is  freed  from  its  liquid  sirup  or 
molasses  by  the  centrifugal  machine.  Instead  of  being 
put  into  this  machine,  it  may  be  poured  into  sugar  loaf 
moulds  and  washed  with  sirup.  This  is  sometimes 
called  claying,  and  is  made  to  sound  mysterious.  Both 
processes  are  one  in  principle,  as  sugars  when  put  into 
the  centrifugal  machine  are  in  reality  washed  with  sirup. 


SUGAR  Mri.Ls  used  in  the  Colonies. 


Beaume.  Fahr. 

Defecation  takes  place  at            27  ....  and  about  180° 

Syrup  runs  from  tile  charcoal  at  27  ... .  "  80° 

Syrup  from  first  crystals,            40  ....  "  100° 

Reduced  to  25°  Beaume  for  boil- 
ing to  obtain  second  crystals — 

Drainage  from  second  grain  ..  . .  40  ....  "  100° 

Drainage  from  third  grain  ....  34  ... .  "  80° 
Drainage  or  treacle  at  the  last  41-43 

Sugar  is  soluble  in  one-fifth  of  its  weight  of  toiling 
water,  and  one  half  its  weight  of  cold  water.  Six 
pounds  of  sirup,  containing  five  of  sugar  and  one  of 
water,  deposit  on  cooling  three  pounds  of  sugar,  leaving 
three  pounds  of  sirup  containing  two  of  sugar.  Sirup 
containing  one  of  water  to  five  of  sugar  boils  at  238° 
Fahr.,  but  it  is  evaporated  till  the  boiling  point  is  as 
high  as  240°  or  242°.  If  evaporation  takes  place  in 
the  open  air,  this  temperature  is  actually  attained;  if 
Howard's  pan  is  used,  no  matter  what  variety  of 
shape  be  chosen  for  the  pan,  the  vacuum  brings  down 
the  boiling  point  as  low  as  to  145°,  but  on  an  average 
we  may  say  that  the  sugar  is  boiled  down  in  the  vacuum 
pan  at  160°  Fahr.  In  the  open  air  the  appearance  indi- 
cates the  condition  of  the  sirups.  In  this  country  the 
vacuum  being  of  necessity  used,  a  specimen  of  the 
sugar  is  removed  by  the  proof  stick.  This  is  simply 
a  brass  rod,  which  is  driven  from  the  upper  part  of  the 
side  of  the  vacuum  pan  down  an  aperture  made  of  the 
same  size  as  the  rod.  When  it  reaches  the  bottom,  the 
rod  is  twisted  half  round  by  the  cross  handle,  and  opens 
a  communication  with  the  end  of  the  rod  and  the  sirup. 
In  the  end  of  the  rod  is  a  groove  into  which  the  sugar 
enters ;  the  rod  is  half  turned  again  and  drawn  out, 
and  the  entrance  is  closed  as  at  first.  A  portion  of 
sugar  is  taken  between  the  finger  and  thumb,  and  the 
indications  are  obtained  which  have  been  already 
described.  When  the  sugar  is  ready,  the  vacuum 
pan  is  opened,  and  the  sugar  falls  out  into  a  large 
copper.  There  are  various  ways  of  disposing  of  it  at 
this  period ;  but  in  every  case  it  is  put  into  a  series  of 
small  vessels.  If  loaf  sugar  is  to  be  made,  it  is  here 
heated  up  to  nearly  boiling.  In  some  places  it  is  put 
into  pans  of  earthenware  not  unlike,  or  it  may  be 
exactly  like  the  sugar  loaves,  even  although  there  is  no 
intention  of  making  loaf  sugar.  Sometimes  these  vessels 
are  made  of  zinc,  and  painted;  iron  has  been  tried. 
Sometimes  the  vessels  are  very  large,  containing  from 
one  to  ten  hundredweight  of  sugar.  These  vessels  are 
allowed  to  cool  slowly.  For  fine  sugar  90°  Fahr.  is 
used,  for  common  115°  Fahr.,  during  which  time  the 
crystallization  takes  place.  Every  vessel  must,  of 
course,  have  an  aperture  at  the  bottom,  which  is 
opened  for  drainage  as  soon  as  crystallization  has  com- 
menced. Each  vessel  has  a  drain  under  it  communi- 
cating with  a  general  receiver;  when  the  drainage 
ceases  the  sugar — in  houses  on  the  newest  system — ■ 
is  taken  to  the  centrifugal  machine,  unless,  of  course, 
loaf  sugar  be  made.  The  time  of  standing  is  from  two 
to  six  days.  The  sugar  when  crystallized  is  surrounded 
with  colored  sirup,  not  so  pure  as  the  sirup  which 
comes  from  the  charcoal ;  time  and  workmanship  have 
produced  a  dark  hue  again.  It  has  become  exceedingly 
hard,  the  crystals  being  strongly  held  together,  some 
very  dark-colored  sirup  still  remaining.  It  is  removed 
from  the  moulds  or  forms  by  a  pickaxe  and  spade,  or 


more  frequently  by  a  cutter,  which  is  of  the  same  curve 
as  the  inside  of  the  crystallizing  vessel,  and  which, 
being  driven  by  considerable  force,  scoops  out  the  sugar 
readily.  In  order  to  remove  the  liquid  about  three 
minutes  are  required.  It  is  often  the  case  that  the  sirup 
has  hardened  too  much,  and  it  is  then  needful  to  soften 
it  with  a  jet  of  steam,  which  enters  the  side  of  the  hydro, 
as  the  hydro-extractor  is  technically  called.  The  liquid, 
with  all  the  impurities,  flows  off  by  an  underground 
pipe,  and  is  used  again.  The  first  crystallization 
produces  fine  sugar ;  the  next,  seconds ;  and  the  third, 
bastards.  The  uncrystallizable  treacle  is  the  fourth 
product.  When  loaf  sugar  is  to  be  made,  the  moulds  are 
of  the  well-known  size,  containing  about  thirty  pounds. 

Special  description  of  the  more  complex  machines, 
with  some  additional  details. — In  order  not  to  load  the 
account  of  the  processes  used  in  sugar  refining  with 
the  description  of  too  many  machines  and  minute 
details,  the  special  parts  of  the  apparatus  will  be  more 
minutely  described  in  this  part  of  the  article,  and  addi- 
tional particulars  given  for  those  who  desire  to  enter 
more  fully  into  the  subject. 

Sugar  Mill. — Fig.  561  represents  the  arrangement 
of  mill  and  boiling-house  as  used  in  the  colonies.  The 
size  of  a  sugar  plantation  in  the  West  Indies  varies 
from  one  hundred  and  fifty  to  two  thousand  acres, 
producing  from  one  hundred  to  five  thousand  hogs- 
heads of  sugar  per  annum.  The  boiling-house  should 
be  situated  in  a  central  position  on  the  plantation, 
to  avoid  loss  of  time  in  carriage  of  the  canes  from 
the  fields  to  the  mill.  The  mill  A— Fig.  561  and 
drawn  to  a  larger  scale  in  Fig.  554 — consists  of  three 
heavy  cast-iron  rollers,  about  two  feet  four  inches 
diameter  and  four  feet  long,  fixed  in  strong  cast-iron 
frames.  The  canes  are  fed  from  the  feeding  table,  B — 
Fig.  554 — and  are  squeezed  twice  between  the  top 
roller,  c,  and  each  of  the  two  lower  rollers,  D  and  e. 
The  megass,  or  solid  part  of  the  cane,  after  being 
squeezed  passes  from  the  mill  by  the  shoot,  P.  A 
trash-turner,  G,  is  placed  between  the  two  lower  rollers, 
and  under  the  top  one,  to  guide  the  canes  between  the 
upper  and  second  lower  roller.  The  spaces  between 
the  upper  and  lower  rollers  are  adjusted  by  the  screws, 
H  h  ;  the  space  between  the  top  and  first  lower  roller 
should  be  a  quarter  of  an  inch,  the  second  lower  roller 
being  set  close  to  the  top  one.  The  juice  drops  into  a 
trough  below,  from  which  it  runs  to  the  clarifiers,  directly 
if  possible;  but  if  the  mill  cannot  be  placed  sufficiently 
high  to  command  the  clarifiers,  a  pump  is  used, 
worked  from  the  top  roller  spindle  and  fixed  in  a  cistern 
under  the  trough.  The  speed  found  most  advantageous 
for  expressing  the  juice  from  the  canes  is  at  the  rate  of 
twenty  feet  per  minute  at  the  periphery  of  the  rollers. 
The  two  lower  rollers  are  driven  from  the  upper  one 
by  spur  pinions,  III,  keyed  on  the  ends  of  the  spin- 
dles. The  mills  are  driven  by  steam — as  shown  in  the 
drawing — but  sometimes  water  or  wind  power  is  used 
according  to  the  physical  character  of  the  country  in 
which  it  is  used.  Cattle  are  also  employed  to  work 
them  in  some  places,  especially  on  small  estates  where 
fuel  is  difficult  to'  be  obtained.  In  cattle  mills  the 
rollers  are  usually  vertical  instead  of  horizontal,  being 
simply  driven  by  yoke  arms  fixed  to  the  spindle  of  the 
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centre  roller ;  the  cattle  working  from  the  ends  of  the 
arms.  The  rollers,  three  in  number,  are  fixed  in  a  line 
with  each  other,  the  two  outside  ones  being  driven  from 
the  centre  roller  by  spur  pinions  keyed  on  the  tops  of 

Fig.  561 


the  spindles.  The  weight  of  the  rollers  is  carried  on 
hardened  steel  plates  fixed  in  the  framework  of  the 
mill ;  a  steel  toe  being  fitted  to  the  bottom  of  the  spin- 
dle to  bear  on  the  steel  plates.    The  canes  are  fed 
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between  the  first  and  centre  rollers,  the  megass  coming 
out  on  the  same  side  between  the  centre  and  third 
roller,  a  piece  of  plate-iron  bent  to  a  sweep  correspond- 
ing to  the  diameter  of  the  centre  roller,  guiding  the 
canes  round  to  be  squeezed  the  second  time  between 
the  centre  and  third  rollers.  The  juice  falls  into  a 
trough  placed  under  the  three  rollers.  A  cane  carrier 
is  often  used  to  supply  the  canes  to  the  horizontal  mill. 
It  consists  of  two  endless  pitch  chains  working  over 
barrels,  the  upper  one  being  driven  from  the  spindle  of 
the  top  roller  by  spur-wheels  or  another  endless  pitch 
chain.  On  the  outer  side  of  the  chains  are  attached 
boards  sliding  over  a  wood  framing,  with  a  ledge 
on  each  side  to  keep  the  canes  on  the  carrier.  The 
top  of  the  carrier  is  level  with  the  top  of  the  feeding 
table  and  extends  some  thirty  feet  from  the  mill.  The 
canes  are  delivered  on  the  carrier  instead  of  on  the 
feeding  table  of  the  mill,  which  facilitates  the  work, 
besides  causing  the  mill  to  be  more  regularly  supplied 
with  canes  than  when  they  are. delivered  on  the  feeding 
table  of  the  mill. 

Clarifiers— The  juice,  as  it  is  expressed  from  the 
canes,  runs  into  the  clarifiers,  one  of  which  is  shown  at 
B— Fig.  5G1.  Two  are  generally  used,  one  filling  while 
the  juice  in  the  other  is  clarifying.  They  are  generally 
cylindrical  copper-pans  with  crown  or  arched  bottoms 
to  resist  the  action  of  the  fire.  They  are  fitted  with  a 
large  cock  at  the  bottom  for  running  the  juice  into  the 
first  copper.  They  are  set  in  brickwork  at  the  end  of 
the  battery,  the  flame  passing  under  them  previous  to 
going  into  the  chimney,  a  damper  being  provided  to 
each  to  direct  the  flame  under  the  one  that  is  full. 
Milk  of  lime  is  added  sufficient  to  neutralize  the  acid 
in  the  juice. 

The  battery  is  a  range  of  pans,  cdef,  with  the  fur- 


nace, G,  at  one  end.  The  fire  passes  under  the  range, 
and  under  either  of  the  clarifiers  to  the  chimney.  The 
pans  are  hemispherical  in  shape,  diminishing  in  size 
from  the  first  copper,  C,  under  the  clarifiers,  to  the 
striking  teach,  F,  in  which  the  evaporation  is  completed. 
As  the  juice  becomes  concentrated  in  the  pans  nearer 
the  furnace,  they  are  filled  up  from  those  behind  them, 
until  the  striking  teach  is  sufficiently  full,  and  the  sugar 
in  it  concentrated  to  the  granulating  point.  It  is 
then  ladled  into  shallow  wooden  vessels,  where  it  is 
allowed  to  cool,  and  from  thence  it  is  conveyed  into 
the  hogsheads  in  the  curing-house.  An  improvement 
in  the. old  system  of  ladling  from  the  striking  teach  to 
the  coolers  is  now  much  used.  It  consists  of  a  copper 
pan,  H,  fitting  the  inside  of  the  striking  teach  as 
accurately  as  possible.  At  the  bottom  of  this  pan  or 
dipper  is  a  large  valve  opening  towards  the  inside  of 
the  dipper,  the  valve  being  worked  by  a  lever,  I,  over 
the  side,  and  a  chain  from  the  ground.  The  dipper  is 
attached  to  a  crane,  J,  which  commands  the  striking 
teach  and  a  gutter  to  the  coolers.  The  advantage  of 
the  dipper  is  that  the  striking  teach  can  be  emptied  and 
refilled  in  much  less  time  than  by  the  ladle,  and  con- 
sequently there  is  not  so  much  risk  of  burning  the  cop- 
per and  the  sugar.  A  gutter  is  made  in  the  brickwork 
at  the  side  of  the  battery  into  which  the  impurities  that 
rise  to  the  surface  of  the  liquor  are  skimmed.  The 
skimmings — from  which  are  distilled  the  best  rum — 
are  conveyed  from  the  gutter  to  a  tank  previou6  to  fer- 
mentation. The  floor  of  the  curing  house,  in  which 
the  -molasses  is  drained  from  the  sugar,  is  composed  of 
a  series  of  gutters  which  incline  to  the  centre  of  the 
building  and  deliver  their  contents  to  a  main  gutter 
which  communicates  with  a  tank  for  the  molasses. 
The  hogsheads  are  placed  on  end  over  the  gutters, 
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small  holes  being  bored  in  their  ends  for  the  passage  of 
the  molasses.  The  sugar,  after  remaining  in  the  curing- 
house  about  fourteen  days,  is  ready  for  shipment,  and 
is  known  in  the  market  as  raw  or  muscovado  sugar. 

The  megass,  after  passing  through  the  rollers  of  the 
mill,  is  dried  and  used  as  fuel  for  the  battery  ;  being 
better  suited  for  that  purpose  than  any  other  convenient 
fuel,  as  far  as  heat  goes,  a  very  quick  fire  being  required. 
A  saving  of  fuel  is  effected  by  placing  the  boiler  of  the 
cane-mill  engine  at  the  end  of  the  battery,  so  that  the 
products  of  combustion  may  pass  from  the  battery 
through  the  boiler  flues,  previous  to  going  into  the 
chimney.  A  furnace  is  fitted  to  the  boiler  for  use 
before  the  battery  is  at  work  in  the  morning,  and  which 
can  be  shut  off  when  not  required,  the  waste  heat  from 
the  battery  being  almost  sufficient  to  work  the  boiler 
for  the  cane-mill  engine. 

In  the  striking  teach  of  the  ordinai-y  battery  there  is 
a  liability  of  the  upper  part  of  the  teach  becoming  over- 
heated, and  so  making  the  sugar  of  a  darker  color 
when  it  splashes  up  against  it,  depreciating  its  value. 
A  pan  made  so  that  the  heating  surface  is  entirely 
covered  with  liquor  is  used  in  some  places,  called  a 
bascule  or  tiltpan.  It  is  a  shallow,  cylindrical,  copper 
pan,  about  five  feet  diameter  and  two  feet  deep.  It  is 
furnished  with  a  lip  to  run  off  the  sugar,  and  works  on 
a  hinge  under  the  lip.  The  pan  is  set  over  a  fire,  and 
when  the  sugar  is  boiled  to  the  granulating  point,  it  is 
tilted  up  by  a  lever  and  chain  fixed  to  it.  The  sugar 
being  turned  out  at  once  into  the  cooler,  there  is  not  the 
same  risk  of  burning  as  in  the  ordinary  fixed  pans. 

Rectangular  copper  pans  with  crowned  bottoms  have 
also  been  substituted  for  the  hemispherical  pans  with 
cocks  or  valves,  to  empty  them  from  the  bottom.  They 
are  ranged  side  by  side  over  the  furnace,  so  that  the 
flame  runs  under  them  from  end  to  end ;  and  there 
being  no  side  flues,  the  metal  of  the  pans  does  not 
become  heated,  and  consequently  the  quality  of  the 
sugar  is  not  injured. 

Figs.  562,  563,  564  show  a  boiling  house  fitted  up 
with  the  latest  improvements  in  the  machinery  connected 
with  the  manufacture,  for  facilitating  the  process  and 
improving  the  color  and  quality  of  the  grain.  It  is 
worked  wholly  by  steam  heat,  as  being  more  econo- 
mical in  the  working,  and  admitting  of  more  perfect 
regulation  of  temperature.  .  The  juice  from  the  mill,  A 
— as  described  before — is  forced  up  to  the  top  of  the 
building  to  the  clarifiers  by  a  monte-jus  or  juice  eleva- 
tor, B,  consisting  of  a  wrought-iron  vessel  into  which 
the  juice  flows,  from  the  mill  by'  a  pipe  and  cock. 
Another  pipe  is  fixed  to  the  top  of  the  monte-jus  and 
rises  to  the  required  height,  dipping  down  to  near  the 
bottom  of  the  monte-jus;  the  steam  being  admitted  at 
the  top  forces  the  juice  up  the  pipe.  This  is  more 
convenient  than  a  pump,  is  cleaner,  and  not  so  liable 
to  acidify  the  juice.  The  clarifiers,  c  c  c,  used  here 
are  hemispherical  copper  pans,  hammered  out  of  one 
piece  of  copper  fixed  by  a  flange  laid  off  to  an  outer 
cast-iron  pan,  allowing  a  space  between  the  pans  for 
steam.  A  copper  light  course  is  fixed  to  the  top,  the 
heating  surface  not  being  required  up  to  the  top  of  the 
pan.  A  valve  is  attached  at  the  side  to  regulate  the 
supply  of  steam,  and  a  two-way  cock  at  the  bottom  ; 


the  smaller  branch  being  for  the  clarified  juice,  and  the 
larger  for  the  scum.  The  juice  in  the  clarifier  is  raised 
to  a  temperature  of  176°.  Milk  of  lime  is  added 
sufficient  to  neutralize  the  acid  in  the  juice.  The  heat 
is  then  continued  till  a  scum,  consisting  of  impurities 
present  in  the  juice,  has  risen  to  the  surface  and  appears 
about  to  crack.  The  time  occupied  in  this  should  be 
about  ten  to  twelve  minutes  from  the  commencement 
of  the  operation.  The  steam  is  then  shut  off  and  the 
liquor  allowed  to  subside  for  fifteen  or  twenty  minutes, 
when  the  scum  will  be  found  to  remain  at  the  top;  some 
heavy  matter,  such  as  dirt,  et  cetera,  will  have  fallen  to 
the  bottom,  and  between  them  will  be  the  clarified  cane 
juice,  clear,  and  of  a  pale  straw  color.  The  clear  liquor 
is  separated  from  the  impurities  in  the  following  man- 
ner : — At  the  bottom  of  each  clarifier  is  a  plug,  ground 
into  the  top  of  the  cock,  with  a  rod  and  handle  above 
the  top  of  the  clarifier.  At  the  side  of  the  plug  are 
holes  about  three  or  four  inches  above  the  bottom  of 
the  clarifier,  adjustable  by  a  copper  clip,  below  which 
all  the  heavy  matter  will  have  accumulated.  The 
clarification  then  being  complete,  the  cock  is  first  turned 
on  to  the  smaller  aperture  until  the  scum  accumulated 
at  the  top  begins  to  appear.  The  cock  is  then  turned 
to  the  large  way  and  the  plug  taken  out.  The  heavy 
matter  at  the  bottom  and  the  scum  formed  during  the 
process  are  conveyed  to  a  cistern,  from  whence  it  is 
placed  in  bags,  and  any  juice  remaining  in  it  is  squeezed 
out,  leaving  only  a  small  portion  of  solid  matter  behind. 
The  clarified  juice  or  liquor,  after  coming  from  the 
clarifiers,  is  passed  through  mechanical  filters.  The  kind 
commonly  used  are  rectangular  cases  of  cast  or  wrought 
iron  with  an  internal  flanch  at  the  top  to  support  a 
copper  box,  about  twenty  inches  deep,  to  receive  the 
liquor  to  be  filtered.  At  the  bottom  of  the  box  a 
number  of  holes  are  drilled  and  screwed  to  receive  the 
bells  or  connections,  to  which  filter  bags  are  attached. 
These  bags  are  made  of  twilled  cotton  cloth,  about  six 
feet  in  circumference  and  six  long,  wove  without  a  seam. 
They  are  inclosed  in  a  strong  open  webbing,  about 
eighteen  inches  in  circumference,  thus  giving  a  large 
surface  of  filtering  medium  in  a  small  space.  The 
filters  are  shown  at  D  D  D.  The  liquor  is  drawn  off  at 
the  bottom  into  a  receiving  cistern,  E,  to  supply  the 
evaporating  pan.  Steam  cocks  are  attached  to  the  side 
of  the  cases  for  cleansing  them  after  use  ;  and  doors  are 
fixed  to  them  for  changing  the  bags.  The  evaporation 
is  here  effected  in  vacuo,  as  being  most  advantageous, 
the  liquor  boiling  at  so  low  a  temperature  as  not  at 
all  to  discolor  the  liquor  or  alter  the  saccharine  matter 
in  it.  The  first  cost,  however,  of  the  apparatus  is 
increased,  and  alone  prevents  its  universal  adoption. 

The  vacuum  pan,  F,  used  for  the  evaporation  of  the 
liquor,  consists  of  a  copper  pan  fitted  in  a  cast-iron 
steam  case,  allowing  a  space  between  for  the  steam, 
and  on  the  top  is  a  copper  dome ;  the  copper  and 
iron  pans  and  dome  being  accurately  fitted  and  bolted 
together,  so  as  to  be  perfectly  steam  and  air  tight.  In 
order  still  further  to  increase  the  heating  surface,  a 
large  brazed  copper  worm  is  fixed  inside  the  pan.  A 
manhole,  with  a  ground  brass  cover,  is  attached  to  the 
top  of  the  dome,  from  the  side  of  which  a  pipe  leads 
to  the  receiver  or  safety  vessel,  furnished  with  a  glass 
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guage  ;in  l  draw-off  cock,  the  use  of  which  is  that  the 
attendant  may  see  if  the  pan  primes  or  boils  over ;  if 
it  docs,  the  Btigar  must  fall  into  the  receiver,  and  he 
indicated  by  the  guage.  A  pipe  from  the  top  of  the 
receiver,  with  a  valve  to  shut  off  the  communication, 
connects  the  pan  with  the  condensers.  The  pan  is 
fitted  with  a  cook  at  the  bottom  for  running  off  the 
liquor  when  sufficiently  concentrated,  namely,  at  about 
36°  TwaddelL  On  the  dome  of  the  pan  are  fixed  a 
barometer;  a  thermometer,  with  bulb  dipping  down 
into  the  liquor;  light  and  sight  glasses  for  looking 
into  the  pan ;  an  apparatus  for  testing  the  concen- 
tration of  the  liquor  without  destroying  the  vacuum 
in  the  pan ;  air-cock  for  letting  in  the  air  when  the 
liquor  is  required  to  be  drawn  off ;  and  a  steaming  valve 
for  cleaning  the  pan  after  work.  Surface  condensation 
is  employed  to  maintain  a  vacuum  in  these  pans,  in 
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situations  where  there  is  not  sufficient  water  to  admit 
of  condensation  by  injection  being  used. 

The  surface  condensers  are  here  shown,  G  G  a.  This 
process  of  condensation  was  introduced  and  patented  by 
Messrs.  Pontifex  and  "Wood  of  London,  who  have 
recently  patented  a  simple  and  efficient  method  of 
connecting  the  pipes — admirably  adapted  for  the  colo- 
nies, and  all  places  where  skilled  labor  is  difficult  to 
be  obtained.  The  condensers  consist  of  one  or  more 
series  of  copper  pipes,  fixed  to  boxes  at  each  end,  with 
partitions  to  direct  the  current  of  the  vapor.  Above 
each  series  of  pipes  is  fixed  a  trough  always  kept  full 
of  water,  and  so  constructed  that  the  water  trickles  in 
a  gentle  shower,  uniformly  spread  over  the  pipes,  so 
as  to  keep  them  well  covered  with  a  thin  film  of  water ; 
the  lowest  pipe  is  connected  with  a  small  pump, 
worked  by  the  engine,  which  draws  the  condensed 
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vapor  from  the  pan,  and  any  air  that  may  have  col- 
lected there.  The  improvement  referred  to  consists  in 
doing  away  with  solder  joints  at  the  junction  of  the 
pipes  with  the  case,  the  solder  being  liable  to  crack 
from  the  unequal  expansion  of  the  pipes,  owing  to  the 
lower  pipes  being  cooler  than  the  upper  ones,  and  the 
substitution  of  an  elastic  joint,  which  allows  for  the 
irregularity  of  the  expansions,  without  injuring  the 
vacuum ;  they  are  also  easily  replaced,  not  requiring 
any  mechanical  skill,  and  take  up  less  space  for  ship- 
ment ;  these  pipes  and  cases  being  packed  separately. 
The  superior  economy  of  water  in  these  condensers,  is 
owing  to  the  condensing  water  being  evaporated  and 
carrying  away  not  merely  sensible  hut  latent  heat. 
The  ordinary  method  of  condensation  is  similar  to  that 
employed  in  the  condensers  of  steam  engines,  when  the 
steam  is  led  into  a  vessel,  where  it  is  brought  into  con- 


tact with  a  stream  of  cold  water.  In  this  case,  as  the 
condensing  water  must  not  be  allowed  to  become 
vaporized,  all  the  heat  it  absorbs  must  be  in  the  form 
of  sensible  heat,  and  it  is  said  practically  to  require 
about  thirty  times  the  quantity  of  condensing  water ; 
but  in  these  surface  condensers  the  vapor  which  passes 
off  from  the  surface  of  the  pipes,  not  only  carries  off 
the  sensible  heat,  but  it  also  renders  latent  a  great 
amount  of  heat  in  its  conversion  into  vapor,  the  quan- 
tity of  water  passing  off  from  the  surface  being  equal  or 
nearly  so  to  the  quantity  condensed  inside  the  pipes. 
The  water  which  falls  into  the  trough  under  the  con- 
denser is  used  over  again,  the  heat  of  it  not  materially 
affecting  the  action  of  the  condensers. 

When  sufficiently  concentrated,  the  sugar-liquor  is 
let  down  into  a  receiving  cistern,  H,  placed  below  the 
pan,  from  whence  it  is  forced  up  by  the  monto-jus  to 
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a  cistern,  I,  above  the  level  of  the  top  of  the  charcoal 
filters.  The  charcoal  filters,  J  J  J  j,  are  large,  slightly 
conical  vessels,  generally  of  wrought-iron,  with  a  per- 
forated false  bottom  about  an  inch  and  a  half  from  the 
bottom.  A  blanket  is  spread  over  the  false  bottom  to 
prevent  the  charcoal  from  being  carried  through  with 
the  liquor;  some,  however,  always  accompanies  the 
liquor  at  first,  which  runs  into  a  separate  receiver  to 
be  filtered  over  again.  In  filling  these  vessels,  the  first 
few  inches  of  charcoal  should  be  pressed  compactly 
down,  after  which  it  is  packed  lightly  but  evenly,  nearly 
to  the  top,  where  space  is  left  to  receive  the  liquor. 
The  object  to  be  attained  in  these  filters,  is  to  remove 
all  the  vegetal  coloring  matter  from  the  liquor,  and 
any  excess  of  lime  that  may  have  been  added  during 
the  clarification,  as  well  as  some  of  the  mineral  salts, 
such  as  sulphate  of  lime,  originally  existing  in  the  cane 
juice.  The  liquor  from  the  charcoal  filters  runs  into  a 
cistern,  K,  preparatory  to  being  drawn  into  the  granu- 
lating pan. 

The  granulating  is  also  performed  in  vacuo,  and  the 
pan,  L,  is  similar  in  its  construction  to  the  one  before 
described  for  evaporation,  and  a  similar  surface  con- 
denser is  applied  when  there  is  a  deficiency  of  water. 
To  the  granulating  vacuum  pan  a  measure  is  usually 
attached,  so  that  the  attendant  may  know  exactly  how 
much  liquor  he  lets  into  the  pan.  There  is  also  a 
proof  stick  or  instrument  for  taking  a  sample  of  the 
sugar  out  of  the  pan  during  the  concentration,  without 
destroying  the  vacuum.  A  slide  is  fitted  to  the  bottom, 
instead  of  a  cock,  for  letting  out  the  sugar  when  the 
granulation  is  completed.  The  pan  is  also  fitted 
with  light  and  sight  glasses,  barometer,  thermometer, 
et  cetera. 

The  sugar,  on  being  let  out  of  the  pan,  drops  into  a 
heater,  M,  a  hemispherical  pan  of  a  similar  description 
to  the  clarifiers  described  before,  in  order  to  raise  the 
temperature  of  the  sugar  above  what  it  was  in  the  pan, 
to  harden  the  grain  previous  to  being  conveyed  to  the 
curing-house.  The  water  arising  from  the  condensa- 
tion of  the  steam  in  the  various  vessels,  passes  from  the 
bottom  through  a  condense  water  box  attached  to  each 
vessel,  in  the  interior  of  which  box  a  float  and  valve  are 
so  arranged  that  the  water  passes  through  without 
letting  the  steam  escape.  The  outlet  pipes  from  the 
condense  water  boxes  are  carried  to  a  cistern,  into 
which  the  suction  pipe  of  the  feed  pump  to  the  steam 
boilers  dips,  to  be  used  over  again  to  supply  them,  a 
very  small  quantity  of  cold  water  requiring  to  be  added 
to  make  up  for  loss  by  waste.  In  some  parts  of  the 
manufacture,  high  pressure  steam  being  required,  such 
as  for  clarification,  for  the  steam  engine,  and  the  monte- 
jus,  it  is  found  better  to  keep  the  steam  up  in  the  boilers 
to  a  uniform  pressure,  lowering  the  pressure  to  the 
vacuum  pans  and  heaters  when  the  temperature  of 
high  pressure  steam  would  injure  the  quality  of  the 
sugar.  N  represents  an  expansion  vessel  for  effecting 
this  purpose,  and  is  fitted  with  one  of  Messrs.  Pontifex 
and  Wood's  patent  improved  valves,  by  which  the 
steam  in  the  expansion  vessel  is  sustained  uniformly  at 
any  required  pressure.  However  high  or  fluctuating  the 
pressure  may  be  in  the  boilers,  the  excess  of  pressure 
shutting  the  supply  valve  to  the  expansion  vessel, 
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safety  and  whistle  values  are  attached  to  the  top, 
and  a  guage  on  the  side  to  indicate  the  pressure  of 
steam. 

The  evaporation  of  the  juice,  up  to  48°  Twaddell, 
may  be  carried  on  in  the  ordinary  battery  of  hemi- 
spherical pans  or  the  improved  rectangular  ones,  as 
previously  described,  without  being  seriously  detri- 
mental to  the  liquor,  although  the  plan  last  described 
of  evaporating,  as  well  as  granulating  in  vacuo,  is  most 
approved.  A  better  method  of  evaporating  than  by 
direct  fire  heat  is  by  using  steam  evaporators — the  best 
form  of  which  having  the  largest  heating  surface, 
combined  with  facility  for  cleaning,  is  a  rectangular 
vessel,  generally  of  wrought-iron,  at  the  bottom  of 
which  is  placed  a  range  of  copper  pipes  as  close  to 
each  other  as  convenient.  The  pipes  are  connected 
together  by  copper  bends  brazed  to  the  pipes.  The 
entrance  of  the  steam  and  exit  of  the  condensed  water 
are  at  the  same  end  of  the  evaporator,  and  pass  through 
stuffing  boxes,  to  admit  of  the  pipes  being  turned  up, 
so  as  to  be  able  readily  to  approach  all  parts  of  the 
evaporator  to  clean  them — a  point  of  great  importance 
in  the  manufacture. 

Machinery  and  apparatus,  such  as  those  described  in 
the  preceding,  and  fitted  with  all  the  modern  improve- 
ments are,  it  is  true,  costly  in  erection,  but  they  very 
soon  pay  for  themselves  in  the  superior  quality  of  the 
article  produced,  and  the  greater  return  from  the  same 
quantity  of  canes.  By  employing  the  strong  mills  and 
powerful  engines  as  now  manufactured,  the  canes  yield 
a  much  larger  per  centage  of  juice  than  previously ;  and 
the  megass  leaving  the  mill  being  much  dryer  is  in  a 
better  condition  to  be  used  as  fuel.  By  applying  steam 
heat,  and  boiling  in  vacuo  at  low  temperatures,  the 
color  is  improved,  and  less  of  the  sugar  is  converted 
into  molasses,  so  that  estates  which  were  worked  at 
a  loss  before  may,  by  the  introduction  of  improved 
machinery  and  utensils,  be  made  to  yield  a  profitable 
return.  In  colonies  where  field  labor  is  difficult  to  be 
procured,  it  is  especially  important  to  the  planter  to 
obtain  the  most  approved  machinery,  so  as  to  cause 
as  little  waste  as  possible  of  the  raw  material. 

The  machinery  of  a  sugar  refinery  as  worked  in 
Europe  is  shown  in  Fig.  5G5,  which  represents  the 
elevation  of  a  refinery  of  the  most  modern  con- 
struction, for  the  conversion  of  the  raw  sugar,  as 
imported,  to  the  white  loaf  sugar  of  the  consumer. 
The  raw  sugar,  in  hogsheads,  boxes,  or  bags,  is  lifted 
from  the  waggon  to  the  upper  story  of  the  house  by 
a  crane  worked  by  a  steam  hoist  machine,  A.  The 
first  operation  is  to  melt  the  sugar,  which  is  usu- 
ally done  in  cylindrical  or  rectangular  open  pans, 
one  of  which  is  shown  at  B.  At  the  bottom  of 
the  melting,  or  blow-up  pans,  as  they  are  termed,  is 
a  perforated  copper  worm,  and  over  the  worm  is  a 
perforated  false  bottom  to  keep  back  any  large  sub- 
stance that  might  be  mixed  with  the  sugar.  After 
adding  to  the  sugar  a  sufficient  quantity  of  water  to 
bring  the  density  of  the  liquor,  when  dissolved,  to  about 
44-5°  to  46-5°  Twaddell,  the  steam  is  then  turned  on, 
mixing  directly  with  the  sugar;  whilst  being  dissolved, 
bullock's  blood — still  in  some  places — and  lime  water  are 
added  to  clarify  it  and  neutralize  the  acid.  Mr.  Finzei.l 
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of  Bristol,  one  of  the  largest  sugar  refiners  in  the  -world, 
has  patented  a  modification  of  the  vacuum  pan  in 
place  of  the  ordinary  melting  pans,  which  he  thinks 
expedites  the  operation  of  melting;  the  sudden  expansion 
of  the  air  confined  among  the  sugar  assisting  the  steam 
and  water  in  the  hreaking  up  and  melting  of  the  mass. 
A  movable  false  bottom  is  placed  over  the  worm  to  allow 
a  space  for  the  water  between  the  sugar  and  the  heat- 
ing surface,  and  to  keep  back  any  extraneous  matter. 
Messrs.  Finzell  and  Aspinall  have  also  recently 
patented  a  new  form  of  pan  for  melting  sugar,  in 
which  the  sugar  is  suspended  near  the  surface  of  the 
water  in  such  a  way  that,  as  it  becomes  dissolved,  it 
falls  by  reason  of  the  greater  density  of  the  solution  to 
the  bottom  of  the  pan,  leaving  the  next  stratum  to  be 
acted  on  by  water  not  so  saturated  with  sugar ;  whereas, 
if  the  sugar  lies  at  the  bottom  of  the  pan,  the  water 
in  immediate  contact  becomes  thoroughly  saturated, 
and,  remaining  at  the  bottom  by  reason  of  its  density, 
retards  the  dissolution.  This  is,  however,  compensated 
for  by  a  large  stirrer,  universally  used  in  blow-ups. 
On  emptying  the  hogsheads,  et  cetera,  a  portion  of 
sugar  is  left  behind  sticking  in  the  crevices  of  the 
staves;  this  is  removed  by  placing  the  hogshead  in 
a  steamer — when,  the  steam  being  turned  on  for  a 
short  time,  all  the  sugar  is  washed  out  of  the  hogs- 
head, and  drops  mixed  with  the  condensed  steam  to 
the  bottom,  from  whence  it  is  conveyed  to  the  melt- 
ing pan. 

From  the  melting  pan,  B,  the  liquor  is  drawn  off  to 
the  bag  filter,  c,  similar  to  those  described  before  for 
the  cane  juice.  The  liquor  then  runs  into  the  receiving 
cistern,  D,  with  a  coil  of  copper  steam-pipe  at  the  bottom 
to  increase  the  temperature  previous  to  entering  the 
charcoal  filters.  The  charcoal  filters,  one  of  which  is 
shown  at  E,  as  generally  used  in  refineries,  are  cylin- 
drical vessels  of  cast-iron  or  copper,  about  five  feet 
diameter,  and  twenty  to  thirty  feet  high;  the  greater  the 
depth  of  charcoal  the  liquor  has  to  pass  through,  the 
less  coloring  matter  is  left  in  the  liquor.  The  filters 
are  furnished  with  a  perforated  false  bottom,  a  blanket 
being  spread  over  it  to  prevent  the  charcoal  from 
passing  through  with  the  liquor.  The  tops  are  gene- 
rally closed,  to  admit  of  a  head  of  liquor  above  the 
charcoal  to  accelerate  its  passage  through  the  filter,  a 
manhole  being  cast  in  the  cover  to  let  in  the  charcoal, 
and  another  at  the  bottom  to  get  it  out  when  required 
to  be  changed.  From  the  filters  the  liquor  runs  into  a 
cistern,  P,  placed  on  the  basement  or  fill-house  floor, 
from  which  it  is  drawn  up  into  the  granulating  pan,  G. 
A  vacuum  pan  is  used  for  this  purpose  similar  to  the 
one  before  described  for  granulating  the  sugar  from 
cane  juice ;  only  in  this  drawing  the  condensation  is 
shown,  effected  by  the  injection  of  cold  water  into  a 
vessel  when  it  meets  the  vapor  from  the  pan  :  this 
method  is  adopted  when  water  is  abundant,  the  outlay 
not  being  so  great.  The  sugar,  when  granulated,  is 
let  down  into  the  heater,  H,  by  a  slide  in  the  bottom 
of  the  granulating  pan,  the  sugar  requiring  the  tem- 
perature to  he  increased  in  order  to  harden  the  grain  ; 
it  must  also  be  well  stirred,  to  mix  the  grain  thoroughly 
previous  to  being  ladled  out  into  the  moulds.  This 
operation  of  ladling  is  usually  performed  in  copper 


filling-out  basins,  into  which  the  sugar  is  ladled  from 
the  heater.  When  practicable,  labor  may  be  saved  by 
raising  the  pan  and  heater  up  to  a  floor  above,  so  as 
to  draw  the  sugar  off  from  the  bottom  of  the  heater  by 
a  slide. 

Centrifugal  Machines. — If  the  sugar  is  intended 
to  be  in  the  form  of  crystallized,  from  the  heater  it  is 
put  into  the  centrifugal  machine,  which  consists,  of  an 
outer  cylindrical  case,  in  which  revolves  at  a  very  high 
speed  an  inner  vessel  perforated  round  the  circum- 
ference, into  which  the  sugar  to  be  dried  is  placed ; 
the  centrifugal  action  from  the  velocity  causes  the 
sirup  to  pass  through  the  perforated  circumference 
into  the  outer  case,  from  whence  it  is  drawn  off,  leaving 
the  crystallized  sugar  behind.  By  this  means  much 
time  is  saved  in  the  draining  of  the  sugar.  The  same 
effect  is  sometimes  attained  by  connecting  the  bottoms 
of  the  moulds  to  a  pipe  communicating  with  an  air- 
pump,  when  the  pressure  of  the  atmosphere  acts  in 
the  same  manner  as  the  centrifugal  force ;  or  the 
sugar  is  placed  in  a  large  box  fitted  with  a  perforated 
false  bottom,  from  which  the  air  is  exhausted.  This 
latter  plan  is  often  adopted  with  much  success  in  the 
West  Indian  Colonies. 

The  moulds,  I,  I,  I — Fig.  565 — into  which  the  sugar 
passes  from  the  heaters,  are  of  a  conical  shape,  and 
usually  made  of  sheet-iron ;  the  lower  part  or  apex  of 
the  cone  being  of  cast-iron,  with  a  small  hole  for  the 
sirup  to  drain  through.  They  are  either  painted  or 
galvanized  inside  and  out,  to  preserve  them  from  rust; 
they  are  made  of  different  dimensions,  according  to  the 
size  of  the  loaves  required  and  the  quality  of  the  sugar, 
and  are  named  respectively — loaves,  titlers,  lumps,  and 
bastards.  From  the  fill-house  the  moulds  are  conveyed 
to  the  various  floors,  which  are  heated  by  steam- 
pipes  to  a  temperature  of  75°  to  80°  Fahr.,  to  facilitate 
the  drainage.  The  moulds  are  ranged  all  over  the 
floors,  with  the  points  of  the  moulds  resting  on  iron 
or  earthenware  pots,  to  receive  the  sirup  drained 
from  them.  After  standing  some  time  till  their  own 
sirup  drains  from  them,  fine  liquor,  consisting  of  a 
saturated  solution  of  pure  sugar,  is  poured  on  the  top 
of  the  moulds,  thus,  as  it  percolates  down  the  loaves, 
washing  away  with  it  the  impurities  remaining  on  the 
sugar,  which  would  otherwise  adhere  to  the  surface  of 
the  crystals.  After  this  the  loaves  are  taken  out  of  the 
moulds,  the  lower  end  is  cut  to  a  point  in  a  nosing 
machine,  as  it  is  called,  and  the  top  trimmed  off  by  a 
machine  with  revolving  knives.  The  ends  so  cut  off  are 
not  of  equal  quality  to  the  centre  of  the  loaf,  and  are 
melted  over  again.  The  loaves  are  then  papered  up 
and  further  dried  in  a  stove,  j,  which  is  heated  by  steam 
pipes  at  the  bottom,  and  fitted  with  shelves  on  which 
the  loaves  are  placed.  After  drying  they  are  ready 
for  the  market.  The  moulds  are  lifted  from  one  floor 
to  another  by  a  machine  called  a  mould-hoist,  which  is 
driven  by  the  engine.  The  mould-hoist,  as  made  by 
Messrs.  Pontifex  and  Wood,  is  shown  at  K,  K,  and 
consists  of  two  endless  pitch-chains  working  over 
pulleys  fixed  under  the  fill-bouse  floor,  and  at  the  top 
of  the  house;  between  these  chains  are  slung  cradles, 
with  rings  adapted  to  the  various  sizes  of  moulds  used 
in  the  house.    Holes  are  cut  in  the  various  floors 
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sufficient  for  the  passage  of  the  moulds,  which  are 
readily  placed  in  and  taken  out  of  the  cradles  as  they 
pass  up  or  down.  The  cradles  are  slung  upon  axes, 
so  that  the  moulds  turning  over  the  drains  remain 
in  the  same  position,  thus  preventing  the  risk  of  acci- 
dent in  case  the  attendant  should  omit  to  take  them 
out  as  they  pass  him,  in  which  case  they  only  make 
the  circuit  with  the  chain,  and  are  taken  out  the  next 
time  they  come  round  to  the  floor  on  which  they  are 
required. 

The  charcoal,  after  it  is  removed  from  the  filters 
saturated  with  coloring  matter,  is  dried,  and  then 
reburnt.  The  retorts  of  cast-iron  or  kilns  of  clay  are 
so  constructed  that  the  charcoal,  when  at  a  red  heat, 
does  not  come  in  contact  with  the  atmosphere,  which 
would  destroy  it.  The  charcoal  reburners,  as  arranged 
by  Messrs.  Pontifex  and  Wood,  are  shown  in  Vol.  I. 
of  this  work,  page  340,  under  the  article  Bone-black. 
L  is  a  cistern  for  water,  and  M  a  cistern  for  fine  liquor, 
a  pipe  from  which  runs  down  the  house,  with  a  cock 
at  each  floor.  This  is  used  for  washing  the  impu- 
rities off  the  sugar  crystals  in  the  moulds,  as  before 
described. 

M.  Alfred  Fryer  of  Manchester  has  been  for 
some  time  at  work  with  apparatus  which,  if  successful, 
will  greatly  alter  the  sugar  manufacture.  He  believes 
it  is  a  wasteful  mode  of  procedure  to  attempt  to  purify 
sugar  in  the  colonies,  even  to  the  smallest  extent,  the 
facilities  for  doing  so  here  being  much  greater.  His 
method  is  designed  to  dry  the  cane-juice  rapidly  down 
into  a  hard  concrete,  and  so  to  import  it  into  Europe. 
In  the  concrete  form,  and  almost  free  from  molasses,  it 
will  not  decompose,  and  the  enormous  waste  of  more 
than  half  the  sugar  will  not  take  place,  the  loss  in  the 
European  refineries  being  considered  large  at  six  or 
seven  per  cent. 

Beet-root  Sugar. — In  Germany  and  France  cane 
sugar  is  extracted  in  large  quantities  from  the  beet- 
root. The  beet-root  is  a  biennial  plant,  native  to 
the  South  and  South-west  of  Europe.  It  appears  to 
have  been  introduced  into  the  Netherlands  during  the 
possession  of  that  country  by  the  Spaniards,  and  to 
have  thence  passed  into  France,  Schleswig-Holstein, 
Germany,  Sweden,  England,  et  cetera.  There  are 
many  varieties  of  the  beet,  but  that  specially  prized  by 
the  beet-root  sugar  manufacturer,  and  therefore  chiefly 
cultivated  in  those  countries  where  this  branch  of 
industry  is  pursued,  is  the  Schleswig  beet,  or  white 
beet — Beta  alba — called  also  from  its  qualities  the 
sugar  beet.  When  the  leaf-buds  appear  above  the 
ground,  the  leaves  thrown  off  sometimes  rise  very 
high  before  spreading ;  sometimes  they  spread  almost 
immediately  above  the  surface  of  the  ground.  This 
variation,  which  is  partly  hereditary,  partly  condi- 
tioned by  soil  and  other  circumstances,  gives  rise  to  a 
considerable  difference  in  the  quality  of  the  sugar 
which  is  extracted.  For  as  the  thick  and  upper  end 
of  the  tapering  root  is,  during  the  growth  of  the  plant, 
projected  a  little  above  the  surface  of  the  ground,  the 
exposed  portions  are  acted  upon  by  the  light,  and  the 
otherwise  white  root  is  thereby  turned  green  owing  to 
the  formation  of  chlorophyll.  But  where  the  leaves 
spread  out  on  emerging  from  the  ground,  the  root  is 


shaded  and  preserved  from  such  colorization.  The 
Quedlinburg  beet  has  a  shade  of  red  on  its  outer 
coating,  and  a  species  of  a  yellow  variety  has  been 
recommended  on  account  of  the  greater  quantity  of 
sugar  that  exists  in  its  juice.  The  root  of  the  beet 
contains  water,  cane  sugar,  vegetal  fibrin,  and  fat, 
gum,  coloring  matter,  pectin,  together  with  the  car- 
bonates, chlorides,  sulphates,  nitrates,  phosphates, 
oxalates,  malates,  et  cetera,  of  potassium,  sodium,  iron, 
lime,  and  magnesia.  The  water  varies  from  eighty 
to  eighty-eight  per  cent,  of  the  whole  root.  The  solid 
matter — twelve  to  twenty  per  cent. — contains  from  four 
to  Bix  per  cent,  of  vegetal  fibrin ;  the  remainder  is 
cane  sugar,  with  the  other  constituents.  The  length 
and  straightness  of  the  healthy  beet  points  to  a  deep 
soil  as  the  one  appropriate  to  its  cultivation,  while  the 
large  quantity  of  water  limits  its  growth  to  tolerably 
moist  localities.  An  over-rich  soil,  however,  is  harm- 
ful, on  account  of  the  introduction  into  the  plant  of  too 
much  of  the  mineral  constituents.  Two  or  three  of 
the  seeds  of  the  beet-root  are  set  by  means  of  a  hand 
hoe,  about  a  quarter  of  an  inch  below  the  surface,  at 
regular  intervals  of  between  thirteen  to  sixteen  inches, 
and  covered  with  earth.  If,  in  consequence  of  a  short 
heavy  rain  succeeded  by  dry  weather,  the  surface  of 
the  earth  becomes  so  hardened  that  the  young  plants 
are  suppressed,  and  the  prospect  of  a  sufficient  crop 
is  lost,  the  land  should  be  reploughed,  and  a  fresh 
sowing  performed.  The  amount  of  sugar  contained 
in  the  beet  varies  with  its  size,  the  smaller  plants 
containing  more  sugar  in  proportion  than  the  larger 
ones. 

It  has  been  found  that — 

Beets  weighing  \  pound  contain  13     per  cent,  sugar. 
"       *  "      1-1  "        "       11-12     "  '< 
"         "      2     "       «        8-10     "  " 
"         "      3     "        «        6-7       "  " 

Nevertheless,  on  account  of  the  greater  mechanical 
trouble  of  working  the  smaller  beets,  the  larger  are 
esteemed  most.  The  tapering  point  of  the  root  and  the 
thick  and  higher  end  also  contain  less  sugar  than  the  cen- 
tral portions ;  this  is  especially  the  case  with  the  thick 
end  when  it  has  grown  above  the  ground  and  become 
colored  by  exposure  to  the  light.  During  the  growth 
of  the  plant,  which  lasts  about  four  or  five  months,  the 
soil  must  be  turned  by  the  hoe  four  or  five  times,  the 
first  hoeing  being  performed  soon  after  the  appearance 
of  the  young  plant.  The  following  rotation  of  crops  is 
said  to  be  favorable  for  the  cultivation  of  the  beet — 
1.  Barley  or  wheat — with  manure.  2.  Beet.  3.  Oats — 
three  fields  being  kept  under  crop.  If  four  fields  be 
employed,  clover  may  be  advantageously  introduced 
after  the  beets. 

The  beet,  as  before  stated,  is  a  biennial  plant. 
During  the  first  year  of  its  life  the  root  is  developed  to 
its  full  size,  and  secretes  the  whole  amount  of  sugar 
which,  in  the  natural  life  of  the  plant,  furnishes  the 
material  for  the  growth  and  maturity  of  its  upper 
part.  It  follows  that  when  the  plant  is  cultivated 
for  its  sugar,  it  is  for  this  purpose  ripe  when  its 
first  year's  stage  of  development  is  complete.  The 
time  required  for  this  depends  upon  that  of  the  sowing, 
and  upon  the  seasons.    Its  criterion  is  the  commence- 
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ment  of  death  in  the  leaves.  When  ripe  the  beet-roots 
are  dug  out,  the  mould  gently  shaken  off,  and  the  heads 
cut  off,  together  with  as  much  of  the  root  as  shows  the 
presence  of  leaf  buds.  As  the  action  of  light  isdetrimental 
even  to  the  exhumed  roots,  the  latter  must  be  covered 
quickly.  If  the  quantity  be  small  they  may  be  covered 
with  the  leaves  which  have  been  cut  off.  It  is  more 
usual,  however,  to  pile  them  in  heaps  on  the  ground, 
to  hinder  the  evaporation  of  their  water,  and  to  pro- 
tect them  from  light  and  frost  by  covering  the  heaps 
with  a  thin  layer  of  earth.  These  mounds  are  some- 
times sprinkled  with  water,  which  is  taken  up  by  the 
roots,  restoring  to  them  their  plumpness  and  crispness 
which  they  have  lost  in  a  dry  season. 


The  amount  of  beet  root  obtained  on  a  given  space 
is,  according  to  Boussingault,  in— 

On  a  hectare;  'On  an  acre; 

kilogrammes.  lbs. 

Pas  de  Calais                            31,400    27,664 

Aisne                                     25,500    22,770 

Nord                                     35,000    31,226 

Somme   •            24,500    21,859 

Euro  et  Loire                           8,500    7,570 

Seine  et  Oise                          27,250    24,312 

Cher                                      38,000    32,904 

Seine  et  Marne                        30,000    26,766 

Meurthe— Boville                     17,500    15,613 

Mean,                                   26,405    23,508 

Some  roots  were  examined  by  Ragsky  and  Coren- 
winder  for  their  specific  gravity — 


By  Eagsky. 

i.  n.  in.  IV.  v.  VI. 

From  Venice.  Olmutz.  Hungary. 

Specific  gravity   —    —    —    1-050    1-042    1-056 

Sugar   10-70    —    —    9-4    9-8    8-73 

Salts   0-92    0-87    0-85    1-76    0-94    — 


By  CoRENWLNDER. 

vn.  vni.  ix.  x.  xi.  xn. 

From  North  of  Franco. 

Specific  gravity   1-048    1-044    1-045    1-038    1-045    1-037 

Sugar   10-00    9-40    8-76    7-90   :    9-45    8-01 


Pa  yen  gives  the  following  as  the  chemical  constitu- 
tion of  beet  root : — 

Per  cent. 

Water   83-5 

Sugar   10-5 

Cellulose   0-8 

Albumen,  casein,  and  nitrogenous  matters  1*5 
Salts,  &c   3-7 

100-0 

Under  salts,  el  cetera,  are  included  malic  acid  and 
gum,  nitrogenous  substances,  fatty  matters,  aromatic 
substances,  coloring  matters,  essential  oil,  chlorophyle, 
nialamide,  oxalate  and  phosphate  of  lime,  phosphate  of 
magnesia,  chloride  of  ammonium,  silicate,  nitrate,  sul- 
phate, and  oxalate  of  potassa ;  oxalate  of  soda,  chlorides 
of  sodium  and  potassium,  pectates  and  pectinates  of 


lime,  potassa  and  soda,  sulphur,  silica,  oxide  of  iron,  et 
cetera.    The  sugar  is  entirely  in  the  state  of  cane  sugar. 

It  has  been  shown,  however,  that  ammoniaeal  salts 
do  not  exist  ready  formed  in  beet  juice,  but  are  the 
product  of  decomposition  eliminated,  especially  when 
lime  is  added. — Michaelis. 

Lactic  acid  is  readily  formed  by  the  decomposition 
of  beet  root  sugar  in  its  juice,  and  some  persons  find 
mannite,  although  others  are  not  able  to  do  so.  A 
gummy  substance  is  also  produced,  probably  similar  to 
that  found  in  cane  sugar  refineries,  when  the  sugar  has 
been  too  long  boiled  and  worked  with. 

The  beet  is  grown  in  temperate  climates,  and  it 
requires  a  good  deal  of  moisture. 

Boussingault  gave  the  following  analyses  of  French 
beets : — 


Botanic  school, . 


Garden  of  M.  Brongniart, 

Vigneux  

Grenelle  

Boville,  Meurthe,  

Analysed  by  M.  Kraconnot. 


Time  of  Inking  from  ground,  etcetera. 


Aug.  2. — Hoots  small,  

Sept.  1. — A  root  of  1100  grammes  =  about 

i  lbs  

Sept.  1. — A  root  of  460  grammes  =:  about  1  lb. 

2J  oz  

Sept,  7— Boot,  700  to  800  grammes,  

Young  root  of  0-3  grammes  =  4-6  grains,  

Sept.  26 — Boot  from  80  to  100  grammes  = 

3 J  oz,,  

Oct.  9. — Boot,  150  grammes  ==  about  5  oz.,  . . 
Sept.  23.— Boot,  500  grammes  =  1  l-10th  lb., 

Sept.  23.— Boot,  700  grammes  =  1J  lb.,   

Aug.  7.— Boot,  300  grammes  =  6-10ths  lb.,. . 

Aug.  11. — Boot,  600  grammes  —  1 J  lb.,  

Aug.  30. — Boot,  1  kilogramme  =  2  l-5th  lbs., 
Beet  in  flower,  200  grammes-=  about  4-10ths  lb., 

Beet  of  two  years  in  seed,  

White  beet  of  Silesia,  

Leaves  of  the  beet,  


dry  matter. 


9-5 

7-4 

9-4 
10-0 

13-  7 

16  1 

14-  1 
16-9 
13-0 

15-  5 

12-  6 

13-  1 

16-  5 

5-  5 
15-8 

6-  4 


Water. 


90-5 

92-  6 

90-6 
90 -0 

86-  3 

84-  9 

85-  9 

83-  1 

87-  0 

84-  5 
87-4 

86-  9 

83-  5 
94-5 

84-  2 

93-  6 


5-0 

4-  2 

5-  0 

7-  3 
5-9 

10-  0 

11-  9 

8-  6 
8-9 
8-2 

8-  6 

9-  8 

0-  0 
10-6 

1-  3 


Ligneous 
liin  '.■  mid 
ulbuiDen. 


1-  5 

2-  5 

2-8 
1-9 
4-4 


3-2 
2-7 
6-6 

2-  8 

3-  1 
3-3 

2-  5 

3-  1 
3-6 


ndded  to  the 
Hg.  matter 

1-0 

1-6 

0-  8 
3-4 

1-  8 

1-8 
1-7 

to  preceding, 

1-6 
14 
3-4 

1-  1* 

2-  1 
-t 


Add  0-9  of  nitre. 


f  Add  1-5  nitre  ;  the  albumen  added  to  the  sugar. 
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The  following  analyses  of  ashes  of  beet  are  by  Way 
and  Ogston  :— 

Yollow  globe. 


Long  red. 


Bulb. 

Leaf. 

Bulb. 

Loaf. 

23-54  . 

8-34 

.  29-05 

..  27-53 

Soda   

19-08  . 

.  12-21 

.  19-05 

5-83 

1-78  . 

.  8-72 

2-17 

9-06 

1-75  . 

.  9.84 

!  2-79 

9-10 

0-74  . 

.  1-46 

.  0-56 

4-48 

18-14  . 

.  6-92 

.  21-61 

6-11 

Phosphoric  acid  . 

.    4-49  . 

.  5-89 

.  311 

4-39 

Sulphuric  acid  . .  . 

.    3-68  . 

.  6-54 

3-33 

6-26 

Chloride  of  sodium  25  54  . 

.  37-66 

.  14-18 

..  29-85 

2-22  . 

.  2-35 

.  4-11 

1-35 

99-96 

99-93 

99-94 

99-96 

Per  cent,  of  ash  . 

.    1-02  . 

.  1-40 

1-00 

1-91 

One  ton  of  beets  they  calculate, 

removes 

from  the 

soil : — 


Moan  of  three 
specimens  of 
bulb. 
Pounds. 

Potassa   4-99 

Soda   3  02 

Lime   0-41 

Magnesia   0-43 

Oxide  of  iron   0-12 

Phosphoric  acid   0'66 

Sulphuric  acid.   0"65 

Chloride  of  sodium   5-29 

Silica   0-54 

16-11 


Mean  of  three 
specimens  of 
loaf. 
Pounds, 

7-86 

2-  52 

3-  31 
3-27 

0-  52 

1-  94 

2-  20 
12  82 

0-7S 

35-20 


It  has  been  found  that  beet  with  a  large  amount  of 
juice  containing  many  salts,  gives  little  sugar;  either 
the  sugar  is  not  formed,  or  it  is  combined  with  the  salts 
and  rendered  useless.  Manures  with  a  large  amount 
of  soluble  salts  must  therefore  be  avoided ;  farmyard 
manure,  for  example,  must  not  be  used  in  large  quan- 
tities. Neither  a  very  wet  soil  nor  a  very  dry  one  suits 
the  beet  root.  The  Silesian  beet  is  most  admired  ;  its 
juice  has  a  specific  gravity  of  10°  to  15°  Twaddell — 
105°  to  107°— and  is  very  pure.   It  is  not  a  large  root. 

The  amount  of  juice  obtained  is  from  seventy  to 
eighty  per  cent,  of  the  beet. 

The  rootB,  after  their  extraction  from  the  earth,  have 
to  be  cleaned  and  the  bruised  or  diseased  portions 
extracted.    For  the  first  purpose  they  are  brought  into 

Fig.  £66. 


a  horizontal  cylindrical  cage,  which  rotates  round  a 
horizontal  axis,  and  is  turned  by  machinery. 

After  washing,  the  roots  are  examined  by  women 
and  the  unhealthy  parts  cut  out,  the  smaller  side-roots 
cut  off,  et  cetera. 


In  order  that  the  greatest  quantity  of  juice  may  be 
extracted,  the  roots  have  to  undergo  a  thorough  tritu- 
ration, the  purpose  of  which  is  to  destroy  the  cells  and 
other  texture,  and  to  allow  the  free  escape  of  the  juice. 
The  accompanying  figure  shows  the  construction  of  a 
trituration  mill  of  this  kind. 

The  macerated  beet-root  appears  as  a  white  thin 
emulsive  liquid,  and  contains  naturally  the  whole  of 

Fig.  667. 


the  constituents  of  the  root.  The  soluble  portion  is 
separated  from  the  insoluble  by  pressure.  Woollen, 
linen,  or,  for  the  reason  mentioned  in  the  manufacture 
of  cane  sugar,  cotton  cloths  or  bags  are  employed  to  hold 
the  juice.  When  cloths  are  used  the  process  of  packing 
is  as  follows  : — A  plate  of  iron  of  the  size  which  the  cake 
is  destined  to  have  is  placed  upon  the  press-table — see 
below.  Around  this  plate  a  movable  wooden  frame 
is  placed,  of  the  appropriate  depth.  The  frame  and 
plate  are  covered  with  the  cloth,  which  is  smoothened 
into  the  edges  and  corners  of  the  box  so  formed ;  the 
corners  of  the  cloth  being  of  sufficient  length  to  cover 
the  box  again  when  folded  back.  A  measure  of  the 
crude  juice  is  then  poured  upon  the  cloth  smoothened 
down  by  the  hands,  and  the  corners  of  the  cloth  are 
folded  back  upon  it.  The  wooden  frame  is  then 
removed ;  another  plate  is  placed  upon  the  top  of  the 
first  cake,  the  frame  adjusted  round  it,  and  the  same 
process  is  repeated.  In  this  way  a  pile  of  cakes, 
inclosed  in  cloths,  is  formed,  alternating  with  iron 
plates.  Sometimes,  instead  of  iron  plates,  a  disc  of 
plated  osier,  or  a  series  of  rattan  canes  lightly  bound 
together  is  used.  The  latter  contrivances  are  less  likely 
to  break  the  bags  when  the  pressure  is  applied,  but  the 
juice  is  not  so  perfectly  expressed  as  when  metal  ones 
are  employed.  When  bags  are  used  they  are  filled 
with  the  juice,  the  mouth  squeezed  together,  and  the 
whole  turned  over  upon  the  plate,  so  that  during  pres- 
sure the  mouth  is  held  together. 

The  piles  of  cakes  are  next  submitted  to  pressure, 
usually  that  of  a  hydraulic  press.  The  piston  of  the 
press  is  made  to  descend  and  to  squeeze  the  pile 
between  itself  and  a  firmly  fixed  metallic  slab,  rather 
larger  than  the  cakes.  The  surface  of  the  press  table 
is  nearly  on  a  level  with  the  top  of  the  slab.  The 
press  table  is  surrounded  by  a  rim,  through  one  part  of 
which  a  hole  is  cut,  connected  with  a  pipe  for  carrying 
off  the  juice.    It  has  been  proved  that  the  best  presses 
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leave  at  least  twelve  per  cent,  of  the  theoretically 
extractable  juice  in  the  cakes.  A  portion  of  this  may 
be  recovered  by  steeping  the  cakes  which  have  under- 
gone the  first  pressure,  in  a  shallow  vessel  of  water,  or 
submitting  them  to  the  action  of  steam,  and  subjecting 
them  to  a  second  pressure.  But  even  then  by  no 
means  the  whole  of  the  sugar  is  separated.  Moreover, 
the  greater  dilution  of  the  juice  so  produced  increases 
the  expense  of  its  subsequent  working.  Perhaps  the 
centrifugal  drying  machine  may  find  an  application  to 
this  end  ;  or  perhaps  the  passing  of  long  bags  of  the 
juice  through  cane  crushing-mills  might  extract  the 
juice  more  effectually.  But  the  importance  of  the 
perfect  separation  of  the  sugar  is  not  of  so  much 
moment  as  is  the  case  with  canes,  because  the  spent 
cakes  are  generally  used  in  beet-root  sugar  manufac- 
tories as  food  for  the  cattle  employed  on  the  estate, 
and  their  value  for  this  purpose  is  greater  the  more 
sugar  they  contain. 

An  exhaustive  method  for  obtaining  the  juice  from 
beets  has  been  proposed,  in  which  the  roots  are  sliced 
and  macerated  without  destroying  the  integrity  of  the 
slices.  The  weak  juice  thus  extracted  is  employed  for 
macerating  a  fresh  portion  of  slices,  and  so  on  until  the 
extract  is  sufficiently  strong  for  defecation  and  filtration. 

Probably  on  account  of  the  greater  quantity  of  albu- 
minous matter  contained  in  the  beet  over  that  in  the 
cane  ;  in  part,  also,  on  account  of  the  greater  dilution 
of  the  natural  sirup — the  oxidation  and  fermentation 
of  the  former  proceeds  more  readily.  Hence  extra- 
ordinary care  must  be  taken  not  only  to  submit  the 
extract  from  the  beet  as  speedily  as  possible  to  the  sub- 
sequent operations,  but  the  press  table,  et  cetera,  must 
be  thoroughly  cleaned  after  each  pressing,  and  the  bags 
or  cloths  perfectly  purified. 

The  prociesses  for  defecating  the  juice  of  the  beet- 
root, are  so  analogous  to  those  already  described  with 
the  juice  of  the  cane  as  to  need  no  special  descrip- 
tion. The  scum  is  submitted  to  pressure  in  a  screw 
press,  in  order  to  separate  the  juice  which  it  retains 
mechanically. 

The  employment  of  bone-black,  also,  resembles 
almost  completely  its  use  with  cane  sugar.  In  the  beet- 
root sugar  manufacture,  however,  the  filtering  cylinders 
have  usually  a  longer  and  narrower  form  than  is  the 
case  with  cane  sugar. 

Perfectly  pure  sugar  made  of  beet  cannot  be  distin- 
guished from  perfectly  pure  sugar  made  of  canes ;  but 
the  imperfectly  purified  sugars  may  be  distinguished — 
first,  by  the  analysis  as  shown  in  the  composition  of  the 
juices ;  and  second,  by  the  taste ;  which  is  in  the  case  of 
the  beet-root  bitter  and  unpleasant;  in  the  case  of  the 
cane  sugar  extremely  sweet,  with  a  pleasant  vegetal 
aroma. 

When  beet  is  taken  from  the  ground,  it  is  used  at 
once  for  sugar ;  if  not  used  it  rapidly  germinates,  and 
the  sugar  diminishes.  For  this  reason  Schuetzen- 
bach  introduced  the  method  of  slicing  the  beet  in 
small  pieces  and  drying  it  rapidly.  "When  dry  it  may 
be  preserved.  When  this  plan  is  adopted,  the  manu- 
facture may  be  carried  on  during  the  whole  year, 
instead  of  during  a  few  months  only,  or  from  October 
to  March. 


By  the  process  of  Schuetzenbach  three  hundred 
kilogrammes  of  beet  are  dried  every  twenty-four  hours 
on  a  square  metre,  losing  eighty  to  eighty-four  per 
cent,  of  their  weight.  When  used  it  is  dissolved  into 
a  juice,  containing  thirty-eight  to  forty-two  per  cent, 
sugar  at  42°  Twaddell,  so  that  there  is  much  less  of 
water  to  be  evaporated  than  with  the  green  juice.  The 
dried  beet  is  macerated  in  a  closed  vessel. 

100  kilogrammes  of  beet  give  18  kilogrammes  dried  beet. 

Francs. 

40  hectolitres  of  coals,  at  1'50  francs  for  a  hectol.,\  g« 

dry,  40,000  kilogrammes  of  beet  j 

20  days  of  a  woman's  wages  at  80  cents    16 

14  days  of  a  man's  wages  at  1*5  francs   21 

Interest  on  the  kiln — costing  14,000  francs — for 

9  days,  at  7  per  cent   11 

108 

100  kilogrammes  of  dry  beet  cost  11  francs  11  cents. 

M.  Schuetzenbach  has  now  made  an  immense 
establishment  in  Gallicia.  It  is  calculated  to  produce 
forty  million  kilogrammes  of  sugar  yearly.  There  is  a 
central  sugar  refinery  and  fourteen  drying  establish- 
ments in  a  circle  of  seven  leagues,  in  order  not  to 
carry  the  wet  beet  far.  He  obtains  a  dry  produce 
containing  fifty  per  cent,  of  sugar.  It  is  dissolved  in 
closed  vessels,  and  gives  a  juice  of  52°  Twaddell.  He 
obtains  six  per  cent,  of  sugar  from  the  root.  Such  an 
establishment  keeps  a  large  circle  of  ground  occupied. 

It  has  been  said  that  it  is  better  to  cut  the  beet  into 
cubes.  This  plan  is  not  adopted  at  Waghseusel,  one 
of  the  most  complete  establishments,  and  certainly  their 
slices  being  thin  must  dry  readily.  The  plan  adopted 
there  is  to  dry  for  preservation  ;  this  is  done  in  six  hours 
on  the  wire  gauze.  Then  when  making  the  solution,  it 
is  at  first  obtained  at  32°  Twaddell,  and  boiled  in  vacuo 
down  to  41 -5  Twaddell,  lime  water  added,  boiled  half  an 
hour  to  remove  ammonia,  and  kept  alkaline  with  lime. 

The  establishment  of  Waghaeusel,  near  Carlsruhe, 
employed  in  1855  three  thousand  people  ;  twelve 
hundred  of  these  were  in  the  drying  department.  One 
drying  department  was  at  the  works,  and  six  others  at 
different  distances.  The  works  covered  twenty-five 
morgen  of  land — about  twelve  acres.  There  were  in  it 
one  hundred  horses,  one  hundred  cattle,  and  from  thirty 
to  forty  pigs.  A  hundredweight  of  raw  roots  cost  the 
establishment  seven-pence.  There  were  nine  cylinders 
for  refined  sugar,  and  thirteen  for  commoner,  twelve 
feet  by  six.  There  were  twenty  infusing  vessels,  twelve 
to  fourteen  feet  deep  and  seven  wide.  The  dry  beet 
contained  forty-six  to  forty-seven  per  cent,  of  sugar. 
Five  per  cent,  were  lost  in  making ;  by  the  old  way  the 
loss  averaged  eleven  per  cent.  The  capital  was  about 
eight  million  francs. 

Maple  Sugar. — In  the  Western  State  of  North 
America,  a  great  portion  of  the  sugar  required  for 
home  consumption  is  extracted  from  the  maple.  The 
season  at  which  the  collection  of  the  juice  takes  place 
is  the  early  spring — February,  March,  and  April,  when 
a  light  snow  is  on  the  ground.  The  trees  most  fit 
for  tapping  are  those  which  have  reached  the  age  of 
twenty  to  thirty  years.  At  the  south  side  of  such 
trees  two  or  more  holes  are  bored  about  four  or  five 
inches  apart,  three-quarters  of  an  inch  in  diameter,  and 
about  two  feet  above  the  ground.   The  holes  run 
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radially  into  the  tree,  and  are  inclined  upwards,  pene- 
trating the  inner  white  bark  to  a  depth  of  about  half 
an  inch.  Into  these  holes  tubes  of  elder-wood  are 
inserted.  The  upper  portion  of  the  part  of  each  tube 
which  is  in  the  tree  is  slit  off,  so  that  it  forms  a 
semicylindrical  canal  or  trough.  Troughs  are  placed 
below  the  projecting  ends  of  the  tubes  to  receive  the 
juice  as  it  flows  out.  The  average  yield  of  a  tree  is 
about  one  quart  in  twenty-four  hours.  A  tree  may  be 
tapped  for  twelve  years  in  succession,  the  average  yield 
being  between  two  and  three  quarts  annually.  The 
crude  juice  is  usually  boiled  down  without  defecation 
or  filtration  in  copper  cauldrons,  which  may  contain 
fifteen  or  eighteen  gallons.  When  the  examination  of 
the  concentrated  juice  shows  incipient  crystallization, 
it  is  poured  out  into  shallow  moulds,  about  two  inches 
in  depth.  When  set,  the  sirup  is  usually  ladled  out  of 
a  depression  made  iu  one  portion  of  the  cake.  This 
maple-sugar  sirup,  which  corresponds  to  the  molasses 
of  cane-sugar,  is,  however,  more  highly  prized  than  the 
I  sugar  itself;  it  has  a  delicate  aromatic  smell  and  taste, 
and  is  greatly  sought  for  making  confectionery.  The 
sugar  sells  at  the  rate  of  fourpence  per  pound.  Some 
j'ears  ago  enough  cake  maple-sugar  was  manufactured 
in  the  State  of  Vermont  to  inclose  the  whole  State  with 
a  wall  of  sugar  eight  inches  high,  and  eight  inches  in 
thickness.  The  North  American  Indians  push  the 
evaporation  of  the  juice  rather  further  than  the  whites, 
and  after  the  removal  of  the  sirup,  the  cakes  are 
chopped  up  for  the  market. 

Sugak  of  Starch  and  Wood.  —  Crystallizable 
sugar  is  converted  by  boiling  and  by  acids  into  glucose 
or  grape  sugar,  a  substance  difficult  to  crystallize.  Sul- 
phuric acid  converts  cellulose,  inulin,  starch,  sugar  of 
milk,  straw,  sawdust,  and  such  materials,  into  dextrin 
and  sugar.  Braconnot  obtained  from  20-4  of  rags 
23'3  of  dry  sugar.  Cotton  and  linen  being  nearly 
pure  cellulose,  would  give  more  thau  sawdust;  about 
one  hundred  and  forty  parts  of  strong  acid  are  used  to 
one  hundred  parts  of  cellulose  of  rags,  cotton,  et  cetera. 
The  change  is  at  first  into  dextrin — see  Staech — then 
into  the  sugar. 

Sugar  is  made  from  starch  by  boiling  it  with  water 
acidulated  with  one  per  cent,  of  sulphuric  acid.  The 
conversion  takes  place  in  half  an  hour.  The  amount  of 
starch  is  about  fifty  per  cent,  of  the  water.  At  the  same 
time  the  quantity  is  varied,  as  given  by  Knapp  that 
two  and  a  half  of  sulphuric  acid  is  used  to  one  hundred 
of  starch,  and  three  hundred  to  four  hundred  of  water. 
Makers  are  not  precisely  agreed  as  to  the  time,  but  it 
is  different  according  to  different  degrees  of  solution. 
The  sulphuric  acid  is  removed  by  lime.  The  juice, 
clarified,  is  boiled  down  to  105°  Twaddell,  and  crystal- 
lized in  fiat  vessels.  Crystallization  commences  in  about 
a  fortnight.  The  sugar  is  then  drained  and  dried.  This 
sugar  is  seldom  sold  as  such.  It  is  manufactured  for 
conversion  into  alcohol. 

The  conversion  of  cellulose  and  starch  into  sugar,  by 
the  action  of  sulphuric  acid,  giving  to  them  some  of  its 
water,  may  be  better  understood  by  examining  the 
composition  of  both,  as  already  given. 

Cause  op  the  Loss  in  the  Manufacture  of 
Cane-sugar. — Decompositionofthe  Juice. — The  albu- 


minous matter  in  the  juice  is  the  chief  if  not  the 
only  cause  of  its  rapid  decomposition,  and  this  is  pro- 
moted by  a  heat  which  is  not  less  than  80",  as  the 
liquid  flows  from  the  crushing  mills.  Lactic  acid  in 
the  case  of  beet  juice  is  abundantly  formed,  and  a 
viscous  substance  which  has  no  sweetness.  At  the 
same  time,  also,  there  is  formed  a  little  mannite.  An 
enormous  loss  of  sugar  is  known  to  occur  from  this 
change  of  the  juice.  The  one  to  two  per  cent,  of 
alkaline  salts  can  scarcely  be  said  to  act  prejudicially 
to  any  extent.  There  is  no  known  way  of  removing 
them. 

To  prevent  the  decomposition  of  sugar,  especially  in 
the  case  of  Colonial  juice,  in  warm  climates,  it  is 
important  to  use  an  antiferment.  Proust  proposed 
sulphite  of  lime  in  1810 ;  and  Dubrunfaut  took  a 
patent  for  using  sulphurous  acid  in  1829.  Melsens 
of  Brussels  has  lately  proved  the  great  value  of  bisul- 
phite of  lime  in  the  manufacture  of  beet-root  sugar. 
The  use  of  this  is  becoming  general  for  beet-root.  It 
would,  no  doubt,  be  found  still  more  valuable  in  the 
Colonies,  if  no  unlooked-for  harm  was  occasioned; 
although  care  must  be  taken  not  to  send  the  sugar  over 
with  sulphites  in  it.  The  bisulphite  of  lime  resists  the 
coloring  of  the  juice,  and  even  removes  some  of  the 
color.  Acids  readily  remove  the  color  of  sugar ;  but 
such  color  returns  as  soon  as  neutralization  takes  place. 
Melsens  believes  that  by  means  of  this  salt  he  will  be 
able  to  reduce  the  molasses  so  much,  that  he  will  not 
remove  the  salts  in  solution  in  it  as  now,  but  by  taking' 
out  ninety  per  cent,  in  a  crystalline  form,  he  will  return 
the  most  of  the  salts  to  the  earth.  The  small  amount 
of  molasses  left  could  be  returned  to  the  pressed  out 
beet  before  using  it  as  food  for  cattle.  The  bisulphite 
of  lime  does  not  destroy  the  quality  of  the  beet  as  food. 
Ludersdorff  prefers  sulphuric  acid,  afterwards  to  be 
neutralized  by  lime. 

It  is  well  to  add  that  a  French  commission  examined 
the  action  of  bisulphite  of  lime  on  cane  juice  in  Guade- 
loupe, and  found  that  the  amount  of  good  well-grained 
sugar  was  diminished  by  it.  If  they  used  it  as  acid,  as 
some  do,  it  is  not  surprising. 

Kuhlmann  proposed  to  prevent  the  decomposition 
of  sugar  by  adding  an  excess  of  lime,  and  then  throw- 
ing it  down  with  carbonic  acid.  This  is  again  brought 
forward  by  M.  Rousseau.  Three  to  four  times  the 
usual  amount  of  lime  is  added,  making  a  sugarate  of 
lime ;  when  the  juice  has  reached  131°  Fahr.  the  lime 
is  added,  mixed  with  six  times  the  amount  of  water ; 
the  temperature  then  is  raised  to  180°  or  190°,  and  the 
liquid  filtered.  Carbonic  acid  is  added,  a  voluminous 
precipitate  takes  place,  and  the  juice  is  now  put  on  the 
charcoal  filter  without  removing  the  chalk.  M.  Rous- 
seau had  it  brought  before  a  commission  of  the  French 
Academy,  which  reported  a  favorable  result,  but  con- 
sidered that  the  alkalies  would  act  injuriously  on  the 
compounds  of  lime  and  organic  matter  not  precipitated. 
To  avoid  this  Rousseau  adds  ammonia,  which  is  con- 
verted into  carbonate.  The  carbonate  of  ammonia 
decomposes  the  combination  of  the  lime,  and  carbonate 
of  lime  is  thrown  down,  leaving  ammonia  free.  But 
this  addition  of  ammonia  is  no  improvement,  and 
indeed  the  whole  objection  is  a  most  uncertain  one. 
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Kuhlmaiot  believes  that  the  free  alkaline  salts  are 
hurtful,  but  has  found  it  impossible  to  remove  them 
by  means  of  strong  acids,  or  by  sulphate  of  magnesia, 
sulphate  of  ammonia,  or  chloride  of  ammonium.  He 
prefers  phosphate  of  ammonia. 

This  process — one  cannot  speak  for  the  phosphate  of 
ammonia,  but  only  for  the  carbonic  acid — is  a  good  deal 
used  in  France. 

Maumenf.  says  that  if  lime  is  added  in  quantity 
sufficient  to  form  three  of  lime  and  one  of  sugar — 
3  CaO  C12  Hn  Ou — the  sugar  is  preserved,  and  nitro- 
genous matter  falls  with  the  lime.  However  this  may 
be,  if  boiled  with  the  lime  the  color  is  rapidly  dete- 
riorated. 

Precipitation. — Attempts  have  been  made  to  preci- 
pitate sugar  from  its  solutions.  Ddbrunfaut  and  E. 
De  Massy  have  a  process  depending  on  the  union  of 
sugar  with  baryta.  Caustic  baryta  is  added  to  the 
sugar  till  it  is  all  thrown  down.  A  pure  compound  of 
baryta  and  sugar  falls,  and  this  is  decomposed  by  car- 
bonic acid.  It  is  not  at  all  proved  that  all  the  sugar 
can  be  thrown  down  in  this  way ;  it  is  said  only  to  be 
done  at  a  boiling  heat.  Nickles  says  it  cannot  be  done 
with  uncrystallizable  sugar. — See  further  in  accounts 
of  Patents. 

Uses,  Physiological  Effects,  and  Impurities. 
— Sugar  exists  in  the  juices  of  many  plants,  and  is 
in  part  the  food  of  many  animals.  As  an  article  of 
food  it  has  highly  fattening  properties,  and  as  such 
it  must  be  considered  as  serving  mainly  for  the  pro- 
duction of  warmth  in  the  body.  Animals  which  eat  it 
appear  sleek  and  comfortable,  and  it  tends  to  promote 
digestion.  At  the  same  time  there  are  many  persons 
who  cannot  use  it  as  food  to  any  great  extent,  on 
account  of  its  inclination  to  produce  acidity.  The 
negroes,  and  even  whites,  who  suck  the  sugar  cane  are 
not  found  to  be  troubled  with  these  symptoms,  whilst 
the  teeth  of  the  negro  never  suffer  from  the  constant 
use  of  the  sweetest  liquids.  Such,  however,  is  not 
the  case  in  England,  where  a  great  amount  of  sugar 
is  found  to  be  hurtful  to  the  teeth.  It  is  perhaps 
scarcely  correct  to  Bay  this  of  sugar  in  the  diet,  as 
it  is  not  well  known  that  the  same  effects  would  be 
produced  by  sugar  used  in  abundance — in  pies,  for 
example — as  would  be  produced  by  sugar  taken  alone 
and  long  retained  in  the  mouth.  Persons  engaged  in 
sugar  works  are  in  the  habit  of  eating  sugar  very  fre- 
quently. With  some  it  is  a  part  of  their  duty,  as  the 
value  is  to  some  extent  measured  by  the  taste ;  but 
whether  as  a  duty  or  a  pleasure,  such  persons  are 
almost  invariably  doomed  to  lose  their  teeth  at  an 
early  period.  It  may  be  said  that  sugars,  until  dried 
or  thoroughly  crystallized,  have  a  certain  amount  of 
acidity  in  them ;  but  this  is  in  general  too  small  to 
stand  as  a  reason  :  much  more  acid  is  taken  in  other 
species  of  food.  There  can  be  no  doubt  that  sugar  in 
large  quantities  peculiarly  affects  the  digestive  organs, 
and  causes  also  a  distinct  taste,  other  than  sugar,  to 
be  perceptible  some  time.  The  cause  may  be  that  as 
an  article  of  food  it  does  not  associate  well  in  large 
quantities  with  the  food  used  in  this  country.  '  But, 
again,  its  valuable  qualities  are  many,  and  the  amount 
fitted  for  individuals  must  be  found  by  experience. 
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The  excessive  use  of  sugar,  that  is,  to  the  extent, 
with  a  healthy  man,  of  about  a  pound  per  day,  pro- 
duces effects  not  apparently  much  studied.  One  effect 
is  a  tendency  to  giddiness,  without  any  observed  addi- 
tional inconvenience.  It  is  possible  that  this  may  arise 
from  the  large  amount  of  carbonic  acid  generated  dur- 
ing its  decomposition,  causing  at  the  same  time  frequent 
eructations. 

When  the  throat  is  irritated,  a  solution  of  sugar  slowly 
flowing  over  the  surface  prevents  irritation  and  allays 
coughing.  Sugar  and  treacle  are  valuable  for  covering 
burns,  acting  chiefly,  as  Mr.  Crompton  of  Manchester 
believes,  as  non-conductors  of  heat.  It  is  sometimes 
used  in  a  powdered  state  for  ulcers  or  rather  proud 
flesh,  and  for  specks  on  the  cornea.  It  has  a  consider- 
able power  of  reducing  metallic  oxides,  and  has  been 
used  as  an  antidote  for  poisoning  by  metallic  salts,  such 
as  those  of  copper;  mercury,  silver,  gold,  and  lead  may 
be  included ;  but  this  action  has  been  referred  more 
to  its  physical  than  to  its  chemical  properties.  It  is 
highly  antiseptic,  no  doubt,  because  it  covers  from  the 
atmosphere.  It  is  much  used  in  pharmacy  for  impart- 
ing flavor  to  bodies,  and  to  conceal  taste.  It  is  also 
found  useful  for  giving  form  and  consistence  to  some 
medical  substances.  It  is  employed  as  a  medium 
of  bulk  to  convey  smaller  substances,  as  in  opium, 
lozenges,  el  cetera,  and  notably  so  by  the  honiceopa- 
thists,  whose  medicines  may  sometimes  be  distinguished 
from  sugar.  Many  animals  delight  in  it.  Horses  put 
their  noses  into  the  sugar  bags,  and  even  suck  them, 
whilst  the  fowls  fight  for  the  fallen  pieces. 

Sugar  is  also  employed  for  fermentation.  Indeed, 
properly  speaking,  it  is  the  only  thing  used  for  fer- 
mentation ;  but  sugar  from  the  cane,  and  still  more 
the  less  crystallizablo  portion,  is  now  considerably 
used.  It  has  been  employed  for  the  purpose  of  mak- 
ing oxalic  acid  by  oxidation  with  nitric  acid ;  but 
starch  or  cheaper  substances  are  more  commonly 
employed.  Enormous  quantities  are  used  in  preserv- 
ing fruits.  Preserved  fruits  are  becoming  daily  more 
and  more  accessible  and  more  used.  Formerly  fruit 
was  preserved  only  by  such  careful  and  well-to-do 
housewives  as  could  spend  some  considerable  time  and 
money  on  the  luxury.  Now  the  conservation  forms 
a  branch  of  industry  or  manufacture.  Marmalade  and 
preserved  oranges  are  sent  from  Scotland  in  great 
quantities,  and  are  everywhere  prepared.  Preserved 
fruit  is  also  sent  from  various  parts  of  Europe,  espe- 
cially the  shores  of  the  Mediterranean,  and  it  has 
begun  to  appear  at  our  dessert  tables  after  arriving 
from  the  East  and  the  West  Indies.  England,  as 
usual,  takes  up  this  manufacture  with  great  vigor. 
One  house  made  a  small  experiment  last  year  with 
thirty  tons  of  preserved  plums,  and  finding  it  success- 
ful made  next  year  a  hundred  tons.  The  preserves 
were  of  an  excellent  kind,  and  cheaper  than  those 
made  by  the  usual  methods  in  smaller  quantities. 

The  amount  of  sugar  used  in  the  form  called  sweet- 
meats, comfits,  and  bonbons  is  very  great,  and  more 
so  on  the  Continent,  according  to  accounts,  than  here. 
At  the  same  time,  although  one  finds  in  France,  Ger- 
many, and  Italy  some  very  handsome  confectionery 
shops,  it  strikes  the  Editor  that  the  amount  of  comfits  in 
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them  is  very  small,  and  the  variety  very  limited.  The 
sugar  may  be  pure  arid  unadulterated  with  arsenic  and 
sulphate  of  lime,  or  any  other  noxious  or  poisonous 
substance  ;  but  the  shops  seem  to  depend  a  good  deal 
on  their  sale  of  beverages,  and  in  some  places  on 
their  restricted  number.  No  country  offers  such  great 
varieties  of  excellent  sugar  sweetmeats  as  England,  or 
in  such  rich  diversity.  In  China  the  variety  is  said  to 
be  very  great.  The  only  fault  in  England  is  that 
there  exist  so  many  qualities  to  suit  the  purses  of  every 
man,  rich  and  poor.  The  inferior  qualities  are  mixed 
with  flour.  This,  of  course,  diminishes  the  sweetness. 
This  would  be  a  small  evil,  if  the  makers  did  not  some- 
times use  instead  of  flour  sulphate  of  lime  or  plaster  of 
Paris.  Even  this,  however,  is  innocent  in  comparison 
to  the  coloring  matters  used  at  times.  Sweetmeats  are 
colored  by  ignorant  people  with  common  paints  of  any 
kind  that  come  in  the  way.  These  are  painted  roughly 
on  the  sugar.  Some  of  them  contain  copper,  some 
arsenic  and  copper,  and  some  lead.  Several  cases  of 
death  have  occurred  from  the  use  of  such  substances ; 
and  there  can  be  no  doubt  of  the  propriety  of  a  surveil- 
lance over  the  manufacture  or  sale  of  articles  liable 
to  be  so  abused.  The  best  confectioners  use  only 
innoxious  colors,  and  these  vegetal. 

The  unfiltered  sugar,  or  Muscovado,  as  it  comes 
from  the  Colonies,  contains  many  impurities,  and  should 
never  be  used.  Many  peculiar  species  of  beetles  are 
found  in  it.  One  especially  infests  abundantly  all 
sugar-houses.  But  the  acarus  sacchari  is  the  animal 
that,  of  all  others,  is  the  most  to  be  avoided ;  it  is  not 
found  in  filtered  sugar.  It  is  an  animal  somewhat  like 
an  itch  insect,  and  a  drawing  would  not  be  pleasant  in 
an  article  on  sugar.  The  grocers'  itch  is  in  all  pro- 
bability produced  by  the  handling  of  Muscovado  sugar, 
and  the  attacks  of  this  insect.  Dr.  Hassall  advises 
the  use  of  refined  sugar  only.  The  Editor  is  able  to 
state  that,  in  Lancashire  at  least,  purified  or  filtered 
sugars,  of  various  shades  of  color,  are  everywhere  to 
be  had,  and  they  are  as  free  from  insects  as  the  purest 
white  lumps. 

Sugar  itself  for  domestic  purposes  is  not  now 
adulterated,  or  very  rarely.  There  was  a  time  when 
sand  was  used  to  adulterate  the  brown  qualities ;  but 
such  a  practice  would  not  now  be  tolerated  for  a 
moment,  A  very  ingenious  adulteration  came  into 
vogue  for  a  while ;  but  the  Editor  believes  it  is  not 
resorted  to  now.  It  was  the  custom  of  using  starch, 
or  starch  made  into  gum.  When  this  is  used  in  tea  or 
coffee  it  is  not  readily  distinguished  from  true  sugar. 
If  starch  is  employed  it  is  readily  found  by  dissolving 
the  sugar  in  cold  water,  in  which  the  starch  is  not 
soluble.  If  British  gum  be  used  it  is  less  easily 
detected ;  it  has  small  granules,  not  hard  and  crys- 
talline like  those  of  sugar,  and  is  soluble  in  cold 
water.  It  also  becomes  gummy  in  drying,  instead  of 
becoming  sirupy,  and  then  crystalline  like  sugar.  This 
adulteration  cannot  be  made  with  pure  white  sugars. 
A  microscope  assisted  by  an  ordinary  good  taste  is 
perhaps  the  best  guide  to  its  discovery.  The  most 
general  use  of  sugar  is  for  sweetening  tea,  coffee,  and 
chocolate ;  but  it  is  also  largely  used  in  sweetening 
mixtures  of  strong  drink,  as  well  as  in  numberless 


articles  of  cookery.  Its  abundant  introduction  into 
Europe  has  changed  the  whole  system  of  cooking 
and  must  have  largely  assisted  in  rendering  food  plea- 
sant in  an  age  when  the  arts  of  peace  have  somewhat 
taken  away  the  violence  of  appetite  which  is  connected 
with  rude  times,  and  is  satisfied  more  with  quantity  than 
quality.  For  the  poor  especially  is  this  remarkably  true. 

A  LIST  OF  SOME  OP  THE  LATER  MORE  INTEREST- 
ING AND  CURIOUS  INVENTIONS  RELATING  TO  SUGAR, 
WITH  REMARKS  : — 

1845.  — James  Johnston  patents  an  ingenious  plan 
of  emptying  a  vacuum  pan  without  destroying  the 
vacuum  by  a  pipe  twenty-five  feet  long.  He  also  has 
the  sugar  running  down  an  inclined  plane  whilst  in  the 
vacuum. 

Fredrick  Gye  presses  sugar  into  suitable  forms 
for  use. 

1846.  —  Richard  Wright  patents  exposure  to 
hydraulic  pressure  and  steam. 

1847.  — James  Johnston  patents  polygon  shaped 
sugar  moulds,  cast-iron  crystallizing  pots  coated  with 
tin,  zinc,  or  enamel.  The  latter  would  be  good  if  the 
enamel  did  not  break  off  into  the  sugar. 

H.  K.  Claypole. — Saving  fuel  with  two  generators 
like  locomotive  boilers,  heated  by  a  fire  that  first  passes 
over  three  open  boilers.  A  current  of  high  pressure 
steam  to  make  a  draught.  A  hot  iron  tube  heated  by 
steam  in  the  clarifying  boiler.  A  canal  in  the  teache 
for  running  out  sugar.  Galvanized  iron  coolers.  These 
are  for  the  Colonies. 

John  Scoffeen. — Combined  use  of  lead  and  sul- 
phurous acid  as  separately  described. 

1848.  — J.  A.  Steinkamp  patents  the  use  of  cotton 
in  small  pieces  of  one-eighth  to  one-fourth  of  an  inch  for 
clearing  sugar. 

1849.  — John  Oxland  patents  acetate  of  alumina 
boiled  with  sugar  at  220°  till  the  acid  is  removed. 
The  alumina  remaining  is  removed  by  tannin  and  a  little 
carbonate  of  lime. 

Reece  and  Price  patent  hyposulphites  with  alu- 
mina or  acetate,  hyposulphite  of  alumina,  and  various 
hyposulphites  and  sulphides  of  magnesium  to  precipi- 
tate lead.  Also  hyposulphites  and  sulphurous  acid  to 
remove  the  sulphide  of  hydrogen  which  has  been  used 
for  removing  lead.  The  bicarbonate  of  lime  for  defeca- 
tion and  many  other  things. 

A.  V.  Newton.— Bones  dissolved  in  sulphurous 
acid  for  completely  extracting  the  crystallizable  sugar. 
Other  antiseptics,  as  mustard,  creosote,  horseradish, 
nitrous  acid  gas,  with  or  without  salts  of  iron  or  other 
salts.  Tannin,  lampblack  saturated  with  creosote,  pro- 
ducts of  the  distillation  of  certain  albuminous  matter, 
tars,  wood  essence  of  turpentine,  aldehyde,  and  analo- 
gous bodies,  chlorine  combined  with  oxygen.  Separating 
ninety-seven  per  cent,  of  pure  sugar  by  baryta,  and 
decomposing  by  carbonic  acid  or  sulphurous.  Oxide 
of  strontium,  it  is  said,  requires  a  long  time ;  oxide  of 
lead  does  it  imperfectly.  The  process  gives  fifty  to  sixty 
parts  of  hydrate  of  baryta  to  one  hundred  of  sugar. 
Still  the  sugarate  obtained  .contains  fifty  per  cent, 
sugar,  twenty-two  baryta,  and  twenty-eight  water.  It  is 
decomposed  by  a  solution  of  f.wenty-fiye  .quarts  of  water 
and  twenty-eight  pounds  of  sulphuric  acid.    It  may  be 
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washed  till  the  solution  has  the  strength  of  23°  to  31° 
Twaddell.  If  lime  is  used,  twenty-eight  per  cent,  is 
taken.  The  sugavate  is  filtered  out  in  Taylor's 
filter,  or  in  presses  warmed  to  100° ;  it  contains  five 
equivalents  of  hase  to  one  of  saccharic  acid. 

The  baryta  does  not  offer  to  be  cheaper  than  animal 
charcoal,  and  baryta,  at  least  as  a  soluble  salt,  is  no 
less  dangerous  than  lead,  whilst  it  is  not  so  easily 
detected.  Several  patents  have  been  taken  for  remov- 
ing the  baryta,  but  on  this  point,  the  last  traces 
excepted,  no  difficulty  has  been  found. 

C.  W.  Finzell — Patent  to  introduce  steam  to  clear 
the  sieve  of  the  centrifugal  machine. 

1850.  — John  Scoffern  makes  a  valve  of  elastic 
material  over  a  perforated  tube. 

GEORGE  Glynne  grinds  sugar  with  litharge,  and 
makes  a  saccharide  of  lead. 

Sugar  is  a  very  tender  substance  chemically.  It  is 
easily  destroyed.  It  also  readily  dissolves  many  sub- 
stances. As  little  of  any  substance  should  be  added  as 
possible,  and  as  little  heat  should  be  given  and  as  little 
motion. 

D.  T.  Shears  makes  loaf  sugar  at  once  on  boiling 
down  the  juice ;  purines  sugar  by  alkaline  liquids  and 
sulphurous  acid  gas ;  uses  also  lime  and  a  West  Indian 
plant  called  wassama.  Puts  a  rouser  in  the  vacuum 
pan  for  stirring  round. 

Herman  Schroder — a  combination  of  revolving 
discs  on  pipes  heated  by  steam  to  evaporate  the  sugar. 

1851.  — B.  and  J.  Oxland. — When  acetate  of  lime 
is  used,  remove  by  superphosphate  of  lime  or  lime. 
Aluminate  of  lime  to  defecate,  or  phosphate  of 
alumina. 

E.  A.  Broom  an — Centrifugal  apparatus  in  a  vacuum 
pan;  centrifugal  drum  for  evaporation;  centrifugal 
apparatus  for  cleaning  charcoal. 

1852.  — Henry  Bessemer. — The  claims  in  this 
patent  being  nineteen,  are  too  numerous  to  mention, 
and  so  complicated  as  to  require  an  article  for  them- 
selves. It  is  believed  that  they  rather  tend  to  load  a 
refinery  with  machinery.  Invention  will  rather  sim- 
plify the  machines,  or  altogether  dispense  with  some 
of  them ;  but  there  are  good  and  ingenious  thoughts 
amongst  those  of  Mr.  Bessemer  worth  studying, 
although  not  as  yet  found  successful. 

E.  A.  Brooman. — Endless  bands  for  carrying  the 
sugar  to  be  cleansed. 

Eobert  Galloway.— Using  plumbite  of  lime  in- 
stead of  lead. 

E.  W.  Lienier.— Patent  for  applying  sulphurous 
acid  to  the  pulp  of  beet-root  or  cane  before  boiling 
it,  adding  excess  of  lime.  Use  of  vessels  of  wood, 
slate,  stone,  glazed  metal,  or  earthenware  for  boiling 
juice. 

William  Miller.- — For  never  allowing  the  sugar 
to  come  in  contact  with  metals ;  evaporating  by  sur- 
faces formed  of  cloth  or  textile  fabric. 

Brooman. — Eemoving  excess  of  lime  by  soap. 

Gerd  Jacob  Bensen.— Hot  air  passed  through  the 
sugar  to  dry  it.  Crystallized  sugar  placed  in  a  vacuum 
pun.  Crystals  thus  got  are  mixed  with  a  clear  sirup 
produced  from  refined  sugar ;  the  mixture  put  into 
moulds  aud  stored. 


In  1852  J.  Brandeis  took  a  patent  for  removing 
lead  from  sugar  by  animal  charcoal,  thus  being  able 
to  use  lead  to  purify  sugar.  The  Editor  believes  that 
the  destruction  of  the  animal  charcoal  soon  follows. 
The  oxide  of  lead,  on  heating,  melts  in  the  pores.  This, 
although  possible,  would  be  very  expensive. 

John  Aspinall  proposed  lifting  the  sugar  solution  in 
thin  layers  on  an  endless  band  of  wire  gauze,  exposing 
it  to  heated  air,  and  drawing  off  the  water.  This  has 
not  been  much  used.  Even  thin  layers  of  sugar  may 
become  covered  with  a  pellicle  not  easily  broken. 
Howard's  vacuum  pan,  by  keeping  up  ebullition, 
allows  no  hard  surface  to  prevent  evaporation.  This, 
however,  may  be  the  germ  of  something  good  not  yet 
completed. 

James  Hadden  Young  presses  sugar  between  two 
unyielding  surfaces,  one  of  them  perforated  ;  he  uses  a 
vacuum.  The  beet-root  system  is  a  similar  one,  but 
mechanical  pressure  is  used. 

Henry  Bessemer  also  proposed  contact  of  warm  air, 
raising  the  sugar  in  thin  layers  on  screws  or  discs 
instead  of  on  wire  gauze,  as  Mr.  Aspinall.  He  pro- 
posed also  in  his  patents  to  use  wooden  troughs  for 
crystallizing,  and  to  moisten  the  crystals  with  a  deli- 
quescent compound  of  sugar  and  chloride  of  sodium,  or 
with  gelatine,  glucose,  or  molasses.  He  adds,  also,  the 
use  of  hot  water  instead  of  steam  to  heat  sugar,  and 
warm  air  below  212°,  and  tinned  vacuum  pans.  Tin 
is  too  easily  dissolved.  What  might  be  more  useful 
than  any  of  the  above  is  the  enamelled  vacuum  pan, 
if  such  large  vessels  could  be  covered  with  enamel. 

George  Dixon  has  a  number  of  perpendicular  tubes, 
in  which  is  placed  the  sugar  and  heated  by  steam  ;  but 
there  is  a  want  of  exposure  for  evaporation.  Perpendi- 
cular tubes  are  found  to  heat  the  sugar  more  equally. 

Jean  Baptists  Moinier  allows  the  sirup  or  liquid 
to  fall  over  spheres,  thus  obtaining  surface,  and  he 
allows  it  to  descend  from  amongst  the  spheres,  and 
exposed  to  warm  air. 

1853.— WilliamPidding  patents  hydrate  of  alumina, 
or  silica,  or  a  mixture  incorporated  with  a  fatty  acid, 
and  adds  a  little  oxide  of  iron.  He  seems  to  wish  to 
include  the  impurities  of  the  sugar  in  a  kind  of  fatty 
salt  or  soap.  This  answers  for  some  liquids,  but  the 
iron  will  not  improve  sugar. 

Frank  Clark  Hills  removes  the  lead  from  sugar 
by  filtering  through  sawdust,  or  by  dissolving  it  out 
with  nitric  or  acetic  acid.  Animal  charcoal  much 
treated  with  acid  soon  loses  its  texture. 

Lord  Howard  de  Walden  cleanses  crystals  by  hot 
air  and  steam.  This  is,  in  fact,  bleaching  with  the 
atmosphere.  Air  bleaches  many'  substances,  but  the 
Editor  has  not  heard  if  it  has  been  found  to  act  favor- 
ably on  sugar. 

Conrad  W.  Finzell. — Defecation  in  vacuo.  Not 
yet  proved  to  general  satisfaction  to  be  of  any  benefit. 

Manifold,  Lowndes,  and  Jordan — Reducing  the 
cane  to  sawdust,  then  dissolving  the  sugar  out  by 
steam.  This  does  not  seem  the  right  direction,  as 
the  great  loss  is  in  reality  in  the  juice;  it  is  not  left 
in  the  cane. 

James  Magelston — Atmospheric  pressure  to  remove 
crystals  from  sugar.    This  is  in  fact  equal  to  a  vacuum. 
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Robert  Galloway — Removing  lead  by  tannic,  gallic, 
and  pectic  acids,  or  the  soda  and  potassa  compounds. 

John  and  J.  E.  A.  Gwynne  dry  beet  on  an  endless 
band,  in  one  heated  cylinder  after  another. 

John  Thomas  Way — Soluble  silica  to  remove  the 
excess  of  lime  in  defecation ;  filtering  through  a  bed  of 
Surrey  silica  or  sand.  This  would  add  another  opera- 
tion, as  it  is  supposed  it  would  still  require  to  be  passed 
through  the  bag  filters. 

Edward  Beans  puts  the  beating  tubes  into  his 
vacuum  pans  vertically,  and  filters  through  a  false 
bottom  covered  with  sand,  powdered  flint,  or  road 
sweepings. 

1854.  — Charles  H.  Collette  proposed  to  defecate 
with  lime  and  superphosphate  of  lime. 

Joseph  Bour  evaporates  by  a  series  of  hollow 
vessels  revolving  in  sirup  and  internally  heated  by 
steam  ;  very  much  used,  especially  in  the  Colonies. 

James  Wright  makes  a  centrifugal  machine,  where 
the  outer  case  revolves  with  the  inner,  and  a  partial 
vacuum  is  formed  to  help  the  drainage  of  the  liquid 
without  the  air-pump. 

Joseph  Nash  adds  an  air-pump  to  his  charcoal 
filters ;  fills  the  centrifugal  machine  without  stopping. 

W.  A.  Archibald  consolidates  sugar  by  exposing 
to  cold  air  and  agitation. 

D.  T.  Shears — Another  plan  for  filling  and  emptying 
the  centrifugal  machine  without  stopping. 

Pierre  Andre1  Decoster  has  a  patent  for  cutting 
up  the  canes ;  he  then  presses  and  mashes  by  centri- 
fugal power. 

L.  Wray  wished  to  take  a  patent  for  making  sugar 
from  Holcus  saccharatus,  called  impliee  on  the  coast  of 
Africa.  Refused. 

1855.  — R.  A.  Brooman. — A  filter  of  cotton  or  other 
fibre  between  two  perforated  plates  or  frames. 

James  Steele  says  that  the  pin  at  the  apex  of  the 
sugar  mould  is  now  inserted  to  make  an  outlet  for  the 
drainage.  He  inserts  it  at  first,  and  draws  it  out  when 
it  is  desired.  A  cavity  is  thus  left  which  assists  in  drain- 
age. By  the  insertion  of  a  pin  too  large  a  hole  is  made. 

There  are  many  patents  for  the  mode  of  cutting  up 
sugar  into  lumps. 


John  Aspinall  drives  the  sugar  in  at  the  apex  of 
the  cone,  burning  it  out  at  the  top. 

C.  W.  Finzell's  patent  for  the  use  of  Needham 
and  Kite's  apparatus  in  the  filtering  of  sugar.  It  is 
the  combination  of  grooved  plates  or  planks,  with  filter- 
ing cloth,  which  is  laid  between  two. 

Alexander  W.  Anderson  precipitates  sulphate  of 
copper  by  tin,  and  obtains  sulphate  of  tin  for  sugar 
refining  ;  then  precipitates  tin  by  lime.  Removes  tin 
from  the  sugar  at  last  by  animal  charcoal. 

Garton  and  Parsons. — To  treat  sugar  for  dis- 
tilling they  add  sulphuric  acid,  and  keep  the  liquid  at 
140°  for  five  days,  then  remove  by  lime. 

Statistics  op  the  United  Kingdom. — The  fol- 
lowing, from  Messrs.  Reid's  circular,  of  Liverpool,  with 
alterations,  will  give  some  interesting  details  relating 
to  the  United  Kingdom : — 

Sugar  being  an  article  cf  luxury  rather  than  a 
necessary  of  life,  the  extent  of  its  consumption  is 
affected  by  the  condition  of  the  people  as  well  as  by 
market  value,  and  any  increase  from  the  first  of  these 
causes  is  a  satisfactory  indication  of  prosperity. 
Reverting  to  the  early  years  of  the  present  century, 
one  finds  that  a  long  continuation  of  high  prices  in 
addition  to  periodical  privations  among  the  laboring 
classes  gradually  reduced  the  average  consumption  in 
the  United  Kingdom  from  twenty-two  pounds  per  head 
in  1801  to  sixteen  pounds  in  1844.  A  combination 
of  favorable  circumstances  then  arose  to  cause  a 
reaction ;  the  duties  were  greatly  reduced ;  production 
increased;  prices  ruled  low;  and  an  enormous  influx 
of  gold  commenced  pouring  into  the  country,  thereby 
so  largely  adding  to  the  means  of  procuring  extra 
comforts  and  luxuries,  that  the  average  consumption 
per  head  more  than  doubled  during  the  last  fifteen 
years. 

Consumption  and  Imports. — The  following  sta- 
tistical table,  made  up  as  far  as  possible  from  official 
returns,  will  more  particularly  show  the  changes  which 
have  taken  place.  The  figures  for  the  present  year  are 
only  approximate,  as  the  return  had  not  been  made  out 
when  the  tables  were  calculated.  The  prices  and  duties 
quoted  are  for  West  Indian  Muscovado : — • 


„     ,  ,.  Consumption  of  Sugar. 

Population    .  

Tears.               of  '  ^ 

United  Kingdom  Total  Tons.  Lbs.  per  Head. 

1801..  ..16,371,554  159,916..     ..22..  .. 

1811..  ..18,548,476  187,092  ...  .23.... 

1821..  ..21,302,392  170,612.  .  ..18.... 

1831 ... .  24,319,811  203,812  19 ... . 

1841 ....  27,021,949  202,899 17..  v. 

1851 ... .  27,721,921  328,581  26 ... . 

1859 ....  30,000,000           450,000           33 ... . 


Prices  and  Rntes  of  Duty, 


-  Price        Bate  of  Duty'   Total  per  Cwt 

5d.  20s.  Od  79s.  5d...  . 

8d  27s.  Od  66s.  8d  


Averag 

..59s. 
..39s. 
. .  33s. 
. .  23s. 
..39s. 

,  ..25s. 

..27s. 


..27s.  0d.. 
..24s.  0d.. 
..25s.  2d.. 
f  13s.  3d.. 
'  l_12s.  0d.. 
..12s.  8d.. 


Duties  paid 

on  all 
Descriptions. 

£3,066,163. 
.  4,652,824. 
4,188,997, 
4,650,606. 


. .  60s.  2d. 
..47s.  8d. 

..64s.  Id   5,114,390 

..38s.  9d.Y  oojoiji 

..37s.  6d.J"  d>9'9'Mi 

..39s.  8d   6,000,000 


Per  Ilead, 

.  ,.3s.  9d. 
.  ..5s.  Od. 
.  ..3s.  lid. 
.  ..3s.  lOd. 
.  ..3s.  9d. 

.  ..2s.  lOd. 

.  ..4s.  Od. 


IMPORTS  INTO  THE  UNITED  KINGDOM  FROM  1841  UP  TO  THE  END  OF  1859. 


Sugar  Raw — 

Of  or  from  British  possessions   

1841. 

1842. 

1843. 

1.844. 

1845. 

1846. 

Cwts. 
4,057,617 
261 

Cwts. 

3,868,334 
103 

Cwts. 

4,028,231 
76 

Cwts. 

4,129,345 
98 

Cwts. 

4,77  9,317 
77,307 

Cwta. 

4,617,509 
602,739 

4,057,878 

3,868,437 

4,028,307 

4,129,443 

4,856,624 

5,220,248 

22 

37 

19 

6 

56 

18,408 
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IMPORTS  INTO  THE  UNITED  KINGDOM  FROM  1841    UP  TO  THE  END  OF  1859  Continued. 


Sugar  raw — 

1847. 

1848. 

1849. 

1850. 

1851. 

1852. 

Cwts. 

4,805,489 
974,019 

Cwts. 

4,921,332 
1,220,964 

Cwts. 

5,409,209 
496,478 

Cwts. 

5,183,097 
908,395 

Cwts. 

4,854,506 
1,379,041 

Cwts. 

6,216,341 
682,526 

5,779,508 

6,142,296 

5,905,687 

6,091,492 

6,233,547 

6,898,867 

26,130 

46,191 

75,137 

116,335 

338,079 

273,991 

Sugar  raw — ■ 

1853. 

1854. 

1855. 

1856. 

1857. 

1858. 

1859. 

Cwts. 
5,740,854 
1,531,979 

Cwts. 

5,589,467 
2,439,291 

Cwts. 

4,934,343 
2,319,879 

Cwts. 

5,695,363 
2,065,877 

Cwts. 

5,325,975 
3,064,721 

Cwts 
5,323,580 
3,775,300 

Cwtfl. 

5,458,380 
3,552,420 

7,272,833 

8,028,758 

7,254,222 

7,761,240 

8,390,696 

9,098,880 

9,010,800 

214,756 

303,649 

287,520 

187,211 

329,122 

262,460 

386,820 

UNITED  STATES. 

CONSUMPTION  OF  FOREIGN  AND  DOMESTIC  CANE-SUGAR,  FOR 
THE  TEAR  ENDING  31ST  DECEMBER  IN  TONS. 

Year.  Foreign.  Domestic.  Total. 

1859  ..  239,034  ..  192,150  ..  431,184 

1858  . .  244,758  . .  143,634  . .  388,492 

1857  . .  241,765  . .  39,000  . .  280,765 

1856  . .  255,292  . .  123,468  . .  378,760 

1855  . .  192,604  . .  185,148  . .  377,752 

1854  . .  150,854  . .  234,444  . .  385,298 

1853  . .  200,610  . .  172,379  . .  372,989 

1852  . .  196,558  . .  118,659  . .  315,217 

1851  . .  181,047  . .  107,438  . .  288,485 

1850  ..  143,045  ..  126,421  ..  269,466 

Oregon  and  California  not  included. 

PRODUCTION  OF  CANE  AND  MAPDE  SUGAR  IN  THE 
UNITED  STATES  FOR  1850. 


3  P  i 


Cane-sugar 
in  hogsheads. 

Maine,   — 

Missouri,   — 

Maryland   — 

Alabama,   28 

New  Hampshire,... .  — 

Vermont,   — 

Massachusetts,   — 

Connecticut,   — 

New  York,   — 

New  Jersey,   — 

Pennsylvania,   — 

Virginia,   — 

North  Carolina,   \ 

South  Carolina,   150 

Georgia,   1,273 

Florida,   l,741i 

Mississippi,   27p| 

Texas,   7,017 

Arkansas,   — 

Tennessee,   — 

Ohio,   — 

Michigan,   — 

Indiana,   — 

Illinois,   — 

Iowa,   — 

Louisiana,   262,486 

Kentucky,   — 

Wisconsin,   — 

Minnesota,   — 


272,974 


Maple-sugar 
in  pounds, 

87,541 
171,943 
47,740 

1,292,429 
5,149,641 
768,598 
37,781 
10,310,764 
5,886 
3,178,373 
1,223,905 
27,448 
200 
50 


8,825 
159,888 
4,521,643 
2,423,897 
2,921,638 
246,078 
31,040 

386,233 
661,969 
2,950 

33,677,061 


This  has  much  increased.  Louisiana  produced  in 
1858  three  hundred  and  sixty-two  thousand  two  hun- 
dred and  ninety-six  hogsheads,  at  sixty-nine  shillings 
per  hogshead,  and  value  of  twenty-four  millions,  nine 


hundred  and  ninety-eight  thousand,  four  hundred  and 
twenty-four  dollars.  A  hogshead  is  half  a  ton.  Total 
Maple  sugar  produced  in  1859  is  believed  to  be  twenty- 
seven  thousand  tons,  or  sixty  millions  four  hundred 
and  eighty  thousand  pounds. 

The  annexed  extracts  from  the  commercial  review 
of  Messrs.  De  Coninck,  Brothers,  and  Company,  fur- 
nish some  interesting  particulars  of  the  statistical  posi- 
tion of  sugar  in  France. 

The  importation  of  foreign  sugar  into  that  country 
rose  in  1859  to  eighty-two  thousand  tons  against  forty- 
five  thousand  tons  in  1858,  and  sixty-five  thousand 
tons  in  1857. 

From  the  Colonies,  France  received  last  year  five 
thousand  tons  more  than  in  1858 ;  while  the  manu- 
facture of  indigenous  or  beet-root  sugar  produced  in 
the  season  1858-9,  was  one  hundred  and  thirty-two 
thousand  tons,  being  twelve  thousand  tons  in  excess  of 
the  first  estimates.  During  the  last  six  years,  the 
quantities  received  by  France  from  her  Colonies  were 
as  follows : — 


113,000  tons  in  1859 
108,000  tons  in  1858 
92,100  tons  in  1857 


95,400  tons  in  1856 
89.000  tons  in  1855 
82'000  tons  in  1854 


99,500  tons  in  1847. 
The  sources  of  these  supplies  are  subjoined : — 

QUANTITIES  STATED  IN  TONS  OF  1000  KILOGRAMMES. 


Guadeloupe. 

Martinique. 

Reunion. 

Cayenne,  «fcc. 

Total. 

1859 

.  24,400  . 

27,900  . 

58,600 

..  1100  .. 

113,000 

1858 

.  29,500  . 

27,400  . 

52,000 

108,000 

1857 

.  18,500  . 

22,300  . 

51,000 

300 

92,100 

1856 

.  21,600  . 

26,600  . 

57,000 

..    200  .. 

95,400 

1855 

.  21,000  . 

18,500  . 

49,900 

..    600  .. 

89,000 

1854 

.  22,001  . 

24,300  . 

35,700 

82,000 

The  consumption  of  sugar  in  France  in  1859  is  thus 
estimated : — ■ 

Tons. 

Sugar— Indigenous  120,000 

"      From  French  Colonies   95,000 

«  »    60,000 

Total  275,000 

Deduct  export  of  refined  sugar   52,000 

Remains  for  consumption  in  Fiance  223,000 
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SULPHUR. 


The  season  of  1858-59  produced  of  indigenous 
sugar— 


132,000  tons  against  156,000  tons* 


.1857-58 
. 1856-57 
.1855-56 


It  ia  not  thought  that  the  quantity  produced  in 
the  season  1859-60  will  exceed  that  of  the  preced- 
ing one,  videlicet,  one  hundred  and  thirty-two  thou- 
sand tons. 


ZOLLVEREIN  CUSTOMS  RECEIPTS  ANNUALLY 
1857,  BOTH  INCLUSIVE. 


1834 

1835 
1836 
1837 
1838 
1839 
1840 
1841 
1842 
1843 
1844 
1845 
1846 
1847 
1848 
1849 
1850 
1851 
1852 
1853 
1854 
1855 
1856 
1857 


Tot  ill  population 
of  tlie  States  of  the 
Zullverein. 


23,478,120 
23,478,120 
25,150,216 
25,150,898 
25,048,970 
26,048,970 
26,048,091 
27,142,116 
27,578,730 
27,623,815 
28,498,136 
28,499,566 
28,508,436 
29,461,381 
29,460,764 
29,461,628 
29,800,063 
29,800,063 
29,800,063 
30,492,792 
32,559,173 
32,559,164 
32,721,344 
32,940,780 


Gross  receipts  in 
account  of  export, 
import,  and  transit 
duties. 

Rix-dol. 

.  14,815,723 
.  16,880,180 
.  18,462,873 
17,997,295 
20,419,287 
20,869,488 
21,606,191 
22,255,204 
23,653,269 
25,720,761 
26,778,300 
27,721,436 
26,569,214 
.  27,552,996 
22,699,299 
23,649,730 
22,948,809 
,  23,256,058 
24,649,721 
22,016.154 
.  23,157,407 
.  26,323,372 
.  26,156,450 
.  26,595,788 


PROM  1834  TO 

Average  sum  per 
liead  of  the  po- 
pulation, derived 
from  custom  dues, 
el  cetei'a,    tax  on 

beet-root. 
Groschen.  Pf. 
18 


21 
22 
21 
23 
24 
24 
24 
25 
27 
28 
29 
28 
28 
23 
24 
23 
24 
26 
23 
24 
27 
28 


11 
7 
0 
6 
6 
0 
11 
7 
9 
11 
2 
4 
3 
3 
6 
7 
8 
11 
6 
10 
9 
9 
0 
5 


The  duty  is  now  seven  and  a  half  groschen  for  one 
hundred  pounds,  and  brings  nearly  three  shillings  per 
head. 


AMOUNT  OF  RAW  BEET-ROOT  USED  FOR  THE  PRODUCTION  OF 
SUGAR,  AND  AMOUNT  OF  DUTY  RECEIVED  IN  THE  STATES 
OF  THE  ZOLLVEREIN. 


Years. 

1842  to  1847 
1847  to  1853 
1853  to  1856 

1856  to  1857 

1857  to  1858 


Amount  of  beet-root 
used  for  sugar. 
Cwt. 

.  4,322,712  . 
.  13,998,570  . 
.  19,832,679  . 
.  27,551,207  . 
.    28,915,133  . 


232,991 
1,156,744 
3,966,536 
5,312,856 
5,783,033 


CONSUMPTION  OF  BEET-HOOT  SUGAR  IN  THE  STATES  OF  THE 


ZOLLVEREIN. 


1844  to  1846 
1847  to  1849 
1850  to  1852 
1853  to  1855 


Consumption  of 
colon.nl  sugar. 
Zollverein  cwt. 

1,278,421 
1,154,005 
739,958 
654,386 


Consumption  of 
beet  sugar. 
Zollverein  cwt. 

264,283 
646,650 
1,219,718 
1,487,452 


Total  consump- 
tion of  sugar. 
SiollTorein  cwt. 

1,542,704 
1,800,655 
1,959,676 
2,141,838 


In  1856-57  there  were  two  hundred  and  thirty-three 
manufacturers  of  beet-root  sugar  in  the  Zollverein.  In 
1839-40,  four  and  four-fifths  pounds  per  head  was  con- 
sumed; in  1853-55  there  were  six  and  a  quarter 
pounds  consumed. 

The  shipments  of  beet-root  sugar,  according  to 
Baruchson  and  Company  of  Douai,  to  Great  Britain, 
were  little  more  in  1858-59  than  half  those  of  the  pre- 
ceding season,  owing  to  the  prices  in  England  being  at 
several  periods  below  those  of  France.  They  consist 
as  follows : — ■ 


FROM  1ST  NOVEMBER,  1858,  TO  31ST  OCTOBER,  1859. 

To  Liverpool    about  3218  tons. 

To  the  Clyde    "     2240  " 

To  London    "     1614  " 

To  West  of  England   "      1234  " 

To  Hull   "        37  " 


Total. 


343 


A  good  deal  of  this  was  re-exported,  as  it  could  not  compete  with  Colonial. 


PRICES  CURRENT. 


Low  brown,  equal  to  No.     7  to    8    Dutch  standard — very  scarce   21s  Od  to  22s  6d 

Light  bi-own,  equal  to  No.  10  to  10^  Dutch  standard   23s  6d  to  24s  Od 

Grey  and  yellow,  equal  to  No.  12  Dutch  standard   25s  Od  to  25s  6d 

Per  cwt.,  cost,  freight  and  insurance  to  cover  average. 


In  Russia  the  consumption  has  nearly  doubled  within 
a  few  years ;  but  even  now  it  is  only  two  pounds  per 
head. 

Dr.  Angus  Smith  of  Manchester  kindly  rendered 
liis  valuable  aid  during  the  progress  of  this  article,  and 
for  which  the  Editor  is  indebted  to  him. 

SULPHUR — sou/re,  French ;  schwefel,  German — is 
one  of  the  elements  of  modern  chemists,  and  was  a  still 
more  important  one  in  the  theory  of  the  alchemists. 

Occurrence. — It  is  found  in  nature,  both  in  a  free 
state  and  in  combination  with  metals,  as  sulphides 
and  sulphates.  In  the  free  state  it  occurs  in  volcanic 
regions,  large  quantities  being  imported  to  this  country 
from  Sicily.  The  native  sulphur  occurs  both  amorphous 
and  crystallized.  In  the  latter  state  it  usually  occurs  in 
right  rhombic  octohedra,  although  it  does  not  assume 
this  shape  under  all  conditions  ;  it  crystallizes  in  many 


forms,  almost  as  varied  as  the  methods  of  procuring  the 
body  in  the  crystallized  state.  Native  sulphur  is  far 
from  being  pure,  containing  a  considerable  quantity  of 
adhering  soil  and  other  matter,  from  which  it  is  purified 
by  different  methods  dependent  on  the  purposes  to 
which  it  is  to  be  applied.  Large  quantities  of  sulphur 
exist  in  combination  with  metals  as  sulphides ;  of 
these  may  be  mentioned  the  sulphides  of  copper,  lead, 
iron,  and  zinc  ;  these  bodies,  in  fact,  forming  the  ordi- 
nary ores  or  minerals  of  these  metals,  from  which 
the  sulphur  has  to  be  burnt  off  before  the  metal  itself 
can  be  obtained.  Sulphur  occurs  also  in  nature  in 
saline  combinations  as  sulphates  of  the  alkalies  and 
earths  ;  for  instance,  the  sulphate  of  soda  and  potassa, 
which  are  comparatively  rare,  and  the  sulphates  of 
baryta  and  lime,  which  occur  in  immense  quantities. 
Properties. — Sulphur  is  a  pale  yellow,  solid,  very 
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brittle,  becoming  negatively  electrical  by  heat  or  fric- 
tion ;  it  was  at  one  time,  in  an  earlier  period  of  electrical 
history,  used,  when  formed  into  globes  and  mounted  as 
glass  cylinders  and  plates  are  at  the  present  day,  as  a 
source  of  electricity.  Its  specific  gravity  is  variously 
stated,  but  most  writers  agree  in  considering  it  as  1'98 — 
probably  its  density  is  dependent  on  the  degree  or  stage 
of  heat  to  which  it  has  been  carried  while  in  a  fused 
state.  It  is  perfectly  inodorous  unless  when  rubbed,  when 
a  peculiar  smell  is  developed.  This  was  once  supposed 
to  arise  from  a  hydrogen  compound  formed  by  friction ; 
it  is  now  ascribed  rather  to  the  production  of  ozone. 
Owing  to  its  brittleness,  as  well  as  from  conducting 
heat  badly,  it  soon  splits  into  innumerable  cracks  when 
held  in  the  warm  hand  ;  by  inclosing  a  stick  of  cast  sul- 
phur in  the  hand,  and  holding  it  close  to  the  ear,  this  is 
easily  detected,  a  continued  series  of  very  slight  crack- 
lings are  heard  similar  to  the  cracklings  of  an  electric 
machine  when  in  work,  only  much  fainter.  Sulphur, 
though  perfectly  insoluble  in  water,  is  soluble  in  a 
variety  of  liquids,  most  of  which  are  capable  of  dis- 
solving a  greater  quantity  of  the  body  when  hot 
than  they  are  when  cold,  in  consequence  of  which 
they,  on  cooling,  deposit  this  excess  in  the  shape  of 
crystals.  Oil  of  turpentine  is  capable  of  dissolving  a 
considerable  quantity.  In  fact,  it  has  been  proposed  to 
take  advantage  of  this  property  in  the  analysis  of  gun- 
powder ;  for  by  heating  this  body  with  turpentine  in  a 
warm  state,  having  previously  dissolved  out  the  nitrate 
of  potassa  with  water,  we  can  dissolve  out  the  sulphur, 
leaving  the  charcoal,  which  is  not  soluble  in  this  men- 
struum, behind.  Bisulphide  of  carbon  will  also  dis- 
solve a  considerable  quantity  of  sulphur,  which  can  be 
again  obtained  in  crystals  by  allowing  the  solvent  to 
evaporate  gradually.  Fat  oils  are  also  capable  of  dis- 
solving it.  A  compound  called  oleum  sulphitratum, 
or  balsam  of  sulphur,  once  figured  in  the  Pharmacopoeia 
of  the  London  College,  though  now  omitted.  This 
was  formed  by  dissolving  sulphur  in  olive  oil,  employing 
a  tolerably  high  temperature  to  effect  the  combination. 
Ether,  petroleum,  and  fused  paraffine,  may  be  men- 
tioned as  solvents  of  sulphur. 

Pure  sulphur  exhibits  some  curious  phenomena  in 
connection  with  heat.  Although  perfectly  solid  at  the 
ordinary  temperature,  it  fuses  at  a  heat  little  more  than 
that  of  boiling  water,  and  at  a  higher  heat  passes 
through  various  physical  changes;  and  finally,  on  raising 
the  temperature  still  higher,  it  volatilizes  completely, 
without  leaving  anything  behind.  The  following  experi- 
ment is  interesting,  as  displaying  some  of  the  peculiari- 
ties of  this  body : — Procure  a  small  saucepan,  and 
partly  fill  it  with  fragments  of  sulphur  ;  place  this  over 
a  gentle  fire,  having  first  put  on  the  lid ;  after  a  while 
it  will  fuse.  This  takes  place  at  a  temperature  of  about 
228°.  forming  a  thin  brownish-yellow  transparent  liquid. 
On  heating  still  higher  a  very  perceptible  change  takes 
place ;  the  sulphur,  instead  of  remaining  in  the  very 
liquid  state,  becomes  of  a  thick  consistence,  so  much  so 
that  the  vessel  containing  it  may  be  completely  inverted 
without  fear  of  loss.  This  occurs  at  a  temperature 
of  between  428°  and  482°.  At  a  still  higher  degree 
the  action  is  reversed,  the  melted  sulphur  becomes 
thinner  and  thinner  until  it  reaches  the  boiling  point, 


when  it  begins  to  pass  off  as  vapor.  Other  pheno- 
mena may  be  noticed  by  interrupting  the  experiment 
at  various  stages;  for  instance,  if  it  be  wished  to  obtain 
crystals  of  sulphur,  it  is  only  necessary  to  take  the 
sulphur  while  in  the  first  liquid  stage,  to  pour  this  into 
a  basin  or  other  vessel  with  sloping  sides,  and  there 
allow  it  to  stand.  In  a  few  minutes  after  the  top 
portion  has  solidified  and  formed  a  crust,  break  two 
holes  through  this  crust  at  opposite  sides  of  the  vessel. 
If  the  basin  be  now  inverted  partially,  the  sulphur, 
which  still  remains  in  the  liquid  state  in  the  interior, 
will  run  out  of  one  hole  while  air  rushes  through 
the  other.  Let  the  vessel  stand  until  cold,  carefully 
detach  the  solidified  mass  from  the  containing  vessel,  and 
by  means  of  a  saw  divide  it  into  two  halves.  These  will 
bo  found  to  be  full  of  beautiful  crystals  of  sulphur.  It 
is  possible  that  the  first  experiment  may  not  be  very 
successful,  but  a  few  trials  will  enable  the  operator  to 
procure  a  mass  of  crystals,  radiating  into,  and  inter- 
lacing each  other  in  every  direction  from  the  external 
crust.  If  the  sulphur,  immediately  after  passing,  or 
perhaps  better,  while  scarcely  through  the  thick  stage, 
be  poured  into  water,  it  does  not  solidify  and  assume 
the  ordinary  yellow  brittle  appearance  which  it  would 
do  were  it  so  treated  while  in  the  first  liquid  state ; 
instead  of  doing  so  it  remains  in  this  plastic  condition 
even  when  cold,  bearing  a  stronger  resemblance  to 
caoutchouc  than  sulphur.  In  this  state  it  is  perfectly 
elastic,  may  be  pulled  out  to  a  considerable  length 
without  breaking,  and,  in  fact,  does  not  in  the  remotest 
degree  resemble  sulphur.  But  for  its  color,  it  might  be 
mistaken  for  wheat  gluten,  possessing  the  same  soft 
elasticity  as  that  body.  It  will  remain  in  this  state  for 
some  time,  not  resuming  its  ordinary  aspect  until  after 
the  lapse  of  some  days. 

Purification.  —  Sulphur  occurs  in  commerce  in 
several  states  of  purity,  the  native  sulphur  being  the 
most  impure.  In  order  that  it  may  be  more  fit  for  the 
several  uses  to  which  it  is  applied,  it  is  partially  purified 
from  the  grosser  extraneous  matter,  such  as  gravel,  sand, 
et  cetera.  This  is  done,  according  to  some  authors,  by 
throwing  a  quantity  of  the  crude  native  sulphur  into  a 
suitable  iron  vessel  or  pan,  and  heating  this  pan  until 
fusion  takes  place.  The  sulphur  when  fused,  of  course, 
occupies  much  less  space  than  it  did  in  the  heap,  so  the 
operator  keeps  filling  up  the  pan  until  it  is  full  of  the 
fused  sulphur.  A  high  heat  is  not  advantageous.  This 
may  be  inferred  from  what  has  been  said  before  respect- 
ing the  changes  which  take  place  during  the  fusion  of 
sulphur  at  difl'erent  temperatures.  For  the  purpose  of 
purification  the  lowest  heat  consistent  with  perfect  fusion 
is  the  one  to  be  employed.  The  liquid  sulphur  is  thus 
in  its  thinnest  state,  easily  allowing  the  heavy  particles 
with  which  it  was  contaminated  to  fall  to  the  bottom 
of  the  pan,  while  any  light  particles  rise  to  the  top,  and 
are  skimmed  off.  "When  some  time  has  elapsed,  and 
the  operator  considers  that  sufficient  subsidence  has 
taken  place,  he  proceeds  to  remove  the  upper  stratum 
of  tolerably  pure  sulphur,  running  it  into  moulds,  from 
which  it  is  removed  as  solid  blocks  of  sulphur.  That 
the  method  is  not  perfect  is  easily  ascertained  by  burn- 
ing a  piece  of  ordinary  commercial  sulphur  in  a  porce- 
lain capsule.    A  quantity  of  light  dust  will  remain, 
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consisting  to  a  large  extent  of  sulphate  of  lime ;  yet, 
though  the  purification  is  not  absolute,  it  produces  an 
article  pure  enough  to  be  employed  for  almost  every 
purpose  required  in  the  arts.  In  order  to  procure 
an  almost  absolutely  pure  article,  such  as  is  neces- 
sary for  medical  and  a  variety  of  other  purposes, 
distillation,  or  rather  sublimation,  must  be  had  re- 
course to.  Sulphur,  as  has  been  before  stated, 
is  perfectly  volatile ;  a  ready  method  therefore  exists  of 
separating  it  from  all  bodies  which  are  not  so.  It  is  said 
that  the  following  apparatus — Fig.  567 — is  employed  to 
effect  this,    a  a,  are  two  earthenware  or  fire-clay  jars, 

Fig.  5G7. 


standing  on  a  raised  support  of  bricks.  The  mouths  of 
these  jars  protrude  slightly  over  the  top  of  the  furnace. 
This  is  for  the  purpose  of.  readily  enabling  the  operator 
to  fill  in  the  charge,  and  to  remove  the  earthy  residuum. 
A  hollow  tube  or  arm  projects  laterally  and  slightly 
downwards  from  each  of  the  pots  or  retorts,  which  arm 
is  thrust  into  another  pot  or  vessel  to  receive  the  sub- 
limed sulphur  which  condenses  into  it.  When  the 
subliming  pot  has  received  its  charge,  the  lid  is  luted 
on  and  the  furnace  lighted.  As  they  become  heated, 
the  various  changes  of  fusion  take  place  up  to  the  last, 
when  sublimation  begins.  The  vapor  then  passes 
over  into  the  condensing  jar,  and  becomes  solid.  All 
the  extraneous  matter  is  left  in  the  subliming  pot, 
from  whence  it  is  removed  prior  to  the  introduction  of 
another  charge.  This  apparatus,  if  actually  employed, 
could  certainly  furnish  only  a  small  quantity  of  sul- 
phur. It  is  hardly  possible  to  imagine  a  large  gun- 
powder work  using  such  an  apparatus. 

In  1815  a  manufacturer  named  Michel,  of  Marseilles, 
devised  an  apparatus  which,  with  some  slight  modifica- 
tion, is  used  up  to  the  present  day.  The  drawing — Fig. 
568 — represents  it,  and  which,  like  the  one  previously 
described,  contains  a  retort  wherein  the  sulphur  is  con- 
verted into  vapor,  and  a  condensing  chamber  in  which 
this  is  reconverted  into  solid  sulphur.  The  apparatus, 
as  in  the  drawing,  consists,  first,  of  a  retort,  C,  beneath 
which  is  a  furnace,  A ;  this  retort  is  filled  with  liquid  sul- 
phur from  the  reservoir,'B,  wherein  the  crude  sulphur  is 
melted  by  the  waste  heat  of  the  furnace  to  facilitate 
its  introduction  to  the  retorts.  When  the  retort  has 
become  sufficiently  hot  the  sulphur  begins  to  pass  as 
vapor  through  the  tube  or  opening,  D,  into  the  con- 
densing chamber,  E.  This  chamber  is  built  entirely  of 
brick,  with  a  well-cemented  brick  floor ;  on  its  upper 
part  a  small  chimney  is  erected;  this  chimney  contains 
a  sort  of  wooden  valve  or  door,  capable  of  opening  out- 
wards, to  allow  the  expanded  air  to  escape,  and  in  case 
of  explosion  to  allow  the  gases  produced  immediate 
exit.    This  apparatus  when  cold  allows  solid  sulphur 


to  form  at  once  in  the  shape  of  the  ordinary  commercial 
flowers  of  sulphur ;  the  vapors  immediately  on  coming 
into  contact  with  the  cold  chambers  are  chilled,  and 
fall  as  a  minutely  divided  solid.  These  flowers,  as  they 

Fig.  568. 


are  called,  are  removed  before  the  chamber  gets  hot, 
which  is  the  case  after  a  few  days'  working,  the  whole 
of  the  heat  which  the  sulphur  had  taken  up,  in  order 
to  become  vapor,  being  given  out  to  the  walls ;  they 
thus  acquire  so  high  a  temperature  as  to  fuse  sulphur, 
therefore  it  can  no  longer  become  solid  in  contact  with 
them,  but  condenses  on  their  surface  in  a  liquid  form, 
and  runs  to  the  bottom,  where  it  collects.  When  the 
operator  is  satisfied  that  sufficient  has  distilled  over,  he 
proceeds  to  remove  it ;  this  he  does  by  means  of  the 
plug  apparatus,  figured  at  F,  which  is  simply  an  iron 
plug  with  a  tolerably  long  shank  or  handle,  as  is  shown 
in  the  drawing ;  by  pushing  this  plug  inwards  he  opens 
the  passage  for  the  flow  of  the  liquid  sulphur,  which 
runs  into  suitable  moulds,  to  form  the  stick  or  roll 
sulphur  of  commeroe.  The  residue  is  raked  out  of  the 
retort,  which  is  immediately  charged  again  by  remov- 
ing the  plug  which  closes  the  tube  or  passage  between 
the  vessel,  B,  and  the  retort.  An  apparatus  better 
calculated  for  the  purpose  than  the  above,  is  figured  in 
Payen's  Precis  de  Chemie,  in  which  two  retorts  are 
attached  to  one  condensing  chamber ;  these  retorts  are 
cylindrical,  and  resemble  to  a  certain  extent  ordinary 
gas  retorts.  A  portion  of  the  door  which  closes  the 
outer  end  of  the  retort  is  movable,  to  enable  the  opera- 
tor to  rake  out  the  debris  left  after  distillation,  the 
other  end  ot  the  retort  rises  like  a  swan's  neck  before 
opening  into  the  condensing  chamber.  Over  these 
openings  or  orifices  within  the  chamber  hangs  a  damper 
or  register  in  such  a  manner  that  it  can,  from  the 
outside,  be  placed  over  them,  thus  cutting  off  all 
communication  between  the  retort  and  the  chamber. 
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A  fusing  vessel  heated  by  the  waste  heat  is  attached, 
as  in  the  drawing  just  given.  This  description  of 
apparatus  has  the  advantage,  that  by  its  means  the. 
operation  can  be  rendered  continuous.  For  instance, 
lot  one  retort  be  called  A,  the  other  B ;  suppose  retort,  A, 
charged  at  a  certain  hour,  and  retort,  B,  charged  some 
two  hours  later,  it  is  certain  that  were  they  charged  with 
an  equal  weight  of  raw  material,  the  retort,  A,  would  be 
ready  for  recharging  two  hours  before  retort,  B.  Sup- 
posing this  to  be  the  case,  the  damper  or  sliding  plate 
is  allowed  to  fall  over  the  opening  of  retort,  A,  thus 
closing  the  passage  between  it  and  the  condenser,  and 
preventing  the  rushing  back  of  any  sulphur  vapor.  The 
cover  is  removed  from  the  front  opening,  the  impure 
residue  raked  out,  after  which  it  is  again  closed,  the 
entrance  into  the  condensing  chamber  is  again  opened, 
a  charge  of  sulphur  is  run  in  from  the  fusing  vessel, 
and  the  distillation  again  commences.  During  the 
whole  of  these  operations  retort,  B,  has  been  uninter- 
ruptedly at  work ;  but  eventually  the  same  operations 
have  to  be  performed  in  connection  with  it  as  have 
been  detailed  with  respect  to  retort,  A.  Thus  between 
the  two  a  constant  stream  of  sulphur  vapor  is  being 
perpetually  driven  into  the  condensing  chamber,  the 
work  going  on  almost  without  interruption,  as  the  retorts 
never  want  charging  simultaneously. 

Sulphur  thus  produced  is  almost  pure.  It  is  true 
that  the  sublimed  sulphur  in  powder — that  is,  the 
flowers  of  sulphur — contains  a  small  quantity  of  sul- 
phurous acid,  which  for  some  purposes  it  is  necessary 
to  remove  by  washing  with  water,  but  this  is  pretty 
nearly  the  only  body  it  is  contaminated  with ;  the  roll 
sulphur  is  free  from  sulphurous  acid. 

Sulphur  occurs  in  commerce  in  another  form  intended 
expressly  for  medical  use.  When  in  this  shape  it  is 
called  milk  of  sulphur,  and  consists  of  sulphur  in  a  very 
minute  state  of  division.  It  is  obtained  in  this  state  by 
dissolving  ordinary  roll  sulphur  bruised,  or  the  flowers, 
in  any  caustic  alkali,  either  soda,  potassa,  or  lime ; 
the  latter  used  as  being  cheaper,  and  furnishing,  as 
will  be  explained  hereafter,  a  convenient  adulterant. 
Sulphur  does  not  dissolve  in  the  alkaline  solutions  in 
the  same  manner  that  it  does  in  turpentine,  or  any  of 
the  before-mentioned  solvents.  When  boiled  with  an 
alkali  a  series  of  chemical  compounds  or  salts  are 
formed ;  in  spiritous  liquids  it  is  a  case  of  simple  solu- 
tion, exactly  the  same  as  dissolving  sugar  or  salt  in 
water,  whereas  in  the  other,  a  series  of  definite  chemical 
phenomena  takes  place.  If  to  a  boiling  solution  of 
caustic  potassa  there  is  added  as  much  sulphur  as  it 
will  possibly  take  up,  a  liquid  will  be  obtained  con- 
taining sulphide  of  potassium,  and  hyposulphite  of 
potassa,  according  to  the  following  equation  : — ■ 

3  (KO)  +  i  S  =  2  (KS)  +  KO,  S2  02. 

In  the  first  instance,  while  there  is  an  excess  of  alkali, 
and  little  sulphur  taken  up,  there  is  formed  only  sulphide 
of  the  alkaline  metal  and  sulphite  of  the  alkali;  but  this 
sulphite,  by  being  boiled  with  an  excess  of  sulphur,  takes 
up  another  equivalent  of  it,  being  itself  converted  into 
hyposulphite.  The  clear  liquid  obtained  in  this  way 
must  be  filtered  or  poured  off  the  sediment,  and 
excess  of  sulphur,  and  either  sulphuric  or  hydrochloric 
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acid  added  until  the  liquid  reddens  litmus  paper,  when 
the  dissolved  sulphur  is  again  precipitated  in  an  ex- 
ceedingly fine  state  of  division.  This  is  washed, 
drained,  and  dried  at  a  gentle  heat.  It  remains  to 
examine  the  reaction  by  which  the  sulphur  is  again 
obtained.  To  do  this,  it  will  be  well  first  to  notice 
what  the  effect  would  be  of  adding  acid  to  separate 
solutions  of  the  two  salts  which  form  the  mixture.  If 
a  solution  of  sulphide  of  potassium  be  taken,  and  an  acid 
be  added,  a  copious  evolution  of  sulphide  of  hydrogen 
ensues,  and  there  is  obtained  very  little,  if  any,  preci- 
pitated sulphur.  Again,  if  acid  is  poured  into  a  solution 
of  hyposulphite  of  potassa,  only  a  little  sulphur  will  be 
separated.  Hyposulphurous  acid  consists  of  sulphurous 
acid  plus  one  equivalent  of  sulphur.  Now  hyposul- 
phurous acid  can  only  exist  in  combination ;  when  set 
free  it  is  instantly  decomposed  into  sulphurous  acid 
and  sulphur — S2  02  =  S02  -f-  S.  This  is  the  case  on 
adding  an  acid  to  hyposulphites.  In  the  first  place, 
the  alkali  is  detached  from  its  combination,  and  this 
hyposulphurous  acid  being  set  free  gradually  resolves 
itself  into  sulphurous  acid  and  sulphur. 

It  is  well  known  that  when  sulphide  of  hydrogen 
and  sulphurous  acid  are  brought  into  contact  with  each 
other  a  decomposition  ensues,  water  and  sulphur  being 
the  result,  as  shown  in  the  following  equation : — 

S02  +  2  SH  =  3  S  +  2  IIO. 

Thus  is  explained  the  reproduction  of  the  whole 
of  the  sulphur  employed.  Hyposulphurous  acid  and 
hydrosulphuric  acid,  or  sulphide  of  hydrogen,  are  set 
free  in  the  first  instance ;  the  hyposulphurous  acid 
splits  into  sulphur  and  sulphurous  acid,  the  latter 
immediately  reacts  upon  the  sulphide  of  hydrogen,  pro- 
ducing together  sulphur  and  water.  This  reaction  is 
not  very  complete,  although  it  is  nearly  so — the  more 
correct  reaction  is  given  under  Pentathionic  Acid. 
In  Royle's  Materia  Medica  it  is  recommended,  in 
order  to  obtain  milk  of  sulphur,  to  boil  one  part  of 
sublimed  sulphur  with  two  parts  ot  slaked  lime  and 
sufficient  water,  and  to  add  hydrochloric  acid  to  the 
clear  liquid  obtained. 

Lime  is  almost  invariably  used  by  the  manufac- 
turers as  a  solvent,  but  they  are  guilty  of  substituting 
sulphuric  acid  for  hydrochloric  as  a  precipitant.  By 
so  doing,  instead  of  forming  the  soluble  chloride  of  cal- 
cium, which  is  easily  removed  by  washing,  they  form 
the  very  insoluble  sulphate  of  lime  which,  mixed 
with  the  sulphur,  forms  the  article  commonly  sold  by 
druggists  as  milk  of  sulphur,  and  thus  what  should  be 
pure  sulphur  is  contaminated  by  this  worse  than  use- 
less sulphate  of  lime,  often  to  the  extent  of  more  than 
fifty  per  cent.  In  one  sample  obtained  from  a  druggist, 
and  which  was  stated  to  be  pure,  fifty-six  per  cent,  of 
sulphate  of  lime  was  found.  It  is  useless  to  argue 
that  such  a  sophistication  is  harmless;  for,  although 
not  positively  poisonous,  the  introduction  into  the 
stomach  and  bowels  of  a  quantity  of  this  insoluble 
matter  cannot  but  be  productive  of  harm.  Sulphur 
is  used  in  medicine  as  a  mild  purgative,  and  in  some 
skin  diseases.  The  stores  of  sulphur  which  this  country 
possesses,  in  one  form  or  another,  has  not  been  over- 
looked by  practical  scientific  men. 
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SULPHUR— — From  Pyrites. 


Extraction  or  Sulphur  from  its  Ores.— The 
immense  quantities  of  sulphur  stored  up  in  the  shape  of 
sulphate  of  lime  and  baryta,  as  well  as  the  sulphides  of 
iron,  zinc,  lead,  and  copper,  is  almost  beyond  calculation. 
There  is  good  reason  to  suppose  that  at  some  future  time 
the  sulphur  combined  with  these  metals,  and  which  at 
the  present  time  is  separated  from  them  only  to  be 
thrown  into  the  air,  will  be  recovered  in  a  tangible  solid 
form,  at  a  price  low  enough  to  compete  with  foreign 
sulphur.  The  attempts  to  do  this  already  have  been 
numerous.  In  many  parts  of  the  country  iron  pyrites 
is  plentiful,  and  this  mineral  appears  to  have  been  a 
favorite  material  with  inventors.  It  is  a  mixture  of 
bisulphide  and  protosulphide  of  iron.  The  second 
equivalent  of  sulphur  of  the  bisulphide  is  held  rather 
loosely,  so  much  so  that  a  red  heat,  continued  for 
some  time,  will  drive  it  off,  leaving  one  equivalent  of 
iron  combined  with  one  of  sulphur,  forming  the  proto- 
sulphide. Here,  it  would  appear,  a  process  for  obtain- 
ing sulphur  readily  is  at  hand;  but  if  it  be  considered 
that  the  sulphur  ores  of  this  country  rarely  contain 
more  than  thirty  per  cent,  of  sulphur,  and  that,  at  the 
most,  but  two-thirds  of  this  exist  as  bisulphide,  and 
that  only  half  of  this  latter  quantity  can  be  expelled 
by  heating  with  exclusion  of  the  air,  it  will  at  once  be 
apparent  that  the  process  could  never  be  rendered 
remunerative.  Such  a  method  is,  however,  pnrsued  in 
some  parts  of  the  Continent,  where  sulphur  ores  are 
found  of  a  much  richer  kind,  and  in  which  there  is 
also  a  greater  proportion  of  bisulphide,  but  not  exactly 
by  the  same  method  that  sulphur  is  purified.  The 
process  appears  to  be  one  of  slow  distillation  of  one 
part  of  the  sulphur,  at  the  sacrifice,  by  combustion,  of 
the  other.  It  is  stated — Knapp — that  not  more  than 
one-fourth  of  the  sulphur  actually  contained  in  the 
pyrites  is  obtained.  This  process  has  formed  the 
base  for  several  improvements.  It  would  appear  that 
inventors  are  quite  aware  of  the  benefits  that  would 
result  from  the  discovery  of  a  process  whereby  sul- 
phur could  be  separated  from  the  pyrites  on  the  spot, 
even  if  only  the  saving  the  expense  of  carriage,  if 
nothing  else,  of  the  vast  quantity  of  iron.  The  follow- 
ing process  was  invented  by  Mr.  Lee.  He  first 
converts  the  sulphur  in  the  pyrites,  or  other  mineral, 
into  sulphurous  acid,  and  then  proceeds  to  recover 
the  sulphur  from  this  by  passing  it  through  a  quantity 
of  coke  heated  to  bright  redness.  The  ox}'gen  of 
the  sulphurous  acid  combines  with  the  incandescent 
carbon,  forming  carbonic  oxide,  et  cetera,  while  the 
sulphur  is  left  in  a  free  state,  and  in  vapor.  It  passes 
on  to  a  suitable  condensor,  in  which  the  bulk  of  it  is 
recovered  in  a  melted  shape  ;  that  which  escapes  melt- 
ing is  received  into  a  vaulted  chamber  similar  to  the 
one  employed  in  the  refining  of  sulphur  by  sublimation, 
and  in  these  obtained  solid  in  the  form  of  flowers  of 
sulphur. 

This  process,  or  rather  the  apparatus,  appears  to  be 
of  a  very  complicated  character.  Mr.  Spence  of 
Manchester,  in  a  process  patented  by  him  a  few 
years  ago,  has  materially  simplified  it,  although  he 
works  on  precisely  the  same  principle.  Mr.  Spence's 
apparatus  consists  simply  of  an  ordinary  pyrites 
burner,  such  as  is  used  in  the  manufacture  of  sulphuric 


acid,  to  which  is  attached  a  number  of  condensing 
vaults.  He  charges  his  burner  with  alternate  layers 
of  charcoal  and  the  pyrites  under  treatment ;  having 
first  heated  the  brickwork  of  the  burner  up  to  the 
proper  pitch.  When  at  work,  the  action  is  very 
simple — the  pyrites  burns  with  production  of  sulphurous 
acid ;  each  atom  of  this  gas  has  to  traverse  a  bed  or 
layer  of  red-hot  charcoal.  Now,  as  just  before  stated, 
carbon  having  a  greater  affinity  for  oxygen  than  sul- 
phur has,  forces  this  sulphurous  acid  to  yield  up  its 
oxygen,  thus  setting  the  sulphur  free.  The  sulphur 
passes  on  with  the  current  of  gases,  and  is  deposited 
in  a  state  of  powder  in  the  condensing  chambers.  This 
plan  appears  to  be  more  feasible,  and  better  capable  of 
working  on  a  large  scale  than  the  one  preceding. 

While  speaking  of  precipitated  sulphur,  it  was  shown 
how  it  was  possible  for  sulphide  of  hydrogen  and  sulphu- 
rous acid  gases  to  react  upon  each  other,  the  eventual 
products  being  water  and  sulphur.  This  reaction  has 
been  taken  advantage  of  in  a  process  patented  by  Mr. 
Duclos  of  Swansea.  Ho  proposes  to  conduct  into  a 
leaden  chamber,  such  as  is  used  in  the  production  of 
sulphuric  acid,  a  mixture  of  two  volumes  of  sulphide  of 
hydrogen  and  one  volume  of  sulphurous  acid,  a  quantity 
of  steam  being  at  the  same  time  admitted  into  the 
chamber.  This,  at  first  sight,  appears  to  be  very 
workable.  It  is  easy  to  see  that  the  two  gases  could 
be  regulated  to  each  other,  and  a  constant  action  go 
on :  the  sulphur  in  a  fine  state  of  division  would  be 
deposited  on  the  floor  of  the  chamber,  while  the  excess 
of  atmospheric  air,  et  cetera,  would  go  out  through 
proper  openings  at  the  end  of  it.  But  it  unfortunately 
happens  that  only  about  one-half  of  the  sulphur  actually 
contained  in  the  two  gases  is  obtained.  When  these 
two  gases  are  brought  together,  water  being  present, 
the  results  actually  are  water,  sulphur,  and  pentathionie 
acid — an  acid  of  sulphur  with  the  formula  Ss  05.  Its 
production  may  be  explained  as  follows — 

5  SO.,  +  5  HS  =  S5  05  +  HO  +  5  S  ; 

that  is  to  say,  that  five  equivalents  of  sulphurous  acid 
and  five  equivalents  of  sulphide  of  hydrogen  produce, 
by  their  mutual  reaction,  five  equivalents  of  water,  five 
equivalents  of  sulphur,  which  are  deposited,  and  one 
equivalent  of  pentathionie  acid.  By  calculation  it  is 
thus  found  that  by  this  only  one-half  of  the  sulphur 
would  be  obtained  in  the  solid  state,  for  in  the  sul- 
phurous acid  there  are  five  equivalents  of  sulphur, 
and  five  more  in  the  sulphide  of  hydrogen ;  and  for 
these  ten  equivalents  of  sulphur  one  recovers  only  five, 
the  rest  going  to  form  the  pentathionie  acid,  a  body 
for  which  no  use  in  the  arts  has  yet  been  found.  Thus, 
instead  of  burning  the  pyrites,  or  other  minerals,  and 
endeavoring  to  separate  the  sulphur  from  the  sulphurous 
acid  produced,  it  would  be  more  economical  to  convert 
it  into  sulphuric  acid  at  once. 

Mr.  Gossage  surmounted  the  pentathionie  acid 
difficulty,  by  causing  the  reaction  to  take  place  at  a 
high  temperature.  His  process  is  peculiarly  applicable 
to  the  reproduction  of  the  sulphur  contained  in  the 
lime  compound  or  alkali  waste  thrown  away  by  the 
soda  manufacturers.  As  is  well  known,  the  whole  of 
the  sulphur  used  in  the  manufacture  of  the  alkali  finds 
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its  way  into  the  vat  waste.  Mr.  Gossage  proceeds  to 
decompose  this  vat  waste  by  means  of  carbonic  acid. 
The  action  of  this  acid  causes  sulphide  of  hydrogen 
to  be  evolved.  A  portion  of  this  sulphide  of  hydrogen 
is  converted  by  burning  into  sulphurous  acid,  which 
sulphurous  acid  is  made  to  react,  at  a  high  tempera- 
ture, on  a  fresh  portion  of  sulphide  of  hydrogen,  when 
water  and  sulphur  are  produced.  His  apparatus  con- 
sists of  four  distinct  portions — the  first  for  the  produc- 
tion of  the  requisite  carbonic  acid ;  the  second  for  the 
decomposition  of  the  alkali  waste  ;  the  third  is  for  the 
decomposition  of  the  sulphide  of  hydrogen  ;  and  the 
fourth  for  the  collection  of  the  sulphur  produced.  The 
apparatus  for  the  production  of  the  carbonic  acid  is  an 
ordinary  lime-kiln,  with  some  additions  to  render  it 
more  lit  for  the  special  purpose  to  which  it  is  to  be 
applied.  It  is  fed  with  a  mixture  of  common  coke  and 
limestone,  air  being  admitted  for  the  purpose  of  com- 
bustion in  the  usual  manner.  The  apparatus  is  of  the 
continuous  kind.  It  is  fed  constantly  at  short  inter- 
vals with  the  above  materials,  the  quicklime  produced 
being  removed  from  the  bottom  of  the  kiln  at  stated 
periods.  The  action  of  this  kiln  is  simply  the  decom- 
position of  the  limestone,  the  carbonic  acid  evolved, 
together  with  that  furnished  by  the  combustion  of  the 
coke,  being  carried  to  where  it  is  needed  in  the  nest 
stage  for  the  decomposition  of  the  vat  waste. 

The  composition  of  this  compound  may  be  considered 
definitely  settled.  It  seems  to  be  tacitly  allowed  with 
Dumas  that  its  composition  is  2  CaS  -j-  CaO,  ,or  two 
equivalents  of  sulphide  of  calcium,  united  to  one  of 
lime  ;  but  the  research  of  Mr.  J.  W.  Kynaston  lately 
in  the  Editor's  laboratory,  has  indubitably  proved  it  to 
bo  simply  a  protosulphide  of  calcium  with  carbonate  of 
lime.  This  substance,  the  composition  and  properties 
of  which  have  been  fully  discussed  under  the  article 
Sodium,  though  insoluble  in  water,  is  capable  of  being 
decomposed  by  carbonic  acid,  especially  when  in  a  loose 
porous  state  ;  one  equivalent  of  the  lime  compound,  and 
three  equivalents  of  carbonic  acid  producing  three 
equivalents  of  carbonate  of  lime,  and  two  of  sulphide 
hydrogen,  as  follows : — 

2  CaS  +  2  HO  +  2  COa  =  2  CaO  C02  +  2  HS. 

The  apparatus  employed,  or  proposed  to  be  employed! 
in  the  decomposition  of  this  compound  by  Mr.  Gos- 
sage, consists  of  two  largo  chambers,  or  rather  large 
columns,  filled  with  numerous  perforated  floorings  or 
stages  on  which  the  alkali  waste  is  placed ;  these  cham- 
bers or  columns  are  placed  side  by  side,  and  so  connected 
together,  that  the  carbonic  acid  which  is  admitted  at  the 
bottom  of  one  column,  emerges  at  the  top,  and  is  con- 
ducted by  a  proper  passage  to  the  bottom  of  the  adjoining 
column,  up  which  it  passes,  as  in  the  previous  case. 
The  material  to  be  operated  upon  is  laid  on  the  per- 
forated floors,  in  a  loose  open  manner,  to  facilitate  the 
passage  of  the  carbonic  acid ;  this  ascending  from  the 
bottom  of  the  column,  penetrates  through  each  of  those 
separate  masses,  decomposing  each  particle  with  which 
it  comes  in  contact.  This  course  it  pursues  until  it 
reaches  the  terminal  point  of  this  portion  of  the  appa- 
ratus, at  which  time  the  carbonic  acid  is  supposed  to 
have  been  completely  absorbed,  and  replaced  by  the 


liberated  sulphide  of  hydrogen  which  has  now  to  be 
decomposed.  In  order  to  this  effect,  the  inventor  has 
constructed  a  furnace  of  a  rather  peculiar  character. 
This  furnace  has  a  closed  ash-pit,  or  an  ash-pit  whose 
inlet  can  be  closed  or  not,  at  pleasure,  by  means  of  a 
damper  or  register;  the  flue  or  passage  for  the  gases 
leading  from  the  waste  decomposer  is  divided  into  two 
at  this  point,  one  part  of  the  sulphide  of  hydrogen  is 
drawn  into  this  ash-pit,  and  so  through  the  bars  and 
fuel  of  the  furnace,  while  the  other  portion  is  admitted 
immediately  above  the  burning  fuel ;  by  this  means  a 
quantity  of  sulphurous  acid  is  produced,  which,  in 
coming  in  contact  with  a  fresh  portion  of  sulphide  of 
hydrogen  at  this  high  temperature,  decomposes  it, 
forming,  as  shown  before,  sulphur  and  water.  This  sul- 
phur, of  course,  is  in  the  state  of  vapor,  mixed  or  diluted 
with  a  variety  of  other  gases ;  it  now  remains  to  sepa- 
rate this  valuable  ingredient  from  the  mass  of  inert  and 
useless  gases  which  accompany  it.  For  this  purpose 
an  apparatus  similar  to  the  one  last  described  is 
employed.  This  column  is  built  of  bricks  or  other 
suitable  material,  and  is  filled  with  coke;  a  cistern  of 
water  is  placed  on  the  top,  by  means  of  which,  with  the 
assistance  of  an  apparatus  for  the  spreading  of  the  water 
in  the  form  of  rain  over  the  whole  area  of  the  column, 
the  coke  is  kept  drenched  with  a  stream  of  water.  The 
vapors  issuing  from  the  furnace,  consisting,  as  before 
stated,  of  sulphur  vapor,  mixed  with  other  gases,  is 
forced  or  drawn  in  at  the  bottom  of  this  column,  when, 
meeting  with  the  cold  wet  coke,  their  temperature  is 
almost  instantly  brought  below  the  melting-point  of 
sulphur,  and  this  body  is  deposited  in  the  solid  state  in 
the  form  of  an  impalpably  fine  powder,  which  mixes 
with  the  stream  of  water,  and  is  finally  carried  out  with 
the  stream,  forming  with  it  a  milky  liquid,  which  falls 
into  a  proper  cistern  or  reservoir,  from  which  the  sul- 
phur is  separated  by  deposition;  from  thence  it  is 
removed,  and  fused  into  a  coherent  mass,  to  fit  it  for 
the  purposes  of  commerce.  Between  each  of  the  dif- 
ferent portions  of  the  apparatus  just  described,  the 
inventor  places  an  ordinary  draught  or  blower-fan, 
which  rapidly  removes  the  gaseous  products  from  one 
portion,  forcing  them  into  the  next.  The  various 
columns,  et  cetera,  are  of  such  dimensions  as  to  insure 
a  sufficiently  quick  passage  for  the  products. 

In  theory  this  would  appear  to  be  perfection,  inas- 
much as  we  have  here  the  recovery  of  the  sulphur,  which 
is  the  mam  object ;  and  also  the  recovery  of  the  lime, 
this  body  being  left  as  carbonate  after  decomposition. 
As  most  alkali  manufacturers  are  also  manufacturers  of 
bleaching  powder,  or  chloroxide  of  calcium,  this  process 
offers  an  unfailing  supply  of  lime ;  or  if  the  recovered 
carbonate  of  lime  just  spoken  of  should  not  be  found  to 
answer  for  the  soda  decomposition  a  second  time,  that 
produced  in  the  kiln  could  be  used  in  the  black-ash  fur- 
naces, instead  of  the  limestone  usually  employed.  It 
thus  offers  a  considerable  advantage  if  it  should  turn 
out  to  be  as  practically  valuable  as  it  is  theoretically 
interesting. 

Messrs.  M'Dougall  and  Rawson,  in  a  patent,  dated 
May  21,  1849,  claim  a  process  for  the  reproduction  of 
sulphur  from  sulphide  of  hydrogen,  from  whatever 
source  obtained.   This  they  effect  by  passing  it  through 
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a  pipe,  heated  to  a  red-heat,  wherein  the  gas  is  split  up 
into  its  constituent  elements,  sulphur  and  hydrogen ;  the 
sulphur  is  collected  in  any  convenient  manner.  This 
process  does  not  appear  eminently  practical,  if  the 
experiments  of  Corenwinder  be  correct.  He  states 
that  by  passing  sulphur  vapor  and  hydrogen  over  or 
through  porous  bodies,  kept  at  a  red-heat,  he  obtained 
sulphide  of  hydrogen,  exactly  the  reverse  of  this 
process.  At  any  rate  in  a  laboratory  M'Dougaxl's 
operation  answers  perfectly. 

Messrs.  Dyar  and  Chisiiolme  secured  a  patent  in 
_1839,  for  the  recovery  or  reproduction  of  sulphur  from 
sulphurous  acid.  It  consisted  in  submitting  the  gas 
while  at  a  red-heat  to  the  action  of  hydrogen,  which 
latter  seized  upon  the  oxygen,  forming  water  and 
liberating  sulphur.  Two  furnaces  of  proper  construc- 
tion were  erected,  side  by  side,  one  adapted  to  the 
combustion  of  pyrites,  the  other  constructed  in  such 
a  manner  that  it  afforded  a  stream  of  hydrogen,  mixed 
with  carbonic  oxide,  obtained  by  passing  a  current  of 
steam  through  or  among  incandescent  coke.  The  gases 
were  brought  together  at  a  point  of  junction  kept  suffi- 
ciently hot  by  the  combustion  of  the  materials  them- 
selves. At  this  point  the  decomposition  took  place, 
the  sulphur  vapor  passing  on  to  a  proper  condensing 
apparatus. 

Amongst  a  most  numerous  array  of  methods  for 
procuring  sulphur,  or  for  separating  it  from  natural 
combinations,  perhaps  one  of  the  most  theoretically 
ingenious  is  that  mentioned  by  Parnell  as  being 
devised  by  M.  Thaulow.  It  is  for  producing  sulphur 
from  the  natural  sulphate  of  lime.  He  proposes  to 
reduce  this  to  the  state  of  sulphide  of  calcium,  which  salt 
he  then  decomposes  by  means  of  carbonic  acid,  obtain- 
ing by  this  means  sulphide  of  hydrogen  and  carbonate 
of  lime.  He  effects  the  deoxidization  of  the  sulphate 
of  lime,  or  its  reduction  to  sulphide  of  calcium  by 
mixing  it,  in  fine  powder,  with  coal-dust,  exposing  this 
mixture  to  a  red  heat  for  a  sufficient  length  of  time  in  a 
retort  of  clay  or  iron ;  the  carbon  unites  with  the  oxygen 
of  the  sulphuric  acid  and  lime,  and  becomes  carbonic 
acid,  which  he  reserves,  or  immediately  uses  for  the 
decomposition  of  a  previous  charge.  Carbonic  acid,  as 
stated  while  describing  Mr.  Gossage's  process,  is  able  to 
decompose  sulphide  of  calcium,  driving  off  sulphide  of 
hydrogen.  Thus  M.  Thaulow  proposes  to  bum  sul- 
phide of  hydrogen  in  lieu  of  sulphur  for  the  production 
of  sulphuric  acid.  There  are  reasons  for  supposing 
that  this  process  can  never  be  successfully  carried  out. 
In  the  first  place,  as  Parnell  observes,  if  the  exact 
quantity  of  carbon  only  necessary  to  combine  with  all 
the  oxygen  present,  is  added,  the  reduction  would  be 
extended  over  a  great  length  of  time,  and  would  pro- 
bably never  be  complete;  and  again,  were  an  excess  of 
carbon  to  be  employed,  so  as  to  hasten  the  decomposi- 
tion, carbonic  acid  would  not  be  obtained,  for  carbonic 
acid  passed  over  red-hot  carbon  would  part  with  half  its 
oxygen,  becoming  carbonic  oxide — CO — a  gas  which 
could  not  possibly  be  substituted  for  the  carbonic  acid  in 
this  case.  By  a  little  addition  the  process  can  be  made 
theoretically  possible ;  still,  the  probabilities  are  that 
it  will  never  be  practically  worked,  unless  sulphur  should 
rise  in  price  much  higher  than  it  is  likely  to  do. 


As  an  instance  of  the  manner  in  which  old  and  use- 
less, or  exploded  inventions  again  arise,  one  may  men- 
tion the  re-invention  or  revival  of  this  very  process  by 
Otto  Kohsell,  who  patented  it  for  the  kingdom  of 
Hanover  in  1856.  The  process,  as  detailed  by  this 
inventor,  is  precisely  the  same  in  every  detail  as  that 
of  M.  Thaulow— not  the  main  principal  only,  hut  in 
every  minute  particular  it  is  a  perfect  copy. 

In  1857  Mr.  Gossage  invented,  and  secured  by 
patent — dated  September  12th  in  that  year — another 
process  for  obtaining  the  sulphur  from  the  sulphide  of 
calcium  of  alkali  waste.  In  the  place  of  hydrochloric 
or  carbonic  acid,  as  in  his  method  of  decomposition 
before  mentioned,  he  liberates  the  sulphur  in  the  form 
of  sulphide  of  hydrogen,  by  acting  upon  the  waste  with 
steam  at  a  high  temperature.  The  following  equation 
represents  the  change  that  ensues — 
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The  sulphide  of  hydrogen  so  obtained  he  applies  instead 
of  sulphur,  in  the  production  of  sulphuric  acid  by  burn- 
ing with  atmospheric  air,  so  as  to  form  sulphurous  acid 
gas ;  or  he  obtains  the  sulphur  itself  from  the  sulphide 
of  hydrogen  by  causing  sulphurous  acid  to  act  upon  it, 
when  mutual  decomposition  takes  place. 

When  carbonic  oxide  gas  is  passed  over  the  sulphates 
of  the  alkalies  or  alkaline  earths  in  a  state  of  ignition, 
the  salts  are  reduced  to  sulphides  with  the  simul- 
taneous conversion  of  the  carbonic  oxide  to  carbonic 
acid,  thus — 

MO,  S03  +  i  CO  =  MS  +  4  C02. 

Now,  as  Mr.  Gossage  has  shown,  if  steam  at  a  high 
temperature  be  caused  to  act  upon  the  sulphides  of  the 
alkaline  earths,  sulphide  of  hydrogen  is  liberated.  If, 
therefore,  a  mixture  of  steam  and  carbonic  oxide  gas 
be  passed  over  the  ignited  alkaline,  or  earthy  sulphates, 
the  sulphur  of  the  sulphate  will  be  obtained  as  sulphide 
of  hydrogen,  and  may  afterwards  be  obtained  in  the 
free  state.  This  method  has  been  lately  proposed  by 
M.  Jacquemin,  for  the  production  of  sulphur  from 
sulphate  of  lime,  and  also  for  obtaining,  at  the  same 
time,  soda  in  the  caustic  condition  from  sulphate  of 
soda. 

The  author  appears  to  think  that  by  means  of  this 
process  he  will  revolutionize  the  soda  manufacture, 
as  he  anticipates  the  recovery  of  the  whole  of  the 
sulphur  in  an  available  form  without  the  production 
of  any  waste  whatever.  Even  if  this  process  would 
answer  on  a  small  scale,  its  success  on  a  larger  one 
is  very  doubtful.  Were  its  success  an  absolute  and 
undoubted  fact,  and  the  reaction  clean  and  exact, 
it  would  be  capable  of  considerable  extension.  The 
sulphur  from  sulphate  of  lime  might  be  recovered 
in  like  manner.  It  would  only  be  necessary  to  mix  it 
in  the  manner  M.  Thaulow  proposes  to  do  with  small 
coal,  or  other  carbonaceous  or  reducing  matter ;  heat  to 
bright  redness  in  a  closed  retort  for  some  hours,  until  it 
was  reduced  to  the  state  of  sulphide  of  calcium  ;  then 
to  pass  steam  over  and  drive  off  the  sulphur  as  sul- 
phide of  hydrogen,  while  lime  would  remain  behind  as 
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quicklime.  This  process,  which  is  tacitly  indicated  by 
the  author,  should  be  much  superior  to  that  of  M. 
Tiiaulow  just  mentioned ;  but  it  would  appear  that 
a  like  fate  has  awaited  both  processes ;  in  fact,  that 
they  are  each  impracticable  on  a  large  scale,  or,  what  is 
the  same  thing,  they  would  not.  pay  at  present. 

These  are  not  the  only  methods  which  have  been 
proposed  for  the  recovery  of  sulphur  from  its  various 
combinations;  but  they  serve  to  show,  to  a  certain 
extent,  the  industry  of  the  various  inventors  who  have 
turned  their  attention  to  the  subject ;  and  though  suc- 
cess has  not  followed  to  the  extent  no  doubt  expected 
by  the  sanguine  chemist,  there  is  no  reason  for  despair. 
It  is  still  to  be  hoped  that  some  one,  more  successful 
than  his  predecessors,  may  yet,  in  some  fortunate 
moment,  hit,  either  upon  a  yet  latent  reaction,  or  by 
some  perhaps  trifling  variation  of  an  already  known 
mode  of  procedure,  bring  forward  a  simple  and  easily- 
worked  process,  that  shall  be  all  that  could  be  desired, 
producing  sulphur  at  a  price  sufficiently  low  to  com- 
pete successfully  with  the  imported  article.  Sulphur, 
in  a  state  of  combination,  exists  in  this  country  in  almost 
inexhaustible  quantity.  To  separate  this,  and  to  pro- 
duce it  in  a  state  of  comparative  purity,  is  what  is 
wanted.  When  this  is  done,  English  manufacturers 
will  be  in  a  state  of  great  independence.  It  scarcely 
need  be  added  that  by  such  a  discovery  the  fortunate 
individual  would  be  more  than  repaid  for  a  life's 
industry. 

Combinations  of  Sulphur. — Sulphur  enters  into 
many  combinations,  both  simple  and  complex;  it  com- 
bines, with  a  few  exceptions,  with  all  the  metals,  forming 
with  them  proper  insoluble  compounds.  The  sulphides 
of  the  alkaline  and  earthy  metals  are  soluble  in  water. 
Some  sulphides  are  decomposed  by  acids,  while  others 
again  are  insoluble  in  these  liquids.  Of  these  pecu- 
liarities chemists  avail  themselves  largely  in  analysis ; 
for,  by  this  property  of  forming  insoluble  compounds 
with  sulphur,  they  are  enabled  to  separate  into  classes 
several  groups  of  metals,  from  which  again,  by  a  series 
of  subdividings  and  subclassings,  they  can  separate 
individually  each  element.  The  larger  groupings  are 
made  chiefly  through  the  instrumentality  of  sulphide 
of  hydrogen.  This  gas,  when  passed  through  a  solution 
of  metallic  oxides,  in  many  cases  throws  down  the 
metal  as  a  sulphide,  the  gas  being  decomposed.  As 
an  example :  if  a  current  of  sulphide  of  hydrogen  be 
passed  through  a  solution  of  a  salt  of  load,  the  following 
reaction  takes  place — 

Pb  0  +  HS  =  Pb  S  +  IIO. 

Sulphide  of  lead  and  water  are  the  products  of  this 
decomposition.  The  following  metals  are  thrown  down 
as  sulphides  by  sulphide  of  hydrogen  from  an  acid 
solution — gold,  platinum,  mercury,  silver,  lead,  bis- 
muth, and  copper,  black;  antimony,  orange;  arsenic, 
tin,  and  cadmium,  yellow.  The  following  metals  are 
converted  into  sulphides  when  sulphide  of  hydrogen  is 
passed  through  their  alkaline  solutions,  or  a  slightly 
alkaline  solution,  in  which  their  hydrated  oxides  are 
suspended — nickel,  iron,  and  cobalt,  yellow ;  tin,  black; 
manganese,  flesh-colored;  zinc,  white.  Sulphur  enters 
into  the  vegetal  kingdom ;  it  is  found  in  more  or  less 


quantity  in  many  plants,  chiefly  in  connection  with  nitro- 
gen, with  which  it  would  appear  to  act  in  consort,  at 
least  in  the  organic  world.  In  the  animal  kingdom  it 
occurs  pretty  extensively  also,  and  there  too  it  is  princi- 
pally found  in  nitrogen  compounds.  Animal  and  vegetal 
products  of  the  albumen  and  fibrin  class  contain  it  as 
an  essential  element,  while  its  existence  in  the  form  of 
salt,  as  sulphate,  et  cetera,  is  still  more  diffused.  It 
combines,  as  will  he  presently  shown,  with  several 
proportions  of  oxygen,  and  with  hydrogen  in  at  least 
two  proportions — the  sulphide  of  hydrogen  spoken  of 
so  repeatedly  in  this  article  when  treating  of  the 
recovery  of  sulphur,  and  another  body  containing 
much  more  sulphur,  its  formula  being  given  as  HS5. 
This  body  is  produced,  appearing  in  the  form  of  oily 
drops,  which  subside  when  a  solution  of  pentasulphide 
of  potassium  is  poured  into  dilute  hydrochloric  acid ; 
it  is  very  unstable ;  the  greatest  care  and  precaution 
cannot  preserve  it  longer  than  a  few  weeks,  even  though 
it  be  sealed  hermetically  in  a  glass  tube ;  it  simply 
forms  a  link  of  the  chain  of  combinations  which  sulphur 
is  capable  of  forming. 

The  simpler  combination  with  hydrogen  is  a  well 
known  body;  it  is  the  result  of  many  decompositions, 
natural  and  otherwise ;  it  is  permanently  gaseous,  possess- 
ing a  most  nauseous  odor,  easily  recognized  as  being  the 
characteristic  of  several  mineral  springs,  such  as  those 
of  Harrowgate,  et  cetera.  It  is  a  product  of  the  decom- 
position of  many  organic  bodies,  is  evolved  by  putrid 
bodies,  and  is  the  cause  of  the  smell  of  rotten  eggs, 
the  albumen  of  which,  as  before  stated,  contains  a 
quantity  of  sulphur,  is  undergoing  decay,  and  gives  off 
its  sulphur,  or  a  part  of  it,  as  sulphide  of  hydrogen. 
This  gas  is  prepared  by  adding  an  acid  to  any  soluble 
sulphide,  such  as  those  of  the  alkalies,  or  of  the  alka- 
line earths.  The  most  convenient,  and  consequently 
the  most  general  method,  consists  in  adding  dilute  sul- 
phuric acid  to  sulphide  of  iron,  placed  in  a  bottle, 
closed  with  a  cork,  perforated  with  two  holes,  one  for 
the  passage  of  a  tube  funnel,  through  which  sulphuric 
acid  can  be  poured;  while  through  the  other  is  passed 
a  tube  for  the  exit  of  the  gas—Fig.  569.    If  a  slow 

Fig.  66D. 
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and  constant  stream  of  the  gas  is  required,  large  lumps 
of  the  sulphide  should  be  employed ;  but  if,  on  the 
contrary,  a  rapid  stream  is  needed,  smaller  lumps 
should  be  used.  When  the  sulphide  is  introduced,  the 
cork  should  be  put  fn  its  place,  and  the  requisite 
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quantity  of  dilute  acid  poured  down  the  funnel;  if  the 
sulphide  be  good,  a  stream  of  gas  bubbles  will  imme- 
diately begin  to  rise,  and  passing  through  the  exit  tube, 
can  be  directed  through  any  solution,  or  to  any  required 
point.  The  decomposition  which  produces  this  gas 
from  these  materials  is  very  simple — 

Fe  S  +  S03  HO  =  Fe  0,  S03  +  SH ; 

that  is,  one  equivalent  of  sulphide  of  iron,  one  of 
sulphuric  acid,  and  one  of  water,  produce  one  equiva- 
lent of  sulphide  hydrogen,  and  one  of  protosulphate  of 
iron. 

The  combination  of  sulphur  with  nitrogen  alone 
is  of  scarcely  any  importance,  and  need  not  be  dwelt 
upon. 

Sulphur  and  Carbon. — Sulphur  forms  several  com- 
binations with  carbon  ;  the  one  most  marked  and  of  the 
greatest  importance,  inasmuch  as  it  is  used  in  the  arts, 
is  the  bisulphide  of  carbon  or  sulphooarbonic  acid — 
CS2.  It  is  formed  by  passing  the  vapor  of  sulphur 
over  or  through  red-hot  charcoal.  This  is  effected 
by  filling  an  iron  or  porcelain  tube  placed  across  a 
furnace — Fig.  570 — with  fragments  of  charcoal.  One 
end  of  this  tube  is  connected  with  a  condensing  appa- 
ratus— Liebig's  tube  will  do — plentifully  supplied  with 
cold  water.  The  other  end  of  this  tube  must  be  capa- 
ble of  being  closed  tightly  with  a  cork.  When  the 
tube  is  sufficiently  hot  the  cork  is  removed,  and  small 

Fig.  570. 


pieces  of  sulphur  are  pushed  through  near  to  the  char- 
coal. The  orifice  being  again  closed,  the  sulphur  is 
converted  into  vapor,  and  in  passing  through  the  in- 
terstices of  the  incandescent  carbon,  combines  with  a 
portion,  forming  the  body  in  question,  which,  passing 
on  to  the  condensing  apparatus,  collects  as  a  liquid. 
After  sufficient  time  has  elapsed  a  fresh  portion  of  sul- 
phur must  be  introduced,  the  operation  being  continued 
in  this  manner  until  sufficient  has  been  prepared.  This 
product  is  by  no  means  pure,  containing  more  or  less 
sulphur  which  has  escaped  combination,  and  from  which 
it  must  he  freed  by  distillation  in  a  glass  retort  placed 
in  a  water  bath. 

Bisulphide  of  carbon  has  a  density  of  1-272.  It  is, 
as  obtained  above,  a  transparent,  colorless  liquid,  of  a 
strong  disagreeable  odor.    This  odor  is  due  to  a  foreign 


body,  the  true  smell  being  of  a  vinous  or  ethereal  char- 
acter. A  considerable  portion  of  this  smell  may  be 
removed  by  shaking  it  up  in  a  bottle  with  a  quantity 
of  strong  sulphuric  acid  and  bichromate  of  potassa. 
Bisulphide  of  carbon  is  a  very  volatile  body,  its  boiling 
point  being  110°.  It  rapidly  evaporates,  almost  equal- 
ing sulphuric  ether  in  this  respect,  diffusing  its  odor 
through  the  apartment.  It  is  a  very  effective  solvent 
fatty  matter.  Grease  stains  may  be  removed  by  it  from 
paper  or  woven  fabrics.  It  is  only  necessary  to  place 
a  piece  of  blotting  paper  below  the  stain,  and  drop  the 
bisulphide  of  carbon  on  it ;  it  dissolves  the  grease,  and 
the  blotting  paper  receives  the  solution.  When  brushed 
the  fabric  must  be  exposed  to  the  air,  when  the  odor 
rapidly  and  perfectly  disappears.  Bisulphide  of  carbon 
is  also  a  solvent  of  phosphorus ;  when  a  little  bisulphide 
of  carbon  is  warmed  in  a  test  tube  and  a  piece  of  phos- 
phorus dropped  in  it,  it  rapidly  dissolves.  This  is  a  case 
of  true  solution.  The  phosphorus  is  again  deposited 
unaltered  on  the  evaporation  of  the  solvent.  It  has 
been  proposed  to  employ  this  solution  in  warfare.  Shells 
filled  with  the  solution  were  to  be  thrown  into  or  on 
any  combustible  part  of  the  enemy's  premises,  such  as 
a  "wooden  building  or  a  ship's  sails.  The  solvent  evapo- 
rates, leaving  a  thin  layer  of  phosphorus,  or,  in  the  case 
of  a  ship's  sails,  leaving  every  thread  or  fibre  covered 
with  a  coating  of  phosphorus.  This  quickly  begins 
to  oxidize,  and  finally  takes  fire,  which  fire  will  com- 
municate to  the  surrounding  parts.  The  experiment 
may  be  performed  on  a  small  scale  by  wrapping  a  little 
tow  round  the  end  of  a  wire,  and  dipping  this  into  the 
phosphoric  solution,  when,  on  taking  it  out  and  waving 
it  about,  the  bisulphide  of  carbon  almost  instantly 
evaporates,  and  in  a  few  seconds  the  tow  takes  fire, 
the  phosphorus  having  ignited  first. 

Sulphur  and  Chlorine. — Sulphur  also  combines  in  a 
variety  of  proportions  with  other  bodies,  as  well  as 
those  named.  It  forms  combinations  with  phosphorus, 
boron,  iodine,  bromine,  fluorine,  and  chlorine.  One  of 
its  combinations  with  the  latter  body  is  used  in  the 
manufacture  of  caoutchouc ;  it  is  prepared  by  passing 
chlorine  gas  through  melted  sulphur,  forming  the 
dichloride  of  sulphur,  which  is  found  to  contain  also 
sulphur  in  solution.  From  this  it  must  be  freed  by 
distillation,  at  a  low  temperature,  and,  if  necessary, 
the  rectification  repeated  until  its  boiling  point  is 
stationary  at  228-2°.  This  chloride  of  sulphur  has 
some  curious  properties;  by  means  of  it,  a  species  of 
artificial  india-rubber  may  be  produced.  To  procure 
this  body  take  a  quantity  of  vegetal  oil,  say  linseed 
or  rape,  and  mix  it  with  one-tenth  its  bulk  of  chloride 
of  sulphur,  and  slightly  warm  the  mixture ;  a  strong 
reaction  takes  place.  Hydrochloric  acid  is  disengaged, 
and  a  mass  remains,  which,  when  washed  with  water, 
becomes  white,  and  is  as  elastic  as  genuine  caoutchouc, 
with  precisely  the  same  appearance.  This  curious 
body  resists  the  action  of  boiling  alkalies ;  ammonia 
and  concentrated  acids  are  without  action  on  it,  and 
it  resists  the  solvent  powers  of  alcohol,  ether,  sulphide 
of  carbon,  and  oils. 

Compounds  of  Sulphur  and  Oxygen.  —  Sulphur 
appears  to  have  a  great  affinity  for  oxygen,  with  which 
it  combines  in  many  proportions,  forming  a  series  of 
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compounds,  all  of  which  are  acids.  The  following 
are  known  to  exist  at  present : — 

Hyposulphurous  acid,   S2  02 

Pentathionic  acid,   SB  05 

Tetratliionic  acid,   S4  05 

Trithionic  acid,   S3  05 

Sulphurous  acid,   S  03 

Hyposulphuric  acid,   S2  O5 

Sulphuric  acid,   S  03 

Of  this  series  two  momhers  have  teen  already  noticed 
— hyposulphurous  acid  and  pentathionic  acid.  Hypo- 
sulphurous  acid  cannot  be  obtained  in  the  free  state, 
as  already  mentioned.  When  set  free  it  splits  up 
gradually  into  sulphur  and  sulphurous  acid.  It  is 
commonly  met  with  in  the  form  of  hyposulphite  of 
soda,  a  compound  employed  to  a  considerable  extent  by 
photographers,  it  being  a  solvent  of  certain  silver  salts, 
which  are  insoluble  in  water,  such  as  the  chloride, 
iodide,  and  bromide.  Hyposulphite  of  soda  will  also 
dissolve  sulphate  of  lead,  and  in  analysis  affords  a  ready 
means  of  separating  this  salt  from  sulphate  of  baryta. 

Hyposulphurous  acid  is  comparatively  stable  when 
combined  with  a  base.  The  hyposulphites  of  the  alka- 
lies and  of  the  alkaline  earths  are  those  most  frequently 
occurring.  They  are  prepared  in  a  variety  of  ways, 
the  most  common  methods  being  either  by  exposing  an 
alkaline  or  earthy  sulphide  to  the  air,  when  it  absorbs 
oxygen,  forming  a  quantity  of  hyposulphites  and  other 
salts ;  or  by  boiling  a  sulphite  of  the  base  with 
sulphur.  The  reaction  in  the  latter  case  is  very  simple. 
Take  the  sulphite  of  soda  for  instance.  This  has  the 
formula  NaO,  S02.  Add  to  this  one  equivalent  of 
sulphur — NaO,  S02-(-S;  and  hyposulphite  of  soda — 
NaO,  S2  02 — is  produced. 

The  following  method  appears  to  bo  a  favorite  one 
for  preparing  the  hyposulphite  of  soda  in  small  quanti- 
ties : — One  pound  of  pure  crystallized  carbonate  of  soda, 
is  dried  as  perfectly  as  possible.  When  powdered,  this 
is  mixed  with  five  ounces  of  pure  sulphur,  the  mixture 
heated  in  a  glass  or  porcelain  basin  to  the  melting  point 
of  sulphur,  and  kept  at  that  temperature  for  some  time, 
stirring  constantly  in  order  to  bring  every  part  into  con- 
tact with  the  air.  The  sulphide  of  sodium  formed  at 
first  absorbs  oxygen  from  the  air,  and  is  converted  with 
feeble  incandescence  into  hyposulphite  of  soda.  The 
mass,  when  cold,  is  dissolved  in  water,  and  boiled  with 
sulphur  for  some  time,  and  the  liquid  evaporated  to  the 
crystallizing  point.  Very  fine  and  pure  crystals  are 
obtained  in  this  manner.  If  the  heat  be  too  strong, 
part  of  the  sulphur  is  burned  off,  and  carbonate  of  soda 
remains  undecomposed.  In  this  case  a  second  crystal- 
lization is  requisite.  Hyposulphite  of  soda  can  easily 
be  obtained  by  passing  a  current  of  sulphurous  acid 
through  a  solution  of  sulphide  of  sodium,  boiling,  filter- 
ing, and  evaporating  to  the  crystallizing  point. 

The  earthy  hyposulphites,  as  above  stated,  are  formed 
by  exposing  their  sulphides  to  the  air ;  for  instance,  in 
a  solution  of  sulphide  of  calcium  exposed  for  some 
time  in  this  manner,  a  considerable  quantity  of  hypo- 
sulphites form  by  double  decomposition.  The  hypo- 
sulphite of  soda  or  potassa  may  be  formed  by  adding  to 
a  solution  of  the  sulphide  of  calcium  a  solution  of  tho 
carbonate  of  these  alkalies. 

Hyposulphite  of  soda  is  used  to  a  small  extent  in 


analysis  as  a  reducing  agent,  also  as  a  means  of  separ- 
ating iron  and  alumina,  dependent  on  the  fact  that 
hyposulphite  of  alumina  is  not  stable  at  much  above 
the  ordinary  temperature.  For  instance,  suppose  iron 
and  alumina  are  both  contained  in  a  solution ;  to  this 
solution  is  added  as  much  hyposulphite  of  soda  as  will 
convert  these  bases  into  hyposulphites;  this  is  done 
while  cold.  The  solution  is  now  heated  to  boiling. 
Hyposulphite  of  alumina  decomposes  at  this  tempera- 
ture into  sulphur,  sulphurous  acid,  and  alumina,  while 
the  iron  salt  being  more  stable  remains  intact.  The 
whole  is  now  thrown  on  to  a  filter ;  when  the  iron  salt 
passes  through,  while  the  alumina  remains  on  the  filter ; 
and  it  is  washed,  dried,  and  ignited.  The  iron  is  separ- 
ated from  the  filtrate  in  the  usual  manner. 

This  reaction  is  used,  also,  to  a  very  small  extent  in 
calico-printing.  A  hyposulphite  of  alumina  is  formed  in 
the  cold  by  adding  a  solution  of  chloride  of  aluminium  to 
a  solution  of  hyposulphite  of  soda.  The  result  is  a  solu- 
tion of  chloride  of  sodium  and  hyposulphite  of  alumina. 
This  is  thickened  in  the  regular  manner,  and  printed 
on  the  fabric.  The  piece  is  then  exposed  to  a  tempera- 
ture of  212°  by  means  of  steam,  when  the  salt  is  decom- 
posed, alumina  being  deposited  on  or  in  the  cloth. 
This  alumina  so  deposited  dyes  up  with  madder  pre- 
cisely like  the  alumina  precipitated  in  the  ordinary 
manner  from  the  acetate. 

This  method  does  not  offer  any  advantage  over  that 
usually  followed,  except  in  certain  cases,  where  it  is 
a  convenient  course,  on  account  of  the  ordinary  method 
being  inadmissible. 

The  rest  of  these  sulphur  and  oxygen  compounds, 
with  the  exception  of  sulphurous  and  sulphuric  acid, 
are  at  present  useless  in  the  arts,  but  are  valuable  in 
a  scientific  point  of  view. 

Sulphurous  acid  is  composed  of  one  equivalent  of  sul- 
phur and  two  equivalents  of  oxygen.   It  is  the  irritating 
vapor  or  gas  given  off  by  burning 
sulphur.    It  may  be  prepared  in  Fis- 571. 

a  variety  of  ways,  according  to 
the  purpose  for  which  it  is  re- 
quired. Two  general  principles 
may  be  followed,  either  the  addi- 
tion of  a  sufficient  quantity  of 
oxygen  to  sulphur,  or  the  abstrac- 
tion of  oxygen  from  sulphuric 
acid. 

When  sulphur,  as  just  stated, 
is  made  to  burn  in  oxygen  gas 
or  common  air,  sulphurous  acid  is 
obtained.  If  it  is  desired  to  pass 
a  stream  of  this  gas  through  any 
liquid  intended  to  absorb  it,  the 
sulphur  must  be  burned  in  a  close 
vessel  or  apparatus,  which  has  a 
strong  aspirator  attached.  The 
Woulf's  bottle,  or  other  vessel, 
must  be  placed  between  the  vessel  containing  the  sul- 
phur and  the  aspirator,  or,  supposing  this  to  be  incon- 
venient, tho  sulphur  may  be  mixed  with  some  body 
containing  oxygen  loosely  combined,  and  this  mixture 
heated.  A  body  possessing  these  requisite  qualifications 
is  found  in  peroxide  of  manganese.  To  obtain  a  stream 
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of  sulphurous  acid,  it  is  recommended  to  make  an  inti- 
mate mixture  of  one  part  powdered  sulphur,  and  seven 
or  eight  parts  of  black  oxide  of  manganese.  This 
mixture  is  placed  in  an  iron  retort,  which  is  set  on  the 
fire.  There  is  given  off  sulphurous  acid,  oxygen,  and 
sulphur  vapor,  the  matter  in  the  retort  being  probably 
sulphide  and  sesquioxide  of  manganese.  This  method, 
not  giving  a  very  pure  product,  is  not  well  adapted  for 
many  purposes.  The  method  generally  adopted  is 
that  of  robbing  sulphuric  acid  of  one  equivalent  of 
oxygen  by  any  convenient  body.  A  mixture  of  strong 
oil  of  vitriol  and  charcoal  heated  in  a  flask,  which  has  a 
conducting  tube— Fig.  571 — attached,  serves  very  well, 
if  absolutely  pure  gas  be  not  needed.  The  gas  given 
off  by  the  mixture  is  a  compound  of  S02  arid  C03. 
The  following  being  the  reaction— 

2S03-f-C  =  2S02  +  C02. 

But  sulphurous  acid  as  nearly  pure  as  possible,  in  fact 
quite  pure,  if  made  to  traverse  a  little  water  to  take  up 
any  sulphuric  acid,  may  be  obtained  by  heating  sul- 
phuric acid  with  one-third  its  weight  of  copper,  in  the 
shape  of  turnings  or  clippings.  One  atom  of  copper 
takes  up  one  atom  of  oxygen  from  one  atom  of  sul- 
phuric acid,  and  becomes  oxide  of  copper,  which  itself 
immediately  combines  with  another  equivalent  of 
sulphuric  acid,  forming  sulphate  of  copper — 

2  S03+  Cu  =  C11O  S03  +  S02. 

Mercury  may  be  substituted,  but  with  no  advantage — 
a  like  reaction  takes  place.  The  sulphurous  acid  so 
obtained  is  permanently  gaseous  at  the  ordinary  atmo- 
spheric pressure,  but  is  capable  of  assuming  the  liquid 
form,  like  carbonic  acid,  sulphide  of  hydrogen,  and 
sundry  other  gases,  at  an  increased  pressure  with  a  very 
low  temperature.  Faraday  employs  a  pressure  of 
from  three  to  five  atmospheres;  Wach  places  in  a 
long  glass  tube,  sealed  at  both  ends  and  bent  in  the 
middle,  a  mixture  of  anhydrous  sulphuric  acid  and 
sulphur.  This  is  heated,  while  the  opposite  end  is 
kept  immersed  in  a  freezing  mixture.  Sulphurous  acid 
is  formed  under  strong  pressure,  and  condensed  in  the 
cooled  end  of  the  tube.  In  order  to  obtain  it  pure,  it 
must  be  run  to  the  other  end  of  the  tube,  and  again 
distilled  to  free  it  from  sulphuric  acid.  Sulphurous  acid 
in  the  liquid  state  is  only  of  scientific  interest ;  it  is 
like  many  other  rare  chemical  preparations,  which  are 
only  made  at  a  cost  of  great  labor,  and  when  made, 
can  only  be  preserved  conveniently  for  a  very  short 
time.    As  a  liquid  its  boiling  temperature  is  14°. 

As  far  as  all  the  useful  properties  of  sulphurous  acid 
are  concerned,  they  may  be  studied  from  its  solution 
in  water,  this  liquid  taking  up,  at  mean  temperature, 
thirty-three  times  its  bulk  of  the  gas. 

Sulphurous  acid  solution  is  obtained  by  passing  a 
stream  of  the  gas  through  cold  water,  employing  for 
the  generation  any  of  the  methods  just  given.  A  series 
of  Woulf's  bottles,  or  other  convenient  apparatus,  may 
be  employed  for  the  condensation.  The  contents  of  the 
first  bottle  should  always  be  rejected,  as  it  will  contain 
a  considerable  quantity  of  sulphuric  acid,  carried  over 
both  mechanically  and  in  a  state  of  vapor;  the  other  will 
be  a  nearly  pure  solution  of  sulphurous  acid. 


Sulphurous  acid  is  capable  of  forming  a  crystalline 
hydrate  with  water.  It  is  procured  by  exposing  sul- 
phurous acid  vapor  with  water,  in  a  tube  or  other 
apparatus,  to  a  low  temperature,  by  placing  this  tube 
in  a  freezing  mixture.  Solid  sulphurous  acid  may  be 
procured  by  rapidly  evaporating  the  liquid  acid — it 
forms  white  flakes.  It  is  heavier  than  the  liquid,  and 
freezes  at  minus  110°.    It  is  composed  of — 

6  vol.  of  spec.  grav.  2'2113. 

Sulphurous  acid  is  a  powerful  deoxidizer,  instantly 
decoloring  acid  solutions  of  the  manganates  and  chro- 
mates — in  the  latter  case  reducing  them  to  the  state  of 
green  sesquioxide  of  chromium.  For  analyzing  the 
commercial  sulphites,  it  is  only  necessary  to  weigh  out 
a  stated  quantity  of  the  sulphite  or  hyposulphite  to  be 
examined,  dissolve  it  in  water,  make  it  acid  with  hydro- 
chloric acid,  and  then  to  note  the  number  of  measures 
of  a  normal  solution  of  bichromate  of  potassa  required 
to  be  added  to  convert  the  sulphurous  into  sulphuric 
acid,  and  data  are  obtained  from  which  the  amount  of 
sulphurous  acid  contained  in  the  sample  may  be  easily 
calculated.  This  reducing  property  of  sulphurous  acid 
has  been  turned  to  advantage  by  Bunsen,  in  the  indirect 
analysis  of  various  bodies — for  instance,  in  the  valua- 
tion of  manganese.  He  places  the  manganese  in  a 
flask,  treats  it  with  hydrochloric  acid,  passes  the  evolved 
chlorine  into  a  solution  of  iodide  of  potassium;  each 
atom  of  chlorine  sets  free  an  atom  of  iodine.  When 
the  operation  is  over,  he  disconnects  the  vessel  con- 
taining this  iodine,  and  adds  from  a  burette  a  normal 
solution  of  sulphurous  acid  until  the  precipitated  iodine 
has  disappeared.  Each  equivalent  of  iodine  converts 
an  equivalent  of  sulphurous  into  sulphuric  acid,  as 
follows — 

S02  +  I  +  HO  =  SOs  +  IH. 
Thus,  tracing  the  reaction  back,  one  equivalent  of 
sulphurous  acid  represents  one  equivalent  of  binoxide 
of  manganese — this  principle  is  applied  in  a  variety 
of  ways.  The  deoxidizing  power  of  sulphurous  acid  is 
taken  advantage  of  by  the  chemist  in  the  estimation  of 
arsenic.  When  arsenic  exists  as  arsenic  acid,  it  is 
very  slowly  thrown  down  by  sulphide  of  hydrogen ; 
whereas  arsenious  acid  is  easily  precipitated.  Sul- 
phurous acid  possesses  the  power  of  abstracting  part  of 
the  oxygen  from  arsenic  acid,  reducing  it  to  arsenious ; 
so  that,  if  a  stream  of  sulphurous  acid  be  passed  through 
the  arseniate  to  be  analyzed,  after  making  it  acid  with 
hydrochloric  acid,  it  is  converted  into  arsenious  acid, 
which  facilitates  its  precipitation  when  one  comes  to 
employ  sulphide  of  hydrogen. 

Sulphurous  acid,  passed  through  a  dilute  solution  of 
yellow  sesquichloride  of  iron,  quickly  reduces  it  to  a 
protosalt — 

Fe2  Cl3  +  S02  +  HO  =  2  Fo  CI  +  S03  +  n  CI. 

Sulphurous  acid  reduces  salts  of  gold,  throwing  down 
the  gold  in  the  metallic  state.  It  is  capable  of  taking 
up  the  second  equivalent  of  oxygen  from  almost  every 
metallic  binoxide. 

Sulphurous  acid,  in  the  shape  of  sulphite  of  soda, 
has  been  an  article  of  commerce  for  some  time,  under 
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the  half-fanciful  and  half-true  appellation  of  antichlor. 
It  has  derived  its  name  from  the  use  to  which  it  is 
applied,  heing  used  to  correct  the  evil  effects  of  an 
overdose  of  chlorine.  In  the  bleaching  of  paper  pulp, 
if  any  excess  of  chlorine  or  hypochlorite  has  been  used, 
the  sulphite,  on  being  added,  neutralizes  it.  If,  for 
the  sake  of  illustration,  we  imagine  chlorine  to  have 
been  used,  then — 

CI  +  S02  NaO  +  HO  =  CI  H  +  SOs  NaO. 

This  hydrochloric  acid  can  be  taken  up  by  any  alkali, 
or  will  itself  decompose  a  fresh  portion  of  the  sulphite, 
driving  off  sulphurous  acid. 

Sulphites  are  used  by  some  in  the  manufacture  of 
beet  sugar.  Pboust  recommended  them  and  a  sulphu- 
rous acid  solution  as  being  antiferments,  and  having  also 
other  advantages.  The  following  method  of  procuring 
it  in  large  quantities  was  proposed  by  Calvekt,  in 
a  lecture  lately  delivered  before  the  Society  of  Arts, 
lie  constructs  a  sulphur  oven,  such  as  is  used  in  the 
manufacture  of  sulphuric  acid.  Within  this  oven  the 
sulphur  is  burned,  producing  sulphurous  acid.  An 
earthenware  tube,  immersed  in  water,  leads  from  this 
burner  or  oven  to  a  tall  wooden  column  filled  with 
pumice-stone,  or  other  suitable  porous  body.  A  cistern 
of  water  is  placed  on  the  top  of  this  column,  to  which 
cistern  a  tap  or  valve  is  attached,  by  means  of  which 
a  shower  of  water  can  be  sprinkled  on  the  pumice- 
stone,  keeping  it  in  a  moist  or  wet  state.  The  mixture 
of  gases  issuing  from  the  burner,  consisting  of  sulphurous 
acid,  atmospheric  air,  and  residual  nitrogen,  pass  along 
the  conducting  tube,  enter  the  column  near  the  bottom, 
and  pass  up  its  whole  length,  thus  meeting  with  the 
descending  water ;  the  sulphurous  acid  is  absorbed,  and 
a  constant  stream  of  the  solution  issues  into  a  cistern 
placed  at  the  bottom  for  its  reception,  while  the  re- 
sidual gases  pass  out  into  the  atmosphere. 

Some  brewers  employ  a  solution  of  sulphurous  acid 
to  rinse  out  beer  barrels  after  washing,  as  it  possesses 
the  property  of  arresting  the  acetic  fermentation. 

Sulphurous  acid,  when  present  in  a  free  state  in  small 
amounts,  is  easily  detected  by  its  suffocating  odor. 
It  does  not,  like  sulphuric  acid,  give  any  reaction  with 
a  salt  of  baryta,  except  when  combined  with  a  base. 
This  is  on  account  of  the  sulphite  of  baryta — unlike  the 
sulphate — being  soluble  in  free  acid.  When  sulphuric 
acid  is  added  to  a  salt  of  baryta,  sulphate  of  baryta  is 
formed,  and  the  acid  with  which  the  baryta  was  pre- 
viously combined  is  set  free.  But  this  acid  can  exert 
little  or  no  action  on  the  sulphate  of  baryta.  Now,  on 
adding  sulphurous  acid  to  a  salt  of  baryta,  the  sulphite  of 
baryta  would  dissolve  in  the  acid  set  free,  and  which  was 
previously  combined  with  the  baryta.  But  in  the  case 
of  a  salt  having  sulphurous  aeid  in  its  composition, 
this  does  not  occur.  No  acid  is  set  free  to  exert  a 
solvent  action.  For  instance,  if  to  a  solution  of  chloride 
of  barium  is  added  a  solution  of  sulphite  of  soda,  a  white 
precipitate  of  sulphite  of  baryta  will  be  produced — 

NaO  S02  +  Ba  CI  =  BaO  S02  -f  Na  01. 

Supposing  it  to  have  been  doubtful  whether  the  salt 
employed  was  a  sulphite  or  a  sulphate,  one  can  now 
determine  the  point  by  the  addition  of  an  acid,  say 
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hydrochloric  acid.  Sulphite  of  baryta  being  soluble  in 
this  acid,  the  precipitate  will  disappear  if  the  salt  was 
a  sulphite ;  if  the  precipitate  is  persistent,  a  sulphate 
is  indicated.    Of  course,  both  may  be  present. 

An  old  specimen  of  sulphite  is  sure  to  contain  a 
quantity  of  sulphate,  formed  by  oxidation,  even  though 
pure  originally.  To  determine  absolutely  the  presence 
or  absence  of  sulphurous  acid  in  a  body,  it  is  only 
necessary  to  dissolve  it  in  hydrochloric  acid,  if  solid, 
or  if  a  liquid,  make  it  acid  to  the  same  extent,  and  add 
a  few  scraps  of  zinc,  such  as  is  used  in  the  production 
of  hydrogen  gas.  If  the  body  under  examination 
contain  sulphurous  acid,  the  hydrogen  going  off  will  be 
accompanied  by  sulphuretted  hydrogen,  which  may  be 
detected  by  the  smell,  or  by  its  blackening  paper  dipped 
in  a  solution  of  a  lead  salt.  This  test  will  discover  very 
minute  quantities  of  sulphurous  acid.  Such  is  its 
delicacy  that  sulphurous  acid  may  be  detected  in 
much  of  the  commercial  hydrochloric  acid ;  it  arises 
from  the  action  of  the  strong  sulphuric  acid  on  the 
iron  decomposing  vessel  employed.  The  reaction  may 
be  explained  as  follows,  leaving  out  the  hydrochloric 
acid : — 

S02  +  HO  +  3  Za  =  3  ZnO  +  SH. 

One  method  of  estimating  sulphurous  acid  has  been 
given,  but  the  ordinary  method  is  to  convert  it  into 
sulphuric  acid,  and  then  proceed  in  the  manner  followed 
in  the  estimation  of  that  acid.  This  may  be  effected 
by  several  oxidizing  bodies.  It  is  sometimes  recom- 
mended to  employ  nitric  acid,  but  there  is  a  chance  of 
error  by  doing  so,  inasmuch  as  a  quantity  of  the 
sulphurous  acid  may  escape  whilst  heating  it.  Per- 
haps the  best  method  is  to  pass  through  the  sulphurous 
acid  or  the  sulphite  to  be  analyzed  a  current  of  chlorine 
until  the  liquid  smells  of  the  latter  gas,  placing  it  on  a 
sand  bath  until  all  smell  has  disappeared,  then  precipi- 
tate with  a  salt  of  baryta,  collect,  wash,  ignite,  et  cetera, 
exactly  as  indicated  under  the  head  Sulphuric  Acid. 

Sulphurous  acid  forms,  with  bases,  a  series  of  salts 
called  sulphites,  one  of  which  has  been  already  men- 
tioned, the  sulphite  of  soda.  These  sulphites  have  been 
shown  by  the  Editor  to  bear  a  strong  resemblance  to 
carbonates,  being  also  isomorphous  with  the  latter  salts. 
The  following  list  proves  the  analogy  : — 


Sulphites. 

KO,  S02  -f  2  HO 
KO,  S02  +  HO,  S02 
NaO,S02-j-  10  HO 
NaO,S02-f-HO,  sOa 

NaO,  S02  +  HO,  S02  +  8  HO, 
BaO,  S02 
SrO,  S02 

MgO,  S02  -f  3  HO 
MnO,  SOi  +  2  HO 
PbO,  SOa 
AgO,  S02 


KO,  COa  +  2  HO 

KO,  C02  +  HO,  COa 

NaO,  COa  +  10  HO 

NaO,  COa  -f  HO,  C02 

NaO,  COa  +  HO,  C02  +  8  HO 

BaO,  CO2 

SrO,  COa 

MgO,  COs  +  3  HO 
MnO,  COa  4-  2  HO 
PbO,  COa 
AgO,  COa 


Sulphite  of  soda  is  the  only  salt — with  the  exception 
of  a  mixed  sulphite  of  lime  and  magnesia — which  is 
manufactured  on  a  large  scale.  Sulphite  of  soda  is 
made  by  passing  a  stream  of  sulphurous  acid  gas 
through  a  solution  of  carbonate  of  soda;  the  carbonic 
acid  is  displaced,  and  sulphite  of  soda  is  formed.  On 
the  large  scale,  the  same  method  as  is  pursued  in  the 
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manufacture  of  bicarbonate  may  be  followed  for  the 
production  of  the  sulphite.  A  chamber  or  suitable 
large  vessel  is  so  constructed  with  appliances  that  a 
stream  of  sulphurous  acid  from  burning  sulphur  may 
be  drawn  through.  This  chamber  or  vessel  is  filled 
with  crystals  of  carbonate  of  soda ;  the  stream  of  sul- 
phurous acid  in  its  passage  through  the  interstices  of 
the  mass  is  taken  up,  carbonic  acid  being  evolved. 
The  passage  of  the  gas  must  be  continued  until  a  sample 
taken  out  of  the  chamber,  on  being  dissolved,  has  an 
acid  reaction  with  litmus  paper.  The  mass  of  what 
was  originally  carbonate  of  soda  has  now  become  a 
mixture  of  sulphite  and  bisulphite  of  soda.  This  is 
now  dissolved  in  water,  and  brought  to  the  boiling 
point;  a  solution  of  carbonate  of  soda  must  now  be 
added,  until  the  last  addition  causes  no  evolution  of 
carbonic  acid ;  the  whole  is  now  brought  to  the  state 
of  neutral  sulphite  ;'  and  after  standing  to  deposit  any 
mechanical  impurities  may  be  run  off  into  a  suitable 
vessel  to  crystallize. 

The  sulphites  of  potassa  and  ammonia  may  be  pre- 
pared in  a  similar  manner  to  that  of  soda,  by  passing 
sulphurous  acid  through  a  solution  of  the  alkalies  or 
their  carbonates. 

The  sulphites  of  the  alkaline  earths  are  prepared 
either  by  exposing  the  moistened,  or  better,  the 
hydrated  oxides,  to  gaseous  sulphurous  acid,  when 
this  gas  is  absorbed ;  or  the  oxides  or  carbonates  may 
be  suspended  in  water,  and  a  stream  of  sulphurous 
acid  passed  through ;  or  they  may  be  produced  by 
double  decomposition  from  a  soluble  alkaline  sulphite, 
and  a  chloride  of  the  earthy  metal.  These  sulphites 
are  all  more  or  less  nearly  insoluble  in  water  and 
alcohol,  but  are  rendered  more  soluble  by  an  excess 
of  sulphurous  acid,  in  this  respect  resembling  the  car- 
bonates. The  only  practical  purpose  to  which  any  of 
these  earthy  sulphites  have  been  applied,  is  as  disin- 
fectants. For  this  purpose,  a  mixture  of  the  sulphites 
of  lime  and  magnesia  is  used.  Mr.  M'Dougall  seems 
to  have  a  method  of  producing  sulphites  much  more 
readily  than  any  other  maker. 

The  sulphites  of  the  metals  proper,  such  as  iron,  zinc, 
lead,  bismuth,  et  cetera,  are  produced  by  analogous  pro- 
cesses ;  they,  like  the  earthy  sulphites,  are  more  soluble 
in  a  solution  of  sulphurous  acid  than  in  pure  water. 

SULPHURIC  ACID — acid  sulphurique,  French; 
schwefelsliure,  German — is  the  most  stable  and  the 
best  known  oxide  of  sulphur.  It  appears  to  have  been 
known  from  very  early  times.  Brande,  in  speaking 
of  it,  says  that  the  honor  of  its  discovery  is  due  to 
Basil  Valentine.  He  frequently  mentions  it  and  its 
mode  of  preparation ;  and  Paracelsus,  and  the  authors 
who  immediately  followed,  talk  of  it  as  well  known  and 
in  common  use,  though  it  is  probable  that  it  bore  a  high 
price,  and  was  but  scantily  supplied  by  a  few  awkward 
and  unintelligent  operators.  But  Kopp  shows  evi- 
dently that  Vincentius  de  Beauvais  had  an  idea  of 
the  substance  obtained  by  distilling  alum.  Boyle 
first  recognized  in  it  a  relation  to  sulphur.  Mayow 
pointed  it  out  with  great  clearness,  but  he  was  far 
before  his  time  in  penetration.  Stahl  believed  sul- 
phur to  consist  of  sulphuric  acid  and  phlogiston,  a 
theory  in  conformity  with  the  rest  of  his  system. 


Lavoisier  showed  the  formation  of  acid  by  sulphur 
taking  up  oxygen,  but  it  had  been  made  by  burning 
sulphur  in  the  air,  at  least  since  the  time  of  Lemeey 
and  Dr.  Ward.  Sulphuric  acid  exists,  as  free  acid, 
in  two  states,  liquid  and  solid — the  liquid  being  a 
combination  of  dry  acid  and  water.  The  right  of  the 
dry  body  to  be  called  sulphuric  acid  is  doubted,  as  it 
exhibits  no  acid  characters  until  combined  or  mixed 
with  water.  The  character  of  the  acid  is  sufficiently 
shown  in  the  reactions  of  the  monohydrated  sulphuric 
acid — S03  HO — or  the  purified  oil  of  vitriol.  This 
body  is  a  heavy  fluid,  above  three-fourths  heavier 
than  water.  It  flows  when  poured  from  one  vessel 
to  another,  in  a  heavy,  smooth,  oily  stream.  This 
oily  appearance  has,  doubtless,  given  it  its  name  ; 
and  although  this  appellation,  oil  of  vitriol,  has 
been  much  ridiculed,  it  cannot  be  disputed  that 
it  is  very  expressive,  and  serves  well  to  distinguish 
the  strong  vitriol  from  the  dilute  acid,  which  bubbles 
like  water  when  poured.  Oil  of  vitriol  has  a  strong 
attraction  for  water,  so  much  so  that  a  bottle  con- 
taining it,  if  left  open,  rapidly  attracts  moisture  from 
the  air,  becoming  itself  much  weaker.  This  property 
is  often  taken  advantage  of  in  analytical  operations. 
When  a  stream  of  dry  gas  is  needed,  it  is  simply 
requisite  to  pass  it  through  strong  sulphuric  acid,  or 
through  a  wide  tube  filled  with  fragments  of  coke  or 
pumice-stone  saturated  with  the  acid.  This  is  a  very 
effectual  mode  of  drying  a  gas.  It  is  not  applicable 
to  certain  gases,  between  which  and  the  sulphuric  acid 
a  reaction  might  take  place.  In  the  simple  and  elegant 
apparatus,  devised  by  FreseniuS  and  Will,  for  the 
estimation  of  carbonic  acid,  sulphuric  acid  is  employed 
for  the  purpose  of  desiccating  the  carbonic  acid  before 
it  emerges  from  the  apparatus.  It  has  been  stated 
that  sulphuric  acid  possesses  the  property  oi  absorbing 
carbonic  acid,  and  that  consequently  the  operations  in 
which  its  drying  property  has  been  taken  advantage 
of  cannot  be  correct.  This,  again,  has  been  refuted ; 
and,  inasmuch  as  most  chemists  are  in  the  habit  of  using 
this  apparatus,  it  would  appear  to  be  tacitly  allowed 
that  if  any  error  from  this  source  does  exist,  it  is  so 
small  as  to  be  of  no  consequence. 

This  attraction  of  sulphuric  acid  for  water  also  brings 
about  some  curious  decompositions  with  organic  bodies. 
For  instance,  if  any  of  that  class  of  bodies,  such  as 
sugar,  starch,  .et  cetera,  which  contain  carbon,  hydrogen, 
and  oxygen,  in  such  proportions  that,  for  the  sake  of 
simplicity,  they  may  be  considered  as  being  composed 
of  carbon  and  water,  be  mixed  with  strong  sulphuric 
acid,  and  heated,  a  black  mass  will  be  obtained ;  and  if 
this  mass  be  thoroughly  washed  with  water,  so  as  to 
remove  every  trace  of  sulphuric  acid,  it  will  be  found 
to  be  pure  carbon,  the  whole  of  the  elements  of  water 
having  been  removed.  So  effectual  is  the  process,  that 
the  principle  has  been  proposed  as  a  method  of  obtain- 
ing peat  charcoal  without  the  ordinary  charring  process. 
This  charcoal  is  then  washed  and  dried.  To  this 
same  property  is  due  the  occasional  brown  color  of 
commercial  vitriol.  If  particles  of  organic  matter 
fall  into  it,  a  portion  of  their  hydrogen  and  oxygen 
is  abstracted,  forming  a  humus-like  body,  which,  dis- 
solving in  the  vitriol,  colors  it.    This  attraction  for 
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water  seems  to  be  the  principle  by  which  it  acts  upon 
the  skin,  and  animal  and  vegetal  matter  generally. 
The  density  of  this  monohydrated  acid  is  1-850,  and  it 
boils  at  a  temperature  of  620°.  Its  boiling  point  dimi- 
nishes with  its  density.  The  strong  acid  is  perfectly 
volatile,  and  thus  capable  of  being  distilled.  It  freezes 
at  a  temperature  of  29°,  yielding  often  six-sided  prisms 
of  a  tabular  form. 

This  acid  has  the  power  of  supplanting  or  displacing 
almost  every  other  acid  known,  so  great  is  its  affinity 
for  bases.  It  produces  great  heat  when  mixed  with 
water,  the  compound  becoming  denser  than  the  mean 
of  the  two  liquids.  If  equal  volumes  of  strong  sul- 
phuric acid  and  water  be  mixed,  and  then  allowed  to 
cool,  it  will  be  found  that  the  resulting  liquid  will  not 
make  up  the  original  two  volumes ;  it  now  occupies  less 
space,  contraction  having  taken  place.  During  this  con- 
traction a  portion  of  the  latent  heat  of  the  water  has 
been  given  off.  Paekes  made  a  series  of  experiments 
on  this  matter,  the  results  of  which  are  given  in  the 
following  table : — 

HEAT  PRODUCED  BY  THE  ADMIXTURE  OP  SULPHURIC  ACID 
WITH  WATER,  TEN  POUNDS  OF  SULPHURIC  ACID 
BEING  USED  IN  EACH  EXPERIMENT. 

Temperature  of  the 

Sulphuric  ncid  mixture  in  decree! 

in  pounds.  of  Fahrenheit. 

1    78" 

2    100 

3    110 

4    128 

5   138 

6    144 

7    156 

8    168 

9    186 

10    204 

11    214 

12    222 

13    229 

14    236 

-    15    241 

16    246 

17    250 

18    253 

19   ,.,  256 

20    258 

25    266 

30    264 

35    254 

40   ,   248 

But  Favre  and  Silbermann  have  lately  examined 
the  question  more  thoroughly,  and  shown  that  the  fol- 
lowing amount  of  heat  is  given  out : — 

HEAT  EVOLVED  BY  MIXING  S03  HO  WITH  WATER. 

Atom  of  water.  neat  units.  Difference!. 

With  the  first  J   ,   94-0  \  „R 

second  J    88-0 j  0  b 

With  the  first  |    18-8  {  .  „ 

second  J   17-2  f  ^ 

With  the  first  £    3G-7\  „  . 

second  |   28-3  j  6'* 

Atoms  of  wntcr. 

2 !'!'."'!.;» I!1"m*!  ""IC!  %hA 

3    Hl-9  HI 

4    122-2  ™i 

5    130-7 

6   136-2  J2 

7  141-&).  *:* 

8    145-1  2g 

9    148-rf  £8 

io  m&  o-0 

20    148-6'  uu 


When  four  of  the  monohydrate  are  mixed  with  one 
of  water  by  weight  the  temperature  rises  to  300°. 

Graham  gives  the  following  list  of  the  hydrates  of 
sulphuric  acid — 

Nordhausen  sulphuric  acid,  =  HO,  2  S03 

Sulphuric  acid,  specific  gravity,  1-850,  =  HO,  SOs 

"  "  1-78,  =  HO,  S03  +  HO 

"  "  1-632,  =  HO,  SOs  +  2  HO 

The  third  hydrate  in  the  above  list  corresponds 
nearly  to  the  commercial  brown  oil  of  vitriol,  the 
density  of  this  latter  being  1-758.  It  is  formed  by 
heating  a  dilute  acid  to  400°.  Its  properties  are  almost 
identical  with  those  of  the  monohydrate.  It  has  the 
property  of  solidifying  at  the  temperature  of  melting 
ice,  or  a  little  above  this  point.  It  is  no  uncommon 
circumstance  for  a  sulphuric  acid  manufacturer  to  find 
a  carboy  of  brown  vitriol  converted  almost  into  a  mass 
of  crystals,  if  exposed  to  the  cold  in  frosty  weather. 
These  crystals  are  the  well-defined  hydrate  in  question. 
This  crystallization  has  been  proposed  as  a  method  of 
obtaining  pure  sulphuric  acid,  as  will  be  seen  hereafter. 
Little  seems  to  be  known  of  the  lower  hydrate.  It  is 
formed  by  heating  a  dilute  acid  at  212°.  This  amount 
of  acid  and  water  causes  the  greatest  condensation  of 
volume. 

Neither  dry  nor  fuming  acid  can  be  obtained  by  the 
ordinary  mode  of  concentration,  it  being  impossible 
to  drive  off  the  last  equivalent  of  water.  Dry  acid 
may  be  obtained  by  distilling  the  Nordhausen  acid 
— HO,  2  S03.  But  Nordhausen  acid  is  not  now  a 
common  commercial  product ;  it  is  often  necessary 
for  the  operator  to  make  his  own.  This  may  be 
done  either  by  distilling  the  protosulphate  of  iron  or 
the  sesquisulphate,  artificially  prepared;  bisulphate  of 
potassa  or  soda  may  be  also  used.  This  latter  salt  is 
the  cheapest,  and  perhaps  the  most  convenient,  It 
may  be  procured  by  heating  one  equivalent  of  common 
salt  in  a  crucible  with  two  equivalents  of  sulphuric 
acid,  taking  care  to  operate  under  a  chimney,  or  in 
some  situation  where  the  hydroohlorio  acid  fumes  will 
be  carried  away  quickly.  When  gas  has  ceased  to  be 
evolved  from  the  mixture,  the  residue  must  be  heated 
to  a  low  red-heat,  in  order  to  drive  off  as  much  water 
as  possible.  The  fused  salt  must  be  removed  from 
the  crucible  and  allowed  to  cool.  This  may  be  done 
by  pouring  it  out  into  an  iron  dish,  or  other  convenient 
vessel.  When  cold,  it  must  be  broken  up,  when  it  is 
ready  for  the  next  operation.  Or,  instead  of  this,  the 
bisulphate  of  soda  or  potassa  left  in  the  retorts,  when 
procuring  nitric  acid,  may  he  preserved  for  the  same 
purpose.  Porcelain  retorts  being  very  expensive,  it  is 
well  to  substitute,  if  possible,  some  cheaper  piece  of 
apparatus,  For  this  purpose  an  ordinary  brassfounder's 
crucible  may  be  employed ;  a  lid  may  be  formed  out  of 
a  piece  of  ordinary  fire-tile — this  lid  has  a  hole  cut 
through,  into  which  is  inserted  a  piece  of  glass  tube 
to  carry  off  the  vapor.  The  arrangement  is  shown  in 
Fig.  571,  To  commence,  a  piece  of  brick  is  first  laid  on 
the  bars  of  the  ordinary  laboratory  furnace;  on  this  the 
crucible  is  placed;  this  is  filled  with  the  broken  pieces  of 
bisulphate ;  the  lid  is  luted  on  with  clay,  and  the  tube 
luted  into  the  lid.  A  fire  is  lighted  around  the  crucible, 
and  this  is  gradually  increased  in  power,  until  at  length 
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distillation  commences.  Weak  acid  at  first  comes 
over— this  is  emptied  out  of  the  receiving  flask ;  even- 
tually the  retort  or  crucible  begins  to  attain  a  good 
red-heat;  drops  of  strong  acid  fall,  and  hiss  as  they 
touch  the  weaker  acid  in  the  flask.    The  flask  is  now 


Fig.  571. 


finally  emptied  of  its  contents,  and  replaced,  the  acid 
which  now  comes  over  being  fuming  acid,  white  vapors 
pour  through  the  glass  tube  at  a  rapid  pace,  a  portion 
condensing  there,  and  a  portion  in  the  flask.  The  flask 
should  be  a  thin  one,  and  is  all  the  better  for  being 
placed  in  a  basin  of  cold  water.  After  a  time  yapoi's 
cease  to  appear,  and  the  operation  is  at  an  end.  The 
glass  tube  should  now  be  carefully  taken  away,  as  also 
the  lid  of  the  crucible,  and  the  fused  or  softened  mass, 
forming  the  contents  of  the  latter,  should  be  removed 
by  means  of  an  iron  scoop.  This  done,  the  crucible 
should  be  allowed  to  cool  slowly;  when  cold  enough, 
it  may  be  filled  again,  and  the  foregoing  operation 
repeated.  With  care,  a  crucible  will  last  three  or  four 
operations.  The  neutral  sulphate  may  be  reconverted 
into  bisulphate,  to  be  again  employed. 

The  fuming  acid  so  obtained  gives  off  white  vapors. 
These  white  fumes  are  dry  acid — S03— vapor,  com- 
bining with  the  moisture  of  the  atmosphere.  It  makes 
a  hissing  noise  when  poured  into  water,  very  like  the 
noise  made  when  red-hot  iron  is  plunged  into  a  liquid. 
This  acid  is  employed  in  gas  analysis,  on  account  of  its 
possessing  the  power  of  absorbing  certain  hydrocarbons. 
For  this  purpose  a  piece  of  coke  is  wetted  with  the 
fuming  acid  and  passed  into  the  gas  to  be  analyzed, 
standing  in  a  graduated  tube  over  mercury.  To  obtain 
the  dry  acid  it  is  necessary  to  submit  the  fuming  acid 
to  distillation  at  a  gentle  heat.  For  this  purpose  a 
glass  retort  is  partially  filled  with  the  fuming  acid,  the 
neck  of  the  retort  is  inserted  into  a  flask,  placed  in 
cold  water,  a  gentle  heat  is  applied  to  the  retort,  when 
the  dry  acid  begins  to  come  over.  It  condenses  in 
solid  libres  like  asbestos,  which  are  tenacious,  and  may 
be  moulded  by  the  fingers  like  wax.  Its  density  at 
68°  is  1-970;  at  77°  it  assumes  the  liquid  state;  and  a 
little  above  that  temperature  it  enters  into  ebullition. 
If  a  little  of  this  anhydrous  acid  be  placed  on  a  slip  of 
dry  litmus  paper  no  reddening  results — coloration  not 
taking  place  until  moisture  has  been  absorbed. 

Manufacture  of  Sulphuric  Acid. — The  principle 
involved  in  the  mode  of  working  adopted  by  Dr. 
Roebuck,  who  may  be  considered  the  first  inventor 
or  improver,  still  continues  in  vitriol  manufactories ; 
in  fact,  from  that  time  may  be  dated  the  actual  rise  of 
the  sulphuric  acid  manufacture. 


The  earlier  process,  and,  according  to  many  authori- 
ties, the  one  still  followed  in  a  few  places  where  natural 
advantages  render  it  profitable,  is  one  already  alluded 
to,  and  which  consists  in  distilling  or  driving  off  by 
intense  heat  the  sulphuric  acid  from  protosulphate  of 
iron.  This  salt  is  dried  and  placed  in  fireproof  retorts, 
which  are  built  in  suitable  furnaces.  Proper  receivers 
are  connected  with  them.  These  retorts  are  charged, 
and  heat  applied,  until  they  become  sufficiently  hot. 
The  sulphuric  acid  is  driven  off  and  condenses  in  the 
receivers,  while  oxide  of  iron  is  left  in  the  retort.  The 
following  description,  extracted  from  Knapp's  excellent 
work,  will  give  a  good  idea  of  the  process  as  followed 
at  Radnitz : — The  material  operated  upon  is  the  mother 
liquor  from  the  manufacture  of  alum.  This  contains  a 
large  quantity  of  protosulphate  of  iron.  These  mother 
liquors  are  first  evaporated  to  a  dry  state,  and  then 
roasted  at  a  gentle  heat.  During  this  latter  roast- 
ing a  considerable  quantity  of  oxygen  is  absorbed, 
the  protosulphate  passing  partially  into  basic  persul- 
phate of  iron.  These  operations  are  conducted  on  the 
spot  where  the  alum  liquors  are  to  be  had.  This 
roasted  product,  which  is  called  vitriolstein,  is  sent  to 
Radnitz  for  conversion  into  fuming  oil  of  vitriol.  This 
process  consists  in  the  dry  distillation  of  the  vitriol- 
stein. The  pots  in  which  the  distillation  is  effected  are 
constructed  of  refractory  stoneware,  and  after  being 
baked  in  a  kiln  upon  the  premises,  are  about  nine 
inches  long,  two  and  a  half  inches  in  diameter  at  the 
bottom,  four  and  a  quarter  at  the  middle,  and  three 
inches  at  the  mouth  ;  they  are  about  four-tenths  of  an 
inch  thick  in  the  sides.  Before  being  used  they  are 
covered  with  a  lute,  or  luting  material,  which  is  easily 
fritted  by  the  action  of  the  fire.  The  receivers  are  of 
much  the  same  shape,  but  are  longer  and  narrower  at 
the  mouth.  The  upper  row  in  the  furnace  is  occupied 
by  a  single  range  of  pots  twenty-eight  inches  in  length. 
The  gallery  furnace  for  the  reception  of  the  pots  is 
rectangular  in  section,  and  is  composed  of  two  parts 
essentially  distinct.  The  lower  part  is  built  of  massive 
masonry,  enclosing  the  ash-pit  and  the  grate,  which 
extends  the  whole  length  under  the  range  of  pots; 
the  upper  part  consists  of  two  vertical  walls  of  per- 
forated brickwork,  which  form  the  sides  of  the  furnace 
and  support  the  pots.  This  latter  portion  demands 
frequent  repair.  Fig.  572  represents  a  front  vertical 
section.  It  incloses  four  tiers  of  the  smaller  sized  pots, 
arranged  with  their  bottoms  in  contact,  and  an  upper- 
tier  of  long  pots,  which  extend  from  one  side  of  the 
furnace  to  the  other,  and  are  open  at  both  ends.  The 
whole,  therefore,  contains  two  hundred  and  eighty-eight 
pots — thirty-two  large,  and  two  hundred  and  fifty-six 
small.  The  long  sides  of  the  furnace  are  divided  into 
squares  by  vertical  and  horizontal  bricks  of  the  same 
dimensions,  and  four  pots  are  placed  in  each  square, 
separated  from  each  other  by  small  bricks,  the  inter- 
stices being  luted  with  refractory  clay.  The  arch  of 
the  furnace  is  constructed  of  flat  bricks,  simply  placed 
alongside  each  other,  and  cut  sloping  at  their  extre- 
mities, to  allow  the  flame  to  pass.  A  small  chimney  is 
sometimes  built  to  the  furnace,  but  it  is  more  frequently 
without.  The  pots  are  charged  with  the  vitriolstein, 
previously  broken  up  with  a  hammer,  by  means  of  a 
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seinicylindrical  spoon,  each  pot  receiving  two  spoonfuls. 
The  coal  for  the  first  charge  is  then  ignited  below  the 
grate,  and  is  thrown  upon  the  grate  at  the  expiration 

Fig. 572. 


of  about  an  hour  or  an  hour  and  a  half;  the  fire 
being  carefully  regulated  by  opening  or  shutting  the 
doors.  At  the  end  of  four  hours  the  lower  tier  of  pots 
is  brought  to  a  dark-red  heat.  The  receivers  are  suc- 
cessively introduced  into  the  pots  and  luted,  those  of 
the  second  layer  resting  immediately  upon  the  first, 
and  a  wooden  support  being  introduced  between  the 
second,  third,  and  so  on.  The  receivers  are  slightly 
inclined,  and  a  small  quantity  of  water  is  placed  in 
each.  This  is  sufficient  to  receive  the  acid  from  four 
successive  distillations,  after  which  it  is  in  the  state 
of  concentration  required  in  commerce.  The  fire  is 
gradually  increased,  and  after  from  thirty  to  thirty-six 
hours  no  more  acid  is  evolved  from  the  upper  tier  of 
pots,  and  the  distillation  is  finished.  The  whole  is 
then  allowed  to  cool  for  twelve  hours,  and  the  receivers 
being  removed  the  colcothar  is  taken  from  the  pots. 
This  contains  about  six  and  a  half  per  cent,  sulphate  of 
lime,  and  amounts  to  about  thirty  or  thirty-five  per 
cent,  of  the  vitriolstein  employed. 

The  pots  are  now  examined  by  the  sound  which  they 
emit  when  struck.  The  broken  ones  are  removed,  and 
being  replaced  by  fresh  pots,  the  distillation  is  recom- 
menced. 

Each  operation  lasts  about  forty-eight  hours,  and 
three  are  completed  in  a  week.  From  forty-seven  to 
fifty  per  cent,  of  the  vitriolstein  is  obtained  in  fuming 
sulphuric  acid ;  five  parts  of  coal  are  consumed  for  one 
part  of  vitriolstein  distilled.  About  thirty  pots  and 
three  receivers  are  replaced  after  each  distillation, 
which  is  equivalent  to  10-42  and  1*04  per  cent,  respec- 
tively. 

Although  such  a  mode  ot  manufacture  may  be 
capable  of  being  followed  in  some  localities,  yet  it  is 
far  from  possessing  the  general  adaptibility  of  the 
ordinary  process.  From  the  above  description  there 
appears  to  be  little  loss,  except  from  accidental  leakage 
or  the  breaking  of  a  pot;  but  as  the  process  is  described 
by  many,  or  in  fact  the  greater  proportion  of  writers, 
simply  dry  protosulphate  of  iron  is  employed — FeO  SO3 — 
not  as  in  the  method  just  described,  sesquisulphate — Fe2 
03  3  S03 — or  rather  a  basic  persulphate.  The  employ- 
ment of  one  or  the  other  must  make  a  considerable 


difference  in  the  amount  of  product  obtained,  for  if 
any  protosulphate  of  iron  be  employed,  only  one  half 
of  the  sulphuric  acid  contained  in  it  will  be  obtained  as 
sulphuric  acid,  the  rest  passing  off  as  sulphurous  acid. 
The  following  is  the  reaction : — • 

2  (FeO  S03)  =  Fe2  03  +  S03  -f  S02. 

Two  equivalents  of  protosulphate  of  iron  are  decomposed 
into  one  equivalent  of  sesquioxide,  one  of  sulphuric 
acid,  and  one  of  sulphurous  acid ;  one  of  the  equivalents 
of  sulphuric  acid  has  parted  with  one  of  its  equiva- 
lents of  oxygen,  in  order  that  the  two  equivalents  of 
protoxide  of  iron  might  become  sesquioxide.  This 
equivalent  of  sulphurous  acid  is  said  to  escape  through 
the  joints  of  the  apparatus ;  if  so,  and  there  does  not 
appear  to  be  any  doubt  of  this  being  the  fact,  inasmuch 
as  no  other  provision  appears  to  have  been  made  for  its 
exit,  one  may  naturally  conclude  that  sulphuric  acid 
vapor  must  escape  at  the  same  time. 

Such  was  the  method  pursued  for  procuring  sulphuric 
acid  for  some  centuries.  The  next  process — a  modifi- 
cation of  which  remains  in  use  to  this  day — consisted  in 
converting  sulphur  by  stages  of  oxidation  into  sulphuric 
acid.  This  differs  materially  from  the  process  before 
described,  in  which  acid  already  formed  was  simply 
separated  from  a  combination ;  in  the  present  case  the 
operation  commences  "with  the  prime  element.  The 
first  step  in  this  direction  appears  to  have  been  the 
formation  of  sulphuric  acid  in  small  quantities  by  the 
combustion  of  sulphur  in  glass  globes,  moistened  on  the 
interior  surface  with  water.  It  is  true  that  under  these 
circumstances  a  small  quantity  of  sulphuric  acid  would 
be  formed,  but  the  amount  would  be  very  minute 
indeed;  in  fact,  the  combustion  of  sulphur  in  pure 
oxygen  gives  rise  to  little  more  than  a  trace.  But  a 
grand  step  was  made  in  the  right  direction  by  the  intro- 
duction of  nitre  in  the  manufacture.  The  use  of  sulphur 
and  nitre  together  was  said  to  have  begun  with  Lefevre 
and  Lemery.  Dr.  Ward  had  the  monopoly  of  it  long 
in  this  country,  and  best  knew  how  to  manage  the  pro- 
cess. Instead  of  sulphur  per  se,  a  mixture  of  sulphur  and 
nitre  was  made,  and  set  fire  to  in  or  under  a  bell  glass ; 
by  this  proceeding  a  much  greater  quantity  of  sulphuric 
acid  was  obtained.  It  can  easily  be  imagined,  that 
even  the  most  successful  experiment  could  furnish  only 
a  small  quantity  of  acid,  on  account  of  the  very  limited 
size  of  the  apparatus.  This  must  strike  an  observer 
when  he  contrasts  in  his  own  mind  the  largest  jar  or 
globe  that  could  be  blown,  even  now,  with  one  of  the 
vitriol  chambers  of  the  present  time.  But  this  difficulty 
of  limited  dimensions  was  surmounted  by  a  Dr.  Roe- 
buck of  Birmingham,  who  was  the  first  to  introduce 
leaden  chambers,  which  he  did  as  a  substitute  for  the 
comparatively  small  globes;  and  as  he  was  able  to 
make  them  of  any  required  size,  a  great  relict  must 
have  been  given  to  the  manufacture.  The  manner  ot 
working  was  still  precisely  similar  to  that  with  the  globe. 
The  chamber  had  an  entrance- door,  which  could  be 
luted  tight ;  this  was  opened,  and  a  charge,  consisting 
of  a  mixture  as  before  of  sulphur  and  nitre,  was  put  on 
a  proper  stand  placed  to  receive  it  in  the  chamber. 
According  to  some  authors  this  was  a  sort  of  carriage, 
which  could  be  pulled  towards  the  door  to  receive  the 
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charge,  and  then  after  ignition  pushed  towards  the 
centre  of  the  chamber ;  but  it  is.  difficult  to  conceive 
that  this  is  true,  as  it  would  not  be  easy  to  find  material 
of  which  to  construct  the  wheels  and  other  parts  of 
such  a  machine,  when  it  is  considered  that  the  floor  of 
the  chamber  was  covered  with  acid  to  the  depth  of 
several  inches.  It  is  certain  that  the  proper  charge  was 
placed  on  a  stand  in  the  interior  of  the  chamber ;  this 
was  ignited,  and  the  door  was  then  properly  fastened  and 
luted.  After  a  certain  time  had  elapsed  the  door  was 
again  opened,  and  the  residual  gas  or  gases  allowed  to 
escape.  This  was  repeated  again  and  again,  until  the 
water  with  which  the  floor  of  the  chamber  was  covered 
had  absorbed  sufficient  of  the  acid,  when  it  was  run  off 
and  concentrated.  Authors  speak  of  a  collapse  of  the 
sides  of  the  chamber  occurring,  owing  to  the  partial 
vacuum  produced  by  the  absorption  of  the  oxygen  of 
the  contained  air.  But  it  can  be  scarcely  believed 
that  this  accident  could  have  occurred  often,  since  it  is 
hardly  conceivable  that  practitioners  of  the  chemical 
art  at  that  time  could  have  been  ignorant  of  the  fact 
that  a  very  simple  arrangement  of  a  water-valve  opening 
inwards  would  have  remedied  this. 

This  process,  then,  was  the  one  followed  by  Dr. 
Roebuck,  and  such  in  principle  it  remains  down  to  the 
present  day ;  and  had  it  possessed  the  advantage  of  a 
later  invention,  videlicet,  the  introduction  of  steam,  it 
would  no  doubt  have  given  an  excellent  result.  Sup- 
posing there  had  been  in  the  chamber  twenty-four 
parts  by  weight  of  oxygen  for  every  sixteen  parts  of 
sulphur  introduced,  watery  vapor  being  also  present  in 
sufficient  quantity,  every  particle  of  sulphur  must  have 
been  converted  into  sulphuric  acid,  if  sufficient  time 
were  allowed  to  elapse  before  the  opening  of  the 
chamber  door. 

Having  followed  the  manufacture  to  this  point,  one 
must  now  pass  on  to  another  step,  from  the  intermittent 
to  the  continuous  process,  as  practised  at  present.  It  is 
easy  to  see  that  had  Dr.  Roebuck  burned  his  sulphur 
in  a  properly  constructed  apparatus,  and  introduced  the 
resulting  sulphurous  acid  into  his  chamber  at  one  end, 
drawing  off  the  residual  gases  at  the  other,  he  would 
have  improved  his  method,  and  escaped  many  incon- 
veniences. 

If  one  views  the  gigantic  scale  in  which  this  manu- 
facture is  carried  on  at  the  present  day,  by  a  Tennant 
or  a  Muspratt,  he  must  smile  on  looking  back  at  the 
almost  puny  manner  in  which  they  operated  in  former 
times;  but,  then,  add  to  their  process  the  continuous 
system — the  introduction  of  steam  into  the  chambers 
by  Kestner,  concentration  in  the  platinum  vessels,  and 
Gay-Lussac's  column  for  the  recovery  of  the  nitrous 
gas — and  manufacturers  have  almost  all  that  could  be 
desired  at  present. 

Much  ingenuity  has  been  expended  in  the  construction 
of  every  piece  of  apparatus  connected  with  the  manu- 
facture of  vitriol.  The  ovens  or  burners,  the  chambers, 
and  every  part,  have  been  tortured  into  a  variety  of 
forms,  some  of  which  would  appear  to  have  been 
devised  in  an  idle  moment,  and  constructed  only  to 
gratify  a  whim,  or  if  any  object  has  really  been  in  view, 
it  must  have  been  imaginary.  But  in  every  manufac- 
tory where  the  process  is  understood,  the  difference, 


except  in  little  details,  between  the  apparatus  of  to-day 
and  that  of  twenty  years  ago,  is  very  small.  Improve- 
ment after  improvement,  which  have  turned  out  to  be 
rather  impediments,  have  been  introduced,  had  their 
short  reign,  and  disappeared,  only  to  be  succeeded  by 
something  else  equally  visionary.  In  fact,  it  would  seem 
that  the  manufacture  of  sulphuric  acid,  though  as  exten- 
sively carried  on  as  any  business,  yet  seems  to  be  the 
least  understood ;  .  and  the  ignorance  of  some  manu- 
facturers appears  to  bo  only  equalled  by  that  of  writers 
who,  in  their  descriptions  of  the  production  of  this  acid, 
give  figures  of  apparatus,  and  vaunt  as  improvements 
things  which  have  been  exploded  for  years.  It  is 
possible  to  find,  in  the  works  of  eminent  men,  drawings 
of  sets  of  apparatus  for  the  production  of  sulphuric 
acid,  which  never  could  possibly  have  worked  one  day 
— some,  in  fact,  could  never  have  worked  at  all. 

Production  of  the  Sulphurous  Acid, — This  first  step  is 
effected  by  burning  the  sulphur  in  a  close  room  or  oven. 

Fig.  B73.  Fig.  574. 
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commonly  called  a  burner.  This  burner  is  a  simple 
erection  of  brickwork,  with  an  arched  roof,  as  shown 
in  Figs.  573,  574,  and  575.  The  size  of  the  burner 
is  regulated  by  that  of  the  burner  plate  or  iron  flooring, 
and  this  latter  by  the  quantity  of  sulphur  proposed  to 
be  burned  during  seven  days.  The  burner  plate  in 
the  drawing  is  a  rectangular  iron,  measuring  eight  feet 
by  four  feet.  This  burner  plate  is  surrounded  with  a 
vertical  edge  or  border,  standing  about  an  inch  high ; 
this  border  is  at  right  angles  to  the  plate  on  three 
sides,  but  on  the  fourth  side,  the  one  nearest  to  the 
door,  it  inclines  outwards  at  an  angle  of  about  forty-five 
degrees — this  is  for  the  more  conveniently  raking  out 
of  the  residual  dirt  and  ashes  left  after  the  combustion 
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of  the  sulphur.  The  door  of  this  burner  is  simply  an 
iron  plate,  sliding  in  grooves  in  an  iron  framework,  and 
is  counterbalanced  by  a  weight  hanging  at  the  end  of  a 
chain,  which  passes  over  pullies. 
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As  will  be  seen  in  the  figure,  the  iron  plate  does  not 
form  the  whole  of  the  floor ;  still  the  sulphur  is  burned 
on  it  alone.  The  object  of  making  the  burner  rather 
larger  than  the  plate  is  to  avoid,  as  much  as  possible, 
all  risk  of  sublimation.  To  this  end,  also,  there  is  a 
constant  current  of  air  passing  beneath  the  burner 
plates  and  up  a  small  chimney  beside  the  burner.  The 
opening  through  which  the  hot  air  escapes  into  this 
chimney  is  outlined  in  Fig.  575,  below  the  burner  plate. 
Four  burners,  such  as  this,  with  the  burner  plates  of  the 
size  first  mentioned,  will  easily  convert  into  sulphurous 
acid  one  ton  of  sulphur  per  twenty-four  hours.  The 
quantity  for  each  burner  is  divided  into  six  portions, 
one  of  which  is  added  every  four  hours. 

Burners  or  ovens  have  been  constructed  of  iron, 
sometimes  with  double  sides,  so  as  to  include  a  sheet 
of  air  between  the  two  plates.  By  this  means  the 
burners  could  be  kept  at  almost  any  desired  tempera- 
ture ;  an  arrangement  could  be  made  for  causing  a 
circulation  of  air  if  the  burner  should  get  too  hot,  or, 
on  the  contrary,  should  they  get  too  cold,  this  air 
could  be  kept  stagnant,  and  being  a  very  bad  conductor 
of  heat,  the  burner  would  be  allowed  to  rise  to  the 
desired  temperature.  It  may  be  remarked  here,  that  a 
burner  should  be  kept  so  hot  that  each  charge  of 
sulphur,  as  thrown  in,  will  ignite  without  any  fire  or 
heat  being  applied. 

Iron  ovens  or  burners  have,  however,  almost  dis- 
appeared, as  they  last  a  very  short  time.  They  gra- 
dually corrode,  break  into  holes,  and  shortly  become 
useless. 

Some  years  ago  a  patent  was  taken  out  for  a  burner, 
the  peculiar  feature  of  which  was  its  economizing,  and 
converting  to  a  useful  purpose,  the  heat  given  off  by  the 
burning  sulphur.  The  apparatus  was  very  simple. 
It  consisted  of  an  ordinary  two-flued  steam  boiler,  for 
the  usual  fire-place  of  which  was  substituted  a  burner 
plate  on  which  to  burn  sulphur.  It  was  anticipated 
that  by  this  means  sufficient  steam  would  be  generated 
to  supply  the  chambers.  Whether  it  answered  the 
desired  end  or  not  is  not  very  clear ;  but  from  the  fact 
that  none  appear  to  be  in  operation,  it  may  be  inferred 
that,  if  in  use  at  all,  it  is  not  generally  successful. 
In  fact  it  is  very  probable  that  the  action  of  the  acid 
gases  upon  it  would  speedily  destroy  it,  as  it  does  the 
iron  burners. 

Combustion  of  Iron  Pyrites. — Sulphur,  per  se,  is  not 
the  only  source  of  sulphurous  acid  for  sulphuric  acid. 
About  the  year  1835  the  then  King  of  Sicily  thought 
fit  to  impose  such  a  heavy  duty  on  all  sulphur  exported 
from  his  kingdom,  that  the  price  of  this  article  rose  to 
an  unprecedented  height.  It  is  said  that  at  this  crisis 
Dr.  Thomas  Thomson  proposed  the  employment  of 
the  iron  pyrites,  with  which  different  parts  of  this 
kingdom  abound,  as  a  source  of  sulphur.  Paknell 
states  that  Mr.  Hill  of  Deptford  was  the  first  to 
employ  this  mineral,  for  the  use  of  which  he  took  out 
a  patent  in  1818.  Since  that  time  pyrites  has  come 
into  very  general  use  amongst  one  class  of  sulphuric 
acid  manufacturers.  The  great  objection  to  the  use 
of  pyrites  lies  in  its  containing  a  considerable  amount 
of  arsenic.  This  renders  the  vitriol  objectionable  for 
certain  purposes,  but  this  impurity  does  not  prevent 
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its  being  used  by  the  alkali  manufacturers.  A  manu- 
facturer of  vitriol  for  sale  would,  were  he  to  use  pyrites, 
very  likely  have  a  quantity  of  his  acid  returned  to 
him,  and  he  would  presently  have  to  stop  his  manufac- 
tory. Not  so  the  soda  manufacturer ;  he  is  his  own 
vitriol  consumer — he  uses  all  the  acid  he  makes  for 
the  decomposition  of  common  salt  in  the  first  step  of 
soda-making.  In  his  case  the  arsenic  does  not  interfere 
in  the  least,  it  passes  off  as  chloride  of  arsenic— As  Cl3 
— with  the  hydrochloric  acid  gas,  and  condenses  into  a 
liquid  state  with  this  latter  body.  Again,  most  manu- 
facturers of  soda  are  also  manufacturers  of  chloride  of 
lime.  In  this  ease  they  use  up  their  own  hydrochloric 
acid,  employing  it  for  the  production  of  chlorine,  which 
is  absorbed  by  hydrate  of  lime,  forming  the  bleaching 
powder  of  commerce.  If  a  little  of  the  arsenic  should 
pass  over  with  the  chlorine,  it  would  be  absorbed  by 
the  lime,  forming  an  insoluble  compound,  arseniate  of 
lime,  which  would  fall  out,  with  other  useless  matters, 
when  the  bleacher  came  to  make  his  solution.  The 
greater  portion  of  the  arsenic  would  remain  with  the 
chloride  of  manganese,  and  as  at  present  this  is  a  use- 
less product ;  it  is  run  into  the  nearest  gutter  or  sewer. 

The  burning  of  pyrites  is  not  quite  so  simple  a 
matter  as  the  burning  of  sulphur,  as  a  red  heat  is 
required.  Two  varieties  of  pyrites  are  ordinarily  met 
with.  One  kind,  of  which  large  quantities  are  to  be 
found  in  Wicklow,  Ireland,  and  is  imported  into  this 
country,  to  a  considerable  extent,  for  the  use  of  sul- 
phuric acid  manufacturers,  has  the  crystalline  form  of 
a  cube,  and  is  of  a  bronze-yellow  color,  very  hard,  so 
much  so  as  to  strike  fire  with  steel.  The  following  is 
the  composition  of  a  specimen,  on  the  authority  of 
R.  D.  Thomson— 


lion,    41'78 

Copper,   1-93 

Arsenic,   2*11 

Silica,    3-93 

Zinc,   2-00 

Insoluble  matter,   1-43 


This  specimen  is  of  a  much  richer  kind  than  that 
usually  obtained  from  thi3  source.  The  proportion  of 
sulphur  very  rarely  exceeds  thirty  per  cent.  This  ore 
contains  protosulphide  of  iron  in  considerable  quantity. 
The  other  variety  of  pyrites  occurs  in  coal  beds,  and, 
in  fact,  is  commonly  known  as  coal  brasses,  fragments 
and  seams  of  this  mineral,  may  often  be  seen  in  coal, 
and,  from  their  metallic  and  brassy  appearance,  have 
often  misled  the  ignorant  into  thinking  them  of  much 
greater  value  than  they  really  are.  According  to  the 
just  quoted  authority,  they  have  the  following  com- 
position : — 

Per  cent. 


Sulphur,   53-35 

Iron,   45-07 

Manganese,   0  70 

Silica  -. .  0-80 

Loss,   -18 


100-00 

A  variety  of  pyrites,  known  in  the  trade  as  Spanish 
pyrites,  has  of  late  been  much  employed.  This  is 
much  richer  in  copper  than  the  Wicklow  species. 
On  the  introduction  of  this  mineral,  it  was  usual  for 
the  sulphuric  acid  manufacturer  to  engage  to  return  tha 
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spent  or  burnt  material,  for  the  purpose  of  having  the 
copper  extracted. 

The  genera]  formula  of  either  variety,  when  free  from 
impurity,  is  Fe  S2,  that  is,  one  equivalent  of  iron  com- 
bined with  two  equivalents  of  sulphur,  the  chemical 
name  of  this  compound  being  bisulphide  of  iron. 

This  mineral,  when  heated  red  hot,  with  access  of 
oxygen,  speedily  loses  the  second  equivalent  of  sulphur, 
being  reduced  to  a  simple  or  protosulphide — Fe  S— 
the  evolved  sulphur  being  converted  into  sulphurous 
acid.  If  these  favorable  conditions  are  continued  for 
a  sufficient  length  of  time,  the  second  equivalent  also 
becomes  converted  into  sulphurous  acid,  sesquioxide 
of  iron  remaining.  The  whole  decomposition  may  be 
represented  as  follows — 

2  (Fe  S2)  +  11  0  =  Fe2  03  +  4  S02. 

As  may  be  imagined,  the  ordinary  burner,  as  used  for 
sulphur  alone,  lately  described,  is  not  adapted  to  burn 
pyrites  ;  a  burner  of  peculiar  construction  is  required. 
The  burner  for  this  purpose  is,  in  general  structure, 
not  unlike  a  lime-kiln.  In  the  case  of  burning  sulphur 
itself,  the  object  is  to  spread  a  layer  on  a  flat  plate,  so 
that,  when  fused  and  burning,  it  exposes  a  large  surface 
for  the  current  of  air  to  sweep  over ;  this  is  necessary 
on  account  of  the  fusion  of  the  sulphur.  But  pyrites 
does  not  fuse  except  at  a  very  high  heat.  The  pieces 
retain  their  shape ;  and  as  it  is  imperative  that  they 
shall  attain  a  red  heat,  it  is  necessary  to  burn  them  in 
such  a  manlier  that  a  mass  of  them  can  be  kept  together. 

The  structure  of  a  pyrites  kiln  is  shown  in  Figs.  576 
and  577.  In  Fig.  577  the  pyrites  is  shown  as  inclosed 
on  two  sides  by  two  sloping  walls,  the  back  and  front 
walls  being  vertical.     The  mass  of  pyrites  rests  on 


Fig.  576. 


Fig.  577. 


iron  bars  in  the  same  manner  as  an  ordinary  coal  fire, 
the  air  rushes  up  from  what,  in  the  case  of  an  ordinary 
furnace,  would  be  the  ash-pit,  and  weuds  its  way 
through  the  crevices  and  interstices  of  the  mass  to 
feed  the  combustion.  The  sulphurous  acid  from  the 
first  kiln  passes  over  the  next  in  the  direction  of  the 
arrows,  the  gases  from  both  flowing  into  the  general 
passage,  o,  leading  to  the  chamber.  This  general 
passage  is  often  made  of  a  considerable  length,  usually 
of  from  thirty  to  forty  feet.    This  extreme  length  is 


for  the  purpose  of  arresting,  as  much  as  possible,  the 
passage  of  arsenical  vapors.  The  arsenic  falling  in  a 
solid  state  is  removed  from  time  to  time.  Fig.  576  is 
a  view  of  one  oi  these  kilns  looking  in  another  direc- 
tion, endwise;  a  is  the  charging  door  through  which 
fresh  supplies  of  the  mineral  are  thrown  in  at  stated 
intervals.  This  door  is  kept  closed,  except  for  this 
purpose.  At  b  another  opening  exists,  but  this  is 
usually  closed  temporarily  with  bricks — it  is  only  occa- 
sionally used.  Sometimes  the  combustion  goes  on  at 
a  rate  so  rapid  that  the  pyrites  becomes  fritted,  or 
enters  into  a  semifused  state.  Sometimes  the  whole 
mass  gets  fused  together  by  its  points  of  contact.  In 
such  a  case  the  brick  closure  is  removed  for  the  purpose 
of  introducing  a  crowbar,  or  other  such  instrument,  in 
order  to  break  up  the  mass  or  create  a  passage  through. 
The  coal  pyrites  is  much  more  liable  to  this  mishap 
than  the  Wicklow  variety,  partly  on  account  of  the 
bisulphide  contained  in  it  being  actually  rather  more 
fusible,  and  partly  because  the  coal  brasses  contain  a 
certain  amount  of  bituminous  matter,  which,  in  burn- 
ing, raises  the  heat  of  the  whole  mass  to  a  higher  point 
than  the  Wicklow  kind  ever  attains.  The  orifices,  c 
and  d,  are  those  through  which  the  sulphurous  acid 
passes  either  into  the  next  kiln  or  into  the  general 
passage. 

It  is  not  usual  to  see  an  isolated  single  pyrites  kiln ; 
there  are  often  a  number  at  work.  Two  are  placed 
at  the  back  of  those  shown  in  the  drawing,  forming 
a  solid  square.  This  answers  a  double  purpose — it 
economizes  brick  and  iron,  and  conserves  the  heat. 

When  commencing  to  burn,  it  is  necessary  to  make 
a  fire  of  coal  or  coke  within  the  burners,  having 
previously  closed  up  the  passage  or  entrance  into  the 
chamber,  and  opened  one  into  the  outer  air. 
This  fire  heats  up  the  sides,  et  cetera,  of  the  kiln, 
high  enough  to  ignite  the  pyrites  when  thrown 
in.  The  first  few  charges  of  pyrites  are  often 
mixed  with  coke  to  assist  the  combustion,  until 
the  whole  mass  has  attained  a  red  heat  through- 
out. The  carbonic  acid  resulting  from  this  can 
do  no  harm. 

The  residual  mass  left  after  burning,  and 
which  consists  principally  of  sesquioxide  of  iron 
mixed  with  more  or  less  protosulphide,  was  at 
one  time  rather  an  annoyance  than  of  any 
value  to  the  manufacturer  ;  but  at  the  present 
time  many  of  them  have  erected  furnaces  for 
_the  express  purpose  of  extracting  the  small  per 
centage  of  copper  which  it  contains. 

The  quantity  of  sulphuric  acid  obtained  from 
*  a  given  weight  of  pyrites  of  course  cannot  be  as 
much  as  from  sulphur,  inasmuch  as  pyrites, 
to  take  a  general  average,  will  not  contain  more  than 
forty  per  cent,  of  sulphur ;  as  a  rule,  a  corresponding 
amount  of  sulphuric  acid  is  not  obtained  from  it. 
Much  care  and  attention  is  required  to  burn  pyrites 
well.  It  is  no  uncommon  thing  to  find,  on  examining 
the  waste  pyrites  heap  of  a  manufacturer,  that  a  great 
quantity  has  been  removed  little  more  than  half 
burned.  On  breaking  a  lump  a  core  or  kernel  of 
raw  mineral  may  often  be  found ;  whereas  well  burned 
pyrites  should  not  contain  more  than  two  and  a  half  to 
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three  per  cent,  of  sulphur.  Any  amount  more  than 
this  is  in  fact  so  much  material  thrown  away. 

General  Construction  of  the  Vitriol  Chamber. — Hav- 
ing described  the  preliminary  steps,  the  Editor  now 
passes  on  to  the  chambers  themselves.  These  have 
undergone  many  modifications.  The  chamber,  as  gener- 
ally constructed,  is  simply  a  large  room  with  leaden 
■walls.  A  portion  of  one  is  shown  in  Fig.  578.  These 
walls  are  generally  formed  of  what  is  technically  termed 
five-pound  lead — that  is,  sheet  lead  weighing  five  pounds 


per  square  foot — which  walls  are  held  up  by  a  suitable 
framework  of  wood,  to  which  they  are  fastened  by 
what  are  called  straps.  These  straps  are  pieces  of  lead, 
varying  in  number  and  size  according  to  the  dimen- 
sion of  the  chamber.  They  are  soldered  or  fastened 
by  one  edge  to  the  sheet  or  sheets  of  lead  forming 
the  chamber  side.  The  outer  edge  is  pulled  out  over 
the  wooden  cross  bar,  and  there  nailed  as  shown  at  a, 
Fig.  578.  The  joints  of  the  sheets  of  lead  forming  the 
chamber  were  formerly  soldered  with  ordinary  solder ; 


but  this  entailed  a  long  series  of  annoyances  in  conse- 
quence of  the  action  of  the  acid  on  the  solder.  The 
chamber  leaked  perpetually,  and  great  inconvenience 
resulted.  Eventually  the  expedient  of  welting  was  hit 
upon.  This  consisted  in  rolling  the  two  edges  of  the 
sheets  together  and  beating  this  flat ;  but  this  at  last 
gave  way  to  the  method  at  present  followed,  videlicet, 
fusing  the  two  edges  of  the  sheet  together  by  means 
of  the  oxyhydrogen  blowpipe.  For  this  purpose  an 
apparatus  is  constructed  which  furnishes  a  constant 
and  pretty  strong  current  of  hydrogen  gas.  This  when 
mixed  with  a  proper  amount  of  atmospherical  air  pro- 
jected from  a  pair  of  bellows  furnishes  the  blowpipe. 
To  use  it  the  workman  proceeds  as  follows  : — He  lays 
the  edges  of  the  two  4>eets  together  as  closely  as  pos- 
sible ;  every  particle  of  dirt  and  oxidized  or  tarnished 
surface  is  scraped  off;  the  flame  is  now  applied  in  a 
peculiar  manner,  acquired  by  practice,  and  the  two 
edges  are  joined  together ;  thus  making  a  solid  joint  of 
pure  lead,  as  incapable  of  being  acted  upon  as  any  part 
of  the  sheet.  The  plumbers  who  undertake  the  erec- 
tion of  these  chambers  are  able  to  join  two  sheets  of 
lead  together  even  when  the  joint  is  in  a  vertical 
direction ;  but  as  it  is  rather  a  difficult  and  tedious 
business,  they  contrive  to  do  as  much  as  possible  of  it 
in  a  horizontal  direction. 

No  rule  can  be  given  for  the  shape  or  dimensions  of 
a  chamber.    Manufacturers  are  guided  partly  by  con- 
venience, partly  by  the  size  of  the  lead  sheets  procur- 
able, and  partly  by  a  desire  to  have  as  much  space  as 
vol,  n. 


possible  included  in  the  chambers  with  the  least  expen- 
diture of  lead.  It  is  with  this  view  that  many  chambers 
of  vast  size,  and  in  shape  as  near  as  possible  a  cube, 
are  being  built.  Of  course,  the  nearer  a  chamber 
approaches  a  cube  in  shape,  the  more  absolute  chamber 
room  is  gained  for  the  lead  expended.  It  is  now 
becoming  usual  to  build  chambers  of  enormous  size, 
with  the  view  of  economizing  lead.  In  order  that  a 
comparison  may  be  drawn  between  the  old  mode  of 
manufacturing  sulphuric  acid,  and  the  way  of  proceed- 
ing at  the  present  time,  some  dimensions  of  chambers 
at  present  in  work  may  be  given  ;  but  it  is  generally 
admitted  that  the  best  produce  is  obtained  from  a  series 
of  small  chambers,  in  which  one  would  burn  equal  to 
a  ton  of  sulphur  per  diem. 

Mr.  Scholefield,  chemical  manufacturer,  of  Brad- 
ford, near  Manchester,  possesses  a  chamber  of  the 
following  dimensions  —  seventy  feet  long,  thirty-five 
feet  wide,  and  thirty-five  feet  high ;  thus  possessing 
the  enormous  space  of  eighty-five  thousand,  seven 
hundred  and  fifty  cubic  feet.  The  same  gentleman 
has  also  another  large  chamber,  rather  less  than  this 
one.  It  is  forty  feet  long,  thirty-five  feet  wide,  and 
twenty-five  feet  high.  Mr.  Spence,  also,  of  Newton 
Heath,  alum  manufacturer,  has  a  fine  chamber  of  the 
following  dimensions  :  seventy-five  feet  long,  forty  feet 
wide,  and  forty  feet  high ;  containing,  of  course,  one 
hundred  and  twenty  thousand  cubic  feet  of  internal 
space. 

These  are  not  the  only  ones — chambers  of  similar 
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magnificent  dimensions  are  being  built  in  many  parts 
of  Lancashire;  and  at  Flint,  North  Wales,  at  the 
gigantic  factory  of  Muspratt  Brothers  and  Hunt- 
ley, chambers  are  of  the  following  dimensions:  one 
hundred  and  forty  feet  in  length,  twenty-four  and  a 
half  feet  wide,  and  nineteen  and  a  half  feet  high  ;  the 
internal  space  being  therefore,  sixty-six  thousand,  eight 
hundred  and  eighty-five  feet.  The  above  instances 
are  singled  out  as  illustrations  of  the  chambers  of  the 
present  day. 

It  will  be  easily  understood  that  the  size  of  the 
chamber,  or  rather  the  chamber  space,  must  bear  some 
relation  to  the  sulphur  burned.  Some  manufacturers 
are  more  successful  than  others  in  this  respect,  being 
able  to  produce  more  vitriol  in  rather  less  space  than 
others,  probably  owing  to  some  variation  in  working. 
In  a  Lancashire  work,  possessing  chamber  space  to  the 
extent  of  one  hundred  and  twenty-four  thousand,  two 
hundred  and  sixty-eight  cubic  feet,  they  are  able  to 
convert  eighteen  tons  of  sulphur  into  sulphuric  acid 
per  seven  days,  the  chambers  being  arranged  in  the 
form  shown  in  Fig.  580,  to  be  referred  to  hereafter. 
It  may  be  well  to  notice,  that  -when  working  with 
plenty  of  chamber  space  less  nitre  is  needed.  The 
reason  will  be  seen  when  the  theory  of  the  action  in 
the  chamber  has  been  studied. 

As  a  general  illustration  of  the  construction  or  prin- 
ciple of  a  sulphuric  acid  chamber,  it  may  be  said  to 
resemble  a  bell-jar,  as  used  in  the  ordinary  manner 
for  gas  experiments.  In  this  case  the  bottom  resem- 
bles a  large  square  basin,  into  which  the  chamber 
appears  to  have  been  inverted,  like  the  before-men- 
tioned bell-jar  in  a  saucer  of  water.  This  is  shown  in 
Fig.  578.  The  height  of  this  basin  edge,  or  turn-up, 
as  it  is  technically  termed,  is  about  twelve  inches. 
Into  this,  as  in  the  figure,  the  side  dips,  and  a  light 
water  lute  joint  is  produced.  By  pushing  the  chamber 
side  a  little  inwards — as  in  Fig.  579 — from  the  turn-up, 
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a  space  is  formed  in  which  the  shorter  leg  of  a  siphon 
can  be  put,  for  the  purpose  of  drawing  off  the  contents 
of  the  chamber  as  wanted. 

It  is  seldom  that  one  single  chamber  is  worked 
by  itself,  at  any  work,  unless  it  be  a  very  small  one. 
The  usual  plan  is  to  work  a  greater  or  less  number 
from  one  into  another.  An  arrangement  is  figured  in 
Payen's  work,  in  which  some  five  chambers  are  repre- 
sented as  forming  a  battery,  the  gases  proceeding  from 


one  to  another  through  the  whole  series.  But  it  is 
not  usual  to  see  such  a  number  connected  together. 
In  this  country,  at  least,  the  number  is  often  limited  to 
two  or  three  chambers  working  into  each  other.  This 
answers  very  well.  A  favorite  arrangement  is  shown 
in  Fig.  580,  which  represents  three  chambers  con- 
nected together.    The  chamber,  A,  has  one  or  two 
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burners  attached  to  it;  the  same  with  chamber  B. 
The  gases  generated  in  these  ovens  rise  through  a 
cast-iron  stalk  or  chimney  into  A  and  B.  The  portions 
which  escape  condensation  into  these  chambers,  are 
conveyed  through  the  passages  shown  in  the  drawing 
into  c — the  third  chamber.  If  any  residue  remains  it 
passes  with  the  waste  gases  into  the  chimney,  through 
the  tube  at  the  end. 

Theory  of  the  Production  of  Sulphuric  Acid. — The 
production  of  sulphuric  acid  in  the  chambers  is  the 
result  of  a  series  of  rather  complicated  reactions.  It 
was  sufficient  for  the  old  manufacturers  to  know,  that 
certain  bodies  placed  in  certain  relative  positions  pro- 
duced sulphuric  acid  ;  but  for  the  present  day  this  is 
not  sufficient.  The  reactions  of  the  different  gases  and 
vapors  on  each  other,  have  been  repeatedly  studied, 
and  much  difference  of  opinion  exists  on  this  head. 
The  reactions  are  very  curious  and  interesting,  the 
chief  being  the  remarkable  and  useful  property  of  the 
nitrons  constituent  of  the  chamber  gas— of  acting  as 
a  carrier  of  oxygen  to  the  sulphurous  acid.  Were 
nitric  acid  capable  of  yielding  up  at  once  the  whole 
of  its  oxygen  to  the  sulphurous  acid,  it  would  require 
eighty-five  parts  of  nitrate  of  soda  to  furnish  nitric 
acid  sufficient  to  oxidize  the  sulphurous  acid  produced 
from  eighty  parts  of  sulphur,  so  as  to  convert  it 
into  sulphuric  acid.  But  in  practice  one  hundred  parts 
of  sulphur  are  converted  into  sulphuric  acid  with  the 
aid  of  from  five  to  ten  parts,  according  to  the  way  of 
working,  of  nitrate  of  soda.  This  is  rather  startling ; 
but  chemists  have  traced  out  the  fact,  that  though 
atmospheric  oxygen  is  itself  incapable  of  at  once 
combining  with  sulphurous  acid,  eventually  it  is  from 
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this  source  that  the  extra  oxygen  is  supplied.  The 
reaction  may  be  studied  on  the  small  scale  by  the  aid 
of  the  apparatus,  Fig.  581,  which  may  for  the  purpose 
be  considered  a  sulphuric  acid  chamber  in  miniature. 
This  apparatus  consists  of  a  large  flask  or  balloon.  In 


Fig.  581. 


this  the  action  is  to  go  on,  the  flask  is  to  furnish  sul- 
phurous acid,  while  the  Woulfe's  bottle  is  for  the  pro- 
duction of  nitric  oxide  by  the  action  of  nitric  acid  on 
slips  of  copper.  Tubes  from  both  these  pieces  of  appa- 
ratus conduct  the  respective  gases  into  the  large  globe, 
which  globe  has  also  two  other  tubes  inserted  through 
its  perforated  cork — one  is  for  the  purpose  of  intro- 
ducing atmospheric  air,  while  the  other  is  the  exit  pipe 
for  the  residual  gases,  et  cetera.  The  apparatus  is  set 
to  work  in  the  following  manner  : — -A  small  quantity 
of  water  is  introduced  into  the  large  globe.  This  is 
turned  about  until  the  sides  have  been  wetted.  Copper 
turnings  are  placed  in  the  two-necked  bottle  and  in 
the  flask,  and  the  whole  apparatus  is  fitted  together  as 
shown  in  the  drawing.  An  ounce  or  two  of  strong 
sulphuric  acid  is  now  poured  on  to  the  turnings  in  the 
flask,  and  heat  applied  ;  as  explained  under  sulphurous 
acid,  this  gas  begins  to  be  evolved.  When  a  steady 
stream  begins  to  be  given  off,  a  quantity  of  commercial 
nitric  acid,  diluted  with  about  half  its  bulk  of  water,  is 
poured  into  the  Woulfe's  bottles  through  the  tube 
funnel  with  which  it  is  furnished.  A  stream  of  nitric 
oxide — N02 — begins  to  be  evolved  immediately.  This, 
soon  as  it  comes  in  contact  with  the  air  in  the  globe, 
takes  up  another  equivalent  of  oxygen,  becoming  perox- 
ide of  nitrogen — N04.  A  reaction  now  ensues  between 
this  and  the  sulphurous  acid  from  the  flask.  The 
N04  combines  with  the  S02 — sulphurous  acid — forming, 
it  is  supposed,  a  compound  having  the  following  for- 
mula— N02  2  (S03  2  HO) — water  being  present ;  or  to 
follow  the  decomposition — 

N04  +  2  S02  =  N02  +  2  S03. 

This,  added  to  another  equivalent  of  sulphuric  acid 
already  formed,  the  product  of  a  previous  action,  makes 
up  the  formula  before  given.  This  latter  body  makes 
its  appearance  as  an  icy  crust  on  the  sides  of  the  globe. 
Join  one  of  the  two  open  tubes  on  to  a  gas  holder,  or 
aspirator,  and  cause  a  small  current  of  air  to  be  drawn 
or  forced  through,  to  replace  the  oxygen  absorbed  by 
the  nitric  oxide— N02;  remove  this  when  done,  and 
join  on  a  small  retort,  or  flask  containing  boiling  water; 


and  now  drive  a  small  jet  of  steam  into  the  balloon. 
Immediately  the  steam  enters,  the  frosted  coating  will 
melt  off  the  sides  and  decompose,  streams  of  acid  will 
run  down  the  sides  of  the  globe,  and  the  whole  interior 
will  become  filled  with  red  fumes.  If  thought  proper, 
the  experiment  can  be  repeated;  it  is  only  necessary 
to  throw  in  a  fresh  quantity  of  sulphurous  acid.  This 
will  again  decompose  the  peroxide  of  nitrogen,  forming 
the  same  compound  as  before — thus  the  experiment  can 
be  gone  over  several  times.  In  this  experiment,  it  is 
generally  supposed  that  one  has  in  miniature  the 
action  of  a  chamber;  but  this  is  scarcely  the  exact 
truth,  inasmuch  as  the  circumstances,  though  very 
nearly,  are  not  quite  the  same  as  on  the  large  scale; 
and  daily  experience  teaches,  that  a  small  difference  of 
circumstances  will  sometimes  produce  a  great  differ- 
ence in  a  reaction.  In  the  vitriol  chamber  itself,  all 
the  necessary  re-agents  are  present  at  the  same  time, 
so  that  it  is  not  unreasonable  to  suppose  that  some 
variation  from  the  above  described  experiment  may 
take  place. 

Almost  every  chemist  who  has  studied  the  subject, 
has  taken  a  different  view  of  the  question ;  though  all 
appear  to  concur  in  supposing  that  the  formation  of 
the  crystalline  compound  precedes  the  iormation  of  any 
sulphuric  acid.  On  this  account  most  ingenious  theo- 
ries have  been  broached,  explanatory  of  the  decompo- 
sition which  ensues.  All  concur  in  the  opinion  that 
it  is  nitric  oxide  which  is  evolved  when  the  crystals 
come  in  contact  with  the  water.  With  a  view  to  elu- 
cidate the  subject,  these  crystals  have  been  repeatedly 
analyzed,  but  the  analyses  differ  much.  Dr.  Thom- 
son gave  their  composition  as — 3  S02  +  2  S03  -|- 
N05  -(-  HO — a  scarcely  probable  combination.  f)r. 
Henry  again,  from  his  examination,  considered  them 
to  be  composed  of— 5  (S03  N03)  +  5  HO— a  more 
likely  supposition.  The  analysis  of  these  crystals  must 
always  be  a  difficult  matter.  It  is  impossible  to  procure 
them  absolutely  pure ;  and  even  were  they  obtained 
pure,  they  are  so  very  prone  to  decomposition,  that  it  is 
almost  as  difficult  to  keep  them  so  for  the  purpose  of 
analysis. 

The  theory  of  the  chamber  reaction  just  given,  and 
which  first  originated  with  Clement  and  Desormes, 
is  the  one  held  by  many  chemists,  including  Knapp, 
who  gives  it  in  his  Technology;  but  there  are  others 
who  hold  that  the  decomposition  and  recomposition  of 
nitric  acid  is  an  essential  part  of  the  chamber  reac- 
tions. Amongst  these  latter  may  be  named  Peligot, 
quoted  by  E.  D.  Thomson.  Peligot  considers  that 
there  are  four  phases  in  the  process.  The  first  is  the 
mutual  reaction  of  sulphurous  acid  and  nitric  acid,  the 
products  being  sulphuric  acid  and  peroxide  of  nitrogen 
_S02  +  N05  ==  SO,  +  N04.  Two  equivalents  of 
this  N04  combine,  forming  nitric  acid  and  nitrous 
acid — 2  N04  =  N0S  +  N03.  This  nitrous  acid  again, 
under  the  influence  of  water,  is  decomposed  into  nitric 
acid  and  binoxide  of  nitrogen — 3  N0;.=N05-,-2  N02 — 
which  two  equivalents  of  binoxide  of  nitrogen  unite  with 
two  equivalents  of  free  oxygen,  becoming  once  more 
peroxide  of  nitrogen,  which  eventually  becomes  nitric 
acid  by  a  repetition  of  the  last  three  decompositions  just 
traced  out.    The  nitric  acid  formed  at  these  several 
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stages  acts,  of  course,  exactly  as  in  the  first  instance. 
Nitric  acid  is  very  easily  decomposed  by  sulphurous 
acid.  This  may  be  illustrated  by  wetting  the  interior 
of  a  bell-jar  with  nitric  acid,  then  placing  it  over  a 
capsule  of  burning  sulphur,  and  setting  on  a  tile  or 
plate;  in  a  few  seconds  the  jar  becomes  filled  with  red 
fumes,  the  sulphurous  acid  having  abstracted  a  por- 
tion of  oxygen  from  the  nitric  acid,  reducing  it  to 
peroxide  of  nitrogen. 

It  has  thus  been  attempted  to  indicate  a  possible 
means  of  one  portion  of  nitric  acid  or  nitrous  gas  acting 
ad  infinitum,  converting  an  almost  endless  quantity  of 
sulphurous  acid  into  sulphuric  acid,  without  being  itself 
diminished.  Notwithstanding  the  amount  of  study 
and  labor  bestowed  on  this  question,  it  is  doubtful 
whether  chemists  have  arrived  at  more  than  an  approx- 
imation to  the  actual  reaction  in  the  chamber.  When 
the  very  changeable  nature  of  all  the  bodies  which 
there  react  upon  each  other  is  considered,  one  can 
scarcely  hope  to  attain  the  actual  truth.  The  explana- 
tions just  given  of  the  formation  of  sulphuric  acid,  though 
doubtless  such  as  take  place,  are  probably  only  two  of 
many;  it  is  likely  that  a  variation  in  the  action  of  these 
bodies  on  each  other  is  perpetually  taking  place,  as  there 
is  a  deficiency  or  an  excess  of  nitrous  gas,  more  or 

(  less  steam,  a  greater  or  less  quantity  of  atmospheric 
air  present,  a  higher  or  lower  temperature,  and  many 
other  causes  may  vary  these  changes;  yet  one  has  a 
tolerably  clear  view  of  the  general  mode  of  action.  It 
is  a  general  and  wide-spread  opinion,  that  the  forma- 
tion of  the  crystalline  body  invariably  accompanies  the 
formation  of  sulphuric  acid ;  whereas  in  practice  its 

:  appearance  is  only  accidental.  That  these  crystals 
sheuld  be  constantly  formed  under  the  ordinary  work- 
ing condition  of  the  chamber  is  almost  impossible,  when 
their  great  instability  when  in  contact  with  water  is  con- 
sidered, and,  as  in  the  atmosphere  of  a  chamber  properly 
worked,  a  great  amount  of  aqueous  vapor  always  exists, 
their  formation  is  not  very  probable;  for  one  can  scarcely 
imagine  that  a  body  can  be  produced  under  such  circum- 
stances, that,  were  the  same  body  ready  formed  to  be 
so  placed,  it  would  be  decomposed.  Still,  these  expla- 
nations serve  to  show  how  it  is  possible  for  a  small 
quantity  of  nitric  acid  or  nitrous  gas  to  convert  a  large 
quantity  ot  sulphurous  into  sulphuric  acid,  acting  as  a 
carrier  between  the  oxygen  of  the  chamber  and  the 
sulphurous  acid,  constantly  taking  from  one  and  imme- 

I  diately  delivering  up  its  plunder  to  the  other.  In 
order  to  understand  the  extent  of  this  action,  a  pre- 
vious statement  must  be  remembered  of  the  amount 
of  sulphuric  acid  which  a  given  weight  of  nitre  could 
produce,  were  its  oxidizing  powers  limited  to  the 
oxygen  contained  within  itself.  It  is  only  from  this 
view  that  the  beauty  of  the  chamber  reaction  is  seen  ; 
and  perhaps  no  other  metamorphosis  is,  when  looked 
at  in  a  scientific  point  of  view,  so  beautiful.  It  is  the 
hinge  and  turning-point  of  the  whole  manufacture  ;  for 
were  it  not  possible  to  produce  such  a  large  amount 
of  vitriol  with  the  expenditure  of  such  a  small  quantity 
of  the  most  expensive  ingredient,  the  commercial  value 
of  vitriol  would  ot  course  be  proportionally  higher; 
and  as  this  acid  is  the  starting-point  of  almost  every 
other  chemical  salt  or  body  manufactured,  these  various 


salts,  et  cetera,  could  not  be  produced  nearly  so  cheaply 
as  at  present.  As  a  result  of  this,  the  value  of  all 
printed  and  dyed  goods  would  be  considerably  en- 
hanced, and  would  be  placed  out  of  the  reach  of  many, 
or  at  least  not  easily  attained.  On  the  cheapness  of 
this  class  of  articles  also,  industry  in  m  any  places  depends ; 
so  that  one  may  trace  much  of  the  trade  and  prosperity 
of  the  country  to  this  beautiful,  if  not  very  simple 
reaction ;  for  though  it  is  possible  to  produce  sulphuric 
acid  without  the  intervention  of  nitric  acid,  none  of 
the  methods  which  have  been  proposed  for  the  purpose, 
have  gone  much  further  than  a  laboratory  experiment. 
In  a  later  portion  of  this  article  some  of  these  methods 
will  be  given. 

Having  now  followed  the  theory  of  vitriol-making 
on  an  experimental  scale,  the  subject  next  to  be  con- 
sidered is  the  actual  manufacture  in  the  chambers 
The  construction,  et  cetera,  of  these,  and  their  various 
appurtenances,  has  been  already  noticed.  The  cham- 
ber arrangement  described  previously — Fig.  578 — has 
two  burners  to  each  chamber ;  that  is,  to  each  of 
the  chambers,  A  and  B.  The  mode  of  working  these 
burners  is  such  that  a  constant  stream  of  gas  is  sent 
into  the  chambers.  In  order  to  effect  this  the  burners 
are  charged  alternately.  Thus,  if  the  two  burners 
attached  to  a  chamber  be  designated  A  and  B,  they  are 
charged  at  the  following  hours: — 

Burner  A,  Burner  B. 

Charged  at  6  a.m   Charged  at  8  a.m. 

"       10  a.m.       ....  "       12  noon. 

(t        2  p.m.        ....  "  4  P.M. 

The  same  proceedings  are  gone  through  with  respect 
to  the  other  two  burners.  By  this  mode  of  charging 
alternately,  it  is  supposed  that  as  the  combustion  in 
one  burner  loses  in  intensity  the  other  increases,  and 
vice  versa;  so  that  a  stream  of  equal  volume,  or  nearly 
so,  is  kept  up  during  the  whole  time. 

The  burners  are  charged  at  the  above  intervals 
with  a  weighed  or  measured  quantity  of  sulphur. 
The  workman  lifts  the  sliding  door,  and  throws  in  the 
charge.  Previously  to  this  he  inspects  the  state  of  the 
chambers,  to  enable  him  tojudge  what  quantity  of  nitrate 
of  soda  he  shall  decompose  simultaneously  with  the 
combustion  of  the  sulphur.  He  puts  as  much  nitre  as 
he  thinks  necessary  into  one,  two,  or  more  hemispheri- 
cal iron  vessels,  or  cups,  technically  termed  nitre  pots. 
Immediately  he  has  thrown  in  the  sulphur,  he  closes 
the  door  to  prevent  the  escape  of  gas ;  he  then  pro- 
ceeds to  add  to  each  pot  already  containing  nitre,  as 
much  sulphuric  acid — from  a  vessel  placed  for  conve- 
nience near  the  burner — as  he  considers  necessary. 
This  is  not  a  nice  or  exact  operation,  the  chief  point 
being  to  add  rather  an  excess  of  this  acid,  so  as  to 
insure  the  total  decomposition  of  the  salt,  leaving  a 
bisulphate  of  soda,  or  a  mixture  of  neutral  sulphate  and 
bisulphate.  "When  these  pots  are  charged,  the  door 
is  again  opened,  and  the  workman  in  charge  lifts  the 
pots  by  means  of  an  iron  hook,  constructed  for  the  pur- 
pose, and  places  them  in  the  burner,  in  the  midst  of  tho 
now  partially  ignited  sulphur.  After  a  while  the  sulphur 
is  in  a  gradually  advancing  state  of  thorough  combus- 
tion, and  considerable  heat  is  evolved,  which,  acting 
on  the  nitre  pots,  causes  the  complete  decomposition  of 
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their  contents;  the  nitric  acid  is  given  off',  and  passes 
simultaneously  with  the  sulphurous  acid  into  the  cham- 
ber. A  method  common  on  the  Continent,  hut  rarely 
now,  if  ever,  practised  here,  is  the  employment  of 
strong  liquid  nitric  acid,  contained  in  basins,  and 
placed  inside  the  chamber  at  different  parts  on  glass 
and  porcelain  triangles.  Prefixed  to  the  working 
chamber  is  another  small  one,  through  which  the  whole 
•  of  the  sulphurous  acid  has  to  pass,  while  in  it  are  placed 
a  number  of  earthenware  dishes,  containing  nitric  acid. 
In  some  instances  they  are  not  exactly  dishes,  but  pieces 
of  earthenware  apparatus,  constructed  for  the  purpose, 
over  which  nitric  acid  is  trickled  in  a  slow  stream.  In 
either  case  the  object  is  to  expose  as  large  a  surface 
of  nitric  acid  to  the  action  of  the  sulphurous  acid  as 
possible.  These  two  bodies,  reacting  on  each  other, 
produce  gases  which  are  carried  forward  to  the  working 
chamber.  A  rather  peculiar  arrangement  is  neces- 
sarily employed  in  order  to  get  the  nitric  acid  into  the 
trays.  This  consists  usually  of  a  number  of  glass 
siphons,  set  into  carboys  of  the  nitric  acid.  These 
siphons  convey  the  nitric  acid  into  another  glass  appa- 
ratus, of  which  a  bell-jar  forms  a  part;  the  object  of 
the  whole  being  the  conveyance  of  the  nitric  acid  into 
the  interior  of  the  chamber  without  allowing  any  gas  to 
escape.  The  whole  affair  is  by  no  means  simple,  and 
would  scai'cely  suit  the  manner  of  working  in  this 
country,  as,  from  its  construction,  it  must  be  very  liable 
to  derangement  or  destruction.  Apart  from  this,  it  is 
not  very  evident  what  advantage  is  to  be  gained  by 
using  the  nitric  acid  arrangement.  In  the  first  place, 
there  is  all  the  loss  from  escape,  et  cetera,  incident  to 
the  manufacture  of  nitric  acid,  as  well  as  the  cost  for 
labor,  etcetera;  while,  by  decomposing  the  nitrate  in 
the  burner,  this  are  economized.  Nothing  can  escape 
uncondenscd,  as  in  making  the  nitric  acid  every  particle 
of  vapor  must  pass  into  the  chamber.  The  com- 
bustion of  the  sulphur  affords  the  necessary  heat,  while 
the  same  labor  suffices.  On  the  other  hand,  it  would 
appear  at  first  sight  that  by  this  method  the  amount  of 
nitrous  gas  necessary  for  the  chamber  could  be  more 
nicely  regulated;  but,  on  consideration,  this  advantage 
appears  doubtful,  for  there  would  be  a  difference  in  the 
quantity  passed  through,  according  as  the  carboys  were 
full,  or  otherwise,  and  the  taps  could,  by  a  little  care- 
lessness of  the  workman,  bo  left  running  when  there 
was  no  occasion  for  them.  Such  occurrences  have 
taken  place  to  the  destruction  of  the  sides  of  the 
chamber. 

The  only  part  of  the  nitre  sj'stem,  if  it  may  be  so 
termed,  which  appears  open  to  objection,  or  which  may 
be  cavilled  at,  is  the  contact  of  the  nitric  and  sulphurous 
acids  at  a  high  temperature,  and  in  consequence  the 
possible  decomposition  of  the  nitric  acid  either  into 
nitrous  oxide  or  nitrogen,  both  totally  inactive,  and  for 
the  required  purpose  wholly  useless  gases.  That  such 
a  circumstance  has  taken  place  is  inferred  from  a  fact 
which  occurred  in  actual  practice.  A  set  of  burners 
were  worked  to  their  utmost  consumption;  they  became 
very  hot,  and  required  much  more  nitrate  to  keep  the 
chamber  in  proper  working  order  than  previously.  It 
would  be  difficult,  in  fact  almost  impossible,  to  prove 
the  truth  of  such  an  opinion;  but,  nevertheless,  it  is 


possible,  and  from  the  above  incident  probable ;  but  if, 
for  the  sake  of  argument,  the  truth  of  this  opinion  be 
admitted,  this  appears,  as  far  as  practice  goes,  to  be 
the  only  objection  to  this  method  of  supplying  nitrous 
gas  to  the  chambers. 

A  Continental  chemist,  who  employed  the  nitric  acid 
process,  saw  the  nitre  process  during  a  visit  to  this 
country,  and  on  his  return  substituted  it  for  the  one 
he  was  previously  employing ;  by  so  doing,  he  effected 
a  saving  of  one-third  of  his  nitrate  of  soda.  This 
result  could  not  have  been  obtained  if  there  had  not 
been  some  gross  error  or  carelessness  in  the  mode  of 
working  by  nitric  acid.  It  is  possible  that  little  care 
was  exercised  in  the  manner  of  working,  and  that,  on 
employing  a  fresh  process,  more  attention  was  directed 
to  the  subject ;  in  either  case  the  person  was  perfectly 
satisfied  with  respect  to  the  advantages  of  working  by 
the  English  method. 

|  As  before  stated,  however,  the  heat  of  the  burn- 
ing sulphur  effectually  drives  off  the  whole  of  the  nitric 
acid  of  the  nitrates  in  the  pots,  leaving  sulphate  of  soda. 
The  nitric  acid  as  soon  as  evolved  comes  in  contact  with 
the  sulphurous  acid  from  the  burning  sulphur,  and  is 
instantly  decomposed  by  it ;)  often,  on  looking  into  the 
ovens  or  burners,  the  whole  of  the  upper  portion  appears 
rilled  with  ruddy  fumes.  /These,  together  with  the  sul- 
phurous acid,  pass  up  the  stalk  or  chimney  which  con- 
veys them  into  the  chamber,  there  to  react  further  upon 
each  other,  so  as  to  produce  sulphuric  acid,  j 

It  has  been  attempted  to  he  shown  by  the  detail 
of  the  reactions  on  a  small  scale  that,  theoretically,  one 
portion  of  nitrous  gas  is  capable  of  converting  sul- 
phurous into  sulphuric  acid  almost  indefinitely,  were  it 
not  that  certain  practical  difficulties  intervene  ;  for 
instance,  it  must  be  apparent  to  the  student  of  these 
experiments,  that  although  one  portion  of  nitrous  gas 
can  go  on  continually  carrying  the  oxygen  of  the  cham- 
ber to  the  sulphurous  acid,  yet  this  action  must  neces- 
sarily stop  when  the  oxygen  is  exhausted.  And  this 
is  possible,  for  were  a  close  chamber  taken,  containing 
a  limited  portion  of  oxygen  with  the  requisite  nitrous 
gas,  and  the  operator  kept  on  introducing  sulphurous 
acid,  it  would  be  found,  on  testing  from  time  to  time, 
that  the  quantity  of  oxygen  was  slowly  diminishing,  and 
that  at  length  it  had  disappeared  altogether.  v 

This  could  easily  have  been  the  case  with  one  of 
Dr.  Roebuck's  close  chambers,  worked  on  the  inter- 
mittent system.  To  supply  this,  it  is  usuaj  at  the  pre- 
sent day  to  admit  such  a  constant  current  of  air,  that 
there  is  sufficient  to  supply  a  stream  of  oxygen  over 
and  above  what  is  requisite  for  the  combustion  of  the 
sulphur;  this  finds  its  way  into  the  chamber,  there  to 
effect  the  necessary  change.  This  oxygen  becomes 
gradually  appropriated  by  the  sulphurous  acid,  as  the 
current  of  gas  keeps  slowly  moving  towards  the  exit 
with  a  regular  and  constant  motion  ;  and  as  this  appro- 
priation never  ceases,  necessarily  the  gases  on  passing 
out  must  get  poorer  in  oxygen  in  the  ratio  of  their 
nearness  to  the  exit  pipe.  And  this  is  found  to  be  the 
case,  for  if  a  portion  of  the  gases  from  this  spot  are 
collected,  and  the  slight  amount  of  sulphurous  acid  and 
nitric  gases  removed,  the  quantity  of  oxygen  in  the  resi- 
due will  be  fouud  to  be  considerably  less  than  in  com- 
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mon  air.  The  quantity  found  differs  even  in  the  same 
manufactory,  as  no  rule  controlling  the  quantity  of  air 
to  be  admitted  exists.  In  fact,  it  is  considered  advan- 
tageous to  diminish  it  as  much  as  possible,  so  as  not  to 
take  up  the  space  of  the  chamber  with  a  useless  super- 
abundance of  air.  But  whether  this  is  judicious  or  not 
is  matter  of  opinion  ;  however,  the  reader  is  requested 
to  bear  in  mind  that,  as  before  shown,  the  nitrous  gas 
reaches  the  exit  pipe  unimpaired,  and  passes  out  with 
the  residual  nitrogen,  excess  of  air,  carbonic  acid,  and 
other  matters.  This  is  particularly  mentioned,  as  this 
part  of  the  subject  will  be  again  referred  to,  with  respect 
to  the  method  now  in  pretty  general  use  for  the  recovery 
of  this  nitrous  gas,  and  its  replacement  in  the  cham- 
bers, in  order  again  to  commence  its  labor.  This 
invention  of  Gay-Lussac's  is  the  only  improvement 
of  any  consequence  which  has  appeared  in  connection 
with  the  manufacture  of  sulphuric  acid  for  some  years ; 
in  fact  it  leaves  little  to  be  desired,  except  the  discovery 
of  a  material  of  which  to  construct  the  chambers, 
which,  unlike  lead,  will  be  indestructible,  or  at  least 
unacted  upon  by  any  of  the  bodies  to  the  action  of 
which  it  will  bo  exposed ;  although,  as  will  be  seen 
in  a  later  portion  of  this  monograph,  this  problem  has 
been  attempted  to  be  solved,  its  solution  has  not  as 
yet  been  successfully  accomplished. 

Notwithstanding  the  number  of  years  that  sulphuric 
acid  has  been,  it  may  be  said,  a  staple  manufacture 
ot  England,  and  so  much  opportunity  has  existed 
for  studying  this  process,  much  misconception  as  to  the 
true  action  of  chambers  exists.  The  forms,  shapes, 
and  other  matters  in  connection  with  them  which  have 
been  proposed  and  built  almost  exceeds  belief — their 
name  is  legion ;  but  the  prevailing  idea,  which  appears 
to  have  actuated  many  inventors  of  these  ingenious 
constructions,  appears  to  have  been,  that  the  action  of 
condensation  in  a  chamber  was  simply  that  of  a  distil- 
lation process ;  that  as  the  vapor  from  a  boiling  liquid 
in  a  still  or  retort  condenses  on  the  cold  surface  of  the 
worm  or  other  refrigerating  apparatus,  so  with  a  sul- 
phuric acid  chamber,  the  cold  walls  condensed  the  acid 
vapor  contained  inside.  Evidently,  with  this  idea  in 
view,  chambers  have  been  built  resembling  flues;  these, 
having  a  large  surface  of  cold  lead,  were  supposed  to 
favor  the  production  of  the  acid  by  condensing  it  im- 
mediately on  its  formation.  It  is  related  that  a  clever 
chemist  across  the  channel  constructed  a  most  novel 
sulphuric  acid  apparatus.  It  consisted  of  an  almost 
fabulous  length  of  lead  tube  coiled  round  and  round  an 
apartment  like  a  gigantic  still  worm  ;  that  sulphurous 
acid  and  nitrous  gas  were  introduced  at  the  highest 
end ;  these  reacted  on  each  other,  the  sulphuric  acid 
when  formed  passing  the  whole  length  of  the  tube,  a 
constant  stream  issuing  from  the  other  end. 

It  was  not  stated  what  length  of  time  this  system 
continued,  but  certainly  on  the  face  of  it  not  long. 

It  is  no  uncommon  thing  to  find  long  lead  flues 
attached  to  the  chamber,  for  the  purpose  of  carrying 
off  the  residual  vapors  to  the  chimney.  These  flues 
invariably  take  a  most  circuitous  course,  many  times 
longer  than  the  direct  route ;  and  as  frequently  there 
is  no  obstacle  or  other  such  reason  why  the  Hue  should 
not  follow  tho  most  direct  line,  one  is  inclined  to 


inquire  why  this  latter  course  was  not  adopted.  If  tho 
question  were  put,  the  answer  would  probably  be  that 
a  steam  jet  is  introduced  at  the  end  of  this  tunnel 
nearest  the  chamber  from  which  it  issues,  and  that  this 
length  of  flue,  with  the  aid  of  the  steam,  is  expected 
to  condense  any  vapors  not  condensed  in  the  cham- 
bers. If  the  product  dropping  out  at  the  end  of  this 
flue  be  examined,  it  will  very  probably  be  found  to 
be  so  weak  as  to  be  scarcely  worth  the  coals  required  ' 
to  concentrate  it. 

Let  the  true  state  of  the  case  be  examined.  Is  it 
absolutely  necessary  that  there  should  be  a  surface  for 
condensation  ?  Is  this  necessary  in  all  cases,  natural 
and  otherwise  ?  Does  the  rain  cloud,  which,  perhaps, 
in  one  half  hour  will  come  down  in  the  shape  of  a 
heavy  shower,  require  a  surface  for  condensation.  If 
it  did,  possibly  rain  would  be  more  manageable  ;  but 
this  watery  vapor  needs  no  cold  surface ;  it  condenses 
into  water,  losing  the  vaporous  and  assuming  the  fluid 
state,  without  any  assisting  cold  surface.  And  if  this 
rain  cloud  be  capable  of  so  condensing,  is  it  not 
possible  for  the  like  physical  reaction  to  take  place 
within  a  vitriol  chamber  ?  But  further.  Is  it  not 
probable,  or  rather  certain,  that  the  sulphuric  acid  in 
the  chambers  never  was  in  the  state  of  vapor.  Sul- 
phuric acid  requires  a  heat  of  620°  to  convert  it 
into  vapor.  The  highest  point  of  heat  a  chamber 
could  attain  could  be  no  approach  to  this  ;  probably 
the  heat  of  a  chamber  will  not  exceed  212°  in  the 
hottest  part  where  the  gas  enters.  Is  it  not  possible 
that  every  atom  of  sulphuric  acid  produced  passes  from 
sulphurous  acid  gas  to  liquid  sulphuric  acid  at  once  the 
instant  it  is  formed — that  the  chamber  is  filled  with 
myriads  of  these  newly-formed  particles — that  these 
float  about,  and,  like  globules  of  running  mercury,  they 
gradually  coalesce  with  each  other,  until  they  at  last 
form  a  particle  like  a  rain  drop,  sufficiently  heavy  to 
resist  the  sweeping  influence  of  the  currents  which  exist 
in  the  chamber ;  and  that,  finally,  this  drop  falls  into 
the  acid  on  the  floor  of  the  chamber.  Although  it  is 
impossible  to  see  the  process,  and  so  prove  the  truth  of 
this  opinion,  a  very  good  inference  of  its  justness  may 
be  drawn  from  an  experiment  which  was  tried  on  a 
chamber.  A  strip  of  lead  about  three  inches  wide 
was  attached  to  the  inner  side  of  a  chamber,  in  such  a 
manner  that  it  resembled  a  gutter  or  spout  in  an  inclined 
position,  one  side  of  this  gutter  being  formed  by  tho 
chamber  side,  the  other  by  the  strip.  This  was  placed 
about  from  two  to  three  feet  above  the  surface  of  the 
aeid  in  the  chamber,  and  was  about  nine  feet  long.  In 
consequence  of  this  position,  the  whole  of  the  acid  which 
formed  or  condensed  on  that  side  of  the  chamber  above 
the  strip  would  flow  along  it,  and  be  carried  by  a  small 
tube  passing  through  the  wall  of  the  chamber  into  a 
vessel  placed  on  the  outside  to  receive  it. 

If  the  liquefication  of  the  acid  took  place  almost 
wholly  on  the  side  of  the  vitriol  chambers,  a  pretty 
rapid  current  of  acid  must  have  flowed  along  this 
arrangement,  but  this  was  not  the  case;  instead  of,  as 
might  have  been  expected,  a  constant  stream  passing 
along  it,  nothing  more  than  isolated  drops  issued,  pro- 
bably at  the  rate  of  six  drops  per  minute,  an  utterly 
insignificant  quantity,  when  compared  with  the  amount 
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of  acid  winch  must  have  been  formed  within  the  space 
over  which  this  strip  had  the  command. 

In  fact  any  observant  manufacturer  must,  after  a 
little  attention  to  the  subject,  come  to  the  conclusion 
that  such  is  the  case;  that  condensation  goes  on  chiefly 
within  the  space  of  the  chamber,  although  a  small 
portion  may  condense  on  the  walls  ;  for  when  the  acid 
particles  are  floating  about  in  the  chamber — driven 
hither  and  thither  by  the  various  currents  which  must 
exist — some  must  become  attached  to  the  sides  and  flow 
down  into  the  acid  already  at  the  bottom,  adding  to  the 
amount  already  formed.  But  the  argument  remains 
that  all  the  acid  is  not  brought  to  the  liquid  state  by 
this  means;  that,  in  fact,  the  quantity  thus  formed 
bears  a  very  small  relation  to  the  whole. 

To  many  this  will  be  already  palpable,  but  evidently 
not  to  all,  inasmuch  as  these  strange  abortions  of 
chambers  are  not  by  any  means  as  yet  extinct,  but  still 
remain  a  testimony  to  the  ignorance  of  many  of  our 
manufacturers.  It  must  be  apparent,  that  if  anything 
more  than  the  usual  average  amount  escapes  from  the 
chambers,  either  they  are  badly  worked  or  overworked. 
If  the  first  should  be  the  case,  more  attention  must  be 
directed  to  them  to  find  out  the  error.  If  the  second 
suggestion  be  correct,  then,  as  the  chambers  have  more 
material  introduced  into  them  than  they  can  properly 
work,  the  amount  of  sulphur  usually  burned  must  be 
decreased,  until  the  maximum  amount  which  can  be 
burned  with  a  beneficial  result  is  found.  It  needs  little 
argument  to  prove,  that  the  working  space  included  in 
a  tunnel  could  have  been  included  in  the  chamber  at 
much  less  expense. 

The  introduction  of  steam  into  the  chambers  has 
been  already  mentioned.  Previously  to  the  use  of 
this  reagent,  the  water  on  the  floor  of  the  chamber 
had  all  the  work  to  do ;  every  particle  of  the  sulphuric 
acid  and  nitrous  compound  was  compelled  to  pass  in 
to  the  water  from  whatever  portion  of  the  chamber  it 
was  formed  in  order  to  be  decomposed.  The  interior 
of  one  of  Dr.  Roebuck's  chambers,  or  any  other 
chamber  worked  in  the  same  manner,  while  in  action 
would  have  been  a  pretty  sight;  the  reactions  must 
have  taken  place  consecutively,  as  described  in  a  pre- 
ceding portion  of  this  article  when  treating  of  the 
theory  of  the  process.  Every  particle  of  sulphuric 
acid  formed  must  previously  have  passed  through  the 
solid  crystalline  stage.  The  interior  walls  of  the  cham- 
ber must  have  been  each  time  more  or  less  coated  and 
inerusted  with  the  beautiful  snow-like  crystals,  while 
the  whole  interior  of  the  chamber  must  have  resembled 
a  snow-storm  in  an  amber-colored  atmosphere.  The 
first  manufacturer  who  introduced  steam  into  his  cham- 
bers did  but  exchange  a  beauty  he  could  not  see  for  a 
solid  reality  he  could  well  appreciate.  He  introduced 
a  most  beautiful  invention,  which  not  only  increased 
the  production  in  the  same  chamber-space,  but  alto- 
gether simplified  the  operation.  Instead  of,  as  before, 
each  equivalent  of  the  double  compound  waiting  to 
fall  down  into  the  cold  liquid  which  covered  the  floor 
of  the  chamber  in  order  to  be  decomposed,  leaving, 
probably,  a  large  per  centage  of  the  nitrous  constituent 
behind ;  the  bodies  now  never  assume  the  solid  state 
but  on  extraordinary  occasions,  and  then  only  through 


neglect.  The  whole  of  the  reactions  take  place  in  a 
warm  wot  atmosphere,  where  everything  is  favorable 
to  the  intended  purpose. 

Sulphuric  acid,  when  tolerably  concentrated,  has  a 
tendency  to  combine  with  nitrous  acid,  forming  a  defi- 
nite compound  to  be  treated  of  hereafter;  but  unless 
the  acid  be  concentrated,  more  so,  in  fact,  than  it  is 
usually  found  in  chambers,  this  compound  is  very  un- 
stable in  the  cold ;  heat  it  and  the  nitrous  constituent 
flies  off. 

In  a  chamber  worked  on  the  old  plan  a  great 
quantity  of  nitrous  gas  must  have  remained  in  the 
vitriol,  causing  a  great  loss  of  this  body- — the  most 
expensive  material  the  manufacturer  employs.  On  the 
contrary,  in  the  chambers  of  the  present  day,  each 
particle  of  acid  as  formed  must,  if  sufficient  steam  be 
present,  be  of  such  a  density  or  strength  and  tempera- 
ture as  to  be  incapable  of  carrying  down,  and  thus 
removing  from  its  proper  sphere  of  action,  any  of  the 
nitrous  bodies  present.  Again,  in  the  old  plan  of  work- 
ing, the  nitrous  gas  was  only  liberated  at  the  surface  of 
the  liquid  at  the  bottom  of  the  chamber.  Now,  per- 
oxide of  nitrogen — N04 — the  body  into  which  the 
nitrous  gas  would  become  changed  the  moment  after 
its  liberation,  coming  in  contact  with  the  oxygen  in  the 
chamber,  is  a  heavy  gas,  heavier  than  common  air.  It 
can  be  floated  about  and  poured  from  vessel  to  vessel 
like  carbonic  acid.  This  then,  on  its  being  set  free, 
would  float  about  on  the  surface  of  the  liquid,  running 
the  risk  of  being  rapidly  absorbed ;  whereas  its  sphere  of 
action  lies  amongst  the  lighter  sulphurous  acid,  on  the 
upper  portion  of  the  chamber,  to  which  point  this  N04 
could  only  be  conveyed  by  diffusion,  or  be  carried  up 
by  getting  entangled  with  the  upward  stream  of  gases 
emanating  from  the  tube  which  conducts  the  sulphur- 
ous acid  into  the  chamber.  In  the  present  system, 
whenever  a  particle  of  this  peroxide  or  quadroxide  of 
nitrogen  meets  one  of  sulphurous  acid  a  reaction  com- 
mences. Now  there  is  no  necessity  for  a  descent  to 
the  bottom  of  the  chamber ;  water,  in  the  shape  of 
vapor,  pervades  every  part  of  the  chamber;  and  as 
quickly  as  the  crystalline  combination  forms,  if  it  does 
form  under  these  circumstances,  it  is  as  quickly  decom- 
posed. The  resulting  sulphuric  acid  falls,  but  the 
nitrous  gas  forms  a  second  combination,  and  is  then 
again  ready  to  perform  its  purpose  the  moment  it  comes 
in  contact  with  another  particle  of  sulphurous  acid. 
When  carefully  considered,  it  will  be  understood  that 
it  is  not  too  much  to  call  the  introduction  of  steam  into 
the  chamber  a  great  invention.  It  is  not  difficult  to 
imagine  how  slow  the  process  must  have  been  in  the 
old  chambers  wdien  compared  with  the  rate  at  which 
it  proceeds  now,  and  what  enormous  advantages  manu- 
facturers at  the  present  day  are  possessed  of  over  their 
predecessors. 

Much  difference  of  opinion  exists  as  to  the  proper 
density  at  which  the  acid  should  be  kept  in  the  cham- 
ber, or  rather  what  is  the  maximum  density  to  which 
it  may  be  allowed  to  rise?  All  manufacturers  are 
aware  that  it  is  to  their  interest  to  keep  up  the  strength 
of  the  acid  in  the  chamber  to  the  highest  point  possible, 
for  by  so  doing  there  is  a  saving  of  fuel  in  the  concen- 
tration.   A  writer  has  lately  stated,  on  the  authority 
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of  an  eminent  manufacturer,  that  it  is  impossible  to 
keep  the  vitriol  free  from  nitrous  gas  if  a  density  of 
l-45  or  90  degrees.  Twaddell  is  exceeded;  while 
again  in  Knapp's  Technology  it  is  stated,  that  the 
maximum  density  of  1-585,  or  about  112°  Twaddell, 
should  not  be  exceeded.  A  considerable  margin  exists 
between  the  two  statements,  but  in  such  matters  as 
these,  which  are  not  found  capable  of  absolute  and 
precise  proof,  the  only  course  to  be  pursued  is  to  take 
for  a  guide  a  near  approximation  to  some  recognized 
authority,  or  perhaps  better,  to  be  guided  by  the  result 
of  practice.  A  set  of  chambers  now  at  work  are  kept 
at  a  general  strength  of  from  110°  to  112°  Twaddell. 
It  is  not  observed  that  more  than  a  trace  of  nitrous 
gas  is  absorbed,  except  occasionally,  and  these  instances 
may  invariably  be  traced  to  either  a  slackening  or  a 
total  cessation  of  the  current  of  steam,  either  from  the 
carelessness  of  the  workman  or  by  accident.  In  either 
case  the  pressure  of  steam  has  become  so  low  that 
little  or  no  watery  vapor  is  being  thrown  in.  Perhaps 
there  is  no  manufacturer  who  has  not  at  intervals  found 
his  chamber  acid  so  highly  charged  with  nitrous  gas  as 
to  slightly  effervesce  when  poured  with  violence  from 
one  vessel  to  another ;  in  fact,  it  is  not  an  extremely 
rare  occurrence,  under  some  circumstances,  to  find  it 
perfectly  green,  from  holding  a  large  quantity  of  per- 
oxide of  nitrogen  in  solution.  If,  when  this  takes 
place,  strict  inquiry  be  made,  it  will  be  found,  that  such 
a  state  of  things  results  from  the  chamber  having  been 
left  for  some  time,  possibly  for  hours,  without  steam. 
This  point  is  worthy  the  manufacturer's  attention,  as  it 
largely  concerns  his  profits.  The  chambers,  as  at 
present  constructed  and  worked,  are  not  calculated  to 
work  on  the  old  plan.  As  has  been  stated  before,  the 
steam  materially  quickens  the  process,  and  is  the  means 
of  much  more  acid  being  made  in  a  chamber  than 
could  be  made  were  it  worked  on  the  old  plan.  When 
without  steam,  the  excess  which  the  chamber  is  not 
able  to  convert  must  pass  up  the  chimney,  being  a  loss 
of  its  value  as  well  as  risk  of  nuisance  or  damage.  And 
not  only  does  this  occur,  but  nearly  all  the  nitrous  gas 
which  is  dissolved  in  the  vitriol  flies  off  when  it  be- 
comes hot  in  the  concentrating  pan,  to  no  pnrpose  but 
to  annoy  the  workman  and  surrounding  neighborhood. 
Such  a  state  of  things  is  not  an  imaginary  case,  but-  a 
fact,  as  nearly  every  vitriol-maker  can  testify,  and  that 
to  Iiis  material  cost. 

Payen  gives  a  method  for  economizing  this  nitrous 
gas  passing  from  the  chamber  dissolved  in  the  vitriol. 
This  he  proposes  to  do  by  passing  a  stream  of  sulphu- 
rous acid  over  the  surface  of  the  vitriol  while  being 
concentrated ;  the  sulphurous  acid  liberates  any 
nitrous  gas  or  decomposes  any  nitrous  compound,  and 
becoming  mixed  up  and  absorbed  into  this  sulphurous 
stream,  is  carried  into  the  chamber.  The  apparatus 
for  effecting  this  purpose,  though  ingenious,  renders 
the  process  of  concentration  too  complicated,  in  fact, 
leaving  a  doubt  whether  the  economy  effected  by  its 
use  is  not  more  than  balanced  by  the  inconvenience 
entailed  by  its  employment.  Most  manufacturers  have 
a  very  wholesome  fear  of  what  is  called  a  break  down, 
and  the  general  want  of  stability  which  this  apparatus 
appears  to  have  is  not  likely  to  make  it  a  favorite. 


The  Recovery  of  the  Nitrous  Gas. — The  reader  will 
no  doubt  have  borne  in  mind,  that  whilst  tracing 
out  the  reaction  of  the  chamber  it  was  possible  to 
follow  the  sulphurous  acid  until  it  was  completely  con- 
verted into  sulphuric  acid,  and  that  during  this  pro- 
cess the  whole  of  the  free  oxygen  of  the  chamber  may 
become  exhausted,  but  that,  nevertheless,  the  nitrous 
gas  still  remains  the  same.  This  gas  does  not  enter 
into,  neither  does  it  give  up,  any  essential  part  of 
itself  to  the  vitriol ;  its  removal  is  only  on  account  of 
its  passing  off  with  the  current  of  useless  nitrogen 
and  other  gases,  and  when  removed  it  still  possesses 
all  its  active  properties,  but  diluted  and  incommoded 
with  a  quantity  of  gas  of  no  value.  Many  have  been 
the  attempts  to  prevent  this  loss,  and  to  bring  this 
nitrous  gas  back  into  a  useable  form,  and  this  idea  has 
formed  the  principal  feature  in  many  patented  improved 
methods  of  manufacturing  vitriol.  Perhaps  the  most 
successful  worker  in  this  direction  was  Gay-Lcssac, 
the  celebrated  French  chemist.  His  process,  which 
was  patented  in  this  country,  is  at  present  in  use  in 
several  works,  and  is  found  to  be  perfectly  practicable, 
and  to  answer  well  the  desired  end. 

In  order  that  the  reader  may  have  a  clear  general  idea 
of  the  invention,  it  is  necessary  to  draw  on  the  imagin- 
ation a  little.  Let  it  be  supposed  possible  to  construct 
a  filter  through  which  to  pass  the  unaltered  air — nitro- 
gen, trace  of  sulphurous  acid,  and  nitrous  gas — which 
forms  the  current  constantly  passing  from  a  chamber;  let 
this  filter  have  the  property  of  retaining  the  last-men- 
tioned gas,  and  of  letting  all  the  others  pass  on  to  the 
chimney.  When  sufficient  material  has  been  collected 
on  this  filter,  let  it  be  possible  to  remove  this  retained 
material  and  to  introduce  it  into  the  chamber  again, 
there  to  renew  its  former  labours,  and  a  view  is 
obtained  of  Gay-Lussac's  invention.  It  has  been 
shown  that  sulphuric  acid,  when  tolerably  strong,  pos- 
sesses the  power  of  absorbing,  retaining,  or  uniting  with 
certain  of  the  lower  oxides  of  nitrogen.  Most  if  not  all 
works  on  chemistry  treat  more  or  less  of  these  combi- 
nations, although  not  much  appears  to  be  known  about 
them.  Gay-Lussac  studied  them  to  a  considerable 
extent,  and  perhaps  gave  the  most  just  account  of 
them  ;  to  this  study  manufacturers  are  doubtless  in- 
debted for  the  invention.  The  formulae  of  these  com- 
pounds are  given  very  differently,  arising  no  doubt 
from  the  difficulty  of  separating  the  different  combina- 
tions formed,  and  then  of  analyzing  them.  But  they 
appear  to  be  generally  considered  as  compounds  of  one, 
two,  or  more  atoms  or  equivalents  of  sulphuric  acid  and 
nitrous  acid,  N03.  Some  view  them  as  compounds  of 
sulphuric  acid  and  peroxide  of  nitrogen,  N04.  But 
whatever  the  composition,  it  is  certain  that  peroxide 
of  nitrogen  forced  into,  or  rather  passed  through  strong 
sulphuric  acid,  is  retained  by  this  acid,  and  the 
body  in  question  is  formed.  This  is  the  principle  of 
the  process.  It  may  be  performed  in  miniature  as 
follows  :  —  First,  fill  a  potassa  bulb  apparatus,  or  a 
small  Woulfe's  bottle  with  strong  sulphuric  acid — 
this  is  for  the  absorption — connect  this  with  another 
Woulfe's  bottle  containing  copper  turnings;  let  a 
safety  or  tube  funnel  be  put  through  a  cork  in  the 
second  neck  of  this  bottle,  the  other  neck  being  con- 
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nected  by  a  short  length  of  tube  with  the  absorbing 
bottle,  which  also  must  have  two  orifices,  one  of  which 
is  to  receive  a  short  length  of  tube  leading  from  the 
bottle  just  described  to  the  bottom  or  lower  portion  of 
the  sulphuric  acid.  The  second  neck  must  be  con- 
nected with  a  suitable  aspirator  gas-holder.  "When  all 
is  complete,  pour  a  little  diluted  nitric  acid  through 
the  funnel  on  to  the  copper  clippings,  having  previously 
set  the  aspirator  at  work,  drawing  a  stream  of  air 
down  the  funnel  and  through  the  sulphuric  acid;  after  a 
while,  when  the  action  appears  to  diminish  in  intensity, 
pour  on  a  little  more  nitric  acid,  still  keeping  the  aspi- 
rator at  work,  drawing  the  whole  current  of  gases  through 
the  sulphuric  acid.  This  must  be  kept  on  until  the  sul- 
phuric acid  appears  to  be  becoming  saturated  ;  this  is 
indicated  by  red  fumes  passing  through  in  quantity. 
The  apparatus  may  now  be  disconnected.  The 
rationale,  which  has  been  partly  described  before,  is 
simple.  The  nitric  acid  acting  upon  the  copper  pro- 
duces nitric  oxide,  N02.  This,  immediately  on  coming 
in  contact  with  the  oxygen  of  the  current  of  air  which 
is  passing  through,  becomes  converted  into  peroxide 
of  nitrogen,  and  this  is  absorbed  by  the  sulphuric 
acid,  forming  a  compound  with  nitrous  acid,  another 
with  nitric  acid,  being  formed  at  the  same  time  probably 
as  follows : — 

2N04  =  N08  +  N05. 

In  this  experiment  the  imaginary  filtration  has  been 
really  effected.  Excess  of  air,  nitrogen,  et  cetera,  have 
passed  on  while  the  nitrous  compound  has  been 
retained ;  thus  one-half  the  problem  is  solved.  When 
the  apparatus  has  been  disconnected,  empty  the  bulb 
apparatus  or  bottle,  as  the  case  may  be,  into  a  con- 
venient glass  vessel,  and  pour  into  a  beaker  glass 
a  volume  of  hot  water,  twice  the  bulk  of  the  nitrous 
vitriol ;  pour  this  nitrous  vitriol  slowly  into  this  hot 
water — a  copious  evolution  of  nitrous  gas  will  ensue ; 
in  fact,  if  nearly  boiling  water  be  employed,  almost  all 
the  nitrous  gas  absorbed  will  be  again  given  off;  a 
small  portion  will  remain,  having  formed  nitric  acid 
as  follows,  supposing  the  liquid  to  be  a  compound  of 
sulphuric  acid  and  nitrous  acid  : — 

3N03  =  NOs-)-2N02. 

This  N02  becomes  peroxide  of  nitrogen  in  contact  with 
the  air.  The  above  reaction  has  been  given  before  in 
connection  with  the  chamber  reaction,  but  still  it  is 
scarcely  out  of  place. 

This  experiment  then  is  exactly  a  representation  on 
an  experimental  scale  of  Gay-Lussac's  invention. 
Sulphuric  acid  forms  his  filter,  by  which  bo  separates 
the  valuable  nitrous  gas  from  its  useless  companions, 
although  not  exactly  in  the  manner  just  given. 
Columns  for  the  condensation  of  gases  are  well  known 
pieces  of  apparatus  in  all  chemical  works.  They  are 
usually  tall  hollow  towers,  constructed,  according  to  the 
purpose  for  which  they  are  to  be  used,  of  stone  or  lead. 
They  are  filled  with  pieces  or  lumps  of  any  suitable 
material  which  offers  a  large  surface,  and  at  the  same 
time  are  not  acted  upon  by  the  acids  or  acid  gases,  or 
other  corrosive  substances  with  which  they  have  to 
come  in  contact.  Coke  offers  many  points  of  advan- 
vol.  ir. 


tage  in  this  particular,  as  it  is  acted  upon  in  the 
cold  by  scarcely  any  chemical  body;  and  it  offers  this 
additional  advantage,  that  while  offering  more  surface 
than  perhaps  any  other  material  at  all  adapted  to  the 
purpose,  it  is  at  the  same  time  very  light.  The  column 
to  be  employed  for  the  absorption  of  these  nitrous 
gases  is  filled  with  coke,  and  by  means  of  suitable  con- 
trivances, to  be  detailed  hereafter,  it  is  kept  constantly 
moistened  with  a  small  stream  of  strong  sulphuric  acid, 
which  is  continually  run  on  to  it.  The  gases  from  the 
chambers  are  made  to  pass  up  or  through  this  column 
or  tower  on  their  way  to  the  chimney  ;  and  in  order  to 
do  so,  they  have  to  wend  their  way  through  the  many 
thousand  passages  and  openings  formed  by  the  inter- 
stices existing  between  the  pieces  of  coke.  Thus  they 
are  split  up  into  numerous  streams,  and  have  to  come 
in  contact  with  many  hundreds  of  feet  of  surface  wet 
with  vitriol  before  they  arrive  at  the  exit  pipe.  The 
apparatus  is  built  of  such  size  and  proportion  that  the 
gases  in  their  course  upward  are  brought  into  contact 
with  sufficient  sulphuric  acid  to  absorb  the  whole  of 
the  nitrous  gas  contained  in  them.  The  acid  contain- 
ing the  absorbed  gas  is  collected  in  a  proper  reservoir 
or  receiver,  placed  at  the  bottom  of  the  column  for  its 
reception,  from  thence,  as  will  be  seen  hereafter,  to  be 
removed,  in  order  that  it  may  be  decomposed  in  such 
a  manner  that  its  nitrous  constituents  may  be  again 
used. 

This  apparatus  seldom  or  never  works  well  when 
applied  on  the  small  scale,  as,  for  instance,  when  applied 
to  one  or  two  small  chambers.  This  is  a  practical 
difficulty  which,  perhaps,  in  the  hands  of  a  careful  and 
determined  person,  might  be  got  over.  It  has  been 
applied  on  a  small  scale  at  several  works,  and  has  been 
given  up.  On  the  other  hand,  several  vitriol  manufac- 
turers onalarge  scale  who  use  it,  speak  very  satisfactorily 
of  its  performance.  In  some  cases,  by  its  employment, 
the  consumption  of  nitrate  of  soda  has  been  reduced 
from  one-tenth  the  weight  of  the  sulphur  employed  to 
one-twentieth — in  fact,  to  the  extent  of  one-half  of  that 
previously  used.    This  is  certainly  a  very  good  result. 

The  dimensions  here  given  are  those  of  an  apparatus 
which  is  applied  to  a  set  of  chambers,  in  which  an 
average  of  eighteen  tons  of  sulphur  are  consumed  or 
converted  into  sulphuric  acid  per  week  of  seven  days. 
The  apparatus  is  seen  in  Fig.  582.  It  consists  essentially 
of  the  column  or  tower  itself,  three  cisterns  for  hold- 
ing or  containing  vitriol — a,  b,  and  c — together  with 
a  large  close  cast-iron  cylinder,  d,  employed  in  raising 
the  vitriol  to  be  used  for  absorption  from  the  surface 
to  the  upper  cistern  at  the  top  of  the  column,  and  also 
for  removing  this  when  nitrated  or  saturated  with 
nitrous  gas.  The  tower  cannot  be  more  appropriately 
described  than  as  a  tall  cylinder  of  lead,  five  feet 
diameter,  and  thirty  feet  high,  supported,  like  the  lead 
of  the  chamber,  hy  a  suitable  strong  wooden  framework. 
This  leaden  cylinder  is  completely  closed  in  at  the  top, 
and  stands  in  a  suitable  leaden  dish  or  tray  at  the 
bottom,  of  such  a  depth  that  it  always  contains  vitriol 
enough  to  lute  it,  and  so  prevent  any  escape  of  gas. 
The  thickness  of  the  lead  is  from  a  quarter  to  half  an 
inch — some  manufacturers  preferring  to  use  the  thinner 
variety  from  motives  of  economy,  while  others,  in  order 
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to  insure  absolute  safety,  prefer  to  use  half-inch  lead. 
This  cylinder,  as  stated  before,  and  as  shown  in  the 
drawing,  is  filled  almost  completely  with  large  pieces 

Fig. 


of  coke.  The  quality  of  this  coke  is  not  by  any  means 
a  matter  of  indifference  :  it  must  be  in  large  firm  pieces, 
for  if  it  is  either  in  small  pieces  of  a  rotten  or  soft 

582. 
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variety,  it  must  be  rejected;  for,  if  small,  sufficient 
space  will  not  be  left  between  the  pieces  for  the  proper 
passage  of  the  gas,  but  will  choke  up  the  whole  appa- 
ratus :  besides  the  weight  of  the  coke  in  the  upper  por- 
tion of  the  column  will  crush  that  near  the  bottom,  and 
a  similar  result  will  follow.  It  will  be,  perhaps,  well 
to  mention,  that  if  quarter-inch  lead  is  used  in  the 
construction  of  the  column,  it  would  be  well  to  line 
it  with  thin  fire-tiles.  These  must  be  applied  simul- 
taneously with  the  filling  in  of  the  coke,  as  it  would 
he  impossible  to  hold  them  in  their  places  otherwise ; 
they  must  be  placed  as  close  as  possible  to  the  lead, 
and  pressed  to  it,  and  held  in  their  places  by  the  coke 
pressing  against  them.  This  precaution  of  brick  lining 
is  necessary  to  prevent — what  might  otherwise  occur — 
the  cutting  of  the  lead  by  the  sharp  edges  of  the  coke ; 
for  although  the  column  may  be  quite  full  at  the  first, 
yet,  after  a  while,  it  will  bo  seen  that  the  whole  mass 


has  subsided  some  inches,  has  in  fact  settled  down,  and 
were  the  tiles  not  in  their  places  to  protect  it,  it  is 
possible  that  a  sharp  edge  of  coko  might  cut  a  slit  in 
the  lead. 

It  is  necessary  to  have  some  arrangement  at  the 
bottom  of  the  column  by  which  the  gases  from  the 
chamber  can  have  unobstructed  entrance,  for  were  the 
coke  at  once  thrown  in,  without  some  contrivance  for. 
this  purpose,  it  would  fill  up  the  entrance  pipe,  and 
prevent  or  nearly  so,  the  entrance  of  the  gases.  A 
very  good  arrangement  for  this  purpose  may  be  made 
with  fire  bricks,  which  are  almost  unacted  upon  by 
acids.  The  lower  part  of  the  tower  or  column,  to  a  few 
inches  above  the  entrance  for  the  gases,  is  filled  in  with 
these  fire  bricks — arranged  in  a  systematic  manner;  in 
fact,  built  up  in  the  most  open  and  loose  manner  possi- 
ble, so  as  to  allow  the  greatest  amount  of  inlet  to  the 
gaseB.   The  coke  is  piled  above  this.  By  this  arrange- 
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ment  the  gases  have  all  but  a  totally  uninterrupted 
entrance;  they  rush  up  through  the  wide  spaces  left  by 
the  brick,  and  from  thence  divide  themselves  amongst 
the  numerous  passages  which  they  find  between  the 
coke. 

At  the  top  of  the  column  is  placed  the  cistern  con- 
taining the  vitriol,  which  is  run  down  it.  Care  should 
be  taken,  in  the  construction  of  an  apparatus  of  this 
kind,  that  the  timber  work  is  sufficiently  strong  to 
bear  the  rather  heavy  weight  of  this  cistern ;  but  this, 
of  course,  is  what  few  would  overlook.  Inserted  into 
what  may  be  called  the  roof  of  the  column  is  a  device 
for  spreading  the  vitriol  over  the  whole  surface  of  the 
coke.  In  fact  a  good  deal  depends  upon  this,  for  were 
the  vitriol  run  on  just  in  one  spot,  it  might  possibly 
find  its  way  down  in  one  small  stream  not  capable  of 
taking  up  the  nitrous  gas,  in  consequence  of  its  having 
little  surface.  Knapp  recommends  this  spreading  to  be 
effected  by  a  series  of  cones  placed  within  each  other; 
these  cones,  which,  as  might  be  supposed,  are  con- 
structed of  lead,  have  each  the  apex  removed,  and 
the  open  ends  of  the  whole  system  are  placed  imme- 
diately under  an  orifice  in  the  roof  of  the  column.  The 
vitriol  is  made  to  enter  these  open  ends  in  flushes ;  it 
rushes  over  the  surface  of  the  different  cones,  and  finds 
its  way  to  the  interior,  wetting  the  coke  with  a  series 
of  concentric  circles  of  sulphuric  rain.  This  will  be 
understood  by  referring  to  Fig.  581. 

A  method  which  answers  tolerably  well  is  shown  in 
Fig.  583.  This  is  an  arrangement  actually  in  use.  It 
will  be  better  understood  by  supposing  a  broad  flat 
dish,  about  two-thirds  the  diameter  of  the  column 

Fig. 683. 


itself,  to  be  placed  on  the  roof  of  the  column.  Into 
this  are  inserted  a  number  of  tubes — about  twenty  or 
thereabouts  ;  these  tubes  protrude  both  down  into  the 
column,  and  for  a  shorter  distance  up  into  the  dish. 
The  under  portion  of  the  tube  can  be  bent,  so  that  the 
stream  which  it  delivers  can  be  directed  to  any  point 
desired  ;  for  instance,  let  the  whole  area  of  the  column 
be  mapped  out,  and  twenty  different  equi-distant  spots 
be  marked;  a  tube  is  directed  over  each  of  these  spots, 
so  that  when  in  action  the  coke  is  wetted  in  twenty 
different  places,  in  this  way  increasing  the  chances  of 
the  whole  body  of  it  getting  thoroughly  moistened. 
Whatever  mode  of  attaining  this  end  may  be  adopted, 
the  use  of  an  oscillating  box,  or  what  the  workmen, 
perhaps  more  expressively  than  elegantly,  term  a  tum- 
bling box,  is  almost  absolutely  requisite ;  for,  in  the 


last-described  scheme,  without  such  an  adjunct  the 
spreading  would  be  very  inefficiently  performed.  The 
stream  of  vitriol  which  is  run  down  a  column  of  this 
description  is,  comparatively  speaking,  very  small ;  and 
when  this  comes  to  be  divided  into  twenty  separate 
streams,  they  must  naturally  become  very  much  less; 
so  much  so,  in  fact,  that  the  chances  are,  that  unless 
the  ends  of  the  tubes  which  project  into  the  basin  are 
exactly  of  one  level,  which  practically  is  impossible, 
some  three  or  four  which  happen  to  be  the  shortest, 
will  take  almost  the  whole  of  the  stream.  This 
casualty  is  put  out  of  the  question  by  the  use  of 
the  oscillating  box,  the  action  of  which  is  to  deliver  a 
comparatively  large  body  of  fluid  at  intervals,  and  this 
from  a  small  stream.  It  is  easy  to  see  that  each  time 
the  box  oscillates  and  delivers,  say  a  quart  of  fluid,  the 
height  of  the  liquid  in  the  basin  suddenly  rises,  and 
then  immediately  subsides,  enough  fluid  having  been 
delivered  to  furnish  a  current  for  each  of  the  twenty 
different  tubes. 

It  would,  perhaps,  be  well  here  to  describe  the 
construction  of  one  of  these  oscillating  boxes,  notwith- 
standing their  being  well  known,  and  their  action 
thoroughly  understood.  It  is  an  old  invention,  and  has 
been  figured  and  described  in  many  works  on  chemistry. 
It  is  constructed  of  a  shape  similar  to  that  of  two  cones 
fastened  together  at  the  base  and  sectioned,  with  an 
axis  connecting  the  apices  ;  this  will  be  seen  by  refer- 
ring to  Fig.  584.  This  apparatus,  as 
depicted,  is  a  diamond-shaped  box,  Fi& 684- 
open  at  the  two  upper,  and  closed  at 


the  two  lower  sides.  The  box  is  divided 
into  two  by  a  partition,  a,  in  the  centre, 
and  the  whole  is  mounted  on  an  axis, 
b,  on  which  it  can  oscillate.  It  works, 
in  this  manner,  one  of  the  two  spaces 


caused  by  the  division,  presents  itself 
to  the  tap  of  the  cistern,  or  other  ves- 
sel, whence  a  small  stream  is  issuing.  It  will  he  seen,  by 
examining  the  figure,  that  the  fuller  one  of  these  spaces 
becomes,  the  more  to  that  side  must  the  centre  of 
gravity  incline,  until  at  length  this  centre  of  gravity 
gets  thrown  so  far  beyond  the  axis,  as  to  overbalance  the 
empty  side  of  the  box.  When  this  occurs,  the  whole 
of  the  liquid  which  this  division  contained  is  emptied 
out  suddenly,  and  the  other  side  presents  itself  for 
filling  ;  the  apparatus  taking  the  position  indicated  by 
the  dotted  lines.  Of  course,  in  a  short  time,  this  side 
becomes  full,  when  a  reverse  again  occurs,  and  so  on 
as  long  as  there  is  sufficient  liquid  to  keep  it  in  motion. 

Another  point  of  some  importance  in  connection  with 
the  economizing  powers  of  this  column,  is  the  regularity 
of  the  stream  of  acid  which  runs  down.  If  the  tap 
of  the  cistern,  whence  tire  acid  flows,  is  set  to  a  certain 
speed  at  the  commencement  of  the  space  of  time  during 
which  the  acid  is  to  last,  it  is  certain  that  it  will  not  run 
at  the  same  velocity  when  the  cistern  is  getting  nearly 
empty ;  nor,  according  to  the  proper  physical  law  which 
controls  these  matters,  will  it  run  with  the  same  force 
during  any  two  portions  of  time.  According  to  the  law, 
the  rate  decreases  as  the  square  root  of  the  depth;  or, 
to  take  a  practical  and  easily  understood  illustration — 
suppose  it  is  a  cistern  three  feet  deep,  then  whatever  the 
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number  of  quarts,  gallons,  or  other  volumes  per  minute 
at  which  it  runs,  it  will  be  delivering  exactly  half  that 
number  when  the  cistern  has  lowered  to  nine  inches 
deep.  Thus  at  one  time  there  would  be  running  down 
exactly  half  the  quantity  as  at  another ;  at  one  period 
probably  supplying  the  apparatus  with  more  vitriol  than 
is  necessary  to  take  up  the  nitrous  vapors,  and  at 
another  time  not  giving  it  sufficient  acid,  thus  allowing 
a  valuable  substance  to  escape. 

This  idea  appears  to  have  struck  either  the  original 
inventor,  or  an  early  employer  of  this  process;  for  in 
Knapp's  Technology — which  appears  to  be  the  only 
book  in  which  a  description  of  this  process  is  inserted 
— a  drawing  of  a  method  of  obviating  the  defect  is 
given.  It  is  there  proposed  to  employ  a  closed  cistern, 
in  principle  resembling  a  bird's  drinking  fountain,  where 
water  can  only  be  obtained  by  replacing  the  space 
occupied  by  it  with  air ;  and  to  cover  this  cistern 
with  a  top  constructed  of  thick  lead,  supported  in  the 
interior  by  iron  rods,  sheathed  in  lead,  to  protect  them 
from  the  action  of  the  acid.  When  working,  this  appa- 
ratus must  have  had  two  alternate  currents  passing 
through  the  tap,  one  current  of  air  into  the  receiver,  to 
supply  the  place  of  the  acid  flowing  out  of  it  into  the 
oscillator. 

Several  objections  to  this  plan  present  themselves. 
In  the  first  place,  such  a  closed  cistern  must  have  been 
very  inconvenient  to  work,  in  consequence  of  the  in- 
creased amount  of  manipulation;  for  it  was  necessary 
to  have  an  orifice  in  the  cover  through  which  to  fill  it. 
This  aperture  required  to  be  made  perfectly  air-tight 
when  the  cistern  was  filled;  for  if  this  was  not  done,  the 
whole  principle  involved  became  nugatory.  Again,  the 
construction  of  such  a  receiver  must  have  presented 
many  difficulties,  not  to  speak  of  the  great  liability  to 
leakage  in  the  cover  and  other  parts  of  the  cistern. 
Besides,  when  the  cistern  leaked,  a  great  portion  of 
the  cover  would  require  to  be  removed,  in  order  to 
admit  a  workman  to  repair  it ;  the  cover  itself  would 
also  have  to  be  repaired,  taking  up  much  time,  during 
which  the  whole  apparatus  would  be  inoperative. 

Many  other  objections  present  themselves  on  exa- 
mination, but  are  scarcely  worthy  of  remark,  inasmuch 
as  no  cistern  of  this  construction  appears  to  be  at 
work  at  this  time,  at  least  in  this  country. 

An  apparatus  which  answers  the  desired  end  very 
well  has  been  applied; 
Fis-  585-  and  it  has  none  of  the 

objectionable  features  just 
described  ;  it  is  shown  in 
section  in  Fig.  585,  where 
a  represents  the  cistern 
containing  the  supply  of 
acid.  Adjoining  this  cis- 
tern is  a  circular  vessel 
of  lead,  twelve  inches  in 
diameter,  and  of  the  same 
leight  as  the  cistern.  Be- 
tween these  two,  and  from 
the  bottom  of  each  pro- 
ceeds a  tube,  h,  which  forms  a  passage  between  them. 
This  tube  is  not  a  whole  piece  of  tube,  neither  does  it 
take  the  shortest  course  between  the  two  vessels,  and 


this  for  a  reason  which  will  be  presently  shown.  The 
upper  portion  of  the  pipe  opening  into  the  cistern  is  of 
a  conical  shape,  and  into  this  is  fitted  a  conical  lead 
plug,  which  has  been  cast  on  a  long  iron  rod,  and 
turned  up  in  a  lathe  very  smoothly  and  with  great 
nicety,  so  as  to  fit  very  accurately  into  its  seat,  the 
conical  mouth  of  the  tube  just  mentioned.  This  plug, 
as  shown  in  the  drawing,  has  the  iron  rod,  which 
forms  its  stem,  prolonged  below  the  plug  proper  some 
eight  or  ten  inches.  This  portion,  as  well  as  the 
upper,  up  to  within  an  inch  or  two  of  the  hook  at  the 
top,  is  coated  with  lead.  This  coating  must  be  done  very 
accurately,  to  insure  the  exclusion  of  the  acid  from 
the  iron  rod.  This  is  best  done  by  pushing  the  rod 
through  a  lead  tube  of  the  proper  diameter,  and  fusing 
the  extremities  of  the  upper  and  lower  portion  to  the 
plug  proper  by  means  of  the  blowpipe  jet,  described 
in  that  portion  of  this  article  which  treats  of  the  con- 
struction of  the  chambers.  The  lower  length  of  the 
rod  moves  in  the  straight  portion  of  the  tube  below 
the  cistern,  and  is  for  the  purpose  of  preventing  the 
plug  getting  out  of  its  seat,  as  well  as  for  accurately 
guiding  it  in. 

Within  the  tall  cylinder  before  spoken  of  hangs  a 
leaden  bucket,  for  so  it  may  be  most  appropriately 
called;  the  rim,  or  upper  edge  of  this  bucket,  has  an 
iron  ring  inserted  into  it,  for  the  purpose  of  keeping  it 
in  its  proper  shape.  To  this  ring  are  attached  three 
iron  chains,  not  unlike,  in  thickness  and  general  appear- 
ance, to  dog-chains.  These  chains  are  attached  at 
a  short  distance  to  a  single  chain,  which  hangs  in  the 
centre  of  the  cylinder.  The  upper  end  of  this  chain 
is  in  its  turn  attached  to  one  end  of  a  lever,  moving 
freely  on  its  axis,  situated  at  the  middle  of  its  length. 
To  the  other  end  ot  the  lever  is  attached  another  short 
length  of  chain,  connecting  the  end  of  the  lever  with 
the  hook  at  the  extremity  of  the  plug.  This  lever  has 
semicircular  pieces  of  iron  attached  to  its  ends,  over  or 
on  which  the  chains  rest,  in  such  a  manner  that  the 
plug  and  bucket  have  each,  as  near  as  may  be,  a  true 
vertical  motion,  so  that  the  plug  may  descend  exactly 
into  its  seat,  and  that  the  bucket  may  move  up  and 
down  precisely  in  the  centre  of  the  cylindrical  vessel. 
This  cylindrical  vessel  has  the  delivery  tube  fastened 
to  it,  and  the  tap  from  which  the  stream  flows  attached 
to  it  again. 

In  order  to  work  effectually,  imagine  that  the 
apparatus  is  newly  attached,  and  has  not  been  used 
before,  and  that  this  is'  the  first  trial.  Let  one  ima- 
gine that  the  plug  has  been  inserted  unattached  to 
anything  else  into  its  seat,  and  also  that  the  cistern  is 
full  of  vitriol ;  also  determine  that  the  vitriol  shall 
run  out  at  a  pressure  of  some  six  or  eight  inches — 
vitriol  pressure,  not  water.  To  do  this,  let  the  bucket 
hang  down  in  the  cylinder  some  six  or  eight  inches 
from  the  bottom ;  attach  the  chain  to  the  lever,  and 
then  attach  the  plug  by  means  of  the  chain  to  its  other 
end.  In  both  cases  this  should  be  done  so  that  the 
lever  remains  in  a  horizontal  position ;  then  let  the 
bucket  fall  to  the  bottom.  The  result  of  this  will 
be  that  the  plug  will  be  drawn  from  its  seat,  and  the 
vitriol  will  run  from  the  cistern  into  the  cylindrical 
vessel  through  the  communicating  pipe.    Now,  watch 
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the  action  of  the  apparatus  as  the  vitriol  rises  in  the 
cylinder.  As  it  does  so  the  bucket  will  rise.  Now,  as 
first  said,  this  bucket  is  fastened  to  one  end  of  the 
lever,  while  the  plug  is  fastened  to  the  other — in  point 
of  weight  the  plug  is  the  heaviest.  Under  these  cir- 
cumstances it  naturally  follows,  that  as  the  bucket 
ascends  the  plug  descends,  until  at  last  the  bucket 
ascends  so  high  that  the  plug  falls  into  its  seat,  and 
effectually  closes  the  passage.  If  allowed  to  remain, 
and  if  the  plug  fits  well,  the  liquid  rises  no  higher  in 
the  cylindrical  vessel.  But  if  the  delivery  tap  be 
opened  the  liquid  in  the  cylinder  will  be  seen  to  sub- 
side, the  bucket  descend,  and  the  plug  be  lifted  from 
its  seat  so  high  that  it  allows  just  so  much  liquid  to 
pass  it  as  is  running  out  through  the  tap,  whatever  this 
quantity  may  be. 

Thus,  on  examining  the  action  of  this  apparatus,  it 
will  be  found  that  it  allows  the  cistern  to  be  run  almost 
empty  at  precisely  one  pressure,  either  six,  eight,  or 
any  number  of  inches,  thus  obviating  the  misjudgment 
of  the  workman,  or,  what  is  probably  oftener  the  case, 
the  total  neglect  of  its  rate  of  running.  A  careful 
workman,  from  constant  practice,  soon  learns  to  set 
the  tap  so  that  it  shall  run  many  hours  without 
altering ;  he  has  only  to  notice  the  time  required  to 
run  so  many  inches  out  of  the  cistern,  it  having  a 
guage  with  inches  marked  on  it  for  this  purpose;  from 
this  he  can  easily  calculate,  from  the  depth  of  the 
cistern,  whether  it  will  last  out  the  required  length  of 
time.  If  the  rate  of  running  is  not  correct,  it  must 
be  altered  less  or  more  accordingly.  As  this  appa- 
ratus is  not  patented,  it  may  probably  find  other 
applications. 

Having  now  described  the  mode  of  running  the  acid 
down  the  column,  let  attention  be  turned  to  another 
and  previous  portion  of  the  subject — the  manner  of 
placing  it  in  the  cistern.  It  is  well  known,  and  is  a 
matter  of  no  little  regret,  that  as  yet  there  is  no  real 
acid  pump.  Weak  vitriol  can  be  pumped  with  a  pump 
of  the  ordinary  description — the  barrel  formed  of  lead, 
the  valves  and  all  the  flexible  portions  being  formed  of 
caoutchouc.  But  this  latter  body,  and  every  other  body 
which  serves  its  purpose  for  ordinary  liquids,  is  destroyed 
in  a  few  hours,  when  placed  in  strong  sulphuric  acid 
even  when  cold.  Such  being  the  case,  another  con- 
trivance is  adopted — a  very  useful  although  not  a  very 
new  one,  it  being  at  least  as  old  as  the  chemist's  edul- 
corator,  used  in  analysis  for  washing  precipitates.  This 
apparatus,  as  is  well  known,  enables  one  to  drive  out  a 
rather  forcible  though  small  current  of  water  by  atmo- 
spheric pressure  applied  on  the  surface  of  the  water 
contained  in  the  bottle.  This  is  effected  by  closing 
the  neck  of  the  flask  or  bottle  employed  with  a  cork 
through  which  two  tubes  pass,  one  of  which  descends 
to  the  bottom  of  the  flask  below  the  surface  of  the 
contained  water,  while  the  other  merely  protrudes 
below  the  bottom  surface  of  the  cork.  By  means  of 
the  mouth,  air  is  forcibly  compressed  within  the 
bottle ;  this,  in  its  efforts  to  escape,  drives  the  water 
before  it  in  a  stream ;  and  this  is  the  principle  of 
the  apparatus  by  which  the  vitriol  is  elevated.  A 
large  cast-iron  vessel,  e — Fig.  582— replaces  or  rather 
represents  the  washing  bottle.    This  vessel  is  for  con- 


venience placed  in  a  walled  cell  or  space  dug  in  the 
ground,  and  is  made  of  such  dimensions  that  it  will 
hold  rather  more  than  the  cistern  it  is  destined  to  fill. 
It  is  formed  not  unlike  a  soda  water  bottle,  this  shape 
being  the  strongest,  the  lower  and  upper  ends  being 
rounded,  the  latter  having  a  flanged  neck  cast  upon  it; 
this  being  about  one  foot  wide.  This  flange  has  a 
number  of  bolt  holes  cast  in  it,  corresponding  to  a  like 
number  of  bolt  holes  in  the  lid.  The  lid  has  two  per- 
forations cast  in  it  through  which  two  two-inch  diame- 
ter pipes  can  be  passed  and  be  secured,  one  of  which 
pipes,  as  in  the  case  of  the  wash-bottles,  passes  to  the 
bottom,  or  nearly  so,  leaving  a  space  of  merely  two  or 
three  inches ;  the  other  pipe  merely  passes  through, 
terminating  beneath  the  lid.  Perhaps  the  best  method 
of  making  a  secure  joint  between  this  lid  and  the 
vessel  flange  is  to  insert  an  India  rubber  ring  of  such  a 
size  that  it  will  lie  within  the  circle  of  bolts  ;  the  ring 
being  thus  placed,  the  bolts  are  put  in  and  screwed 
up  tightly,  thus  compressing  the  elastic  washer,  and 
forcing  it  to  fill  up  every  crevice,  so  as  to  be  effectually 
air-tight.  The  whole  of  this  description  will  appear 
much  clearer  on  referring  to  the  figure — Fig.  582. 

The  drawing  which  accompanies  this  is  scarcely 
complete,  inasmuch  as  one  cistern  has  been  left  out; 
this  has  been  done  purposely,  so  as  not  needlessly  to 
complicate  the  figure.  In  order  to  explain  the  drawing 
the  reader  must  consider  himself  working  the  apparatus. 
In  the  first  place,  suppose  the  iron  cistern,  e — Fig.  582 
— to  be  filled  with  vitriol  of  the  density  1'750,  or  150' 
Twaddell,  this  being  the  strength  of  vitriol  to  be  used 
in  the  absorption  of  nitrous  gas.  At  this  moment  it 
does  not  matter  how  it  was  filled.  By  means  of  a 
powerful  air-pump,  a  strong  pressure  of  air  is  forced  on 
to  the  surface  of  this  vitriol,  driving  or  forcing  it  up 
the  pipe,  /,  into  the  cistern,  a,  which  it  fills.  From 
this  cistern  it  runs,  as  has  been  already  described,  into 
the  column,  where,  after  traversing  the  coke  with  which 
it  is  filled,  it  runs  into  the  dish-like  vessel  in  which  the 
column  may  he  said  to  stand.  From  this  it  runs  by 
means  of  the  pipe,  g,  into  the  cistern,  b;  it  is  now  by 
this  time  saturated,  or  nearly  so,  with  nitrous  gas, 
which  it  has  gathered  during  its  passage  down  the 
tower.  From  this  cistern,  b,  it  is  once  more  run  into 
the  iron  underground  vessel;  the  air-pump  is  once  more 
put  into  requisition,  and  it  is  forced  from  this  vessel 
into  the  cistern,  c,  there  to  be  reserved  and  run  off  as 
wanted,  to  be  decomposed  in  the  chamber. 

As  before  stated,  the  cistern  for  the  raw  vitriol 
is  not  included  in  the  drawing,  but,  as  it  is  only  a 
copy  of  the  one  at  the  foot  of  the  column  which  is 
represented,  a  description  of  the  one  will  serve  for  the 
other ;  it  will  also  suffice  to  describe  how  the  nitrous 
vitriol  is  conveyed  from  the  cistern,  6,  into  the  cistern, 
c.  It  will  be  seen  that  from  the  bottom  of  the  cistern, 
b,  a  short  tube  proceeds,  which  immediately  joins  on 
to  the  main  pipe  or  artery,/;  into  the  conical  mouth 
of  this  pipe  which  opens  into  the  cistern,  a  plug 
is  fixed,  which  plug,  like  the  one  already  described,  is 
simply  a  conical  boss  or  mass  of  lead  cast  on  to  the  end 
of  a  sufficiently  long  rod  of  iron,  and  turned  in  a  lathe 
to  a  fine  surface,  so  as  to  make  as  accurate  a  fit  as 
possible,  the  shank  being  sheathed  in  lead  so  as  to 
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preserve  it.  The  upper  end  of  this  rod  is  split,  so  as  to 
embrace  a  lever,  to  which  it  is  firmly  attached  by  a 
hinge-like  joint.  This  will  be  better  understood  by 
referring  to  Fig.  586,  where  a  is  the  plug,  as  already 
described ;  b  is  the  lever  to  which  it  is  attached ;  c  is 
a  joint  at  one  end  of  the  lever,  and  which  serves  as  a 
fulcrum  ;  d  is  the  handle  at  the  other  end  of  the  lever; 
e  is  a  guide  in  which  it  works,  and  which  confines  its 
movements  to  a  simple  vertical  motion.  The  plug 
apparatus  is  fixed,  as  shown  in  Fig.  586,  across  the 
corner  of  the  cistern.  Now,  to  get  the  vitriol  in  b 
— Fig.  582 — into  the  iron  vessel,  the  workman  simply 
lifts  the  plug  at  the  comer  of 
the  cistern ;  this  he  does  by  a 
sudden  jerk,  after  loosening  a 
little  piece  of  apparatus,  to  be 
hereafter  described,  and  which 
is  for  the  purpose  of  keeping 
the  plug  in  its  place  and  pre- 
■  venting  its  rising  when  the 
pressure  comes  on  to  its  under 
surface.  Immediately  he  lifts 
this  plug  the  sulphuric  acid  proceeds  to  run  down  this 
short  tube  into  the  main  artery,  and  thence  into  the  cylin- 
der, driving  out  the  air  through  a  tap  placed  for  the  pur- 
pose. Immediately  the  cistern  is  empty,  the  workman 
by  a  forcible  thrust  fixes  the  plug  in  its  seat,  and  for 
fear  the  pressure  should  force  it  out,  he  proceeds  to 
fasten  it  down,  as  shown  at  the  cistern,  b — in  Fig.  582 
— where  in  the  upright,  /*,  a  number  of  holes  are 
shown ;  into  one  of  these  a  cotter,  or  piece  of  round 
rod  iron,  is  thrust;  then  between  this  cotter  and  the 
lever  he  drives  in  the  wedge,  i,  thus  effectually  pre- 
venting the  rise  of  the  lever,  and  consequently  firmly 
holding  the  plug  in  its  place.  As  soon  as  this  is  ac- 
complished, he  proceeds  to  set  the  air-pump  in  action, 
which  air-pump  injects  air  on  to  the  surface  of  the  vitriol ; 
and  when  sufficient  pressure  has  accumulated,  the  acid 
gradually  flows  along  the  horizontal  pipe  and  main 
artery,/,  until  it  arrives  at  the  pipe,/,  along  which  it 
proceeds,  eventually  emptying  itself  into  the  cistern,  c, 
the  air-pump  being  kept  in  action  until  all  the  vitriol 
is  forced  out  of  the  cylinder,  and  a  small  portion  of 
air  following  indicates  when  this  has  taken  place. 

The  next  part  of  the  process  is  the  conveyance  of 
raw  vitriol  into  the  cistern,  c.  The  details  are  pre- 
cisely similar  to  those  already  described.  Let  the 
reader  imagine  another  cistern  precisely  like  cistern  b, 
a  perfect  copy  plug  included,  which  said  cistern  lias  a 
short  plug  connecting  it  with  the  main  pipe  or  artery, 
/.  As  in  the  case  of  cistern  b,  the  workman  removes 
the  plug,  and  allows  the  vitriol  to  flow  into  the  iron 
cylinder  as  before ;  when  he  has  done  this  he  proceeds 
to  take  measures  for  projecting  this  charge  into  the  cis- 
tern, a,  at  the  top  of  the  column. 

On  the  branch  pipe  leading  to  the  nitrous  vitriol 
reserve  cistern,  c,  a  plug  apparatus  will  be  observed.  This 
is  for  the  purpose  of  closing  this  branch  pipe  while  rais- 
ing the  raw  vitriol,  and  is  taken  out  when  the  nitrous 
vitriol  is  being  pumped  up.  It  is  scarcely  necessary  to 
remark  that  when  the  nitrous  vitriol  flows  through  this 
branch  pipe,  it  naturally  issues  at  the  open  end  over  the 
cistern,  c,  such  being  the  lowest.    In  order  to  prevent 


the  raw  vitriol  taking  the  same  course,  the  workman 
firmly  inserts  and  fastens  down  this  plug,  and,  when  the 
acid  to  be  used  for  absorption  has  filled  the  iron  vessel, 
he  sets  the  air-pump  in  motion,  and  the  vitriol  rises 
up  to  and  flows  into  cistern  a. 

In  consequence  of  the  height  of  the  column  of  liquid 
rising  from  the  bottom  of  the  iron  vessel  to  the  upper 
edge  of  the  cistern,  a — a  space  of  nearly  thirty-eight 
feet — and  of  its  superior  gravity,  a  pressure  is  exerted 
approaching  to  thirty  pounds  on  the  square  inch. 
Hence  it  will  be  apparent  that  the  cylinder  and  its 
appendages  must  possess  a  considerable  amount  of 
strength.  It  is  usual  to  have  them  cast  two  inches 
thick  in  the  sides  in  order  to  withstand  this  weight. 

The  air-pump  used  in  this  case,  and  which  has  been 
so  often  mentioned,  is  constructed  on  the  model  of  an 
iron  furnace-blowing  engine,  and  differs  from  it  only  in 
dimension.  The  cylinder  of  this  pump  may  be  about 
eight  inches  diameter,  the  length  of  stroke  being  twelve 
inches,  and  it  makes  about  fifty  strokes  per  minute.  It 
has  a  rather  heavy  fly  wheel  attached  to  it,  to  steady 
its  action.  This  is  necessary  on  account  of  the  great 
resistance  it  has  to  overcome  $X  the  end  of  each  stroke. 
It  is  necessary  that  the  piston  should  fit  very  accurately, 
and  that  about  the  pump  and  the  fittings  generally  great 
care  should  be  taken  to  insure  perfect  freedom  from 
leakage. 

The  quantity  of  sulphuric  acid  used  in  the  absorption 
is  rather  variable,  some  manufacturers  being  more  suc- 
cessful in  this  respect  than  others.  Many  who  employ 
this  apparatus  recommend  one-third  of  the  make  to 
be  run  down  every  twenty-four  hours.  In  this  case, 
for  every  hundred  tons  of  acid  made  per  week,  nearly 
five  tons  would  be  run  down  per  diem.  One  manufac- 
turer finds  in  practice  that  about  four  hundred  gallons, 
or  seven  thousand  pounds,  run  down  the  column  every 
twelve  hours,  will  absorb  the  nitrous  gas  from  a  set  of 
chambers  which  are  converting  eighteen  tons  of  sul- 
phur weekly  into  sulphuric  acid. 

To  utilize  the  nitrous  vitriol  it  is  necessary  to 
liberate  the  nitrous  acid  it  holds,  either  within  the 
chamber  or  contiguous  to  it,  and  in  presence  of  the 
sulphurous  and  other  gases  entering  it.  Simple  dilu- 
tion with  water  effects  this,  as  explained  at  page  1033. 
Still  its  practical  working  at  first  was  found  somewhat 
difficult,  and  much  ingenuity  has  been  expended  in 
improving  this  part  of  the  process,  but  still  something 
further  remains  to  be  done  before  it  can  be  considered 
perfect.  The  original  inventor  gave  a  method  which, 
though  theoretically  almost  perfect,  was,  unfortunately, 
not  quite  so,  practically.  It  consisted  in  exposing  the 
nitrous  sulphuric  acid  in  thin  films  or  sheets  to  the  action 
of  the  sulphurous  acid  which  issued  from  the  sulphur 
ovens.  By  this  he  proposed  to  liberate  the  nitrous 
gas,  and  in  part  he  did  so.  The  apparatus  is  shown 
in  Fig.  587,  which  represents  a  sort  of  leaden  column. 
Within  this  column  a  series  of  horizontal  shelves  or 
partitions  are  placed,  which  almost  fill  up  the  whole  of 
the  area ;  a  funnel,  furnished  with  an  S  tube,  is  inserted 
into  the  roof,  and  through  this  the  nitrous  sulphuric  acid 
is  poured  on  to  the  shelf  immediately  beneath.  It  runs 
from  this  first  shelf  on  to  the  next  one,  and  so  it  proceeds 
to  the  bottom,  in  exactly  an  opposite  direction  to  that 
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Fig.  587. 
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pursued  by  the  sulphurous  acid  current,  fresh  portions 
of  which  it  meets  at  every  point  of  its  progress  down- 
wards. The  funnel  tube  is  of  an  S  form,  for  the  pur- 
pose of  preventing  any  of 
the  gas  escaping,  a  quantity 
of  the  liquid  being  retained 
in  the  curvature  of  the  tube 
sufficient  to  prevent  effec- 
tually the  loss  of  any  gas. 

The  sulphurous  acid  is 
admitted  into  this  column 
through  the  wide  tube  at 
a,  while  immediately  above 
this  ajet  of  steam  is  thrown 
in ;  these  together,  after 
traversing  the  spaces  be- 
tween the  shelves  and  act- 
ing on  the  downward 
stream,  finally  escape  laden 
with  nitrous  gas  into  the 
chamber  through  the  pas- 
sage, b. 

The  jet  of  steam  just  mentioned  is  for  the  purpose  of 
diluting  the  nitrous  sulphuric  acid,  and  so  causing  it 
to  yield  up  more  readily  the  nitrous  gas. 

The  acid,  by  the  time  it  reaches  the  bottom,  is  sup- 
posed to  be  thoroughly  denitrated,  and  is  conducted 
thence  to  an  evaporating  pan  to  be  concentrated,  in 
order  that  it  may  be  once  more  used  for  the  absorp- 
tion of  a  fresh  portion  of  gas  in  the  absorbing  column. 
Theoretically  considered,  the  nitrous  vitriol  ought  to 
run  from  the  lower  portion  of  the  apparatus  without 
containing  more  than  a  trace  of  any  nitrous  body. 
On  the  contrary,  it  might  be  expected  to  be  charged 
with  sulphurous  acid,  but  practically  this  does  not 
appear  to  have  been  the  case;  for,  from  the  state- 
ment of  those  who  had  ample  opportunity  of  examin- 
ing its  action,  it  appears  that  the  nitrous  constituent 
was  never  thoroughly  eliminated,  that  it  still  retained 
a  considerable  quantity  of  this  gas  after  very  slowly 
traversing  the  apparatus,  and  that  this  impossibility  of 
thoroughly  decomposing  the  compound  acted  as  a 
strong  barrier  to  the  introduction  of  the  invention. 
But,  happily,  this  defect  was  not  unconquerable,  and 
was,  by  a  reasonable  amount  of  skill  and  patience, 
eventually  obviated,  at  least  practically  so,  if  not  per- 
fectly. 

The  nitrous  sulphuric  acid  is  decomposed,  but  com- 
paratively slowly,  when  subjected  to  the  action  of  sul- 
phurous acid  in  an  undiluted  state ;  and  this  appears 
to  have  been  the  cause  of  the  failure  in  the  commence- 
ment, inasmuch  as  the  acid  flowed  from  the  decomposer 
almost  of  the  same  density  as  when  introduced.  It 
would  seem  inconsistent  that  the  expedient  of  mix- 
ing it  with  water  so  as  to  dilute  it  was  not  adopted, 
especially  as  the  decomposing  action  of  water  per  se 
must  have  been  observed.  Doubtless  this  would  have 
solved  the  problem,  especially  as  with  this  addition  a 
modification  of  his  apparatus  answers  very  well. 

The  mere  dilution  of  this  nitrous  sulphuric  acid  with 
hot  water  answers  very  well.  This  is  done  within  the 
chamber.  A  section  of  the  apparatus  employed  is 
shown  in  Fig.  588.  It  consists  in  simply  placing  within 


the  chamber,  and  as  near  the  burner  stalk  as  possible, 
a  round  leaden  vessel  about  twelve  inches  high  and 
eighteen  inches  diameter.    This  is  placed  close  to  the 

Fig.  588. 


leaden  wall  of  the  chamber.  This  leaden  wall  is 
pierced  by  three  tubes,  all  terminating  within  the 
leaden  vessel,  and  near  to  its  bottom.  One  of  these  tubes 
conveys  the  nitrous  sulphuric  acid  into  the  vessel ;  the 
second  conveys  water  ;  and  the  third  is  a  steam-pipe. 
The  two  tubes  for  the  liquids  terminate  on  the  outside 
of  the  chamber  in  funnels,  wdiile  above  these  funnels 
are  the  respective  taps,  one  of  which  communicates 
with  the  nitrous  vitriol-store  cistern,  and  the  other 
with  the  supply  of  water.  The  steam-pipe  is,  of  course, 
in  connection  with  a  generator. 

Supposing  the  chamber  to  be  at  work,  the  mode  of 
operating,  with  this  arrangement,  is  very  simple.  The 
leaden  box  or  vessel  is  first  run  full  of  water — this  is 
by  means  of  the  steam  jet  brought  to  boiling.  The 
operator  or  workman  then  proceeds  to  run  in  a  slow 
stream  of  nitrous  vitriol  and  water  from  their  respective 
taps.  Immediately  the  nitrous  vitriol  touches  the  hot 
water  below,  it  decomposes  into  sulphuric  acid  simply, 
— which  remains  in  the  vessel  for  a  while — and  nitrous 
gas,  which  flies  off,  and  which  is,  by  the  current  of  gas 
ascending  from  the  burner,  carried  off,  and  enters  into 
the  working  of  the  chamber. 

Of  course,  the  vessel  always  remains  as  near  as 
possible  full.  The  streams  of  fresh  liquid  running  in 
immediately  displace  and  drive  out  a  portion  of  the 
previous  contents,  causing  it  to  mix  with  that  already 
contained  in  the  chamber. 

There  are  at  least  two  advantages  which  arise  from 
plaeing  this  decomposer  as  near  the  burner-pipe  or 
gas  tubes  as  possible.  In  the  first  place,  the  gas 
arising  from  the  decomposition  has  a  better  chance  of 
thoroughly  mixing  with  the.  rest  of  the  gases  which 
form  the  chamber  mixture ;  and,  in  the  next  place, 
this  rapid  removal  and  immediate  mixture  lessens  the 
risk  of  local  action  on  the  chamber,  nitrous  gas  being 
rather  destructive  to  lead.  In  fact,  the  rapid  current 
of  sulphurous  acid  gas  must  sweep  away  every  particle 
of  nitrous  gas  as  fast  as  it  is  liberated.  One  of  these 
decomposers  has  been  working  in  a  chamber  for  nearly 
three  years,  and  the  lead  in  its  immediate  neighbor- 
hood does  not  appear  to  have  suffered  more  than  that 
in  any  other  part  of  the  chamber. 

Mr.  Peter  Hart  of  Manchester  has  given  a 
method  of  estimating  the  value  of  this  nitrous  vitriol 
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by  a  process  of  analysis  by  which  one  may,  in  a  very 
simple  manner,  determine  how  much  nitrate  of  soda  or 
nitric  acid  a  given  volume  of  this  nitrous  vitriol  repre- 
sents, or  is  equal  to.  The  process  is  founded  on  the 
well  known  reaction  which  takes  place  on  bringing 
nitrous  acid  and  urea  together,  the  result  of  this 
proceeding  being  the  formation  of  water,  nitrogen,  and 
carbonic  acid  gases,  as  shown  in  the  following  formulae — ■ 


C2  N2  H4  02  + 


2  NO, 


2  CO, 


Carbonic  acid. 


Kitrous  acid. 

4  n      +     i  no. 


Mr.  Hart  prefers  to  employ  urea,  in  the  shape  of 
nitrate,  on  account  of  the  facility  with  which  it  can  be 
obtained  pure.  Of  this  nitrate  of  urea  he  weighs  out 
twenty  grains,  and  dissolves  this  in  about  two  and  a 
half  ounces  of  water,  heating  this  solution  to  boiling 
over  a  gas  lamp.  Meanwhile  he  prepares  a  test  liquid, 
composed  of  thin  starch  water,  in  which  he  dissolves  a 
small  quantity  of  iodide  of  potassium.  He  spots  a  white 
plate  with  drops  of  this  liquid.  He  then  fills  up  an 
ordinary  alkalimeter  with  the  nitrous  vitriol  to  be  tested. 
Meanwhile  the  solution  of  urea  has  arrived  at  boiling, 
at  which  point  he  lowers  the  gas  flame,  and  proceeds 
to  add  the  nitrous  vitriol  from  the  alkalimeter  to  the 
solution  in  the  basin.  The  reaction  goes  forward 
with  strong  effervescence,  and  escape  of  nitrogen  and 
carbonic  acid  gases.  He  continues  to  add  the  nitrous 
vitriol  drop  by  drop,  not  neglecting  to  stir  until  a  drop, 
taken  out  of  the  basin  by  means  of  a  glass  rod,  and 
added  to  one  of  the  test  spots  on  the  plate,  causes 
the  latter  to  assume  a  blue  color.  This  indicates  the 
completion  of  the  operation.  The  number  of  measures 
used  or  added  are  read  off,  and  this  forms  the  data  for 
the  calculation.  The  rationale  of  the  process  is  very 
simple.  After  the  decomposition  of  all  the  urea,  the 
nitrous  acid,  which  hitherto  has  been  simultaneously 
decomposed  with  the  urea,  now  remains  in  a  free  state. 
Now,  it  is  well  known  that  nitrous  acid  decomposes 
hydriodic  acid,  setting  iodine  free,  which  iodine  will 
immediately  combine  with  starch,  if  any  be  present. 
This  is  one  of  the  tests  for  nitrous  acid;  so  in  this 
case  the  formation  of  the  blue  coloration  indicates  free 
nitrous  acid  in  the  basin ;  and  free  nitrous  acid  present 
indicates  the  decomposition  of  all  the  urea. 

The  calculation  is  based  on  the  fact,  that  to  decom- 
pose the  twenty  grains  of  nitrate  of  urea  employed,  there 
would  be  required  12-35  grains  nitrous  acid,  N03,  which 
is  equivalent  to,  or  represents  in  chamber  effect,  17-56 
grains  nitric  acid,  N05,  or  27'G4  grains  nitrate  of  soda ; 
consequently  the  number  of  alkalimeter  measures  of  the 
nitrous  vitriol  required  in  the  decomposition  represents 
or  contains  the  equivalent  of  any  of  these  numbers. 
All  that  remains  to  be  done  is,  to  ascertain  the  relation 
borne  by  this  quantity  to  the  volume  which  the  cistern 
is  capable  of  holding,  or  contains  at  the  time  of  the 
experiment ;  or  to  put  it  as  Mr.  Hart  gives  it — let  a 
represent  the  number  of  alkalimeter  measures  em- 
ployed of  the  nitrous  vitriol ;  b  the  nitrate  of  soda — if 
the  result  is  required  in  nitrate  of  soda — corresponding 
to  the  twenty  grains  of  nitrate  of  urea,  as  given  above  ; 
c  the  number  of  alkaUmeter  measures  in  a  gallon — 


seven  thousand — and  d  the  number  of  gallons  in  the 
cistern  ;  then — ■ 

bxe 

—  Xd  =  x 

x  indicating  the  equivalent  in  nitrate  of  soda  of  the 
recovered  nitrous  acid  in  the  entire  cistern. 

Another  method  of  recovering  the  nitrous  gas  has 
been  lately  patented  in  this  country.  It  differs  very 
considerably  from  the  one  already  described,  that  is,  in 
principle,  although  the  apparatus  bears  a  great  resem- 
blance. It  consists  essentially  in  converting  the  nitrous 
gases  into  nitric  acid,  and  combining  this  acid  with 
lime.  The  inventor  starts  out  with  a  column,  as  in  the 
last  process,  filled  with  suitable  materials  to  afford  a 
large  surface,  down  which  he  runs  a  stream  of  thin  milk 
of  lime,  allowing  the  waste  gases  from  the  chamber  to 
ascend  in  the  opposite  direction.  In  this  case  it  is 
supposed  that,  under  the  influence  of  the  alkaline  fluid 
and  excess  of  atmospheric  oxygen,  the  oxides  of  nitro- 
gen will  be  wholly  converted  into  nitric  acid,  which 
will  immediately  combine  with  the  lime,  forming  nitrate 
of  lime. 

It  is  well  known  that  nitric  acid  can  be  reproduced 
from  any  of  the  lower  oxides  of  nitrogen — with  the 
exception  of,  perhaps,  the  lowest,  nitrous  oxide,  NO, 
when  in  contact  with  water  and  free  oxygen.  This  has 
been  dilated  upon,  and  the  reaction  given  when  treating 
of  the  chamber  reaction  ;  and  that  this  is  a  fact  there 
is  no  doubt.  The  only  difficulty  hitherto  appears  to 
have  been  to  obtain  nitric  acid  of  a  suitable  strength. 
This  has  scarcely  been  accomplished,  as  experiments 
have  shown  that  the  reaction  proceeds  with  less  rapi- 
dity as  the  acid  gains  density.  But  where  lime-water 
is  used  this  objection  is  removed,  inasmuch  as  no  free 
acid  can  exist  in  the  liquid  to  retard  the  reaction ; 
each  atom  of  this  acid  being  removed  or  combined  at 
the  moment  of  its  formation,  or  immediately  afterwards. 
There  is  no  doubt  that  the  presence  of  an  alkali  not 
only  obviates  this  retardation,  but  actually  induces,  by 
its  presence,  the  combination  of  the  lower  oxides  of 
nitrogen  with  oxygen,  thus,  in  fact,  acting  in  a  doubly 
advantageous  manner. 

The  solution  of  nitrate  of  lime,  formed  in  the  column, 
is  run  into  a  proper  cistern  placed  for  its  reception 
and  conservation  prior  to  its  being  converted  into  a 
dry  or  crystalline  salt,  which  the  inventor  proposes  to 
employ  instead  of  nitrate  of  soda,  as  a  constituent  of 
the  artificial  manures  now  so  much  in  request. 

Perhaps  the  process  would  have  been  more  perfect 
had  it  been  more  self-containing,  and  not  dependent 
on  outer  circumstances  for  its  perfect  well-doing;  that 
is,  if  the  vitriol  manufacturer,  instead  of  having  to 
depend  on  the  purchase  of  this  nitrate  by  other  parties, 
could  have  used  it  himself.  Were  it  cheaply  decom- 
posable, that  is  to  say,  were  it  possible  to  eliminate  the 
nitric  acid  cheaply,  it  would  be  better ;  but  it  can  only 
be  decomposed  with  ease  by  the  addition  of  some 
stronger  acid,  and  the  only  one  reasonably  available 
for  this  purpose  is  sulphuric  acid.  By  substituting 
this  nitrate  of  lime  for  the  nitrate  of  soda  or  potassa, 
ordinarily  emploj'ed,  one  would  certainly  most  effec- 
tually get  back  the  nitric  acid ;  but,  unfortunately, 
sulphate  of  lime,  a  body  of  no  value,  would  be  pro- 
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duced,  instead  of,  as  now,  producing  sulphate  of  soda 
or  potassa,  salts  in  great  and  constant  demand. 

Of  the  value  of  processes  for  the  recovery  of  the 
nitrous  gas  little  need  be  said.  The  benefits  they 
confer  are  apparent  at  once,  recovering,  as  they  do, 
the  most  expensive  element  in  the  manufacture,  and 
not  only  being  a  saving  of  the  money  value  of  the  nitre 
or  its  equivalent  recovered,  but  further,  when  looked 
at  in  a  politico-economical  point  of  view,  another  phase 
presents  itself :  for  were  all  sulphuric  acid  manu- 
facturers able  to  work  with  half  the  nitrate  they  at 
present  use,  it  would  surely  tend  to  reduce  the  price 
of  this  salt ;  and,  if  the  maxim  be  correct,  that  price 
is  regulated  by  supply  and  demand,  then  under  the 
imaginary  state  of  things  just  mentioned,  one-half  the 
quantity  now  used  being  thrown  on  the  market,  or 
what  is  the  same  thing,  not  used,  must  bring  down  the 
price  of  what  could  be  sold,  thus  lowering  a  second 
time  the  cost  of  manufacturing  sulphuric  acid. 

Concentration  of  Sulphuric  Acid. — Sulphuric  acid, 
as  it  exists  in  the  chambers,  though  strong  enough  for 
many  purposes,  is  not  sufficiently  so  for  sale,  inas- 
much as  it  is  the  object  of  the  manufacturer  to  send 
it  out  as  strong  as  conveniently  may  be,  in  order  to 
avoid  the  necessity  of  conveying  a  quantity  of  useless 
water.  It  is  concentrated  up  to  a  certain  point  in 
leaden  pans ;  that  is,  until  it  has  attained  the  density 
of  1-750;  beyond  this  point  it  is  not  considered  safe 
to  push  the  concentration  in  lead.  In  order  to  bring  it 
up  to  its  maximum  degree  of  concentration,  or  its  con- 
version into  what  is  termed  rectified  oil  of  vitriol,  the 
extrication  of  the  further  remaining  quantity  of  water 
must  be  performed  in  vessels  of  glass  or  platinum. 

With  respect  to  its  concentration  in  lead  a  variety 
of  plans  are  in  use  for  this  purpose.  Much  difference 
of  opinion  exists  on  this  head  amongst  sulphuric  acid 
manufacturers;  their  choice  probably  depending  on 
convenience  and  situation.  One  manufacturer,  for 
instance,  prefers  to  concentrate  his  vitriol  by  passing 
the  flame  and  products  of  combustion  of  a  fire  over  the 
surface  of  his  weak  acid,  the  watery  vapor  being  carried 
away  with  the  smoke,  et  cetera.  This  plan  appears  to 
answer  very  well  where  no  niceness  with  respect  to  the 
color  and  purity  of  the  acid  is  demanded — as  when 
the  vitriol  manufacturer  is  also  a  soda  manufacturer, 
and  uses  up  his  own  acid ;  but  as  the  concentrated 
acid  resulting  from  this  mode  of  working  is  almost  inva- 
riably very  black  and  turbid  in  consequence  of  particles 
of  coal-dust,  etcetera,  falling  into  the  hot  liquid,  as  well 
as  from  contact  with  the  various  carbonaceous  bodies 
forming  coal  smoke,  such  acid  would  be  scarcely  sale- 
able in  the  ordinary  way  to  calico-printers,  bleachers, 
and  other  such  consumers.  In  order  to  avoid  this,  the 
manufacturer  must  employ  an  apparatus  in  which  the 
liquid  is  kept  clear  from  all  or  any  such  contamina- 
tions. For  this  purpose  a  pan  in  principle,  though 
not  in  shape,  resembling  an  ordinary  pan  or  boiler, 
must  be  employed.  This  variety  of  concentrating 
boiler  is  in  very  general  use,  being,  in  fact,  almost 
universal  amongst  those  manufacturers  who  sell  their 
acid ;  whilst  the  surface  concentrator  is  as  commonly 
employed  amongst  the  soda  manufacturers  and  others, 
who  make  the  acid  solely  for  their  own  use, 

VOL.  II. 


The  following  describes  the  plan  of  a  manufacturer 
who  makes  for  sale  only.  This  plan  is  found  to 
answer  very  well ;  it  consists  of  two  pans,  placed  side 
by  side,  one  being  placed  higher  than  the  other — so 
high  that  its  contents  can  be  emptied  completely  by 
means  of  a  siphon  into  the  lower  pan.  No  joinings  or 
solderings  of  any  kind  are  admissible  about  these  pans, 
the  whole  must  be  formed  out  of  one  solid  sheet  of  lead, 

Fig.  589. 


ml 


/ 
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the  sides  and  ends  being  turned  up  simply :  the  lead  is 
half  an  inch  thick,  the  other  dimensions  of  the  sheet 
being  thirty-three  feet  by  seven  feet  six  inches.  To  form 
such  a  pan,  the  sheet  of  lead  is  first  spread  out  on  the 
bed  prepared  to  receive  it ;  the  plumber  proceeds  to 
mark  off  eighteen  inches  from  each  side  of  the  sheet ; 
this  is  to  form  the  sides  and  ends  of  the  pan.  To  faci- 
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litate  the  bending,  a  fire  of  shavings  is  made  along  the 
line  of  markings.  When  the  lead  has  become  suffi- 
ciently hot  along  these  lines,  he  proceeds  to  bend  up 
the  sides,  and  to  beat  out  any  inequalities.  The  brick- 
work setting  of  the  pans  will  be  understood  from  the 
preceding  figures,  in  which  Fig.  589  represents  the 
arrangement  of  the  flues,  previous  to  being  covered  in 
with  the  fire-files  or  iron  plates  on  which  the  bottom  of 
the  pan  is  to  be  placed  ;  the  left  hand  portion  repre- 
sents the  bed  of  the  lower  pan,  while  to  the  right  we 
have  that  of  the  upper  one.  a  a  are  the  two  fire- 
places, the  flame  from  which  proceeds  along  the  narrow 
flues  or  passages,  bbbh  ;  they  turn  off  at  the  end  in  the 
direction  of  the  arrows,  and  return  beneath  the  upper 
pan,  along  the  two  wide  flues,  c  c,  and  from  thence  pass 
into  the  wide  flue  leading  to  the  chimney.  Fig.  589  is 
a  vertical  section,  lengthways,  of  the  fireplace  of  the 
lower  pan;  c  is  the  course  of  thick  fire-tiles  imme- 
diately over  the  fire,  protecting  the  pan  from  the  too 
great  heat ;  a  little  beyond  the  fire  thinner  tiles  are 
employed,  which  thin  tiles  are  continued  to  the  end. 
The  two  wide  passages,  c  c — Fig.  589 — beneath  the  upper 
pan  are  covered  with  iron  plates,  half  an  inch  thick, 
on  which  the  pan  is  placed.  It  will  be  understood 
from  this  description,  that  the  tiles,  or  other  supporting 
medium,  diminishes  in  thickness,  but  increases  in  con- 
ducting power  as  the  distance  from  the  fire  increases. 
This  arrangement  is  necessary,  for  were  iron  plates  used 
the  whole  distance,  they  would  soon  be  burned  through 
and  destroyed  in  the  immediate  neighborhood  of  the 
fire ;  and,  on  the  contrary,  were  thick  tiles  used  for  the 
whole  distance,  the  latter  portion  of  the  arrangement 
near  the  end  of  the  pan  would  offer  too  much  resistance 
to  the  passage  of  the  heat,  and  consequently  a  consider- 
able portion  would  pass  away  without  being  absorbed. 

Two  such  pans  are  capable  of  concentrating  the 
acid  produced  from  eight  tons  of  sulphur  per  week  of 
six  days.  There  are  pans  at  present  in  use  capable  of 
concentrating  forty  tons  of  vitriol  weekly.  Their  mode 
of  working  is  as  follows: — The  vitriol  m  the  lower  pan 
being  of  the  proper  strength,  the  workman  proceeds  to 
run  it  off  into  a  vessel  called  a  cooler,  where  it  remains 
until  cold.  He  runs  it  empty  to  within  two  or  three 
inches ;  when  this  is  accomplished,  he  proceeds  to  set  a 
siphon  into  the  upper  pan,  running  the  contents  into 
the  lower  one,  which  lower  one  he  fills  within  two  or 
three  inches  of  the  top.  When  the  upper  pan  is  empty 
he  refills  it  with  the  weak  acid  from  the  chamber ;  he 
then  proceeds  to  fire  the  pan  until  next  day,  when  he 
will  repeat  the  operations  just  described. 

The  other  description  of  pan,  the  one  spoken  of  as 
a  surface  concentrator,  is  of  the  following  description : 
Fig.  590  being  a  vertical  section  lengthways,  the  tire- 
place  is  at  a,  the  flame,  et  cetera,  proceeding  in  the 
direction  of  the  arrows  over  the  surface  of  the  dilute 
acid  at  b,  when  it  descends  into  the  flue,  carrying  with 
it  the  evaporated  water.  It  resembles— with  the  excep- 
tion of  some  particular  details,  to  suit  the  material  to 
be  evaporated — the  furnace  described  under  the  head 
Alum  in  this  work,  Fig.  89  ;  but  in  the  case  of  sul- 
phuric acid,  the  furnace  has  to  be  lined,  so  to  speak, 
with  lead;  and  this  lead  heing  liable  to  fuse  at  a 
comparatively  low  temperature,  much  ingenuity  is 


displayed  in  the  methods  adopted  to  prevent  as  much 
as  possible  such  an  occurrence.  One  mode  of  accom- 
plishing this  is  shown  in  Fig.  590,  where  d  d  is  a  section 
of  the  leaden  pan,  inclosed  in  brickwork,  to  prevent 

Fig.  690. 


■ 

! 
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the  action  of  the  flame.  The  side  of  the  pan  is  brought 
up  to  the  furnace  dam.  e ;  then  within  the  pan  a 
close  row  of  firebricks,  6,  are  placed  on  end,  but  not 
cemented  in  any  way.    Thus  the  sides  of  the  pan  are 
inclosed  between  brick  walls,  it  only  remains  to  cover 
up  the  space,  and  this  is  done  by  placing  firebricks  on 
the  top,  resting  partly  on  the  furnace  dam,  and  partly 
on  the  row  of  bricks  just  mentioned;  the  flame  is  thus 
completely  kept  off  the  lead.  This  is  repeated  all  round, 
the  pan's  sides  and  ends  being  equally 
protected.  Some  manufacturers  employ  a     F'S- B91- 
slightly  different  arrangement,  although  t 
on  the  same  principle.     A  covering 
brick,  expressly  made  for  the  purpose,  J!  I 

is  employed;  these  bricks  are  made  of  .  ! 

the  proper  size,  with  an  indentation  or  J 

channel  formed  in  them;  this  channel 

being  for  the  purpose  of  inclosing  the 

upper  edge  of  the  pan,  side  or  end.  This  arrangement  is 

shown  in  Fig.  591,  where  a  is' the  pan  edge;  b,  the  brick 

or  tile,  with  its  channel,  c,  inclosing  the  edge  of  the  pan. 

Though  these  precautions  would  appear  to  be  suffi- 
cient, yet  the  manufacturer  usually  avails  himself  of 
another  invention,  which  consists  in  running  a  stream 
of  cold  water  round  the  pan's  edge.  This  is  effected  by 
burning  or  fusing — by  means  of  the  hydrogen  apparatus 
mentioned  in  another  portion  of  this  article — to  the 
edge  of  the  pan  a  leaden  tube  of  a  D  shape,  the  flat 
side  being  next  to  the  pan ;  a  section  of  this  pipe  is 
shown  in  Figs.  590  and  591.  This  arrangement  has  a 
current  of  cold  water  constantly  flowing  through  it. 

These  vitriol  pans  are  often  of  immense  thickness, 
in  some  cases  the  lead  of  which  they  are  made  is  an  inch 
thick ;  but  as  the  heat  does  not,  as  in  the  previously 
described  pans,  penetrate  through  this,  it  is  imma- 
terial. They  are  worked  rather  differently  to  the  other 
pans,  inasmuch  as  it  is  necessary  to  cool  them  to  a 
much  lower  temperature  before  running  them  off. 
Before  this  is  done  the  fire  must  be  slackened,  or  rather 
put  out ;  for,  were  the  pan  to  be  emptied  while  the  fire 
was  burning  with  its  usual  vigor,  the  pan  sides  might 
get  so  hot  as  to  become  soft,  and  fall  or  bend  down. 
The  upper  portion  is  an  arch  of  firebrick,  through 
which  a  hole  is  pierced  over  one  corner  of  the  pan ; 
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through  this  hole  the  siphon  is  inserted  for  drawing  off 
the  finished  vitriol ;  it  is  also  refilled  with  dilute  acid 
through  this,  The  workman  ascertains  the  progress 
of  the  concentration,  or  its  completion,  in  all  cases  by 
taking  out  a  portion  from  time  to  time,  and  placing 
the  vessel  containing  this  trial  sample  in  water  to  cool. 
When  cold  enough,  he  ascertains  the  density  by  means 
of  the  hydrometer.  When  finished  it  must,  as  before 
stated,  he  of  the  density  of  1'750,  or  of  the  strength  of 
150°  on  Twadd ell's  hydrometer — the  instrument  most 
used  in  this  country — when  at  a  temperature  of  60°. 
When  of  this  density,  he  draws  out  the  fire  and  pro- 
coeds  to  run  the  vitriol  into  what  are  called  coolers, 
which,  as  their  name  indicates,  are  for  the  purpose  of 
holding  the  acid  until  sufficiently  cool  to  run  off  into 
the  glass  bottles  called  carboys,  for  sale  or  transport  to 
its  destination. 

These  coolers,  which  are  simply  shallow  lead  vessels 
almost  identical  with  the  first-described  pans,  ai'e,  like 
the  latter,  formed  out  of  an  entire  sheet  of  lead, 
sometimes  half-inch,  often  of  quarter-inch  thick.  This 
is,  of  course,  an  indifferent  matter.  The  half-inch  will 
last  much  longer,  nevertheless  it  is  not  advisable  to 
make  them  of  less  than  quarter-inch.  These  coolers 
are  set  on  iron  plates  in  the  manner  described  with 
reference  to  the  upper  pan ;  but  the  ends  of  the  flues 
are  open  to  the  air,  which,  circulating  through  these 
passages,  carries  off  the  heat.  The  sides  and  ends  are 
held  up  by  brick  walls  or  other  convenient  supports. 

Very  good  and  efficient  coolers  are  constructed  as 
follows : — The  dimensions  of  an  iron  vessel,  capable  of 
holding  the  quantity  of  vitriol  likely  to  be  run  off  from 
the  pan,  are  calculated — these  parts  are  cast  of  about 
half-inch  thick  iron  in  such  a  manner  that  the  whole 
can  he  securely  bolted  together.  No  care  is  requisite 
with  respect  to  the  accurate  fitting  of  the  various 
joints,  as  the  whole  must  bo  lined  with  say  quarter- 
inch  lead.  This  lead  must  be  turned  over  the  upper 
edge  and  flattened  down  so  as  to  prevent  any  infil- 
tration of  acid  between  the  iron  and  the  lead.  If 
this  is  not  attended  to,  the  acid  which  finds  its  way 
down  will  act  upon  the  iron,  producing  protosulphate 
of  iron  in  masses.  These  will  continue  to  grow  in 
size,  and  in  so  doing  will  push  the  lead  from  the  iron, 
producing  misshapen  prominences,  which  will  finally 
destroy  the  cooler,  or  rather  necessitate  the  removal 
of  the  lead  lining,  the  cleaning  the  surface  of  the 
iron,  and  finally  relining  with  lead.  Two  of  these 
coolers,  of  six  feet  square  and  two  feet  deep,  haw 
been  in  use  for  some  time ;  they  cool  the  vitriol  very 
rapidly.  They  are  not  set  on  the  floor,  but  on  two 
low  walls  of  brick,  so  that  almost  the  whole  surface 
of  the  iron  is  exposed  to  the  cooling  influence  of  the 
atmosphere,  and  the  heat  is  quickly  carried  off. 

It  is  possible  to  construct  coolers  by  simply  lining  a 
wooden  cistern  with  lead :  such  are  used  for  crystal- 
lizing various  salts;  hut  it  is  a  question  whether  they 
can  be  recommended,  inasmuch  as  the  cooling  must  he 
very  slow,  on  account  of  the  bad  conducting  quality  of 
the  wood  which  forms  the  coating  to  the  lead. 

In  most  vitriol  works  two  coolers  are  used  in 
connection  with  the  pan  or  pans.  Suppose  they  are 
called  No.  1  and  No.  2,  the  mode  of  working  resem- 


bles that  of  the  pans  first  described ;  that  is,  No.  1  is 
supposed  to  be  cool  enough  to  bear  bottling.  When 
this  is  done,  the  contents  of  the  upper  cooler,  or  No.  2, 
is  now  run  into  No.  1,  while  No.  2  is  now  ready  to 
receive  a  fresh  quantity  from  the  lower  concentrating 
pan.  It  will  thus  be  seen  that  in  working  a  set  of 
concentrating  pans  and  their  accompaniments,  four 
stages  may  be  recognized.  The  upper  pan  partially  con- 
centrates the  acid  ready  for  the  lower  pan,  which  then 
completes  the  concentration.  From  this  lower  pan  it 
is  run  into  the  upper  cooler,  where  it  loses  the  greater 
portion  of  its  heat,  and  finally  it  is  run  into  the  lower 
cooler,  where  it  remains  until  quite  cold  or  nearly  so. 

The  system  just  described  is  in  constant  use  in  some 
works,  but  is  not  by  any  means  universal,  each  manu- 
facturer limiting  the  extent  of  his  apparatus  to  his  wants. 
The  arrangement  most  usually  seen,  especially  in  small 
works,  is  a  single  boiling-down  pan,  as  it  is  technically 
termed ;  the  heat  passing  beneath  it  up  one  flue  and 
returning  to  the  same  end  down  another,  after  which 
it  passes  to  the  chimney.  This  pan  is  accompanied 
by  one  cooler.  The  raw  acid  from  the  chamber  is 
run  into  this  single  pan,  where  it  is  concentrated  up  to 
the  proper  point,  after  which  it  is  run  into  the  cooler, 
where  it  stays  until  cold ;  and  if  the  pan  is  ready  to  run 
off  again  before  the  vitriol  in  the  cooler  is  cold  enough, 
there  is  no  help  for  it,  but  drawing  the  fires  and  letting 
it  stay  in  the  pan  until  it  can  he  accommodated. 

There  is  no  objection  to  this  system  except,  perhaps, 
that  it  is  not  calculated  to  do  much  work ;  still  it 
answers  sufficiently  well  for  small  manufacturers. 

The  manufacture  of  sulphuric  acid  has  now  been 
traced  to  the  completion  of  a  commercial  product, 
which,  in  the  language  of  the  trade,  is  called  brown  oil 
of  vitriol,  in  order  to  distinguish  it  from  a  product  of 
still  higher  concentration,  to  be  immediately  described. 
This  brown  oil  of  vitriol  is  used  to  a  large  extent  by 
bleachers,  calico-printers,  dyers,  and  others  ;  its  brown 
color,  from  which  it  derives  its  name,  is  due  to  a  certain 
amount  of  organic  matter  which  finds  its  way  into  it, 
and  which,  subjected  to  the  joint  action  of  the  acid 
and  heat,  becomes  carbonized,  and  colors  the  whole 
of  a  dingy-brown  hue.  This  tint  is  often  augmented 
from  accidental  circumstances.  Sometimes  the  work- 
man lets  the  rag  or  paper  protector,  with  which  he 
covers  his  hand  while  setting  the  siphon,  drop  into  the 
pan,  at  other  times  fragments  of  wood-shavings  or  saw- 
dust find  their  way  into  it ;  when  this  is  the  ease  the 
vitriol  well  deserves  its  name  of  brown  ;  perhaps,  under 
these  circumstances,  black  would  more  nearly  designate 
its  color.  When  such  an  accident  occurs,  it  is  usual 
to  destroy  this  black  or  brown  color  by  sprinkling  a 
small  quantity  of  some  highly  oxidizing  body  into  the 
vitriol  while  hot  in  the  pan ;  either  nitrate  of  potassa  or 
soda  answers  well  for  this  purpose.  Finely  powdered 
black  oxide  of  manganese  may  be  used.  These  bodies 
yield  up  sufficient  oxygen  to  the  black  matter  to  destroy 
it,  or  convert  it  into  some  colorless  body  which  does 
not  offend  the  eye. 

Monohydrated  Sulphuric  Acid — Rectified  Oil  of 
Vitriol — English,  Oil  of  Vitriol. — Brown  oil  of  vitriol 
is  not  sufficiently  strong  for  several  purposes ;  amongst 
others  may  be  enumerated  the  manufacture  of  the  dyeing 
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compound  known  in  commerce  as  extract  of  indigo, 
sometimes  called  sulphate  of  indigo.  Fuming  Nord- 
hausen  acid  is  often  directed  to  be  employed  in  the 
formation  of  this  body,  but  in  this  country  it  is  usual  to 
employ  the  strongest  English  sulphuric  acid.  In  order 
to  procure  this  acid  the  following  methods  are  adopted : 
■ — It  has  been  stated  previously  that  the  concentration 
cannot  be  safely  conducted  in  lead  beyond  the  density 
of  1'750,  for  if  driven  further,  not  only  would  the  metal 
be  rather  strongly  acted  upon,  but  there  would  be  con- 
siderable risk  of  the  pan-sides  falling  in,  in  consequence 
of  the  softening  of  the  lead;  so  high  would  the  degree 
of  heat  become  before  the  last  portion  of  water  could 
bo  driven  off.  The  further  concentration,  then,  must 
be  performed  in  vessels  made  of  a  material  which  will 
withstand  the  corrosive  action  of  the  boiling  acid,  and 
which  is  comparatively  infusible.  Glass  at  once  sug- 
gests itself  or  some  variety  of  earthenware,  such  as 
porcelain,  or,  amongst  the  metals,  platinum  or  gold. 
Of  the  former  two  glass  offers  most  advantages,  and 
of  the  two  latter  materials  platinum  is  preferable, 
inasmuch  as  it  resists  acids  quite  as  well,  and  is 
much  cheaper  than  gold.  Glass  has  been  employed  in 
the  concentration  of  vitriol  from  very  early  times,  per- 
haps from  the  period  when  sulphuric  acid  began  to  be 
understood,  and  its  manufacture  attempted  on  a  very 
small  scale,  doubtless  before  the  introduction  of  leaden 
pans.  Platinum,  on  the  other  hand,  is  a  comparatively 
late  introduction.  The  glass  vessels  employed  in  the 
last  concentration  of  sulphuric  acid,  or,  as  they  are 
technically  known,  retorts,  resemble  very  much  the 
bottles  or  carboys  used  to  transport  vitriol  from  place 
to  place.  Their  figure  is  shown  in  section  in  Fig.  592, 
which  represents  the  whole  arrangement  when  at  work. 


Fig.  592. 


These  retorts  vary  some  little  in  size,  manufacturers 
having  lately  begun  to  use  much  larger  ones  than  were 
formerly  employed.  Those  in  use  at  the  present  day 
are  capable  of  holding  more  than  twenty  gallons  of 
liquid,  inasmuch  as  after  the  rectification  or  concentra- 
tion there  remains  in  the  retort  sufficient  vitriol  to  fill 
two  carboys.    This  is  equal  to  twenty  gallons. 

The  mode  of  working  can  be  gathered  from  the 
drawing,  where  A  represents  the  fireplace;  the  flame,  et 
cetera,  from  the  fire  plays  round  the  cast-iron  pot,  c,  finally 
making  its  exit  into  the  flue,  d.    On  the  bottom  of  the 


iron  pot  just  mentioned  a  quantity  of  dry  sand  is  laid  ; 
and  on  this  the  retort,  B,  is  placed,  the  sand  serving  as 
a  steady  support  for  it.  The  retort  is  not,  as  is  some- 
times supposed,  surrounded  with  sand;  for,  if  this  were 
done,  it  would  run  some  risk  of  being  broken,  besides 
materially  retarding  the  cooling  when  the  rectification 
was  over. 

The  retort  being  placed,  as  in  the  drawing,  it  is  filled 
with  cold  brown  vitriol ;  and  when  this  is  done  the  fire 
is  lighted  ;  the  arm,  E,  is  put  into  its  place  ;  the  appa- 
ratus gradually  warms  up,  and  eventually  the  acid 
boils ;  water,  with  a  little  sulphuric  acid,  distils  off. 
This  vapor  passes  off  by  the  stoneware  arm,  E,  into 
the  leaden  draught-pipe,  F,  where  a  quantity  of  it 
condenses ;  but  the  greater  portion  finds  its  way  from 
thence  into  the  chimney.  The  contents  of  the  retort 
are  kept  boiling  for  some  hours,  or  until  the  brown 
color  entirely  disappears ;  for  this  appears  to  be  the 
only  reaction  by  which  to  determine  the  conclusion  of 
the  rectification.  It  would  appear  that  the  organic 
matter  resists  the  destroying  or  oxidizing  action  of  the 
acid,  until  it  has  reached  its  highest  point  of  concen- 
tration and  temperature.  When  the  clearing  has  taken 
place,  the  fire  is  withdrawn  from  beneath  the  pot ;  and 
the  whole  arrangement  is 
allowed  to  cool  down  to  a  safe  Fis- 693- 

temperature,  when  it  is  drawn 
off  into  carboys.  This  drawing  /^~^\ 
off  is  effected  by  a  peculiar  II  \\ 

siphon,  being  in  fact  what  is  // 
known    as   Mitscherlich's        //  \\ 
siphon  ;  but  in  this  case,  on  a       I  \\ 
rather  large  scale,  as  shown  in   -"JJ  \\ 
Fig.  593,  it  consists  of  a  siphon,  \\ 
with  the  shorter  of  its  two  legs  \\ 
turned  back  upon  itself,  as  \\ 
shown  at  a.    This  tumed-up  V 
portion  should  be  as  short  and 

as  close  to  the  siphon  leg  as  possible,  in  order  to  be  the 
more  easily  inserted  into  the  neck  of  the  retort ;  it  is 
rather  exaggerated  in  the  drawing.  In  order  to  withdraw 
the  concentrated  acid  from  the  retort,  the  workman 
first  removes  the  earthenware  arm;  the  siphon  is  filled 
with  water,  the  man  keeping  his  thumb  firmly  closed 
over  the  orifice  of  the  longer  leg.  The  shorter  leg  is 
inserted  into  the  retort,  and  gently  placed  on  the  bot- 
tom ;  the  workman  then  removes  his  thumb  for  a  few 
seconds,  until  the  acid  has  driven  before  it  the  water 
with  which  the  siphon  was  charged;  when  this  is  done, 
the  end  is  directed  into  a  carboy  which  has  been  placed 
in  readiness  by  an  assistant.  When  the  carboy  is  full 
the  orifice  is  again  closed  by  the  thumb,  while  the  full 
carboy  is  removed  and  replaced  by  another  empty  one. 
The  whole  range  of  retorts  are  emptied  in  this  manner. 

This  product  is  the  strongest  English  sulphuric  acid  ; 
it  is  colorless  or  nearly  so,  and  is  of  the  density  1'850, 
or  170°  on  Twaddell's  hydrometer. 

When  treating  of  the  commencement  of  this  process, 
the  retort  was  directed  to  be  filled  with  cold  brown  oil 
of  vitriol ;  it  was  supposed  in  this  case  that  the  retort 
was  newly  starting;  but  as  one  charge  is  now  sup- 
posed to  have  been  worked  off,  it  will  be  more  or  less 
warm,  and  the  introduction  of  cold  vitriol  at  this  junc- 
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ture  might  possibly  fracture  it.  Therefore,  it  will  be 
necessary  to  recharge  it  with  warm  vitriol,  or  with 
vitriol  as  nearly  the  same  temperature  as  the  retort  as 
possible  ;  and  this  must  be  made  a  rule,  if  annoyance 
would  be  avoided. 

It  is  usual  to  find  in  books  treating  of  this  matter, 
the  apparatus  for  rectifying  in  glass  described  as  con- 


sisting of  a  great  number  of  the  retorts,  with  their 
accompanying  sandpots,  et  cetera,  set  in  a  battery,  that  is, 
a  number  of  them  heated  by  one  fire.  Though  this  may 
have  been  the  case  at  one  time,  it  is  not  the  practice  or 
custom  to  operate  in  this  manner  at  the  present  day. 
Such  an  arrangement  could  not  have  worked  as  well 
as  the  present  one,  the  probabilities  being  that  the 
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retorts  which  were  placed  nearest  the  source  of  heat, 
would  arrive  at  their  maximum  point  of  concentration 
some  time  before  those  at  the  end  of  the  arrangement 
furthest  from  the  fire  were  finished;  in  such  a  case  it 
would  have  been  necessary  to  have  kept  on  firing  until 
the  whole  set  were  done.  The  result  would  be  that 
a  considerable  quantity  of  sulphuric  acid  would  have 
distilled  off  the  finished  retorts,  while  those  in  the  rear 
were  being  finished.  In  the  present  arrangement  each 
retort  is  by  itself,  has  its  own  fire,  and  consequently 
works  totally  independent  of  its  neighbors. 

The  defect  of  this  system  of  operating  is  the  great 
fragility  of  the  operating  vessel,  and  the  conse- 
quent liability  to  fracture  either  from  a  blow  or  other 
accident  of  the  kind,  or  from  change  of  temperature. 
The  room  or  shed  in  which  a  concentrating  plant  of 
this  description  is  working,  should  be  closed,  and  every 
precaution  taken  to  prevent  the  access  of  draughts  of 
cold  air  or  other  cooling  influence.  It  is  no  uncommon 
occurrence  for  two  or  three  retorts  to  be  cracked  round 
the  top,  from  the  sudden  rush  of  cold  wind  through  an 
opened  door,  in  such  a  manner  that  the  whole  upper 
part  of  the  retort  could  be  lifted  off ;  the  crack  having 
gone  completely  round  it,  and  severed  the  upper  por- 
tion as  completely  and  as  straight  along  the  protecting 
edge  of  the  sandpot,  as  though  it  had  been  done  with 
a  diamond.  Mr.  Jones  of  Bristol  took  out  a  patent 
in  the  year  1845,  for  a  protector  to  obviate  this 


accident.  The  protector  consisted  of  a  sort  of  sheet- 
iron  bell-jar,  if  such  a  term  may  be  used ;  this  bell-jar 
has  a  hole  cut  in  the  upper  portion,  so  that  the  whole 
may  be  placed  over  a  retort  when  in  work,  the  neck  of 
the  retort  protruding  through  this  orifice,  while  the 
lower  edge  of  this  cover  rested  on  the  upper  edge  of 
the  sand-pot.  Such  an  arrangement  effectually  protects 
this  part  of  the  retorts  from  cold  draughts,  or  drops  of 
cold  liquid,  which,  as  may  bo  easily  imagined,  are 
equally  destructive.  In  fact,  any  cool  or  cold  body 
coming  in  contact  with  the  heated  glass  is  fatal  to  it, 
causing  much  inconvenience ;  for  not  only  is  the  retort 
itself  destroyed,  but  the  contents  are  lost,  also  creating 
the  greatest  annoyance  and  discomfort,  for  the  vitriol 
trickles  or  runs  out,  and,  coming  in  contact  with  the 
red-hot  pot,  is  converted  into  vapor  of  a  most  suffo- 
cating kind,  filling  the  whole  place.  This  calamity  is 
without  remedy ;  and  even  though  a  remedy  were  to 
present  itself,  it  would  be  impossible  to  enter  the  place, 
and  apply  it,  without  running  considerable  risk  of  suf- 
focation. 

These  risks  and  drawbacks  were  doubtless  the  stimu- 
lants which  brought  out  the  platinum  retort,  this  costly, 
but  efficient  substitute  being  safe  from  the  casualties 
just  described.  This  retort,  with  its  appendages,  is 
shown  in  Figs.  594  and  595.  The  former  is  a  vertical 
section  in  front;  a,  is  the  body  of  the  retort;  6,  the 
head;  c,  a  platinum  tube  leading  from  the  head  to  a 
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leaden  worm,  which  worm  is  kept  immersed  in  water ; 
e  is  a  platinum  funnel,  the  tube  of  which  is  S-shaped,  to 
prevent  the  return  of  any  vapor.  The  brown  acid 
which  is  kept  in  the  cistern,/,  under  which,  the  waste 
heat  passes,  is  run  into  the  body  of  the  retort  without 
the  aid  of  any  tap  or  valve  by  means  of  the  at-first 
sight  rather  complicated,  but  really  simple  apparatus 
shown  in  the  figure,  where  g  represents  a  round  vessel 
in  which  a  tube,  h,  is  inserted  very  near  to  the  bottom; 
i  is  another  leaden  vessel,  which  has  a  slit  in  the  side 


from  the  top  nearly  to  the  bottom,  along  which  slit  the 
tube,  h,  slides,  when  the  vessel,  g,  is  moved  up  or  down 
by  means  of  the  chain  and  pulley.  A  siphon,  which  is 
kept  constantly  set,  connects  the  stock  cistern,/,  with 
the  vessel,  g.  The  apparatus,  when  in  the  inactive 
state,  as  represented  by  the  dotted  lines,  is  as  follows  : 
— The  siphon  is  full  of  vitriol,  but  the  surface  of  the 
acid  in  the  cistern  being  on  a  level  with  that  in  vessel 
g,  no  flow  can  take  place ;  when  the  vessel,  g,  is 
lowered,  the  levels  become  altered  ;  and  as  the  leg.  of 
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the  siphon,  which  is  in  vessel  g,  becomes  the  longer,  the 
acid  begins  to  run  into  this  vessel,  and  from  this  into 
vessel  i,  and  thence  into  the  funnel. 

The  other  portions  of  the  apparatus  being  at  the  back, 
are  shown  in  Fig.  594,  which  is  a  side  view;  a,  as  before, 
is  the  body  of  the  retort;  i,  is  a  platinum  tube  about 
three-fourths  of  an  inch  in  diameter,  in  which  a  glass 
float  is  placed  to  indicate  the  depth  of  liquid  in  the 
still;  c,is  a  siphon,  also  of  platinum,  of  the  same  diameter 
as  the  tube  just  mentioned.  This  siphon  is  inclosed 
in  an  iron  tube,  d ;  between  these  two  tubes  a  current 
of  water  can  be  passed.  The  siphon  terminates  in 
a  platinum  tap  at  d.  The  body  of  the  still  rests  on  a 
circular  tile  of  refractory  clay;  the  fire  being  below  this 
tile,  the  flame  rises  at  the  back  of  the  still,  circulates 
round  the  sides,  and  finally  passes  from  thence  under 
the  stock-pan.    The  course  is  shown  in  Fig.  595. 

The  mode  of  working  this  still  is  as  follows  : — The 
workman  fills  up  his  still  a  few  inches  above  the  highest 
point  the  flame  is  likely  to  reach ;  the  fire  is  lighted 
and  kept  on  until  the  contents  are  brought  to  boiling. 
The  concentration  then  commences  ;  vapor  passes  off 
through  the  head  and  conducting  tube  into  the  worm, 
where  it  again  resumes  the  liquid  form,  running  out 
into  a  vessel  placed  to  receive  it.  This  liquid  is  always 
acid,  but  at  first  it  is  very  weak ;  it  eventually  reaches 
a  density  of  1-2400.  "When  this  strength  is  attained, 
the  workman  knows  that  the  highest  degree  of  con- 
centration is  arrived  at.  If  the  running-off  siphon,  c, 
is  not  set,  he  proceeds  to  do  this  by  closing  the  tap,  d. 
The  two  plugs  are  removed  in  the  funnel,/,  and  the 
siphon  is  filled  with  vitriol ;  the  plugs  are  replaced.  Tt 


now  only  remains  to  open  the  tap,  when  the  contents 
of  the  still  begins  to  run  off.  The  tap  is  allowed  to 
remain  open,  until  from  three  to  four  inches  of  the  still 
contents  are  drawn.  The  workman  is  guided  in  this 
by  the  indications  of  the  glass  float  before  spoken  of, 
which  serves  as  a  gauge.  The  acid  falls  into  the 
cup,  g,  thence  it  flows  through  the  serpentine  coil  of 
pipe,  h,  7i,  h,  which  is  immersed  in  water ;  and  finally 
it  emerges  still  slightly  warm  at  the  end  of  the  coil, 
and  runs  into  the  receiving  vessel,  i,  which  vessel 
stauds  within  another  one,  a  stream  of  cold  water 
from  the  tap,  7c,  circulating  between  the  two.  The 
water  tap,  j,  is  also  turned,  when  running  off,  so  that  a 
stream  of  cold  water  cools  the  siphon  itself.  When 
the  operation  is  over,  the  workman  proceeds  to  repeat 
the  course  of  operations  just  described ;  he  fills  up  his 
still  to  its  former  level,  attends  to  his  fire,  heats  it  up  to 
the  proper  point,  and  again  allows  the  acid  to  run  off. 

Such  an  apparatus,  the  still  itself  having  a  capacity 
of  from  seventy  to  eighty  gallons,  is  capable  of  pro- 
ducing thirty  carboys  of  rectified  oil  of  vitriol  in  twelve 
hours,  two  carboys  being  all  that  a  glass  retort  could 
produce  in  twenty  hours ;  but  this  of  course  is  owing  to 
the  latter  requiring  such  alength  of  time  to  elapse  before 
its  contents  can  be  safely  drawn  off.  A  retort  of  the 
above  dimensions,  with  the  siphon  and  float  case,  costs 
about  fifteen  hundred  pounds,  the  price  varying  accord- 
ing to  the  thickness  of  metal,  and  consequently  weight 
of  platinum,  yet  it  is  generally  admitted  to  be  a  more 
economical  plan  of  operating  than  the  glass  retort  sys- 
tem. But  it  is  not  free  from  disadvantages;  it  is  neces- 
sary to  be  eareful  that  the  vitriol  contains  no  nitrous 
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compound,  for  if  this  be  the  case,  the  platinum  is  rapidly, 
attacked.  To  obviate  this,  it  is  usual  to  add  a  quantity 
of  sulphate  of  ammonia  to  the  acid,  while  in  the  leaden 
concentrating  pan,  before  it  enters  the  still;  the  action 
of  this  salt  is  to  decompose  the  nitrous  body  usually 
existing  in  vitriol.  It  is  supposed  that  the  following  is 
the  decomposition  wdiich  takes  place,  assuming  nitrous 
acid  to  be  the  body  present : — 

NHS,  S03  +  NOa  =  S03  +  2  N  +  3  HO. 

This  may  occur  in  some  cases,  but  it  is  not  the 
invariable  result.  If  a  little  sulphate  of  ammonia  be 
dissolved  in  a  small  quantity  of  the  nitrous  vitriol  of 
Gay-Lussac's  column,  and  the  whole  heated  in  a  test 
tube,  either  N02  or  K03  is  evolved ;  nitrogen  very  pro- 
bably is  given  off  at  the  same  time,  but  it  is  not  the 
only  body  eliminated.  When  a  rather  large  excess  of 
sulphate  of  ammonia  is  employed,  sulphide  of  hydrogen 
is  formed  in  the  still,  and  can  be  detected  by  the  smell 
at  the  end  of  the  condensing  worm;  undoubted  evi- 
dence of  its  presence  has  been  detected  by  means  of 
lead  paper.  The  only  rule  that  can  be  laid  down  for 
guidance  as  to  the  quantity  to  be  used,  is  the  addition 
of  an  increased  quantity  of  the  salt  each  day  until 
nitrous  bodies  cannot  be  detected  in  the  finished  vitriol ; 
the  workman  at  last  obtains  a  good  idea  of  the  quantity 
to  be  added. 

Sulphuric  acid  is  brought  to  a  saleable  condition  by 
the  employment  of  one  or  other  of  the  methods  just 
described ;  but  although  these  methods  are  universally 
employed,  others  have  been  proposed.  The  patentee 
who  proposed  to  generate  the  steam  necessary  for  the 
chamber  by  the  combustion  of  the  sulphur,  also  pro- 
posed to  concentrate  vitriol 
or  any  other  liquid  by  means 
of  the  heat  from  this  source, 
hitherto,  in  the  inventor's 
opinion,  wasted.  The  idea 
is  very  ingenious,  perhaps 
more  so  than  practical ;  but 
it  would  appear  to  be  doubt- 
ful whether  it  is  possible  to 
concentrate  vitriol  at  all  by 
this  process.  The  proba- 
bility is  that  the  sulphur 
would  begin  to  sublime  before  the  vitriol  could  be 
brought  to  the  proper  strength.  The  process  is  not 
iu  use  in  any  part  of  the  country,  so  that  one  may 
naturally  infer  that  it  is  without  practical  value. 

Perhaps  the  most  ingenious  proposal  for  the  concen- 
tration of  vitriol  is  the  one  about  to  be  described,  the 
prevailing  principle  of  which  is  that  of  carrying  over 
its  surface  streams  of  hot  air,  which,  liberating  and 
combining  with  the  water,  carries  it  off.  The  apparatus 
consists  of  two  distinct  portions,  the  one  devoted  to  the 
production  of  highly  heated  air,  and  the  other  to  the 
concentration.  The  former  portion  of  the  apparatus 
consists  of  a  series  of  iron  pipes,  a — Fig.  597 — set  in 
brickwork ;  these  tubes  are  heated  externally  by  the 
flame  of  the  furnace,  J,  the  products  of  combustion  from 
which  pass  up  the  space,  c ;  they  then  descend  and  cir- 
culate round  the  tubes,  finally  making  their  exit  into  the 
main  flue  by  means  of  the  openings,  d.    The  cold  air 


Fig.  598. 


from  without  enters  the  lower  ends  of  the  tubes  which 
project  into  the  arched  recess,  e,  passes  up  them,  and, 
becoming  highly  heated  during  its  progress,  enters  the 
space,  /,  and  passes  along  the  wide  iron  tube,  g,  and 
thence  into  the  concentrator.  The  portion  of  the 
apparatus  devoted  to  the  concentration  is  constructed 
entirely  of  lead ;  it  consists  of  two  concentric  cylinders, 
h,  h,  made  of  half-inch  lead;  i  i,  is  a  small -space,  the 
use  of  which  will  be  explained  hereafter,  which  exists 
between  them;  both  cylinders  are  closed  at  the  bottom 
by  being  fused  on  to  one  sheet  of  lead ;  the  inner  cylin- 
der is  partially  closed  at  the  top,  space  only  being  left  for 
joining  on  the  leaden  tube,  j,  which  is  a  continuation 
of  the  iron  tube,  g,  spoken  of  before,  and  is  for  the 
conveyance  of  the  heated  air.  The  inner  column  or 
cylinder  is  filled  with  coke,  or  other  suitable  material, 
which  offers  a  large  surface  for  the  acid  to  spread  itself 
over,  at  the  same  time  being  unattacked  by  it.  The 
following  is  the  method  of  working  this  apparatus  : — 
The  opening  into  the  arched  recess  from  which  the 
cold  air  is  drawn  must  be  closed,  or  if  there  be  a 
damper  or  register  beyond  the  concentrator  between 
it  and  the  chimney,  this  must  be  pushed  in.  The 
furnace  must  be  heated  up  until  the  pipes  and  the 
chamber  containing  them  are  of  a  good  red  heat.  This 
state  of  preparation  having  been  arrived  at,  the  vitriol 
to  be  concentrated  must  be  run  on  to  the  top  of  the 
inner  cylinder;  it  runs  down  and  fills  up  the  space 
existing  between  the  two  cylinders,  rising  up  to  the 
mouths  of  and  running  down  the  tubes,  k,  k\  these 
tubes  are  covered  with  lead  caps,  the  bottom  edge  of 
these  being  immersed  in  the  vitriol  from  an  air-tight 
joint,  which  prevents  any  cold  air  being  drawn  in. 
The  vitriol  on  flowing  through  these  tubes  spreads 
itself  over  the  whole  surface  of  the  coke,  wetting  it 
thoroughly.  When  sufficient  vitriol  has  been  run  in 
to  saturate  the  whole  of  the  coke,  the  hot-air  current  is 
allowed  to  enter  it,  penetrates  every  space  and  crevice 
in  the  mass,  and  heating  the  vitriol  up  to  a  high  point, 
carries  off  its  water  finally  when  saturated,  making  its 
exit  into  the  chimney  by  means  of  the  wide  tube  or 
pipe,  L.  The  vitriol  becomes  more  and  more  concen- 
trated, the  nearer  it  approaches  the  lower  part  of  the 
cylinder.  When  it  has  arrived  at  this  point,  if  the 
amount  of  acid  and  hot  air  have  been  proportioned  to 
each  other,  it  will  be  found  to  be  fully  concentrated. 
It  collects  in  a  stratum  at  the  bottom,  until  the  surface 
rises  sufficiently  high  to  flow  off  into  a  proper  reservoir 
or  cistern  through  a  bent  tube,  M.  The  use  of  the 
double  cylinder  has  two  advantages — it  heats  the  sul- 
phuric acid  somewhat,  previous  to  its  admission  into 
what  may  be  called  the  concentrator  proper ;  and  also 
keeps  the  latter  cool,  or  rather  lessens  the  risk  of  its 
fusing  if  too  great  a  heat  should  be  employed. 

The  apparatus  in  the  form  just  described,  though 
capable  of  concentrating  vitriol,  cannot  be  said  to  be  a 
success.  The  fusion  of  the  lead  in  the  upper  portion 
was  the  weak  point  in  this  invention  ;  in  order  to  work 
the  apparatus  with  practical  efficiency,  it  was  necessary 
to  have  the  air  highly  heated,  in  fact  the  current  of  air 
"may  be  said  to  have  been  red  hot.  Under  these  cir- 
cumstances it  was  almost,  impossible  to  avoid  the  fusion 
of  the  lead  tube  which  conveyed  the  hot  air  from 
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the  heater.  This  great  difficulty,  combined  with  some 
minor  ones  which,  however,  might  be  obviated,  caused 
the  inventor  to  relinquish  the  idea.    Although  not  an 

Fig.  697. 


invention  or  process  capable  of  being  carried  on  in  its 
present  shape,  yet,  in  the  hands  of  a  patient  operator, 
it  might  be  made  to  yield  better  results.    It  would 


probably  be  a  work  of  no  little  trouble,  and  expense, 
yet  if  the  anticipated  result  could  be  obtained,  it  would 
amply  repay  any  trouble  or  expense  that  might  be 
expended  upon  it. 

Proposed  Improvements  in  Manufacturing  Sulphuric 
Acid. — The  efforts  of  inventors  in  connection  with  sul- 
phuric acid,  would  appear  to  have  been  directed  to  the 
substitution  of  some  apparatus  of  smaller  bulk,  and  less 
costly  in  construction,  than  the  leaden  chambers  ordi- 
narily employed.  Perhaps  the  simplest  process  embody- 
ing the  above  idea  is  that  of  Messrs.  M'Dougall  and 
Kawson,  who  included  it  in  a  patent  obtained  by  them 
in  1848.  It  consists  essentially  in  passing  a  stream  of 
sulphurous  acid  gas  through  nitric  acid  by  which  sul- 
phuric acid  and  binoxide  of  nitrogen  —  N02 — are 
obtained  as  follows : — 

3  S02  +  N06  =  3  S03  +  N02, 

but  the  great  point  of  the  process  is  the  continual  con- 
version and  reconversion  of  this  N02  into  nitric  acid, 
to  be  again  used  as  before.  The  inventors  say,  that  the 
reaction  which  ensues  may  be  best  described  by  sym- 
bols. Thus  when  3  N04 — the  N02  evolved  in  the  first 
reaction  becoming  N04  by  combining  with  the  excess 
of  oxygen,  which  as  atmospheric  air  accompanies  the 
sulphurous  acid — is  passed  into  water  at  a  temperature 
of  100°,  or  upwards,  2  N05  +  N02  results.  This 
N04— or,  two  atoms  of  nitric  acid — remains  in  solu- 


tion, wliile  the  N02,  which  is  an  incondensable  gas, 
bubbles  through  the  liquid,  and,  mixing  with  the  air 
which  is  above  the  liquid,  instantly  takes  two  atoms  of 
oxygen  from  it,  and  becomes  N04;  which,  passing  again 
through  the  liquid,  becomes  nitric  acid  and  nitrous  gas  as 
before  :  and  thus  nearly  the  whole  of  the  nitrous  fumes 
or  gas  is  reconverted  into  nitric  acid.  It  should  be 
observed  that  the  use  of  this  reaction  is  claimed  in 
connection  with  several  processes,  such  as  the  manu- 
facture of  oxalic  acid,  et  cetera;  but  with  regard  to 
sulphuric  acid,  they  further  say — In  our  improved 
method  of  manufacturing  sulphuric  acid,  we  use  a  series 
of  vessels,  similar  to  that  described  in  the  first  part 
of  our  invention — a  modification  of  Woulfe's  bottles, 
in  fact — only  that  the  first  vessel  of  the  series  is  con- 
nected with  a  sulphur  burner.  The  mode  of  working 
is  to  fill  the  first  vessel  two-thirds  full  of  nitric  acid, 
and  all  the  others  one-third  full  of  water,  to  charge  the 
burner  with  sulphur,  and  then  to  put  in  motion  the 
pneumatic  apparatus  connected  with  the  last  vessel  of 
the  series.  Air  is  thus  drawn  over  the  ignited  sulphur, 
so  that  sulphurous  acid  and  air  pass  into  a  solution  of 
nitric  acid  in  the  first  vessel,  when  a  portion  of  the 
sulphurous  acid  is  converted  with  sulphuric  acid,  at  the 
expense  of  the  nitric  acid ;  while  the  uncondensed 
sulphurous  acid  passes  into  the  air,  and  nitrous  gas  . 
into  the  next  vessel ;  and  so,  as  in  the  first  part  of  the 
invention,  we  pass  it  alternately  into  water  and  air,  till 
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the  processes  of  oxidation  and  condensation  are  com- 
plete. When  the  working  has  been  continued  for  some 
time,  we  find  that  the  nitric  acid  has  entirety  passed 
from  the  first  vessel,  and  we  have  in  its  place  sulphuric 
acid-  nearly  pure.  The  same  would  take  place  with 
each  of  the  other  vessels  of  the  series,  if  the  nitric  acid 
which  has  been  condensed  in  the  vessels  lower  in  the 
series,  was  not  again  returned  to  the  higher  ones,  so 
that  when  we  find  the  first  vessel  exhausted  of  its 
nitric  acid,  we  remove  the  sulphuric  acid  which  it  con- 
tains, and  supply  it  again  with  nitric  acid,  obtained 
from  vessels  lower  in  the  series.  We  thus  produce 
sulphuric  acid  without  the  loss  of  nitric  acid;  as  the 
lower  oxides  of  nitrogen,  given  off  in  the  oxidation  of 
sulphuric  acid,  are  again  converted  into  the  higher 
oxides,  and  again  used  for  the  conversion  of  sulphu- 
rous acid  into  sulphuric. 

The  principle  embodied  in  this  process,  namely,  the 
perfect  recovery  of  the  nitric  acid,  has  been  the  pre- 
vailing idea  of  many  inventors.  Some  of  the  other 
processes  to  he  described  are  based  on  the  same 
reaction.  About  the  same  time  as  the  date  of  the 
above  patent,  an  ingenious  modification  of  their  pro- 
cess was  being  experimented  on,  of  which  the  following 
description  is  an  outline: — The  apparatus  consisted  of 
a  burner  for  the  production  of  sulphurous  acid,  and 
an  ingenious  substitute  for  the  Woulfe's  bottles  of 
the  last-described  process.  The  burner,  a — Fig.  598 — 
consisted  of  an  iron  chamber,  closed  up  tight,  with  the 
exception  of  an  inlet  pipe  for  the  admission  of  air  for 
combustion,  and  an  exit  pipe  for  the  sulphurous  acid, 
proper  means  being  allowed  for  the  introduction  of 
the  sulphur.  The  condensing  or  the  conversion  part 
of  the  apparatus  consisted  of  two  leaden  troughs  or 
cisterns ;  but,  as  they  were  exact  counterparts  of  each 
other,  a  description  of  one  will  suffice.  This  trough, 
shown  in  section  in  the  figure,  has,  what  may  not 
be  inappropriately  called  a  false  top,  b,  a  few  inches 
below  the  real  top,  c.  This  false  top,  which  was 
to  all  intents  a  sort  of  shelf,  had  borders  or  edges  sol- 
dered on  to  it  in  such  a  manner  that  had  it  been  taken 
out  and  laid  down  with  its  under  side  upwards,  it 
would  have  resembled  a  large,  shallow,  square  dish. 
This  shelf,  as  just  stated,  was  fastened  inside  the  cis- 
tern, within  a  few  inches  of  the  top,  and  in  an  inclined 

Fig.  598. 


position,  so  that  one  end  was  rather  higher  than  the 
other  by  about  two  inches,  thus  giving  it  a  gentle  slope — 
the  use  of  this  will  be  seen  when  describing  its  action. 
VOL.  II. 


To  work  this  apparatus  the  two  cisterns  were  first 
filled  with  water  or  weak  vitriol,  and  the  vessel,  d, 
was  filled  with  nitric  acid  ;  a  quantity  of  sulphur  was 
introduced  into  the  burner,  and  a  coal  fire  ignited 
beneath  it ;  a  stream  of  air  was  then  turned  on  through 
the  tube  shown  in  front  of  the  burner,  this  stream  of 
air  being  supplied  by  a  pair  of  bellows,  or  other  suit- 
able apparatus ;  when  the  burner  attained  a  sufficiently 
high  temperature,  the  sulphur  ignited ;  sulphurous  acid 
became  generated ;  this  proceeded  along  the  pipe,  e, 
and  was  discharged  beneath  the  shelf,  b.  At  this  point  it 
was  met  by  a  small  stream  of  nitric  acid,  which  trickled 
from  the  vessel,  the  gases  rolled  beneath  the  shelf,  and 
from  thence  beneath  the  shelf  of  the  second  vessel. 
The  reactions,  it  is  scarcely  necessary  to  observe, 
must  have  been  precisely  the  same  as  those  in  the 
last-described  process;  the  gases  in  this  case  being 
kept  continually  in  contact  with  both  air  and  water, 
and  not  alternately,  as  in  the  former  case. 

If,  in  the  instances  last  given,  the  recovery  and  ad 
infinitum  use  of  the  nitrous  gas  has  been  the  object, 
other  methods  have  been  invented  or  discovered  by 
which  the  use  of  this  body  is  proposed  to  be  dispensed 
with  altogether.  In  this  latter  class  of  projects,  the 
oxidation  of  the  sulphurous  acid  has  been  sought  to  bo 
effected  by  the  use  of  some  catalytic  agent,  no  cheap 
chemical  body  of  an  oxidizing  character  having  pre- 
sented itself  capable  of  successfully  rivalling  the  nitrates. 
The  use  of  spongy  platinum,  in  consequence  of  its 
possessing  the  requisite  property  in  a  high  degree,  natu- 
rally was  the  first  suggestion.  Parnell  says  this  was 
attempted  by  Mr.  Peregrine  Phillips.  His  process 
consisted  in  simply  mixing  the  sulphurous  acid  with 
excess  of  oxygen  in  the  shape  of  atmospheric  air,  and 
passing  this  mixture  over  balls  of  spongy  platinum  at  a 
red  heat.  The  combination  took  place,  and  the  vapor 
was  received  and  brought  to  a  liquid  state  by  means  of 
a  condenser,  like  those  already  described,  consisting  of 
a  column  filled  with  pebbles,  kept  constantly  wet  by  a 
stream  of  water. 

Eventually  it  was  discovered  that  platinum  was  not 
the  only  body  adapted  to  the  purpose ;  other  porous 
materials,  it  was  found,  were  capable  of  effecting  the 
desired  union  of  oxygen  and  sulphurous  acid ;  for 
Schneider  states  that  he  has  succeeded  in  converting 
sulphurous  acid  directly  into 
sulphuric  acid  by  means  of 
a  porous  body,  for  instance, 
pumicestone,  and  that  this  pro- 
cess may  be  employed  for 
manufacturing  sulphuric  acid 
of  170°  Twaddell,  without  the 
necessity  of  leaden  chambers 
or  of  platinum  retorts.  This 
has  the  advantage  of  being  an 
immeasurably  cheaper  material 
although  it  can  scarcely  be  so 
active. 

M.    Blondeau  describes 
another  process  of  the  same 
nature  as  the  last.    The  author  has  studied  the  pro- 
duction of  sulphuric  acid  in  certain  natural  con- 
ditions.   He  instances  the  Rio  Vinagre  Pasiambo  in 
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South  America,  the  water  of  which,  he  says,  according 
to  an  estimate  of  Boussingault,  supplies  something 
like  thirty-four  tons  of  sulphuric  acid  in  twenty-four 
hours ;  and  also  another  instance  in  which  three  times 
this  quantity  was  produced.  M.  Blondeau  also  exa- 
mined the  production  of  certain  natural  sulphates,  such 
as  those  of  potassa,  soda,  alumina,  et  cetera,  and  the 
conditions  under  which  they  are  produced.  Reasoning 
from  his  observations,  he  was  induced  to  try  whether 
certain  natural  conditions,  under  which  sulphuric  acid 
was  produced,  could  not  be  imitated  in  the  laboratory  ; 
he  succeeded  in  the  following  manner  : — A  quantity  of 
argillaceous  sand  was  placed  in  a  porcelain  tube  laid 
across  a  furnace,  an  apparatus  for  generating  sulphurous 
acid  was  attached  to  one  end,  together  with  a  tube  from 
a  gasometer  containing  air,  and  a  retort  for  generating 
steam.  A  tube  was  attached  to  the  other  end  of  the 
retort,  which  led  into  a  small  vessel  containing  water, 
for  the  purpose  of  condensing  any  sulphuric  acid  which 
might  be  formed.  The  tube  was  heated  red  hot,  and 
a  slow  stream  of  mixed  air,  steam,  and  sulphurous  acid 
was  passed  through  it.  At  the  end  of  the  experiment 
a  quantity  of  sulphuric  acid  was  found  in  the  condens- 
ing flask.  M.  Blondeau  suggests  this  as  a  mode  of 
making  sulphuric  acid  on  the  large  scale. 

WoHl.KR  has  given  us  the  results  of  some  inter- 
esting experiments  on  the  production  of  sulphuric  acid 
by  the  instrumentality  of  certain  metallic  oxides,  some 
acting  catalytically,  others  as  simple  oxides,  yielding 
up  a  portion  of  their  oxygen,  themselves  being  con- 
verted into  lower  oxides.  He  passed  a  mixture  of 
sulphurous  acid  and  oxygen  over  several  metallic  oxides 
placed  in  a  porcelain  tube,  and  kept  at  a  red  heat ;  but 
he  does  not  say  whether  he  passed  water  vapor  simul- 
taneously with  them.  He  says  that  oxide  of  copper,  ses- 
quioxide  of  iron,  and  oxide  of  chromium ,  each  separately 
employed,  instantly  caused  the  production  of  dense 
white  fumes  of  sulphuric  acid.  A  mixture  of  oxide  of 
copper  and  oxide  of  chromium,  prepared  by  precipita- 
tion, had  in  particular  a  very  energetic  action.  The 
same  amount  of  oxide  appeared  capable  of  converting 
an  indefinite  quantity  of  the  gases  into  sulphuric  acid. 
He  goes  on  to  say  that  the  production  of  sulphuric  acid 
proceeds  so  readily  that  the  process  will  undoubtedly 
become  practically  employed.  When  sulphurous  acid 
alone  is  passed  over  oxide  of  copper  or  iron,  the  first 
is  reduced  to  red  oxide — Cu2  0, — and  the  latter  to  black 
o.\ide — Fe3  04 — with  production  of  sulphuric  acid 
vapors ;  but  which,  however,  cease  to  appear  as  soon  as 
the  reduction  is  complete.  Wohler  gives  the  reaction 
of  several  other  bodies ;  he  also  states  that  sulphurous 
acid,  oxygen,  and  water  vapor,  passed  through  a  tube 
alone,  do  not  give  rise  to  any  sulphuric  acid. 

These  ideas  of  Wohler  appear  not  to  have  passed 
without  notice,  but  on  the  contrary  have  been  most 
unceremoniously  claimed  and  patented. 

Mr.  G.  Robd,  in  a  patent  which  he  obtained,  March 
26th,  1853,  proposes  passing  sulphurous  acid  and 
heated  air  over  the  surface  of  heated  sesquioxide  of  iron 
— sulphuric  acid  is  the  product.  He  proposes  also  to 
take  up  the  sulphuric  acid  as  formed,  by  passing  sulphu- 
rous acid  mixed  with  air  over  a  mixture  of  sesquioxide 
of  iron  and  common  salt — sulphate  of  soda  is  formed. 


Alfred  Tuueman  obtained  a  patent  for  improve- 
ments in  the  manufacture  of  sulphuric  acid  when 
roasting  copper  ores,  et  cetera.  This  invention  consists 
in  passing  the  sulphurous  acid  resulting  from  the 
roasting  copper  ores,  mixed  with  oxygen,  atmospheric 
air,  or  other  suitable  material  containing  oxygen,  in 
contact  with  heated  platinum,  oxide  of  iron,  or  other 
substance,  having  in  a  heated  state  the  property  of 
causing  the  combination  of  sulphurous  acid  and  oxygen. 
The  inventor  also  claims  these  bodies  when  diffused  in 
burnt  clay,  pumicestone,  or  other  suitable  body. 

Another  process  proposed  for  the  manufacture  of  sul- 
phuric acid  is  that  of  M.  Margueritte.  It  is  entirely 
different  from  any  yet  described ;  it  consists  essentially 
in  the  separation  of  the  already  formed  sulphuric  acid 
from  sulphate  of  lime.  It  is  aB  follows : — Phosphate 
of  lead  is  decomposed  by  hydrochloric  acid ;  the  phos- 
phoric acid  thus  obtained  is  mixed  with  sulphate  of 
lime,  and  the  mass  is  calcined,  when  phosphate  of  lime 
remains  and  sulphuric  acid  is  expelled.  The  phosphate 
of  lime  is  decomposed  by  boiling  with  the  chloride  of 
lead  already  obtained,  when  phosphate  of  lead  is  again 
produced;  this  is  again  decomposed  by  hydrochloric 
acid,  and  the  phosphoric  acid  set  free  again  employed  in 
the  decomposition  of  a  fresh  portion  of  sulphate  of  lime. 
In  this  process  the  hydrochloric  acid  is  lost  in  the  form 
of  chloride  of  calcium.  It  must  consequently  always 
be  replaced,  but  when  the  sulphuric  acid  produced  is 
employed  in  the  decomposition  of  common  salt  for  the 
production  of  sulphate  of  soda,  the  necessary  quantity  of 
hydrochloric  acid  is  always  reproduced,  with  the  excep- 
tion of  unavoidable  losses.  By  this  process  sulphuric 
acid  may  be  separated  from  sulphate  of  baryta  and 
other  sulphates.  He  then  proceeds  to  state  that,  if 
necessary,  quantities  of  hydrochloric  acid  may  be  ob- 
tained from  chloride  of  magnesium  by  heating  it  to 
redness  when  it  is  decomposed,  especially  when  mixed 
with  clay.  This  process  is,  however,  not  very  likely  to 
come  into  operation ;  it  would  require  more  hydrochloric 
acid  than  the  author  appears  to  calculate  upon.  If  the 
composition  of  bone  earth  were  CaO  P05,  there  would 
be  a  possibility  of  making  vitriol  by  the  reproduced 
hydrochloric  acid. 

Sulphate  of  lead  has  been  patented  for  the  same  pur- 
pose, by  decomposing  it  with  strong  hydrochloric  acid — 

Pb  0,  S03     +     H  CI     =     Pb  CI     -f     HO  S03 

Sulphate  of  Hydrochloric  Chloride  Sulphuric 

luad.  acid.  of  load.  acid. 

Impurities  in  Sulphuric  Acid. — Sulphuric  acid  of 
commerce  invariably  contains  lead.  It  is  not  difficult 
to  account  for  the  presence  of  this  body  when  one  reflects 
how  much  the  acid  is  in  contact  with  this  metal  in  the 
chambers,  concentrating  pans,  et  cetera.  Lead  always 
makes  its  appearance  as  sulphate  when  strong  acid  is 
diluted  with  water,  the  concentrated  liquid  being  able 
to  dissolve  a  portion  of  this  salt  which,  when  diluted,  it 
is  not  able  to  retain.  Nitrous  compounds  are  found  also, 
together  with  traces  of  hydrochloric  acid.  Traces  of 
selenium  have  also  been  detected.  Arsenic  is  a  com- 
mon impurity,  derived  usually  from  the  iron  pyrites, 
from  which  much  acid  is  made.  Traces  of  arsenic 
have  also  been  detected  even  in  vitriol  made  from 
commercial  sulphur.    Sesquisulphate  of  iron  has  also 
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been  found  to  be  present.  For  the  great  majority  of 
purposes  these  impurities  are  not  found  inconvenient 
in  the  arts;  while,  on  the  other  hand,  for  some  special 
uses,  a  process  of  purification  must  be  had  recourse  to. 

Purification. — When  this  is  required  for  analytical 
or  other  purposes,  distillation  must  be  had  recourse  to. 
This,  in  the  case  of  sulphuric  acid,  is  a  disagreeable 
process,  not  altogether  free  from  danger,  from  the 
violent  concussions  occurring  in  the  retort.  It  is  usual 
to  put  a  quantity  of  strips  or  fragments  of  platinum  into 
the  acid  to  obviate  this  bumping.  A  very  simple 
condensing  arrangement  is  necessary.  The  beak  of  the 
retort  merely  requires  insertion  rather  loosely  into  the 
neck  of  a  flask  or  wide  tube. 

For  the  purification  of  sulphuric  acid  from  peroxide 
of  nitrogen,  nitric,  or  arsenious  acids,  Dr.  J.  LbWB 
recommends  heating  it,  in  the  first  place,  with  oxalic 
acid.  This  acid,  heated  with  strong  sulphuric  acid, 
becomes  first  dehydrated,  and  then,  as  is  well  known, 
decomposes.  Carbonic  acid  and  carbonic  oxide  gases 
are  given  off.  This  carbonic  oxide,  being  in  the  nascent 
state,  has  a  strong  tendency  to  deoxodize  any  highly 
oxidized  body;  therefore  the  peroxide  of  nitrogen  and 
nitric  acid  give  up  a  portion  of  their  oxygen,  becom- 
ing reduced  to  nitrogen,  or  nitrous  oxide — NO — which 
bodies  are  not  capable  of  being  retained  by  the  sulphuric 
acid,  and  therefore  fly  oft.  A  temperature  of  230° is  requi- 
site ;  at  this  heat  the  oxalic  acid  readily  decomposes ; 
it  is  added  to  the  sulphuric  acid,  to  be  purified  in  small 
proportions  in  a  dry  state,  as  long  as  the  sulphuric  acid 
continues  of  a  yellow  tinge,  and  until  a  sample  allowed 
to  cool  fails  to  show  the  presence  of  nitrous  compounds, 
when  heated  with  protosulphate  of  iron.  The  same 
author  proposes  eliminating  the  arsenic  from  sulphuric 
acid  by  converting  it  into  chloride  of  arsenic,  which  is 
very  volatile.  The  vitriol  is  heated  in  a  flat  dish,  and 
small  quantities  of  finely  powdered  chloride  of  sodium 
are  added,  stirring  all  the  while  with  a  glass  rod.  The 
arsenic  passes  off;  the  following  being  the  reaction, 
the  arsenic  existing  as  arsenious  acid : — 

3  (S03  HO)  +  3  (NaCl)  +  As03  = 
3  (NaO  S03)  +  A-sCls  +  3  HO. 

The  operation  must  be  conducted  under  a  chimney,  or 
other  place  where  the  arsenical  fumes  will  be  instantly 
earned  oft,  so  as  not  to  injure  the  operator. 

To  avoid  the  troublesome  and  dangerous  process 
of  distillation,  Augustus  A.  Hayes  proposes  to  purify 
sulphuric  acid  in  a  very  simple  manner,  namely,  by 
crystallizing  it.  He  first  adds  a  small  quantity  of  salt- 
petre to  the  acid  while  hot,  in  the  leaden  pan,  and  at 
a  density  if  cold  of  1-760.  This  destroys  all  organic 
matter,  brownness  disappears,  and  the  acid  becomes 
clear.  A  little  sulphate  of  ammonia  is  now  added,  to 
destroy  any  excess  of  nitrate,  as  well  as  any  nitrous 
compound  already  existing  in  it.  The  acid  is  now 
concentrated  to  a  density  of  1-780,  and  run  off  into 
deep  vessels  of  lead,  which  are  allowed  to  cool  to 
a  temperature  of  32°  ;  they  stand  so  until  clear ;  they 
are  then  run  off  into  shallow  lead  vessels,  so  placed 
that  they  may  become  refrigerated  to  0°.  The  acid, 
which  has  now  nearly  the  composition  S03  2  HO, 
would  solidify  if  allowed  to  remain  long  enough ;  but 
the  vessels  must  stand  only  until  one  half  the  bulk  has 


assumed  the  crystalline  state ;  the  mother  liquid  is  then 
poured  off.  This  mother  liquid  may  be  used  for  any 
ordinary  purposes,  such  as  the  decomposition  of  nitrates, 
common  salt,  et  cetera.  The  crystals  are  broken  up 
after  being  washed  with  pure  acid  of  a  former  opera- 
tion, and  are  fused  in  a  glass  or  porcelain  vessel,  when 
they  form  pure  sulphuric  acid. 

Detection  and  Estimation  of  Sulphuric  Acid. — Sul- 
phuric acid  is  detected  by  means  of  a  salt  of  baryta — 
this  earth  being  capable  of  separating  it  from  almost 
any  combination,  forming  with  it  sulphate  of  baryta. 
In  some  cases,  when  testing  for  sulphuric  acid,  it  is 
necessary  to  be  very  cautious;  for  instance,  when 
endeavoring  to  ascertain  its  presence  or  otherwise  in 
the  nitric  or  hydrochloric  acid  of  commerce,  it  is 
necessary  to  dilute  these  acids  before  adding  a  salt  of 
baryta.  If  this  is  not  done  the  nitrate  of  baryta,  or 
chloride  of  barium,  will  itself  be  thrown  down  as  a  crys- 
talline precipitate,  liable  to  be  mistaken  for  sulphate  of 
baryta;  but,  if  so,  the  addition  of  water  to  the  precipi- 
tate will  cause  it  to  disappear,  which  will  not  be  the 
case  if  the  precipitate  is  sulphate  of  baryta.  This 
latter  salt,  being  very  insoluble  in  water,  furnishes  us 
with  a  correct  method  of  estimating  sulphuric  acid ; 
for  this  purpose  a  weighed  portion  of  the  acid  or  any 
of  its  salts  is  placed  in  a  beaker  glass,  and  diluted  with 
or  dissolved  in  water.  If  it  is  a  sulphate,  the  solution 
should  be  made  slightly  acid  with  nitric  or  hydrochloric 
acid,  but  if  it  is  sulphuric  acid  alone  that  is  being 
examined  this  addition  is  unnecessary ;  in  either  case 
the  liquid  is  boiled,  and,  while  boiling,  a  solution  of 
chloride  of  barium  or  nitrate  of  baryta  is  poured  in ; 
the  whole  is  allowed  to  boil  a  little  longer,  when  it  is 
removed  to  cool  and  settle.  A  little  of  the  clear  liquid 
above  the  precipitate  is  then  tested,  by  the  addition  of 
a  fresh  portion  of  the  baryta  salt.  If  a  precipitate  is 
produced,  it  shows  that  all  the  sulphuric  acid  has  not 
been  thrown  down,  in  which  case  it  is  necessary  to 
add  more  of  the  barytio  solution  and  boil  again ;  if, 
after  settling  and  further  addition  of  baryta,  no  pre- 
cipitate is  produced,  the  whole  must  be  thrown  on  to 
a  filter,  washed  carefully  with  hot  water,  and  dried. 
It  is  then  ignited  in  a  platinum  or  porcelain  crucible  and 
weighed;  116-6  parts,  or  one  equivalent,  of  sulphate  of 
baryta,  are  equal  to  forty-nine  parts,  or  one  equivalent  of 
mouohydrated  sulphuric  acid,  or  forty  parts  of  anhydrous 
acid.  This  method  would  be  found  too  tedious  to  follow, 
except  on  special  occasions;  ordinarily  the  manufac- 
turer relies  on  the  indications  of  his  hydrometer — that 
is,  he  takes  the  density  for  his  guide.  To  enable  us  to 
arrive  at  the  real  value  of  the  sulphuric  acid  from  the 
density,  several  tables  have  been  drawn  up,  of  these. 
Dr.  Ure's  is  commonly  used. 


AMOUNT  OF  DRY  ACIfi  IN  SULPHURIC  ACID. 


S03  HO. 

Specific  gravity. 

S03. 

100 

1-8485   

81-54 

99 

1-8475   

80-72 

98 

1-8460 

■  79-90 

97 

1-8439   

79-09 

96 

1-8410   

78-28 

95 

1-8376       .  .. 

77-46 

94 

1-8336   

7G-G5 

93 

1-8290   

75-83 

92 

1-8233   

75-02 

91 

1-8179  .... 

74-02 

90 
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SULPHURIC  ACID  : 


■Density — Boiling  Points. 


amount  of  dry  acid  in  sulfiiuiuc  acid — Continued. 


SO.  HO 


Specific  gravity. 


89    1-6043 

88    1-7962 

87    1-7870 

86    1-7774 

85    1-7673 

84    1-7570 

83    1-7465 

82    1-7360 

81    1-7245 

80    1-7120 

79    1-6993 

78    1-6870 

77    1-6750 

76    1-6630 

75    1-6520 

74    1-6415 

73    1-6321 

72    1-6204 

71    1-6090 

70    1-5975 

69    1-5868 

68    1-5760 

67    1-5648 

66    1-5503 

65    1-5390 

64    1-5280 

63    1-5170 

62    1-5066 

61    1-4960 

60    1-4860 

59    1-4760 

58    1-4660 

57    1-4560 

56    1-4460 

55    1-4360 

54    1-4265 

53    1-4170 

52    1-4073 

51    1-3977 

50    1-3884 

49    1-3788 

48    1-3697 

47    1-3612 

46    1-3530 

45    1-3440 

44    1-3345 

43    1-3255 

42    1-3165 

41    1-3080 

40    1-2999 

39    1-2913 

38    1-2826 

37    1-2740 

36    1-2654 

35    1-2572 

34    1-2490 

33    1  -2409 

32    1-2334 

31    1-2260 

30    1-2184 

29    1-2108 

28    1-2032 

27    1-1956 

26    1-1876 

25    1-1792 

24    1-1700 

23    1-1626 

22    1-1549 

21    1-1480 

20    1-1410 

19    1-1330 

18    1-1246 

17    1-1165 

16    1-1090 

15    1-1019 

14    1-0953 

13    1-0887 

12    1-0809 

11    1-0743 

10    1-0682 

9    10614 

8    1-0544 

7    1-0477 

6    1-0405 


S03 
72-57 
71-75 
70-94 
70-12 
69-31 
68-49 
67-68 
66-86 
66-05 
65-23 
64-42 
63-60 
62-78 
61-97 
61-15 
60-34 
59-52 
58-71 
57-89 
57-08 
56-26 
55-45 
54-63 
53-82 
53-00 
52-18 
51-37 
50-55 
49-71 
48-92 
48-11 
47-29 
46-48 
45-66 
44-85 
44-03 
4322 
42-40 
41-58 
40-77 
39-95 
39-14 
38-32 
37-51 
36-69 
35-83 
35-06 
34-25 
33-43 
32-61 
31-80 
30-98 
30-17 
29-35 
28-54 
27-72 

20-  91 
26-09 
25-28 
24-45 
23-65 
22-83 
22-01 

21-  20 
20-38 
19-57 
18-75 
17-94 
17-12 
16-31 
15-49 
14-68 
13-86 
13-05 
12-23 
11-41 
10-60 

9-78 
8-97 
8-15 
7-34 
6-52 
5-71 
4-S9 


AMOUNT  OP  DRY  ACID  IN  SULrHURIC  ACID- 


SO,  HO 
5 

4 
3 
2 
1 


Specific  gravity. 

1-0336 
1-0268 
1-0206 
1-0140 
1-0074 


-Continued. 
S03 
4-08 
3-26 
2-45 
1-63 
0-82 


la  this  table  there  is  opposite  a  list  of  different  densi- 
ties, the  quantity  of  dry  acid  per  cent.,  either  dry  or 
monohydrated.  To  bring  the  degrees  of  TwADDell's 
hydrometer  to  those  of  the  real  specific  gravity,  it  is 
only  necessary  to  multiply  the  first  by  five,  and  add 
one  thousand ;  thus,  supposing  a  sample  of  vitriol  to 
stand  150°  on  TwAddell's  hydrometer,  multiply  this 
150°  by  5°,  and  one  has  750° ;  to  this  add  1000°,  and 
the  specific  gravity,  1-750°  is  obtained.  Now,  to  ascer- 
tain the  amount  of  real  sulphuric  acid  in  this  sample, 
it  is  only  necessary  to  run  through  the  table  and  find 
the  density  1-750°,  or  the  nearest  approach  to  it,  -which 
in  this  case  is  1-746°.  It  will  be  found  then  that  the 
sample  would  contain  eighty-three  per  cent,  of  the 
monohydrated  acid,  or  67-68  per  cent,  of  dry  acid. 

This  method  of  arriving  at  the  value  of  a  sample, 
though  very  convenient,  is  liable  to  error;  for  instance, 
the  sample  might  contain  foreign  matter  dissolved  in 
it;  this  would  augment  the  density,  and  cause  it  to 
appear  of  more  value  than  it  really  is.  A  slight  change 
of  temperature  also  will  alter  the  density  considerably. 
The  following  table,  the  production  of  Mr.  Paekes, 
shows  the  gradual  lowering  of  the  density  as  the  tem- 
perature increases,  so  that,  even  though  the  sample  may 
be  free  from  foreign  bodies,  error  may  creep  in.  From 
this  table  it  is  evident,  that  the  density  of  all  samples 
of  vitriol  should  be  taken,  as  in  the  case  of  Dr.  TJee's 
table,  at  as  near  as  possible  60°. 

PARKE'S  TABLE  OF  VARIATIONS  IN  DENSITY  OF  CONCENTRATED 
SULPHURIC  ACID  THROUGH  CHANGE  OF  TEMPERATURE. 

Temperature  Density. 
I'tihrenlieit. 

30"   1-8593 

32    1-8563 

36    1-8546 

38    1-8532 

40    1-8527 

42    1-8520 

44    1-8522 

46    1-8519 

48    1-8517 

52    1-8511 

56    1-8500 

60    1-8468 

63    1-8449 

68    1-8435 

70    1-8430 

74    1-8413 

80    1-8381 

84    1-8343 

Again,  when  the  density  of  a  sample  is  high,  it  is  diffi- 
cult to  estimate  it  with  sufficient  accuracy.  If  one  exa- 
mine Dr.  Ure's  table,  he  will  find  that  acid  of  1-8439 
specific  gravity  contains  ninety-seven  per  cent,  of  mono- 
hydrated acid,  while  the  density  of  the  monohydrated 
acid  itself  is  but  1-8485 — thus  the  slight  difference  of 
•0046,  or  rather  less  than  one  degree  on  the  hydro- 
meter, equals  three  per  cent.  To  obviate  this,  Dr. 
Dalton  proposed  that  the  boiling  point  should  bo 
taken  as  the  guide,  instead  of  the  specific  gravity,  inas- 
much as  it  permits  a  range  of  ten  or  twelve  degrees  for 
one  per  cent,  of  real  acid.  For  this  purpose  he  drew 
up  the  following  table : — < 
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BR.  DALTON'S  TABLE  OF  BOILING  TOINTS  OF  SULPHURIC 
ACID  AT  DIFFERENT  STRENGTHS. 


Boiling  point. 

1*850 

81 

620° 

1"849 

80 

605 

1*848 

79 

590 

1*847 

78 

575 

1*845 

77 

560 

1*842 

76 

545 

1*838 

75 

530 

1*833 

74 

515 

1.827 

73  Y.'. 

501 

1*819 

72 

487 

1-810 

71 

473 

1*801 

70 

460 

1*791 

69 

447 

1*780 

! '. ',      68      ! . ! 

!  435 

1*769 

67 

422 

1-757 

66 

410 

1.744 

65 

400 

1*730  ! 

64 

391 

1-715  . 

!!.          63  ... 

382 

1-699 

62  '"'•.>. 

374 

1*684 

...  '61 

367 

1-670 

60  -svi 

360 

1-650 

58-6 

350 

1-520 

50 

290 

1-408 

40 

260 

1-300 

30 

240 

1-200 

20 

224 

1*100 

10 

218 

In  addition  to  these  methods,  there  may  be  mentioned 
that  of  testing  the  value  of  vitriol  by  an  acidimetrical 
process,  with  a  standard  solution  of  alkali. 

Mr.  Peter  Hart,  of  Manchester,  kindly  supplied 
some  valuable  information  which  the  Editor  has  incor- 
porated in  this  monograph. 

TARTARIC  ACID — 2HO,C8H4O,0 — Acidetartarique, 
French,  Weinsteinsaure,  German — was  first  obtained 
in  a  separate  state  by  Scheele  in  1770.  It  is  found 
partly  free,  partly  combined  with  bases  in  many  plants. 
It  exists  most  largely  in  grape-juice,  but  it  is  met  with 
also  in  tamarinds,  and  the  berry  of  the  mountain  ash ; 
in  madder,  potatoes,  cucumbers,  quassia,  squills ;  in 
mulberries,  pine  apples,  et  cetera. 

Preparation. — In  order  to  prepare  the  acid,  four 
parts  of  crude  tartar — argol — are  suspended  in  boiling 
water,  and  one  part  of  chalk  added.  As  soon  as  the 
effervescence  entirely  ceases,  and  the  liquid  no  longer 
reddens  litmus,  the  tartrate  of  lime  is  allowed  to  settle 
at  the  bottom,  and  the  clear  tartrate  of  potassa  decanted. 
The  change  which  takes  place,  is  as  follows  : — 

2  (KO,  HO,  C8  H4  Ow)  -f  2  (CaO,  COJ  =  2  CaO,  C8  H4  O10 

Cream  of  tartar.  Carbonate  of  lime.  Tartrate  of  lime. 

-f  2  KO,  C8  H4  Om  +  2  C02 

Tartrate  of  potassa. 

The  dissolved  tartrate  of  potash  may  be  further  decom- 
posed by  chloride  of  calcium  :  thus — 

2  KO,  C8  H4  O10  +  2  CaCl  =  2  KC1  +  2  CaO,  C8  H4  0,„ 

The  well-washed  precipitates  are  digested  with  sul- 
phuric acid  diluted  with  ten  parts  of  water,  five  parts  of 
the  tartar  employed  requiring  three  parts  of  the  acid. 
Sulphate  of  lime  is  formed,  and  tartaric  acid  set  free. 
On  evaporating  the  filtered  solution  in  leaden  vessels 
to  the  consistence  of  sirup,  tartaric  acid  crystallizes  in 
large,  transparent,  colorless,  oblique  rhombic  prisms  of 
agreeable  sour  taste,  and  specific  gravity  1  -75 ;  is  readily 
soluble  in  water  and  alcohol ;  unalterable  in  air.  When 
greatly  heated,  the  crystals  become  strongly  electrical. 


Boiled  with  nitric  acid,  tartaric  acid  is  decomposed  into 
acetic,  oxalic,  and  saccharic  acids.    Boiled  with  hyper- 
oxide  of  lead,  it  becomes  oxidized  and  changed  into 
formate  of  lead,  water,  and  carbonate  of  lead,  thus — 
2  HO,  C8  H4  Oio  +     6  Pb02     =  2  (PbO,  Ca  H03)  + 

Tartaric  acid.  Ilyporoxide  of  lead.         Formate  of  lead. 

4  (PbO,  COj)  +  i  HO 
i  ,  «  >_., — • 

Carbonate  of  lead.  Water. 

If  heated  with  alkalies,  a  mixed  oxalate  and  acetate 
results,  with  evolution  of  water,  thus — 

2  HO,  C8  H4  0lo   +    3  (HO,  KO)    =   2  (KO,  C2  Os)  + 

Tartaric  acid.  Potassa-  Oxalate  of  potash. 

KO,  C4  H3  03   +    6  HO 

Acetato  of  potassa.  Water. 

Mixed  with  spongy  platinum  and  heated  in  a  stream 
of  oxygen,  tartaric  acid  is  at  482°  completely  resolved 
into  carbonic  acid  and  water. 

The  action  of  heat  upon  tartaric  is  as  instructive  as 
it  is  remarkable. 

It  melts  between  338°  and  356°,  and  without  losing 
weight  is  changed  into  a  mixture  of  two  acids — meta- 
meric  with  tartaric  acid. 

Metatartaric  Acid — C8  H6  0,2 ;  or  2  II O,  C8  H, 
O10 — forms  a  transparent  vitreous  mass.  It  is  bibasic, 
but  its  salts  are  more  soluble  than  the  corresponding 
ones  of  tartaric  acid. 

Isotartaric  Acid — HO,  C8  H5  On — is  monobasic. 
Its  salts  are  isomeric  with  the  bitartrates,  but  very 
much  more  soluble.  Solutions  of  isotartrates  as  well 
as  of  metatartrates  are  changed  by  boiling  into  tar- 
trates. 

If  tartaric  acid  be  heated  to  374°  it  fuses :  two 
equivalents  lose  one  equivalent  of  water  and  become 
changed  into  an  acid,  called  by  Fresiy,  tartralic 
acid— 3  HO,  CI6  Hs  O20. 

If  the  heat  be  still  longer  continued  tartaric  acid 
loses  half  its  basic  water  and  becomes  tartrelic 
acid— 2  HO,  C,6  H8  O.0. 

Most  probably  both  tartralic  and  tartrelic  acids  arc 
mere  combinations  of  anhydrous  tartaric  acid  with 
varied  proportions  of  crystallized  tartaric  acid. 

If  the  heat — 374° — be  carefully  maintained  for  yet  a 
longer  time,  anhydrous  tartaric  acid  or  tartaric 
anhydride  remains  in  form  of  a  white,  porous  mass 
insoluble  in  water.  Adherent  tartrelic  acid  is  removed 
by  washing  with  water  till  the  wash  liquor  no  longer 
reddens  litmus.  By  contact  with  cold  water  for  a  few 
hours  anhydrous  tartaric  acid  resumes  its  basic  water. 

Small  quantities  of  tartaric  acid  are  completely  de- 
composed in  an  oil-bath  at  512°,  leaving  only  a  slight 
carbonaceous  residue. 

Tartaric  acid  is  much  used  by  dyers  and  calico- 
printers  for  the  removal  of  certain  mordants  from 
portions  of  the  cloth.  It  is  also  used  in  preparing 
effervescing  draughts.  In  the  blood,  tartrates  are 
changed  into  carbonates. 

Aqueous  solutions  of  tartaric  acid,  especially  when 
hot,  exercise  right-handed  rotation  upon  polarized  rays 
of  light — the  angle  of  deviation  corresponds  to  the 
quantity  of  acid  traversed  by  the  ray. 

Tartaric  acid  is  bibasic;  its  salts  are  tartrates. 
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BITARTRATE  OF  POTASSA — KO,  HO,  C8  H4  01()  —  IS 

the  cream  of  tartar  or  argol  of  commerce,  and  is 
obtained  chiefly  as  an  incrustation  from  the  inside  of 
wine  casks.  It  crystallizes  in  hard,  opaque,  oblique 
rhombic  prisms,  of  snowy  whiteness  when  pure,  and 
of  sour  taste  ;  soluble  in  one  hundred  and  eighty  parts 
of  cold  and  six  of  boiling  water;  in  alcohol  nearly 
insoluble.  Heated  to  redness  in  close  vessels,  a  mix- 
ture of  carbonate  of  potassa  and  charcoal  results — much 
used  as  black  flux.  Calcined  with  its  own  weight  of 
nitre,  white  flux,  or  carbonate  of  potassa,  is  obtained. 

Neutral  Tartrate  of  Potassa— 2  KO,  C8  H4  OJ0 
— by  slow  evaporation  in  transparent,  colorless  prisms, 
somewhat  deliquescent,  and  very  soluble. 

Bitartrate  of  Soda — NaO,  HO,  C8  H4  O10, 
2  HO — in  transparent,  colorless,  right  rhombic  prisms, 
from  a  hot  solution  of  the  neutral  salt,  mixed  with  half 
its  weight  of  tartaric  acid. 

Neutral  Tartrate  of  Soda  — ■  2  NaO,  C8  H4 
OJ0,  4  HO — soluble  in  five  of  cold  and  half  their 
weight  of  boiling  water.  In  transparent,  colorless, 
right  rhombic  prisms. 

Neutral  Tartrate  of  Potassa  and  Soda — KO, 
NaO,  CB  H4  O10  8  HO — is  Rochelle  salt,  obtained  by 
neutralizing  cream  of  tartar  with  carbonate  of  soda. 
In  large,  transparent,  colorless,  right  rhombic  prisms, 
soluble  in  2 '62  parts  of  water  at  42°.  The  salt  is 
medicinal. 

Bitartrate  of  Lithia— LO,  HO,  C8  H4  O10,  3  HO 
— in  small  crystals,  very  soluble  in  water. 

Neutral  Tartrate  of  Lithia — 2  LO,  C8  H4  O10 
— white,  opaque,  deliquescent. 

Bitartrate  of  Ammonia — NH40,  HO,  C8  H4  O10 
— in  delicate  needles,  but  little  soluble  in  water.  The 
crystals  are  in  form  of  oblique  rhombic  prisms. 

Neutral  Tartrate  of  Ammonia — 2  NH40,  C8 
H4  O10 — in  oblique  prisms,  readily  soluble,  and  with  a 
taste  like  that  of  nitre. 

Neutral  Tartrate  of  Potassa  and  Ammonia 
— KO,  NH40,  Cg  H4  O10 — in  transparent,  colorless 
prisms,  isomorphous  with  neutral  tartrate  of  potash. 

Neutral  Tartrate  of  Baryta — 2  BaO,  C8  H4 
O10 — a  crystalline  powder,  soluble  in  eight  hundred 
parts  of  cold  water. 

Neutral  Tartrate  of  Strontia — 2  SrO,  C8  H4 
O10,  8  HO — soluble  in  one  hundred  and  forty-seven 
parts  of  water  at  60°. 

Bitartrate  of  Lime — CaO,  HO,  C8  H4  Oi„—  in  the 
fruit  of  Rhus  typhinum,  in  crystals,  sparingly  soluble 
in  water. 

Neutral  Tartrate  of  Lime— 2  CaO,  C8  H4  0m 
■ — occurs  in  grapes,  and  mixed  with  crude  tartar ;  also 
in  senna  leaves.  Neutral  tartrate  of  potassa  forms, 
with  chloride  of  calcium,  a  crystalline  precipitate — it  is 
the  salt  obtained  in  making  tartaric  acid.  Crystals, 
right  rhombic  prisms  with  octahedral  summits ;  soluble 
in  twelve  hundred  parts  of  cold  water. 

Bitartrate  of  Lime — CaO,  HO,  C8  H4  010 — in  the 
fruit  of  Rhus  typhinum.  The  crystals  dissolve  in  one 
hundred  and  forty  parts  of  water  and  redden  litmus. 

Neutral  Tartrate  of  Magnesia — 2  MgO,  C8 
H4  O10,  8  HO — obtained  by  digesting  excess  of  mag- 
nesia alba  in  dilute  tartaric  acid.    Crystalline  crusts 


soluble  in  one  hundred  and  twenty-two  parts  of  cold 
water.  Like  tartrate  of  lime,  the  residue  by  ignition  is 
pyrophoric. 

Bitartrate  of  Magnesia — MgO,  HO,  C8  H4  O10 
— when  excess  of  acid  is  employed.  Six-sided  prisms 
soluble  in  fifty-two  parts  of  cold  water. 

Tartrate  of  Alumina  occurs  in  Lycopodium 
clavatum.    Very  soluble. 

Tartrate  of  Lead — 2  PbO,  Cs  H4  O^ — by  pre- 
cipitating neutral  acetate  of  lead  with  tartaric  acid.  A 
white  crystalline  powder,  almost  insoluble  in  water. 

Prototartrate  of  Iron  is  made  from  iron  filings 
and  dilute  tartaric  acid,  with  exclusion  of  air.  A  white 
powder  requiring  four  hundred  and  twenty-six  parts  of 
cold  water  for  solution.  It  is  said  to  contain  thirteen 
per  cent,  of  water. 

Pertartrate  of  Iron,  by  dissolving  the  freshly 
prepared  hydrated  peroxide  of  iron  in  solution  of  tar- 
taric acid.    Its  solution  is  not  precipitated  by  alkalies. 

Potasso-tartrate  of  Iron — KO,  Fe2  03,  C8 
H4  010 — is  an  important  medicinal  salt.  It  is  obtained 
by  digesting  the  hydrated  sesquioxide  of  iron  with 
water,  and  bitartrate  of  potassa  at  125°  for  twenty- 
four  to  thirty-six  hours,  and  evaporating  the  residue  . 
on  plates.    In  lustrous  scales  of  dark  brown  color. 

Ammonio-tartrate  of  Iron — NHa,  Fe2  03,  C8 
H4  O10,  4  HO.  Made  like  the  previous  salt,  with  sub- 
stitution of  bitartrate  of  ammonia.  It  is  quite  stable 
in  composition  when  its  solution  is  boiled. 

Tartrate  of  Copper— 2  CuO,  C8  H4  O10,  6  HO — 
by  precipitation  of  acetate  of  copper  with  tartaric  acid. 
A  very  light  blue  powder,  soluble  in  one  thousand 
seven  hundred  parts  of  cold  water. 

Potasso-tartrate  of  Copper — KO,  CuO,  C8 
H4  O10 — by  boiling  oxide  of  copper  in  solution  of  cream 
of  tartar.    Crystals  dark  blue  ;  very  soluble. 

Tartrate  of  Silver. — 2  AgO,C8H4O10 — bymixing 
neutral  tartrate  of  potash  or  Rochelle  salt  with  nitrate 
of  silver.  A  white,  crystalline,  lustrous  powder ;  gently 
heated,  spongy  silver  remains,  with  evolution  of  pyro- 
tartaric  and  carbonic  acids. 

Potasso-tartrate  of  Antimony — KO,  SbOs,  C8 
H4  O10,  HO — is  extensively  used  in  medicine  under 
the  name  of  tartar  emetic.  Three  parts  of  oxide  of 
antimony  are  made  into  a  thin  paste  with  water,  and 
mixed  with  four  parts  of  bitartrate  of  potassa.  The 
mixture  is  digested  for  several  hours,  and  then  boiled 
with  eight  parts  of  water.  The  boiling-hot  solution  is 
filtered  and  allowed  to  crystallize.  Transparent  or 
opaque,  colorless,  shining  rhombic  octahedra,  of  metallic 
taste.  It  is  soluble  in  fifteen  parts  of  cold  and  two  of 
boiling  water.  In  small  doses  it  is  an  emetic ;  in 
larger  doses  it  is  a  poison. 

Of  the  heavy  metals,  iron  is  the  only  one  which  pre- 
cipitates antimony  completely  from  the  aqueous  solution 
of  tartar  emetic.  Hydrochloric,  nitric,  and  sulphuric 
acids  precipitate  a  basic  hydrochlorate,  nitrate,  and 
sulphate  of  the  oxide  of  antimony. 

There  are  several  other  antimonial  tartrates,  the 
place  of  potassa  being  supplied  by  soda,  ammonia,  lead, 
oxide,  and  silver  oxide.  A  compound  similar  to  tartar 
emetic  may  be  formed  with  arsenious  acid — (KO,  As03, 
C8  H4  Ol0). 
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TIN. — -Etain,  French;  zinn,  German;  stannum, 
Latin. — Tin  is  the  Jupiter  of  the  alchemists.  It  is  one 
of  the  metals  which  were  known  to  the  ancients,  and 
is  evidently  of  high  antiquity,  although,  in  all  probabi- 
lity, gold,  silver,  copper,  and  iron  were  known  much 
sooner.  It  is  supposed  by  some  that  the  original 
Hebrew  term  bedil  of  Holy  Writ  indicates  this  metal ; 
but  others  infer  that  a  compound  or  mixture  resulting, 
perhaps,  from  the  purification  of  gold  and  silver  pos- 
sessing an  inferior  value,  was  meant  by  it.  Under  the 
impression  that  the  word  above  mentioned  denoted 
tin,  the  Greek  translators  of  the  scriptures  rendered  it 
zuftirigog,  by  which  term  the  classic  writers  of  profane 
history  describe  tin,  after  all  doubt  had  been  removed 
as  to  its  identity.  Beckman  discusses  the  question 
whether  the  stannum  of  the  Latins  and  the  xasamooi 
of  the  Greeks  was  really  the  metal  which  forms  the 
subject  of  the  present  article;  and  whilst  he  leaves  the 
point  undecided,  advances  various  arguments  to  show 
that  a  rich  alloy  of  silver  and  lead  was  frequently,  if 
not  always,  the  substance  indicated  by  the  foregoing 
titles. 

Whatever  may  have  heen  the  nature  of  such  alloys, 
it  is  certain,  from  the  writings  of  Dioscorides,  Dio- 
dorus, Pliny,  and  others,  as  well  as  from  Celtic  records, 
that  tin  was  known  at  a  very  early  period.  It  is  recorded 
that  between  1040  and  1030  before  the  Christian  era, 
the  Phoenicians  had  discovered  that  part  of  Britain 
known  at  present  as  Cornwall  and  Devon,  and  instituted 
searches  for  minerals  and  metals  therein;  and  the  active 
exportation  of  the  metals — principally  tin — led  to  the 
adoption  of  the  title  Breotan — red  or  burning  fires  and 
land — for  the  mainland,  from  the  circumstance  of  large 
fires  being  kept  burning  on  all  the  bold  heights  of  the 
country  to  servo  as  beacons  for  the  mariners  along  the 
dangerous  coast;  of  which  words  Britain  is  but  a  slight 
modification.  The  metal  tin  was  called  in  the  dialect 
of  the  people  of  Phoenicia  st'm,  whence  the  stannum  of 
the  Romans  ;  from  this  root  likewise  has  been  derived 
the  title  Stanneries,  which  is  still  applied  in  Cornwall  to 
the  districts  where  tin  is  produced. 

That  the  quantity  of  tin  extracted  from  the  British 
mines  was  considerable,  is  very  evident  even  from  the 
account  of  the  Greek  writers  already  all  uded  to ;  thus 
Diodorus,  in  the  second  chapter  of  his  fifth  book, 
says  —  The  inhabitants  of  that  part  of  Breo-tan  — 
Britain — called  Bolerion — supposed  to  be  the  Land's- 
end,  but  actually  a  corruption  of  Bal-erig,  which  mcaus 
the  country  of  the  Erians  or  Iberians,  of  which  it  is  an 
abbreviation — excel  in  their  hospitality ;  and  also,  from 
their  converse  with  merchants,  they  are  more  civilized 
and  courteous  to  strangers.  These  are  the  people  who 
make  the  tin,  which,  with  a  great  deal  of  care  and  labor, 
they  dig  out  of  the  ground  which  is  rocky  ;  but  it  has 
in  it  earthy  veins,  the  produce  of  which  is  brought 
down,  melted,  and  purified.  Then  when  they  have  cast 
it  into  the  form  of  cubes,  they  carry  it  to  an  island 
adjoining  to  Britain  called  Iktis.  During  the  recess  of 
the  tide  the  intervening  space  is  left  dry,  and  the  tin  is 
carried  to  the  island  in  carts;  and  it  is  something  pecu- 
liar that  happens  to  the  islands  in  those  parts  lying 
between  Europe  and  Britain,  for  at  full  tide,  the  passage 
being  overflowed,  they  appear  islands ;  but  when  the 


sea  returns,  a  large  space  is  left  dry,  and  they  are  seen 
as  peninsula,  From  this  the  tin  is  transported  to  Gaul, 
through  which  it  is  conveyed  on  horseback  in  about 
thirty  days  to  the  mouth  of  the  river  Rhone. — Diodorus. 

The  island  above  alluded  to  will  be  at  once  recog- 
nized as  one  of  the  Scillies,  and  its  Greek  name  was 
probably  derived  from  its  being  made  a  fishing-station 
by  the  Phoenicians. 

Of  the  mode  of  operations  by  wdiich  tho  tin  was 
extracted,  or  the  mines  worked  in  those  days,  no  record 
is  left;  but  from  the  remains  which  have  been  dis- 
covered, it  is  conjectured  that  the  methods  adopted 
were  of  the  rudest  description.  By  whatever  means 
the  mining  and  metallurgy  of  tin  were  prosecuted  in 
Cornwall  and  Devon  up  to  the  period  of  the  Norman 
conquest,  it  is  certain  that  after  that  event  they  received 
a  great  impetus,  so  that  the  chief  part  of  the  revenues  of 
the  Earls  of  Cornwall  was  derived  from  it.  King  John 
gave  a  charter  to  the  Cornish  tin  mines  in  1201 ;  ano- 
ther was  granted  them  in  1305  by  Edward  I.,  and  tho 
stannery  laws  were  instituted  in  his  reign.  These  laws 
are  still  extant,  and  partly  in  force  ;  but  want  of  space 
forbids  a  full  account  of  them  here.  Previous  to  the 
thirteenth  century  England  enjoyed  a  monopoly  of  the 
tin  trade ;  but  in  that  age  rich  veins  of  tin  ore  were 
discovered  in  Misnia  and  Bohemia;  and  about  the  year 
1250  the  English  trade  was  much  reduced  by  the  low 
price  at  which  the  Germans  were  able  to  sell  their  tin. 
At  present  tin  is  found  in  several  places,  and  mines  of 
it  arc  wrought  in  Bohemia,  Saxony,  and  Austria ;  in 
Gallicia,  on  the  borders  of  Portugal ;  at  Piriae,  in  the 
Loire  inferieure;  and  at  Vaulry,  in  the  department 
Haute  Vienne  in  France ;  but  the  mines  of  French  loca- 
lities are  of  very  little  importance.  Large  quantities  of 
tin  ore  occur  in  the  Siberian  mining  district  of  Nerts- 
chinsk,  and  it  is  found  in  Dalecarlia  in  Sweden ;  but 
the  richest  deposits  that  have  hitherto  been  found  arc 
thoso  in  the  province  of  Tenasserim  on  the  east  side  of 
the  Gulf  of  Martaban  in  the  Malayan  peninsula ;  those 
have  been  worked  for  many  centuries,  and  consider- 
able Quantities  are  still  obtained.  In  the  early  part  of 
the  last  century — 1710 — large  quantities  of  very  pure 
ore  of  tin  were  discovered  in  the  island  of  Banca,  whence 
as  much  as  three  thousand  five  hundred  tons  of  the 
metal  have  some  years  been  abstracted.  Minerals  of 
tin  exist  also  in  Brazil,  in  Mexico  and  Chili,  in  South 
America,  in  the  United  States,  and  Australia.  The  tin 
mining  districts  of  Cornwall  and  Devonshire  are  three 
in  number;  namely,  that  included  in  the  South-west 
of  Cornwall  beyond  Truro,  the  neighborhood  of  St. 
Austell,  and  of  Tavistock  in  Devonshire.  The  chief  tin 
mines  in  these  districts  are  Wheal  Vor,  near  Ilelston ; 
Polbcrrow,  near  St.  Agnes ;  Polgooth,  near  St.  Austell; 
Drake  Walls,  near  Tavistock,  on  the  Cornish  side  of 
the  Tamar ;  and  Birch  Tor,  also  near  Tavistock,  but 
on  the  Eastern  side  in  Devonshire.  Ores  of  tin  are 
found  in  all  the  localities  mentioned,  either  in  the  form 
of  regular  lodes  or  veins  disseminated  in  granite  and  in 
felspar — porphyry  or  clvan — and  in  alluvial  formations 
on  the  slopes  of  hills,  or  in  the  valleys.  In  the  former 
instances,  the  veins  frequently  cross  one  another  either 
horizontally  or  in  their  perpendicular  descent ;  occa- 
sionally they  ramify  through  the  rock  in  all  directions, 
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producing  at  the  point  of  intersection  masses  of  ore 
called  by  the  Germans  stockwerk,  such  as  the  Altenberg 
mine  in  Saxony.  In  the  other  instance  of  the  occur- 
rence of  tin  ore,  namely,  in  alluvial  deposits,  it  is  usually 
called  stream  tin,  as  well  from  the  nature  of  the  deposit, 
as  from  the  fact  that  in  these  cases  the  workings  are 
generally  in  the  course  of  rivulets  or  streams.  It  is 
found  either  in  a  pulverized  sandy  state,  in  separate 
stones,  called  sJwdes  in  Cornwall,  or  in  a  continued 
course  of  stones,  which  are  sometimes  found  together 
in  large  numbers,  and  at  depths  varying  from  one  to 
fifty  feet.  The  course  of  these  deposits  is  called  a 
stream ;  but  they  have  little  regularity,  varying  in  their 
breadth,  and  are  scattered  over  the  entire  extent  of  the 
moor  or  valley  in  which  they  are  found.  Wood  tin, 
the  name  given  to  pebbles  of  ore  having  a  woody 
appearance,  though  now  rather  scarce,  was  formerly 
found  in  some  of  the  stream-works  of  Cornwall. 

MINERALS  OF  TIN. — Tin  is  found  almost  invari- 
ably in  the  form  of  binoxide  of  tin  or  tin-stone,  and  in 
some  instances  associated  with  iron  and  copper  pyrites, 
forming  what  is  called  tin  pyrites  or  bell-metal  ore,  but 
the  quantity  so  existing  is  very  small. 

Binoxide  of  Tin — Cassiterite;  tin-stone;  zinnstein. 
— This  ore  of  tin,  from  which  almost  the  whole  of  the 
metal  is  smelted,  is  found,  as  already  mentioned,  in 
different  states  of  aggregation.  It  is  characterized  by 
a  high  gravity,  averaging  6-3  to  7'1,  adamantine  lustre, 
and  color  varying  from  a  brown  or  black  to  various 
shades  of  red,  yellow,  grey,  and  white.  In  crystalline 
shape  it  belongs  to  the  right  prismatic  system,  the 
crystals  being  twins,  with  some  of  the  faces  uneven, 
and  others  striated  parallel  to  their  intersections  with 
each  other.  The  crystals  have  but  a  very  imperfect 
cleavage,  their  fracture  is  imperfectly  conchoidal  and 
their  streak  grey,  and  sometimes  brown.  Heated  be- 
fore the  blowpipe,  oxide  of  tin  remains  infusible  perse; 
with  soda  in  the  reducing  flame  it  affords  small  globules 
of  metal.  Acids  do  not  exert  a  solvent  action  upon  it, 
and  therefore  it  cannot  he  dissolved  till  after  its  fusion 
with  alkalies.  In  its  pure  state  binoxide  of  tin  con- 
tains— 

Atomic  weight.  C  :ntcsimally. 

1  Eq.  of  tin,   59    78-66 

2  Eqs.  o£  oxygen,   16    21-34 

75  100-00 

Samples  of  the  ore  have  been  analyzed,  and  the  results 
are  stated  thus — 

From  Alternon    From  Schlacken-      From  Finbo, 
in  Cornwall,  by        wald,  by  near  Fahlun,  by 

Klaproth,  Klaprotb.  Berzelius. 

Oxide  of  tin,   38-93  ....  99-28    93-6 

Ked  oxide  of  iron,  .....  0-32    0-72    1-4 

Silica,   0-75                —    — 

Columbic  acid,                 —  . —  ■ —  ....  2*4 

Binoxide  of  manganese    —    —  ....  0-8 

100-00  100-00  98-2 

This  ore  is  found  in  the  various  localities  already  referred 
to,  accompanied  with  quartz,  mica,  fluorspar,  apatite, 
topaz,  tourmaline,  wolfram,  heavyspar,  mispickel  in 
the  lode;  and  in  the  alluvial  beds  of  valleys  and  plains. 

Tin  Pyrites — stannin;  zinnlcies. — This  ore  of  tin 
occurs  in  a  few  of  the  Cornish  mines,  such  as  those 


of  Huel  Rock  in  St.  Agnes,  and  some  of  the  granite 
veins  in  St.  Michael's  Mount;  also  at  Zinnwald  in 
Bohemia.  Its  crystalline  form  is  cubic;  the  cleavage 
of  the  crystals  is  imperfect,  the  fracture  uneven  and 
conchoidal,  the  lustre  metallic,  with  a  steel-grey, 
inclining  to  bronze-yellow  color,  and  a  black  streak. 
The  specific  gravity  is  4-3  to  4-51. 

Before  the  blowpipe  on  charcoal  it  melts  in  a  strong 
heat,  turns  white  on  the  surface,  and  deposits  a  fixed 
sublimate  of  binoxide  of  tin  round  the  assay.  After 
roasting,  it  affords,  with  the  usual  fluxes,  the  peculiar 
reactions  of  iron  and  copper,  and  a  brittle  globule  of 
the  latter  metal  on  fluxing  with  soda  and  borax. 
Nitric  acid  decomposes  it,  dissolving  the  iron  and 
copper,  and  leaving  a  deposit  of  sulphur  and  of  bin- 
oxide of  tin.  The  following  analyses  indicate  the 
composition  of  a  few  samples  of  this  ore ;  samples 
A  and  B  from  Huel  Rock ;  c  from  St.  Michael's  Mount, 
and  D  from  Zinnwald: — 

Klaproth.  Johnston.  Rnmmelsberg. 

i  *  1 

A  B  O  D 

Copper,.. ..30-00    29-69    23-55    26-31 

Iron,  12-00    12-57    4-79    680 

Zinc  —  ....  1-79  ....  10-11    6-93 

Tin,   26-50  ....  25-81  ....  31  62  ....  28-94 

Lead,  —  ....  —  ....  —  ....  0-41 

Sulphur,...  30-50  ....  29-95  ....  29-93  ....  29-89 

Loss            1-00  ....  0-19  ....  —  ....  0-72 

100-00  100-00  100-00  100-00 

Preparation  op  Tin. — The  reduction  of  the  ore  is 
effected  by  roasting  and  smelting,  in  a  manner  similar 
to  that  which  will  be  described  further  on,  and  the 
button  so  obtained  is  then  treated  in  the  following 
manner,  to  separate  the  metal  from  the  arsenic,  anti- 
mony, bismuth,  zinc,  lead,  iron,  and  copper,  one  or 
more  of  which  it  may  contain ;  or  ordinary  commercial 
tin  may  be  taken  for  this  purpose. 

In  either  case  the  crude  metal  is  treated  with  an 
excess  of  hydrochloric  acid,  when  the  tin,  zinc,  bis- 
muth, copper,  and  iron  are  dissolved,  whilst  the  arsenic 
and  antimony  will  be  separated ;  the  former  volatilized 
in  the  form  of  terhydride  of  arsenic,  and  the  latter 
partly  deposited  as  a  black  powder  in  the  liquid,  and 
partly  dispelled  as  antimonide  of  hydrogen.  The  solu- 
tion is  filtered,  and  the  liquid  concentrated  at  a  boiling 
temperature,  and  strong  nitric  acid  in  excess  added, 
after  which  the  evaporation  is  continued  to  dryness. 
The  tin  is  thus  obtained  in  the  state  of  binoxide,  which 
should  be  treated  with  a  little  hydrochloric  acid,  then 
filtered,  washed  thoroughly,  and  dried,  mixed  with  char- 
coal, and  reduced  at  a  white  heat  in  a  charcoal-lined 
crucible. 

Properties. — Tin  is  a  white  metal,  having  a  metallic 
lustre,  approximating  to  that  of  silver ;  it  is  softer  than 
gold,  but  harder  than  lead,  and  has  a  specific  gravity 
of  7-291.  It  is  very  malleable,  so  much  so  that  it  can 
be  rolled  into  sheets  of  not  more  than  the  one- 
thousandth  of  an  inch  in  thickness,  but  wanting  ductility 
and  tenacity  to  any  useful  degree.  A  wire  of  the  metal, 
0'7  of  an  inch  in  diameter,  will  sustain  only  thirty-four 
and  a  half  pounds  weight.  Tin  melts  at  442°,  and 
contracts  slightly  on  cooling;  at  a  strong  red  heat 
it  emits  white  fumes,  but  the  tension  of  its  vapor  is 
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very  feeble,  and  therefore  little  loss  of  metal  is  sus- 
tained. The  metal  exhibits  a  great  tendency  to  crys- 
tallize when  a  mass  of  it  is  melted  in  a  covered 
crucible,  and  allowed  to  cool  very  slowly;  if  before 
the  bulk  has  solidified  the  fluid  portion  be  poured  off, 
the  hardened  part  remaining  in  the  vessel  will  be  found 
crystallized  in  rhombic  plates,  according  to  Pajot;  and 
in  octagonal  needles,  according  to  Brooke.  This 
tendency  to  crystallize  is  readily  exhibited  by  dis- 
solving the  exterior  coating  of  a  plate  of  the  metal 
by  means  of  moderately  dilute  aqua-regia,  and  then 
washing  off  the  acid  with  water.  The  surface  will 
then  exhibit  a  mottled  appearance,  owing  to  the  irre- 
gular reflection  of  the  fern-like  crystals  which  the  action 
of  the  acid  reveals.  Various  pretty  designs  are  in  this 
way  formed  on  the  surface  of  moderately  thick  tinned 
plates;  and  the  French,  who  practise  the  process  for 
decorating  snuff-boxes,  et  cetera,  call  it  moire  metal- 
lique.  It  is  to  the  crystalline  arrangement  of  the  par- 
ticles of  the  metal  that  the  crackling  sound  which  a  bar 
of  it  emits  on  being  bent  backward  and  forward  is  due, 
the  decrepitation  being  produced  by  the  displacement 
of  the  small  crystals  of  which  the  bar  is  composed. 
By  repeatedly  inducing  this  friction  an  amount  of 
caloric  is  developed,  which  can  be  readily  detected  by 
a  sensible  calorimeter. 

Tin  retains  its  brilliancy  for  a  considerable  time 
when  exposed  to  the  air ;  when  heated  in  the  air  to 
the  melting  point,  however,  it  is  immediately  covered 
with  a  film  of  oxide  of  tin ;  and  if  the  heat  be  increased, 
the  oxidation  of  the  metal  becomes  so  rapid  as  to  induce 
ignition.  In  both  instances  binoxide  of  tin  results. 
The  same  change  takes  place  when  steam  is  passed 
over  a  bath  of  the  metal  heated  to  redness  out  of  con- 
tact of  air  ;  for  the  metal  abstracts  the  oxygen  of  the 
water,  and  sets  free  the  hydrogen.  Tin  combines  with 
most  of  the  metalloids,  producing  generally  two  orders 
of  combination,  distinguished  by  the  terms  proto  or 
stannous,  and  binary  or  stannic,  com- 
pounds of  such  elements  with  the 
metal.  The  combination  with  many 
of  these,  as  with  sulphur,  bromine, 
iodine,  chlorine,  et  cetera,  is  so  intense 
that,  at  a  slightly  elevated  temperature 
the  metal  enters  into  active  combustion, 
whilst  the  stannic  salts  of  these  radicals 
are  produced  Acids  have  likewise  a 
well-marked  action  upon  it;  for  in- 
stance, hydrochloric  acid,  at  the  ordi- 
nary temperature,  slowly  dissolves  it, 
with  evolution  of  hydrogen ;  at  a  boiling 
temperature  the  action  is  much  more 
active ;  in  both  reactions  the  stannous 
chloride  is  formed.  Dilute  sulphuric 
acid,  with  the  aid  of  heat,  converts  it 
slowly  into  a  sulphate  of  the  protoxide, 
and  liberates  hydrogen;  the  concen- 
trated acid  has  little  or  no  effect  upon 
it  in  the  cold,  but  if  the  liquid  be  heated 
to  the  boiling  point,  it  rapidly  attacks 
the  metal,  sulphurous  acid  being  liberated.  Slips  of 
bright  tin-foil,  immersed  in  concentrated  nitric  acid, 
experience  no  change,  however  long  they  may  be 

VOL.  II. 


retained  in  it ;  but  if  the  acid  be  diluted  with  water, 
the  action  becomes  violent,  owing  to  the  rapid  con- 
version of  the  metal  to  a  binoxide  of  modified  proper- 
ties, known  as  metastannic  acid,  and  the  evolution  of 
binoxide  of  nitrogen.  If  the  nitric  acid  be  previously 
diluted,- no  nitrous  fumes  are  given  off  during  the 
oxidation  of  the  metal,  but  nitrate  of  ammonia  is 
formed,  thus — 

4Sn  +  2HO,  N05  +  2HO  =  4  Sn02   +    NH40  N05 


Binoxide  of  tin.     Nitrate  of  ammonia. 


The  fixed  caustic  alkalies  dissolve  tin,  and  produce 
with  it  a  compound  in  which  the  combination  of  this 
metal  takes  the  character  of  a  salt  radical ;  in  this  case 
water  is  decomposed  and  its  oxygen  is  assimilated  by 
the  tin,  whilst  the  hydrogen  is  given  off. 

The  symbol  for  tin  is  Sn ;  its  equivalent  number  59. 

Metallurgy  op  Tin — Preparation  or  Dressing  of 
the  Ore. — In  preparing  ore  of  tin  for  the  smelter, 
much  pains  are  taken  for  the  separation  of  all  earthy 
matters  and  metallic  substances  that  would  reduce  the 
per  centage  yield  of  the  ore,  or  injure  the  quality  of 
the  tin  when  smelted.  The  order  in  which  this  dressing 
is  performed  is  much  the  same  as  when  copper  ores 
are  under  treatment — namely,  cleaning  and  sorting  of 
the  ore,  stamping  and  washing,  and,  finally,  calcina- 
tion and  washing. 

Sorting  the  Ore. — This  operation  is  commenced  on 
the  surface  by  washing  away  the  clay  and  light 
impurities  from  the  ore  by  a  stream  of  water,  and 
breaking  or  spaling  the  stones  containing  the  ore,  and 
separating  the  whole  into  heaps  of  different  qualities 
and  classes,  according  to  the  nature  of  the  gangue,  or 
the  other  minerals  accompanying  the  tin;  thus  ores 
containing  copper  and  iron  pyrites  are  classed  differently 
from  such  as  contain  only  earthy  matters,  and  such  as 
contain  tungsten  are  set  aside  by  themselves  to  be 
submitted  to  a  special  treatment.    The  richest  and 
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purest  lumps  are  placed  together  in  heaps  on  the 
dressing  floor,  and  are  called  best  work;  the  second 
quality,  though  less  rich  than  the  preceding,  are 
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nevertheless  remunerative  ;  arid  the  third  division 
consists  of  matter  that  is  very  poor  in,  if  not  wholly 
without,  ore. 

The  several  heaps  of  ore  are  further  reduced  by  the 
stamping  mill  to  a  fine  powder.  This  machine  is 
shown  in  section  in  Fig.  599.  It  consists  oi  a. wooden 
shaft,  connected  with  a  water-wheel  or  steam-engine, 
in  which  are  arranged  a  number  of  cams  that  catch 
upon  the  lifting  arms  of  a  series  of  pestles  heavily 
shod  with  iron,  and  secured  in  a  strong  wooden  box 
lined  with  iron  to  prevent  the  dispersion  in  all  direc- 
tions of  the  ore  by  the  strokes  of  the  pestles  or  stamps. 
In  the  figure,  A  indicates  the  revolving  shaft  with  the 
cams,  B  the  pestle,  and  o  the  box  confining  them,  D 
the  ore  to  be  crushed,  and  E  a  sluice  which  supplies 
a  stream  of  water  that  carries  off  the  reduced  ore  to 
the  tanks  along  narrow  inclined  planes.  Four  stamp- 
ing heads,  averaging  two  and  a  half  to  three  and  a 
half  hundredweight  each,  are ,  worked  in  each  box, 
and  in  the  following  order : — The  pestle  to  the  left  of 
the  spectator,  supposed  to  be  standing  in  front,  first ; 
the  extreme  right  second;  the  right  middle  one  third; 
and  the  left  middle  last — and  each  pestle  is  so  lifted 
that  the  strokes  follow  in  succession.  The  revolving 
shaft  makes  about  twenty  revolutions  per  minute,  and 
the  ore  which  enters  the  box  receives  from  one 
hundred  and  sixty  strokes  to  double  this  number  to 
reduce  it.  The  stream  of  water,  entering  the  box  from 
E,  conveys  the  reduced  ore,  aided  by  the  force  of  the 
pestles,  through  gratings  at  the  ends  and  sides  of  the 
box  to  the  inclined  plane  or  cistern  already  mentioned. 
Here  the  ore,  in  consequence  of  its  gravity  varying  in 
the  ratio  of  its  contents  of  metal,  arranges  itself  into 
three  kinds — the  heaviest,  and  therefore  the  richest, 
resting  on  the  upper  part ;  a  less  rich  ore  in  the  middle ; 
and  the  poorest  or  gangue  parts — the  tailings — at  the 
lowest  part.  Very  fine  portions  of  the  ore  are  carried 
off  by  the  water  in  suspension  to  the  slime  pits,  where 
it  settles  to  the  bottom,  to  be  occasionally  collected. 
The  richest  portion  of  the  ore  on  the  inclined  plane  is 
removed  to  the  rectangular  huddle,  where  it  is  washed 
under  a  regular  stream  of  water,  the  ore  being  kept  by 
a  brush  spread  equally  over  the  floor  of  the  huddle.  In 
this  way  the  material  is  further  purified,  the  richer  ore 
remaining  on  the  upper  half  of  the  table,  and  a  poorer 
product  on  the  lower  half. 

The  richer  ore  is  further  purified  in  the  hieoe,  or  tos- 
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sing  tub — Fig.  600.  It  consists  simply  of  a  stout  wooden 
vat,  well  bound  with  iron  hoops,  having  a  capacity  of 
a  hundred  gallons  or  more.    A  quantity  of  the  purer 


ore,  from  the  huddle  in  the  preceding  instance,  together 
with  a  quantity  of  water,  is  thrown  into  the  tub  and 
stirred  well  up  with  a  shovel  for  a  few  minutes,  and 
then  allowed  to  rest,  while  to  expedite  the  subsidence 
of  the  ore,  the  workman  strikes  the  tub  all  round  with 
a  hammer.  Here,  again,  a  further  separation  of  the 
ore  takes  place,  according  to  the  order  of  its  gravity, 
the  richer  kinds  being  nearer  the  bottom  of  the  tub, 
and  forming  distinct  layers,  as  shown  in  the  figure. 
The  top  layer  is  thrown  away  as  being  of  little  value, 
or  is  reserved  for  further  washing  in  the  circular  huddle 
with  other  portions  of  poor  ore ;  the  second  is  sub- 
mitted to  another  washing ;  and  the  lower  layer  is  fit 
for  the  smelting  furnace  or  the  roaster,  if  it  bo  pyritous, 
and  is  called  tin  wiits. 

The  matter  on  the  middle  of  the  inclined  plane  or 
cistern  adjoining  the  stamping  mill  is  delivered  into  a 
wooden  trough  placed  over  the  cistern,  and  washed  by 
a  small  stream  of  water  direct  into  the  circular  buddle, 
where  the  washing  of  ore  is  effected  in  larger  quantity, 
and  at  less  expense  than  in  washing  the  rich  ore  as 
it  becomes  separated.  Several  of  these  circular  bud- 
dies are  required,  and  the  lower  layer  of  the  deposit 
in  one  is  conveyed  by  a  trough  to  the  next,  and 
there  washed.  In  this  way  the  richer  parts  are 
removed  from  the  poorer  tailings;  and  when  they 
arrive  at  the  proper  standard  they  are  removed,  and 
their  cleansing  finished  on  the  rectangular  buddle  and 
tossing  tub,  as  described.  The  contents  of  the  slime 
pits  are  purified,  first,  by  what  is  known  as  the  trunking 
process,  and  secondly,  on  the  raching  table.  The 
trunking  box  consists  of  a  long  sloping  cistern,  with  a 
division  near  its  upper  end,  forming  a  small  quad- 
rangular vessel,  in  which  the  ore,  slime,  and  water  are 
delivered.  The  contents  of  this  small  cistern  are 
agitated  by  the  slow  movement  of  a  paddle  placed  in 
it,  and  thus  portions  of  slime  and  water  are  thrown  out 
into  the  sloping  trunk  at  each  stroke.  As  it  flows 
down  this  incline  the  heavier  ore  first  separates,  and 
continues  to  deposit,  according  to  its  density,  towards 
the  end  of  the  trunk,  where,  however,  the  matter 
collected  is  of  little  worth.  "When  enough  of  the 
mud  is  thus  treated  to  fill  the  long  cistern,  the  admis- 
sion of  more  of  the  sludge  is  prevented,  and  the  higher 
portion  of  the  deposit  is  transferred  to  the  racking 
tables,  whilst  the  other  portion  is  again  submitted  to 
the  preceding  trunking  process.  The  racking  table, 
shown  in  Fig.  601,  is  a  long  wooden  table,  set  at  an 
incline  of  one  in  sixteen,  and  having  shallow  bevilled 
flanges  at  the  sides  and  ends  to  serve  as  a  frame  for  it, 
and  supported  by  centre  pivots  on  a  wooden  frame- 
work about  three  feet  high.  At  the  head  of  the 
table  is  fixed  the  sloping  board,  hinged  to  it  with 
leather,  and  upon  this  the  mixture  of  ore  and  water  is 
delivered,  and  a  number  of  boxes,  generally  three,  are 
fixed  beneath  it  to  receive  the  different  qualities  of  the 
washed  product. 

About  twelve  or  fifteen  pounds  of  the  selected  stuff 
from  the  trunk  boxes  are  placed  on  the  fixed  head 
and  washed  over  the  hinge  board  to  the  table.  It  is 
equally  distributed  over  the  board  with  the  aid  of  a 
rake  or  brush,  when  the  water  sweeps  along  the  lighter 
portions,  and  carries  the  worthless  matter  through  a 
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narrow  slit  at  the  bottom  of  the  table  into  a  gutter. 
The  selected  and  rich  deposit  on  the  table  is  washed, 
out  into  the  receptacles  beneath  it  by  inclining  the 
latter  to  one  side,  and  a  fresh  quantity  operated  upon 
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as  before.  The  contents  of  the  first,  second,  and  third 
box  are  washed  again  on  the  rack  once,  twice,  or 
thrice,  as  it  is  deemed  necessary,  before  the  product  of 
the  first  vessel  is  sent  to  the  tossing  tub. 

Stream  tin  is  dressed  by  a  similar  course  of  opera- 
tions as  the  foregoing,  only  that  the  ore  is  first  treated 
in  a  large  trunking  box,  where  the  workmen  separate 
by  a  rake  the  larger  from  the  smaller  particles  of  ore. 
After  this,  the  divisions  of  ore  are  submitted  to  a  pick- 
ing, stamping,  and  washing  operation,  mostly  like  that 
detailed  above.  With  stream  tin  these  processes  serve 
to  produce  a  very  pure  ore,  devoid  of  most  of  its  earthy 
components,  and  ready  for  the  smelter ;  but  when  the 
tin  is  found  in  lodes,  associated  with  copper  and  iron 
pyrites,  the  dressing  course  with  simple  washings  is 
insufficient  to  remove  the  sulphurous  compounds,  and 
with  which  the  ore  cannot  be  smelted. 

To  remove  them,  the  ore  from  the  tossing  tub — the 
tin  wills — is  conveyed  to  the  burning  house,  and  roasted 
in  reverberatory  furnaces,  or  in  a  kind  of  roaster  called 
from  its  inventor  Brunton's  calciner.  The  reverbera- 
tories  are  of  the  usual  form,  having  a  bed  about  nine 
feet  long,  five  feet  wide  in  the  middle,  and  four  feet  at 
the  back  part,  wherein  is  situated  the  working  door. 
The  charge,  amounting  to  ten  or  twelve  hundredweight 
of  ore,  is  let  down  upon  the  bed  through  a  hopper  in 
the  arch,  and  when  roasted  it  is  drawn  out  to  an  arched 
space  beneath  the  bed  by  a  small  aperture  inside  the 
working  door  in  the  latter.  The  temperature  supplied 
should  not  exceed  a  dull  red  heat,  such  as  will  be 
capable  of  dispelling  the  arsenic  and  sulphur  without 
fusing  the  sulphurous  compounds.  Frequent  rabbling 
of  the  ore  on  the  bed  of  the  furnace  expedites  the  sepa- 
ration of  the  sulphur  and  arsenic;  but,  under  all  the 
attentions  given,  the  time  for  each  charge  averages, 
according  to  the  amount  of  impurities,  from  eight  to 
twelve  hours.  The  arsenical  and  sulphurous  vapors 
pass  from  the  furnace  into  a  wide  flue,  which  is 
divided  into  a  series  of  compartments  or  chambers 
of  varied  dimensions,  for  the  purpose  of  arresting  the 
arsenic,  and  leading  to  a  low  chimney  usually  erected 
on  some  adjoining  and  commanding  eminence. 

Brtjnton's  calciner  is  shown  in  Fig.  602.  It  is  a 
circular  cast-iron  table  fixed  on  a  stout  central  shaft, 


placed  in  proper  bearings  beneath  the  furnace,  so  as  to 
permit  its  turning  slowly  with  the  table,  C,  which  is  set 
in  motion  by  a  small  pinion  gearing  into  a  toothed  wheel 
fastened  to  its  under  side.    This  table  is  fixed  beneath 
the  dome  of  a  reverberatory  furnace,  having 
a  hopper,  E,  for  retaining  the  ore  to  be  cal- 
cined, and  in  which  the  upper  end  of  the 
central  shaft  turns  and  distributes  the  ore  on 
the  plate  in  a  continuous  stream.    The  fire 
is  at  A,  and  the  products  of  its  combustion 
pass  over  the  ore  to  the  flue,  B,  leading  to  the 
chimney.    Owing  to  the  revolution  of  the 
bed  of  the  furnace  the  ore  is  kept  constantly 
k  turned  and  moved  till  it  travels  to  the  cir- 

cumference  whence  it  is  ejected  through  the 
W  apertures,  h,  into  the  receptacle  or  wrinkle, 

G,  in  the  same  ratio  that  it  is  supplied  from 
the  hopper.  Power  is  communicated  to 
the  gearing  pinion  by  a  water-wheel  or 
other  means ;  and  the  rate  at  which  the  ore  is  to  pass 
over  the  calciner  is  regulated  by  the  quick  or  slow 
motion  of  this  shaft.  Much  labor  and  fuel  are  said 
to  be  economized  by  the  adoption  of.  this  system  of 
roasting. 

The  roasting  effects  the  conversion  of  the  dense 
metallic  sulphides  into  friable  and  light  oxides,  which, 
being  of  a  less  gravity  than  the  tin  ore  that  remains 
unaltered  by  the  operation,  can  be  readily  separated  by 
a  proper  system  of  washing.  The  several  kinds  of  pro- 
ducts from  the  preliminary  dressing,  such  as  jigged, 
fluran,  smalls,  slime,  and  roughs,  are  burned  separately, 

Fig. 602. 


and  each  subjected  afterwards  to  a  particular  treatment; 
thus  the  jigged  parcels  are  simply  jigged  again  on  a 
copper  sieve  after  the  burning;  the  fluran  is  passed 
through  the  huddle  and  tie,  and  the  finer  divisions  are 
submitted  to  more  complicated  processes,  consisting  of 
huddling,  tossing,  packing,  and  further  washing  of  the 
residues  from  these  operations  on  hair  sieves,  till  finally 
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the  tin  crop  remains  as  pure  as  possible.  Numerous 
divisions  of  tin  ores  are  made  according  to  the  quantity 
of  the  accompanying  bodies  and  then  nature,  besides 
those  already  alluded  to ;  and  their  dressing  gives  rise 
to  several  refuse  matters,  the  purification  of  which 
necessitates  a  complication  of  operations,  which  are 
varied  according  to  circumstances  and  the  judgment 
of  the  superintendent  of  the  mine.  The  burned  leav- 
ings from  the  foregoing  operations,  containing  more  or 
less  tin,  are  restamped  with  some  silicious  matter  and 
rewashed;  the  crushing  with  the  sand,  et  cetera,  detaches 
from  the  particles  of  tin  the  earthy  matters  that  were 
combined  with  them,  and  that  rendered  them  specifi- 
cally lighter  in  the  preceding  washings.  They  may 
now  be  readily  separated  by  a  stream  of  water  in  the 
trunking  box  or  buddle,  and  the  tin  obtained. 

Improvements  in  the  Dressing  of  Tin  Ore. — Several 
improved  methods  of  purifying  ores  of  tin  have  been 
suggested  and  practised  during  the  last  quarter  of  a 
century.  The  principal  of  these  consist  in  the  use  of 
acids  for  the  separation  of  the  injurious  matters  from 
the  tin  ore,  which  remains  unacted  upon  by  them.  By 
the  use  of  hydrochloric  and  sulphuric  acids  the  frag- 
ments of  metallic  iron  from  the  tools  of  the  miners,  of 
oxides  of  iron,  copper,  et  cetera,  are  dissolved  and 
removed  from  the  tin  by  simple  washing,  much  more 
effectively,  than  could  be  done  by  any  mechanical  ope- 
ration, however  carefully  performed.  Acids  have  been 
in  use  for  the  dressing  of  tin  ores  since  1842,  or  earlier ; 
muriatic  acid  being  preferred  where  the  impurity  is 
iron  and  its  oxide,  and  sulphuric  acid  for  the  separation 
of  the  copper  existing  in  the  roasted  ore  as  oxide,  which 
is  afterwards  thrown  down  from  its  solutions  by  metal- 
lic iron  or  zinc,  and  the  sulphate  of  iron,  or  of  zinc 
recovered.  Longmaid's  patent  process  of  separating 
the  sulphur  from  pyritic  ores  by  fusing  them  with 
common  salt,  whereby  the  sulphur  is  converted  into  sul- 
phate of  soda,  and  the  copper  into  the  form  of  chloride, 
could  be  applied  to  the  purification  of  tin  ores  containing 
the  foregoing  additional  metals.  Washing  the  roasted 
mass  would  remove  the  copper  salt,  and  the  sesquioxide 
of  iron  would  be  carried  off  in  mechanical  suspension, 
leaving  the  oxide  of  tin  in  a  partially  pure  state  behind. 
The  preceding  methods  of  treatment  do  not  serve  to 
purify  ores  of  tin  associated  with  wolfram — the  double 
tungstate  of  iron  and  manganese  —  for  this  mineral 
has  a  density  averaging  7-l  to  7-4,  and  therefore  so 
closely  approximating  to  that  of  tin  that  no  amount  of 
mechanical  washing  could  part  the  two  satisfactorily. 
Before  the  process  for  its  purification  was  discovered, 
the  tin  obtained  from  this  kind  of  ore  was  very  inferior, 
and  consequently  the  ores  themselves  were  greatly 
depressed  in  value.  By  Oxland's  method  of  remov- 
ing the  tungstic  acid  from  them,  however,  they  are  so 
improved  that  first  quality  tin  can  be  smelted  from 
them,  and  necessarily  with  such  purification  their  value 
has  been  correspondingly  enhanced.  The  principle 
of  Oxland's  patent  is  that  on  fusing  ores  containing 
tungstates  with  alkaline  salts,  such  as  carbonates  or 
sulphates  of  soda  or  potassa,  the  tungstic  acid  com- 
bines with  the  alkaline  base,  producing  an  alkaline 
tungstate,  which  may  bo  dissolved  out,  and  converted 
to  useful  purposes  hi  calico-printing  or  painting,  thus 


returning  as  much  if  not  more  than  the  expense  involved 
in  the  treatment.  The  tin  ore,  as  finely  dressed  as 
possible,  is  mixed  with  as  much  soda  ash  or  crude 
soda  as  will  be  sufficient  to  form  an  alkaline  tung- 
state with  the  amount  of  tungstic  acid  which  ana- 
lysis shows  the  mineral  contains.  The  mixture  is  then 
introduced  into  the  bed  of  a  reverberatory,  and  heated 
to  low  redness,  which  temperature  is  sufficient  to  induce 
the  combination  of  the  alkali  and  the  metallic  acid 
body.  When  the  operation  is  finished,  as  observed  by 
the  color  the  mass  assumes,  and  the  consistency  of  a 
thick  paste  which  it  takes,  it  is  raked  out  by  an  open- 
ing in  the  bed  of  the  furnace  into  a  receptacle  beneath, 
whence  it  is  taken  and  cast  into  vats  filled  with  water, 
which  dissolves  out  the  tungstate  of  soda,  leaving  the 
other  constituents  of  the  ore  untouched.  By  a  judi- 
cious use  of  the  water  and  a  properly-constructed  vat, 
the  whole  of  the  tungstate  can  be  extracted  with  very 
few  changes  of  water,  and  without  diluting  the  solu- 
tion to  an  inordinate  degree.  While  this  operation 
is  progressing,  the  furnace  is  being  charged  with  a 
further  quantity  of  the  mixture,  which  is  spread  out  » 
upon  the  sole,  and  left  so  with  the  furnace  doors  closed, 
till  the  alkali  begins  to  melt  and  the  mass  emits  a  hiss- 
ing sound,  resulting  from  the  expulsion  of  carbonic 
acid  from  the  soda  salt  by  the  metallic  acid.  It  is 
then  slightly  stirred;  and  when  the  preceding  noise  sub- 
sides, and  the  forementioned  indications  are  observed, 
the  roasted  mass  is  ready  for  drawing.  Latterly, 
instead  of  carbonate  of  soda,  or  crude  soda,  sulphate  of 
soda  or  salt  cake  has  been  substituted,  both  on  account 
of  its  cheapness  compared  with  soda  ash,  and  of  its 
answering  all  the  required  purposes,  in  this  respect,  as 
well  as  the  latter  salt.  Some  skill  and  practical  judgment 
are  required,  however,  on  the  part  of  the  furnaceman  who 
has  the  control  of  the  process,  to  insure  success.  The 
charge  containing  a  quantity  of  sulphate  corresponding 
to  the  tungsten  in  the  ore,  is  put  into  the  reverberatory 
— Fig.  603— through  the  workable  opening,  B,  in  the 
arch,  and  spread  by  the  furnaceman  upon  the  iron 
bed,  A  A,  of  the  furnace  through  the  working  door,  D. 
The  bed  is  composed  of  two  stout  cast-iron  plates  fixed 
in  the  sides  of  the  furnace,  and  supported  near  the 
centre  by  lines  of  brickwork ;  the  space  left  by  this 
arrangement  between  the  plate  and  solid  brickwork 
forming  a  flue  for  the  smoke  and  waste  gases  of  the 
fire  to  return  under  the  sole,  and  thus  assist  in  heating 
it.  c  is  the  fire  which  at  the  beginning  of  the  ope- 
ration should  produce  a  highly  carbonaceous  flame, 
with  the  view  of  reducing  the  sulphate  of  soda  to 
the  state  of  protosulphide,  to  induce  the  decompo- 
sition of  the  tungsten  and  the  combination  of  the 
acid.  For  the  same  purpose  some  small  coal  or  char- 
coal is  mixed  with  the  charge,  the  more  readily  and 
efficiently  to  decompose  the  sulphuric  acid  of  the  soda 
salt.  A  dull  red  heat  is  maintained  with  all  the  avail- 
able openings  to  the  interior  of  the  furnace  closed, 
and  a  strong  reducing  flame,  till  the  reduction  of  the 
sulphate  is  effected,  occasionally  stirring  the  mixture 
well  till  the  phosphorescent  appearance  of  the  mass 
disappears.  At  this  stage  of  the  operation  a  bright 
oxidizing  flame  should  be  produced,  to  induce  the 
further  decomposition  of  the  alkaline  sulphide  and  the 
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formation  of  the  soluble  tungstate ;  after  which  it  is 
raked  out  tlu'ough  the  hitherto  closed  aperture,  E,  to 
the  vault,  P.    This  process  has  been  carried  out  at  the 
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Drake  Wall  Mine  in  Cornwall  since  1850  with  every 
success. 

The  solution  of  tungstate  of  soda  obtained  by  the 
exhaustion  of  the  fluxed  ore  with  water,  is  concentrated 
in  iron  pans  to  the  crystallizing  point,  and  drawn  olF 
into  crystallizing  vessels,  where  it  remains.  In  a  few 
days  the  tungstate  separates  in  beautiful  crystals,  and 
which,  after  slight  washing  and  draining,  are  fit  for 
market.  On  concentrating  the  mother  liquors  a  further 
crop  is  obtained.  After  the  ore  is  exhausted  of  its 
soluble  salts  it  is  transferred  to  the  floor  of  the  burning 
house,  and  the  iron  and  manganese  separated  by  wash- 
ing or  treatment  with  acids,  according  to  the  methods 
already  detailed. 

From  a  consideration  of  the  several  operations  which 
ores  of  tin  pass  through  from  their  coming  to  grass, 
as  it  is  called,  till  they  are  ready  for  the  smelter,  it  is 
supposed  that  fully  a  third  or  more  of  the  quantity  of 
tin  originally  in  the  ore  is  lost.  Distributed  as  the 
tin  must  be  in  minute  grains  in  the  stony  gangue,  it  is 
evident  that  the  latter  cannot  be  so  thoroughly  broken 
off  from  the  tin  as  to  leave  it  isolated,  and  thus  in  a 
state  to  separate  in  the  several  washings.  Further, 
where  the  tin  ore  is  to  the  whole  of  the  matter  mined 
as  one  to  thirty  or  thirty-five,  a  good  deal  of  tin  must 
be  rejected  in  the  tailings  of  the  first  process  which 
it  lias  to  undergo,  videlicet,  the  spoiling  and  picking; 


and  analysis  of  the  refuse  matters  shows  that  they 
invariably  contain  quantities  of  tin,  which  loss  must  be 
entirely  owing  to  the  imperfect,  or  rather  inadequate 
methods,  adopted  for  disintegrating  the  ore,  and  the 
very  slight  difference  in  the  low  gravity  of  the  gangue 
which  the  associated  grains  of  tin  ore  must  occasion,  so 
that  such  ore  will  be  entirely  lost  to  the  miner. 

Modern  researches  show  that  the  loss  of  tin  in  the 
dressing  of  poor  ores  is  much  greater  than  when  richer 
products  are  operated  upon,  in  which,  however,  it 
amounts  to  about  twenty-five  per  cent,  of  the  whole 
quantity.  This  great  loss  is  attributed  to  the  large  amount 
of  tailing  stuff  produced,  and  the  large  body  of  water 
made  use  of  in  the  course  of  the  working.  Whilst  the 
existing  mode  of  tin  dressing  is  practised,  that  loss  can 
hardly  be  avoided,  or  at  best  but  slightly  lessened.  To 
obtain  the  whole  of  the  two  to  three  per  cent,  of 
binoxide  of  tin  in  the  tin  stuff,  the  dressing  must  be 
based  upon  chemical  rather  than  mechanical  principles. 
Considering  that  the  loss  of  tin  at  present  sustained  in 
dressing  a  hundred  tons  of  stuff  averages  fully  fifty  to 
sixty  pounds  worth  of  tin,  the  recovery  of  this  waste 
would  afford  a  scope  for  a  partial  outlay  by  which  to 
attain  better  and  more  profitable  returns. 

Many  mining  companies  have  of  late  years  substi- 
tuted crushing  mills,  such  as  are  sometimes  employed 
in  the  preparation  of  copper  ores,  for  the  stamping 
mill,  and  with  great  effect  and  benefit ;  inasmuch  as 
the  crushing  mill  reduces  the  ore  to  a  finer  state  of 
division,  and  separates  more  of  the  gangue  from  the 
hard  granules  of  tin  than  the  stamps,  and  thereby 
renders  it  more  easily  and  freely  separable  by  virtue 
of  its  gravity,  than  when  this  breaking  up  is  defec- 
tively performed.  A  mistaken  notion  or  prejudice 
seems  to  occupy  the  minds  of  several  miners,  with 
regard  to  the  value  of  crushers  in  their  line  of  opera- 
tions, the  more  especially  if  the  stuff  in  which  the  tin 
ore  is  disseminated  be  indurated  slate  and  the  like; 
for  in  such  cases  they  seem  to  be  impressed  with  the 
idea  that  the  crushers  could  not  work  it  so  well  as  the 
stampers.  The  evidence  of  many  very  creditable  and 
experienced  persons  is  directly  opposed  to  this  view ; 
and  a  rational  examination  of  the  principles  of  working 
with  regard  to  each,  would  undoubtedly  tend  to  the 
preference  of  the  crushers.  At  all  events,  since  the 
tin  miner  places  so  much  dependence  upon  the  gravity 
of  the  ore  as  a  means  by  which  he  can  cheaply  and 
expeditiously  purify  it  from  grosser  and  injurious 
matters,  the  primary  consideration  with  him  ought 
to  be  the  reduction  of  the  ore  to  the  finest  possible 
state  of  division.  The  better  this  is  executed  the  more 
completely  and  expeditiously  will  the  whole  or  chief 
part  of  the  tin  separate  in  virtue  of  its  density,  in  a 
properly  ordered  system  of  elutriation. 

Assaying  op  Tin  Okks. — Although  the  laws  of 
the  Stannery  Court  do  not  permit  that  the  product  of 
the  tin  mines  should  be  sold  out  of  Cornwall  before 
smelting,  it  happens  that  the  mining  proprietors  are 
never  the  smelters,  and  so  the  ores  are  sold  to  a  few 
smelters  who  have  the  trade  in  their  hands.  These  buy 
as  cheaply  as  they  can,  and  according  to  the  declared 
value  of  the  ore  as  ascertained  by  assay.  Hence,  as  in  the 
case  of  copper,  the  ores  of  tin  are  always  submitted  to 
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this  test  to  find  their  value,  and  it  becomes  a  matter  of 
some  interest  to  the  miner,  as  well  as  the  smelter,  to  be 
able  to  control  the  determinations  of  recognized  assayers, 
for  their  own  satisfaction  and  often  protection.  The 
operation  is  very  simple,  since  the  dressed  ores  are 
generally  operated  upon,  and  consequently  very  little  of 
any  other  ingredient  remains  in  the  substance,  excepting 
the  binoxide  of  tin,  and  the  silicious  or  other  ganguey 
matter,  separable  by  fluxes.  Still,  as  binoxide  of  tin 
forms  permanent  compounds  with  silicic  acid  at  a  high 
temperature,  it  is  necessary  to  use  some  precautions  as 
well  in  the  amount  of  flux  allotted  to  the  assay,  as  in 
performing  the  reduction  in  a  black  lead  crucible,  or  an 
earthen  one  well  lined  with  charcoal,  and  at  the  highest 
temperature  of  the  wind  furnace.  If  sulphurous  or 
other  alterable  bodies  be  present  in  the  ore,  these 
should  be  removed  by  roasting  a  quantity  of  the  ore  at 
a  low  red  heat,  and  using  a  little  &mmoniacal  carbo- 
nate towards  the  end  of  the  operation,  till  nothing 
further  is  evolved.  The  ore  should  in  all  cases  be 
reduced  to  the  finest  powder ;  and  after  the  roasting,  if 
the  quantity  of  silica  and  stony  matter  be  deemed  in 
too  great  excess,  the  assay  may  be  carefully  washed  in 
a  mortar  or  porcelain  dish,  and  a  large  quantity  of  the 
impure  matters  thus  removed.  The  heavy  deposit  of 
tin  ore  may  then  be  dried  and  assayed  in  the  following 
manner.  If  the  ore  be  highly  dressed,  two  ounces  of 
it  are  weighed  and  mixed  intimately  with  one-third  to 
half  this  weight  of  powdered  charcoal  or  coke,  and 
half  an  ounce  of  ground  borax  glass;  the  whole  well 
ground  together,  and  introduced  into  a  black  lead  pot, 
or  lined  clay  one,  and  this  placed  on  the  furnace,  the 
heat  of  which  should  be  maintained  at  its  highest 
point  for  fifteen  to  twenty  minutes.  At  the  end  of 
this  period,  and  when  the  contents  of  the  crucible  are 
in  tranquil  fusion,  the  whole  is  briskly  stirred  with  an 
iron  rod,  and  then  poured  out  rapidly  into  an  ingot 
iron  mould.  When  cold,  the  slag  is  detached  from 
the  button  of  tin  by  a  few  strokes  of  the  hammer,  and 
by  the  use  of  the  brush ;  the  button  is  then  weighed. 
Any  matters  remaining  attached  to  the  walls  of  the 
crucible  are  scraped  off'  and  ground,  then  washed,  and 
the  particles  of  metal  that  may  be  thus  separated, 
weighed,  and  the  amount  added  to  that  of  the  principal 
button.  Sometimes  the  flux  is  composed  of  equal  parts 
of  borax  glass  and  carbonate  of  soda,  and  is  found  to 
answer  very  well;  so  also  is  the  flux  compounded  of 
three  parts  carbonate  of  soda  and  one  of  lime.  Of  the 
former  thirty  to  forty  per  cent,  of  the  ore  taken  for 
assay  is  employed,  and  of  the  latter  forty  per  cent. 
When  ores  of  tin  are  very  poor,  so  that  they  necessi- 
tate the  use  of  large  quantities  of  flux,  very  little  tin 
can  be  reduced  from  them,  on  the  scale  of  assay- 
making,  notwithstanding  a  considerable  amount  of 
the  metal  can  be  obtained  by  the  treatment  of  such 
ores  on  the  large  scale.  In  assaying  such  ores  the 
better  course  would  be  to  employ  the  liquid  method 
of  analysis,  which  will  be  referred  to  further  on. 

Smelting  the  Ore. — Up  to  the  period  of  the  reign 
of  Charles  the  First,  very  little  improvements  are 
recorded  in  the  smelting  of  tin.  The  remains  of 
ancient  workings  discovered  as  existing  previous  to 
the  above  period,  appear  to  indicate  that  the  reduction 


was  carried  on  in  furnaces  or  hearths  scooped  out  of 
the  ground,  and  in  which  a  mixture  of  black  tin  and 
charcoal  was  placed,  the  necessary  intensity  of  the 
heat  being  kept  up  doubtless  by  the  blast  of  rude 
bellows,  and  the  whole  operation  being  similar  to  the 
metallurgic  process  of  the  travelling  tinkers  of  a  few 
years  ago — and  perhaps  of  the  present  day  in  Ireland 
— whereby  cast-iron  and  other  refractory  metals  were 
readily  melted  and  cast  into  shapes,  such  as  smooth- 
ing irons,  et  cetera.  Bemains  of  such  furnaces  are  of 
frequent  occurrence  in  Cornwall  and  Devon,  and  are 
called  Jew  houses.  One  of  these  smelting  forges 
lately  discovered  beneath  a  stratum  of  bog,  twelve  feet 
thick,  at  Eedmoor,  contained  some  tin,  peat  which 
had  been  used  as  fuel,  and  furnace  scoria,  with  other 
remains.  An  analysis  of  the  scoria  from  other  fur- 
naces in  the  same  locality,  and  apparently  of  a  more 
modem  date  than  the  preceding,  showed  the  imper- 
fections of  the  methods  of  smelting.  The  following 
are  the  results  which  samples  presenting  the  appear- 
ance of  thin  fragments  of  bottle  glass  gave  : — 

Centcsimally 


Silica,  40-60 

Alumina,  19-20 

Oxide  of  tin,  22-85 

Protoxide  of  iron,   7-31 

Sulphide  of  iron,   9-04 

Lime,  trace 

Potassa,   1-00 


100-00 

From  the  other  remains  found  in  the  site  of  the  slags, 
et  cetera,  from  which  the  above  was  taken,  it  would 
appear  that  the  date  of  working  could  not  have  been 
later  than  about  the  year  1G30.  Attempts  were  made 
in  the  reign  of  the  first  Charles  to  employ  pit  coal 
instead  of  peat  and  charcoal ;  but  the  results  were 
unsatisfactory  till  the  first  few  years  of  Anne's  reign, 
when  improved  methods  of  smelting  ores  of  tin  in 
blast  furnaces,  by  means  of  fossil  fuel,  were  patented 
by  a  Mr.  Liddell.  At  this  period,  and  when  the 
advantage  of  fossil  fuel  above  peat  and  charcoal  began 
to  be  recognized,  the  invention  of  the  reverberatory 

Fig.  cm. 


furnace  soon  followed,  in  which  forms  of  furnaces  tin 
ores  have  hitherto,  but  with  slight  modifications,  been 
smelted. — Records  of  Minivrj  and  Metallurgy, 

Figs.  604  and  605  are  a  plan  and  section  of  the  smelt- 
ing furnace  at  present  employed  in  the  smelting  of  tin 
ores.  In  these  figures,  A  is  the  fire  supplied  through  the 
door,  B  ;  c  is  the  bed  of  the  furnace,  constructed  of  fire- 
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brick,  and  supported  by  the  arch,  D,  having  a  passage  for 
cold  air  beneath  it,  and  in  the  bridge,  E,  of  the  furnace, 
to  prevent  the  overheating  of  the  mass  of  brickwork  in 
the  bed.  The  charging  door  is  seen  at  H,  and  G  is 
the  opening  through  which  the  charge  is  worked  iu 
the  furnace;  F  is  a  draught-hole  temporarily  opened 
whilst  the  slags  are  being  skimmed  off  the  metallic 
bath,  and  I  is  the  flue  leading  to  the  chimney.  The 
ore,  which  generally  averages  from  sixty  to  seventy- 
five  per  cent,  of  metal,  or,  as  estimated  by  the  tin 
assayers  and  smelters,  twelve  to  fifteen  parts,  in  twenty 
of  ore,  is  mixed  with  twelve  to  eighteen  per  cent,  of 
powdered  anthracite  coal,  and  twenty  to  twenty-five 
hundredweight,  or  a  little  more,  of  this  mixture,  taken 
for  the  working  charge  in  the  ordinary  sized  furnace;  a 
small  quantity  of  lime  or  powdered  fluor  spar  is  added 
in  proportion  to  the  amount  of  silica  contained  in  the 
material.  The  whole  is  shovelled  in  at  the  charging 
door,  and  spread  through  this  and  the  working  door ; 
after  which  both  doors  are  closed,  and  the  fire  is  urged 
for  a  period  of  six  to  eight  hours,  gradually  increasing 
in  intensity.  At  the  end  of  this  time  the  ore  is  well 
rabbled  and  mixed  by  the  furnaceman  through  the 
hinder  door,  with  the  view  of  bringing  the  unreduced 
portions  of  ore  still  remaining,  within  the  influence  of  the 
heat,  and  reducing  flame  from  the  fire,  and  the  uncon- 
sumed  carbon  of  the  charge,  and  likewise  of  allowing  the 
separated  metal  to  collect  into  a  bath.  For  a  second 
time  the  doors  are  closed,  and  the  interior  is  allowed 
to  regain  its  high  degree  of  heat,  somewhat  reduced 
during  the  working  of  the  mass.    After  a  short  interval 

Fig.  60S. 


the  furnaceman  throws  some  moist  slack  on  the  surface 
of  the  fused  mass  in  the  furnace,  and  then  commences 
to  draw  out  the  top  layers  of  scoria  through  the  work- 
ing door,  to  the  extent  of  three-fourths,  or  thereabouts, 
of  the  entire  quantity.  Whilst  this  part  of  the  work 
is  being  proceeded  with,  it  is  customary  to  open  the 
draught-hole,  F,  so  as  to  allow  the  gases  to  ascend  and 
leave  the  interior  of  the  furnace  partially  exposed  to  the 
examination  of  the  furnaceman.  The  above  quantity  of 
scoria,  if  skimmed  off  with  care,  contains  no  metal  worth 
further  search,  and  therefore  it  is  thrown  away.  The 
portions  which  are  afterwards  drawn  out,  however,  are 
separated  into  two  classes;  the  first  and  largest  por- 
tion is  set  aside  to  be  stamped,  in  order  to  separate  the 


globules,  or  prills  of  metal  diffused  through  it  to  the 
amount  of  five  per  cent.,  or  nearly  so;  and  the  second, 
or  final  skimmings  from  the  metal  in  the  furnace,  are 
reserved  to  be  melted  with  a  succeeding  charge  of 
metal  or  refuse  products,  when  not  only  the  particles 
of  metal  are  recovered,  but  also  the  tin  in  the  state  of 
binoxide  contained  in  it.  "When  the  metallic  bath  is 
cleaned  in  this  way,  the  clay  plug  hitherto  closing  the 
gutter,  L,  leading  to  the  cast-iron  pot,  K,  is  removed, 
and  the  tin  allowed  to  flow  into  the  latter.  The  metal 
rests  here  for  some  time ;  meanwhile  a  fresh  charge 
is  introduced  into  the  furnace ;  after  which  all  the 
apertures  are  closed  as  before,  and  the  fire  kept  up, 
as  already  stated.  After  the  metal  has  remained  in 
the  pot  sufficiently  long  to  permit  the  slag  and  other 
impurities  to  rise  to  the  surface,  these  matters  are 
skimmed  off,  and  the  tin  is  ladled  out  into  cast-iron 
moulds,  each  capable  of  containing  about  three  hun- 
dredweight. 

The  tin  so  procured  always  contains  a  certain  amount 
of  impurities,  the  greater  when  less  care  has  been  exer- 
cised in  the  dressing  of  the  ore.  These  are  generally 
iron,  lead,  and  some  other  bodies,  according  to  the 
nature  of  the  accompanying  ore,  such  as  copper,  tung- 
sten, arsenic,  and  cobalt.  To  separate  them,  however, 
it  is  necessary  to  submit  the  crude  tin  to  either  of  two 
operations — the  one,  a  process  by  which  the  more  fusi- 
ble tin  is  sweated  out  at  a  low  temperature,  and  called 
liquation;  the  other,  a  boiling  or  tossing  of  the  metal, 
by  which  portions  of  it,  by  its  extended  exposure  to 
the  air  in  this  operation,  are  converted  into  oxide  ;  and 
being  in  this  state  agitated  with  the  body  of  the  metal, 
the  oxygen  is  transferred  to  the  more  oxidizable  metals, 
which  are  thrown  off  as  a  scoria,  and  can  be  removed 
by  skimmings. 

For  the  liquation,  the  smelting  reverberatory  above 
described,  or  one  similarly  constructed,  may  be  used. 
The  blocks  of  tin  are  loosely  piled  upon  the  hearth, 
and  a  moderate  heat  is  applied;  the  excess  of  pure  tin 
melts  at  the  low  heat,  and  flows  out  by  the  gutter  to 
the  receiver,  leaving  in  the  furnace  an  alloj'  richer  in 
impurities,  and  therefore,  owing  to  the  more  refractory 
nature  of  the  alloyed  metals,  requiring  a  higher  tem- 
perature for  melting  it  than  the  purer  tin.  As  the  pro- 
gress of  heating  crumbles  and  melts  the  blocks  of  tin, 
fresh  ones  are  supplied  till  about  five  or  six  tons  of 
metal  have  run  out  to  the  cast-iron  receiver,  wherein 
the  second  operation  is  conducted.  This  receiver  is  so 
arranged  as  to  admit  of  being  heated  with  the  view  of 
aiding  in  the  more  ready  separation  of  the  contami- 
nating ingredients  during  the  boiling  or  tossing. 

The  purification  by  boiling  is  analogous  in  principle 
to  the  poling  practised  in  refining  copper,  though  differ- 
ing in  detail.  In  the  case  of  copper,  the  gases  elimi- 
nated from  the  wood — watery  vapor  principally,  and 
some  carbohydrogen — serve  to  decompose  the  metallic 
sulphide  left,  eliminating  the  sulphur  as  sulphurous 
acid  and  sulphide  of  hydrogen;  whilst  in  that  of  the 
purification  of  tin,  the  metal  abstracts  oxygen  from  the 
steam  similarly  generated,  and  the  oxide  of  tin  thus 
partially  produced,  reacts  upon  the  particles  of  alloyed 
metals  more  oxidizable  than  itself,  and  eliminates  them 
as  oxide,  being  itself  reconverted  to  the  metallic  state. 
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The  method  of  procedure  with  tin  is  to  have  a  bundle 
of  billets  of  green  wood  mounted  on  a  crane  erected 
by  the  furnace,  and  overhanging  the  pot  containing  the 
melted  metal;  this  bundle  is  forced  into  the  fluid 
mass,  and  the  result  is  a  violent  seething,  caused 
by  the  eliminated  gases.  A  scum  forms  in  which 
oxide  of  tin  is  a  constituent ;  this  is  skimmed  off  and 
retained  to  be  remelted  with  a  fresh  charge,  or  with 
the  scoria  produced  in  the  first  reduction.  The  action 
of  the  wood  is  renewed,  and  the  scum  removed,  till 
by  a  test  applied  to  the  metal  it  is  judged  sufficiently 
purified. 

Instead  of  using  wood,  the  process  of  tossing  may 
be  practised  with  the  same  effect;  that  is,  the  metal  is 
taken  up  in  ladles  and  allowed  to  fall  from  a  certain 
height  into  the  caldron  ;  in  this  case  a  scum  is  formed, 
and  is  removed  in  the  same  way  as  stated  till  the  metal 
is  deemed  pure.  The  time  occupied  in  the  purification 
averages  about  five  hours ;  one  hour  is  devoted  to 
the  liquidation,  three  to  the  boiling  or  tossing,  and  one 
to  the  subsidence  of  the  metal  after  it  has  been 
thoroughly  cleaned  by  the  repeated  skimming.  During 
this  final  hour  the  metal  disposes  itself  into  three 
qualities  of  tin :  the  purer  and  more  fluid  metal  con- 
stitutes the  top  layer,  which  is  carefully  cast  or  ladled 
into  the  moulds,  and  set  aside  as  grain  tin  ;  the  middle, 
which  is  not  so  pure,  is  likewise  removed  to  moulds 
and  retained  as  common  tin;  whilst  the  third  portion 
is  returned  to  the  furnace  to  undergo  liquation  a 
second  time,  to  purify  it  from  the  greater  part  of  the 
vitiating  ingredients. 

The  manner  of  testing  the  quality  of  the  metal  is 
as  follows  : — The  refiner  takes  a  small  ladleful  of  the 
melted  metal,  and  having  cleaned  it  by  stirring  and 
skimming,  casts  it  into  a  stone  ingot  mould,  and  as  it 
cools,  he  closely  observes  its  appearance.  If  it  remains 
bright  and  clear,  full  and  rounded  on  the  sides,  until 
quite  cold,  it  is  sufficiently  pure  to  be  classifiedj  as 
grain  tin  ;  if  the  metal,  though  bright,  should  not 
remain  so  full  and  rounded  at  the  sides,  and  if  at  the 
moment  of  solidifying  a  frosted  crystalline  appearance 
shoots  from  the  centre  out  to  the  sides,  the  tin  is 
accounted  as  second  class  or  common  tin  ;  and  in  the 
third  place,  if  the  metal  assumes  a  slight  yellowish 
appearance,  and  the  crystalline  stria  appear  much 
sooner,  covering  the  whole  of  the  surface,  it  is  of  the 
third  class,  and  must  be  repurified  by  liquation,  et 
cetera.  The  creaking  sound  emitted  by  the  ingots 
when  bent,  is  likewise  a  test  which  shows  the  quality 
of  the  metal,  for  this  is  much  greater  in  proportion  to 
the  purity.  In  tin-smelting  works,  one  day  a  week  is 
usually  devoted  to  the  purification  of  the  crude  metal 
from  the  reduction  of  the  ore. 

The  matter  remaining  in  the  furnace  after  the  liqua- 
tion of  the  tin,  is  melted  at  a  higher  temperature,  and 
run  out  into  another  pot,  whence  it  is  cast  into  moulds. 
This,  with  the  metal  washed  out  from  the  rich  slags 
after  stamping,  and  the  skimmings  of  scoria,  as  well 
as  those  produced  in  the  refining  pot,  are  resraelted, 
and  the  metal  which  results  carried  through  the  same 
course  of  operations  detailed  above.  Finally,  there 
remains  in  the  pot  a  bright  brittle  alloy,  having  a 
crystalline  fracture  and  so  surcharged  with  foreign 


metals  that  it  is  cast  aside  as  not  worth  the  expense 
and  trouble  of  purification. 

The  following  is  the  composition  of  the  three 
qualities  of  tin  obtained  by  the  preceding  operations, 
according  to  Berthier's  analysis : — 

Centesimaliy. 
Ordinary  Tin.  Common.  Bail. 


Tin,   9976    9864    95-00 

Copper,   -24  ....  1-16  ....  3-00 

Lead,   —  ....  -20  ....  1-50 

Iron,   trace  ....  trace  ....  — 

Arsenic,   trace  ....  trace    trace 

Loss,   —  ....  —  ....  '50 


100-00  100-00  100-00 

The  consumption  of  fuel  for  producing  one  ton  of  tin 
is  reckoned  in  the  Cornish  smelting  works  at  a  little 
more  than  a  ton  and  a  half,  sometimes  thirty-five 
hundredweight,  and  the  loss  of  tin  in  the  process 
amounts  to  about  five  per  cent. 

German  Method. — In  the  tin-smelting  establishments 
of  Altenberg,  et  cetera,  instead  of  the  reverberatory,  a 

Fig-  606. 


A 

■ 
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A 

small  blast  furnace  is  used  for  the  reduction  of  the  ore. 
Figs.  606  and  607  are  a  plan  and  elevated  section  of 
this  furnace  ;  its  height  from  the  hearth  to  the  throat, 
by  which  the  mixture  of  ore  and  fuel  is  inserted,  is 
fourteen  feet.  The  body,  A  A,  is  constructed  of  large 
blocks  of  granite  or  of  coarse-grained  porphyritic 
syenite,  and  the  sole  or  crucible  is  formed  of  a  block 
of  the  same  material  hewn  to  the  proper  shape,  with  a 
fall  to  the  breast  of  the  furnace ;  but  sometimes  it  is 
constructed  of  very  refractory  fire-bricks,  lined  with  a 
mixture  of  charcoal  and  fire-clay  well  rammed  down. 
A  channel  from  the  furnace  leads  into  a  basin,  B,  from 
which  the  slags  flow  down  an  incline,  G,  to  the  water 
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cistern,  H,  where  they  are  cooled,  and  the  tin  by 
another  conduit,  K,  flows  into  the  vessel,  c.  The 
blast  is  supplied  by  the  bellows,  I  I,  through  the  tuyere 
opening,  o.  The  furnace  is  surmounted  by  a  dome 
which  serves  to  carry  off  the  vapors,  and  as  a  depositing 

Fig.  607- 


chamber  for  the  particles  of  ore  driven  out  of  the 
furnace  by  the  blast.  The  shaft,  D,  is  turned  by  the 
cog-wheel,  B,  in  connection  with  a  shaft  from  a  water- 
wheel  or  steam-engine.  The  small  furnace,  the  parts 
of  which  are  similar  to  the  preceding,  is  employed  for 
resmelting  the  slags  produced  from  the  larger  furnace. 
The  furnaces  are  slowly  dried  after  their  construction, 
and  then  charged  with  scoria  and  fuel,  and  the  blast 
slowly  set  to  work,  so  as  to  fuse  the  more  vitrifiable 
portion,  after  which  the  heat  is  increased  till  the 
temperature  is  raised  to  the  working  intensity.  The 
ore,  mixed  with  the  reducing  agent,  and  other  flux, 
when  necessary,  is  now  charged  portionwise,  and  the 
smelting  proceeded  with.  At  the  end  of  four  hours 
the  metal  begins  to  flow.  As  the  slags  collect  in 
the  basin  at  the  face  of  the  furnace,  they  are  skimmed 
into  the  water  cistern,  and  when  the  metal  accumulates 
so  as  to  nearly  fill  the  basin,  it  is  allowed  to  flow  into 
the  outer  one,  c,  whence  it  is  cast  into  moulds  of 
varied  dimensions.  Much  of  the  same  practical  know- 
ledge is  required  in  the  management  of  this  furnace  ; 
as  has  been  pointed  out  under  the  smelting  of  copper 
ores  in  the  blast  furnace ;  for  the  length  of  the  nozzle 
formed  of  the  slags,  on  the  end  of  the  tuyere  affects 
the  working,  and  the  charge  must  be  regulated  accord- 
ingly- 

It  is  affirmed  that  the  tin  reduced  in  the  blast 
furnace  is  purer  than  that  smelted  in  the  reverberatory ; 
but  the  loss  of  metal  and  the  consumption  of  fuel  is 
much  greater;  and  these  disadvantages  have  led  to 
the  abandonment  of  the  blast  furnace  in  England  for 
the  reduction  of  tin.  Smelting  by  the  use  of  the 
blast  involves  a  loss  of  metal  averaging  fifteen  per 

VOL.  II. 


cent.,  and  a  consumption  of  fuel  amounting  to  three 
tons  of  coal  for  every  ton  of  metal  reduced. 

Tin  is  sent  to  market  as  blocls  tin,  in  blocks  of  three 
to  half  a  hundredweight,  and  which  are  cast,  as  stated 
in  the  foregoing,  in  strips  two  feet  long,  one  inch 
wide,  and  half  an  inch  thick,  being  so  cast  in  moulds 
of  white  marble ;  and  in  the  form  of  grain  tin ;  the  last 
being  produced  by  heating  large  blocks  of  the  metal  to 
nearly  its  melting  point,  and  while  in  this  state,  drop- 
ping it  upon  a  hard  body  from  an  eminence,  or  striking 
it  with  a  heavy  hammer — in  either  case,  the  mass  is 
shattered  into  long  crystalline  fibrous  columns. 

Uses  of  Tin. — The  principal  uses  of  tin  are  for  the 
manufacture  of  various  alloys  which  are  largely  used 
in  the  arts,  such  as  bronze,  bell-metal,  solder,  et  cetera; 
for  making  tin  plates,  or  rather  iron  plates,  alloyed  with 
the  metal;  and  for  preparing  tinfoil,  whilst  its  com- 
pounds are  employed  for  pottery,  in  glazes,  and  colors; 
and  in  cloth -printing,  as  mordants  of  great  value  and 
importance.  The  reader  will  find  the  account  of 
bronze  under  Coppek,  Vol.  I.,  page  534,  and  of 
solder,  usually  compounded  of  two  parts  of  lead  and 
one  of  tin.  Tin-foil  is  manufactured  similarly  to  lead- 
foil,  by  passing  slabs  of  it  backwards  and  forwards 
under  a  pair  of  rollers  ;  the  temperature  of  the  metal 
being  raised  occasionally,  or  maintained  throughout, 
at  212°.  The  production  of  tin  plates  is  one  of  the 
principal,  if  not  the  principal  application  of  tin,  and 
as  such  this  manufacture  will  be  described  more  in 
detail. 

Manufacture  of  Tin  Plates  oe  Sheet-tin. — 
As  the  superior  quality  of  tin  plates  depends  almost 
entirely  upon  the  goodness  of  the  iron  which  constitutes 
their  basis,  and  the  care  taken  in  its  preparation,  it  will 
be  necessary,  from  the  importance  of  the  subject,  to 
dwell  at  some  length  upon  this  part  of  the  process. 

The  pig-iron  selected  for  the  manufacture  is  gener- 
ally that  known  as  red  short;  but  other  varieties  may 
be  used,  the  iron  being  converted  during  the  purifica- 
tion into  plates,  the  essential  qualities  of  which  are 
great  tenacity  and  toughness  at  ordinary  temperatures. 
Iron  from  hematitic  ores  mixed  with  other  pure  ores 
of  the  coal  measures,  answers  all  the  required  ends. 
It  has  an  average  composition  corresponding  with  the 
following  samples,  containing  centesimally  : — - 

I.  II.  III.      IV.         V.         VI.  VII. 

Carbon           3-47  3-70  2-37    3-42  4-23  3-27  — 

Silicinm . . . .  1-40  1-33  0-81    1-63  0-49     1-03  1-55 

Sulphur....  0-10  0-02  0-54    0-15      0-37     0-04  0-05 

Phosphorus    0-00  0-12  0-26  trace.     0-36     0-38  0.18 

Iron            9443  94-93  96-02  94-80  94-55  95-28  — 

100-00  100-00  100-00  100-00  100-00  100-00  — 

Tin  plates  are  divided  into  two  classes,  and  known  by 
the  terms  charcoal  and  cohe  plates,  owing,  in  the  first 
place,  to  the  nature  of  the  fuel  used  in  the  preparation 
of  the  plates  before  tinning ;  but,  more  particularly  at 
present,  these  names  serve  to  distinguish  the  goods 
manufactured  by  entirely  different  methods.  Charcoal 
tin  plates  were  the  first  that  were  made,  and  they  have 
been  accounted  the  best.  The  iron  for  these  plates  is 
rendered  tenacious  and  workable  by  the  aid  of  a  char- 
coal refinery  through  which  the  pig-iron,  is  passed; 
and  that  for  the  cohe  tin  plates  is  prepared  by  the 
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ordinary  method  of  puddling  and  rolling,  as  described 
under  the  article  Ikon.  It  will,  therefore,  be  unneces- 
sary to  revert  to  the  latter ;  and  so  far  as  the  mere  coat- 
ing of  the  prepared  plates  is  concerned,  the  description 
to  be  given  will  answer  for  both.  To  convert  the  iron 
into  charcoal  tin  plates,  it  is  necessary  to  refine  it  in  a 
shallow  furnace  called  a  refinery,  the  sides  and  bottom 
of  which  are  formed  of  hollow,  but  very  massive  blocks 
of  iron,  through  which  a  stream  of  water  is  kept  con- 
tinually flowing,  to  protect  them  from  the  intense  heat 
of  the  melted  charge.  This  furnace  is  of  a  rectangular 
shape  being  four  feet  long,  two  and  a  half  wide,  and 
one  and  a  half  deep.  On  one  side  are  three  tuyeres  for 
the  admission  of  blast ;  and  these  are  sometimes  round, 
sometimes  oval,  the  transverse  diameters  of  each  in 
the  latter  case  being  1'15  inch,  and  its  conjugate  one 
inch ;  they  are  placed  about  a  foot  from  the  bottom  of, 
and  project  considerably  into  the  furnace,  inclining 
downwards  at  a  sharp  angle.  These,  like  the  block 
forming  the  furnace,  being  subjected  to  a  powerful 
heat,  are  protected  by  a  coil  of  iron  pipe,  twisted  round 
them,  through  which  pipe  a  stream  of  cold  water  is 
kept  always  passing.  Occasionally,  refiners  are  con- 
structed of  larger  dimensions  than  that  described,  having 
tuyer  es  at  both  sides ;  these  are  usually  called  double 
refiners.  A  coke  fire  is  made  in  the  space  between 
the  water-blocks  or  hearth,  and  the  blast  turned  on  till 
the  whole  is  thoroughly  ignited ;  a  fresh  supply  of  fuel 
sufficient  to  fill  the  space  to  the  height  of  three  feet 
above  the  tuyeres,  is  then  heaped  on  ;  and,  after  a  few 
minutes'  blowing  to  increase  the  heat,  a  charge  of  pig 
iron,  varying  according  to  the  size  of  the  furnace,  and 
generally  reduced  for  the  first  time,  is  put  on;  the  coke 
is  soon  ignited,  and  the  metal  attains  a  red  heat 
quickly,  after  which,  the  heat  being  still  kept  up  with 
fresh  supplies  of  fuel,  the  metal  gradually  sinks,  and 
as  it  comes  into  contact  with  the  blast,  it  melts  and 
drops  to  the  bottom  of  the  hearth.  The  downward 
direction  of  the  tuyeres  causes  the  stream  of  air  to 
impinge  on  the  highly-heated  liquid  iron,  and  thereby 
renders  the  temperature  of  the  latter  intense,  owing  to 
a  portion  of  the  metal  being  oxidized,  as  well  as  the 
silicium,  sulphur,  et  cetera.  All  these  products  of  oxi- 
dation are  thrown  up  to  the  surface,  and  form  a  consi- 
derable amount  of  scoria  or  cinder  that  considerably 
aids  in  the  depuration  of  the  metal.  Generally,  in  an 
hour  and  a  half  after  charging,  the  furnace  is  fit  for 
tapping;  the  metal  is  run  out  into  iron  moulds  pre- 
pared for  it,  and  which  are  protected  against  melting 
by  a  stream  of  cold  water  that  flows  beneath  them. 
These  moulds  are  sometimes  flat,  in  which  case  the 
metal  is  called  plate  metal.  In  South  Wales,  however, 
it  is  more  usual  to  run  the  liquid  iron  into  moulds, 
consisting  of  three  longitudinal  grooves  or  channels, 


having  raised  dams  or  stops  at  the  distance  of  every  five 
feet,  to  facilitate  the  breaking  of  the  metal.  As  it  runs 
out  of  the  refinery,  it  is  covered  by  minute,  intensely 
brilliant,  and  very  numerous  coruscations  arising  from 
the  combustion  of  a  portion  of  the  fluid  ;  these  corus- 
cations are  accompanied  by  a  brown  smoke — a  pheno- 
menon also  of  the  Bessemer  process.  As  the  metal 
runs  out,  the  slag  or  cinder,  which  is  likewise  highly 
heated,  flows  after  it,  forming  a  layer  on  the  surface 
of  the  moulds,  and  thus  prevents  further  combustion 
of  the  iron.  Cold  water  is  now  thrown  on  the  whole, 
when  the  cinder  at  once  froths  up  and  solidifies  on  the 
surface,  causing  it  to  assume  a  spongy  appearance  that 
distinguishes  it  from  all  other  kinds  of  slag  formed  in 
the  several  processes  for  refining  iron.  The  first  charge 
worked  in  the  refiner  is  less  than  the  following  ones ; 
but  the  normal  weight,  about  twenty-two  hundred- 
weight, is  attained  after  the  third.  The  number  of 
charges  worked  every  twenty-four  hours  is  eleven  or 
twelve  ;  and  the  weight  of  refined  metal  produced  in  a 
week  of  six  days  and  five  nights  averages  sixty  tons, 
for  which  about  seventy-two  tons  of  pig  are  required. 
The  produce  varies,  however,  according  to  the  skill  of 
the  refiner,  the  quality  of  the  material  used,  and  the 
nature  of  the  required  product. 

Good  refined  metal  has  a  bright  silvery- white  frac- 
ture, and  a  radiated  structure,  the  rays  springing  and 
diverging  from  the  lower  side;  it  emits  a  clear  metallic 
sound  when  struck,  is  very  brittle,  with  its  upper  sur- 
face indented  into  a  kind  of  honey-combed  structure, 
the  depth  of  the  indentations  being  dependent  on  the 
length  of  time  that  the  iron  has  been  subjected  to  the 
blast.  About  half  an  inch  deep  of  honey-comb  is 
considered  to  indicate  the  state  of  refinement  best 
suited  for  the  making  of  tin  plates.  It  is  somewhat 
curious  that,  as  the  refined  metal  graduates  into  steel, 
the  honey-comb  leaves  the  face  or  upper  side,  and  tends 
to  the  centre  of  the  horizontally-cast  ingot. 

The  effect  of  the  refining,  as  before  stated,  is  the 
removal  of  the  silicium,  and  of  a  portion  of  the  sulphur 
and  phosphorus  contained  in  the  crude  material.  The 
silicium  is  converted  by  oxidation  into  silicic  acid,  which 
combines  with  a  portion  of  the  iron  oxidized,  and  forms 
a  fusible  slag  or  cinder  on  the  surface  of  the  metallic 
bath.  The  sulphur  is  converted  into  sulphurous  acid 
gas,  and  passes  off  as  such,  and  the  phosphorus  into 
phosphoric  acid,  which  is  retained  in  combination  with 
the  oxide  of  iron  in  the  slag.  Very  little  of  the 
carbon,  contrary  though  it  be  to  the  preconceived 
opinion  of  iron-masters,  is  removed  during  the  pre- 
ceding course  of  refining,  as  is  sufficiently  proved  by 
analysis,  and  will  be  evident  from  an  examination  of 
the  annexed  table  showing  the  composition  of  different 
specimens  of  refined  iron : — - 


I.  II.  III.  IV.  v. 

Carbon                       3-070    3-250    2-000    3-200  ...  — 

Silicium                       -630  ....  -500    -540    -550    0-32 

Sulphur                       -157    -575    1-250    0-870    0-18 

Phosphorus                   -734    -835    -985    -920    -09 

Manganese                  trace    —    -056    trace    -24 

Insoluble  residue            -530  ....  -050'  ....  —  ...  —  ....  — 

Iron                        95-140    96-300    94-255    95  000    — 


100-261 


101-510 


99-040 


100  540 
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Although  the  above  samples  were  not  made  from 
the  cast-irons,  the  analyses  of  which  have  been  pre- 
viously given,  yet  they  serve  to  prove  what  has  been 
just  stated  regarding  the  chemical  changes  that  take 
place  in  the  fire.  By  comparing  the  results  of  the 
two  series  of  analyses,  it  will  be  found  that  only  one- 
seventh  of  the  carbon  is  separated  at  the  same  time 
that  one  half  of  the  silicium  is  removed.  On  the  other 
hand  the  sulphur  and  phosphorus  are  in  larger  quanti- 
ties in  the  samples  of  refined  than  in  the  crude  metal, 
showing  at  least  that  very  little  if  any  of  these  elements 
are  separated,  or  else  that  the  crude  material  submitted 
to  the  process  was  of  very  bad  quality.  It  appears, 
however,  that  fully  one-third  of  the  content  of  phos- 
phorus and  somewhat  more  than  this  amount  of  the 
sulphur,  with  nearly  the  entire  silicium  in  the  pig, 
are  thrown  off,  the  carbon  suffering  only  a  slight 
diminution. 

The  following  analysis  shows  the  nature  of  the 
refining  cinder  thrown  off  during  the  operation  :— 


Silica   2S-76 

Protoxide  of  iron   61*28 

Oxide  of  manganese   3*58 

Alumina   7-30 

Lime   2-41 

Magnesia   0'76 

Sulphur   0-46 

Loss   045 


100  00 

Besides  the  foregoing  method  of  refining,  two  others, 
long  followed  to  some  extent,  are  known — the  first 
is  a  modification  of  Bessemer's  process,  and  the 
second  is  one  patented  by  Mr.  Parry  of  the  Ebbe 
V ale  Iron  Works.  In  the  first,  the  action  of  the  blast 
is  stopped  when  the  melted  iron  has  passed  to  the  state 
of  refined  metal ;  but  as  the  iron  prepared  in  this  way 
has  never  been  used  in  the  manufacture  of  tin  plates, 
it  will  be  needless  to  prolong  the  description.  The 
metal  purified  from  common  Welsh  pig  contains 
ceutesirnally — 

Sulphur   1-010 

Phosphorus   1-128 

Silicium   trace  v 

Parry's  process  differs  considerably  from  those 
referred  to.  According  to  it  the  melted  pig-iron  is 
run  at  once  from  the  blast  into  a  reverberatory  furnace 
very  similar  to  that  used  in  puddling.  On  each  side  of 
this  are  three  or  four  small  tuyeres  pointing  downwards 
to  the  hearth,  through  which  superheated  steam  is 
forced  at  high  pressure  ;  they  are  so  arranged  that  the 
current  will  cause  a  gyration  of  the  surface  of  the 
metal,  and  thereby  expose  fresh  surfaces  of  it  con- 
tinually to  the  blast.  The  action  produced  is  similar 
to  that  effected  in  the  ordinary  refinery — the  oxygen  of 
the  steam,  together  with  that  passing  over  the  grate, 
causes  the  necessary  oxidation,  and,  therefore,  the 
formation  of  cinder  as  before.  It  should  be  observed 
that  in  this  process  a  considerable  quantity  of  rich 
cinder,  such  as  hammer  slags,  mill-scales,  et  cetera,  is 
added  to  the  melted  metal  in  the  refinery,  and  the 
result  of  the  union  is  that  much  of  the  iron  in  those 
cinders  is  reduced  and  converted  into  refined  metal,  so 
that  in  most  cases  the  product  equals  the  amount  of 
metal  introduced  from  the  melting  furnace.  This 


result  is  brought  about  by  the  carbon  in  the  molten 
mass  acting  upon  the  rich  slag,  and  reducing  the  iron 
in  it  to  the  metallic  state  simultaneously  with  its  own 
consequent  conversion  into  carbonic  oxide,  in  which 
form  it  escapes ;  hence  the  cinder  produced,  though 
abundant,  contains  less  iron  than  that  formed  under 
ordinary  circumstances,  namely,  only  thirty  per  cent. 
The  hydrogen,  likewise,  has  an  important  effect ;  it  acts 
upon  the  sulphur  and  phosphorus  of  the  metal,  and 
converts  these  into  sulphide  and  phosphide  of  hydrogen, 
which,  like  the  carbonic  oxide  just  mentioned,  escape. 
The  metal  is  thus  rendered  much  purer,  and  well 
adapted  for  the  manufacture  of  tin  plates. 

The  next  operation  is  the  refining  in  the  charcoal 
fire,  in  a  furnace  similar  to  the  old  blooming  fire  used 
in  this  country  previous  to  the  introduction  of  the 
puddling  process.  It  consists  of  a  shallow  hearth 
eighteen  inches  deep,  twenty- eight  by  thirty-two  inches 
at  the  upper  part,  and  twenty  by  twenty-one  inches 
at  the  lower.  On  one  side  is  placed  a  Q-shaped 
tuyere  protected,  like  the  others  spoken  of,  seven  or 
eight  inches  from  the  bottom.  The  tuyere  side  and 
that  opposite  to  it  are  occasionally  constructed  of  water 
blocks,  but  generally  of  dry  iron  plates.  Charcoal  is 
the  fuel  used,  and,  in  recently-constructed  works,  the 
products  of  combustion  pass  through  a  chamber  at  the 
back  of  the  fire,  and  there  raise  the  charge  of  metal  to 
a  red  heat  previous  to  its  introduction  into  the  fire. 
The  refined  metal  being  thus  heated,  it  is  drawn  down 
into  the  fire,  the  whole  of  the  hearth  of  which  has  been 
previously  filled  with  charcoal,  so  as  to  completely  cover 
the  tuyere  ;  more  fuel  is  then  added,  and  the  blast 
turned  on.  In  twelve  to  fifteen  minutes  the  metal  begins 
to  melt,  and  at  the  end  of  forty-five  minutes  it  is  com- 
pletely molten  and  lies  on  the  bottom  just  under  the 
blast.  The  workman  now  proceeds  with  a  bar  to  break 
it  up  and  raise  it  into  more  immediate  contact  with  the 
blast,  exposing  it  by  this  operation  on  all  sides.  A 
small  quantity  of  cinder  is  thus  formed,  after  which  it 
is  tapped  off  and  another  charge  of  heated  metal  let 
down  and  treated  in  the  same  way  till  the  whole  coheres 
into  one  mass.  This  occurs  about  an  hour  after  charg- 
ing. At  this  period  it  is  usual  in  most  tin  works  to  add 
a  bundle  of  shavings,  cut  from  the  edges  of  the  black 
plate  presently  to  be  described.  This  new  addition  is 
very  quickly  blended  with  the  previously  formed  loops 
of  iron ;  so  that  in  about  ten  minutes  after  adding  it, 
the  whole  will  be  in  one  mass  at  the  bottom  of,  and 
nearly  filling,  the  hearth.  During  this  part  of  the  work 
very  little  fuel  is  required,  merely  sufficient  to  cover 
the  iron.  It  is  now  taken  out  of  the  fire  and  freed 
from  scurf  and  cinder  as  much  as  possible,  all  the 
pieces  thus  separated  and  the  scales  from  the  helve 
being  taken  back  to  the  fire  for  the  next  charge.  The 
loop  is  first  hammered  into  a  roughly  cylindrical  bloom 
and  then  into  a  flat  irregular  shape  of  about  two  inches 
thick.  In  this  plate  are  cut  deep  grooves  parallel  with 
one  another,  and  six  inches  apart.  It  is  then  thrown 
into  cold  water  to  cool,  and  broken  into  the  rectangular 
pieces  previously  roughly  indicated  by  the  parallel 
grooves  or  notches.  The  charge  of  refined  metal  taken 
in  this  operation  is  about  two  hundred  and  seventy 
pounds,  and  the  loss  is  such  that  to  make  one  ton  of 
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charcoal-refined,  or  stamped  iron,  as  it  is  sometimes 
called,  requires  twenty-two  hundreds  of  refined  metal 
and  about  eight  bags — equal  to  one  hundred  and  twenty 
cubic  feet — of  charcoal.  The  number  of  charges  worked 
off  in  the  twenty-four  hours  averages  eighteen. 
The  effect  of  this  process  is  to  continue,  and,  in  a 

Fig.  60s. 


great  measure  to  complete,  the  purification  begun  in 
the  previously  described  process,  the  result  being,  in 
fact,  crude  wrought-iron.  The  fresh  fracture  presents 
very  large,  bright,  and  flattish  crystals,  of  a  silvery 
color ;  and  its  fitness  for  the  subsequent  processes  is 
mainly  judged  of  by  its  appearance,  and  by  the  manner 


in  which  it  breaks  under  the  hammer.  In  fact  this  is 
almost  the  most  important  operation  in  the  whole  series 
which  constitute  in  the  aggregate  the  manufacture  of 
tin  plates  ;  and  if  it  be  not  properly  conducted  all  sub- 
sequent treatment  results  in  loss  and  vexation.  The 
chemical  reactions  that  are  effected  are  a  continuation 
of  the  carbon  in  the  iron,  and  the  separation  of  the 
sulphur  and  phosphorus,  with  other  impurities,  by  the 
same  agency.  The  similarity  between  the  two  methods 
now  treated  of  and  the  Bessemer  process  must  be 
apparent  to  every  one  ;  the  only  difference  being  the 
presence  of  carbon  in  both,  the  plans  described,  to 
prevent  the  excessive  oxidation  and  loss  resulting  from 
the  patented  method  of  Bessemer. 

In  some  works  it  is  usual  to  run  the  fluid  metal 
direct  to  the  charcoal  fire,  and  this  practice  certainly 
economizes  fuel,  as  all  the  caloric  absorbed  in  raising 
the  refined  metal  from  its  cold  state  to  the  melting 
point  must  be  saved.  When  this  is  the  case,  the 
refinery  is  made  very  much  smaller  than  that  before 
mentioned,  and  is  charged  with  only  six  hundredweight 
of  pig,  which,  when  refined,  supplies  two  charcoal  fires. 
This  kind  of  furnace  is  often  called  a  running  out  or 
dandy  fire — Pigs.  608  and  609,  the  former  a  plan  and 
the  latter  a  vertical  section  on  the  line  A  B  of  the 
plan — and  is  now  very  generally  used.  Instead  of 
using  charcoal  in  these  fires,  it  is  customary  in  some 
localities  to  use  a  very  light,  spongy  coke,  and  this 
dill'erenee  gave  rise  to  the  terms  coke  and  charcoal 
plates,  though  at  present  the  former  name  is  applied 
to  puddled  iron.  Coke  of  this  nature  has  received 
great  attention  recently ;  and  there  can  scarcely  be  a 


doubt  of  the  fact  that  if  this  fuel  is  carefully  manu- 
factured from  a  proper  and  pure  coal,  and  finished  by 
the  action  of  steam  while  hot,  according  to  a  process 
lately  patented  by  Mr.  R.  S.  Roper,  it  forms  as  good 
a  fuel  as  charcoal ;  and  that  tin  plates  made  in  this 
way  are  not  to  be  distinguished  in  appearance  or 
quality  from  the  charcoal  plates. 

The  charcoal  iron  next  undergoes  a  reheating  and 
welding  process.  One  of  the  rough  irregularly  oblong 
pieces,  weighing  about  thirty  pounds,  is  laid  on  a 
flat  plate  of  iron  with  a  long  handle,  called  the  portal 
or  staff,  and  placed  in  the  hollow  fire — shown  in 
elevation  in  Figs.  610  and  61.1 — where  it  is  raised 
to  a  soft  welding  heat  previous  to  reducing  it  to  blooms. 
Fine  sand  is  thrown  on  the  surface  of  the  metal  from 
time  to  time,  to  remove  the  oxide  or  scale  formed  on 
it  by  the  action  of  the  heat  and  the  free  oxygen 
entering  the  fire,  which  scale,  if  left  on  it,  would 
interfere  with  the  proper  welding.  Afterwards  it  is 
carried  to  the  hammer  and  beaten  into  a  bloom,  as 
stated  above,  and  welded  to  the  portal ;  this  is  again 
returned  to  the  hollow  fire,  three  other  pieces  of  the 
charcoal  iron  being  previously  placed  upon  it,  and 
after  its  temperature  is  raised  as  before,  again  worked 
into  a  bloom  six  inches  wide  and  two  thick  under  the 
hammer.  This  is  cut  nearly  in  the  middle,  and  the  parts 
doubled  up  on  one  another — reheated — rehammered 
into  a  bloom  six  inches  by  four — then  taken  to  the 
hollow  fire  to  be  reheated — cut  off  from  the  portal — and 
finally  passed  several  times  through  a  series  of  grooves 
in  a  pair  of  rollers  till  it  is  reduced  to  a  bar  or  slab  six 
inches  wide  and  half  an  inch  thick.   These  dimensions, 
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however,  vary  slightly  particularly  the  thickness,  ac- 
cording to  the  size  and  gauge  of  the  plates  afterwards 
to  be  rolled  from  them. 

The  hollow  fire  alluded  to  is  one  of  the  earliest 
applications  of  the  gas  flame  to  metallurgical  pur- 
poses, having  been  in  use  upwards  of  seventy  years, 
previous  to  which  an  earlier  form,  was  used,  and  is  still 
employed  in  the  charcoal  forges  of  North  Lancashire ; 
in  this  early  form  the  iron  was  surrounded  by  a  dome 


Fig  611. 

of  ignited  fuel,  the  flame  from  the  combustion  of 
which  produced  the  necessary  heat.  In  the  present 
modification,  the  furnace  is  of  bricks,  and  in  three 
divisions — at  one  end  is  a  space  containing  ignited 
coke,  into  which  a  continued  blast  of  air  is  blown  by 
two  tuyeres ;  the  flame  thus  produced  passes  into 
the  middle  position,  where  the  iron  to  be  heated  is 
placed ;  and  the  third  or  middle-end  division  is  in- 
tended for  the  partial  heating  of  said  iron  by  the  waste 
heat,  preparatory  to  its  being  introduced  to  the  middle 
division. 

The  operation  just  described  is  a  most  wasteful  one, 
involving  a  loss  of  three  or  four  hundredweight  of  iron 
per  ton  of  bars  made ;  and  this  is  the  more  striking  as 
the  material  operated  on  is  wrought-iron.  It  is  owing 
chiefly  to  the  numerous  heatings  to  which  the  metal  is 
submitted,  and  the  large  volumes  of  oxygen  that  enter 
the  furnace  through  its  numerous  openings,  and  pos- 
sibly also  the  excess  of  blast  blown  into  the  coke.  The 
latter  cause  of  loss  might  be  avoided  by  care  on  the 
part  of  the  workmen ;  but  it  is  to  be  feared  that  the 
waste  can  be  but  slightly  diminished  while  so  many 


apertures  for  the  entrance  of  air  are  allowed  to  exist. 
To  remedy  the  evil  many  experiments  have  been  made 
to  avoid  this  process  altogether,  but  hitherto  without 
leading  to  the  adoption  of  any  advantageous  plan. 
Mr.  William  Daniel  patented  a  mode  of  dispensing 
with  the  operation,  but  it  is  only  partially  carried  out, 
though  it  was  in  a  great  measure  successful.  He  directs 
to  put  the  lump  from  the  charcoal  refinery  under  the 
hammer,  where  it  is  nobbled  or  hammered  into  a  roughly 
cylindrical  bloom,  then  passed  through  the 
rolls  and  reduced  to  a  bar  six  inches  square 
and  about  two  feet  and  a  half  long.  This 
bar  is  then  either  cut  or  sawn  into  pieces  six 
inches  long,  and  rolled  endwise  to  give  a 
bar  six  inches  wide,  two  and  a  half  thick, 
and  twelve  long  ;  afterwards  this  billet  is 
heated  in  a  small  balling  furnace,  and  rolled 
down  to  a  bar  a  quarter  of  an  inch  thick, 
eleven  wide,  and  about  six  feet  long.  This 
is  at  once  taken  to  the  tin  plate  mill  and 
made  into  plates. 

It  is  necessary  to  revert  here  to  the  coke 
tin  plates,  which  name,  as  already  stated, 
was  originally  applied  to  them  in  conse- 
quence of  the  kind  of  fuel  used  in  the  second 
refining  operation.  At  present  it  means 
those  produced  from  puddled  iron  rolled 
into  bars  similar  to  those  described  in  the 
preceding,  and  called  tin-plate  bars  or  tin 
bars.  In  all  the  subsequent  processes  the 
same  modus  operandi  is  followed,  whether 
the  tin  bars  be  made  from  the  puddled  or 
from  the  hollow  fire  iron — charcoal  tin  bars  ; 
therefore  the  following  description  of  the 
process  to  which  the  bars  are  subjected, 
previous  to,  and  up  to  their  conversion  into 
tin  plates,  applies  equally  to  both  kinds. 

The  bars  are  taken  to  the  shears,  where 
they  are  cut  to  proper  lengths  in  accord- 
ance with  the  size  of  plates  to  be  made — 
thus  for  No.  1  c  plate,  which  is  13£  X  18 
— see  table,  page  1071,  the  length  of  piece  will  be 
fifteen  inches,  the  exact  dimensions  of  it  being 
15  X  6  X  t  inches.  These  short  pieces  are  then 
placed  in  packs  in  a  reheating  furnace,  having  a  very 
slow  draught,  and  there  raised  to  a  dull  red  heat; 
they  are  next  passed  singly  breadthwise  several  times 
through  a  pair  of  narrow  flat  rolls ;  reheated,  and  then 
drawn  out  across  the  original  fibre  to  a  length  of  five 
feet  and  a  half.  Such  plates  are  then  doubled  down, 
and  the  ragged  ends  produced  in  the  rolling  shaved  off. 
After  this  they  are  returned  to  the  furnace  and  heated 
to  redness,  passed  through  a  pair  of  rollers  similar  to 
the  last,  but  more  carefully  turned  to  give  them  a 
very  smooth  surface,  and  there  rolled  till  each  is  drawn 
out  to  five  feet — this  virtually  being  two  plates  five 
feet  long  united  at  one  end.  The  combined  plates  are 
again  doubled,  the  waste  end  sheared  off,  returned  to 
the  fire,  and  when  heated  repressed  under  the  rolls 
till  they  are  extended  to  about  forty-three  inches,  the 
entire  forming  four  plates.  The  operation  of  doubling, 
heating,  and  rolling,  is  continued  sometimes  till  the 
original  plate  is  reduced  to  eight  and  even  sixteen 
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plates,  all  passing  under  the  rollers  as  one.  It  is  to  be 
observed,  that  great  care  is  required  to  prevent  the 
plates  from  being  welded  either  by  a  too  high  heat,  or 
from  a  neglect  of  partially  separating  them  from  time  to 
time,  by  the  rollers.  In  this  way  the  original  piece  of 
bar  is  rolled  into  four  sheets,  each  forty-three  inches 
long  by  fifteen  wide.  The  plate  of  four,  eight,  sixteen, 
or  thirty-two  thicknesses,  or  sheets,  is  then  taken, 
unopened,  to  a  pair  of  shears,  which  cut  off  the  two 
ragged  longitudinal  edges  at  one  stroke,  and  at  such 
distances  as  to  determine  the  length  of  the  tin  plates ; 
they  are  then  cut  across  by  the  same  machine  at 
distances  equal  to  the  intended  breadth  of  the  same  ; 
and  thus  are  obtained  four,  eight,  sixteen,  or  thirty-two 
plates  in  each  division  of  the  proper  dimensions,  still 
so  closely  pressed  as  apparently  to  be  but  one.  They 
are  next  separated,  and  all  the  defective  ones  picked 
out;  such,  for  instance,  as  contain  streaks  of  dirt 
pressed  into  them,  those  welded  together,  and  the 
like,  and  the  choice  ones,  called  in  this  state  blade 
plates,  are  taken  to  the  pickling  room.  Hero  they  are 
immersed  in  a  bath  of  warm  dilute  oil  of  vitriol  during 
fifteen  or  twenty  minutes,  to  remove  the  scale  of  oxide 


on  them.  The  acid  leaves  them  with  a  clean  dullish- 
grey  metallic  surface  ;  and  to  assist  the  action  of  the 
acid  in  .this  respect  the  plates  are  rubbed  with  sand 
and  water,  and  afterwards  washed,  when  they  are 
ready  to  be  sent  to  the  annealing  house. 

It  will  be  readily  understood  that,  after  the  repeated 
rollings  and  the  immense  strain  the  plates  have  been 
subjected  to,  they  are  at  this  stage  very  brittle ;  and 
therefore,  if  turned  in  this  state,  they  would  not  bear 
to  be  hammered  into  the  multitudinous  and  complex 
shapes  required  in  commerce.  To  remove  this  defect, 
the  process  of  annealing  is  had  recourse  to,  and  the 
work  is  conducted  thus: — The  plates  are  placed  to 
the  number  of  about  eighteen  hundred — for  common 
sizes — in  piles,  within  a  cast-iron  box  about  two  feet 
square,  the  lid  carefully  luted  on  to  prevent  air  entering, 
and  then  placed  with  several  similarly  filled  ones  in  a 
stove  constructed  very  much  in  the  shape  of  a  rever- 
beratory  furnace,  but  considerably  larger,  and  having 
its  bed  on  a  level  with  the  ground.  The  fire-bridge 
being  tolerably  high,  the  flame  from  the  grate  rolls 
slowly  over  the  boxes,  and  raises  them  gradually  to  a 
cherry-red  heat,  at  which  temperature  they  are  main- 
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tained  during  twelve  hours,  and  then  withdrawn. 
When  quite  cold,  the  covers  are  taken  off,  the  plates 
taken  out,  carefully  examined,  and  sorted.  If  the 
heat  has  been  too  high,  some  of  the  plates  will  be 
found  adhering  to  one  another  ;  if  too  mild,  they  will 
not  be  much  improved  by  the  operation,  and  if  air 
should  have  entered,  they  will  be  either  partially  or 
completely  converted  into  scale  or  oxide  of  iron. 
After  being  subjected  to  this  process,  the  plates  will 
have  a  deep  plum-color  bloom  on  their  surfaces,  due  to 
a  very  thin  film  or  coating  of  oxide  that  has  formed 
upon  them.  They  are  now  passed  three  times  through 
a  pair  of  rolls  similar  in  form  to  those  previously 
described,  but  with  which  great  pains  have  been  taken, 
to  make  their  surface  hard,  smooth,  and  brilliantly 
polished.  Then  rolls  are  placed  in  close  proximity,  so 
that  the  plates  passing  between  them  are  subjected  to 
a  very  great  pressure,  but  not  sufficient  to  enlarge 
them.  After  having  been  thus  cold  rolled,  as  it  is 
termed,  the  plates  are  extremely  smooth,  and  possessed 
of  a  lustrous  and  dappled  appearance,  still  owing  to 


the  thin  oxidation.  One  effect  of  this  rolling  is  to 
make  the  plates  brittle  once  more,  and  therefore  to 
necessitate  a  second  annealing,  which  is  performed  in 
the  same  way  as  the  preceding  ;  but  the  heat  is  milder, 
and  the  time  reduced  to  five  or  six  hours.  Another 
sorting  follows,  when  the  good  plates  are  sent  to  the 
tin  house,  and  the  defective  ones  returned  with  the 
shearings  of  the  black  plates  to  the  charcoal  fire. 

In  the  tin  house  the  plates  are  again  pickled  in  a 
warm  but  more  dilute  bath  of  oil  of  vitriol  than  that 
already  used,  during  ten  minutes,  then  removed  and 
well  rubbed  with  sand  and  water,  to  detach  all  dirt 
and  scale.  They  should  now  have  a  smooth,  perfectly 
clean,  greyish  metallic  surface,  in  which  state  they 
can  be  kept  in  cold  water  without  injury  for  some 
time,  and  are  ready  for  the  tinning. 

Tinning.  —  The  apparatus  or  slow — Fig.  G12— 
for  this  process  consists  of  a  series  of  baths  set  side 
by  side,  for  the  convenience  of  the  workmen,  each 
bath  having  a  fire  beneath  it,  to  keep  the  materials 
they  severally  contain  in  a  fluid  state.    These  baths 
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or  pots  are  six  in  number— Damely,  1,  the  tinman's 
pot ;  2,  the  tin-pot ;  3,  the  washing  or  dipping  pot ; 
4,  the  grease-pot ;  5,  the  cold-pot  ;  and  6,  the  list- 
pot.  The  tinman's  pot  is  full  of  melted  grease,  and 
into  this  the  plates  are  immersed  and  left  till  all 
moisture  upon  them  is  evaporated,  and  they  become 
completely  covered  with  the  grease.  It  is  about  two 
feet  long,  fifteen  inches  wide,  and  twenty  inches  deep. 
From  the  tinman's  pot  the  plates  are  removed  to  the 
tin-pot,  and  plunged  into  the  bath  of  melted  tin,  pro- 
tected with  a  layer  of  grease  which  it  contains,  and 
remain  in  it  for  about  twenty  minutes.  This  pot  has 
a  capacity  of  22  X  18  X  16  inches.  In  the  first 
dipping  the  alloy  is  imperfect,  and  the  surface  not  uni  - 
formly coated,  consequently  the  plates  are  removed  to 
the  dipping  or  wash  pot,  which  is  divided  into  two  com- 
partments. The  first  immersion  takes  place  in  the 
larger  division,  which  contains  molten  tin  covered  with 
grease  like  the  last,  and  here  the  plate  is  left  sufficiently 
long  to  make  the  alloy  complete,  and  to  separate  any 
superfluous  tin  which  might  have  adhered  to  the  surface. 
The  workman  then  takes  out  each  plate  separately  to 
a  table  between  the  wash-pot  and  the  grease-pot,  and 
wipes  it  on  each  side  with  a  brush  of  hemp  to  remove 
any  excess  of  tin;  to  obliterate  the  marks  of  the  brush, 
he  dips  it  quickly  into  the  second  compartment  of  the 
wash-pot,  and  then  at  once  into  the  grease-pot.  This 
second  compartment  of  the  wash-pot  always  contains 
the  purest  tin  ;  and  as  it  becomes'  alloyed  with  iron,  it 
is  removed  to  the  first  compartment  of  the  same,  and 
thence  to  the  tin-pot.  The  grease-pot  is  filled  with 
melted  grease  ;  and  great  care  is  necessary  to  maintain 
it  at  the  proper  temperature.  Its  purposes  are  to  allow 
any  superfluous  tin  to  run  off,  and  especially  to  prevent 
the  alloy  on  the  surface  of  the  plate  cooling  more 
rapidly  than  the  iron.  If  this  were  neglected,  its  sur- 
face would  be  cracked.  After  ten  minutes'  immersion 
in  the  g"Ease-pot  the  plate  is  removed  to  the  cold-pot, 
which  is  filled  with  tallow  heated  to  a  comparatively 
low  temperature.  The  pots  4  and  5  serve  the  pur- 
pose of  annealing  the  plates,  and  of  cooling  them  down 


to  a  low  temperature.  The  last  one  in  the  series  is  the 
list-pot,  and  is  a  small  cast-iron  bath  kept  at  a  suffi- 
ciently high  temperature,  its  bottom  covered  with  tin 
to  the  depth  of  a  quarter  of  an  inch.  In  this  the  edges 
of  the  plates  are  dipped  and  left  in  till  the  wire  of  tin, 
which  usually  forms  on  them  in  the  course  of  the  fore- 
going processes,  melts,  and  is  removed  by  a  quick  blow 
on  the  plate  with  a  stick. 

The  articles  are  now  tin  plates  ;  but  before  they  are 
sent  to  market,  they  undergo  some  further  treatment. 
Firstly,  they  are  carefully  rubbed  with  bran  to  clean 
them  from  grease  and  dirt ;  secondly,  they  receive 
another  rubbing  with  a  pad  of  sheep-skin,  retaining  its 
wool ;  and  thirdly,  they  are  sent  to  the  sorter,  whose 
duty  it  is  to  pick  out  defective  plates,  and  to  arrange 
the  good  ones  in  piles  according  to  their  size  and  quality. 
They  are  finally  packed  in  boxes,  which  are  branded 
on  the  outside  with  the  marks  indicating  the  size  and 
quality  of  the  plates,  and  sent  to  market. 

Quality  of  Tin  Plates. — The  tests  for  tin  plates  are 
ductility,  strength,  and  color;  and  to  possess  these,  the 
iron  used  must  be  of  the  best  quality,  and  all  the  pro- 
cess be  conducted  with  care  and  skill.  The  following 
conditions  are  inserted  in  some  specifications,  and  will 
serve  to  iudicate  the  strength  and  ductility  of  first-class 
tin  plates : — 

1st,  They  must  bear  cutting  into  strips  of  a  width 
equal  to  ten  times  the  thickness  of  the  plate,  both  with 
and  across  the  fibre,  without  splitting ;  the  strips  must 
bear,  while  hot,  being  bent  upon  a  mould  to  a  sweep 
equal  to  four  times  the  width  of  the  strip. 

2nd,  While  cold,  the  plates  must  bear  bending  in  a 
heading  machine,  in  such  a  manner  as  to  form  a 
cylinder,  the  diameter  of  which  shall  at  most  be  equal 
to  sixty  times  the  thickness  of  the  plate.  In  these 
tests,  the  plate  must  show  neither  flaw  nor  crack  of 
any  kind. 

The  following  table  exhibits  the  usual  brands 
and  their  value  in  dimensions  of  plate,  number,  and 
weight  per  box,  and  may  be  found  useful  for  refer- 
ence : — ■ 


TABLE  OP  MARKS,  WEIGHTS,  AND 

Narao.  sise. 

inchos.  inches. 

Common,  No.  1,   13J  X  10 

"      No.  2,   181  X  91  " 

"      No.  3,   12}  X  9f 

No.  1,  cross   13i  X  10 

No.  1,  2  "   

No.  1,3"    «' 

No.  1, 4  "    * 

Common  doubles,   1GJ  X  12J  .. 

Cross  doubles,   " 

2  cross  doubles   " 

3  "    " 

4  "    " 

Common  small  doubles,   15  X  11 

Cross              1   ~-«*J  - 

2  cross           "   " 

3  "  "   

4  "              "    " 

Wasters,  common  No.  1,   13J  X  10 

14     cross  No.  1,   *' 

'      common  small  doubles,   15  X  11 

"      common  doubles,   1G^  X  12£ 

u     cross  doubles,    " 


DIMENSIONS  OF  TIN  TLATES. 

Number 
In  bosfc 
225 


100 


200 


225 


200 
100 


Weight  of  box. 

r*\vt.      ft  V  Ihs, 

Murk  or  brand. 

1 

0 

0 

0 

3 

21 

n  c 

0 

3 

16 

nio 

1 

1 

0 

IX 

1 

1 

21 

I  XX 

1 

2 

14 

IXXX 

1 

3 

7 

..  ixxxx 

0 

O 

21 

CD 

1 

0 

14  .. 

X  D 

1 

1 

7 

XX  D 

1 

2 

0 

XXXD 

■1 

2 

21  .. 

..  XXXXD 

1 

2 

0 

C  S  D 

1 

2 

21 

X  SB 

1 

3 

14  .. 

XXSD 

2 

0 

7  .. 

..  XXXSD 

2 

1 

0  .. 

..  XXXXSD 

1 

0 

0  .. 

IOW 

1 

1 

0  .. 

I  X  w 

1 

2 

0 

C  S  D  W 

0 

3 

21 

C  II  W 

1 

0 

14  .. 

xnw 
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ULTRAMARINE. 


ULTRAMARINE. —  Outremer,  French;  Lazurstein, 
German. — This  is  one  of  the  most  beautiful  pigments 
known,  and  its  artificial  production  is  justly  viewed  as 
belonging  to  the  greatest  triumphs  of  modern  chemistry. 
It  is  obtained  by  isolating  the  coloring  matter  of  lapis- 
lazuli,  outremer,  or  lazurstein,  mostly  brought  from 
China,  Thibet,  and  the  shores  of  Lake  Baikal.  It  is  a 
mineral  of  indeterminate  composition,  as  will  be  seen 
from  the  annexed  analyses— 


Gmelin. 

Dann. 

45-50 

2-00    . . . 

5-90 

31-80 

9-10 

.  ,  ,  16-00    . . . 

3-50 

2-00    . . . 

4-00    . . . 

0-80 

0-40 

2-00 

100-00  ... 

100-00 

Lazulite  often  contains  scales  of  mica  and  iron  pyrites. 
It  is  found  in  masses,  more  or  less  pure,  generally  in 
small  volume,  fragile,  but  capable  of  scratching  glass, 
of  granular  texture,  imperfectly  laminated,  and  almost 
transparent  at  its  edges.  It  crystallizes  in  dodecahe- 
drons, with  rhombic  faces,  but  the  crystals  are  rare — 
specific  gravity,  2-50  to  2'06.  The  hue,  which  occurs 
in  isolated  places,  merges  from  celestial  to  pure  blue 
and  indigo  purple.  It  is  usually  disseminated  in  a 
rock,  which  contains  many  other  laminated  substances, 
among  which  is  a  fine  white  lazulite.  In  the  Musk, 
Mineralogique  at  Paris  are  two  fine  specimens  of  lazu- 
lite, in  which  is  seen  the  transition  from  the  azure  to 
the  white.  Tomlinson  remarks  that  the  iron  pyrites 
sometimes  propagated  in  lazulite,  is  of  a  bright  yellow 
hue,  helping  to  relieve  the  lustre  of  the  blue,  and  they 
have  often  been  mistaken  for  pellets  of  gold ;  in  fact, 
the  cause  of  its  intense  blue  color  was  long  a  matter  of 
controversy.  No  traces  could  be  detected  of  cobalt, 
copper,  or  any  other  element  or  compound  known  to 
impart  an  azure  tint.  The  existence  of  an  unknown 
protoxide  of  aluminium — Al  O — was  even  assumed  as 
a  means  of  solving  the  difficulty  ;  and  not  until  ultra- 
marine had  been  prepared  artificially,  and  the  synthe- 
tical proof  had  thus  been  superadded  to  the  analytical, 
was  it  admitted  that  a  blue  tint  could  be  produced  by 
the  union  of  three  colorless  bodies — alumina,  sulphur, 
and  soda. 

Clement  and  Desoemes  published  an  analysis  of 
this  substance  in  1806 ;  they  admit,  of  course,  the  great 
difficulty  experienced  in  analyzing  ultramarine.  They 
regarded  it  to  have  the  following  composition,  which  is 
in  maivy  respects  similar  to  the  results  obtained  by 
Wilkens,  and  subsequently  given — 

Ccntcsimally, 


Silica,   35-80 

Alumina,   34-80 

Soda,   43-20 

Sulphur,   3-10 

Carbonate  oflime,   3-10 


100  00 

The  great  cost  of  ultramarine,  and  the  unparalleled 
effects  which  it  produces  in  painting,  rendered  it  most 


desirable  to  produce  this  compound  artificially.  Chemists 
were  for  some  time  baffled  by  the  discordant  results 
each  obtained,  and  were  thereby  unable  to  distinguish 
which  of  the  ingredients  of  ultramarine  were  essential, 
and  which  accidental  or  superfluous. 

The  first  step,  says  Tomlinson,  towards  the  pro- 
duction of  this  pigment  artificially  was  in  1814.  Vau- 
quelin,  in  visiting  the  plate-glass  works  at  St.  Gobain, 
was  informed  by  the  director  of  the  sulphuric  acid  and 
soda  department  of  the  establishment,  that,  in  taking 
down  the  soda  furnaces  a  blue  mass  was  found  when 
f/res — gritstone — was  employed  in  the  formation  of 
the  sole,  but  there  was  no  such  deposit  when  the  sole 
was  of  brick.  The  Editor  has  often  remarked  in  black- 
ash  furnaces  the  production  of  ultramarine ;  in  fact, 
all  recent  analyses  of  this  substance  give  about  one 
per  cent,  of  this  blue  pigment.  Vauquelin  took  some 
of  the  compound,  reduced  it  to  powder,  and,  washing 
it,  found  it  was  decolored  by  the  mineral  acids,  with 
the  disengagement  of  sulphide  of  hydrogen ;  that  it  was 
not  attacked  by  boiling  alkaline  solutions,  nor  destroyed 
at  a  red  heat.  This  chemist  further  states,  that  though 
the  composition  of  this  artificial  product  is  unlike  that 
of  lapis-lazuli,  yet  he  is  not  without  a  hope  that  the 
circumstance  may  lead  to  the  production  of  ultrama- 
rine artificially.  This  observation,  and  the  suggestion 
founded  upon  it,  appears  to  have  been  forgotten  for 
nearly  fourteen  years.  To  Gmelin  of  Tubingen  the 
honor  of  the  discovery  of  artificial  ultramarine  is  gene- 
rally said  to  be  due ;  but,  as  Tomlinson  remarks,  if  the 
question  of  priority  were  ;-aised,  then  it  must  be  claimed 
by  the  Societe  <T Encoun  gement  of  Paris,  who  offered 
a  prize  of  six  thousand  francs  for  the  manufacture  of 
ultramarine.  Guimet  obtained  the  prize  in  1828,  on 
which  occasion  he  communicated  his  recipe  confiden- 
tially to  Gay-Lussac. 

To  prepare  the  pigment  lapis-lazuli,  freed  from  all 
mechanical  impurities,  is  gently  ignited,  slaked  in  water, 
and  reduced  to  an  extremely  fine  powder.  This  is  now 
incorporated  with  a  melted  paste  called  pastelle,  con- 
sisting of  linseed  oil,  wax,  and  resin,  and  kneaded  under 
cold  water.  Ultramarine  gradually  deposits  in  the  vessel 
as  a  dark-blue  powder,  which  grows  brighter  by  degrees, 
whilst  the  impurities  remain  entangled  in  the  pastelle. 

The  color  thus  obtained  is  of  necessity  very  expensive, 
from  the  rarity  of  the  material,  and  from  the  tedious 
and  wasteful  mode  of  producing  it. 

The  preparation  of  artificial  ultramarine  has  under- 
gone many  modifications  since  the  experiments  of 
Gmelin.  Brdnner  mixes  seventy  parts  of  silica, 
two  hundred  and  forty  of  burnt  alum,  forty-eight  of 
charcoal  powder,  one  hundred  and  forty-four  of  flowers 
of  sulphur,  and  two  hundred  and  forty  of  anhydrous 
carbonate  of  soda,  all  reduced  to  an  impalpable  powder ; 
puts  the  mixture  in  a  Hessian  crucible,  and  lutes  down 
the  cover.  The  crucible  is  heated  to  moderate  redness, 
and  kept  steadily  at  that  temperature  for  an  hour  and 
a  half,  and  then  suffered  to  cool.  If  the  operation  has 
succeeded,  the  mass  has  a  loose,  half-fused  appearance, 
and  a  greenish  or  reddish-yellow  hue.  If  solid,  fused, 
and  brownish,  the  heat  has  been  too  high.  The  mass 
is  taken  out  of  the  crucible,  and  washed  till  the  liquid 
has  no  longer  a  sulphurous  taste.    The  residue,  a  dark 
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greenish-blue  powder,  is  filtered,  dried,  mixed  with  its 
own  weight  of  sulphur,  and  one  and  a  half  times  its 
weight  of  anhydrous  carbonate  of  soda,  and  heated 
as  before.  The  residue  is  boiled  with  water  for  some 
time,  filtered,  and  washed  till  the  liquid  no  longer 
blackens  carbonate  of  lead.  The  dried  powder  is 
sifted,  and  submitted  to  the  following  final  process : — 
A  plate  of  cast-iron  is  covered  to  about  the  depth  of  a 
line  with  pure  sulphur,  upon  which  the  compound  is 
sifted  to  about  an  equal  depth.  The  plate  is  then 
cautiously  heated  till  the  sulphur  takes  fire.  The 
residue  is  removed  from  the  plate,  again  pulverized, 
and  resubmitted  to  the  same  treatment  with  sulphur, 
until  the  color  is  found  satisfactory. 

Pruckner  adopts  a  somewhat  modified  process. 
Sulphide  of  sodium  is  prepared  by  igniting  sulphate 
ol  soda  with  charcoal  powder.  This  is  dissolved  in 
water,  some  free  sulphur  is  added,  the  liquid  is  concen- 
trated, mixed  with  one  half  per  cent,  of  sulphate  of  iron 
and  twenty-five  per  cent,  of  a  well-tempered  clay — the 
purer  and  whiter  the  better — the  mixture  evaporated 
to  dryness,  the  residue  powdered,  and  ignited  for  an 
hour  in  a  cupelling  furnace  ;  when  cold,  it  is  extracted 
with  water,  the  residue  dried,  powdered,  and  once  more 
heated  in  a  muffle,  when  the  required  tint  appears. 

A  still  further  simplification  is  to  ignite  sulphate  of 
soda  with  charcoal  powder  and  elay  in  a  crucible,  with 
slight  access  of  air. 

Tiremon's  recipe  for  this  pigment  is  the  follow- 
ing : — One  thousand  and  seventy-five  parts  of  crystal- 
lized carbonate  of  soda  are  fused  in  their  own  water  of 
crystallization,  and  the  fused  mass  mixed  by  stirring, 
first  with  five  parts  of  red  sulphide  of  arsenic,  then  with  a 
quantity  of  hydrate  of  alumina,  prepared  from  alum  by 
precipitation  with  carbonate  of  soda,  and  containing 
seven  parts  of  anhydrous  alumina,  and  lastly,  with  a  mix- 
ture of  one  hundred  parts  of  sifted  clay,  and  two  hundred 
and  twenty-one  parts  of  flowers  of  sulphur.  The  mass, 
after  being  intimately  mixed  and  evaporated  to  dryness, 
is  introduced  into  a  crucible  provided  with  a  good 
cover,  and  gently  heated  at  first,  in  order  to  expel  the 
remaining  traces  of  moisture,  the  temperature  being 
afterwards  raised  to  full  redness.  The  mass  should 
cake  together  without  fusing.  If  the  materials  have 
not  been  properly  mixed,  the  whole  will  exhibit  white 
spots;  and  if  it  has  been  fused,  it  is  studded  with 
brown  ones.  After  cooling  it  is  roasted,  in  order  to 
expel  the  greater  portion  of  the  sulphur,  then  reduced  to 
powder,  and  washed  slightly  on  a  filter  with  cold  water. 
The  bluish-green  powder  thus  obtained  is  again  roasted 
for  an  hour  or  two,  with  occasional  stirring,  in  covered 
basins,  at  a  temperature  never  exceeding  low  redness. 
According  to  Elsner,  a  very  small  quantity  of  iron, 
such  as  is  usually  contained  in  the  ingredients,  is  essen- 
tial to  the  production  of  the  hue,  but  excess  is  injurious. 
A  mixture  of  one  part  of  clay,  perfectly  free  from  iron, 
with  one  part  of  sulphur  and  two  parts  of  anhydrous 
carbonate  of  soda,  yields  a  yellowish  mass  when  ignited ; 
but  if  a  trace  of  sulphate  of  iron  is  added  to  the  mix- 
ture, a  mass  is  obtained  which  is  black,  green,  or  blue, 
according  to  the  degree  of  heat  to  which  it  has  been 
subjected.  When  potassa  is  used  instead  of  soda, 
Gmelin  states  the  blue  tint  is  not  obtained. 
VOL  II. 


Before  the  analysis  by  Margraf,  the  color  of  ultra- 
marine had  been  attributed  to  the  presence  of  copper, 
but  this  chemist  only  found  sulphuric  acid,  lime,  and 
iron ;  others  suspected,  naturally  enough,  the  presence 
of  cobalt;  others  again,  hydrofluoric  acid.  Klaprotii's 
results  indicated  the  following  : — ■ 


Carbonate  of  lime,   28*00 

Sulphate  of  lime,   6-50 

Alumina,   14-50 

Silica,   46-00 

Sesquioxide  of  iron,   3-00 

Water,   2-00 


100-00 

Guyton  thought  that  the  coloring  matter  was  a  blue 
sulphide  of  iron. 

Pure  ultramarine,  according  to  Wilkens,  has  the 
composition — 

2  (Al2  03,  SiOa)  +  Al2  03,  3  Si03  +  NaO,  S2  02  +  3  NaS. 

It  should  contain,  therefore,  theoretically — 

Per  cont 

Silica   38-75 

Alumina,   26*37 

Sulphur,   13  68 

Soda,   21*20 

100-00 

an  assumption  which  agrees  pretty  closely  with  the 
actual  analysis  of  the  purest  samples.  A  variety  of  sub- 
stances, such  as  iron,  lime,  potassa,  magnesia,  sulphuric 
acid,  and  chlorine,  may  be  present  as  impurities,  and 
were,  in  part  at  least,  purposely  added  by  the  earlier 
manufacturers ;  but  they  are  found  to  be  perfectly 
unnecessary.  The  coloring  matter  appears  to  consist 
of  hyposulphite  of  soda  and  sulphide  of  sodium.  If 
the  firing  be  conducted  in  porous  crucibles,  the  colora- 
tion of  the  mass  is  generally  unequal. 

Green  Ultramarine. — Ordinary  ultramarine,  on 
ignition  with  saltpetre,  assumes  a  green  color.  Green 
portions,  more  or  less  in  quantity,  are  frequently  formed 
in  the  crucibles,  especially  on  the  first  ignition.  On 
repeated  heating  it  passes  into  a  blue  tint.  Artificiar 
ultramarine  is,  however,  very  rarely  entirely  freed  from 
all  traces  of  the  green  modification,  and  hence  it  is,  for 
the  most  part,  less  beautiful  than  the  natural  variety. 

Ultramarine  is  readily  decomposed  by  acids,  with 
evolution  of  sulphide  of  hydrogen,  and  total  destruc- 
tion of  the  color.  At  a  high  temperature  this  effect  is 
even  produced  by  silica,  whence  the  unfitness  of  ultra- 
marine for  painting  on  glass  and  porcelain.  Solutions 
of  potassa  and  soda  have  no  decomposing  action,  even 
at  a  boiling  temperature.  By  a  prolonged  red  heat 
ultramarine  is  rendered  perfectly  white,  and  then  no 
longer  evolves  sulphide  of  hydrogen  on  the  addition 
of  an  acid. 

Tests. — Purchasers  frequently  judge  of  the  compar- 
ative value  of  samples  of  ultramarine  by  mere  inspec- 
tion— a  most  fallacious  method.  The  eye  may  indeed 
decide  on  the  purity  of  the  blue,  but  it  can  give  very 
little  notion  of  its  depth.  In  other  words,  it  is  im- 
possible to  determine,  by  mere  inspection,  how  far  a 
sample  has  been  let  down  with  some  colorless  substance. 
It  is  better  to  take  equal  weights  of  the  respective 
samples  under  examination,  and  to  grind  up  each  with 
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ten  to  twenty  times  its  weight  of  gypsum.  When  thus 
let  down,  a  difference  in  the  depth  of  color  becomes 
perceptible. 

Bernheim  prepares  a  normal  solution  by  imxin 
one  ounce  of  concentrated  sulphuric  acid  with  twenty 
grains  of  water ;  equal  weights — fifty  to  one  hundred 
grains — if  the  various  samples  to  be  examined  are 
next  taken,  and  each  placed  in  a  separate  glass.  The 
normal  liquor  is  now  added  from  a  graduated  burette 
until  the  blue  color  is  converted  into  a  reddish  one, 
and  no  blue  particles  are  perceptible.  The  quantity  of 
sulphuric  acid  consumed  in  each  case  shows  the  relative 
value  of  the  sample.  If  cobalt  is  present,  the  blue 
color  of  the  sample  cannot  be  completely  destroyed 
by  the  acid. 

Uses. — Ultramarine  is  employed  as  a  pigment  by 
artists  and  decorators.  Under  certain  circumstances, 
however,  it  gradually  loses  its  color  if  ground  with  oil. 
It  is  also  used  in  printing  cotton  and  woollen  goods, 
being  fixed  to  the  fibre  either  by  solutions  of  albumen 
and  casein,  or  by  shell-lac  varnishes.  It  is  abundantly 
employed  as  a  powder-blue,  in  getting  up  white  cotton 
and  linen  goods.  For  this  purpose  it  is  ground  up  with 
soda-ash,  chalk,  gypsum,  or  any  other  cheap  white 
matter,  and  sold  sometimes  under  its  own  name,  but 
more  frequently  as  superfine  Saxon  smalts.  This  fraud 
is  much  in  vogue  in  a  sea-port  town  on  the  Eastern 
coast  of  England  notorious  for  its  manufacture  of 
inferior  and  spurious  colors.  The  detection  is  not 
difficult,  since  hydrochloric  acid  at  once  destroys  the 
color  of  ultramarine,  whilst  it  is  without  action  upon 
genuine  smalts. 

VAENISH. —  Vernis,  French  ;  Firniss,  German. — In 
the  commonest  acceptation  of  the  term,  a  varnish  con- 
sists of  a  resin  of  some  description  dissolved  in  a  fluid 
more  or  less  volatile,  which,  on  evaporation,  leaves  the 
resin  in  the  form  of  a  lustrous  film.  It  is  generally 
applied  by  means  of  a  brush  in  successive  coats,  and  is 
laid  on  in  the  direction  of  the  fibres  of  the  wood.  The 
most  desirable  feature  of  a  good  varnish  is  durability, 
dependent  upon  the  quality  of  the  resin  and  its  solvent. 

The  principal  substances  employed  in  making  var- 
nishes are  the  following : — ■ 

SOLVENTS. 

Oil  of  nuts — alcohol. 
Oil  of  linseed — ether. 

Oil  of  turpentine — wood-spirit,  pyroxilic  alcohol,  or  hydrated 
oxide  of  ruethyle. 
Oil  of  rosemary — methylated  spirit. 


Amber, 
Aninie, 
Benzoin, 


Aloes, 

Annotto, 

Cochineal, 


Colophony, 
Copal, 
Damara, 
(Sandarac. 

COLORS. 

Dragon's  blood, 

G-amboge, 

Indigo, 


Elemi, 

Lac, 

Mastic, 


Eed  Saunders, 

Saffron, 

Turmeric. 


The  spirituous  varnishes  dry  most  rapidly;  this 
advantage  is,  however,  partly  counterbalanced  by  their 
aptitude  to  crack  and  to  peel  off.  This  defect  is  par- 
tially remedied  in  the  turpentine  varnishes  which  dry 
more  slowly.  But  in  those  called  oil-varnishes,  this 
defect  is  alone  entirely  obviated:  in  these  a  small  quan- 


tity of  a  drying  oil  is  added  to  the  solution  of  the  resin 
in  rectified  spirit  of  turpentine ;  and  although  they  take 
a  longer  time  to  dry,  they  are  all  the  more  durable. 

Before  treating  of  the  various  varnishes,  a  descrip- 
tion will  be  given  of  the  chief  resins  before  mentioned, 
as  being  employed  in  the  manufacture  : — 

Amber  is  most  distinguished  for  durability.  It  is 
usually  of  some  shade  of  yellow,  transparent,  hard,  and 
moderately  tough.  Heated  in  air  it  fuses  at  about  549° ; 
it  burns  with  a  clear  flame,  emitting  a  pleasant  odor. 
When  pounded,  absolute  alcohol  extracts  succinic  acid 
and  resin ;  the  latter  to  the  extent  of  about  one-eighth 
of  the  weight  of  the  amber.  In  fact,  amber  is  a  mix- 
ture of  several  resins.  It  resists  the  action  of  solvents 
so  greatly,  that  it  requires  to  be  fused  and  kept  in  a 
state  of  fusion — for  oxidation — at  a  somewhat  high  tem- 
perature before  it  is  fitted  for  making  amber-varnish. 
The  costliness  of  amber,  as  well  as  the  length  of  time  it 
takes  to  dry,  are  the  chief  objections  to  it. 

Anime  is  imported  from  the  East  Indies.  The  large, 
transparent,  pale-yellow  pieces,  with  vitreous  frac- 
ture, are  best  suited  for  varnish.  Inferior  qualities  are 
employed  for  manufacturing  gold-size  or  japan-black. 
Although  superior  to  amber  in  its  capacity  for  drying, 
and  equal  in  hardness,  varnish  made  from  anime  deepens 
in  color  on  exposure  to  air,  and  is  very  liable  to  crack. 
It  is,  however,  much  used  for  mixing  with  oopal  varnish. 

Benzoin  is  a  gum-resin  but  little  used  in  varnishes  on 
account  of  its  costliness.  The  finer  sorts  are  brittle, 
pulverulent,  with  conchoidal  fracture ;  they  fuse  at  a 
gentle  heat. 

Colophony  is  synonymous  with  arcanson  and  rosin. 
When  the  resinous  juice  of  Pinus  sylvestris  and  other 
varieties  is  distilled,  colophony  remains  in  the  retort. 
Its  dark  color  is  due  to  the  action  of  the  fire.  Dis- 
solved in  linseed  oil  or  in  turpentine  by  the  aid  of  heat, 
colophony  forms  a  brilliant,  hard,  but  brittle  varnish. 

Copal  is  a  gum-resin  of  immense  importance  to  the 
varnish-maker.  It  consists  of  several  minor  resins  of 
different  degrees  of  solubility.  In  durability  it  is  only 
second  to  amber ;  when  made  into  varnish,  the  better 
sorts  become  lighter  in  color  by  exposure  to  air. 

Copal  is  generally  imported  in  large  lumps  about  the 
size  of  potatoes.  The  clearest  and  palest  are  selected 
for  what  is  called  body-gum;  the  second  best  forms 
carriage-gum  ;  whilst  the  residue,  freed  from  the  many 
impurities  with  which  it  is  associated,  constitutes  worst 
quality,  fitted  only  for  japan-black  or  gold-size. 

Copal  is  tasteless  and  inodorous ;  transparent  and  of 
conchoidal  fracture.  Heat  softens  it  without  rendering 
it  viscid.  In  alcohol  it  is  but  little  soluble  ;  but  it  is 
said  to  become  more  so  by  reducing  it  to  a  fine  powder, 
and  exposing  it  to  atmospheric  influences  for  twelve 
months.  Boiling  alcohol  or  spirit  of  turpentine,  when 
poured  upon  fused  copal,  accomplishes  its  complete 
solution,  provided  the  solvent  be  not  added  in  too  large 
proportions  at  a  time.  The  addition  of  camphor  also 
promotes  the  solubility  of  copal ;  so  likewise  does  oil 
of  rosemary. 

Dammara  is  a  tasteless,  inodorous,  whitish  resin, 
easily  soluble  in  oils.  It  is  not  so  hard  as  mastic,  with 
which  it  forms  a  good  admixture. 

Elemi  is  a  resin  of  a  yellow  color,  semi-transparent, 
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and  of  faint  fragrance.  Of  the  two  resins  which  it 
contains,  one  is  crystallizahle  and  soluble  in  cold 
alcohol. 

Lac  constitutes  the  basis  of  spirit- varnish.  The  resin 
is  soluble  in  strong  alcohol  aided  by  heat.  Its  solution 
in  ammonia  may  be  used  as  a  varnish,  when  the  articles 
coated  with  it  are  not  exposed  more  than  an  hour  or 
two  at  a  time  to  water. 

Mastic  is  a  soft  resin  of  considerable  lustre.  The 
two  sorts  in  commerce  are,  in  tears  and  the  common 
mastic;  the  former  is  the  purer  of  the  two.  It  consists 
of  two  resins — one  of  which  is  soluble  in  dilute  alcohol. 
With  oil  of  turpentine  it  forms  a  very  pale  varnish  of 
great  lustre,  which  flows  readily  and  works  easily. 
Moreover,  it  can  be  readily  removed  by  friction  with 
the  hand ;  hence  its  use  for  delicate  work  of  every 
description. 

Sandarac  is  a  pale  odorous  resin,  less  hard  than  lao 
with  -which  it  is  often  associated  as  a  spirit-varnish. 
It  consists  of  three  resins  differing  as  to  solubility 
in  alcohol,  ether,  and  turpentine.  It  forms  a  good  pale 
varnish  for  light-colored  woods  ;  when  required  to  be 
polished,  Venice  turpentine  is  added  to  give  it  body. 

Of  the  solvents  of  these  various  resins  little  need  be 
said.  In  the  manufacture  of  varnishes  great  care,  as 
well  as  cleanliness,  are  required.  The  resins  should  be 
washed  in  hot  water,  to  free  them  from  particles  of  dust 
and  dirt ;  they  should  be  dried  and  assorted  according 
to  their  color,  reserving  the  lightest  shades  for  the  best 
kinds  of  varnish. 

The  linseed-oil  should  be  as  pale-colored,  and  as  well 
clarified  as  possible.  New  oil  always  contains  mucilage, 
and  more  or  less  of  foreign  matters ;  as  these  prevent 
the  regular  absorption  of  oxygen,  the  oil  requires  pre- 
liminary treatment.  The  common  plan  is  to  boil  it 
with  litharge ;  but  such  oil  varnish  is  inferior  to  that 
prepared  with  sulphate  of  lead. 

The  best  method  is  to  rub  up  linseed-oil  with  dry 
sulphate  of  lead  in  sufficient  quantity  to  form  a  milky 
mixture.  After  a  week's  exposure  to  the  light  and 
frequent  shaking,  the  mucos  •  deposits  with  the  sulphate 
of  lead,  and  leaves  the  oil  perfectly  clear.  The  precipi- 
tated slime  forms  a  compact  membrane  over  the  lead, 
hardening  to  such  an  extent  that  the  clarified  oil  may 
be  readily  poured  off. 

Turpentine  is  of  very  extensive  use.  The  older  it  is, 
the  more  ozonized,  the  better  it  is.  Turpentine  var- 
nishes dry  much  more  readily  than  oil  varnishes,  are 
of  a  lighter  color,  more  flexible  and  cheap.  They  are, 
however,  neither  so  tough  nor  so  durable. 

Alcohol  is  employed  as  the  solvent  of  sandarac  and 
of  lac.    The  stronger,  cmteris  paribus,  the  better. 

Napht/ia  and  methylated  spirit  of  wine  are  used  for 
the  cheaper  varnishes.  Their  smell  is  disagreeable. 
The  former  is,  however,  a  better  solvent  of  resins  than 
alcohol. 

Spipit  Varnishes. — Mix — 

Alcohol   500  parts. 

Ether   60  " 

Heat  in  a  flask,  and  suspend  therein  from  a  bag,  one 
hundred  and  twenty  parts  of  finely-divided  well  oxidized 
copal.  Continue  the  heat  until  complete  solution  takes 
place. 


Such  a  varnish  combines  brilliancy  and  transparency 
with  considerable  hardness  and  solidity.  As  color  is 
easily  generated  over  the  fire,  the  materials  are  best 
digested  in  a  water  bath.  Such  a  varnish  is,  however, 
only  suitable  for  fancy  articles,  and  is,  after  all,  not 
equal  to  a  mixture  of  resins. 

A  VARNISH  FOR  PAPER,  MAPS,  ET  CETERA. 

Parts 


Spirit  of  wine,  32 

Mastic,   6 

Sandarac,   3 

Venice  turpentine,   3 

Pounded  glass,   i 


Mix  the  pounded  mastic,  sandarac,  and  glass 
thoroughly  together,  and  place  them  in  a  tinned  copper 
digester.  Add  the  alcohol,  stir  well  and  frequently 
with  a  wooden  spatula,  and  heat  for  several  hours  in  a 
water  bath.  "When  the  solution  is  complete,  add  the 
turpentine,  stir  frequently,  continuing  the  heat  for  an 
hour,  and  strain  when  cold  through  a  cloth. 

This  method  is  applicable  to  all  spirit  varnishes. 

A  WHITE  SPIRIT  VARNISH  FOR  VIOLINS. 

Spirit  of  wine,  One  gallon. 

Mastic,  Two  pounds. 

Turpentine  varnish,  One  pint. 

A  VARNISH  FOR  WHITE  WOODS. 

Bleached  shellac,  Three  pounds. 

Spirit  of  wine,  Two  and  a  half  gallons. 

The  shellac  should  be  first  dissolved  in  a  gallon  of 
the  spirit,  and  the  rest  added  after  straining. 

ANOTHER  VARNISH  FOR  MUSICAL  INSTRUMENTS. 

Parts. 


Spirit  of  wine,  32 

Sandarac,    & 

Pounded  glass,   4 

Seedlac,   2 

Mastic  in  tears,   2 

Venice  turpentine,   2 

Elemi,   1 


These  varnishes  may  be  readily  colored — red,  by 
dragon's  blood;  yellovi,  by  gamboge.  If  a  colored 
varnish  is  required,  clearly  no  account  need  be  taken 
of  the  color  of  the  resins.  Lac  varnish  may  be 
bleached  by  Mr.  Lemming's  process : — Dissolve  five 
ounces  of  shellac  in  a  quart  of  spirit  of  wine;  boil 
for  a  few  minutes  with  ten  ounces  of  well-burnt  and 
recently-heated  animal  charcoal,  when  a  small  quantity 
of  the  solution  should  be  drawn  off  and  filtered :  if 
not  colorless,  a  little  more  charcoal  should  be  added. 
When  all  tinge  is  removed,  press  the  liquor  through 
silk,  as  linen  absorbs  more  varnish;  and  afterwards  filter 
it  through  fine  blotting-paper.  Dr.  Hare  proceeds 
as  follows : — Dissolve  in  an  iron  kettle  about  one 
part  of  pearlash  in  about  eight  parts  of  water,  add 
one  part  of  shell  or  seed  lac,  and  heat  the  whole  to 
ebullition.  When  the  lac  is  dissolved,  cool  the  solution, 
and  impregnate  it  with  chlorine  gas  till  the  lac  is  all 
precipitated.  The  precipitate  is  white,  but  the  color 
deepens  by  washing  and  consolidation.  Dissolved  in 
alcohol,  lac  bleached  by  this  process  yields  a  varnish 
which  is  as  free  from  color  as  any  copal  varnish. 

One  word  in  conclusion  with  reference  to  all  spirit 
varnishes.  A  damp  atmosphere  is  sufficient  to  occasion 
a  milky  deposit  of  resin,  owing  to  the  diluted  spirit 
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depositing  a  portion  :  in  such  case  the  varnish  is  said 
to  be  chilled. 

Essence  Varnishes. — They  do  not  differ  essen- 
tially in  their  manufacture  from  spirit  varnishes.  The 
polish  produced  by  them  is  more  durable,  although 
they  take  a  longer  time  to  dry. 

Table  Varnish  may  be  made  as  follows  : — 

Damma  resin,   1  pound 

Spirits  of  turpentine,   2  pounds 

Camphor,  200  grains 

Digest  the  mixture  for  twenty-four  hours.  The  decanted 
portion  is  fit  for  immediate  use. 

COMMON  TABLE  VARNISH. 

Oil  of  turpentine,   1  pound 

Bees'  wax,   2  ounces 

Colophony   1  draohrn 

COPAL  VARNISH  FOR  INSIDE  WORK. 

Pounded  and  oxidized  copal,   24  parts 

Spirit  of  turpentine,   40  " 

Camphor,   1  " 

FLEXIBLE  COPAL  VARNISH. 

Copal  in  powder,   16  parts 

Camphor,   2  lt 

Oil  of  lavender,   90  " 

Dissolve  the  camphor  in  the  oil,  heat  the  latter,  and 
stir  in  the  copal  in  successive  portions  until  complete 
solution  takes  place.  Thin  with  sufficient  turpentine 
to  make  it  of  proper  consistence. 

Oil  Varnishes. — These,  the  most  durable  and 
lustrous  of  varnishes,  are  composed  of  a  mixture  of 
resin,  oil,  and  spirit  of  turpentine.  The  oils  most 
frequently  employed  are  linseed  and  walnut ;  the  resins 
chiefly  copal  and  amber,  but  also  the  others  already 
recorded. 

The  drying  power  of  the  oil  having  been  increased 
by  litharge,  red-lead,  or  by  sulphate  of  lead,  and  a  judi- 
cious selection  of  copal  having  been  made,  it  is  neces- 
sary, according  to  Booth,  to  bear  in  mind  the  following 
precautions  before  proceeding  to  the  manufacture 
of  varnish  : — 1.  That  oil  varnish  is  not  a  solution,  but 
an  intimate  mixture  of  resin  in  boiled  'oil  and  spirit 
of  turpentine.  2.  That  the  resin  must  be  aompletely 
fused  previous  to  the  addition  of  the  boiled  or  prepared 
oil.  3.  That  the  oil  must  be  heated  from  250°  to  300". 
4.  That  the  spirit  of  turpentine  must  be  added  gra- 
dually and  in  a  thin  stream,  while  the  mixture  of  oil  and 
resin  is  still  hot.  5.  That  the  varnish  be  made  in 
dry  weather,  otherwise  moisture  is  absorbed,  and  its 
transparency  and  drying  quality  impaired. 

The  heating  vessel  must  be  of  copper,  with  a  rivetted 
and  not  a  soldered  bottom.  To  promote  the  admixture 
of  the  copal  with  the  hot  oil,  the  copal — carefully 
selected  and  of  nearly  uniform  fusibility — is  separately 
heated  with  continuous  stirring  over  a  charcoal  fire. 
Good  management  is  required  to  prevent  the  copal 
from  burning  or  becoming  even  high  colored.  When 
completely  fused,  the  heated  oil  should  be  gradually 
poured  in  with  constant  stirring.  The  exact  amount 
of  oil  required  must  be  determined  by  experiment.  If  a 
drop  upon  a  plate,  on  cooling,  assumes  such  a  con- 
sistency as  to  be  penetrated  by  the  nail  without  crack- 


ing, the  mixture  is  complete ;  but  if  it  cracks,  more  oil 
must  be  added. 

The  spirit  of  turpentine  previously  heated  is  added 
in  a  thin  stream  to  the  former  mixture,  care  being 
taken  to  keep  up  the  heat  of  all  the  parts.  With 
proper  attention  to  these  directions,  the  following  pre- 
scriptions from  Dumas,  Tomlinson,  Booth,  and  others, 
will  be  found  of  use  : — 

COPAL  VARNISH  FOR  FINE  PAINTINGS. 

Gum  copal,  fused,   8  pounds 

Linseed  oil,  heated  to  2o0°,   2  gallons 

Boil  for  about  a  quarter  of  an  hour,  until  the  mixture 
strings  strongly,  and  then  add  spirit  of  turpentine,  hot, 
three  gallons.  Although  much  loss  of  turpentine  ensues, 
the  varnish  will  be  so  much  the  more  transparent,  dur- 
able, and  drying. 

CABINET  VARNISH. 


Copal,  fused,   14  pounds 

Linseed  oil,  hot,   1  gallon 

Turpentine,  hot,   3  gallons 

Properly  boiled,  such  a  varnish  will  dry  in  ten  minutes. 

BEST  BODY  COPAL  VARNISH. 

Copal,  fused   8  pounds 

Linseed  oil,  hot,   2  gallons 

Turpentine,  hot,   3^  " 


The  mixture  must  be  slowly  boiled  for  five  hours  until 
quite  stringy,  and  subsequently  mixed  with  the  heated 
turpentine.  This  varnish  is  well  suited  for  all  objects 
intended  for  polishing. 

In  preparing  artists'1  copal  varnish  it  is  advisable  to 
separate  the  particles  of  copal  by  means  of  pounded 
glass,  to  prevent  the  gum  from  adhering,  so  that  a 
moderate  fire  will  suffice.  The  older  the  turpentine 
the  more  drying  the  varnish.    Take — 


Finest  picked  copal,   3  pounds 

Pounded  glass,   2  " 

Linseed  oil,   3  quarts 

Spirit  of  turpentine,   5  " 


All  the  before-mentioned  varnishes  are  recommended 
to  be  made  with  clarified,  but  not  otherwise  prepared 
oils.  Consequently  they  take  long  to  dry,  and  cannot 
be  polished  for  months.  Anime  is  often  introduced  to 
hasten  the  hardening  of  the  varnish,  in  the  proportion 
of  one  part  to  two  of  copal.  But  such  varnish  is  less 
durable.  A  yet  inferior  copal  varnish  contains  anime 
in  the  proportion  of  two  parts  to  one  of  the  former. 

WAINSCOT  VARNISH   FOR  HOUSE  PAINTING  AND  JAPANNING. 


Anime,   8  pounds 

Clarified  linseed  oil,   3  gallons 

Litharge,   \  pound 

Acetate  of  lead,   ^  pound 

Sulphate  of  copper   |  pound 


All  those  materials  must  be  carefully  but  thoroughly 
boiled  together  until  the  mixture  becomes  quite 
stringy,  and  then  five  and  a  half  gallons  of  heated 
turpentine  stirred  in. 

Such  a  varnish  is,  of  course,  every  way  inferior  to 
one  made  with  a  carefully  prepared  drying  oil,  as  above 
prepared  by  the  aid  of  sulphate  of  lead.  But  it  exsiccates 
very  rapidly,  and  is  well  suited  to  the  common  purposes 
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for  which  it  is  intended.  It  can  be  easily  deepened  in 
color  by  the  addition  of  a  little  gold-size. 

The  varnish  used  in  India  for  palanquins  is  made  by 
melting  a  kind  of  sandarac,  and  mixing  it  with  boiling 
and  drying  linseed  oil.  Mr.  Rhode,  in  Balfour's 
Cyclopaedia,  knows  of  no  better  or  more  durable  polish 
for  teak  and  chittagong  wood  particularly,  than  may  be 
prepared  by  melting  three  or  four  bits  of  sandarac,  of 
the  size  of  a  walnut  or  small  egg,  and  pouring  upon  it 
a  bottle  of  boiling  linseed  oil  previously  rendered  drying 
by  boiling  litharge  or  other  dryer,  and  after  boiling 
them  together  gently  for  an  hour,  adding  while  cooling  a 
teaspoonful  of  Venice  turpentine.  If  too  thick,  it  may 
be  thinned  with  spirit  of  turpentine.  It  should  bo 
rubbed  on  the  furniture,  and  after  a  little  time — during 
which  it  may  be  exposed  to  the  sun — rubbed  off.  The 
friction  should  be  continued  daily,  and  the  polish 
should  not  be  again  applied  for  eight  or  ten  days ; 
after  which  it  may  be  slightly  applied  every  one 
or  two  months.  Water  does  not  injure  this  polish, 
and  any  stain  or  scratch  may  be  rubbed  over,  which 
cannot  bo  done  with  Trench  polish.  To  give  the 
appearance  of  gold  to  silver  leaf  used  by  the  Conda- 
pilly  Moochies,  for  ornamenting  boxes,  palanquins,  et 
cetera,  a  little  aloes  is  dissolved  in  the  varnish,  which 
is  laid  over  it.  A  very  good  varnish  is  prepared  by 
Moochies  with  shell-lac  and  wood  oil,  heated  in  small 
quantities. 

French  polish  is  employed  upon  flat  surfaces,  and 
consists  simply  of  a  solution  of  resin  in  spirit  of  wine. 
The  simplest  sort  of  French  polish  may  be  made  by 
dissolving  one  and  a  half  parts  of  shell-lac  in  eight 
parts  of  spirit  of  wine.  Such  a  polish  is  very  durable, 
but  many  other  gum-resins  are  employed.  A  good 
dark-colored  polish  is  prepared  from  one  pound  of 
shell-lac,  half  a  pound  of  gum-benzoin,  and  one  gallon 
of  spirit  of  wine.  Others  recommend  twelve  ounces 
of  shell-lac,  three  ounces  of  copal,  six  ounces  of  gum- 
arabic,  to  one  gallon  of  spirit. 

The  lacker  used  for  wood  work  or  brass  is  also  a 
varnish.  For  brass  the  proportions  are  half  a  pound 
of  pale  shell-lac  to  one  gallon  of  spirit  of  wine.  It  is 
better  prepared  without  the  aid  of  heat,  by  simple  and 
repeated  agitation.  It  should  then  be  left  to  clear 
itself,  and  separated  from  the  thicker  portions  and  from 
all  impurities  by  decantation.  As  it  darkens  on  expo- 
sure to  light,  the  latter  should  be  excluded.  A  pale 
yellow  lacker  may  be  made  by  mixing  one  ounce  of 
gamboge,  and  two  ounces  of  Cape  aloes,  with  one 
pound  of  shell-lac.  For  a  bright  yellow  half  a  pound  of 
turmeric  and  two  ounces  of  gamboge  are  required ;  for 
a;  red  lacker,  half  a  pound  of  dragon's  blood  and  one 
pound  of  annotto.  It  need  scarcely  be  said  that  the 
color  will  also  be  modified  by  that  of  the  lac  employed. 

WATES.  —  Eau,  French;  Wasser,  German;  Aqua, 
Latin. — The  poet  Southey  thus  appositely  writes  of 
this  all-important  fluid : — 

Most  blessed  water!  neither  tongue  can  tell 
The  blessedness  thereof ;  no  heart  can  think, 
Save  only  those  to  whom  it  has  been  given 
To  taste  of  that  divinest  gift  of  heaven. 

In  tho  very  first  record  of  that  fiat  of  the  Creator, 
which  called  forth  by  omnipotent  volition  the  innu- 


merable planetary  bodies  distributed  in  infinite  spacei 
the  primary  matter  especially  mentioned  is  water  :  And 
the  Spirit  of  God  moved  upon  the  face  of  the  waters. 
Whether  the  circumstances  of  the  creation,  as  related 
in  Genesis,  differ  from  the  order  observed  in  giving 
form  to,  and  producing  diversity  of,  objects  upon  tho 
earth  by  the  great  First  Cause,  is  a  question  which 
does  not  affect  one  way  or  another,  the  subject  of  the 
present  article;  although  the  study  of  the  disposition  of 
the  principal  objects  within  the  limited  range  of  man's 
sphere  of  inquiry,  geographically  and  geologically  con- 
sidered, demonstrates  most  conclusively,  that  water  has 
fulfilled  functions  in  the  formation  of  mineralized  and 
other  strata  in  the  solid  crust  of  the  earth,  of  undeniable 
importance.  It  is  not  previous  to  the  generation  of 
vegetal  and  animal  life,  however,  that  the  importance 
of  water,  as  an  abundant  and  primary  constituent  of 
the  globe,  can  be  properly  estimated  ;  for  it  is  only  in 
the  fulfilment  of  the  higher  designs  of  Providence,  such, 
for  instance,  as  the  production  and  sustenance  of  vegetal 
and  animal  life  and  organization,  that  any  approach  to 
an  adequate  notion  of  the  great  ends  which  water  serves, 
can  be  formed.  Without  water  no  organized  struc- 
ture, whether  of  vegetal  or  animal,  could,  in  the  human 
estimation  of  things,  preserve  its  functions  and  repro- 
duce itself  in  obedience  to  the  great  generic  law  of 
Nature.  Independently  of  its  essential  importance 
in  this  respect,  water  serves  another  purpose  only 
secondary  to  it — namely,  that  of  distributing  a  medium 
temperature  over  the  whole  surface  of  the  earth,  con- 
formably to  certain  physical  laws  which  will  be  subse- 
quently alluded  to,  thereby  insuring  a  genial  warmth 
which  is  absolutely  necessary  for  the  development  of 
plants  and  animals.  It  may  be  assumed,  that  for  some 
such  or  other  similar  all-wise  dispensations,  the  extent 
and  quantity  of  water  on  the  globe  greatly  surpasses 
that  of  the  land.  It  is  well  known  that  water  is  cap- 
able of  combining  with  caloric  to  a  great  degree ;  and, 
owing  to  the  superficies  of  the  globe  being  to  the  extent 
of  two-thirds,  water,  it  is  evident  the  chief  portion  of 
the  heat  derived  from  the  sun  is  stored  in  this  liquid, 
for  the  purpose  merely  of  being  eliminated  gradually 
to  compensate  the  earth  for  that  which,  owing  to  its 
superior  radiating  power,  it  gives  off  so  freely  as  to  chill 
it  to  a  degree  prejudicial  to  organized  life,  unless  sup- 
plied by  winds  or  air-currents,  passing  over  the  surface 
of  large  tracts  of  waters.  This  capacity  of  storing 
caloric  possessed  by  water  is  subservient  in  other 
respects,  not  only  for  equalizing  the  heat  of  the  habi- 
table portions  of  the  globe,  but  for  the  distribution  of 
the  liquid  itself  over  the  arid  parts  of  the  earth.  For 
instance,  the  warm  rays  of  the  sun  would  be  unendur- 
able in  the  torrid  zone,  were  it  not  that  in  these  regions 
large  quantities  of  water  are  evaporated,  and  that  every 
unit  of  it  thus  converted  into  vapor  renders  latent  or 
insensible  above  one  thousand  units  of  heat,  thus  beau- 
tifully neutralizing  the  violent  effect  of  the  sun's  intense 
rays.  Again,  the  aeriform  moisture  ascends  obedient 
to  its  expansive  force,  and  diverges  laterally  to  colder  - 
regions,  where  the  water  having  parted  with  a  great 
portion  of  its  acquired  temperature,  condenses  into 
clouds,  and  finally  falls  as  rain,  hail,  or  snow,  to 
refresh  and  nourish  life  in  its  multifarious  varieties ; 
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whilst  a  current  of  air  from  colder  regions  loaded  with 
water  rushes  to  the  locality  whence  it  was  driven,  to 
compensate  the  loss  of  moisture,  and  maintain  the 
equilibrium  of  temperature.  Thus  is  a  beautiful  pro- 
vision for  the  preservation  of  organic  life  and  the 
maintenance  of  a  genial  warmth  sustained,  a  provision 
which,  from  its  regularity  and  precision,  is  called  a 
physical  law,  though  in  reality  a  divine  and  beneficent 
dispensation. 

Water  is  therefore  of  primary  importance  as  well  in 
the  physiology  as  in  the  economy  of  life,  and  quite 
as  indispensable  as  the  air  breathed  from  the  dawn 
to  the  close  of  man's  existence;  without  them  all 
other  provisions  of  nature  would,  under  existing  cir- 
cumstances, be  inadequate  to  sustain  vitality. 

History. — In  considering  water  scientifically,  it  offers 
a  wide  and  an  interesting  field  of  inquiry  to  the  aspiring 
student.  For  a  long  time  many  earnest  minds  were 
misled  regarding  its  nature,  nor  was  it  till  almost  within 
the  span  of  the  present  age — namely,  in  1781 — that  its 
true  composition  was  revealed.  Formerly,  philosophers, 
universally  following  the  footsteps  of  the  ancients, 
regarded  it  as  one  of  their  elements,  though,  in  later 
times,  some  among  them  were  found  who  considered  it 
transmutable  into  an  earth  by  repeated  distillations,  in 
consequence,  as  Lavoisier  subsequently  proved,  of  the 
glass  vessels  in  which  the  operations  were  performed, 
undergoing  slight  disintegration  on  the  surface,  and 
giving  rise  to  a  crust  of  silicious  and  other  matters  con- 
tained in  the  glass.  Its  real  nature  lay  hidden  and  sub- 
ject to  conflicting  hypotheses  till,  by  the  superior  powers 
of  deduction,  aided  by  a  deep  and  patient  penetration 
into  the  secrets  of  phenomena,  according  to  the  principles 
of  chemistry  as  then  understood,  Cavendish,  by  most 
conclusive  and  beautiful  researches,  as  well  synthetically 
as  analytically,  revealed  its  true  nature  as  a  compound 
body.  Like  all  other  inventions  and  discoveries  of 
great  importance,  there  were  others  ready  to  claim  the 
honor,  such  as  Watt  and  Lavoisier  ;  but  evidently 
the  principles  which  they  enunciated  appear  to  have 
originated  with  Cavendish,  and  had  been  communi- 
cated through  Priestley  and  others  to  the  foremen- 
tioned  philosophers,  previous  to  the  publication  of  the 
account  of  Cavendish's  researches  on  the  subject. 
The  light  thus  shed  upon  the  knowledge  of  chemical 
phenomena,  might  appropriately  be  placed  in  juxta- 
position with  the  brilliant  lustre  emanating  from  the 
discovery  of  oxygen  by  a  Priestley,  or  from  that  of 
the  atomic  theory  by  a  Higgins  and  a  Dalton.  The 
phenomena  attending  the  combustion  or  explosion  of 
hydrogen  gas  in  common  air,  and  the  endeavors  of 
Warltire  to  deduce  from  the  experiment  whether 
or  not  caloric  was  ponderable,  seem  to  be  the  primary 
facts  that  led  subsequently  to  the  discovery  of  the 
composition  of  water.  Priestley,  Warltire,  and 
doubtless  others,  too,  repeated  the  experiment  fre- 
quently ;  and  although  water  was  a  product  in  every 
instance,  yet  no  one  before  Cavendish  seems  to  have 
given  the  necessary  attention  to  the  question  of  how 
this  water  was  formed.  After  numerous  trials  regard- 
ing the  proportions  of  air  and  hydrogen  that  were 
required  to  produce  this  important  liquid,  Cavendish 
found  these  to  be  two  volumes  of  hydrogen  and  five 


of  air.  Subsequently  the  research  in  this  direction 
recommended  itself  to  other  philosophers,  among  whom 
GtAY-Lussac  fixed  the  respective  quantities  of  the 
component  gases  necessary  to  produce  water  at  one 
volume  of  oxygen  and  two  of  hydrogen. 

Preparation. — When  two  volumes  of  hydrogen 
and  one  of  oxygen  gas  are  mixed  in  a  confined  vessel 
and  ignited  by  means  of  the  electric  spark,  a  slight  flash 
of  light  and  loud  explosion  follow  their  combination, 
and  water  remains  in  the  vessel  to  the  extent  of  the 
weight  of  the  combined  gases.  In  like  manner,  when 
hydrogen  issuing  from  a  small  jet  is  ignited,  and  a 
deep  cylindrical  glass  is  inverted  on  the  flame,  water  is 
produced ;  and,  owing  to  it  being  condensed  on  the 
cold  surface  of  the  glass,  appears  first  as  a  slight  coat- 
ing of  dew,  and  subsequently  in  the  form  of  small  drops 
which  trickle  down  the  walls  of  the  vessel.  Many 
other  means  are  now  known,  whereby  pure  water  from 
its  elements  is  produced,  such,  for  instance,  as  trans- 
mitting pure  hydrogen  gas  over  several  metallic  oxides 
inclosed  in  tubes,  and  heated  to  redness.  The  most 
conclusive  experiment  for  demonstrating  the  compo- 
sition of  water  is  that  performed  by  the  aid  of  the 
galvanic  battery.  In  this  experiment,  the  constituent 
gases  are  evolved  at  the  respective  poles  of  the  battery 
in  the  ratio  of  two  volumes  of  hydrogen  and  one  of 
oxygen  ;  and  by  mixing  these  gases  in  a  eudiometer  or 
other  tube,  and  transmitting  the  electric  spark  through 
them,  water  is  again  reproduced.  It  would  be  tedious 
to  specify  the  numerous  ways  in  which  water  can  be 
formed  from  the  combustion  of  hydrogen.  It  may 
be  instanced,  however,  that  finely-divided  platinum — 
platinum  black — possesses  the  power  of  causing  the 
combination  of  the  gaseous  constituents  of  water  in  a 
remarkable  manner.  The  principle  of  Dobereiner's 
instantaneous  light  is  founded  on  this  same  property. 

The  arrangement  by  which  the  decomposition  of 
water  may  be  illustrated,  consists  simply  of  a  glass 
globe  with  stopper  openings  at  the  sides  and  at  the  top, 
filled  with  water.  Small  platinum  wires  pass  through 
the  corks  at  the  sides,  and  up  through  the  apertures  at 
the  top,  terminating  in  flat  plates  of  the  same  metal. 
Two  graduated  tubes  filled  with  water  are  inverted  over 
these  plates,  and  the  zinc  and  copper  poles  of  a  voltaic 
battery  connected  with  the  protruding  wires  at  the  side, 
thus  converting  the  two  tubes  into  ordinary  decompos- 
ing cells.  On  setting  the  battery  in  action,  the  water  in 
the  tubes  will  undergo  decomposition  in  part,  oxygen 
being  formed  on  the  side  of  the  copper  or  positive  pole, 
and  hydrogen  on  that  of  the  zincoid  or  negative  pole ; 
both  gases,  as  they  accumulate,  ascend  to  the  closed 
ends  of  the  tubes,  forcing  out  the  water.  By  reading 
the  index  on  the  tubes,  it  will  be  found  that  the  quan- 
tity of  hydrogen  in  the  tube  inverted  on  the  zincoid 
pole  will  be  strictly  double  the  volume  of  the  oxygen 
in  the  other ;  in  other  words,  the  elements  are  evolved 
in  the  exact  ratio  of  their  existence  in  water,  as  may 
be  proved  experimentally  by  exploding  the  mixture  of 
both  gases  in  a  cylinder  over  mercury. 

Properties  of  Water. — -Water,  like  gases  and. 
elastic  bodies  generally,  possesses  very  varied  proper- 
ties both  of  a  physical  and  a  chemical  nature.  The 
knowledge  of  the  former  constitutes  the  chief  division 
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of  two  correlative  branches  of  the  physical  sciences, 
namely,  hydrostatics  and  hydrodynamics ;  the  former 
relating  to  the  equilibrium,  or  the  statical  momentum 
of  this  fluid,  and  the  latter,  to  the  order  of  its  motion 
under  unequal  forces.  As  the  knowledge  of  these 
is  more  particularly  connected  with  the  science  of 
mechanics  or  engineering,  they  need  not  be  specially 
dwelt  upon  here. 

Pure  water  has  neither  taste  nor  smell ;  it  is  color- 
less in  small  bulk,  but  of  a  greenish  hue  when  seen  in 
large  masses.  Water  is  solid  at  temperatures  below 
32°,  liquid  between  32°  and  212°,  and  gaseous  at  a 
higher  heat.  By  a  careful  method  of  reducing  the 
temperature  of  water,  and  guarding  against  any  agita- 
tion of  the  liquid  or  contact  with  any  angular  body, 
the  point  of  solidification  descends  as  low  as  8°,  or  even 
5° ;  that  is,  24°  and  27°  below  the  point  at  which  it 
freezes  when  it  is  agitated.  In  like  manner,  if  the 
ordinary  pressure  under  which  it  boils  at  212°,  namely, 
thirty  inches  of  mercury,  be  reduced,  the  phenomenon 
of  ebullition  succeeds  at  considerably  lower  degrees  of 
heat.  Thus  it  is  that  on  the  summit  of  high  moun- 
tains, where,  in  consequence  of  the  elevation,  the  nor- 
mal pressure  of  the  atmosphere  is  lessened,  water  is 
observed  to  boil  at  a  lower  thermometrio  degree  than 
at  the  base.  In  the  act  of  solidification  water  resolves 
itself  into  numerous  forms,  one  of  which  is  a  rhomboid, 
closely  resembling  Iceland  spar.  Under  ordinary  cir- 
cumstances, when  its  particles  are  in  equilibrium,  water 
is  elastic  and  compressible.  This  property  had  long 
since  been  proved  by  Oersted,  and  modernly  has  been 
established  by  Perkins.  The  results  are,  however, 
variously  stated :  thus,  Perkins  found  that  by  a  pressure 
of  three  hundred  and  twenty-six  atmospheres,  the  com- 
pression amounted  to  '035  of  the  bulk,  or  a  value  of  one 
hundred  and  eight  millionths  for  every  atmosphere ; 
whereas,  when  the  strain  was  raised  to  two  thousand 
atmospheres,  the  reduction  was  less  than  one-half  of  the 
above  for  each  atmosphere,  namely,  forty-one  millionths. 
Oersted  found  the  average  reduction  per  degree  to  be 
forty-five  millionths  of  its  bulk ;  he  likewise  observed 
that  the  contraction  increases  in  direct  proportion  to  the 
power  exercised  in  compressing  it,  up  to  seventy  atmo- 
spheres. Water  is  likewise  subject  to  compression  and 
extension  when  under  the  influence  of  another  power, 
namely,  that  of  heat,  but  with  greater  irregularity  than 
is  observed  when  acted  upon  by  mechanical  force. 
Generally  speaking,  the  abstraction  of  heat  from  bodies 
serves  to  bring  their  particles  closer  together,  and 
therefore  contract  them,  and  vice  versa;  but  the  axiom  is 
true  with  regard  to  water  only  within  certain  limits. 
For  instance,  when  ice  is  melted  by  causing  it  to  com- 
bine with  caloric,  instead  of  expanding  with  each  incre- 
ment, its  bulk  suffers  a  diminution  till  the  temperature 
of  the  mass  rises  to  39'2°,  at  which  degree  it  has  been 
found  to  possess  its  greatest  density;  on  continuing  the 
addition  of  heat,  however,  it  begins  to  expand  till  the 
boiling  point  is  attained,  the  acquired  bulk  in  this  range 
being,  according  to  the  researches  of  Halstroji,  one 
part  in  twenty-four.  The  experiment  can  be  easily  illus- 
trated by  a  glass  vessel  fitted  with  a  narrow  tube ; 
the  contraction  and  expansion  of  the  water  in  the  flask 
being  indicated  by  its  descent  or  rise  in  the  capillary 


tube  inserted  into  its  mouth.  The  peculiarity  attend- 
ing a  change  of  temperature  in  water,  between 
the  limits  of  32°  and  48°  may  be  shown  to  vary  from 
the  expected  effects  resulting  under  ordinary  circum- 
stances from  the  addition  or  abstraction  of  caloric ; 
thus,  the  expansion  which  is  observed  to  take  place  in 
the  liquid  from  its  point  of  greatest  density,  39'2°, 
when  heated  through  a  range  corresponding  to  that 
between  this  and  the  freezing  point,  equals  exactly 
that  which  a  reduction  of  temperature  from  39-2° 
towards  the  freezing  effects,  so  that  the  volume  at  48° 
and  32°  is  exactly  the  same. 

The  following  table  of  the  contraction  and  expansion 
of  water  between  the  three  points,  32°,  39'2°,  and  212°, 
gives  the  results  arrived  at  by  Kopp  : — 


Temperature. 

Volumo- 

Temperature, 

"Volume. 

32-0   

1- 000000 

69-8  ... 

.  1-001776 

33-8  .... 

•999947 

71-6  ... 

.  1-001995 

36-5  .... 

■999908 

73-4  ... 

.  1-002225 

37-4  .... 

•999885 

75-2  ... 

.  1-002465 

39-2  .... 

•999877 

77-0  ... 

.  1-002715 

41-0  

•999883 

80-0  ... 

.  1-004064 

42-8  .... 

•999903 

95-0  ... 

.  1-005697 

44-6  .... 

•999938 

104-0  ... 

.  1-007531 

46-4  .... 

•999986 

113-0  ... 

1-009541 

48-2  .... 

1  -000048 

122-0  . .  . 

.  1-011766 

50-0  .... 

1-000124 

131-0  . .  . 

1-014100 

51-8  ... 

1-000213 

140-0  ... 

.  1-016590 

53-6  .... 

t-000314 

149-0  ... 

.  1  019302 

55-4  .... 

1-000429 

158-0  ... 

.  1-022246 

57-2  .... 

1-000556 

167  0  ... 

.  1-025440 

59-0  .... 

1-000695 

176-0  ... 

1-028581 

60-8  .... 

1-000846 

185-0  ... 

1-031894 

62-6  .... 

1-001010 

194-0  ... 

1-035397 

64-4  ..— 

1-001184 

203-0  ... 

1-039094 

66-2  .... 

1-001370 

212-0  ... 

1-042986 

68-0  .... 

1-001567 

This  peculiar  behavior  of  water  is  not  only  interest- 
ing as  a  curious  deviation  of  a  natural  law,  but  because 
it  serves  purposes  of  the  highest  importance  in  the 
economy  of  Nature.  The  hardest  rocks  are  split 
asunder  by  the  freezing  and  expansion  of  the  water 
which  penetrates  their  fissures,  soils  are  disintegrated, 
and  their  hidden  elements  of  nutrition  presented  in  a 
state  fit  for  absorption  by  the  roots  of  plants. 

When  the  great  body  of  water  of  the  globe  is  cooled 
on  the  surface,  the  exposed  portion,  owing  to  its  density 
being  slightly  increased,  sinks,  causing  the  warmer 
substratum  to  rise,  to  manifest  the  same  behavior 
when  its  temperature  is  lowered  in  like  manner.  Did 
this  circulation  continue  till  the  entire  mass  acquired 
a  freezing  temperature,  it  is  evident  that  the  whole 
body  of  water  would  enter  nearly  at  once  into  the  solid 
state  of  ice,  to  the  destruction  of  all  living  creatures 
inhabiting  it,  to  the  destruction  of  oceanic  commerce, 
and  of  the  communion  of  peoples  separated  by  largo 
tracts  of  oceans  and  seas.  Further,  were  such  the  order 
of  the  laws  governing  Nature,  not  only  would  the  living 
inhabitants  of  waters  inevitably  perish,  but  those  on 
the  land  would  also  be  destroyed,  in  consequence  of 
the  insupportable  cold  that  would  be  produced  in  the 
atmosphere,  owing  to  another  property  which  water, 
whether  in  the  liquid  or  solid  state  possesses,  of  com- 
bining with  heat,  and  rendering  it  latent  or  insensible. 
The  warmest  seasons  would  be  of  little  avail  to  counter- 
act such  dire  effects,  and  the  genial  climate  of  temperate 
zones  would  be  changed  to  a  far  worse  condition  than 
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the  frigid  regions  of  the  North  pole !  Providentially, 
however,  the  progress  of  the  cooling  and  consequent 
circulation  induced  in  water  by  cold  is  arrested  when 
the  whole  mass  reaches  a  temperature  of  about  40°, 
that  is,  8°  above  the  freezing  point ;  for  at  this  limit, 
instead  of  contracting  and  sinking  it  becomes  specifi- 
cally lighter  by  expansion,  and  therefore  remains  float- 
ing on  the  subjacent  mass.  By  a  continued  reduction 
of  its  temperature  the  surface  will  ultimately  freeze, 
and  the  crust  of  ice  may  go  on  thickening ;  but  it  is 
inconceivable  what  cold  could  thus  convert  the  entire 
mass  into  the  solid  form  in  this  way.  Hence,  even 
in  the  perpetually  frozen  regions  of  the  North,  the 
water  beneath  the  ice  retains  a  heat  of  40° — a  tem- 
perature much  higher  than  is  experienced  in  this  cli- 
mate often  during  Winter — and  suited  not  only  to 
marine  animals,  but  calculated,  under  the  least  favorable 
change,  to  aid  in  bringing  about  the  normal  state  of 
things  best  suited  to  the  wants  of  the  great  family  of 
God's  creatures. 

From  the  preceding  remarks,  the  cause  of  ice — 
solidified  or  crystallized  water' — floating  in  water  will 
be  readily  understood.  It  has  been  shown  that  at  the 
point  of  solidification  the  liquid  has  the  same,  if  not  a 
lesser  density  than  at  40°;  but,  in  passing  to  the  solid 
state,  the  gravity  is  much  further  reduced,  as  well  by 
the  arrangement  which  its  particles  assume,  as  by  the 
expulsion  of  the  gases  dissolved  in  the  water,  and  which, 
before  they  can  escape,  are  enveloped  and  compressed 
within  the  solid  crystal.  From  both,  and  perhaps  other 
conjoint  causes,  the  density  of  ice  at  a  temperature  of  32° 
is  less  than  that  of  water  at  212°,  and  hence  the  former 
floats  in  the  latter.  At  the  normal  degree  at  which 
chemists  are  accustomed  to  compare  the  densities  of 
bodies,  namely  60°,  and  a  barometric  pressure  of  the 
atmosphere  of  thirty  inches,  pure  water  is  taken  as  the 
standard  of  comparison,  and  is  expressed  by  unity,  or 
1000 — compared  to  this  ice  has  a  density  of  0  916. 

Another  circumstance  which  prevents  the  freezing  of 
the  waters  of  the  oceans  is  the  quantity  of  saline  matters 
which  they  hold.  Despretz  found  that  all  such  saline 
solutions  have  a  point  of  maximum  density,  which  is  so 
far  below  39-2°  as  the  solution  is  richer  in  salt,  and  this 
point  of  maximum  density  is  even  below  the  freezing 
point  of  these  solutions  when  agitated,  although  in  a 
quiescent  state  they  may  be  cooled  below  it  without 
assuming  the  solid  form.  The  following  are  the  results 
of  his  researches  on  this  subject,  with  solutions  of  3'759 
parts  of  the  undermentioned  compounds  in  one  hundred 
of  water: — 

Maximum  denBity,      Freezing  point 

Potassa,                           21-80    28-22 

Carbonate  of  potassa,           24-89    26-22 

Sulphate  of  potassa,             27-90    28-24 

Carbonate  of  soda               19  38    26-87 

Sulphate  of  soda,                24-21    27-84 

Chloride  of  sodium,              24-45    27-02 

Chloride  of  calcium,             26-95    26-95 

Dry  sulphate  of  copper         30-89    29-63 

In  considering  the  effects  of  heat  upon  water,  a  further 
insight  into  the  beautiful  provisions  of  Nature  may  be 
obtained.  It  has  been  stated  in  the  preceding  that 
water  is  the  medium  by  which  the  great  heat  of  warm 
climates  is  assuaged.  Here  it  may  be  well  to  explain 
a  little  more  fully  how  this  is  effected.    Water,  of  all 


known  substances,  has  the  greatest  capacity  for  heat 
■ — that  is,  its  power  of  combining  with  this  impon- 
derable, and  exhibiting  in  a  less  degree  its  effects  in 
point  of  warmth  than  any  other  body.  This  property  is 
possessed  by  it  in  its  several  forms  of  solid,  liquid,  and 
vapor  or  steam.  If  a  given  weight  of  ice,  indicating  a 
temperature  of  32°  be  added  to  an  equal  bulk  of  water 
at  135°,  and  the  mixture  be  left  at  rest  till  the  former  is 
melted,  the  temperature  of  the  mixture  on  being  essayed 
will  not  be  the  mean  of  the  two  degrees  of  heat — 83'5° 
■ — as  might  be  anticipated,  but  it  will  be  found  at  the 
same  standard  as  that  of  the  ice  itself  before  its  intro- 
duction to  the  hot  water.  Hence  it  is  evident  that  ice, 
or  water,  in  passing  from  the  solid  to  the  liquid  state, 
renders  latent  as  much  sensible  heat  as  would  bring  it 
to  about  half  the  temperature  of  boiling  water,  were  it 
in  the  liquid  state  at  32°;  or  within  52°  of  boiling  water, 
were  it  at  the  normal  temperature  of  60°.  Begnault's 
results  on  this  subject  are  142-6°,  as  the  amount  of  heat 
rendered  latent  by  water  in  passing  from  the  solid  to 
the  liquid  state.  All  this  latent  heat  is  evolved  from 
the  water  in  passing  to  the  solid  state  of  ice ;  and  thus 
does  it  beautifully  serve  to  soften  the  rigor  of  the  cold 
necessarily  felt  by  those  in  polar  climes.  In  its  liquid 
state,  between  32°  and  212°,  water  manifests  the  same 
power  of  uniting  with  heat,  and  showing  less  of  its 
effects  sensibly  than  any  other  body.  For  instance, 
when  a  pound  weight  of  water  at  100°  is  mixed  with 
the  same  weight  of  itself,  of  olive  oil,  and  of  mercury 
respectively,  at  40°,  it  will  be  found  that  the  tempera- 
tures of  the  resulting  mixtures  will  not  be  the  same ; 
the  mixture  of  the  waters  will  show  the  exact  mean  of 
their  respective  heats  before  mixing,  that  is  70° ;  but 
that  of  the  water  and  oil  will  be  80°,  and  of  the  mercury 
and  water  will  be  98°.  Hence  it  will  be  seen  that  the 
same  quantity  of  heat  which  in  the  last  instance  pro- 
duced an  effect  of  2°  on  water,  raised  the  same  weight 
of  mercury  58° ;  and  that  of  20°  in  the  case  of  the  mix- 
ture, water  and  oil,  equalled  an  effect  of  40°  on  the  oil 
alone.  The  consequences  of  this  capacity  for  heat  are 
most  important  in  retaining  the  temperature  of  bodies 
at  a  medium  point,  and  its  value  to  the  human  frame 
in  hot  climates  is  almost  incalculable ;  for  when  taken 
into  the  system,  or  evaporated  from  the  parched  and 
inflamed  skin  of  the  inhabitants  of  dry  and  arid  coun- 
tries, it  reduces  the  heat  of  the  system  more  than  tho 
same  weight  of  any  given  substance. 

When  water  is  evaporated,  the  caloric  which  is  thus 
carried  off,  and  with  as  little  sensible  effect  as  that 
absorbed  by  the  ice  during  its  transition  from  solid  to 
a  liquid,  is  very  great.  Water  may  be  boiled  in  a 
vessel,  and  although  heat  is  transmitted  to  it,  during 
the. period  of  its  evaporation,  in  a  continuous  stream, 
yet  the  heat  of  the  liquid  does  not  rise  beyond  "212°, 
nor  does  the  vapor  exceed  the  same;  necessarily, 
therefore,  the  whole  of  the  caloric  absorbed  must  bo 
rendered  latent  in  the  vapor  formed.  This  may  be 
proved  to  be  the  case  by  transmitting  a  given  weight 
of  the  vapor  of  water — steam — at  2i2°  into  a  mea- 
sured bulk  or  weight  of  water  at  any  degree,  such  for 
instance  as  32°  or  60°,  and  noting  the  effect.  In  this 
way  it  has  been  found  by  Dulong  to  contain  as  much 
as  977-4°  of  latent  heat,  which,  added  to  its  sensible 
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caloric,  180"— the  difference  between  32°  and  212°— 
gives  a  total  of  1157  degrees,  or  units  of  heat,  possessed 
by  every  unit  of  water  in  the  form  of  steam  at  212°. 
Without  dwelling  upon  the  importance  in  an  industrial 
point  of  view  of  this  property  which  water  possesses  of 
combining  with  heat  on  assuming  the  gaseous  form,  and 
parting  with  the  same  wherever  this  vapor  is  trans- 
mitted to  and  condensed,  or  on  the  power  which  an 
accumulation  of  the  vapor  at  its  normal  temperature, 
or  at  a  higher  heat,  exercises  in  the  thousands  of  varied 
forms  in  which  steam  is  employed  in  connection  with 
mechanism  and  industrial  works  of  arts  and  manufac- 
tures— it  will  be  well  to  cite  this  property  in  further 
proof  of  the  profound  beauty  of  the  conception  which, 
as  stated  in  the  introduction,  has  ordained  this  to  be 
the  medium  of  modifying  the  rigor  of  seasons  and  the 
influence  of  the  geographical  position  of  lands.  Thus  the 
water  which  is  evaporated  within  the  tropics,  and  which 
takes  up  with  it  an  amount  of  heat  corresponding  to 
1100°,  conveys  this  heat  towards  the  frigid  zones,  where, 
on  being  condensed  either  into  rain,  hail,  or  snow,  it  is 
given  out  to  the  air  and  surrounding  objects,  and  thereby 
greatly  contributes  to  the  mildness  and  habitableness  of 
those  parts.  Water  evaporates  not  only  at  212°,  but  at 
all  intermediate  temperatures  between  this  and  its  freez- 
ing point ;  and  even  when  in  the  state  of  ice,  it  has  been 
ascertained  that  it  gives  off  a  very  rarefied  steam.  In 
all  these  cases  the  quantity  of  heat  which  it  renders 
latent  increases  with  the  degree  of  rarefaction,  so  that 
the  same  weight  of  steam,  or  watery  vapor,  produced 
at  60°,  contains  much  more  insensible  heat  than  when 
generated  at  the  boiling  point  of  water. 

The  chemical  relations  of  water  are  likewise  of  the 
utmost  importance.  In  solvent  power,  that  is,  its  power 
of  overcoming  the  cohesion  of  particles  of  matter,  it  has 
no  equal;  and  this  force  is  exercised  in  reference 
to  gases  and  liquids,  as  well  as  solid  bodies ;  only 
that  in  the  case  of  gases,  instead  of  overcoming 
the  cohesive  force  of  the  substance,  the  reverse 
is  the  effect,  for  it  is  the  repulsive  force  or  their 
expansion  that  is,  so  to  speak,  neutralized.  To  this 
phenomenon  of  destroying  the  repulsive  force  of  the 
particles  of  gases,  and  the  cohesive  in  solids  or 
liquids,  the  term  solution  is  applied ;  and,  as  is  well 
known,  it  can  in  some  cases  be  effected  by  heat, 
although  in  these  the  change  is  properly  designated 
fusion.  Water  does  not  manifest  the  same  behavior, 
however,  with  all  solids,  liquids,  and  gases,  so  that  it 
appears  the  particles  of  the  body  capable  of  being 
affected  in  this  way,  must  have  a  peculiar  state 
of  molecular  aggregation  which  holds  them  together 
with  a  force  inferior  to  that  which  water  exerts  upon 
them.  There  are  therefore  a  numerous  class  of  sub- 
stances that  are  not  affected  at  all  under  ordinary 
circumstances,  and  others  to  a  very  unequal  degree,  by 
water  in  this  respect.  For  instance,  a  piece  of  rock 
crystal,  calcareous  spar,  or  glass,  will  remain  in  water 
a  length  of  time  without  undergoing  any  change;  but  a 
crystal  of  sugar-candy,  alum,  or  carbonate  of  soda,  will 
be  found  to  disintegrate  readily,  and  disappear  in  the 
liquid.  The  former  are  said  to  be  insoluble,  and  the 
latter  soluble  substances,  in  reference  to  water.  Of 
those  which  are  soluble  in  water,  the  quantity  of  them 
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which  the  liquid  is  capable  of  combining  with,  till  the 
equilibrium  of  the  cohesion  of  the  substance  dissolved 
is  attained — in  other  words,  the  point  of  saturation  of 
the  liquid  with  such  a  compound,  is  very  variable, 
though  almost  in  all  cases  more  or  less  increased  by 
heat.  This  may  be  readily  proved  by  adding  to  equal 
weights  of  water,  sugar,  salt,  or  chloride  of  sodium  and 
gypsum,  exposing  as  great  an  extent  of  these  as  pos- 
sible to  the  water  by  stirring  the  mixture,  and  then 
permitting  to  rest  a  while.  If  the  solutions,  say  one 
pound  of  each,  be  evaporated,  and  the  diy  residue 
weighed,  it  will  be  found  that  the  saccharine  matter 
will  weigh  about  twelve  ounces,  the  saline  residue 
about  five  and  a  quarter  ounces,  and  the  calcareous  not 
more  than  fourteen  or  fifteen  grains.  Again,  difference 
of  temperature  affects  the  solvent  power  of  water, 
increasing  it — except  in  few  instances,  such  as  when 
common  salt  and  gypsum  are  the  subjects,  and  which 
are  nearly  equally  soluble  in  cold  and  hot  water — with 
each  additional  degree  of  heat  communicated  to  the 
liquid  up  to  212°;  thus  nitrate  of  potassa  is  dissolved 
in  water  at  57°  to  the  extent  of  one-fourth,  at  92°  to 
that  of  one  half,  at  131°  to  an  equal  weight,  and  at 
212°  to  the  extent  of  twice  the  weight  of  the  water 
employed.  When  the  solutions  made  at  the  higher 
temperatures,  however,  are  allowed  to  cool,  the  particles 
of  the  solids,  over  and  above  what  is  taken  up  at  the 
normal  degree,  regain  their  cohesive  force,  and  separate 
in  the  form  of  crystalline  bodies.  These  reactions  are 
of  particular  importance  in  a  chemical  point  of  view, 
as  they  offer  a  simple  and  ready  means  of  separation 
and  purification  of  many  substances  in  various  branches 
of  manufacturing  industry,  the  principles  of  which  are 
governed  by  chemical  laws.  Another  phenomenon 
connected  with  the  solution  of  solids  in  water  is,  that 
in  several  instances  a  reduction  of  temperature  takes 
place;  while  in  other  cases  heat  is  evolved.  Gay- 
Lussac  has  explained  this  anomaly.  He  found  that 
when  simple  solution  was  effected  of  a  salt,  whether  in 
a  hydrated  or  anhydrous  state,  cold,  or  a  reduction  of 
the  temperature  of  the  liquid,  resulted ;  but  when  che- 
mical combination  took  place  between  the  substance 
and  the  solvent,  as,  for  instance,  in  the  production  of  a 
definite  hydrate,  a  rise  of  temperature  is  experienced. 
In  the  former  case  the  salt,  in  passing  from  the  solid  to 
the  liquid  form,  renders  a  quantity  of  heat  greater  or 
less  according  to  its  capacity  for  this  imponderable, 
latent,  and  which  is  abstracted  from  the  sensible  tem- 
perature of  the  water ;  whilst  in  the  latter  the  chemical 
force  exerted  in  the  act  of  combination  develops  an 
amount  of  caloric  which  is  greater  than  that  of  the 
latent  heat  of  the  body,  and  hence  the  rise  of  tempera- 
ture. The  simple  experiment  of  dissolving  nitrate  of 
potassa  or  chloride  of  ammonium  in  water  will,  with 
the  aid  of  an  ordinary  thermometer,  illustrate  the  truth 
laid  down  to  the  reader  as  regards  the  cold  produced; 
and  of  hydrate  or  caustic  potassa  or  sulphuric  acid  in 
reference  to  the  heat  developed.  This  reaction  affords 
a  ready  means  of  distinguishing  between  chemical  com- 
binations with,  and  simple  solution  of  a  substance  in 
water.  In  all  these  cases,  however,  with  the  exception 
of  simple  combination,  water  effects  no  change  in  the 
substance,  so  that  by  evaporation  of  the  liquid,  the  solid 
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matter  may  bo  again  obtained,  possessing  the  properties 
peculiar  to  it  before  solution.  Tbere  are  a  few  instances, 
however,  in  which  water  does  not  retain  this  neutral 
character;  for  with  some  of  the  salts  of  bismuth,  anti- 
mony, and  tin,  its  addition  produces  a  decomposition, 
causing  a  liberation  of  the  radical  or  acid  of  such, 
while  itself  in  part  undergoes  decomposition.  The 
reader  will  find  these  examples  of  decomposition  illus- 
trated under  the  respective  metallic  salts  referred  to. 

To  enter  into  the  behavior  of  water  with  the  alco- 
hols, ethers,  oils,  resins,  and  other  matters,  would 
prolong  the  subject  beyond  prescribed  limits  ;  suffice  it 
to  say,  that  when  alcohols  partake  of  the  nature  of  oils, 
they  are  not  at  all  soluble  in  it ;  neither  are  ethers  and 
oils,  in  the  ordinary  acceptation,  dissolved  by  water ; 
nor  are  the  resins.  Alcohol — that  resulting  from  the 
fermentation  of  saccharine  matters — is  soluble  in  it 
in  all  proportions,  although  ether,  the  derivative  of  this 
body,  and  differing  from  it  only  by  the  elements  of  one 
equivalent  of  water,  is  almost  insoluble  in  the  liquid. 

Behavior  of  Water  with  Gases. — Not  only  has  water 
the  property  of  liquefying  a  great  number  of  solid  bodies, 
but  it  exercises  the  same  function  with  respect  to  many 
gases ;  a  property  that  is  of  very  great  importance  in 
the  economy  of  nature  in  many  instances. 

To  convey  an  adequate  conception  of  the  solvent 
power  of  water  for  gases,  it  may  be  stated  that  one 
hundred  cubic  feet,  or  six  hundred  and  twenty-five 
gallons  of  water,  at  60°  and  a  barometric  pressure  of 
thirty  inches,  will  dissolve  of — 

Hydrochloric  acid  gas,   50000-0  cubic  feet. 

Ammonia   67000-0  " 

Sulphurous  acid   5000-0  " 

Sulphuride  of  hydrogen   300-0  " 

Chlorine,   200-0  « 

Carbonic  acid   100-0  u 

Carbonic  oxide,   6-G  " 

Binoxide  of  nitrogen,   5-0  u 

Oxygen,   4-6  " 

Nitrogen,   2-5  " 

Water  which  has  been  much  exposed  to  the  air,  such 
as  rain  water,  absorbs  two  and  a  half  parts  of  that  com- 
pound ;  and  what  is  so  curious  regarding  it  is,  that  the 
amount  of  oxygen  in  such,  instead  of  being  only  twenty- 
one  per  cent.,  as  in  the  atmosphere,  was  found  to  be  so 
high  as  34-8  per  cent,  by  Gay-Lussac  and  Humboldt. 
Boussingault  found  that  at  an  elevation  of  six  to 
eight  thousand  feet,  water  absorbs  not  more  than  one 
third  of  the  volume  of  air  which  it  liquefies  on  the  plain  ; 
which  behavior  has  been  cited  as  the  cause  of  fishes 
not  being  found  in  the  Alpine  lakes  situated  at  com- 
paratively high  altitudes;  the  small  amount  of  oxygen 
in  the  soluble  state  in  the  water  being  thought  in- 
sufficient to  support  the  respiration  of  these  cetaceous 
animals. 

Many  natural  waters  contain  considerable  quantities 
of  nitrogen.  Playfair  estimated  that  the  famous 
Buxton  water,  as  it  issues  from  the  spring,  is  in  com- 
bination with  nearly  three-fourths  of  its  volume  of 
nitrogen — as  will  be  hereafter  more  discussed  under  its 
analysis.  With  so  unnatural  a  phenomenon,  the  ques- 
tion, Whence  does  it  come?  at  once  intrudes  itself. 
That  it  is  assimilated  froBJ  the  air  is  impossible  ;  and 
it  is  hardly  conceivable  that  the  water  in  passing  through 
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the  calcareous  strata  of  the  district  should  meet  with 
or  take  up  such  quantities  of  nitric  acid  and  ammonia 
as  would,  by  their  mutual  decomposition  in  some  such 
manner  as  the  following — 

3  NOs  +  5  NH3  =  15  HO  +SN, 

give  rise  to  the  forementioned  volume  of  gas. 

Before  entering  upon  the  consideration  of  natural 
waters  with  respect  to  their  hygienic  qualities,  et  cetera, 
it  may  be  stated  that  pure  water  at  62°  and  thirty  inches 
barometric  pressure,  is  taken  for  the  standard  to  which 
the  relative  density  of  all  other  solids  and  liquids  is 
compared ;  just  as  air  is  adopted  as  the  standard  for 
measuring  the  gravity  ot  gases,  both  being  assumed 
unity,  or  1000.  At  the  above  degree  of  heat  and 
pressure,  one  hundred  cubic  inches  of  it  weigh  252'45 
grains;  consequently  the  imperial  gallon  weighs  70-000 
grains,  or  ten  pounds  avoirdupois.  It  is  eight  hundred 
and  fifteen  times  heavier  than  air,  and  one  thousand 
three  hundred  and  four  times  the  weight  of  an  equal 
bulk  of  its  densest  vapor,  steam,  generated  at  212°. 
Its  composition  is  represented  as  being  one  equivalent 
of  hydrogen  and  one  of  oxygen — HO — and  it  has  been 
found  to  contain — 

At.  weight.  Centpsimnlly, 

1  Eq.  hydrogen,  1    ll'l 

1  Eq.  oxygen,  8    88*7 

9  100-0 

Natural  Water. — By  this  teYm  is  understood  the 
ordinary  liquid  which  serves  the  purposes  of  every-day 
life,  whether  its  source  be  the  rain,  hail,  or  snow,  which 
falls  from  the  atmosphere ;  the  drainings  of  the  surface 
of  the  country,  accumulated  in  lakes  or  rivers ;  well,  or 
natural  springs,  through  which  the  liquid  permeating 
the  porous  strata  of  the  earth  at  one  place,  finds 
an  outlet  or  lower  hydrostatic  level  at  another;  and 
sea  or  salt  water.  For  the  sake  of  clearness  in  the 
details  which  the  Editor  intends  to  lay  before  the  reader 
on  this  subject,  its  consideration  will  be  made  in  the 
following  order,  namely,  rain,  surface — including  lakes 
and  rivers — and  spring  or  well  waters,  all  embraced 
under  the  class  Fresh  Water ;  and  Sea  Water,  or  such 
waters  as  contain  an  abnormal  quantity  of  foreign 
ingredients,  and  are  therefore  unfit  for  the  more  general 
uses  to  which  this  liquid  is  applied. 

Fresh  Waters. — Bain  and  other  Waters  imme- 
diately derived  from  the  Atmosphere. — As  already 
stated,  there  is  a  continual  evaporation  of  water  taking 
place  from  the  surface  of  the  land  and  sea,  which  is 
greater  in  warm  latitudes,  and  lesser  in  the  parallels 
approaching  the  frigid  zones  and  the  poles  of  the 
earth.  This  evaporation  is  dependent,  in  the  first 
instance,  on  that  curious  property  of  gases,  discovered 
by  DaltON,  by  which  a  space  filled  with  one  kind  of 
vapor  or  gas,  offers  as  little  obstruction  to  the  diffusion 
of  another  vapor  or  gas,  in  the  same  space,  as  if  it  were 
already  a  vacuum;  and  in  the  second,  upon  the  tem- 
perature. Some  other  conditions  likewise  affect  the 
evaporation  of  water  spontaneously,  such  as  the  quan- 
tity of  moisture  already  contained  in  the  atmosphere, 
the  force  and  direction  of  the  winds,  et  cetera,  which 
need  not  be  followed.    Whilst  the  heat  at  which  it 
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was  converted  into  an  elastic  vapor  remains  the  same, 
watery  vapor  is  quite  as  invisible  as  the  air;  but  on 
sudden  changes  of  temperature,  occasioned  by  being 
brought  into  contact  with  a  colder  body  of  air,  or 
any  cooling  surface,  then  the  moisture  is  first  con- 
densed into  very  minute  drops,  forming  clouds,  and 
these  drops  continue  to  aggregate  among  themselves 
till  their  gravity  becomes  greater  than  the  air,  and 
they  fall  to  the  earth  as  refreshing  rain.  The  theory 
of  Hotton,  with  respect  to  rain  being  produced  by 
the  mixing  of  opposite  currents  of  air  at  different  tem- 
peratures, though  true  to  some  extent,  appears  to  be 
inadequate  to  produce  the  amount  of  rain  which  the 
numerous  metereological  observations  so  generally 
made  during  late  years  have  registered ;  and  it  is 
therefore  supposed  that  more  rain  is  formed  in  close 
proximity  to  the  earth,  than  in  the  higher  regions  of 
the  air.  The  experiments  of  Professor  J.  Phillips 
corroborate  this  in  an  extraordinary  manner.  He 
found  that  the  fall  of  rain  on  the — 

Top  of  York  Minster,  242  feet  high,  was  15*910  inches. 
Eoof  of  Museum,  73  "  20-461  " 

Surface  of  ground,         0  "  24-401  " 

That  all  the  rain  of  these  latitudes  could  not  be  pro- 
duced on  Dr.  Button's  principle,  may  be  readily  con- 
ceived by  considering  the  circumstances  a  little  in 
detail.  The  tension  of  the  vapor  of  water  at  59° 
equals  0-5000  of  an  inch  of  mercury,  and  at  41°  0'2573; 
now,  if  equal  bulks  of  air  at  these  temperatures,  satu- 
rated with  water,  commingle,  the  mean  temperature  of 
50°  will  be  attained,  at  which  the  tension  of  the  aqueous 
vapor  is  0-3G08,  the  difference  between  which  and 
0-378G,  the  mean  of  the  tensions  above  indicated,  that 
is,  0-0178,  represents  the  tension  of  the  amount  of 
water  that  would  bo  condensed  from  the  state  of  vapor. 
This  quantity  is  very  inconsiderable  compared  with 
that  resulting  from  atmospheric  changes  which  take 
place  on  or  near  the  earth,  as  may  be  seen  from 
the  following  example,  quoted  from  Graham.  The 
mean  temperature  of  January  in  this  country  is 
about  34°,  but  with  a  South-west  wind  the  ther- 
mometer may  be  observed  to  rise  gradually  in  the 
course  of  forty-eight  hours  to  54°;  now,  supposing 
such  wind  to  be  saturated  with  aqueous  vapor,  and 
that  in  traversing  over  the  surface  of  the  land  it  is 
cooled  to  34°,  the  amount  of  moisture  which  it  must 
deposit  will  be  very  considerable,  as  appears  by  the 
following — 

Tension  of  vapor  at  54°  equal  to  0-429  inches  mercury. 
Do.        do.       34°     "      0-214  " 

Difference  condensed  as  rain,         215  " 

Invariably  there  is  the  greatest  average  fall  of  rain 
near  the  equator ;  it  diminishes  towards  the  poles,  as 
the  latitude  is  higher.  The  average  annual  fall  of 
rain  at — 


New  Granada,  12°  0'  N  is  12G  inches. 

Calcutta,         19°  46'  N   81  " 

Home,   39  " 

England,  average   31  " 

London,    23  " 

St.  Petersburg,  .-   16  " 

TJleaborg,   13J  " 


Snow  and  hail  is  a  form  of  rain,  in  which  the  water 
is  frozen  before  it  reaches  the  earth ;  the  former  results 
from  the  formation  of  clouds  at  temperatures  below  32°, 
wherein  the  minute  drops  are  crystallized  into  an  in- 
finity of  spiculae,  which  arrange  themselves  into  regular 
lines  and  figures,  diverging  from  one  another  at  angles 
of  60°  and  120°.  They  are  all  referable,  however,  to 
the  hexagonal  and  prism  shape,  though  the  details  differ 
in  almost  every  storm. 

Hail  is  supposed  to  be  formed  in  warm  weather, 
when  the  sun  is  above  the  horizon,  and  under  different 
circumstances  to  those  calculated  to  produce  snow. 
It  is  supposed  to  be  produced  in  the  ascending  current 
of  greatly  rarefied  air,  by  the  cold  consequent  on  such 
rarefaction,  the  force  of  the  upward  current  being  such 
as  to  carry  with  it  the  minute  solid  globule,  till,  by 
uniting  with  others,  it  attains  a  density  that  causes  it 
to  descend.  Generally,  this  phenomenon  of  the  pro- 
duction of  hail  is  associated  with  a  peculiar  electrical 
state  of  the  atmosphere,  to  which  it  must  be  princi- 
pallj-  attributed. 

Rain,  as  it  descends  from  the  clouds,  is  contami- 
nated with  various  gases  and  vapors  which  it  dissolves 
from  the  air.  The  atmosphere,  normally  composed  of 
oxygen  and  nitrogen,  contains  vast  quantities  of  am- 
monia, carbonic,  nitrous,  and  nitric  acids,  besides  other 
gases  and  vapors  which  arise  from  the  number  of 
chemical  phenomena  which  are  ever  taking  place  on 
the  surface  of  the  earth.  The  principal  of  the  abnor- 
mal gases  is  carbonic  acid — a  gas  which  escapes  in 
enormous  quantities  from  volcanic  districts,  and  which 
results  also  from  respiration,  from  the  combustion  of 
fuel,  and  decay  of  organic  matter  and  vegetal  growth 
generally,  on  the  surface  of  the  earth.  Though  analysis 
detects  only  about  one  thousandth  of  this  gas  in  the 
air,  still  when  the  total  bulk  of  the  latter  is  taken  into 
consideration,  the  entire  weight  of  carbonic  acid  dis- 
seminated in  it  is  enormous,  averaging  more  than  five 
billions  of  tons!  The  air  likewise  contains  much 
ammonia  and  vapors  of  the  oxides  of  nitrogen,  besides 
other  unknown  gases  and  vapors,  which  escape  from 
decomposing  animal  and  vegetal  matter. 

All  the  gases  which  have  been  detected  in  atmo- 
spheric air  are  exceedingly  soluble  in  water ;  hence  it 
follows,  that  rain-water,  as  it  descends  through  the 
lower  strata  of  the  air,  must  become  to  a  groat  extent 
impregnated  with  these  gases.  Liebig  has  shown  that 
even  snow  contains  much  ammonia,  and  recently  in 
some  rain-water,  collected  on  Brighton  Downs,  Medlock 
detected  this  gas,  and  also  traces  of  the  acids  of  nitrogen, 
which  had  probably  resulted  from  the  oxidation  of  a 
portion  of  the  volatile  alkali.  It  is,  therefore,  evident 
that  water  as  it  falls  from  the  clouds,  whether  in  the 
form  of  snow  or  rain,  is  not  absolutely  pure,  but  contains 
much  carbonic  acid  and  ammonia.  Probably  traces  of 
other  gases,  which  have  hitherto  eluded  detection,  are 
likewise  present.  Not  only  is  ammonia  present  in 
snow  and  in  rain,  but  Horsford  even  detected  it 
in  large  quantities  in  the  ice  from  the  Glacier  de 
Boisson,  at  a  height  of  twelve  thousand  feet  above  the 
level  of  the  sea;  and  Medlock  has  found  marked 
quantities  of  this  volatile  alkali  in  the  purest  and  most 
transparent  masses  of  ice  from  the  Wenham  Lake  in 
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America.  The  presence  of  ammonia  in  rain-water  lias 
not  long  been  known;  and  it  is  one  of  the  main  causes 
of  the  fresh  and  invigorating  influence  of  it  upon  the 
vegetal  creation. 

Surface  Water. — Rain-water  is  a  very  powerful 
solvent  of  certain  ingredients  of  the  soil,  such  as  sul- 
phate of  lime,  chloride  of  sodium,  and  magnesian  salts; 
but  when  saturated  with  carbonic  acid,  as  is  ordinarily 
the  case,  its  solvent  properties  are  remarkably  increased. 
For  example,  ordinary  water,  free  from  carbonic  acid, 
will  not  dissolve  more  than  a  grain  of  chalk  per  gallon ; 
but  when  saturated  with  that  gas,  the  same  quantity 
will  dissolve  upwards  of  two  hundred  grains.  In 
like  manner  it  is  found  that  carbonate  of  magnesia, 
which  is  almost  entirely  insoluble  in  ordinary  water, 
will  dissolve  in  water  impregnated  with  carbonic  acid 
in  very  considerable  quantity.  Hence,  in  addition  to 
the  alkaline  chlorides  and  sulphates,  and  sulphate 
of  lime,  nearly  all  spring-waters  are  found  to  contain 
carbonates  of  lime  and  magnesia,  which  are  held  in 
solution  as  bicarbonates  by  the  carbonic  acid  derived 
from  the  soil  and  atmosphere.  Certain  of  the  mineral 
constituents  impart  to  water  its  hardness.  These  are 
the  salts  of  lime  and  magnesia.  By  the  hardness  of  a 
water  is  understood  the  power  it  possesses  of  decom- 
posing soap;  and  according  to  the  quantity  of  soap 
decomposed  by  a  given  quantity  of  water  before  the 
remaining  soap  becomes  available  as  a  detergent,  so  is 
its  relative  hardness.  The  sulphates,  chlorides,  and 
nitrates  of  lime  and  magnesia  give  to  the  water  the 
so-called  permanent  hardness,  while  the  carbonates, 
which  are  held  in  solution  by  excess  of  carbonic  acid, 
impart  to  it  its  temporary  hardness,  or  that  which  it 
loses  by  boiling. 

The  waters  of  rivers,from  which  the  greater  number  of 
English  cities  and  towns  obtain  their  supplies,  contain  the 
above-named  mineral  constituents  in  quantities  varying 
according  to  the  composition  of  the  soil  over  which  they 
flow.  In  the  water  of  streams  which  have  their  sources 
in  the  primitive  rock  formations,  as,  for  instance,  the 
rivers  Dee  and  Don,  there  is  found  only  from  two  to 
eight  grains  of  mineral  constituents  per  gallon.  The 
water  of  the  Trent,  which  flows  through  a  selenitic  dis- 
trict, contains  about  sixty  grains  of  sulphate  of  lime; 
while  in  the  water  of  the  Thames,  which  is  derived  from, 
and  flows  over  a  chalk  formation,  there  are  only  about 
three  grains  of  sulphate,  and  from  eight  to  ten  grains 
of  carbonate  of  lime  per  gallon.  For  the  sake  of  com- 
parison, and  in  illustration  of  the  above  statement,  the 
analyses  of  the  Thames,  Trent,  Dee,  and  Don  are 
given : — 


Tliames 

Tn>nt 

Dm 

Onti 

Water, 

water. 

Carbonate  of  lime, 

10-80 

.  0.32 

.    0-85  . 

.  2-23 

3-00 

.  21-55  . 

.    0-12  . 

.  0-13 

0-17 

Carbonate  of  magnesia, 

1-25 

'.    5-66  '. 

'.    0-36  . 

'.  1-07 

Chloride  of  sodium, . . . 

1-80 

.  17-63  . 

.    0-72  . 

.  1-26 

0-56 

.    0-72  . 

.    0-14  . 

.  0-52 

0-27 

.    0-50  . 

.    0-06  . 

.  0-27 

trace  . 

.    trace  . 

.  trace 

.  trace 

2-36 

.  3-68 

.    1-64  . 

.  3-06 

20-21 

50-06 

3-89 

8-54 

.11.00 

26-50 

1-50 

3-00 

From  the  preceding  analyses  it  is  evident  that  the 
proportions  of  mineral  constituents  are,  in  a  great  mea- 
sure, dependent  upon  the  nature  of  the  soil  over  which 
the  water  flows.  Although  the  opinions  of  chemists 
differ  widely  regarding  the  hygienic  effects  of  an 
access  of  the  mineral  constituents  in  water,  the  Editor 
is  inclined  to  believe — and  this  opinion  almost  uni- 
versally prevails — that  so  long  as  the  proportion  does 
not  exceed  thirty  grains  per  gallon,  they  are  decidedly 
more  beneficial  than  injurious.  The  sense  of  taste  is 
perhaps  the  best  guide;  and  so  long  as  preference  is 
given  to  a  water  containing  mineral  matter  to  such  as 
are  almost  entirely  free  therefrom,  it  may  be  assumed 
that  such  waters  are  the  best  for  general  purposes. 

These  remarks  apply  equally  to  the  waters  derived 
from  wells.  Indeed,  in  all  the  water  supplied  for  man's 
use  there  are  found  the  above-mentioned  mineral  con- 
stituents. Are  they  there  for  no  purpose?  Would 
Nature  contaminate  water  with  constituents  injurious 
to  health  ?  It  has  been  already  mentioned  that  such 
waters  as  contain  a  certain  proportion  of  mineral  con- 
stituents, are  much  more  refreshing  and  agreeable  to 
the  taste  than  those  in  which  they  are  absent.  The 
remarkable  investigations  of  modern  chemists  have 
shown  incontestably  that  a  certain  proportion  of  mineral 
elements  in  food  is  absolutely  necessary  for  the  due 
performance  of  the  vital  functions.  In  milk,  man's 
natural  food,  there  are  all  the  elements  necessary  for 
the  formation  of  the  body — phosphate  of  lime  for  the 
formation  of  bone  ;  salts  of  soda  to  aid  in  the  formation 
of  the  gastric  juice,  and  to  give  fluidity  to  the  blood  ; 
casein  to  form  the  flesh ;  and  butter  to  produce  fat.  In 
all  the  cereal  grains  and  in  the  vegetals  which  consti- 
tute the  chief  food  of  graminivorous  animals  and  of  man, 
there  are  found  the  same  mineral  constituents  which 
occur  in  water — man's  natural  drink.  Who,  then,  can 
deny  the  value  of  mineral  constituents  in  the  water 
of  wells  and  rivers  ?  When  in  very  large  excess,  as 
in  the  shallow  well-waters  of  London — an  exception  to 
the  rule — they  may,  perhaps,  tend  in  some  measure 
to  derange  the  digestive  organs  of  delicate  persons, 
especially  of  those  who  have  been  accustomed  to  the 
use  of  softer  water — that  is,  such  as  contains  less  earthy 
salts — for  dietetic  purposes;  but  in  most  cases  in 
which  hard  waters  are  found  to  disagree,  the  objection- 
able effects  may,  in  all  probability,  be  ascribed  with 
greater  truth  to  organic  impurities  than  to  the  actual 
mineral  constituents.  Having  thus  briefly  alluded  to 
the  physiological  effects  of  the  mineral  constituenls 
of  water,  it  becomes  necessary  to  enter  more  fully 
into  the  nature  of  the  more  abnormal  organic  con- 
taminations to  which  the  water  of  wells  and  rivers  is 
exposed,  since  on  these  is  essentially  dependent  the 
hygienic  character  of  the  water — its  fitness  for  domestic 
purposes. 

Nature  of  TnE  Organic  Matter  contained  in 
Water. — All  river  and  well  waters  contain  more  or 
less  of  organic  matter,  which  is  acknowledged  to  be  a 
predisposing  cause  of  disease.  The  separation  of  these 
impurities  from  water  is  a  problem  of  high  scientific 
interest,  and  one  that  has  engaged  the  attention  of  all 
the  eminent  chemists  of  the  day. 

The  great  importance  of  this  subject  in  a  sanitary 
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point  of  view  renders  it  necessary  to  enter  into  detail 
regarding  it : — ■ 

1.  The  source  of  organic  matter. 

2.  The  nature  of  the  decomposition  it  undergoes. 

3.  The  means  of  destroying  the  organic  matter  and 

rendering  the  water  pure  and  wholesome. 

1.  The  Source  of  Organic  Matter. — A  river  is  the 
natural  drain  of  the  country  and  towns  through  which 
it  flows,  and  the  organic  matter  the  water  contains 
must  necessarily  be  derived  from  the  three  following 
principal  sources : — 

From  the  sewage  of  towns  ;  from  the  surface  drain- 
age of  manured  and  cultivated  lands ;  and  from  the 
decay  of  the  aquatic  plants  and  animals  which  inhabit 
the  streams. 

The  sewage  of  towns  consists  mainly  of  the  urine 
and  foeces  of  man  and  animals,  the  refuse  of  gas-works 
and  numerous  manufactories,  which  are  diluted  with 
the  refuse  water  which  has  been  used  for  domestic  and 
manufacturing  purposes.  The  Thames,  which  may  be 
taken  as  a  type  of  other  rivers,  before  it  reaches  London 
drains  an  area  of  four  thousand  square  miles,  and 
receives  in  its  course  the  sewage  of  towns  containing 
upwards  of  seven  hundred  thousand  inhabitants.  It 
flows,  moreover,  through  a  richly  cultivated  country, 
from  which  it  derives  vast  quantities  of  organic  matter. 
It  is  further  contaminated  with  the  products  resulting 
from  the  decomposition  of  aquatic  plants  and  animals. 
Hence  it  is  obvious  that  the  water  of  the  Thames, 
even  before  it  reaches  Teddington  look,  must  be  most 
seriously  contaminated  with  putrefactive  organic  mat- 
ter. That  much  of  the  organic  matter  which  enters 
the  river  is  spontaneously  decomposed  is  undoubted, 
otherwise  the  river  would  be  little  better  than  a  filthy 
sewer ;  but  that  a  vast  quantity  remains  in  solution  in 
the  water  as  now  supplied  to  the  inhabitants  of  London, 
is  equally  a  demonstrable  fact,  as  will  be  seen  by  the 
analyses  and  experiments  detailed  in  the  following 
pages. 

Most,  and  indeed  all  the  companies  who  take  their 
supply  from  the  Thames,  filter  the  water  through  sand 
and  shingle  previously  to  pumping  it  into  the  mains. 
By  this  means  most  of  what  exists  in  it  in  the  form 
of  undissolved  or  mechanically  suspended  particles  is 
removed,  and  the  water  is  consequently  to  some  extent 
improved  in  appearance.  But  the  greater  part  of  the 
organic  matter  is  dissolved  in  the  water,  and  is  not 
separated  by  mere  filtration.  That  much  organic 
matter  exists  in  the  present  supply  is  evident  from  the 
decided  color  which  the  water  possesses.  This  is  also 
the  case  with  the  Pike  water  at  present  supplied  to 
Liverpool. 

If  a  tall  tumbler  be  filled  with  any  of  the  water  now 
supplied  to  London,  Liverpool,  Manchester,  and  other 
towns,  and  placed  on  a  sheet  of  white  paper,  the  water 
will  be  seen  to  possess  a  yellowish  or  brownish  tinge, 
occasioned  by  the  organic  matter  which  is  held  in  solu- 
tion. The  removal  of  this  organic  matter,  which  is 
doubtless  a  fertile  source  of  disease  in  those  who  daily 
drink  it,  is  a  problem  of  the  highest  interest  to  solve, 
and  one  to  which  Medlock  has  devoted  several  years 
in  the  hope  of  its  elucidation.  Accident  in  some  mea- 
sure led  him  to  follow  out  an  inquiry  into  this  subject, 


which  promised  to  lead  to  most  important  results,  and 
the  Editor  deems  the  circumstances  which  suggested 
this  investigation  worthy  of  being  recorded;  especially 
as  the  results  arrived  at  by  accurately  conducted 
experiments  are  not  only  of  high  scientific  interest 
in  themselves,  but,  practically  applied,  are  of  great 
hygienic  and  national  importance. 

In  September,  185G,  he  was  requested  by  the  direc- 
tors of  the  Amsterdam  Water  Company  to  analyse 
several  samples  of  water  from  the  city  of  Amsterdam. 
Complaints  had  been  made  of  the  water  by  several  of 
the  inhabitants.  It  possessed  a  peculiar  fish-like  smell ; 
and  although  perfectly  transparent  and  colorless,  and 
free  from  the  slightest  chalybeate  taste,  it  was  found, 
after  standing  some  time,  to  deposit  a  reddish-brown 
sediment,  which  coated  every  vessel  iu  which  the  water 
was  placed. 

The  service-pipes  being  of  iron,  the  deposit  was 
assumed  to  consist  of  the  sesquioxide,  resulting  either 
from  the  decomposition  of  a  protosalt  of  iron  in  solu- 
tion, or  from  the  attrition  of  the  iron  pipes  through 
which  the  water  was  conveyed. 

It  may  be  observed  that  Amsterdam  is  supplied  with 
water  from  the  Dunes — sand-hills — in  the  neighborhood 
of  Haarlem.  Trenches,  five  miles  in  length,  have  been 
dug  on  the  sides  of  the  hills,  to  intercept  the  rainfall. 
The  water  is  conveyed  to  a  large  reservoir,  whence 
it  flows  to  the  filterbeds  at  the  works,  and  is  there  fil- 
tered through  four  feet  of  filtering  medium,  consisting 
of  pebbles,  shells,  and  fine  sand.  After  filtration  it  is 
pumped  up  an  iron  standpipe  one  hundred  and  fifty 
feet  high,  and  conveyed  thence  by  iron  mains  to  Am- 
sterdam, a  distance  of  eighteen  miles. 

Five  samples  of  the  water  were  sent  for  analysis — 
one  from  the  works  before  the  water  came  in  contact 
with  iron;  the  other  four  from  various  standpipes  in 
the  city. 

In  the  water  from  the  works,  before  it  came  into 
contact  with  iron,  the  quantity  of  iron  oxide,  alumina, 
and  phosphates  amounted  to  0'95  grain  per  gallon. 
In  the  analysis  of  the  four  other  samples,  after  passing 
through  eighteen  miles  of  iron  pipes,  the  quantities 
were  reduced  in  the  several  determinations  to  0'09, 
0'07,  and  0'07  grain,  and  in  the  fourth  sample  to  an 
unweighable  trace.  Thus,  instead  of  taking  up  an 
additional  quantity  of  iron  oxide  from  the  mains  and 
service-pipes,  the  water  was  found  actually  to  have 
lost  nearly  the  whole  of  the  iron  which  it  previously 
held  in  solution ;  hut,  notwithstanding  the  almost 
entire  precipitation  of  the  iron  actually  in  solution  in 
the  water  which  had  passed  through  iron  pipes,  it 
formed  the  objectionable  red  deposit  on  standing,  while 
the  water  from  the  works,  holding  in  solution  nearly 
half  a  grain  of  iron  oxide  per  gallon,  formed  no 
such  deposit :  therefore  it  was,  a  priori,  to  be  assumed 
that  the  red  deposit  could  not  consist  of  oxide  of 
iron,  and  consequently  it  appeared  necessary  to  exa- 
mine this  deposit  very  carefully  both  chemically  and 
microscopically.  The  precipitate  from  ten  gallons  of 
water  was  collected  in  a  porcelain  capsule,  evaporated 
to  dryness  on  a  water-bath,  and  heated  subsequently 
in  an  air-bath  to  248°  Fahr.,  until  it  ceased  to  lose 
weight.     On  ignition,  the  precipitate  charred  and 
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was  almost  entirely  consumed,  leaving  only  a  minute 
quantity  of  ash,  consisting  of  silica,  alumina,  iron  oxide, 
and  carbonates  of  lime  and  magnesia. 

The  small  quantity  of  this  deposit  at  command  did 
not  admit  of  a  quantitative  analysis.  The  deposit 
having  been  found  to  consist  almost  entirely  of  organic 
matter,  a  portion  of  it,  which  had  been  separated  from 
one  gallon  of  water,  was  examined  under  the  micro- 
scope, and  was  seen  to  consist  of  the  filaments  of  dead 
and  decaying  algse,  conferva;,  and  other  microscopic 
plants  in  various  stages  of  decay,  and  varying  in  color, 
like  autumnal  leaves,  from  green  through  pale-yellow, 
orange,  red,  brown,  dark-brown  to  black.  Many  of 
the  fibres  retained  a  perfectly  organized  structure,  and 
in  some  the  spores,  by  which  these  plants  are  propa- 
gated, were  distinctly  visible.  Amongst  these  plant 
remains  were  numerous  silicious  tubes,  which  had 
probably  invested  the  delicate  filaments  of  the  alga; 
while  living. 

It  appeared  highly  important  to  determine  the  cause 
of  the  precipitation  of  the  organic  matter  from  the 
water  which  had  been  in  contact  with  the  iron  pipes  ; 
and  in  the  hope  of  elucidating  this  interesting  question 
Medlock  proceeded  to  Amsterdam  to  inspect  the 
source  of  supply  and  the  works.  As  anticipated,  the 
Dune  canals  were  found  to  be  actually  choked  up  with 
aquatic  plants,  and  at  the  sides  and  wherever  the  cur- 
rent was  sluggish  were  large  masses  of  dead  alga; 
floating  on  the  surface.  The  sand  at  the  bottom, 
originally  very  white  and  pure,  was  blackened  to  some 
depth  by  decaying  vegetal  matter,  and,  when  disturbed, 
numerous  bubbles  of  fetid  marsh  gas  escaped. 

The  water  had  the  peculiar  fish-like  smell  of  the  masses 
of  flab — ulva  intestinalis — floating  on  the  surface.  The 
stones  on  the  sides  of  the  canals,  the  hurdles  placed  to 
keep  up  the  banks,  floating  pieces  of  stick,  and  indeed 
every  solid  body  with  which  the  water  came  in  con- 
tact, were  coated  with  a  reddish-brown  deposit,  similar 
to  that  which  was  found  to  separate  from  the  filtered 
water  in  Amsterdam.  This  deposit  was  observed  to  be 
particularly  abundant  near  the  iron  sluice  gates.  A 
pipe  from  one  of  the  mains  in  the  city  was  examined 
at  the  same  time,  and  found -to  ho  coated  on  the 
inside  with  a  thick  slimy  deposit  of  vegetal  remains, 
which  presented  under  the  microscope  an  appear- 
ance exactly  similar  to  that  of  the  deposits  above 
alluded  to. 

Remembering  the  important  f.iet  established  by 
Sciionbein,  that  copper  and  platinum  in  a  finely 
divided  state  have  the  property  of  converting  ammonia 
into  nitrous  acid ;  and  Medlock  having  demonstrated 
that  lead  in  any  form  possesses  a  similar  power — it 
occurred  to  him  that  if  the  same  property  were  pos- 
sessed by  iron,  it  would  throw  some  light  on  the 
separation  of  the  organic  matters  from  waters  which 
are  placed  in  contact  with  that  metal.  Sciionbein, 
however,  states  that  iron,  before  it  produces  a  similar 
oxidizing  effect  on  the  ammonia,  requires  to  be  heated 
to  redness.  But  in  the  course  of  an  extensive  series  of 
experiments,  it  has  been  found  that  iron  pyrophorus 
instantly  transforms  ammonia  into  nitrous  acid ;  and  in 
pursuing  the  inquiry  further,  it  was  found  that  strips  of 
sheet  iron  placed  in  water  containing  ammonia  or 


organic  matter  capable  of  yielding  it,  act  almost  as 
energetically  as  the  metal  in  a  finely-divided  state. 

Having  proved  that  metals  possess  this  remarkable 
power  of  oxidizing  ammonia,  and  converting  it  into 
nitrous  acid,  and,  bearing  in  mind  the  extraordinary 
oxidizing  power  of  this  acid,  even  when  present  in  minute 
quantities,  it  appeared  to  Medlock  that  he  had  arrived 
at  a  simple  and  effectual  means  of  depriving  water  of  all 
organic  impurities  by  thus  accelerating  a  natural  process 
of  decay.  The  facts  just  mentioned  appeared  to  merit 
a  thorough  investigation,  and  the  results  arrived  at  will 
sufficiently  prove  that  he  did  not,  in  the  first  instance, 
attach  too  much  importance  to  them.  In  order  to 
study  the  action  of  iron  upon  the  Amsterdam  water, 
he  submitted  to  analysis  a  quantity  of  this  water  which 
had  never  been  in  contact  with  iron,  and  at  the  same 
time  he  immersed  several  coils  of  iron  wire  in  two 
gallons  of  the  same  water.  The  water  in  which  the 
iron  wire  was  placed  was  perfectly  bright  and  free  from 
color,  and  had  nothing  visible  in  mechanical  suspension 
except  a  few  of  the  siliceous  tubes  already  alluded  to. 
The  experiment  was  made  in  four  open  glass  bottles. 
A  series  of  remarkable  phenomena  were  observed.  In 
five  minutes  a  faint  white  cloud  was  seen  radiating  from 
the  coil  of  wire,  and  descending  in  the  form  of  a 
parachute.  In  half  an  hour  the  cloud  had  increased  in 
density,  and  the  water  became  opalescent.  In  six 
hours  the  cloud  assumed  a  brownish  color,  and  there 
was  a  brown  deposit  at  the  bottom  of  each  of  the 
bottles.  The  cloud  continuing  to  increase  during  forty- 
eight  hours,  assumed  more  and  more  a  flocculent 
character,  and  a  reddish  color,  exactly  like  the  deposit 
from  the  water  which  had  flowed  through  the  iron 
pipes.  The  water  was  now  filtered  through  fine 
Swedish  filter- paper  and  submitted  to  analysis,  and  a 
portion  of  the  deposit  examined  under  the  microscope. 
The  latter  consisted  of  the  remains  of  algae,  each 
separate  flock  having  a  siliceous  tube  as  a  nucleus. 
The  remainder  of  the  deposit  was  burned,  and  the  ash 
found  to  consist  of  oxide  of  iron,  silica,  and  the  car- 
bonate of  lime  and  magnesia. 

The  following  are  the  analyses  of  the  water  before 
and  after  being  in  contact  with  iron  : — 


I. 

m 

Bum  waff r. 

Water  from 

having  been  in 

the  Dune 

contact  with  iron 

canala. 

forty-eight  In. in  : 

(irs.  per  gal. 

Cr*  per  gal. 

,  .    3-70  . 

. . .  3-68 

,  ,    4-10  . 

. . .  4-01 

,  ,    5-GO  . 

. . .  3-20 

. .    3*97  . 

. ..  1-30 

0-16  . 

trace 

Iron,  alumina,  and  phosphates.    0'95  . 

. . .  trace 

Matter,  volatile  on  ignition— 

-so 

..    2-10  . 

.  . .  trace 

20-58  . 

. . .  12-19 

By  these  analyses  it  is  seen  that  the  2-10  grains  of 
organic  matter  contained  in  the  water  were  decom- 
posed or  thrown  down  by  contact  with  iron.  The 
water,  thus  purified,  no  longer  had  the  unpleasant 
fish-like  taste  and  smell  which  had  marked  its  previous 
contamination. 

A  portion  of  the  water  which  had  been  in  contact 
with  the  iron  wire  was  rendered  slightly  alkaline  by 
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pure  alcoholic  potassa,  evaporated  to  dryness,  and  the 
residue  tested  for  nitrous  acid.  The  paper  hecame 
instantly  blue  from  the  liberation  of  a  trace  of  the 
nitrous  acid  formed  by  the  oxidation  of  ammonia,  and 
which  had  been  instrumental  in  destroying  the  organic 
matter. 

In  the  residue  of  the  water  which  had  not  been  in 
contact  with  iron  and  still  containing  its  organic  mat- 
tor,  no  indication  of  nitrous  acid  could  be  obtained. 

The  Amsterdam  water,  the  water  of  the  Thames, 
and  indeed  that  of  nearly  all  other  rivers,  contain  much 
organic  matter,  which  may  be  divided  into  two  classes 
— nitrogenous  and  non-nitrogenous.  The  latter,  con- 
sisting of  carbon,  oxygen,  and  hydrogen,  may  be  repre- 
sented by  the  general  formula — n  (CHO) ;  and,  when  no 
longer  under  the  mysterious  influence  of  the  vital  force, 
are  rapidly  resolved  into  carbonic  acid  and  water.  The 
nitrogenous  class  being  chiefly  of  animal  origin,  and 
composed,  in  addition  to  the  above-mentioned  elements, 
of  nitrogen,  sulphur,  and  phosphorus,  may  be  repre- 
sented by  the  general  formula — n  (CHONSP).  Now, 
when  animal  matter  decays,  and  when  dissolved  in 
water,  decomposition  proceeds  very  rapidly ;  beside 
carbonic  acid  and  water  other  and  very  offensive  pro- 
ducts are  eliminated.  As  a  general  rule,  the  carbon 
unites  with  oxygen  to  form  carbonic  acid ;  and  with 
hydrogen,  to  form  marsh  gas  or  carbide  of  hydrogen ; 
hydrogen  and  oxygen  unite  to  form  water ;  nitrogen 
and  oxygen  with  hydrogen  to  form  ammonia ;  sulphur 
with  hydrogen  to  form  sulphide  of  hydrogen ;  phos- 
phorus with  hydrogen  to  form  phosphide  of  hydrogen. 

The  latter  two  are  exceedingly  offensive  to  the  sense 
of  smell,  and  are,  moreover,  highly  poisonous.  Thus  in 
the  spontaneous  decomposition  of  the  organic  matter 
contained  in  water  there  are  produced  carbonic  acid,  car- 
bide of  hydrogen,  ammonia,  sulphide  of  hydrogen,  and 
phosphide  of  hydrogen.  These  are  the  recognised  com- 
pounds ;  but  when  it  is  borne  in  mind  that  the  gaseous 
emanations  of  decomposing  animal  matters  are  infinitely 
more  offensive  to  the  sense  of  smell  and  injurious  to 
health  than  any  of  the  gases  above  mentioned,  or  of 
any  combination  of  them,  it  can  only  be  concluded 
that  the  effluvia  of  decaying  organic  matter  contain 
other  constituents,  of  which  the  true  character  has  not 
yet  been  determined.  Thames  water,  if  allowed  to 
stand  in  an  open  vessel  for  a  few  days  in  warm 
weather,  acquires  a  very  offensive  odor,  arising  from 
the  decomposition  of  the  animal  and  vegetal  matter 
which  it  holds  in  solution. 

This  water,  notwithstanding,  is  considered  by  mari- 
time authorities  to  be  the  very  best  for  the  use  of  ships' 
companies.  On  board  ship  the  water  is  stored  in 
wooden  casks,  which  are  placed  low  down  in  the  hold. 
During  the  first  week  or  fortnight,  according  to  the 
temperature  of  the  atmosphere,  the  water  ferments, 
evolves  a  quantity  of  gas  of  offensive  odor,  and  deposits 
a  copious  brown  sediment.  The  water  gradually  ceases 
to  smell  badly,  becomes  bright  and  sparkling,  and  will 
then  keep  fresh  and  sweet  for  an  indefinite  length  of 
time.  In  other  words,  it  loses  by  a  natural  process  of 
decay,  the  whole  of  its  putrescent  impurities.  In  ves- 
sels of  war,  and  in  most  of  the  large  steamers,  tanks  of 
iron  have  been  substituted  for  casks  of  wood  for  storing 


the  water  necessary  for  the  use  of  the  passengers  and 
ship's  company.  In  iron  tanks  Thames  water  evolves 
no  offensive  gases,  but  becomes  much  purer  than  when 
stored  in  wood,  and  deposits  a  more  copious  brown 
sediment,  which  turns  red  on  exposure  to  the  air.  The 
gases  produced  in  the  wooden  casks  are  said  to  he 
slightly  luminous  in  the  dark,  and  to  explode  when  a 
lighted  candle  is  incautiously  placed  near  the  bung- 
hole,  when  the  plug  is  removed.  The  luminosity  is 
due  to  phosphide  of  hydrogen,  and  the  explosive  char- 
acter of  the  gases  to  carbide  of  hydrogen. 

As  the  organic  matter  was  found  to  be  so  effectually 
removed  by  iron  from  the  Amsterdam  water,  Medlock 
instituted  a  series  of  experiments  upon  the  water  of 
the  Thames.  The  water  operated  upon  was  that  sup- 
plied to  his  laboratory  by  the  Grand  Junction  Company. 
On  placing  some  of  this  in  contact  with  iron  in  glass 
bottles,  precisely  similar  phenomena  were  observed  as 
in  the  case  of  the  Amsterdam  water,  but  the  deposit 
was  blacker,  and  was  formed  more  quickly.  The  next 
step  in  the  investigation  was  to  test  the  water  before 
and  after  contact  with  iron  for  the  great  destroying 
agent,  Nature's  Scavenger,  nitrous  acid.  The  resi- 
dues of  six  separate  gallons  of  the  water  were  examined 
for  nitrous  acid  as  follows: — Each  residue,  mixed  with 
half  an  ounce  of  water  was  introduced  into  a  Florence 
flask,  fitted  with  a  cork  and  long  funnel  tube.  In  the 
nock  of  each  flask  was  placed  a  slip  of  bibulous  paper, 
moistened  with  starch  paste  and  iodide  of  potassium. 
Through  each  funnel  tube  was  added  half  an  ounce  of 
dilute  sulphuric  acid,  one  part  strong  acid,  and  nine 
parts  water,  to  liberate  the  nitrous  acid,  if  present ;  but 
no  indication  of  that  gas  was  found,  as  the  test  papers 
remained  perfectly  white.  Six  other  gallons  of  water 
drawn  at  the  same  time,  were  placed  in  open  bottles, 
with  two  ounces  of  fine  iron  wire,  and  left  for  forty- 
eight  hours.  The  waters  were  then  filtered  from  the 
deposits,  evaporated  to  dryness,  and  tested  for  nitrous 
acid  in  a  manner  similar  to  the  preceding,  and  with 
the  following  results : — 

Experiment  1. — Paper  becomes  bine  in  ten  minutes. 
M  2. — Paper  becomes  bine  in  live  minutes. 
"  3. — Paper  becomes  blue  in  four  minutes. 

As  it  appeared  probable  that  the  nitrous  acid  liberated 
by  the  sulphuric  acid  might  remain  in  solution,  and  in 
consequence  not  instantly  affect  the  test-paper,  in 
experiments  with  the  residues  of  the  other  three  gal- 
ions  of  the  water  hot  water  was  used,  and  an  acid  of 
double  strength.  In  each  of  these  experiments  the 
test-paper  became  blue  in  a  few  seconds. 

These  results  prove  beyond  a  doubt  the  production 
of  nitrous  acid  by  the  action  of  iron  upon  the  nitro- 
genous compound  contained  in  the  water.  The  Editor 
submitted  masses  of  the  Pike  water  to  a  similar  treat- 
ment, and  found  results  that  confirmed  in  every  respect 
those  attained  by  Medlock.  Why  is  not  this  plan  of 
purification  adopted  by  the  Water  Committee  in 
Liverpool ? 

Examination  of  the  brown  deposit  produced 
by  Iron. — The  brown  deposits  from  three  separate 
gallons  of  Thames  water  were  collected  in  porcelain 
crucibles,  and  dried  at  248°,  till  they  ceased  to  lose 
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weight, 
follows  :- 


When  thoroughly  dried  they  weighed  as 


NO.  I. 

4-4352  grains. 


no.  n. 
4*4243  grains. 


NO.  III. 

4*4350  grains. 


They  were  then  separately  analysed  with  the  follow- 


ing  results  centesimally : — 

I. 

•  n. 

in. 

.22-92  .. 

..    24-87  . 

..  23-87 

Sesquioxide  of  iron, . . 

..65-36  . 

. .    63-20  . 

. .  64-39 

lt-11  . 

..    11-04  . 

. .  11-20 

Carbonate  of  magnesia 

traces  . 

trace 

.  0-59  .. 

0-49  . 

.' .'  0-53 

0-02    . . 

0-31  . 

0-01 

100-00 

100.00 

100.00 

In  order  to  arrive  at  a  correct  knowledge  of  the  action 
of  iron  upon  Thames  water,  Medlock  made  a  series 
of  daily  determinations  of  the  mineral  residue  and 
organic  matter  in  the  water  supplied  to  his  laboratory, 
with  the  following  results: — 

Solid  re;idue.  Organic  matter. 
Gn.  per  galljn.        Gra.  per  gallon 

Jan.  4th,  1857,  20-867    2-248 

Jan.   5th,  1857,  19-573  .  ..  1-740 

Jan.   6th,  1857  21-159  ....  1-424 

Jan.   7th,  1857,  20-127  ....  1-401 

Jan.   8th,  1857,  21-452    3-249 

Jan.   9th,  1857,  20-374    2-756 

Jan.  10th,  1857,  20-920    3-062 

Average,  20-638  2-268 

At  the  same  time  as  the  water  was  drawn  for  the 
last  analysis,  he  placed  three  separate  gallons  in  wide- 
mouthed  bottles. 

Into  the  first  gallon  was  put  a  coil  of  fine  iron  wire, 
weighing  half  an  ounce.  After  standing  two  hours  the 
water  was  filtered,  and  on  being  analysed  in  the  usual 
way,  gave— 

Solid  residue,  17-372  grains. 

Organic  matter,  fc   1-232  do. 

A  second  gallon  with  one  ounce  of  wire  for  two  hours 
gave— 

Solid  residue,  16-693  grains. 

Organic  matter,   1-170  do. 

A  third  gallon  with  eight  ounces  of  wire  for  two  hours 
gave — 

Solid  residue,  13-182  grains. 

Organic  matter,   0-950  do. 

In  other  experiments,  too  numerous  to  detail,  the 
water  was  exposed  to  the  action  of  a  large  surface  of 
iron  from  twelve  to  forty-eight  hours  ;  and  as  a  gene- 
ral result  it  was  found  that  by  allowing  water  to 
remain  in  contact  with  a  large  surface  of  iron  for  about 
twelve  hours,  every  trace  of  organic  impurity  was 
destroyed,  or  converted  from  the  soluble  to  an  insoluble 
condition,  in  which  state  it  admitted  of  being  effec- 
tually removed  by  ordinary  filtration. 

After  the  preceding  details  on  the  nature  of  the 
organic  impurities  contained  in  ordinary  well  and  river 
water,  the  offensive  gases  arising  therefrom,  and  the 
functions  of  the  numerous  microscopic  plants  and 
animaloula  which  are  contained  in  them,  it  now  remains 
to  describe  the  means  that  Medlock  has  adopted  for 


placing  the  results  of  his  discoveries  at  the  service  of 
the  public. 

Practical  Application  of  the  foregoing 
Principles. — It  has  been  proved  by  numerous 
trials  with  Thames  water,  sewage,  and  water  artifi- 
cially contaminated  by  mixing  therewith  sulphide  of 
hydrogen,  sulphide  of  ammonium,  and  urine,  that 
however  impure  a  water  may  be,  it  can  be  rendered 
perfectly  pure  and  wholesome  to  drink  by  merely 
allowing  it  to  remain  in  contact  with  a  large  surface  of 
metallic  iron  for  twelve  or  twenty-four  hours,  and  then 
filtering  through  well- washed  sand ;  or,  better  still, 
through  a  mixture  of  about  one  part  animal  charcoal 
and  four  parts  sand. 

The  plan  above  stated  is  applicable  to  the  purification 
of  the  supply  of  water  to  towns,  as  well  as  to  small 
quantities  for  domestic  and  manufacturing  purposes. 
To  brewers,  dyers,  starchmakers,  soda  water  and 
lemonade  manufacturers,  et  cetera,  a  supply  of  water 
free  from  color  and  organic  impurities  is  an  essential 
requisite  ;  and  the  Editor  after  long  and  careful  study 
of  the  numerous  processes  recommended  for  puri- 
fying water,  prefers  the  one  above  detailed,  as  being 
at  once  the  most  simple,  easy,  and  effectual. 

The  following  table  exhibits  in  round  numbers  the 
degrees  of  impurity  in  water,  used  for  the  supply  of 
towns  in  England,  Scotland,  et  cetera,  each  degree 
being  equal  to  one  grain  per  gallon — 

Distilled  water,   0° 

Loch  Katrine,   2-0 

Dee — Aberdeen,   4-0 

Tay— Perth   5-5 

Dumfries,   7-0 

Gorbals,   8-0 

Leven,   8-5 

Clyde,   9-5 

Tyne— Newcastle,   11-0 

Tweed — Coldstream,   11-5 

Seine— Paris,   12-0 

Liverpool  well,  purest,   13-0 

Glasgow      "       "    15-0 

Kilmarnock,   15-0 

Thames— 1854   15-5 

"   —1851,   21-0 

Glasgow  well,  most  impure,   96-0 

Liverpool  well,       "   417-0 

Disease  occasioned  by  the  Organic  Impurities  of 
Water. — Dr.  Hassall  remarks — In  proof  that  water 
highly  charged  with  decomposing  organic  matter  fre- 
quently gives  rise  to  severe  and  fatal  diseases,  often 
of  an  epidemic  character,  one  is  able  to  produce 
abundance  of  evidence.  To  occasion  these  effects,  no 
doubt  the  organic  matters,  animal  or  vegetal,  resolve 
themselves  into  carbide,  sulphide,  and  phosphide  of 
hydrogen,  cyanides,  et  cetera,  as  well  as  other  lethal 
products,  and  these  disarrange  the  whole  functions  of 
the  body.  To  enter  more  minutely  into  this  part  of 
the  subject  would  be  out  of  place  in  a  technological 
work. 

Disease  occasioned,  by  the  Metallic  Impurities  in 
Water. — The  Editor  has  known  most  serious  illnesses 
to  arise  from  water  containing  lead.  Many  hard  as 
well  as  soft  waters  act  injuriously  upon  lead,  conse- 
quently, as  a  general  rule,  water  should  never  be  stored 
in  cisterns  of  this  metal.  Why  use  lead  when  one  can 
have  slate  cisterns  and  enamelled  iron  pipes?  A 
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gentleman  and  his  family  residing  in  the  neighborhood 
of  Liverpool  were  constantly  ill,  but  whenever  they 
left  home  they  recovered.  The  water  was  supposed 
to  be  the  cause,  and  was  tested  from  time  to  time,  and 
pronounced  good.  The  amount  of  lead  was  small,  and 
had  been  overlooked — as  is  very  often  the  case  with 
iuexpert  analysts.  Ou  examination  of  several  gallons 
of  the  water — it  was  a  remarkably  soft  water — lead  was 
detected.  The  Editor  recommended  slate  cisterns  and 
enamelled  iron  pipes,  and  from  that  day  to  this  all  the 
ill  effects  of  the  water  disappeared. 

Microscopic  examination  of  Water. — Most  well  and 
river  waters,  when  allowed  to  stand  in  an  open  vessel 
for  several  days,  especially  in  warm  weather,  deposit  a 
sediment  more  or  less  copious,  in  which  may  occasionally 
be  discovered,  by  means  of  a  microscope,  a  vast  number 
of  the  lower  forms  of  animal  and  vegetal  life,  which 
have  been  made  the  subject  of  special  study  by  several 
able  microscopists,  and  especially  by  Drs.  Hassall  and 
Lankesteu.  Much  misapprehension,  however,  appears 
to  prevail  regarding  the  extent  to  which  these  lower 
forms  of  organic  life  occur  in  water.  In  works  treat- 
ing on  this  subject,  it  is  usual  to  group  a  large  number 
of  these  objects  together  in  a  circular  drawing,  which 
convey  the  impression,  and  are  generally  understood 
to  represent  the  animaleula  contained  in  a  singlo  drop 
of  water.  Nothing,  however,  can  be  more  erroneous, 
and  nothing  more  calculated  to  convey  false  notions 
regarding  the  character  of  the  water  supplied  to  the 
public. 

It  appears  to  be  a  law  of  nature,  that  wherever  the 
conditions  of  life  exist,  there  life  will  manifest  itself  in 
forms  suited  to  the  circumstances.  If  a  portion  of  earth 
be  brought  up  from  the  deepest  mine,  and  exposed  for 
some  time  to  the  combined  influence  of  heat,  light,  and 
moisture,  various  forms  of  vegetal  and  animal  life  will 
appear,  even  if  the  soil  be  entirely  excluded  from  con- 
tact with  the  surrounding  atmosphere.  In  the  water 
of  rivers  containing  animal  and  vegetal  matter  in  a 
state  of  decay,  are  presented  all  the  conditions  of  life; 
and  hence  the  numberless  forms  of  the  lower  organi- 
sations which  are  met  with.  That  these  are  injurious 
to  health,  no  one  can  venture  to  affirm;  but  their 
presence  may  form,  to  some  extent,  an  index  of  the 
quantity  of  putrefactive  organic  matter  which  may  be 
present.  In  cases  where  it  is  necessary  to  examine  a 
water  microscopically,  the  following  is  the  plan  recom- 
mended by  the  Editor : — 

About  a  quart  of  the  water  to  be  examined  should 
be  placed  in  a  conical  glass  vessel,  very  narrow  at  the 
bottom,  in  shape  something  like  a  tall  champagne 
glass,  and  covered  over  with  paper.  After  remaining 
at  rest  some  hours,  a  slight  deposit  will  generally  be 
observed  at  the  bottom  ;  and  in  this  deposit  will  often 
be  seen  numerous  small  animaleula  moving  about 
with  wonderful  rapidity ;  these  have  been  named  by 
naturalists  Cyclops  quadricornis.  They  are  particularly 
abundant  during  the  summer  in  river  waters  contain- 
ing much  organic  matter.  Other  Crustacea  are  also 
abundant,  amongst  which  may  be  mentioned  various 
species,  of  Daphnia,  which,  by  their  number,  often  give 
a  marked  yellow  color  to  water.  Of  radiate  animals, 
the  hydra  and  other  forms  of  zoophytes  are  frequently 
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present.  The  fresh  water  sponge— Sptongia  fluviatilis 
— frequently  occurs  in  great  abundance.  Numerous 
lower  forms  of  the  vegetal  kingdom  oflen  abound  in 
river  waters,  especially  in  those  of  shallow  streams. 
These  belong  chiefly  to  families  Confervacca?,Dismidiese, 
Diatomaeeaj,  and  Fungi.  Many  of  these  lower  organ- 
isms are  beautiful  objects  under  the  microscope,  and 
well  worthy  of  the  attention  of  all  lovers  of  nature. 
Space  will  not  allow  of  any  detailed  description  of  the 
almost  numberless  species  found  in  water ;  they  have 
been  only  briefly  alluded  to  with  the  view  of  pointing 
out  the  fact,  that  when  they  occur  in  water  used  for 
dietetic  purposes,  they  must  be  regarded  as  a  proof  of 
the  presence  of  dead  and  decaying  organic  matter,  and 
must  not  be  looked  upon  as  the  only  kind  of  conta- 
mination of  the  water.  Their  function  appears  to  bo 
to  destroy  the  numerous  organic  matters  which  are 
present.  To  examine  well  the  deposit  formed  in  the 
conical  glass,  the  clear  water  should  be  siphoned  off, 
and  a  portion  of  the  deposit  placed  in  the  field  of  the 
microscope — a  quarter-inch  glass  is  perhaps  the  best 
for  such  observations. 

Dr.  Hassall  examined  several  specimens  of  water, 
both  upwards  and  downwards  in  the  course  of  the  river 
Thames  from  London,  and  they  brought  to  light  the 
singular  and  important  fact  that  Thames  water,  from 
Brentford  in  one  direction  to  Woolwich  in  an  opposite, 

Fig.  613. 


swarms  with  living  productions,  principally  of  the  genus 
Paramecium,  and  of  one  species  of  this  genus  P.  chry- 
salis of  ElIRENBERG. 

The  engraving  exhibits  the  principal  animal  and 
vegetal  productions  contained  in  the  Thames  water  at 
Richmond,  drawn  with  the  camera  lucida,  and  mag- 
nified two  hundred  and  twenty  diameters. 

G  Y 
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The  subjoined  cut  exhibits  the  more  remarkable 
vegetal  and  animal  productions  found  in  the  water  of 
the  Thames  at  Waterloo  Bridge. 

Fig.  614. 


Color  of  Water. — In  rivers  the  impurity  of  water 
is  frequently  visible  to  the  eye.  It  is  often  of  a  red 
color,  as  it  flows  through  rocks  of  red  marl  which 
contain  much  oxide  of  iron  in  their  composition.  It 
descends  milky  from  the  glaciers  of  Iceland  and  the 
slopes  of  the  Andes,  because  of  the  white  earth  it  holds 
in  suspension.  It  is  often  grey  or  brown  in  the  muddiest 
English  rivers.  It  is  always  brown  when  it  issues  from 
boggy  lakes,  or  runs  across  a  peaty  country,  as  at 
Rivington  Pike.  It  is  occasionally  black  to  the  eye 
when  the  amount  of  vegetal  matter  is  excessive,  as  in 
the  Rio  Negro  of  South  America ;  and  it  is  green  in  the 
geysers  of  Iceland,  in  the  Swiss  lakes,  among  the 
islands  of  the  South  Sea,  and  around  Great  Britain  and 
Ireland.  Only  in  clear  and  deep  water,  like  those  of 
the  Bay  of  Naples,  and  in  parts  of  the  Pacific,  where 
minute  objects  may  be  seen  on  the  bottom  some  hun- 
dreds of  feet  down,  is  the  real  blue  color  natural  to 
water  in  large  masses  distinctly  perceptible.  This  is 
the  deep  blue  which  is  seen  in  the  grotto  azsura  of 
the  island  of  Capri,  in  the  Bay  of  Naples,  and  in  the 
deep  indigo  waters  of  some  parts  of  the  Mediterranean 
and  Adriatic  seas. — Johnston. 

The  Addition  of  Chemical  Agents  to  Water. 
— This  head  includes  several  proposed  methods  of 
purifying  water,  which  consist  in  the  addition  of  certain 
chemical  agents  to  this  liquid,  by  which  its  composition 
is  altered. 

Addition  of  Alum. — In  England,  as  well  as  in 
France,  a  popular  method  of  clearing  muddy  water  is 


to  add  a  few  grains  of  powdered  alum  to  it ;  two  or 
three  grains  are  usually  sufficient  for  a  quart  of  water. 
This  process  is  called  alunage  de  Veau  ;  and  Arago 
states,  that  when  practised  on  the  Seine  water,  it  causes 
the  mud  to  agglomerate  in  long  thick  stria;,  which 
are  very  quickly  deposited.  The  theory  of  the  pro- 
cess appears  to  be  this : — The  alum  decomposes  the 
bicarbonate  of  lime,  and  gives  rise  to  the  formation 
of  sulphate  of  lime,  which,  with  sulphate  of  potassa, 
remains  in  solution,  while  carbonic  acid  is  evolved, 
and  hydrate  of  alumina  being  precipitated  in  a 
flocculent  form,  carries  with  it  various  mechanical 
impurities. 

KO,  S03  +  Al2  08,  3  S03      +      3(CaO,  2C02)  = 


Alum— diy.  Bicaibonata 
of  lime, 

6  00s,    +    KO,  S03    +    3(CaO,  S03)    -f    Al2  03 

Sutpbate  of  Sulphate  of  Alumina, 

potiissa.  lime. 

This  method,  then,  is  a  kind  of  mechanico-chemical 
one.  It  clears  the  water,  but  at  the  same  time  alters 
its  chemical  composition,  and  by  converting  bicarbo- 
nate into  sulphate  of  lime,  augments  the  hardness  of 
the  water. 

Addition  of  Caustic  or  Carbonated  Alkalies. — 
Caustic  alkalies,  added  to  water  holding  in  solution 
bicarbonate  of  lime,  saturate  the  excess  of  carbonic 
acid,  throw  down  carbonate  of  lime,  and  leave  an 
alkaline  carbonate  in  solution.  If  soda  be  the  alkali 
used,  the  results  will  be  as  follows  : — 

CaO,  2C02   +   NaO    =r    NaO,  C02   -f  CaO,C02 


If  an  alkaline  carbonate  be  employed,  all  the  earthy 
salts — calcareous  and  magnesian  sulphates,  chlorides, 
bicarbonates,  and  carbonates  of  the  earths — are  pre- 
cipitated, while  alkaline  sulphates,  chlorides,  and  bicar- 
bonates which  do  not  communicate  hardness  to  water, 
are  left  in  solution.  If  carbonate  of  soda  be  employed, 
its  reaction  on  sulphate  of  lime  and  chloride  of  magne- 
sium will  be  as  follows  : — ■ 

CaO,S03     -f-     MgCl     -f     2  (NaO,  C02)  = 


NaO,  F03    -f   NaCl   -f    CaO,  C02    +   MgO,  C02 

Sulphate  Chloride  of  Carbonate  Carbonate  of 

of  soda.  sodium.  of  lime.  magnesia. 

A  ddition  of  Lime. — A  few  years  ago,  Professor 
Clark  of  Aberdeen  took  out  a  patent  for  the  purifica- 
tion of  water.  His  process  consists  in  the  addition  of 
caustic  lime  to  water,  by  which  the  bicarbonate  of  lime 
held  in  solution  is  decomposed  ;  the  caustic  lime  satu- 
rates the  excess  of  carbonic  acid,  and  forms  carbonate 
of  lime,  which  is  precipitated. 

CaO,  2C02     +      Ca  0      =      2  (CaO,  C02) 

Bicarbonate  Caustic  Carbonate  of 

of  lime,  lime.  lime. 

The  Editor  believes  the  process  of  Clark  to  be 
virtually  impracticable  on  the  large  scale,  while  its 
efficacy  is  but  slight. 
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It  must  be  remembered  tbat  this  mode  affects  the 
bicarbonate  of  lime,  not  the  more  troublesome  earthy 
salts,  such  as  the  sulphates  and  chlorides,  on  which  the 
hardness  of  spring  waters  mainly  depends.  The  diffi- 
culty of  mixing  lime  and  water,  in  definite  proportions, 
on  the  large  scale,  must  be  obvious  to  every  one.  If 
too  much  be  employed,  the  companies  would  supply 
their  customers  with  lime-water !  If  too  little,  the 
bicarbonate  of  lime  would  not  be  completely  destroyed, 
and  the  process  would  be  a  failure.  Altogether,  the 
difficulties  of  carrying  out  the  process  will  ever  prevent 
its  adoption  on  a  large  scale. 

Addition  of  Oxalate  of  Potassa— Mv.  H.ORSLEY  of 
Cheltenham,  some  years  ago,  took  out  a  patent  for  a 
new  method  of  preventing  incrustations  in  boilers,  and 
also  for  depurating,  filtering,  and  otherwise  rendering 
water  more  fit  for  drinkable  and  other  purposes.  When 
sea-water  is  taken  for  generating  steam,  he  purifies  it 
by  employing  oxalate  of  potassa  and  amnionio-phos- 
phate  of  soda ;  and  the  proportions  he  uses  for  the 
water  of  the  British  Channel  are  about  two  drachms  of 
oxalate  of  potassa  to  about  two  ounces  of  the  ammonio- 
phosphate  of  soda  for  every  gallon.  When  bis  object 
is  to  februate  and  soften  hard  water,  he  employs  such 
substances  as  are  capable  of  decomposing  the  calca- 
reous salts,  such  as  calcined  or  caustic  baryta,  or  baryta 
water,  phosphate  of  soda,  silicate  of  potassa,  oxalic 
acid,  or  the  oxalates,  and  caustic  stroll tia,  or  strontia 
water;  but  he  gives  the  preference  to  oxalate  of  potassa. 
He  first  ascertains  the  degree  of  hardness  of  the  water, 
and  then  adds  the  requisite  quantity  of  oxalate  of  potassa, 
by  which  an  oxalate  of  lime  is  precipitated  ;  and  there 
remains  iu  solution,  instead  of  the  lime  thus  displaced, 
a  carbonate,  sulphate  of  potassa,  or  chloride  of  potas- 
sium, as  the  case  may  be.  and  the  water  is  purified  and 
fit  for  use. 

The  following  equation  explains  the  reaction  of  oxa- 
late of  potassa  ;  the  salt  is  assumed  to  bo  neutral  on 
bicarbonate  and  sulphate  of  lime  : — 


Ca  0,  2  C02     -f     Ca,  S03 


2  (KO,  0)  = 


(Ca  0,  0)  -f 


Bicarbonate 

Of  J)Oltl38tl. 


Horsley's  patent,  process  does  that  which  Clark's 
fails  to  do  :  it  decomposes  all  the  earthy  salts  on  which 
the  hardness  of  water  usually  and  mainly  depends. 
But  it  is  open  to  still  greater  objections  than  those  that 
have  been  raised  to  the  other  method.  Besides  being, 
like  Clark's,  process  virtually  impracticable,  it  would 
prove  very  expensive,  and  as  regards  the  metropolitan 
river-waters,  it  is  quite  unnecessary.  Moreover,  the 
idea  of  physicking  or  doctoring  water,  by  the  addition 
to  it  of  a  poisonous  agent,  would,  if  even  no  other 
objection  existed  to  this  scheme,  be  quite  fatal  to  it. 
For  though,  in  the  hands  of  competent  persons  like 
Mr.  Horsley,  no  possible  injury  could  arise  from  its 
use,  yet  the  public  would  always  have  some  suspicion 
of  water  thus  treated  ;  and,  as  a  celebrated  English 
engineer  observed  to  Arago,  water,  like  Caisar's  wife, 
should  be  above  suspicion,  which  the  Rivington  Pike 


water  supplied  to  Liverpool  is  not.  Liverpool  was 
formerly  supplied  with  spring  water  from  the  red  sand- 
stone, beautifully  cool  and  refreshing,  and  free  from 
organic  matter.  Now  the  inhabitants  are  forced  by  a 
stubborn  water  committee  to  drink  a  mixture  of  the 
rock  and  surface  water — how  the  people  suffer  it  is  to 
the  Editor  a  mystery — the  latter  certainly  blasting  its 
wholesome  brother.  The  small  town  of  Flint,  North 
Wales,  has  infinitely  better  water  than  is  supplied  to 
any  of  the  principal  towns  of  England. 

Purification  and  Filtration  of  Water. — JOHNSTON 
says  truly,  that  the  water  used  by  a  nation  or  country 
is  an  important  matter  in  a  well-considered  and  long- 
adjusted  diet.  It  by  no  means  follows  in  all  cases, 
perhaps  not  even  in  the  majority,  that  the  purest  water 
— see  Distilled  Water — is  the  best  for  the  health  of  a 
given  family,  or  for  the  population  of  a  given  district. 
The  bright,  sparkling,  hard  waters  which  gush  out  in 
frequent  springs  from  the  chalk  and  other  limestone 
rocks  are  relished  to  drink,  not  merely  because  they 
are  grateful  to  the  eye,  but  because  there  is  something 
exhilarating  in  the  excess  of  carbonic  acid  they  con- 
tain and  give  off  as  they  pass  through  the  warm  mouth 
and  throat,  and  because  the  lime  they  hold  in  solution 
neutralizes  or  counteracts  acid  matters  in  the  stomach, 
and  thus  acts  as  a  grateful  medicine  to  the  system. 

On  entering  upon  the  purification  and  filtration  of 
water,  it  may  be  stated  as  an  axiom  that  the  best  filter 
is  no  substitute  for  bad  water ;  still,  as  various  towns 
throughout  the  kingdom  are  supplied  with  bad  water, 
that  is,  water  containing  chemical  and  mechanical  im- 
purities, the  Editor  deems  it  necessary  to  explain  to 
the  reader  how  to  remove  these  wholly  or  in  part,  so 
as  to  belter  the  water.  The  depuration  of  water  is 
greatly  aided  by  repose,  by  which  various  suspended  or 
mechanical  impurities  are  allowed  to  subside  gradu- 
ally, and  from  these  the  supernatant  fluid  is  drawn  or 
siphoned  off.  Tanks,  cisterns,  and  reservoirs  become 
therefore  important  depurating  agents.  The  purifica- 
tion of  water  by  subsidation  and  decantation  is  the 
simplest  of  all  methods  of  februation ;  but  unfortu- 
nately it  is  a  very  slow  one.  It  is  stated  that  the 
water  of  the  G-aronne,  taken  when  the  river  is  swollen, 
does  not  regain  its  natural  limpidity  after  a  fortnight 
of  perfect  rest.  The  larger  particles,  of  course,  quickly 
deposit,  but  the  finer  ones  precipitate  very  tardily. 
During  the  time  that  deposition  is  occurring,  the  water 
is  exposed  to  the  air,  and  consequently  undergoes  a 
chemical  metamorphosis.  The  bicarbonate  of  lime 
which  is  dissolved  in  it  parts  with  a  portion  of  its 
carbonic  acid,  and  carbonate  of  lime  precipitates  : — 


CaO,  2  C02. 


Bicarbonate  of  lime. 


CO, 


-f      CaO,  C02. 


Carbonic  acid. 


Carbonate  ofliuic. 


In  this  way  the  atmosphere  assists  in  softening  those 
waters,  which  owe  the  whole  or  a  portion  of  their  hard- 
ness to  the  above  calcareous  salt.  The  atmosphere, 
however,  is  a  source  of  contamination  as  well  as  of 
purification,  and  it  is  on  this  account  that  the  Editor 
always  condemns  the  use  of  surface  water  for  dietetic 
purposes.  Ehrenberg  states  that,  exclusive  of  inor- 
ganic substances,  he  has  detected  three  hundred  and 
twenty  species  of  organic  forms  in  the  dust  of  the 
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winds..  It  is  obvious,  therefore,  that  waters  which  are 
chemically  very  pure,  must  become  contaminated  by 
exposure  in  deposit  reservoirs. 

What  are  the  best  methods  of  purifying  water  on  a 
large  scale  ? 

The  water,  says  Tomlinson,  used  for  culinary, 
domestic,  and  industrial  purposes,  is  exclusively  derived 
from  the  rain  which  falls  upon  the  earth,  whether  the 
immediate  source  of  supply  be  the  cistern,  the  well,  the 
spring,  or  the  river.  Rain-water  is  usually  so  pure, 
that  the  action  of  the  most  delicate  chemical  tests  is 
required  to  detect  any  foreign  substance  in  it ;  so  that, 
if  cisterns  were  formed  of  proper  materials,  and  the 
rain  fell  directly  into  them  in  sufficient  quantity,  no 
better  water  could  be  desired.  But  as  the  exposed 
surface  of  cisterns  is  too  small  to  collect  rain-water  in 
any  quantity,  it  is  usual  to  discharge  into  them,  by 
means  of  gutters  and  shoots,  the  water  which  falls  upon 
the  roofs  of  houses ;  and,  as  these  are  covered  with 
dust,  insects,  and  other  impurities  collected  during  dry 
weather,  the  rain-water  of  cisterns  is  thus  contaminated 
in  various  ways.  In  some  places  the  rain-water,  col- 
lected on  the  surfaces  of  extensive  roofs  and  flats,  is 
made  to  pass  through  a  bed  of  porous  materials  on  its 
way  to  the  cistern,  and  thus  the  solid  impurities  are 
strained  and  separated  before  the  water  is  used  by  the 
public.  Such  is  the  case  with  the  largo  cistern  of  the 
ducal  palace  at  Venice. 

Wells  may  be  compared  with  cisterns ;  but  the 
channels  which  discharge  rain-water  into  them  are 
not  formed  of  masonry,  brick,  or  metal,  but  of  the 
rocks  which  exist  immediately  beneath  the  surface. 
These  rocks  may  be  porous,  or  may  abound  in  minute 
fissures,  through  which  the  rain-water,  sinking  through 
the  soil,  finds  a  passage ;  and  being  divided  into 
innumerable  liquid  threads,  it  dissolves  and  carries 
along  with  it  a  portion  of  whatever  soluble  matter  it 
may  encounter.  Hence,  the  water  obtained  from  wells 
is  not  rain-water,  properly  so  called ;  it  is  usually  as 
clear  and  limpid,  but  it  contains  nearly  always  certain 
substances  in  solution,  which  vary  according  as  the 
geological  structure  of  the  country  differs.  The  same 
remark  applies  to  springs :  their  water  is  rain-water, 
which,  after  having  traversed  strata  of  greater  or  less 
thickness,  is  sent  up  to  the  surface  by  the  pressure  of 
the  water  in  the  neighboring  hills  or  other  elevations. 
The  nature  and  proportion  of  the  impregnation  to  which 
spring-water  is  subjected,  depend  also  on  the  extent  of 
its  transit  and  the  kind  of  rock  traversed.  The  action 
of  rain-water  upon  certain  kinds  of  rock  leads  to  the 
production  of  mineral  springs ;  and  if  the  water  descends 
to  a  certain  depth  in  the  earth,  its  temperature  will  be 
so  much  raised  by  the  internal  heat,  that  on  reappear- 
ing at  the  surface,  it  will  be  as  a  thermal  spring. 

In  filtering  on  a  large  scale,  for  the  supply  of  a  city, 
for  example,  the  cost  and  durability  of  the  filter  are 
important  considerations.  On  the  great  scale  of  Nature, 
the  rocks  which  filter  the  water,  as  it  falls  upon  the 
surface  of  th#soil,  constitute  a  vast  permanent  filter,  the 
durability  of  which  arises  from  the  great  extent  of 
superficial  or  subterranean  surface  concerned.  It  might 
at  first  view  appear  to  be  easy  to  imitate  this  natural 
operation,  and  pass  the  muddy  water  of  a  river  through 


the  porous  rock  or  sand  which  forms  its  banks;  but  this 
is  often  an  expensive  proceeding,  on  account  of  want 
of  permanence  of  an  artificial  structure  so  contrived. 
Toulouse  is  supplied  with  water  from  the  Garonne  in 
this  way,  and  it  has  cost  upwards  of  forty  thousand 
pounds  at  various  times  for  supplying  a  city  of  only 
fifty  thousand  inhabitants.  The  cause  of  failure  in  this 
and  other  instances  arises  from  the  fact  already  noticed, 
that  when  water  percolates  sand,  it  deposits  its  solid 
impurities  to  a  certain  depth  between  the  interstices  of 
the  filtering  medium,  rendering  it  necessary  from  time 
to  time  to  renew  the  sand.  This  is  illustrated  by  some 
experiments  conducted  by  Mr.  Wicksteed.  A  sand 
filter  which  yielded  at  the  rate  of  ten  the  first  week, 
yielded  nine  the  second  week,  six  the  third  week,  and 
only  two  the  fourth  week ;  so  that  a  large  natural  filter 
— as  this  description  of  filter  is  called — may  go  on  for 
some  years,  yielding  a  good  supply  of  water,  and  then 
gradually  diminish  it  until  it  ceases  altogether.  Hence 
the  construction  of  these  so-called  natural  filters  re- 
quires much  caution  on  the  part  of  the  engineer;  and 
it  will  always  be  difficult,  if  not  impossible,  to  calculate 
before  hand  the  amount  of  water  which  a  natural  filter 
proposed  to  be  erected  will  yield. 

A  second  system  of  filtration  on  a  large  scale  con- 
sists in  the  formation  of  extensive  beds  of  sand  of  great 
thickness,  resting  on  beds  of  gravel,  el  cetera.  At 
intervals  of  time,  from  ten  to  fourteen  days,  the  water 
is  run  off;  and  the  filth  which  bad  accumulated  during 
filtration  is  scraped  off  with  a  certain  thickness  of  the 
sand  of  the  filtering  bed.  Once  or  twice  a  year  the 
whole  of  the  sand  removed  is  replaced.  This  method 
is  costly,  and  not  altogether  satisfactory. 

Of  all  the  permeable  substances  used  for  filtration, 
animal  charcoal  possesses  in  the  highest  degree  the 
combined  mechanical  and  chemical  influence.  In 
addition  to  its  power,  in  common  with  other  filtering 
media,  of  removing  suspended  or  mechanical  impuri- 
ties, it  also  abstracts  from  the  liquid  which  percolates 
it,  various  dissolved  bodies,  and  thus  effects  a  metamor- 
phosis in  the  chemical  composition  of  the  fluid  which 
traverses  it.  These  important  properties  of  animal 
charcoal  have  oftentimes  led  to  its  use  as  a  filtering 
medium  for  water;  and  hence  it  is  introduced  into  many 
of  the  ordinary  domestic  water  filters.  But  its  deodo- 
rizing and  decoloring  power  is  soon  lost ;  and,  in  order 
to  enable  it  to  reacquire  its  original  efficacy,  it  requires 
to  be  re-formed. 

There  can  be  no  doubt  that  of  all  known  permeable 
bodies,  the  only  ones  which  present  all  the  requisites 
of  filtering  media  for  water  on  a  large  scale,  are  sand 
and  gravel.  They  are  cheap,  allow  the  rapid  passage 
of  water  through  them,  and,  when  they  have  been  pre- 
viously well  washed,  communicate  no  taint  to  the  waters 
which  traverse  them.  Their  employment  must  have 
been  suggested  to  man  by  the  observation  of  the 
numerous  limpid  springs  which  are  seen  in  arenaceous 
districts. 

Their  action,  however,  is  chiefly  if  not  entirely 
mechanical.  They  possess  little  or  none  of  that  power 
of  effecting  chemical  changes  on  the  liquids  filtering 
through  them,  which  animal  charcoal  possesses  in  so 
pre-eminent  a  degree.     Yet,  unless  several  distin- 
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guislied  writers  have  grossly  deceived  themselves, 
sand  is  not  entirely  devoid  of  this  chemical  influence. 
Wagenmann,  for  example,  found  that  when  vinegar 
was  filtered  through  pure  quartz  sand,  the  first  portion 
of  liquid  that  percolated  was  deprived  of  almost  all  its 
acid;  and  the  vinegar  did  not  pass  through  unchanged 
until  the  sand  had  become  well  charged  with  acid.  The 
same  authority  also  states  that  potato-brandy  diluted 
with  water,  and  filtered  through  quartz-sand,  yields  at 
first  pure  water,  then  a  mixture  of  water  and  alcohol 
deprived  of  its  fusel-oil ;  and,  lastly,  the  original  mix- 
ture unaltered.  Berzelius  filtered  a  saline  solution 
through,  a  long  tube  filled  with  sand,  and  found  that 
it  ran  out  more  or  less  completely  deprived  of  salt. 
Matteucci  repeated  Berzelius'  experiment,  and 
confirmed  his  statement.  He  filled  a  tube  about 
twenty-six  feet  long  with  sand,  and  filtered  a  saline 
solution  through  it ;  and  he  found  that  the  density  of 
the  liquid  introduced  by  the  upper  aperture  of  the  tube 
was  to  that  of  the  liquid  escaping  from  the  lower  end,  as 
1-00  to  0-91.  But  he  observed  that  this  difference  of 
density  was  not  always  maintained ;  for,  after  a  certain 
time,  the  saline  solution  becomes  as  dense  at  its  exit 
from,  as  at  its  entrance  into  the  tube,  proving  that  the 
decomposition  of  the  saline  solution  takes  place  in  the 
first  action  of  contact  between  it  and  the  particles  of 
sand.  But  a  still  more  remarkable  result,  the  inverse 
of  the  one  just  stated,  was  obtained  by  the  last-men- 
tioned chemist,  with  a  solution  of  carbonate  of  soda. 
He  filled  a  tube  nearly  ten  feet  long  with  sand,  and 
filtered  a  solution  of  carbonate  of  soda  through  it ;  and 
he  found  that  the  density  of  the  liquid  at  its  entrance 
was  to  that  at  its  exit  as  l'OOO  to  D005.  In  this  case, 
then,  the  sand  had  deprived  the  solution  of  part  of  its 
water,  and  had  thereby  increased  the  gravity  of  the 
liquid  which  percolated.  Assuming, .  however,  the 
accuracy  of  all  these  reported  observations,  it  cannot 
bo  doubted  that,  in  a  practical  point  of  view,  the  effi- 
cacy of  sand,  as  a  filtering  medium,  depends  on  its 
mechanical,  not  on  its  chemical  influence. 

Domestic  Filters. — In  coming  now  to  notice  small 
filters  for  domestic  purposes,  such  a  multitude  of  inven- 
tions and  contrivances  start  up  to  view  that,  as  Tom- 
linson  says,  how  to  choose  and  where  to  begin  is  diffi- 
cult. There  are  certain  classes  of  subjects,  says  the 
same  authority,  on  which  the  genius  of  inventors  seems 
to  run  riot.  Filters  form  one  of  these,  and  fire-escapes 
another.  In  either  class  examples  are  as  numerous  as 
the  attempts  to  solve  the  problem  of  perpetual  motion, 
or  to  square  the  circle.  Almost  every  kind  of  porous 
substance  has  been  enlisted  into  the  service  of  filters. 
The  animal,  vegetal,  and  the  mineral  kingdoms  have 
each  contributed.  Charcoal— animal  and  vegetal- 
sponge,  flannel,  cotton,  straw,  hemp,  saw-dust,  wood 
shavings,  branches  and  leaves,  various  kinds  of  porous 
stone,  sand,  pounded  glass,  zinc  and  iron  filings,  are  a 
few  only  of  the  materials  that  have  been  recommended 
or  used ;  and  the  methods  of  employing  them  are  as 
various  and  as  dissimilar  as  the  substances  themselves. 
The  Editor  considers  the  best  filter  for  home  use  to  be 
that  of  Forster  of  Liverpool,  which  he  employs  in  his 
own  house.  The  water  percolates  a  tine  porous 
stone,  which  removes  all  mechanical  impurities,  and 


imparts  a  freshness  to  the  water,  which  is  not  the  case 
when  sponge,  charcoal,  and  other  substances  are  the 
filtering  media.  It  is,  as  Tomlixson  states,  remark- 
able that  very  few  filters  were  exhibited  in  the  foreign 
department  of  the  Great  Exhibition.  France  sent 
throe  —  two  of  stone  and  one  of  charcoal.  An 
ingenious  form  of  filter  was  exhibited  by  the  Wenham 
Lake  Ice  Company,  which  consisted  of  a  siphon,  the 
extremity  of  the  short  limb  of  which  is  furnished  with 
a  box  containing  the  filter,  so  that  on  inserting  this  into 
a  cistern  or  cask  holding  water,  and  applying  suction 
at  the  extremity  of  the  longer  limb,  a  stream  of  filtered 
water  can  be  obtained,  which  may  bo  arrested  or  drawn 
at  will  by  shutting  or  opening  the  tap,  as  seen  in  the 
figure.  In  the  laboratory,  unsized  paper  is  almost 
exclusively  employed  as  a  filtering  medium.  Other 
substances,  such  as  flannel,  tow,  sand,  pulverized  glass, 
may  occasionally  be  used. 

An  arrangement  is  also  made  for  retaining  the  liquor 
in  the  filter  at  the  same  height,  imtil  the  whole  of 
the  fluid  to  be  percolated  is  expended.  To  insure  this, 
the  menstruum  to  be  passed  through  is  held  in  a  flask 
inverted,  the  neck  of  which,  as  the  reader  will  per- 
ceive by  the  wood-cut,  dips  into  the  liquor  already 
contained  in  the  funnel.  As  the  liquor  descends,  and 
the  neck  of  the  flask  becomes  uncovered,  a  bubble  or 
two  of  air  enters ;  more  liquor  exudes,  until  the  neck 
becomes  again  immersed,  and  all  communication  with 
the  air  is  again  cut  off. 

Vessels  for  Containing  Water. — Lead  and  other 
metals  are  very  useful  to  store  water  in.  The  Editor  is 
very  glad  to  find,  however,  that  the  clean,  inexpensive, 
and  beautiful  material,  slate,  is  coming  into  use  for 
cisterns,  instead  of  lead,  which  is  a  dangerous  metal 
to  have  in  contact  with  a  liquid  of  such  daily  and 
universal  consumption. 

Distilled  Water. — Certain  technical  and  analyti- 
cal purposes  demand  that  the  water  employed  by  the 
operator  or  analyst  be  perfectly  pure.  To  insure  this, 
distillation  is  resorted  to,  by  which  operation  the  foreign 
matters  held  in  suspension  or  solution  are  separated. 
Dr.  Normandy  remarks,  that  the  distillation  should 
be  arrested  when  the  salts  begin  to  precipitate ;  for  if 
the  process  were  continued,  part  of  these  saline  matters 
might  suffer  decomposition,  and  thus  contaminate  the 
distillate.  The  annexed  table  from  Normandy  shows 
the  characteristics  of  pure  water.  It  must  not  become 
turbid,  or  produce  a  precipitate  with  any  of  the  sub- 
joined reagents : — 

Baryta  water — If  a  precipitate  or  opaqueness  appear,  car- 
bonic acid  is  present. 

Chloride  of  barium — Shows  sulphates. 

Nitrate  of  silver — Indicates  chlorides. 

Oxalate  of  ammonia — Evidences  lime  salts. 

Sulphide  of  hydrogen,  solution  made  slightly  acid — Anti- 
mony, arsenic,  tin,  copper,  gold,  platinum,  mercury,  silver, 
lead,  bismuth,  cadmium. 

Sulphide  of  ammonium,  solution  alkalized  by  ammonia- 
Nickel,  cobalt,  manganese,  iron,  zinc,  alumina,  chromium. 

Chloride  of  mercury,  chloride  of  gold,  sulphate  of  zinc — 
Prove  organic  matter. 

Pure  distilled  water,  evaporated  on  a  piece  of  platinum 
foil,  should  leave  no  residue.  As  a  drink  it  is  insipid, 
and  is  not  recommended  except  in  some  cases  of 
calculi. 
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The  following  table,  embracing  the  composition  of  some  principal  river  and  well  waters,  will  prove  interesting 
to  the  reader : — 

GRAINS  IN  THE  IMPERIAL  GALLON. 


Clyde, 
Glasgow. 
Penny. 


Carbonate  of  lime,  

Sulphate  of  lime,  

Chloride  of  calcium,,. 
Carbonate  of  magnesia,. 
Sulphate  of  magnesia, . . 
Chloride  of  magnesium,. 

Sulphate  of  soda,  

Carbonate  of  soda,  

Chloride  of  sodium,  

Sulphate  of  potassa,  

Nitrate  of  potassa,  

Nitrate  of  soda,  

Nitrate  of  magnesia, .... 
Phosphates — earthy, 

Alumina,  

Oxide  of  iron,  , 

Silicic  acid,  

Organic  matter,  


2-52 
•26 


■1-1 


•40 
1-94 


•54 
1-94 


•31 
•28 
trace 
•28 
•89 

7-86 


Leven. 
Penny 


•so 

•52 


•63 
■39 


•73 
•39 


•18 
•32 


•32 
•45 


3-75 


11-609 
1-886 


•189 
trace 


•350 

•659 
•364 

•035 
•175 
1-711 


17-840 


9-511 

1-  030 

•350 

•946 
•140 

2-  660 


•175 
•406 
3-423 


16-247 


4-524 
•238 


•371 

•455 
•224 
•533 


•217 

2-813 


9-585 


3-374 


•238 
1-023 
•336 


•498 
•385 
2-848 


i-437 


5-334 

3-430 

■519 

•119 

•280 
•315 

•333 
1-669 
9-082 


13-397 


•161 


•035 
•357 


•287 
•273 


•147 
•210 
1-114 


16-142 


Arcueil 
Aqueduct, 


12  958 
11-490 


•575 


1-163 
•378 


2-637 
1-410 


3-998 
•371 
2-146 

37-126 


Dijon. 


16  13 


•189 
•147 
•224 


•070 
1-068 

18-283 


Physiological  Effects. — Water  is  an  essential  part  of 
the  blood  and  of  the  living  tissues.  It  is  from  this 
liquid  that  the  tissues  derive  their  properties  of  exten- 
sibility and  flexibility.  It  gives  fluidity  to  the  blood, 
and  enables  the  transportation  of  organic  particles 
from  one  part  of  the  body  to  another  to  be  effected. 
Lastly,  it  contributes  to  most  of  the  transformations 
which  occur  within  the  body.  Considered  dietetically, 
aqueous  drinks  serve  several  important  purposes  in  the 
animal  economy  :  they  repair  the  loss  of  the  watery 
part  of  the  blood,  caused  by  evaporation  and  the  action 
of  the  secreting  and  exhaling  organs,  and  thereby  assist 
the  stomach  in  the  act  of  digestion.  If,  however,  they 
are  swallowed  in  excessive  quantity,  they  may  impede 
digestion  by  diluting  the  gastric  juice.  It  is  not  impro- 
bable that  water  acts  as  a  real  nutritive  agent,  that  is, 
assists  in  the  formation  of  the  solid  parts  of  the  body. 
As  an  agent  for  the  communication  or  abstraction  of 
heat  to  or  from  the  body,  water  has  been  before 
noticed.  Furthermore,  the  influence  of  atmospheric 
humidity  modifies  the  character  of  climates. 

Water  moderately  warm,  and  which  neither  cools 
nor  heats  the  body,  acts  locally  as  an  emollient,  soften- 
ing and  relaxing  the  various  tissues  to  which  it  is 
applied.  When  swallowed,  it  allays  thirst,  becomes 
absorbed,  mixes  with  and  thereby  attenuates  the 
blood,  and  promotes  exhalation  and  secretion,  espe- 
cially of  the  aqueous  fluids.  Administered  in  large 
quantities,  it  excites  vomiting.  The  continued  exces- 
sive employment  of  water  has  an  enfeebling  effect  on 
the  system,  both  by  the  relaxing  influence  on  the  ali- 
mentary canal,  and  by  the  excessive  secretion  which  it 
gives  rise  to.  Injected  into  the  veins  in  moderate 
quantities,  tepid  water  has  no  injurious'  effects ;  it 
quickens  the  pulse  and  respiration,  and  increases  sec- 
retion and  exhalation.  Large  quantities  check  absorp- 
tion, and  cause  difficulty  of  breathing  and  an  apoplectic 


condition.  Thrown  with  force  into  the  carotid  artery, 
it  kills  by  its  mechanical  effects  on  the  brain. 

Besides  the  dietical  and  thermotic  purposes  for 
which  water  is  employed  in  medicine,  it  serves  as  a 
diluent,  humectant,  emollient,  evacuant,  and,  in  phar- 
macy, as  a  solvent.  Water,  or  bland  aqueous  fluids,  are 
employed  in  some  cases  of  poisoning.  They  serve  to 
dilute  the  acrid  and  irritant  poisons,  the  intensity  of  the 
action  of  which  on  the  stomach  they  lower.  Moreover, 
the  presence  of  aqueous  fluids  favors  the  expulsion  of 
substances  by  vomiting.  In  preternatural  dryness  and 
rigidity  of  parts — for  example,  of  mucous  surfaces, 
the  skin,  wounds,  and  ulcers — water  and  mild  aqueous 
fluids  are  useful  moisteners  and  emollients.  The 
copious  use  of  water  augments  the  quantity  of  fluid 
thrown  out  of  the  system  by  the  cutaneous  and  pul- 
monic surfaces,  and  by  the  kidneys.  If  the  object  be 
to  promote  diaphoresis,  external  warmth  should  be 
conjoined  with  the  internal  use  of  diluents ;  whereas, 
when  one  wishes  to  excite  the  renal  vessels,  the  skin 
should  be  kept  cool.  In  inflammatory  affections  of  the 
urinary  passages,  the  free  employment  of  aqueous  fluids 
is  advised,  with  the  view  of  diluting  the  urine,  and 
thereby  of  rendering  it  less  acrid  and  irritating.  What 
is  called  water-dressing  may  be  regarded  as  a  modified 
and  improved  form  of  poultice.  It  consists  in  the 
application  of  two  or  three  layers  of  soft  lint  dipped 
in  water,  and  applied  to  inflamed  parts,  wounds,  and 
ulcers,  the  whole  being  covered  with  oil  silk  or  Indian 
rubber,  which  should  project  beyond  the  margin  of  the 
lint  to  retain  the  moisture,  and  prevent  evaporation. 
Dr.  Macartney  considers  it  to  operate  differently  to 
a  poultice ;  unlike  the  latter,  he  says,  it  prevents  or 
diminishes  the  secretion  of  pus,  checks  the  formation 
of  exuberant  granulations,  and  removes  all  pain. 
Moreover,  the  water  is  not  liable  to  become  sour  like  a 
poultice,  and  does  not  injure  the  sound  part.  Water 


WATEE  Mineral  "Waters.  1095 


is  frequently  employed  in  pharmacy  for  extracting  the 
active  principles  of  various  medicinal  agents. — Pereira. 

Mineral  and  other  Waters.— Glover  justly 
remarks  that  few  subjects  connected  with  medicine 
are  more  interesting  to  the  general  reader  than  that  of 
mineral  waters.  The  circumstances  attending  their 
administration,  the  natural  mode  of  their  production, 
the  scenery  in  which  they  are  often  placed,  and  the 
associations  frequently  surrounding  them,  combine  to 
give  them,  as  remedies,  an  interest  exceeding  that  of 
ordinary  medicinal  agents.  Hygiene  and  medicine, 
in  the  narrow  acceptation  of  the  terms,  join  hand  in 
band  at  the  salubrious  fountain.  Spas  have  been 
exalted,  and  are  still  exalted  by  interested  parties,  as 
panacean  cures  for  all  diseases ;  others  unworthily 
decried ;  source  has  been  pitted  against  source,  and 
pump  against  pump ;  and  battles  fought  between  biassed 
spa-doctors,  which  only  tended  to  raise  doubts  in  the 
opinions  of  thinking  men. 

To  enter  largely  into  the  subject  of  natural  and 
artificial  mineral  waters  would  be  quite  out  of  place 
in  a  book  of  this  description,  and  it  would  be  incom- 
patible with  the  assigned  limits  to  give  more  than  a 
general  insight  into  their  nature,  character,  composition, 
and  manufacture.  The  great  furor  for  saline  and  other 
springs  is  daily  abating ;  a  very  striking  proof  of  this 
being  evidenced  at  Cheltenham,  to  which  thousands 
used  to  rush  yearly  to  partake  of  its  waters,  whereas 
now  it  is  almost  entirely  deserted.  The  same,  no  doubt, 
will  soon  be  the  case  with  other  places,  and  artificial 
will,  in  many  cases,  supply  the  place  of  natural  waters. 
Is  not  more  due  to  the  diet,  change  of  scene  and  air, 
than  to  the  virtues  said  to  be  possessed  by  certain 
springs  ?  What  miraculous  cures  are  stated  to  have 
been  produced  by  the  water  of  Holywell,  Flintshire, 
North  Wales  ;  and  yet  analysis  reveals  nothing  particu- 
lar in  this  spring  to  impart  to  it  medicinal  properties, 
as  illustrated  by  the  annexed  tabulated  results  of  Mr. 
James  Barratt,  pupil  of  the  Editor- 


Temperature,    52° 

Specific  gravity, .  -  1*0015 

Grains. 
Per  imperial  gallon. 

Carbonate  of  iron,  traces 

"         lime,  13-685 

magnesia,   2-688 

"         soda,   1-432 

Chloride  of  calcium,   3-094 

"         potassium,  traces 

11         sodium,   0-821 

Silicic  acid,   2*737 

Sulphate  of  lime   5-202 

"         maguesia,  traces 


Total,   29*659 


Direct  determination  of  fixed  constituents,  30*450 
Free  carbonic  acid,  10*338  grains,  =  21*874  cubic  inches. 

This  famous  spring  is  the  first  in  Great  Britain  ;  it 
never  freezes,  and  scarcely  varies  in  the  quantity  of 
water  it  emits,  drought  or  wet  weather,  flinging  out 
twenty-one  tons  a  minute. 

Pereira  remarks — Mineral  waters  were  known  to 
mankind  in  the  most  remote  periods  of  antiquity,  and 
were  employed  medicinally  both  externally  and  inter- 
nally. Homer  speaks  of  tepid  and  frigid  springs. 
The  j-Esclepiadte,  or  followers  of  .--Esculafius,  accord- 


ing to  Sprengel,  erected  their  temples  in  the  vicinity 
of  mineral  and  thermal  waters.  Hippocrates  mentions 
mineral  waters,  although  he  does  not  prescribe  them 
when  speaking  of  particular  diseases.  Their  medicinal 
properties  are  spoken  of  by  Pliny. 

The  principal  source  of  saline  waters  is  the  rain, 
snow,  hail,  dew,  percolating  a  certain  portion  of  the  soil, 
and  dissolving  various  matters  in  their  passage,  so  as 
to  reappear  on  the  surface  at  the  bottom  of  declivities 
as  spring-water ;  or  when  procured  by  sinking  pits 
or  wells  — ■  well- water.  But  springs  are  sometimes 
observed,  continues  Pereira,  under  circumstances 
which  are  inconsistent  with  the  supposition  of  their 
atmospheric  origin.  The  boiling  springs,  says  Gaird- 
ner,  which  emerge  on  the  verge  of  perpetual  snows 
at  an  altitude  of  thirteen  thousand  feet  above  the  level 
of  the  sea,  as  in  the  Himalayas,  cannot  be  derived  from 
the  air. 

Mineral  waters,  of  course,  procure  their  particular 
and  distinctive  properties  or  qualities  from  the  strata 
through  which  they  flow.  Those  of  the  primitive  for- 
mation are  almost  all  thermal,  generally  possessing  a 
high  temperature,  while  those  of  the  older  secondary 
formations  are  generally  cooler.  The  hot  or  thermal 
waters  are  those  possessing  a  degree  of  heat  more  or 
less  raised  above  the  mean  of  the  latitude  or  eleva- 
tion at  which  they  are  found,  and  the  changes  of 
which,  if  any,  observe  no  regular  periods  coincident 
with  the  revolutions  of  the  seasons.  Three  causes, 
says  Pereira,  have  been  assigned  as  the  source  of  the 
temperature  of  mineral  waters,  namely,  volcanic  action, 
now  in  existence  ;  volcanic,  now  extinguished,  hut  the 
effects  of  which  still  remain ;  and  a  central  cause  of 
heat,  which  increases  in  descending  from  the  surface 
to  the  interior  of  the  earth.  The  Geysers,  or  boiling 
springs  of  Iceland,  are  evidently  the  result  of  volcanic 
action. 

Pereira  proceeds — The  origin  of  the  saline  and 
other  constituents  of  mineral  waters  is  another  inter- 
esting topic  of  inquiry  connected  with  the  natural 
history  of  mineral  springs.  As  water,  in  its  passage 
through  the  different  strata  of  the  globe,  must  come  in 
contact  with  various  substances  which  are  soluble  in 
it,  one  refers  certain  constituents  of  mineral  waters  to 
solution  and  lixiviation  merely,  as  chloride  of  sodium, 
carbonates  of  lime  and  magnesia,  oxides  and  bromides 
of  sodium  and  magnesia,  iron,  silicic  acid,  et  cetera. 
Chemical  action  must,  in  some  oases,  be  the  source  of 
other  constituents.  Sulphide  of  hydrogen  is  most  likely 
the  result  of  the  action  of  water  on  some  metallic  sul- 
phide, especially  iron  pyrites ;  sulphurous  or  sulphuric 
acid  from  the  oxidation  and  combustion  of  sulphur, 
free  or  combined.  In  acidulous  or  carbonated  waters 
the  carbonic  acid  probably  arises  from  the  decomposi- 
tion of  chalk  either  by  heat  or  sulphuric  acid.  The 
disintegration  of  chlorides  of  sodium  or  ammonium 
would  eliminate  hydrochloric  acid,  while  carbonate  of 
soda,  found  so  largely  in  the  native  lakes  of  Egypt, 
might,  as  Berthollet  supposes,  be  proved  by  the 
action  of  chloride  of  sodium  or  carbonate  of  lime;  thus — 

Na  CI       +  CnO  C02  =  NaO  C02  +    Ca  CI 

Chlorido  of  sodium.         Carbonate  Carbonate  Chloride  of 

of  lime.  of  soda.  calcium. 
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Gairdner  states  that  the  different  orifices  of  the 
Karlsbad  Sprudel  discharge  annually  about  thirteen 
thousand  tons  of  carbonate  of  soda  and  twenty  thousand 
tons  of  sulphate  of  soda,  in  a  crystallized  state ;  and 
further  adds,  that  a  very  simple  calculation  is  sufficient 
to  prove  that  the  Donnersberg  alone,  the  highest  of  the 
Bohemian  Mittelgebirge,  a  cone  of  clinkstone  two 
thousand  five  hundred  feet  in  elevation,  eviscerates 
soda  sufficient  to  supply  the  Karlsbad  waters  for  more 
than  thirty  thousand  years. 

The  Editor  agrees  with  Peeeiea  that  the  best 
classification  to  adopt  is  that  of  grouping  mineral 
waters  into  four  classes,  videlicet,  chalybeate,  sulphu- 
rous, acidulous,  and  saline. 

Chalybeate  oe  Ferruginous  Waters. — These 
terms  are  applicable  to  those  waters,  the  active  principle 
of  which  is  iron  in  considerable  quantity.  These 
waters  possess  a  styptic  taste,  and  when  they  contain 
the  protoxide  of  the  metal,  yield,  with  ferrocyanide  of 
potassium,  a  white  or  bluish-white  precipitate ;  and  if 
the  sesquioxide  be  present,  they  give  a  blue  precipitate 
with  ferrocyanide  of  potassium,  and  become  red  with 


the  alkaline  sulphocyanide.  The  carbonated  chaly- 
beates  are  of  two  kinds,  those  containing  the  carbonate 
of  iron,  associated  with  much  carbonic  acid,  which 
renders  them  acidulous  and  effervescent.  The  Pyrmont, 
Trinkquelle  or  drinking  spring,  Schwalbach  Spa,  and 
Pouhon,  are  of  this  nature. 

The  noneffervescent  ones  are  Oddy's  saline  chaly- 
beate at  Harrowgate,  the  Islington  Spa  near  London, 
and  the  waters  of  Tunbridge  W ells.  These  are  also 
sulphated  chalybeates,  but  they  are  not  of  so  much 
importance. 

Sulphurous  or  Hepatic  Waters.  — The  most 
celebrated  of  these  waters  are— in  England,  those  of 
Harrowgate,  the  appended  analyses  by  Dr.  A.  W.  Hoff- 
mann being  given ;  Scotland — Moffat  and  Rothesay ;  of 
the  Continent — Enghien,  Bareges,  Aix,  near  Geneva, 
Aix-la-Chapelle,  and  Baden.  They  have  the  disagree- 
able smell  of  rotten  eggs,  and  give,  with  salts  of  lead, 
bismuth,  copper,  et  cetera,  black  precipitates. 

Subjoined  are  analyses  by  Dr.  Hoffmann  of  several 
of  the  most  important  saline  chalybeates  at  Harrow- 
gate  : — 


GRAINS  OF  SALINE  CONSTITUENTS  IN  THE  GALLON  OF  WATER. 

Old  Montpellier  Montpellier  3To3pi(al 

sulphur  strong  mild  strong 

well  sulphur  well.  sulphur  well.  sulphur  spring. 

Temperature                           48-2°    46-4°  ....  42-8°    41-9° 

Specific  gravity,                     1-01113  ....  1-01045  ....  1-003L4  ....  1-00515 

Ammonia,  . . ,                         trace    trace    trace    trace 

Bromide  of  sodium,                  trace    —    trace    trace 

Carbonate  of  iron,                   trace    trace    trace    1-000  .. 

lime,                    12-365  . . .  24-182    20-457    25-500  . 

magnesia,               —    _    3-251    5-797  .. 

manganese            trace    trace    trace    trace 

**          potassa,   — -  ....  —         

u          soda,                     —  ....  — :      <t> 

Chloride  of  calcium,                  81-735  ....  61-910    ....    .. 

"        magnesium,             55-693    54-667  17-140  ....  11-595 

"        potassium                 64-701    5-750    3-975  ....  10-751  . 

"        sodium,                 866-180  ....  803-093  ....  232-413  ....  S69-014  .. 

J!luonde  of  calcium,                  trace    trace    trace    trace 

Iodide  of  sodium,                      trace        trace  ..  trace 

Organic  matter,                        trace    trace  trace  1-327 

Silica,  :.     0-246  ....  1-840  ....  0-165  ....  0-535  .. 

Sulphate  of  lime,                        0-182  ....  0-594    12-104  51-660 

Sulphide  of  sodium,                  15-479  ....  14-414  ....  3-398  ....  7-155 

Total,  1096-581  ....  966  450  ....  292-903  ....  484-454  .. 


Hospital 
mild 
sulphur  spring. 

44-6° 
.  1-0026 


trace 
trace 
trace 
19-794 

trace 


0-  336 
24-970 

220-630 

trace 
trace 

1-  49 
1-215 
0-301 

279-046 


Starbep.k 
sulphur 
spa. 

48-2° 
1-0018 

trace 
trace 
trace 
6-960 

trace 
12-207 
5-133 


.  121-798 
faint  trace 
trace 
1-740 
1-753 

0-  870 

1-  711 


157-562 


GASES  DISSOLVED  Br  THE  WATERS  AND  EXPELLED  BY  EBULLITION  IN  VACUO. 

Composition  in  one  hundred  volumes. 


Old 
sulphur 
■wen. 

Carbonic  acid,   61-06 

Carbide  of  hydrogen,   16-17 

Nitrogen, . . .'   8-08 

Oxygen,   _ 

Sulphide  of  hydrogen,   14-69 

Total,   100-00 


Montpellier 

strong 
sulphur  w 


ell. 


70-62 
2-71 

24-21 
2-46 


100-00 


Montpellier 

mild 
sulphur  well. 

62-50 
3-99 
.  33-51 


100-00 


Hospital 
strong 
sulphur  spring. 

31-79 

0-  52 
. .  65-88 

1-  81 


100-00 


Hospittil 
mild 
sulph 


spring. 

44-07 
22-80 
25-31 
7-82 


100-00 


Starbeck 
sulphur 
spa. 

49-78 
27-71 
22-51 

trace 

100-00 


CUBIC  INCHES  OF  THE  GASES  IN  THE  GALLON  OF  WATER. 

Old  Montpellier  Montpellier  Hospital 

sulphur  strong  mild  strong 

-well.  sulphur  well.  ■utphlir  well.  Bulphur  spring. 

Carbonic  acid   22-03  ....     14-01  ....     14-28  ....  9-54 

Carbide  of  hydrogen,   5-84  ....       0-53  ....       0-90  ....  0-15 

Nitrogen   2-91  ....       4-82  ....       7-67  ....  19-78 

Oxygen,   _  0.4g  _  _ 

Sulphide  of  hydrogen,   5-31    _  ....       _  0-54 

Total>   30-09  ....      19-84  ....     22-85  ....  30-01 


Hospital 
mild 
sulphur  spring. 

.  10-20 
5-28 
5-87 
1-81 


23-16 


Starbeck 
sulphur 
spa, 

9-2G 
5-15 
4-21 

trace 

18-62 


WATER  Carbonated,  Salt,  and  Calcareous. 
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COMrOSITION  OF  THE  GASES,  IN  ONE  HUNDRED  VOLUMES,  RISING  FROM  THE  WATER  IN  BUBBLES. 

Old  Hot-pittil 

sulphur  strong 

well  sulphur  sprluf*. 

Carbonic  acid,                                             3-28    0-09 

Carbide  of  hydrogen,                                      40*00    — 

Nitrogen                                                  56-72    99-91 

Oxygen,                                                    —    — 

Sulphide  of  hydrogen,                                 trace    trace 


Total,  

The  sulphide  of  hydrogen  exists  in  the  above  waters, 
partly  free  and  partly  combined.  Only  a  portion  can 
he  expelled  by  ebullition.  The  amount  of  the  sulphide 
of  hydrogen  in  the  waters  varies,  which  may  be  partly- 
due  to  influences  affecting  the  strata  through  which  the 
waters  ascend ;  to  a  great  extent,  however,  they  must 
be  ascribed  to  the  action  of  the  air. 

The  general  operation  of  these  waters,  says  Pereira, 
is  stimulant.  They  are  adapted  for  chronic  complaints, 
and  are  supposed  to  possess  a  specific  power  over  the 
cutaneous  and  uterine  systems,  and  are  said  to  be 
beneficial  in  chronic  rheumatism  and  gout.  As  pre- 
viously remarked,  would  not  an  iron  salt,  judiciously 
administered,  act  just  as  well  in  the  above-mentioned 
diseases? 

Acidulous  or  Carbonated  Waters.-— The  name 
here  implies  waters  charged  with  carbonic  acid.  Most 
waters  contain  a  few  cubic  inches  of  carbonic  acid  in 
the  gallon,  but  the  acidulous  will  eviscerate  from  thirty 
to  two  hundred  cubic  inches.  It  is  stated  by  Alibert 
that  the  waters  of  Saint  Nectaire  hold  four  hundred 
cubic  inches  in  one  hundred  of  the  water. 

Carbonate  or  bicarbonate  is  contained  in  waters  of 
this  kind,  and,  when  this  is  the  case  they  are  called 
acidulo-alkaline.  The  Selters,  Altwassor,  Saltzsbrunn, 
Reinerz,  and  Pyrmont  acidulous  waters  are  of  this 
description.  Protocarbonate  of  iron  is  sometimes 
present  in  them,  classifying  them  under  acidulous 
carbonated  chalybeates.  The  spring  at  Ilkeston,  near 
Nottingham,  is  the  only  water  of  the  above  class  in 
Great  Britain. 

Acidulous  waters  are  cooling,  refreshing,  and  exhili- 
rating,  and  oftentimes  relieve  nausea.  The  acidulo- 
alkaline  waters  are  useful  in  the  lithic  acid  diathesis,  in 
gout  and  rheumatism,  et  cetera. 

Saline  Waters,  according  to  Pereira,  may  be 
divided  into  five  kinds  : — 

Purging  Saline  Waters—  Sulphates  of  soda  or  mag- 
nesia are  the  active  ingredients  of  these  waters  :  some 
owe  their  efficacy  to  sulphate  of  magnesia,  others  to 
sulphate  of  soda. 

Bitter  Purging  Waters,  Bitter  Waters,  Bitter-Salt 
Waters. — Sulphate  of  magnesia  predominates  in  these 
waters.  Epsom  and  Scarborough  in  England,  and 
Seidlitz,  Saidchiitz,  and  Piillna  on  the  Continent,  are 
of  this  kind.  Some  thermal  springs,  as  those  of 
Acqua  del  Pozzeto,  near  Pisa,  contain  sulphate  of 
magnesia. 

Glauber  Salt  Waters.  —  Some  writers  give  this 
name  to  those  waters  holding  sulphate  of  soda  in  solu- 
tion. Some  of  these  are  warm,  and  on  this  account 
are  called  the  warm  alkaline  glauber  salt  waters. 
To  this  division  belong  the  famous  springs  of  Carlsbad, 
VOL.  II. 
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now  so  much  resorted  to  for  good — or  evil !  Further 
on  analyses  are  given  of  the  Carlsbad  water,  and 
of  several  others  of  the  leading  and  well-known  Con- 
tinental springs.  Some  of  this  class  of  waters  are 
devoid  of  alkaline  properties,  but  contain,  besides  sul- 
phate of  soda,  various  earthy  and  alkaline  salts.  They 
are  the  earthy  glauber  salt  waters.  To  this  division 
belong  the  deserted  springs  of  Cheltenham,  and  those 
of  Leamington  and  Spital. 

In  large  doses  the  waters  of  this  kind  are  mild 
cathartics.  Pereira  says  they  are  useful  in  diseased 
liver,  dropsical  diseases,  et  cetera. 

Salt  or  Brine  Waters. — The  characteristic  ingredient 
of  those  springs  is  chloride  of  sodium.  Iodine  or 
bromine,  or  both,  have  been  found  in  some  of  them, 
and  these  most  likely  add  to  their  medicinal  effects. 
The  small  quantity  of  iodine  recently  found  in  the 
water  of  St.  Ann's  Well  at  Great  Malvern,  Worcester- 
shire, by  the  Editor,  is  doubtless  the  active  ingredient 
in  that  water. 

The  Kreuznach  and  Salzhausen  springs  in  Germany 
are  among  the  brine  springs,  and  in  England  the. 
principal  ones  are  at  Middlewich  and  Nantwich  in 
Cheshire,  Shirleywich  in  Staffordshire,  and  Droitwich 
in  Worcestershire. 

Taken  in  large  quantities,  saline  or  brine  springs  are 
emetic  and  purgative.  They  have  been  principally 
celebrated  in  glandular  swellings.  The  water  of 
Baden  Baden  contains  a  large  quantity  of  chloride  of 
sodium. 

Analysis  of  the  water  of  Baden  Baden  by  the 
Editor :— 

Imperial  gallon. 
Grains, 

Alumina   trace 

Carbonate  of  iron,   1-356 

"        lime,   14-184 

Chloride  of  calcium,   11  -040 

"       potassium,   13*720 

"      sodium,  132-644 

Organic  matter,   trace 

Phosphate  of  lime,   trace 

Silicic  acid   2-947 

Sulphate  of  magnesia,   5-236 

181-127 

Specific  gravity   1-00284 

Carbonic  acid   4  5  cubic  inches. 

Sulphide  of  hydrogen   trace. 

Calcareous  Waters. — Those  saline  mineral  waters, 
the  leading  constituent  of  which  is  either  the  sulphate 
or  carbonate  of  lime,  belong  to  this  order. 

The  Buxton,  Bath,  and  Bristol  thermal  waters,  como 
under  the  same  category.    Annexed  is  an  analysis  of 
the  Buxton  water  just  completed  by  the  Editor;  it  differs 
materially  from  the  one  made  by  his  friend  Playfair 
|  some  time  ago,  except  in  the  amount  of  gases : — 

6z 


1098 


WATER  Calcareous— Alkaline. 


drains  in  the 
imperial  gallon, 

Carbonate  of  lime,   8-541 

Carbonate  of  magnesia,   3-741 

Carbonate  of  protoxide  of  iron   0-082 

Sulphate  of  lime,   0-330 

Chloride  of  calcium,   1-227 

Chloride  of  magnesium,   0-463 

Chloride  of  sodium,   2-405 

Chloride  of  potassium,   0-260 

Silica,   1-044 

Nitric  acid,   trace 

Organic  matter,   0-341 

Fluoride  of  calcium,   >  f 

Phosphate  of  lime,   j- trace 

Total  per  gallon,   18-434 

Free  carbonic  acid,   3-5  cubic  inches. 

Nitrogen,   504  " 

Calcareous  waters  are  stimulant,  alterative,  and  con- 
stipatory.  Externally  they  are  said  to  be  beneficial  in 
the  cure  of  rheumatism,  gout,  chlorosis,  chronic  skin 
diseases,  et  cetera. 

The  quantity  of  nitrogen  gas  accompanying  this 
water  has  been  previously  alluded  to.  Dr.  Robertson, 
in  treating  of  the  physical  characters  of  the  Buxton 
waters,  ascribes  their  brilliancy  when  drawn  to  the 
quantity  of  gas  held  in  solution.  Of  course,  this  must 
be  fallacious,  for  very  little  gas  is  held  in  solution  or 
dissolved.  As  Glover  remarks,  what  occurs  in  the 
baths,  where  a  quantity  of  the  nitrogen  has  been  forced 
along  by  the  current  of  water,  three  hundred  gallons 
per  minute,  furnishes  no  indication  of  the  amount  of 
gas  in  solution.  The  great  use  of  the  Buxton  water 
is,  of  course,  externally,  but  upon  what  its  effects 
mainly  depend  still  remains  unexplained. 

Mr.  J.  Armitage  Pearson,  the  eminent  consulting 
surgeon  of  Buxton,  has  informed  the  Editor  that  he 
does  not  look  upon  the  nitrogen  in  any  water  to  be  an 
effective  element;  and  although  one  sees  the  gas  con- 
stantly gurgling  forth  in  strong  streams,  still  Mr. 
Pearson  agrees  with  the  Editor,  that  being  an  insoluble 
gas,  it  is  not  absorbed  into  the  system;  and  even 
supposing  that  it  could  be  absorbed,  it  could  not  exert 
any  beneficial  result.  All  water  is  a  diuretic,  more  or 
less.  Mr.  Pearson  places  very  little  value  on  the 
Buxton  waters  per  se  ;  but  administered  with  a  certain 
and  most  valuable  medicine — an  alkaloid — which  he 
has  prescribed,  he  has  effected  several  wonderful  cures. 
The  lime  salts  in  the  water  no  doubt  exert  a  beneficial 
influence. 

To  divert  the  reader's  attention  a  little,  the  following 
anecdote  with  regard  to  how  waters  of  one  kind  or 
another  become  celebrated,  is  given  by  the  writer  of 
Babbles  from  the  Brunnens  of  Nassau,  with  regard  to 
the  discovery  of  the  far-famed  waters  of  Sclangenbad. 
It  is  characteristic  of  the  supposed  origin  of  many  similar 
watering-places,  and  as  such  it  may  amuse,  if  it  does 
not  much  edify,  the  reader :— In  the  history  of  the 
little  Duchy  of  Nassau,  says  that  graceful  writer,  the 
discovery  of  the  spring  forms  a  story  full  of  innocence 
and  simplicity.  Once  upon  a  time,  there  was  a  heifer 
with  which  everything  in  nature  seemed  to  disagree. 
The  more  she  ate,  the  thinner  she  got.  The  more  her 
mother  licked  it,  the  thicker  and  more  staring  was  her 
coat.  Not  a  fly  in  the  forest  would  bite  her.  Never 
was  she  seen  to  chew  the  cud ;  but,  hide-bound  and 


melancholy,  her  hips  seemed  to  be  actually  protruding 
through  her  skin.  What  was  the  matter  with  her  no 
one  knew  ;  what  could  cure  her,  no  one  could  divine ; 
in  short,  neglected  by  her  master  and  her  species,  she 
was,  as  the  faculty  would  term  it,  given  over.  In  a 
few  weeks,  however,  she  suddenly  reappeared  among 
the  herd  with  ribs  covered  with  fat,  eyes  like  a  deer, 
skin  as  sleek  as  a  mole,  breath  smelling  sweetly  of 
milk,  saliva  hanging  in  ringlets  from  her  jaw.  Every 
day  seemed  to  re-establish  her  health,  and  the  pheno- 
menon was  so  striking,  that  the  herdsman,  having 
watched  her,  discovered  that  regularly  every  morning 
she  wound  her  way  in  secret  into  the  forest,  until  she 
reached  an  unknown  spring  of  water,  from  which, 
having  refreshed  herself,  she  quietly  returned  into  the 
valley.  A  young  Nassau  lady  showed  symptoms 
similar  to  those  of  the  heifer,  and  the  herdsman  recom- 
mended the  water,  which  cured  her ! 

Glover  says  justly  in  his  very  readable  work  on 
mineral  waters,  that  there  is  a  certain  mystery  con- 
nected with  the  origin  and  mode  of  operation  of  some 
of  them,  which  no  doubt  with  many  is  attractive,  just 
as  in  the  extraordinary  doctrines  of  Hahnemann  and 
others.  Many  of  these  waters,  and  especially  the 
thermal  ones — Buxton,  et  cetera — produce  effects  in 
general  estimation  far  beyond  what  can  be  accounted 
for,  either  by  their  chemical  composition  and  the  power 
of  their  known  ingredients,  or  by  their  temperature  as 
shown  by  the  thermometer,  in  comparison  with  those 
of  ordinary  water  baths. 

Alkaline  Waters. — Carbonate  and  bicarbonate  of 
soda  are  the  characteristic  ingredients  in  such  mineral 
waters.  The  thermal  springs  of  Teplitz  and  Ems 
come  under  this  class,  also  the  Vichy  waters,  which 
have  long  been  noted  for  the  cure  of  stone  and  gravel ; 
but  of  late  years  they  have  been  the  subject  of  discus- 
sion among  French  physicians  as  to  their  efficacy  in 
these  disorders. 

Among  the  mineral  waters  in  this  country  which 
contain  carbonate  of  soda  are  those  of  Ilkeston  in 
Derbyshire,  near  Nottingham,  and  Malvern  in  AVorces- 
tershire,  an  analysis  of  the  latter  being  appended. 
These  waters  have  only  recently  been  minutely  ana- 
lyzed in  the  Editor's  laboratory  : — 

St  Ann's  Well,         Holy  Well, 
Great  Malvern.      Malvem  Wells. 
Editor,  Barratt. 
In  the  imperial  gallon. 

Alumina,   —  . .  traces 

Carbonate  of  iron   0-0331  . .  0-22470 

"         lime,   0-4310  ..  1-02480 

"         magnesia,..  0-4111  ..  1-48400 

"         soda   0-2844  ..  0-93310 

Chloride  of  magnesium, . .  0-1448  ..  — 

"       sodium,    0-8768  ..  0-94570 

Iodide  of  potassium,          0-00021  ..  — 

"     sodium,   —  0-00029 

Silicic  acid,   0-2057  ..  0-19250 

Sulphate  of  lime,  ...1-1521  ..  1-65690 

,  «;        soda,   0-4382  ..  0-09360 

Organic  matter,   — ■  . .  traces 

3-9772  . .  6-55859 

Specific  gravity   1-0013  ..  1-0012 

Carbonic  acid  in  cubic  ")-,„„„  „  „„„ 

inches  ]"  1-iJW  "  b'722 

Temperature   48°  ..  46° 

The  above  waters  issue  from  the  rock  at  the  rate  of 
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about  three  gallons  a  minute,  and  they  have  been 
renowned  as  highly  advantageous  as  an  external  appli- 
cation to  indurated  scrofulous  tumors,  ulcers,  and  many 
eruptive  diseases,  owing  to  the  trace  of  iodine,  as  well 
as  efficacious  and  beneficial  when  taken  internally,  for 
acidity,  dyspepsia,  et  cetera — if  so,  why  not  take  the 
active  ingredient  per  se  at  home? 
Dr.  Booker  thus  apostrophizes  the  Holy  Well — 

Ever  could  I  stray 
Beside  thy  stream  thou  purest  spring  that  flows ; 
Climb  each  bold  eminence,  and  daily  find 
Some  object  new  for  wonder — ever  gaze 
On  the  wide  scene  around  me,  and  regale, 
When  thirst  demands,  or  pleasing  taste  invites, 
At  thy  clear  rill  that  sparkles  at  my  foot, 
And  think  it  luxury. 


Chemically  it  is  not  the  purest  spring  that  flows, 
that  of  St.  Ann  being  much  purer.  Poetically,  how- 
ever, it  may  be. 

Silicious  Waters. — Most  mineral  waters  contain 
traces  of -silicic  acid,  but  some  hold  it  in  such  quantity 
that  the  term  silicious  is  applied  to  them.  In  the 
boiling  springs  of  Geyser  and  Reikum  in  Iceland  it 
amounts  to  nearly  the  half  of  the  solid  constituents. 
The  action  of  such  water — of  course  the  silica  is 
united  to  an  alkali — will  be  similar  to  those  of  the 
soda  or  potassa  waters.  Annexed  are  analyses  of 
several  of  the  most  important  mineral  waters  on  the 
Continent: — 


Carbonate  of  baryta.  

"  iron,  

"  lithia  

"  Ume,  

"  manganese, 
"  magnesia,.. 

"  soda,  

"        strontia, ... 

Sulphate  of  lime,  

"  lithia,  

"       magnesia, . . . 

"  potassa,  

M  soda,  

"  strontia,  

Phosphate  of  alumina,... . 

"  lime,  

"  soda,  

Chloride  of  ammonium,. , 
"  calcium,. . . . 
"  lithium,  . ... 
"  magnesium,. 
"        potassium,. . 

"  sodium,  

Iodide  of  magnesium, . . . 

"  sodium,  

Bromide  of  magnesium... 


Alumina, . 
Silicic  acif 
Glairine,  . 


sodium,-. 


Sprudel 

Ems. 

Bolters. 

Gn  stein. 

Teplitz, 

Wildbad. 

Carl  t.  bad. 

Kosaelbrunnen 

Biuplquuilo, 

Temp.  1C5° 

Temp  116° 

Temp.  00  5° 

Temp.  0fi° 

Temp.  1  9° 

Temp.  GO 

p.  (jr.  J'U04!  7- 

8p.  gr.  ] -01)34. 

sp.  gr.  1  0J38. 

Bp.  gr. 

Bp,  gr,  l'COOflfi, 

ep.  gr. 

0-03  . 

0-27 

. .  0-26 

'.  1-54 

'. !  0-22 

0-37  ". 

'.  0-20 

23'70 

11*40 

J.O  VI 

3-97 

..    1-82  . 

.  .      d  -O 

.  0-013 

'. '.  0-03 

. .  trace 

. .    0-80  . 

.  13-69 

.     7-88  . 

'.  15-95 

. .  0-35 

. .    0-53  . 

.  0-70 

96-95 

.  107-50  . 

.  58-55 

, .  6-90 

..  26-84 

.  5-30 

.     0  07 

.     0-10  . 

trace 

. .  trace 

. .    0-19  . 

.' .'  5-40 

!  0-55 

.'.  4-34  . 

.'  0-20 

.  198-69 

.'  2-48 

. .  14-95 

.  4-00 

0-02 

-i     0-018  . 

0-22  .' 

.  0-01 

trace 

'.  2-81 

. .  trace  . 

'.     0-45  .' 

3-58  '. 

1-04  '. 

79-75 

.    76-34  . 

162-85  . 

!  3-40 

. .    4-33  . 

.  18-20 

C-56  '. 

0-24  '. 

!  0-019 

.  .     1-30  '. 

'.  0-50 

5-77  . 

'.     414  '.. 

2-89  '. 

.  2-02 

312  '. 

'.  3-90 

.  trace 

. .    0-90  . 

419-22 

213-567 

269-32 

25-96 

49-61 

35-90 

Temp.  62° 
Bp.  gr. 


6-80 


Kreuznnch  „ 

KarMmUcr-  -.Pyrraont 
bruntu-n  Trink  quelle 
Temp.  Temp,  57° 

sp.  gr.  l'UOii.   Bp.  gr. 


35-50 
trace 
25-00 
8-20 
trace 
25-00 


1-70 

0-50 


68-50 
9-10 
620-50 
trace 

7-00 


1-80 
22-50 
5-30 


3-  64 

6-13 
6-54 

4-  73 


25-61 
0-56 
6-79 
4-07 
596-05 

0-44 
66-02 


.  4-32 
.  0-31 
.  14-72 

760-53 


4-90 

59-88 
0-48 
3-23 


72-21 
0-09 

26-97 
0-42 

21-45 
0-20 
0-14 


11-26 


4-96 


206-19 


Sea  Water — Aqua  Marina. — The  waters  of  the 
ocean  and  inland  seas  are  comprised  under  this  head. 
It  is  rather  a  remarkable  fact  that  the  Dead  Sea  differs 
greatly  in  its  constitution  from  sea-water,  and  might, 
as  stated  by  Pekeira,  to  whose  excellent  work  the 
Editor  is  indebted  for  most  of  the  preceding  valuable 
information,  be  ranked  amongst  mineral  waters. 

According  to  the  analysis  of  Marcet,  the  water  of 
the  Dead  Sea  contains  24'6  per  cent,  of  fixed  matter, 
and  possesses  an.  extraordinary  density,  1-211 — 

Centeslmnlly 
reprvMntecU 

Chloride  of  sodium,   10-360 

"       calcium,   3-920 

"       magnesium   10-246 

Sulphate  of  lime,   0-054 

Water,   75-420 

100-000 

The  amount  of  saline  matters  varies  considerably  in 


different  seas,  as  instanced  by  the  following  results  from 
Pfaff.  The  solid  constituents  are  in  ten  thousand 
parts  of  the  water  of  each  : — 

Mediterranean   410 

English  channel   380 

f  At  the  Island  of  Fiihr   340 

German  oceanj  Tn'tJi'e  Frith  of  Fortht™?f 312 
t.At  Kitzebuttel   312 

At  Apenrade  in  Sleswick   216 

At  Kiel  ill  Holstein   200 

At  Doberau  in  Meckleuherg. . ..  168 

At  Travenmunde   167 

At  Zoppot  in  Mecklenberg   76 

.At  Carlsham   06 


Baltic  Sea. 


To  assume  that  the  average  quantity  of  solid  matter 
is  three  and  a  half  per  cent.,  and  the  density  about 
1-0274  will  be  very  near  the  mark. 

Annexed  are  the  analyses  of  Schweitzer  and 
Laurens,  of  two  samples  of  sea- water  : — ■ 
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WATER  Artificial  and  Aerated. 


English  Channel,  Mediterranean. 
Schweitzer.  Laureua 

Chloride  of  sodium   27-05948  ..  27-22 

Chloride  of  potassium   0-76552  ..  0-01 

Chloride  of  magnesium   3-6GG58  6*14 

Bromide  of  magnesium   0-02919  ..  — 

Sulphate  of  magnesia   2-29578  ..  7-02 

Sulphate  of  lime   1-400(52  ..  0-15 

Carbonate  of  lime   0-03301  \  0  20 

Carbonate  of  magnesia   —  j" 

Water   964-74372  ..  959-26 

1000-00000  1000-00 

Schweitzer  also  detected  iodine  and  ammonia,  and 
Balard  found  iodine  in  the  Mediterranean ;  and  no 
doubt  it  contains  bromine  and  other  constituents.  In 
fact  Malaguti  detected  silver  in  sea-water. 

To  render  such  water  fit  for  drinking,  it  is  evident 
that  the  greater  part  of  these  saline  constituents  must 
be  removed  ;  and,  as  Tomlinson  remarks,  it  has  long 
been  a  desideratum  to  enable  ships'  crews  to  employ 
sea-water  for  different  culinary  purposes,  with  the  view 
of  removing  the  necessity  of  carrying  large  supplies  of 
fresh  water.  Almost  innumerable  are  the  contrivances 
invented  to  meet  this  end,  and,  according  to  the  above- 
cited  authority,  the  most  effective  is  Grant's,  by  which 
the  cooking  of  victuals  and  the  purifying  of  water  are 
carried  on  synchronously.  The  apparatus  is  called 
the  distilling  and  evoking  galley.  The  galley  contains 
the  fires  and  vessels  necessary  for  cooking.  During  the 
time  when  the  fires  are  ignited,  a  portion  of  the  heat  is 
applied  to  the  external  part  of  vessels  containing  sea- 
water;  the  water  boils,  and  steam  distils  over,  leaving, 
of  course,  the  salts  in  the  still.  The  steam  condenses 
in  a  worm,  and  is  nearly  pure  water,  which,  of  course, 
is  vapid ;  but  the  taste  may  be  improved  by  access 
to  open  air  and  agitation.  Where  steam-power  is 
used,  Grant's  apparatus  affords  a  ready  and  effective 
means  of  separating  fresh-water  from  salt.  PereibA 
says  that  Clark's  patent  improved  pyrohydropneu- 
matic  apparatus  for  easily  converting  sea-water  into 
fresh  is  a  convenient  form  of  still  adapted  for  sea 
service.  Congelation  separates  fresh  from  sea-water. 
In  freezing  the  pure  water  only  congeals,  not  the  saline 
ingredients ;  hence  the  ice  of  the  polar  seas  yields 
fiesh  water. 

Physiological  Effects  and  Uses. — Sea-water  taken 
into  the  stomach  excites  thirst,  nauseates,  and  in  large 
doses  occasions  vomiting  and  purging.  The  repeated 
use  of  it  in  moderate  doses  has  been  found  of  service 
on  account  of  its  alterative  and  resolvent  operation  in 
scrofulous  affections,  especially  glandular  enlargements 
and  mesenteric  diseases.  Its  topical  action  is  more 
stimulant  than  ordinary  water.  It  is  used  as  an 
embrocation  in  chronic  diseases  of  the  joints.  Baths 
of  it  are  not  so  exhausting  as  those  of  common  water. 
It  is  a  popular  opinion,  perhaps  well  founded,  that 
patients  are  less  likely  to  catch  cold  after  the  use  of 
salt  than  of  fresh  water. — Pereira. 

Artificial  and  Aerated  Waters. — About  forty 
years  ago,  when  the  fabrication  of  mineral  and  spa  waters 
commenced,  a  very  violent  opposition  arose  with  regard 
to  them,  especially  from  the  members  of  the  faculty. 
They  were  said  to  be  devoid  of  all  the  good  qualities 
of  the  natural  ones — to  be  minus  a  certain  conditio  sine 
qua  non,  in  the  shape  of  a  spiritus  rectus,  or  vital  force, 


which  imparted  the  medicinal  qualities.  The  Editor  has 
lived  to  see  such  statements  reversed.  Chemistry,  the 
great  revealer  of  hidden  treasures,  has  demonstrated  to  a 
certainty  what  the  constituents  of  the  natural  waters 
are;  and  thus  one  is  now  enabled  to  produce  artificial 
waters  quite  equal,  if  not  superior  to  the  natural  ones. 
At  the  Brighton  pump-room  many  artificial  waters  are 
prepared  imitative  of  those  of  Carlsbad,  Pyrmont, 
Vichy,  Kreuznach,  Ems,  Seltzer,  and  many  others, 
too  numerous  to  detail.  Messrs.  Ellis  of  Ruthin 
prepare  a  beautiful  imitation  of  the  Seltzer  water  which, 
on  being  analysed  by  the  Editor,  yielded  exactly  the 
same  constituents  as  the  far-famed  Bohemian  spring- 
The  artificial  is  certainly  more  palatable  than  the 
natural  water,  owing  probably  to  the  freshness  of  the 
carbonic  acid  infused  into  it  by  the  admirable  apparatus 
of  Tyler,  which  will  be  explained  further  on.  To  dwell 
particularly  on  artificial  waters  would  be  tedious  and 
uninteresting  to  the  reader;  it  is  sufficient  to  state  that 
in  their  manufacture  the  salts,  in  the  same  proportion 
as  contained  in  the  natural  spring,  are  dissolved  in  as 
pure  a  water  as  possible,  and  are  then  more  or  less 
charged  with  carbonic  acid  or  other  gases. 

It  was  Priestley  who,  in  1772,  proposed  to  impreg- 
nate water  direct  with  carbonic  acid,  and  in  1774 
prescriptions  for  the  artificial  production  of  Selters  and 
Pyrmont  waters,  founded  on  an  accurate  analysis  of  the 
same,  were  published  by  Bergmann. 

Some  years  ago  Liebig  analysed  the  Friedrichshaller 
water,  and  it  is  now  prepared  in  large  quantities  exactly 
with  the  salts,  et  cetera,  and  in  the  same  proportion 
as  given  in  his  results ;  and  if  one  may  judge  by  the 
success  the  imitation  has  met  with,  the  artificial  has 
almost  entirely  supplanted  the  natural  beverage.  The 
Editor  may  here  remark,  that  it  is  to  a  certain  extent 
immaterial  whether  one  dissolves  carbonate  of  magnesia, 
carbonate  of  lime,  sulphate  of  lime,  chloride  of  sodium, 
sulphate  of  soda,  et  cetera,  or,  on  the  other  hand,  chloride 
of  magnesium,  chloride  of  calcium,  carbonate  of  soda, 
and  sulphate  of  soda,  if  care  be  taken  that  the  propor- 
tion of  the  respective  bases  and  acids  are  strictly  in 
accordance  with  the  figures  given  by  analysis ;  since 
they  will,  in  all  probability,  combine  in  the  same 
manner  as  they  are  associated  in  the  natural  spring. 
The  rapid  increase  and  spread  of  the  manufacture  of 
artificial  waters,  is  the  best  proof  that  physicians  find 
the  medical  and  therapeutic  effects  of  them  are  identical 
with  those  of  the  natural  ones,  whilst  their  identity  in 
a  physical  and  chemical  point  of  view  can  hardly  be 
questioned. 

Now  that  the  chemist  is  able  to  distinguish  the 
ingredients  actually  efficacious  in  a  water,  a  much  more 
active  mixture  than  the  native  spring  can  be  prepared. 
To  show  the  extent  to  which  the  manufacture  of  aerated 
waters  has  advanced,  Messrs.  Ellis  and  Son,  the  cele- 
brated manufacturers  of  soda  and  other  carbonated 
beverages,  inform  the  Editor,  that  at  Ruthin  alone, 
North  Wales,  they  send  out  yearly  many  thousand 
gross  of  effervescing  beverages.  So  that  with  other 
factories  at  London,  Malvern,  Liverpool,  Manchester, 
Glasgow,  et  cetera,  the  trade  has  within  the  last  few 
years  become  an  enormous  one. 

Soda-  Water. — This  is  certainly  the  principal  aerated 
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water  manufactured.  How  many  thousands  or  millions 
of  bottles  of  it  are  drunk  annually  either  alone  or  mixed 
with  sirups,  wines,  or  spirits?  The  materials  for  soda 
water  are  carbonate  of  soda  and  tartaric  acid. 

It  is  a  well-known  fact  that  a  large  portion  of  the 
soda  water  in  general  use  is  simply  carbonated  water, 
without  the  alkali,  and  as  such,  is  a  safe  and  agreeable 
beverage ;  but  the  physician,  or  the  invalid,  or  any  one 
who  seeks  therapeutic  and  corrective  influences  of  the 
water,  will  be  greatly  disappointed  in  the  use  of  these 
fluids,  as  they  are  inert,  and  for  such  purposes  worse 
than  useless.  It  is  difficult  to  find  a  person  who  is  not 
subject  to  occasional  annoyance  from  acidity.  To  such 
an  individual  a  glass  of  soda-water  has  been  found  to 
impart  immediate  relief.  The  carbonic  acid  appears  to 
produce  a  peculiar  sedative  action  upon  the  irritated 
mucous  lining  of  the  stomach,  and  the  alkali  neutralizes 
the  excess  of  acid,  and  restores  the  organ  to  a  condition 
of  comfort  which  few  but  those  who  have  suffered  from 
the  annoyance  of  heartburn  can  appreciate.  Dr. 
Bbnce  Jones,  in  a  treatise  upon  gout,  strongly  re- 
commends the  use  of  soda  or  potassa  waters,  but 
laments  that  the  waters  so-called  in  commerce  are  not 
alkaline  at  all ;  and  numerous  physicians  of  eminence 
have  expressed  the  same  complaint. 

Some  time  ago  the  Editor  was  greatly  pleased  in 
inspecting  the  admirably  conducted  establishment  of 
Ellis  at  Ruthin,  North  Wales.  Everything  was  so 
nice  and  clean ;  and,  as  for  the  water  employed  from  a 
deep  and  splendid  well  upon  the  premises,  it  might  be 
said  to  be  absolutely  pure ;  and  it  is  on  this  account 
that  he  considers  the  soda,  potassa,  and  other  beverages 
prepared  in  those  works  superior  to  any  other  in  the 
market.  Messrs.  Schweppe  and  others,  no  doubt, 
manufacture  equally  well ;  but  they  do  not  start  with 
as  pure  a  fluid.  The  quantity  of  soda  or  potassa  in 
each  bottle  at  Ruthin  is  twenty-five  grains  of  the  bicar- 
bonate of  either  alkali ;  and  the  carbonic  acid  is  equal 
to  about  two  hundred  and  fifty  or  sixty  cubic  inches, 
showing  how  well  the  gas  is  compressed.  The  water 
from  the  well  only  holds  two  grains  of  solid  matter  in 
solution,  and  has  not  a  trace  of  organic  matter  ;  hence 
it  is  not  liable  to  alterate  or  decompose,  if  kept  for  any 
length  of  time.  The  apparatus  will  now  be  described ; 
and  for  the  following,  the  Editor  is  again,  as  in  several 
instances,  indebted  to  Tomlinson's  excellent  Cyclo- 
pedia. 

An  elegant  little  apparatus  has  been  brought  into  use 
within  the  last  few  years,  patented  by  M.  Matiiieu, 
as  an  improvement  upon  an  earlier  invention.  It  is 
calculated  for  the  preparation  of  aerated  beverages 
in  private  houses  rather  than  for  sale,  since  it  can 
yield  but  a  small  quantity  at  a  time.  There  are  two 
oval  glass  vessels — the  larger  one  placed  vertically 
over  the  smaller.  There  is  a  passage  of  communica- 
tion from  the  one  to  the  other,  and  in  this  passage 
there  is  a  tap  for  drawing  off  the  aerated  liquid.  The 
upper  or  larger  glass  is  filled  with  water  by  removing 
the  cover ;  and  the  lower  or  smaller  glass  is  supplied 
with  the  powders.  These  powders  are,  as  in  other 
cases,  of  different  kinds,  according  to  the  sort  of 
beverage  to  bo  produced.  A  small  pipe  descends 
from  nearly  the  top  of  the  upper  to  nearly  the  bottom 


of  the  lower  vessel ;  a  little  water  descends  through 
this  pipe,  mixes  with  the  powder,  and  produces  gases ; 
and  these  gases  ascend  to  the  water  in  the  upper 
vessel.  Of  course,  such  gases  only  as  are  soluble  in 
water  are  generated.  The  gas  chiefly  used  is  carbonic 
acid,  of  which  water  will  absorb  its  own  bulk,  and  by 
pressure  can  be  made  to  take  up  another  volume.  As 
the  gas  accumulates  in  the  upper  vessel,  the  pressure 
increases,  and  the  water  is  thus  enabled  to  take  up  its 
additional  supply.  The  two  vessels  are  generally  sur- 
rounded with  a  netting  of  wire  or  cane  for  security. 
In  the  simpler  forms  of  the  apparatus,  nothing  further 
presents  itself;  but  in  M.  Mathieu's  improvement 
there  is  a  refrigerating  contrivance.  The  upper  vessel 
is  surrounded  by  an  external  shell  and  sheath,  so  as 
to  leave  an  intervening  space ;  and  into  this  may 
be  introduced  either  ice,  or  cold  water,  or  freezing 
mixture. 

Gaillard  and  Dubois'  gazogene,  or  aerated  water 
apparatus,  is  a  much  more  complicated  contrivance. 
It  contains  three  distinct  chambers  or  vessels — one  for 
the  water  to  be  aerated,  one  for  the  effervescing  pow- 
ders, and  one  to  contain  a  small  quantity  of  water 
which  is  to  act  upon  the  powders.  It  is  necessary  to 
separate  all  three  vessels  when  the  apparatus  is  to  be 
prepared  for  use;  and  this  is  one  cause  of  its  com- 
plexity. When  all  three  have  been  properly  supplied, 
the  finger  is  pressed  upon  a  stud  or  button  at  its  top. 
This  pressure  opens  a  valve  which  allows  the  water  in 
the  small  upper  vessel  to  descend  into  the  one  con- 
taining the  powders.  The  gas,  thus  generated,  can 
only  escape  from  the  powder-vessel  by  descending  a 
small  tube  which  dips  into  the  larger  one ;  and  the 
water  with  which  this  larger  vessel  is  nearly  filled 
becomes  impregnated  with  the  gas.  A  second  finger- 
stud  governs  the  valve  of  a  small  pipe,  which  enables 
the  aerated  water  to  flow  from  the  apparatus,  which 
is  elegant  in  construction,  but  has  not  the  elegance  of 
simplicity. 

Mr.  Master's  aerating  machine  is  similar  in  prin- 
ciple to  Mathieu's,  though  differing  in  details.  The 
powders  are  placed  in  the  lower  part,  and  the  water  in 
the  upper ;  a  little  water  descends  to  the  powders,  and 
the  generating  gas  ascends.  A  stud,  acted  upon  by 
the  thumb,  draws  off  the  beverage  when  required. 

Messrs.  Tyler,  Hayward  and  Company's  patent 
double  soda-water  machine  is  adapted  for  bottles,  and 
can  make  three  hundred  dozen  per  diem.  There  are 
two  distinct  machines  in  one  frame,  which  can  be 
worked  together  or  separately.  It  consists  of  a  con- 
denser divided  into  two  by  a  partition  inside.  Each 
half  has  an  agitator,  worked  by  a  wheel.  There  are 
two  condensing  pumps,  with  regulating  taps  for  admit- 
ting aerated  water.  The  pumps  are  worked  by  a  beam, 
The  beam,  by  its  reciprocating  motion,  causes  the 
plungers  beneath  the  pumps  to  ascend  and  descend  in 
their  barrels,  forcing  at  each  successive  stroke  the  gas 
and  water  together  into  the  condenser.  About  ten 
minutes  are  required  to  get  the  charge  up,  and  the 
bottling  then  goes  on  uninterruptedly. 

Messrs.  Tyler  and  Son  have  invented  single  and 
double  soda-water  machines  of  ingenious  construction. 
Mr.  W.  Cox  of  Manchester  has  patented  an  apparatus 
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in  which  the  impregnating  gas  may  be  sustained  at  a 
pressure  sufficient  to  cause  its  absorption  by  the  water 
without  the  aid  of  force-pumps.  Bakewell's  appa- 
ratus is  another  contrivance,  applicable  to  the  prepara- 
tion not  only  of  cooling  drinks,  but  of  effervescing 
draughts  also,  whether  tonic,  aperient,  diuretic,  ant- 
acid, or  pectic.  In  short,  every  aerating  apparatus 
may  be  said  to  comprise  these  two  parts — one  to  pro- 
duce a  gas,  and  one  to  mix  it  with  plain  water,  or 
water  containing  carbonates  of  soda,  potassa,  magnesia, 
et  cetera,  or  orangeade,  lemonade,  gingerade,  and  the 
like. 

Analysis  of  Wateks. — Metlwd  of  Testing  for  and 
Determining  Nitrous  and  Nitric  Acids. — Almost  all 
river  waters,  and  especially  the  shallow  well  waters  of 
towns,  contain  variable  quantities  of  nitrous  and  nitric 
acids  generally  in  combination  with  lime,  as  nitrite  and 
nitrate  of  that  base.  Their  constituents  have  hitherto 
been  generally  overlooked  by  analysts,  but  on  their 
presence  and  quantity  the  chemist  may  form  a  more 
correct  idea  as  to  the  contamination  of  the  water  by 
organic  matter  than  by  any  other  means.  The  Editor, 
therefore,  attaches  the  greatest  importance  to  the  de- 
termination of  these  constituents,  especially  when  the 
water  is  selected  for  domestic  use. 

It  has  been  previously  stated  that  ammonia  is  one 
of  the  principal  products  of  the  decomposition  of  animal 
matter.  This  ammonia  very  speedily  becomes  oxidized 
and  converted  into  nitrous  acid — NOs — which,  by 
longer  exposure,  is  further  oxidised  into  nitric  acid 
— NOj.  The  above-mentioned  acids  depend  for  their 
origin  on  the  presence  of  organic  matter  capable  of 
yielding  ammonia,  and  the  solvent  action  of  waters  upon 
lead,  is  almost  entirely  due  to  these  acids. 

Method  of  Determining  the  Hardness  of  Water. — 
The  so-called  hardness  of  a  water  is  dependent,  as 
already  stated,  upon  the  presence  of  a  certain  propor- 
tion of  the  salts  of  lime  and  magnesia,  which  possess 
the  property  of  decomposing  an  equivalent  quantity  of 
soap,  and  rendering  it  useless  as  a  detergent.  These 
salts  are  bicarbonates  of  lime  and  magnesia,  and  the 
sulphates  of  the  same  basis.  The  former  impart  to 
water  its  temporary,  and  the  latter  its  permanent  hard- 
ness. The  two  bicarbonates  are  decomposed  by  boil- 
ing; the  insoluble  monocarbonates  being  deposited, 
and,  mixed  with  small  quantities  of  the  other  mineral 
constituents,  form  the  incrustations  which  are  frequently 
observed  on  kettles  and  boilers  in  which  hard  water  is 
employed.  In  order  to  determine  the  temporary  and 
permanent  hardness  of  water,  the  following  method  is 
adopted : — 

Into  a  six  ounce  stoppered  bottle  put  one  thousand 
grains  of  water ;  agitate  briskly,  and  suck  out  the  air 
by  means  of  a  piece  of  glass  tube.  This  is  necessary 
in  order  to  remove  the  free  carbonic  acid,  which  might 
interfere  with  the  soap  test.  Fill  the  graduated  burette 
with  soap  test  solution,  add  one  measure,  and  agitate 
briskly.  If  no  lather  is  produced,  add  more,  and  shake 
again.  Continue  adding  the  soap-test  till  a  permanent 
lather  is  produced.  Even  in  moderately  hard  water  a 
white  opalescence  appears  immediately  on  adding  a  few 
drops  of  the  test,  and  a  white  curdy  mass  will  be  seen  to 
collect  on  the  surface.    Pure  soap,  such  as  is  used  in 


making  the  test  solution,  is  a  stearate  or  palmitate  of 
soda,  which  is  readily  soluble  in  pure  water  ;  but  when 
it  is  added  to  a  water  containing  salts  of  lime  and 
magnesia,  the  soluble  soda-soap  is  decomposed,  and  an 
insoluble  soap  of  lime  and  magnesia  produced.  The 
decomposition  is  represented  in  the  following  equa- 
tion : — ; 

NaO,  St.    +   CaO,  SOs.  —    CaO,  St.   -f  NaO,  SO,. 

Stearate  of  soda      Sulphate  of  limo.       Stearate  of  lime.      Sulphate  ot  soda, 
(soup  ) 

A  similar  decomposition  takes  place  with  soluble  salts 
of  magnesia,  and  hence,  when  hard  waters  are  used  for 
washing,  not  a  particle  of  soap  will  act  as  a  detergent 
until  the  whole  of  the  lime  and  magnesia  is  removed. 

In  accurate  analysis  it  is  important  to  make  a  double 
determination  of  the  hardness — one  before  the  water  is 
boiled,  and  another  after  a  portion  has  been  boiled  for 
about  six  hours.  The  degree  of  hardness  after  boiling 
represents  the  hardness  due  to  sulphates  and  chlorides  | 
of  the  alkaline  earth  metals,  while  the  difference  between 
the  hardness  obtained  after  and  before  ebullition  indi- 
cates that  which  is  due  to  the  carbonates  of  those 
metals.  For  example,  if  a  water  has  a  hardness  of 
fourteen  degrees  before  boiling,  and  of  four  degrees 
after,  the  water  is  then  said  to  have  a  temporary  hard- 
ness of  ten  degrees,  and  a  permanent  hardness  of  four 
degrees. 

That  the  determination  of  the  hardness  of  water  is 
important  cannot  be  denied,  since  it  furnishes  a  certain 
guide  to  the  proper  association  of  the  acids  and  bases 
when  one  comes  to  arrange  the  results  of  a  complete 
analysis.  But  until  chemists  are  agreed  upon  the 
character  of.  a  type -water,  its  true  value  cannot  be 
properly  appreciated. 

Determination  of  the  free  Carbonic  Acid  in  Water 
— "Water  which  has  been  allowed  to  stand  for  some 
hours  in  an  open  vessel  becomes  insipid  and  mawkish 
to  the  taste,  or  in  popular  language,  it  is  flat.  This  is 
owing  to  the  escape  of  carbonic  acid,  which  occurs  in 
many  spring  and  well  waters.  Hence,  in  giving  a 
correct  opinion  of  the  value  of  a  water  for  dietetic 
purposes,  it  is  sometimes  necessary  to  determine  the 
number  of  cubic  inches  of  free  carbonic  acid  in  a  given 
measure  of  the  water.  This  is  an  operation  which 
ought  to  be  performed  at  the  source,  and  is  best  done 
in  the  following  manner: — A  well-stoppered  glass 
bottle  holding  a  gallon  is  required  for  the  purpose.  Put 
into  it  two  fluid  ounces  of  strong  ammonia,  and  two 
fluid  ounces  of  a  saturated  solution  of  chloride  of  cal- 
cium. If  both  materials  are  pure,  the  mixture  will 
remain  perfectly  bright.  After  observing  that  no 
milkiness  is  produced,  depress  the  bottle  into  the  stream 
or  well,  and  fill  it  gradually,  taking  great  care  not  to 
dip  the  neck  entirely  beneath  the  surface,  but  only 
partially,  so  as  to  allow  space  for  the  air  to  pass  out, 
while  the  water  is  flowing  in.  This  precaution  is 
essentially  necessary,  since,  if  the  water  were  to  be 
agitated  by  the  air  escaping  from  the  bottle,  much  of 
the  free  carbonic  acid  would  be  expelled  by  the  agita- 
tion so  occasioned,  and  hence  erroneous  results  would 
be  obtained. 

After  carefully  filling  the  bottle  with  the  water,  it  is 
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to  be  stoppered  and  left  for  three  or  four  days.  After 
that  time,  the  whole  of  the  carbonic  acid  will  have  been 
precipitated  in  the  form  of  carbonate  of  lime.  This  is 
to  be  filtered  off,  dried,  and  weighed.  From  the  total 
weight  of  the  precipitate  is  calculated  the  quantity  of 
carbonic  acid  according  to  the  following  formula — 

50  :  22  : :  the  weight  of  carhonate  of  lime  :  x 

The  value  of  x  will  give  the  quantity  of  carbonic  acid 
contained  in  the  water. 

Some,  however,  of  this  carbonic  acid  is  in  com- 
bination with  lime  and  magnesia,  and  it  is  therefore 
necessary  to  determine  the  quantity,  in  order  to  ascer- 
tain how  much  exists  in  a  free  state.  This  requires  a 
separate  operation.  A  gallon  of  the  water  is  introduced 
into  a  large  glass  flask,  and  boiled  for  six  hours.  The 
diminution  in  bulk  occasioned  by  evaporation  is  made 
up  with  pure  distilled  water.  The  precipitate  pro- 
duced by  boiling  is  collected  on  a  filter,  and  the 
portion  adhering  to  the  bottom  of  the  flask  is  dissolved 
by  a  little  dilute  hydrochloric  acid.  The  precipitate 
on  the  filter  is  dissolved,  and  the  two  solutions  mixed 
together.  The  solution  will  contain  traces  of  silica, 
iron,  alumina,  and  phosphate,  which  may  be  disregarded; 
its  chief  components  are  carbonate  of  lime  and  carbon- 
ate of  magnesia,  which  being  separately  determined, 
their  weight  is  to  be  deducted  from  the  weight  of  the 
precipitate  obtained  from  the  bottle  in  which  the 
ammonia  and  chloride  of  calcium  had  been  used. 
From  the  difference  may  be  calculated  the  quantity  of 
carbonic  acid  per  gallon.  One  grain  by  weight  mea- 
sures as  nearly  as  possible  two  cubic  inches.  There- 
fore, if  the  difference  in  the  weights  of  the  two 
precipitates  amount  to  a  weight  of  carbonate  of  lime 
containing  twenty  grains  of  carbonic  acid,  the  water 
will  be  proved  to  contain  forty  cubic  inches  of  that 
gas  in  a  free  state  per  gallon. 

Determination  of  the  Alkalinity  of  Water. — By  the 
alkalinity  of  water  is  understood  the  quantity  of  potassa 
or  soda  which  may  be  present  in  combination  with 
carbonic  acid.  For  ordinary  drinking  purposes  it  is 
quite  unnecessary  to  perform  this  operation,  but  when 
water  isused  for  brewing,  dyeing,  and  starch-making,  the 
presence  of  the  alkaline  carbonates  is  a  matter  of  great 
consequence.  The  following  method,  though  by  no 
means  perfect,  is  generally  adopted.  Two  gallons  of 
the  water  are  evaporated  in  a  large  platinum  dish  down 
to  about  four  fluid  ounces.  This  is  filtered  from  the 
deposit,  colored  with  tincture  of  litmus,  and  then 
neutralized  by  a  standard  solution  of  sulphuric  acid, 
containing  in  a  hundred  cubic  centimeters  as  much 
acid  as  will  neutralize  one  grain  of  alkaline  carbonate. 

Determination  of  Chlorine. — Half  a  gallon  of  water 
is  evaporated  to  about  four  fluid  ounces.  Dilute  nitric 
acid  is  then  added  to  dissolve  the  precipitated  carbonates. 
The  whole  is  transferred  to  a  beaker  glass  and  filterer, 
the  filter  being  thoroughly  washed.  To  the  solution  is 
now  poured  in  a  slight  excess  of  nitrate  of  silver,  which 
throws  down  all  the  chlorine  as  chloride  of  the  metal. 
The  menstruum  is  now  boiled,  filtered,  and  the  precipi- 
tate well  washed  with  hot  distilled  water,  then  dried  at 
212°,  ignited  in  a  porcelain  crucible,  and  weighed — 
143'5  of  chloride  of  silver  contain  35'5  of  chlorine. 


In  determining  the  chloride  of  silver,  the  filter  con- 
taining it  should  be  completely  exsiccated,  then  ignited 
very  gently  in  the  porcelain  crucible;  as  soon  as  it 
ceases  to  burn,  the  carbonaceous  residue  of  the  filter 
should  be  slightly  moistened  with  concentrated  nitric 
acid,  and  again  burned.  By  repeating  this  process 
several  times,  until  all  the  carbon  of  the  filter  is 
destroyed,  any  loss  of  chloride  of  silver  will  be  avoided; 
but  before  weighing,  it  is  well  to  moisten  the  residue 
with  hydrochloric  acid,  and  ignite,  in  order  to  convert 
any  reduced  metal  into  chloride. 

Determination  of  Sulphuric  Acid. — Haifa  gallon  of 
the  water  is,  as  in  the  preceding  instance,  evaporated 
to  three  or  four  ounces,  and  acidified  chloride  of  barium 
is  then  to  be  added,  and  the  whole  boiled,  and  left  for 
twelve  or  more  hours  in  repose,  then  filtered,  and  the 
sulphate  of  baryta  washed  thoroughly  and  dried.  1165 
of  sulphate  of  baryta  represents  40  of  sulphuric  acid. 

Directions  for  determining  in  Water  the  Non-volatile 
OrganicMatter — Silica,Iron,AluminaandPhosphates; 
Lime  and  Magnesia. — Evaporate  slowly  half  a  gallon 
of  water  to  about  a  pint,  over  a  gas  flame  ;  then  transfer 
the  dish  to  a  sand-bath,  and  continue  the  evaporation 
till  the  bulk  is  reduced  to  about  two  fluid  ounces.  Now 
accurately  weigh  a  clean  platinum  dish.  Scrape  the 
deposit  carefully  from  the  bottom  of  the  porcelain  basin, 
and  rub  off  that  which  cannot  be  removed  by  the  pla- 
tinum knife  with  the  middle  finger;  rinse  the  whole 
into  the  platinum  dish,  and  then  evaporate  to  dryness 
on  a  water-bath.  Be  careful  to  observe  that  every 
particle  of  the  deposit  is  removed  from  the  porcelain 
vessel.  When  the  residue  is  dry  place  the  dish  in  an 
air-bath,  and  heat  it  for  half  an  hour  or  an  hour  at  a 
temperature  of  260°. 

The  object  of  heating  the  residue  to  this  temperature 
is  to  expel  the  water  of  crystallization  combined  with 
sulphate  of  lime,  which  is  almost  an  invariable  consti- 
tuent of  well  and  river  waters.  Note  down  the  weight. 
The  difference  between  the  weight  of  the  basin  when 
empty  and  that  of  the  dish  and  residue  will,  of  course, 
represent  the  actual  weight  of  the  residue  in  half  a 
gallon  of  the  water.  The  residuum  being  thoroughly 
desiccated  and  weighed,  place  it  on  a  platinum  triangle, 
over  a  good  gas  flame,  or  the  flame  of  a  Berzelius  lamp, 
and  ignite  until  the  blackening  produced  by  the  car- 
bonization of  the  non-  volatile  organic  matter  disappears, 
and  the  mineral  constituents  are  white.  The  time 
required  to  produce  this  change  should  be  carefully 
noted.  If  nitrates  or  nitrites  be  present,  as  is  invari- 
ably the  case  in  waters  containing  sewage  and  other 
animal  matters,  then  gently  facilitate  combustion  of  the 
organic  matter,  and  the  residue  becomes  white  in  a  few 
moments. 

On  the  other  hand,  if  the  water  be  contaminated 
with  organic  matter  which  has  undergone  but  little 
decomposition,  and  especially  if  urine  be  present,  the 
carbonaceous  residue  will  require  very  lengthened 
ignition  in  order  to  consume  the  carbon.  If  it  be 
necessary  to  heat  to  redness  for  any  length  of  time, 
some  of  the  carbonic  acid  in  combination  with  lime 
and  magnesia  will  be  expelled,  and  consequently  the 
loss  of  weight  occasioned  by  the  ignition  would  not 
correctly  represent  the  actual  quantity  of  organic 
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matter.  It  is,  therefore,  necessary  to  recarbonate  the 
lime  and  magnesia.  This  is  done  by  moistening  the 
residue  with  a  few  drops  of  a  strong  solution  of  car- 
bonate of  ammonia,  and  again  drying  it  at  260°  till 
it  ceases  to  lose  weight.  The  dish  being  now  weighed 
again,  and  the  weight  noted,  the  difference  will 
represent  the  quantity  of  non-volatile  organic  matter 
present  with  the  mineral  constituents.  By  the  con- 
tinued ignition  which  is  necessary  to  burn  the  organic 
matter,  the  silica  is  rendered  perfectly  insoluble.  To 
the  residue  in  the  platinum  dish  is  now  added  a  fluid 
ounce  of  water,  and,  drop  by  drop,  strong  hydrochloric 
acid — about  one  in  two  fluid  drachms — until  efferves- 
cence ceases.  Particular  attention  should  be  paid  to 
the  odor  of  the  gas  evolved;  if  it  smells  of  sulphide  of 
hydrogen,  this  will  be  a  further  indication  of  the  con- 
tamination of  the  water  by  animal  refuse. 

After  the  effervescence  has  ceased,  the  dish  should 
be  gently  heated  on  a  water-bath  and  the  solution 
filtered.  The  silica  left  on  the  filter  should  be  washed 
well  with  hot  distilled  water,  till  a  drop  of  the  washings, 
evaporated  on  a  platinum  knife,  no  longer  leaves  a  trace 
of  residue.  The  filter  containing  the  silica  is  dried, 
ignited  in  a  weighed  platinum  crucible  until  the  whole 
of  the  carbon  is  consumed,  and  then  weighed.  The  fil- 
trate from  the  silicic  acid,  after  the  washings  have  been 
added,  is  to  be  neutralized  and  made  slightly  alkaline 
with  ammonia.  The  iron,  alumina,  and  phosphates  of 
the  alkaline  earths  are  precipitated,  then  filtered  and 
washed  with  the  same  precautions  as  given  in  the 
determination  of  the  silica,  and  when  dried,  weighed. 
As  the  iron,  alumina,  and  earthy  phosphates  occur  in 
water  in  very  small  quantity,  rarely  exceeding  together 
a  grain  per  gallon,  it  is  for  general  purposes  quite 
unnecessary  to  separate  them.  The  precipitate  pro- 
duced by  ammonia  is  usually  recorded  as  iron,  alu- 
mina, phosphates.  After  the  precipitate  is  completely 
affused,  and  the  washings  are  added  to  the  filtrate,  the 
lime  is  next  to  be  thrown  down,  and  this  is  done  by 
adding  oxalate  of  ammonia  in  excess  ;  allow  the  whole 
to  stand  till  the  supernatant  fluid  becomes  bright.  Add 
the  washings  to  the  filtrate. 

The  precipitate  is  to  be  dried,  ignited,  and  weighed. 
By  ignition  the  oxalate  of  lime  is  converted  into  car- 
bonate, and  is  weighed  as  such.  The  following  decom- 
position occurs  during  ignition  :— 

CaOC203     -f-       CaOC02       +  CO 

Oxalate  of  lime.  Carbonate  of  lime.  Carbonic  oxido? 

As  a  portion  of  the  carbonic  acid  of  the  carbonate  of 
lime  might  be  driven  off  during  the  heating,  it  is  advis- 
able to  moisten  the  residue  in  the  crucible  with  strong 
carbonate  of  ammonia,  once  or  twice  igniting  after 
each  addition,  and  taking  the  weight  when  it  becomes 
constant.  Fifty  of  carbonate  of  lime  represent  twenty- 
eight  of  lime.  The  washings  being  evaporated  and 
added  to  the  filtrate,  about  half  a  fluid  ounce  of  a  solu- 
tion of  phosphate  of  soda  is  added,  and  the  menstruum 
allowed  to  repose  for  twenty-four  hours  in  a  mode- 
rately warm  place.  The  magnesia  is  thus  precipitated 
as  phosphate  of  magnesia  and  ammonia— 2  MgO,  NH40, 
P05.  This  salt  must  be  well  washed  with  dilute  am- 
monia—one part  alkali  to  six  of  water— dried,  ignited, 


and  weighed.  By  burning,  the  precipitate  is  con- 
verted into  pyrophosphate  of  magnesia — 2  MgO  P05 — ■ 
from  which  the  quantity  of  magnesia  is  ascertained. 
One  hundred  and  twelve  of  the  pyrophosphate  contain 
forty  of  magnesia. 

Determination  of  the  Alkalies. — The  determination 
of  the  alkaline  salts  in  water  is  generally  omitted  in 
ordinary  analysis ;  but  it  must  be  acknowledged  that 
when  water  is  required  for  certain  purposes,  as  for 
instance,  for  brewing,  it  is  very  important  to  determine 
not  only  the  quantity  of  potassium  and  sodium  present, 
but  especially  the  form  in  which  they  occur,  whether 
as  chlorides  or  as  carbonates.  For  brewing  purposes 
it  is  usually  considered  that  waters  containing  sulphate 
of  lime  are  best  suited  for  the  manufacture  of  pale  ales, 
since  beers  made  with  selenitic  waters  are  paler  than 
those  made  from  water  free  from  gypsum;  but  notwith- 
standing the  presence  of  sulphate  of  lime,  if  potassium 
and  sodium  be  there  as  carbonates,  it  is  impossible  to 
obtain  a  pale  infusion  of  malt,  owing  to  the  alkaline 
carbonates  extracting  certain  constituents  which  are 
not  soluble  in  water  free  from  alkalies.  The  following 
is  the  best  method  of  determining  the  alkalies.  Half 
a  gallon  or  a  gallon  of  water  is  evaporated  to  dry- 
ness in  a  porcelain  dish  in  the  usual  manner.  The 
residue  is  dissolved  in  hydrochloric  acid,  and  eva- 
porated on  a  water-bath  to  dryness.  The  soluble 
constituents  are  then  extracted  by  water,  and  to  the 
aqueous  solution  is  added  an  excess  of  baryta  water. 
After  the  precipitate  has  subsided,  the  solution  is 
filtered,  and  to  it  is  added  a  very  slight  excess  of  pure 
carbonate  of  ammonia.  The  excess  of  baryta  thus 
precipitated  is  filtered  off,  and  the  solution  which  now 
contains  only  the  alkalies,  as  chlorides,  is  evaporated 
to  dryness  in  a  weighed  platinum  dish,  to  determine 
the  quantity  of  mixed  chlorides  of  potassium  and 
sodium.  The  weight  being  noted,  the  chlorides  have 
now  to  be  separated.  This  is  accomplished  by  dis- 
solving in  water,  adding  excess  of  bichloride  of  pla- 
tinum, and  evaporating  to  dryness  on  a  water-bath. 
The  mixed  platinum  salts  are  now  treated  with  alcohol 
and  ether,  filtered  and  washed  with  a  mixture  of  ether 
and  alcohol  till  the  washings  come  through  perfectly 
colorless.  The  precipitate  of  bichloride  of  platinum 
is  then  weighed,  and  the  quantity  of  chloride  of  potas- 
sium it  represents  is  calculated.  This  is  deducted 
from  the  weight  of  mixed  chlorides,  the  actual  quan- 
tities of  potassium  and  sodium  calculated. 

Having  now  determined  the  actual  proportions  of  all 
the  ordinary  acids  and  bases  present  in  the  water,  one 
has  then  to  associate  the  acids  and  bases  together 
as  salts,  in  the  form  in  which  they  probably  existed  in 
the  water  previous  to  analysis. 

The  association  of  the  acids  and  bases  is  founded 
entirely  on  arbitrary  rules,  the  usual  plan  being  to  unite 
them  in  the  order  of  their  respective  affinities — the 
strongest  acids  with  the  strongest  bases.  But  this  is 
obviously  an  incorrect  method,  since  it  is  often  found 
that  two  chemists  analyzing  the  same  water  will  give 
entirely  different  forms  of  analysis,  although  they  may 
both  have  found  the  same  proportions  of  the  respective 
acids  and  bases ;  the  one  will  associate  all  the  sulphuric 
acid  with  potassa  and  soda,  the  other  may  place  it  with 
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lime,  and  regard  the  alkaline  bases  not  as  sulphates  hut 
as  carbonates.  Now,  as  before  shown,  it  is  a  question 
of  the  greatest  importance,  when  water  is  required  for 
special  purposes,  to  determine  not  only  the  proportions 
of  acids  and  bases  present,  but  the  form  in  which  they 
are  associated.  In  order  to  do  this  properly  the  analyst 
must  have  regard — 1st,  To  the  geological  characters  of 
the  source  of  the  water ;  2d,  to  the  nature  of  the  country 
through  which  it  flows;  3d,  to  the  contaminations  from 
sewers  and  manufactories  to  which  the  water  is  exposed. 

Bain-water,  it  is  to  be  presumed,  cannot  differ  mate- 
rially in  the  nature  and  quantity  of  its  impurities,  but 
yet  it  has  been  shown  that  one  rarely  finds  two  river 
waters  of  precisely  the  same  composition.  In  the  water 
of  the  Dee,  the  analyst  finds  only  about  four  grains  of 
mineral  matter,  because  the  rocky  soil  overwhich  it  flows 
is  soluble  only  to  a  slight  extent  in  native  water.  The 
water  of  the  Trent  flows  over  a  soil  abounding  in  gyp- 
sum, and  consequently  the  water  is  very  hard,  while  in 
the  water  of  the  Thames,  which  flows  through  a  line 
of  country  composed  essentially  of  chalk,  the  prevailing 
constituent  is  bicarbonate  of  lime.  The  presence  of 
a  superabundance  of  earthy  salts  in  water,  exercises 
an  influence  of  some  importance  in  many  of  the  indus- 
trial works  of  the  kingdom,  and  especially  in  brewing. 
Paradoxical  as  it  may  seem,  it  is  now  an  ascertained 
fact,  that  the  hardest  waters,  that  is,  such  as  contain 
most  earthy  salts  in  solution,  have  the  greatest  extrac- 
tive power  for  the  brewer ;  and  further,  that  the 
chemical  changes  that  take  place  between  certain  con- 
stituents of  the  malt  and  those  salts,  serve  in  the  case 
of  ale  brewing  to  fine  the  beverage  in  the  natural  way, 
without  the  aid  of  disgusting  and  corrupt  stuffs  em- 
ployed for  this  purpose  very  frequently. 

A  glance  at  the  composition  of  the  waters  which  are 
used  by  Allsopf  and  Bass,  the  Great  Burton  brewers, 
and  by  Tetley,  of  Leeds,  et  cetera,  gives  at  once 
the  clue  to  the  superior  excellence  of  the  manufactures 
of  these  parties  over  ales  made  from  such  liquids  as 
the  Liverpool  Pike,  which  is  not  only  devoid  of  earthy 
salts  in  the  requisite  quantity,  but  contains  an  amount 
of  animal  and  vegetal  matter  in  such  a  state  of  fermen- 
tation, that  the  action  is  engrafted  on  the  glucose,  and 
proceeds  in  the  tun  collaterally  with  the  alcoholic  fer- 
mentation, which  it  ultimately  modifies  into  the  lactic 
and  acid  fermentation  long  after  the  natural  ferment — 
the  gluten  of  the  malt — has  been  thrown  off : — 


Leeds  water, 
Tetley'ti  brewery, 
Editor. 


Grains. 
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Burton  water. 
Dr.  Hotlinpor. 
Allsonp's  brewery. 
Grains. 

Carbonate  of  lime,   15-51 

"         magnesia,   1-70 

"        protoxide  of  iron,    0-70   "  0-93 

Sulphate  of  lime,                    18-96    4-97 

"       potassa                 7-65    — 

"       soda,                     —    13-09 

"       magnesia,              9-95    9-73 

Chloride  of  sodium,                 10-12    7-11 

"       magnesia,                —    4-74 

Silica  and  loss,                       0-79    1-72 


Total  per  gallon,   65  28    62-07 

The  quantity  of  calcareous  salts  in  the  above  waters 
is  a  proof  of  the  beneficial  action  of  lime  in  the  pre- 
paration of  the  best  malt  liquors. 

Electrical  Properties. — This  article  on  water 
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would  be  incomplete  without  making  some  allusion  to 
its  electrical  properties,  which  are  not  only  turned  to 
useful  account  in  the  numerous  and  increasing  appli- 
cations of  electricity,  but  also  perform  an  important 
part  in  the  great  phenomena  of  nature.  It  would  be 
improper,  perhaps,  to  particularize  under  this  head  the 
hydro-electric  machine,  because  although  in  that  appa- 
ratus very  large  quantities  of  electricity  are  generated 
by  the  issue  of  steam  through  narrow  apertures,  the 
effect  has  been  attributed  by  Earaday  to  mere  fric- 
tion, and  therefore  exhibits  no  new  property  of  the 
water  itself.  It  is  in  the  electricity  which  it  generates 
by  contact  with  oxidizable  metals  in  the  galvanic 
battery,  and  in  the  variable  conducting  power  of  the 
liquid  according  to  its  greater  or  less  admixture  with 
different  acids  and  salts,  that  water  assumes  its  chief 
importance  in  electro-chemical  action.  In  the  working 
of  the  battery,  for  example,  it  is  the  decomposition  of 
the  water  which  accompanies  the  oxidation  of  the  zinc 
or  other  positive  metal,  and  not  the  action  of  the  acid 
or  salt  superadded,  that  really  produces  the  electricity. 
This  was  demonstrated  by  Kohlrausch,  who  showed 
that  the  electric  tension  was  the  same  at  the  poles  of 
two  similar  batteries,  one  of  which  was  charged  with 
distilled  water  and  the  other  with  a  mixture  of  water 
and  sulphuric  acid.  The  remarkable  effect  of  certain 
acids  and  salts  in  increasing  the  energy  of  the  current, 
is  chief!}'  due  to  the  peculiar  property  which  they 
possess  of  increasing  the  conducting  power  of  the 
liquid.  The  following  table  exhibits  this  property  in  a 
very  striking  light: — 

Conducting  power 

Distilled  water,   0  0125 

Do.         with  1-20,000  of  nitric  acid,   0-075 

Sulphate  of  copper,  saturated  solution,   5-42 

Sulphate  of  zinc,  do.    5-77 

Nitrate  of  copper,  do.    8-99 

Chloride  of  sodium,        do.   31-52 

Sulphuric  acid  diluted  with  eleven  measures  of)   QQ  „Q 

distilled  water,  ]"  ww 

Nitric  acid,  specific  gravity  1-3)   93-77 

From  which  it  appears,  that  the  addition  of  only  one 
twenty-thousandth  part  of  nitric  acid  to  distilled  water 
increases  its  conducting  power  about  sixfold,  and  that 
one  measure  of  sulphuric  acid,  added  to  eleven  of 
distilled  water,  increases  its  conducting  power  seven 
thousand  times.  Distilled  or  absolutely  pure  water  is 
therefore  a  very  bad  conductor  of  electricity ;  but  it 
has  been  shown  that  water  of  this  extreme  purity  is 
not  to  be  found  in  nature ;  that  even  rain-water  is 
more  or  less  impregnated  with  certain  foreign  ingre- 
dients, and  that  the  waters  of  rivers  and  wells  vary 
immensely  in  the  amount  and  character  of  their  saline 
constituents.  It  is  therefore  that,  in  rainy  weather, 
the  moisture  of  the  atmosphere,  acting  the  part  of  a 
conductor,  destroys  the  insulation  of  the  telegraph 
wires,  and  obstructs  the  working  of  the  instrument ;  it 
is  therefore  that  the  earth,  and  still  better,  the  briny 
waters  of  the  ocean,  not  only  transmit  natural  cur- 
rents, but  submit  themselves  as  willing  agents  to  the 
purposes  of  telegraphic  communication ;  and  lastly,  it 
is  to  the  moisture  of  the  atmosphere,  floating  in  clouds 
charged  with  an  opposite  electricity  to  that  of  the 
earth,  that  the  grand  phenomena  of  the  thunderstorm 
chiefly  owe  their  existence. 
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WINE. —  Vin,  French;  Wein,  German;  Win, 
Anglo-Saxon;  Wyn,  Dutch ;  Vino,  Spanish  and  Italian ; 
Vinho,  Portuguese ;  Vinum,  Latin ;  Oinos,  Oivoi,  Greek. 
— All  these  denominations  were  probably  derived  from 
Oinos,  with  the  digamma  prefixed,  answering  to  F  or 
V  in  English,  as  Voinos  and  thence  the  Latin  Vinum. 
The  Hebrew  term  for  wine  in  general,  is  Tayin,  but  if 
medicated  or,  in  other  words,  made  more  potent  by  the 
admixture  of  herbs  or  drugs,  it  was  denominated  Sheik* 
har  or  Strong  Drink,  in  common  with  other  fermented 
liquids.  The  Greek  name  being  the  parent  of  the  Latin, 
confirms  the  tradition  that  wine  came  into  the  more 
Western  parts  of  Europe  from  Greece  by  way  of  Italy, 
and  from  Asia  into  Greece. 

When  man  was  driven  from  that  peaceful  asylum 
originally  assigned  to  him  by  his  Creator,  and  con- 
demned to  earn  his  bread  by  the  labor  of  his  hands, 
his  attention  was  no  doubt  powerfully  exerted  in  pro- 
curing the  necessaries  of  life ;  such  as  food,  clothing, 
and  habitation.  As  a  cultivator  of  the  earth,  he  must 
have  been  constantly  employed,  and,  as  his  occupation 
varied  with  the  seasons,  his  mind  was  continually  dis- 
ciplined on  contrivances  to  diminish  and  sweeten  his 
toil.  His  activity,  when  thus  excited,  soon  extended 
its  influence  to  every  department  of  life,  and  having 
procured  its  necessaries,  he  was  doubtless  early  led  to 
task  his  ingenuity  in  the  attainments  of  its  luxuries. 
Among  these,  the  preservation  of  fruit  and  their  juices, 
however  rudely  practised,  might  have  led  to  the  use  of 
inebriating  drink — a  beverage  which  was  discovered 
by  some  of  the  most  savage  nations,  and  is  deemed 
a  luxury  by  the  almost  universal  testimony  of  mankind. 

Wine,  when  an  uncompounded  word,  signifies  the 
fermented  juice  of  the  grape  only;  but  when  com- 
pounded, it  is  applied  as  a  general  term  to  the  fermented 
product  of  other  fruits  in  conjunction  with  the  name 
of  those  fruits,  tendrils,  stems,  leaves,  or  similar  sub- 
stances from  which  it  is  made,  as  gooseberry-wine, 
ginger  wine,  and  all  the  varieties  denominated  domestic 
wines, 

Wine  of  the  grape  is  divided  into  dry  and  sweet,  and 
under  one  or  the  other  of  these  great  divisions  every 
variety  is  included.  The  characteristics  and  causes  of 
each  of  these  divisions  will  be  fully  explained. 

The  juice  of  the  grape,  which  is  usually  called  must, 
is  known  to  ferment  per  se^  at  70°,  which  proves  that 
wine  was  very  early  known,  particularly  in  hot  cli- 
mates, where  drink  is  so  much  required  to  allay  thirst; 
and  this  is  a  further  sign  that  the  vinous  fermentation 
was  familiar  long  anterior  to  the  deluge. 

Carrying  this  idea  still  further  towards  the  Creation, 
Milton  seems  to  have  entertained  the  opinion  that 
the  fruit  of  which  Adam  and  Eve  had  eaten — 

 — i  whose  mortal  taste 

Brought  death  into  the  world,  and  all  our  woe, 

was  of  an  intoxicating  nature,  when  he  says  : — 

Soon  as  the  force  of  that  fallacious  fruit, 

That  with  exhilarating  vapor  hland, 

About  their  spirits  had  played,  and  inmost  powers 

Made  err,  was  now  exhaled. 

Wine  is  the  oldest  fermented  liquor,  its  invention 
being  ascribed  to  Noah  in  the  traditions  of  the  Jews 


almost  immediately  after  the  deluge.  The  Greeks  with 
their  fabled  Dion  YsiusfromEgypt,  originally  from  India, 
threw  no  light  upon  the  discoverer ;  but  if  they  learned 
the  art  of  making  wine  from  the  Egyptians,  that  liquid 
may  be  thus  traced  up  to  the  days  of  Moses.  Herod- 
otus reports  that  there  was  no  wine  made  in  Egypt,  a 
singular  error,  when  Mareotic  and  Tamiotic  wines  were 
notorious.  The  wine  of  Merb'e  called  inclomitum  by 
Lucan  was  far-famed.  The  writings  of  Moses  show 
that  the  kings  of  Egypt  drank  wine,  as  all  who  have 
perused  them  will  not  fail  to  recollect  in  reading  the 
story  of  Joseph  and  the  chief  butler  of  Pharaoh.  The 
ruined  temples  of  Thebes  also  display  the  emblems  of 
the  vintage  in  bas-relief,  and  figures  of  men  pressing 
grapes  with  their  hands,  the  must  flowing  into  goblets 
emblematic  of  the  wine-press.  Some  have  used  this 
as  an  argument  against  fermented  wine ;  but  must 
unfermented,  would  not  keep  from  decomposition  for 
many  hours,  even  in  the  Eastern  land  of  miracles ;  nor 
would  the  simple  juice  have  intoxicated  Noah,  because 
to  occasion  ebriety  fermentation  is  absolutely  necessary, 
as  in  all  other  alcoholic  liquors. 

Next  in  antiquity  to  the  volume  of  the  Jewish  faith 
are  the  works  of  Homer  and  Hesiod,  who  lived  so  near 
together  in  point  of  time,  that  even  concluding  Homer 
to  have  flourished  in  the  tenth  century  before  Christ 
or  about  the  reign  of  Solomon,  the  difference  so  much 
discussed  by  the  learned  is  of  no  moment  in  a  scientific 
sense.  Homer  mentions  the  names  of  several  kinds 
of  wine,  and  alludes  to  their  potency. 

The  frequent  allusion  to  wine,  the  praises  bestowed 
upon  it,  the  flowing  goblets,  the  luxurious  banquets  as 
described  by  the  great  Grecian  poet  one  thousand 
years  before  the  Christian  era,  exhibit  its  value  and  his 
attachment  to  the  comforts  of  the  table  and  to  jovial 
society. 

Horace  was  of  this  opinion  when  he  says-^- 

ITomer,  in  praise  of  the  profuse, 

No  doubt  loved  well  the  balmy  juice. 

The  wines  referred  to  required  twenty  parts  of  water 
to  make  them  potable,  as  in  the  case  of  the  Maro- 
nean  ones.  Poets  are  not  to  be  literally  trusted ; 
and  in  the  present  case,  as  the  object  of  Homer 
was  to  intoxicate  the  giant  Polyphemus  through 
his  hero  Ulysses,  full  latitude  must  be  given  for 
poetical  fiction,  which  can  seldom  be  quoted  in  refer- 
ence to  the  exact  sciences.  This  Maronean  wine  was 
made  from  vineyards  on  the  side  of  Ismarus,  a  hill 
of  Thrace,  by  Maron  a  priest  of  the  Sun.  The  cir- 
cumstance of  the  Greeks  mixing  water  with  their  wine, 
might  after  all  mean  no  more  than  it  does  in  France 
at  the  present  time,  where  water  is  often  mingled  with 
common  wines  of  the  country  by  no  means  remarkable 
for  their  strength.  Thus  the  wine  of  Scyathos  is  said 
to  have  been  used  with  half  its  bulk  of  water.  The 
wines  most  in  repute  with  the  Greeks  were,  in  the  first 
place,  the  wines  of  Chio  or  Chios,  which,  with  the 
Thasian,  were  ranked  among  the  superior  growths. 
Lesbos  was  also  celebrated  for  its  wines.  Many  of  the 
Greek  islands  were  distinguished  for  wines  of  delicacy 
and  flavor,  for  the  most  part  rich  and  sweet.  The 
Ariusian  wine  of  Chio  was  in  high  esteem  as  a  luscious 
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product  of  one  of  tlie  vineyards  of  the  island.  The 
Pannonian  was  celebrated  for  its  healing  qualities. 
This  wine  was  red,  from  a  vineyard  in  Lesbos.  The 
wines  of  Rhodes,  Crete,  and  the  Clazomenian  from  the 
shores  of  Ionia,  were  much  valued,  and  often  taken  with 
an  admixture  of  sea-water,  a  singular  custom,  thought 
to  impart  smoothness  to  the  wine.  The  quantity  thus 
mingled  was  very  small,  and  was  always  boiled  before 
it  was  mingled  with  the  wine.  The  Greeks  classed  their 
wines,  as  in  modern  times,  into  sweet  and  dry,  but  had 
an  intermediate  species.  They  seem  to  have  preferred 
the  thick  sweet  wines  to  all  others,  that  species,  for 
example,  which  the  moderns  denominate  malmsey, 
differing  little  perhaps  from  the  modern  wine  of  Cyprus, 
or  the  malvasia  of  the  Morea.  Some  of  these  wines 
possessed  what  is  now  called  the  bouquet.  As  soon  as 
they  were  opened  to  the  air,  the  perfume  was  imme- 
diately perceived,  but  this  might  have  arisen  from  the 
infusion  of  odorous  substances  at  the  time  of  fermen- 
tation, a  practice  then  common.  Saprian  wine  was 
one  of  those  celebrated  for  its  odor  on  being  uncorked. 
This  odor,  it  is  pretty  clear,  did  not  arise,  as  it  does 
in  the  pure  wines  of  France  in  modern  times,  from  the 
natural  perfume  after  fermentation,  but  from  the  addi- 
tion of  odorous  substances.  Port  and  the  strong  Anglo- 
medicated  wines  at  present,  possess  no  bouquet  from 
its  being  destroyed  by  the  admixture  of  alcohol  with 
them  artificially,  rendering  them  heavy  and  dull.  The 
wines  of  Bordeaux,  Champagne,  and  Burgundy,  on  the 
other  hand,  have  the  perfume  in  a  high  degree  from 
nature. 

The  wine  of  Chio,  called  the  Plianean,  was  celebrated 
among  the  Romans,  who  imported  both  that  and  the 
wine  of  Argitis.  The  wine  of  Mende  in  Thrace  was  a 
white  wine  of  no  great  strength.  The  wines  of  Zante 
speedily  intoxicated;  and  those  of  the  other  Greek 
islands,  as  well  as  of  Lydia,  Phoenicia,  and  Cilicia  on 
the  mainland,  were  of  good  quality,  producing  growths 
the  mere  names  of  which  it  would  be  superfluous  to 
record. 

Rome,  as  she  learned  the  other  arts  from  Greece, 
acquired  also  that  of  making  wine,  as  soon  as  she 
extended  her  power  beyond  the  limits  of  her  home 
empire.  In  the  days  of  Homer  milk  was  substituted 
in  the  sacrifices  in  place  of  wine,  because  of  its  scarcity 
at  Rome.  The  wine  first  made  seems  to  have  been 
from  the  grape  grown  in  the  Campania  Felix.  The 
most  celebrated  sites  for  the  vine  were  near  Naples, 
on  the  sides  and  at  the  foot  of  Vesuvius,  now  covered 
with  the  lava  and  ashes  of  that  celebrated  volcano ;  a 
spot  in  which  Bacchus  was  said  to  have  delighted  in 
consequence  of  its  rare  fertility  and  excellent  adaptation 
for  the  vine  culture.  The  sea  washes  the  limits  of  this 
beautiful  vine-climate  in  one  direction,  and  in  the  other 
delightful  hills,  named  the  Falernian,  Surrentine,  Massic, 
Gaurean,  and  others,  arose  with  the  choicest  aspect  and 
the  most  propitious  slopes  from  the  low  country,  giving 
names  to  the  products  since  wedded  to  immortal  verse. 
Thus  the  Falernian,  Surrentine,  Ca^cuban,  Setine,  and 
other  wines  of  the  vicinity,  were  named  from  their  nat  ive 
hills.  One  or  two  of  the  more  celebrated  writers  left 
passages  in  their  works  which  enable  us  to  give  a  guess 
at  the  nature  of  some  of  the  wines  in  use  among  the 


Romans,  whether  the  growths  of  Greece  or  Italy.  It 
is  certain  from  these  that,  except  in  the  sweet  wines  of 
the  South  of  Europe  at  present,  no  great  similarity 
could  have  existed  between  the  ancient  wines  and 
those  most  prized  by  the  moderns.  The  writings  of 
AthentEUS  and  Pliny  give  a  tolerable  account  of  the 
treatment  of  the  vine  under  cultivation,  but  we  learn  little 
from  them  in  relation  to  the  constituent  parts,  flavor,  or 
qualities  of  the  produce.  The  same  remark  will  hold 
good  in  relation  to  the  extant  works  of  Varro,  Cato, 
Columella,  and  Palladihs.  In  short,  no  source 
remains  from  which  any  tolerable  approximation  can 
take  place  as  to  a  knowledge  of  quality  and  flavor. 
It  is  well  known  on  the  other  hand  that  the  Campanian 
vine  once  enriched  a  considerable  territory  of  great 
fertility,  and  that  a  number  of  large  towns  which  have 
now  disappeared,  once  adorned  that  favored  spot.  The 
more  famous  wine  was  the  Falernian,  which  some  sup- 
pose to  have  been  made  on  the  present  Monte  Barbaro. 
The  Caicuban,  a  sweet  wine,  was  made  on  the  palmus 
lands  of  Amycle.  The  Falernian  was  of  three  kinds, 
the  dry,  sweet,  and  weak.  A  celebrated  vintage  called 
the  Opimian,  from  the  name  of  the  consul  that  year, 
L.  Opimius  Nepos,  took  place  in  u.c.  632,  the  wines 
of  which  bore  a  great  price  a  century  afterwards. 
The  Falernian  required  nine  or  ten  years  to  ripen,  and 
when  aged  was  bitter.  Some  have  imagined  it'  was 
a  dark  red  wine,  others  that  it  was  white.  The 
Surrentine  wine  was  durable,  and  generally  taken  out 
of  cups  of  the  same  name.  The  Massic  came  from 
Sinuessa ;  Trifoline  from  a  hill  near  Naples ;  Taren- 
tine  from  Mount  Aulon,  near  Tarentum  ;  Alban  from 
a  hill  near  Rome ;  Mamertine  from  Sicily,  near  Mes- 
sina ;  Cereton  from  Etruria ;  Signian  from  Latium ; 
and  Massican  from  the  Abruzzo.  The  vicinity  of  Rome 
also  produced  the  Nomentan,  Sabine,  and  Venafran 
wines.  The  north  of  Italy  produced  no  wines  of  note. 
Spain  sent  the  wines  of  Tarragona  to  Rome,  and  France 
those  of  Narbonne,  Marseilles,  and  Vienne;  but  those 
were  said  to  flavor  too  much  of  the  smoke  of  the 
fumarium,  or  else  of  pitch. 

The  Romans  suffered  their  vines  to  grow  high  and 
weakened  the  must.  How  the  fermentation  was  man- 
aged nowhere  appears.  The  wines  were  placed  in  a 
smoky  receptacle  to  ripen,  the  object  being  the  same 
in  ancient  as  in  modem  times,  to  assure  maturity. 
The  Carthagenian  Mago,  who  wrote  five  hundred  and 
fifty  years  before  Christ,  says,  that  to  make  the  best 
wine,  that  of  the  sweet  or  luscious  species,  the  bunches 
of  grapes  were  gathered  when  shrivelled  by  the  sun's 
heat,  the  bad  fruit  picked  out,  and  they  then  were 
placed  upon  a  frame  of  open-work  covered  with  reeds, 
exposed  to  the  sun  by  day,  but  sheltered  from  the  dew 
at  night.  When  they  were  sufficiently  shrivelled  they 
were  thrown  into  a  cask  and  trodden,  and  thus  the 
first  must  was  made.  When  drained,  they  were  sub- 
mitted to  the  wine-press  for  the  first  wine.  They  were 
then  trodden  a  second  time,  and  cold  must  added  to 
the  pressing.  This  second  wine  was  placed  in  a 
pitched  cask,  to  prevent  it  from  becoming  acid.  After 
it  had  remained  for  twenty  days  in  this  state  it  was 
racked  into  another  vessel,  closed  up  from  the  air,  and 
covered  with  a  skin. 
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SncI)  was  the  ancient  mode  of  making  sweet  wines 
of  the  luscious  malmsey  species.  For  the  wines  in 
general,  the  fruit  was  gathered  at  intervals  as  it  ripened, 
and  carried  to  the  press  in  baskets.  The  must  was 
received  in  a  stone  or  plastered  cistern,  and  the  fer- 
mentation was  completed  as  quickly  as  possible.  The 
process,  there  is  reason  to  believe,  was  not  very  different 
from  that  hereafter  described.  In  certain  cases  the 
fermentation  appears  to  have  been  unnecessarily  pro- 
longed, and  a  part  of  the  must  that  flowed  from  the 
grapes  by  their  own  pressure  was  reserved  in  a  separate 
vessel  and  set  aside,  as  it  is  the  custom  to  do  now  in 
making  Tokay-Ausbruch  in  Hungary.  This  must, 
the  most  valued,  was  often  stored  by  itself.  Some- 
times it  was  plunged,  when  in  a  state  of  fermentation, 
into  deep  water,  being  previously  hermetically  sealed. 
Weak  must  was  often  boiled  down,  so  that  much  of  the 
aqueous  portion  evaporated,  and  it  was  denominated 
according  to  the  quantity  of  the  portion  unevaporated. 
If  two-thirds  were  left,  it  was  called  calenum;  if  only 
one-third,  sapa.  This  was  evidently  copied  from  the 
Greeks,  and  is  still  practised,  being  called  in  Italy  vino 
cotto,  and  in  France  vim  cuits. 

The  custom  of  adding  sea-water  to  wine  is  said  to 
have  been  discovered  by  accident.  The  water  was 
boiled  down  to  a  third  part,  but  the  quantity  used 
differed  according  to  the  nature  of  the  wine.  The  act 
of  perfuming  the  wine  must  have  ruined  its  delicacy  ; 
pitch,  rosin,  cassia,  myrrh,  saffron,  and  cypress  leaves 
were,  one  or  the  other  or  several  of  them,  thus  infused. 
The  true  principles  of  fermentation  were  evidently 
unknown  to  the  ancients,  who  had  not  the  advantage 
of  modern  chemistry.  It  was  the  same  with  the  causes 
of  the  difference  between  dry  and  sweet  wines.  There 
was  no  deficiency  in  the  attention  paid  to  the  vines,  except 
that  they  were  permitted  to  weaken  themselves  by  too 
luxuriant  a  growth;  this  in  consequence  tended  to  aid 
acetous  fermentation.  In  aspect,  soil,  grafting,  and 
training,  all  seems  to  have  been  well  known  in  ancient 
times  ;  the  Greeks  understanding  this  point  better  than 
the  Romans.  The  Aminean  grape  was  the  species 
most  cultivated  for  wine,  at  least  in  the  Campania 
Felix,  but  it  cannot  be  identified  with  any  modern 
species.    October  was  the  vintage  month. 

The  treatment  of  the  aneient  wine  after  the  first 
fermentation  included  a  further  progress  in  the  vat, 
and  it  was  then  placed  in  earthen  vessels,  hermetically 
sealed,  denominated  amphora,  each  of  which  held 
6'7827  English  gallons,  or  in  other  vessels  of  a  dif- 
ferent capacity,  as  the  urna,  which  held  just  half  the 
quantity  of  the  amphora.  If  an  inferior  wine,  or  one 
designed  to  be  carried  to  a  distance,  it  was  placed  in 
pitched  skins— the  bottles  of  the  New  Testament.  When 
designed  for  the  amphora  and  cellar,  after  being  ex- 
posed to  the  smoke  of  the  fumarium,  it  had  the  year 
of  the  vintage  or  the  consular  year  marked  upon  -it, 
and  was  set  in  the  ground.  Under  this  treatment  in 
the  fumarium  and  elsewhere,  some  of  the  wines  grew 
so  thick  that  they  could  not  be  drank  until  they  were 
dissolved  in  water.  That  sometimes  the  wine  tasted 
of  the  smoke  is  not  matter  of  wonder.  It  is  well  known 
that  Madeira  ripens  rapidly  if  the  bottles  are  plunged 
into  a  hotbed  or  into  stable  dung.  The  amphora:  were 


vessels  without  bases,  shaped  as  in  Fig.  (115,  and  made 
of  pottery  clay.  The  consulship  of  the  famed  Opimian 
year  is  marked  on  some  of  the  existing  amphorae  in 
the  way  thus  exhibited — L.  0.  Nepos,  tj.C.  632.  The 
wines  of  the  ancients  were  thus  different  in  quality  from 
those  of  modern  times, 
and  could  only  have  been  PJ6. GI5- 

relished  by  long  habit. 
The  different  varieties 
which  have  been  trans- 
mitted by  name  in  Italy, 
Gaul,  and  the  East  are 
reckoned  at  a  hundred 
kinds,  rough,  soft,  and 
sweet.  That  the  wines 
of  the  ancients  were  more 
durable  from  this  after- 
management  than  from 
any  knowledge  they  possessed  of  their  chemical  com- 
binations when  treated  scientifically  according  to  their 
nature,  and  unmingled  with  substances  foreign  to  them, 
is  evident  upon  a  due  consideration  of  the  subject. 

Regarding  the  wines  of  Asia  Minor,  little  is  known  in 
respect  to  the  treatment.  Some  kinds  were  kept  in 
the  fumarium  until  they  became  as  hard  as  salt,  and  it 
was  necessary  to  dissolve  them  too  in  water  before  they 
were  drank.  The  prices  they  bore,  considering  their 
age,  were  not  extravagant ;  those  more  than  a  century 
and  a  half  old  costing  less  than  seven  shillings  the 
English  quart.  In  Rome  the  quantity  of  wine  con- 
sumed was  considerable.  The  servants  of  Cato  were 
allowed  about  a  pint  and  a  half  per  day.  The  stocks 
of  the  more  precious  wines  kept  by  the  opulent  were 
surprisingly  large.  Of  the  best  and  dearest  Greek 
wine,  that  of  Ohio,  Hortensius  left  ten  thousand  casks 
at  his  decease.  The  celebrated  Maecenas  introduced  a 
rare  wine  of  his  own,  called  maicenatianum.  Of  the 
common  wine  made  in  Italy,  too,  the  produce  was 
large,  being  in  one  recorded  case  no  less  than  two 
thousand  one  hundred  and  fifty  gallons  per  acre,  or 
eight  culei  on  the  jugerum  or  twenty-eight  thousand 
eight  hundred  square  feet.  In  these  computations, 
however,  there  is  much  uncertainty. 

Wine  was  drunk  in  Rome  out  of  murrhine  cups  when 
the  eternal  city  was  in  its  greatest  height  of  luxury  and 
pride.  What  this  substance  was  is  unknown,  but  it 
appears  to  have  come  from  Egypt  or  the  East,  and  to 
have  possessed  an  inherent  perfume ;  many  dissertations 
have  been  written  upon  its  nature,  all  alike  unsatis- 
factory. 

Among  names  of  ancient  wines,  is  that  of  Helbon  or 
wine  of  Tyre,  called  by  the  Greeks  halibonion,  and 
alluded  to  by  the  prophet  Ezekiel — the  name  meaning 
sweet  or  fat ;  it  was  made  near  Damascus,  originally  by 
the  Persians.  This  wine  was  common  in  England  in 
the  reign  of  Richard  III.,  being  imported  in  Venetian 
vessels.  The  wine  of  Lebanon  in  Hosea,  is  praised  for 
its  perfume.  But  the  different  conjectures  regarding 
the  nature  of  ancient  wines,  built  upon  no  satisfactory 
data,  cannot,  any  more  than  their  names,  be  of  any 
real  moment,  however  amusing  to  the  scholar.  It 
may  be  observed,  however,  that  a  marked  distinction 
anciently  existed  between  pure  wine,  and  that  which 
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was  perfumed  or  medicated,  as  with  certain  wines 
imported  into  England,  brandy  is  added  for  the  same 
purpose,  particularly  to  port  wine.  The  Jews  have  pre- 
served this  distinction  in  scripture,  by  using  the  term 
mixed  or  strong  wine;  thus — In  the  hand  of  the  Lord  is 
a  cup,  and  the  wine  is  red;  it  is  full  of 'mixture ;  and  he 
poureth  out  of  the  same ;  but  the  dregs  thereof,  all  the. 
wicked  of  the  earth  shall  wring  them  out  and  drink 
them. 

Leaving  a  subject  so  much  of  which  must  be  conjec- 
tural, the  wine  of  the  present  time,  naturally  the  most 
important,  comes  to  be  considered,  together  with  the 
processes  adopted  by  the  moderns  in  its  manufacture. 
The  variety  of  the  plant  which  produces  it,  and  the 
nature  of  the  soils  in  which  the  best  grape  is  matured, 
are  subjects  copiously  treated  of  both  by  French  and 
Spanish  writers.  In  the  catalogue  of  the  national  col- 
lection of  vines  at  the  Luxembourg  in  Paris,  there  are 
five  hundred  and  seventy  varieties,  classed  black  oval, 
black  round,  white  oval,  white  round,  grey  and  violet 
oval,  and  grey  and  violet  round.  ChaptAl  collected 
fourteen  hundred  sorts,  and  Clemente  states  that  two 
hundred  and  fifty  species  exist  in  Andalusia  alone. 
The  treatment  of  the  vine  and  the  entire  culture  of  the 
plant  belong  to  the  rural  economy  of  the  wine-producing 
countries.  To  enter  largely  upon  this  subject  would 
be  out  of  place  here;  still  the  following  on  the  kind  of 
soil  best  adapted  for  the  grape,  and  on  the  best  descrip- 
tion of  grapes  to  employ,  will  interest  and  instruct  the 
reader. 

The  wine-producing  countries  in  the  Northern  hemi- 
sphere are  included  between  the  parallels  of  33°  and  51° 
North  ;  but  this  rule  is  limited  by  local  circumstances, 
probably  by  the  line  of  the  biting  North-east  winds, 
which  keep  back  the  vine  in  spring.  An  oblique  line 
drawn  a  little  north  of  Coblentz,  concave  to  the  North, 
and  continued  to  the  mouth  of  the  Vilaine,  in  47°  25' 
North,  will  nearly  define  the  vine  limit.  Wine  once 
made  in  good  quality  at  Estampes  and  Beauvais,  so  as 
to  be  celebrated,  cannot  be  made  there  now.  Thus  it 
was  once  made  too  in  the  counties  of  England  South  of 
Cambridgeshire.  Wine  in  1553  was  made  of  the  mus- 
cat grape  at  Macon  in  Burgundy,  where  it  cannot  now 
be  made  at  all.  In  Asia  no  good  wine  is  made  South 
of  latitude  33°  North,  in  Persia  and  Shiraz.  In  regard 
to  the  Southern  hemisphere,  except  a  little  sweet  wine 
from  the  Constantia  vineyards  at  the  Cape  of  Good 
Hope,  none  of  any  mark  is  yet  produced,  though  much 
of  an  inferior  quality  is  made.  With  the  wine-pro- 
ducing countries  of  the  North  the  world  is  too  familiar 
to  need  the  exact  enumeration. 

Keeping  in  view  wines  of  the  first  and  second  class 
in  excellence,  nearly  all  which  lay  claim  to  the  greatest 
delicacy  and  purity  are  produced  in  France,  where 
science  and  long  experience  have  been  brought  to  bear 
upon  their  management.  In  a  first-class  wine  there 
must  be  no  mixture  of  any  foreign  matter  whatever. 
The  fermentation  must  be  natural,  and  no  extraneous 
substance  introduced,  not  even  brandy.  Nothing  must 
be  allowed  to  prevent  the  development  of  the  perfect 
character  of  the  particular  species  expected  —  light- 
ness, freshness,  a  rich  odor  conferred  by  nature,  such 
as  are  found  in  Romanee-Conti,  Chambertin,  Vin  du 


Roi,  or  Hermitage  of  the  first  class,  because  of  such 
wines  only  can  the  term  pure  wine  be  understood, 
or  a  standard  be  found  by  which  the  first-class  can  be 
established,  and  the  test  be  fixed  for  the  inferior 
kinds.  France,  Spain,  Germany,  Italy,  Portugal,  Hun- 
gary, Greece,  and  Sicily  are  the  principal  wine  countries 
of  Europe.  Tolerable  wine  has  also  been  made  in  the 
extreme  South  of  the  Russian  dominions. 

Passing  over  the  vine  culture,  the  best  sites,  the 
diseases  of  the  vine,  the  training,  and  the  incessant  and 
laborious  calling  of  the  vine-dresser,  all  belonging,  as 
before  observed,  to  rural  economy  ;  and  therefore  only 
observing  that  the  practice  of  grafting  is  pretty  general 
— it  may  be  added  that  some  vines  will  bear  well  for  a 
century  and  a  half.  There  have  been  examples  of 
three  centuries,  while  others  will  not  be  productive  for 
more  than  forty  years. 

The  extent  of  the  vineyards  that  produce  the  finer 
wines  is  well  known  to  be  very  limited.  The  differ- 
ences of  soil  and  treatment  do  not  appear  sufficient  to 
account  for  this  fact.  Although  the  best  vines  are 
grown  on  a  calcareous  soil,  as  on  the  chalk  hills  of 
Champagne  and  the  albarizas  of  Xeres,  of  which  car- 
bonate of  lime  forms  two-thirds,  and  in  three-fourths  of 
the  more  celebrated  vineyards  this  is  the  case,  though  the 
necessity  of  such  a  description  of  soil  has  been  denied. 

In  the  vineyards  of  Andalusia,  while  some  of  the  above 
soils  contain  even  seventy  per  cent,  of  carbonate  of 
lime,  the  remainder  is  a  compound  chiefly  alumina, 
with  a  very  small  portion  of  silica,  and  sometimes  a 
little  magnesia.  In  certain  spots  the  soil  is  almost 
pure  carbonate  of  lime.  This  kind  of  earth  absorbs 
every  particle  of  moisture  which  falls  upon  it,  and 
never  cracks  nor  opens  in  the  hottest  summers.  The 
albarizas  are  a  series  of  calcareous  hills.  The  best 
Spanish  wines  produced  on  such  a  soil,  exhibit  its 
virtues  very  strikingly  in  the  fineness  and  durability  of 
the  product,  and  militate  against  the  opinion  expressed 
in  some  districts,  that  if  the  soil  be  porous,  light,  and 
free,  the  presence  of  lime  is  of  little  moment.  The 
fences  of  the  vineyards  on  the  albarizas  consist  of  the 
prickly  pear.  Adjoining  the  albarizas,  or  chalky  soils, 
come  the  arenas,  or  sands ;  but  these  are  intermingled, 
more  or  less,  with  calcareous  particles.  About  Malaga, 
where  the  surface  of  the  country  is  extremely  rugged, 
the  soil  consists  of  limestone,  intermixed  with  slaty 
schist,  over  which  the  rich  raisins  for  export  are  pro- 
duced. In  the  South  of  France,  in  Eousillon,  the  soil 
resembles  that  of  Malaga,  particularly  near  Perpignan, 
being  slaty  schist,  or  gravel,  interspersed  with  calcare- 
ous matter.  In  some  places  where  the  soil  is  not  six 
inches  thick,  a  hole  is  bored  in  the  loose  rock  with  an 
iron  bar,  in  depth  about  a  foot,  into  which  the  plant  is 
thrust,  among  the  stony  and  arid  ground.  In  Bur- 
gundy the  soil  varies  much.  At  Chambertin  it  is  a 
brown  loam,  full  of  gravel,  and  friable.  This  gravel 
consists  of  small  pieces  of  broken  limestone,  in  some 
places;  in  others,  of  marl  with  small  shells — while, 
in  another  place,  the  vines  grow  in  pure  clay,  but 
still  with  traces  of  lime  in  some  form.  The  cham- 
pagne district,  in  like  manner,  is  almost  wholly  cal- 
careous, at  least  where  the  best  wines  are  made.  Thus 
the  famous  sillery  is  produced  from  vineyards  on  chalk, 
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■with  an  Eastern  exposure.  At  Ay,  on  the  Marne,  on 
botli  sides  of  the  river,  the  hills  are  chalk,  and  the  soil 
often  supported  by  terraces.  By  the  river  of  Marne, 
and  on  the  hills  of  Rheims  are  the  celebrated  locali- 
ties— proverbially  so.  The  chalk,  whether  it  lie  deep 
or  superficial,  produces  the  same  effect  in  respect  to 
dry  wine  of  superior  quality,  agreeably  to  its  treatment 
and  the  aspect  of  the  vineyard.  The  hermitage  wine 
lias  been  cited  in  proof  of  the  goodness  of  wine  grown 
on  the  debris  of  granite. 

Wines  of  the  finest  quality  are  undoubtedly  grown 
upon  soils  where  lime  is  not  immediately  visible. 
Sands  in  the  vicinity  of  Bordeaux,  and  granitic  soils 
near  the  Bhone,  flinty  and  argillaceous  earths,  are 
found  to  produce  excellent  wine.  But  hermitage,  for 
example,  although  produced  from  vines  grown  among 
fragments  of  granite,  is  no  doubt  affected  favorably  from 
the  calcareous  soil  hard  by,  having  portions  inter- 
mingled with  them;  nor  can  it  be  any  exception  to 
the  fact  as  respects  the  finer  dry  wines,  that  their 
superiority  is  due  to  their  connection  with  calcareous 
matter.  Sweet  wines  are  produced  in  almost  every 
kind  of  soil.  Dry  wines  produced  on  schist,  for  example, 
are  poor,  compared  to  those  the  fruit  of  which  is  grown 
on  chalk  land ;  while  the  sweet  wines,  such  as  those  of 
Malaga,  are  good  on  that  description  of  soil.  The 
Rivesaltes,  a  sweet  wine  of  France,  is  produced  on 
granitic  land  upon  which  lies  a  stratum  of  pebbles, 
while  the  dry  wines  of  the  same  land  which  produces 
those  celebrated  growths,  are  sufficiently  mediocre.  At 
Ay,  where  the  finest  champagne  is  made,  the  soil  lies 
upon  chalk  in  some  places  from  ten  to  fifteen  feet  thick; 
but  the  superincumbent  earth  is  full  of  pieces  of  chalk, 
the  surface  only  being  argillaceous;  and  where  most  so, 
causing  some  difference  in  the  quality  of  the  wine. 
Very  little  manure  is  applied  to  the  vines  that  produce 
the  best  and  finest  wines.  In  argillaceous  soils  the 
roots  of  the  vines  are  found  not  to  branch  off  in  a 
desirable  manner;  and  the  facility  with  which  the  soil 
retains  the  water,  causes  a  degree  of  humidity  preju- 
dicial to  the  bud.  Volcanic  soils,  on  the  other  hand, 
give  excellent  wines,  particularly  when  they  are  of  very 
ancient  date,  and  rival  those  the  fruit  of  which  is  grown 
on  calcareous  strata;  generally,  too,  possessing  a  flavor 
peculiar  to  themselves.  In  all  cases  the  soil  must  be 
light,  friable,  porous,  so  that  water  shall  not  lodge 
around  the  plant.  The  exposition  may  vary.  Bacchus 
loves  the  hills  is  an  old,  but  not  an  unexceptionable 
adage,  as  gravelly  plains  may  produce  good  wines. 
Sometimes,  according  to  the  nature  of  the  country,  an 
Eastern  aspect  is  best ;  at  others  a  Southern,  and  even 
a  Northern  has  yielded  excellent  wine;  much  in  such 
a  case  depending  upon  the  latitude  and  the  more 
obnoxious  winds,  as  well  as  the  atmospherical  tempe- 
rature. It  is  remarked,  however,  that  good  wine  is 
rarely  produced  in  narrow  valleys,  especially  if  a  river 
flow  through  them. 

It  will  thus  be  perceived  that  the  nature  of  the  soil 
for  the  dry  and  finest  wines  must  be  calcareous,  even 
to  pure  chalk;  in  all  events  it  must  be  sufficiently  so 
to  influence  the  vine  most  essentially  during  its  growth; 
and  that  for  sweetand  luscious  wines,  the  nature  of 
the  soil  is  of  far  less  moment,  such  wines  being  grown 
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on  every  kind  of  soil,  except  that  which  produces  the 
most  valuable  and  rare  dry  growths.  In  the  English 
colonies,  and  in  the  United  States  of  America,  not  long 
ago  covered  with  primeval  forests,  the  soil,  enriched  by 
the  autumnal  spoils  of  ages,  is  too  good  for  the  vine, 
the  fruit  of  which,  for  making  good  wine,  differs  so 
much  from  the  character  of  fruit  in  general,  when 
intended  for  the  table. 

The  grapes  are  various  that  give  out  the  more  pre- 
cious must.  In  Bonsillon  in  France,  the  best  wines 
are  from  the  carignan,  grenache,  and  mataro  grape. 
The  celebrated  Rivesaltes  wine  is  principally  from  the 
white  macabeo,  the  muscat,  and  grenache  blanche ; 
the  hermitage  comes  from  the  scyras  or  ciras  grape, 
the  roussette,  and  the  marsan.  The  pineau  blanche 
and  pineau  noir  before  mentioned  produce  the  cele- 
brated Clos  Vougeot  wine  in  Burgundy.  In  the  Bor- 
deaux wine  district,  the  Graves,  Barsac,  and  Sauterne, 
come  from  the  white  sanvignon,  the  semillon,  the 
rochelin,  blanc-doux,  and  primeras — all  three  white — 
and  the  black  muscade.  The  best  Spanish  wines  are 
the  produce  of  the  pedro  ximenes  grape,  both  at 
Malaga  and  Xeres.  At  Malaga  and  Grenada  one  half 
the  plants  are  of  this  species  ;  at  Xeres,  one-eighth  ;  at 
Motril,  four-fifths  ;  and  at  Paxarete,  one-fourth.  The 
grape,  giving  fine  wine  in  the  North,  may  be  productive 
of  wine  of  very  moderate  merit  in  the  South.  In  con- 
sequence every  country,  and  even  district  of  the  same 
country,  differs  in  the  variety  of  the  fruit  prepared. 
This  arises  naturally  from  the  circumstances  of  the 
temperature  and  soil  affecting  one  species  more  than 
another,  for  wdrich  it  may  have  less  affinity.  The 
growths  are  often  mixed.  Thus  the  marsan  grape  of 
itself  gives  a  sweet  wine,  and  the  rousanne  or  rous- 
sette a  dry,  therefore  they  are  mixed  to  prepare  the 
white  hermitage,  for  example.  In  Burgundy  the  black 
pineau  is  much  used,  as  well  as  the  chandeney.  In 
champagne  the  norien  and  pineau  prevail,  with  some 
of  the  garnet  and  gibaudot.  The  black  morillon,  and 
the  magdelaine,  and  the  meunier,  are  early  bearing 
species.  The  chasselas,  supposed  to  have  come  from 
Cyprus,  the  cioutat  or  black  grape  of  Corinth,  the 
muscat  noir,  isabelle,  verdet,  and  black  muscade,  the 
carhenet,  violet,  and  corinth  in  France,  the  TJva  del 
Rey,  the  mollar,  the  listan  of  Xeres,  the  larga  and 
doradillo,  with  the  moscatel  gordo,  are  used  in  different 
proportions  in  some  places  in  Spain,  but  one  kind 
rarely  or  never  alone.  To  enumerate  and  describe 
the  five  hundred  and  seventy  species  in  the  garden  of 
the  Luxembourg  in  France,  could  not  enable  a  culti- 
vator to  discriminate  what  species  would  be  best  to 
adopt,  so  much  depending  upon  site,  climate,  and 
annual  temperature.  The  grenache  blanche,  for  ex- 
ample, is  only  used  in  the  district  of  Colliouro  in 
France.  The  Hungarian  varieties  also  are  numerous ; 
but  site  and  experience  can  alone  determine,  as  else- 
where, the  species  most  in  accordance  with  the  views 
of  the  cultivator  in  producing  the  best  wine. 

By  a  remarkable  peculiarity,  nature,  and  habit  of  the 
vine,  it  adapts  itself  to  those  parts  of  the  country  which 
are  least  fitted  for  the  cultivation  of  the  cerealia.  Those 
vines  which  bear  the  best  fruit  for  the  finest  dry  wines, 
invariably  grow  on  soils  which  would  be  unproductive 
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with  respect  to  the  food  crops.  Gravel,  sand,  volcanic 
debris,  flint,  and  such  like  soils,  are  favorable  to  the 
growth  of  the  vine,  whilst  rich,  deep,  warm,  fat  earth, 
and  all  rich  lands,  are  unsuited. 

The  names  of  the  different  kinds  of  vine  fruit  in 
Hungary  are  so  untranslatable  in  the  West  of  Europe, 
and  so  far  off,  that  they  can  hardly  be  identified  with 
those  of  the  West  without  inspection  by  qualified  culti- 
vators. Thus  the  Furraint  is  used  in  making  the 
Tokay- Ausbruch  in  the  Hegyallya ;  the  Fejer-Szollo  of 
the  same  district ;  the  Szemendrian  or  white  Servian 
grape  ;  the  Sar-FejeV  or  honey  grape,  believed  by  some 
to  be  the  magdalen  ;  the  Balafant,  the  Rdk-Szollo  or 
silver  white ;  the  Zapfnor  which,  some  contend,  is  iden- 
tical with  the  Orleans  of  the  Rhine ;  the  Hars-Levellii 
or  linden-leaved;  the  purple  Kadarka  or  real  Hun- 
garian; the  Blue  of  the  Banat,  the  Csoka,  or  Sloeblack, 
and  a  great  variety  of  others,  which  it  would  be  useless 
to  name,  are  grown  to  produce  the  celebrated  wines  of 
Hungary. 

The  climate  of  Hungary  is  peculiar,  and  in  extremes; 
so  that,  in  some  places,  they  are  obliged  to  bury  the 
stocks  to  keep  them  from  the  cold.  The  cellars  are 
badly  built  in  many  places,  and  the  casks  too  small, 
and  new  and  unseasoned  wood  is  continually  adopted, 
spoiliug  the  flavor  of  the  wine.  Marble  store-vats  are 
used  in  many  places  ;  one  at  Ofen  will  contain  thirty- 
nine  thousand  gallons.  That  wines  ripen  best  in  a  large 
volume,  is  proved  in  this  district  by  these  vats,  or  rather 
cisterns.  The  wines  of  the  plains  are  inferior  to  those 
of  the  hills  from  the  same  description  of  fruit. 

In  Germany,  the  Biessberg,  a  small  white  grape  ;  the 
Kleinberger,  a  very  productive  species;  and  the  Orleans 
grape— make  the  more  celebrated  wines.  The  Orleans 
is  the  favorite  at  Budesheim  ;  but  all  the  other  wine- 
makers,  except  at  that  place,  throughout  the  Bhinegau 
prefer  the  Biessberg.  The  grapes  for  the  Joannisberger 
of  the  first  class  are  carefully  selected,  and  only  a  small 
quantity  is  ever  made ;  about  sixteen  aums  of  thirty 
gallons  each.  The  black  pineau  of  Burgundy,  and 
the  teinturier  are  grown  on  the  Bhine,  as  well  as 
the  chasselas.  The  traminer,  white  cliivener,  franken, 
gutadel,  fiuhroth,  black  cluvener,  and  muscatelles, 
are  cultivated  to  a  considerable  extent  in  Germany, 
and  on  the  Moselle,  where  only  the  kinds  adapted  for 
a  Northern  class  of  wines  ripen  well.  This  may  suffice 
to  afford  a  faint  idea  of  the  great  extent  to  which  that 
portion  of  wine-making  connected  with  agriculture 
must  be  carried,  to  embrace  the  entire  subject  over  an 
extensive  and  ever  varied  field. 

The  grapes  depending  for  perfect  maturity  upon 
their  Northern  or  Southern  latitude,  the  vintage  takes 
place  accordingly  in  September  or  October.  Upon  the 
excellence  of  the  must  rests  the  purity  of  the  wine, 
and  that  depends  much  upon  the  season,  the  character 
and  soil  being  the  same.  The  utmost  development  of 
saccharine  matter  is  watched  until  the  fruit  is  ready 
to  burst  with  ripeness,  if  all  goes  on  well.  The  sun 
having  dried  up  the  dew,  the  work  commences;  the 
gathering  being  expedited  most  in  warm  weather, 
because  the  fermentation  is  then  most  active ;  and 
it  is  desirable  to  ferment  at  once  the  largest  possible 
quantity  of  must. 


The  riper  clusters  are  separated  from  the  branches 
when  the  skin  is  thin,  transparent,  and  not  apt  to  break 
between  the  teeth;  when  the  color  is  become  deep, 
that  is,  when,  if  the  grape  be  of  a  white  sort,  it  becomes 
grey,  or  if  red,  from  a  violet  hue  appears  black ;  when 
the  stem  is  woody  in  fibre,  losing  its  green  color,  and 
becoming  brown  like  the  main  stock,  the  grape  hanging 
loosely ;  lastly,  when  the  grain  gives  way  easily  to  the 
pressure  in  gathering,  or  when  crushed,  has  a  vinous 
odor.  The  bunches  are  gathered  with  great  care,  for 
which  purpose  scissors  are  commonly  used,  in  order  to 
shake  the  fruit  as  little  as  possible ;  as  the  ripe  grapes 
are  easily  detached,  and  are  bruised  with  the  slightest 
fall.  The  baskets — Fig.  616 — in  which  the  bunches 
are  placed  are  small ;  and  the  deposition  in  them  takes 

Fig.  616. 


Osier  basKcts  and  motlo  of  carrying  the  grapes  to  the  press. 

place  with  great  care  lest  the  fruit  be  injured.  With 
large  baskets  the  grapes  are  crushed  ;  and  the  must  is 
too  often  wasted,  owing  to  the  superincumbent  weight. 
All  the  bad  or  green  grapes  must  be  taken  off  and  put 
aside,  as  the  unripe  arc  apt  to  impart  acid  to  the  sound 
must.  The  grapes  in  different  states  of  maturity  are 
not  to  be  mingled,  because  they  cause  an  inequality  in 
the  fermentation  of  the  must  by  their  acidity,  and  con- 
sequently it  is  deteriorated.  The  baskets  of  osier  of  a 
peculiar  make  are  carried  to  the  press  strapped  on  the 
backs  of  men,  or  in  carriages.  The  backs  of  men,  or 
even  of  animals,  are  preferred  to  carriages,  because  the 
motion  is  less.  The  stems  of  the  clusters  are  cut  short 
off.  Some  farmers  take  the  grapes  off  the  clusters,  an 
operation  in  France  denominated  cgrappage,  but  the 
practice  is  by  no  means  uniform,  nor  is  it  universal. 

The  next  part  of  the  process  is  treading  the  grapes, 
or  breaking  them  with  machines,  before  they  are  set 
to  ferment.  This  operation  facilitates  the  fermentation. 
Square  troughs  are  used,  having  holes  in  the  bottom 
to  admit  of  the  must  flowing  out.  The  grapes  are 
then  trodden  by  men  with  sabots  or  wooden  shoes, 
at  the  best,  though  an  ancient,  a  clumsy,  and  not  very 
agreeable  operation.  The  must  which  escapes  is  thrown 
into  the  fermenting  vat  either  with  or  without  the 
murk,  as  may  be  required ;  and  the  same  operation  is 
repeated  until  the  whole  is  trodden.    The  disengage- 
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ment  of  the  coloring  matter  from  the  skins  is  mainly 
effected  by  this  process,  and  no  substitute  would 
answer  which  did  not  obtain  that  object.  The  sub- 
sequent fermentation  and  the  heat  it  produced  would 
not  alone  obtain  and  fix  the  color  ;  the  skins  must  be 
broken.  Several  inventions  have  been  exhibited  and 
others  carried  into  practice  to  meet  an  end  so  desirable. 
Of  these  machines  at  a  reasonable  cost,  one  is  the 
invention  of  M.  Achee  of  Chartres,  and  has  the  recom- 
mendation of  being  among  the  cheapest.  This  machine 
is  shown  in  Fig.  617.  It  does  its  work  well,  having  the 
recommendation  of  the  more  experienced  of  the  wine- 


Fig.  617. 


makers  that  it  was  capable  of  giving  the  must  the 
utmost  effect  of  which  it  was  susceptible,  before  sub- 
mitting the  grapes  to  pressure.  All  were  found  to  be 
equally  and  uniformly  crushed — none  escaping  the 
action  of  the  cylinder.  By  its  use  the  fermentation 
proceeds  in  a  more  uniform  manner,  and  the  action  of 
the  press  becomes  more  effectual.  A,  a  hopper  in 
which  the  grapes  are  placed ;  B,  a  cylinder,  one  metre 
in  circumference,  and  sixty-five  centimetres  in  length  ; 
it  is  armed  with  small  nails ;  the  heads  large  and  fiat, 
placed  in  curved  or  oblique  lines  on  the  cylinders, 
distant  from  each  other  five  millimetres.  This  cylinder 
is  placed  beneath  the  hopper,  to  crush  effectually  all 
the  grapes  which  descend  to  it.  The  cylinder  is  turned 
by  a  handle,  D ;  E  is  a  species  of  wooden  flap  armed  at 
the  lower  edge  with  a  series  of  teeth,  perpendicular  to 
the  axis  of  the  cylinder,  disposed  in  such  a  manner  as 
to  play  between  the  nail  heads  on  the  cylinder,  and  to 
crush  all  the  fruit  which  approaches  it;  F,  the  vat  which 
receives  the  must  when  crushed. 

There  is  another  French  invention  for  the  same 
purpose  by  a  mechanic  of  Toulouse.    It  consists  of  two 


horizontal  cylinders,  which  act  in  the  same  mode  as 
those  of  a  laminating  engine,  not  only  by  pressure,  but 
by  friction.  It  moves  by  means  of  two  toothed  wheels 
attached  to  one  end  of  each  cylinder.  In  order  to 
communicate  to  one  cylinder  a  movement  more  acce- 
lerated than  that  of  its  fellow,  the  diameter  of  each 
wheel  as  with  its  cylinder,  is  different.  A  handle  is 
fixed  to  the  end  of  the  smaller  cylinder.  The  larger  is 
ten  inches  in  diameter ;  the  smaller  six.  These  two 
cylinders  are  placed  at  the  bottom  of  a  hopper,  in 
which  the  grapes  are  deposited.  The  whole  is  con- 
structed over  a  cask  or  vat,  five  feet  nine  inches  in 
diameter,  or  in  length,  if  of  a  different  form  from  that 
of  a  cask,  and  this  receives  the  must.  It  is  effective, 
and  dispenses,  equally  as  well  as  the  machine  of  M. 
Acher,  with  the  old  uncouth  mode  of  treading  out 
the  fruit  with  sabots. 

Ia  order  to  prevent  white  wine  from  becoming 
colored,  the  red  grapes  are  not  trodden,  because  it 
would  bruise  the  skins  and  discharge  the  coloring 
matter ;  but  they  are  submitted  to  the  press,  as  they 
arrive  from  the  vine,  and  then  taken  to  the  vat,  husks 
and  all  in  some  places ;  in  others,  the  murk  is  reserved 
after  the  first  pressure.  The  mode  adopted  in  the  use 
of  the  little  press,  which  is  directed  rather  to  make  a 
little  choice  than  a  large  quantity  of  a  middling  class 
of  wine,  is  as  follows : — Planks  are  laid  upon  the 
bottom  of  the  press,  which  is  uneven,  so  that  the 
must  may  run  into  one  channel,  and  thence  into  a  cask 
placed  below  the  level  of  the  floor  of  the  press.  The 
grapes  are  carefully  piled  on  the  maye  or  planks  at  the 
bottom  of  the  press,  other  planks  are  laid  upon  the 
grapes,  then  several  transverse  beams  of  wood,  and 
upon  these  the  press  is  screwed  down.  The  pressure 
at  first  is  but  slight,  that  there  may  be  no  waste  of 
the  must.  The  pressure  is  then  increased  until  the 
utmost  force  of  the  screw  is  exerted,  and  the  murk 
becomes  as  hard  as  a  stone.  The  press  is  afterwards 
relaxed,  the  edges  of  the  hardened  mass  cut  square 
with  an  instrument  for  that  purpose ;  and  the  cuttings 
being  heaped  upon  the  top,  the  screw  is  again  applied, 
and  the  wine  thus  produced  is  called,  wine  of  the 
first  cutting.  This  pressing  and  cutting  are  repeated 
more  than  once.  Finally,  the  murk  is  steeped  in  water, 
and  again  pressed,  when  a  small  wine  is  the  produce, 
given  to  the  laborers,  called  in  France,  piquette,  and  in 
Spain,  aguapie. 

The  wine-press,  an  instrument  as  old  as  the  days  of 
the  Israelitish  lawgiver,  is  made  in  various  modes  in 
the  same  country.  In  Spain  at  this  day  presses  are 
clumsy  troughs,  about  eight  feet  square  and  a  dozen 
inches  deep,  with  a  wooden  screw  in  the  centre.  Into 
such  a  trough,  in  Andalusia,  the  grapes  are  carelessly 
flung,  with  a  sprinkling  of  powdered  gypsum  in  making 
white  wine,  to  saturate  the  malic  acid.  The  must  is 
received  in  jars  from  holes  in  the  trough,  and  carried 
thence  to  the  butts.  A  bar  or  lever,  of  about  five 
feet  long,  is  used  for  turning  the  screw.  The  wine- 
press used  in  France  for  the  hermitage  wine,  is  a 
trough  seven  feet  square,  having  an  iron  screw  of  vast 
power  in  the  centre.  This  is  turned  by  a  wheel  having 
projecting  spokes  for  the  workmen  to  pull  it  round. 
There  is  a  stage  round  the  press  for  the  workmen  to 
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stand  upon.  The  grapes  are  built  up  in  the  trough  as 
high  as  the  screw  will  admit.  The  must  flows  from 
spouts  in  the  sides,  at  the  bottom  of  the  trough.  Wine 
of  the  first  cutting  is  then  taken.  This  press  will 
make  at  once  forty  casks  of  wine,  of  fifty  gallons  each. 
The  murk  is  generally  distilled.  In  Burgundy,  the 
trough  or  place  for  the  grapes  is 
twelve  feet  square,  having  a 
lever  worked  by  a  wooden  screw. 
There  is  the  Bascule,  a  large 
press  requiring  a  dozen  men  to 
work  it.  The  Pressoir  a  etiquct, 
moved  by  levers,  or  a  horizontal 
wheel  worked  by  four  men  ;  and 
the  Pressoir  a  coffre,  single  and 
double.  One  in  a  vineyard  in  the 
Saone  and  Loire  acts  by  per- 
cussion. This  press  is  novel,  and 
is  the  ingenious  invention  of  M. 
Keveillon.  The  press  before 
spoken  of  as  used  for  making  a 
small  quantity  of  choice  wine,  in 
use  in  France,  almost  univer- 
sally, though  now  somewhat 
improved,  is  here  represented. 
In  making  white  wine  with  red 
grapes,  the  want  of  care  in  the 
carriage  of  the  fruit  to  the  press,  and  the  previous  press- 
ing, will  sometimes  cause  the  wine  to  assume  a  tinge 
of  red,  which,  though  slight,  is  very  perceptible,  and 
hence  the  epithet  of  Partridge-eye  has  been  applied  to  it. 
Of  course  the  quality  of  the  wine  is  in  no  way  altered 
by  this  circumstance.  There  is  but  one  species  of 
grape,  the  tintilla,  which  has  a  colored  pulp.  The 
grapes  for  the  red  wines  thrown  into  the  vat  after  being 


trodden,  bruised,  and  evolving  these  colors  before 
pressing,  it  becomes  fixed  by  the  heat  of  the  fermen- 
tation. In  some  wines  there  is  apt  to  be  an  astringency 
from  the  tannin  in  the  stalks,  attributable  to  the  desire 
to  preserve  the  tint ;  the  stalks  being  acted  upon  by 
the  heat  of  the  wines,  as  well  as  the  color  in  the  skins 
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Gypsum  cannot  be  used  in  red  wines  without  injuring 
the  color.  It  is  often  esteemed  preferable  to  carry  out 
the  vintage  process  in  the  hottest  sunshine,  where  the 
external  heat  upon  skins  is  found  as  effective  as  that 
imparted  by  retaining  the  murk  during  the  fermenta- 
tion. In  Fig.  618,  A  is  the  press ;  B,  the  screw  of  iron  ; 
c,  the  rnaye  or  planks  on  which  the  grapes  are  placed; 
D,  planks  and  blocks  to  support  the  grooved  wheel  on 

619. 


which  the  rope  F  runs;  E,  the  cask  to  receive  the  must; 
G,  the  capstan  that  turns  the  wheel  and  its  screw. 

The  great  press,  which  will  make  from  twenty  to 
thirty  barrels  of  wine  in  four  or  five  hours,  was,  in  the 
last  century,  constructed  in  the  following  mode — Fig. 
619—  and  is  the  most  common  of  the  older  kind.  A  A, 
the  base  and  supporters ;  C  C,  the  cheeks ;  D  D,  great 
vol.  ir. 


beams  of  timber,  sometimes  four  or  six  in  number;  e, 
the  screw  ;  P,  the  nut ;  G,  the  wheel  turned  by  five  or 
six  men,  hoi. ling  the  upright  shaft;  H,  the  cage,  a 
square  of  timber  lined  with  masonry,  ten  feet  long  and 
four  and  a  half  square  on  each  side ;  I,  the  maye  or 
platform  on  which  the  grapes  are  placed,  as  in  the 
small  press,  with  blocks  and  planks  over  them ;  L,  a 
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grooved  channel  by  which  the  wine  vims  into  the  vat 
K.  The  cage  will  rise  or  sink  into  the  pit;  it  is  here 
shown  ascending,  and  is  in  weight  a  couple  of  tons. 
Suspended  at  the  end  of  the  lever  by  means  of  its  con- 
junction with  the  screw,  it  possesses  immense  power, 
increased  according  to  the  length  of  the  lever,  and  thus 
it  rapidly  effects  its  object. 

In  some  parts  of  the  East  the  grapes  are  not  pressed 
at  all,  but  are  beaten  with  wooden  mallets  on  an  inclined 
plane  of  marble,  with  a  gutter  at  the  bottom,  which 
conveys  the  must  into  the  cask  or  other  receptacle. 

On  the  sublimation  of  wines  by  the  alembic,  now 
the  still,  to  which  in  recent  times  the  term  of  dis- 
tillation is  applied,  alcohol  is  separated.  The  name  of 
this  substance  is  derived  from  a  el,  more  commonly  al, 
the  mark  of  the  dative  case  in  the  Arabic  language, 
joined  to  the  word  coholmo — in  Spanish  shortened  to 
colmo — to  rise  to  the  top  of  anything ;  the  invention 
having  been  brought  into  Spain  by  the  Arabs. 

Hence,  too,  the  word  alembic — alambique.  The 
meaning  of  the  original  name  was  retained  in  the 
verb  to  sublimate,  sublime,  or  raise  up,  to  the  head 
of  the  chemical  vessel  or  retort.  Whether  this  sub- 
stance was  first  sublimated  or  distilled  from  the  must 
of  the  grape,  or  being  of  eastern  origin,  from  the  fruit 
of  the  date,  or  what  other  fruit,  is  uncertain ;  but  in 
wine  it  is  an  important  natural  constituent.  Distilled 
from  the  grape,  it  exhibits  a  superiority  over  that 
from  every  other  substance,  existing  as  it  does  in  a 
variety  of  vegetal  productions.  The  mode  in  which 
alcohol  is  formed  or  evolved  by  the  natural  process  in 
the  fermentation  of  the  must  of  the  grape,  it  is  neces- 
sary to  explain  ;  its  disengagement  from  other  sub- 
stances by  the  still  having  been  already  detailed  under 

ALCOHOL. 

The  preparations  for  fermenting  the  must  by  which 
alcohol  is  formed,  and  the  process  of  wine-making  com- 
pleted, are  made  with  great  care  on  the  eve  of  the 
vintage.  In  France  where  the  art  is  most  perfect  from 
superior  science,  the  vats  are  in  some  places  rubbed 
with  over-ripe  Portugal  quinces ;  over  those  of  stone 
elsewhere,  a  thin  coating  of  whitewash  is  passed,  to 
saturate  the  malic  acid  in  the  must.  Instead  of  lime, 
the  wooden  vats  are  by  some  washed  with  warm  water, 
and  afterwards  a  little  brandy  is  passed  over  the  staves, 
while  others  rub  them  with  decoctions  of  aromatic 
plants,  salt  water,  or  boiling  must.  These  methods 
are  all  beneficial,  except  the  use  of  the  lime,  which, 
without  great  care  and  judgment,  is  apt  to  detach  itself 
and  communicate  a  bad  taste  to  the  must,  which  is 
deposited  in  the  vat  at  once  from  the  receptacles  at 
the  press,  with  or  without  the  murk  according  to  the 
views  of  the  maker. 

The  whole  of  the  must  being  in  the  vat,  the  fermen- 
tation is  the  next  and  most  important  part  of  the 
process.  It  is  divided  into  two  stages ;  the  first  rapid, 
sensible,  and  tumultuous ;  the  second  slow,  and  of  con- 
siderable duration.  The  second  is  often  denominated 
insensible,  though  sometimes  the  escape  of  the  car- 
bonic gas  is  perceptible  to  the  ear  in  close-covered 
vessels.  The  first  demands  the  access  of  air  to  proceed 
promptly  through  its  regular  course,  which,  although 
rapid,  has  always  a  slight  progression  to  the  end 


of  the  operation,  which  is  at  once  discoverable  by 
its  being  no  longer  turbid,  and  by  the  subsidence  or 
depression  of  the  head  or  chapeau — as  the  French 
denominate  the  scum,  stems,  and  other  substances, 
which  float  and  form  a  crust  upon  the  surface  of  the 
must,  or  rather  of  the  wine,  into  which  it  has  now 
become  changed  by  the  fermentative  process — and  the 
conversion  of  the  sugar  or  glucose  into  alcohol.  The 
reader  will  find  the  particulars  of  glucose  described 
under  starch  and  sugar,  page  000- 

One  equivalent  of  anhydrous  grape  sugar  is  resolvable 
into  four  of  carbonic  acid  and  two  of  alcohol,  whence 
this  deduction  : — ■ 

t  ti  n     tt     r\     f4  carbonic  acid,  d,  Hn  Ofi, 

1  Eq.  sugar,  C12,  H12,  012,  j2  aIcohol....^  ^  H^  ^ 

12     12  12 

Sugar  of  starch  and  sugar  of  milk  may  be  converted 
into  sugar  of  grapes.  In  the  sugar  of  the  cane,  and  in 
that  of  grapes,  oxygen  and  hydrogen  are  found  in  the 
same  proportions  as  water.  Grape-sugar,  found  also 
in  honey  and  in  most  fruits,  is  the  slowest  of  all  sugars 
to  undergo  fermentation,  during  which  the  sugar  is 
resolved  as  above  into  alcohol  and  carbonic  acid  by 
the  presence,  in  only  a  slight  degree,  of  a  substance 
tending  to  set  it  in  action.  This  substance  results  from 
the  nitrogenous  constituents  of  the  grape-juice,  and  is 
named  diastase.  In  making  all  natural  wines,  this 
substance  found  in  the  must  comes  into  action  spon- 
taneously. Yeast  is  the  product  of  decomposed  gluten. 
This  yeast  added  to  a  solution  of  pure  sugar  disappears; 
but  when  mixed  with  juices  which  contain  gluten  as 
well  as  sugar,  it  is  reproduced  by  the  decomposition  of 
the  sugar.  Gluten  is  present  in  the  wine-must  unde- 
composed ;  decomposed  in  the  state  of  yeast,  it  would 
ruin  the  flavor  of  the  wine,  and  should  never  be  used  to 
ferment  either  grape  or  domestic  wines. 

The  immediate  presence  of  the  fermenting  agent 
at  once  causes  chemical  decomposition.  Oxygen  and 
hydrogen  exist  in  grape-sugar  in  the  same  propor- 
tion as  they  are  found  in  water.  Carbonic  gas  is 
given  out ;  and  in  consequence  alcohol  is  formed  from 
the  sugar,  while  water  is  decomposed  during  the 
putrefaction  of  the  gluten.  A  temperature  of  65° 
is  most  congenial  to  vinous  fermentation,  during 
which  the  heat  increases.  At  60°  the  fermentation 
is  perceptible,  but  exceedingly  languid.  There  are 
instances  where  it  has  been  known  to  rise  as  high  as 
97°  or  98°.  Thus  the  fermentation  in  warm  weather 
is  found  to  be  considerably  accelerated.  When  the 
weather  is  cold,  boiling  must  has  sometimes  been 
thrown  into  the  vat,  and  red  hot-iron  bars  have  been 
plunged  into  the  must  with  the  same  object. 

Fermentation  in  a  very  small  active  mass  will  com- 
municate the  principle  to  a  large  quantity  at  rest.  The 
magnitude  of  the  volume  submitted  to  the  operation 
shows,  too,  that  large  quantities  proceed  more  satis- 
factorily than  small,  though,  in  the  latter  case,  the 
alcoholic  strength  and  aroma  are  better  preserved. 
After  the  lowering  or  fall  of  the  crust. or  head,  the  sign 
of  the  first  fermentation  being  over,  the  must  is  covered 
up  from  the  air ;  no  more  opening  being  left  than  is 
sufficient  to  suffer  the  carbonic  gas  to  make  its  escape. 
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But  there  are  other  substances  formed  in  wine 
besides  those  already  mentioned — some  of  which 
amount  to  little  more  than  perceptible  traces,  and 
these  are  not  found  in  all  wines.  Their  quantity  and 
even  presence  will  depend  upon  the  nature  of  the  soil 
in  which  the  vine  was  grown  which  produced  them, 
and  the  cold  or  heat  of  the  season ;  for  in  cold  sum- 
mers the  fruit  is  acid.  Starch,  gum,  albumen, 
gluten,  extractive  or  coloring  matter,  bitartrate  of 
potassa,  malic,  tannic,  gallic,  and  a  little  citric  acid, 
traces  of  tartrate  of  lime,  of  alumina,  and  potassa, 
sulphate  of  potassa,  chlorides  of  sodium  and  of  potas- 
sium, and  in  some,  perhaps  traceable  in  all  wines, 
there  are  racemates  and  paratartrates.  Kacemic  or 
paratartaric  acid  was  discovered  by  M.  Kestner,  and 
mistaken  by  him  for  oxalic  acid.  It  is  a  modification 
of  tartaric  acid,  and  distinct  in  its  nature.  It  was  first 
thought  to  be  peculiar  to  the  grapes  of  the  Vosges,  and 
was  called  acide  de  Vosges.  This  acid  is  obtained  from 
a  solution,  containing  as  well  tartaric  acid.  The  crystals 
are  an  oblique  prism,  with  a  rhomboid  base ;  those  of 
tartaric  acid  have  a  rectangular  base.  Its  formula,  as 
given  by  Gregory,  is  2  HO,  C8  H„  012. 

There  is  also  an  odorous  principle  called  oil  of  wine, 
which  is  sweet,  quite  neutral,  and  is  formed  during 
fermentation,  and  obtainable  from  alcohol  by  pouring 
two  and  a  half  parts  of  sulphuric  acid  on  one  part  of 
anhydrous  alcohol.  It  boils  at  536°,  and  has  a  specific 
weight  of  1-133.  It  has  a  flavor  somewhat  resembling 
peppermint,  and  imparts  a  vinous  smell  to  the  wine 
newly  formed.  The  salts  procured  from  this  oil  are 
identical  with  the  sulphovinates  procured  from  sulphuric 
acid  and  alcohol.  There  is  also  a  lighter  species  of  oil 
of  wine,  specific  gravity  =  0'917  to  0'920,  resembling 
olive  oil.  It  is  composed  of  C16  H15,  or  very  nearly  the 
proportions  of  olefiant  gas. 

Climate  makes  an  important  difference  in  the  com- 
ponent parts  of  the  wine-must,  as  well  in  the  acid  as 
in  the  sugar  dissolved.  Hot  climates  produce  a  must 
rich  in  sugar ;  but  this  difference  does  not  appear  to 
affect  the  extent  of  the  nitrogenous  matter  in  the  must, 
for  it  seems  to  be  all  expended  in  some  wines  before  the 
sugar  is  converted  into  alcohol ;  and  a  part  remaining 
uudecomposed,  it  produces  the  thick  sweet  wines  of 
the  South.  In  colder  regions  the  nitrogenous  matter 
and  sugar  being  alike  expended,  and  the  wine  as  it  were 
balanced  in  regard  to  these  principles,  as  in"  some 
German  wines,  dry  long-enduring  wines  are  produced. 
When  the  gluten  is  in  excess,  the  wine,  not  preservable 
with  facility,  is  soon  converted  into  acetic  acid  if  great 
care  be  not  taken.  It  absorbs  oxygen,  and  the  oxida- 
tion is  communicated  to  the  alcohol.  This  oxidation 
may  be  prevented,  and  the  conversion  into  acetic  acid 
arrested,  by  the  addition  of  a  small  quantity  of  sul- 
phuric acid.  Fermentation  has  been  ascribed  to  the 
growth  of  fungi  and  infusoria ;  but  much  more  evidence 
must  be  given  before  this  can  be  received  as  a  fact. 

To  return  to  practical  vinification — the  method  of 
treating  the  produce  of  the  vine  in  fermentation  differs 
with  the  climate,  season,  nature  of  the  fruit,  tempera- 
ture of  the  vineyard,  soil,  mode  of  culture  and  fancy  of 
the  proprietor,  who  is  often  guided  by  local  custom.  In 
some  places  the  wine  is  not  suffered  to  remain  in  the 


vat  more  than  from  thirty-six  to  forty  hours.  Near 
Lyons  in  France,  it  remains  six  or  eight  days,  and  in 
general  from  ten  to  twelve.  In  the  South-west  of 
France,  it  remains  from  twenty-five  to  forty ;  and  at 
Narbonne,  it  is  carried  up  to  seventy  days.  When 
the  farmer  is  asked  how,  the  fermentation  being  over 
and  the  wine  at  the  temperature  of  the  atmosphere, 
he  suffers  it  to  remain  still  in  contact  with  the  stalks 
and  stems  to  clear  itself  in  the  vat;  he  replies,  It  is  the 
custom,  and,  if  warned  again  of  acidity  through  the 
breakage  of  the  scum  or  crust,  he  answers  he  only  acts 
according  to  usage — it  should  be  ignorance.  It  is 
true  the  crust  is  almost  always  compact ;  but  it  is  a 
hazard  unless  the  saccharine  principle  be  abundant, 
and  the  albuminous  matter  all  taken  up. 

Vinous  fermentation  in  general  takes  place  under 
the  free  admission  of  air.  An  attempt  was  made  by  a 
Madame  G-ervais  of  Montpellier  at  the  close  of  the  last 
century,  to  introduce  fermentation  in  close  vessels.  The 
idea  was  not  new.  M.  de  la  Plombanie,  M.  Porta, 
a  Neapolitan,  and  the  German  chemist,  Becker,  at  the 
commencement  of  the  seventeenth  century,  had  recom- 
mended the  same  process.  But  the  admission  of  the 
atmospheric  air  is  indispensable  to  the  operation.  A 
considerable  noise  was  made  about  the  invention, 
which,  it  was  supposed,  would  preserve  the  aroma, 
and  prevent  the  escape  of  alcohol.  M.  Delaveau 
instituted  some  experiments  with  great  care  under  a 
fermentation  for  nineteen  days,  when  it  was  found  that 
the  return  from  the  vat  had  the  most  agreeable  flavor; 
that  the  wine  distilled  afforded  a  spirit  only  equal  to 
that  fermented  the  usual  way ;  the  latter  if  anything 
yielding  the  largest  quantity  of  alcohol.  The  vat  with 
the  invention  gave  sixteen  and  a  half  alcohol  at  a 
temperature  of  80°'5 ;  the  vat  with  a  simple  cover, 
generally  used  in  the  South,  sixteen  and  three-eighths ; 
and  that  not  covered  at  all,  sixteen  and  an  eighth.  It 
was  thought  that  the  color  of  the  red  wines  was 
somewhat  deepened  by  the  invention ;  but  neither  the 
aroma  nor  the  vinosity  was  increased,  nor  was  the 
invention  considered  of  moment,  so  as  to  come  into 
general  adoption.  Long  experience  had  proved  the 
efficacy  of  the  old  mode,  and  chemistry  could  find  no 
ground  to  impugn  it  in  a  scientific  sense.  The  strength 
of  the  wine,  besides  that  which  may  be  denominated 
alcohol,  or  rather  its  endurance,  is  in  some  degree  due  to 
the  stems  and  the  tannin  it  contains ;  but  though  used  in 
port  and  some  similar  second-class  red  wines,  they  are 
excluded  from  the  delicate  red  wines  of  France,  though 
adopted  in  some  of  the  white,  while  they  are  also 
excluded  from  the  Rhine  wines.  In  Spain  the  wine, 
having  in  Andalusia  a  great  enduring  power,  is  left  to 
ferment  in  the  butts,  into  which  it  is  taken  in  the  mosto 
or  must  state.  The  bungs  are  left  open,  and  the  wine 
and  froth  thrown  up  in  the  fermentation  are  poured 
back  into  the  barrel  to  feed  the  wine,  as  they  phrase  it. 
This  causes  a  renewal  of  the  fermentation  at  every 
atmospherical  change,  and  even  on  any  accidental 
motion  of  the  cask.  In  the  month  of  March  after  the 
vintage,  for  the  first  time,  the  wine  is  racked.  The 
advantage  of  large  vats  has  made  no  way  with  the 
Spaniards.  It  might  be  best,  quien  sabe,  but  he  keeps 
to  the  old  track.    The  delicate  and  choice  French 
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wines  would  be  ruined  by  such  a  mode  of  conducting 
the  fermentative  process. 

On  the  Rhine  the  fermentation,  after  the  must  is 
ready  made  from  picked  fruit,  the  stalks  put  aside,  and 
the  different  pressings  set  apart,  takes  place  in  casks, 
to  preserve  the  aroma.  The  wine  is  then  repeatedly 
racked,  and  placed  in  tuns  holding  about  eight  hogs- 
heads and  a  half,  where  it  remains  for  many  years  to 
acquire  perfection.  Some  of  the  older  tuns,  in  which 
the  wine  no  doubt  mellows  best,  are  those  locally 
denominated  fuders,  and  will  contain  three  hundred 
and  fifty  tuns.  The  celebrated  tun  of  Heidelberg 
has  long  been  renowned.  It  is  thirty-one  feet  long  by 
twenty-one  high,  and  holds  one  hundred  and  fifty 
fuders,  or  six  hundred  hogsheads.  It  was  built  at 
Heidelberg  in  1GG3,  as  a  successor  to  one  which  hold 
only  a  hundred  and  thirty-two.  There  was  once  a 
larger  tun  at  Dresden,  shown  in  Fig.  620,  which  held 
three  thousand  seven  hundred  and  nine  hogsheads. 

1  Fig.  620. 


It  will  be  interesting  to  the  reader  to  know  the 
strength  of  the  must  at  different  periods.  The  specific 
gravity  of  the  Pedro  Ximenes  must  at  San  Lucar, 
after  two  days'  exposure  to  the  sun  in  September,  was 
1-092.  At  Paxarete  in  October,  its  must,  after  four 
days'  exposure,  was  1*121.  The  must  of  the  Mantuo- 
Castillan  grape  at  San  Lucar  in  September  was  T0G9. 
The  black  mollat  grape  at  San  Lucar  gave  a  must  in 
the  middle  of  September  of  1-064;  and  at  Paxarete, 
the  last  day  of  the  same  month,  1-089.  At  Chipiona, 
in  the  middle  of  September,  the  muscatel  called  gordo- 
blaneo,  a  large  white  variety,  after  three  days'  exposure 
to  the  sun,  gave  1-089;  at  the  end  of  the  month  1-096; 
and  in  October  a  specific  gravity  of  1*114.  At  San 
Lucar,  in  the  middle  of  September,  the  white  Temprana 
grape  gave  about  1-075;  but,  on  three  days'  exposure 
to  the  sun,  the  specific  gravity  was  1*114.  This  last 
grape  at  San  Lucar  is  cultivated  to  the  extent  of  nine- 
teen-twentieths  of  the  vine  lands.  In  the  Paxarete, 
Ximenes,  Muscat,  and  Tintiila  wines,  it  enters  largely. 

In  Hungary  are  made  the  celebrated  rich  liqueur 
wines  Essences,  Ausbruchs,  and  Maslas,  vins  cutis, 
and  wines  suppressed  in  fermentation  mingled  with 


other  substances,  and  so  long  noted  for  their  excel- 
lence ;  the  grapes  are  carried  in  sacks,  for  the  mak- 
ing, as  those  of  Szamorodny,  for  example.  They 
are  treated  in  fermentation  in  the  ordinary  manner. 
The  fruit  or  the  essence,  already  obtained  without 
pressure,  and  over-ripe,  is  carefully  picked  upon  a 
large  table,  called  a  sorting-table,  and  placed  in  a  cool 
vessel  covered  over.  It  is  then  put  into  a  large  vat, 
where  men  with  cleanly  washed  feet,  under  a  superin- 
tendent, tread  them  into  a  paste.  This  grape  paste  is 
then  placed  in  a  second  vat,  and  covered  over.  New 
must  of  the  common  wine  of  the  country  is  then  poured 
upon  it,  the  quantity  of  which  used  determines  the 
quality  of  the  wine,  or  wine  de  liqueur,  according  to  the 
owner's  pleasure.  Sometimes  two  measures,  or  four, 
five,  or  six  of  the  essence  are  added  to  ten  of  the  com- 
mon wine.  The  proportion  of  six  to  ten  is  rarely 
exceeded.  The  wine  and  paste  are  then  mixed,  and 
left  for  a  couple  of  days,  or  for  three,  if  the  tempera- 
ture be  low,  stirring  the  mass  frequently. 
This  thick  must  is  then  conveyed  to  the 
press,  a  slight  pressure  producing  the 
richest  kind  ;  it  is  next  conveyed  into  a 
cask,  and  thus  becomes  the  celebrated 
Tokay  Ausbruch,  or  flowing  syrup.  It  is 
skimmed  while  fermenting,  and  strained 
into  casks.  It  has  a  fine  aroma,  but 
never  becomes  very  bright.  It  is  soft 
and  oily  on  the  palate.  There  are  two 
species,  one  containing  generally  sixty- 
one  parts  of  essence,  and  eighty-five  of 
wine;  and  the  other  called  maslas,  having 
sixty-one  parts  of  essence  to  a  hundred 
and  sixty-nine  of  wine.  The  best  sells 
for  twelve  pounds  sterling  the  dozen. 
The  fermenting  and  purifying  proceed 
together.  That  of  1811  was  celebrated, 
the  fermentation  having  been  perfect. 
There  is  besides  a  great  variety  of  wine  in 
Hungary,  but  all  of  a  peculiar  character. 
The  greatest  care  in  manipulation,  and  the  most 
scientific  methods  in  the  treatment  of  wine,  have  been 
tried  in  France,  and_  the  result  has  been  the  production 
of  the  finest  wines  in  the  world.  The  removal  of  the 
wine  from  the  vat  to  the  cask  is  there  as  carefully 
regarded  as  the  work  of  fermentation.  The  casks  are 
all  made  ready  at  the  same  time  as  the  vats.  If  the 
wood  of  which  they  are  made  is  new,  they  will  not 
fail  to  communicate  an  astringency  and  bitterness  to 
the  wine.  To  prevent  this,  the  casks  are  repeatedly 
washed  with  cold  water,  and  then  with  hot,  in  which 
peach  leaves  and  salt  are  infused.  They  are  repeatedly 
shaken  while  the  fluid  is  hot,  and  then  are  left  so  that 
the  wood  may  absorb  them,  and  they  may  penetrate 
into  the  pores  of  the  timber.  The  casks  are  now 
emptied,  and  boiling  hot  must,  to  the  extent  of  two  or 
three  quarts,  is  introduced.  The  bungs  are  put  in,  the 
casks  shaken,  and  then  left  to  cool.  Some  use  only  hot 
wine  in  place  of  the  above  substances.  If  the  casks 
are  old,  they  scrape  off  the  tartar  that  lines  the  staves, 
and  wash  them  with  hot  water  and  must,  or  wine.  If 
they  have  contracted  an  ill  smell,  or  show  the  least 
mark  of  decay,  they  are  burned  at  once,  because,  in 
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spite  of  all  that  can  be  done,  sooner  or  later  the  bad 
effects  will  appear.  Casks  should  be  sulphured,  if 
the  least  suspicion  attach  to  them,  by  the  introduction 
of  a  match  at  the  bung.  Such  casks  are  generally 
made  of  oak  staves,  but  some  prefer  beech.  They 
bear  different  names  in  different  parts  of  France,  as 
harrkjue  at  Bordeaux,  bolte  at  Lyons,  tun,  and  pipe,  et 
cetera,  in  other  places.  When  large,  they  are  called 
maids,  and  very  large  ones  foudres.  Some  have  pro- 
posed vases  of  clay  varnished,  but  they  are  considered 
porous,  and  cannot  be  easily  conveyed  from  place  to  place. 

The  wine  being  fermented,  the  duration  of  the  fer- 
mentation, depending  upon  the  state  of  the  temperature, 
the  amount  of  sugar  and  similar  things,  to  be  decided 
upon  observation  and  according  to  the  season,  the  wine 
is  drawn  off  into  the  cask.  Some  of  the  finest  Burgun- 
dies, called  wines  de  primeur,  only  remain  in  the  vat 
from  six  to  ten  hours.  The  rest  in  the  vat  is  only  im- 
portant on  account  of  the  color.  If  the  skins  were 
sufficiently  broken,  so  that  the  coloring  principle  stands 
in  no  need  of  the  action  caused  by  the  tumultuous  fer- 
mentation to  bring  it  out,  the  fermentation  with  the 
fruit  and  its  grains  being  often  more  mischievous  than 
useful,  it  is  omitted.  If  the  skins  are  sufficiently 
bruised  and  torn,  when  the  fruit  is  trodden,  to  give  out 
all  the  coloring  matter,  it  is  not  considered  wise  to 
suffer  the  must  to  enter  the  vat  after  pressing. 

The  drawing  off  the  wine  into  the  cask  at  the  exact 
moment  is  a  point  of  great  importance.  The  crust  or 
chapeau  having  fallen,  and  active  fermentation  ceased 
to  the  eye,  all  being  perfectly  quiet,  the  examination  with 
a  wine  glass,  the  taste,  color,  and  odor,  except  tested 
by  experience,  are  often  fallacious.  Taste  and  smell  are 
so  different  in  individuals  that  there  is  much  uncertainty 
upon  the  time  when  it  is  best  to  operate.  The  heat 
generated  in  fermentation  depends  mainly  upon  the 
quantity  of  glucose  or  grape  sugar  which  has  entered 
into  the  spirituous  state.  No  fixed  rule  exists.  It  is 
frequently  found  that  the  maximum  of  heat  is  attained 
after  twenty-one  hours  of  fermentation  in  one  case, 
and  in  another  after  ten,  while  the  wine  is  not  really 
perfected  perhaps  for  twenty  hours  longer,  so  that  the 
thermometer  is  no  reliable  guide  as  to  the  vinification. 
Something  to  determine  the  fact  of  the  vinification 
mechanically,  was  long  considered  a  desideratum  by 
the  French  producers.  There  were  the  differences  of 
climate,  soil,  and  species  of  fruit  to  be  considered.  An 
attempt  was  made  to  ascertain  this  point  by  means  of 
a  vertical  rod,  marked  with  a  scale  to  show  the  eleva- 
tion and  depression  of  the  fluid.  It  was  placed  in  the 
middle  of  the  vat  to  indicate  the  depression  of  the  must 
after  its  previous  repulsion  by  the  fluid,  and  that  the 
time  thus  indicated  should  be  that  of  drawing  off  the 
wine  from  the  vat.  This  was  found  to  be  correct 
in  seasons  when  the  sugar  was  abundant,  and  then  the 
moment  of  the  retrogradation  of  the  must  was  the  best 
for  emptying  the  vat.  In  wet  seasons,  on  the  other 
hand,  the  indicator  did  not  seem  to  answer,  but  the 
inventor  had  little  doubt  of  success  in  establishing  a 
scale  to  indicate  the  time  sought  in  different  seasons 
when  the  temperature  varied;  but  he  was  unable  to 
carry  out  his  experiments  beyond  three  seasons,  having 
been  compelled  to  become  an  exile. 


In  drawing  off  the  vat  it  is  necessary,  before  com- 
mencing, to  take  away  with  great  eare,  by  the  use  of  a 
wooden  shovel,  that  part  of  the  head  or  crust  which, 
having  contracted  acidity  by  exposure  to  the  air,  if  it 
broke  and  became  mingled  with  the  must  beneath  would 
spoil  the  whole  mass.  The  must  drawn  off,  the  murk 
remaining  in  the  vat  is  pressed  for  the  wine  called  that 
of  the  press,  which  is  equal  in  quality  to  that  which 
has  been  drawn  from  the  vat  without  pressure.  The 
wines  thus  made  are  called  that  of  the  first,  second,  and 
third  vatting,  as  before  stated.  The  first  taken  is  the 
most  spirituous,  and  the  last  the  harshest,  sharpest, 
and  deepest-colored.  The  second  pressing  holds  a 
middle  quality.  The  residue  of  the  murk  is  used  for 
the  manufacture  of  verdigris,  for  the  food  of  cattle,  for 
vine-dressing,  or  for  nourishing  pigeons,  which  greedily 
devour  it.  These  later  wines  of  the  press  are  some- 
times mingled  with  that  of  the  vat,  an  indefensible 
practice,  because  the  wine  from  the  vat  will  often  by 
such  a  mixture  lose  its  own  peculiar  delicacy. 

The  wine  being  in  cask  is,  in  the  pure  wine  coun- 
tries, directly  placed  in  the  cellar.  The  cellars  vary 
in  different  countries.  In  Spain  those  of  the  Xeres 
district  are  of  great  size,  to  the  extent  of  three  hundred 
English  feet  long  by  above  two  hundred  broad.  Four 
thousand  casks  of  wine  are  arranged  in  similar  cellars 
in  tiers,  and  are  called  soleras.  The  wines  of  different 
seasons  are  mingled  in  these,  so  that  one  will  contain 
some  of  each  vintage  for  thirty  seasons.  The  wine  is 
fermented  in  the  butts,  the  bung-holes  being  left  open 
without  endangering  the  wine ;  nor  is  the  cellar  tem- 
perature much  regarded,  such  is  the  firmness  of  the 
wine.  In  Valladolid  the  cellars  are  deep  in  the  earth, 
like  mines,  with  huts  over  them.  In  France  the  cel- 
lar is  an  object  of  peculiar  care,  the  exquisitely  deli- 
cate wines  of  the  first-class  in  that  country  demanding 
great  attention  as  to  safe-keeping  in  their  highest  and 
most  perfect  state.  The  best  and  favorite  cellars  are 
held  to  be  such  as  are  situated  under  uninhabited 
buildings,  as  is  observable  in  the  places  most  noted  for 
the  culture  of  the  vine,  having  a  Northern  exposure, 
and  fifty  or  sixty  feet  deep,  according  to  the  dryness  or 
the  humidity  of  the  soil.  A  uniform  degree  of  mode- 
rate humidity  is  best.  A  cellar  too  damp  causes  the 
decay  of  the  barrel  staves,  or  covers  them  with  a 
mouldiness  which  communicates  a  bad  taste  to  the 
wine.  If  a  cellar  be  too  dry  it  makes  the  staves  of 
the  casks  shrink,  and  the  wine  is  wasted  by  leakage. 
The  air  should  be  admitted  only  by  email  openings, 
facing  the  North,  made  near  the  roof  or  vault,  and  sus- 
ceptible of  being  closed  when  the  weather  is  too  hot  or 
too  cold.  The  vault  or  roof  should  be  as  solid  and 
thick  as  possible,  in  order  that  no  external  concussions 
should  be  communicated  to  the  wine.  The  soil  above 
the  vaulted  roof  should  be  united  and  well  beaten 
down,  and  that  part  designed  to  receive  the  bottled 
wine  should  be  covered  with  sand  or  fine  fresh- water 
gravel. 

The  casks  should  be  placed  in  a  position  perfectly 
horizontal,  upon  wooden  beams  six  or  seven  inches 
square,  supported  by  others  transverse.  Wedges  should 
be  forced  under  the  casks  on  each  side  to  keep  them 
steady,  and  neither  the  casks  nor  their  supports  should 


1118 


WINE  Cellabing — Ullage.. 


touch  the  wall  of  the  cellar.  If  the  casts  are  not  set 
perfectly  level,  the  wine  lees  will  collect  in  the  back 
part  and  prevent  the  wine  flowing  clear  out  of  the  cask 
the  usual  way.  If  the  front  he  too  much  raised,  the 
lees  will  come  to  it  when  the  cask  is  elevated  behind, 
in  order  to  draw  off  the  last  of  the  wine,  and  thus 
stop  the  passage.  The  lees  should  settle  in  the  belly 
or  hollow  of  the  staves,  which  will  take  place  when  the 
casks  are  kept  perfectly  horizontal  with  wedges,  as 
shown  in  Fig.  621.  Attached  to  the  cask  here  given  is 


Fig.  621. 


an  air  tube,  to  illustrate  the  mode  adopted  in  some 
parts  of  France  to  prevent  the  admission  of  air  over 
the  wine,  so  apt  to  cause  acidity. 

The  tube  or  canal,  ab  c,  is  of  the  common  form, 
except  that  the  bottom  of  the  tap  at  d  is  pierced 
with  two  apertures,  of  which  the  lower  serves  for  the 
passage  of  the  liquor,  and  the  other  corresponds  with 
tube  efg  c  h,  by  which  air  is  introduced  into  the  tube 
to  replace  the  liquid  drawn  out.  The  result  is  that  it 
suffices  to  turn  the  tap,  k,  to  cause  the  liquid  to  run  ; 
and  to  shut  it,  that  all  communication  with  the  exterior 
air  shall  he  cut  off.  It  is  evident  that  when  the  tap 
is  turned  the  wine  will  run  out,  and  that  the  exterior 
air  will  replace  that  wanting  by  the  tube  efgch,  and 
that  on  shutting,  Jc,  the  pressure  of  the  air  will  cease 
with  the  running  of  the  wine.  The  tube  is  carried 
higher  than  is  necessary,  that  the  wine  may  not  enter 
the  tube  at  h,  and  may  have  the  least  possible  distance 
to  the  surface  of  the  wine,  and  thus  prevent  agitation. 
The  tube  at  /*,  and  the  tap  at  b,  both  enter  the  cask. 
When  the  cask  is  to  he  all  drawn  off  at  once,  of  course 
such  an  application  is  superfluous,  but  it  is  invaluable 
where  small  quantities  are  taken  in  draft. 

No  garden  stuff,  green  wood,  flowers,  fruits,  or  simi- 
lar substances  must  be  permitted  in  any  cellar  in  which 
wine  is  kept,  because  the  gas  disengaged  from  them 
promotes  aeeseency.  The  wine  being  deposited  in  the 
cellar,  the  insensible  fermentation  commences  but  too 
sensibly  if  that  in  the  vat  was  imperfect.  Carbonic 
acid  gas  still  makes  its  escape,  augmenting  the  volume 
of  the  wine,  and  forcing  itself  out  at  the  hung  in  froth 
or  scum.  Hence  it  is  necessary  to  take  care  that  the 
casks  are  not  quite  filled  when  they  leave  the  vat. 
At  least  two  inches'  space  is  left,  and  the  bung  driven 
home^  to  prevent  the  slightest  entrance  of  the  atmo- 
spheric air.    A  gimlet  hole  is  made  on  the  upper  side 


of  the  cask,  and  stopped  with  a  peg  or  fausset,  in  order 
to  let  the  carbonic  gas  escape.  Some  wine-makers 
place  in  the  bunghole  a  linen  cloth,  filled  or  covered 
with  sand  or  vine  leaves  pressed  down  with  a  tile. 

When  this  fermentation  ceases,  and  the  wine  has 
sunk  down,  the  cask  must  be  filled  up  and  hermetically 
closed  with  linen  round  the  bung.  The  operation  of 
filling  up  by  the  bung  is  denominated  ullage.  In  some 
places  ullage  is  performed  every  day  for  the  first  month, 
every  five  days  for  the  second,  and  every  eight  until 
the  wine  is  racked.  The  celebrated  Hermitage  wine 
is  thus  treated.  At  Bordeaux  ullage  is  performed  on 
the  eighth  day — filling  up  exactly  every  ten  days  dur- 
ing the  first  month,  and  then  once  a  month  to  the  time 
of  racking.  In  other  places,  if  the  cellars  are  dry,  twice 
in  two  months;  if  humid,  every  three  months.  Ullage 
is  performed  in  fine  weather  with  wine  fully  equal 
in  quality  to  that  in  the  cask.  The  cellars  are  to  be 
visited  daily  to  guard  against  accidents,  such  as  a  leak 
in  a  stave  from  a  wormhole,  injury  from  commotion  in 
carriage,  mouldiness  of  the  staves  if  the  cellar  be  too 
damp,  or  shrinking  of  the  staves  or  heads  in  those 
which  are  too  dry.  The  wine  from  time  to  time  is 
tasted,  to  ascertain  its  state  and  remedy  any  perceptible 
mischief.  When  ullage  is  neglected,  a  white  mouldi- 
ness, called  the  Flower,  is  observed  on  the  surface  of 
the  wine — a  certain  forerunner  of  acetous  degeneration. 
The  air  is  at  once  forced  out,  the  nozzle  of  a  bellows 
being  introduced  for  that  purpose,  and  then  it  is  agi- 

Pig.  622. 


tated.  A  sulphur  match  is  introduced,  and  the  bung 
inserted.  The  cask  is  struck  from  below,  to  raise  any 
concealed  air  bubbles  to  the  surface,  and  to  carry  all 
the  mouldiness  possible  to  the  bunghole,  which  is  filled 
so  as  to  make  the  wine  run  over,  and  these  efforts  are 
continued  until  no  vestige  of  the  Flower  appears. 
The  wine  in  the  cellar  is  observed  to  work  much  when 
the  vine  commences  to  bud,  and  when  the  fruit  ripens, 
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which  Buffon  attributes  to  the  changes  in  the  juice  of 
the  vine.  Fabbroni  and  other  authorities  have  stated 
that  this  phenomenon  is  only  ohservable  when  the  par- 
ticles of  the  wine  have  not  been  separated  by  a  sufficient 
quantity  of  alcohol— in  other  words,  when  the  glucose 
was  not  equal  to  the  subjugation  of  the  gluten,  and  the 
other  constituents  were  not  in  due  proportion.  This 
fermentation  is  prevented  by  the  use  of  sulphuric  acid, 
sulphate  of  lime,  mercurial  oxides,  additional  alcohol, 
camphor,  ice,  and  water  at  the  boiling  point.  When 
the  wine  is  still,  it  is  perfected,  and  only  deposits  its 
lees,  consisting  of  portions  of  the  pulp  of  the  fruit,  of  the 
coloring  matter,  and  of  the  tartar,  which  last  is  found 
crystallized  on  the  interior  of  the  staves  of  the  cask. 

The  next  process  is  that  of  racking,  undertaken  to 
clear  the  wine  of  the  substances  which  tend,  by  mixing 
anew  with  the  wine,  to  form  a  fermentation.  It  is  an 
operation  not  generally  performed  at  a  stated  time.  In 
some  places  it  is  done  in  December,  after  the  vintage, 
when  the  wine  is  required  to  be  moved ;  if  not,  it  is 
done  annually,  generally  in  the  months  of  February  or 
March.  In  some  countries  this  operation  is  performed 
twice  the  first  year,  in  spring  and  at  the  end  of  Sep- 
tember ;  in  others,  at  the  end  of  December  and  middle 
of  May — the  first  during  a  sharp  frost.  Much,  how- 
ever, depends  upon  the  quality  of  the  wine.  Generous 
wines  may  rest  upon  the  lees  three  or  four  months,  and 
bs  only  racked  once  in  two  years,  but  in  general  they 
are  separated  from  their  lees  before  the  first  equinox  of 
the  spring  succeeding  the  vintage.  There  are  times 
when,  on  the  other  hand,  in  lieu  of  racking,  it  becomes 
necessary  to  reeombine  the  lees  with  the  wine,  in 
order  to  establish  a  fermentation  which  may  ameliorate 
them  and  promote  their  maturity.  This  operation 
being  of  importance,  it  is  necessary  to  describe.  The 
smallest  inadvertence  will  produce,  in  conducting  it, 
the  acetic  action,  the  tendency  to  which,  the  moment 
it  is  perceived,  must  be  met  by  racking  at  once,  and 
moving  it  to  the  coldest  place  possible,  and  before 
racking  it  must  be  fined.  The  weather  most  proper  is 
that  which  is  dry  and  clear. 

The  wine  is  drawn  off  carefully  that  it  be  not  dis- 
turbed, and  when  the  cask  is  stouped  for  the  last  of  the 
liquor,  it  must  be  done  with  great  care  and  judgment 
by  hands  accustomed  to  the  operation.  The  Beaune 
wines  in  France  are  generally  racked  by  the  introduc- 
tion of  an  instrument  into  the  cask  well  calculated  to 
draw  off  the  fluid  without  disturbance,  and  these  wines 
are  always  remarkably  fine.  At  Condrieu  on  the 
Rhone,  the  wine  is  racked  eight  days  after  it  is  made, 
and  before  the  end  of  the  month  it  is  fined,  then  racked 
anew,  sometimes  twice  or  thrice  at  an  interval  of  fifteen 
or  twenty  days,  in  order  to  procure  the  limpidity  so 
desirable.  Wines  not  cleared  sufficiently  by  racking 
are  fined,  the  substances  used  for  the  purpose  being 
isinglass  and  whites  of  eggs.  The  isinglass  is  cut  up  and 
steeped  in  a  little  wine,  until  it  becomes  viscid  and 
softened.  It  is  then  thrown  into  the  cask.  The  wine 
is  afterwards  strongly  agitated.  The  quantity  of  finings 
used  is  about  five  drachms  to  every  five  or  six  hundred 
litres  or  quarts  of  wine.  The  whites  of  eggs,  preferred 
in  some  places,  are  well  beaten  up  in  a  little  wine, 
poured  into  the  cask,  and  left  to  rest  for  ten  or  fifteen 


days,  when  the  wine  is  racked  during  the  first  Northerly 
wind.  From  six  to  ten  fresh  eggs  are  used  for  every 
twenty-two  gallons  imperial.  Various  substances  have 
been  applied  for  the  purpose,  as  gum-arabic,  hartshorn, 
calcined  flint,  rice,  milk,  and  starch,  but  none  produce 
the  desired  effect  so  promptly  as  isinglass  or  the  white 
of  the  egg.  Ordinary  wines  lose  their  acidity  by  fin- 
ing, and  the  finer  classes  increase  their  brilliancy  and 
clearness. 

|  Wine  is  sulphured  at  times,  in  other  words,  impreg- 
nated with  sulphurous  gas,  by  burning  sulphur  matches 
over  it.  These  consist  of  a  roll  of  linen  or  cotton  an 
inch  and  a  half  broad,  and  six  or  seven  long,  dipped  in 
melted  sulphur,  to  which  powdered  leaves  of  aromatic 
plants  are  sometimes  added.  Those  made  at  Stras- 
burg  are  noted.  The  match  is  suspended  from  the 
bunghole  by  a  wire,  and  being  lighted,  the  bung  is 
closed.  The  air  within  dilates  and  escapes  through 
the  smallest  opening.  The  operation  contributes 
greatly  to  the  preservation  of  the  wine,  though  some 
say  it  injures  the  color  of  red  wines.  Those  who 
object  to  it  throw  a  little  brandy  into  the  cask,  to  which 
they  set  fire  with  a  bit  of  lighted  string,  and  while  it  is 
burning  close  up  the  bung,  leaving  only  just  ah-  enough 
to  keep  up  combustion.  In  other  cases  a  wine  is 
made ;  the  fermentation  is  arrested,  and  the  must 
placed  in  a  cask  until  it  is  a  quarter  filled,  and  a  num- 
ber of  sulphur  matches  are  burned  over  it.  The  cask  is 
then  closed  and  strongly  agitated,  until  no  gas  escapes 
on  opening  the  bung.  More  must  is  then  added,  and 
the  agitation  repeated,  until  the  cask  is  full.  This  must 
never  ferments,  has  a  sweet  taste,  smells  strongly  of 
sulphur,  and  when  a  certain  quantity  of  alcohol — of  the 
strength  trois-six — is  added,  a  wine  named  wine  of 
Calabria  is  the  product,  employed  principally  to  give 
strength  and  sweetness  to  wines  deficient  in  those 
qualities. 

Mulder  states  that  wine,  stored  in  wooden  casks, 
loses  water,  whether  mixed  with  alcohol  or  not.  But 
if  evaporation  affects  the  contents  of  the  cask,  the  loss 
must  be  repaired,  otherwise  the  action  of  the  air  would 
turn  the  wine  acerb,  and  convert  the  alcohol  into 
acetic  acid.  It  is  chiefly  water  which  is  evaporated, 
and  its  loss  is  made  up  by  adding  wine.  All  the  con- 
stituents of  wine,  with  the  exception  of  water,  are 
hereby  increased,  and  the  wine  becomes  not  only 
stronger,  but  better  flavored.  The  vinous  com- 
ponents being  more  concentrated,  are  better  able  to 
act  chemically  upon  each  other,  and  this,  per  se,  would 
account  for  the  improvement  of  the  wine.  Here  one 
has  a  general  statement  of  the  causes  upon  which  the 
difference  between  new  wine  and  that  which  has  been 
stored  in  casks  mainly  depends.  But  the  change  is 
carried  still  further.  The  concentration  of  the  wine, 
or  rather  the  diminution  of  water,  which  is  continually 
replaced  by  wine,  causes  a  constant  augmentation  of 
tartaric  acid  in  the  wine.  Wines  which  are  poor  in 
sugar  may  easily  become  too  sour,  and  all  wines  cannot, 
therefore,  undergo  this  process.  The  quantity  of 
tartar  in  the  wine  is  not  increased;  for,  being  insoluble 
in  alcohol,  the  continual  increase  of  alcohol  precipitates 
it.  That  which  is  augmented  is  tartaric  acid,  which  is 
soluble  in  alcohol,  and  insoluble  in  cream  of  tartar. 
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Madeira,  and  such  like  wines,  are  sent  to  warm  coun- 
tries to  improve.  Mulder  had  Madeira  which  had 
been  seven  times  in  cask  to  the  East  Indies  and  back, 
and  truly,  says  lie,  such,  nectar  was  unknown  to  the 
gods  of  the  ancients.  The  drier  the  atmosphere  is 
which  surrounds  the  casks,  the  greater  will  be  the 
evaporation.  To  avoid  this,  care  must  be  taken  to 
prevent  draughts,  and  to  keep  the  air  of  the  wine  stores 
or  cellars  moist. 

Wines  remain  in  wood  different  periods,  according 
to  their  qualities,  and  while  thus  resting  are  in  a  state 
of  improvement.  Some  repose  only  three  or  four 
years  before  bottling.  Tender,  delicate,  light  wines 
gain  little  in  the  bottle,  while  strong  spirituous  ones 
preserve  well  in  that  state,  and  to  a  certain  point 
improve.  In  bottling  fine  wines  the  bottles  and  corks 
should  be  new;  the  smallest  defect  in  the  latter  deter- 
mining their  rejection.  The  French  dip  the  corks  and 
the  bottle  necks  in  a  composition  differently  colored,  to 
distinguish  the  wine,  and  thus  shield  the  external  part 
of  the  cork  and  a  little  of  the  neck  of  the  bottle  with 
it  from  the  action  of  the  air.  This  composition  is 
made  for  three  hundred  bottles  with  two  pounds  niue 
ounces  of  rosin,  half  that  quantity  of  Burgundy  pitch, 
a  fourth  of  yellow  wax,  and  a  small  quantity  of  red 
mastic  melted  together,  so  as  to  form  a  liquid  mass  in 
which  the  corked  necks  of  the  bottles  are  dipped.  In 
the  cellar  the  bottles  should  be  placed  horizontally,  to 
keep  the  corks  always  wet.  Fine  fresh-water  gravel 
or  sand  is  their  best  bed,  and  keeps  the  wine  cool,  but 
sea-sand  from  the  salt  in  it,  is  pernicious.  Sawdust 
only  answers  for  coarse  wines. 

Wines  of  fine  quality  can  only  bo  mixed  with  others 
of  a  like  quality  to  render  them  more  generous,  or  to 
have  a  larger  quantity  of  one  particular  flavor.  It  is 
a  robbery  or  a  great  abuse  to  sell  wine  mixed  in  any 
other  way  for  a  genuine  growth.  Wines  of  Bordeaux 
are  sometimes  strengthened  with  hermitage  or  wine  of 
Cahors,  and  are  known  as  Medoc  wines  ;  but  they  are 
genuine  and  of  good  quality.  Wines  are  liable  to 
alteration  and  to  degenerate.  Such  are  loss  of  color, 
bitterness,  acidity,  tasting  of  old,  of  the  wood,  of  musk, 
raouldiness,  and  what  the  French  call  graise,  milkiiiess 
or  cloudiness.  To  amend  the  last  they  use  pure 
tartaric  acid,  taking  care  that  little  of  the  carbonic  gas 
given  out  shall  escape  from  the  cask.  This  acid  is 
composed  of  2  HO,  C„  H4  O10  and  is  found  in  a  good 
many  fruits  beside  the  grape.  The  acid  is  mingled  with 
sugar  and  introduced  hot  into  the  cask,  which  is  closed 
and  agitated  for  five  or  six  minutes.  Two  days  after, 
the  wine  is  fined  in  the  ordinary  way.  The  carbonic 
gas  is  the  agent  of  the  cure.  Wine  is  sometimes 
passed  over  fresh  lees  as  a  remedy  for  the  same  disease; 
and  then  racking  is  had  recourse  to  afterwards.  Acidity 
generally  attacks  wine  which  wants  body.  This  never 
amends  itself,  but  proceeds  to  the  acetic  state  if  left 
alone.  Taken  at  the  earliest  moment,  it  is  transferred 
into  a  cask  impregnated  with  sulphur  by  the  means 
before  described ;  and  different  modes  are  employed 
for  the  cure  of  the  mischief.  Some  dissolve  honey, 
others  liquorice,  in  the  wine.  Acetate  of  magnesia, 
bone  gelatin,  and  similar  substances  are  used ;  but  the 
best  mode  of  cure  is  to  pass  the  wine  over  the  relics  in 


the  vat,  after  the  vintage  product  for  the  year  has  been 
drawn  off.  Even  then  it  should  be  drank  early,  for  it 
cannot  be  trusted  over  another  season.  Oftentimes 
the  acetous  fermentation  has  already  commenced,  and 
there  is  no  resource  but  to  leave  it  to  the  vinegar- 
manufacturer.  The  bitterness  in  wine  will  sometimes 
become  cured  by  itself  when  in  bottle.  It  takes  place 
in  old  wine.  If  not  cured  by  passing  the  wine  over 
fresh  lees  or  mingling  new  with  that  attacked,  it  should 
be  reserved  for  the  still.  Loss  of  color  generally  hap- 
pens to  the  deepest-tinctured  wines  approaching  age, 
arising  from  a  species  of  fermentation  for  which  recourse 
is  had  to  purified  tartar  reduced  to  a  fine  powder 
and  mingled.  If  unsuccessful,  it  must  be  mixed  with 
a  younger  growth.  The  taste  of  old  and  musk — the 
latter  thought  to  be  caused  by  insects — the  depositions 
of  different  wines,  and  the  taste  of  the  wood,  add  to  the 
multiform  cares  of  the  wine-grower  and  admit  of  a 
variety  of  applications  for  cures  not  always  successful. 
There  is  a  wide  road  here  for  chemical  investigation 
and  experiment  yet  untrodden,  as  there  is  also  to 
determine  exactly  those  constituents  which  give  to 
certain  wines  their  delicate  aroma  and  flavor.  The 
odor  which  is  peculiar  to  all  wines  must,  to  a  certain 
extent,  be  ascribed  to  euanthic  ether. —  Vide  Alcohol, 
vol.  i.,  page  105. — The  volatile  substance  existing  in 
wine,  which  imparts  to  it,  conjointly  with  enanthic 
ether,  its  vinous  fragrancy,  is  alcohol.  Other  beautiful 
volatile  compounds  have  been  detected  in  wine,  but 
there  is  much  yet  to  be  discovered.  To  what  substance 
does  a  fine  Sauterne  owe  its  most  peculiar  but  magni- 
ficent bouquet  ?  Acetic  ether  appears  in  most,  perhaps 
in  all,  aromatic  wines,  and  is  developed  in  them  by 
time.  The  adulterators  of  wine  are  well  acquainted 
with  this  fact,  and  know  how  to  make  use  of  it.  Acetic 
ether  is  largely  sold  for  this  purpose,  and  added  in 
pruportionably  small  quantities  to  wines  which  are  not 
aromatic,  to  improve  their  fragrancy.  Two  or  three 
drops  are  ample  for  a  bottle  of  wine.  The  reader  is 
here  referred  to  the  article  Ether,  vol.  i.,  page  832, 
for  full  particulars  with  regard  to  the  properties,  etcetera, 
of  the  delicate  ether  existing  in  wine  and  spirits. 

Besides  the  wines  denominated  sweet  and  dry,  pre- 
pared from  the  fruit  in  the  mode,  and  their  difference 
arising  from  causes  already  stated,  there  are  prepared 
wines  in  which  the  must  is  concentrated  by  evaporating 
a  portion  of  the  aqueous  part,  a  very  ancient  custom 
wherever  wine  of  the  usual  kind  is  made,  called  in 
France  vins  cuits,  in  Italy  vino  cotto,  a"ud  in  Spain,  from 
the  Arabic,  arrope.  The  wine  is  boiled  down  to  a 
third  part,  being  skimmed  of  its  froth,  and  sometimes, 
while  boiling,  aromatic  substances  are  infused,  or  else 
it  is  used  in  its  unperfumed  state  for  strengthening 
other  wines. 

Dry  and  sweet  wines,  or  wines  of  liqueur,  are  dis- 
tinguished principally  by  the  saccharine  principle,  in 
sweet  wine,  not  being  all  converted  into  alcohol,  the 
glucose  surpassing  the  gluten  in  proportion,  and  the 
change  being  in  consequence  only  partially  effected. 
Such  are  the  wines  of  Malaga,  Rivesaltes,  and  Frontig- 
nan,  and  the  wines  from  the  rich  muscatel  grape  more 
especially.  Straw  wines  are  also  sweet  wines,  made  of 
grapes  for  some  months  suspended  upon  straw  bands 
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and  afterwards  pressed  and  fermented.  The  produce 
is  about  a  sixth  only  of  that  obtained  at  the  vintage. 
It  has  a  strong  rich  flavor  of  the  dried  raisin.  There  is 
also  a  wine  called  de  Grenier  in  France,  made  in  nearly 
the  same  manner,  and  a  sweet  white  styled  de  Garde. 

Another  wine  of  a  very  distinct  character  and  of 
two  kinds,  one  drier  than  the  other,  is  procured  by 
suppressing  the  fermentation,  in  other  words,  retain- 
ing the  carbonic  gas  to  a  considerable  extent.  This 
species  comprehends  the  wines  of  Champagne  and 
their  unworthy  imitations,  called  sparkling  Burgundies, 
Moselles,  and  others,  all  managed  in  the  same  mode. 
There  is  a  genuine  wine  at  Arbois  of  the  same  kind,  or 
mousseaux,  as  the  French  term  it,  made  in  a  mode 
somewhat  different.  The  crust  or  chapeau  is  allowed  to 
rise  and  settle  over  the  must,  as  in  the  common  mode 
of  fermentation,  so  far  as  that  the  fermentation  is  not 
visible  and  no  further,  in  order  that  the  wine  may  be 
racked  off  in  a  clear  state,  being  watched  day  and  night 
for  the  period  when  bubbles  of  carbonic  gas  begin  to 
appear  on  the  surface.  It  is  then  racked  into  a  vat 
and  remains  until  a  second  crust  or  scum  forms,  and 
this  is  repeated  until  the  wine  is  perfectly  limpid.  It 
is  now  placed  in  casks  carefully  kept  filled.  The  bungs 
are  daily  examined  in  case  of  starting,  that  the  cask  may 
be  filled  up  immediately.  The  air  is  excluded  when 
the  fermentation  ceases,  racked  again  in  January  or 
the  following  month,  and  in  March  fined  and  bottled. 
The  corks  being  wired,  the  wine  is  deposited  in  a  cellar 
of  the  requisite  temperature. 

To  return  to  the  more  celebrated  wines  of  Champagne, 
distinguished  as  still,  creaming,  and  sparkling  wines,  or 
mousseaux,  cremans,  and  non-mousseaux,  of  which  the 
two  last  are  most  in  esteem.  The  best  froth  very 
slightly,  as  Sillcry ;  and  the  finest,  called  vin  du  roi,  not 
at  all.  These  wines  come  from  the  banks  of  the  Marne 
and  constitute  a  unique  class.  They  are  made  for  the 
most  part  of  the  blackest  grapes,  gathered  with  care, 
and  only  the  sound  fruit  used.  The  grapes  are  carried 
to  the  press  in  baskets,  covered  up  from  the  sun,  and 
placed  on  the  press  with  as  little  motion  as  possible. 
The  must  is  poured  into  a  vat  for  a  term  of  from  six  to 
fifteen  hours,  that  the  dregs  may  be  deposited.  As 
soon  as  ever  fermentation  appears,  the  wine  is  trans- 
ferred to  the  cask.  The  product  of  the  first  pressing 
is  set  aside  as  the  choicest.  The  second  pressing,  or 
the  wine  of  the  first  cutting,  lightly  colored  and  spiri- 
tuous, partly  composes  the  effervescing  win.es.  The 
wine  of  the  third  pressing  is  kept  for  giving  strength  to 
the  ordinary  red  wine  of  the  country.  This  wine  is 
put  into  bottles  in  March  or  April.  At  Kheims,  on  the 
other  hand,  they  bottle  the  Sillery  in  January,  although 
at  the  risk  of  its  imbibing  the  effervescing  quality.  It 
having  been  thought  advantageous  to  secure  champagne 
of  a  uniform  quality,  which  it  was  difficult  to  do  from 
its  being  put  into  small  casks ;  tuns  holding  twelve  thou- 
sand litres  were  a  few  years  ago  introduced  at  Kheims 
by  a  German  house,  and  the  advantage  of  their  use 
became  evident. 

The  next  stop  is  to  procure  bottles  of  groat  strength, 
free  of  air  bubbles,  of  the  exact  size,  and  without  a  flaw. 
The  number  required  to  bottle  the  effervescing  wines  in 
the  department  of  the  Marne  is  enormous ;  eight  hundred 
vol.  ir. 
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and  sixty-six  thousand  gallons  having  been  bottled  in 
one  season  in  the  arrondissement  of  Epernay  alone.  In 
March  or  April  the  bottling  commences.  If  done 
earlier,  the  breakage  would  be  greater,  fifteen  per  cent, 
being  the  ordinary  loss.  In  the  fermentation  the  car- 
bonic gas  not  being  allowed  to  form  sufficiently  or  fully 
develop  itself  in  the  cask,  it  is  quickly  reproduced  in 
the  bottle ;  the  saccharine  principle  renews  its  progress 
towards  alcohol ;  and  if  the  latter  be  sufficient  to  pre- 
vent the  decay  of  the  wine,  the  quality  is  good.  This 
wine  does  not  effervesce  in  uniform  times.  Some  kinds 
will  do  so  in  a  fortnight ;  others  will  be  months  before 
the  signs  appear.  One  wine  will  require  a  change  of 
temperature  for  the  purpose,  and  must  be  brought  up 
nearer  to  the  surface  of  the  ground,  if  the  cellar  be 
deep.  Another  kind  will  not  exhibit  itself  until  the 
month  of  August,  and  a  thud  kind  only  at  the  time 
the  owner's  patience  is  almost  exhausted,  when  it  will 
appear  unexpectedly.  If  a  wine  shows  no  sign  the  first 
year,  it  is  mingled  the  next  year  with  new  wine  known 
to  possess  the  effervescing  principle.  Nothing  is  cer- 
tain ;  the  cellars,  their  soil  and  depth,  the  air-holes,  the 
difference  of  the  place  of  growth — all  seem  to  have  an 
inexplicable  effect  upon  the  operation. 

The  bottles,  carefully  cleaned  by  rinsing  and  shotting, 
are  placed  in  the  working  shop  or  atelier.  The  barrel- 
heads are  bored,  and  a  small  brass  pipe  with  a  gauze- 
strainer,  is  inserted.  The  bottles  are  filled  so  as  to 
allow  about  two  inches  clear  space  between  the  cork 
and  the  wine.  This  space  diminishes,  while  the  car- 
bonic gas  is  generating ;  and  the  fractured  bottles  show 
that  the  expansion  of  the  fluid  has  primarily  quite  filled 
the  void.  A  workman  who  fills  the  bottles  passes  them 
on  the  right  hand  side  to  the  principal  operator,  who  is 
seated  upon  a  stool,  with  a  little  table  before  him  covered 
with  sheet-lead,  and  about  as  high  as  his  knees.  He 
inspects  the  allotted  space  between  the  cork  and  the 
wine,  regulates  it  exactly,  selects  a  cork,  moistens  it, 
introduces  it  into  the  bottle,  and  strikes  it  so  hard  two 
or  three  times  with  a  wooden  mallet,  that  an  observer 
wonders  it  is  not  broken  by  the  violence  of  the  blows  ; 
and  yet  fracture  this  way  is  rare  from  the  attention  paid 
to  the  management  of  the  bottle  at  the  same  moment. 
This  workman  then  passes  the  corked  bottle  to  his  right, 
where  a  third  workman,  seated  precisely  in  the  same 
manner,  crosses  the  cork  with  pack-thread,  and  ties  it 
strongly.  He  then  passes  it  to  a  fourth  workman  who 
wires  the  bottle,  cuts  the  wire,  and  hands  it  to  a  youth 
who  places  the  bottles  upright  in  the  form  of  a  parallelo- 
gram, so  that  they  can  be  counted  in  a  moment.  The 
daily  labor  is  calculated  at  a  drawing  of  from  sixteen 
hundred  to  seventeen  hundred  bottles.  The  best  cellars 
of  Epernay  are  those  of  M.  Moet,  and  the  bottles  run 
in  a  pile  from  end  to  end,  six  feet  high,  and  are  carried 
down  in  osier  baskets,  having  in  each  twenty-five  cases 
for  the  bottles.  Two  men  carry  them  by  leather  belts 
drawn  through  the  handles  of  the  basket.  Slopes  are 
prepared  beneath  in  cement  to  carry  away  the  wine 
from  the  broken  bottles  in  the  piles,  with  reservoirs  to 
collect  it.  The  bottles  are  placed  head  to  tail  on  laths, 
the  corks  one  way  the  reverse  of  the  other. 

The  piles  are  very  solid;  and  any  one  of  the  bottles, 
with  the  neck  to  the  rear  of  the  pile,  can  be  easily  with- 
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drawn  in  order  to  examine  its  state,  and  see  if  the  car- 
bonic gas  is  developed.  If  not,  all  must  be  got  into  the 
proper  state,  cost  what  it  may.  When  a  bottle  is  drawn 
from  a  pile,  and  kept  in  a  horizontal  position,  a  deposition 
is  generally  observable  called  the  griffe,  or  claw,  from 
its  branching  appearance.    Before  a  bottle  breaks,  the 
vacancy  below  the  cork  disappears  by  the  expansion  of 
the  carbonic  acid,  which  generally  occurs  in  July  or 
August,  when  commonly  from  four  to  ten  per  cent,  of 
breakage  is  experienced ;  too  often  the  mischief  reaches 
from  thirty  to  forty.    Sometimes,  of  the  same  wine  in 
the  same  part  of  the  cellar,  one  pile  will  remain  with 
the  gas  undeveloped,  while  the  other  shows  no  sign  of 
effervescence.    A  current  of  air  will  sometimes  make 
the  wine  effervesce  furiously.     Thus  great  expenses 
are  incurred,  not  only  by  breakage,  but  in  attempts  to 
excite  the  carbonic  development.     The  loss  by  the 
breakage  is  often  not  equal  to  that  of  correcting  the 
inertness  of  the  wine,  independently  of  the  trouble.  If 
not  exceeding  ten  per  cent,  in  breakage,  the  maker  is 
satisfied.    If  it  is  deemed  necessary  to  take  down  the 
pile,  the  bottles  are  set  upon  their  bottoms  for  a  longer 
or  shorter  time,  and  this  causes  a  difference  in  the 
quality  of  the  wine.    At  one  time  it  is  removed  into  a 
deeper  cellar ;  or,  lastly,  the  bottles  are  uncorked  to 
disengage  the  gas,  and  clear  the  space  under  the  cork. 
When  the  carbonic  gas  is  furious  in  its  development, 
the  wine  is  wasted  in  large  quantities.    The  wine  of 
the  broken  bottles  becomes  scattered  among  the  sound, 
or  fragments  remain  which  contain  wine,  and  become 
acid  and  even  putrid.    The  gutters  become  infected, 
and  in  the  air  of  the  cellar  new  principles  of  fermenta- 
tion ensue.    In  August  workmen  have  been  obliged, 
owing  to  the  fragments  of  glass  projected  from  the  piles, 
to  put  on  wire  masks,  and  entering  the  cellar  to  throw 
cold  water  over  the  wine.    The  breakage  ceases  in  the 
month  of  September.    In  October  the  piles  are  lifted; 
the  bottles  being  taken  down  one  by  one,  putting  aside 
those  broken,  and  placing  on  their  bottoms  those  in 
which,  on  examining  the  necks,  the  corks  and  sealing 
seem  to  have  moved.    Some  bottles  are  found  to  have 
lost  a  portion  of  their  contents,  and  the  loss  must  bo 
repaired.    The  deposition,  too,  must  be  removed.  For 
this  purpose  the  bottles  are  placed  in  an  inclined  posi- 
tion of  about  25°,  and  are  shaken  two  or  three  times  a 
day,  to  detach  the  sediment,  for  ten  or  fifteen  days  suc- 
cessively.   Planks  with  holes  in  them  receive  three  or 
four  thousand  bottles  together,  keeping  them  in  the  right 
slope.   The  workmen  then,  with  considerable  dexterity, 
get  all  the  deposition  into  the  neck  of  the  bottle,  near 
the  cork,  the  wine  being  perfectly  clear.    Every  bottle 
is  then  taken  by  the  bottom,  kept  carefully  reversed, 
and  the  wire  and  twine  being  broken — the  bottle  resting 
on  the  workman's  knees — the  oork  is  dextrously  with- 
drawn, so  as  to  permit  the  gas  to  explode,  and  carry 
the  deposition  with  it.    An  index  is  then  introduced 
into  the  nock  to  measure  how  high  the  wine  should 
ascend,  and  the  deficiency  is  made  good  with  wine  that 
has  before  undergone  the  operation.  The  bottle  is  then 
a  second  time  corked  and  wired.    If  the  wine  remain 
long  in  the  cellar  afterwards,  before  it  is  sold,  it.  is  sub- 
mitted to  a  second  clearance  or  degorgement  of  a  similar 
kind  about  a  fortnight  before  it  is  sent  away;  the 


process  to  the  last  being  laborious  and  expensive. 
These  wines  do  not  admit  of  being  mingled  with  any 
but  those  of  their  own  growth,  and  those  genuine  are 
rarely  mingled  at  all.  Grey  champagne  is  made  by 
treading  the  wine  slightly  before  pressing,  and  rose- 
colored  by  a  longer  treading ;  but  the  latter  is  gene- 
rally wine  of  inferior  quality.  In  good  cellars  these 
wines  will  retain  their  excellence  for  twenty,  and  even 
as  far  as  thirty  years,  in  the  last  case  imbibing  only  a 
slight  degree  of  bitterness.  The  temperature  of  the 
cellars  in  which  the  wine  is  kept,  is  best  at  about  53° 
almost  unvaryingly.  The  receptacles  at  Epernay  are 
excavations  in  the  calcareous  rock,  thirty-five  feet 
below  the  surface  of  the  ground.  The  creaming  and 
still  wines  keep  the  best ;  those  very  frothy  are  most 
liable  to  change,  and  are  really  the  least  worthy  of  the 
class. 

The  finest  red  wines  in  the  world  are  those  of 
Burgundy,  in  the  district  called  the  Cote  d'Or.  They 
are  produced  principally  from  the  grape  called  the 
Pineau.  From  twenty  to  thirty  hours  in  the  vat  are 
sufficient  to  convert  the  glucose  into  alcohol,  and  then  in 
two  or  three  years  they  are  fit  for  drinking.  If  moved 
in  the  cask  in  the  least  as  they  deposit,  they  are  apt 
to  spoil.  On  this  account  the  finer  kinds  are  only 
removed  in  bottle,  and  should  be  kept  with  great  care. 
When  old  they  take  an  amber  color.  In  England 
the  first  classes  of  these  wines  and  their  proper 
management  are  unknown ;  the  second  classes  alone 
being  imported  as  the  first,  the  coarse  taste  of  the 
English  palate  in  wine  preventing  the  discovery  of  the 
difference.  The  finer  wines  are  all  produced  in  the 
districts  of  Nuits  and  Vosne ;  of  these  the  Bomanee- 
conti  and  the  Chambertin  are  among  the  more  cele- 
brated. The  white  wines  of  the  same  district  are  not 
so  well  known  or  esteemed  as  the  red.  In  the  Mont 
Bachet  wine,  a  celebrated  growth,  made  near  Beaune, 
occurs  one  of  those  extraordinary  phenomena  in  wine 
which  no  scientific  investigation  has  succeeded  in 
explaining.  Three  kinds  of  wine  are  made  of  fruit 
grown  on  the  same  land,  so  contiguous  as  only  to  be 
separated  by  a  footpath,  having  the  same  exposure, 
the  soil  appearing  the  same,  as  well  as  the  species  of 
vine ;  yet  the  last  brings  only  one-third  the  price  of  the 
first.  The  whole  ground  is  about  thirty-seven  hectares, 
of  which  the  most  prized  is  but  seven,  the  next 
quality  eighteen,  and  the  third  twelve.  The  wine  of 
the  first  fruit  sells  at  twelve  hundred  francs,  the  second 
six  hundred,  and  the  third  four  hundred. 

The  climate  of  Italy  so  congenial  to  the  vine, 
produces  no  wines  of  export  much  valued,  owing  to 
the  ill  management  of*the  vintage.  No  attention  is 
paid  to  sorting  the  grapes ;  ripe  and  unripe  are  thrown 
into  the  vat  together.  Nicety  and  even  cleanliness  are 
neglected.  The  grapes  are  trodden  and  thrown  into  a 
vat,  where  the  must  remains  fourteen  days  in  a  state 
of  continued  fermentation  until  the  wine  is  spoiled. 
Sometimes  the  must  is  left  exposed  to  the  air  for  a 
month  together,  and  the  wine,  ill-managed,_  has  no 
reputation.  In  Tuscany  more  attention  is  paid  to  the 
process  than  in  other  parts  of  the  country,  and  very 
palatable  wine  is  made,  but  with  little  improvement  in 
the  process,  The  Montepulchiano  is  a  sweet  wine  long 
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noted  there.  This  wine  is  racked  repeatedly  for  two 
months  after  it  is  made,  but  the  fermentation  is  often 
continued  until  the  wine  has  begun  to  contract  acidity 
before  it  is  removed  into  the  cask.  In  Naples  they  make 
a  sweet  wine  called  lacryma  Christi,  but  the  process 
is  as  careless  as  in  other  parts  of  Italy — in  fact  there  are 
four  or  five  wines  of  that  name,  some  pretty  good,  others 
execrable.  In  Sicily  the  Mazzara  wines,  and  the  sweet 
wines  of  Syracuse,  are  made  with  little  care;  but 
English  capital  and  some  pains  having  been  bestowed 
on  the  Marsala  and  Etna  wines,  they  are  exported  to 
England,  according  to  custom,  brandied  to  excess  to 
save  care  in  their  management,  or,  as  the  phrase  is,  to 
fortify  them.  The  Marsala  wine,  well  treated,  is 
sound  and  good,  and  made  in  the  fine  climate  of  Sicily 
with  French  science,  might  still  be  greatly  improved. 

The  Greek  islands  produce  wine  of  various  kinds, 
but  mostly  muscadines.  In  Cyprus  the  grapes  are  not 
suffered  to  lie  too  numerously  on  the  stock.  They  are 
of  a  rich  purple,  with  a  thin  skin.  The  vintage  begins 
at  the  end  of  August.  For  the  celebrated  wine  of  the 
Commandery,  the  fruit  is  placed  on  covered  floors  called 
punsi,  and  spread  out  with  care  in  a  bed  of  eighteen 
inches  thick,  where  the  grapes  remain  until  the  seeds  or 
grains  are  ready  to  drop  from  them.  They  are  then  care- 
fully lifted  with  wooden  shovels  and  carried  to  rooms 
paved  with  marble,  or  covered  with  a  cement  equally 
compact.  These  floors  are  made  of  a  gentle  slope.  The 
grapes  are  bruised  with  a  wooden  mallet,  and  pressed  in 
little  presses  denominated  patitisi;  the  must,  which 
is  very  thick,  flowing  into  a  vessel  on  the  lower  side 
of  the  floor.  This  vessel  is  emptied,  when  full,  into 
small  vases,  and  in  these  conveyed  into  baked  earthen 
vessels  with  acute  bases,  like  the  ancient  amphorae.  In 
these  the  wine  is  left  forty  days  to  ferment,  in  some 
places  with  the  vat  covered  while  in  that  state.  This 
wine,  if  taken  while  in  a  state  of  fermentation,  causes 
severe  colic  pains,  to  prevent  which  it  is  filtered  through 
bags  of  vine  ashes,  but  when  thus  treated  it  never  attains 
the  perfection  desired.  When  the  fermentation  has 
ceased,  the  wine  is  shut  up  from  the  air  with  covers  of 
baked  earth,  and  has  already  put  on  a  lighter  color 
than  before.  These  vessels  are  either  coated  internally 
with  pitch,  or  varnished  the  instant  they  leave  the 
potter's  hand.  If  varnished,  the  composition  consists 
of  a  boiling  liquid  in  which  turpentine  and  pitch  are 
mingled  with  vine  ashes,  goat's  hair,  and  fine  sand ; 
this  effectually  closes  the  pores,  and  never  falls  off. 
The  art  of  making  these  vessels  belongs  to  the  remotest 
antiquity.  They  hold  from  twenty  to  thirty  barrels 
each  and  in  them  the  lees  are  deposited,  which  are 
called  mana.  Wheu  removed,  leathern  bags  are 
adopted,  pitched  on  the  inside,  and  detrimental  to  the 
wine,  which  does  not  for  many  years  lose  the  disagree- 
able flavor.  The  cellars,  in  so  hot  a  climate  as  Cyprus, 
are  all  above  the  ground ;  little  light  is  admitted,  and 
the  aspect  disregarded.  This  famous  wine  was  named 
from  the  Commander  of  the  Knights  Templars,  to 
whom  the  district  once  belonged.  The  Commandery 
wine  resembles  the  Italian  wine  of  Chianti  in  color. 
From  a  red  it  changes  to  a  yellowish  hue  the  first  year, 
fines  itself  as  it  grows  old,  and  in  nine  or  ten  years 
takes  nearly  the  samo  appearance  as  the  sweet  wines 


of  the  South  of  Europe.  The  dregs  are  thick,  and 
supposed  to  aid  the  fining.  When  brought  from  the 
country  to  the  town  and  put  into  casks,  it  is  always  in 
such  as  have  lees  remaining,  in  which  it  is  left  for  a 
year.  Whether  ullage  is  attended  to  or  not,  it  makes  no 
difference  in  regard  to  the  excellence  of  the  wine,  for 
sometimes  a  cask  is  left  not  three-fourths  filled.  It  i3 
sold  at  the  vineyard  by  the  load  of  sixteen  jars,  each 
containing  five  Florence  bottles.  The  wine  is  warranted 
good  by  the  seller  until  the  August  after  the  vintage. 
It  is  generally  exported  in  casks  of  three  hundred  and 
fifty  bottles  each.  Only  about  ten  thousand  jars  are 
now  produced.  When  poured  into  a  glass,  if  good  in 
quality,  the  particles  adhere  like  oil  to  the  sides.  Cold 
injures  it ;  in  a  Northern  climate  it  must  be  placed 
before  a  fire.  The  lees  are  always  treasured  up,  and 
are  often  in  color  a  mixture  of  black,  red,  and  yellow, 
though  generally  like  Spanish  snuff.  •  Those  wines 
and  the  muscadines  of  Cyprus  are  different.  The  wines 
of  the  Greek  islands  are  mingled  with  rosin  to  impart 
durability,  and  are  very  disagreeable  to  the  taste  in 
consequence.  The  wine  of  the  Crimea,  at  least  that 
called  holcour,  is  fermented  coarser  than  in  Cyprus. 
The  vats  in  many  places  are  only  pits  dug  in  the 
ground,  plastered  with  a  composition.  The  Shiraz 
wine  of  Persia  is  made  of  trodden  grapes,  fermented  in 
jars  of  glazed  pottery  agitated  briskly ;  it  is  then 
bottled  for  sale. 

The  wine  of  Portugal,  forced  upon  the  people  of 
England  in  1703,  by  rendering  the  duty  on  that  wine 
a  third  less  than  on  the  produce  of  other  countries, 
drove  out  many  fine  wines,  of  which  there  was  a  great 
variety  before,  and  forced  an  inferior  article  upon  the 
public,  under  the  absurd  idea  that  Portugal  would  take 
English  woollens  in  return,  as  if  all  trades  were  not  an 
exchange  of  goods.  The  effect  was  to  drive  all  variety 
in  wine  out  of  the  country,  and  make  Englishmen  take 
an  inferior  article.  At  first  the  wine  came  in  its  natural 
state,  but  was  afterwards  sophisticated  and  brandied. 
Efforts  -were  too  soon  made  to  control  the  market  by 
limiting  the  supply,  and  rendering  the  wine  nearly  of  a 
uniform  quality.  After  the  Portugal  wine  monopoly  of 
175G  was  established,  brandy  was  added,  and  increased 
until,  in  recent  times,  no  less  than  from  twenty  to 
twenty-four  gallons  per  pipe  are  flung  into  the  wine 
during  and  after  fermentation.  In  its  natural  state  this 
wine  is  not  permitted  to  come  to  England.  The  growth 
is  stinted  because  the  export  is  limited  by  a  privileged 
company,  which  creates  an  artificial  scarcity.  The 
wine  is  adulterated  with  a  mixture  called  geropiga,  two- 
thirds  must,  and  one-third  spirits  20°  above  proof,  with 
elderberry  juice  and  sweetening  matter,  and  is  sanc- 
tioned by  the  English  Government,  though  a  gross 
adulteration,  being  admitted  here  as  a  spirit  to  carry 
out  a  fraud.  This  medley  is  used  only  in  preparing 
wines  for  England.  The  pure  wine  is  seldom  allowed  to 
be  exported,  although  good  and  enduring,  since  by  this 
doctoring  there  is  an  equality  of  class  established  that 
defies  seasons  or  bad  crops.  The  grapes  are  gathered 
when  mature  almost  to  shrivelling.  They  are  from 
the  bastardo,  sousao,  and  alvarelhao  vines.  The  fruit  is 
trodden  with  the  stalks,  and  remains  during  the  fer- 
mentation, which  continues  about  seventy  hours,  in  vats 
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containing  from  ten  to  twenty  pipes  each,  and  while 
fermenting,  brandy  is  added.  The  wine  is  racked  in 
February,  and  sent  to  the  company's  or  merchant's 
cellars  in  Oporto.  More  brandy  is  added  to  the  wine 
intended  for  exportation,  and  again  in  a  year,  when 
shipped,  more  is  thrown  into  a  wine  having  in  its  natu- 
ral state,  on  the  average,  amply  sufficient  alcohol  to 
insure  endurance  with  common  care.  It  now  carries  a 
strong  odor  of  brandy,  and  must  remain  a  dozen  years 
until  the  wine,  or  rather  brandy-wine,  is  sufficiently  sub- 
dued in  alcohol  to  be  drunk,  when  it  bears  little  resem- 
blance to  the  genuine  wine,  having  become  dull,  and  its 
freshness  and  aroma  having  disappeared.  The  conse- 
quence of  the  delay  often  is,  that  while  ameliorating  the 
extractive  and  coloring  matter  of  the  original,  if  not 
of  the  elderberry,  becomes  deposited,  the  wine  tawny, 
and  the  flavor  without  a  trace  of  the  real  unadulterated 
article.  The  perverseness  of  usage  is  become  in  a  cen- 
tury so  much  in  harmony,  on  the  part  of  the  consumer, 
with  the  merchant's  notions  of  brandy  being  necessary 
to  preserve  a  wine  with  sufficient  alcohol  by  nature, 
that  a  genuine  and  honest  port  wine  would  now  be 
regarded  as  worth  little,  on  the  plea  of  coldness,  except 
to  real  connoisseurs.  At  first,  in  1730,  only  about  two 
gallons  were  added  to  a  pipe.  In  1754  the  practice  was 
styled  diabolical  of  checking  the  fermentation  in  this 
mode  of  fretting  in  spirit,  which  it  was  fondly  imagined 
immediately  assimilated  with  the  natural  alcohol  of  the 
wine.  The  Portuguese  charged  the  English  at  Oporto 
with  commencing  this  base  practice,  and  making  wine 
seem  like  liquid  fire  in  the  stomach.  It  is  observed  by  one 
authority  that,  in  preparing  these  wines,  it  resembled 
throwing  into  one  large  vat  all  the  red  wines  of  a  country 
of  different  growths,  to  produce  an  immense  quantity  of 
second-class  wine.  There  are  excellent  wines  thus  mis- 
managed. The  Collares  port,  Bucellas,  Lisbon,  and 
other  wines  made  in  the  customary  manner,  bespeak 
that  there  is  no  fault  except  in  the  management.  One 
wine-grower  purchased  elderberries  a  few  years  ago  to 
the  extent  of  four  hundred  pounds  in  a  season;  and  one 
hundred  and  twenty  pipes  of  adulterated  must  have  in 
one  year  been  landed  in  London  from  Oporto,  to  mingle 
with  Portugal  red  wine  in  England,  and  doctor  or 
strengthen  what  was  too  weak.  Science  can  discover 
nothing  worthy  of  record  in  the  manipulation  of  the 
Oporto  wines. 

The  vines  of  Madeira,  now  nearly  destroyed  by  the 
o'idium,  or  wine  disease,  were  a  remarkably  fine  class, 
They  were  planted  in  a  volcanic  soil,  a  mixture  of 
red  and  yellow  tufa,  called  saibro  and  pedro  molle.  A 
light  clayey  earth  and  volcanic  cinders  were  inter- 
mingled. The  husbandry  was  rude;  the  vines  planted 
in  trellises.  The  vintage  took  place  in  September,  and 
the  wine  of  the  highest  quality,  called  pingo,  was  that 
which  flowed  from  the  treading  alone.  The  wine  was 
pressed  to  the  fourth  pressing  in  a  trough-press,  with  a 
lever  like  that  of  a  cider  press.  The  grapes  were 
sorted  and  the  mosto,  or  must,  fermented  in  pipes. 
Gypsum  was  sprinkled  on  the  grapes.  The  must  was 
agitated  during  the  fermentation,  which  exceeded  forty 
days  in  duration.  The  wine  was  mellowed  in  stoves, 
kept  at  a  temperature  of  80°  or  90°.  A  voyage  to 
the  East  or  West  Indies  was  always  preferable  for 


ripening  the  wine,  when  it  could  be  accomplished. 
There  was  once  a  very  agreeable  cordial  wine,  made 
in  Madeira,  by  checking  the  fermentation  and  adding 
brandy  to  the  must.  The  sercial  is  the  product  of  the 
hock  grape,  never  drank  under  seven  years  old,  and 
then  not  in  perfection.  There  were  once  three  kinds 
of  malmsey,  from  as  many  different  kinds  of  grapes,  in 
these  islands.  That  from  the  cadel  grape  was  the 
best.  The  tinto  resembled  new  Burgundy,  but  was  less 
harsh;  it  was  drank  under  three  years  old,  at  which 
age  it  lost  its  color,  and  took  that  of  old  Madeira. 
It  had  an  agreeable  aroma.  Wines  of  Madeira  were 
sometimes  ripened  by  plunging  them  into  a  trench 
of  fermenting  horse  dung.  The  bottles  were  corked, 
and  thus  the  wine  attained,  in  a  few  months,  the 
maturity  of  a  voyage  at  sea.  This,  however,  may  be 
doubted;  because,  at  sea,  not  only  a  particular  tem- 
perature, but  a  considerable  agitation  is  kept  up.  A 
pipe  of  Madeira,  attached  to  the  beam  of  a  steam- 
engine,  in  the  warm  engine-house,  is  said  to  have 
produced  the  effect  desired.  Madeira  is,  or  rather 
was,  in  perfection  in  twenty  years.  The  vine  disease 
has  suddenly  ruined  this  far-famed  wine,  and  the  unfor- 
tunate people  of  the  island  that  produced  it.  A  very 
fine  sample  of  this  wine  the  Editor  received  from  Mr. 
J.  "R.  Hutton  of  Liverpool — a  nutty  flavor,  and  yielded 
15-69  per  cent,  of  alcohol. 

The  wines  of  Spain  are  quite  distinct  from  those 
of  Portugal,  as  well  as  of  France.  Many  of  them 
are  superior  of  their  class,  and  of  the  white  wines  in 
particular  ;  they  constitute  the  largest  quantity  of  any 
single  foreign  wine,  red  or  white,  entered  in  England 
for  home  consumption.  The  wines  of  Spain,  except 
those  of  Andalusia,  in  which  much  British  capital  is 
invested,  are  carelessly  made ;  but  their  firmness,  just 
alcohol,  resistance  to  what  would  ruin  very  delicate 
growths  in  the  North,  arising  from  a  warm  and  genial 
climate,  prevent  their  merits  from  passing  unappre- 
ciated. The  fine  red  wine  of  La  Mancha,  the  Val  de 
Penas,  was,  until  recently,  carried  about  only  in  pitched 
skins  on  the  backs  of  mules.  The  groat  exports  of 
wine  are  from  Cadiz  and  Malaga.  The  sherry  is  made 
near  the  town  of  Xeres  de  la  Frontera,  nine  miles  from 
Port  St.  Mary's,  across  the  harbor  of  Cadiz.  The 
grapes  are  left  on  the  tree  until  they  are  shrivelled  by 
the  sun's  heat,  and  when  plucked  remain  exposed  to  it 
some  time  before  they  are  pressed.  The  fermentation 
is  generally  left  to  take  care  of  itself,  with  all  the  scum 
it  forms;  and  yet  the  wine  is  so  fine  that  very  rarely 
mischief  occurs  to  it.  Packed  after  the  vintage,  and 
constantly  under  the  eyes  of  the  agents  or  principals 
of  foreign  houses,  resident  on  the  spot,  the  management 
is  carefully  scrutinized.  The  grapes  here  are  sprinkled 
with  powdered  gypsum,  once  locally  termed  giesso  or 
jess.  The  must  ferments  in  the  cask  left  entirely  to  itself. 
It  is  racked  in  March.  The  casks  are  left  open  in  all 
temperatures,  and  sometimes  in  the  open  air  without 
ill  effect.  A  good  cellar,  so  named  in  France  or  the 
North,  is  not  thought  of  moment  here.  While  ferment- 
ing, the  bungs  are  so  open  as  to  allow  the  easy  escape 
of  the  carbonic  gas.  Bopiness,  dreaded  elsewhere  under 
such  treatment,  is  very  rarely  observed.  The  natural 
color  of  the  pure  wine  is  pale ;  the  colored  are  from  a 


WINE  Red— White.  1125 


blending  with  a  dark  wine  called  urropi,  made  by  boiling 
down  six  butts  of  must  to  one,  keeping  the  liquid  con- 
tinually stirred  and  the  surface  skimmed,  avoiding  the 
accident  of  burning,  on  which  account  the  process  is 
slowly  conducted.  When  thick  enough,  the  fire  is  gradu- 
ally withdrawn,  so  that  the  fluid  may  cool  without  any 
injury  from  chill.  It  is  then  mingled  in  different  pro- 
portions with  the  pale  wines,  thus  constituting  colored 
and  brown  sherry.  Nothing  foreign  is  ever  mingled 
with  these  wines,  except  a  couple  of  bottles  of  very  good 
brandy  upon  their  exportation.  The  sherry,  denomi- 
nated amontUlado,  is  a  drier  wine  than  the  common 
sherry,  and  is  often  the  result  of  accident.  To  this 
wine  no  addition  but  of  its  own  class  can  be  made 
without  spoiling,  not  even  a  glass  of  brandy.  A  sample 
of  this  pure  wine  the  Editor  received  from  the  highly 
respectable  house  of  Messrs.  Chillingworth  and  Son 
of  London.  It  had  a  superb  flavor,  and  only  contained 
M'SOpei-  cent,  of  alcohol — proving  it  to  be  a  pure  wine. 
Of  a  hundred  butts  from  the  same  vineyard,  some  will  be 
amontillado  without  it  being  possible  to  discover  the 
cause.  Thus  the  constituent  parts  in  amontillado,  if 
supposed  exactly  balanced,  raised  the  question,  Why 
should  this  occur  in  a  small  portion  only  of  a  larger 
quantity?  When  it  is  made,  the  grapes  are  plucked  a 
week  or  two  before  those  for  the  other  wine,  but  the 
treatment  is  just  the  same.  The  wines  that  pass  for 
sherry  in  England  in  taverns,  are  generally  made-up 
wines,  or  good  mingled  with  inferior  or  low  wines. 
Another  species  of  wine  which  may  come  under  the 
sherry  denomination  is  that  called  Manzanilla — light, 
delicate,  and  straw-colored ;  it  is  not  always  liked  at 
first.  It  derives  its  name,  some  say,  from  a  village 
near  Seville,  and  as  others  suppose,  from  Manza- 
nilla, a  small  apple.  Neither  surmise  is  correct.  Man- 
zanilla is  the  camomile,  and  there  is  something  of  the 
taste  of  that  plant  in  its  flavor.  It  is  delicate  and  will 
admit  of  no  foreign  mixture.  The  dryness  shows  that 
the  glucose  and  vegetal  extract  are  well  balanced  in 
its  fermentation.  It  is  produced  from  the  Rustan  grape. 
The  wines  of  Malaga  are  of  ancient  date,  and  the  vines 
are  grown  near  sugar  canes,  the  only  spot  in  Europe 
where  the  latter  are  found.  The  bastardo  grape  makes 
the  sweet  wine.  The  must  is  conveyed  from  the  press, 
half  fermented,  to  the  merchants'  stores  in  sheepskins, 
and  the  wines  are  sent  to  all  parts  of  the  world  un- 
brandied,  except  to  England.  The  mountain  wine  is 
made  in  Malaga,  and  one  species  is  called  wine  of  pears, 
because  that  fruit  is  steeped  in  it.  There  is  also  a  cherry 
wine,  called  guindas,  made  there.  It  is  much  flavored 
with  the  cherries.  There  are  many  excellent  wines  in 
the  interior  of  Spain,  but  made  unpalatable  from  bad 
management  in  the  fermentation,  exemplifying  the 
Spanish  proverb —  To  cry  wine  and  sell  vinegar. 

The  dry  wines  of  Xeres  and  Malaga,  as  well  as  those 
of  Teneriffe,  were  formerly  called  sacks,  and  the  sweet 
also.  In  1598,  in  Hakluyt,  it  is  stated  by  one  who  resided 
eight  years  at  Teneriffe,  that  it  produced  three  kinds  of 
wine — Canary,  Malvasia,  and  Verdoua,  which  may  all 
go  under  the  denomination  of  sack.  The  wine  of  dif- 
ferent ages  is  mingled  in  Andalusia,  the  newest  with 
old  of  the  purest  quality. 

The  wines  of  Andalusia  are  rarely  sulphured,  from 


fear  of  the  taste  remaining,  and  on  account  of  English 
prejudices.  Some  Englishmen  complained  of  the  taste 
where  sulphur  had  never  been  used.  Here  the  stalks, 
and  often  not  even  the  skins  of  the  grapes,  are  suffered 
to  ferment  in  the  must.  The  wines  are  white,  and 
color  is  not  wanted.  In  France  the  stalks  are  left  in 
the  must  according  to  the  nature  of  the  season  ;  if  fine 
they  remain.  In  Spain  the  glucose  abounds  in  the 
grape  ;  and  were  it  not  for  the  practice  of  leaving  the 
scum  on  the  wine,  and  even  returning  it  under  the  idea 
of  supporting  the  wine,  none  would  ever  become  acid. 
The  system  of  large  vats,  so  friendly  to  a  beneficial 
fermentation,  has  not  been  tried  there.  Nor  is  it 
necessary;  for  in  their  present  state  they  enter  into  the 
largest  consumption  in  the  English  market.  The  better 
wines  of  Southern  Spain  yield  nearly  a  fifth  part  of 
alcohol  on  distillation,  and  the  quality  so  returned  is 
excellent,  and  only  inferior  to  the  best  of  France.  The 
tintilla  wine  of  Rota  is  a  red  of  Andalusia,  generally 
taken  as  a  cordial  from  its  extreme  richness.  In  Alicant 
a  wine  is  made  from  the  same  kind  of  grape,  which 
holds  much  tannin,  precipitating  a  species  of  animal 
gelatin.  It  is  of  an  orange-red  color,  rough,  and 
somewhat  bitter.  In  Catalonia  the  wines  are  gene- 
rally good,  and  of  the  red  species.  Vinaroza  and 
Benicarlo  produce  good  red  wines,  much  of  which 
passes  for  port  in  England,  either  mingled  with  it  or 
flavored,  so  as  to  secure  the  similitude.  This  wine  is 
of  a  wholesome  quality.  The  malmsey  of  Sitges  is 
white.  In  Arragon,  the  wine  of  Carinena  is  the  best. 
A  muscadine  named  Fuencaral,  is  made  near  Madrid, 
and  a  fine  dessert  wine  at  Peralta  in  Navarre. 

The  wines  of  Spain  have  the  ascendancy  in  England, 
perhaps  from  their  freedom  from  acidity,  owing  in  part 
to  their  treatment  in  the  vat  with  gypsum,  to  which 
must  be  added  their  own  natural  tendency  and  strength, 
as  seen  on  their  exposure  to  the  atmosphere  under  cir- 
cumstances in  which  the  wines  of  other  countries  would 
run  rapidly  into  the  acetous  state.  Wines  which  con- 
tain much  of  the  gluten,  are  more  susceptible  of  the 
acetous  fermentation  than  those  in  which  it  is  more 
sparingly  dispensed ;  and  the  latter  is  the  case  with  the 
wines  of  theXeres  district,  in  which  little  or  none  remains 
after  fermentation,  withouthalf  the  trouble  in  racking  and 
fining  which  is  bestowed  on  other  wines.  There  can  be  no 
doubt,  this  refers  to  the  white  wines  of  that  part  of  Spain 
alone  when  the  spirituous  fermentation  has  ceased.  The 
little  brandy  added,  and  often  none  at  all,  to  the  best 
wines  of  Xeres,  as  is  evidenced  in  the  beautiful  sample 
of  Messrs.  Chillingwokth  above  referred  to,  shows 
how  well  their  constituent  parts  are  adapted  for  preser- 
vation, compared  with  some  ports  and  oftentimes  their 
twenty  gallons  of  artificial  brandy.  It  is  only  to  the 
meagre  wines  of  the  country — mingled  with  a  little 
of  the  good,  and  called  low  sherries — that  brandy  is 
added,  to  render  the  wine  more  agreeable  to  the  cor- 
rupted taste  of  the  English  public,  which  is  thus  to  be 
satisfied  with  brandy  and  wine  in  a  state  of  mixture, 
in  place  of  brandy  and  water.  The  intemperate  use  of 
pure  wine  when  indulged,  is  never  followed  by  those 
disorders  so  common  and  fatal  in  the  use  of  the  favorite 
dull  fiery  wines  of  the  generality  of  persons  in  England, 
particularly  in  the  class  called  hepatic  affections.  Brisk, 
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lively,  natural  wine,  is  totally  distinct  in  its  action  on  the 
human  frame  from  that  of  the  brandy  wines  medicated 
for  a  perverted  taste.  The  effect  of  pure  wine  in  excess 
is  transient ;  of  brandied  wine  it  need  not  be  detailed. 
The  Editor  is  convinced,  from  investigations  and 
analyses,  that  there  is  no  more  necessity  to  add  brandy 
to  port  than  sulphuric  acid  to  vinegar.  If  the  liquid 
be  well  fermented,  sound,  and  good,  any  addition  is 
pernicious  and  wicked. 

There  is  no  just  ground  for  believing  that  brandy  will 
prevent  acetous  fermentation,  although  the  common 
notion  is  that  it  will  do  so.  It  is  incredible  how  far 
custom  goes  in  effecting  error,  and  preventing  its 
correction,  often  indeed  irremediably.  A  merchant  of 
good  sense  desired  to  have  sent  him,  even  if  smuggled 
out  of  Oporto,  half  a  dozen  pipes  of  port-wine  without 
a  drop  of  brandy.  His  correspondent  would  only  send 
him  one  in  reply  to  the  order,  being  certain  that  with- 
out brandy  it  would  not  keep.  The  wine  came  and 
remained  good  in  the  cellar  for  years  till  drank  out. 
The  Oporto  merchant  did  not  know,  that  for  forty  or 
fifty  years  after  the  Northern  treaty  of  1703,  little  or 
no  brandy  was  put  into  a  wine  of  a  very  full  body, 
nor  that  Sir  Edward  Barry  complained  in  1773  of 
»  these  wines  becoming  too  hot.  It  was  not  until  the 
end  of  the  last  century  that  they  were  so  fully  deluged 
in  artificial  spirit — introduced  at  first  under  the  idea  of 
their  preservation,  and  continued,  perhaps  increased, 
by  fevered  stomachs,  which  called  for  deep  colored, 
sweet,  and  strong ;  in  other  words,  for  more  elder- 
berry, sugar,  and  alcohol. 

Brandy  in  a  small  quantity  will  not  stop  the  acetous 
fermentation  in  vinegar,  for  it  becomes  itself  acetified, 
and  makes  the  vinegar  stronger.  That  one-seventeenth 
part  alcohol  should  succeed  in  so  doing,  as  some  experi- 
mentalists aver,  is  met  by  other  facts ;  for  acetous  fer- 
mentation is  very  easily  produced  in  wine  containing  an 
eighth  part  of  alcohol.  It  is  still  possible  that  alcohol 
added  in  a  sufficient  quantity  may  suspend  or  retard 
the  fermentation,  owing,  perhaps,  to  its  not  mixing 
with  the  natural  alcohol  of  the  wine.  Chemistry  has 
not  yet  made  this  point  clear;  but  it  would  seem  that 
the  general  notion  of  vinous  preservation  through  alcohol, 
unless  in  a  ruinous  quantity,  as  it  is  applied  in  port, 
sometimes  to  more  than  a  fifth  of  its  bulk,  is  very 
erroneous.  The  Editor  has  found  port  sold  in  some  of 
the  hotels  with  thirty-Jive  per  cent,  of  brandy  1 

The  fact  is,  that  the  usage  at  first,  from  whatever 
cause,  gave  a  desire  for  strong  wine  in  England ;  and 
there  was  the  advantage  that  the  growths  of  bad  and 
good  years  flung  into  large  vats,  and  well  mingled  with 
brandy,  gave  a  product  of  that  middle-class  wine  arti- 
ficially so  made,  which  paid  better  than  a  little  choice 
at  a  high  price,  and  a  good  deal  at  a  very  low  figure. 
It  must  be  observed,  too,  that  in  most  Northern  coun- 
tries, except  France  and  those  yet  more  to  the  South, 
there  is  a  continued  craving  after  alcoholic  strength. 
This  has  been  the  case  in  all  ages  of  the  world.  The 
Englishman  has  his  wine  medicated  until  spoiled  with 
brandy ;  the  Persians  infuse  poppies  and  similar  things 
for  the  same  end.  There  is  ever  a  craving  for  in- 
creased stimulants,  which,  not  found  in  the  wine  itself, 
must  be  added.    The  Greeks  and  Bomans  medicated 


their  wines,  or  rather  perfumed  them  with  various 
substances.  The  holy  scriptures  have  left  evidence 
of  this,  even  in  the  earliest  times  of  the  Jews.  The 
alcohol  in  wine  placed  there  by  nature  seems  to  have 
its  parts  separated,  and  to  be  rendered  comparatively 
innoxious  compared  to  that  added  unnaturally ;  and,  in 
the  former  case,  will  not  readily  intoxicate  like  alcohol 
mingled  with  water,  milk,  and  similar  liquids.  The 
Jews  had  no  knowledge  of  alcohol  or  the  still,  and 
endeavored  to  render  their  wines  more  stimulating  by 
their  deterioration,  as  is  done  at  present  another  way. 
They  had  a  general  term  for  fermented  liquids  of 
all  kinds — shekhar;  but  the  words,  strong  drink  or 
mixed  wine  are  denounced,  meaning  wine  with  spices, 
and  stimulating  aromatic  drugs.  Jahinor  Yayin — the 
is  pronounced  as  t — is  the  term  for  wine  in  general ; 
sobhe  is  sometimes  used  figuratively  for  the  same  liquor, 
and  tirosh  for  new  wine.  But  shekhar  means  strong 
and  medicated  wine,  of  which  honey  was  one  ingre- 
dient, as  well  as  spices  and  herbs.  In  the  time  of 
Augustus  Caesar  honey  was  mingled  with  his  wine,  and 
exposed  to  the  sun,  perhaps  fermented  in  it;  and 
as  honey  contains  grape-sugar,  it  would  necessarily 
strengthen  the  alcoholic  principle,  if  there  remained 
any  gluten,  for  the  emperor  could  drink  no  more  than 
a  pint  of  it  at  a  time.  Alcohol  is  formed  by  nature  in 
every  human  stomach  to  a  certain  extent,  according  to 
an  eminent  chemist,  and  so  far  must  bo  congenial  to  it. 
The  reasonable  use  of  natural  wine  is  often  highly  advan- 
tageous. Discoveries  in  relation  to  the  combination  of 
alcohol  with  wine  are  yet  to  be  made,  but  it  remains 
certain  that  it  is  one  of  the  vinous  elementary  constitu- 
ents. Medical  men  will  designate  the  difference  between 
the  effect  of  wine  with  its  alcohol  on  the  human  economy, 
and  the  effect  of  alcohol  combined  with  water.  The 
ebriety  produced  by  champagne  in  which  carbonic  gas 
and  alcohol  are  combined,  and  that  produced  by  pure 
claret  or  chambertin  with  port  and  madeira,  are.  obvious 
to  all  who  move  in  society  where  good  wines  are  taken. 
The  effects  so  lively  and  airy  of  the  one,  with  the  dull 
sedative  state  produced  by  the  last,  a  blunted  quiescent 
state  not  easily  disturbed,  but  when  disturbed  not  easily 
appeasable — indicate  different  effects  from  causes,  no 
satisfactory  definition  of  which  has  yet  been  obtained. 

There  has  been  much  dispute  regarding  the  alcoho- 
lic strength  of  wines.  There  is  no  reason  whatever 
to  dissent  from  Bbande's  analysis  of  a  considerable 
variety,  made  with  great  care,  and  there  is  little  diffi- 
culty in  making  the  test  correctly  enough ;  but  the  utility 
is  only  comparative,  because  the  particular  wine  to 
which  the  test  is  applied  must  be  taken  for  itself  alone, 
according  to  the  nature  and  produce  of  the  grape  for 
the  year  of  the  vintage,  and  not  for  a  succession  of  years, 
nor  for  the  same  sorts  generally  ;  and  the  like  holds  good 
with  all  the  constituent  parts,  and  those  slight  traces  of 
foreign  substances,  from  differences  of  soil  and  plant, 
and  little  more,  continually  perceptible  in  wines.  The 
same  vines  for  two  successive  years  will  not  bear  fruit 
so  exactly  similar,  as  that  some  difference  shall  not  be 
detected  in  the  wine,  and  in  the  different  proportions  of 
its  alcohol.  The  nature  of  the  season  in  the  same  vine- 
yard, and  often  under  similar  circumstances,  will  cause 
unaccountable  changes.     A  warm  year  causes  the 
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saccharine  principle  to  be  abundant,  and,  yielding 
more  alcohol,  gives  a  stronger  wine,  as  is  evidenced 
upon  distillation.  Nor  is  this  natural  effect  more 
an  impediment  to  classing  wines  by  their  alcoholic 
strength,  than  that  of  throwing  in  brandy,  as  in  Portu- 
gal, during  fermentation.  By  the  wine  being  artificially 
brandied  is  prevented  an  accurate  kziowledge  of  its 
alcoholic  strength,  in  the  kind  most  commonly  used  in 
the  British  islands,  as  no  two  samples  can  be  expected 
to  show  the  same  result.  Thus  it  arose  that  the  analysis 
of  Dr.  Brande  was  wrongfully  censured,  because  it  did 
not  appear  to  be  exactly  what  everybody  supposed. 

The  Editor  is  of  opinion  that  no  port  wine  contains 
naturally  more  than  fifteen  per  cent,  of  spirit— four  or 
five  per  cent,  are  afterwards  added  to  insure  the  wine 
keeping  for  years,  in  which  time  the  artificial  spirit 
becomes  perfectly  blended  and  mellowed  in  the  wine. 

The  simplest  method  of  ascertaining  the  amount  of 
alcohol  contained  in  wine  is  to  distil  the  spirit  from  the 
wine,  determining  its  specific  gravity  and  quantity,  and 
compare  it  with  the  quantity  of  wine  taken ;  of  course 
one  of  the  first  things  to  be  considered,  is  how  much 
wine  to  distil.  The  Editor  takes  generally  one-third, 
and  determines  the  alcoholic  contents  from  it.  If,  for 
example,  in  the  distillate  thirty-three  parts  out  of  a 
hundred  are  composed  of  alcohol,  the  quantity  of 

alcohol  in  the  wine  will  be  11  per  cent,  for  —  =  11. 

o 

In  the  case  of  strong  wines  it  is  advisable  to  distil 
even  more  than  a  third,  especially  if  a  glass  retort  and 
water  bath  are  used.  Let  the  distillation  be  continued 
till  at  least  half  has  passed  over.  If  the  density  of  the 
distillate  is  such  as  to  yield  twenty-five  per  cent,  of 
25 

alcohol,  then  — ■  =  12*5  per  cent,  of  alcohol. 

In  strong  new  wines,  undecomposed  sugar  and  vege- 
tal extractive  matter  may  cause  the  evolution  of  more 
alcohol  during  the  insensible  fermentation.  It  may 
be  presumed,  notwithstanding,  that  if  the  quantity  of 
alcohol  in  any  wine  exceed  twenty  per  cent,  it  has  been 
added  artificially.  All  bottled  wines,  which  improve 
at  all,  become  sweeter,  and  old  wines  always  appear  to 
have  gained  in  sugar.  A  very  generous  wine  of  the 
Drome,  in  France,  will  afford  a  third  of  its  weight  in 
the  brandy  of  commerce ;  in  the  department  of  the 
Heranlt  there  will  not  be  more  than  a  fourth  part ;  in 
the  Cote  d'Or  about  an  eighth  of  what  is  called  prime 
brandy ;  in  the  department  of  the  Charente,  a  still, 
charged  with  two  hundred  and  forty  litres  of  wine,  yields 
from  twenty-four  to  twenty-six  of  spirit,  or  about  a 
tenth  of  the  volume  of  the  wine,  and  a  little  more  in 
quantity  of  the  second-class  spirit ;  in  the  department 
of  the  Gard,  from  the  same  quantity  of  wine,  forty 
litres  of  prime  spirit,  and  about  the  same  quantity  of 
the  second  class.  From  these  products  it  is  easy  to 
approximate  to  correctness  in  regard  to  the  amount  of 
spirit  in  wine,  and  thus  it  is  seen  that  one-third  spirit 
is  given  in  first  and  second  brandy  of  the  Gard,  while 
there  is  often  a  third  distillation,  which  is  not  included. 

In  France  it  is  found  necessary  to  accommodate  the 
Northern  palate,  by  adding  ten  per  cent,  to  the  wines 
supplied  to  that  part  of  Europe. 

A  tale,  that  Brande  had  only  tested  adulterated 


wines  palmed  off  upon  him  for  genuine,  was  as  silly  as 
spiteful.  Dr.  Brande  took  the  wines  as  he  found 
them  in  the  hands  of  the  merchant,  in  a  state  await- 
ing consumption  ;  and  no  rival  examination  showed  a 
greater  difference  than  might  be  expected  to  exist  on 
all  similar  trials.  The  reader  must  bear  in  mind  that 
it  is  nearly  half  a  century  since  Professor  Brande 
analysed  the  wines  referred  to.  The  Editor  has  always 
considered  the  per  centage  of  alcohol  given  in  genuine 
port  to  be  too  high,  and  this  seems  to  be  corroborated 
by  the  fact  that  samples  of  port,  vintages  1820 — 1834, 
et  cetera,  kindly  forwarded  to  him  by  Messrs.  Chil- 
ltngworth  for  experimental  purposes,  never  gave 
more  than  eighteen  per  cent,  of  pure  spirit.  The  1820 
had  a  specific  gravity  of  -9945,  and  the  distillate  -9740 
=  18-01  of  alcohol ;  and  the  1834  had  a  density  of 
1-0163,  and  the  distillate  -9723  =  18-99  of  alcohol. 
Extractive  matter  in  1820  was  5-140,  and  in  the  1834, 
5-976  per  cent.  There  is  too  frequently  a  disposition 
prevalent  to  cavil  at  scientific  men  and  their  statements 
because  they  are  novel,  or  do  not  chime  in  with  pre- 
conceived notions.  The  nature  of  the  combination  of 
the  natural  alcohol  with  wines  is  not  now  understood, 
but  its  effects  just  noted  are  undeniable.  This  com- 
bination cannot  be  supposed  to  be  any  other  than  one 
of  those  secrets,  the  discovery  of  which  science  will  one 
day  lay  open.  Annexed  are  the  results  of  Brande, 
Prout,  and  others,  as  to  the  alcohol  contained  in  the 
well-known  wines  in  common  usage. 

PORTUGUESE  WINES.    bAufjLtfc     Specific  Gravity.  Annlyrt. 

Port,                              25-83  . .  —  . .  Brande. 

Do  24-89  ..  —  ..  Do. 

Do  23-71  . .  —  . .  Do. 

Do.                                23-39  . .  —  . .  Do. 

Do                                22-30  . .  —  . .  Do. 

Do  21-40  ..  —  ..  Do. 

Do  19-00  ..  —  ..  Do. 

Vinho  de  Ramo,  15-62..  —  ..  Trout. 

Do.         average,...  22-98  ..  —  ..  Brande. 

Do.          average,...  20-64  ..  0-98S0..  Prout. 

Do.         weakest, . .  14-97  . .  —  . .  Ohrislteon. 

Do.         strongest, ..  17-10  . .  —  . .  Do. 

Vinho  de  Ramo,  mean  ofl  ^5-20    . .  Do. 

seven  samples,  j  " 

White  port,  14-97  . .  —  . .  Do. 

Colares,  19-75  .-  —  •-  Brande. 

Carcavellos,  19"20  . .  —  •  •  Do. 

Do.   18-10  ..  —  ..  Do. 

Do.       average,  18.65  . .  —  . .  Do. 

Lisbon,  18-94..  -  ..  Do. 

Do     dry   16-14  . .  —  . .  Chnstison. 

Bueellas,  .   1*49  ..  -  ••  Brande. 

Vidonia,  19-20  ..  —  Do. 

SPANISH. 

Sherry,  16-81  ..  -  Brande. 

Do.   19-83..  -  ..  Do. 

Do  18-79..  -  ..  Do. 

Do  18-25  . .  —  . .  Do. 

Do                               21-34  ..  0-9752  ..  Do. 

Do."    average  17-17  ..  —  ..  Do. 

Sherry,  very  old,                23-86  ..  —  ..  Prout. 

Do."   weakest,  13-98  ..  —  ..  Chnstison. 

Do.    strongest  16-17  . .  —  . .  Do. 

Mean  of  thirteen  kinds,.. . .  15-37  . .  —  . .  Do. 

Do.    long  kept  and  \  14.?2  _  . .  Do. 

East  Indian,  J  " 

Mean  of  Madre  de  Xercs,. .  16-90  ..  —  ..  Do. 

Amontillado,  12-63  ..  —  ..  Do. 

Tint   13-30  . .  —  . .  Brande. 

Alba  Flora,"..  17-26  ..  —  ..  Do. 

Malaga,  1663,                   18-94  ..  —  Do. 

Do.    ....   17-26  ..  -  ..  Do. 
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MADEIRA  ISLANDS, 

Er  CETERA.          ,  Alcohol 

in  100  parts. 

Madeira,  24-42  . 

Do  23-1)3  . 

Bo  19-24  . 

Do.    average,   22-27  . 

Do.      Seroial,   27-40  . 

Do.       do  15-45  . 

East  India,  in  cask,  16-90  . 

Do.      weakest,  14-09  . 

West  India,    do.,   21-20  . 

Bed  Madeira,   22-30  . 

Do  18-40  . 

Do.       average,  20-51  . 

Malmsey,  16-40  . 

Do  12-86  . 

Teneriffe,  19-79  . 


Specific  gravity.  Analyst. 

—  . .  Brande. 

—  . .  Do. 

—  . .  Do. 

—  . .  Do. 

—  . .        Do.  _ 

—  . .  Cliristison. 

—  . .  Do. 

—  . .  Do. 
0-9008  ..  Frout. 

—  . .  Brande. 

—  . .  Do. 

—  . .  Do. 

—  . .  Do. 

—  . .  Christison. 

—  . .  Brande. 


The  analyses  of  Brande  are  calculated  upon  eighty- 
nine  per  cent,  of  alcohol  and  eleven  of  water;  of 
Christison  and  Ziz  upon  absolute  alcohol. 


FRENCH. 

Alcohol 
in  lou  parts. 

Claret,  17-U  . 

Do  16-32  . 

Do   14  08  . 

Do  12-90  . 

Do.  average,  15-10  . 

Do.  first  growth,  1811,.  7-72  . 

Do.  Latour,  1825,   7-78  . 

Do.  Eose   7-61  . 

Do.  ordinaire,    8-99  . 

Champagne,  still,  13-80  . , 

Do.      Mousseaux, ....  12-80  ., 

Do.     red,  1 2-56  . . 

Do.     pink,  11-30  . . 

Do.      average  12-61  . . 

Do  12-10  .. 

Do.     Burgundy  16-60  . . 

Do  15-22  . . 

Do  14-53  . . 

Do  11-95  . . 

Do.     average,  14*57  . . 

Do.     20  years   in\  .»,, 

bottle  |1216  •• 

Hermitage,  white,  17-43  .. 

Do.      red,  12-32  .. 

Cote  Roti,  12-32  . . 

Koussillon,   19-06  . . 

Do  17-26  . . 

Do.      average,  18-13  . . 

Sauterne,  14-22  . . 

Nice,  14-63  . . 

Barsac  13-86  .. 

Vin  de  Graves  13-94  . . 

Do  12-50  . . 

Do.         average,  12.08  . . 

Grenache,  21-24  . . 

Frontignan,  12.79  . . 

Kivesaltes,    9-31  . . 

Lunel  15-52  .. 

Do  18-01  .. 

SICILIAN  AND  ITALIAN. 

Marsala,   26-03  . . 

Do  '   25-05  .. 

Do.     average,   25-09  . . 

Do.     21  years  old  18-20  . . 

Lissa,   26-47  . . 

Do  26-35 

Do.   average,  25-41  .. 

Do  15-90  . . 

Lacryma,  19-70  . . 

Syracuse,  15-28  . 

Do  30-00 

Etna,  red,   18-90 

Do.  white,   18-16  .. 

Do.  Sinical  19-00  .. 

Do.  white  Falernian,  18-19  .. 

Do.  red,   20-00  .. 

Aleatico,   16-20  . . 


Specific  gravity.  Analyst. 

— -  . .  Brande. 

.     —  ..  Do. 

.     —  ..  Do. 

.     —  ...  Do. 

.     —  ..  Do. 

—  . .  Christison. 
.     —  ..  Do. 
.     —  ..  Do. 

—  ..  Do. 

—  . .  Brande. 

—  . .  Do. 

—  ..  Do. 

—  . .  Do. 

—  . .  Do. 

—  . .  J.  Fontenelle 

—  . .  Brande 

—  . .  Do. 

—  . .  Do. 

—  . .  Do. 

—  . .  Do. 

—  ..  Prout. 

—  . .  Brande. 

—  . .  Do. 

—  ..  Do. 

—  ..  Do. 

—  . .  Do. 

—  . .  Do. 

—  . .  Do. 

—  ..  Do. 

—  . .  Do. 

—  . .  Brande. 

—  . .  Do. 

—  . .  Do. 
1-053  ..  Prout. 

—  . .  Brande. 

—  . .  Christison. 

—  . .  Brande. 

—  . .  Fontenelle. 


.  Brande. 
.  Do. 
.  Do. 

.  Prout. 

.  Brande. 
.  Do. 
.  Do. 

.  Prout. 

.  Brande. 
.  Do. 

.  Prout. 

.  Faraday. 
.  Do. 
.  Do. 
.  Do. 
.  Do. 

.  Prout. 


0-9913 


..  0-9911 


1.020 


Alcohol 
in  UHJ  parts 


13-0 


9-38) 


12-03  ..  — 


10-72 


Hocheimer  14-37  . . 

Do  

Do.      old  in  cask 
Do.  average, 
Joannisberger,  1788^  9-38 
parts  acid  in  100 
weight, .... 
Riidesheimer,  1811,  6-22 
parts  acid  in  100  by- 
weight,   ) 

Do.  1800   12-22 

Do.  superior,   8-40 

Do.  inferior,    6-90 

Hambacher,   7-35 

Oestricher,  1801,   8-46 

Do.       1802   10-50 

Do.       1804,   10-66 

Zornheimer,1802,   10.11 

Do.       1803,   9-00 

Do,       1804,    8-75 

Bodenheimer,1802,    13-96 

Bhenish,  four  years,  un-*l 
der  Soemmering's  pro-  v 
cess,  10-58  parts  acid) 

by  weight,  

Do.  natural  state,  10-581 
parts  acid  in  100,  ....  f 
Do.  three   years  under 
Soemmering's  process, 
8-4  parts  acid  in  100 

by  weight,  

Steinberger,   .'.  10-90 

Marcobruuner,   11-60 

Leibfratienmilch,  10-60 

Geisenheimer,  12-60 

HUNGARIAN. 

Tokay,   9-33 


Specific  gravity.  Analyst. 

Brande. 
Do. 
Do. 
Do. 


8-71  ..  0-9978  ..  Prout. 


0-9960 


Do. 
Ziz. 

Christison. 
Do. 
Do. 


7-58  .. 


7-36 


7-00 


0-9960  . 

.  Ziz. 

0-9890  . 

.  Do. 

0-9920  . 

.  Do. 

0-9790  . 

.  Do. 

0-9960  . 

.  Do. 

1-0310  . 

.  Do. 

0-9890  . 

.  Do. 

0-9997  . 

.  Prout. 

0  9992  . 

.  Do. 

0-9968  . 

.  Do. 

1-0025 
0-9985 
0-9939 
0-9945 


Gciger. 
Do. 
Do. 
Do. 


Shiraz,  15-52  .. 

Do  12-95  . . 

Do  19-80  .. 

CAPE  OF  GOOD  HOPE. 

Cape  Madeira,   22-94  .. 

Do   20-50  . . 

Do  18-11  . . 

Do.         average  29-51  . . 

Cape  Muscat,   18-25  .. 

Constantia,  white,  19-75  .. 

Do.       red   18-92  . . 

Do.       do  14-50  . . 


1-054  ..  Brande. 


—  . .  Do. 

—  . .  Christison. 
0.9914  ..  Prout. 


Brande. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Prout. 
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Redding  has  given  an  analysis  in  another  form,  as 
follows ;  but  has  not  stated  his  authority  : — 

Absolute  Alcohol. 


Ounces.  Drachms. 

Port,  in  bottle  of  26  oz.,  seven  years  in  glass,.  ..2  7 

Do.  25^  oz.  one  year  in  bottle,  two  in  wood, . .  2  6 

Pale  sherry,  25  oz.,  three  years  old,                    2  4 

Another  specimen,  2  7 

Madeira,  25^  oz.,  two  years  old,                      2  5 

Cape,  25  oz.,  one  year  old,                               2  8 

Old  hock,  21  oz.,                                            1  0 

Brandy,  24  oz.,  10  0 

Rum,  24^  oz.,                                               9  8 

Mulder,  who  has  had  great  experience  in  the 
analyses  of  wines  and  spirits,  states  that  alcohol  varied 
as  follows : — 


Per  cent. 


Per  cent, 
by  measure. 

Port   20-70       to  23-20 

Sherry   15-40    24-70 

Madeira    19-00    19-70 

Marsala   19-90    21-10 

Claret    9-10    11-10 

Burgundy   10-10    13-20 

Rhine  wine   9-50    13-00 

Moselle   8-70    9-40 

Champagne   14-10    14-80 

Brandy   52-40    53-80 


WINE  Aust: 


Eighteen  per  cent,  alcohol  by  weight  are  equal  to  about 
twenty  per  cent,  by  volume. 

The  wines  of  Palestine,  Syria,  and  Asia  Minor  vary 
much  in  alcoholic  strength.  Those  analyzed  by  Pro- 
fessor Hitchcock  of  Amherst  College,  United  States 
of  America,  contained  from  ten  to  eighteen  per  cent,  of 
alcohol,  or  nearly  as  much  as  the  European  wines, 
except  those  of  Oporto,  Madeira,  and  Sicily,  or  the  low 
wines  of  Spain  that  are  brandied. 

Of  late  years  Australia  has  become  rather  prominent 
as  a  wine-producing  country.  The  Editor's  brother, 
Mr.  Frederic  Muspratt,  who  has  resided  there  for 
some  years,  writes  as  follows  : — ■ 

Wine  has  been  made  in  Australia  during  the  last 
thirty  years,  but  has  not  been  known  in  the  towns  till 
within  the  last  ten  yeai's,  owing  to  the  great  demand 
for  it  in  the  country.  The  vine  flourishes  more  or  less 
in  all  these  latitudes,  but  the  climate  of  New  South 
Wales  must  be  admitted  to  be  the  best  adapted  for 
wine-growing,  and  vineyards  are  established  on  the 
banks  of  the  Hawkesbury,  the  Nepean,  the  Hunter, 
the  Williams,  and  the  Paterson,  which  are  capable  of 
being  greatly  augmented,  to  meet  any  demand  there 
may  be  made  for  wine ;  and  a  rapidly  increasing  popu- 
lation will  doubtless  hasten  their  extension.  The 
quantity  of  wine  produced  in  1857  was  about  three 
hundred  thousand  gallons. 

The  wines  best  known  in  Sydney  and  Melbourne 
are  Irrawang,  Tomago,  Caewarra,  Camden  Park, 
Kinross,  Kaludah,  Porphyry,  Tanilba,  Wivenhoe,  et 
cetera,  and  the  crti —  characteristic  flavor — of  the 
different  varieties  is  as  marked  as  is  that  of  Chateau 
Lafitte,  Margaux,  or  other  European  wines. 

A  Burgundy  wine  is  best  at  Irrawang ;  a  champagne 
at  Kaludah  and  Caewarra  ;  amedoc  at  Tomago,  Kinross, 
and  Tanilba;  a  hermitage  at  Porphyry;  a  muscat  at 
Camden  Park;  and  a  Graves  at  Tanilba. 

The. vineyards  are  principally  worked  by  Germans, 
and  the  cellar-masters  have  learned  their  craft  at 
Frankfort-on-the-Maine  in  Europe ;  so  the  local  pre- 
judice against  colonial  wine,  manufactured  formerly 
under  the  superintendence  of  squatters,  who  never  had 
any  experience  in  wine-making,  is  rapidly  disappearing, 
the  grape  being  richer  in  sugar  than  that  grown  on  the 
Ehine-board.  The  ordinary  wine  of  the  country  is 
considered  generally  to  be  superior  to  that  of  Germany. 
There  has  not  been  time  to  test,  on  a  large  scale,  the 
capability  of  producing  extremely  fine  wines,  but, 
judging  from  the  fact,  that  wine  thirty  years  old  is  as 
rich  in  flavor  and  bouquet  as  wine  the  same  age  in 
Europe,  there  can  be  but  little  question  as  to  the  quality. 
At  the  Paris  Exhibition  of  1855,  the  jury,  upon  tasting 
a  red  wine,  two  years  old,  called  it  a  joli  vin,  heaucoup 
oVavenir,  and  awarded  it  one  of  its  highest  numbers. 
All  present  expressed  their  surprise  at  the  result  of 
the  examination,  and  highly  approved  of  the  wines. 
The  foreman  said  they  were  perfectly  astonished  at  the 
quality  of  the  Australian  wines,  and  were  unanimous 
in  giving  them  a  place,  for  strength  and  flavor,  between 
the  wines  of  Madeira  and  those  of  the  Cote  alu  Rhone. 

A  Sydney  trade- circular,  in  describing  the  wines  at 
present  in  the  market,  says : — The  wines  of  this  colony- 
are  essentially  Australian  in  general  character.  They 
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assimilate  to  the  French  and  German  wines.  Some 
are  considered  by  connoisseurs  to  resemble  hock, 
Sauterne,  claret,  Burgundy,  and  the  like,  but  no 
attempt  is  made  to  imitate  these  or  any  other  wines. 
Of  course,  the  vines  are  in  great  variety,  but,  from 
whatever  description  of  grapes  they  are  made,  each 
vineyard  has  a  peculiar  local  character,  distinguishable 
by  vinists.  The  Camden  wines  will  first  be  noticed. 
These  are  of  three  sorts,  namely — white,  which  resem- 
bles the  Rhenish  wine ;  red,  which  approaches  Bur- 
gundy in  taste ;  and  muscat,  rather  like  the  Frontignac 
of  the  Cape,  malmsey,  or  Madeira.  Now  for  the 
Irrawang  wines.  The  white  is  considered  like  hock 
or  Sauterne ;  of  the  red  there  is  at  present  no  stock ; 
and  the  sparkling  Muratta  is  a  very  fair  champagne. 
Next,  the  Wivenhoe  wines  will  be  referred  to.  These 
are — the  white  Muscat,  resembling  hock ;  red,  cor- 
responding in  flavor  with  Ehenish  wines ;  Madeira, 
which  is  of  a  Frontignac  description ;  and  Reissling. 
There  are  some  wines  grown  at  Oatlands,  near  Para- 
matta— the  red  resembles  a  claret,  and  the  white 
corresponds  with  a  light  French  wine.  Under  the 
head  of  Notes  and  Queries  in  the  Spectator,  is  the 
following  : — The  samples  of  Australian  wine  at  the 
Paris  Exhibition  have  earned  special  commendation. 
When  the  horticulturists  of  that  colonj'  shall  have 
succeeded  in  extending  the  cultivation  of  the  vine  over 
the  land  of  the  dreary  Encalyptus,  one  may  imagine 
that  it  is  destined  to  the  nurture  of  a  British  Bacchus, 
and  may  look  forward  to  the  importation  of  Australian 
wines ;  and  upon  its  arid  soil,  even  upon  the  chasm  of 
pools  that  its  rivers  present  in  the  summer,  would  be 
exhibited  the  same  miracle  which  is  to  be  seen  in  the 
South  of  Europe,  the  juicy  grape  growing  upon  a 
parched  soil,  and  for  a  season  would  be-  clothed  with 
.the  loveliest  foliage  under  the  sun.  Fancy  the  change 
of  character  that  must  come  over  the  British  stock 
habitually  living  in  such  scenes,  under  such  a  sun,  with 
such  a  diet.  It  will  be  an  experiment  somewhat  such 
as  the  world  might  have  witnessed  had  the  Saxon  been 
planted  in  Italy.  These  queries  are  curious,  as  indi- 
cating the  notions  of  the  untravelled ;  but  parties  are 
daily  getting  more  accurate  knowledge  as  to  the  actual 
capabilities  of  the  British  Colonies. 

The  vineyards  in  the  neighborhood  of  Adelaide, 
South  Australia,  are  rapidly  extending,  and  on  the 
banks  of  the  Murray  and  Murrumbidgee ;  the  wines  that 
are  grown  there  will  bear  comparison  with  those  of 
other  lands.  The  only  drawback  to  a  rapid  increase 
in  the  wines  made  in  Australia  lies  in  the  dearness  of 
labor;  but  as  all  the  farmers  along  the  thousands  of 
miles  of  river  banks  are  all  planting  their  small  vine- 
yards— which  may  be  tended  by  their  wives  and 
children — and  as  merchants,  who  will  buy  the  juice 
and  await  its  ripening,  are  establishing  themselves  at 
convenient  places,  there  is  every  prospect  of  the  trade 
becoming  greatly  enlarged. 

In  the  ripening  of  wines  Australia  possesses  an 
advantage  over  Europe.  As  there  is  no  winter  there, 
so  is  there  no  check  to  the  fermentation  after  the  juice 
has  been  removed  from  the  vats  to  the  casks.  This 
check  to  the  fermentation  in  Europe  is  the  cause  of 
much  wine  fouling,  and  is  the  mother  of  many  of  the 
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so  called  sicknesses  in  wines.  This  is  a  source  of  great 
anxiety  to  manyofthelarge  European  vujnerons.  On  ac- 
count of  the  hot  winds  in  Australia,  the  vines  are  pruned 
low ;  and  as  this  method,  combined  with  a  hot  sun, 
causes  more  must  to  be  in  the  grape  than  is  usual  in 
Europe,  it  is  found  that  tbe  fermenting  juice  will,  as  a 
rule,  bear  a  large  quantity  of  stalk;  the  consequence  is, 
that  the  elements  of  bouquet  are  much  more  promi- 
nent than  with  wines  of  the  same  strength  in  Europe. 

The  foregoing  remarks  are  well  worthy  of  attention. 
Good  and  sound  wines  doubtless  have  been  made  in 
xiustralia ;  but  the  Editor  is  not  so  certain  whether 
the  English  will  ever  admit  any  wine  produced  in  the 
colonies  to  be  equal  in  that  beautiful  aroma — which 
science  has  not  yet  been  able  positively  to  assert 
what  it  is — and  flavor  belonging  to  the  first-class 
wines  of  Europe — Johannisberg,  Sautorne,  Rudes- 
heimer,  Liebfraumilch,  et  cetera. 

In  1852,  specimens  furnished  to  Baron  Liebig  will 
explain  the  result  of  an  attempt  at  wine-making  in 
that  colony.  This  wine,  principally  from  the  grape 
called  the  pineau  noir  and  gris,  carried  a  specific  gravity 
of  0-992,  and  gave  16-20  per  cent,  of  alcohol ;  0-505  of 
free  acid ;  3-265  of  dry  residue ;  and  0'498  of  incombus- 
tible ashy  constituents.  Another  species  of  white  wine 
grown  at  Irrawang  had  a  specific  gravity  of  0-94  ;  gave 
out  thirteen  per  cent,  of  alcohol;  0-66  of  free  acid; 
3-313  of  dry  residue,  chiefly  saccharine ;  and  0-563  per 
cent,  of  ashy  constituents— proportions  met  with  in 
some  of  the  European  wines,  particularly  the  German. 
Liebig  also  analyzed  other  wines  of  Australia,  and 
among  them  one  obtained  from  the  white  muscat 
grape,  which  gave  19-53  per  cent,  of  alcohol  and  0-64 
of  free  acid. 

The  wines  of  South  America  have  not  been  analyzed. 
They  are  scarcely  known  in  Europe.  There  is,  how- 
ever, a  red  wine  made  at  Chili  which  is  much  liked  by 
Frenchmen,  and  is  considered  a  very  fine  vin  ordinaire ; 
instances  being  known  of  French  men-of-war  putting  in 
to  Chili  and  stocking  their  vessels  with  hogsheads  of  it. 

The  difference  in  the  intoxicating  effect  of  wine,  and 
brandy  and  water,  it  has  been  asserted  does  not  exist. 
Professor  Beck,  taking  brandy  at  53-39  of  alcohol, 
calculated  strong  Madeira  at  48-26;  weaker  Madeira, 
36-14;  port,  average,  42-33;  Bucellas,  35-21;  sherry, 
33-75 ;  Sauterne,  24-34 ;  claret,  21-38.  He  is  of  opinion 
that  the  difference  between  wine  and  brandy  and  water 
is  more  fanciful  than  real.  New  wine  is  more  intoxi- 
cating than  old,  although  the  latter  is  more  spirituous  ; 
and,  according  to  Soemmering,  loses  of  its  aqueous 
parts  by  age.  Braude,  with  good  reason,  supposes 
that  when  brandy  and  water  are  allowed  a  sufficient 
time  for  combination,  the  intoxicating  power  may  not 
be  more  than  that  of  wine  containing  an  equivalent  of 
brandy.  Thus  the  effect  of  brandy  and  water  arises 
from  their  imperfect  union.  On  the  other  hand,  it  is 
certain,  that  the  evil  effects  of  the  two,  when  taken  in 
excess,  upon  the  animal  system  are  very  different.  Fine 
pale  cognac — Hennessy  or  Renault's — with  water,  is 
often  prescribed  for  invalids,  and  with  great  success. 
The  Editor  is  of  opinion  that  such  a  beverage  taken 
constantly  is  less  injurious  than  heavy,  and  especially 
drugged  wines. 


In  some  places  in  the  North  of  Europe  wine  has  been 
exposed  to  severe  frost,  under  the  idea  of  imparting 
strength  to  it,  by  drawing  off  the  unfrozen  portion. 
In  the  Augustan  age,  when  the  Euxine  sea  used  to  be 
frozen  over,  the  wine  in  the  casks,  it  is  said,  was  cut 
with  hatchets.  Mr.  Parkes  experimented  on  wine 
exposed  to  22°  below  the  freezing  point.  He  could  dis- 
cover no  dilference  in  taste  between  the  fluid  frozen  and 
unfrozen,  and  thought  the  unfrozen  the  more  vapid  of 
the  two.  Of  five  hundred  and  sixty  grains  of  port  wine, 
five  hundred  and  forty  remained  liquid;  and  of  sherry 
two  hundred  and  eighty-five  grains  were  frozen,  and 
one  thousand  and  fifty-six  remained  in  a  fluid  state — a 
result  not  in  accordance  with  the  experience  of  the 
colder  wine  countries  of  Europe. 

The  various  matters  discoverable  in  wine  are  not 
all  found  in  the  same  growths.  Less  or  more  in  some, 
and  none  at  all  in  other  kinds,  with  ever  varying 
quantities,  render  analysis  only  good  in  relation  to 
single  specimens,  and  of  no  service  in  laying  down  a 
general  rule  for  all.  Thus  water,  sugar,  alcohol,  gum, 
extractive  and  nitrogenous  matter,  or  albumen;  the 
bitartrate  of  potassa,  sulphate  of  potassa,  chlorides 
of  potassium  and  sodium,  and  in  red  wine  coloring 
matter,  and  tannin  from  the  stalks ;  carbonic  acid  in 
sparkling  wine,  and  a  perfume  or  bouquet,  a  species 
of  ether — enanthic,  acetic,  et  cetera — found  in  the 
fermentation,  and  citric  acid — a  mere  trace  of  the  latter 
— have  been  found  in  wine.  Malic  and  gallic,  acid  were 
thought  at  one  time,  with  tartar  and  sugar,  adding 
the  gluten,  to  be  almost  the  entire  of  the  principles 
discoverable,  and  that  all  wines  were  the  same  in  this 
respect ;  but  science  has  undeceived  the  world  upon 
this  point.  The  amount  of  sugar  in  some  sweet  wines 
is  full  thirty  per  cent,  according  to  Proust.  White 
wines  are  more  perfect  than  red,  and  will  endure 
longer;  perhaps  arising  from  the  absence  of  the  acid 
taken  up  by  gypsum  in  the  making,  which  cannot  be 
used  in  red  wines.  The  color  of  the  red  wines  some- 
times approaches  to  black  from  intensity.  Indeed,  a 
powerful  wine  in  France  carries  the  name  of  the  Black 
wine  of  Cahors,  generally  used  for  strengthening  weak- 
bodied  or  light-colored  wines.  Port  wine  of  the  vint- 
age 1812,  and  that  of  1820— Chilling-worth— are 
nearly  black,  although  upwards  of  forty  years  old. 
From  pink  to  black  in  red  exist,  and  from  water  to  a 
deep  golden  hue  in  white  wines,  and  even  a  green  color 
in  the  wines  of  Cotnar.  Amber  and  brown  in  different 
shades  are  to  be  met  with,  but  no  merit  in  regard  to  the 
quality  of  the  wine  attaches  to  the  hue,  however  agree- 
able one  more  than  another  may  be  to  the  vision. 
Perhaps  the  clarets — so  named  from  the  French  clairet, 
which,  however,  attaches  to  a  different  species — hold 
the  middle  place  in  regard  to  color,  between  the  light 
red  and  black.  The  coloring  matter  in  red  wines  may 
be  obtained  by  an  exposure  of  the  bottle  to  the  sun's 
rays,  when  it  will  fall  in  flakes ;  the  taste  of  the  wine 
remains  unaltered.  Before  adding  lime  water  the  color- 
ing matter  is  precipitated  with  the  insoluble  salt  formed 
by  the  wine  and  acid  of  the  wine  in  union.  The  finer 
wines  are  generally  those  in  which  the  color  is  most 
attended  to  by  the  maker,  and  the  rivalry  in  this 
respect  is  considerable.    It  is  a  matter  in  which  preju- 
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dice  operates.  Many  people  cannot  be  persuaded  that  a 
pure  red  wine,  of  a  light  color,  may  be  far  superior  as  a 
wine  in  every  good  quality  to  one  deeply  colored,  even 
when  perhaps,  as  in  port  wine,  it  is  aided  by  the 
elderberry. 

When  red  wines  lose  color  on  the  Continent  they 
are  said  to  be  rancio,  rusty ;  in  England  tawny.  The 
coloring  matter  deepens  on  the  deposit  of  tartar,  and 
the  tawny  hue  arises  from  age.  Heat,  too,  will  injure 
the  color,  which  is  thus  not  necessary  to  the  flavor  of 
the  wine,  being  no  way  dependent  upon  it.  Carbonate 
of  potassa,  sometimes  formed  in  wine,  injures  both  the 
color  and  flavor.  It  arises  from  the  decomposition  of 
the  tartar,  and  in  France  is  called  the  tornure.  A 
little  tartaric  acid  being  added,  the  potassa  forms  cream 
of  tartar,  depositing  crystals. 

Wines  grow  darker  as  they  ameliorate  up  to  a  cer- 
tain point,  but  this  is  not  uniformly  the  case.  The 
alcohol  in  the  wine,  diminishing  by  evaporation,  has  no 
relation  to  this  change  ;  indeed,  it  is  probable,  that  the 
aqueous  portion  evaporates  rather  than  the  spirituous. 
The  specific  gravity  of  wine  increases  under  those  cir- 
cumstances. Many  affirm  that  the  alcohol  in  bottled 
wine  increases  by  age ;  Mulder  asserts  that  such  a 
statement  is  thoroughly  false,  the  formation  of  alcohol 
in  the  bottles  being  impossible.  Soemmering  dis- 
covered, that  there  were  substances  which  permitted 
the  aqueous  portion  of  wine  to  escape  more  freely  than 
the  alcoholic.  Equal  parts  of  alcohol  and  water  were 
placed  in  a  glass  vessel,  and  the  mouth  closed  with  a 
piece  of  bladder. — See  Alcohol.  It  was  observed,  that 
under  the  circumstances  more  water  was  lost  than 
alcohol,  but  when  the  temperature  was  raised  to  62°  it 
passed  through  the  bladder  unchanged.  From  this,  and 
other  experiments,  Soemmering  took  the  idea  of 
ameliorating  wine  by  exposing  it  to  a  similar  pro- 
cess. He,  in  consequence,  covered  a  glass  vessel  full  of 
wine  with  a  bladder,  and  suffered  it  to  remain  eighty- 
one  days  aside  in  a  warm  dry  room.  During  that  time 
one-half  had  evaporated,  and  the  residue  had  acquired 
a  more  spirituous,  mellow,  and  agreeable  flavor.  The 
color  was  deepened,  a  film  had  formed  over  the  wine, 
and  a  deposit  of  crystals  had  taken  place  at  the  bottom 
of  the  glass.  The  proportion  of  alcohol  had  doubled 
from  4-0  to  8 '6.  A  repetition  of  the  experiment  gave 
the  same  result,  and  thus  a  more  rapid  mode  of  ame- 
liorating wine  was  discovered,  than  keeping  it  in  wood, 
to  effect  the  disengagement  of  the  alcohol  and  water  by 
time.  Hence  the  transportation  of  wines  to  a  tropical 
climate  and  home  again,  exposing  the  wine  to  aqueous 
evaporation,  easily  accounted  for  the  beneficial  effect, 
and  the  same  with  heat  artificially  applied.  Wines 
thus  exposed,  too,  deposit  rapidly.  Thus  it  is  a  com- 
mon trick  with  port  wine-mixers  to  place  the  bottles 
in  water,  carry  it  to  the  boiling  point,  and  then, 
taking  them  out  and  placing  them  in  the  cellar,  the 
crust  so  admired  by  the  ignorant  in  port  wine  is  im- 
mediately formed.  It  has  been  advanced,  in  conse- 
quence of  the  foregoing  discovery,  that  the  amelioration 
of  wines  in  the  wood  is  effected  mainly  by  the  disen- 
gagement of  some  of  their  water — the  alcohol  being 
retained,  or  a  smaller  proportion  of  alcohol  than  water 
being  evaporated,  the  rest  of  the  wine  becomes  more 


concentrated — and  that  for  this  purpose  vessels  are  most 
desirable  which  will  retain  the  alcoholic  and  permit  the 
aqueous  particles  to  escape.  Wine  is  observed  to 
evaporate  more  rapidly  in  chestnut  casks  than  in  those 
of  oak  or  similar  close-grained  timber.  To  such  an 
extent  is  this  evaporation  carried  in  chestnut  casks, 
that  the  French  have  prohibited  the  exportation  of 
brandy  in  any  but  what  are  made  of  oak.  Hence  it 
may  be  conjectured,  that  the  larger  the  surface  of  the 
liquor  exposed  the  more  rapid  will  be  the  evaporation  ; 
and  that  as  the  fermentation  is  quickened  by  the  larger 
bulk  in  action,  so  it  is  with  vinous  amelioration.  There 
is  probably  a  limit  here,  which  it  would  be  very  desir- 
able to  ascertain,  but  to  which  discovery  no  approxi- 
mation has  yet  taken  place.  The  Germans  of  late 
years,  as  they  have  discovered  that,  beyond  the  point  of 
maturity  in  wine,  the  long  keeping  once  thought  of  so 
much  importance  is  not  really  of  any  great  moment, 
seem  also  to  have  discovered  that  tuns  of  a  moderate 
capacity  are  fully  as  advantageous  as  the  gigantic  ves- 
sels, by  their  fathers  deemed  of  so  much  moment,  for 
mellowing  their  Rhine  wines. 

Wine  is  continually  sophisticated  and  adulterated, 
especially  such  as  is  of  a  coarse  nature,  having  no 
obvious  standard  of  taste.  Of  such  wines  port  is,  from 
the  common  usage,  and  the  different  flavors  imparted 
to  the  wines  of  that  name,  the  most  abused.  It  is  clear 
that  a  wine  of  any  given  species,  if  pure,  will  differ  very 
little  more  in  flavor  in  any  season  than  the  strength  or 
weakness  of  the  must  will  occasion.  The  main  charac- 
teristics of  the  wine  will  be  present.  In  a  first-class 
Burgundy  wine,  for  example,  it  will  always  be  possible 
to  distinguish  that  the  wine  is  the  growth  of  the  country 
assigned,  and  no  other  wines  will  be  drank  in  its  place 
that  are  not  of  the  same  order.  This  would  be  the  case 
with  all  sound  good  growths,  and  with  the  wines  of 
Oporto  as  well,  had  they  not  been  continually  deprived 
of  their  natural  character  by  mingling,  coloring,  and 
brandy  adulteration.  A  house— Ireland  and  Company 
of  Bristol — was  renowned  for  its  excellent  Bristol  port 
wine,  and  a  handsome  fortune  realized.  All  at  once, 
on  the  breaking  out  of  the  French  revolutionary  war, 
Bristol  ports  were  no  longer  to  be  had,  and  Ireland  and 
Company  wound  up  their  affairs,  because  they  could 
no  more  obtain  the  wines  of  the  South  of  France,  for 
which  they  were  celebrated  as  port-wine  merchants, 
not  a  cask  of  their  wines  having  ever  been  in  Portugal. 
Now,  such  a  deception  could  not  be  practised  with 
Burgundy,  champagne,  or  the  finer  wines  of  France. 

The  Editor  has  repeatedly  had  English-made  port- 
sent  to  him,  but  the  imitation  in  no  instance  deceived 
him.  The  taste  was  sufficient  to  detect  the  imposi- 
tion. 

The  mingling  of  inferior  wines  with  superior,  or 
with  brandy,  is  not  the  sophistication  for  which  tho 
chemical  professor  is  so  much  required  to  confer  a 
boon  upon  the  public,  as  in  detecting  extraneous  sub- 
stances of  no  vinous  character  at  all.  To  brandy 
intermixed  with  wine,  and  which  never  blends  with  it 
as  the  natural  alcohol  of  the  wine  does,  are  owing,  in 
many  cases,  the  liver  complaints  of  the  wine  drinkers 
in  England — a  disease  rare  in  wine  countries. 

The  alcohol  in  wine  may  be  ascertained  by  adding 
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one  part  of  a  concentrated  solution  of  subacetate  of 
lead  to  eight  of  wine  by  measurement.  A  precipitate 
is  thus  formed:  agitate  the  mixture  for  a  few  minutes  ; 
pour  the  whole  upon  a  filter;  and  then  collect  the  fluid. 
This  fluid  consists  of  the  spirit  and  water,  with  a  por- 
tion of  the  lead.  Now  add  by  little  and  little  pure, 
warm,  dry  subcarbonate  of  potassa — not  the  salt  of 
tartar,  and  subcarbonate  of  potassa  of  commerce — which 
has  been  freed  by  heat  from  water.  This  must  be 
done  until  the  last  portion  remains  undissolved.  The 
spirit  in  the  fluid  being  thus  separated  by  the  potassa 
abstracting  all  the  water,  the  former  will  be  found  a 
stratum  upon  the  salt.  The  experiment  should  be 
made  in  a  glass  tube,  from  half  an  inch  to  two  inches 
in  diameter,  graduated  into  a  hundred  parts  ;  and  thus 
the  quantity  of  spirit  may  be  read  off  at  sight. 

To  detect  elderberry  coloring  in  port  and  other 
red  wines,  acetate  of  lead  is  the  simplest  test.  With 
pure  red  wine  it  throws  down  a  greenish-grey  precipi- 
tate. A  deep  blue  precipitate  is  the  result  of  elder- 
berries, logwood,  and  bilberries.  Brazil  wood  and  red 
Sanders  are  thrown  down  red.  Lime  water  destroys  the 
color  imparted  by  beet. 

Watson  in  bis  chemical  essays,  as  to  his  assertion 
that  lead  has  been  used  in  wine,  is  contradicted  by  the 
best  French  chemists,  who  have  never  been  able  to 
find  a  trace  of  its  usage,  and  assert  that  it  cannot  be 
of  any  service.  In  England,  among  the  fabricators 
and  amenders  of  base  wines,  sugar  of  lead  and 
litharge  have  been  ignorantly  applied  for  cleansing 
white  wines  rapidly,  according  to  their  own  statements. 
Ignorance  and  vice  generally  travel  abreast.  Thus 
to  keep  wines  from  turning,  some  one  of  the  vulgar 
receipts  has  proved  a  very  harmless  one — Put  in  fair 
water  a  pound  of  lead  which  has  been  melted  ;  then  into 
the  cask,  pretty  warm,  and  stop  it  close!  Oyster-shell 
lime  has  been  used  for  the  same  purpose,  an  ounce  to 
two  gallons  of  the  wine.  Cochineal,  to  the  extent  of  half 
an  ounce  dissolved  in  wine  or  brand}',  is  one  means  used 
to  improve  color ;  and  for  port  wine  the  compound  called 
geropiga  made  in  Portugal,  and  imported  into  Eng- 
land openly,  as  a  liqueur  solely  for  sophisticating  port 
wine.  Port  and  claret  are  rendered  rough  by  baking 
two  quarts  of  sloes  in  a  gentle  oven,  or  over  a  slow 
fire,  until  their  moisture  is  given  out.  The  fruit  is 
squeezed,  and  a  pint  of  the  liquid  is  applied  to  thirty 
or  forty  gallons  of  the  wine. 

Substances  native,  such  as  genuine  must,  wine, 
alcohol,  or  sirup — that  is,  boiled  wine — can  alone  be 
tolerated  in  mixing.  All  besides  is  more  or  less  a 
fraud.  The  object  of  mixing  litharge,  potassa,  and 
tartrate  of  potassa,  is  to  arrest  bad  flavor  and  temper 
sharpness  in  new  wine.  Some  substances  for  color, 
sugar  and  honey  to  sweeten,  spices  to  improve  the 
flavor,  and  perry  and  water  to  increase  the  volume, 
are  complained  of  in  France.  There  is  a  commission 
there  of  able  chemists,  who  examine  samples  of  wine 
with  great  care.  First,  as  to  litharge — a  poison — no  one 
instance  of  its  use  has  ever  been  detected.  In  1824  a 
petition  was  presented  to  the  French  chamber  of  depu- 
ties, making  such  a  charge  against  the  wine  merchants 
generally,  that  the  public  were  alarmed,  and  an  inquiry 
was  instituted.  The  result  was,  that  no  single  instance 


of  the  employment  of  litharge  could  be  substantiated 
— that,  chemically  speaking,  litharge  was  a  substance 
which,  from  experiment,  contributed  more  to  the 
deterioration  than  the  preservation  of  the  wine,  and 
the  merchants  had  no  interest  in  its  use.  The  petition 
was  rejected  as  without  foundation.  In  analyses  of 
the  wine  for  fifty-five  years,  the  French  council  of 
health  never  met  with  the  traces  of  such  a  substance 
in  wine.  They  only  stated  that  they  had  to  complain, 
that  too  much  water  and  often  perry  had  been  mingled 
to  increase  the  volume  of  the  wine.  Sirup  of  dried 
raisins  had  been  used  with  colored  water,  and  fer- 
mented and  sold  to  imitate  the  wines  consumed  in 
cabarets,  but  never  any  deleterious  substances,  under 
countless  analyses.  M.  Jullien  experimented  upon 
this  substance  in  1824.  In  a  litre  of  music  in  a  state 
of  acetous  fermentation,  one  gramme  and  a  half  ot 
powdered  litharge  was  mingled  and  agitated  several 
times  for  twenty-four  hours,  and  then  suffered  to  rest. 
The  wine  was  tasted  two  days  afterwards,  and  found 
as  acid  as  at  first,  and  unchanged  in  color.  It  was 
then  filtered,  and  sulphuric  acid  being  added,  the  white 
precipitate  of  the  sulphate  of  lead  was  scarcely  per- 
ceptible; but  the  sulphide  of  potassium,  in  another 
part  of  the  liquid,  caused  a  precipitate  of  the  color  of 
the  lees  of  the  wine.  The  result  of  four  analyses  was, 
that  litharge  did  not  deprive  wine  of  its  acidity,  and 
contributed  more  to  its  decomposition  than  preserva- 
tion ;  that  in  any  considerable  quantity  it  destroyed 
it,  and  that  in  a  small  quantity  it  remained  in  the  wine 
in  a  state  to  be  recognized  with  facility.  If  used  in 
domestic  wines,  the  same  effect  would  follow.  It  was 
probable  that  the  tartar  of  the  wine  had  been  mis- 
taken for  it.  After  all  the  scientific  researches  of 
foreigners  into  the  nature  of  wine,  they  have  not 
succeeded  in  detecting  the  quantity  of  perry,  water, 
and  not  insalubrious  ingredients,  added  by  the  dis- 
honest dealer. 

Frauds  in  blending  wine,  often  too  common,  are 
not  managed  with  substances  foreign  to  the  grape. 
The  rinsings  of  brandy  and  rum  casks,  Cape  wines, 
cider,  coloring  matter,  and  tartar,  or  anything  which 
will  form  a  basis  with  Benecarlos,  Figuc-ras,  red  Cape, 
mountain,  tartar,  gum-dragon,  cider,  for  port ;  and  for 
coloring  it  red  sanders  infused  for  fourteen  days  in 
spirit  of  wine.  Port  is  also  made  with  that  wine, 
twelve  gallons ;  spirit  of  wine,  six  ;  brandy,  three ; 
rough  fine  cider,  forty-two.  A  strong  decoction  of 
Brazil  wood  and  alum  imitate  the  favorite  crust. 
Sherry  is  imitated,  but  the  low-priced  wine  mingled 
with  Cape  answers  the  end.  The  notion  that  lead 
helps  bad  wine  is  current  in  England.  But  little  faith  is 
to  be  placed  in  such  reports,  since  it  has  not  the  effect 
ascribed  to  it.  Sulphide  of  hydrogen  gas  will  detect 
lead  in  wine,  turning  it  deep  brown  or  black.  Alum, 
sometimes  used  for  astringency,  or  for  the  purpose  of 
brightening  the  color,  or  of  clarifying  newly  made  wine, 
may  bo  detected  by  first  decoloring  the  wine — if  rod — 
by  means  of  animal  charcoal,  previously  washed  with 
hydrochloric  acid,  filtering,  and  evaporating  the  liquid 
to  about  one-third  of  its  volume  in  a  porcelain  or  pla- 
tinum capsule,  and  refiltering.  If  a  precipitate  has 
been  formed  while  concentrating ;  if  potassa,  soda,  or 
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chloride  of  ammonium  produces  when  poured  into  the 
filtrate,  a  white  precipitate  soluble  with  the  aid  of  heat 
in  excess  of  alkali ;  if  carbonate  of  potassa  or  soda 
produces  a  white  deposit ;  if  nitrate  of  baryta  or  01 
chloride  of  barium  produces  also  a  white  precipitate 
insoluble  in  acid,  alum  is  present ;  or  as  Normandy 
further  adds,  a  given  portion  of  the  wine  may  be  eva- 
porated to  dryness  and  ignited,  the  residue  treated 
with  a  little  hydrochloric  acid,  evaporated  to  dryness 
and  re-treated  with  dilute  hydrochloric  acid.  If  now 
the  addition  of  caustic  potassa  produces  a  white  gelati- 
nous precipitate  soluble  in  excess  of  alkali,  but  which  is 
reprecipitated  by  chloride  of  ammonium,  then  alum  is 
present. 

Not  to  follow  these  deceptions  further — the  field  it 
may  be  inferred  is  a  wide  one  for  the  investigation  of 
science,  by  researches  into  the  defects  of  wine  itself, 
and  pointing  out  proper  remedies — the  inequality  in 
must  of  the  product  of  the  grape,  from  so  many  causes, 
requires  to  be  obviated;  but  no  rule  can  yet  be  laid 
down  by  which  existing  evils  can  be  certainly  avoided. 
Among  the  curious  facts  in  relation  to  pure  wines  are 
the  character  of  their  deposits,  so  varied  in  form  and 
density,  according  to  the  growth  of  the  vine  and  tem- 
perature of  the  year  when  the  vintage  occurred.  Some 
are  oily,  others  muddy,  adhering  to  the  side  of  the 
bottle ;  and  some  are  very  light,  so  that  on  the  least 
movement  they  mingle  with  the  wine.  Oftentimes  the 
same  wines  will  make  a  deposit  in  two  different 
forms  in  the  same  bottle,  one  adhering  to  the  sides  or 
uniting  in  a  mass  at  the  bottom  of  the  wine,  the 
other  suspended  in  the  liquor.  One  species  of  deposit 
resembles  litharge,  and  no  doubt  caused  the  report  of 
its  usage.  In  champagne  wine  the  deposit  is  called 
depot-pierre,  a  precipitate  in  the  form  of  very  fine 
sand,  or  little  scaly  crystals,  which  are  the  tartar 
naturally  deposited.  All  wine  residuums  contain  more 
or  less  of  this  substance,  but  it  is  often  so  enveloped  in 
the  oily  or  muddy  parts  of  the  precipitate  that  it  is  not 
apparent.  It  is  heavier  than  other  deposits,  and  when 
mingled  with  the  wine  does  not  communicate  any  bad 
taste,  alters  its  clearness  very  little,  and  when  shaking 
the  liquor  ceases  it  falls  to  the  bottom.  This  deposit 
is  found  in  the  better  wines,  and  those  having  it  pre- 
serve their  excellence  a  long  time,  and  are  less  subject 
to  disarrangements  than  the  wines  the  residue  of  which 
floats  in  the  liquid.  In  order  to  investigate  the  nature 
of  this  substance,  it  is  dried  and  placed  upon  burning 
charcoal.  In  consuming  it  emits  an  odor  of  burnt 
tartar,  and  on  keeping  up  the  fire,  leaves  a  white 
residue  which  is  found  to  be  potassa. 

The  choicest  wines  keep  the  longest  in  bottle,  and 
deposit  there  so  much  that,  in  order  to  have  the  wine 
perfectly  limpid,  it  is  necessary  to  decant  them  with 
great  care.  It  is  useless  to  place  them  in  different 
bottles  for  no  other  reason  but  to  secure  transparency, 
as  they  will  soon  begin  to  deposit  anew.  Unless  they 
are  to  be  removed  to  a  distance,  or  there  is  a  fear  of  their 
acquiring  a  bad  taste,  they  should  remain  untouched. 
Tliis  operation,  when  necessary,  is  to  be  performed  with 
great  care.  Small  glass  or  tinned  siphons  have  been 
tried  for  delicate  French  wines,  but  not  with  the  desired 
success.    Crape  or  gauze  has  its  inconveniences.  An 


instrument  called  a  cannelle-aerifere,  invented  by  M. 
Jullien,  is  used  for  the  purpose  in  France,  as  well 
as  for  ehemioal  transfusions.  For  champagne  more 
particularly  it  is  well  adapted.  Wine  is  sometimes 
placed  in  demijohns,  which  hold  from  thirty  to  sixty 
bottles  each,  by  which  means  it  is  well  preserved ;  but 
the  inconvenience  of  stirring  up  the  deposit  is  in  no 
way  lessened  on  attempting  to  transfer  then'  contents. 

The  disproportionate  allowance  of  brandy  thrown 
into  wine  is  after  all  the  great  evil  encountered  in  the 
wines  destined  for  British  consumption,  and  this  is 
always  to  be  detected  by  science.  All  wines  of  the 
highest  class  are  deemed  too  weak  and  thin.  The 
merchant  imagines  that  it  prevents  acetous  fermenta- 
tion, and  he  knows  that  it  blends  all  qualities  into  that 
which  is  most  plentiful.  Dr.  M'-Culloch  denied  that  it 
suspends  acetifieation ;  Mr.  Cadet  says,  that  if  adminis- 
tered to  the  one-seventieth  of  the  entire  value  it  will 
do  so.  Alcohol  is  not  separated  by  the  action  of 
heat,  since  it  has  been  effected  at  56° ;  but,  however, 
this  may  be,  wine  to  which  brandy  has  been  artificially 
added,  affects  the  nervous  system  to  a  degree  far  greater 
than  wine  in  the  natural  state,  and  chemistry  has  not 
yet  been  successful  in  discovering  any  theory  which 
will  account  for  it.  The  following  tables  show  the 
importations  of  wine  and  the  amount  for  home  con- 
sumption for  the  years  mentioned  in  the  respective 
columns : — 

TABLE  Or  WINE  IMPORTATIONS. 

Vm  Tuns.  Tuns. 

Ioars'  French.  Portuguese.  - 

1675    7.495    20 

1G76    9,645    83 

1677    6,7.-!9    176 

1678    7,212    199 

French  war — wine  prohibited. 

Years.  Tuns.  Tuns. 

1679    3    1,013 

1680    1    1,003 

1GS1      1,718 

1682      13,860 

1683      16,772 

1684      11,611 

1685      12,885 

French  again  admitted. 

Years.  Tuns.  Tuns. 

1686    12,760    286 

1687    15,518    327 

1688    14,218    448 

1689    11,109    579 

Here  the  French  imports  again  interrupted.  From 
1G97  inclusive,  the  returns  were  more  exact  and  given 
in  gallons,  videlicet,  together,  French,  Spanish,  Portu- 
guese, and  Rhenish. 


Years. 

Tuns. 

Rhus. 

Galls. 

Yenrs. 

Tuns. 

Illirls 

Galls. 

1697 

13,086 

8 

43 

1707 

12,962 

0 

16 

1698 

12,974 

2 

15 

1708 

14,380 

0 

50 

1699 

21,553 

3 

25 

1709 

13,338 

1 

48 

1700 

23,502 

0 

10 

1710 

15,869 

0 

56 

1701 

21,443 

2 

23 

1711 

15,481 

2 

14 

1702 

15,725 

1 

62 

1712 

12,677 

1 

27 

1703 

11,092 

2 

42 

1713 

15,937 

1 

8 

1704 

13,811 

1 

57 

1714 

18,747 

1 

57 

1705 

12,070 

1 

17 

1715 

21,751 
18,834 

0 

9 

1706 

10,973 

2 

31 

1716 

3 

7 

1134 


WINE  Tables  of  Importations. 


Years. 

1717 

1718 
1719 
1720 
1721 
1722 
1723 
1724 
1725 
1726 
1727 
1728 
1729 
1730 
1731 
1732 
1733 
1734 
1735 
1736 
1737 
1738 
1739 
1710 
1741 
1742 
1743 
1744 
1745 
1746 
1747 
1748 
1749 
1750 
1751 
1752 
1753 
1754 
1755 
1756 
1757 
1758 
1759 
1750 
1761 
1762 
1763 
1764 
1765 
1766 
1767 
1768 
1769 
1770 


Tung, 

2a, 200 

23,875 
20,510 
19,141 
25,263 
25,470 
22,415 
23,075 
24,722 
19,334 
21,064 
30,045 
25,672 
19,823 
24,239 
21,384 
21,420 
21,264 
24,416 
20,763 
26,605 
22,171 
18,594 
15,198 
17,178 
16,715 
17,655 
10,276 
16,034 
12,205 
14,560 
15,135 
21,555 
15,456 
14,788 
13.708 
18,857 
14,982 
16,544 
12,264 
14,050 
15,896 
15,405 
15,427 
14,602 
16,097 
17,082 
17,390 
18,132 
18,472 
17,087 
18,580 
18,371 
10,724 


Hilda. 

Galls. 

Years. 

Tuns. 

Hilda. 

Galls. 

3 

58 

1771 

16,874 

2 

12 

1 

48 

1772 

15,597 

2 

42 

2 

13 

1773 

16,431 

3 

20 

0 

44 

1774 

17,992 

1 

20 

0 

45 

1775 

17,736 

0 

13 

0 

42 

1776 

16,734 

0 

36 

1 

1 

1777 

18,217 

2 

60 

3 

8 

1778 

16,343 

0 

51 

3 

35 

1779 

12,760 

2 

10 

0 

24 

1780 

20.514 

2 

39 

3 

61 

1781 

13,311 

3 

20 

2 

32 

1782 

9,791 

0 

39 

3 

50 

1783 

13,624 

1 

51 

3 

31 

1784 

14,499 

0 

56 

1 

58 

1785 

16,287 

0 

58J 

0 

11 

1786 

16,242 

3 

53 

1 

57 

1787 

23,324 

3 

33 

1 

47 

1788 

25,560 

3 

52 

1 

28 

1789 

26,299 

2 

60 

0 

10 

1790 

29,144 

3 

13 

1 

38 

1791 

33,155 

1 

33 

2 

1 

1792 

35,525 

3 

51 

3 

28 

1793 

22,788 

3 

40 

3 

00 

1794 

30,259 

2 

2 

1 

3 

1795 

35.608 

3 

54 

3 

58 

1796 

23,693 

1 

37 

0 

34 

1797 

15,904 

2 

30 

2 

60 

1798 

23,287 

3 

49 

1 

34 

1799 

33,419 

3 

7 

1 

11 

1800 

32,332 

1 

26 

2 

32 

1801 

38,893 

1 

21 

1 

16 

1802 

30,407 

0 

53 

0 

35 

1803 

37,913 

1 

62 

2 

11 

1804 

19,419 

3 

2 

0 

2 

1805 

33,463 

0 

55 

2 

52 

1806 

35,910 

0 

55 

0 

20 

1807 

39,789 

3 

29 

50 

1808 

47,143 

3 

49 

2 

22 

1809 

49,762 

3 

17 

2 

18 

1810 

47,058 

3 

25 

2 

30 

1811 

20,7  b* 

1 

1 

54 

1812 

174 

2 

19 

1813 

3 

47 

1814 

31,465 

2 

36 

3 

46 

1815 

30,874 

0 

20J 

0 

1 

1816 

18,218 

0 

67* 

3 

21 

1817 

27,073 

0 

1| 

1 

42 

1818 

35,763 

2 

9| 

1 
0 

4 

1819 

23,407 

0 

3Vrj 

14 

1820 

22,781 

1 

55^ 

3 
0 
2 

5 
58 
30 

1821 

24,125 

0 

2& 

1822 

27,454 

2 

25 

0 

40 

The  Methuen  treaty  to  favor  Portugal  at  the  ex- 
pense of  France  was  signed  in  1703— the  duty  on 
French  wine  to  be  one-third  more  than  on  that  of 
Portugal.  A  tun  of  wine  is  two  pipes,  four  hogsheads, 
or  two  hundred  and  fifty  gallons  old  measure,  or  two 
hundred  and  thirty-one  cubic  inches.  From  the  year 
1785  the  returns  include  all  sorts  and  quantities  of 
wine,  however  small.  In  1813  the  records  were 
destroyed  by  fire  at  the  Custom  House. 

About  this  time  the  returns  were  made  in  imperial 
gallons,  the  old  measures  being  abolished. 


Ye  firs. 

Imperial 

Galium. 

Years. 

1823 

6,676,355 

1835 

1824 

6,637,506 

1836 

1825 

10,892,033 

1837 

1826 

7,586,937 

1838 

1827 

7,950,961 

1839 

1828 

9,637,951 

1840 

1829 

7,018,196 
6,879,588 

1841 

1830 

1842 

1831 

7,110,870 

1843 

1832 

6,018,480 

1844 

1833 

7,443,841 

1845 

1834 

9,706,116 

1846 

Imperial 
Gallons. 

9,039,551 
9,406,083 
8,033,480 
8,518,484 
9,909,056 
9,311,247 
7,708,502 
7,216,113 
6,807,053 
8,584,586 
9,469,776 
7,711,309 


Years. 

1847 
1848 
1849 
1850 
1851 
1852 
1853 
1854 
1855 
1856 
1857 
1858 


7,938,067 
7,536,730 
7,970,067 
9,304,312 
9,008,428 
6,793,304 
11,029,567 
10,875,855 
8,946,706 
9,474,694 
10,336,r  " 
5,791,656 


TA11LE  OP  WINE  CONSUMPTION. 

Wine  consumption  and  proportion  to  population.  Down  to 
the  year  1787  the  importation  and  consumption  were  nearly 


equal. 

Years 

Imperial 
Gal  Inns, 

Years. 

1787 

4  521  941 

1811 

1788 

18 12 

1789 

1813 

1790 

a  ftni  n^R 

1814 

179L 

/  ,n/o, *yu 

1813 

1792 

h  on  7fl7 

■IS  1 6 

1793 

ft  ni n  7ni 

1817 

1794 

ft  Q 1 1  17A 

1818 

1795 

1819 

1796 

R  77ft  9ftfi 

1820 

1797 

a  ^ftO  9ft1 

1821 

1798 

K  Oft^  7ftfl 

1822 

1799 

6,138,164 

1823 

1800 

7,294,752 

1824 

1801 

6,876,710 

1825 

1802 

7,113,416 

1826 

1803 

8,226,464 

1827 

1804 

5,457,091 

1828 

1805 

4,622,701 

1829 

1806 

5,825,178 

1830 

1807 

6,271,346 

1831 

1808 

6,331,875 

1832 

1809 

5,894,177 

1833 

1810 

6,521,293 

1834 

Imperial 
Gallons. 

5,629,722 
5,024,530 
4,565,477 
5,330,774 
4,624,105 
4,057,038 
5,142,829 
5,635,216 
4,615,212 
4,586,495 
4,686,885 
4,606,999 
4,845,060 
5,030,091 
8,009,542 
6,058,443 
6,820,361 
7,162,376 
6,217,652 
6,434,445 
6,212,264 
6,965,542 
6,207,770 
6,480,544 


Years, 

1835 
1836 
1837 
1838 
1839 
1840 
1841 
1842 
1843 
1844 
1845 
1846 
1847 
1848 
1849 
1850 
1851 
1852 
1853 
1854 
1855 
1856 
1857 
1858 


Imperlnl 
Gillons 
6,420,342 

0,809,212 
6,391,531 
0,990,271 
7,000,486 
6,553,922 
6,184,960 
4,815,222 
6,008,987 
6,838,684 
6,736,131 
6,740,316 
6,053,847 
6,136,547 
6,251,862 
6,437,222 
6,280,653 
6,346,061 
6,813,830 
'6,775,858 
6,873.001 
7.307,874 
7,042,042 
6,097,146 


The  wine  consumption,  with  a  population  of  about 
eight  or  nine  millions  in  1787,  augmented  to  nearly 
twenty  millions  of  souls  in  1851,  showed  little  increase, 
in  consequence  of  the  duties  on  several  classes  of 
wines  reaching  fully  to  500  per  cent.  That  the  means 
of  purchase  increased  with  the  population,  is  shown  by 
the  augmented  value  of  property  assessed  in  1803  = 
£115,351,952,  and  in  1843  =  £181,322,202.— James 
on  the  Wine  Duties,  1855.  If,  with  eight  or  nine 
millions  of  souls,  we  consumed  seven  millions  of  im- 
perial gallons,  with  twenty  millions  of  population  we 
should  have  consumed  double  that  quantity,  in  place 
of  no  increase  having  taken  place— spirit  having  been 
substituted. 


1787  to  1792 
1793  to  1798 
1799  to  1804 
1805  to  1810 
1811  to  1816 
1817  to  1822 


Imperial  finllons. 

39,158,218 
36,871,802 
41,107,197 
35,466,570 
29,231,636 
29,273,636 


1823  to  1830  (8  years)  50,583,970 
1831  to  1836  ....  37,495,674 
1837  to  1842    ....  37,936,392 

1843  to  1848    38,574,512 

1849  to  1854    ....  38,909,486 


Population. 

8,000,000 

8,500,000 
10,812,000 

13,296,177 
14,072,331 
16,000,000 
16,255,605 
18,664,761 

20,919,531 


The  consumption  of  wine  was  three  and  a  half 
bottles  per  head  from  1785  to  1794.  It  fell  to  three 
bottles  from  1794  to  1814;  and  from  1814  to  1820  to 
two  bottles.  After  that  one  and  three-tenths  bottle 
per  head. 

From  1786  to  1794  the  Portuguese  wine  consumed 
in  Great  Britain,  principally  port,  was  75' 67  per  cent., 
because  there  were  only  two-thirds  of  the  duty  paid 
upon  the  wines  of  Portugal  that  were  paid  on  other 
wines.  The  duties  were  equalized  in  1831,  and  from 
that  time  to  1854  the  consumption  of  port  diminished, 
until,  in  1854,  it  was  only  36-69  of  the  whole  consump- 
tion. Spanish  wines,  only  16-67  in  the  first  period,  rose 
to  38-34  per  cent. ;  French  wines  that  were  only  3-26 
per  cent.,  had  risen  in  1854  to  8:12. 


WINE  Tables  of  Consumption. 
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Table  of  the  proportions  of  different  wines  consumed 
in  England,  for  which  the  Editor  is  indebted  to  Mr. 


James,  author  of  the  Wine  Duties  considered  Finan- 
cially and  Socially,  et  cetera,  1855  :— 


TABLE  OF  PROPORTIONAL  CONSUMPTION. 


Colonial. 

Spanish 

Portuguese. 

French. 

Sicilian. 

Mntleira. 

Years. 

Per  cent. 

Per  cent 

Per  cent. 

Per  cent. 

per  cent. 

Per  cent. 

1849 

3-87 

39-16 

42-36 

5-03 

7-11 

1-14 

1850 

3-82 

38-3S 

43-73 

5-29 

6-61 

1-09 

1851 

3-74 

40-33 

40-02 

7-12 

6-28 

1-10 

1852 

3-82 

41-03 

39-23 

7-05 

6-12 

1-1 

1853 

3-92 

. .  '  39-58 

38-87 

7-79 

7-55 

1-02 

1854 

3-75 

38-33 

36-67 

8-15 

11-32 

0-06 

1855 

3-95 

40-12 

35-16 

7-99 

10-82 

0-05 

1856 

4-02 

39-81 

34-03 

8-33 

10-43 

0-57 

1857 

6  05 

39-43 

32-72 

8-83 

10-62 

0-05 

1858 

10-89 

39  67 

28-69 

8-54 

10-33 

0-05 

Proportion  of  White  to  Red  Wines  consumed.  Qap,  import  at  half  duty.  Cape  consumption. 

Years.  White                                  Rod.  Imperial  Imperial 

1854    52-065    47-935  Gol,on»-  Ga"<""- 

1855    54-32    45  68    3G1.605    261,564 

1856    54-31    45-69    492,087    352,330 

1857    54-85    45-15    787,753    456,214 

1858    59-21    40-79    654,118    726,314 


DECREASE  IN  IMPORTATION,  1858,  COMPARED  WITH  THE 
PREVIOUS  YEAR. 


Total.  Pipes. 

French  imports  ....  1,742 
Portuguese  imports  14,240 

Spanish  imports  20,078 

Sicilian  imports  ....  1,900 
Madeira  and  Canary  192 

From  Holland   79 

Other  places    2,339 

British  Possessions  1,427 

Total  41,997 


Decrease. 
Pipca. 

504 
3,332 

1,114 
114 
52 
32 
401 


5.549 
2,950 


50-! 


Colonial  increase  at 
half  duty  deducted. 


2,599  Decrease. 

f  Decrease  mixed  in 
\  bond. 


58 


Total  2,657  Pipes  decreased. 

The  Cape  wines  at  half  duty  increased  in  ten  years, 
from  3-87  to  10-89.  Spanish  were  stationary,  or  with 
a  small  increase.  Portuguese  decreased  from  42-30  to 
28-69.    Other  wines,  except  Madeira,  increased. 

In  the  monetary  provisions  of  the  government  for 
18G0,  the  duties  were  reduced  upon  all  wines  of  all 
countries  and  of  our  own  colonies  from  five  shillings  and 
sixpence  and  five  per  cent.,  to  take  place  on  January  1, 
18G1,  on  wines  of  the  lowest  alcoholic  strength,  or 
not  above  18°.  These  to  be  admitted  at  one  shilling 
per  gallon.  The  wines  above  this  alcoholic  strength 
at  two  shillings,  or  wines  approaching  40°  of  proof 
spirit.  This  reduction  to  commence  at  first  by  a  fall 
of  duty  to  three  shillings  per  gallon,  from  the  existing 
2 

five  shillings  and  sixpence  — . 

The  grocers'  home  made  wines,  free  of  duty,  aided 
to  supersede  foreign  wines  in  consumption,  and  thus 
injured  the  exchange  of  goods  with  the  foreigner; 


these  wines  or  compounds  having  been  sold  at  little 
more  than  the  duty  only  on  foreign  wines. 

The  average  product  of  wine  in  France  is  nine  hun- 
dred millions  of  gallons ;  and  in  Paris  two  hundred  and 
sixteen  bottles  per  head  are  annually  consumed;  in 
Hamburg  twenty-nine  per  head.  The  following  fable 
is  the  most  authentic  extant,  and  there  is  reason  to 
think  much  within  the  real  limit  of  the  produce  of  the 
wines  of  Europe  : — 

Gallons. 

France   900,000,000 

Hungary  and  Austria   500,000,000 

Spain   220,000,000 

Italy   195,000,000 

German  States,  Prussia,  Luxemburg,  &c.  45,000,000 

Portugal— total  product   10,500,000 

Sicily   3,000,000 

The  Azores   575,000 

The  Canaries    1,875,000 

Cape  of  Good  Hope  14,000  leaguers')         840  000 

of  60  gallons  j 

Cyprus,  Commandery,  Muscadines,  &c.  30,000 
Servia,  Wallachia,  .fcc   170,000 

Total....  1,876,990,000 

Greece  produces  four  millions  six  hundred  and  forty 
thousand  okes;  Asia  Minor,  Syria,  Palestine,  Persia, 
and  the  East  produce  wine,  as  well  as  some  parts  of 
Southern  Russia. 

The  following  tables,  from  Reckling  cm  Wines,  con- 
tain a  selection  out  of  a  number  of  the  fine  growths, 
of  the  names  and  character  of  the  wines  produced  in 
the  principal  countries  in  Europe.  To  extend  the  list 
would  be  useless.  In  France  alone,  there  are  six 
classes  of  red  wine,  seven  of  white,  and  five  of  vins  de 
liqueur.  There  are  four  hundred  and  sixty-three  red 
wines,  two  hundred  and  forty-three  white,  and  nine 
de  liqueur.  The  champagne  wines  alone  reckon  six 
degrees  in  quality : — ■ 


1136 


"WINE  Varieties. 


WINES  OF  THE  FIRST  CLASS. 

FRANCE,  SPAIN,  HUNGARY,  GERMANY,  SICILY,  NAPLES,  AND  CAPE  OF  GOOD  HOPE. 


Romania  Conti  

Chambertin  , 

Richebourg  

Clos  Vougeot  

Romance  St.  Vivant  

La  Tacbe  

St.  Georges  

Corton  

First  growths  of  Prdmaux  

Musigny  

Clos  du  Tart  

St.  Jean  

Perriere  

Veroilles  

Morgeot  

Mont  Kachet  

Lafitte  

Latour  

Chateau  Margaux  

Haut  Brion  

Beau  me  

Muret  

Bessas,  Burges,  Landes  

Meal  and  Grefieux  

Bacoule,  Guiouiere   

Sillery  

Ay  

Mare  nil  

Hautvilliers   

Pierry  

Dizy  

Epernay — Closet  

St.  Bris  

Carbonnieux  

Pontac  

Sauterne  

Barsac  

Preignac  and  Beamnes  

Chateau  Grillet  

Hermitage  

Rivesaltes  

Colmar,  Olwiller,  Kaiserberg 

Kientzheim,  Ammerschwir. . 

Hermitage  de  Paille  

Amontillado  Sherry  . . ,  

Schloss  Johannisberger  

Lacryma  Christi  

Syracuse  

Tokay  Essence,  and  its  first") 
growths,  called  Tarczal, 
Szeghi,  Zadany,  Tolesva, 
also  Erdo-  Benye,  Zambor, 
Tallya,  Mada  

Cotnar  

The  Commandery  

Constantia  , 

Lagnmas  


France 


Spain 
Germany 
Naples 
Sicily 


Hungary 


Moldavia 

Cyprus 
Africa 
Spain 


Cote  d'Or 


Gironde 


La  Drome 


Marne 


Gironde 


La  Loire 

Rhone 

Pyrenees  Orientales 
Haut  lihiii 

Rhone 
Andalusia 
The  Rhine 
Naples 
Syracuse 


County  of  Zemplin 

Cotnar 

Com.  D. 
Cape  of  Good  Hope 


The  first  and  most  delicate  red  wines 
in  the  world,  full  of  rich  perfume,  of 
exquisite  bouquet  and  fine  purple  color; 
light,  yet  with  body  and  spirit  sufficient 
to  render  them  pleasant  and  healthful 
in  use. 


Burgundies,  closely  resembling  the  above 
growths  in  aroma,  and  all  their  other 
qualities. 


White,  highly  esteemed. 

Fine  color  and  perfume,  light,  less  warm 
>    than  Burgundy,  with  a  taste  of  the 
violet,  and  a  rich  purple  hue. 

1  Wines  of  the  RhGne,  darker  in  color 
than  the  preceding.  Red  Hermitage 
the  most  noted  of  these,  of  good  body, 
and  a  fine  flavor  of  the  raspberry. 

'( White,  still,  dry;  of  an  amber  color; 
(    generally  iced  for  drinking. 
(  Fine  effervescing  wine,  bright  in  color, 
\    slightly  frothing. 

J  The  best  of  the  white  wines  of  Cham- 
pagne, being  all  of  the  first  quality,  but 
differing  a  little  in  color  and  efferves- 
cence. 

IFine  white  wines  of  excellent  quality, 
lightish  brown  in  color,  aroma  most 
agreeable,  and  some  of  rather  sweet 
taste. 


j-  Description  resembles  the  preceding. 

f  Full  of  body,  spirit,  and  perfume.  The 
white  is  the  finest  of  all  white  wines. 
A  rich  muscadine. 
Straw  wines,  rich  and  luscious. 
Ditto. 
Ditto. 
A  dry  delicate  wine. 
Ditto. 

A  fine,  luscious,  sweet  red  wine. 
Remarkably  fine  red  muscat. 


J  Thick  rich  wines,  known  i 
(  Tokay-ausbruch. 


Tokay,  also 


(Very  spirituous,  by  some  preferred  to 
\    Tokay.    Greenish  color. 

Thick,  rich,  and  luscious. 

Luscious;  two  kinds. 

Thick  and  luscious. 


SECOND  CLASS. — French. 


Wines. 

Place. 

Character. 

Verzy,Verzenay,  Mailly,  St.  Basle,") 
Bouzy,  St.  Thierry  / 

Vosne,  Nuits,  Chambolle,  Volnay, ) 
Pomard,  Beaune,   Morey,  Sa-  S- 

Olivotes,  Pitny,  Perriere,  Preaux  .. 

Marne 

Cflte  d'Or 
Tonne 

Ked  wines  of  Champagne. 

f  Excellent  red  Burgundies,  very  little  inferior  to 
1.    first  growths. 

j-  Good  wines. 
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SECOND  CLASS. — FitExon. — [Continued.) 


Wines. 

Place. 

Character, 

Kozan,  Gorze,  LeVvjlle,  Laruse,") 
Branne-Mouton,  Pichon-Longue-  V 

Roussillon,  Bagnols,  Cosperon,  Col-  \ 
lioure,  Toremila,  Terrats,  Mas-  > 

LaPerriere,  Combotte,  Goutte  d'Or, ) 
Genevriere,  Charmes  et  Meursalt  f 

Gucbwillers,  Turkeim,  Wolxheim,! 
Molshcim,  and  ttangeii,  in  Belfont  f 

Arbois,  Pupillin,  Chateau  Chalons.. 

Montbazitlac,     Tcaulet,     Raulis, ) 
St.  Peray,  St.  Jean  

J  Saone  et  Loire,) 
\       HhSne  / 
Rhone 
u 

Gironde 

Vaucluse 
Basses  Pyrenees 

Pyr6n6es  Oricntales 

Marne 

C6te  d'Or 

ITaut  Rhin 
Bas  Rhin 
Jura 

Rhone 

Gironde 

Dordogne 

Lot  et  Garonne 

Ardeche 

Basses  Pyremfies 

Herault 
Pyrfir.6es  Orientales 
tt 

Red. 

Red. 
Red. 

Red. 

Red. 
Red. 

Red. 

"White  Champagne  wines,  of  good  quality. 
"White  Burgundies,  of  high  repute  in  France. 

Pry,  white,  and  vins  de  paille^  of  good  repute. 

Good  wine,  mousseux  and  still, 
f  A  white  wine,  which  keeps  long,  of  fine  scve 
\    and  perfume. 

White  wines,  capable  of  endurance. 

Good  white  wines  of  the  country. 

Generous  white  wines,  of  good  body, 
f  Delicate  mousseux  and  nou  mousseux,  of  agree- 
"i     able  flavor. 

J  White,  with  an  agreeable  perfume  of  the 
\  truffle. 

Sweet,  rich,  and  luscious;  white. 

Red,  styled  de  Grenocke,  rich  and  sweet. 

Sweet,  vins  de  liqueur. 

THIRD  CLASS.-Frencii. 


Hautvilliers,  Mareuil,  Dizy,  Pierry, ") 
Epcrnay,  Taisy,  Ludes,  Chigny,  v 
Villiers-AUerand,  Cumieres  J 

Ricey,  Avirey,  Bagucux  la  Fosse.. .. 

Gevrey,  Chassagne,  Aloxe. 

Savigny  sous  Beaune,  Blagny,\ 
Santenay,  Chenove  j 

Clarion,  Bonvin  

Fleury,  Roman6che. 

Chapelle  Guinchay  

Chantergues,  Montjusct  

Crozes,  Mercurol,  Gcrvant  

Scyssuel,  Revantin  

Verinay  

Fouillac,  Margaux,  Pesi-ac,  St. 
Estephe,  St.  Julien,  Castelneau 
de  Mcdoc,  Cantenac,  Talcnce, 
Merignac,  Canon   

Farcies,  Terrasse,  Camprcal  

Cape  Breton,  Soustons  

Chuzelan,  Tavcl,  St.  Gcnies,  Virac.  \ 
Ledenou,  St.  Laurent  des  Arbres  J 

Chateauneuf  

Ricey s  

Rougeot  de  Meursalt  

Vaumorillon,  Crises,  Yalmure, 
Grcnouille,  Vaudesir,  Bourgcr- 
eau,  Mont  de  Milieu  et  Chablis., 

Touilly  and  Fuissfi  

Etoile,  Quintignil  

Pujois,  Hats,  Lnndiras,  Virelade  \ 
St.  Croix  du  Mont,  Loupiac .... ) 

St.  Michel  sous  Condrieu  

Front ignan  and  Lunel  

Vins  de  Picardan  of  Marseillan"* 
and  Pommerols.  Vins  de  Ca-  v 
labria,  de  Malaga  ) 

Roquevaire,  Cassis,  Ciotat.  Vins) 
Gaits  ) 

VOL.  U. 


Marne 
Aube 


Cote  d'Or 
Yonne 

Saone  et  Loire 
Puy  de  Dome 

Drome 

Isere 
Rhone 

Gironde. 

Dordogne 
Landes 

Gard 

Vaucluse 

Aube 
Cfite  d'Or 

Yonne 

Saone  et  Loire 
Jura 

Gironde 

Loire 

Herault 


Bouches  du  Phone 


(  Red  Champagne  wines  of  the  second  quality  ; 
\    light  and  agreeable. 

Resembling  the  preceding. 

Good  Burgundies  of  the  third  quality. 
Ditto. 

Ditto. 

Not  wines  of  note  ;  red. 
{Resembling  red  Hermitage;  a  little  less  full 
•<     and  fine,  might  be  called  Hermitage  of  the 
(    third  quality. 

Red  wines,  very  middling  of  the  class. 

Resembling  Cote  Rotie. 

fPouillac,  St.  Estephe,  good  light  red  wines; 
-<  Castelnau  mediocre ;  the  other  growths 
(  agreeable. 

Resembling  St..  Emilion  ;  keeping  well. 

Red  ;  light  colored,  with  a  harsh  taste. 
J  Red  wines,  grown  on  the  banks  of  the  Rhone  ; 
\    will  not  keep  good  more  than  six  years. 

Good  red  wines ;  keep  well. 

Champagne  ;  light  and  agreeable,  white. 

Tolerable  wine;  not  exported. 

fin  considerable  esteem  in  Paris  as  wines  of  the 
\    table.    They  are  all  white. 

Much  the  same  as  the  preceding. 
White. 

White;  of  middling  quality. 

White;  consumed  in  the  country. 
(  Second  growths  of  those  famous  and  rich  white 
\  wines. 

(  Rich  luscious  sweet  wines,  prepared  in  the 
-<     department  of  Herault,  and  very  little  ex- 

(    ported  ;  also  muscadines, 

/Rich  sweet  wines,  boiled  wines,  and  malmseys, 

\    of  good  quality. 


7  E 
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WINE  Varieties. 


SECOND  AND  THIRD  CLASSES. — German. 

liUIXE  AND  MOSKIXB. 


Johannisberger  

Steinberger  

I 

Laubenheimer  

Koesterich  

Niersteiner  

Oestricher  

Liebfrauenmilch  

Zornheimer  r  

Hochlieimer  

Graefenberger  

Gaubischeimer  

Deidesheimer  

Oppenbeimer  

Bodenheimer  

Nackenheimer  

Brauenberger  

Scharzberger  

Graach  

Zettingen  

Wehlen  

Piesport  

Montague  Vert  

Causel  and  Valdrach  

Rinsport  

Bacharach  

Becherbach  

Walporzheimcr  

Rutz  

Steeg  

Montzingen  

Bortendorf  

Affenbourg  Hamen  

Strang  

Elzenburger  

Alzenburger  

Lutz  

Maas  and  Iluhu  

Stugerboeg  

Engehohe  

Neiderborg  

Leinenborn  

Bangert  

Rosenhech  

Bensberger  

Wurzgarten  

Amfuhr  

Rothenberger  

Scharlach  

Roth  

Konigsbach  

Weinheim  

Forst  

Ungstein  

Schierstein  and  Narden  

Epstein  , 

Phillipsech  

Reichenberger  and  Wildenstein  

Fenerbach  and  Laufen  

Heidelbergcr  and  Kleingenberger  . . 
Ricbenau  Island  


riuco. 


Johannisberg 

Rheingau 
Rheingau,  six 
leagues  from  May- 
ence,  facing  Bingen ; 
on  the  lii]  I  and  slope 
behind  the  houses. 
Mayence  district 


Worms 
The  Rhine 


j Spire,  on  the") 
\  River  Mayn  j" 

Rheingau 
("Near  Mayence,  V 
\  the  palatinate  j 


( Moselle,  Treves') 
\       district  J 


f  Moselle,  Witlich") 
X       canton  j 

Near  Mayence 
Becherbach  canlon 
Upon  the  Ahr 
On  the  Moselle 
Near  Bacharach 

Near  Bonn 
Near  Coblentz 
Near  Neider  Breisig 


Near  Treiss 
Niedar  Heimbach 
Rhine 
On  the  Nahe 


Tarbach 
Tarben 
/Burg,  left  bank") 
X    °f  the  Rhine  j 

Geisenheim 
Mt.  Schailachberg 

{NearHochheim,  1 
Spire  district  J 


Wisbadcn 
Near  Frankfort 


Erhach 
(  Near  Fribourg,  \ 
(at  Badenweiler  j 

Baden 
Lake  of  Constance 


f  Grown  near  the  Schloss  Johannisberger,  in  the 
I    list  of  first  growths  already  given. 
A  very  fine  growth. 


Lighter  than  Johannisberger;  fine  bouquet. 
A  highly  prized  wine. 
Lighter  than  Johannisberger,  but  delicate. 
Ditto. 

A  good  wine,  with  fine  flavor  and  body. 
Ditto. 

'  LTence  the  word  hoch.  The  first  growth  is  the 
prime  hoch  wine  of  the  importer.  Light, 
agreeable — 12-08,  average  oi  spirit.  Some 
kinds,  when  new,  contain  as  much  as  14*37, 
according  to  Brands. 
Choice  wine,  of  tine  flavor. 

Light,  agreeable,  good  bouquet. 

An  excellent  wine. 
Ditto. 

An  excellent  wine,  light  and  delicate. 
Ditto. 

Of  first  quality. 

Ditto. 
Ditto. 
Ditto. 
Ditto. 
Ditto. 
Second  quality. 

Moselle,  noted  for  diuretic  qualities. 

Secondary  Moselle. 

Wine  once  in  high  repute. 

Secondary  Moselle. 

Called  wine  of  the  Ahr. 

Considered  one  of  the  Moselle  wines. 

A  light  Rhine  wine. 

Inferior  light  Rhine  wine. 

A  secondary  wine. 

Ditto,  a  Rhine  wine. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Called  wine  of  the  Nahe  ;  secondary  wines. 

Ditto. 

Ditto. 

Ditto, 

Ditto, 
Secondary  Moselle. 
Ditto. 

Ditto, 

Soft,  delicate,  prime  wine. 
Fine  flavored  ;  rich  aroma, 

Hoch  of  good  quality, 

Ditto. 

Ditto, 

Ditto. 

Ditto. 
Tolerable  wines, 
Middling  wines. 
Ditto. 

Inferior  Rhine  wine  in  quality. 

These  are  considered  the  best  wines  of  Baden. 

Good  wines  of  the  country. 
Ditto. 
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SECOND  AND  THIRD  CLASSES. — German. — [Continued.) 

RHINE    AND  MOSELLE. 


Mercsberg  and  Uberlingen  

Cretzingen  

Berghausen  and  StelUngen  

Beringfield  and  Zeil  

Lindan  and  Ravensburg  

Schweinfurt  

Liest  

Stein  

La  Harpe  

Escherndorf  and  Schalbsberg  

Bischofsheim  

Calmus  

Guben  \ 

Meissen  j 

Franconia  

Assmannshauscr  

Bessinghciincr  

Altenabr  

Mayschof  

Rech  

Ahrweiler  

Bruch   

Creutzberger  

Hoenningcn  

Kesscling  

Dernan  

Blischert  

Neuwied  Blischert  

Wangen  

Naumbourg  

Tbe  wine  of  Blood,  Sang  dcs  Suisses 

Erlach  

Valtelinc  

Bond ry  and  Cortaillods  

Cully  

D6sal6s  

La  Cole  

Bern  an  g  

Frangy  and  Monneticr  

La  Marque  \ 

Coquempin  ) 

Chiavenna  


Near  the  Lake 
Baden 


Bavaria 


Wurtsberg 


"'} 


f  Near  Hanau,\ 
\   Frankfort  f 
(  Trien'enstcin,  * 
<  near 
(  Aschaffenbo 

Saxony 

Franconia 
fRbeingau,  near") 
\    Riidesheim  J 
J    Laufi'en,  V 
( Wirtemberg  j 

{Rhine  country, ") 
left  bank  f 


Lintz 
Hesse  Darmstadt 
Bavaria 

Saxony 

Bale 

Berne 
/Made  in  the") 
\   Valtelinc  y 
Neufchatel 
("Near  Lausanne,") 
\     and  Vevay  j 


(  Between  \ 
<  Lausanne  and  > 
(  Coppet  ) 
St.  Gall 
Geneva 


Martigny 
Orisons 


Good  wines  of  the  country. 
Ditto. 
Ditto. 

-Inferior  wine. 

Excellent  wine,  Rhenish  character. 
Ditto,  of  a  very  dear  price. 
Inferior,  but  often  sold  for  Stein. 
Inferior  to  Stein. 

A  tolerable  wine,  resembling  Rhenish. 


A  vin  de  liqueur. 

Very  poor  wines. 

A  vin  de  paxlle  ;  aromatic. 
Equal  to  the  second  class  of  Burgundy  ;  excel- 
lent body. 

"Well  tasted,  good  bouquet  ;  called  wine  of  the 
Neckar. 

Inferior  wines. 

Ditto. 
Ditto. 
Ditto. 
Ditto. 
Ditto. 
Ditto. 
Ditto. 
Ditto. 
A  tolerably  good  wine. 
Ditto. 

Poor,  though  esteemed  in  the  country.^ 
Like  fourth  class  Burgundy  ;  styled  vins  agre- 
lets. 

A  good  wine,  called  also  tbe  Hospital  and 
Cemetery  of  St.  James. 

Remarkable  for  durability. 
Equal  to  third  class  Burgundy. 
Like  Rhenish. 

Dry  wines. 

Tolerable  of  the  country. 

("Red  and  white,  and  muscadine  of  tolerable 
\  quality. 
Aromatic,  white,  from  red  grapes. 


SECOND  AND  THIRD  CLASSES. 


PORTUGUESE. 


Wines. 

Place, 

Character. 

Pe/.o  da  Regoa,  Abasas,  Villarinho  *| 
des  Freires,  Gorvacns,  Alvacoes,  1 
do  Corgo,  Hnrmida,  Guials,Con-  f 
velinhas,  Galafura,  Lavradrio...  J 

f  Between  (Eiras  "J 
(and  Carcavellosj 

Near  Lisbon 

Estremadura 
u 

Near  Coimbra 
Estremadura 
Near  Lisbon 

Near  Lavadrio 
Near  Cintra 

Mostly  on  the  Douro 

Sweetish,  white,  well  known  in  England. 

f  A  fiery  wine,  from  brandy  being  mixed  with  it ; 
\    something  like  Barsac  when  pure. 

A  light  ordinary  wine  of  the  country. 

Two  kinds,  dry  and  muscadine  ;  both  good. 

An  inferior  kind  of  Bordeaux. 

As  the  former,  but  somewhat  better  in  quality. 

An  ordinary  wine. 

A  good  wine. 

A  light  port,  of  good  quality. 

f  Port  wines  of  the  Douro,  of  the  first  and  second 
\    qualities,  denominated  Feitoria  and  Ramo. 
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WINE  Varieties. 


SECOND  AND  THIRD  CLASSES. 

ITALIA N"  A2ID  SICILIAN. 


Lacryma  Christi  

Syracuse   

Keggio  

Baia  

Mascoli  "] 

Mascoli  Sciarra  [ 

Mascoli  Macchia   [ 

Mascoli  San  Giovanni  j 

Catania  

Tormina  and  Faro  

Ovieto  

Asti  

Bianillo  and  Aleatico  

Bischillato  

Procanico   

Chianti  

Aleatico  

Carmignano,  Antella,  Artiminio, 
Tizzana,  Mentali,  Lamporeccbio, 
Monte  Spertoli,  Poncina,  Glogoli 

Val  di  Marini  

Naples  muscadine  

Vino  Greco  

Carigliano  

Bari  and  Tarento  

Beggio  

Baia  

Gierace  

Asprino  

Fundi  

(Mazara. . ,  
Veterano  
Coriglioni  
Termini  
Girgenti  

Messina,  Milazzo,  Avola,  Vittoria 

Lipari  and  Stromboli  

Imola  

Terni  

Famese  

Ovieto  (white)  

Monte  Fiascone  

Albano  

Moscatello  

Aleatico  

Vino  Santo  

Vernaccia  

Riccia  

Buti  

Monte  Pulciano  

Montalcino,  Rimeneze,  Pont-Ecole\ 
and  Santo  Stephano  ) 

Vermut  

Rio   

Vino  Morto  

Vino  Santo  

Bellagio  

Labusca  

Pa  via  

Monte  di  Brianza  

Panocchia,  Vigatto,  Travcrsetolo, ) 
Casola,  Avola,  Azano  J 

Val  Irdone,  Bottola,  PontS  d'Al-  \ 
lolio,  Verdetto,  Sala  del  Christo  v 
Creta  J 

Santo  Pretasso,  Frescale,  Caselle, 
Lassurasco,  Rugarlo,  Castelliua, 
Salso,  Maggiore,  Villa-Chiara, 
Claretto,  Pazolo  

Ratrera  and  Sapolo  

Vin  Piccolit  


Naples,  Mt.Vesuvius 
Sicily 
Naples 


Sicily,  Mt.  Etna 


Roman  States 
Piedmont 
Elba 


Tuscany 


(  Mt.  Vesuvius 
-<    Lake  A  vera 
(Maria  deCapona 

Naples 


:1 

naj 


Near  Reggio 
Campagna 
Kingdom  of  Naples 


Sicily 


Lipari  Isles 
Near  Bologna 
Near  Spoleto 
Near  Castri 
Roman  States 
fNear  the  Lago") 
L     Bolsena  j 
Roman  States 


Plain  of  Pisa 
Tuscany 
t* 

Elba 

The  Veronese 
« 

Lake  of  Como 
Mantua 
Pavia 
Milan 

Parma 
Placentia 


District  of  Borgo 
Placentia 

Modcna 
Friuli 


Red  rich  muscadine,  of  a  fine  flavor  and  perfume. 
Luscious  red  muscadine. 
Resembling  Burgundy. 
Ordinary  wine. 

"The  best  red  wines  in  the  island,  of  excellent 
body,  like  the  secondary  Rhone  growths; 
rare  in  the  island. 

Pitchy  taste,  ordinary  ,vinc^. 
Tolerably  good. 
Excellent  durable  red  wines. 
Ditto. 

Good  wine  of  the  second  class. 

A  durable  wine,  exports  well. 

A  mousscux  wine. 

A  good  wine. 
J  Resembling  the  Tinto  of  Alicant  in  flavor  and 
\  bouquet. 

Good  wines  of  the  country. 

Ditto. 

A  delicate  fine  colored  wine. 

An  excellent  muscadine. 

Muscadine,  flavor  of  fennel. 

Muscadine  and  common. 

Vin  de  liqueur. 

Good  ordinary  wine. 

Between  light  French  wine  and  vin  cult. 

A  vin  de  mousseux. 

Good  ordinary  wine. 


Of  tolerable  quality. 


Ditto. 

Ordinary  wines,  and  superior  muscadine. 

Vin  cuit  and  mousseux. 

Good  wines. 

Good  muscadine. 

Muscadine,  not  durable, 
f  A  strong  muscadine,  finely  perfumed  and 
L    flavored ;  of  great  strength. 

Ditto,  excellent. 

[  Vins  de  liqueur.,  of  greater  or  less  merit ;  not 
I    bearing  exportation. 

Good  wine,  but  a  small  quantity  made. 
"Weak  wine. 

The  most  esteemed  of  the  Tuscan  muscadines. 
Good  muscadines. 

A  cordial  wine,  prepared  with  wormwood,  <fec. 

Good  muscadine. 

Deficient  in  spirit  and  strength. 

Good  red  and  white  wines. 

Wines  of  color  and  spirit. 

An  agreeable  wine. 

Both  dry  and  mousseux,  but  very  inferior  wines. 
Good  flavored  wines. 

Ordinary  wines  of  the  country. 


Ditto. 


J"  Inferior  wines,  some  of  them  vins  de  liqueur, 
\    having  a  disagreeable  taste  of  honey. 

Ordinary  wine,  for  home  consumption. 
Resembling  Tokay. 
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SECOND  AND  THIRD  ■  CLASSES. 

HUNGARIAN,  AUSTRIAN,  AND  SCLAVONIAN. 


Tokay,  Essence,  and  Ausbruch  

Tokay,  Maslas  

Gyamgyaiscll  

CEdonbourg  

Meueser  

Meneser- Ausbruch  

Erlon  

Rusth  

St.  Gyorgy  

Ofen  '.  

Carlowitz  

Bnda  

Sexard  

Gros  Warden  

Schiller  

^MTro^iuti;:::::::: 

Glodova,  Menos,  Gyordk,  Paulis.... 

Modeon  

Katsckdorf,  Grunau,  Obernusdorf. . . 

Neustoed,  Zschellue,  Kosrad  

Wersitz  "» 

Jobbagy,  Etsey,  Sustvesch  j" 

Weissldrcheu  

Zips,  Arva,  Liplow  

Buokwetz  

Vinitza,  Toeplitz  

Birthahnan  

Marachina  

Cotnar  

Piatra   

Gravosa  

Seralin  

Syrniia  and  Posega  

Podskalcbi  

Meluick  

Poleschowitz  

Mount  Calenberg  

Hoeflein,  Kloster  Newbonrg, 
Unter  Kutzendorf,  Kaplenburg, 
Misdorf,  Salnendorf,  and  Lioh- 
tenstein  

Giberwein  

Spitz  

Luttenberg  

Radskersbourg,  Arnfels,  Windisch,\ 

Gonowitz,  Kerchenberg  j 

Sansal,  Leitschach,  Pickerne,Stadl-"| 

berg,  Pulsgau,  Sauritsch,  Raen,  > 

Past,  Peittersberg,  Wiesel  . . . .  J 

Moettling,  Weinitz  

Freyenthurn,     Wipach,  Tsche-") 

remble,  Marzamin  j 

Proseco  Antignana,  St.  Serf  Trieste 
Berchetz  

St.  Patronio,    Petit  Tokai,   St.  \ 
Thomas,  &c  j 

Corregliano  

Izeszgard   


(  Near  Mt.  Tokay,  > 
\      Hungary  J 

(  Mount  Matra,  \ 
(Upper  Hungary  j 
Lower  Hungary 
District  of  Arad 
«( 

Upper  Hungary 
Lower  Hungary 

Near  Presburg 

Near  Pesth 
f  On  the  Danube,  \ 
X  in  Sclavonia  j 
j  Near  the  ancient } 
X  capital  f 
(  Between  Buda\ 
X  and  Esseb  j 
f  Near  TransylvaO 
\nia,  the  fortress  j 
In  Sirmian 


Menes 
Near  Presburg 
ii 

Near  Buda 
In  the  Bannafc 
Bannat  of  Tameswar 

Croatia 

a 

Transylvania 
Sebenico,  Dalmatia 
Moldavia 
Wallachia 
Ragusa 
Sclavonia 
it 

(  Circle  of  Lent-  \ 
\  meritz,  Bohemia  j 
Circle  of  Bunzlow 
Moravia 
Austria 


f  Southerly,  near" 
X  Vienna 

Lower  Styria 


Carinthia 


Istria 
An  Adriatic  island 
(  At  Capo  dTstria,  ~1 
j     Pirano,  and  > 
(.     Cittanova  J 

Istria 
In  the  Tolna  district 


See  wines  of  first  class. 
A  secondary  Tokay. 

Wines,  both  red  and  white,  much  esteemed. 
Ditto. 

Red,  much  esteemed  for  spirit  and  sweetness. 
J  Like  Tokay,  preferred  by  some ;  rich,  aromatic, 
X    sweet,  not  cloying. 

Good  red -and  white  wines,  and  an  Ausbruch. 

Similar  to  GLdenbourg. 
/A  white  wine  of  excellent  quality,  somewhat 
X    in  aroma  like  Tokay. 

Good  wine  of  the  country. 

Resembles  Cote  Rotie. 
Like  Burgundy. 

( Resembles  Languedoc,  a  good  red  wine  of  the 
country. 


Stronj 


Ditto. 

and  sweet,  of  a  red  color. 


"Wines  prepared  with  spices  and  wormwood. 

Scarcely  different  from  Meneser. 
Excellent  wine,  resembling  Burgundy. 
Ditto. 

Wines  like  Burgundy  and  Bordeaux. 

Good  red  wine. 
Ditto. 

White  wine. 

Ditto;  same  quality. 

Wine  of  the  country,  Ausbruch. 

A  wine  highly  characterized  ;  not  the  liqueur. 

Green  in  color,  and  strong  as  brandy. 

Light,  rivalling  Tukay. 

Good  country  wine. 

Good  red  wine. 
(Both  red,  and  of  agreeable  flavor,  and  much 
X  spirit. 

Red  wines,  which  will  not  keep. 

Ditto,  like  Burgundy, 

Good  wines,  equal  to  Hungarian. 

Ordinary  wine. 

J  Wines  of  little  note,  generally  of  a  green  hue, 
X    and  drank  young. 

rA  wine  that  will  keep,  though  of  no  cxtraordi- 
[    nary  quality. 
Good  wine. 

Good  wines,  red  and  white. 

Of  the  next  rank  to  the  foregoing. 

Good  wines  of  the  country. 

Resembling  good  Italian  wines. 
Ditto. 

Red  and  white,  sparkling  and  well  flavored. 
Red  wine,  deep  colored  and  sweet. 

Good  vins  de  liqueur. 

A  good  wine,  consumed  at  Venice. 
A  superior  red  wine. 
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SECOND  AND  THIRD  CLASSES.— Spanish. 


Val  de  Peiias  

Manzanarcs  

Ciudad  Real  

Albacete  

Vino  Tinto,  Alieant  

Mataro  

Torre, Beni  Carlos,  Santo  Domingo, ) 
Segorbe,  Perales,  Vineroz  j 

Hospital  

Carignena  

Tinto  Olivcncia  

Tinto  di  Rota,  or  Tintilla  

Ribidavia  

Chacoli  

Guindre  

Tinto  di  Malaga  

Aleyor  

Palm  a  

Cordova  

Miraudo  de  Ebro  

Carbezon  

Terra  del  Campo  

Velez  Malaga  

Malaga  ^. 

Pedro  Ximenes  

Malaga  Xeres  

Xeres  vino  seco,  pale  and  brown. . . . 

Abocado  *  

Huesca  

Paxarete  

Moguer  

Negro  Rancio  

Montilla  

Borja  

San  Lucar  di  Barameda  

Manzanilla  

Zalonge  and  Carlon  

Yepes   

Fuenceral  

Sitges  and  the  Priory  

Peralta  and  Tudela  

Pollentia  

Alba  Flora  

Vidonia  

Verdona  

Palma  


New  Castile 
Manzanares 
New  Castile 

Valentia 
Catalonia 

Valentia 

Arragon 
it 

Estremadura 
Andalusia 
Gallicia 
Biscay 
Malaga 

(  Minorca,  near** 
\  Mount  Taurus  j" 
Majorca 
Andalusia 
Old  Castile 
Valladolid 
Old  Castile 
Malaga 


Xeres  de  la  Frontera 


( Frontera  and") 
\   St.  Lucar  j 

Niebla,  Andalusia 

Rota 
Cordova 

{Arragon  and  ) 
Tarragona  J 
Andalusia 


New  Castile 
K 

Catalonia 

Navarre 

Majorca 
Minorca 
The  Canaries 


Good  body,  deeper  than  Bordeaux  in  color. 
An  inferior  Val  de  Peiias 
A  tolerable  red  wine. 
Ditto. 

Yellowish  red  color,  when  old  called  Fondellol. 

Good  bodied  and  generous, 
f  Wines  of  good  body,  some  of  the  most  esteemed 
\    red  growths  of  the  country;  color  deep, 
j  Excellent  flavor  and  body,  from  the  Garnacho 

A  vino  tinto  from  the  same  fruit. 

Excellent  red  wine,  the  best  in  Spain. 

A  sweet  reddish  cordial  wine. 

An  ordinary  red  wine. 

A  very  harsh  austere  wine. 

Dark,  flavored  with  cherries. 

Seldom  exported,  a  good  wine. 

A  red  wine,  consumed  on  the  island. 

A  full-bodied  wine. 

] 

Good  red  wines  of  the  country. 

A  luscious  sweet  wine. 

A  luscious  sweet  wine,  with  a  burnt  taste. 

A  luscious  sweet  wine,  fine  and  delicate. 

Resembling  sherry,  dry. 

Pale  and  brown  sherry. 

A  second  growth  sherry. 

A  yellowish-white  wine. 

A  sweet  wine,  of  light  amber  color. 

f  Used  to  lower  the  sherries  at  Xeres,  of  which 
\    it  is  an  inferior  species. 

A  sweet  wine,  of  a  yellow  color. 

A  dry  wine,  of  good  bouquet  and  flavor. 

A  luscious  wine. 

A  light  red  muscadine. 

Dry  white,  of  inferior  quality  ;  a  vin  dupays. 
Ditto. 

A  well-flavored  wine. 

A  vin  de  liqueur. 

Malmseys  of  two  qualities. 
j  White  dessert  wines.  Peralta  is  a  Rancio  when 
\  aged. 

A  vin  de  liqueur. 

A  dry  kind  of  Rhenish. 

A  wine  resembling  Madeira,  of  inferior  quality. 

A  green  wine,  not  now  made. 

A  rich  Malmsey,  having  a  taste  of  the  pine  apple. 


MADEIRA  AND  THE  AZORES. 


Wir.cs 

Place* 

Character. 

Madeira 
Pico,  in  the  Azores 

Rich  and  sweet. 

A  durable,  dry  wine. 

Ditto,  of  excellent  quality. 

Not  exported  ;  a  good  wine. 
(A  red  wine;  changing  in  twenty  years  to  rich 
\    old  Madeira  in  color. 

Of  inferior  kind  to  the  above. 

A  species  of  Malmsey,  of  lightquality ;  keeps  ill. 
A  dry  wine,  light,  not  durable. 

Domestic  Wines.— The  grape  ripens  too  seldom 
in  England  to  be  applied  with  advantage  to  the  making 
of  wine.    The  warmth  of  September  is  not  sufficient  to 


mature  the  grape;  though  up  to  some  time  in  August, 
and  generally  to  the  end  of  that  month,  the  vine  may 
progress  favorably.    There  are  many  fruits,  however, 
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from  whicli  very  palatable  household  wines  can  he  made, 
and  from  which  dull  wines  are  continually  manufactured, 
when  those  more  lively  can  he  introduced  from  the 
produce  of  the  orchards,  gardens,  and  fields  of  Eng- 
land. The  mode  of  making  these  wines  is  generally  not 
well  understood ;  if  it  were,  the  wines  would  he  much 
more  palatable.  Yeast,  resorted  to  for  the  purpose  of 
fermentation,  often  imparts  a  nauseous  after-taste  to 
the  wine,  which  would  ferment  well  enough  in  the  natural 
way.  There  is  nothing  unwholesome  in  these  wines, 
if  properly  made ;  and  to  this  end  the  wine  of  the  grape, 
and  its  mode  of  management,  should  be  clearly  com- 
prehended, that  its  principles  may  he  made  applicable 
to  domestic  wine  manufacture.  The  malic  acid  in  the 
wines  of  English  fruit  often  causes  a  trifling  inconve- 
nience to  the  primce  vice,  which  acid  may  easily  be  exter- 
minated in  making  the  wine.  The  wine  of  the  grape 
should  be  the  model  after  which  all  wine  of  the  garden- 
growth  should  be  fermented — general  principles  should 
be  first  mastered.  Suppose  the  gooseberry  ho  taken 
as  the  fruit,  it  contains  centesimally : — ■ 


Unripe. 

Green  coloring  matter,   0'03 

Sugar,   !   0-52 

Gum,   1-36 

Albumen   1-07 

Miilic.  acid,   1-80 

Citric  acid,   0-12 

Lime,   0-24 

Lignin,  with  seeds,   8*45 

Water......  80-41 

100-00 


rtipo. 

C-24 
0-78 
0-87 
2-41 
0-30 
0-29 
8-01 
81-10 

100-00 


The  above  are  all  the  requisites  for  making  wine, 
and  some  that  are  to  be  dispensed  with;  a  deficiency 
in  tartar  is  often  noticed,  but  this  can  be  supplied  artifi- 
cially. The  excess  of  malic  acid,  on  the  other  hand, 
is  injurious;  but  as  in  making  white  wines  in  the  South 
of  Spain,  this  acid  is  got  rid  of  by  sprinkling  powdered 
gypsum  over  the  grapes,  which  takes  it  up,  the  same 
means  should  be  adopted  when  making  domestic  wines 
in  England. 

Sugar  is  the  first  constituent  in  wine-making,  and  as 
it  does  not  abound  in  some  garden-fruits  in  England, 
it  must  be  added.  Cane-sugar,  it  has  been  seen,  differs 
from  grape-sugar  in  its  proportional  parts,  but  it  is  con- 
verted into  grape-sugar  by  the  process  of  fermentation. 
It  is  a  sugar  which  goes  slower  into  fermentation  than 
that  of  the  grape,  and  the  alcohol  in  the  wine  always 
bears  a  proportion  to  the  pre-existent  sugar.  This 
sugar  uniformly  contains  a  portion  of  a  vegetal  ex- 
tractive matter,  unless  it  is  separated  from  it  by  art. 
The  natural  sugar  of  some  plants  also  contains,  some 
more,  others  less,  of  this  sweet  vegetal  matter.  If  there 
is  much  of  it  in  the  sugar,  the  wine  will  be  dry  and 
perfect,  because  all  the  sugar  will  have  been  changed 
into  alcohol.  The  mucilage,  or  vegetal  extractive 
matter,  like  the  gluten  of  wheat  or  albumen,  contains 
azote,  the  gas  of  which  has  been  noticed  in  grape 
wine  making.  This  matter,  found  too  in  yeast,  thus 
acts  in  exciting  fermentation.  Most  garden  fruits  possess 
it;  and  it  is  this  sweet  principle  combined  with  that  in 
sugar,  which  operates  the  conversion  with  other  wine,  as 
with  the  grape.    Water  is  another  constituent.    As  to 


the  other  substances,  except  tartar,  they  rather  concern 
the  curious  in  chemistry  than  the  maker  of  family  wines, 
for  some  can  only  be  detected  by  the  close  scrutiny  of 
the  experienced  chemist.  Little  color  can  be  communi- 
cated to  any  of  our  domestic  wines,  if  the  elderberry,  cur- 
rant, blackberry,  and  black  cherry  be  excepted;  but  this 
is  a  matter  of  little  moment  in  that  which  should  rather 
be  adopted  to  please  the  palate  than  the  eye.  If  astrin- 
gency  or  roughness  be  in  request,  that  loss  may  be 
innocently  supplied  by  the  application  of  catechu.  The 
damson  and  sloe  alone  possess  it  naturally. 

The  substances  necessary  to  vinous  fermentation, 
the  sugar  and  its  sweet  principle,  the  natural  vegetal 
extract,  the  tartaric  acid — in  place  of  which  latter  the 
malic  acid  is  often  found,  which  should  be  dispensed 
with,  and  tartar  added  artificially — and  water;  these 
in  certain  preparations,  and  in  their  differences,  are  the 
essentials  in  this  class  of  wines.  Sugar  is  the  most 
important,  and  its  decomposition  gives  out  the  alcohol, 
on  which  the  strength  of  the  wine  depends ;  therefore 
its  quality  is  of  great  importance.  When  the  sweet 
principle  and  sugar — for  they  are  in  union — have  dis- 
appeared in  fermentation,  and  there  is  no  more  vegetal 
extractive  matter  belonging  to  the  fruit  in  the  liquid, 
the  wine  is  a  dry  wine,  and  is  in  its  perfect  state. 
If  the  sugar  be  in  excess,  the  result  is  wine  and  sugar  ; 
vulgarly,  a  sweet  wine.  If  the  vegetal  extract  be  in 
excess,  and  the  fermentation  too  prolonged,  acetic  acid 
will  be  the  product. 

The  want  of  attention  to  the  foregoing  points  often  ren- 
ders the  making  of  dry  wines  a  failure.  No  yeast  should 
over  be  used.  If  the  vegetal  extractive  matter  be 
wanting,  the  lees  of  other  wine  may  be  tried  ;  but  this 
is  seldom  needful,  with  due  care.  During  fermenta- 
tion the  leaven  or  ferment  is  insoluble,  and  rises  to  the 
surface,  or  falls  to  the  bottom.  On  restoring  this  to 
the  surface,  the  fermentation  may  be  prolonged  at 
pleasure,  until  the  necessary  dryness  be  gained.  To 
attain  a  sweet  wine,  the  fermentation  should  be  stayed 
by  separating  the  wine  from  the  ferment,  and  fining  it 
with  isinglass  or  white  of  egg.  Thus  the  ferment  is 
separated,  and  the  operation  suspended;  it  may  he 
renewed  by  restoring  the  separated  matter ;  >f  not,  a 
sweet  wine  remains.  It  cannot  run  into  acetous  fer- 
mentation if  its  leaven  be  expended ;  but  still  there  is 
hazard,  and  some  care  necessary,  in  thus  renewing  the 
operation. 

Of  these  acids,  sometimes  found  in  fruits — the 
tartaric,  malic,  and  oxalic — only  the  first  two  have  any 
share  in  the  fermentation.  Tartar  abounds  in  the  grape, 
and  to  that  its  superiority  is  ascribed.  It  is  wanting  in 
our  domestic  fruits,  or  very  scantily  bestowed.  Malic 
acid  is  predominant  in  apples  and  pears,  and  they  give 
liquors  very  different  from  wine.  Grade  tartar  is  best 
added  to  the  must  for  domestic  wines,  not  the  purified 
salt. 

Care  should  be  taken  not  to  carry  on  fermentation 
in  new  wooden  vessels,  nor  to  place  wine  in  them 
without  due  preparation.  The  vegetal  extract  in  the 
wood  will  infallibly  set  the  fluid  in  fermentation,  as  is 
well  known  to  the  French  wine-grower. 

The  end  of  the  fermentation  is  the  production  of  the 
alcohol ;  and  the  chemical  action  involved  is  well 
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understood,  although  the  primary  force  of  the  ferment 
is  not,  nor  can  it  be,  so  well  comprehended.  In  this 
respect  Nature  eludes  the  efforts  of  the  chemist  and 
physiologist  to  define  correctly  her  workings,  or  sub- 
mit a  true  definition  of  the  affinities  which  are  con- 
tinually set  in  motion  by  natural  force.  As  regards 
fermentation,  it  is  true  that  only  the  salient  points  of 
the  chemical  changes  are  understood,  but  they  are 
sufficient  to  govern  the  industry  of  the  fermentation  of 
liquids  of  every  kind,  provided  all  that  chemistry  has 
revealed  be  known  to  the  operator.  In  domestic 
wines  no  just  rule  has  been  regarded.  Most  of  the 
directions  are  based  upon  false  principles,  and  display 
extraordinary  ignorance,  according  to  Dr.  M'Culloch, 
who  lias  written  so  well  upon  the  subject ;  and  if 
not  clear  to  the  family  makers  of  such  wines,  and  too 
scientific  for  the  common  concocters  of  them,  his  work 
still  is  not  the  less  worthy  because  the  stolid  do  not 
perceive  its  merits. 

Brande  made  analyses  of  the  strength  of  some  of 
the  domestic  wines,  which  are  appended.  The  alco- 
holic strength  was  per  cent,  at  eighty-  nine  alcohol  and 
eleven  water. 


Wines.  Per  cent. 

Grape,  18-11 

Raisin,  2G-40 

Do  25  27 

Do  23-20 

Do. average,.  .25-12 

Currant,   2055 

Gooseberry  11-84 


Wines.         Par  cent 

Orange,  11-26 


Elder, 
Mead, 
Cider, 
Do. 

Do.  average,  . . 


8-  79 
7-32 

9-  87 
5-21 
7-54 


Perry,  average,..  7-26 


Before  going  into  the  practical  part  of  the  subject, 
the  warning  against  the  use  of  yeast  must  be  repeated. 
It  is  a  vile  substance  when  in  contact  with  anything 
vinous,  imparting  a  base  flavor,  and  is  to  be  altogether 
shunned.  The  regulation  of  the  temperature,  too,  is 
to  be  sedulously  regarded,  that  the  fermentative  pro- 
cess may  not  proceed  too  rapidly.  The  bulk  of  the 
must  to  be  fermented,  and  its  exact  quality  must  be 
well  considered;  the  addition  of  flavoring  substances,  and 
finally,  the  proper  vessels  adopted  for  the  different 
operations. 

The  fruits  most  commonly  employed  for  making 
domestic  wines  are  the  elderberry,  cherry,  raspberry, 
sloe,  damson,  quince,  strawberry,  mulberry,  gooseberry, 
lemon,  orange,  and  two  or  three  kinds  of  currants.  Of 
these  several  do  not  retain  their  flavor,  and  are  to  be 
rejected  on  that  account.  The  flavor  of  the  strawberry 
is  not  communicated  to  the  wine,  nor  of  the  quince 
or  raspberry.  These  might  be  infused  to  advantage 
nearly  at  the  close  of  the  fermentation  of  some  taste- 
less must,  and  thus  their  flavor  be  sustained  in  the  wine. 
The  blackberry  and  mulberry  should,  as  in  the  instance 
of  grape-wine,  be  allowed  to  go  into  fermentation,  skins 
and  all,  for  the  Bake  of  the  color.  The  damson  and 
sloe  make  a  good  rough  wine,  but  care  must  be  taken 
to  proportion  the  sugar  to  the  fruit  as  to  quantity,  and 
by  protracting  the  fermentation,  to  make  a  dry  wine. 
By  a  due  admixture  of  elderberries  or  currants  with 
sloes  and  damsons,  wines  like  inferior  ports  are  often 
easily  produced.  The  proportions  vary  according  to 
the  season.  The  elderberry  may  be  made  to  yield  an 
excellent  red  wine.  It  possesses  enough  of  the  extrac- 
ts principle  to  impart  a  very  rich  tint,  and  even  a 


fine  deep  color.  Tartar  should  be  introduced  into  the 
must ;  and,  besides,  this  berry  requires  much  sugar,  as 
the  saccharine  principle  is  scanty. 

The  gooseberry  is  known  as  giving  a  species  of 
champagne  to  the  list  of  domestic  wines,  which  are 
made  to  effervesce ;  but,  in  order  to  answer,  the  goose- 
berries are  used  in  an  unripe  state.  The  effervescing 
property  always  results  from  the  use  of  unripe  fruit, 
and  will  be  readily  produced  by  mixing  ripe  and  unripe 
grapes  together;  and  it  is  the  same  with  the  goose- 
berry. In  general  the  flavor  is  bad,  and  to  avoid  it, 
as  it  is  imparted  by  the  ripe  fruit,  the  more  unripe 
should  be  prepared.  This  wine  should  be  made  with 
the  expressed  juice  of  the  fruit  alone,  and  nothing  else 
should  be  fermented,  the  skins  not  being  suffered  in  the 
must.  By  this  means  any  disagreeable  or.  peculiar 
taste  is  avoided,  and  the  wine,  if  nearly  tasteless,  is 
brisk,  pleasant,  and  perfectly  free  from  any  bad  flavor. 
To  make  this  wine,  three  pounds  of  sugar,  and  four 
of  fruit,  are  allowed  to  eight  pounds  of  water.  Five 
pounds  of  fruit  would  be  better,  to  avoid  sweetness, 
though  in  complete  fermentation;  the  wine  would 
then  be  amply  strong.  No  brandy  should  be  added  to 
effervescing  wines.  Care  should  be  taken  in  bottling, 
and  the  same  attention  bestowed  upon  genuine  cham- 
pagne should  be  bestowed  on  this  imitation  wine,  which 
will  readily  repay  the  extra  trouble.  This  wine  arrives 
at  perfection  only  in  the  cellar.  Wine  made  from 
ripe  gooseberries  is  good  for  little ;  but  if  attempted, 
the  skins  must  be  carefully  excluded. 

In  such  wines  too  little  fruit  in  proportion  is  used. 
In  currant  wines  the  fruit  is  always  stinted,  there  being 
sufficient  extractive  matter  and  natural  acid  to  insure, 
if  rightly  arranged,  a  very  perfect  fermentation.  These 
wines  are  made  too  sweet,  and  pall  upon  the  palate. 
The  proportion  adopted  is  in  all  cases  to  be  increased 
as  regards  the  fruit,  and  the  skins  to  be  excluded  from 
the  must.  The  recipes,  so  manifold,  handed  about  for 
domestic  wines,  continually  show  that  the  true  principles 
of  making  such  wines  are  not  recognized,  although 
laid  down  so  lucidly  by  Dr.  M'Cui.locii.  British  cham- 
pagne is  directed  to  be  made  by  crushing  the  fruit  with 
a  mallet,  and  a  gallon  of  fruit  is  to  be  put  to  a  gallon 
of  water  ;  then  brandy  is  added,  and  sugar  of  the  species 
often  to  be  avoided;  and  brandy  is  added  again  in 
bottling.  M'Culloch  recommends  boiling  the  fruit, 
in  some  cases,  previous  to  fermentation.  The  black 
currant  acquires,  by  boiling,  an  agreeable  flavor.  The 
success  of  the  plan  is  remarkable ;  the  more  so  as,  in 
its  natural  state  and  unboiled,  it  is  harsh.  The  wine 
made  from  it  much  resembles  sweet  Cape  wine.  The 
same  improvement  takes  place  in  regard  to  the  red  and 
white  currant.  The  boiling  should  not  be  protracted. 
It  is  always  best  to  boil  about  a  third  of  the  quantity 
used,  and  to  apply  the  rest  in  the  natural  state.  The 
boiling  must  not  be  continued  too  long,  because  it  tends 
to  precipitate  the  ferment. 

The  dried  raisin  is  largely  used  in  making  domestic 
wines;  and  it  naturally  must  be  analogous  in  some 
respect  to  certain  foreign  wines,  because  for  making 
them  the  grapes  are  not  used  until  they  are  shrivelled 
in  the  sun. .  Thick,  sweet  grape-wines  are  made  this 
way.    The  process  adopted  in  making  raisin-wine  in 
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England  has  not  shown  any  approach,  with  the  same 
materials,  to  the  wines  made  of  dry  raisins,  or  such  as 
are  called  straw  wines,  or  some  of  those  of  Malaga. 
In  the  mode  actually  adopted  here,  whether  for  domestic 
use,  or  for  the  deceptive  objects  of  wine-dealers  to 
mingle  with  foreign  wines,  from  two  to  seven  pounds 
of  raisins  are  employed  to  a  gallon  of  water,  common 
clayed  sugar  or  molasses  from  half  a  pound  to  three  or 
four  pounds,  and  oftentimes  from  four  to  six  pounds  of 
tartar  in  the  crude  state  are  added.  Yeast  is  not  used; 
still  the  wine  is  never  well-tasted,  and  to  obviate  that, 
as  the  bad  taste  may  arise  from  the  skins,  cold  water 
is  used.  It  is  necessary  to  apportion  the  sugar  to  the 
tartar.  From  two  to  four  per  cent,  of  crude  tartar  is  a 
sufficient  addition,  giving  more  when  the  fruit  is  sweetest. 
In  regard  to  the  sugar,  two  pounds  to  the  gallon  of  the 
other  ingredients  will  produce  a  light  wine  like  the  white 
wine  of  Bordeaux.  Three  pounds  will  give  the  body 
of  hermitage,  and  four  that  of  Muscat  or  of  Cape 
Madeira,  before  their  respective  doses  of  brandy  were 
added  to  them.  The  sugar  added  must  be  apportioned 
to  the  quantity  in  the  fruit.  If  the  wine  is  to  be  a 
sweet  wine,  not  less  than  four  pounds  to  the  gallon 
must  be  used.  The  water  added  must  not  be  out  of 
all  proportion  to  the  fruit — which  last  rarely  forms  a 
fourth  of  the  entire  fluid — and  four  pounds  to  eight  of 
water,  and  three  or  four  of  sugar,  supposing  no  regard 
is  had  to  the  state  of  the  fruit  in  respect  to  its  ripeness. 
The  vegetal  extractive  matter  in  such  a  case  is  defi- 
cient, as  well  as  the  native  acid,  and  this  acts  injuri- 
ously upon  the  fermentation,  and  renders  it  inefficient ; 
the  must,  consisting  of  an  overplus  of  sugar  and  water, 
cannot  thus  form  wine.  Lot  the  principle  wanted  be 
increased,  and  the  wine  will  put  on  the  true  character 
— the  dilution  of  the  acid,  if  the  fruit  be  ripe;  and  if  it 
be  unripe,  then  the  acid  and  extract  being  in  excess, 
the  operation  must  fail  of  fulfilling  expectation. 

Flavor  may  be  easily  imparted  to  all  those  wines 
which  want  it.  Elderflowers,  mignonette,  clove  pinks, 
for  example — or  sweet  briar,  wormwood,  ginger,  cloves, 
orris,  and  the  like — will  impart,  either  of  them,  or 
perhaps  some  in  combination,  a  flavor  agreeable  to  the 
taste  of  the  maker.  They  are  suspended  in  a  bag 
from  the  bunghole  during  the  first  stage  of  fermentation. 
To  please  the  eye,  elderberries,  or  mulberries,  will 
supply  color,  or  what  the  French  call  vin  de  fismes — a 
color  liquor,  made  near  Rheims  of  a  small  bitter  cherry 
used  for  the  same  purpose,  a  few  drops  being  sufficient 
to  color  a  bottle.  In  Holland,  tournsel  is  used  for  the 
same  purpose — the  crotum  tinctorium  of  Linnaeus.  It 
is  naturally  of  a  blue  color,  but  on  coming  into  contact 
with  an  acid  it  immediately  takes  a  red  hue.  In 
France  it  is  said  that  color  derived  from  woods,  as  Brazil 
or  logwood,  do  not  long  resist  the  acid  of  the  wines ;  and, 
therefore,  they  find  it  better  to  darken  the  light  hue 
of  wines  by  mingling  deep-colored  wine  with  them. 
This,  however,  need  not  deter  from  the  use  of  such 
means  to  suit  the  eye  in  domestic  wir  es  of  English 
fruit.  Bitterness  may  be  obtained  by  the  use  of  burnt 
sugar,  as  well  as  yellow  tints.  Cognac  brandy  for  the 
English  market  is  thus  colored  in  France,  where  the 
people  use  the  pale  spirit. 

All  vinous  operations  require  great  care  and  sound 
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judgment.  In  fining  home-made  wines,  the  same 
management  is  necessary  as  in  treating  the  grape-juice 
with  a  similar  object.  The  imitation  wines  made  in 
the  household  must  first  be  considered  in  regard  to  the 
model  immediately  in  view.  If  the  object  be  a  sweet 
wine,  of  which  the  fermentation  is  incomplete  from  the 
want  of  sugar  in  the  must,  or  if  its  suspension  be  by 
design  as  before  described,  the  operation  to  be  followed 
is  clear. 

If  the  wine  be  designed  to  sparkle  or  effervesce,  the 
cause  and  mode  of  acting  has  been  shown;  and  that 
briskness  is  not  much  in  accordance  with  sweetness. 
Though  generally  made  of  the  gooseberry,  any  other 
fruit  in  a  proper  state  of  immaturity  will  answer  as 
well.  The  use  of  carbonate  of  potassa  or  soda  must 
be  avoided,  because  the  gas  is  almost  all  disengaged  in 
the  first  glass  on  pouring  out,  before  the  wine  can  be 
drunk,  nor  has  it  anything  like  the  effect  of  carbonic 
acid  gas  in  the  wine.  It  also  deteriorates  the  taste,  and 
destroys  the  native  acid,  replacing  it  with  an  alkali. 

The  Bhenish  wines  have  never  been  successfully 
imitated,  and  for  the  paramount  reason,  that  their  con- 
stituent parts  are  so  accurately  balanced  that  they 
would  require  great  judgment,  and  much  care,  in  the 
process  ;  the  fermentation  must  be  perfect,  and  exact 
proportions  be  carefully  kept  in  the  ingredients.  Even 
then  their  preservation  would  require  great  attention. 
Fining,  racking,  and  sulphuring,  must  be  had  recourse 
to  by  hands  often  not  adepts  in  their  use.  The  dry 
wines  of  some  strength,  imitative  of  Sherry  and 
Madeira,  may  be  made  strong  enough  without  the 
addition  of  brandy,  which,  however,  may  be  added  to 
them  by  the  operator,  if  he  sees  it  requisite. 

Dr.  M'Cuixoch  recommended  that  wine  should  be 
made  from  grapes  grown  in  England.  The  grapes 
may  not  ripen  in  some  years,  and  in  an  agricultural 
view  it  is  profitless  ;  but  wine  is  continually  made  by 
cottagers  in  Sussex  from  the  grapes  grown  in  front  of 
their  houses,  and  some  species  ripen  a  full  month  before 
others.  The  white  muscadine,  the  two  varieties  of  the 
chasselas,  the  black  Hamburg,  and  others,  are  of  this 
class.  But  to  make  domestic  wine  from  the  grape  in 
England,  does  not  demand  that  the  grape  should  reach 
the  maturity  required  for  its  wines,  as  the  term  is 
generally  understood.  A  crop  of  grapes  is  certain,  if 
not  always  a  ripe  crop.  A  compound  artificial  must 
can  be  made  from  the  admixture  of  sugar  with  the 
extractive  and  other  matter  of  the  fruit,  which,  under- 
going a  regular  fermentation,  forms  a  perfect  wine,  as 
applicable  to  the  grape  as  the  gooseberry.  The  expe- 
riment has  been  tried  and  found  successful,  and  domestic 
wines  made  this  way  declared  excellent.  Three  pounds, 
or  less,  of  sugar  to  the  gallon,  with  the  hardiest  grapes, 
produce  a  wine  of  the  strength  of  red  hermitage,  not  void 
of  flavor,  but  the  reverse.  Dr.  M'Culloch  mentions 
the  proportions  he  found  needful,  both  of  sugar,  water, 
and  other  substances  necessary  for  the  purpose.  He 
kept  some  of  the  wines  twenty  years,  and  found  them 
as  little  liable  to  destruction  as  the  wines  of  France. 

The  want  of  judgment,  the  haste,  the  non-compre- 
hension of  the  chemical  principles  upon  which  wine  is 
made  from  domestic  fruits,  the  want  sometimes  of  a 
clean  palate  on  the  part  of  the  maker,  and  the  aban- 
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donraeut  of  a  nice  operation  to  the  hands  of  servants 
and  old  housewives,  have  caused  great  mistakes  in  the 
manipulation  of  these  wines.  Dry  wines  of  the  first 
quality  do  not  require  that  maturity  of  the  grape  which 
is  so  necessary  to  those  which  are  sweet.  In  the  first 
case  sugar  can  he  added  ;  but  the  customary  notion  of 
the  ignorant  in  this,  as  in  other  cases,  often  prevails, 
and  the  neglect  of  the  green  grape  for  the  green 
gooseberry  is  a  striking  proof  of  it.  Nor  is  this  all ; 
for  it  has  been  proved  by  chemical  examination,  that 
the  tendrils,  shoots,  and  even  the  leaves  of  the  vine 
themselves,  possess  exactly  the  same  qualities  as  the 
crude  fruit.  Experiments  were  in  consequence  insti- 
tuted in  France,  to  try  if  they  would  not  answer  for  the 
purpose,  and  they  were  satisfactory ;  but  there,  where 
the  fruit  was  to  be  had  in  any  state,  the  matter  naturally 
terminated ;  while  in  England  it  was  different.  The 
success  of  the  attempt  was  decisive,  on  adopting  the 
management  had  recourse  to  in  treating  wine  from 
other  unripe  fruit.  Only  young  or  half-green  vine  leaves 
are  selected,  together  with  the  tendrils.  The  old 
leaves  are  not  proper.  The  month  of  June  is  the 
right  season  to  pluck  them.  The  vines  for  the  purpose 
may  be  planted  anywhere,  and  suffered  to  run  up 
unpruned.  Close  imitations  of  the  sparkling  wines 
of  Champagne  and  of  St.  Peray  have  been  made 
this  way,  and  none  were  made  that  were  not  as  good 
as  the  ordinary  sweet  wines  of  the  Cape.  If  the  wine 
is  too  sweet  from  want  of  the  vegetable  extract  in  a 
sufficient  quantity,  a  fresh  infusion  will  reinstate  the 
fermentation.  The  wine  of  a  defective  year  in  good- 
ness, may  be  renewed  the  next  season.  The  leaves 
should  he  infused  sometime  before  they  are  used, 
yielding  their  virtues  more  readily  to  hot  than  cold 
water  without  any  material  difference  in  the  result- 
Half  a  pound  of  crude  tartar,  or  more,  within  a  pound, 
to  two  gallons  of  must,  is  useful.  The  expense  of 
the  sugar  here  is  nearly  the  whole  incurred,  and  a 
single  vine  will  supply  a  family,  as  the  leaves  are 
successive. 

A  few  specific  directions  under  the  scientific  authority 
before  mentioned : — The  cask  measure  being  supposed 
ten  gallons,  will  illustrate  the  foregoing  principles ; 
those  adapted  to  the  lands  of  the  vine  being  kept  in 
view  as  guides,  where  any  difficulty  may  occur.  In  a 
tub  or  vat  carefully  cleaned,  that  has  a  capacity  for 
fifteen  or  twenty  gallons,  forty  pounds'  of  the  goose- 
berry of  the  green  Bath  kind  are  introduced,  avoiding 
any  that  are  rip  3.  Reject  the  unsound,  and  remove 
the  blossom  ai.d  fruit-stalk,  or  their  remains.  The 
small  berries  may  be  separated  by  a  sieve.  The  fruit  is 
to  be  bruised  into  the  vat  by  a  pressure  sufficient  to 
break  the  skins,  without  fracturing  the  seeds  or  com- 
pressing it  too  much.  Four  gallons  of  water  are  then 
poured  in  upon  the  fruit,  and  the  whole  is  carefully 
stirred  and  compressed  with  the  hand,  until  the 
juice  and  pulp  are  separated  from  the  solid  matter. 
The  materials  must  rest  for  ten  or  twenty-four  hours, 
and  then  he  strained  through  a  coarse  bag  with  as  much 
force  as  can  be  easily  applied.  A  gallon  of  fresh 
water  is  to  be  added  to  the  mash,  to  remove  any 
soluble  matter  remaining.  From  twenty-five  to  thirty 
pounds  of  white  sugar  are  to  be  dissolved  in  the  must 


or  juice  thus  obtained,  and  the  mass  of  fluid  increased 
by  more  water  to  ten  gallons  and  a-half.  This  differ- 
ence in  the  weight  of  the  sugar  is  to  balance  any  in 
the  quality  of  the  fruit,  the  discovery  of  which  difference 
must  depend  upon  the  judgment  of  the  operator. 
Old  haphazard  receipts  gave  forty  pounds  of  sugar, 
which  of  course  make  a  sweet  wine,  continually  failing 
in  effervescence  on  that  account.  The  must  is  next 
to  be  placed  in  a  tub  or  vat,  over  which  a  blanket  is 
thrown,  and  a  board  over  that,  and  the  whole  kept 
in  a  temperature  between  55°  and  GO",  to  remain 
from  twelve  to  twenty-four  hours,  according  to  the  state 
of  the  fermentative  process.  It  is  then  to  be  drawn 
off  into  a  cask  until  the  fluid  nearly  reaches  the  bung- 
hole,  so  that  the  scum  which  ascends  to  the  surface 
may  overflow,  and  be  thrown  out.  As  the  fermentation 
goes  on,  and  the  bulk  of  the  liquid  diminishes  in  the 
cask,  the  superfluous  must  made  for  that  purpose  must 
be  poured  in,  so  as  to  keep  the  liquid  always  near  the 
bung-hole.  When  the  fermentation  diminishes  still 
more,  which  may  be  judged  of  by  the  reduction  of 
the  hissing  sound,  the  bung  is  driven  in,  and  a  hole 
bored  on  one  side  of  it,  into  wdiich  a  wooden  peg  is 
put,  and  in  a  day  or  two  taken  out,  in  order  that  the 
gas  within  may  have  vent.  It  is  then  restored  and 
reopened  to  let  the  gas  again  escape,  until,  there  being 
no  longer  any  danger  from  the  expansion,  it  is  tightened 
for  good.  The  wine  is  to  be  kept  over  the  next  winter 
season,  in  a  cool  cellar,  and  on  a  clear  sharp  day  about 
the  beginning  of  March,  if  fine,  it  is  bottled ;  if  not 
fine,  or  to  insure  its  fineness,  if  doubted,  at  the  end 
of  December  it  is  decanted  into  a  fresh  clean  cask, 
to  free  it  from  the  lees,  which,  if  the  wine  be  too 
sweet,  instead  of  drawing  it  off,  should  then  be  stirred 
up  in.  it,  increasing  the  temperature  to  renew  the 
fermentation.  When  drawn  off,  it  is  fined  with  isin- 
glass; and  if  not  clear,  the  operation  is  repeated  in  dry, 
clear,  cold  weather  as  before,  and  bottled  in  March,  and 
not  later.  Such  a  wine  is  brisk  like  champagne,  and 
similar  in  quality,  but  stronger,  differing  in  little  but 
the  flavor.  Sometimes  the  wine  will  be  still,  like 
sillery,  or  sweet,  without  close  attention  to  the  process ; 
at  other  times  it  will  be  dry.  If  swoet  and  still,  it  may 
be  remanufactured  the  next  season  by  renewing  the 
fermentation,  and  repeating,  under  the  addition  of  fresh 
juice  or  must,  the  former  treatment.  If  it  be  dry,  it 
remains  so,  and  may  he  drawn  off  into  a  sulphured 
cask,  and  then  fined  and  bottled.  Any  peculiar  and 
not  agreeable  taste,  during  the  first  year,  will  go  off  by 
age.  Such  wines  are  best  when  drunk  at  five  or  six 
years  old.  In  making  the  foregoing  wine,  the  mode  in 
managing  grape-wine — fermenting  the  husks  or  skins 
as  well  as  the  juice  with  the  sugar — may,  on  the  other 
hand,  be  adopted  in  the  earlier  stage  of  the  operation. 
The  rapidity  of  the  fermentation  in  this  way  is  much 
increased  ;  the  wine,  stronger  and  less  sweet,  will  gain 
more  flavor.  Crude  tartar,  to  the  extent  of  six  ounces 
to  the  ten  gallons,  is  sometimes  added.  Sweetness  with 
briskness,  though  the  latter  quality  is  hazarded,  may  be 
had  by  using  sugar  to  a  greater  extent  under  forty 
pounds.  Brisk  domestic  wines  are  not  durable  nor 
strong,  and  must  be  drank  very  early  from  want  of  the 
capacity  for  keeping.    Effervescence  without  sweetness 
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is  obtained  by  increasing  the  fruit,  as  in  the  proportion 
of  fifty  pounds  of  fruit  to  thirty  of  sugar. 

The  wine  made  from  unripe  currants,  under  the  same 
general  process  as  the  former,  requires  that  the  stalks 
be  separated  with  care.  The  must  of  this  fruit  is 
much  easier  to  manage  than  that  of  the  gooseberry, 
and  it  is  far  better  calculated  for  brisk  wine,  and  less 
likely  to  carry  a  bad  flavor. 

Nothing  but  the  pure  must  is  introduced  into  the 
cask — not  a  particle  of  the  mash.  If,  in  the  fermenting 
in  the  vat,  the  scum,  crest,  or  head,  called  the  chapeau 
by  the  French,  be  tainted  with  sourness  or  mustiness, 
it  must  be  at  once  removed ;  and  when  the  fermentation 
of  the  mash  docs  not  take  place  with  the  must,  the  lat- 
ter may  be  at  once  introduced  into  the  cask. 

Mature  gooseberries  and  currants  are  made  to  produce 
dry  and  sweet  wines  by  the  foregoing  modes.  In  sweet 
wines  the  fruit  should  not  be  above  forty  pounds ;  if  in 
dry,  it  should  be  carried  to  sixty.  The  sugar  should  be 
full  thirty  pounds,  unless  a  strong  wine  is  desired,  when 
forty  pounds  must  be  employed. 

Wines  from  elderberries  are  made  with  the  same 
proportions  of  ingredients  as  the  former  kinds,  and  in 
the  same  manner.  If  boiled  fruit  is  taken — an  opera- 
tion which  relates  almost  wholly  to  the  black  currant — 
the  fruit  must  only  be  brought  to  the  boiling  point 
of  the  water,  and  the  burning  of  it  at  the  bottom  of 
the  vessel  must  be  guarded  against.  Wine  from'  the 
mature  grape  in  this  country  it  is  not  worth  while  to 
manufacture,  as  too  few  grapes  ripen  to  make  it  any 
other  than  an  object  of  curiosity,  and  the  mode  of 
treatment  of  them,  described  in  the  preceding  pages, 
contains  all  that  is  necessary  upon  the  subject. 

It  is  probably  due  to  M'Cullocii  that  it  was  ever 
known  that  domestic  wines  could  be  made  from  imma- 
ture grapes,  vine  tendrils,  the  young  leaves,  and  the 
thinnings  of  the  branches  in  places  where  vines  are 
grown  under  shelter,  in  different  stages  towards  matu- 
rity, no  matter  how  different  in  species.  No  part  of 
the  vine  need  be  feared  as  communicating  a  bad  flavor. 
If  the  immature  grapes  be  those  grown  in  the  open  air, 
they  should  be  taken  just  at  their  first  tendency  to 
ripen.  The  propoitions  and  treatment  are  similar  to 
those  recommended  for  the  goosebeny,  but  the  husks 
may  always  be  fermented  in  the  vat  with  the  must. 
Except  in  not  breaking  the  seeds,  no  care  need  be 
taken  about  not  bruising  the  fruit.  The  fermentation 
will  be  slow;  but  no  obnoxious  yeast  is  to  be  em- 
ployed. Patience  is  necessary,  but  the  operation  will 
not  ultimately  be  less  effectual.  Elevation  of  the  tem- 
perature will  excite  it,  if  languid ;  as  will  also  agitation 
of  the  cask,  or  omitting  to  replenish  the  fluid  at  the 
bung,  so  that  the  scum  may  remain  upon  the  liquor. 

The  wine  made  from  the  young  leaves,  tendrils,  and 
even  young  shoots,  may  be  taken  at  any  period  from 
vines  cultivated  for  this  object,  from  which  fruit  is 
not  expected.  If  the  claret  vine —  Clairette  rouge  de 
Vllerault — be  cultivated  for  the  purpose,  the  wine  will 
be  of  a  red  color.  The  leaves  should  be  young,  and 
sixty  or  eighty  pounds  should  be  introduced  into  a  vat. 
In  the  vicinity  of  a  large  town  they  should  be  first 
washed,  to  clear  them  of  sooty  particles  from  the  impure 
atmosphere.    Seven  or  eight  gallons  of  boiling  water 


should  then  be  poured  upon  them,  and  left  to  infuse  for 
twenty-four  hours.  The  water  being  poured  off,  the 
leaves  are  pressed  in  a  press  of  considerable  power, 
washed  with  an  additional  gallon  of  water,  and  again 
pressed.  Sugar,  from  twenty-five  to  thirty  pounds,  is 
then  to  be  added  to  the  mixed  liquors,  and  the  whole 
made  up  to  ten  gallons  and  a  half,  when  the  same  pro- 
cess is  to  be  pursued  as  in  the  case  of  gooseberry  wine. 
The  water  soon  cools  down  to  the  usual  temperature, 
it  being  used  hot  in  order  more  effectually  to  extract 
the  soluble  part  of  the  plant  or  fruit.  These  propor- 
tions are  for  brisk  wines,  which,  if  mismanaged,  will  fail 
of  due  effect.  In  the  case  of  sweet  wines  of  the  same 
substances,  from  thirty- five  to  forty  pounds  of  sugar 
must  be  used.  As  soon  as  the  first  fermentation  has 
subsided,  the  wine  is  racked  into  a  sulphured  cask  and 
fined.  If  it  tend  to  a  renewal  of  the  fermentation,  it 
must  be  racked  and  fined  again,  and  even  a  third  time. 
When  perfected,  the  wine  may  remain  in  the  cask  as 
long  as  is  desired.  For  dry  wines  the  proportion  ot 
fruit  to  the  sugar  is  to  be  the  largest  of  all.  The  bung 
must  be  left  open,  and  the  fermentation,  if  sluggish, 
must  be  increased  by  heat  and  agitation.  If  the  wine 
continues  too  sweet,  it  may  he  bunged  down  until  the 
next  spring  without  fining,  and  then  the  fermentation 
must  be  renewed  by  adding  fresh  must.  As  soon  as  it 
has  become  sufficiently  dry,  it  must  be  fined  into  a  sul- 
phured cask,  and  again  fined  before  bottling.  The  dry 
and  sweet  wines  of  this  kind  should  be  kept  five  years 
to  be  in  their  highest  perfection.  The  brisk  wines  are 
drank  after  being  six  months  in  bottle,  and  are  good  to 
their  third  year.  If  they  lose  their  briskness,  they 
become  dry,  something  like  the  Moselle  or  Rhine,  and 
will  keep  indefinitely. 

Wines,  if  they  can  be  so  called,  are  also  made  of  dried 
substances,  as  ginger.  They  are  composed  of  sugar  and 
water,  fermented  with  yeast  and  flavored  with  ginger. 
These  are  rather  drinks  than  wine.  The  last  are  made 
by  fermenting  substances  which  possess  little  or  none 
of  their  own  extractive  vegetal  matter.  Three  pounds 
of  moist  sugar,  a  gallon  of  water  to  two  ounces  of 
bruised  ginger  are  boiled,  skimmed,  and  set  to  ferment 
with  a  yeast  toast,  flavored  with  a  lemon  to  each  gallon, 
or  a  little  balm,  and  then  bunged  up.  In  about  two 
months  it  is  fit  for  drinking,  having  been  fined  with 
isinglass. 

Mead,  a  very  ancient  domestic  wine  of  honey,  is  made 
with  sixty  gallons  of  pure  soft  water,  and  seven  gallons 
and  a  half  of  clarified  honey,  of  which  mellitose — see 
Sugar,  Vol.  II.  p.  96G — is  the  sweet  principle.  In  a 
copper  of  thirty  gallons  capacity,  having  mixed  the 
honey  and  water,  boil  it  down  to  one-fourth,  then  let  it 
off,  and  boil  the  other  moiety  in  the  same  manner;  and 
when  thus  reduced  fill  up  the  copper  with  what  was 
boiled  first,  and  continue  ebullition  and  filling  up  until 
the  copper  will  contain  half  the  liquor,  all  the  rest 
having  evaporated.  The  liquor  must  not  be  slummed, 
but  the  scum  must  be  well  mingled  with  the  liquor 
while  seething,  by  means  of  a  jet.  When  this  is 
done  it  is  drawn  off  into  under-backs  by  a  tap  in  the 
copper,  and  the  fluid  falls  to  the  temperature  of  new 
milk.  Then  it  is  turned  up  and  fermented  in  the 
vessel,  where  it  forms  a  thick  head.    When  it  lias 
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ce  ised  to  ferment  it  is  closed  from  the  air,  and  bottled 
r.t  the  end  of  six  months,  having  been  well  worked  and 
kept  in  the  same  cellar  temperature  as  it  had  before. 
Aromatic  flavors  are  often  added  by  mixing  elder  or 
rosemary,  marjoram  flowers,  and  the  like;  or  cinnamon, 
cloves,  or  other  spices,  during  the  process. 

Kaisin  wine  was  manufactured  light  and  dry  in  Eng- 
land of  a  superior  kind,  by  Mr.  Aikin,  secretary  to  the 
Society  of  Arts  in  1829.  Dr.  M'Culloch  censured  the 
mode  in  which  it  is  generally  attempted  to  be  made, 
and  noticed  the  failure  which  is  naturally  to  be  expected 
from  the  use  of  molasses,  coarse  sugar,  and  the  nauseous 
yeast  of  beer,  which  can  never  be  rendered  vinous. 
He  would  have  the  native  acid  neutralized,  and  with  all 
domestic  wines  use  crude  tartar.  Mr.  Aikin's  wine  was 
produced  from  Muscatel  raisins.     These,  it  is  obvious, 
being  sweet  and  dry,  were  not  very  different  from 
some  of  the  shrivelled  and  dried-up  grapes  with  which 
wines  are. made  in  the  South  of  Europe,  as  in' the 
example  of  straw  wines,  for  which  the  grapes  are  kept 
on  the  vine  till  shrivelled,  and  then  further  dried  upon 
straw,  giving  a  thick  must,  scanty  in  proportion  to  the 
produce,  in  a  state  of  the  grape  so  over-mature.  Mus- 
catel raisins  are  imported  in  boxes  of  twenty  pounds 
weight.     The  fruit  kept  in  the  warehouse  or  shop 
unsold  for  above  a  year,  is  less  approved  by  purchasers 
than  when  new,  the  rich  pulp  becoming  mixed  with 
the  saccharine  concretions.    The  extractive  matter  or 
gluten  in  the  raisin  is  more  than  sufficient  to  ferment 
its  sugar,  and  only  from  one-tenth  to  a  third  of  the 
weight  of  the  raisins  is  added.    Cane  sugar  should  be 
avoided  in  the  unrefined  state ;  if  used  it  should  be  loaf. 
Sugar  from  honey  or  starch  would  be  best,  as  unrefined 
sugar  of  the  cane  taints  the  wine.   The  raisins,  without 
the  stems,  are  chopped  fine  on  a  board,  in  the  mode 
adopted  with  minced  meat.    Three  pounds  of  raisins 
and  one  poimd  of  sugar,  were  used  to  an  ale  gallon  of 
water.  The  next  process  is  mashing  or  maceration.  If 
the  former  mode  is  adopted,  the  chopped  raisins  are 
placed  in  a  tub,  and  hot  water,  a  quart  to  four  pounds  of 
fruit,  poured  over  them— the  water  not  heated  above 
120°— to  extract  the  mucilage.    The  whole  is  then 
stirred  with  the  hand,  no  lumps  being  left,  and  placed 
in  a  sieve  over  a  tub  a  short  time  to  drain;  this  operation 
is  repeated  a  second  time  throughout.  The  clamminess 
of  the  mass  is  by  this  extracted.    The  water  for  a  third 
mash  is  poured  on  at  100°.    The  liquor  now  begins  to 
be  acidulous,  with  little  sweetness.    Three-fourths  of 
the  mash  being  made  and  tasted,  to  discover  if  it  be 
sufficiently  astringent,  the  stems  or  stalks,  in  part  or  all, 
are  used,  according  as  more  or  less  astringency  is 
intended.    Hot  water  is  poured  upon  the  must,  and  the 
whole  is  well  pressed  by  the  hand.    The  three  first 
mashes  are  now  thrown  into  the  tun,  and  the  sugar,  with 
as  much  of  the  last  mash  as  will  bring  the  must  to  its  duo 
proportion  of  one  ale  gallon  to  three  pounds  of  fruit  and 
one  of  sugar.    The  operation  so  far  requires  four  or 
five  hours ;  the  temperature  of  the  must  is  about  70°. 
The  liquor  soon  ferments  according  to  the  atmospheric 
temperature  and  its  treatment,  but  generally  within 
thirty-six  hours.    The  scum  is  either  duly  removed, 
or  suffered  to  remain  till  the  wine  is  drawn  off.  If 
the  fermentation  is  languid,  the  cover  is  kept  on  the  tun 


and  the  scum  stirred  into  the  liquor ;  if  too  rapid,  thrj 
cover  is  taken  off  and  the  scum  removed  as  it  rises. 
The  must  is  thus  become  vinous,  and  is  transferred  to 
carboys,  or  stone-ware  barrels,  holding  six  or  seven  gal- 
lons. Safety  tubes  of  glass  are  placed  in  the  bungs,  and 
on  the  second  day  an  inch  of  quicksilver  in  the  tube,  to 
exclude  the  air.  The  bungs  are  covered  with  a  cement 
consisting  of  wax  and  rosin.  Carbonic  gas  bubbles 
through  the  quicksilver  for  some  weeks,  when  it  ceases. 
The  wine  should  remain  for  the  summer  in  the  carboys, 
or  barrels,  if  the  latter  be  used.  The  wine  thus  made  in 
x\pril  should  be  bottled  in  March,  or  if  made  in  Octo- 
ber, be  bottled  in  September.  The  wine  is  not  fined, 
for  a  light  dry  wine  the  inventor  thought  would  be 
injured  by  being  deprived  of  its  tannin.  After  a  year 
in  bottle  the  wine  had  a  bouquet  like  elderflower.  As 
the  wine  is  not  fined  it  is  decanted  with  care  to  keep  it 
clear.  It  is  of  a  pale  yellow  color,  but  in  a  short  time 
deepens  to  the  tint  of  Bucellas,  having  a  flavor  some- 
thing like  prussic  acid  at  uncorking,  which  disappears. 
If,  in  place  of  mashing,  maceration  is  applied,  putting 
the  chopped  raisins  and  sugar  into  cold  water,  a  higher 
colored  wine  is  obtained,  the  fermentation  is  slower,  and 
it  is  destitute  of  the  elderflower  bouquet,  acquiring  a 
taste  from  the  husks  of  the  raisins ;  but  often  this  second 
mode  of  treatment  answers  well.  It  is  sometimes 
twenty  days  under  fermentation.  Tartar  is  often  added 
in  making  this  kind  of  wine,  but  it  often  fails  to  be 
good— generally  from  the  use  of  molasses,  cane-sugar, 
and  yeast. 

Makers  of  domestic  wines,  it  must  be  repeated,  fail 
from  not,  before  commencing  their  attempts,  becoming 
perfectly  acquainted  with  the  mode  of  making  foreign 
grape-wine,  and  the  principles  upon  which  it  is  done, 
which  are  applicable  to  all  domestic  wines,  almost 
without  exception.  They  are  scarcely  ever  what  they 
are  capable  of  being  made.  In  the  evidence  on  the 
wine  duties,  before  a  Committee  of  the  House  of  Com- 
mons, Mr.  A.  Walker,  and  Mr.  J.  Fra™  were  ex- 
amined. They  deal  in  wine,  home-made,  of  all  kinds, 
and  some  bearing  foreign  names.  The  wholesale  price 
try  the  hogshead  was  five  shillings  per  gallon.  They 
make  sixty-five  thousand  gallons,  of  which  ten  thou- 
sand are  British  port  and  sherry.  It  is  estimated  that 
six  hundred  thousand  gallons  of  these  wines  are  made. 
Port  is  imitated  from  the  black  cherry;  champagne  from 
French  grapes ;  port,  partly  too  with  French  grapes  and 
raisins ;  and  Cape  or  Pontac,  with  bottoms  of  Oporto 
and  Spanish  wines.  Spirit  is  added  to  them  all.  Some 
champagne,  home-made,  is  from  rhubarb  and  goose- 
berry. It  is  averred  that  any  light  wine  may  be  made 
fo  pass  for  home-made  champagne,  by  means  of  sirup 
and  carbonic  gas,  applied  as  if  to  aerated  waters.  How- 
ever this  may  be  in  practice,  Dr.  M'Culloch  so  well 
explained  the  process  of  making  these  wines,  that  suc- 
cess is  sure  wherever  the  guide  he  has  left  is  followed; 
and  if  the  domestic  manufacturer  be  not  successful,  it 
is  not  for  want  of  the  soundness  of  the  principle,  but  of 
the  practical  action  arising  from  its  knowledge. 

Wine  Measures.— The  imperial  gallon  wine  mea- 
sure which  superseded  the  old  contains  ten  lbs.  avoirdu- 
pois of  distilled  water,  or  277-274  cubic  inches.  The 
old  wine  gallon  was  equal  to  two  hundred  and  thirty-one 
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cubic  inches,  the  ratio  being  nearly  as  six  to  five,  or  |  wine-pint  is  34-65925. 
more  correctly  as  one  to  0-833111.    The  imperial  I  sures  were: — 


The  old  English  wine  mea- 


Tan. 

1 


Pipe 


Pancheons. 
3 

1 


Hogshunfls. 

4 
2 

ii 
l 


Tierces. 

6 
3 
2 

i 


4 

n 

2 


Itlin.llctS. 

14 
7, 


Wine  measures  differ  greatly  in  the  European  wine- 
making  countries,  and  give  much  perplexity  in  con- 
ducting operations  of  any  kind  in  regard  to  them. 
Thus  a  tun  is  two  pipes ;  three  puncheons,  four  hogs- 
beads  ;  six  tierces,  two  hundred  and  fifty-two  old 
English  gallons  ;  and  one  thousand  and  eight  quarts,  two 
thousand  and  sixteen  pints.  The  following  are  some 
of  the  more  common  measures  : — 

OUl  ft.tPobt.  New  Gallons 

Tun,   252  210 

Pipe  of  Port   138  115 

Do.  Carcnvellos,  Lisbon,  Bucellas,  140  117 

Do.  Madeira,   110  92 

Do.  Sicilian,  Marsala   112  93 

Do.  Vidonia,  Tenerill'e,   120  100 

Butt  Mountain,  "I 

Do.  Malaga,      | 126  10S 

Do.  Sherry   120  100 

Hogshead,  Claret,   57  46 

Do.  Tent,   63  52 

Ohm  Rhenish,   36  30 

Do.  Aix-la-Chapelle,   —  35 

Do.  Cologne   —  41 

Do.  Heidelberg,   —  29 

Do.  Cassel   —  43 

Do.  Frankfort,   —  39 

The  French  measures  are  the  litre  and  hectolitre. 
The  first  contains  Gl '0280264  cubic  inches ;  the  second, 
3-531714603  feet  English ;  or  the  litre  is  equal  to  2-113 
pints  old  English  wine  measure,  and  the  hectolitre  to 
2Q-4  old  English  gallons,  or  to  22-01  gallons  imperial, 
and  the  litre  to  4-5432.  Therefore,  100  imperial 
gallons  are  454  3200  litres.  A  pipe  of  port  contains 
522-3680  litres ;  a  butt  of  sherry,  490-6656 ;  a  hogs- 
head of  claret,  208-9872,  and  an  ohm  of  Rhenish 
136-2960.  In  France,  let  the  name  of  the  cask  or 
measure  be  what  it  may,  the  stranger  asking  the 
number  of  litres,  is  at  once  answered — the  litre  being 
the  legal  standard. 

FRENCH  WINE  MEASURES  WITH  OLD  ENGLISH. 


Litres. 

Cubic 

Imperial 

Olil  wine 

Oz.  of 

inches. 

pints. 

pints. 

water,  troy 

1  = 

61-028 

1-7008 

2-11353 

31-104 

2  = 

122-056 

3-5216 

4-22706 

64-208 

3  = 

183-084 

5-2822 

6-34059 

96-312 

4  = 

244-112 

7-0430 

8-45412 

128-416 

5  = 

305-140 

8-8038 

10-56765 

160-520 

6  = 

3G0-168 

10-5046 

12-68118 

192-624 

7 

427-196 

12-3253 

14-79471 

224.728 

•  — 

488-224 

14-0861 

1690824 

256-832 

549-252 

15-8469 

19-02177 

288-936 

In  some  countries  a  troublesome  variety  prevails  in 
measures  of  the  same  name.  In  Sweden,  the  ohm  is 
139-019  litres,  or  30-543  gallons  imperial;  at  Stras- 
burg  it  is  only  46-093  litres,  or  10-146  gallons. 


Gallons. 

252 
126 
84 
63 
42 
31$ 
18 
1 


Quarts 

1008 
504 
336 
252 
168 
126 
72 
4 
1 


Tints 

2016 
1008 
672 
504 
336 
252 
144 
8 
2 
1 


Qunrterna. 

80U4 
4032 
2688 
2016 
1344 
1008 
576 
32 
8 
4 
1 


Cubic  Inches. 

58212- 
29100- 
19404- 
14553- 
9702- 
7276-5 
4158- 
231- 
57-75 
2S-875 
7-219 


The  measures  for  wine  in  Spain  are  commonly 
arrobas,  of  which  sixteen  make  a  mayo ;  twenty-seven 
mayos,  a  pipe  ;  thirty  pipes,  a  bottle — the  last  equal  to 
one  hundred  and  twenty-seven  and  a  half  old  English 
gallons,  or  one  hundred  and  six  imperial.  But  the 
measures  of  the  same  name  differ  in  different  -provinces. 
The arroba  ofValeneiaeontainsll-78G litres;  ofMalaga, 

15-  850  ;  of  Spain  and  the  Canaries  generally,  16-073. 
The  cantaro  of  Alicante  is  11-554  litres,  or  about  three 
gallons,  and  the  tonnelada  is  one  hundred  cantaros; 
that  of  Arragon,  10-313  ;  of  Oviedo,  19-236.  The  carga 
of  Barcelona  is  123-756  ;  the  gerra  of  Minorca,  12-063 ; 
the  mayo  of  Gallicia,  161  991  ;  the  quartin  of  Majorca, 
27-131  litres,  or  7-168  old  gallons. 

In  Portugal,  the  almude  is  25-480  litres  ;  of  Lisbon, 

16-  541  ;  of  Oporto,  twenty-one  make  a  pipe  ;  at  Lisbon, 
thirty-one,  or  one  hundred  and  forty  old  English 
gallons.  At  Figueras  the  almude  is  475  English 
imperial  gallons ;  at  Viana,  55.  All  these  are  in  use 
in  Portugal ;  besides  which,  they  have  potes,  canadas, 
quartillos,  basils,  and  tonncladas  ;  this  last  two  hundred 
and  thirty-one  imperial  gallons. 

In  Germany  the  ohm  varies,  at  Hanover  and  Ham- 
burg it  is  thirty-two  imperial  gallons ;  on  the  Rhine 
only  twenty  ;  at  Ratisbon  the  borgcimer  -about  nine- 
teen imperial  gallons,  and  the  same  at  Munich — seven 
and  a  half  only  ;  at  Vienna  it  is  ten  and  a  half  imperial 
gallons.  The  ohm  at  Basil,  in  Sweden,  Dantzic,  and , 
Strasburg  is  a  different  measure  from  the  German  ohm. 
The  ohm  at  the  Cape  of  Good  Hope  is  thirty  one 
and  two-thirds;  the  eimer  of  Leipzig,  twenty  and 
a  half  old  English  gallons,  and  at  Dresden  eighteen 
only ;  at  Antwerp  the  aum  or  ohm  is  forty-two  old 
English  gallons. 

The  Russian  wine-measure  is  the  vedro  of  2-705 
imperial  gallons ;  three  vedros  make  an  anker ;  six 
ankers,  an  oxhaft;  two  oxhafts,  a  pipe,  or  75-320 
imperial  gallons. 

The  Hungarian  measures  are,  the  antheil  of  11-125 
imperial  gallons ;  the  great  and  little  eimer— the  first 
equal  to  16-140  imperial  gallons,  and  the  second  to 
12-515. 

The  other  European  wine  measures  are  of  little 
moment  comparatively.  In  Italy  they  are  numerous. 
The  oke  in  Greece  is  two  pounds,  three  ounces,  five 
drachms,  avoirdupois  ;  and  the  alma  of  Constantinople, 
1-150  imperial  gallons. 

Mr.  Cyrus  Redding  kindly  tendered  some  valuable 
matter,  which  the  Editor  has  incorporated  in  the 
preceding  details. 
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ZINC. — Zinc,  French;  Zinlc,  German. — It  is  only 
from  (he  middle  of  the  sixteenth  century  that  zinc  has 
been  known  as  a  metal.  Its  ores  were  known  from  a 
very  early  date,  and  were  spoken  of  under  various 
names ;  hut  the  first  account  which  is  recorded  of  the 
term  zinc  being  used  in  reference  to  the  educt  from  the 
calamine  or  cadmia  of  the  period,  is  that  of  Albertus 
Magnus;  and  the  first  who  characterized  it  as  a  distinct 
metal,  was  Paracelsus,  about  the  year  1530.  For  a 
long  time  afterwards,  however,  the  knowledge  of  this 
substance  was  almost  entirely  confined  to  alchemists, 
who  prized  it  highly  on  account  of  the  property  which 
it  was  thought  to  possess  of  transmuting  copper  into 
the  more  precious  metals.  It  was  owing  to  this  ima- 
ginary property  that  the  metal  was  long  termed  coun- 
terfey  or  counterfiht  by  the  Germans.  The  present 
name  seems  to  be  derived  from  the  word  zinken  or 
zaelcen,  th,e  German  for  nails  or  spikes,  because,  in 
preparing  brass,  a  portion  of  the  ore,  on  being  sub- 
Large  brass  of  the  Cassia  family,  B.C.  20  .... 
Large  brass  of  Nero  family,. . .    a.d.  60  .... 

Titus,   "  79   

Hadrian,   "120  .... 

Faustina,  jun.,   "  IGo   

Of  many  other  bronze  articles  analyzed  by  Phillips, 
none  of  them,  known  to  have  been  produced  anterior 
to  the  year  20  before  Christ,  were  found  to  contain 
zinc  as  a  constituent,  tin  being  the  material  employed 
instead  of  that  metal.  The  earth  which  was  used  in 
those  early  days  for  the  purpose  of  forming  an  alloy 
with  copper  was  termed  cadmia  •  but  it  is  evident  that 
by  this  substance  was  not  meant  an  oxide  or  silicious 
oxide  of  zinc,  as  at  the  present  day,  but  any  mineral, 
whether  oxide  or  carbonate,  that  contained  a  large 
proportion  of  that  metal,  notwithstanding  there  being 
other  metallic  compounds  associated  with  it.  The 
alloy  so  prepared  was  known  as  aurichalcum,  which 
was  then  recognized  as  a  purer  copper  than  the  ordi- 
nary metal,  and  hence  was  more  esteemed.  The  dross 
Dr  oxidized  portion  sublimed  from  or  remaining  in  the 
furnace  after  the  alloy  was  drawn  off,  was  likewise 
known  by  the  general  term  Cadmia,  but  was  distin- 
guished by  some  particular  designation,  according  to 
its  color,  form,  or  consistency.  In  later  times  this 
compound  was  distinguished  at  Rammelsberg  as  fur- 
nace calamine — ofenbrucli — when  it  was  discovered 
that  it  could  be  employed  instead  of  native  calamine 
in  the  manufacture  of  brass.  Another  substance  called 
Tutia,  which  seems  to  have  been  analogous  to  cadmia, 
or  at  least  to  have  been  a  compound  also  rich  in  oxide 
of  zinc,  is  spoken  of  in  writings  of  the  eleventh  and 
subsequent  centuries  as  having  been  employed  for  the 
manufacture  of  brass.  Zozimus,  who  is  supposed  to 
have  written  about  the  fifth  century,  states,  that  to 
make  brass,  Cyprus  copper  must  be  melted  and  pounded 
tutia  strewn  upon  it.  According  to  Albertus  Mag- 
nus, the  celebrated  alchemist  Hermes  taught  the 
method  of  making  copper  of  a  gold  color  by  intro- 
ducing pounded  tutia  into  the  melted  metal ;  and 
AlbertuS  leaves  no  doubt  of  the  nature  of  this  tutia, 
for  he  states  that  it  is  not  a  native  mineral,  but  an 


milted  to  a  preparatory  roasting,  often  assumed  such 
forms.  The  synonym  Spelter,  which  is  now  so  much 
used  in  commercial  language,  is  derived  from  the  terms 
spiauter,  spialtcr,  et  cetera — terms  which  were  intro- 
duced along  with  the  first  portions  of  this  metal 
imported  from  India. 

That  the  ores  of  zinc  were  known  to  the  ancient 
Greeks  and  Romans,  is  attested  by  the  accounts 
which  Dioscorides,  Strabo,  and  Pliny  give  of  one 
of  them,  or  perhaps  of  several  of  them  under  one 
generic  name ;  and  likewise  by  the  fact  that  in  the 
time  of  these  writers  or  at  a  later  period,  articles  are 
known  to  have  been  produced  in  a  kind  of  brass  or 
bronze,  the  analyses  of  which  clearly  indicate  the 
presence  of  zinc  in  greater  or  less  proportion.  The 
following  analyses  of  different  varieties  of  brass, 
dating  from  about  the  beginning  of  the  Christian  era, 
are  given  by  Phillips  as  demonstrating  this  fact 
indisputably : — 


Tin. 

Iron. 

Zino. 

Lend. 

..    0-35  .. 

. .    17-31  .. 

1-05 

..    17  81  .. 

0-50  '.. 

..    15-84  .. 

1-14 

..    0-74  .. 

..    10-85  .. 

1-73 

4-97    . . 

. .    0  23    . . 

..     6-27  .. 

..  9-18 

admixture  produced  in  the  furnace  when  copper  ore 
is  melted — thus  showing  that  evidently  it  was  a  sub- 
limed oxide  of  zinc  mixed  with  other  ingredients,  and 
analogous  to  the  furnace  calamine  or  ofenbruch  of  a 
later  period.  The  discovery  that  this  sublimate  could 
be  substituted  for  native  calamine  in  the  production 
of  brass,  is  said  to  have  originated  with  Erasmus 
Ebenezer,  a  German,  towards  the  middle  or  first 
quarter  of  the  sixteenth  century.  The  discovery  was 
greatly  esteemed,  as  up  to  that  period  the  refuse 
matter  from  the  furnaces  of  Rammelsberg  were  cast 
aside  as  useless.  Doubtless  the  period  intervening 
from  the  time  of  Albertus  Magnus  to  that  of  Para- 
celsus gradually  developed  facts  resulting  in  a  more 
comprehensive  knowledge  of  cadmia,  tutia,  and  the 
other  substances  containing  oxide  of  zinc,  and  leading 
as  a  natural  consequence  to  the  isolation  of  the  metal. 
Indeed,  the  former  of  these  writers  distinguished  the 
principle  in  the  earth  which  was  used  to  convert  cop- 
per into  brass  as  marcasita  aurea,  a  term  which  might 
be  qualified  as  meaning  the  metal  of  this  earth,  though 
properly  it  was  understood  at  the  period  as  a  mercurial 
ore,  probably  a  sulphide  of  mercury.  This  marcasita, 
of  which  Magnus  speaks  as  superior  to  the  other  ores 
of  zinc,  was  found  at  Goslar;  but  that  of  which 
Paracelsus  wrote  was  stated  to  be  produced  at 
Carinthia.  By  Agricola,  however,  who  wrote  about 
the  year  1550,  reference  is  made  to  the  Goslar  pro- 
duct alone,  which  he  designates  as  liquor  candidus  or 
counterfeit;  and  Fabricius,  who  died  in  1571,  con- 
jectures that  stibium  is  what  the  miners  call  aincum,  a 
compound  that  could  be  melted  but  not  hammered. 

From  these  different  statements  it  will  be  seen 
that  the  knowledge  of  zinc,  even  for  a  long  time 
after  its  recognition  as  a  distinct  metal,  was  exceed- 
ingly meagre ;  and  in  point  of  fact  very  few  of  the 
chemists  of  that  period  could  obtain  even  samples  of 
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it,  owing,  as  it  is  alleged,  to  the  great  hopes  enter- 
tained of  it  as  an  alchemical  agent,  and  the  conse- 
quent prohibition  by  Duke  Julius  to  sell  it  or  make 
it  generally  known.  However  this  may  be,  the  first 
certain  account  of  its  production  at  Goslar  was  given 
in  1G17  by  Lceiineyss,  whose  note  in  reference  to  it 
runs  thus: — When  the  people  at  the  melting-house 
are  employed  in  melting,  there  is  formed  under  the 
furnace,  in  the  crevices  of  the  walls,  under  the  stones 
where  it  is  not  well  plastered,  a  metal  which  is  called 
zinc  or  counterfeht,  and  when  the  walls  are  scraped 
the  metal  falls  down  into  a  trough  to  receive  it.  This 
metal  has  a  great  resemblance  to  tin,  but  it  is  harder 
and  less  malleable,  and  rings  like  a  small  bell.  It  is  not 
much  valued,  and  the  servants  and  workmen  collect  it 
only  when  they  are  promised  drink-money.  They, 
however,  scrape  off  more  of  it  at  one  time  than  at 
another;  for  sometimes  they  collect  two  pounds,  but 
at  others  not  above  two  ounces.  This  metal  by  itself 
is  of  no  use,  as,  like  bismuth,  it  is  not  malleable ;  but 
when  mixed  with  tin,  it  renders  the  latter  harder  and 
more  beautiful,  like  English  tin.  This  zinc  or  bismuth 
is  in  great  request  among  the  alchemists. 

Beckmann  Kenkell  is  accounted  to  have  been  the 
first  who  procured  it  directly  from  calamine  in  1741. 
After  him  Lawson  is  stated  tohave  succeeded  in  extract- 
ing it  from  the  ore,  though  no  account  of  his  researches 
exist.  Von  Swab,  a  Swede,  obtained  it  by  distillation 
from  calamine  in  1742;  and  almost  contemporary  with 
him  Marggraf  likewise  discovered  a  process  for  the 
same  purpose  in  1746.  It  is  stated  by  Watson  in  his 
chemical  essays,  that  in  1743  a  manufactory  for  the 
production  of  this  metal  was  established  at  Bristol, 
by  Champion,  and  was  carried  on  by  his  successor, 
Emerson,  who  established  another  in  the  neighborhood. 
It  appears,  however,  that  the  wants  of  Europeans,  as 
regards  this  metal,  were  supplied  from  China  and  India, 
through  the  Dutch,  and  probably  the  Portuguese,  the 
imported  articles  bearing  the  title  tutenague,  or  Indian 
tin.  Raynal  records  that  the  Dutch  East  India 
Company  purchased  annually  at  Falimbang  a  million 
and  a  half  pounds  of  this  metal ;  and  the  Danish 
Company  at  Copenhagen,  in  1781,  as  much  as  one  hun- 
dred and  fifty-three  thousand  nine  hundred  and  fifty- 
three  pounds.  It  appears,  however,  that  between  the 
above  date  and  1820  the  production  of  zinc  must  have 
greatly  increased,  as  it  is  recorded  that  at  the  latter  date 
spelter  or  zinc  was  imported  into  England  from  Silesia, 
to  be  again  exported  to  India  to  supply  the  place  of 
the  tutenague,  formerly  imported  from  China.  The 
Silesian  zinc  was  analogous  in  composition  to  the 
Chinese  product,  as  will  be  seen  by  the  subjoined 
figures : — 


Silesian  zinc, .... 
Chinese  tulenague, 


Zinc. 

98-32 
97-63 


Lead. 

1-40 
0-33 


1-90 


Sulphur.  Sniici. 

0-18  0-10 
0-14  — 


The  quantity  exported  from  England  to  India  almost 
balanced  the  total  amount  of  her  imports,  until  about 
1830,  when  the  quantity  retained  for  home  con- 
sumption began  to  be  increased  annually,  so  that  in 
1851  the  amount  thus  utilized  reached  eleven  thou- 
sand two  hundred  and  sixty-two  tons,  while  the  quan- 
tity imported  in  the  same  year  amounted  to  eighteen 


thousand  six  hundred  and  twenty-six  tons,  whereas 
the  exports  to  India  remained  nearly  the  same.  At 
present  Silesia  is  the  great  seat  of  the  manufacture  of 
zinc,  containing  the  largest  works  of  the  kind  in  the 
world,  and  producing  as  much  as  fifty-three  per  cent, 
of  the  total  yield  of  all  countries.  Belgium,  including 
more  especially  the  works  of  the  Vieille  Montagne 
Company  of  Liege,  ranks  next,  and  produces  about 
thirty-three  per  cent.  ;  Poland  and  Cracow  furnishes 
ten  and  a  quarter  per  cent.,  and  England  the  remainder. 

The  application  of  zinc  within  the  last  twelve  years 
has  been  very  much  extended,  not  only  for  use  in  brass 
foundries,  but  in  several  other  departments,  such  as  in 
galvanizing  iron  for  light  roofing  and  lor  fencing,  and 
in  fact  for  all  the  lighter  kinds  of  iron  which  have  to 
be  exposed  to  the  air;  for  the  base  of  electro-plated 
articles,  for  paint,  and  various  other  applications. 

Occurrence  of  Zinc. — This  metal  is  never  found 
in  the  native  or  virgin  state,  but  always  combined  with 
oxygen,  sulphur,  and  salt  radicals.  Ores  of  zinc  are 
met  with  in  almost  every  country,  though  not  to  such  an 
extent  in  many  of  them  as  to  render  them  particularly 
important  in  a  metallurgical  point  of  view.  The  most 
remarkable  deposits  of  these  ores  hitherto  discovered 
are  those  in  New  Jersey  in  the  United  States,  where 
almost  every  variety  of  the  natural  combinations  of 
zinc  are  met  with.  They  exist  in  considerable  quanti- 
ties in  Siberia  and  on  the  continent  of  Europe,  more 
especially  in  Silesia,  Hungary,  Carinthia,  Saxony,  Bel- 
gium, Sweden,  and  France ;  also  in  England  and 
Scotland,  and  some  parts  of  Ireland.  The  most  famous 
localities  where  the  deposits  occur  will  be  mentioned 
presently  in  specifying  the  particular  ores  of  zinc. 

Ores  of  Zinc. — The  most  important  ores  of  zinc, 
not  only  as  containing  more  of  the  metallic  element, 
but  also  as  affording  greater  facilities  for  its  extraction, 
are  the  oxide,  carbonate,  sulphide,  and  silicates. 

Oxide  of  Zinc — Spartalite — red  oxide  of  zinc, 
zinc  oxide  ferrifere ;  zinc  erze;  zinkit. — Generally  this 
ore  is  met  with  in  the  amorphous  state,  but  it  is  occa- 
sionally found  crystallized  in  forms  of  the  rhombo- 
hedral  system,  the  crystals  appearing  colorless  or 
yellowish-red,  according  to  the  purity  of  the  compound ; 
their  lustre  is  adamantine,  appearing  translucent  on  the 
edges,  having  a  cleavage  parallel  to  the  base  and  one 
of  the  sides,  a  conchoidal  fracture,  and  a  specific  gravity 
equal  to  5'43  to  5-52.  Crystallized  oxide  of  zincis  infusible 
before  the  blowpipe,  though  it  phosphoresces  strongly; 
with  borax  and  phosphorous  salt  the  presence  of  man- 
ganese is  indicated  in  it,  while  that  of  zinc  is  shown  by 
the  green  color  produced  in  the  assay,  when  it  is 
moistened  with  nitrate  of  cobalt  solution,  and  subse- 
quently heated  to  strong  redness.  The  powdered 
crystals,  as  well  as  the  amorphous  substance,  dissolves 
readily  without  effervescence  in  nitric  acid.  Its  com- 
position is — 


Whitney. 

Hayes, 
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Oxide  of  manganese, 
Loss  by  ignition,  &c. 

94-45 
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1-06 
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Carbonate  op  Zinc — calamine ;  zinc  carbonate, 
Galmei-Smithsonite ;  zinc  spar. — This  is  by  far  the  most 
important  ore  of  zinc,  and  that  from  which  the  metal 
is  chiefly  extracted ;  it  is  more  diffused  than  any  other, 
and  offers,  like  the  oxide,  peculiar  facilities  for  smelting. 
Calamine  is  usually  found  in  a  crystallized  state,  in 
concretioned  and  compact  masses,  and  in  pseudomor- 
phic  forms.  The  crystallized  variety  when  pure  has  a 
vitreous,  inclining  to  a  pearly  lustre;  is  colorless,  white, 
grey,  green,  or  brown,  according  to  its  freedom  from 
extraneous  matters.  Its  crystalline  form  is  that  of  the 
rhomboliedron,  witli  a  cleavage  parallel  to  its  faces. 


Its  fracture  is  uneven  or  imperfectly  conchoidal ;  its 
streak  white,  and  its  specific  gravity  4-34  to  4'45. 
The  ore  is  infusible  before  the  blowpipe,  but  affords  a 
white  sublimate  of  oxide  of  zinc  when  it  is  heated  on 
the  charcoal,  and  which  is  yellowish  while  hot,  and 
becomes  white  on  cooling.  By  moistening  the  assay 
with  a  solution  of  nitrate  of  cobalt,  and  then  heating, 
the  green  color  peculiar  to  zinc  under  such  treatment 
makes  its  appearance.  It  is  readily  soluble  in  acids 
with  the  evolution  of  carbonic  acid,  and  in  an  excess  of 
caustic  potassa.  The  following  analyses  of  a  few 
samples  of  the  mineral  indicate  its  composition: — 


1  2 

Oxide  of  zinc,                   61-8    65-2 

Carbonic  acid,                  35-2  ....  31-8 

Protoxide  of  manganese, . .  —  ....  —  ... 

Oxide  of  lead,                      —  ....  — 

Oxide  of  iron,                     —  ....  —  ... 

100-0  100-0 

Samples  1  and  2  in  the  preceding  table  represent 
calamine  from  Somersetshire  and  Derbyshire;  3  is 
from  Nertschinsk,  4  from  Altenberg,  5  from  Brilon,  and 
6  from  Taina  in  Siberia. 

Annexed  are  a  few  analyses  of  other  samples  of 
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calamine  more  manganiferous  than  the  foregoing.  Num- 
ber 1  specimen  represents  the  calamine  in  yellowish 
white  crystals  from  Altenberg ;  No.  2,  light  green 
crystals  from  Nirm;  No.  3,  dark  green  crystals;  and 
No.  4,  calamine  from  Nertschinsk : — 


Carbonate  of  oxide  of  zinc,   84*92 

Carbonate  of  protoxide  of  iron,  

Carbonate  of  protoxide  of  manganese,  

Carbonate  of  oxide  of  lead,  

Carbonate  of  lime,  

Carbonate  of  magnesia,  

Silicate  of  oxide  of  zinc,  

Silica,  

Volatile  matter,  

Loss,  


Very  frequently  the  silicated  oxide  of  zinc  and  the  car- 
bonate are  confounded  under  the  title  calamine.  Two 
principal  classes  of  calamine  are  recognized,  namely, 
ordinary  white  calamine,  which  may  be  a  carbonate  or 
a  silicate  of  the  oxide,  containing  but  a  very  small 
proportion  of  ferruginous  matters,  and  the  red,  which 
dilfers  from  the  foregoing,  but  only  by  its  containing 
more  hydrated  scsquioxide  of  iron  or  its  salts. 

The  followingareanalysesof  red  calamine  by  John  : — 


Oxide  of  zinc,  

Carbonic  acid  and  water, 
Oxides  of  iron,  manganese, 
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Calamine,  as  well  as  blende,  is  found  in  two  geologi- 
cal formations — the  one  is  the  carboniferous  or  mountain 
limestone,  in  which  it  occurs  in  veins  accompanying 
galena ;  and  the  other  the  magnesian  limestone  forma- 
tion of  English  geologists,  the  Alpine  limestone  of  the 
French,  and  the  Zechstein  of  the  Germans,  in  which  it  is 
disseminated  in  small  veins  forming  a  network  in  the 
mass,  not  more  than  a  few  inches  in  thickness,  except 
where  several  intersect,  when  it  sometimes  increases  to 


Honhcim. 

Koboll 

1 

2 

3 

4 

84-92  . 

. .    85-78    . . 

. .    74-42    . . 

. .  96-00 

1-58  . 

..     2-24  .. 

. .     3-20    . . 

. .  2-03 

6-80  . 

. .      7-02    . . 

. .    14-98    . . 

1-12 

1-58  '. 

0-98  '.' 

1-68  '. 

2-84  . 

...     4-44  . 

. .     3-88  . 

1-85  . 

0-09 

! .'     0-20  .' 

. .     0-56  . 

0-43  . 

..     1-08  . 

0-85 

100-00 

101-15 

100-00 

100-00 

as  many  feet.  Explorations  for  lead  and  zinc  are 
carried  on  in  England,  wherever  the  mountain  or 
metalliferous  limestone  exists;  but  the  principal  seats 
of  operation  are  in  the  neighborhood  of  Alston  Moor 
in  Cumberland,  of  Castleton  and  Matlock  in  Derby- 
shire, and  in  Flintshire  in  Wales.  In  the  magnesian 
limestone  the  explorations  for  calamine  are  prosecuted 
chiefly  on  the  flanks  of  the  Mendip  hills,  near  Bristol ; 
and  the  mineral  is  excavated  by  means  of  numerous 
small  shafts  and  levels.  Calamine  usually  occurs  in  beds 
and  veins,  associated  with  Smithsonite  galena,  blende, 
and  other  minerals,  in  the  crystalline  slates,  transition 
rocks,  the  coal  formations,  the  muschel  kalk,  and  oolite 
formations.  It  is  found  at  Altenberg  and  Nirm,  near 
Aix-la-Chapelle;  at  Iserlohn  and  Brilon  in  Westphalia; 
near  Tarnowitz  in  Silesia;  at  Raibel  and  Bleiberg  in 
Carinthia;  in  the  Banat;  at  Miedziana  Gora  in  Poland; 
Dognazka,  Rezbanya,  and  Saska,  in  Hungary;  at  Kucsi- 
ana  in  Servia;  Tschairski  in  the  Altai;  Nertschinsk  and 
Nischn  Tagilsk  in  Siberia ;  Chessy  in  France ;  in  Bel- 
gium; in  several  places  in  the  United  States,  especially 
in  Jefferson  County,  and  many  other  localities. 

Silicate  of  Oxide  of  Zinc — Smithsonite,  Phillips; 
zinc  oxide  silicifere,  Hauy ;  zinle-glas,  Hausmann  ;  gal- 
mei,  Haidinger. — Two  varieties  of  this  mineral  exist; 
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the  one  anhydrous  and  the  other  hydrated.  Anhy- 
drous oxide  of  zinc  is  found  crystallized  in  regular 
hexahedral  prisms  of  a  green  or  grey  color;  translucent, 
sometimes  transparent,  with  a  vitreous  lustre  on  the 
surfaces  of  the  fracture,  which  is  somewhat  conchoidal 
and  uneven.  Its  streak  is  white.  Before  the  blowpipe 
it  is  infusible,  and  is  only  reduced  when  mixed  with 
charcoal,  and  submitted  to  a  very  high  temperature ; 
heated  with  soda  on  charcoal,  it  aifords  a  sublimate  of 
oxide  of  zinc ;  with  a  solution  of  nitrate  of  cobalt  it 
affords  the  characteristic  green  color  of  zinc ;  it  is 
decomposed  by  mineral  acids,  yielding  a  jelly  of  silicic 
acid.    It  is  composed  of — 

Oxide  of  zinc,   71-32 

Oxide  of  lead,   2-66 

Oxide  of  iron,  ,.  0-67 

Silicic  acid,   25*35 

100-00 

Hydrated  Silicate  of  Zinc — Electric  calamine. 
— Silicates  of  zinc,  especially  this  variety,  were  long 
confounded  with  calamine  or  carbonate  of  zinc,  not- 
withstanding the  great  difference  which  exists  between 
the  two  minerals.  Electric  calamine  occurs  in  stalac- 
tic,  mammillated,  botroidal,  and  massive  forms,  as  well 
as  in  crystals  of  the  right  rhombic  system.  Its  usual 
color  is  white,  but  in  this  respect  it  varies  to  shades 
of  yellow,  brown,  gr.een ;  its  lustre  is  vitreous,  and  its 
streak  white ;  it  is  phosphorescent  when  rubbed,  and 
becomes  electric  by  heat ;  its  streak  is  white ;  it  has  an 
uneven  fracture,  and  a  specific  gravity  of  3-3  to  3"6. 
When  heated  on  the  mattrass  it  yields  water  and  turns 
white.  It  swells  on  charcoal  before  the  blowpipe, 
and  shines  with  a  green  light,  but  does  not  fuse, 
excepting  a  little  on  the  edges;  in  other  respects  it 
comports  itself  like  the  anhydrous  compound.  The 
pure  silicate  is  composed  of — 

Oxide  of  zinc,   67-07 

Silicic  acid,   25-48 

Water,   7-45 

100-00 

corresponding  to  the  formula  ZnO,  2  Si02  HO.  In 
most  cases,  however,  this  mineral  is  associated  with 
various  extraneous  matters,  as  shown  in  the  annexed 
anatyses — 

Bcraclius.  Bart'iier.         Smithson.  ThoitiBon. 

1            2        3  4  5 

Oxide  of  zinc,   66-84  66-0  64-5  68-3  66-8 

Silica   24-89  25-0  25-5  25-0  23-2 

Oxides  of  lead  and 

tin,   0-28  —      —  —  — 

Water,   74-45  9-0  10-0  4-4  10-8 

Carbonic  acid   0-54  —      —  —  — 

L0s5l   —  —      —  .3-3  — 

100-00     100-0  100-0     101-0  100-8 


Numbers  1  and  2  in  the  foregoing  table  were  from 
Limburg,  3  from  Breigau,  4  from  Rezbanya,  and  5 
from  Leadhills. 

This  mineral  is  generally  associated  with  calamine 
in  veins  containing  iron  and  lead  ores  and  blende ;  it  is 
found  in  most  of  the  localities  already  mentioned  as 
containing  calamine.  Considerable  quantities  of  it  are 
mined  at  Bleyberg  and  Raibel  in  Carinthia;  in  Brisgau, 
Hungary ;  and  at  Tarnowitz  in  Silesia ;  it  is  also  found 
in  Poland,  Gallicia,  Baden,  in  the  Tyrol,  and  in  Banat ; 
at  Alcarez  in  Spain ;  at  Altenberg,  near  Aix-la-Cha- 
pelle ;  at  Moresnet,  near  Liege ;  near  Goslar  in  the 
Hartz ;  at  Matlock,  Derbyshire ;  in  the  Mendip  Hills 
and  Flintshire  in  England ;  at  the  Wanlock-head ;  and 
the  Leadhills  in  Scotland,  aud  several  other  localities. 

Sulphide  of  Zinc — Blende;  sine  sulfure;  zinJc* 
blende. — Blende  occurs  in  a  variety  of  conditions — 
massive  and  crystallized  in  oeta-  and  dodecahedrons 
and  other  allied  forms,  derived  from  the  cubic  system, 
its  color  varying  between  black,  brown,  red,  yellow, 
and  green.  The  crystallized  variety  is  translucent, 
transparent,  and  opaque;  it  has  an  adamantine  lustre,  a 
conchoidal  fracture,  and  a  cleavage  parallel  to  several 
of  its  faces ;  it  gives  a  white,  shading  off  to  a  reddish- 
brown,  streak,  according  to  its  purity ;  it  is  brittle,  and 
has  a  specific  gravity  of  4' 0  to  4-1.  By  friction  some 
varieties  are  rendered  electric.  Heated  alone  it  decrepi- 
tates violently;  it  is  infusible,  excepting  slightly  on  the 
edges  in  the  blowpipe  flame;  but  it  gives,  under  a  strong 
oxidizing  flame,  a  sublimated  areola  of  oxide  of  zinc 
round  the  assay ;  with  carbonate  of  soda  on  charcoal 
it  is  reduced.  When  treated  with  nitric  acid  the 
base  is  dissolved,  and  the  sulphur  left  in  proportion 
to  the  strength  of  the  acid  employed.  When  pure, 
sulphide  of  zinc  consists  of  equivalent  proportions  of  its 
constituents,  corresponding  to  the  formula  Zn  S,  and  is 
composed  centesimally  of — 

Zinc,   67-03 

Sulphur,   32-97 

100-00 

Generally,  it  contains  several  impurities,  such  as  sul- 
phides of  iron,  of  lead,  of  cadmium,  and  of  antimony ; 
the  first  of  these  is  more  frequently  met  with  in  the 
dark,  and  the  second  in  the  reddish  striated  kind.  The 
following  are  analyses  of  a  few  samples  of  blende  from 
different  localities ;  namely,  those  marked  1,  2,  and  3, 
from  Przibram;  4,  a  transparent  variety  from  New  Jersey; 
5,  from  Bagneres  de  Luehon ;  G,  from  Cherones,  in  the 
department  of  Charente ;  7,  from  Raibel  in  Carinthia ;  8, 
from  Eaton;  9,  from  Shelburne  in  New  Hampshire; 
10,  from  England;  and  11,  from Christiania : — 


Lowe.  Arfredson.  Henry.  Bertliier.  Lec-anii. 

1         2  3  4  5  6 

Zinc                                          61-40    62-62  66-34  66-46  63-0  55-0 

Iron,"..'..'.                                  1-29     2-20  —  —  3-4  8-6 

Cadmium,                                    1-50     1-78  —  trace  —  — 

Antimony,  lead,  and  oxygen,  ....       —        —  —  — 

Manganese,                                     —  —  ~ 

Sulphur,...                                33-15   32-72  33-66  32-22  33-6  36-2 

2^6~6     0-Is  -  1*2  ~  0^ 

100-00  10000  100-00  100-00  100-0  100-0 

VOL.  II. 


Kersten. 

Jackson. 

Berthier. 

Sebeerer. 

7 

8 

9 

10 

n 

64-22 

63-62 

52-0 

61-5 

53-17 

1-32 

3-10 

10-0 

4-0 

11-79 

trace 

0-60 

3-2 

0-72 

1-3 

0-74 

32-10 

33-22 

32-6 

33-0 

35-73 

0-80 

(earthy  matters  1-5) 

0-84 

0-9 

100-00 

100-64 

100-0 

100-0 

101-43 

7  G 
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ZINC  Preparation  and  Properties. 


Blende  is  found,  as  before  stated,  in  the  metalliferous 
mountain  and  magnesian  limestone,  especially  in  Eng- 
land, in  veins  and  beds  associated  with  lead,  iron,  and 
copper  ores.  In  Cornwall  its  presence  is  observed  in 
the  older  transition  rocks,  and  chiefly  accompanying 
copper  pyrites.  The  variety  so  found,  from  the  large 
quantity  of  sulphide  of  iron,  is  mostly  of  a  black  color- 
hence  the  miners  term  this  mineral  black  jaclc.  The 
ore  is  found  in  more  or  less  abundance  in  Hungary, 
Transylvania,  Bohemia,  Carinthia,  and  the  Hartz ;  large 
quantities  of  it  are  obtained  in  Cumberland,  Derby- 
shire, and  Cornwall,  in  England;  Flintshire,  in  Wales; 
in  Perthshire,  the  Leadhills,  and  the  coal  fields  round 
Edinburgh  and  Lanarkshire,  in  Scotland. 

Sulphate  op  Zinc. — Goslarite,  zirikvitriol,  white 
vitriol,  aluminate  of  zinc,  gahiite  spindle,  zincifere, 
and  a  few  other  minerals  of  zinc  exist;  but  their 
importance  in  relation  to  their  abundance,  or  for  their 
application  in  the  metallurgy  of  zinc,  is  not  so  great  as 
to  require  a  description  here. 

Preparation  op  Zinc— To  obtain  perfectly  pure 
zinc  is  a  task  of  some  difficulty,  so  much  so  that  the 
commercial  article  is  never  met  with  in  a  pure  state, 
but  rather  with  variable  quantities  of  arsenic,  cadmium, 
tin,  lead,  manganese,  iron,  cobalt,  and  nickel.  In  order 
to  obtain  perfectly  pure  metal,  the  purest  commercial 
zinc  should  be  dissolved  in  dilute  sulphuric  acid, 
filtered  from  any  residue,  and  the  foreign  metals  thrown 
down  by  immersing  plates  of  zinc  in  the  liquid  till  no 
further  deposit  takes  place.  After  separating  the 
precipitated  metals,  which  may  be  tin,  lead,  copper, 
cadmium,  antimony,  and  a  trace  of  arsenic,  the  solution 
is  treated  with  carbonate  of  soda,  and  the  carbonate  of 
zinc,  which  falls  after  filtration  and  thorough  washing, 
is  dried,  heated  to  redness  to  expel  carbonic  acid,  mixed 
with  charcoal  or  lampblack,  and  introduced  into  a  cru- 
cible as  represented  in  Fig.  623,  placed  in  a  furnace, 
and  the  metal  reduced  and 
recovered  by  the  method 
known  as  distillation  per 
descensum.  In  this  figure, 
the  crucible  wherein  the 
mixture  of  carbonate  and 
charcoal  is  placed,  is 
shown  by  A ;  it  rests  upon 
a  disc  of  clay,  p.,  which, 
together  with  the  bottom 
of  the  crucible,  is  per- 
forated for  the  purpose  of 
passing  a  clay  tube  through 
both,  one  end  of  which 
opens  at  the  top  of  the 


Fig.  G23. 


crucible  near  the  cover,  and  the  other  dips  into  a  cup 
of  water,  c,  placed  beneath  the  grate  and  ash-pit.  The 
crucible  being  fixed,  with  its  charge  and  its  cover 
closely  luted  with  clay,  is  placed  in  the  furnace  and 
heated  to  whiteness,  when  the  reduced  particles  of 
the  metal  pass  off  in  vapor,  which  finds  an  outlet  in 
the  lower  opening  of  the  tube,  and  condenses  in  the 
cup  of  water  in  grains.  The  zinc  obtained  in  this 
way  will  be  very  pure,  but  to  obtain  it  in  absolute 
purity,  it  is  necessary  to  have  recourse  to  electrolysis 
from  a  solution  of  zinc  which  has  undergone  the  above- 


mentioned  purifying  operation,  and  from  which  the  iron, 
manganese,  and  other  bodies  which  may  be  deposited 
on  the  electrode,  are  separated  by  treatment  with  an 
excess  of  caustic  potassa,  subsequent  precipitation 
of  the  zinc  as  carbonate,  washing,  and  re-solution. 
The  distillation  of  zinc  being  always  conducted  at  a 
white  heat,  a  repetition  of  the  distillation,  however  often 
repeated,  is  not  sufficient  to  separate  many  impurities 
of  a  metallic  nature,  which  greatly  injure  its  properties, 
and  prevent  its  applications  in  many  operations  of  a 
chemical  and  manufacturing  nature.  The  substances 
with  which  it  is  most  liable  to  be  contaminated  when 
prepared  in  this  way,  are  lead,  tin,  antimony,  cadmium, 
and  arsenic,  as  these  metals  evaporate  with  the  zinc  and 
alloy  themselves  with  it.  A  simple  process  adopted  to 
free  zinc  from  several  of  the  preceding  metals  consists  in 
incorporating  some  sulphur  alone  or  mixed  with  grease 
in  the  melted  metal,  and  stirring  the  whole  rapidly 
with  a  wooden  slip.  The  foreign  metals  are  by  this 
operation  converted  into  sulphides,  but  traces  of  them 
are  still  retained  in  the  melted  zinc.  Another  method 
is  to  granulate  the  zinc  by  melting  it  in  a  crucible,  and 
pouring  it  while  fluid  into  a  tub  of  water,  then  mixing 
the  powder  with  a  quarter  of  its  weight  of  nitre,  and 
introducing  the  mixture  into  a  crucible,  taking  care 
that  a  portion  of  the  salt  rests  beneath  and  upon  the 
metal.  The  crucible  is  then  heated  in  a  furnace  till 
vivid  combustion  ensues,  after  which  it  is  taken  from 
the  fire,  the  slag  removed  from  the  surface,  and  the 
melted  metal  poured  into  water.  Arsenic  and  iron  are 
thus  removed. 

Properties  op  Zinc— When  pure,  this  metal  has 
a  bluish  white  color,  somewhat  similar  to  lead  or 
aluminium,  and  a  strong  metallic  lustre.  It  crystallizes 
in  long  regular   hexagonal    prisms,    according  to 
Naggeratii,  but  others  give  the  crystalline  form  as 
cubic  prisms.    Nickles  asserts  that  zinc  distilled  in  an 
atmosphere  of  hydrogen  forms  well-defined  pentagonal 
dodecahedrons  on  cooling.    When  freshly  fractured, 
its  crystalline  texture  is  lamellar,  the  plates  sometimes 
appearing  of  considerable  size.    At  ordinary  temper- 
atures it  is  brittle,  of  a  moderate  hardness,  and  difficult 
to  file,  but  when  heated  between  212"  and  300°  it 
acquires  a  considerable  degree  of  malleability,  so  that 
it  can  be  drawn  into  wire  or  rolled  into  thin  bands  and 
sheets.    Mr.  Ford  of  Coalbrook  Dale,  who,  accord- 
ing to  Gray,  was  the  first  person  in  England  who 
employed  the  metal  in  casting  fire-engine  cylinders, 
states  that,  by  the  mere  warmth  of  the  hand,  the 
strips  of  metal  which  were  as  brittle  as  glass  at  the 
ordinary  temperature,  could  be  wound  round  the  finger 
like  slips  of  paper.    If  the  heat  be  raised  to  400°  or 
410°  its  ductility  is  destroyed,  and  it  becomes  so 
brittle  as  to  be  reduced  to  powder  in  a  mortar  by 
ordinary  grinding  processes.     Zinc  emits  a  peculiar 
odor  when  rubbed.    Its  density,  according  to  the  mean 
of  several  experiments  of  Brisson,  Karsten,  Play- 
fair,  and  Joule,  is  6-89;  the  melted  metal  after  cool- 
ing gave  Joule  only  6-54.    It  fuses  at  705°  accord- 
ing to  Guyton  Morveau,  but  Daniell  gives  the 
fusing  point  774°;  at  white  heat  it  boils,  emitting  vapors 
which  burn  in  the  air  or  in  oxygen  gas  with  a  very 
brilliant  white  light,  producing  oxide  of  zinc,  which 
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condenses  in  filamentous  flocks  on  a  cold  surface  held 
over  the  flame,  or  on  the  walls  of  the  crucible  in  which 
the  combustion  is  effected;  this  is  the  philosophical 
wool,  the  flowers  of  zinc,  or  pompholyx  of  the  old 
chemists.  At  a  red  heat  zinc  decomposes  water, 
setting  free  the  hydrogen  of  the  vapor;  the  same  effect 
is  produced  at  ordinary  temperatures  under  the  influence 
of  weak  acids,  and  with  considerably  greater  energy 
than  by  heat  alone.  In  the  latter  behavior  a  remark- 
able difference  is  manifested  when  pure  and  commercial 
zinc  are  submitted  to  the  action  of  the  same  acid,  the 
former  dissolving  so  slowly  that  it  requires  the  action 
to  be  continued  for  a  period  of  eight  days  to  produce 
the  same  effect  as  that  which  is  effected  upon  the  latter 
in  a  space  of  one  hour.  This  behavior  was  made  the 
subject  of  a  careful  investigation  by  De  la  Rive,  who 
found  that  the  action  of  the  acid  is  increased  by  the 
presence  of  certain  proportions  of  many  metals.  By 
alloying  nine  parts  of  pure  zinc  with  one  part  of  the 
several  metals  mentioned  below,  and  employing  dilute 
sulphuric  acid,  he  found  that  the  effect  of  the  acid, 
measured  by  the  volume  of  hydrogen  disengaged  in 
equal  times,  stood  in  the  relation  of  the  annexed 
numbers : — 

Gils  disengaged. 

Commercial  zinc  and  alloys  of  zinc  and  iron,..  100 

Alloy  of  zinc  and  copper,   43 

Alloy  of  zinc  and  lead,   15 

Alloy  of  zinc  and  tin,    12 

Distilled  zinc,   5 

One  twentieth  of  the  quantity  of  iron  alloyed  with 
zinc  is  sufficient  to  produce  an  effect  equal  to  that  of 
commercial  zinc,  and  even  a  spiral  of  platinum  round 
a  bar  of  zinc  was  found  to  increase  the  action  of  the 
acid  considerably.  On  the  other  hand,  he  observed 
that  the  acid  which  effected  the  most  rapid  solution 
of  the  metal,  was  a  mixture  of  thirty-three  parts  of 
sulphuric  acid  and  one  hundred  of  water.  The  consi- 
deration that  the  zinc,  on  being  alloyed  with  any  metal, 
constitutes  a  kind  of  battery  within  itself,  and  the  know- 
ledge that  the  above  acid  is  the  one  which  possesses 
the  greatest  power  of  conducting  electricity,  led  M.  De 
la  Rive  to  the  conclusion  that  the  greater  or  less  energy 
with  which  a  plate  or  bar  of  zinc  decomposes  water,  is 
dependent  upon  the  galvanic  effect  of  the  metals 
associated  with  the  zinc  and  of  the  acid  body  employed. 

Zinc  abstracts  oxygen  from  a  great  number  of  acids 
containing  this  element.  Boiling  solutions  of  potassa 
and  soda  likewise  oxidize  it  with  disengagement  of 
hydrogen,  the  oxide  of  zinc  formed  dissolving  in  the 
alkali,  and  forming  probably  the  radical  of  an  alkaline 
salt.  Exposure  to  dry  air,  however  long  continued, 
is  insufficient  to  tarnish  bright  metallic  zinc;  but  when 
moisture  is  present  it  readily  undergoes  oxidation,  a 
whitish  coating  forming  upon  it ;  this,  however,  retards 
to  a  great  degree  its  further  corrosion  by  atmospheric 
influences,  so  that  it  resists  exposure  very  well ;  and 
hence,  its  very  extended  use  in  roofing  and  other  appli- 
cations where  iron  would  soon  become  oxidized  and 
worn  away.  Zinc  forms  an  extended  class  of  salts  with 
acids,  many  of  which  are  of  some  importance  in  many 
departments  of  art  and  manufactures  as  well  as  in 
medicine,  and  the  metal  itself  has  of  late  years  been 
applied  to  a  great  many  important  uses.    Zinc  has  the 


atomic  or  combining  number  32 ;  and  its  symbol,  or 
chemical  formula,  is  Zn. 

Metallurgy  op  Zinc. — The  principal  places  for 
the  production  and  manufacture  of  zinc  am,  in  Eng- 
land, Swansea,  Carlisle,  Bristol,  Birmingham,  and  the 
neighborhood  of  Sheffield  ;  Flintshire  in  Wales ;  Upper 
Silesia  in  Germany ;  and  Vieille  Montagne  in  Belgium. 
The  latter  establishment  has  considerably  increased 
during  the  last  twelve  years,  but  it  has  not  attained  the 
magnitude  of  the  Silesian  works,  which  are  the  largest 
of  the  kind  in  the  world. 

English  Process. — The  ores  which  are  principally 
employed  at  Bristol  and  Birmingham,  are  those  from 
the  Mendip  Hills  and  from  Flintshire,  while  the 
Sheffield  furnaces  derive  their  stock  from  Alston 
Moor  in  Cumberland,  and  from  Derbyshire.  A  large 
quantity  of  blende  is  likewise  obtained  from  Cornwall, 
which  is  submitted  to  a  preparatory  roasting.  The 
ore  is  sorted,  and  any  blende  which  may  be  mixed  with 
it  is  separated  from  the  calamine ;  the  latter  is  some- 
times ground  under  head  rollers,  and  roasted  in  a 
reverberatory  furnace,  to  expel  all  its  moisture  and 
carbonic  acid.  This  preparatory  roasting  is  not  univer- 
sally practised,  however,  as  some  smelters  merely  break 
it  up  into  fragments  about-the  size  of  a  pigeon's  egg, 
and  in  this  state  mix  it  with  its  bulk  of  coal  or  slack, 
and  submit  it  to  the  reduction  process.  Blende  is  always 
roasted  before  reducing  it  to  metal,  for  which  purpose  it  is 
sorted  and  broken  up  into  small  pieces  of  about  half  a  cubic 
inch,  and  introduced  into  a  reverberatory  furnace,  where 
it  is  roasted  during  ten  to  twelve  hours  without  inter- 
mission. The  furnace  is  ten  feet  long,  eight  feet  wide, 
a  half  foot  between  the  bed  and  the  roof  in  the  middle, 
and  one  foot  and  a  half  at  the  bridge.  A  continual 
rabbling  is  given  to  the  ore,  which  is  spread  on  the  bed 
to  the  depth  of  four  or  five  inches.  During  the  period 
of  the  roasting,  the  ore  suffers  a  loss  of  twenty  per  cent, 
from  the  sulphur  expelled.  Four  tons  of  coal  are  said 
to  be  consumed  during  each  operation.  The  charge 
for  reduction  is  then  compounded  of  one  part  of 
calcined  blende,  one  part  of  roasted  calamine,  and 
two  parts  of  charcoal.  In  the  English  system,  the 
furnaces  shown  in  the  annexed  figures  are  employed ; 
their  peculiar  feature  is  their  being  adapted  to  the  prac- 
tice of  the  system  of  distillation  per  descensum.  They 
consist,  as  shown  in  Fig.  624,  of  an  inner  cupola,  A  A, 
enclosing  a  double  row  of  crucibles,  G  G,  the  whole 
enclosed  by  a  hovel  or  conical  brickwork  chimney,  D, 
similar  to  that  of  a  glass  furnace  or  pottery  kiln.  A 
number  of  openings,  B  b,  are  constructed  in  the  cupola 
corresponding  to  the  number  of  pots  in  the  furnace,  and 
which  serves  to  charge  and  secure  the  pots  in  their  places 
when  necessary.  For  the  convenience  of  the  workmen 
the  outer  cone  has  doors,  c  c,  before  each  pot.  A  fire,  r, 
runs  across  the  centre  of  the  hearth  and  heats  the  row 
of  four  pots  on  either  side,  the  smoke  and  gases  passing 
off  by  the  apertures,  B  B,  and  outwards  at  the  mouth 
of  the  cone,  d.  The  ash  from  the  grate  falls  into 
the  pit,  e,  at  either  side  of  which,  and  beneath  the 
pots,  is  a  gallery,  H,  where  a  number  of  dishes  or  other 
vessels  are  placed  for  collecting  the  zinc,  conducted 
to  them  by  iron  pipes,  having  one  end  inserted  into 
the  aperture  in  the  bottom  of  the  pot,  while  the  other 
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dips  into  the  dish  already  mentioned.  To  charge 
the  furnace,  the  crucibles,  which  are  previously  heated 
to  redness  in  a  reverberatory  furnace,  are  carried 
by  a  pair  of  large  iron  pincers,  slung  in  chains,  and 
supported  on  a  kind  of  over-head  railway — Figs.  624, 
625 — much  in  the  same  way  as  glass-pots  are  inserted 


Fig. 624. 


and  withdrawn  from  the  furnace.  They  are  then 
introduced  by  means  of  an  aperture  in  the  side  of  the 
dome,  and  placed  in  their  position  beneath  the  aper- 
tures in  the  top,  so  as  to  rest  on  each  side  of  the  wall 

Fig.  625. 


of  the  furrow  opening  into  the  chamber,  h.  The 
charge  for  each  pot  or  crucible  is  composed  of  equal 
bulks  of  ore  and  slack  when  calamine  either  crude  or 
roasted  is  used,  or  if  a  mixture  of  calcined  blende 
and  calamine  be  employed ;  these,  in  the  proportions 
already  stated,  are  introduced  through  the  apertures 
in  the  dome,  the  outlet  in  the  bottom  of  the  pot 
being  secured  by  a  plug  of  wood.  The  fire  is  then 
urged  till  the  contents  of  the  pots  are  brought  to 
a  full  red  heat,  approaching  to  whiteness,  and  when 
the  vapors  arising  from  the  ore  are  observed  to  burn 


with  a  white  light,  the  covers  are  placed  upon  the 
several  pots  and  well  luted,  the  pipes  are  likewise 
inserted  in  the  bottom,  and  the  distillation  is  allowed 
to  proceed,  the  temperature  being  always  maintained 
at  a  high  white  heat.  To  prevent  the  materials  in  the 
pot  from  falling  through,  the  end  of  the  pipe  is  plugged 
with  wood,  but  as  it  becomes  charred,  it  offers  suffi- 
cient space  for  the  metal,  in  its  passage  downwards, 
to  percolate  through  it  without  allowing  any  grosser 
matters  to  descend.  Any  metal  condensed  in  the 
pipes  is  removed  by  introducing,  from  time  to  time,  a 
small  iron  rod  or  wire,  which  clears  it  away;  if  this 
operation  be  neglected,  the  outlets  are  apt  to  get  clogged 
up,  and  the  tension  of  the  enclosed  gases  will  endanger 
the  explosion  of  the  covers.  Usually  the  period  occu- 
pied in  a  single  distillation  is  about  sixty-six  hours, 
or  five  distillations  in  fourteen  days,  in  which  from  eight 
to  ten  tons  of  ore  are  worked  off,  with  a  consumption  of 
twenty  to  twenty-five  tons  of  coal.  The  metal  obtained 
amounts  to  thirty-five  or  forty  per  cent,  of  the  cal- 
cined ore  employed.  When  no  more  metal  is  con- 
densed, the  refuse  matter  in  the  pots  is  discharged  by 
removing  the  pipe  in  the  bottom  and  the  cover,  and 
then  raking  it  out  through  the  bottom  aperture  ;  after 
this  operation  the  latter  is  plugged,  to  prepare  the 
retort  for  receiving  another  charge.  Each  pot  serves 
to  distil  about  forty  charges  before  it  gets  broken ; 
when  this  happens,  the  fragments  are  withdrawn 
through  an  opening  made  in  the  surrounding  brick- 
work, and  the  place  of  the  broken  pot  is  supplied  by 
another  annealed  at  a  red  heat  in  a  reverberatory,  as 
mentioned  above.  The  collected  product  of  the  distil- 
lation, which  is  chiefly  in  drops  and  fine  metallic 
powder  mixed  with  some  oxide  of  zinc,  is  melted  in 
a  large  iron  pot  set  in  brickwork,  and  heated  by  a  fire 
beneath  it,  when  the  lighter  oxide  and  other  impurities 
form  a  scum  on  the  surface  of  the  bath  of  melted 
metal ;  the  former  is  skimmed  off,  and  the  latter  cast 
into  bars  or  cakes,  in  which  state  it  is  sent  to  market. 

Process  Practised  at  Vieille  Montagne. — 
The  mineral  wrought  at  this  establishment  is  a  mixture 
of  calamine  and  oxide  of  zinc,  which  is  of  a  very  com- 
pact and  crystalline  nature,  intermixed  with  a  gangue 
of  clay  in  amorphous  masses.  As  a  preparatory  opera- 
tion, the  mineral  substance,  as  taken  from  the  mine,  is 
exposed  to  the  air  for  the  purpose  of  allowing  the 
gangue  to  disintegrate,  with  the  view  of  rendering  its 
separation  more  easy  and  complete  in  the  preparatory 
process  to  which  it  is  submitted.  There  are  two 
varieties  of  the  carbonate  treated,  one  of  a  reddish 
color,  containing  a  considerable  amount  of  iron ;  the 
other  white  and  more  compact.  The  ore  is  placed  in 
heaps,  and  turned  over  from  time  to  time  to  permit  the 
air  to  pass  through  it  more  freely.  After  a  period, 
varying  from  three  to  twelve  months,  the  heap  is 
picked,  and  the  fragments  of  pure  ore  of  the  size  of 
pigeons'  eggs  are  selected  from  the  rest.  The  refuse 
matter  is  then  screened,  and  the  coarser  portions 
again  picked  out  by  hand ;  finally,  the  reduced  frag- 
ments are  washed  upon  the  inclined  plane,  and  the 
chief  part  of  the  clay  is  thus  removed.  There  is  a 
considerable  difference  between  the  periods  required  to 
disintegrate  the  two  varieties  of  the  mineral :  by  a 
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three  months'  exposure  the  red  kind  is  sufficiently 
decomposed  to  part  with  the  most  of  its  impurities, 
whereas  the  white  variety  takes  from  nine  to  twelve 
months  to  effect  the  same  change ;  in  the  former  the 
loss  averages  fifteen  per  cent.,  whilst  in  the  latter  it 
often  amounts  to  fifty.  The  selected  ore  is  then 
calcined,  sometimes  in  a  reverberatory,  but  more 
frequently  in  a  conical  kiln,  somewhat  similar  in  form 
to  that  in  which  lime  is  burned,  and  which  has  the 
advantage  of  being  continuous  in  its  operation.  Fig. 
C26  represents  this  kiln :  it  is  heated  by  two  lateral 
fires  inclosed  within  an  arch,  the  products  of  combus- 

Fig.  626. 


tion  from  which  are  draughted  into  the  interior  from 
a  channel  or  flue  by  twenty  different  apertures,  o,  o,  o, 
at  various  points  of  elevation.  The  bottom  of  the 
kiln  inclines  towards  the  drawing  doors,  a,  a,  owing 
to  the  two  cast-iron  plates  of  which  it  is  composed, 
/,  /,  being  laid  together  at  an  angle  of  45°,  and  hence 
the  descending  body  of  calcined  ore  falls  in  almost 
equal  portions  towards  each  of  the  rectangular  outlets 
already  mentioned.  Coal  is  preferred  for  heating  in 
this  case,  owing  to  the  high  temperature  necessary 
to  calcine  the  mass  of  ore  which  is  introduced  at 
regular  intervals  at  the  top.  After  drawing  out  the 
roasted  ore  it  is  ground  under  headstones,  and  sifted, 
so  that  its  fineness  is  insured ;  it  is  then  mixed  with 
its  proper  quantity  of  combustible  matter,  which  may 
be  charcoal  or  fine  coal,  and  introduced  into  the 
retorts  for  smelting.  These  retorts  consist  of  cylin- 
ders of  refractory  clay,  closed  at  the  end  which  is 
inserted  into  the  furnace,  and  open  at  that  one  which 
protrudes ;  to  this  end  is  adapted  another  cylinder  of 
sheet-iron  of  a  conieal  form,  for  the  purpose  of  con- 
densing the  metallic  vapor,  and  this  in  turn  has  a  third 
pipe  of  the  same  form,  but  much  smaller,  appended  to 
it.  These  several  parts  are  seen  in  Fig.  627,  A  being 
the  retort,  B  the  condenser,  and  c  the  outer  cone ; 

Fig.  627. 


the  first  is  three  feet  eight  inches  in  length,  and  six 
inches  in  diameter,  the  second  is  sixteen  inches  in 
length,  and  the  third  about  the  same,  only  that 
both  taper,  so  that  the  aperture  of  the  apex  of  a  is 
not  greater  than  three-fourths  to  one  inch  in  dia- 
meter. These  are  placed  in  a  peculiar  kind  of  furnace 
represented  in  elevated  section  in  Figs.  626  and  G29,  the 


latter  in  the  line  A  b  of  the  former.  The  stack  consists 
of  four  distinct  furnaces,  each  in  the  form  of  a  semi- 
cylindrical  chamber,  eight  feet  eight  inches  from  the 
highest  point  of  the  arched  roof  to  the  floor,  the  back  of 
the  chamber  being  constructed  so  as  to  recede  slightly 
from  the  bottom  or  floor  upwards,  as  shown  by  b  d,  in 
Fig.  629,  and  the  front,  a  c,  being  left  open  for  the 
convenience  of  introducing  the  retorts.  The  fire 
which  heats  the  chamber  and  its  complement  of 
retorts  is  shown  at  F,  and  is  placed  beneath  the 
level  of  the  floor  of  the  smelting  house,  the  com- 
bustible gases  and  other  products  passing  upwards 
through  four  apertures  in  the  grate,  shown  at  e,  e,  e, 
and  thence  by  a  double  flue,  G,  G,  finding  an  exit 
overhead  into  the  chimney,  c.  The  latter  forms  one 
massive  construction,  embracing  the  four  outlets,  each 
closed  by  a  damper.  In  each  of  the  chamber  fur- 
naces forty-two  retorts,  G,  G,  are  heated ;  these  being 
placed  in  rows  one  above  the  other,  as  shown  in  the 
drawing,  the  posterior  end  resting  upon  a  ledge  made 
for  the  purpose  in  the  masonry  or  brickwork.  In  the 
front  the  distillatory  cylinders  are  supported  by  plates  of 
cast-iron,  so  fixed  at  each  side  of  the  face  of  the  furnace 
as  to  allow  the  cylinders  to  slope  downwards  from  the 
back  to  the  front.  Before  placing  the  retorts  in  this 
furnace,  a  brisk  fire  is  maintained  in  it  for  some  time,  so 
as  to  bring  the  interior  to  a  bright  red  or  white  heat,  the 
face  of  the  furnace  being  built  up  with  bricks  or  frag- 
ments of  broken  retorts.  When  this  condition  has 
been  attained,  the  cylinders,  which  should  be  previously 
heated  to  redness  in  a  reverberatory,  are  fixed  in  their 
places  one  by  one,  the  interstices  between  each  retort  at 
the  front  being  closed  up  with  fire-clay.  At  first,  a  small 
quantity  of  the  mixture  of  ore  and  coal  is  submitted 
to  reduction  in  the  cylinders,  the  condensing  cone  and 
adapter  attached  and  luted,  and  any  metal  given  out 
collected  in  the  manner  presently  to  he  indicated. 
These  preliminary  charges  are  successively  increased 
for  a  period  of  three  or  four  days,  or  until  the  furnace  is 
found  to  be  in  a  proper  worldng  condition.  At  thisperiod 
the  charge  attains  its  mean,  and  consists  of  one  thousand 
one  hundred  pounds  of  the  roasted,  ground,  and  sifted 
calamine,  intimately  mixed  with  five  hundred  and  fifty 
pounds  of  bituminous  coal  in  fine  powder,  for  the 
forty-two  retorts.  This  is  introduced  into  the  clay 
cylinders  by  means  of  a  long  half-cylindrical  shovel 
attached  to  a  long  iron  handle,  commencing  with  the 
lower  retorts,  and  proceeding  to  the  higher  ones  in 
succession.  When  all  are  filled,  the  flue,  which  is 
usually  stopped  by  having  the  damper  down,  is 
opened,  and  an  increased  firing  resorted  to. 
As  the  contents  of  the  retorts  attain  a  strong 
red  heat  approaching  to  whiteness,  they  evolve 
„  a  considerable  amount  of  carbonic  oxide,  which 

burns  at  the  mouth  of  the  cylinders  with  a 
bluish  flame  ;  after  a  while  the  appearance  of 
the  flame  becomes  more  brilliant,  and  of  a  greenish 
white,  showing  that  portions  of  the  zinc  vapor  have 
been  volatilized.  As  soon  as  this  symptom  is  observed, 
the  iron  condensing  tubes  are  attached  to  the  open  end 
of  the  retorts,  the  joining  is  well  luted  with  refractory 
clay,  and  finally  the  adapters  being  fixed  upon  the  con- 
densers and  luted  likewise,  the  distillation  and  recovery 
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of  the  zinc  are  proceeded  with.    Every  attention  is  seldom  be  exactly  attained,  and  to  compensate  for  this 

now  given  to  equalize  the  heat  in  the  interior  of  the  defect  the  more  easily  reducible  ores  are  charged  into 

furnace,  in  order  that  the  upper  retorts  may  be  worked  the  upper  retorts,  and  the  more  refractory  into  the 

oif  equally  well  with  the  lower  ones;  but  this  result  can  lower  ones,  where  the  heat  is  greatest.    At  intervals 


of  two  hours  after  the  distillation  commences,  the 
outer  adapter  is  removed  by  means  of  tongs,  and  the 
oxide  of  zinc,  or  cadmia,  collected  in  it  is  removed,  to  be 
again  submitted  to  the  retorts  in  a  succeeding  charge. 
An  assistant  then  holds  a  large  iron  ladle,  called  a 
poelon,  under  the  mouth  of  the  condenser  pipe,  and  the 
smelter  rakes  out  the  fluid  zinc  at  the  bottom  of  it,  as 
well  as  the  drops  of  metal  attached  to  the  sides  and 
other  parts.  After  carefully  separating  the  oxide  of 
zinc  which  covers  the  metal  thus  abstracted,  the  latter 
is  cast  into  ingots,  weighing  from  seventy-five  to  eighty- 
five  pounds.  The  adapters  are  then  replaced  and 
secured  as  before,  and  after  two  hours  the  zinc  produced 
is  again  removed  in  the  manner  stated. 

A  charge  of  ore  commenced  at  six  in  the  morn- 
ing, and  worked  in  this  way,  is  found  to  be  exhausted 
of  its  reducible  metal  at  five  in  the  afternoon,  so  that 
two  charges  are  worked  in  the  twenty-four  hours. 
When  one  operation  is  finished,  the  adapters,  con- 


densers,  and  retorts  are  thoroughly  cleansed  and  scraped 
out  before  the  next  charge  is  introduced;  and  the  oxide 
resulting  from  every  operation  and  collected  from  the 
adapters  and  skimmings,  is  worked  up  as  part  of  the 
ore  of  the  preceding  charge.  The  argillaceous  resi- 
due cleared  out  of  the  retorts  after  the  distillation  has 
ended,  is  found  to  contain  as  much  as  ten  per  cent, 
of  zinc ;  but  being  in  the  form  of  silicate  of  oxide,  it 
resists  the  action  of  the  charcoal  and  remains  intact. 
About  thirty  per  cent,  of  the  calamine  submitted  to 
reduction  is  obtained  in  the  form  of  metal.  The 
distilling  campaign  lasts  two  months,  during  which 
time  the  fires  are  maintained  at  their  greatest  activity 
consistent  with  the  work  to  be  accomplished.  At  the 
end  of  this  period,  the  necessity  for  repairs  and  replacing 
old  retorts  compels  a  cessation  of  the  smelting  for  the 
time  required  to  effect  the  necessary  renovation. 

Process  for  the  Smelting  of  Zinc  Ores  in  Upper 
Silesia.  —  The  ores  of  zinc  worked  m  this  district 
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are  principally  a  carbonate  mixed  with  some  oxide, 
having  a  calcareous  and  argillaceous  gangue ;  and  as 

Fig.  630. 


the  latter  ingredients  would  materially  impede  the 
reduction  of  the  principal  compound,  the  oxide  of  zinc, 

Fig.  631. 


they  are  as  far  as  possible  removed  by  processes  of 
disintegration  and  washing  analagous  to  those  already 
mentioned  in  connection  with  the  Belgian 
method. 

As  in  the  English  and  last  mentioned 
smelting  establishments,  the  purified  cala- 
mine is  here  submitted  to  a  preparatory 
calcination  for  the  purpose  of  expelling  the 
water  and  carbonic  acid.  The  furnace  used 
for  this  purpose  is  shown  in  Figs.  630  and 
631.  It  consists  of  an  ordinary  reverbera- 
tory,  of  which  a  is  the  fire-grate,  b  the 
doors  by  which  the  fuel  is  introduced,  c  the 
fire-bridge,  d  the  interior  of  the  furnace,  the 
bed  of  which  is  constructed  of  ordinary 
bricks,  e  e  the  working  doors  by  which  the 
charge  is  rabbled  and  worked  during  the 
calcination,/ the  flue  leading  to  the  chimney, 
and  g  the  superior  aperture  whereby  the  ore 
is  charged  upon  the  bed  of  the  furnace.  The 
latter  is  lighted  in  the  usual  way,  and  as  soon 
as  the  interior  attains  a  strong  red  heat,  from 
thirty  to  thirty -five  hundredweight  of  ore  are 
introduced  at  g,  the  workmen  spreading  it  out 
upon  the  sole  with  rakes  at  the  working  doors; 
this  done  all  the  openings  are  closed,  and  the 
roasting  is  allowed  to  proceed  uninterruptedly, 
with  the  exception  of  an  hourly  rabbling  for 
the  purpose  of  exposing  a  fresh  surface  of 
ore  to  the  flamo,  till  the  whole  of  the  moisture  and 
carbonic  acid  is  expelled.  The  completion  of  the  work 
is  judged  of  by  the  apparent  heat  of  the  interior  of  the 


furnace,  the  facility  with  which  the  ore  falls  to  powder> 
and  its  change  of  color,  which  in  case  of  the  red  cala- 
mine being  operated  upon  should  be  brownish,  and  of  the 
white  calamine  brownish-red.  When  these  appearances 
are  observed  the  charge  is  drawn,  and  a  second,  which 
had  been  placed  on  the  platform  in  the  interval  between 
the  charging  and  drawing  of  the  roasted  ore,  introduced 
in  its  stead,  the  largest  fragments  from  the  last  opera- 
tion being  ground  and  added  to  the  fresh  ore  to  be 
recalcined.  Four  charges  are  thus  treated  in  the 
twenty-four  hours,  making  a  total  of  nearly  six  and  a 
half  tons  of  ore,  which  yield  about  seventy-two  hun- 
dredweight of  calcined  calamine,  with  a  consumption 
on  an  average  of  twenty-three  bushels  of  fuel. 

The  Corinthian  Process. — Here  the  furnaces  are 
worked  on  the  same  principle  as  the  English  ones,  but 
the  details  are  different : — Figs.  632  and  633  show  a 
plan  and  sectional  elevation  of  the  Carinthian  furnace. 
As  at  the  Vieille  Montagnc  smelting  works,  four  furnaces 
are  connected  hi  one  block  with  one  chimney ;  they 
consist  of  rectangular  chambers  arched  over  at  the  top, 
bb  bb,  heated  by  fires,  a  a  a,  from  which  the  heated 
gases  and  flame  enter  by  openings,  a'  a',  to  the  space 
occupied  by  the  retorts.  Above  the  sole  of  the  retort 
chamber,  b,  is  placed  a  trellace  work  of  iron,  in  the 
squares  of  which  the  vertical  retorts,  p  p,  are  fixed  by 
means  of  a  clay  conductor,  n,  which  receives  the  zinc 
separated  in  the  vertical  cylinder,  ccc  c  are  the  side 
doors  affording  ingress  for  placing  the  conductors  and 
retorts  in  position  for  operations,  etcetera;  d  d,  outlets 
for  the  waste  gases  from  the  furnace  into  the  flues, 
e  e  e  e,  leading  to  the  chimney,  h.  Beneath  the  con- 
ductors, n  n,  is  placed  a  flooring  of  plate-iron,  r  r, 


Fig.  G32 


resting  on  cross  supports,  as  well  for  receiving  the 
zinc  which  falls  in  the  course  of  the  distillation  as  for 
excluding  the  atmosphere,  and  thereby  preventing 
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empty  cylinders  in  process  of  being  baked  by  the  waste 
heat;  and  even  for  those  within  the  range  of  a  distilling 
temperature  a  different  mixture  is  made  for  the  charg- 
ing according  as  the  cylinders  are  nearer  to  or  more 
distant  from  the  fire.  This  mixture  has  the  following 
composition : — 

For  the  four      For  the 
ranges  nearest  other 
the  fire.      two  ranges, 

Roasted  calamine,  1820  lbs.     520  lbs. 

Wood  charcoal,  ground,   504  lbs.     224  lbs. 

Common  salt,   36  lbs.      16  lbs. 

Water  charged  with  l-200ths  of  potassa,  280  lbs.      70  lbs. 

The  four  first  ranges  contain  sixty-four  cylinders, 
whereas  the  following  two  contain  but  twenty;  the 
remaining  spaces  being  left  free  for  the  passage  of  the 
products  of  combustion.  Two  adjoining  furnaces  are 
always  worked  together,  and  in  these  one  hundred  and 
sixty-eight  cones  are  in  operation.  During  the  course  of 
the  distillation,  which  occupies  thirty  to  thirty-six  hours, 
the  consumption  of  wood  as  fuel  amounts  to  seven 
hundred  and  fifty  cubic  feet,  and  the  proceeds  average 
eight  hundred  pounds  of  metallic  zinc. 

Fig.  636. 


Considerable  loss  of  time,  fuel,  and  retorts  is  incurred 
from  the  intermittent  nature  of  the  process.  After 
collecting  the  metal  which  falls  upon  the  plate-iron 
flooring,  indicated  by  r  r,  in  the  foregoing  figures,  it 
is  refined  from  oxide  and  other  grosser  impurities  by 
fusion  in  pots  placed  in  a  furnace,  represented  in  plan 
and  section  in  Figs.  634  and  635.  After  melting  the 
metal  in  the  series  of  pots  shown  in  those  furnaces, 
the  scum  of  oxide,  carbonaceous  matters,  et  cetera, 
rises  to  the  surface,  and  is  removed  by  the  ladle,  and 
the  purified  metal  is  cast  into  moulds  for  the  market. 

Silesian  Method. — In  Upper  Silesia  the  reduction  of 
zinc  ores  is  carried  on  by  a  distilling  process  in  a  muffled 
furnace,  as  will  be  described  presently.  The  principal 
seat  of  the  smelting  is  in  Silesia,  where,  in  1848,  there 
were  no  fewer  than  thirty-five  establishments  for  the 
distillation  of  the  metal.  In  the  Rhine  Province,  at 
the  same  period,  there  were  five,  and  in  Westphalia 
one.  With  the  growing  demand  for  zinc,  however, 
these  establishments  have,  during  the  last  ten  years, 
been  enlarged  and  rendered  more  effective,  so  that 

Fig.  637. 


their  capacity  for  working  is  greatly  increased.  It 
may  be  remarked  that  the  materiel  of  the  muffles 


consists  of  fire-clay,  obtained  from  Euda  Krzeszowitz 
and  Kattowitz  in  Upper  Silesia,  as  also  from  Murau 
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in  Poland,  and  which,  after  the  necessary  preparation, 
is  mixed  with  reduced  broken  muffles,  the  whole  being 
properly  blended  together  to  give  the  articles  the 
necessary  cohesion  and  compactness.  The  proportion 
of  clay  and  potsherds  is  invariably  two  of  the  former 
to  one  part  of  the  latter.  These  muffles  are  always 
made  by  hand,  and  submitted  to  a  gradual  course  of 


desiccation,  then  annealed  at  first  at  a  very  moderate 
temperature,  and  finally  at  a  full  red  heat  in  a  furnace 
especially  constructed  for  the  purpose,  somewhat  in  the 
manner  of  making  glass-pots. 

Figs.  636,  637,  638,  639,  640,  represent  the  ordinary 
furnaces,  called  double  ovens,  adopted  in  Upper  Silesia 
for  the  reduction  and  distillation  of  zinc  from  its  ores. 


Fig.  639. 


1  J-  i  1      ^-5-J  s 

They  have  ten  primary  large  chambers ;  but  these  in 
working  are  divided  into  twenty  smaller  parts,  the  large 
muffles  being  so  constructed  that  the  back  wall  is  com- 
mon to  the  two  ranges.  Fig.  636,  is  a  section  repre- 
senting a  longitudinal  view  to  the  left  hand,  following 
the  line  A  B,  and  to  the  right  the  line  c  D  in  Fig.  G37. 
Fig.  638  shows  a  ground  plan  at  a'  V  c' d'  in  Fig.  636, 
and  d"  d"  in  Fig.  637,  in  the  upper  half  of  the  left 
side,  and  in  the  under  half  at  of  b'  c'  e'  in  Fig.  636, 
and  e"  e"  in  Fig.  637.     The  portion  to  the  right 


exhibits  the  furnace  vertically  under  the  dome.  The 
same  letters  indicate  like  objects  in  the  several  figures. 
Three  triangular  cast-iron  bars,  a  a  a,  secured  at  each 
end  in  the  walls  of  the  furnace,  bear  four  iron  plates, 
b  b,  laid  transversely,  to  form  the  lire  grate ;  the  whole 
constituting  a  rose  over  the  air  channel  and  ash- 
pit. The  fire-door,  c,  which  is  lined  near  the  grate 
with  a  cast-iron  box,  d,  is  closed  with  a  door  of  plate- 
iron,  the  sole  of  the  aperture  being  likewise  secured  by 
a  similar  plate ;  e  e,  et  cetera,  are  inclosed  troughs,  into 


Fig.  610. 


i  ir 

MM 

m 

which  the  distilled  zinc  trickles  from  the  apertures  of 
the  retorts.  The  base  of  these  is  of  iron  plates,  ff,  to 
which  deep  iron  bands  are  fixed  for  preventing  the 
overflowing  of  the  metal  as  it  falls  from  the  mouths 
of  the  retorts  opening  into  them.  All  these  receivers 
are  closed  by  a  single  plate,  g  g,  extending  the  whole 
VOL.  II. 


length  of  the  oven,  and  called  the  hearth -plate.  They 
are  but  one  foot  wide,  and  protect,  therefore,  only  the 
front  part  of  the  receivers;  the  interior  of  the  latter  being 
secured  by  supplementary  closely  fitting  plates,  /*  /*, 
touching  the  hind  part  of  the  openings,  i  i,  and  towards 
which  is  the  connection  between  the  dropping  aper- 
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tures  and  receivers.  These  hearth-plates,  in  order  that 
they  may  not  be  warped  by  the  heat,  are  fastened  by 
three  cast-iron  fluted  anchors  of  the  form  of  the  letter 
Z.  The  walls,  I,  of  the  fire-chamber  are  constructed  of 
the  best  fire-bricks;  the  connection  between  the  fire 
and  fire-door  being  an  inclined  canal,  m.  The  upper 
rim  of  the  fire -chamber  is  a  few  inches  higher  than  the 
receiving  troughs,  so  that  the  hearth  slightly  inclines 
from  the  middle  to  the  side  walls  of  the  oven.  The  space 
between  the  posterior  walls  of  the  two  adjoining  ovens 
is  filled  with  sand  and  rubbish  ;  n  n  are  side  draughts 
for  heating  the  rim  muffles,  and  o  o  horizontal  entrances 
for  cleaning  the  same,  which,  however,  are  closed 
during  the  firing ;  p  p  p,  et  cetera,  are  pillars  from 
three  to  five  inches  in  thickness,  constructed  of  clay, 
and  furnished  exteriorly  with  iron  plates,  q,  secured  to 
the  hearth-plates,  g  g.  These  pillars  form  the  support 
of  the  arches  of  the  muffles  which  receive  the  retorts,  as 
also  of  the  overspanning  dome.  They  should  be  as 
low  as  possible,  so  that  the  distance  from  the  apices  of 
the  interior  arches  and  the  hearth  be  not  more  than 
three  feet.  The  dome  of  the  oven  is  constructed  of  a 
composition  consisting  of  one-third  part  clay  and  two- 
thirds  sand ;  its  thickness  when  dry  is  eight  or  nine 
inches  ;  r  r  are  six  cap  or  draught  holes,  by  opening  or 
closing  which  the  heat  can  be  directed  towards  any  of 
the  retorts  which  should  happen  to  be  working  unsatis- 
factorily ;  s  s  hinges  or  clasps  for  fastening  the  doors, 
1 1 ;  u  long  bracing  bars  or  anchors ;  v  oblique  ones, 
and  w  upright  anchors,  all  applied  for  the  purpose  of 
giving  solidity  to  the  oven. 

The  retorts  or  muffles,  x  x,  are  set  two  and  two  within 
the  muffle  arches  in  the  spaces  between  the  pillars,  pp, 
and  placed  as  far  back  as  possible,  with  their 
Fig.  eu.  0pen  faces  t0  the  front.  When  placed  in  their 
proper  positions,  the  spaces  between  their 
walls  and  the  pillars  are  blocked  up  with  clay 
cement  so  as  to  confine  the  flame.  The  mouth 
of  the  retort  is  closed  with  a  piece  of  clay 
called  the  bridge,  y,  and  shown  somewhat 
IT]  enlarged  in  Fig.  641..  It  has  two  openings ; 
"  the  under  one,  a,  closed  with  a  clay  stopper 
during  operations,  for  drawing  out  the  residuary  matter 
of  the  distillation,  and  the  upper  one,  b,  for  receiving 
the  neck  of  the  conduit  by  which  the  vapors  of  zinc 
pass  to  the  receivers.  The  latter  part  of  the  apparatus 
is  seen  in  Fig.  642 ;  the  under  pait,  a,  is  a  clay  pipe ;  the 
upper  part  consists  of  the  head,  b,  and  the  neck,  c.  An 
opening  in  the  head  of  this  receiver  serves  for  introduc- 

Fig.  C42. 


b 

ing  the  small  charging  shovel— Fig.  643— to  spread  the 
charge  within  the  retort.  It  is  closed  like  the  opening, 
a,  in  Fig.  642,  during  the  distillation. 

Before  the  muffles  are  placed  in  the  distillatory  oven, 
they  are  subjected  to  a  strong  red  heat  in  the  furnace 


employed  for  annealing  them.  They  are  then  placed 
two  and  two  in  the  arched  chambers  of  the  zinc  oven, 
and  charged  with  a  mixture  of  sixty-six  pounds  of 


roasted  calamine  and  an  equal  volume  of  cinders  or 
small  coal — forming  about  five  per  cent,  of  the  weight 
of  the  ore — together  with  a  few  pounds  of  oxide  of  zinc 
and  abstrich  or  semioxydised  skimmings  from  the  col- 
lected zinc.  All  these  are  intimately  mixed  together 
before  their  introduction  through  the  upper  opening  of  the 
muffle  bridge,  thelower  aperture  meantime  being  secured 
with  a  plate  and  lute  of  clay.  When  charged,  the  neck 
and  condenser  are  fixed  in  their  places,  and  all  apertures 
and  cracks  safely  coated  with  luting.  The  iron  doors 
in  front  are  closed  to  retain  the  heat,  and  the  firing  pro- 
ceeded with.  Scarcely  a  quarter  of  an  hour  after  the 
closing  of  the  front  doors  of  the  muffles  elapses  when 
the  metal  begins  to  pass  over ;  nevertheless  the  distil- 
lation is  not  in  full  activity  till  six  to  eight  hours  after 
commencing.  As  in  the  other  distillatory  processes 
already  described  so  in  this  :  the  zinc,  deprived  of  its 
oxygen  by  the  coal  in  the  body  of  the  retort,  passes  off 
into  the  neck  and  head  of  the  conduit  in  the  form  of 
vapor,  and  then  condensing  falls  through  the  descending 
pipe  into  the  plate-iron  receivers.  The  combustion  of 
a  portion  of  the  zinc  cannot  be  avoided,  as  it  is 
impossible  to  prevent  the  admission  of  some  air  into  the 
receivers  and  conduits.  It  is  owing  to  this,  that  a  por- 
tion of  white  oxide  is  always  found  in  the  receivers,  aver- 
aging from  two  to  four  per  cent,  of  the  metal  obtained. 
At  the  close  of  twelve  hours  all  the  metal  is  extracted, 
and  a  second  charge  is  introduced,  -without,  however, 
clearing  out  the  residue  in  the  retort  until  at  the  end 
of  the  second  operation,  at  which  period  a  new  bridge 
plate  may  be  supplied  if  necessary,  or  any  other  repairs 
made.  Care  should  be  taken  to  change  the  muffles  of 
both  working  sides  of  the  oven  every  six  hours  after 
their  setting  in. 

When  the  calamine  contains  much  cadmium,  it  is' 
found  that  the  first  portions  of  the  distillate  are  very 
rich  in  this  metal;  and  the  oxide  produced  by  the 
combustion  of  portions  of  the  metal  in  the  neck  oi 
the  retort  is  likewise  richer  in  oxide  of  cadmium,  both 
effects  being  due  to  the  volatility  of  the  cadmium 
being  greater  than  that  of  zinc.  Six  hundred  pounds 
of  roasted  calamine  are  worked  off  by  a  furnace  of 
ten  large  muffles  in  twenty-four  hours,  with  charges 
for  each  retort  averaging  six  pounds.  The  estimated 
consumption  of  coal  per  every  hundred  of  zinc  obtained 
is  twenty-eight  cubic  feet;  the  loss  ot  the  metal  is 
estimated  at  eight  per  cent.,  and  of  large  muffles 
twenty-eight  for  every  thousand  pounds  of  zinc  ob- 
tained. The  average  produce  from  the  calamine 
operated  on  is  about  fifty  per  cent,  in  the  form  of  metal 
and  oxide.  But  as  the  ore  varies  in  its  content  of  oxide 
of  zinc,  so  also  does  the  yield.  To  purify  the  metal 
resulting  from  the  first  distillation,  it  is  melted  in  iron 
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pots,  and  the  scum  of  oxide  and  other  impurities 
separated.  This  amounts  to  eight  per  cent. ;  but  as  it 
contains  about  seventy  per  cent,  of  metal,  and  is  sub- 
mitted to  a  new  reduction,  a  considerable  amount  of  it 
is  recovered. 

At  Klostcr,  where  blende  is  worked,  the  apparatus 
and  system  of  reduction  are  the  same  as  that  just 
described,  with  the  exception  of  the  roasting  furnaces, 
in  which  the  sulphide  of  zinc  is  converted  into  oxide. 
These  are  also  the  same  as  those  that  have  been  pre- 
viously described,  and  consequently  need  not  be  further 
referred  to. 

Patent  Processes. — The  only  patents  connected 
with  the  manufacture  of  zinc  which  are  of  any  import- 
ance, are  those  of  Troughton  and  Graham;  the 
former  sealed  in  1839,  and  the  latter  in  1845.  Other 
patents  have  been  secured,  but  the  Editor  deems  it 
unnecessary  to  dwell  upon  them. 

Tkoughton's  patent  professed  to  deal  with  blende, 
and  prescribes  a  form  of  furnace  for  the  roasting,  as 
also  for  the  reduction.  The  first  of  these  is  in  form 
like  an  ordinary  reverberatory,  with,  however,  three 
floors  or  hearths,  on  each  of  which  the  ore  is  spread, 
the  heated  gases  and  flame  passing  from  the  under 
chamber  into  the  middle,  and  thence  to  the  upper  one, 
after  which  the  gases  proceed  into  the  chimney.  The 
connection  between  the  several  floors  is  made  by 
apertures,  covered  by  fire  tiles  during  the  roasting,  but 
which  are  removed  when  it  is  necessary  to  transfer  the 
ore  through  these  openings  from  the  upper  to  the 
lower  ones.  By  apertures  at  the  sides  the  contents  of 
each  floor  are  rabbled  in  the  usual  way.  The  charging 
of  the  ore  is  effected  through  hoppers  at  the  top,  and 
when  roasted  it  is  raked  out  into  receptacles  beneath 
the  lowest  hearth,  by  the  workable  openings  already 
mentioned.  A  close  fire,  charged  with  fuel,  which 
may  be  anthracite  coal,  and  urged  by  a  blast,  affords 
the  requisite  heat;  the  opening  for  introducing  the  fuel 
being  secured  by  a  cast-iron  cover,  with  a  flange 
descending  into  a  groove  which  may  be  kept  filled 
with  water  or  sand  to  prevent  the  escape  of  hot  gases. 

The  fire  by  which  the  smelting  of  the  roasted  ore  is 
effected  is  similarly  constructed,  and  the  combustion 
maintained  by  a  blast  of  hot  air.  Though  the  plan 
as  detailed  in  the  English  system  is  followed,  yet 
the  details  are  very  different;  the  receptacles  for 
the  reception  of  the  roasted  ore  and  coal  are  con- 
structed in  the  form  of  a  trapezoid,  the  front  part 
being  movable  when  it  is  necessary  to  charge  or  clean 
out  the  retorts;  but  during  the  distillation  it  is  securely 
luted  in  its  place.  Two  ranges  of  retorts  are  placed 
back  to  back  in  a  gallery,  and  the  heat  from  the  fire 
conducted  beneath  and  over  them  by  a  proper  disposi- 
tion of  the  flue ;  and  for  the  purpose  of  economizing 
heat,  the  patentee  directs  that  the  retorts  be  so  fixed 
that  they  may  be  heated  by  a  fire  from  both  ends  of 
the  gallery.  A  pipe  opening  into  the  retorts,  and  lead- 
ing to  receivers  in  a  confined  arch  beneath  the  hearth, 
serves  to  carry  off  the  distillate  or  zinc.  When 
charged  and  in  working  condition,  the  retorts  are 
closed  in  by  an  iron  door  before  each ;  the  space  above 
the  retorts  wherein  the  ore  is  previously  heated,  is 
likewise  approached  by  sliding  doors,  with  the  view  of 
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rendering  the  introduction  of  ore  and  its  withdrawal 
more  easy. 

In  Graham's  patents,  sealed  in  1844  and  1845,  the 
system  of  distillation  per  descensum  is  adopted ;  im- 
provements being  claimed  for  tire  arrangement  of  the 
apparatus  and  furnace,  as  well  as  for  the  method  of 
making  the  cylinders  or  retorts  in  which  the  decompo- 
sition of  the  prepared  ore  is  carried  out.  The  mixture 
which  the  patentee  finds  most  suitable  for  the  body  of 
the  refractory  C3'linders  just  mentioned,  consists  of  one 
and  a  half  hundredweight  of  Ceylon  black  lead ;  six 
hundredweight  of  Stourbridge  clay ;  and  one  hundred- 
weight of  potsherds.  These  ingredients  should  be  well 
pugged  and  tempered,  and  cut  into  pieces  of  convenient 
size,  care  being  taken  that  no  excess  of  moisture  be  used 
that  would  prevent  the  proper  cohesion  and  tenacity  of 
the  mass  when  ramming  it  into  the  mould.  Fig.  644 
represents  the  furnace  and  the  position  of  the  cylinders 
and  other  objects.  A,  A,  are  a  series  of  pots,  of  which 
the  number  shown  in  the  furnace  is  sixteen,  but  more 
or  less  may  be  employed,  according  to  circumstances. 
The  heat  from  the  fireplaces,  B,  B,  enters  into  the 
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arched  chambers,  C,  c,  and  circulates  round  the  cylin- 
drical retorts  let  down  through  the  arches,  D,  D,  and 
thence  into  the  flues,  as  shown  by  the  arrows,  and 
finally  by  the  openings,  F,  F,  into  the  chimney.  The 
pots,  A,  A,  rise  above  the  arches,  D,  D,  and  pass  through 
the  covering  of  brickwork,  e;  in  like  manner  their 
outlet  penetrates  the  bed  of  the  arched  chamber  of 
the  furnace,  and  opens  into  the  receivers,  G  G,  beneath, 
through  movable  pipes,  J,  J,  and  stationary  ones,  I,  I, 
the  latter  are  constructed  of  iron  and  lined  with  clay, 
or  have  a  movable  clay  cylinder  fixed  within  them ;  thej' 
have  an  iron  flange  of  two  inches  built  in  and  through 
the  bed  of  the  furnace,  in  which  is  a  projecting  ring  or 
groove,  z  z,  to  receive  an  iron  ring  that  forms  the 
projecting  rim  just  referred  to,  and  which  fits  into  a 
corresponding  depression  in  the  bottom  of  the  pot,  and 
thereby  forms,  with  the  aid  of  a  little  luting,  a  tight 
joint.  Y,  Y  are  rings  made  of  fireclay  and  potsherds, 
built  into  the  bed  of  the  furnace,  flush  on  the  outside, 
leaving  a  space  of  one  inch  and  a  half  inside,  as  shown, 
to  form  a  seat  for  the  pot.  w,  w  are  holes  in  the  walls 
of  the  furnace,  which  admit  of  making  an  inspection  of 
the  pots  when  necessary. 

In  charging  the  pots,  the  pipe,  J,  is  stopped  from 
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beneath  the  furnace,  and  a  man  holds  steady  the 
internal  tube,  H — which  has  its  top  covered — until 
some  of  the  charge  is  introduced ;  the  remainder  is 
then  filled  in  without  fear  of  disturbing  the  position  of 
the  pipe.  The  cover  is  now  placed  on  the  pot  and 
luted,  and  the  plug  securing  the  pipe,  J,  withdrawn, 
and  the  distillation  allowed  to  proceed  by  urging  the 
fires,  B,  B,  B.  When  all  the  metal  has  been  drawn  off, 
the  refuse  matter  remaining  in  the  pots  may  be  cleared 
away  by  removing  the  cover  and  the  internal  pipe,  and 
poking  it  out  through  the  pipe,  J,  into  the  subjacent 
chamber. 

In  the  other  details  the  directions  which  the  patentee 
gives  are  analogous  to  the  general  routine,  already 
sufficiently  described. 

Mr.  Crockfokd  of  Holywell,  Flintshire,  has  latterly 
patented  a  method  of  roasting  blende  preparatory  to 
its  smelting,  by  which  all  the  sulphur  is  obtained  as 
sulphuric  acid.  This  he  effects  by  employing  a  fur- 
nace the  heat  of  which  passes  beneath  the  floor  on 
which  the  powdered  blende  rests.  At  one  end  of  this 
furnace,  the  blende  is  continually  introduced  in  small 
portions  at  a  time ;  and  in  its  passage  from  this  to  the 
discharging  end  of  the  chamber,  in  addition  to  the  heat 
from  the  floor,  it  is  acted  upon  by  a  current  of  super- 
heated air,  in  order  to  convert  the  sulphur  into 
sulphurous  acid.  The  eliminated  gases  may  bo  con- 
ducted into  an  ordinary  leaden  chamber,  and  nitrous 
vapor  and  steam  supplied  from  other  departments  in 
the  usual  way,  to  convert  them  to  sulphuric  acid. 

After  the  depuration  of  the  zinc  distilled  from  the 
ore  it  is  sold  to  the  manufacturer,  or  immediately 
applied  to  one  or  other  of  the  many  purposes  for  which 
tliis  metal  is  now  so  generally  used.  The  working 
of  zinc  into  useful  articles  was  formerly  regarded  as 
a  difficult  operation,  owing  to  its  brittleness  when 
worked  at  a  high  temperature  ;  by  later  improvements, 
however,  it  can  now  be  rolled  and  modelled  into  any 
desired  shape  as  easily  as  any  other  metal.  Prepara- 
tory to  rolling  the  zinc,  the  ingots  which  come  from 
the  smelter  are  melted  in  pots  placed  in  a  reverberatory, 
such  as  is  represented  in  Figs.  630  and  631.  The  iron 
pots,  which  arc  very  thick,  are  rapidly  attacked  by  the 
zinc,  an  alloy  of  the  two  metals  being  formed,  which 
is  considerably  less  fusible  than  the  zinc  alone,  and 
therefore  adheres  to  the  sides  of  the  melting  pot. 
Besides  being  less  fusible  than  zinc,  it  is  considerably 
harder  and  more  brittle,  and  henee,  when  a  small 
quantity  of  it  gets  diffused  through  the  metal  in  the 
casting  of  the  plates,  those  portions  do  not  laminate 
under  the  rollers,  but  break,  and  thus  a  hole  is  pro- 
duced. All  the  fusible  metal  is  first  cast  into  moderately 
thick  rectangular  plates,  which  are  passed  under  rollers 
of  the  ordinary  kind  as  they  cool.  During  the  lamina- 
tion it  is  necessary  to  heat  the  metal  from  time  to  time 
to  a  temperature  ranging  between  270°  and  300°,  pass- 
ing it,  after  each  heating,  under  the  rollers.  By 
repetitions  of  these  operations,  and  keeping  tho  metal 
as  near  212°  as  possible,  the  sheets  may  be  reduced 
to  any  degree  of  thinness.  Sheets  of  zinc,  manufac- 
tured in  this  way,  are  in  very  extensive  use  for  roofing, 
and  generally  for  applications  requiring  much  exposure 
to  the  influence  of  the  air.     The  metal  is  also  formed 


into  water-tanks,  baths,  spouts,  pipes,  et  cetera,  and  is 
much  used  for  covering  or  galvanizing  iron,  so  as  to 
render  it  less  liable  to  oxidize  when  exposed  to  the 
action  of  the  air.  It  is  valuable  for  the  positive  plates 
in  galvanic  apparatus,  for  the  engraver  in  the  depart- 
ment known  as  zincography,  and  latterly  it  has  been 
advantageously  applied  in  the  separation  of  silver  from 
its  alloys  with  lead. 

Alloys  of  Zinc. — Tho  principal  alloys  of  zinc  are 
those  which  it  forms  with  copper,  iron,  and  tin.  Those 
with  copper,  the  reader  will  find  described  under  Brass, 
in  the  article  Copper,  and  the  others  will  be  briefly 
described  here.  With  iron  zinc  fomis  a  hard,  brittle 
alloy,  at  a  moderately  low  temperature,  but  in  proportion 
as  the  amount  of  one  or  other  of  the  metals  is  increased, 
these  qualities  disappear,  and  the  zinc  retains  its  duc- 
tility, or  the  iron  seems  to  acquire  greater  tenacity. 
The  ductile  state  is  exemplified  in  the  ordinary  zinc  of 
commerce,  which  retains  a  quantity  of  iron,  sometimes 
from  one  to  two  per  cent.,  and  the  second  or  tenacious 
state  is  well  illustrated  by  the  experiments  of  Nasmyt H 
upon  galvanized  iron,  the  results  of  which  showed  that 
this  alloy  welds  well,  and  is  not  only  fully  as  ductile  as 
the  best  iron,  but  acquires  greater  strength  or  tenacity. 

The  experiments  were  made  with  some  zinced  wire 
rope,  which  was  worked  up  and  welded  into  a  bar. 
It  was  observed  that,  although  the  iron  wire  was  quite 
covered  with  the  zinc,  tho  portion  of  the  latter  metal 
which  was  retained  at  the  welding  temperature  of  the 
iron,  or  even  the  portion  of  oxide  of  zinc  produced, 
offered  no  impediment  to  the  welding.  The  me- 
tallic bar  produced  was  remarkably  tough,  silvery- 
grained,  and  withstood  punching,  twisting,  splitting, 
and  binding,  in  a  manner  which  showed  that  the  iron 
was  not  only  excellent,  but  actually  improved  in  quality 
in  a  considerable  degree.  Another  trial  was  made  by 
welding  a  pile  of  clippings  of  zinced  iron  plates,  as  in 
the  preceding  experiment.  The  presence  of  the  zinc 
seemed  to  offer  no  impediment  to  the  welding  of  the 
iron,  and  the  bar  produced  presented,  on  being  frac- 
tured, a  beautiful  silvery  grain,  as  good,  if  not  superior, 
in  aspect  to  the  finest  samples  of  low-moor,  or  bowling 
iron.  Bars  or  blooms  of  the  alloyed  iron,  rolled  into 
rods  and  tested  in  the  cable-proving  machine,  indicated 
from  five  to  ten  per  cent,  more  strength  than  the  best 
samples  of  wrought-iron ;  thus  evidently  showing  that, 
so  for  from  being  injurious,  a  small  amount  of  zinc 
alloyed  with  iron  has  the  contrary  effect.  Bars  of  iron, 
prepared  according  to  the  last-mentioned  process,  were 
heated  to  tire  temperature  of  welding,  as  when  con- 
verting them  into  sheathing  in  the  usual  manner,  on 
drawing  them  from  the  fire,  a  handful  of  zinc  filings 
was  thrown  on  the  welding  surface,  and  the  welding 
proceeded  with.  In  this  severe  test  no  apparent  im- 
pediment to  tho  process  resulted,  the  iron  welding  as 
well  as  if  no  zinc  were  present.  Judging  from  the 
appearance  of  the  metal  welded  up  from  the  zinc- 
covered  iron  scraps,  not  only  as  respects  its  clear 
silvery  aspect,  but  as  to  the  increase  of  strength  which 
it  exhibited  under  proof,  it  may  not  be  unreasonable 
to  infer  that  some  important  improvement  might  be 
made  in  the  manufacture  of  iron  by  the  actual  intro- 
duction of  metallic  zinc  in  some  one  or  other  of  the 
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stages  of  its  production ;  as,  for  instance,  in  the  pud- 
dling furnace.  What  may  be  the  nature  of  the  action 
of  the  zinc  has  not  yet  been  defined,  but  the  foregoing 
experiments  prove  that,  so  far  from  being  prejudicial 
to  the  quality  of  iron,  the  zinc  appears  to  have  rather 
an  improving  effect,  and  that  to  such  an  extent  as  to 
lead  to  the  hope  that  some  of  the'  intelligent  iron 
manufacturers  may  give  the  inquiry  attention,  so  as  to 
prove  by  experiment  in  the  puddling  furnace,  or  at  any 
other  stage  of  the  process,  whether  the  benefits  above 
mentioned  can  be  realized  on  a  large  scale.  It  may 
be  stated,  as  a  curious  corroborative  fact,  that  the 
strongest  cast-iron  made  in  Belgium,  and  selected  for 
the  manufacture  of  guns,  is  made  from  an  iron  ore  in 
which  a  compound  of  zinc  forms  a  considerable  portion. 
Whether  the  superiority  of  this  iron  is  due  to  the 
presence  of  zinc,  is  a  question ;  but  the  results  above 
detailed  would  tend  to  lead  to  the  supposition  that  such 
may  he  the  case. —  Ure. 

The  results  of  Nasmyth,  recorded  above,  are  op- 
posed to  those  of  Gehlen,  who  states  that  when 
cuttings  of  zinc  and  iron  are  ignited  together,  part  of 
the  zinc  evaporates,  while  the  rest  penetrates  the  iron 
and  makes  it  denser  and  very  brittle.  Doubtless  the 
difference  in  tire  results  must  he  attributed  to  the  rela- 
tive proportions  of  the  respective  metals  in  the  alloy. 
The  hard,  brittle  compound  of  zinc  and  iron  produced 
in  the  pots  where  zinc  has  been  melted  for  a  long  time, 
or  in  which  the  zincing  of  iron  plates  has  been  effected, 
was  examined  by  Berthier,  who  describes  it  as  a 
bright  crystalline  body,  having  a  mammillated  texture, 
and  composed  of  concentric  layers,  very  hard  and 
brittle,  and  less  fusible  than  pure  zinc.  It  dissolves 
readily  in  dilute  nitric  acid,  and  leaves  a  micaceous 
residue  of  a  non-metallic  nature,  which  he  terms  pure 
plumbagine,  produced,  doubtless,  either  from  the 
carbon  employed  in  the  reduction  of  the  zinc  ores,  or 
from  the  east-iron  of  the  pot.  Its  density  was  G-7,  and 
its  composition — 

Centeaimally, 

Zinc,   91-76 

Iron,   5-00 

Pluinlxigine,  or  graphite,   0*24 


100-00 

Galvanized  Iron. — The  composition  which  forms 
such  an  extensive  article  of  commerce  and  general 
application  in  the  construction  of  corrugated  rooting, 
and,  in  fact,  entire  buildings,  spoutings,  ships'  sheath- 
ing, buckets,  and  various  articles  in  household  use, 
consists  of  iron  plates  coated  with  zinc,  and  sold  under 
the  above  inappropriate  title.  Iron,  though  possessing 
so  many  admirable  qualities,  such  great  tenacity,  infu- 
sibility,  and  the  very  important  one  of  welding,  is, 
unfortunately,  rapidly  acted  upon  by  air,  moisture,  and 
dilute  acids,  to  such  an  extent  as  greatly  to  impair  its 
utility.  It  possesses  the  property,  however,  of  combin- 
ing with  other  metals,  and  hence  it  can  be  readily  coated 
with  such;  but  those  metals  which  possess  the  persist- 
ent qualities  that  iron  wants,  are  too  dear,  and  there- 
fore their  general  application  is  opposed  by  the  great 
expense  which  their  use  would  involve  the  manufac- 
turer and  consumer.    Coated  iron  is  familiar  to  most 


people  in  the  form  of  tinned  iron  plates,  or  sheet  tin; 
but  even  this  material  would  be  too  expensive  for 
many  of  the  applications  in  which  iron  might  be 
employed  with  advantage  could  its  oxidizing  ten- 
dency be  overcome.  Zinc  offers  a  cheaper  substitute, 
and  of  late  years  the  production  and  application  of 
galvanized  iron  is  on  the  increase.  Although  Melouin 
discovered  the  method  of  preparing  zinced  or  white 
iron  so  early  as  1742,  still  its  application  did  not 
receive  much  attention,  till  of  late  years  Sorel  drew 
attention  to  the  manufacture;  but  Melouin's  direc- 
tions, with  slight  modifications,  are  followed  even  at 
present  in  the  manufacture  of  this  article.  The  iron  to 
be  covered  is  deprived  of  its  coating  of  oxide  by  an 
acid  bath,  composed  of  sulphuric  acid  and  water,  or  of 
hydrochloric  acid,  or  a  mixture  of  equal  volumes  of  the 
two  acids  and  water,  in  which  it  is  immersed  for  a  short 
time ;  it  is  then  scrubbed  with  sand  or  emery  powder 
until  the  surface  is  cleaned ;  after  which  it  is  immersed 
in  a  concentrated  solution  of  chloride  of  ammonium, 
taken  out,  and  subsequently  introduced  into  a  bath  of 
melted  zinc,  covered  with  fatty  matter,  or  colophony,  to 
prevent  oxidation,  and  stirred  in  it  till  the  zinc  forms 
an  alloy  at  its  surface.  The  coated  metal  is  then,  in 
some  instances,  introduced  into  a  second  bath  con- 
sisting of  melted  tin,  such  as  is  used  for  tinning  thin 
sheet-iron,  when  a  slight  coating  of  tin  is  formed  on 
the  exterior  of  the  plate  or  bar.  Of  late  years  this 
second  bath  is  generally  dispensed  with,  a  few  pounds 
of  tin  being  added  to  the  zinc  bath  to  produce  the 
same  effect. 

According  to  Mallet's  specification,  the  plates  or 
bars  are  immersed  in  a  cleansing  bath,  composed  of 
equal  parts  of  sulphuric  acid,  hydrochloric  acid,  and 
water  in  a  warm  state.  After  immersion  the  scales  are 
detached  by  hammering  and  scrubbing  the  plates  with 
emery  and  sand,  and  a  thoroughly  clean  surface  pro- 
duced. It  is  now  to  be  immersed  in  the  preparing 
bath,  composed  of  a  saturated  solution  of  chloride  of 
zinc  and  sulphate  of  ammonia;  after  which  it  is  trans- 
ferred to  a  bath  formed  of  six  parts  and  a  half  of  zinc 
and  one  of  mercury,  heated  to  the  melting  point  of  the 
former  metal ;  in  addition  to  which  the  patentee  directs 
the  addition  of  one  pound  of  potassium  or  sodium  to 
every  ton  of  the  preceding  amalgam.  When  the  im- 
mersed iron  has  attained  the  temperature  of  the  bath, 
namely,  680°,  it  is  withdrawn,  and  is  foimd  coated  with 
a  metallic  layer,  of  which  zinc  forms  the  principal 
constituent.  The  affinity  of  the  above  alloy  for  iron 
is  so  great  that  it  entirely  disintegrates  the  iron  plates, 
or  other  articles  of  this  metal  when  they  are  fJiin, 
or  possess  but  little  body;  and  to  guard  against  this 
inconvenience,  the  patentee  suggests  that  some  wrought- 
iron  should  be  allowed  to  dissolve  in  the  triple  alloy 
previous  to  the  introduction  of  small  articles,  such  as 
wire,  nails,  light  chains,  and  similar  objects  for  galvan- 
izing. Another  means  of  coating  iron  with  zinc  is  by 
electricity,  and  the  use  of  a  bath  formed  by  tire  solu- 
tion of  freshly  precipitated  oxide  of  zinc  in  a  saturated 
aqueous  solution  of  sulphurous  acid,  or  of  that  of  the 
double  chloride  of  zinc  and  ammonium.  A  moderately 
dilute  bath  and  a  weak  current  answer  best.  This 
method  is  not  advantageous  in  a  manufacturing  sense, 
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the  stabler  mode  of  immersion  being  more  expeditious 
and  less  costly. 

Though  iron  coated  with  zinc  is  unquestionably 
better  calculated  to  resist  atmospheric  influences  with- 
out rusting  than  when  it  is  without  such  covering,  still 
zincing  it  is  very  far  from  being  a  uniformly  successful 
protection  against  its  oxidation,  and  in  some  cases  it 
increases  rather  than  diminishes  this  tendency  of  the 
iron.  Professor  Callan  proposed  an  alloy  of  lead 
and  antimony  as  a  substitute  for  the  zinc  ;  but  though 
the  disadvantage  experienced  in  many  instances  as 
resulting  from  the  employment  of  zinc  are  certainly 
diminished  by  the  use  of  the  alloy,  still  the  cost  of  the 
latter  precludes  its  adoption. 

Applications  of  Zinc. — Besides  its  long-practised 
application  in  the  production  of  brass  and  other  alloys, 
such  as  German  silver,  tutenag,  et  cetera,  which  the 
reader  will  find  described  under  Copper,  zinc  has 
been  employed  extensively  in  the  form  of  sheets  for 
the  manufacture  of  baths,  water  tanks,  buckets,  pails, 
roofing,  spouts,  pipes;  as  a  cheap  and  more  durable 
substitute  for  sheet  and  japanned  iron,  such  as  archi- 
tectural ornaments,  street  lamps ;  and  for  making  nails, 
bolts,  wire  for  preserving  iron,  applied  in  the  form  of 
wire  plates  to  the  numerous  uses  which  are  everywhere 
to  be  witnessed  ;.as  a  substitute  for  bronze  in  statuary, 
for  which  purpose  it  has  been  found,  irrespective  of  its 
color,  to  answer  exceedingly  well.  It  is  also  exten- 
sively employed  for  the  positive  plates  of  electrical 
batteries,  for  engraving  music,  in  anastatic  printing, 
and  numerous  other  forms,  alone  and  compounded  with 
other  metals.  In  its  oxidized  and  salified  state  it  has 
another  extensive  field  of  application,  both  in  the 
industrial  arts  and  in  medicine,  as  will  be  noticed  after- 
wards. 

Assay  of  Zinc  Ores. — The  estimation  of  the  amount 
of  zinc  in  any  of  its  ores  by  the  dry  method  of  analysis, 
is  exceedingly  difficult.  As,  however,  the  metallurgist 
may  desire  to  have  an  approximation  of  the  quantity 
of  metal  which  he  can  probably  extract  from  any 
ore,- the  following  brief  statement  of  the  operation  is 
submitted  here,  reserving  fuller  instructions  for  the 
analysis  of  zincous  bodies  in  general  for  the  end  of 
the  article. 

Berthier,  who  has  made  numerous  experiments  on 
the  subject  of  the  assay  of  zinc  ores,  divides  the  latter 
into  four  classes,  for  each  of  which  a  particular  method 
must  be  pursued.  These  are,  firstly,  ores  in  which 
the  zinc  exists  as  oxide,  or  carbonate  of  the  oxide; 
secondly,  those  in  which  the  zinc  exists  wholly  '  r  in 
part  as  silicate  of  the  oxide;  thirdly,  ores  in  which  the 
zinc  is  entirely  or  in  part  in  the  form  of  sulphide  ;  and 
fourthly,  alloys  of  zinc. 

To  reduce  ores  of  the  first  class,  it  is  only  requisite  to 
mix  them  intimately  with  charcoal,  and  expose  the 
assay  for  a  sufficient  time  to  a  white  heat  in  an  earthen 
retort,  having  a  long  neck  kept  sufficiently  cool  to  con- 
dense the  metallic  vapors  that  are  expelled  by  the  heat 
from  the  reducing  mass.  Care  must  be  taken  that  no 
air  be  admitted  into  the  retort,  for  this  would  induce 
the  combustion  of  the  metal  while  in  a  state  of  vapor; 
its  neck  should  therefore  terminate  in  a  small  opening, 
or  an  adaptor  of  glass  drawn  to  a  point  be  fixed  to  it 


by  luting.  During  the  reduction  the  following  simple 
interchange  takes  place  : — 

ZnO     +     c     —     m    +  CO 

Oxide  of  zinc  Coibou.  Metal.  Curbonic  oxide. 

Even  when  the  reduction  is  thoroughly  effected,  it 
is  most  difficult  to  detach  the  incrustation  of  metal 
sufficiently  complete  for  accurate  determination.  To 
facilitate  this  the  neck  of  the  retort  is  coated  interiorly 
with  plumbago  to  diminish  the  adhesion  of  the  distilled 
zinc  to  tire  body  of  the  apparatus.  When  all  the  metal 
is  reduced  and  driven  over,  the  assayer  is  often  necessi- 
tated to  break  off  the  neck  of  the  retort  to  enable  him 
to  collect  the  metal,  and  not  unfrequently  to  dissolve 
the  adhering  particles  with  nitric  acid,  and  evaporate 
and  calcine  the  residue,  adding  the  four-fifths  of  its 
weight  to  that  of  the  metal  already  estimated. 

Another  process  by  which  the  estimation  of  the  zinc 
may  be  indirectly  made  is  given  as  follows : — A  certain 
portion  of  flux  is  added  to  the  weighed  ore,  submitted 
to  the  test,  and  the  whole  heated  at  the  temperature  at 
which  the  assaying  of  iron  is  usually  conducted  in  a  lined 
crucible.  The  button  of  slag  containing  granules  of  iron 
resulting  from  the  ferruginous  matter  in  the  ore,  is 
weighed,  then  ground  in  a  mortar,  and  the  iron,  sepa- 
rated by  a  magnet,  likewise  weighed.  After  deducting 
the  iron  thus  estimated  from  the  total  weight  of  the 
button  of  fluxed  matter,  the  remainder  is  added  to  the 
oxide  of  iron,  corresponding  to  the  amount  of  this  metal 
found  as  above.  The  combined  weight,  deducted  from 
that  of  the  dry  ore  and  flux,  leaves  a  difference  corre- 
sponding to  the  zinc  expelled  during  the  assaying  in 
the  fire.  Again,  if  the  quantity  of  the  fixed  flux 
employed  be  taken  from  the  weight  of  the  button  of 
slag  obtained  minus  the  iron,  the  difference  will  show 
the  silicious,  earthy,  and  other  unreducible  matters 
associated  with  tire  zinc. 

In  the  examination  of  ores  of  the  second  class, 
charcoal  alone  is  insufficient  to  effect  the  decomposition, 
and  therefore  a  flux  is  employed  which,  by  combining 
with  the  silicious  matter,  liberates  the  oxide  of  zinc, 
and  renders  it  subject  to  reduction  by  the  carbona- 
ceous matter.  Lime  or  magnesia  are  the  agents 
usually  adopted. 

When  ores  of  the  third  class  are  under  examination, 
the  weighed  sample  is  roasted,  to  convert  the  whole  of 
the  sulphur  into  sulphuric  acid  and  partly  expel  it  by 
the  heat ;  after  which  the  reduction  is  effected  in  the 
same  way  as  directed  for  the  determination  of  the 
metal  in  the  first  class  of  ores. 

Alloys  of  zinc  with  fixed  metals,  or  the  compounds 
of  the  fourth  class,  are  examined  by  adding  a  deter- 
mined weight  of  fixed  flux,  mixed  with  some,  char- 
coal, and  heating  in  a  lined  crucible  at  the  temperature 
of  the  iron  assay ;  all  the  zinc  is  volatilized,  and  from 
the  loss  of  weight  so  sustained  the  amount  of  zinc  is 
estimated  approximatively.  If  the  alloyed  metal  be 
of  a  volatile  nature,  this  course  will  not  afford  true 
results,  and  the  estimation  of  the  constituents  of  the 
compound  must  be  effected  by  the  humid  assay,  which 
indeed  is  the  most  trustworthy,  and  in  the  end  the 
most  expeditious  for  the  analysis  of  all  zincous  com- 
pounds. 
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Compounds  op  Zinc. — Zinc  is  capable  of  uniting 
with  almost  the  whole  of  the  metalloids  and  salt  radi- 
cals, producing  compounds,  which  in  all  instances  are  of 
great  importance  in  the  arts,  and  have  consequently  a 
very  extended  application.  Its  oxygen  salts,  like  those 
of  magnesia,  have  the  property  of  forming  saline  com- 
pounds with  other  substances,  the  importance  of  which 
is  entirely  confined  to  the  department  of  scientific 
chemistry  connected  with  stoichiometry.  Another 
remarkable  behavior  of  zinc  is,  that  it  readily  combines 
with  several  organic  radicals,  such  as  ethyl,  methyl, 
and  radicals  of  the  alcoholic  series  of  compounds,  as 
shown  by  the  very  scientific  researches  of  Fhankland 
and  others.  Several  of  the  combinations  of  this  metal 
are  employed  in  medicine ;  and,  by  a  remarkable  coin- 
cidence, these  so  employed  are  most  useful  in  many 
industrial  applications.  It  will  be  sufficient  to  describe 
here  the  oxide,  the  carbonate,  sulphate,  acetate,  and 
chloride  of  this  metal. 

Oxide  op  Zinc. — This  compound  has  various  desig- 
nations, most  of  them  given  by  the  alchemists.  Its 
ancient  synonyms  were  nihil  album,  lana  philosopkica, 
flowers  of  zinc,  pompholyx,  and  occasionally  it  is  still 
known  as  flowers  of  sine  or  flores  zinci.  When  sub- 
mitted under  certain  circumstances  to  the  influence 
of  air  and  moisture,  zinc  is  acted  upon  in  various 
ways,  all  of  which  result  in  producing  the  oxide, 
or  a  compound  from  which  the  oxide  can  be  readily 
prepared.  Thus,  when  the  metal  is  heated  to  redness 
in  a  free  current  of  air,  it  bums  with  a  brilliant 
bluish-green  flame  producing  oxide  of  zinc.  Again, 
if  the  zinc  be  exposed  to  air  and  moisture,  it  is  trans- 
formed into  the  same  compound ;  or  if  carbonic  acid 
should  be  present,  into  a  basic  carbonate  of  the  oxide. 
In  these  cases,  simple  and  direct  oxidation  takes  place, 
the  oxide  combining,  in  the  latter  instance,  with  a 
certain  amount  of  carbonic  acid.  This  is  the  nature 
of  the  change  which  is  produced  on  the  surface  of  zinc 
exposed  to  the  air,  as  in  roofings,  et  cetera,  and  which 
conduces  so  much  to  its  preservation.  It  is  illustrated 
by  the  following  equation : — ■ 

5Zn     +     Oa     +     2C02    —      ZnO,  2  ZnO,C02 

Metallic  zinc,      Oxygen.       Carbonic  acid,  Basic  carbonate  of  zuio 

When  zinc  is  dissolved  in  sulphuric  or  nitric  acid, 
the  oxide  is  freely  formed,  though  only  in  the  pro- 
portion requisite  to  produce  a  salt  with  the  acid 
employed.  In  this  state  it  exists  in  the  salified  state, 
but  on  abstracting  the  acid  by  interposing  a  stronger 
base,  such  as  soda,  the  hydrated  oxide  falls,  thus— 

ZnO,  S03  +  NaO,  HO  =  NaO,  S03  +  ZnO,  110. 
The  same  change  takes  place  when  the  solution  of  zinc 
in  hydrochloric  acid  is  acted  on,  although  the  oxide  does 
not  pre-exist  in  the  menstruum,  for  at  the  period  of  the 
removal  of  the  radical  of  the  salt  the  oxygen  of  the  pre- 
cipitant is  assimilated  by  the  zinc,  as  shown  in  the 
equation — 

Z11CI  +  NaO,  HO  =  ZnO,  HO  +  NaCl. 
Oxide  of  zinc  is  prepared  either  by  the  ignition  of  the 
metal  in  a  current  of  air,  or  by  its  solution  in  aeids  and 
subsequent  precipitation  by  any  convenient  agent.  If 
pure  oxide  be  required,  the  first  method  will  not  yield  it 
unless  the  metal  be  free  from  all  extraneous  metalliferous 
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matters,  which  is  never  the  case  with  the  commercial 
article.  In  the  second  method  the  impurities  existing 
in  the  zinc  can  be  removed  previous  to  the  precipitation 
of  the  oxide,  and  consequently  this  method  is  preferred 
when  it  is  important  that  no  foreign  matter  should  exist 
in  the  preparation. 

In  operating  by  the  first  method,  a  hessian  crucible 
is  filled  with  zinc  to  one-eighth  its  capacity,  and  then 
placed  in  a  wind  furnace  so  inclined  that  the  lower 
part  rests  upon  its  edge  on  a  piece  of  tile  at  the  bottom, 
whilst  the  upper  part  is  supported  by  the  rim  of  the 
furnace.  The  fire  is  then  urged  till  the  crucible  and 
contents  attain  a  strong  red  or  white  heat.  At  this 
period  a  scum  of  oxide  appears  on  the  metal,  and  must 
be  removed  with  an  iron  spatula  as  fast  as  formed,  till 
the  combustion  of  the  zinc  is  completed,  when  a  fresh 
charge  may  be  introduced.  The  oxide  as  collected  is 
placed  upon  an  iron  plate  to  cool,  and  is  afterwards 
rubbed  up  with  water  to  the  consistence  of  a  thin  pasty 
mass,  which  is  next  diluted  largely,  allowed  to  settle  for 
a  few  minutes  and  then  decanted,  more  liquid  being 
agitated  again  with  the  subsided  matter,  and  treated, 
after  a  minute  or  two's  repose,  in  the  same  manner. 
By  continuing  the  treatment  so  long  as  the  decanted 
liquors  flow  off  milky,  all  the  oxide  is  separated  from 
the  metallic  matter  which  escaped  ignition  in  the 
crucible,  and  which  may  be  introduced  with  another 
portion  of  zinc  to  undergo  fresh  combustion.  All  the 
decanted  liquors  are  collected  together  and  allowed  to 
subside  perfectly,  when  the  clear  water  is  poured  off, 
the  deposit  thrown  upon  a  cloth  filter  to  drain,  and 
finally  it  is  dried  at  a  gentle  heat.  The  yield  of  zinc 
oxide  obtained  in  this  way,  when  the  whole  of  the 
metal  is  burned,  will  be  somewhat  more  than  the 
weight  of  the  zinc  employed. 

When  the  oxide  is  to  be  prepared  by  the  liquid 
process,  rectified  sulphuric  acid,  diluted  with  ten  times 
its  weight  of  water,  is  poured  upon  the  zinc  previously 
rolled  into  thin  sheets,  or  granulated  by  pouring  it 
whilst  in  a  molten  state  into  a  vessel  of  water,  employ- 
ing an  excess  of  the  metal  with  the  view  of  causing  the 
foreign  matters,  such  as  lead,  tin,  cadmium,  bismuth, 
arsenic,  et  cetera,  to  be  precipitated ;  or  a  solution  of 
crystallized  sulphate  of  zinc  in  thirty  parts  of  water 
may  be  taken,  immersing  in  it  for  forty-eight  hours 
a  few  thin  plates  of  zinc,  which  act  in  the  removal 
of  any  foreign  bodies  in  the  same  way  as  the  excess 
of  metal  in  the  foregoing  method.  The  clear  solution 
is  decanted  in  either  case,  or  strained,  if  necessary, 
and  a  hot  concentrated  solution  of  carbonate  of  soda 
is  added  to  it  as  long  as  a  precipitate  forms.  This 
precipitate,  which  settles  much  more  readily  when 
thrown  down  from  hot  solutions  than  from  cold  ones, 
is  now  washed  with  hot  distilled  water  by  decantation, 
till  no  further  trace  of  sulphuric  acid  is  detected  in  the 
washings  with  a  solution  of  chloride  of  barium.  After 
thorough  washing  it  is  collected  on  a  cloth  filter,  allowed 
to  drain,  pressed  and  dried,  and  finally  heated  to  redness 
in  a  hessian  crucible,  till  the  whole  of  the  carbonic  acid 
is  expelled,  as  evidenced  by  its  not  effervescing  on  the 
addition  of  dilute  acid. 

Properties. — Oxide  of  zinc  is  a  white,  tasteless, 
inodorous  powder,  which  at  red  heat  acquires  a  yellow 
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color,  that  vanishes  on  cooling.  When  subjected  to  a 
higher  heat  it  melts  into  a  yellow  glass,  and  at  a  sus- 
tained white  heat  volatilizes.  It  is  insoluble  in  water, 
but  readily  soluble  in  acids,  giving  rise  to  the  corre- 
sponding zinc  salts.  When  freshly  precipitated,  oxide 
of  zinc  is  readily  soluble  in  alkaline  solutions,  as  also 
in  concentrated  ones  of  sesquicarbonate  of  ammonia, 
producing  compounds  in  which  it  assumes  the  charac- 
ters of  a  salt  radical  that  are  called  zincates.  Heated 
with  charcoal  it  is  readily  reduced  to  the  metallic 
state.  , 

Uses. — Oxide  of  zinc  is  employed  principally  in 
medicine.  Latterly,  however,  it  has  been  successfully 
introduced  as  a  substitute  for  carbonate  of  lead — white 
lead — in  the  manufacture  of  paint;  and  to  meet  this 
extended  use  several  processes  have  been  devised  for 
its  preparation,  to  which  reference  will  be  made  pre- 
sently. The  oxide  has  been  prescribed  in  some  cases 
of  epilepsy,  chorea,  hysteria,  catalepsy,  and  hooping- 
cough,  as  well  as  in  some  painful  affections  of  neuralgia 
and  gastrodynia,  with  occasionally  good  effect,  though 
its  frequent  failure  has  shaken  the  confidence  of 
practitioners  in  its  efficacy.  It  has  been  found  service- 
able in  five-grain  doses,  combined  with  extract  of 
henbane  or  hemlock,  in  colliquative  perspiration.  It  is 
useful  as  a  desiccant  to  allay  or  prevent  excoriation  in 
children,  as  well  as  in  cases  of  chronic  skin  diseases, 
attended  with  profuse  secretion,  and  also  in  other 
ailments  of  a  similar  nature.  In  large  doses,  oxide  of 
zinc  acts  as  a  slight  irritant  and  causes  vomiting,  and 
by  long-continued  use  it  acts  as  a  slow  poison. 

Oxide  of  zinc  is  composed  of — 

Atomic  weight.  Ccnteslmully. 

portion  of  the  liquid  is  taken  and  precipitated  with 
carbonate  of  soda,  as  above,  and  the  mass  so  obtained, 
after  thorough  washing,  is  added  to  the  liquor  con- 
taining the  zinc,  allowed  to  digest  for  a  further  period, 
and  afterwards  tested  for  the  presence  of  iron  in  the 
manner  indicated.    If  necessary,  the  process  is  to  be 
repeated  a  third  and  a  fourth  time,  or  until  the  whole  of 
the  iron  is  separated  in  the  form  of  sosquioxide ;  but  it 
rarely  happens  that  this  metal  remains  after  the  second 
digestion.    After  filtering  from  the  formed  deposit,  the 
liquid  is  evaporated  in  a  porcelain  or  hard  stoneware 
dish  on  the  sand-bath,  taking  care,  as  it  becomes  denser, 
to  keep  the  contents  of  the  vessel  constantly  stirred, 
till  the  whole  of  the  water  is  expelled.  Chloride  of  zinc 
remains,  and  should  be  transferred,  whilst  still  hot,  to 
well  covered  vessels  for  use.    When  it  is  necessary  to 
deprive  it  of  the  whole  of  the  water,  the  residue  from 
the  evaporation  should  bo  introduced  into  a  glass  vessel 
with  a  narrow  neek,  and  heated  at  a  higher  degree, 
till  the  chloride  of  zinc  begins  to  distil,  at  which  period 
the  fused  matter  is  poured  out  on  a  slab,  and  when 
cooled  broken  into  fragments,  and  preserved  in  well- 
stopped  bottles. 

In  the  preceding  process  the  action  of  the  aeid  is 
simple  and  well  understood,  its  chlorine  uniting  with 
the  metal,  while  its  hydrogen  is  disengaged,  thus — 
Zn  +  H  CI  =  Zn  CI  +  H. 

The  action  of  the  chlorine  is  to  convert  the  iron,  which 
always  exists  in  commercial  zinc,  from  the  state  of 
protochloride  to  which  the  hydrochloric  acid  reduces 
it,  to  that  of  sesquichloride,  as  shown  in  the  equation — 
2  (Fe  CI)     +      CI        =      Fe2  Cl3 

40-0     ....  100-0 

Its  chemical  symbol  is  ZnO. 

Chloride  of  Zinc— Mwriate  of  zinc ;  butter  of  zinc. 
■ — This  compound  of  zinc  has  long  been  known  and 
applied  in  medicine.  It  is  prepared  by  adding  hydro- 
chloric acid  of  specific  gravity  1-130  to  granulated 
zinc  portionwise,  and  applying  heat  till  the  latter  is 
dissolved.  Four  parts  and  a  half  of  acid  are  required 
for  every  part  by  weight  of  metal  for  its  perfect  solution. 
A  few  fragments  or  thin  plates  of  zinc  are  introduced 
into  the  solution,  and  set  aside  for  twenty-four  hours, 
during  which  time  any  lead,  tin,  antimony,  cadmium, 
or  other  metals  of  this  class  that  may  be  present  in 
the  liquid,  are  precipitated ;  after  this,  the  clear  liquid 
is  separated  by  filtration  from  the  deposit  that  may 
have  formed,  and  about  one-sixteenth  of  its  bulk  pre- 
cipitated, with  a  very  slight  excess  of  carbonate  of  soda, 
the  basic  carbonate  separated  and  well  washed  while 
on  the  filter,  and  then  introduced  into  the  remainder 
of  the  liquid.  Chlorine,  generated  in  the  usual  way 
from  binoxide  of  manganese  and  hydrochloric  acid, 
is  now  passed  into  the  menstruum  till  it  smells  of  the 
gas.  A  further  period  of  twenty-four  hours  is  given 
to  the  liquid  to  stand,  and  if,  after  this  period,  a  por- 
tion of  the  clear  solution  exhibits  any  indication  of  the 
presence  of  iron,  either  by  giving  a  bluish-black  color 
with  tincture  of  galls,  or  by  striking  a  deep  blue  with 
ferricyanide  of  potassium — red  prussiate.    A  further 

Protociiloriilo               Chlorine.  Sesr.niclilorlde 
of  iron.                                                 of  iron 

with  the  view  of  precipitating  it  subsequently  with  the 
basic  carbonate  of  zinc — 3  (ZnO,  HO)  2  (ZnO,  C02) — 
produced  by  the.  carbonate  of  soda  in  the  portion  of  the 
liquid  submitted  to  its  action.    The  manner  in  which 
its  separation  is  chemically  effected  may  be  represented 
thus — 

5(Fe2CI3)        +       3  (3  (ZnO,  HO)  2  (ZnO,  C02)  )  = 

/  *  '\                               *  if  ' 

Sesquichloride  of  iron.                               Basic  carbonate  of  zinc. 

5(Fe203)    +  15ZnCl    +     6  C02      -f   9  HO 

Besqnii.xiJe  of           Clilrridc  of               Carbunic  Wfltor. 
iron,                   ziuo.  acid. 

that  is,  three  equivalents  of  the  basic  carbonate  convert 
five  of  the  iron  salt  into  five  equivalents  of  insoluble 
sesquioxide,  being  themselves  reconverted  into  fifteen 
equivalents. of  the  chloride  of  zinc  by  the  assimilation 
of  the  chlorine  from  the  iron  compound. 

Chloride  of  zinc  may  be  prepared  by  other  processes, 
such  as  heating  equivalent  weights  of  oxide  of  zinc  and 
chloride  of  ammonium,  or  by  distilling  a  mixture  of 
dry  sulphate  of  zinc  and  chloride  of  sodium  in  a  retort, 
the  substances  being  employed  in  the  ratio  of  their 
equivalent  weights.     In  either  case  chloride  of  zinc 
results,  the  change  in  the  former  being  NH4  CI  -\-  ZnO 
=  NH4  O  +  Zn  CI ;  and,  in  the  latter,  ZnO,  S03  + 
Na  CI  =  Zn  CI  4-  NaO,  S03.     The  salt  in  the  first 
formula  remains  after  the  expulsion  of  the  ammonia; 
but  in  the  second  instance  it  distils  over,  leaving  the 

ZINC  Sulphate. 
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sulphate  of  soda  in  the  retort.  Preference  is,  however, 
generally  given  to  the  method  of  preparation  hy  solution. 

Properties. — Chloride  of  zinc,  deprived  by  fusion  of 
all  moisture,  is  a  whitish-grey,  semitransparent  soft  mass, 
like  wax,  that  melts  at  a  temperature  below  redness, 
and  at  a  higher  degree  of  heat  sublimes,  being  at  the 
same  time  partially  decomposed  into  a  basic  chloride 
of  zinc  and  an  acid  salt,  which  collects  in  crystalline 
needles  in  the  receiver,  and  oxide  of  zinc  retaining  a 
little  of  the  chloride  that  remains  in  the  retort.  Exposed 
to  the  air,  the  salt  rapidly  attracts  moisture  and  deli- 
quesces. It  has  a.  burning,  nauseous,  saline  taste, 
even  in  highly  dilute  solutions.  Alcohol  and  ether 
readily  dissolve  it,  the  solutions  manifesting  an  acid 
reaction.  It  unites  with  chloride  of  ammonium  and 
chloride  of  potassium,  and  forms  definite  compounds 
with  them,  likewise  with  albumen  and  gelatin,  pro- 
ducing difficultly  soluble  precipitates.  The  alkalies 
and  alkaline  carbonates  decompose  it,  giving  rise  to 
precipitates  of  oxide  and  basic  carbonate  of  zinc, 
according  to  the  agent  used,  but  which  precipitates, 
as  stated  under  Oxide  of  Zinc,  are  soluble  in  an  ex- 
cess of  many  of  these  reagents,  owing  to  zincates  of 
those  bases  being  formed.  Sulphuric  acid  readily 
converts  the  chloride  into  a  sulphate  of  zinc,  with 
evolution  of  hydrochloric  acid.  The  pure  salt  has  a 
composition  corresponding  to  the  symbol  Zn  CI,  being 
composed  of — 

Atomic  weight.  Centcsimnllj-. 

1  Eq.  of  zinc,  32-0    ....  47-407 

1  Eq.  of  chlorine   35-5    ....  52-593 

67-5    100-000 

The  composition  of  the  hydrated  salt  is  Zn  CI,  HO ; 
it  is  crystalline,  and  contains,  according  to  Schindler, 
in  one  hundred  parts — 

Cente3]mallj-.  Scliindler. 

Zinc   32-0    =     41-S3    39-80 

Chlorine,....  35-5  =  46-40  ....  43-81 
Water   9-0      -     11-77    16-39 

76-5  100-00  100-00 

Uses. — Owing  to  its  physiological  effects,  the  chief 
use  of  chloride  of  zinc  is  in  medicine ;  but  latterly  it 
has  been  successfully  introduced  as  a  disinfectant,  and 
likewise  for  impregnating  wood  in  order  to  preserve  it 
from  decay  or  putrefaction.  Its  use  has  been  much 
extended  in  the  first  application  by  its  qualities  as  a 
caustic  or  escharotic,  destroying  the  life  of  the  part 
with  which  it  comes  in  contact,  owing  to  its  combina- 
tion with  the  albumen  and  fibrin  of  the  tissue,  which 
substances  appear  in  the  form  of  an  eschar  some  time 
after.  Many  prefer  chloride  of  zinc  in  this  capacity  to 
nitrate  of  silver,  and  even  to  chloride  of  antimony,  as 
it  penetrates  further,  and  leaves  the  wound  or  sore  in  a 
more  healthy  state  after  the  removal  of  the  eschar. 
When  taken  into  the  system,  chloride  of  zinc  acts,  in 
large  doses,  as  an  irritant  or  caustic  poison,  and  affects 
the  nervous  system.  It  produces  a  burning  sensation 
in  the  stomach,  nausea,  vomiting,  anxiety,  short  breath- 
ing, cold  sweats,  fainting,  and  convulsions.  In  very 
small  doses,  none  of  these  effects  are  attendant  upon 
its  use. 

Sir  William  Burnett  introduced  a  concentrated 
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solution  of  this  compound  some  years  ago,  as  a  disinfect- 
ing and  antiseptic  fluid.  The  liquid  contained  about 
one-fourth  of  its  weight  of  the  salt,  and  had  a  specific 
gravity  of  2*0.  Its  antiseptic  qualities  depend  upon 
its  power  of  uniting  with  animal  tissues,  and  forming 
permanent  bodies  with  them;  and  hence  its  use  in 
preserving  anatomical  subjects  for  dissection;  its  dis- 
infecting quality  arises  from  its  power  of  decomposing 
sulphide  of  ammonium  and  sulphide  of  hydrogen  to 
some  extent.  It  is  inferior,  however,  in  this  respect  to 
a  solution  of  chloroxide  of  calcium — bleaching  powder 
— and  several  other  combinations,  as  stated  under 
Disinfectants — owing  to  the  latter  being  not  only 
capable  of  arresting  gaseous  emanations,  but  also  of 
disseminating  a  disinfecting  gas  into  the  air  which 
arrests  any  fold  odor  immediately. 

Sulphate  of  .Zinc — Zinc  vitriol;  white  vitriol. — 
This  salt,  which  is  said  to  have  been  known  at  the  end 
of  the  thirteenth  century,  has  been  long  manufactured 
on  a  large  scale  at  Goslar  in  Germany.  It  was  long 
erroneously  considered  as  a  modified  sulphate  of  iron, 
but  this  notion  was  abandoned  when  the  true  metallic 
nature  of  zinc  became  known.  It  is  much  more  im- 
portant than  any  other  saline  combinations  of  the  metal, 
as  well  for  its  cheapness  as  for  being  the  means  of 
preparing  the  other  compounds  of  zinc,  and  likewise 
for  the  extended  uses  to  which  it  is  applied  in  the  arts 
and  in  medicine. 

Preparation. — At  Goslar,  where  sulphate  of  zinc 
was  first  extensively  manufactured,  as  well  for  the  pre- 
paration of  Nordhausen  vitriol  as  for  application  in  the 
medicinal  art,  the  following  process  was  adopted: — 

The  natural  deposit  of  ore,  consisting  of  sulphates 
of  zinc,  lead,  copper,  silver,  and  iron,  was  assorted  to 
obtain  the  portions  richer  in  zinc;  these  were  sub- 
mitted to  a  roasting  operation  in  heaps,  during  which 
the  sulphur  was  converted  into  sulphuric  acid,  and 
by  this  the  metals  were  changed  into  the  corresponding 
sulphates ;  the  mass  was  then  lixiviated,  and  the  soluble 
salts,  consisting  of  sulphates  of  zinc,  iron,  cadmium, 
copper,  and  silver,  washed  out,  and  afterwards  evapo- 
rated till  the  sulphates  crystallized.  The  impure  salt, 
after  slight  washing,  was  heated  to  the  melting  point, 
and  the  whole,  or  chief,  part  of  its  water  of  crystal- 
lization expelled.  On  allowing  the  mass  to  cool  at  this 
stage,  it  formed  a  white  opaque  granulated  substance 
resembling  sugar.  At  a  later  period  this  product  was 
freed  from  portions  of  its  impurities  by  re-solution  in 
water,  and  introducing  into  the  lie  fragments  or  plates 
of  zinc,  which  were  allowed  to  remain  in  contact  with 
it  for  a  longer  or  shorter  time.  After  drawing  off  the 
clear  liquid,  it  was  evaporated,  and  the  zinc  salt  crys- 
tallized out  as  before.  This  method  is  still  practised, 
not  only  at  Goslar,  but  in  several  other  localities  where 
blende  is  abundant. 

Sulphate  of  zinc  is  obtained  at  present  as  a  second- 
ary product  from  the  acid  liquors  of  galvanic  batteries 
employed  in  developing  electricity,  as  also  from  the 
liquors  remaining  after  the  precipitation  of  copper  on 
the  large  scale  from  its  solutions,  by  metallic  zinc. 

The  pure  salt  may  he  obtained  by  treating  commer- 
cial, or  purified  zinc,  in  a  divided  or  granulated  state, 
with  sulphuric  acid  diluted  with  fifteen  times  its  weight 
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of  water,  in  a  leaden  vessel,  using  the  acid  while  still 
warm;  three  parts  of  rectified  acid  of  specific  gravity 
1-84,  are  required  to  convert  two  parts  of  the  metal 
into  a  sulphate.  The  mixture  is  sustained  at  a  gentle 
heat  in  order  to  promote  the  solution,  and  with 
the  same  view  the  contents  of  the  vessel  are  agitated 
occasionally.  After  the  solution  is  effected,  a  quantity 
of  metal,  about  one-eighth  of  the  portion  dissolved, 
is  introduced  into  the  liquid,  and  left  to  repose  during 
thirty  to  forty-eight  hours,  the  slight  heat  being  still 
maintained.  By  this  treatment  the  lead  and  other  less 
oxidizable  metals  are  precipitated,  and  are  separated 
by  filtering  the  liquid  while  still  hot.  The  nitrate  is 
now  largely  diluted  with  water,  and  a  portion  of  it 
taken,  precipitated  with  carbonate  of  soda,  as  stated 
under  the  preparation  of  chloride  of  zinc,  filtered, 
washed,  and  added  to  the  remainder  of  the  solution  of 
the  sulphate.  Chlorine  is  then  transmitted  into  the 
mixture  till  the  protosalt  of  iron  present  in  it  is  con- 
verted to  a  sesquisalt ;  after  which  the  whole  is  allowed 
to  stand  till  the  iron  falls  in  the  form  of  sesquioxide. 
The  various  changes  by  which  the  purification  of  the 
salt  is  effected  in  this  instance,  are  analogous  to  those 
specified  under  Chloride  of  Zinc,  and  therefore  need 
not  be  detailed.  After  filtering  the  liquid  from  the 
deposit  of  sesquioxide  of  iron,  it  is  evaporated  till  a 
pellicle  begins  to  form  on  tire  surface,  when  it  is  per- 
mitted to  rest  to  allow  the  salt  to  crystallize.  A  second 
crystallization  removes  all  traces  of  impurities,  but  this 
is  rarely  required. 

Properties. — Sulphate  of  zinc  crystallizes  in  color- 
less, transparent,  right  rhombic  prisms,  containing 
seven  equivalents  of  water  of  crystallization.  In  this 
state  it  is  very  soluble  in  water,  requiring  somewhat 
less  than  its  weight  of  cold,  and  considerably  less  than 
its  weight  of  the  boiling  liquid;  thus,  according  to 
Karsten,  one  thousand  parts  of  water  at  63-6°,  dissolve 
nine  hundred  and  twenty-three  parts  of  this  salt,  form- 
ing a  solution,  the  specific  gravity  of  which  is  1-4353. 
Dumas  states  that  one  hundred  parts  of  water,  at  the 
ordinary  temperature,  take  up  one  hundred  and  forty 
parts  of  the  sulphate ;  while  other  authorities  assert 
that  not  less  than  two  and  one-third  parts  of  water  are 
necessary  for  the  liquefaction  of  one  of  the  salts,  which  is 
evidently  erroneous.  Boiling  water  takes  up  a  much 
larger  quantity  of  the  salt,  and  even  alcohol  dissolves 
traces  of  it.  Sulphate  of  zinc,  according  to  the  circum- 
stances under  which  it  is  prepared,  is  found  associated 
with  different  quantities  of  water  of  crystallization,  vary- . 
ingfrom  one  to  seven  equivalents;  but  the  compound 
crystallizing  from  its  solutions  at  temperatures  below 
80°  to  86°,  always  assimilates  seven  equivalents  of 
water.  This  salt  effloresces  slightly  in  the  air;  exposed 
to  a  heat  of  212°  it  loses  37-3  per  cent,  of  moisture,  or 
six  equivalents,  the  last  equivalent  being  obstinately 
retained  till  the  heat  rises  to  451°.  By  the  sudden  appli- 
cation of  a  high  temperature  the  compound  at  first 
fuses,  and  after  the  expulsion  of  the  contained  water, 
decomposition  of  the  salt  follows;  anhydrous  sulphuric 
acid,  sulphurous  acid,  and  oxygen  being  eliminated, 
while  a  highly  basic  salt  remains.  On  continuing  the 
heat,  however,  till  it  approaches  to  whiteness,  only  pure 
oxide  of  zinc  is  left.    Heated  with  charcoal  at  a  red 


heat,  it  is  reduced  to  the  form  of  sulphide ;  but  at  a 
sustained  white  heat,  the  metal  is  isolated  and  vola- 
tilized in  the  form  of  vapor.  Anhydrous  sulphate  of 
zinc,  on  being  exposed  to  moist  air,  readily  assimilates 
its  full  complement  of  water  of  crystallization  with 
reagents.  It  affords  the  usual  reactions  of  oxide  of 
zinc  in  a  salified  state,  and  is  capable  of  forming  numer- 
ous double  salts  with  other  bodies.  Sulphate  of  zinc, 
in  its  crystallized  form,  is  represented  by  the  formula 
ZnO,  S03,  7  HO,  and  is  composed  of — 

Atomic  weight.  Ccnteslmally. 

1  Eq.  of  oxide  of  zinc   40-0   =  27-972 

1  Eq.  of  sulphuric  acid,   40-0   =  27-972 

7  Eqs.  of  water,   G3-0   =  45-056 

143-0  100-000 

Uses. — This  salt  is  used  in  medicine,  in  conse- 
quence of  its  physiological  effects,  which  are,  when 
administered  in  small  doses,  of  an  astringent,  anti- 
sposmodie,  and  tonic  nature ;  whilst  taken  in  large 
quantities  it  is  poisonous,  causing  vomiting,  purging, 
coldness  of  the  extremities,  and  a  fluttering  pulse.  In 
full  doses  it  acts  as  a  safe  emetic,  but  care  should  be 
taken  that  it  be  thrown  off  the  stomach,  for  if  retained 
for  any  length  of  time  it  occasions  nausea  and  pro- 
longed retching.  In  this  capacity  of  emetic  it  is  of 
great  use  where  poisoning  is  suspected,  as  it  acts 
rapidly.  Sulphate  of  zinc  is  frequently  used,  owing 
to  its  astringent  and  caustic  properties,  in  diseases  of 
the  eyes,  and  generally  with  good  effect.  In  some 
cases  it  is  used  by  dyers  as  a  mordant ;  also  as  an  oil 
drier  for  painting. 

Carbonate  op  Zinc.  —  The  preparation  of  the 
neutral  carbonate  of  oxide  of  zinc  is  somewhat  difficult, 
owing  to  the  feeble  affinity  of  the  oxide  for  carbonic 
acid.  If,  however,  the  precipitate  which  occurs  on 
adding  a  solution  of  bicarbonate  of  soda  or  of  potassa 
to  a  solution  of  zinc  be,  after  washing,  disseminated 
in  water,  and  carbonic  acid  charged  into  the  liquor, 
the  precipitate  is  dissolved  in  the  form  of  a  bicarbonate, 
and  on  evaporating  the  liquid  in  an  atmosphere  of  car- 
bonic acid,  the  neutral  or  monoearbonate  of  oxide  of 
zinc  is  obtained.    Its  formula  is  ZnO,  C02. 

The  ordinary  carbonate  of  this  oxide  is  a  basic  com- 
pound, containing  five  equivalents  of  base  to  two  of 
acid.  It  is  obtained  by  adding  a  solution  of  carbonate 
of  soda  to  one  of  sulphate  of  zinc,  taking  care  that  the 
latter  is  in  slight  excess.  The  change  which  succeeds 
may  be  exemplified  thus — 

5  (ZnO,  SOa)  -f  5  (NaO,  COJ  =  3  ZnO,  2  (ZnO,  CO^  + 
5  NaO  S03  +  3  C02. 

When  the  precipitant  is  in  excess,  a  portion  of  it 
combines  with  the  basic  salt  and  cannot  be  removed  by 
washing.  For  this  reason  carbonate  of  ammonia  is 
sometimes  preferred,  only  an  equivalent  quantity  being 
employed,  so  that  excess  of  the  salt,  which  would  dis- 
solve a  part  of  the  zine  carbonate,  is  avoided.  The 
precipitate  in  either  case  is  washed  well  and  dried  at 
212°. 

Properties. — It  is  a  loose  white  powder  resembling 
the  carbonate  of  magnesia  of  the  shops,  almost  insoluble 
in  water,  easily  soluble  in  acids  with  evolution  of  carbonic 
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acid,  and  converted  by  a  red  heat  into  oxide  of  zinc. 
Like  the  oxide  it  is  readily  reduced  by  carbon  at  a  red 
heat.  Moore  asserts  that  several  of  the  varieties  sold 
in  the  shops  as  calamine  or  carbonate  of  zinc  contain 
no  zinc  whatever,  but  mixtures  of  carbonate  of  lime, 
sesquioxide  of  iron,  and  sulphate  of  baryta.  When  a 
sample  of  the  zinc  carbonate  is  suspected  to  be  fictitious, 
its  purity  is  readily  ascertained  by  dissolving  it  in  dilute 
hydrochloric  acid,  and  adding  an  excess  of  carbonate  of 
ammonia  to  the  liquor.  It  should  be  wholly  soluble 
in  the  acid,  and  the  precipitate  at  first  formed  in  the 
second  case  should  be  dissolved  by  the  excess  of  the 
ammoniacal  salt.  A  residue  on  the  one  hand,  or  a 
persistent  precipitate  on  the  other,  indicates  adulteration. 

Uses.— Physiologically  the  carbonate  of  zinc  has  the 
same  properties  as  the  oxide,  and  is  applied  medicinally 
in  like  cases.  In  the  arts,  this  compound  has  of  late 
years,  together  with  the  oxide,  acquired  some  import- 
ance as  a  substitute  for  white  lead  in  painting. 

Acetate  op  Zinc— The  reader  will  find  this  salt 
described  in  Vol.  I.  page  48.  It  may  be  stated 
here,  however,  that  it  can  be  conveniently  prepared 
from  the  carbonate  of  this  base  and  acetic  acid.  Two 
parts  oi  the  carbonate  are  heated  with  successive 
portions  of  acetic  acid  of  specific  gravity  1-045 — con- 
taining sixty-four  per  cent,  of  water — till  complete 
solution  is  effected.  About  five  parts  of  acid  are 
required.  The  solution  is  filtered  while  warm,  and  set 
aside  to  cool  for  a  day  or  two,  after  which  period  it 
is  decanted  and  concentrated  to  the  crystallizing  point, 
when,  on  cooling,  the  acetate  will  deposit.  Acetate 
of  zinc  possesses  a  slight  odor  of  acetic  acid  and  a 
bitter  saline  nauseous  taste.  On  being  heated  it  fuses 
with  the  loss  of  water,  and  at  length  blackens,  giving 
off  the  usual  empyreumatie  products  resulting  from 
the  igneous  decomposition  of  the  acetates ;  and  if  the 
temperature  be  very  elevated,  the  oxide  of  zinc  will  be 
likewise  reduced. 

Acetate  of  zinc  is  soluble  in  three  parts  of  cold  and 
in  half  a  part  of  boiling  water ;  in  thirty  parts  of  alcohol 
of  eighty  per  cent,  at  the  normal-  temperature,  and  in 
one  part  at  the  boiling  point.  The  solutions  have  an 
acid  reaction. 

Uses. — Physiologically  considered,  the  acetate  of 
zinc  is  reputed  to  have  the  same  properties  as  the 
sulphate,  but  some  French  writers  deny  that  it  has  a 
poisonous  effect  even  when  administered  in  large  doses. 
The  salt  is  used  by  dyers  as  a  mordant. 

Zinc-white. — This  pigment,  to  which  considerable 
attention  has  been  given  of  late  years,  is  either  the 
anhydrous  oxide,  the  hydrate  oxide,  or  hydrated  basic 
carbonate  of  zinc.  Its  whiteness  is  equal  to  that  of 
white  lead,  and  not  being  tarnished  like  the  latter  by 
sulphurous  vapors,  it  has  been  proposed  to  introduce  it 
as  a  substitute  for  white  lead  in  painting,  especially  as 
it  affords  a  more  permanent  color,  is  cheaper,  and  does 
not  involve  the  great  risk  and  sacrifice  of  life  which, 
however  carefully  the  preparation  of  the  carbonate  of 
lead  may  be  conducted,  is  occasioned  among  the  workers 
engaged  in  that  manufacture.  The  principal  objection 
to  its  general  adoption  is,  that  the  paint  compounded 
with  it  is  less  drying  than  those  in  which  lead  constitutes 
the  basis,  and  also  that  it  does  not  cover  or  spread  so 


perfectlyas  white  lead;  or,in  the  language  of  the  painter, 
that  it  does  not  possess  sufficient  body.  With  regard 
to  its  non-drying  qualities,  improvements  have  been 
suggested  which,  if  acted  upon,  would,  in  a  great  degree, 
obviate  this  objection ;  and  as  to  the  want  of  body,  the 
painter  can  well  afford  to  spread  a  thicker  layer  of  the 
zinc-white,  seeing  that  a  given  weight  of  the  latter  is 
considerably  more  bulky  than  the  same  quantity  of  the 
former,  in  consequence  of  the  lesser  density  of  zinc,  as 
well  as  its  much  lower  atomic  weight,  which  is  to  that 
of  lead  in  the  proportion  of  thirty-two  to  one  hundred 
and  four. 

Ghyton  de  Mokveau  was  the  first  to  propose  the 
substitution  of  oxide  of  zinc  for  the  basic  carbonate  of 
lead  in  painting.  Lassaigne  likewise  drew  attention 
to  the  subject  about  1821,  and  has  lately  communicated 
the  fact  that  an  oil  painting  finished  at  that  time  with 
oxide  of  zinc  has  hitherto  retained  its  brilliant  whiteness. 
The  manufacture  of  the  zinc-white  owes  much,  how- 
ever, to  M.  Leclaire,  who  was  among  the  first  to 
establish  its  manufacture  on  a  large  scale  for  this  pur- 
pose. More  recently  several  patents  have  been  taken 
in  England  for  the  preparation  of  the  oxide  of  zinc  for 
the  painter's  use,  and  some  of  these  will  be  referred  to 
further  on. 

Manufacture. — At  first  metallic  zinc  was  the  mate- 
rial from  which  the  zinc- white  was  prepared,  the  simple 
change  effected  being  merely  the  dissipation  of  the  metal 
in  the  form  of  vapor.  While  in  this  state,  and  still  at  a 
high  degree  of  heat,  the  introduction  of  a  current  of  air 
causes  the  metallic  vapor  to  ignite,  producing  oxide  of 
zinc  in  a  finely-divided  white  powder,  which,  when  col- 
lected, forms  the  substance  in  question.  The  arrange- 
ment by  which  this  change  is  effected  is  shown  in  Figs. 
645  to  646.    In  Figs.  645 

and  646,  the  retorts  from        Fis-  615.      Fig.  w,. 
which  the  zinc  is  distilled  are  ftas,»£^»B_^.  _ 
represented  in  section  and  iBjM*gllg™  O" 
elevation.   They  are  similar  ^:--:--""-""""^-™-t^  wnflff 
tu  gas  retorls,  ami  are  do-  SnfrS^jv^W^r') 
pressed  cylinders,  a  a,  of [jy  Ml  iggs  (Jf4U 
refractory  clay,  such  as  that 

of  which  glass  pots  are  made.    Their  length  is  about 


Fig.  G47. 


twenty-eight  inches,  their  breadth  ten  inches,  and 
their  height  about  six  inches ;  the  walls  are  two  and  a 
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quarter  inches  in  thickness;  the  aperture,  5,  which 
serves  the  double  purpose  of  introducing  the  pigs  of  zinc, 
and  allowing  the  metallic  vapors  to  escape,  is  four  inches 
in  breadth  and  two  in  height.  Eight  or  ten  of  these  are 
placed  in  a  double  range,  back  to  back,  in  a  reverbe- 
ratory,  represented  in  plan  and  section  in  Figs.  648,  649, 

Fig.  648. 


with  a  fine  metallic  gauze  stretched  on  an  iron  sash 
or  framework,  for  the  purpose  of  intercepting  all  the 
particles  of  the  zinc-white,  whilst  the  meshes  of  the 

Fig.  650. 


and  650.  The  fire  is  at  c,  the  heat  and  flame  of  which 
pass  over  the  cylinders  and  return  beneath  the  floor  of 
the  reverberatory  by  the  flue,  c,  d,  f,  g,  h,  into  the 
chimney,  as  seen  in  Fig.  649.  When  the  interior  of  the 
furnace  and  the  retorts  are  observed  at  a  reddish  white 
heat,  one  or  two  bars  of  zinc  are  introduced  into  each 
of  the  retorts.  The  metal  soon  melts  and  enters  into 
ebullition,  the  vapor  being  disengaged  by  the  aperture, 
b,  of  each  retort,  where  it  comes  into  contact  with  a 

Fig.  649. 


wire  affords  sufficient  space  for  the  ogress  of  the  nitro- 
;en  and  other  gases  into  the  flue  or  passage,  G  G, 
aading  to  the  chimney,  H.  In  this  conduit  two  other 
screens,  similar  to  that  above  described,  may  he  fixed, 
but  somewhat  finer,  to  prevent  the  loss  of  as  little 
as  possible  of  the  powder.  After  a  while  the  wire 
gauzes  become  covered  with  the  powder,  but  before  the 
meshes  are  closed  they  are  cleaned  and  replaced. 

Fig.  651 


current  of  air  heated  in  the  cast-iron  pipes,  s  s,  to  about 
570°  by  the  waste  caloric  of  the  furnace,  and  enters  into 
combustion.  The  metallic  oxide  so  produced  is  carried 
along  by  the  current  of  gas  into  the  pipes,  K  K,  which 
surmount  the  mouth  of  the  retort,  and  is  deposited  in 
the  chambers,  L  L,  four  of  which  are  in  connection  with 
each  other  by  apertures  alternately  at  the  lower  and 
upper  part  of  their  partition  walls.  The  disposition 
of  the  condensing  chambers  and  other  parts  of  the 
apparatus  is  shown  in  Figs.  650  and  651.  Here  A  indi- 
cates the  furnace,  B  the  pipes  leading  to  the  chambers, 
the  last  opening  in  the  outer  one  of  which  is  covered 


The  oxide  of  zinc  thus  produced  is  always  of  good 
quality,  unless  indeed  an  excess  of  impurities  exists  in 
the  metal  employed.  That  which  is  inferior  is  always 
deposited  in  the  first  chamber,  being  impregnated  with 
the  oxides  of  the  metallic  bodies  contained  in  the  zinc, 
and  also  with  a  finely-divided  powder  of  the  zinc 
itself,  in  consequence  of  some  of  its  vapor  being 
carried  over  before  it  underwent  combustion.  In  con- 
sequence of  these  impregnations,  the  powder  collected 
from  the  first  chamber  should  always  be  screened,  and 
the  product  devoted  to  the  commoner  kinds  of  painting. 
It  is  necessary  during  the  formation  of  the  oxide  of 
zinc,  to  clear  the  openings  communicating  with  adjacent 
chambers,  lest  the  deposition  of  the  powder  on  the  walls 
should  accumulate  so  as  to  block  up  the  passage.  This 
is  done  by  means  of  an  iron  rod  passed  through  the 
wall,  and  commanding  the  opening.  After  the  con- 
version of  the  charge  is  completed,  the  oxide  of  zinc 
deposited  in  the  chambers  is  removed  simply  by  placing 
a  barrel  beneath  the  mouth  of  the  hopper-shaped 
opening  in  the  chamber,  and  drawing  the  sliding-plate 
which  is  used  to  secure  it  while  working.  The  zinc- 
white  is  then  easily  scraped  into  the  receiver,  and  there 
reduced  by  pressure  to  the  least  possible  volume.  It 
is  now  ready  for  the  market,  or  for  compounding  with 
the  oil  as  in  the  manufacture  of  paint.  Three  furnaces 
like  those  described,  each  furnished  with  eight  retorts, 
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work  off  from  twenty-eight  to  thirty  hundredweight 
of  zinc  in  the  twenty-four  hours.  This  quantity  ought 
to  produce  from  thirty-five  and  a  half  to  thirty-seven 
hundredweight  and  a  half  of  zinc- white ;  but  in  practice 
the  average  yield  amounts  to  only  thirty-one  and  a  half 
to  thirty-four  hundredweight. 

Of  late  years  several  improved  methods  have  been 
devised  for  the  preparation  of  this  substance,  the  most 
important  of  which,  in  the  Editor's  judgment,  will  now 
be  briefly  stated. 

M.  Leclaire's  mode  of  operation  is  indicated  in  the 
following  description  and  figures,  taken  and  abridged 
from  Le  Genie  Industriel.  Figs.  652,  653,  and  654  show 


Fig.  652. 


the  distillatory  furnace  in  longitudinal  and  transverse 
vortical  sections  and  in  plan.  In  these  figures,  A 
represents  the  fire-door,  B  the  fire,  and  c  the  retorts, 
which  are  made  of  refractory  material.  Five  are  gene- 
rally ranged  at  either  side  of  the  grate,  but  the  num- 
ber can  be  varied  according  to  circumstances.  The 
volatilized  metallic  vapors  escape  by  the  orifice,  D,  of 
the  retort,  before  which  are  disposed  a  series  of  plates,  E, 
called  scrapers,  attached  to  a  horizontal  iron  rod,  p,  by 
similar  pendant  ones.  By  motion  communicated  by 
hand  or  machinery  to  the  horizontal  rod,  the  scrapers, 
E  E,  are  moved  backwards  and  forwards,  and  coming  at 
each  movement  against  the  door  of  the  retort,  any  oxide 
which  adheres  to  the  aperture  is  knocked  off.  The 
oxide  and  metallic  vapors  issuing  from  the  retort  are 
received  in  small  receptacles,  a  G,  which  open  into  an 
inclined  channel  that  terminates  in  another  funnel- 
shaped  conduit,  G1,  and  this  leads  them  into  the 
receiver,  G2.  It  is  evident  that  the  small  conduits,  G  G, 
receive  only  such  matters  as  solidify  in  the  moutli  of 
the  retort,  and  which  from  their  density  cannot  be 
drawn  off  to  the  receivers  by  the  force  of  the  current 
of  gases  passing  through  this  arrangement  to  the 
chambers  wherein  the  oxide  of  zinc  is  collected.  A 
small  plate-iron  cage  or  box,  H,  is  fixed  over  the 
mouth  of  each  of  the  retorts  in  order  to  isolate  them. 
It  rests  upon  a  framework  of  metal,  H1,  fixed  into  the 
wall  of  the  furnace,  and  so  constructed  that  it  may  be 
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removed  at  will  by  means  of  a  crane,  or  by  making  it 
slide  or  roll  on  a  framework  or  small  railway.  The 
anterior  aperture  is  directed  towards  the  orifice  of  the 


retort  in  such  a  manner  that  the  products  of  the  distil- 
lation empty  themselves  into  it,  and  the  posterior  part 
has  a  door  which  may  be  opened  at  will.  A  trap-door, 
J,  is  contrived  in  the  suspended  plate,  K,  and  which  can 
be  raised  or  lowered  at  will  by  an  iron- wire  rope  passing 
through  the  posterior  plate,  1,  of  the  box,  H,  without 
opening  the  door  in  this  part  of  the  latter.  Sometimes, 
instead  of  lifting  the  trap-door,  it  is  so  formed  that  it 
can  be  drawn  backwards  when  it  is  necessary  to  open 


Fig.  654. 


it.  K  designates  the  suspended  plate  upon  which  the 
box  or  cage  is  placed;  it  is  isolated  in  its  construction 
from  the  chamber  of  oxidation.  Currents  of  cold  air 
may  be  directed  upon  this  plate  in  order  to  cool  it,  so 
as  to  resist  the  temperature  of  the  chamber.  The  hot 
air,  admitted  for  the  combustion  of  the  metal,  enters 
from  the  pipe,  L ;  it  communicates  with  the  passage 
from  the  retorts  to  the  receivers,  and  so  drives  the 
oxide  of  zino  formed  into  the  latter.  In  the  receivers 
the  inventor  places  cloths  for  sifting  or  screening  tire 
products,  the  floor  of  each  being  a  kind  of  hopper,  or 
inclined  plane,  whereby  the  product  gliding  over  the 
cloth  is  separated  into  its  various  qualities  of  fineness, 
and  received  at  once  into  separate  boxes  placed  beneath 
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the  sifter.  In  order  to  retain  the  finely-divided  particles 
of  zinc-white  which  arise  from  the  agitation,  cloths  are 
suspended  at  regular  distances.  These,  while  they 
afford  a  passage  to  the  gases,  retain  the  particles  of 
metallic  oxide,  and  so  prevent  a  loss  of  material. 

A  draught  pipe,  Q,  draws  off  the  air  and  gases  as  well 
as  the  finely-divided  oxide  from  the  oxidising  chamber 
through  the  whole  arrangement.  Another  pipe,  R, 
placed  at  the  top  of  each  retort,  draws  into  it  by  a 
funnel-shaped  opening  all  vapors  and  powder  emitted 
from  the  retorts  whilst  they  are  being  charged,  and  the 
draught  of  which,  whenever  it  is  isolated  from  the 
oxidising  chamber  is  sufficient  to  draw  the  products 
through  a  scries  of  chambers  not  shown  in  the  drawing, 
having  cloth  screens  as  usual  to  retain  the  oxide  of 
zinc.  The  ventilation  of  both  the  draught  pipes,  Q  and 
R,  is  effected  by  means  of  the  waste  heat  of  the 
furnace. 

The  same  inventor  combines  the  principle  of  the 
reverberatory  furnace  in  the  distillation  of  zinc  for  the 
purpose  of  making  zinc-white.  In  this  arrangement 
he  so  disposes  the  retorts  that  the  flame  from  the  coal 
fire  circulates  round  them,  and  then  passes  into  a 
chamber  over  the  dome  inclosing  the  retort,  w,here 
pipes  may  be  laid  for  raising  the  temperature  of  the 
air  which  is  forced  into  the  space  surrounding  the 
mouths  of  the  retorts  to  oxidise  the  zinc  vapors.  The 
oxide  so  produced  is  conducted  to  receiving  chambers 
in  a  manner  somewhat  similar  to  the  two  methods 
already  described. 

Rochaz's  patent,  dated  in  1849,  describes  a  con- 
struction of  furnace  suited  either  to  the  conversion  of 
metallic  zinc,  or  of  ores  of  this  metal,  into  the  oxide. 
In  the  first  case  he  uses  clay  crucibles,  and  arranges 
them  in  three  rows  in  a  furnace,  supporting  them  by 
two  intermediate  fire-brick  walls  and  by  the  side  walls 
of  the  furnace,  and  so  securing  the  crucibles  at  the 
surface  that  no  vapors  or  smoke  from  the  fire  can  issue 
from  the  chamber  beneath  them,  but  must  pass  off 
through  passages  in  the  bearing  walls  by  small  flues  into 
the  chimney.  A  loose  slab  or  clay  tile  is  used  as  a 
cover  for  the  vessel  wherein  the  distillation  is  effected, 
and  the  whole  is  inclosed  by  a  fiat  roofing  of  refractoiy 
tiles,  well  cemented  and  raised  a  few  inches  above  the 
crucibles,  for  the  introduction  of  air  from  without,  for 
oxidising  the  metallic  vapors.  This  space  leads  to  a 
large  chamber,  in  which  plates  of  iron  are  suspended  in 
a  slanting  direction,  so  as  to  cause  the  current  of  vapor, 
loaded  with  oxide  of  zinc,  to  take  a  sinuous  and  zigzag 
course  in  passing  through  it.  In  addition  to  these  he 
fixes  bands  of  hemp,  or  other  textile  material,  at  in- 
tervals transversely  in  the  chamber,  with  the  view  of 
intercepting  the  last  portions  of  the  zinc-white.  Fur- 
ther ho  contrives  that  the  upper  end  of  these  bands 
shall  pass  through  the  walls  of  the  chamber  and  dip 
into  a  trough  of  water,  so  as  more  effectually  to  con- 
dense the  zincous  vapors  in  the  interior.  He  directs 
that  the  chambers  more  distant  from  the  furnace  be 
constructed  of  sailcloth,  which  affords  the  advantages 
of  being  easily  accommodated  to  space,  and  of  keeping 
the  walls  cooled  by  moans  of  a  copious  sprinkling  of 
water,  applied  exteriorly,  and  which  causes  the  oxide 
of  zinc  to  deposit  more  readily.    The  same  patentee 


claims  a  method  for  preparing  the  oxides  from  the  ores 
by  a  previous  roasting,  and  introducing  them,  thus  pre- 
pared, with  charcoal  or  slack,  into  cylindrical  or  square 
clay  crucibles,  somewhat  similar  to  those  employed  for 
the  reduction  of  the  metal  at  Vieille  Montague,  but 
without  the  condensers,  opening  into  a  closed  channel  in 
the  front,  through  which  a  current  of  air  is  introduced, 
and  which  carries  the  oxide  of  zinc,  resulting  from  the 
combustion  of  the  metal,  into  a  chamber  disposed 
similarly  to  that  described;  likewise  a  blast  furnace, 
represented  in  Fig.  655,  for  the  same  purpose.  In  this 
figure  the  mixture  of  roasted  ore  and  fuel  is  intro- 
duced into  the  passages,  A  A,  B  B ;  others  are  filled  with 

Fig.  056. 


coke  or  other  fuel ;  all  of  which  are  covered  with  tiles, 
C  c;  E,  the  cavity  of  the  furnace,  which  is  always 
kept  filled  with  fuel  from  the  passages,  B,  B,  and  in 
which  the  reduction  of  the  ore  is  effected  by  means  of 
the  blast  introduced  through  the  tuyere  pipes,  H,  H,  more 
especially  in  the  region  of  F.  The  slags  and  residue 
descend  into  the  cavity,  G,  whilst  the  vapors  of  zinc 
pass  off  by  the  channel  or  flue,  D,  into  the  condensing 
chamber,  as  soon  as  the  stopper,  a,  inclosing  the 
mouth  of  the  chamber,  E,  is  removed.  In  the  latter 
flue  they  meet  a  stream  of  air  that  effects  their  oxida- 
tion. The  chamber  is  evidently  required  to  be  more 
extensive  in  this  instance,  owing  to  the  gaseous  pro- 
ducts of  the  combustion  of  the  fuel  being  carried  along 
with  the  oxide  of  zinc  produced  in  the  flue,  D ;  but, 
excepting  this  inconvenience,  the  patentee  asserts  that 
no  other  will  result,  for  all  the  carbonaceous  or  sooty 
products,  produced  in  the  region  of  the  blast,  are  entirely 
reduced  or  consumed  in  passing  through  the  column  of 
incandescent  fuel  above  F,  so  that  only  pure  gases, 
which  are  not  calculated  to  discolor  the  product,  are 
evolved. 

Knowlys  secured  a  patent  in  1850,  in  which, 
among  other  claims,  is  a  method  of  preparing  the  zinc- 
white  from  its  ores,  by  dissolving  the  oxide  in  sulphuric 
acid,  and,  after  clarifying  the  solution  by  filtration  or 
subsidence,  precipitating  the  metallic  oxide  with  a  solu- 
tion of  carbonate  of  soda.  The  precipitate,  after  being 
washed  and  collected,  is  then  dried  by  means  of  heat 
and  pressure,  and  the  compoimd  so  produced  is  either 
used  in  this  state  or  reduced  by  ignition  to  the  oxide 
and  thqn  compounded  into  paint  in  the  ordinary  way. 

Protheroe  employs  an  ordinary  cylindrical  retort, 
having  inlets  for  the  passage  of  a  current  of  air  at  the 
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posterior  end,  and  another  for  raking  out  the  heavy  oxide 
which  forms  on  the  surface  of  the  metal  and  the  walls  of 
the  retort,  the  lighter  and  finer  particles  being  conveyed 
by  a  pipe  with  the  current  of  air  to  a  condensing  cham- 
ber, which  is  divided  by  partition  walls  of  brick,  or  other 
material,  into  several  compartments.  In  each  division 
he  disposes  two  frames  or  sashes,  on  which  fine  wire 
gauze  is  stretched  for  the  purpose  of  intercepting  the 
particles  of  powder  in  their  course  through  the  several 
divisions.  Metallic  zinc  is  preferred  as  the  substance 
to  operate  upon,  and  a  reverberatory  furnace  is  em- 
ployed to  reduce  the  metal  to  vapor.  The  quantity 
of  heavy  oxide  skimmed  off  the  surface  of  the  metal 
and  from  the  walls  of  the  retort,  is  drawn  out  by  a 
rake  into  a  passage  which  conducts  it  to  a  receiver  in 
an  inclosed  chamber  beneath  the  level  of  the  sole  of 
the  furnace. 

In  the  method  patented  by  Scott,  a  clay  retort  of 
the  usual  form  is  used,  imbedded  in  sand,  potsherds,  or 
pumicestone,  and  so  placed  in  the  furnace  that  the  pro- 
ducts of  the  combustion  pass  freely  round  it.  The 
metallic  zinc,  which  is  directed  to  be  used,  is  introduced 
through  an  inclined  aperture,  which  is  usually  closed 
by  the  unmeltcd  portion  of  the  block  of  zinc.  The  air 
which  oxidises  the  vapors  of  zinc  issuing  at  the  top  of 
the  retort,  is  admitted  to  an  intermediate  chamber,  where 
both  meet,  and  the  product  is  carried  by  the  current 
through  a  passage  into  a  depositing  chamber,  the  roof 
of  which  is  constructed  of  zinced  iron,  and  is  capable  of 
being  converted  by  a  raised  lodge,  into  a  shallow  cistern, 
for  the  purpose  of  cooling  the  interior.  The  bottom  of 
the  chamber  is  divided  into  a  number  of  funnel  mouths, 
which,  by  attaching  cloth  or  other  material  to  the  nar- 
row part,  lead  the  zinc-white  at  once  into  casks  placed 
beneath  to  receive  it. 

GeyelinIs  patent,  sealed  in  1853,  is  based  upon  the 
same  principles,  only  the  apparatus  is  slightly  modified, 
and  a  jet  of  steam  is  employed  to  effect  the  rapid  oxida- 
tion of  the  metallic  vapors  as  they  rise  from  the  retort, 
and  also  to  aid  in  producing  a  certain  amount  of  caloric 
expended  in  the  operation.  The  jet  of  steam  is  intro- 
duced at  the  farther  end  of  the  retort,  and  passing  over 
the  metal,  it  is  decomposed,  the  oxygen  combining  with 
the  zinc,  and  the  hydrogen  passing  off  to  be  consumed 
in  the  air  channel  outside  the  distillatory  apparatus. 

Titterton  prepares  the  zinc-white  from  the  dross 
and  dregs  of  the  purifying  pots  of  the  zinc-smelting 
establishments  by  heating  them  alone,  or  mixed  with  a 
certain  quantity  of  coke  or  charcoal,  according  to  their 
composition.  He  employs  two  condensing  chambers, 
the  first  intended  for  retaining  oxide  of  cadmium,  or 
other  impurities,  and  the  second  for  collecting  the  light 
white  oxide  of  zinc.  This  patentee  employs  pressure, 
and  a  subsequent  heating  process,  with  the  view  of 
obtaining  a  denser  compound,  and  therefore  better 
suited  for  painting. 

Zinc-white  Paint. — Like  white  lead,  the  oxide  of 
zinc  requires  to  be  mixed  with  an  oily  vehicle,  to  be 
applied  in  painting.  As  oxide  of  zinc  does  not  readily 
form  a  saponaceous  compound  with  fats  or  oils  like 
oxide  of  lead ;  the  paint  which  is  prepared  with  it  and 
ordinary  linseed  oil,  does  not  dry  or  harden  for  a  long 
time.    This  peculiarity  was  at  first  one  of  the  principal 


drawbacks  to  the  more  general  use  of  the  zinc  instead 
of  the  lead  paint.  Another  of  its  defects  is  said  to 
be  its  transparency,  owing  to  which  a  layer  of  the  zinc- 
white  paint  does  not  exhibit  so  much  body  or  opacity 
as  a  similar  one  of  white  lead.  Both  these  defects, 
which  can  be  almost  entirely  overcome,  are  more  than 
compensated  by  the  permanency  of  the  oxide  of  zinc 
as  a  pigment  under  all  circumstances,  and  its  compara- 
tive innocuousness  both  in  the  manufacture  and  the 
application ;  whereas  the  poisonous  qualities  of  white 
lead  constitute  a  fundamental  objection  to  it.  At  first, 
manufacturers  of  zinc  paint  were  led  to  the  adoption  of 
the  practice  of  boiling  the  oil  with  a  large  quantity 
of  litharge,  for  the  purpose  of  causing  it  to  be  more 
siccative  ;  but  by  this  method  the  color  of  the  paint  is 
rendered  liable  to  tarnish  on  exposure  to  sulphurous 
emanations.  Instead  of  litharge,  experiments  have  led 
to  the  choice  of  salts  of  zinc,  such  as  the  chloride  and 
sulphate,  a  small  per  centage  of  which,  on  being  mixed 
with  the  oil  or  oxide,  confers  upon  the  paint  the 
property  of  readily  hardening.  The  same  result  is 
obtained  by  employing  an  oil  dried  by  boiling  it  with 
about  five  per  cent,  of  peroxide  of  manganese,  or  even 
magnesia  has  been  recommended,  and  is  said  to  answer 
quite  as  well  as  the  manganese ;  in  either  case  a  paint 
retaining  its  white  color  permanently  is  obtained. 

Manufacturers  classify  the  several  qualities  of  the  zinc- 
white  into  four  kinds,  namely,  snow  white,  zinc  white, 
stone  grey,  and  grey  oxide ;  the  first  two  are  employed 
where  a  pure  unalterable  white  color  is  required ;  the 
third  is  used  for  a  ground  color  for  the  walls  of  houses, 
iron  painting,  and  the  like ;  and  the  fourth  is  peculiarly 
adapted  for  the  painting  of  ships  and  wood-work,  and 
likewise  for  the  ground  of  more  expensive  colors  on 
stone  or  cement.  Various  shades  may  be  given  to 
paint  of  which  zinc-white  constitutes  the  basis,  by 
grinding  up  with  the  oil,  used  as  the  vehicle,  several 
metallic  and  other  compounds  of  an  unalterable  nature 
in  different  proportions.  Thus,  an  orange-yellow  is 
obtained  by  using  kermes — sulphide  of  antimony ;  a 
citron-yellow  by  employing  chromate  of  zinc ;  a  green 
by  adding  a  mixture  of  chromate  of  zinc  and  a  few  per 
cents,  of  cobalt  blue.  In  like  manner  oxides  of  iron 
and  of  manganese,  ultramarine,  lampblack,  et  cetera, 
communicate  tints  to  the  paint ;  all  of  which,  owing  to 
the  absence  of  lead,  are  unaltered  by  atmospheric 
influences,  sulphide  of  hydrogen,  or  other  emanations. 

Sometimes  a  very  permanent  and  useful  paint  is  pre- 
pared from  the  natural  ores  of  zinc  without  subjecting 
them  to  any  of  the  manufacturing  processes  already 
referred  to  for  preparing  the  oxide  of  this  metal.  This 
is  the  case  with  the  zinc-stone  of  Virginia  in  the 
United  States,  which  has  an  average  composition  of — 

Oxide  of  zinc,  25-00 

Carbonate  of  magnesia,  11-21 

Alumina,  17-00 

Silica,  28-00 

This  mineral  constitutes  a  solid  rock  on  the  surface  of 
the  ground,  and  when  pulverized  and  mixed  with  oil  in 
proper  proportions,  forms  on  the  surface  to  which  it  is 
applied  a  hard  closely-adhering  stone  coating,  imper- 
vious to  water  or  fire.    Its  ordinary  tint  varies  from  a 
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light  drab  to  dark  brown.  This  paint  is  capable  of 
receiving  a  high  polish. 

Oxide  of.  zinc,  or  zinc-white,  besides  its  application  in 
painting,  is  valuable  for  paper-staining,  card-enamelling, 
the  bleaching  of  lace,  the  glazing  of  pottery  and  porce- 
lain ware ;  and  the  lighter  white  portions  are  used  for 
producing  the  down  on  artificial  feathers. 

Analysis  and  Testing  of  Minerals  and  Compounds 
of  Zinc. — A  short  summary  of  the  method  followed  in 
the  assaying  of  zinc  ores  has  already  been  laid  before 
the  reader.  It  is  almost  needless  to  state  that  in 
consequence  of  the  numerous  sources  of  error  almost 
inseparably  connected  with  it,  the  process  so  described 
leads  to  no  very  accurate  results.  Hence  in  all  cases 
where  great  precision  is  required,  the  liquid  process 
must  be  adopted.  Considerable  difficulties  are  encoun- 
tered in  the  analysis  of  zinc  ores,  and  the  compounds 
of  this  metal  with  others  with  which  it  is  alloyed,  in 
many  valuable  mixtures  used  in  the  arts — arising  from 
the  fact  that  sulphide  of  hydrogen  does  not  separate 
members  of  the  fifth  and  sixth  group  of  bases,  namely, 
mercury,  silver,  copper,  cadmium,  arsenic,  et  cetera, 
from  zinc  in  acid  solutions,  as  was  for  some  time  sup- 
posed; nor  does  potassa  or  ammonia,  on  the  other 
hand,  serve  to  isolate  it  from  iron,  nickel,  and  other 
members  of  the  fourth  group.  These  considerations 
have  led  to  several  processes  for  removing  the  cause 
of  error,  and  conducting  to  more  accurate  determina- 
tions. As  regards  the  action  of  sulphide  of  hydrogen, 
most  of  the  analytical  manuals  to  which  the  chemical 
student  has  access  give  details  which  are  highly  erro- 
neous, and  which,  at  best,  serve  only  for  qualitative 
rather  than  accurate  quantitative  determinations;  for, 
in  direct  contradiction  to  what  is  commonly  taught, 
sulphide  of  hydrogen  does  precipitate  considerable  por- 
tions of  zinc  in  the  form  of  sulphide  from  highly  acid 
solutions.  This  fact  was  a  few  years  ago  very  con- 
clusively decided  by  Mr.  C.  Calvert,  whose  research 
shows  that  the  above  agent  cannot  be  employed  in  the 
manner  detailed  in  the  manuals  to  separate  copper  and 
other  metals  of  its  class  from  zinc.  Again,  potassa, 
which  was  for  a  long  time  supposed  to  he  capable  of 
parting  zinc  from  iron,  nickel,  cobalt,  and  manganese, 
by  dissolving  the  zinc  in  its  excess,  leaving  the  others 
permanently  precipitated  as  sesqui-  and  protoxides, 
is  now  known  to  do  so  only  partially;  so  that  under 
almost  every  circumstance  in  which  the  precipitation 
is  effected,  more  or  less  oxide  of  zinc  is  found  in  the 
separated  oxides.  Without  going,  therefore,  into  long 
details  of  the  several  processes  recommended,  the  most 
trustworthy,  and,  at  the  same  time,  most  expeditious 
method  for  the  analysis  of  zinc  ores  and  alloys  will  here 
be  given. 

The  ore  or  alloy  should  be  dissolved  in  nitric  aeid, 
and  evaporated  to  dryness  at  a  moderate  heat,  exer- 
cising the  usual  amount  of  care  in  the  operation.  If 
the  subject  be  an  alloy  into  which  tin  or  antimony  may 
have  entered,  these  metals  will  be  converted  into 
insoluble  binoxide  in  the  case  of  tin,  and  into  anti- 
monious  acid  in  case  of  antimony,  particularly  if  the 
assay  be  treated  with  some  fuming  nitric  acid,  as  it 
becomes  nearly  evaporated.  After  thorough  desicca- 
tion the  mass  is  treated  with  boiling  water,  filtered 


and  washed;  the  binoxide  of  tin  or  autimonious  acid 
dried,  burned,  and  weighed  with  due  precaution,  and 
the  filtrate  with  the  washings  containing  copper,  cad- 
mium, or  other  substances  with,  the  zinc,  as  the  case 
may  be,  treated  further.     According  to  Flajolot, 
the  best  process  is  to  slightly  acidify  with  hydrochloric 
acid,  and  boil  the  solution,  and  add  hyposulphite 
of  soda  in  excess  to  it  whilst  hot;  sulphides  of  copper, 
cadmium,  et  cetera,  are  precipitated  entirely  free 
from  zinc,  by  the  decomposition  of  the  hyposulphite. 
After  thorough  washing,  the  precipitated  sulphides 
may  be  dissolved  in  acid,  and  the  quantity  of  copper 
is  determined  by  the  processes  already  detailed  under 
Copper;  or  if  cadmium  be  present  the  solution  may 
be  treated  with  carbonate  of  ammonia  in  excess, 
and  the  vessel  left  exposed  for  some  time,  when  car- 
bonate of  cadmium  falls  to  the  bottom,  and  the  copper 
remains  in  the  solution,  to  which  it  gives  a  deep  violet 
or  blue  color.  Afterthe  carbonate  of  cadmium  is  filtered 
off,  washed  with  a  solution  of  carbonate  of  ammonia  and 
dried,  it  may  be  burned  and  weighed  as  oxide.  The 
copper  may  be  estimated  with  a  standard  solution  of 
cyanide,  or  of  monosulphide  of  potassium  in  the  usual 
volumetric  way.   The  zinc,  iron,  and  nickel,  with  other 
matters  capable  of  being  separated  by  the  reagent, 
may  be  thrown  down  from  the  solution  with  protosul- 
phide  of  ammonium,  the  precipitate  collected,  washed, 
and  dried  at  212°  till  it  ceases  to  lose  weight;  its  entire 
weight  is  then  noted,  and  the  chief  part  introduced  into 
a  German  glass  tube  on  a  platinum  mattress  or  boat, 
where  it  may  be  heated  to  redness,  whilst  a  current  of 
sulphide  of  hydrogen  is  passed  through  the  apparatus. 
When  the  heat  has  been  sustained  for  a  quarter  of  an 
hour,  the  lamp  is  removed,  but  the  current  of  gas  is 
still  maintained  till  the  tube  and  its  contents  are  cooled. 
The  platinum  boat  is  then  removed,  and  its  contents 
emptied  into  a  beaker,  and  treated  with  dilute  hydro- 
chloric acid,  containing  one  part  of  strong  acid  in  ten  or 
twelve  parts  of  water;  sulphide  of  zinc  is  dissolved 
while  the  sulphides  of  cobalt,  nickel,  and  iron  remain 
intact.    The  quantity  of  the  latter  may  be  determined 
according  to  the  processes  which  have  been  given 
respectively  under  Cobalt,  Iron,  and  Nickel,  and  the 
zinc  in  the  solution  may  be  estimated  by  bringing  the 
liquid  to  a  boiling  heat,  and  adding  sparingly  a  solution 
of  carbonate  of  soda,  as  long  as  a  precipitate  is  formed, 
boiling  the  menstruum  for  some  time  to  expel  all  car- 
bonic acid,  and  then  collecting  the  basic  carbonate  of 
zinc  on  a  filter,  washing  with  hot  water,  drying,  igniting, 
and  weighing  the  residue.    During  the  ignition  all  the 
carbonic  acid  is  expelled  from  the  basic  carbonate,  so 
that  only  oxide  of  zinc  remains,  from  the  weight  of 
which  that  of  the  metal  may  be  calculated,  since  40-0 
parts  of  it  contain  32'0  of  zinc. 

The  oxide  of  zinc  contained  in  ores  of  this  metal 
may  be  determined  by  heating  a  weighed  portion  of 
them,  finely  ground,  to  redness  for  some  time,  and  then 
treating  the  powder  with  a  solution  of  carbonate  of 
ammonia  as  long  as  anything  is  dissolved ;  the  filtered 
liquid  is  next  evaporated  to  dryness,  and  the  residue 
heated  to  redness  and  weighed;  this  weight  indicates 
the  amount  of  oxide  of  zinc  existing  as  oxide  or  car- 
bonate in  the  ore.    Sciiwarz,  instead  of  evaporating 
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the  ammoniacal  solution  of  zinc,  as  in  the  foregoing, 
precipitates  the  metal  as  sulphide,  either  hy  passing 
sulphide  of  hydrogen  through  the  liquid,  or  adding 
sulphide  of  ammonium  to  it.  The  sulphide  of  zinc  is 
collected  and  washed  with  water,  mixed  with  a  little 
ammonia,  and  then  introduced  with  the  filter  into  a  wide- 
mouthed  flask,  whore  it  is  treated  with  an  acid  solution 
of  sesquichloride  of  iron,  and  slightly  heated.  Decom- 
position of  the  sulphide  of  zinc  takes  place  in  this  case, 
and  a  reduction  of  a  proportionate  quantity  of  the  iron 
salt  to  the  state  of  protosalt,  as  explained  by  the  for- 
mula— ■ 

ZnS  +  Fe2  Cl3  =  2  Fe  C1+ Zn  CI -|- S  ; 
that  is,  for  every  equivalent  of  sulphide  of  zinc  one  of 
the  sesquichloride  of  iron  is  reduced  to  the  state  of 
protochloride,  while  sulphur  is  separated  from  the 
former,  and  chlorine  from  the  iron  salt  assimi- 
lated. The  liquid,  as  soon  as  it  becomes  clear  by 
the  deposition  of  the  sulphur,  is  filtered  off,  and  the 
quantity  of  iron  in  the  state  of  protoxide  estimated 
volumetrioally  by  means  of  standard  solutions  of  per- 
manganate or  of  bichromate  of  potassa,  and  the  amount 
of  zinc  deduced  therefrom,  since  5G  parts  of  iron  will 
represent  32'0  of  zinc. 

In  the  analysis  of  brasses,  Pelouze's  volumetrical 
method  may  likewise  be  resorted  to ;  and,  according  to 
Calvert,  with  perfect  accuracy.  The  brass  is  treated 
with  an  acid  till  perfect  solution  takes  place,  ammonia 
is  added  in  excess,  and  a  standard  solution  of  mono- 
sulphide  of  potassium  introduced  from  a  burette,  whilst 
a  black  precipitate  forms  in  the  liquid,  and  until  a 
white  one  begins  to  appear.  The  quantity  of  copper 
being  found  from  the  volume  of  liquid  used  in  the  preci- 
pitation, that  of  the  zinc  may  be  taken  as  the  difference. 

Zinc  is  separated  from  nickel  in  many  ways.  If 
the  alloy  containing  the  two  metals  be  dissolved  in 
sulphuric  acid,  and  the  sulphates  so  produced  be 
treated  with  acetate  of  baryta,  a  sulphate  of  baryta, 
with  the  corresponding  acetates  of  nickel  and  zinc,  will 
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1823  . 

..  '5400  . 

. . .    4536    . . 

. .  4700 

1824  . 

. .    9199  . 

. . .    7185    . . 

. .  8068 

1825  . 

. .    5556  . 

. . .    4835    . . 

..  6112 

1826  . 

. .    4839  . 

. . .    7374    . . 

. .  8330 

1827  . 

. . .    5999  . 

. . .    5535    . . 

. .  6929 

1828  . 

. . .    4566  . 

. . .    4806    . . 

. .  4943 

182U  . 

. . .    4230  . 

. . .    3505    . . 

. .  3964 

1830  . 

. .    4422  . 

. . .    3385    . . 

. .  3479 

1831  . 

. . .    3821  . 

. . .    2896    . . 

. .  3134 

1832  . 

. . .    3140  . 

. . .    2044    . . 

. .  2995 

1833  . 
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. . .    1225    . . 

. .  1883 

1834  . 

. ..  ■  2100  . 

. . .     882    . . 

. .  1419 

1835  . 

. . .    6500  . 

. . .    2497    . . 

. .  3943 

1836  . 
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. .  1858 

1839  . 
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1840  . 

. . .    4965  . 

. . .    2637    . . 

. .  4091 
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. . .     990    . . 
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1842  . 

. . .    5500  . 
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. .  1900 
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. . .  10,173  . 
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1844  . 
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. . .    5826    . . 

. .  5925 

1845  . 

. . .  12,903  . 

. . .    2969    . . 

. .  3084 

1840  . 

. . .  11,434  . 

. . .    4875    . . 

. .  49G7 

1847  . 

. . .  12,729  . 

. . .    3301    . . 

..  3631 

1848  . 

. . .  13,525  . 

. . .    2831    . . 

. .  3773 

1849  . 

. . .  15,915  . 

. . .    3927    . . 

. .  5397 

1850  . 

. . .  18,626  . 

. ..    3121  .. 

. .  4537 

1851  . 

U60U, 


OL  .... 

vol.  ir. 


be  produced,  with  a  little  free  acetic  acid  in  proportion 
to  the  quantity  of  uncombined  sulphuric  acid  which 
existed  in  the  solution.  Sulphide  of  hydrogen  passed 
through  this  mixture,  throws  down  the  zinc  as  sulphide, 
leaving  the  nickel  in  solution.  The  precipitated  sul- 
phide of  zinc  and  sulphate  of  baryta  are  filtered  and 
washed,  then  treated  with  dilute  nitric  acid  to  dissolve 
the  sulphide  of  zinc,  and  after  removing  this  by  filtra- 
tion and  washing  from  the  insoluble  baryta  compound, 
the  oxide  is  thrown  down  as  a  basic  carbonate  by 
treatment  with  a  solution  of  carbonate  of  soda  at  a 
boiling  temperature,  then  filtered,  washed,  and  esti- 
mated as  oxide,  in  the  manner  already  detailed.  The 
nickel  can  be  thrown  down  as  oxide,  after  expelling 
the  sulphide  of  hydrogen  with  caustic  soda  or  potassa, 
and  its  weight  estimated  in  the  usual  way.  Wohlee 
separates  the  two  metals  by  adding  an  excess  of  potassa 
to  the  solution  containing  them,  then  a  sufficient  quantity 
of  hydrocyanic  acid  to  dissolve  the  precipitate  so  formed. 
Double  cyanides  of  the  metals  with  potassium  are  thus 
produced,  and  which  behave  differently  with  protosul- 
phide  of  potassium,  the  zinc  salt  only  being  decomposed 
by  this  reagent.  By  treating  the  solution,  therefore,  with 
protosulphide  of  potassium,  sulphide  of  zinc  separates 
completely,  and  may  be  removed  and  estimated  in  the 
usual  way.  The  filtrate  and  washings  should  be  eva- 
porated to  dryness  with  strong  nitric  acid  to  destroy- 
the  cyanogen  compound,  and  the  nickel  determined  by 
precipitating  it  with  potassa  or  soda  as  alreadyindicated. 

Statistics. — Zinc  was  not  an  article  of  eonimcrce 
previous  to  1822,  when  it  was  imported  in  moderately 
large  quantities,  but  only  to  be  exported  for  the  most  part 
to  India.  The  applications  of  the  metal  in  the  industry 
of  the  nation  became  gradually  extended,  till  fit  present 
the  home  consumption  averages  about  twenty  thousand 
tons  annually.  The  following  table  exhibits  the  imports 
and  exports  of  the  metal  from  1823  to  1851 ;  since  that 
period  the  home  consumption  has  been  greatly  on  the 
increase,  whilst  the  export  remains  about  the  same : — 

JanSrl"  Higbestand  lowest  prises 


24  . 

. .    1140  . 

. .    £24  to  £23. 

171  .. 

. .      413    . . 

. .    £22  10s.  to  £41  10a. 

22  .. 

. .      924    . . 

. .    £28  to  £15  10s. 

290  .. 

. .    1262    . . 

. .    £16  10s.  to  £14. 

536  .. 

. .    2447    . . 

..    £14  10s.  to  £11  10s. 

684  .. 

. .    2012    . . 

. .    £12  to  £9  7s.  6d. 

843  .. 

. .    1750    . . 

. .    £9  10s.  to  £11. 

941  .. 

..    1512  .. 

. .    £11  5s.  to  £9  5s. 

1093    . . 

. .    1490    . . 

..    £10  10s.  to  £11. 

1355    . . 

. .    1020    . . 

..    £10  10s.  to  £12. 

1756    . . 

. .      710    . . 

..    £12  to  £14  10s. 

2205    . . 

. .    1350    . . 

..    £15  to  £17. 

2184    . . 

..    3110  .. 

..    £16  10s.,  £23  10s.,  and  £19  10j. 

2335    . . 

. .    2750    . . 

..    £18  10s.,  £12,  and  £15. 

3596    . . 

. .    2553    . . 

..    £15  10s.  to  £20. 

4560    . . 

. .    3650    . . 

. .    £18  5s.  to  £21  15s. 

4181  .. 

. .    1536    . . 

. .    £20  to  £23  10s. 

3665    . . 

..    2111  .. 

. .    £23  10s.  to  £40. 

2641    . . 

. .    2800    . . 

. .    £36  to  £24. 

4125  .. 

. .    3750    . . 

. .    £23  to  £22. 

5388    . . 

. .    4021    . . 

. .    £22  5s.  to  £22  10a. 

7459    . . 

. .    3296    . . 

. .    £22  5s.  to  £22  15s. 

8450    . . 

. .    6800    . . 

. .    £22  to  £19  10s. 

11,794  .  . . 

. .    2250    . . 

. .    £22  to  £19  10s. 

9344    . . 

. .    2000    . . 

..    £19  15s.,  £13,  and  £15. 

8728    . . 

. .    2020    . . 

..    £15  to  £16  5s. 

11,262    . . 

. .    4000  ■.. 

. .    £16  10s.,  £17  10s.,  £15,  £10  10s 

. .    6827    . . 

. .    £16  5s.  to  £15,  May  1. 

7  K 
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The  duty  on  imported  zinc  from  1823  to  1825  was 
twenty-eight  pounds  ten  shillings  per  ton ;  this  was 
reduced  in  1826  to  fourteen  pounds  ;  in  1827  to  twelve; 
in  1828  to  1832  to  ten,  and  in  1833  to  1842  to  two 
pounds  per  ton.  The  duty  levied  in  1843  and  1844 
was  one  shilling  per  ton,  and  since  then  all  tax  upon 
the  imported  metal  was  abolished.  The  average  annual 
production  from  1842  to  1848  was  thirty-two  thousand 
five  hundred  tons,  of  which — 

Silesia  made  sixty-five  per  cent.,  or  21,000  tons. 
Belgium  made  twenty  "  or  6,500  tons. 
Poland  made  eight  »        or  \  i  m  t 

Cracow  made  four  "        or  j   =>v""  Lu 

England  made  three         "       or     1,000  tons. 


Total  32,500  tons. 

The  smelting  of  zinc  declined  in  England  from  1850 
till  within  the  last  few  years  that  it  has  been  a  little 
more  spirited  in  the  several  localities  mentioned  in  the 
commencement  of  this  article ;  during  the  same  period 
the  Continental  establishments,  more  especially  those  of 
Belgium,  have  greatly  enlarged  their  production.  The 
quantity  of  zinc  produced  in  the  latter  country  in  1858 
was  twenty-five  thousand  six  hundred  and  seventy  tons. 


The  following  represents  the  quantity  of  zinc  smelted 
in  the  Prussian  States  from  1837  to  1848,  inclusive: — 


1837,. .21,546,600  lbs. 
1838,.. 20,083,200  lbs. 
1839,.. 21,636,600  lbs. 
1840,.. 20,879,800  lbs. 
1841,..  19,977,900  lbs. 
1842,.. 27,612,600  lbs. 


1843,.. 36,047,200  lbs. 
1844,.. 41, 314,100  lbs. 
1845,.. 43,861,200  lbs. 
1846,.. 43,961,000  lbs. 
1847,.. 44,221, 800  lbs. 
1848,.. 39,873,600  lbs. 


Of  this  quantity  there  were  produced  in  the  upper 
district : — 

1846.  1848. 

In  Silesia,  35,538,200  lbs.         36,193,100  lbs. 

In  Westphalia,    189,900  lbs.  75,000  lbs. 

In  Bbenish  Prussia,..  5,322,900  lbs.  3,605,500  lbs. 

In  France  the  quantity  entered  annually  for  home 
consumption  to  about  1848,  amounted  to  eighteen  or 
twenty  thousand  tons.  Estimating  the  present  con- 
sumption of  that  country  at  thirty  thousand  tons,  that 
of  England  at  twenty  thousand  tons,  the  other  Con- 
tinental nations  and  America  at  twenty-five  thousand 
tons,  the  gross  production  would  appear  to  average 
at  present  from  seventy  to  seventy-five  thousand  tons 
annually,  a  quantity  which  approximates  to  the  present 
yield  of  the  several  smelting  works  in  operation. 
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ACETIC  ACID. — Insert  at  foot  of  column  1,  page  3, 
Vol.  I — The  oxidation  of  the  glycerin  in  fats  also 
appears  to  be  a  source  of  acetic  acid.  By  melting 
rancid  Chinese  vegetal  tallow — palmitate  and  oleate  of 
glycerin — in  a  flask,  a  strong  smell  of  acetic  acid  is 
observed.  Eedtenbacher  found  that  an  aqueous 
solution  of  glycerin  is  decomposed  by  the  presence  of 
ferments,  and  yields  acetic  and  metacetonic  acids.  By 
doubling  the  formula  C6  H8  06  of  glycerin,  and  sub- 
stracting  4  H,  one  obtains  C12  H12  012,  that  is,  three 
equivalents  of  the  hydrated  acetic  acid.  The  oxidation 
of  H4  by  the  oxygen  of  the  air,  would  produce  the 
same  result.  From  this  it  follows,  that  the  acid  reac- 
tion of  rancid  fats  and  oils,  is  for  the  greater  part 
produced  by  the  presence  of  acetic  acid  formed  by 
the  slow  combustion  of  glycerin. — H. 

Insert  at  foot  of  column  1,  page  16. — A  very 
neat  apparatus  for  making  small  quantities  of  vinegar 
from  alcohol,  constructed  by  Dr.  Spitaler,  has  been 
used  in  Germany  for  several  years.  It  consists  of  a 
cylinder  of  glass,  ten  inches  high  and  eight  inches 
wide,  filled  up  with  coarsely-powdered  charcoal.  A 
glass  cover,  with  a  moderate  aperture  for  the  admission 
of  air,  closes  the  top  of  the  cylinder,  while  a  small  cock 
is  adapted  near  the  bottom  fir  the  removal  of  the  fluid. 
The  apparatus  must  be  kept  at  a  temperature  between 
63° — 77°.  Every  evening  six  ounces  of  a  mixture  of 
one  quart  of  alcohol,  specific  gravity  0859,  and  eleven 
quarts  water,  are  poured  slowly  and  in  a  fine  stream 
evenly  over  the  charcoal,  after  which  the  cover  is  laid 
on.  The  following  morning  the  corresponding  quantity 
of  vinegar  may  be  drawn  from  the  cock. — H. 

Insert  at  foot  of  column  2,  page  16. — It  may  here  be 
interesting  to  mention  an  indirect  mode  of  producing 
vinegar  from  wood.  During  the  last  few  years,  espe- 
cially during  the  crisis  caused  by  the  ravages  of  the 
potato  disease,  serious  experiments  on  a  large  scale 
have  been  instituted,  with  a  view  to  substitute  saw- 
dust and  woody  fibre  in  general  for  potatoes  in  the 
distillation  of  spirit.  Many  years  ago,  BrACONnot 
found  that  saw-dust,  cotton  and  flax  fibres,  et  cetera,  are 
converted  into  sugar  by  concentrated  sulphuric  acid. 
The  sugar  thus  obtained  is  fermented  in  the  usual 
manner,  and  the  alcohol  generated  may  be  easily 
converted  into  acetic  acid  by  any  of  the  processes 
mentioned  in  the  text.  The  cheapness  of  sulphuric 
acid,  and  the  universal  command  of  woody  fibre,  open  a 
promising  future  to  the  new  and  ingenious  process. — H. 

Insert  after  Pyroxylic  Spirit  or  Wood  Naphtha, 


page  25,  column  2. — It  may  be  well  to  remind  the  Ame- 
rican readers,  that  the  high  duty  on  alcohol  in  England, 
renders  the  'extraction  of  the  pyroxylic  spirit  from 
wood  a  matter  of  great  importance  to  the  chemist.  It 
is  usual  in  England  to  burn  wood  spirit  in  lamps,  and 
to  use  it  generally  as  a  substitute  for  alcohol,  whenever 
its  empyreumatic  flavor  is  not  objectionable,  as  tolera- 
bly pure  wood  spirit  can  be  obtained  cheaper  than 
alcohol. 

At  page  27,  middle  of  column  2,  the  reader  is  directed 
to  use  either  sulphuric  or  hydrochloric  acid  for  the 
purification  of  wood  vinegar.  It  is  far  preferable  to 
use  hydrochloric  acid  for  decomposing  the  lime-salt. 
Sulphuric  acid  forms  with  the  lime  gypsum,  which 
converts  the  fluid  to  be  distilled  into  a  paste  which  it 
is  very  unpleasant  to  distil,  as  it  boils  irregularly  and 
sometimes  with  explosions. — H. 

The  chloride  of  barium  vinegar-test,  mentioned  at 
page  34,  column  2,  may  perhaps  be  objected  to,  as 
calculated  to  mislead  those  unacquainted  with  che- 
mical manipulations.  In  view  of  this,  Bottger  has 
recommended  a  concentrated  solution  of  chloride  of 
calcium,  for  detecting  the  adulteration  of  acetic  acid  by 
sulphuric  acid.  He  found  that  all  kinds  of  vinegars, 
whether  prepared  from  wine,  alcohol,  fruit,  or  beer, 
notwithstanding  the  small  amount  of  sulphates  which 
they  contain,  are  perfectly  indifferent  to  a  concentrated 
solution  of  chloride  of  calcium.  By  adding  to  two 
drachms  of  vinegar  a  piece  of  crystallized  chloride  of 
calcium  of  the  size  of  a  small  nut,  and  heating  the 
whole  to  the  boiling  point,  a  precipitate  of  gypsum  will 
fall  down  on  cooling,  if  the  liquor  contains  only  one- 
thousandth  part  of  sulphuric  acid. — H. 

In  connection  with  the  mordant  made  by  decom- 
posing alum  by  acetate  of  lead — see  page  37,  column  1 
— it  may  be  stated  that  the  preparation  of  acetate  of 
alumina  by  double  decomposition  of  sugar  of  lead  and 
sulphate  of  alumina,  gives  rise  to  immense  quantities 
of  sulphate  of  lead,  which  is  in  many  localities  treated 
as  a  worthless  refuse.  By  digesting  it  with  a  strong 
solution  of  carbonate  of  soda,  it  is  converted  into  an 
inferior  kind  of  white  lead,  which  might  be  profitably 
disposed  of,  or  else  dissolved  in  acids  for  the  prepara- 
tion of  lead  salts.- — H. 

At  page  41,  foot  of  column  2,  it  is  stated  that  the 
vinegar  sold  contains  a  small  quantity  of  acetic  ether, 
with  the  view,  no  doubt,  of  improving  its  taste  and 
odor.  It  may  be  added,  however,  that  an  interesting 
formation  of  this  compound  was  observed  in  a  sour 
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and  decomposed  sugar-cane  which  had  been  sent  from 
Andalusia  to  Paris.  On  splitting  the  cane  open,  a  very 
strong  smell  of  acetic  acid  and  acetate  of  oxide  of  ethyle 
was  perceptible.  It  is  obvious  that  the  presence  of  this 
compound,  under  the  given  circumstances,  must  be 
explained  by  the  contemporaneous  formation  of  acetic 
acid  and  alcohol  from  the  sugar,  both  of  which  combine 
in  the  nascent  state  to  form  acetic  ether. — H. 

At  page  42,  column  1,  it  is  stated  that  for  commercial 
purposes,  the  protoaeetate  of  iron  is  manufactured  by 
introducing  the  materials  into  a  large  cast-iron  boiler. 
By  employing  a  copper  kettle  or  boiler,  the  solution  of 
the  iron  is  effected  more  rapidly  by  galvanic  action.  As 
long  as  there  is  any  iron  left  undissolved  in  the  kettle, 
the  copper  will  not  be  acted  upon  by  the  acid.  A  few 
drops  of  a  solution  of  bichloride  of  platinum,  added  to 
six  or  eight  ounces  of  concentrated  hydrochloric  acid 
used  for  dissolving  tin,  will  induce  a  very  violent  action, 
and  the  tin  will  dissolve,  requiring  but  little  aid  by 
heat.  The  same  takes  place  when  bichloride  of  pla- 
tinum is  added  to  the  acetic  acid  for  preparing  proto- 
aeetate of  iron.  ■ — H. 

Insert,  in  connection  with  white  acetate  of  lead,  page 
44,  column  1. — It  is  a  well-known  fact  among  phyto- 
chemists,  that  sulphide  of  lead  has  a  great  affinity  for 
coloring  matters.  Based  on  this  observation,  a  Ger- 
man chemist  proposed  to  decolor  a  colored  solution 
of  acetate  of  lead,  by  the  addition  of  a  small  quantity 
of  sulphide  of  potassium  or  sulphide  of  calcium.  After 
boiling  and  filtering,  the  menstruum  is  clear  and 
without  hue. 

ALCOHOL. — At  page  50,  top  of  column  1,  it  is  stated 
that  alcohol  is  never  produced  except  by  the  vinous  or 
alcoholic  fermentation  of  particular  substances.  There 
is  one  exception  to  this  rule.  -  Pure  defiant  gas  is 
absorbed  by  agitation  with  concentrated  sulphuric  acid, 
with  formation  of  sulphovinic  acid  ;  and  by  diluting  the 
latter  compound  with  water,  and  distilling  the  fluid, 
alcohol  is  obtained.  This  fact  was  discovered  twenty- 
seven  years  ago  by  Henry  Flennel,  though,  singular 
to  say,  the  discovery  has  lately  been  claimed  by  Ber- 
TIIEr.OT. — H. 

Insert  at  foot  of  column  1,  page  107. — Dunder 
fulfils  two  important  offices  in  the  distillation  of 
rum.  In  the  first  place,  the  large  quantity  of  acetic 
acid  contained  in  it,  and  formed  at  the  expense  of 
alcohol  during  fermentation  of  the  wash,  serves  to 
decompose  the  sugarate  of  lime,  contained  in  the 
generality  of  West  India  molasses  in  considerable 
quantities.  It  is  for  this  reason  that  dunder  increases 
the  yield  of  rum.  Sugarate  of  lime  does  not  ferment, 
and  when  present  in  considerable  quantity,  actually 
opposes  the  fermentation  of  the  wash;  so  that  without 
dunder,  fermentation  would  proceed  so  sluggishly  that 
most  of  the  alcohol  would  be  converted  into  vinegar. 
This  occurrence  might  be  avoided  by  adding  the  diluted 
molasses  containing  sugarate  of  lime,  to  its  own  bulk  of 
strongly  fermenting  wash.  The  carbonic  acid  of  the 
fermenting  liquor  would  then  perform  the  office  of  the 
aceticacid  of  the  dunder, byprecipitating  the  lime  as  car- 
bonate of  lime  and  liberating  the  sugar.  The  American 
Editor  disproved  the  idea  that  dunder  is  connected 
with  the  fine  flavor  of  rum,  by  two  experiments.  In 


one  trial,  molasses — from  which  all  the  lime  was  preci- 
pitated by  sulphurous  acid — and  water  only  were  used. 
The  resulting  rum  was  a  very  fine-flavored  spirit,  and 
the  yield  was  perceptibly  greater  than  from  molasses 
not  thus  treated,  though  from  similar  cane.  Another 
trial  was  made  by  partially  filling  the  rectifying  vessels 
or  retorts,  as  they  are  called  in  Jamaica' — they  are  like 
the  wash-heater,  as  prepared  n,  Fig  78,  and  connected 
with  the  still  in  the  same  manner — with  dunder,  with 
a  view  to  increase  the  flavor  of  the  rum,  as  might' 
be  expected  if  the  flavor  proceeded  from  that  source. 
The  rum,  however,  thus  obtained  had  the  disagreeable 
flavor  of  the  dunder  totally  different  from  that  of  Old 
Jamaica.  The  flavor  of  the  rum  appears  .to  depend 
entirely  on  the  presence  of  a  fusel-oil,  the  formation  of 
which  is  immediately  dependent  on  the  proportion  of  the 
surface  of  the  wash  exposed  to  the  air  during  fermen- 
tation, to  its  entire  volume.  It  is  well  known  that  two 
contiguous  sugar  plantations  will  produce  very  different 
qualities  of  rum,  though  operating  in  the  same  identical 
way.  But  it  has  been  observed  that  in  such  cases  the 
size  and  the  exposed  surface  of  their  fermenting  vats 
were  different,  or  if  not,  the  stills  were  of  different 
capacity.  The  protracted  boiling  of  the  wash  in  very 
large  and  deep  stills,  injures  the  flavor  by  increasing 
the  empyreumatic  products.  From  the  above  obser- 
vation it  would  follow,  that  the  origin  of  the  genuine 
flavor  is  intimately  connected  with  the  more  or  less 
complete  oxidation  of  the  molasses  ferment  induced  by 
the  greater  or  smaller  surface  of  the  wash — compared 
with  the  bulk — exposed  to  the  air.  Largo  cubical 
cisterns,  holding  one  thousand  and  more  gallons,  yield 
an  inferior  rum,  as  compared  with  smaller  vats  having 
a  larger  exposed  surface.  Similar  observations  made 
by  Liedig  with  regard  to  Rhenish  wine  appear  to  con- 
firm this  opinion. 

The  second  office  fulfilled  by  dunder — an  office  of 
some  importance  for  the  more  rapid  development  of 
fermentation — is  by  its  richness  in  ferment  The 
colonial  distiller  does  not  employ  any  yeast  for  induc- 
ing fermentation  of  his  wash ;  he  is  consequently 
obliged  to  work  upon  more  dilute  solutions  of  molasses 
and  skimmings — collectively  called  sweets — than  are 
used  by  his  continental  competitors.  Any,  even  the 
slightest  source  of  ferment,  must  therefore  be  welcome 
for  his  purpose.  Dunder  is  such  a  source.  Ferments, 
it  is  well  known,  are  destroyed  by  boiling-heat  of 
water,  and  recent  dunder  is  in  that  respect  perfectly 
inert;  but  by  exposure  to  air  in  shallow  tanks,  an 
oxidation  and  regeneration  of  the  hilled  ferment  takes 
place,  and  it  is  to  this  circumstance  that  a  part  of  the 
favorable  action  of  dunder  must  be  ascribed. 

Without  the  assistance  of  dunder  a  more  rapid  fer- 
mentation of  the  wash  may  be  obtained  by  converting 
the  cane-sugar  contained  in  molasses  into  grape-sugar, 
by  treatment  with  a  small  quantity  of  acid,  which  is 
subsequently  neutralized.  It  has  been  stated  that  less 
ferment  is  required  for  converting  grape-sugar  into 
alcohol  than  cane-sugar,  a  fact  which  will  render  it 
less  miraculous  to  hear  that  some  plantations  manufac- 
ture a  superior  rum  while  their  sugar  is  nearly  as  dark 
as  coal-tar.  Molasses  from  such  sugar  contain  chiefly 
grape-sugar.    Allusion  has  already  been  made  to  the 
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fine  flavor  of  rum  made  from  molasses  which  were 
obtained  by  boiling  sugar  with  an  excess  of  bisulphite 
of  lime. 

Cleanliness  in  the  operation  of  the  distilling  is  a 
standard  admonition  of  the  theoretical  world,  woefully 
disregarded  by  the  practical.  In  fact,  it  appears  that 
a  premium  is  offered  to  malpractice  in  this  instance,  as 
many  of  the  most  detestable  colonial  distilleries  turn  out 
very  creditable  produce.  Whether  the  exception  proves 
the  rule  in  this  case,  must  be  left  undecided.  How- 
ever, if  cleanliness  is  not  absolutely  required  for  improv- 
ing the  flavor  of  the  spirit,  it  would  be  a  charity  to  the 
still-house  bookkeeper,  who  is  condemned  to  pass  part 
of  his  lifetime  in  these  disgusting  dungeons. — H. 

Page  117,  column  2,  Alcoholometry . — To  the  analy- 
tical chemist  it  happens  sometimes  that  only  small 
quantities  of  the  alcoholic  fluids  are  at  his  command. 
In  silch  cases  it  is  almost  impossible  to  obtain  a  correct 
result,  by  determining  the  specific  gravity  of  the  few 
drops  of  alcohol  obtained  by  distillation.  It  is  safer 
to  subject  the  alcohol  obtained  to  an  organic  analysis 
by  combustion  with  oxide  of  copper,  and  calculate  the 
quantity  of  absolute  alcohol  from  the  resulting  carbonic 
acid  and  water.  This  is  of  course  only  applicable 
when  the  alcohol  does  not  contain  other  volatile  bodies, 
like  ethereal  oils,  et  cetera. 

ARSENIC. — At  the  top  of  column  2,  page  215, 
Vol.  I.,  insert — In  the  presence  of  oxide  of  iron,  minute 
quantities  of  arsenic  cannot  be  detected  by  the  blow- 
pipe. In  that  ease,  the  oxide  of  iron  must  be  treated 
with  a  boiling  solution  of  potash,  which  is  afterwards 
neutralized  by  sulphuric  acid,  and  tested  in  Marsh's 
apparatus. 

In  same  page  and  column  the  reader  is  directed  to 
drop  a  few  fragments  of  pure  zinc  into  Marsh's  tube- 
apparatus.  It  deserves  to  be  remarked,  however,  that 
pure  zinc,  especially  when  in  large  pieces,  frequently 
dissolves  so  slowly  in  dilute  sulphuric  acid,  that  it  is 
impossible  to  obtain  a  steady  hydrogen  flame.  The 
addition  of  a  drop  of  bichloride  of  platinum,  or  of  a 
small  quantity  of  platinum  black,  will  remedy  this 
difficulty.  If  the  fluid  to  be  tested  contains  any  con- 
siderable quantity  of  arsenic  acid,  this  alone  is  suffi- 
cient to  produce  a  violent  reaction  of  the  acid  on  the 
zinc. — H. 

BALSAM. — Vol.  I.,  column  1,  page  223. — Canada 
Balsam. — This  balsam  is  mostly  used  by  optical  instru- 
ment-makers for  cementing  together  the  different  parts 
of  achromatic  lenses,  Niciiol's  prisms,  et  cetera.  It 
may  be  here  added  that  Japan  varnish  is  a  balsam 
derived  from  Rhus  vernix,  and  serves  to  impart  a 
brilliant  lustre  to  metallic  and  other  objects,  hence 
denom in ated  japanned  articles. 

BEER. — In  connection  with  the  analysis  of  beer, 
pages  281-284,  the  following  may  be  given  : — 
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Barclay's  ale, . . . 

80-93 

..  6-02  . 

.  6-90 

.  0-15  Raiser. 

79-62 

..14-50  . 

.  5-88 

.  0-04  Hoffmann. 
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. .  4-50  . 

.  5-G5 

.  0-07  " 

Barclay's  porter, 

88-74 

. .  5-98  . 

.  6-10  . 

.  0-18  Raiser. 

London  porter,  . 

80-28 

..  6-80  . 

.  6-91  . 

.    —  Balling. 
  ii 

Bavarian  ale, . . . 

90-95 

. .  4-70  . 

4-34  . 

76-03 

..15-88  . 

8-08  . 

  ti 

BENZOL. — Insert  at  foot  of  column  1,  page  286, 
Vol.  I. — The  rectified  volatile  oil  from  coal-tar,  distilling 
between  212°-320°,  and  consisting  mostly  of  benzol, 
toluol,  and  cumol,  has  been  strongly  recommended  for 
oil  paint  in  the  place  of  oil  of  turpentine.  It  has  the 
advantage  of  evaporating  rapidly,  whereby  apartments 
painted  with  oil  paint  are  rendered  much  sooner  in- 
habitable. 

A  curious  and  interesting  application  has  been  made 
of  benzol  by  the  well-known  photographist,  M.  de  St. 
Victor,  based  upon  the  property  of  this  fluid,  to  be 
lighter  than  water  and  insoluble  in  it,  and  to  be  kindled 
with  the  greatest  facility  by  a  small  flame  in  contact 
with  air  even  at  low  temperatures.  He  found  that 
benzol,  to  which  have  been  added  a  few  pieces  of 
potassium  or  phosphide  of  calcium,  readily  inflames 
when  thrown  on  water.  An  experiment  was  made  on 
the  Seine  in  Paris,  in  which  three  hundred  grammes 
of  benzol  were  inclosed  in  a  glass-bottle,  with  half  a 
gramme  of  potassium.  The  bottle  was  floated  down 
the  river,  and  suddenly  broken.  The  potassium 
ignited  and  set  fire  to  the  benzol  which  burned  with 
an  immense  flame,  which,  though  smoky,  had  great 
intensity,  and  lasted  fully  a  minute  in  spite  of  a  strong 
breeze. 

A  repetition  of  this  experiment  in  the  fountain  of 
the  garden  of  the  Palais  Royal  gave  the  same  result. 
In  spite  of  a  heavy  rain,  the  flame  lasted  over  a  minute. 

M.  De  St.  Victor  proposes  a  mixture  of  benzol 
with  sulphide  of  carbon  in  which  phosphorus  has  been 
dissolved,  as  a  close  imitation  of  the  famous  liquid 
Greek  fire. — H. 

BISMUTH. — Insert  at  foot  of  column  1,  page  288. 
— An  alloy  for  galvanoplastic  moulds  is  prepared  by 
fusing  together  eight  parts  of  bismuth,  eight  parts  lead, 
three  parts  tin.  This  mixture  melts  at  225°.  For  pre- 
paring the  mould,  the  alloy  is  fused  and  poured  into  a 
paste-board  boat  of  about  one  quarter  inch  depth ;  it 
is  then  stirred  with  a  heated  iron-wire  until  its  surface 
is  perfectly  even  and  bright.  As  soon  as  it  has  acquired 
a  pasty  consistence,  the  medal  to  be  moulded  is  slightly 
heated,  and  immediately  pressed  on  the  alloy,  and  kept 
under  pressure  until  cool. — Biittr/er. 

BLEACHING. — Insert  at  foot  of  column  1,  page  315, 
Vol.  I. — Mr.  L.  Benner,  chemist  of  Kochlin's  print- 
works at  Darnetal,  near  Rouen,  has  lately  recommended 
the  use  of  sugarate  of  lime — sugar-lime — in  place  of 
caustic  limefor  bleaching  of  cotton  fabrics.  He  describes 
his  process  as  follows : — For  one  scouring  operation,  two 
hundredpiecesof  fourteen  pounds  each  are  worked  upon, 
and  the  operation  is  performed  in  large  kiers,  heated 
on  the  open  fire,  and  under  a  pressure  of  about  twenty- 
two  pounds  to  the  inch.  As  soon  as  the  pieces  are  singed, 
they  are  passed  through  a  washing-machine — similar  in 
principle  to  Robinson's — in  order  to  moisten  them 
sufficiently  to  prevent  any  danger  of  combustion. 
After  this  they  are  wound  by  a  mechanism  into  a  tub 
in  which  they  are  spread  in  large  folds.  During  the 
latter  operation  a  milk  of  lime,  containing  forty  pounds 
burnt  lime,  runs  on  the  pieces  in  such  proportion  that 
the  forty  pounds  of  lime  will  be  used  up  by  the  two  hun- 
dred pieces.  From  this  liming  tub  the  pieces  are 
mechanically  transferred  to  the  bucking  kier,  in  which 
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they  are  arranged  in  separate  layers.  After  covering 
and  fixing  the  fahrics  by  wooden  cross-bars,  as  much 
water  is  added  as  will  cover  the  pieces  to  the  height 
of  twelve  inches,  after  which  the  sugar-lime  is  added. 
The  latter  is  prepared  by  mixing  in  a  tub  thirty  pounds 
burnt  lime  with  seventy-two  pounds  boiling  water;  after 
slaking,  thirty-six  pounds  more  of  hot  water  are  added  to 
dilute  the  lime-paste.  To  this  milk  of  lime  are  added 
fifteen  pounds  of  molasses,  previously  diluted  with  thirty- 
six  pounds  of  hot  water.  The  whole  is  well  stirred  and 
thrown  into  the  bucking  kier,  whereupon  the  cover  is 
fastened,  and  the  charge  kept  boiling  for  eight  hours. 
The  fire  must,  however,  be  increased  very  gradually, 
so  that  the  operation  is  finished  in  about  ten  hours. 

This  operation  ended,  the  pieces  are  taken  out,  passed 
twice  through  the  washing-machine,  and  brought  back 
again  into  the  bucking  kier.  The  pieces  are  folded  up 
as  before,  covered  with  twelve  inches  of  water,  which  is 
mixed  with  the  sugar-lime  prepared  from  thirty  pounds 
of  burnt  lime  and  ten  pounds  of  molasses.  The  charge 
is  again  boiled  during  eight  hours ;  the  pieces  are  then 
removed,  passed  twice  through  the  washing-machine, 
and  steeped  in  hydrochloric  acid  of  specific  gravity 
1-010  =  2°  Twaddell  during  four  hours.  They  then 
undergo  two  washings — are  brought  back  to  the 
bucking  kier  a  third  time  to  be  finished  for  bleaching 
by  a  single  soda-ley. 

The  sugar-lime  being  readily  soluble  in  water,  and 
acting  in  all  respects  like  free  lime,  has,-  of  course,  the 
great  advantage  of  intimate  contact  with  all  the  par- 
ticles of  grease  and  resinous  substances  which  are  fixed 
on  the  fibre  ;  while  the  caustic  lime,  in  consequence  of 
its  restricted  solubility,  especially  in  boiling  water,  is 
less  complete  in  its  saponifying  functions. 

The  bleaching  process  is  carried  out  as  follows : — 
After  packing  the  pieces  in  the  bucking  kier,  and 
covering  them  with  twelve  inches  of  water,  a  solution 
of  sixty  pounds  of  soda-crystals  is  added,  the  cover  of 
the  kier  fastened,  and  the  charge  boiled  for  three  hours. 
The  fire  is  then  withdrawn,  the  steam  allowed  to  escape, 
and  the  cover  removed.  The  soda  liquor  is  drawn  off 
and  replaced  by  cold  water,  to  which  a  resin-soap,  pre- 
pared of  one  hundred  pounds  of  soda  ash  and  one  hun- 
dred pounds  of  resin,  is  added.  The  cover  is  replaced, 
and  the  charge  boiled  for  twelve  hours,  after  which  the 
soap-ley  is  withdrawn,  the  kier  filled  up  with  cold  water 
as  before,  a  solution  of  sixty  pounds  of  soda  crystals 
added,  and  the  charge  again  boiled  for  three  hours. 
The  pieces  are  now  removed  to  undergo  the  washing 
process  twice,  before  being  wound  into  the  bleaching 
solution  of  chloroxide  of  calcium,  where  they  remain  a 
few  hours ;  hence  they  pass  through  water,  then  receive 
a  scouring  in  weak  hydrochloric  acid,  and  pass  twice 
through  the  washing-machine. 

Pieces  which  have  not  been  treated  with  solution  of 
chloroxide  of  calcium,  are  equally  as  well  adapted  for 
dyeing  purposes;  and  the  treatment  with  bleaching 
liquor  may  therefore  be  dispensed  with  for  the  greater 
part  of  the  pieces. 

The  first  scouring  with  soda  crystals  is  intended  to 
remove  traces  of  acid,  and  most  of  the  resinous  matter, 
to  prepare  and  aid  the  action  of  the  resin-soap. 

The  second  boiling  with  soda  crystals  is  to  remove 


the  remainder  of  resinous  substances,  and  also  to  free 
the  fibre  from  adhering  rosin-soap. 

This  method  of  giving  two  scourings  with  sugar- 
lime  offers  the  great  advantage  over  those  methods, 
where  only  one  scouring  with  a  comparatively  strong 
ley  of  lime  is  employed,  of  weakening  the  fibre  in  a  less 
degree. 

Antichloeine. — The  property  of  cotton  and  other 
woody  fibre  to  condense  gases  and  colors  on  its  surface 
by  a  peculiar  physical  attraction,  is  well  understood. 
This  action,  which  it  has  in  common  with  all  solid 
bodies,  is  so  powerful  in  some  instances,  that  it  may 
even  counteract  chemical  attraction.  Cotton  and  other 
vegetal  fibre  which  has  undergone  the  bleaching  process 
by  chlorine,  for  instance,  has  the  property  of  power- 
fully retaining  some  chlorine  gas.  The  difficulty  of 
removing  this  effectually  from  the  bleached  fibre  is 
almost  insurmountable,  requiring  a  great  sacrifice  of 
time,  when  rapidity  is  so  essential,  besides  large  volumes 
of  water  and  increased  machinery.  Now,  in  order  to 
insure  the  proper  rapidity  of  the  manipulations,  either 
an  appreciable  amount  of  chlorine  must  be  left  in  the 
bleached  fabric  or  paper-pulp,  or  else  this  chlorine  must 
be  removed  by  substances  bringing  superior  chemical 
affinity  into  play. 

The  expedient  of  only  partially  removing  the  chlorine 
from  cotton  cloth  is  certainly  in  favor  of  the  manufac- 
turer, to  the  evident  disadvantage  of  the  consumer. 
Chlorine  acts  gradually  on  the  fibre ;  it  combines  with 
its  hydrogen  and  disorganizes  it,  renders  it  brittle,  aided 
by  the  hydrochloric  acid  formed.  The  same  is  the 
case  'with  paper-pulp.  The  action  of  chlorine  left  in 
the  bleached  pulp  is  particularly  illustrated  by  the 
paper  manufactured  in  France  soon  after  the  introduc- 
tion of  chloroxide  of  calcium  into  the  paper-mills.  The 
paper,  on  running  over  the  hot  drying  rollers  of  the 
machine,  becomes  brittle ;  the  books  printed  on  it 
gradually  become  full  of  brown  spots,  and  acquire  a  uni- 
form .brownish  tint.  Every  bookseller  is  acquainted 
with  the  inferiority  of  the  modern  printing  paper  in 
this  respect.  This  deterioration  must  be  entirely 
ascribed  to  the  action  of  free  chlorine,  adhering  to 
the  fibre.  It  is  not  the  paper  alone  that  suffers ;  the 
type,  too,  with  which  it  comes  in  contact,  is  affected  in 
proportion  to  the  amount  of  chlorine  left  in  the  paper. 
It  is  well  to  direct  the  attention  of  paper-makers  and 
printers  to  this  point,  and  so  furnish  them  with  a  ready 
explanation  of  the  rapid  deterioration  of  the  paper  and 
type,  and  to  draw  their  attention  to  those  chemical 
agents  which  may  be  employed  with  advantage  for 
counteracting  these  evils.  Agents  of  this  description 
have  been  introduced  to  the  public  under  the  general 
designation  of  antichlorine. 

Carbonate  of  soda  or  ammonia  was  first  proposed  as 
an  antidote  for  chlorine ;  but  though  the  latter  gas 
decomposes  soda  or  ammonia  in  concentrated  solutions, 
the  effect  in  very  dilute  fluids  is  very  insignificant,  and 
requires  the  aid  of  heat.  Sulphide  of  calcium  was  next 
introduced ;  but  its  property  of  being  decomposed  by 
carbonic  acid,  with  evolution  of  the  fetid  sulphide  of 
hydrogen  gas,  and  the  black  precipitate  which  it  pro- 
duces with  any  salt  of  iron  or  copper  which  may  be 
present  in  the  pulp  by  accident,  preclude  the  use  of 
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this  salt.  ProtocMoride  of  tin — tin  salt — and  a  mixture 
of  protosulphate  of  iron  and  salt,  have  the  disadvantage 
of  introducing  metallic  salts  into  the  pulp,  -which  are 
about  as  objectionable  as  chlorine  itself.  Hyposulphite 
of  soda  is  somewhat  expensive,  and  precipitates  sulphur 
when  brought  in  contact  with  chlorine  or  hydrochloric 
acid,  the  sulphur  giving  a  yellowish  tint  to  the  paper. 
Recently  a  patent  was  taken  out  by  Roth  and  Lea  of 
Philadelphia,  for  the  use  of  a  solution  of  sulphite  of 
soda  as  an  autichloriue.  Sulphurous  acid  and  its  salts 
are  indisputably  the  most  economical,  besides  being 
the  most  efficient  chemical  compounds  for  removing 
free  chlorine.  Sulphurous  acid  alone,  however,  cannot 
be  employed  for  the  purpose  in  question,  on  account  of 
being  converted  by  chlorine  into  sulphuric  acid,  which 
has  a  detrimental  action  on  woody  fibre.  The  sulphite 
of  soda  answers,  therefore,  all  practical  purposes,  as  far 
as  its  chemical  action  is  concerned ;  it  is,  however, 
still  liable  to  the  objection  of  difficult  transportation  in 
its  fluid  state,  in  which  it  must  be  sold  for  reasons  of 
economy,  entailing  additional  expense  on  the  consumer 
for  water-tight  casks  and  freight  of  a  valueless  sub- 
stance— water.  These  considerations,  which  oppose  a 
more  general  application  of  the  sulphite  of  soda,  have 
induced  Professor  Horsfoed  to  make  the  use  of  the 
cheap  sulphite  of  lime  or  aniichloride  of  lime,  the 
subject  of  a  patent  for  England  and  America. 

It  may  appear  oh  first  consideration  that  neutral 
sulphite  of  lime,  which  is  very  little  soluble  in  water, 
could  have  but  little  effect  on  the  chlorine  combined 
with  the  fibre;  but  the  fact  that  hydrochloric  acid 
dissolves  neutral  sulphite  of  lime  with  formation  of 
soluble  bisulphite  of  lime,  will  readily  explain  its  action. 
Now  hydrochloric  acid  is  invariably  generated  when- 
ever chlorine  gas  acts  as  a  decoloring  agent  on  organic 
substances.- 

It  is  the  hydrochloric  acid  thus  generated  which 
dissolves  the  neutral  sulphite  of  lime.  Contact  with 
chlorine  converts  the  sulphite  into  sulphate  of  lime, 
which  goes  to  increase  the  weight  of  the  paper,  and 
practically  saves  to  the  manufacturer  nearly  or  quite 
the  whole  cost  of  the  sulphite  of  lime.  The  article 
is  prepared  by  agitating  milk  of  lime  by  means  of 
revolving  paddles  in  a  long  close  box,  with  fumes  of 
burning  sulphur,  until  the  reaction  is  neutral  or  acid. 
It  is  then  drained  and  air-dried,  and  packed  in  casks 
for  transportation. 

In  connection  with  the  formula  given  at  page  324, 
column  2,  it  deserves  to  be  stated  that,  instead  of  taking 
the  protosulphate  of  iron — EeO  S03 — for  the  preparation 
of  sulphurous  acid,  it  is  more  advantageous  to  employ 
the  sesquisulphate  of  iron — Fe2  03,  3  S03 — which  is 
obtained  by  roasting  green  vitriol  in  the  air,  and  then 
adding  to  it  half  as  much  more  sulphuric  acid  as  it 
already  contains,  and  evaporating  the  resulting  pasty 
mass  to  dryness.  One  hundred  and  ninety-eight  parts 
of  the  dry  sesquisulphate  of  iron  are  now  mixed  with 
eighty  parts  of  sulphur,  and  heated,  whereby  one 
hundred  and  ninety-two  parts  of  dry  sulphurous  acid 
gas  are  obtained  :— 

Fe2  03,  3  S03  +  5  S  =    2(Fe  S)      +    6  (S02). 

Scsrjuisuliihittc  of  iron.    Sulphur.     Sulphide  of  troo.      Sulphurous  acid. 


while  one  hundred  and  ninety-eight  parts  of  the  proto- 
sulphate of  iron  will  only  yield  one  hundred  and 
sixty-nine  parts  of  sulphurous  acid. — H. 

Bleaching  Powder. — At  page  328,  immediately 
preceding  the  formula  at  foot  of  column  1,  it  is  stated 
that  the  chlorine  employed  in  the  experiments  was 
prepared  by  adding  hydrochloric  acid  to  chlorate  of 
potassa.  But  Bottger  found  that  the  gas  thus 
obtained  contained  CI  03.  It  is  to  be  presumed  that 
the  mixed  gases  were  passed  through  sufficient  water, 
and  at  a  rate  sufficiently  slow  to  permit  the  entire 
absorption  of  the  CI  03. — H. 

At  page  329  a  description  is  given  of  Fuesenius  and 
Will's  method  for  testing  the  quality  of  manganese 
ore.  A  modification  of  this  method,  more  simple,  and 
still  equally  satisfactory  for  practical  purposes,  has 
been  proposed  by  Mohr.  It  is  executed  in  the 
following  manner : — Three  grammes  of  the  finely- 
powdered  and  dried  manganese  ore  are  mixed  in  a 
small  glass  flask  with  a  little  water,  and  enough  sul- 
phuric acid  to  render  the  whole  mass  perfectly  fluid. 
This  flask  and  a  porcelain  capsule  containing  about 
nine  grammes  of  crystallized  oxalic  acid,  are  now 
placed  in  one  scale  of  the  balance,  and  brought  into 
equilibrium  by  a  basin  of  sand  or  small  shot.  The 
oxalic  acid  is  now  thrown  .into  the  flask,  where  it 
immediately  begins  to  reduce  the  binoxide  of  man- 
ganese under  evolution  of  carbonic  acid.  To  accelerate 
this  decomposition,  it  is  good  to  give  the  flask  a  circular 
horizontal  motion,  until  the  evolution  of  the  carbonic 
acid  has  ceased,  and  the  mass  from  black,  which  it 
was,  has  become  light- colored.  The  empty  porcelain 
capsule  and  the  glass  flask  are  now  again  placed  on 
the  balance,  and  so  much  weight  placed  into  the 
capsule  as  to  restore  the  equilibrium.  The  weight 
required  to  effect  this  is  equal  to  the  weight  of  a 
binoxide  of  manganese  in  the  ore,  because  one  equi- 
valent of  binoxide  of  manganese  =  44,  when  treated 
with  oxalic  and  sulphuric  acids,  cause  the  evolution  of 
two  equivalents  of  carbonic  acid  =  44 ;  one  part  by 
weight  of  binoxide  of  manganese  is  therefore  indicated 
by  one  part  of  carbonic  acid. 

Now,  as  three  grammes  of  ore  have  been  employed 
for  the  above  experiment,  it  follows  that  the  amount 
of  carbonic  acid  lost,  divided  by  three,  indicates  the 
amount  of  binoxide  of  manganese  in  one  gramme  of 
the  ore;  and  by  multiplying  the  latter  number  with  one 
hundred,  the  per  centage  of  the  binoxide  is  obtained. 
The  error  produced  by  the  loss  of  water  in  this  method 
does  not  signify  for  most  practical  purposes,  but  may 
be  remedied  by  closing  the  flask  with  a  cork  in  which 
a  glass  tube  filled  with  dry  chloride  of  calcium  is 
fastened.  In  this*  case,  however,  the  carbonic  acid 
contained  in  the  flask  when  the  experiment  is  finished 
must  be  removed  by  suction. — H. 

BONE  BLACK.— At  page  336,  eleventh  line  of  first 
column,  it  is  stated  that  solutions  of  sugar  are  better 
deprived  of  their  color  when  alkaline  than  when  acid. 
This,  however,  only  applies  to  an  alkalinity  of  sugar 
sirup  produced  by  lime. 

Some  interesting  reflections  are  suggested  by  the 
remark  which  follows  in  the  same  column  with  reference 
to  the  decoloring  power  of  carbon,  and  M.  Bussy's 
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experiment,  showing  that  the  reaction  is  strongly 
influenced  by  ordinary  chemical  forces,  instead  of  being 
purely  mechanical.  As  the  whole  universe,  with  all 
its  diversified  phenomena,  derives  its  origin  from  one 
priraum  movens,  and  as  all  the  phenomena  connected 
with  matter  can  therefore  only  be  functions  of  this 
creative  unit,  one  may,  a  priori,  expect  that  which 
is  actually  observed,  namely,  the  gradual  transition 
and  intimate  connection  of  varied  effects  and  causes. 
Where  does  inorganic  nature  cease  and  life  commence  ? 
Where  stops  the  action  of  light,  and  where  does  heat 
begin  ?  Why  does  magnetism  induce  electricity  ? 
Where  do  the  physical  forces — cohesion,  repulsion,  heat, 
electropolarity,  light  and  contact  force,  find  a  landmark 
which  separates  them  from  what  are  denominated 
chemical  forces  ?  Every  effect  must  have  a  cause,  and 
every  distinct  effect  a  distinct  cause ;  but  it  is  the 
defect  of  the  human  mind  to  be  slow  in  distinguishing 
apparent  from  real  differences.  Before  Newton  it 
would  have  been  undoubtedly  considered  good  logic  to 
conclude,  that  the  force  which  made  the  apple  fall 
was  different  from  that  which  kept  the  earth  steady. 
Thus  it  comes  that  all  definitions  of  isolated  systems 
fail,  and  undergo  continual  amputation  and  restoration 
with  every  progress  of  science — now  hobbling  on  one 
bandaged  leg,  now  on  another — showing  that  nature 
abhors,  if  not  the  vacuum,  at  least  systems  and 
definitions ;  and  it  teaches  that  there  is  no  gap  in  its , 
mechanism,  no  wheel  or  spring  wanting  in  its  clock- 
work ;  in  fine,  there  is  no  interruption  in  its  develop- 
ment from  a  single  cause  or  animus  to  its  utmost 
complicity,  which  is  observed  in  the  perfection  of 
organic  existence.  A  disruption  in  the  continuity  of 
effects  in  the  economy  of  nature  would  be  equal  to  the1 
interruption  of  an  electric  wire  between  two  telegraph 
stations ;  because  in  that  case  the  intelligent  cause  on 
one  station  could  no  more  produce  an  intelligent  effect 
on  the  other,  in  consequence  of  an  apparently  insigni- 
ficant accident.  The  forces  as  connected  with  the 
phenomena  of  matter,  are  in  the  same  predicament. 
There  can  be  no  real  difference  in  the  so-called  forces, 
because  such  a  difference  would  constitute  a  real  gap ; 
it  would  stamp  the  force  as  an  individual,  producing 
an  individual  effect,  so  that  all  the  infinitely  different 
effects  observed  must  be  ascribed  to  infinitely  different 
forces. . 

The  attraction  of  coloring  matter  by  charcoal  is  de- 
nominated mechanical,  while  the  attraction  of  sulphuric 
acid  by  baryta  is  classed  with  chemical  effects.  But 
animal  charcoal  does  not  only  attract  coloring  matter ; 
it  also  decomposes  metallic  salts,  and  fixes  their  base 
by  that  same  power  of  retention.  Now  it  is  known 
that  chemical  combinations  and  decompositions  are 
produced  by  differences  in  intensity  of  one  only 
chemical  attractive  force  called  affinity.  It  is  evi- 
dent that  the  same  force  is  inherent  in  animal  char- 
coal. This  view  is  corroborated  by  the  fact  that 
animal  charcoal  absorbs  different  compounds  in  different 
but  determined  quantities.  Niepce  has  shown  that 
iodine  and  chlorine  gas  are  condensed  by  the  .  inked 
portion  of  printed  paper,  while  the  white  portion  of 
the  paper  does  not  retain  any  of  the  gases.  Charcoal 
absorbs  heat  and  light  most  readily.     It  condenses 


electricity  on  its  surface,  and  thereby  acts  as  a  non- 
conductor, the  same  as  glass,  which  is  only  an  isolator 
in  consequence  of  its  great  attraction  for  electricity. 
Metallic  charcoal,  loses,  with  its  power  of  attracting 
colors  and  gases,  also  the  power  of  attracting  electri- 
city, which  latter  now  passes  through  without  hind- 
rance, as  through  other  conductors.  Ordinary  char- 
coal condenses  gases,  and  frequently  causes  chemical 
combinations.  This  substance,  then,  shows  the  gradual 
development  of  chemical  effects  by  physical  forces. 
The  effect  of  animal  charcoal  depends  entirely  upon 
its  porosity  and  the  extent  of  its  carbonaceous  sur- 
face, and  is  directly  proportional  to  it;  and  it  may 
therefore  be  presumed  that  if  the  surface  of  charcoal 
could  be  indefinitely  increased  by  solution  in  water,  it 
would  produce  all  the  powerful  chemical  phenomena  of 
cyanogen  or  ozone. 

If  one  moves  on  a  step  further,  binoxide  of  tin  pre- 
sents itself,  a  substance  already  more  pronounced  in  its 
chemical  character  than  charcoal.  Still  it  is  inclined 
to  combine  equally  as  well  with  bases  as  with  acids, 
showing  a  transition  character.  Now,  if  pumice  be 
soaked  in  a  solution  of  bichloride  of  tin,  and  then 
dipped  into  a  solution  of  carbonate  of  soda,  the  pumice 
acquires  all  the  properties  of  animal  charcoal.-  Very 
porous  pumice,  finely-divided  silica,  cotton  fibre- — all 
these  show  signs  of  chemical  power  depending  on  their 
extent  of  surface  ;  and  it  may  well  be  supposed  that 
this  chemical  power  would  be  more  prominent,  could 
they  be  obtained  in  the  fluid  state.  Silicic  acid,  which 
is  as  inert  as  charcoal  at  the  ordinary  temperature, 
drives  out  the  powerful  sulphuric  acid  from  its  com- 
binations at  a  temperature  nearer  its  own  melting  point. 

Another  phenomenon  is  also  connected  with  the 
action  of  animal  charcoal,  namely,  that  of  endosmosis. 
It  has  been  shown,  as  subsequently  stated  in  the  text, 
that  a  colored  sugar  solution  containing,  besides  water, 
some  salts,  does  not  pass  unchanged  through  animal 
charcoal.  Pure  water  is  the  first  to  pass  through,  then 
comes  water  with  salts,  then  sugar,  and  lastly,  the 
color.  From  this  one  concludes  that  animal  charcoal 
has  the  greatest  affinity  for  coloring  matter,  less  for  sugar 
solution — because  the  latter  is  replaced  by  the  former 
— still  less  for  salt  solution,  and  least  of  all  for  water. 
Could,  therefore,  a  thin  diaphragm  be  constructed  of 
animal  charcoal,  one  would  observe  the  endosmosis 
to  take  place  from  a  salt  solution  into  water,  and  from 
a  solution  of  sugar  into  salt,  and  from  a  solution  of 
coloring  matter  into  water,  salt,  and  sugar ;  that  is,  of 
such  tinctorial  matter  as  has  the  greater  affinity  for 
animal  charcoal.  Thus  a  certain  molecular  attraction 
in  animal  charcoal  may  produce  effects  ascribed  to  a 
multiplicity  of  forces,  as  mechanical  force — adhesion, 
endosmotic  force,  catalytic  force;  and  chemical  force 
— affinity.  Would  it  not  be  more  rational  to  consider 
all  these  as  mere  functions  of  the  same  molecular 
tendency  the  intensity  of  which  alone  gives  rise  to 
variable  effects,  the  same  as  is  observed  in  sound,  elec- 
tricity, and  light  ? — H. 

Correnwinder  assumes  that  the  decoloring  effect 
of  animal  charcoal  is  correlative  to  its  absorbing  power 
for  lime  ;  and  on  this  supposition  he  bases  the  following 
method  for  determining  the  commercial  value  of  bone 
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black : — A  solution  of  sugarate  of  limo  is  prepared, 
containing,  say,  twenty  grammes  of  lime  in  one  thou- 
sand cubic  centimetres  fluid,  which  are  neutralized  by 
one  thousand  cubic  centimetres  of  a  standard  solution 
of  sulphuric  acid,  so  that  fifty  cubic  centimetres  of  the 
acid  solution  indicate  one  gramme  lime. 

The  samples  of  the  bone  black  are  now  rendered  of 
a  uniform  condition,  by  passing  them  separately  through 
the  same  sieve,  after  having  removed  the  fine  dust  by 
a  paper  fan.  Fifty  grammes  of  each  sample  are  placed 
each  in  a  glass  flask.  In  each  glass  flask  one  hundred 
cubic  centimetres  of  the  solution  of  sugarate  of  lime  are 
added  to  the  bone  black,  and  the  whole  allowed  to 
digest  for  an  hour.  After  this  the  fluid  of  each  flask 
is  filtered  separately,  and  fifty  cubic  centimetres  of  the 
filtrate  liquor  are  tested  for  the  amount  of  lime  with 
the  standard  solution  of  sulphuric  acid.  The  more 
lime  there  is  absorbed  by  the  bone  black,  the  less  sul- 
phuric acid  will  be  required  to  neutralize  the  filtered 
liquor ;  and  that  liquor  which  requires  least  acid  for 
neutralization,  must  have  been  in  contact  with  the 
most  valuable  sample  of  bone  black,  so  that  the 
valuo  of  the  animal  charcoal  increases  directly  as  the 
amount  of  standard  acid  required  for  neutralization 
decreases. — H. 

BORACIC  ACID. — At  page  342,  it  is  stated  that 
boracic  acid  scarcely  reddens  vegetal  blues,  and  renders 
turmeric  brown,  like  an  alkali.  This  reaction  affords 
an  easy  means  of  detecting  boracic  acid  in  its  com- 
binations, by  adding  to  it  a  little  hydrochloric  acid; 
after  which  dip  into  the  fluid  a  piece  of  turmeric  paper, 
and  then  dry  it.  If  a  trace  of  the  acid  was  present, 
the  paper  will  have  a  brown  stain  after  drying. — H. 

BREAD. — Insert  at  foot  of  column  1,  page  377, 
Vol.  I. — The  frequent  failure  of  the  grain  crops,  and 
the  scarcity  of  grain  induced  by  some  other  accidental 
causes,  has  drawn  the  attention  of  chemists  to  the  pro- 
cess of  bread-baking,  either  with  a  view  to  discover  some 
substitute  for  wheat  flour,  or  else  to  find  the  means  for 
rendering  the  whole  of  the  nutritive  principles  of  the 
cereals  available  for  consumption.  The  latter  direction 
has  already  furnished  valuable  results.  It  is  known 
that  the  bran  separated  from  flour  contains  a  com- 
paratively large  proportion  of  nitrogenized  substance, 
namely,  that  constituent  of  the  flour  which  contributes 
most  to  nutrition.  Until  quite  recently  the  bran  was 
lost  to  the  nutrition  of  man.  Now,  however,  it  has 
been  shown  that  this  nitrogenized  substance  may  be 
extracted  from  the  bran  without  much  trouble  and 
expense,  so  as  to  obtain  the  whole  of  its  valuable 
matter.  This  process,  recommended  by  a  number  of 
chemists,  was  ultimately  patented  in  France  by  a  Mrs. 
Dukut.  The  manipulation  is  carried  out  in  the  fol- 
lowing manner  : — Bran  is  mixed  up  with  boiling  water 
in  a  kettle  over  a  moderate  fire,  so  that  the  mixture  has 
a  semifluid  consistency.  The  mixture  is  now  heated 
carefully  until  the  bran  loses  its  raw  smell — not  till  it  is 
cooked ;  it  is  then  transferred  into  bags  and  pressed. 
The  pressed  cake  is  treated  once  more  in  the  same 
manner,  mixing  it  with  water,  allowing  to  boil  for  a 
short  time,  and  pressing.  The  fluid  obtained  by  this 
second  operation  is  used,  instead  of  pure  water,  for  a 
fresh  portion  of  bran.    By  the  first  pressing  a  sirupy 
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juice  is  obtained,  completely  saturated  with  gluten, 
and  which  is  destined  to  replace  the  pure  water  in  the 
process  of  bread-baking ;  thus  gaining  for  the  bread  a 
large  proportion  of  valuable  nutriment  entirely  lost 
before.  The  economy  of  this  process  is  thus  stated  : 
— A  bag  of  flour  of  the  average  weight  of  three  hundred 
and  twelve  pounds,  made  into  bread  with  water  in  the 
usual  manner,  yields  on  an  average  one  hundred  and 
four  loaves  of  four  pounds  each.  A  bag  of  flour  of  the 
same  weight,  made  into  bread  with  the  extract  of 
bran,  yields  one  hundred  and  thirty  loaves  of  four 
pounds  each,  or, a  clear  gain  of  twenty-six  loaves  over 
the  old  process.  Twenty-five  per  cent,  increase  in  the 
yield  of  bread  from  the  same  amount  of  flour  is  a  fact 
the  importance  of  which  cannot  easily  be  exaggerated. 

BROMINE.— The  process  detailed  at  pages  393, 394, 
for  the  separation  of  bromine  and  chlorine,  may  with 
advantage  be  modified  in  the  following  manner : — 
Precipitate  the  solution  containing  chlorine  and  bromine 
with  nitrate  of  silver  ;  wash,  dry,  and  heat  the  precipi- 
tate to  a  state  of  semi-fusion  in  a  weighed  porcelain 
capsule.  Weigh  the  capsule  with  the  silver  precipitate, 
then  reduce  the  latter  with  the  aid  of  zinc  and  sul- 
phuric acid  in  excess.  Wash  out  the  reduced  silver, 
ignite,  and  weigh  it.  If  one  supposes  the  weight  of  the 
chloride,  and  bromide  of  silver  to  be  a,  and  that  of  the 
metallic  silver  obtained  from  it  by  reduction  with  zinc 
to  be  b,  and  the  amount  of  chlorine  to  be  x,  the 
amount  of  bromine  will  be  a — b — x=.y.  From  this 
we  conclude  : — - 

107-97^  107-97)/ 
35-46    '  79-97 
from  which  is  deduced  : 

3=1-386740— 0-79G67a 

That  is,  multiply  the  weight  of  the  reduced  silver 
by  1.38674,  and  deduct  from  the  result  the  pro- 
duct obtained  by  multiplying  the  weight  of  the 
chloride  and  bromide  of  silver  with  0'79o'G7,  and 
the  result  will  be  the  amount  of  chlorine  in  the  mix- 
ture. By  substracting  the  weight  of  the  chlorine 
plus  that  of  metallic  silver  from  the  weight  of  the 
chloride  and  bromide  of  silver,  the  amount  of  bromine 
is  obtained. — H. 

CANDLE. — Read,  in  connection  with  the  processes 
described  at  pages  430,  431 : — The  operations  of  saponi- 
fication of  the  fat,  and  decomposition  of  the  lime-soap 
by  sulphuric  acid,  have  been  hitherto  effected  in  open 
vessels,  under  the  ordinary  pressure  of  the  atmosphere. 
An  improvement  on  this  plan  has  been  recently  pro- 
posed by  M.  Delapchier,  of  Besancon,  who  substi- 
tutes close  vessels  in  order  to  saponify  the  fat.  Wash 
and  decompose  the  lime-soap  under  a  pressure  of 
about  twenty-two  pounds  to  the  square  inch,  by  which 
the  operations  are  considerably  facilitated,  and  their 
duration  shortened.  The  products  by  this  process  are 
said  to  be  superior  to  those  obtained  in  open  vessels, 
and  a  considerable  economy  of  fluid  is  effected.  The 
apparatus  consists  essentially  of  a  horizontal  boiler, 
with  a  man-hole  and  two  safety  valves  at  the  top. 
The  heat  is  furnished  by  a  large  steam-pipe,  running 
in  a  depression  along  the  bottom  of  the  boiler.  The 
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pipe  is  perforated  with  numerous  holes  to  distribute  the 
heat  more  uniformly.  A  horizontal  iron  shaft,  which 
passes  through  stuffing  boxes  in  the  heads  of  the  boiler, 
carries  an  agitator,  the  transversal  ribs  of  which  nearly 
touch  the  circumference  of  the  boiler.  A  large  pulley 
at  one  end  of  the  shaft  receives  its  motion  from  a 
suitable  motor.  The  materials  are  charged  through 
the  man-hole,  and  at  the  end  of  the  operation  with- 
drawn bv  a  large  valve  at  the  bottom  of  the  boiler. — ■ 
H. 

CAOUTCHOUC. — The  qualities  of  sulphurized  caout- 
chouc are  described  in  column  2,  page  448,  vol.  1 : — 
Allowing  the  chemical  composition  of  caoutchouc  to 
be  C8  H7,  the  formula  of  the  best  vulcanized  rubber 
car-springs  is  found  to  be  very  near — 

S  +  24  R  +  3  PbO  +  3  CaO,  C02  ; 


R  signifying  one  equivalent  of  rubber=C8  H7.  If 
rubber  was  represented  by  C64  H66— or  eight  times  its 
present  equivalent — the  vulcanized  car-springs  would 
have,  the  compact  formula  : — 

S  +  3  (R  PbO  CaO  COs.)  H. 

CIDER.— At  page  475,  middle  of  column  2,  it  is  stated 
that  in  warm  seasons  it  is  still  a  desideratum  to  discover 
some  means  of  checking  a  too  rapid  fermentation  of 
cider.  The  process  for  the  prevention  of  fermentation 
in  saccharihe  solutions,  denominated  mutiime  by  the 
French,  may  be  very  easily  applied  for  effecting  this 
purpose.  By  adding  to  fermenting  powder  from  one 
six  hundredth  to  one  thousandth  of  neutral  sulphite  of 
lime,  or  of  bisulphite  of  soda,  the  fermentation  maybe 
reduced  to  a  minimum,  or  entirely  checked. 


END  OF  VOLUME  TWO. 
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